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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 Development  
A d m i n i s t r a t i o n ' s  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  i s  o r g a -  
n i z e d  by 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  
P rogram:  P a r t  1 t o  B i o m e d i c a l  P r o g r a m s ,  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 ,  a n d  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 r o g r a m s .  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  f r o m  
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  of  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  
Program Manager :  W .  R .  Wi ley  R .  C .  Thompson, R e p o r t  C o o r d i n a t o r  

D .  L. F e l t o n ,  E d i t o r  

P a r t  2  E c o l o g i c a l  S c i e n c e s  
Program Manager :  B .  E. Vaughan B .  E. Vaughan,  R e p o r t  C o o r d i n a t o r  

J .  L. H e l b l i n g ,  E d i t o r  

P a r t  3  A t m o s p h e r i c  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 o 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  

1951 
1952  
1 9 5 3  
1954 
1955  
1956 
1957 
1958 
1959 
1960 
1961  
1962  
19 6  3  
1964 
1965 
1966 
196 7  
196 8  
1969 
1970  
1 9 7 1  
19 72 
1 9 7 3  
19 74 
19 75 

HW-25021, HW-25709 
HW-27814, HW-28636 
HW- 30437 ,  HW- 30464 
HW- 30306,  HW-33128, HW- 35905,  HW-35917 
HW-39558, HW-41315, HW-41500 
HW-47500 
HW-53500 
HW-59500 
HW-63824, HW-65500 
HW-69500, HW- 70050 
HW- 72500,  HW- 73337 
HW-76000, HW-77609 
HW-80500, HW-81746 
BNWL-122 
BNWL-280, BNWL-235, Val. 1 - 4  
BNWL-480, Vol .  1 ,  BNWL-481, Vol .  2 ,  P t .  1 - 4  
BNWL-714, Vol .  1, BNWL-715, V o l .  2 ,  P t .  1 - 4  
BNWL-1050, Vol .  1 ,  P t .  1 - 2 ,  BNWL-1051, Vol .  2 ,  P t .  1 - 3  
BNWL-1306, Vol .  1, P t .  1 - 2 ,  BNWL-1307, Vol .  2 ,  P t .  1 - 3  
BNWL-1550, Vol .  1 ,  P t .  1 - 2 ,  BNWL-1551, Vol .  2 ,  P t .  1 - 2  
BNWL-1650, V o l .  1 ,  P t .  1 - 2 ,  BNWL-1651, Vol .  2 ,  P t .  1 - 2  
BNWL-1750, Vol .  1, P t .  1 - 2 ,  BNWL-1751, V o l .  2 ,  P t .  1 - 2  
BNWL-1850, P t .  1 -4  
BNWL-1950, P t .  1 - 4  
BNWL-2000, P t .  1 - 4  W .  J .  B a i r ,  Manager 

B i o m e d i c a 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  Program 



FOREWORD 

We have  b r o u g h t  t o g e t h e r  i n  P a r t  2 o f  t h i s  volume a l l  work f u n d e d  u n d e r  two 
b u d g e t  c a t e g o r i e s ,  Land and F r e s h w a t e r  S c i e n c e s  (RT-02-01)  and M a r i n e  S c i e n c e s  
( R T - 0 2 - 0 2 ) .  About t h r e e - f o u r t h s  o f  t h e  f u n d e d  e f f o r t  i s  p r o v i d e d  by Ecosys tems  
D e p a r t m e n t ;  o n e - f o u r t h  i s  p r o v i d e d  by c o o p e r a t i n g  s t a f f  l o c a t e d  i n  o t h e r  d e p a r t -  
men t s  o f  t h e  P a c i f i c  N o r t h w e s t  L a b o r a t o r y  (PNL). For  c o n v e n i e n c e ,  o r g a n i z a -  
t i o n a l  c h a r t s  f o r  t h e  s e v e r a l  p a r t i c i p a t i n g  d e p a r t m e n t s  w i l l  be  f o u n d  a t  t h e  
b a c k  o f  t h i s  r e p o r t .  

The o p p o r t u n i t y  p r o v i d e d  by DBER t o  c o n t r i b u t e  t o  t h e  p r e p a r a t i o n  and r e v i e w  
o f  s e v e r a l  e n v i r o n m e n t a l  i m p a c t  s t a t e m e n t s  d u r i n g  t h e  p a s t  y e a r  h a s  p r o v i d e d  
v a l u a b l e  i n s i g h t  i n t o  new r e s e a r c h  n e e d s .  Such b e n e f i t s  u n d o u b t e d l y  o f f - s e t  
w h a t e v e r  impac t  t h i s  e f f o r t  h a s  had on i n d i v i d u a l  p r o j e c t s .  

For  a n n u a l  r e p o r t  p u r p o s e s ,  t h e r e  i s  i n h e r e n t  d i f f i c u l t y  i n  d e s c ~ i b i n g  PNL's 
p rogram i n  E n v i r o n m e n t a l  S c i e n c e s  b e c a u s e  i t  c o v e r s  s e v e r a l  e n e r g y  t e c h n o l o g i e s  
and numerous d i s c i p l i n e s .  T h e r e  i s  a l s o  no one  way t o  d o  t h i s  b e s t .  For  c o n -  
v e n i e n c e ,  we g rouped  p r o j e c t  r e p o r t s  ( i d e n t i f i e d  w i t h  s p e c i f i c  s c h e d u l e - 1 8 9 ' s )  
a c c o r d i n g  t o  PNL o r g a n i z a t i o n  and t h i s  r e f l e c t s  f o r  t h e  most  p a r t  o u r  p r i n c i p a l  
r e s e a r c h  t e a m s .  I n  s o  d o i n g ,  p r o p o r t i o n  o f  e f f o r t  may b e  l e s s  o b v i o u s ,  a s  
a l l o c a t e d  t o  t h e  m a j o r  e n e r g y  t e c h n o l o g i e s .  F o r  t h i s  r e a s o n ,  t h e  o u t l i n e  below 
may b e  u s e f u l  i n  u n d e r s t a n d i n g  t h e  t e c h n o l o g y  a s p e c t  o f  t h e  p rograms  
(RT-02-01 ,  RT-02-02) .  

T e c h n o l o g y  P r o j e c t  Examples  

N u c l e a r  

M u l t i t e c h n o l o g y  

S h a l e  O i l  and C o a l  

O i l  and  Gas 

Pumped S t o r a g e  and 
H y d r o e l e c t r i c  

N u c l e a r  F i s s i o n  

T r a n s u r a n i u m  E l e m e n t s ,  
l Z 9 1  and 9 9 ~ c ,  R a d i o e c o l o g y  
o f  Waste Management S i t e s  

S y n e r g i s t i c  and Thermal  
E f f e c t s  f rom C o o l i n g  Sys tems  
Q u a n t i t a t i v e  E c o l o g y ,  
A n a l y s i s  o f  N a t u r a l  S y s t e m s ,  
GEOSECS 

Land R e s t o r a t i o n ,  T e r r e s t r i a l  
E c o l o g y ,  F o s s i l  F u e l  E f f l u e n t s  
E c o l o g i c a l  M i c r o m e t e o r o l o g y  

R e f i n e r y  W a s t e s ,  Long- te rm 
E f f e c t s  o f  Hydrocarbons  F a t e  
and E f f e c t s  o f  H y d r o c a r b o n s  

H y d r o e l e c t r i c  G e n e r a t i o n  
E f f e c t s  on R i v e r i n e  Organ i sms  

T r i t i u m  S u p p r e s s i o n  o f  Immune 
R e s p o n s e ,  Long- te rm Uptake  

% T o t a l  Program 

I n d i v i d u a l  p r o j e c t s ,  i n d i c a t e d  a b o v e ,  w i l l  be  r e a d i l y  l o c a t e d  i n  t h e  T a b l e  o f  
C o n t e n t s .  S e v e r a l  a d d i t i o n a l  p o i n t s  s h o u l d  b e  n o t e d :  F i r s t ,  i n  N u c l e a r  
F i s s i o n  t e c h n o l o g y ,  o u r  p rogram i s  now c o n f i n e d  t o  t h e  s e v e r a l  i m p o r t a n t  p r o -  
j e c t s  g i v e n  h i g h e s t  p r i o r i t y  i n  t h e  B a l a n c e d  Program P l a n .  T h e s e  c o n c e r n  
t r a n s u r a n i u m  e l e m e n t  b e h a v i o r  i n  p a r t i c u l a r ,  a n d ,  s t u d i e s  on t h e  r a d i o e c o l o g y  
o f  s e v e r a l  low e n e r g y ,  l o n g - l i v e d  r a d i o e l e m e n t s  (g9Tc a n d  2 9 ~ )  . Among t h e s e  
p r o j e c t s ,  p e r h a p s  t h e  most  i m p o r t a n t  r e c e n t  d e v e l o p m e n t s  w e r e ;  ( a )  s e v e r a l  
l i n e s  of new e v i d e n c e  i n d i c a t i v e  o f  enhanced  b i o a v a i l a b i l i t y ,  f o r  Z 3 8 ~ u  and 



f o r  9 9 ~ c ,  ( b )  d e m o n s t r a t i o n  of a  p l u t o n i u m  complex d i s t i n c t  f r o m  p l u t o n i u m  
c h e l a t e ,  and  ( c )  t h e  w i d e r  r e c o g n i t i o n  of s o i l  t o  p l a n t  t r a n s f e r  r a t i o s  
a p p r o a c h i n g  o r  e x c e e d i n g  u n i t y  f o r  c h e l a t e d  o r  complexed f o r m s  o f  s e v e r a l  
e l e m e n t s .  I t  now a p p e a r s  t h a t  b i o a v a i l a b i l i t y  of  many e l e m e n t s  i s  m a r k e d l y  
d e p e n d e n t  o n  b i o l o g i c a l  f a c t o r s  a f f e c t i n g  t h e  s o i l  s y s t e m .  The c o n c e p t  of  
e l e m e n t  b i o a v a i l a b i l i t y  f r o m  s u s p e n d e d  ir? a i r  o r  w a t e r  p a r t i c l ~ s ,  anrl  fro:?^ s o i l  
p a r t i c l e s ,  h a s  u n d e r g o n e  c o n s i d e r a b l e  t h e o r e t i c a l  a n d  l a 5 o r a t o r y  d e v e l o ? x e n t  
d u r i n g  t h e  p a s t  y e a r .  Many of  t h e  f a c t o r s  c o n t r o l l i n g  m e t a l  and  r a d i o e l e m e n t  
a v a i l a b i l i t y  i n  s o i l  s y s t e m s  a r e  now i d e n t i f i e d  and  t h e  r a n g e  of t h e i r  e f f e c t s  
s h o u l d  be  e s t i m a t a b l e .  

A s  r e g a r d s  S h a l e  O i l  a n d  C o a l  T e c h n o l o g i e s ,  s e v e r a l  o f  o u r  p r o j e c t s  i n  
t e r r e s t r i a l  e c o l o g y  c o n s t i t u t e  a  s y s t e m a t i c  i n v e s t i g a t i o n  i n t o  w a t e r ,  n u t r i e n t ,  
c l i m a t i c ,  a n d  o t h e r  f a c t o r s  c o n t r o l l i n g  v e g e t a t i v e  g r o w t h  u n d e r  n a t u r a l  c o n -  
d i t i o n s .  T h i s  i s  i m p o r t a n t  i n f o r m a t i o n  n e e d e d  f o r  l a n d  r e h a b i l i t a t i o n  p l a n n i n g .  
Economic f e a s i b i l i t y ,  f o r  e x a m p l e ,  w i l l  d e p e n d  on t h e  l e v e l s  of  n u t r i e n t  i n p u t  
r e q u i r e d  a n d  t h e  d u r a t i o n  of a r t i f i c i a l  m a i n t e n a n c e .  The p e r t u r b e d  e n v i r o n m e n t  
s t u d i e s ,  on  g r a s s l a n d  a n d  a r i d  s i t e s ,  i s  now w e l l  e s t a b l i s h e d  on a  q u a n t i t a t i v e  
b a s i s .  S y n t h e s i s  o f  t h e  d a t a  i s  f a i r l y  f a r  a l o n g  f o r  t h e  G r a s s l a n d s  Biome 
S t u d y  ( c o s p o n s o r e d  w i t h  NSF).  T h i s  w i l l  be  p u b l i s h e d  i n  book f o r m  a b o u t  
J u l y  1 9 7 6 .  

I n c l u d e d  i n  t h e  M u l t i t e c h n o l o g y  a r e a ,  i n d i c a t e d  a b o v e ,  a r e  t h r e e  m a j o r  g r o u p s  
o f  p r o j e c t s ,  t h o s e  c o n c e r n e d  w i t h  o c e a n i c  p r o c e s s e s ,  t h o s e  c o n c e r n e d  w i t h  t h e o -  
r e t i c a l  e c o l o g y ,  a n d  t h o s e  c o n c e r n e d  w i t h  c o o l i n g  s y s t e m  a n d  e f f l u e n t  i m p a c t s  
i n  a q u a t i c  e n v i r o n m e n t s .  The d a t a  d e v e l o p e d  i n  t h e s e  p r o j e c t s  c o n c e r n  a l l  
e n e r g y  p r o d u c i n g  s y s t e m s ,  a n d  t h e y  a r e  g e n e r a l l y  n e c e s s a r y  f o r  e s t i m a t i n g  e n v i -  
r o n m e n t a l  c o n s e q u e n c e s  o f  o p e r a t i n g  t h e s e  s y s t e m s .  

S e v e r a l  s i g n i f i c a n t  p o s i t i o n s  h a v e  b e e n  e s t a b l i s h e d  i n  o u r  t h e o r e t i c a l  e c o l -  
ogy  p r o g r a m .  F o r  e x a m p l e ,  i t  now a p p e a r s  t h a t  t h e  i d e a  o f  u s i n g  m o d e l s  f o r  t h e  
management o f  e c o s y s t e m s  r e a l l y  l i e s  beyond p r e s e n t  c a p a b i l i t y .  More d i s c o n -  
c e r t i n g l y ,  t h e  l i t e r a t u r e  shows f r e q u e n t  e x a m p l e s  o f  m i s t a k e s  i n  a p p r o a c h ,  
i n a d e q u a t e  s a m p l i n g  p a r a d i g m s ,  and l a c k  o f  a p p r o p r i a t e  s t a t i s t i c a l  m o d e l s  f o r  
f i e l d  m e a s u r e m e n t s .  T h u s ,  i t  may b e  no s u r p r i s e  t h a t  e n v i r o n m e n t a l  i m p a c t s  a r e  
m e a s u r a b l e  o n l y  a t  t h e  g r o s s e s t  l e v e l .  A l t e r n a t i v e  a p p r o a c h e s  h a v e ,  i n  mos t  
c a s e s ,  b e e n  s u g g e s t e d .  

I n  t h e  a q u a t i c  e f f e c t s  p r o g r a m ,  e m p h a s i s  i s  s h i f t i n g  f r o m  d e f i n i t i o n  o f  
t h e r m a l  e f f e c t s  c a u s e d  by  e f f l u e n t  d i s c h a r g e s  t o  m u l t i p l e  s t r e s s o r  e f f e c t s ,  
i n c l u d i n g  t h o s e  i n v o l v i n g  d i s e a s e  o r g a n i s m s .  A l andmark  d e v e l o p m e n t  d u r i n g  t h e  
p a s t  y e a r  was t h e  d e f i n i t i v e  s y n t h e s i s  o f  l i t e r a t u r e  on t h e  f r e s h w a t e r  p a t h o g e n ,  
C h o n d r o c o c c u s  c o l u m n a r i s  (Monograph by C .  D a l e  Becker  and P a u l  F u j i h a r a ) .  T h i s  
t r o u b l e s o m e  o r g a n i s m  a f f e c t s  v i r t u a l l y  e v e r y  t e c h n o l o g i c a l  d e v e l o p m e n t  i n v o l v -  
i n g  N o r t h w e s t  w a t e r s ,  and  no l a b o r a t o r y  e x p e r i m e n t  c a n  b e  u n d e r t a k e n  w i t h o u t  
i t s  c o n t r o l  o r  e l i m i n a t i o n .  

Our e f f o r t s  i n  O i l  a n d  Gas T e c h n o l o g y  c o n c e r n  p o t e n t i a l  i m p a c t  of  o i l  o n  
m a r i n e  and e s t u a r i n e  e c o s y s t e m s  of  N o r t h e r n  t e m p e r a t e  and  A l a s k a n  w a t e r s .  Based 
on s t a f f  e x p e r i e n c e  g a i n e d  i n  a n c i l l a r y  i n d u s t r i a l  p r o g r a m s ,  i t  i s  now c l e a r  
t h a t  PNL's c o n c e r n  w i l l  b e  c e n t e r e d  m a i n l y  on t h e  c o l d e r  w a t e r s  o f  n o r t h e r n  
l a t i t u d e s ,  a n d  t h e i r  v u l n e r a b i l i t y  t o  o f f s h o r e  d e v e l o p m e n t ,  o i l  t a n k e r ,  and 
t r a n s p o r t a t i o n  a c c i d e n t s .  

I n  a q u a t i c  e c o s y s t e m s ,  work h a s  b e e n  p r o c e e d i n g  a t  a  c o m p a r a t i v e l y  s m a l l  
e f f o r t  l e v e l ,  r e f l e c t i n g  a v a i l a b l e  f u n d i n g .  Methodo logy  f o r  d e t e r m i n i n g  b i o -  
a v a i l a b i l i t y  i s  now b e i n g  a p p l i e d  i n  t h e  M a r i n e  S c i e n c e s  p r o g r a m .  D u r i n g  t h e  
p a s t  y e a r ,  a l s o ,  t h e  F i f t e e n t h  Annua l  H a n f o r d  L i f e  S c i e n c e s  Symposium c o c h a i r e d  
by H .  D r u c k e r  a n d  R .  E. W i l d i n g  was d e v o t e d  e n t i r e l y  t o  B i o l o g i c a l  I m p l i c a t i o n s  
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ANALYSIS OF NATURAL SYSTEMS 

Our l o n g - t e r m  e f f o r t s  t o  u n d e r s t a n d  and d e v e l o p  t h e  q u a n t i -  

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

t i c a l  and t h e o r e t i c a l  c o n s i d e r a t i o n s .  We have  c o n t i n u e d  o u r  

work on s a m p l i n g  f o r  c o n t a m i n a n t s  i n  e n v i r o n m e n t a l  s y s t e m s ,  and 

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

t h e  r e l a t i o n s h i p s  be tween  m o d e l s ,  d a t a ,  and s t a t i s t i c a l  me thods .  

Our e f f o r t s  t o  summarize  t h e  " D a i r y  Farm" s t u d y  a r e  n e a r l y  com- 

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

d e t a i l e d  r e p o r t .  Some a d d i t i o n a l  e m p h a s i s  was p l a c e d  on t h e  

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

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

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

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

p r o j e c t e d  f rom d a t a  on m i c e .  

SAMPLING AND MODELING ECOLOGICAL 
SYSTEMS 

Sampling for Contaminants 
L. L. Eberhardt 

From t h e  s t a t i s t i c a l  p o i n t - o f -  
v i e w ,  d e s i g n i n g  f i e l d  s t u d i e s  o f  c o n -  
t a m i n a n t s  ( e .  g .  , r a d i o n u c l i d e s ,  heavy  
m e t a l s ,  p e s t i c i d e s )  i n v o l v e s  two d i f -  
f e r e n t  p r o b l e m  a r e a s .  One i s  t h a t  o f  
a r r i v i n g  a t  a  c o n s e n s u s  of o p i n i o n  a s  
t o  t h e  main o b j e c t i v e s  o f  t h e  s t u d y ,  
and t h e  o t h e r  h a s  t o  do  w i t h  t h e  t e c h -  
n i c a l  a s p e c t s  o f  p r e p a r i n g  a  s a m p l e  
d e s i g n  t h a t  i s  b o t h  e f f i c i e n t  and u n -  
b i a s e d .  I n  mos t  c a s e s ,  t h e  o b j e c -  
t i v e s  a c t u a l l y  d i c t a t e  t h e  s a m p l i n g  
p l a n ,  and t h u s  mus t  b e  a g r e e d  t o  b e -  
f o r e  much e l s e  c a n  b e  d o n e .  

Most s u r v e y  s a m p l i n g  t h e o r y  i s  
b a s e d  on t h e  e s t i m a t i o n  o f  a  t o t a l  o r  
mean. C o n s e q u e n t l y ,  i f  i t  c a n  b e  

a g r e e d  a t  t h e  o u t s e t  t h a t  t h e  p r i m a r y  
i n t e r e s t  i s  m o s t l y  i n  knowing how 
much o f  a  c o n t a m i n a n t  i s  i n  a  p a r t i c u -  
l a r  a r e a ,  one  c a n  t h e n  t u r n  immedi- 
a t e l y  t o  t h e  t e c h n i c a l  p r o b l e m s ,  a n d  
be  g u i d e d  by r e s u l t s  r e a d i l y  a v a i l -  
a b l e  i n  s t a n d a r d  t e x t b o o k s  on sam- 
p l i n g .  O f t e n ,  t h e  i n v e s t i g a t o r  i s  
r e a l l y  m o s t l y  c o n c e r n e d  w i t h  c o m p a r i -  
s o n s  b e t w e e n  a r e a s ,  among s p e c i e s ,  
o v e r  t i m e ,  o r  o v e r  a n  assumed g r a d i -  
e n t  o f  c o n c e n t r a t i o n s .  A l t h o u g h  some 
t h e o r e t i c a l  work h a s  been  done i n  
t h i s  a r e a  ( " a n a l y t i c a l "  s a m p l i n g )  by 
and l a r g e  t h e  ma in  s t a t i s t i c a l  r e -  
s u l t s  come from r e f e r e n c e s  on 
h y p o t h e s i s - t e s t i n g ,  m o s t l y  w i t h  r e -  
g a r d  t o  c o n t r o l l e d  e x p e r i m e n t s .  
S i n c e  we a r e  n o t  r e a l l y  d o i n g  an e x -  
p e r i m e n t ,  b u t  a r e  i n s t e a d  o b s e r v i n g  
some u n c o n t r o l l e d  phenomenon, c a u t i o n  
n e e d s  t o  b e  e x e r c i s e d  i n  p i c k i n g  o u t  
a  "good" d e s i g n .  G e n e r a l l y ,  t h e  two 
c l a s s e s  o f  o b j e c t i v e s  ( e s t i m a t i n g  a  



t o t a l  v e r s u s  making a  c o m p a r i s o n )  r e -  
q u i r e  q u i t e  a  d i f f e r e n t  s a m p l i n g  
d e s i g n .  

A d i f f e r e n t  k i n d  o f  e s t i m a t i o n  
p rob lem comes u p  when t h e  s a m p l i n g  i s  
t o  be  done a t  a  s e r i e s  o f  p o i n t s  i n  
t i m e .  One a p p r o a c h  i s  t o  p r o p o s e  t o  
f i t  a  k i n e t i c  model  o f  some s o r t ,  a n d  
t o  a s k  what  t h e  b e s t  s a m p l i n g  t i m e s  
w i l l  be t o  o b t a i n  o p t i m a l  e s t i m a t e s  
o f  t h e  p a r a m e t e r s  o f  t h e  mode l .  We 
have  b e e n  e x p l o r i n g  a n  a p p r o a c h  t h a t  
h a s  b e e n  u s e d  i n  i n d u s t r i a l  e x p e r i m e n -  
t a t i o n  f o r  some t i m e ,  b u t ,  s o  f a r  a s  
we know, i s  new t o  b i o m e d i c a l  and 
e c o l o g i c a l  r e s e a r c h .  U n f o r t u n a t e l y ,  
t h e  me thods  r e q u i r e  b o t h  knowledge o f  
t h e  e x a c t  form o f  t h e  model ( o r  s p e c i -  
f i c a t i o n  o f  a  c l a s s  o f  m o d e l s )  a n d  a d -  
v a n c e  p a r a m e t e r  e s t i m a t e s ,  a s  w e l l  a s  
( u s u a l l y )  i t e r a t i v e  s o l u t i o n s  on a  
c o m p u t e r .  S i n c e  we se ldom c a n  s p e c -  
i f y  a  d e t a i l e d  ( o r  r e l a t i v e l y  s i m p l e )  
model f o r  f i e l d  s t u d i e s  o f  c o n t a m i -  
n a n t s ,  we h a v e  n o t  made a  g r e a t  d e a l  
o f  p r o g r e s s  a l o n g  t h e s e  l i n e s .  

I n  many s a m p l e  s u r v e y s  o f  c o n t a m i -  
n a n t s ,  i t  seems a p p a r e n t  t h a t  e s t i m a t -  
i n g  means o r  t o t a l s  may b e  s e c o n d a r y  
i n  i m p o r t a n c e  t o  d e t e r m i n i n g  t h e  s p a -  
t i a l  d i s t r i b u t i o n  o f  t h e  s u b s t a n c e .  
T h e r e  t h e  m a i n  i s s u e  may n o t  b e  s o  
much "How much?" a s  "Where i s  i t ? " .  
We a r e  c u r r e n t l y  p r e p a r i n g  a  p a p e r  
f o r  t h e  F i r s t  ERDA S t a t i s t i c a l  Sympo- 
s ium ( t o  b e  h e l d  a t  t h e  Los Alamos 
S c i e n t i f i c  L a b o r a t o r y ,  November 3 - 5 ,  
1975)  d i s c u s s i n g  t h i s  p rob lem a n d  
some o f  t h e  a p p a r e n t  t h e o r e t i c a l  r a m i -  
f i c a t i o n s .  I t  t u r n s  o u t  t h a t  one p o s -  
s i b l y  u s e f u l  a p p r o a c h  ( " c o n t o u r i n g " )  
h a s  l a r g e l y  b e e n  d e v e l o p e d  i n  p e t r o -  
leum and m i n i n g  e x p l o r a t i o n ,  p a r a l l e l -  
i n g  a  m a j o r  ERDA r e s p o n s i b i l i t y .  

Much o f  o u r  a c t i v i t y  on t h e  t e c h -  
n i c a l  a s p e c t s  a t  s a m p l i n g  f o r  c o n t a m i -  
n a n t s  h a s  b e e n  d e v o t e d  t o  c o m p l e t i n g  
and  w r i t i n g - u p  some o f  o u r  i n v e s t i g a -  
t i o n s .  Two s u c h  r e p o r t s  a r e  now i n  
p r e s s ,  o n e  c o n c e r n i n g  a q u a t i c  s y s t e m s  
( J .  F i s h e r i e s  R e s e a r c h  Board o f  Canada)  
a n d  t h e  o t h e r  p r i m a r i l y  r a d i o n u c l i d e s  
( F o u r t h  N a t i o n a l  Symposium on R a d i o -  
e c o l o g y ) .  

Dairy Farm Study 
J .  M. Thomas, L. L. Eberhardt and 
M. I .  Cochran 

Dur ing  t h i s  p a s t  y e a r  we have  com- 
p l e t e d  mos t  o f  o u r  work on t h i s  DBER- 
r e q u e s t e d  a n a l y s i s .  Accompl i shments  

i n c l u d e  t h e  r e v i e w  and  a c c e p t a n c e  o f  
two p a p e r s  f o r  t h e  F o u r t h  ~ a t i o n a l  
Symposium on R a d i o e c o l o g y  a n d  a n o t h e r  
m s  a c c e p t e d  t o r  H e a l t h  P h y s i c s .  F i -  - 
n a l l y ,  we have  c o m p l e t e d  t h e  f i r s t  
d r a f t  o f  a  document which  c o n t a i n s  
n e a r l y  a l l  o f  t h e  d a t a  we h a v e  e v a l u -  
a t e d  and o u r  i n t e r p r e t a t i o n s .  T h u s ,  
o u r  r e m a i n i n g  e f f o r t s  w i l l  b e  m o s t l y  
c o n n e c t e d  w i t h  t h e  t e d i o u s  p r o c e s s  
o f  c h e c k i n g  o v e r  t h e  document  ( a n d  
a s s o c i a t e d  d a t a )  f o r  f i n a l  p u b l i c a -  
t i o n .  A summary of o u r  m o d e l i n g  r e -  
s u l t s  was p r e s e n t e d  i n  t h e  Annua l  
R e p o r t s  f o r  1973  a n d  1 9 7 4 .  I n  a d d i -  
t i o n ,  we h a v e  i n v e s t i g a t e d  s e v e r a l  
o t h e r  a s p e c t s  o f  t h e  "farm d a t a " ,  
some o f  which  a r e  d i s c u s s e d  be low.  

S i n c e  a  good d e a l  of o u r  work was 
d e v o t e d  t o  c o n s t r u c t i o n  o f  compute r  
s i m u l a t i o n  m o d e l s ,  we a t t e m p t e d  t o  
a d d r e s s  t h e  q u e s t i o n :  How w e l l  d i d  
we d o ?  To i n v e s t i g a t e  t h e  f i r s t  q u e s -  
t i o n  we s i m p l y  c a l c u l a t e d  t h e  d e v i a -  
t i o n s  be tween  o b s e r v e d  and s i m u l a t e d  
1 3 7 ~ s  b u r d e n s  f o r  a l f a l f a  and  m i l k .  
Mean d e v i a t i o n s  f o r  a l f a l f a  w e r e  z e r o  
w i t h  a  s t a n d a r d  d e v i a t i o n  o f  
55 pCi /m2.  R e f e r e n c e  t o  t h e  g r a p h  i n  
t h e  1974  Annual  R e p o r t  shows t h a t  t h e  
model  d o e s  a n  a d e q u a t e  j o b  when r e f e r -  
e n c e d  t o  t h e  h i g h e r  c o n c e n t r a t i o n s  
b u t  i s n ' t  s a t i s f a c t o r y  a t  l o w e r  l e v -  
e l s  i n d i c a t i n g  t h a t  t h e  c o n t r i b u t i o n  
t o  t h e  c a l c u l a t e d  s t a n d a r d  d e v i a t i o n  
i s  w e i g h t e d  toward  t h e s e  l o w e r  l e v e l s  
of o b s e r v e d  c o n t a m i n a t i o n .  S i m i l a r  
c a l c u l a t i o n s  f o r  m i l k  gave  a  mean d e -  
v i a t i o n  o f  44 p C i / k g  ( s d  = + 2 4 ) .  Ob- 
s e r v e d  m i l k  l e v e l s  were  g e n e r a l l y  
b e l o w  100 p C i / k g  (Annual  R e p o r t  1974)  
s o  t h a t  v a l u e s  f o r  e a c h  f e e d i n g  t r i a l  
were  l e s s  r e l i a b l e  t h a n  t h o s e  f o r  a l -  
f a l f a  (which  e x h i b i t e d  h i g h e r  v a l u e s ) .  
The s t a n d a r d  d e v i a t i o n  above  was f o r  
s i n g l e  t r i a l s  o r  c u t t i n g s  and d o e s  n o t  
r e f l e c t  t h e  s t a n d a r d  e r r o r  o f  p r e d i c -  
t i o n  when t h e  o v e r a l l  model i s  c o n s i d -  
e r e d .  We a r e  n o t  aware  o f  any  method-  
o l o g y  f o r  c a l c u l a t i n g  s u c h  a  measure  
b u t  p resume  t h a t  o r d i n a r y  r e g r e s s i o n  
c a l c u l a t i o n s  m i g h t  be  u s e d  f o r  g u i d -  
a n c e .  We h a v e  p l o t t e d  t h e  two s e t s  
o f  d e v i a t i o n s  ( o n e  f rom a l f a l f a  and  
t h e  m a t c h i n g  v a l u e s  f o r  m i l k )  i n  
F i g .  1. The d a r k  r e g r e s s i o n  l i n e  
shows t h a t  12 o f  t h e  1 5  p a i r s  show a  
r e a s o n a b l e  d e g r e e  of c o r r e l a t i o n  
( r  = 0 . 7 6 ) .  However, i f  t h e  t h r e e  
d a t a  p o i n t s  shown a s  d a r k  d o t s  a r e  
i n c l u d e d ,  t h e  c o r r e l a t i o n  d e c l i n e s  
s u b s t a n t i a l l y  ( d o t t e d  r e g r e s s i o n  
l i n e ) .  From t h i s ,  we h a v e  i n f e r r e d  
t h a t  a  g r e a t  d e a l  o f  t h e  p r e d i c t i v e  



FIG. 1.  Re r e s s i o n  o f  Observed- 5 Simula t ed  7 ~ e s i u m  f o r  A l f a l f a  
and Milk.  

e r r o r  may be due t o  f a c t o r s  a f f e c t i n g  
on ly  a  few d a t a  p o i n t s .  

S ince  c o l l e c t o r s  were used  i n  our  
s t u d y  t o  a s s e s s  f a l l o u t ,  i t  was neces -  
s a r y  f o r  u s  t o  d e v i s e  a  method where- 
by we could  r e c o n s t r u c t  d a i l y  f a l l o u t  
i n p u t s  f o r  modeling pu rposes .  To 
t h a t  end ,  we developed t h e  mathemati-  
c a l  and computer framework (which we 
b e l i e v e  has a p p l i c a b i l i t y  t o  o t h e r  
compounds c o l l e c t e d  i n  s t a t i o n a r y  de-  
v i c e s )  and p r e s e n t e d  our  r e s u l t s  a t  
t h e  Four th  Na t iona l  Radioecology Sym- 
posium. A p o r t i o n  of  t h e  p rocedure  
r e q u i r e d  t h e  e s t i m a t i o n  of k, ( t h e  
d a i l y  r a t e  of dec rease  i n  a i r  concen- 
t r a t i o n )  i n  y  = ~ / k ~ ( l - e - ~ 2 ~ )  f r o m  
t h e  cumula t ive  q u a n t i t i e s  o f  1 3 7 ~ s  i n  
c o l l e c t o r s  (y)  where lambda r ep re -  
s e n t s  t h e  s p r i n g  peak v a l u e  f o r  a  
y e a r .  S ince  d a t a  f o r  each  of  4  y r  
was a v a i l a b l e ,  we dec ided  t h a t  a  
pooled  e s t i m a t e  of k 2  u s i n g  d a t a  from 
a l l  y e a r s  would be more a p p r o p r i a t e  
t h a n  e s t i m a t e s  f o r  each y e a r  a l o n e ,  
mos t ly  because  o f  l i m i t e d  sample 
s i z e s  i n  a  y e a r .  A lgeb ra i c  d e t a i l s  
w i l l  appear  i n  t h e  document d e s c r i b e d  
above ,  b u t  t h e  r e s u l t s  f o r  1 3 7 C s  
c o l l e c t e d  i n  p o t s  a r e  i n  P igs .  2 and 
3. The pooled  e s t i m a t e  (k2 = 0.013) 
i s  i n  acco rd  w i t h  t h o s e  found f o r  
1964-66.  A s i m i l a r  a n a l y s i s  f o r  g O s r  
i n  p o t s  and f u n n e l s  gave r e s u l t s  con- 
s i s t e n t  i n  a l l  y e a r s  wh i l e  l i m i t e d  
d a t a  f o r  1 3 7  cs i n  f u n n e l s  p rec luded  
such an a n a l y s i s .  Thus,  we b e l i e v e  
t h e  e s t i m a t i o n  procedure  o f f e r s  
some of t h e  advan tages  o f  c o v a r i -  
ance  a n a l y s i s  a s  Used f o r  l i n e a r  
r e g r e s s i o n  and only  t h e  a p p r o p r i a t e  
" s t a t i s t i c a l  t e s t s "  need t o  be 

dev i sed  ( i . e . ,  a r e  t h e  k2  v a l u e s  i n  
each  y e a r  s i g n i f i c a n t l y  d i f f e r e n t ? ) .  

Because of  t h e  a v a i l a b i l i t y  of  
n e a r l y  650 p a i r s  o f  measurements i n  
which samples o f  a l f a l f a ,  s o i l ,  i r r i -  
g a t i o n  wa te r  and f a l l o u t  c o l l e c t o r s  
were assayed  f o r  1 3 7 ~ s  and 9 0 ~ r ,  we 
have i n v e s t i g a t e d  t h e  s t a t i s t i c a l  
p r o p e r t i e s  of  t h e  r a t i o s  of  t h e s e  r a -  
d i o n u c l i d e s .  Our r e s u l t s  were p r e -  
s e n t e d  a t  t h e  Four th  N a t i o n a l  Radio- 
ecology Symposium t o  a i d  a tmosphe r i c  
s c i e n t i s t s  and e c o l o g i s t s  who a t t e m p t  
t o  e s t i m a t e  t h e  c o n c e n t r a t i o n  o f  a  
second r a d i o n u c l i d e  on t h e  b a s i s  of 
d a t a  on a n o t h e r  r a d i o n u c l i d e ,  and a  
s i n g l e  o b s e r v a t i o n  of t h e i r  r a t i o ,  o r  
t o  a s s e s s  r e g i o n a l  s i m i l a r i t i e s .  Our 
a n a l y s i s  s u g g e s t s  t h a t  e i t h e r  u se  of 
r a t i o s  may be  i n a c c u r a t e .  I n  a d d i -  
t i o n ,  we were a b l e  t o  suppor t  our  e a r -  
l i e r  recommendation f o r  a  l o g a r i t h m i c  
t r a n s f o r m a t i o n  o f  r a t i o  d a t a  p r i o r  t o  
s t a t i s t i c a l  a n a l y s i s .  We a l s b  p r e -  
s e n t e d  d a t a  which i n d i c a t e d  t h a t  t h e  
change i n  Cs/Sr r a t i o  w i t h  s o i l  dep th  
was c l o s e l y  f i t t e d  by a  two- 
compartment e x p o n e n t i a l  model.  S ince  
t h a t  t ime we have s e  a r a t e l y  eva lu -  
a t e d  bo th  37Cs and {oSr d a t a  w i t h  
dep th  (F ig .  4 ) .  These r e s u l t s  i n d i -  
c a t e  t h a t  t h e  two-compartment n a t u r e  
of t h e  r a t i o  cu rve  was mos t ly  due t o  
90Sr and t h a t  1 3 7 C s  c o n c e n t r a t i o n  
changes s lowly  w i t h  dep th  ( i .  e . ,  
137Cs i s  e v e n l y  d i s p e r s e d  i n  t h e  p r o -  
f i l e  w h i l e  9 0 ~ r  e x h i b i t s  behav io r  sug-  
g e s t i n g  t h a t  a  major  f r a c t i o n  is  n e a r  
t h e  s u r f a c e ,  wh i l e  a  s m a l l e r  f r a c t i o n  
moves t h rough  t h e  s o i l  p r o f i l e ) .  
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FIG. 2 .  Leas t  Squares  F i t s  of Cumu- 
l a t i v e  "Pot" 1 3 7 ~ s  C o l l e c t o r  Data - 
Each Year S e p a r a t e l y .  
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FIG. 3 .  L e a s t  S q u a r e s  F i t s  o f  Cumu- 
l a t i v e  "Po t"  ' 3 7 ~ s  C o l l e c t o r  D a t a  - 
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FIG. 4.  Dep th  P r o f i l e  of  1 3 7 C s  and 
9 U ~ r  C o n c e n t r a t i o n  i n  S o i l  C o r e s .  

Systems Ecology 
L. L. Eberhardt 

I n  t h e  l a s t  y e a r ,  a  v e r y  s u b s t a n -  
t i a l  e f f o r t  h a s  gone i n t o  a  r e v i e w  o f  
some o f  t h e  i s s u e s  i n v o l v e d  i n  t r y i n g  
t o  a p p l y  " s y s t e m s  e c o l o g y "  i n  a c t u a l  
f i e l d  s t u d i e s .  Our e f f o r t s  r e s u l t e d  
f rom a n  i n v i t a t i o n  t o  a d d r e s s  a  c o n -  
f e r e n c e  e n t i t l e d  "Sys tems  E c o l o g y - -  
Where Do We Go From Here?"  h e l d  a t  
Utah S t a t e  U n i v e r s i t y .  A l o n g  and d e -  
t a i l e d  a n a l y s i s  w i l l  a p p e a r  i n  a  v o l -  
ume b e i n g  i s s u e d  by S i m u l a t i o n  Coun- 
c i l s ,  a n d  some o f  t h e  more s a l i e n t  
p o i n t s  f o l l o w :  

1 )  We a t t e m p t e d  t o  t r a c e  t h e  o r i g i n s  
o f  " s y s t e m s  e c o l o g y "  a n d  c o n c l u d e d  
t h a t  i t  m o s t l y  r e s u l t s  a s  a  s h i f t  i n  
p h r a s e o l o g y  t o  b r i n g  " e c o l o g y "  i n t o  
t h e  f o r m e r l y  p o p u l a r  " s y s t e m s  a n a l y -  
s i s " .  No g r e a t  change  i n  t h e  main o p -  
e r a t i n g  mode, i . e . ,  compute r  m o d e l i n g ,  
seems t o  h a v e  o c c u r r e d .  

2 )  The n e e d  f o r  some s o r t  o f  s y s t e m s  
e f f o r t  i s  r e a l ,  and may b e  d i s c u s s e d  
a t  t h r e e  l e v e l s :  

i )  A n e e d  f o r  a  more s u b s t a n t i a l  
t h e o r e t i c a l  s t r u c t u r e  i n  e c o l o g y ,  
a i d e d  by t h e  a c c u r a c y  p r o v i d e d  by 
m a t h e m a t i c a l  e x p r e s s i o n s .  

i i )  The f o r m u l a t i o n  o f  h y p o t h e s e s  
i n  a  way t h a t  r e v e a l s  t h e  c o n s e -  
q u e n c e s  a t t e n d a n t  on p r o o f  o r  d i s -  
p r o o f ,  and  t h e  need  t o  d e v i s e  a p -  
p r o p r i a t e  s t a t i s t i c a l  me thods  f o r  
b o t h  e s t i m a t i o n  a n d  t e s t i n g .  

i i i )  Given t h e  h y p o t h e s e s  a n d  
t h e i r  c o n s e q u e n c e s ,  t h e n  t h e  t h i r d  
l e v e l  c o n t a i n s  t h e  p r o b l e m s  o f  d e -  
s i g n i n g  and  c o n d u c t i n g  f i e l d  and  
l a b o r a t o r y  s t u d i e s  t o  y i e l d  unam- 
b i g u o u s  r e s u l t s .  

3) F i v e  c l a s s e s  o f  o b j e c t i v e s  i n  a p -  
p l i e d  s t u d i e s  were  d e f i n e d  a n d  d i s -  
c u s s e d .  I t  was s u g g e s t e d  t h a t  t h e  
f i f t h  c a t e g o r y ,  e c o s y s t e m  management ,  
i s  r e a l l y  beyond o u r  p r e s e n t  c a p a b i l i -  
t i e s ,  a n d  t h e  t e n d e n c y  t o  e n c o u r a g e  
o t h e r s  t o  b e l i e v e  t h a t  we c a n  e f f e c -  
t i v e l y  model e c o s y s t e m s  o u g h t  t o  be 
d i s c o u r a g e d ,  i f  p o s s i b l e .  I t  was 
n o t e d  t h a t ,  i n  a  few o f  t h e  a p p l i e d  
f i e l d s ,  t h e  c o n s e q u e n c e s  o f  i n a d e -  
q u a t e  s t u d i e s  a r e  p a i n f u l  and a p p a r -  
e n t  ( e . g . ,  l o s s  o f  f i s h e r i e s  f rom 
o v e r - e x p l o i t a t i o n )  b u t  t h a t  t o o  o f t e n  
m i s t a k e s  i n  a p p r o a c h  go w h o l l y  unno-  
t i c e d .  I n a d e q u a t e  s a m p l i n g  i s  n o t  
d e t e c t e d  f o r  l a c k  o f  any a c t i o n  t h a t  
m i g h t  l e a d  t o  a  m e a s u r a b l e  
c o n s e q u e n c e .  

4) The i s s u e s  evoked  by m e n t i o n i n g  
" p r e d i c t i v e "  m o d e l s  w e r e  d i s c u s s e d  i n  
c o n s i d e r a b l e  d e t a i l .  One s u g g e s t i o n  
i s  t h a t  we a d o p t  t h e  e c o n o m i s t ' s  d i s -  
t i n c t i o n  b e t w e e n  p r o j e c t i o n s  and  f o r e -  
c a s t s .  A p r e s c r i p t i o n  f o r  p r e d i c t i o n  
was o f f e r e d ,  and  h a s  two s t a g e s .  One 
i s  t o  model i n  a s  much d e t a i l  a s  p o s -  
s i b l e ,  u s i n g  s i m u l a t i o n  t e c h n i q u e s ,  
e t c .  The s e c o n d  i s  t o  e x t r a c t ,  f rom 
t h e  r e s u l t s  o f  t h e  f i r s t  s t a g e ,  a  r e -  
g r e s s i o n  mode l  t h a t  c a n  b e  f i t  t o  t h e  



a c t u a l  o b s e r v a t i o n a l  d a t a .  Some r e -  
v i e w e r s  o f  t h e  m a n u s c r i p t  o b j e c t e d  t o  
o u r  p r e s c r i p t i o n ,  a l o n g  t h e  l i n e s  of  
a  now a l m o s t  c l a s s i c a l  a rgument  a b o u t  
p r e d i c t i v e  mode l s .  P a r t  o f  t h e  d i f f i -  
c u l t y  i s  r e a l  ( i . e . ,  we c a n ' t  p r e d i c t  
v e r y  s u c c e s s f u l l y  w i t h  any t o o l s  a t  
o u r  d i s p o s a l )  and  p a r t  r e s u l t s  from a  
common t e n d e n c y  t o  t h i n k  i n  t e r m s  o f  
l i n e a r  r e g r e s s i o n .  We w e r e ,  however ,  
s p e a k i n g  of i t e r a t i v e  compute r  f i t -  
t i n g  o f  n o n l i n e a r  m o d e l s  c o n t a i n i n g  
b o t h  unknown p a r a m e t e r s  t o  b e  e s t i -  
m a t e d  a n d  p r e v i o u s l y  m e a s u r e d  param- 
e t e r s  ( a s  c o n s t a n t s ) .  

5)  A m a j o r  p o i n t  i n  o u r  a n a l y s i s  i s  
t h a t  r n o d e l - b u i l d e r s ,  a n d  e c o l o g i s t s  
i n  g e n e r a l ,  pay  l i t t l e  a t t e n t i o n  t o  
s a m p l i n g ,  y e t  v i r t u a l l y  e v e r y t h i n g  
done i n  t h e  f i e l d  d e p e n d s  on  s a m p l i n g .  
So l o n g  a s  t h i s  l a c k  o f  a t t e n t i o n  con-  
t i n u e s ,  f i e l d  e c o l o g y  w i l l  r e m a i n  a n  
u n c e r t a i n  k i n d  o f  " s c i e n c e , "  a n d  e c o -  
s y s t e m  m o d e l e r s  w i l l  h a v e  p o o r l y  mea- 
s u r e d  p a r a m e t e r s  f o r  t h e i r  b a s i c  i n -  
g r e d i e n t s .  A number o f  d e t a i l s  o f  
e s t i m a t i n g  t h e s e  p a r a m e t e r s  were  
d i s c u s s e d .  

6 )  A p o i n t  t h u s  f a r  i g n o r e d  by mod- 
e l e r s  i s  "What t o  d o  w i t h  r e p l i c a t e  
s t u d i e s ? "  Few s u c h  s t u d i e s  d o  e x i s t ,  
b u t  when s u c h  d a t a  a r e  a v a i l a b l e ,  i t  
seems n a i v e  t o  n e g l e c t  wha t  i t  t e l l s  
u s  by s i m p l y  a v e r a g i n g  a l l  of  t h e  o b -  
s e r v a t i o n s  [ p r o b a b l y  s u c h  a v e r a g e s  
c a n  be  e x p e c t e d  t o  b i a s  t h e  r e s u l t s ,  
t o o ) .  We b e l i e v e  a n  e f f o r t  s h o u l d  be 
made t o  u n d e r s t a n d  t h e  i s s u e s  i n -  
v o l v e d  i n  r e p l i c a t i o n s .  C e r t a i n l y  a  
g r e a t  many e c o l o g i c a l  f i e l d  s t u d i e s  
c a n n o t  be r e p l i c a t e d  i n  s u f f i c i e n t  
numbers  t o  u s e  t h e  c l a s s i c a l  s t a t i s -  
t i c a l  a p p r o a c h e s  d e v e l o p e d  i n  t h e  c o n -  
t e x t  o f  a g r i c u l t u r a l  e x p e r i m e n t a t i o n  
( e . g . ,  t h e  a n a l y s i s  o f  v a r i a n c e ) .  I t  
s h o u l d  b e  p o i n t e d  o u t  t h a t  we a r e  
h e r e  s p e a k i n g  o f  r e p l i c a t i o n  o f  whole  
s t u d i e s  o r  " e x p e r i m e n t s " ,  n o t  of  t h e  
many s a m p l e s  t h a t  may be  c o l l e c t e d  i n  
t h e  c o u r s e  o f  one  s u c h  " r e p l i c a t e " .  
F a r  t o o  many i n v e s t i g a t o r s  c o n f u s e  
s a m p l e s  w i t h  r e p l i c a t e s .  

7 )  Sonie ways o f  s i m p l i f y i n g  " f o o d -  
c h a i n  k i n e t i c s "  m o d e l s  t h a t  make i t  
p o s s i b l e  t o  e s t i m a t e  some o f  t h e  p a -  
r a m e t e r s  ( u s i n g  n o n l i n e a r  l e a s t -  
s q u a r e s )  f rom f i e l d  d a t a  w e r e  s u g -  
g e s t e d ,  a g a i n  i n  d e t a i l .  I t  seems 
c l e a r  t h a t  s u f f i c i e n t  r e d u c t i o n  o f  
t h e  model t o  d o  a l l  o f  t h e  f i t t i n g  s i -  
m u l t a n e o u s l y  by compute r  me thods  i s  

n o t  p o s s i b l e  w i t h o u t  l o s s  of  s t r u c -  
t u r a l  i d e n t i t y  i n  t h e  model  ( i . e . ,  
h a v i n g  p a r t i c u l a r  c o e f f i c i e n t s  c o r r e -  
spond  t o  some r e a l - w o r l d  phenomenon) .  
T h e r e  i s  t h u s  2 n e e d  f o r  e x p l o r a t i o n  
o f  some p o s s i b l e  a l t e r n a t i v e  
a p p r o a c h e s .  

8)  A s  y e t ,  t h e  s t u d y  o f  p o p u l a t i o n  d y -  
namics  a n d  f o o d - c h a i n  k i n e t i c s  h a v e  
gone a l o n g  c o m p l e t l y  s e p a r a t e  p a t h s .  
The i s s u e s  of  p o l l u t i o n  a n d  p r o d u c t i v -  
i t y  w i l l  u l t i m a t e l y  r e q u i r e  t h a t  t h e  
two a r e a s  be b r o u g h t  t o g e t h e r ,  and we 
a g a i n  p r o p o s e d  t h a t  n e e d .  

A c o n c l u d i n g  s e c t i o n  of o u r  r e p o r t  
emphas ized  t h e  n e e d  t o  a v o i d  o v e r -  
e n t h u s i a s t i c  c l a i m s  a b o u t  u t i l i t y  o f  
m o d e l i n g ,  a  r e t u r n  t o  e m p h a s i s  on  
r e a l  d a t a ,  and  some a t t e n t i o n  t o  s t a -  
t i s t i c a l  methodology. T h e s e  s h o u l d  
t e n d  t o  be  s o b e r i n g  i n f l u e n c e s ,  a s  
s h o u l d  a  l o o k  b a c k  50 y e a r s  t o  
L o t k a ' s  "E lements  o f  M a t h e m a t i c a l  B i -  
o l o g y  ." The p r i m a r y  r e a l  a d v a n c e s  
s i n c e  t h e n  a r e  i n  c o m p u t e r s  a n d  s t a -  
t i s t i c s ,  o n e  u s e d  e x t e n s i v e l y  by mod- 
e l e r s ,  t h e  o t h e r  a l m o s t  c o m p l e t e l y  un-  
known t o  them.  We r e i t e r a t e d  o u r  
b e l i e f  t h a t  d e t a i l e d  mode l s  c a n  s e r v e  
t o  a i d  i n  u n d e r s t a n d i n g  e c o s y s t e m s  
and  a s  a  way t o  f i n d  s i m p l i f i e d  e m p i r -  
i c a l  g u i d e s  f o r  a t  l e a s t  f o r e c a s t i n g  
i f  n o t  p r e d i c t i o n .  
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Our l o n g - t e r m  s t u d y  of  l i n e  t r a n -  
s e c t s  a s  t o o l s  f o r  m e a s u r i n g  a n i m a l  
p o p u l a t i o n  d e n s i t i e s  was c o n t i n u e d  
t h i s  y e a r .  S e v e r a l  new d e v e l o p m e n t s  
w i l l  be b r i e f l y  d e s c r i b e d  h e r e .  P a r t  
o f  t h e  work i s  i n  c o o p e r a t i o n  w i t h  a  
r e s e a r c h  p r o j e c t  on m a r i n e  mammal c e n -  
s u s i n g  a t  t h e  U n i v e r s i t y  o f  Washing- 
t o n ,  a s  d e s c r i b e d  i n  l a s t  y e a r s '  An- 
n u a l  R e p o r t .  

The s t u d y  h a s  been  b r o a d e n e d  t o  
c o v e r  t h r e e  d i f f e r e n t  c a t e g o r i e s  o f  
m e t h o d s ,  which  may be d e s c r i b e d  a s :  

1 )  The l i n e  t r a n s e c t .  The o b s e r v e r  
moves a l o n g  a  l i n e  and  u s e s  d i s t a n c e s  
t o  a n i m a l s  ( o r  o t h e r  o b j e c t s )  o b -  
s e r v e d  t o  e s t i m a t e  t h e  " e f f e c t i v e  
w i d t h "  o f  t h e  s t r i p  c o v e r e d .  The o b -  
j e c t s  a r e  assumed t o  be d i m e n s i o n l e s s ,  
i . e . ,  t o  be p o i n t s .  



2 )  The s t r i p  t r a n s e c t .  The o b j e c t s  
( o r  a n i m a l s )  a r e  a g a i n  c o n s i d e r e d  a s  
p o i n t s ,  b u t  s e a r c h i n g  i s  c o n f i n e d  t o  
a  s t r i p  o f  f i x e d  w i d t h .  E f f e c t i v e l y ,  
one i s  t h u s  u s i n g  a  l o n g ,  n a r r o w  p l o t  
o r  q u a d r a t .  

3 )  The l i n e - i n t e r c e p t .  The o b j e c t s  
a r e  c o n s i d e r e d  t o  b e  t w o - d i m e n s i o n a l  
( a n d  t h u s  u s u a l l y  of  m o d e r a t e  s i z e ,  
e  . g . ,  t h e  "canopy" o f  a  s h r u b ) ,  and  
a r e  t a l l i e d  o n l y  i f  t h e  l i n e  i n t e r -  
c e p t s  t h e  o b j e c t .  

P a s t  u s e  of  t h e  l i n e - i n t e r c e p t  
method h a s  a l m o s t  e n t i r e l y  been  con-  
f i n e d  t o  e s t i m a t i n g  r e l a t i v e  a r e a  c o v -  
e r e d  by t h e  o b j e c t s  ( u s u a l l y  canopy-  
c o v e r a g e  of  s h r u b s ) .  An u n b i a s e d  
e s t i m a t e  of  c o v e r a g e  c a n  be  r e a d i l y  
o b t a i n e d  by m e a s u r i n g  l e n g t h  of  t h e  
i n t e r c e p t  w i t h  t h e  o b j e c t .  E x t e n s i o n  
t o  e s t i m a t e s  of  d e n s i t y  (number p e r  
u n i t  a r e a )  o f  t h e  o b j e c t s  f rom i n t e r -  
c e p t  l e n g t h  r e q u i r e s  a s s u m p t i o n  of 
some r e g u l a r - s h a p e d  o b j e c t  ( u s u a l l y  a  
c i r c l e ) .  I n  t h e  c o u r s e  of  t h e  p r e -  
s e n t  s t u d y ,  i t  became a p p a r e n t  t h a t  
m e a s u r i n g  t h e  "wid th"  o f  t h e  o b j e c t  
a t  r i g h t  a n g l e s  t o  t h e  i n t e r c e p t i n g  
l i n e  would p e r m i t  a n  u n b i a s e d  e s t i -  
mate  of d e n s i t y  t o  be o b t a i n e d .  We 
l a t e r  d i s c o v e r e d  t h a t  much t h e  same 
method had b e e n  p r o p o s e d  by 
C .  W .  S t r o n g  ( 1 9 6 6 ) .  However,  h i s  d e -  
ve lopment  i s  b a s e d  on an i n t u i t i v e  a r -  
gument and he d e f i n e s  w i d t h  a s  " t h e  
g r e a t e s t  w i d t h  p e r p e n d i c u l a r  t o  t h e  
t r a n s e c t  ," w h e r e a s ,  t h e  p r o p e r  mea- 
s u r e m e n t  i s  t h e  d i s t a n c e  be tween  t a n -  
g e n t  l i n e s  p a r a l l e l  t o  t h e  t r a n s e c t  
a t  t h e  r i g h t -  and l e f t - h a n d  e x t r e m i -  
t i e s  o f  t h e  o b j e c t  ( p r o b a b i l i t y  of 
i n t e r c e p t i o n  i s  t h e n  s i m p l y  p r o p o r -  
t i o n a l  t o  t h i s  d i s t a n c e ) .  A f i e l d  
t e s t  o f  t h e  method h a s  b e e n  c o n d u c t e d  
t h i s  y e a r ,  b u t  t h e  d a t a  h a v e  n o t  y e t  
been  a n a l y z e d .  

The e x i s t i n g  t h e o r y  of  l i n e  t r a n -  
s e c t s  a s sumes  t h a t  t h e  i n d i v i d u a l s  
a r e  r andomly  d i s t r i b u t e d  o v e r  t h e  
s t u d y  a r e a .  T h i s  i s  a  r a t h e r  r e s t r i c -  
t i v e  a s s u m p t i o n  ( n o t  u s u a l l y  t r u e ,  i n  
f a c t ) .  I n  work ing  w i t h  t h e  l i n e -  
i n t e r c e p t  method i t  became a p p a r e n t  
t h a t  t h i s  a s s u m p t i o n  is  n o t  r e q u i r e d  
f o r  t h a t  method and  f o r  a t  l e a s t  one  
s u b c l a s s  o f  t h e  l i n e  t r a n s e c t  m e t h o d ,  
where  o n l y  r a n d o m i z a t i o n  o f  t r a n s e c t  
l i n e s  i s  n e e d e d .  We hope t o  b e  a b l e  
t o  e x t e n d  t h i s  a s p e c t  o f  t h e  a n a l y s i s  
i n  t h e  f u t u r e .  

A s  p a r t  o f  t h e  s t u d y  we have  b e e n  
i n v e s t i g a t i n g  t h e  t h e o r y  o f  c e r t a i n  
m o d i f i c a t i o n s  o f  t h e  s t r i p  t r a n s e c t ,  
r e q u i r e d  when some of  t h e  a n i m a l s  on 
t h e  s t r i p  c a n n o t  be  s e e n  by t h e  ob-  
s e r v e r .  The m a j o r  c a s e s  i n  p o i n t  a r c  
m a r i n e  mammals t h a t  may b e  submerged 
when t h e  o b s e r v e r  p a s s e s  b y .  A num- 
b e r  o f  s t u d i e s  of  t h i s  k i n d  have  b e e n  
c o n d u c t e d ,  c h i e f l y  on w h a l e s  and  
a r c t i c  s e a l s .  

A s  t h e  s t u d y  o f  t r a n s e c t  m e t h o d s  
p r o g r e s s e s ,  i t  becomes i n c r e a s i n g l y  
c l e a r  t h a t  t h e  t h e o r y  o f  l i n e  t r a n -  
s e c t s ,  s u i t a b l e  f o r  a n i n a l s  t h a t  
" f l u s h "  ( o r  o t h e r w i s e  r e a c t  t o  t h e  
o b s e r v e r ' s  a p p r o a c h )  may n o t  h o l d  ( i n  
i t s  g e n e r a l  f g r n )  f o r  i n a n i m a t e  ob-  
j e c t s  o r  f o r  a n i m a l s  t h a t  do n o t  
r e a c t  n o t i c e a b l y  t o  t h e  o b s e r v e r ' s  
a p p r o a c h .  I n  p a r t i c u l a r ,  t h i s  h a s  
b e e n  an e v i d e n t  p rob lem i n  d e a l i n g  
w i t h  a e r i a l  s u r v e y s  f o r  m a r i n e  mam- 
m a l s  ( e . g . ,  p o r p o i s e ) .  I n  t h e s e  i n -  
s t a n c e s ,  we b e l i e v e  i t  may n o t  be  
p o s s i b l e  t o  u s e  t h e  r a d i a l  d i s t a n c e  
( o r  " f l u s h i n g  d i s t a n c e , "  i . e . ,  d i s -  
t a n c e  be tween  o b s e r v e r  a n d  a n i m a l  
when f i r s t  d e t e c t e d ) ,  b u t  t h a t  i t  may 
b e  n e c e s s a r y  t o  u s e  t h e  r i g h t - a n g l e  
d i s t a n c e  ( d i s t a n c e  f rom t r a n s e c t  l i n e  
t o  o b j e c t  o r  a n i m a l ) .  I n  t h e  e x i s t -  
i n g  t h e o r y ,  t h e s e  d i s t a n c e s  can  o n l y  
b e  u s e d  u n d e r  t h e  a s s u m p t i o n  of  a  s p e -  
c i f i c  p r o b a b i l i t y  model f o r  t h e  d i s -  
t a n c e s  ( u s u a l l y  t h e  e x p o n e n t i a l  d i s -  
t r i b u t i o n ) .  IVe h a v e  t h u s  been  
l o o k i n g  i n t o  a  " d i s t r i b u t i o n - f r e e "  
method f o r  t h e s e  c a s e s .  The main d i f -  
f i c u l t y  i s ,  o f  c o u r s e ,  a  l i k e l y  s u b -  
s t a n t i a l  l o s s  of  e f f i c i e n c y  o v e r  "pa -  
r a m e t r i c "  me thods  of  e s t i m a t i o n .  

D u r i n g  t h e  c o u r s e  of  a  r e c e n t  
l e a v e - o f - a b s e n c e  ( J u n e  t h r o u g h  A u g u s t ,  
1 9 7 5 ) ,  t h e  a u t h o r  p a r t i c i p a t e d  i n  a  
workshop a t  t h e  U n i v e r s i t y  of  Viami  
on t h e  b o t t l e n o s e d  d o l p h i n  ( T u r s i o p s  
t u r s i o p s )  of  t h e  A t l a n t i c  and  Gul f  
C o a s t s  ( s p o n s o r e d  by t h e  U.S. Mar ine  
Mammal Commiss ion) .  Much o f  t h e  
a g e n d a  was c o n c e r n e d  w i t h  p o p u l a t i o n  
e s t i m a t i o n  s i n c e  d e n s i t i e s  o f  
T u r s i o p s  a r e  v i r t u a l l y  unknown, b u t  
i t  i s  t h e  m a j o r  "seaquar iurn"  a t t r a c -  
t i o n  and t h u s  i n  c o n s i d e r a b l e  demand. 
A s  a n  outcome o f  t h e  workshop d i s c u s -  
s i o n s ,  D r .  D .  B .  S i n i f f  ( U n i v e r s i t y  
o f  M i n n e s o t a )  a n d  t h e  a u t h o r  d e s i g n e d  
a n  e x p e r i m e n t a l  a e r i a l  s u r v e y  t o  
s t u d y  c e n s u s  t e c h n i q u e s .  P a r t  i c i -  
p a n t s  f rom s e v e r a l  u n i v e r s i t i e s  (dn  



Marine  Mammal Commission g r a n t s )  and  
t h e  Naval  Undersea  L a b o r a t o r y  l a t e r  
( J u l y ,  1975)  c a r r i e d  o u t  t h e  s t u d y  a t  
a  s l t e  on t h e  Gulf C o a s t .  The e x p e r i -  
m e n t a l  d e s i g n  d e a l t  w i t h  t h r e e  meth-  
o d s :  s t r i p  t r a n s e c t ,  l i n e  t r a n s e c t ,  
and " s q u a r e s "  ( p l o t s ) .  Three  o b s e r -  
v e r s  i n  t h r e e  a i r c r a f t  were  t o  make 
i n d e p e n d e n t  c o u n t s  i n  t h e  same a r e a s  
a t  t h r e e  d i f f e r e n t  t i m e s  o f  day  
( G r a e c o - L a t i n  s q u a r e  d e s i g n )  . A s  
m i g h t  b e  a n t i c i p a t e d ,  w e a t h e r  c o n d i -  
t i o n s  ( t h u n d e r s t o r m s )  p r e v e n t e d  com- 
p l e t i o n  o f  a  few f l i g h t s .  However,  
o u r  i n t e n t i o n  was n o t  t o  -- t e s t  f o r  ob-  
s e r v e r  and t i m e  o f  day  d i f f e r e n c e s  
(which we know from p a s t  e x p e r i e n c e  
t o  be i m p o r t a n t )  b u t  o n l y  t o  t r y  t o  
c o n t r o l  t h e s e  e f f e c t s ,  s o  we e x p e c t  
t o  be a b l e  t o  g e t  a  f a i r l y  good i n i -  
t i a l  compar i son  o f  t h e  methods from 
t h e  s t u d y .  A s  y e t ,  we have  n o t  had 
an o p p o r t u n i t y  t o  examine r e s u l t s  o f  
t h e  e x p e r i m e n t .  
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I n  p a s t  y e a r s ,  t h e  a u t h o r  h a s  
p a r t i c i p a t e d  i n  a  s t u d y  o f  a  p o p u l a -  
t i o n  o f  t h e  Weddell  s e a l  (Lep tony-  
c h o t e s  w e d d e l l i )  a t  McMurdo S t a t i o n ,  
A n t a r c t i c a  ( b r i e f  a c c o u n t s  a p p e a r  i n  
p r e v i o u s  Annual  R e p o r t s ) .  T h i s  y e a r  
h e  s p e n t  a b o u t  6  weeks ( l e a v e - o f -  
a b s e n c e ,  non-ERDA s u p p o r t )  a t  t h e  Uni -  
v e r s i t y  of M i n n e s o t a ,  work ing  on t h e  
d a t a  f rom 7 y r  of i n v e s t i g a t i o n  con-  
d u c t e d  by  U n i v e r s i t y  s t a f f  on 
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  g r a n t s .  
A r o u g h  d r a f t  o f  a n  e x t e n s i v e  r e p o r t  
( i n t e n d e d  f o r  E c o l o  i c a l  Monographs) 
was p r e p a r e d ,  whic  & we hope t o  com- 
p l e t e  i n  t h e  coming y e a r .  Our a n a l y -  
s i s  i s  p r i n c i p a l l y  c o n c e r n e d  w i t h  
p o p u l a t i o n  dynamics  o f  a  p o p u l a t i o n  
o f  a b o u t  2500 t o  3000 s e a l s  a l o n g  t h e  
c o a s t  o f  Ross I s l a n d ,  A n t a r c t i c a .  Of 
p a r t i c u l a r  i n t e r e s t  h e r e  a r e  r e s u l t s  
o f  f o u r  s e a s o n s  o f  c e n s u s  o f  o n e  s e g -  
ment  o f  t h e  p o p u l a t i o n  ("nonparous"  
f e m a l e s ) ,  u s i n g  t h e  J o l l y - S e b e r  
method ,  and i n i t i a t e d  by t h e  a u t h o r  
i n  h i s  s e c o n d  s e a s o n  a t  McMurdo 
S t a t i o n .  We e x p e c t  t h a t  a  m a j o r  
c o n t r i b u t i o n  o f  t h e  s t u d y  w i l l  be  
i n f o r m a t i o n  on p o p u l a t i o n  r e g u l a t i o n  
i n  a  p o p u l a t i o n  o f  l a r g e  mammals . 

b e l i e v e d  t o  remain  deep i n  t h e  
A n t a r c t i c  t h r o u g h o u t  t h e  y e a r  ( t h e  
o t h e r  v e r t e b r a t e s  move n o r t h  i n  t h e  
l o n g  p o l a r  w i n t e r ) .  

Marine Mammal Study 
L. L. Eberhardt 

A s  ment ioned  i n  t h e  p r e v i o u s  s e c -  
t i o n s  (and i n  l a s t  y e a r ' s  Annual  Re- 
p o r t ) ,  we have  been  c o o p e r a t i n g  w i t h  
v a r i o u s  o t h e r  i n v e s t i g a t o r s  i n  
s t u d i e s  o f  m a r i n e  mammal c e n s u s  m e t h -  
o d s .  One p o p u l a t i o n  t h a t  we b e l i e v e  
may b e  of f u t u r e  c o n c e r n  i n  ERDA p r o -  
grams i s  t h a t  o f  t h e  C a l i f o r n i a  s e a  
o t t e r ,  p a r t i c u l a r l y  i n  consequence  o f  
i t s  l i k e l y  v u l n e r a b i l i t y  t o  o i l  
s p i l l s .  The a u t h o r  s p e n t  mos t  o f  t h e  
month of A u g u s t ,  1975 ( l e a v e - o f -  
a b s e n c e ,  non-ERDA s u p p o r t )  i n  C a l i f o r -  
n i a  s t u d y i n g  s e a  o t t e r  c e n s u s i n g  p r o -  
blems.  P a r t  o f  t h e  t i m e  was s p e n t  i n  
f i e l d  t r i a l s  o f  two p o t e n t i a l  c e n s u s  
m e t h o d s ,  and t h e  b a l a n c e  i n  a  d e -  
t a i l e d  s t u d y  of a e r i a l  c e n s u s e s  con-  
d u c t e d  i n  t h e  p a s t  s e v e r a l  y e a r s  by 
s t a f f  o f  t h e  C a l i f o r n i a  Depar tment  o f  
Fj  s h  and Game. Depar tment  s t a f f  
(D. J .  M i l l e r  and J .  A .  Ames) p r o -  
v i d e d  a c c e s s  t o  t h e i r  u n p u b l i s h e d  
d a t a  and s p e n t  s e v e r a l  d a y s  d i s c u s s -  
i n g  t h e  s u r v e y  w i t h  t h e  a u t h o r .  

The C a l i f o r n i a  s u r v e y  i s  o f  p a r -  
t i c u l a r  i n t e r e s t  b e c a u s e  a  s i z a b l e  
number o f  s h o r e l i n e  c o u n t s  ("ground 
t r u t h "  c o u n t s )  a r e  c o n d u c t e d  s i m u l t a -  
n e o u s l y  w i t h  t h e  a e r i a l  f l i g h t s ,  g i v -  
i n g  an u n u s u a l  o p p o r t u n i t y  t o  s t u d y  
s e v e r a l  i m p o r t a n t  f e a t u r e s  o f  a e r i a l  
s u r v e y s .  We e x p e c t  t h e s e  r e s u l t s  may 
a l s o  be u s e f u l  i n  any f u r t h e r  s t u d y  
o f  s e a  o t t e r  c e n s u s  d a t a  o b t a i n e d  i n  
c o n n e c t i o n  w i t h  P r o j e c t  Cann ikan  a t  
Amchitka I s l a n d ,  A l a s k a .  A d e t a i l e d  
r e p o r t  on t h e  C a l i f o r n i a  s u r v e y s  was 
p r e p a r e d  and g i v e n  t o  t h e  C a l i f o r n i a  
i n v e s t i g a t o r s  f o r  t h e i r  r e v i e w .  
Given t h e i r  a p p r o v a l  f o r  u s e  o f  t h e  
d a t a ,  we hope  t o  d o  some f u r t h e r  
a n a l y s i s  i n  consequence  o f  t h e  impor-  
t a n c e  o f  a e r i a l  s u r v e y s  o f  t h i s  k i n d  
f o r  a  wide v a r i e t y  o f  mammalian 
s p e c i e s .  

A n o t h e r  f a c e t  o f  b o t h  t h e  A n t a r c -  
t i c  s e a l  and s e a  o t t e r  s t u d i e s  t h a t  
i s  o f  c o n s i d e r a b l e  i n t e r e s t  i n  o u r  
p r e s e n t  ERDA program h a s  t o  do w i t h  
r e p r o d u c t i v e  p a t t e r n s .  Both s p e c i e s  
p r o d u c e  young on a n  i r r e g u l a r  s c h e d -  
u l e  ( o t t e r s  may r e p r o d u c e  t h r o u g h o u t  
t h e  y e a r ,  b u t  l i t t l e  i s  known a b o u t  



i n t e r v a l s  be tween  p a r t u r i t i o n s ,  w h i l e  
Weddel l  s e a l s  g i v e  b i r t h  s e a s o n a l l y  
b u t  t e n d  t o  " s k i p "  y e a r s ) .  S i n c e  
t h i s  phenomenon i s  n o t  uncommon i n  
t h e  l o n g - l i v e d  s p e c i e s  a n d  b e c a u s e  we 
have  n o t  had much f i r s t - h a n d  e x p e r i -  
ence  a n a l y z i n g  s u c h  a  r e p r o d u c t i v e  
p a t t e r n ,  we hope  t o  do some f u r t h e r  
work w i t h  i t .  

Sample Sizes for Population Studies 
L. L. Eberhardt 

One of o u r  c o n t i n u i n g  p r o j e c t s  i s  
t o  p r o v i d e  e c o l o g i s t s  a n d  o t h e r  " e n v i -  
r o n m e n t a l "  i n v e s t i g a t o r s  w i t h  a s s i s -  
t a n c e  i n  p l a n n i n g  s u r v e y s  and  e x p e r i -  
m e n t s .  A s  n o t e d  i n  l a s t  y e a r ' s  Annual  
R e p o r t ,  we h a v e  p r e p a r e d  a  s e r i e s  o f  
c h a r t s  showing t h e  s a m p l e  s i z e  r e q u i r -  
ed  f o r  v a r i o u s  l e v e l s  o f  p r e c i s i o n  
f o r  a  number o f  s a m p l i n g  o r  e s t i m a t i o n  
m e t h o d s .  A s u b s t a n t i a l  number o f  
s u c h  c h a r t s  h a v e  b e e n  p r e p a r e d ,  b u t  
we h a v e  p u t  o f f  p u b l i s h i n g  them i n  
t h e  hope  o f  a d d i n g  c h a r t s  t h a t  c o v e r  
o t h e r  i m p o r t a n t  m e t h o d s .  Doing s o  
c a l l s  f o r  d e v e l o p i n g  a  r a t i o n a l e  f o r  
c o n s t r u c t i o n  o f  e a c h  new c h a r t ,  and  
t h i s  may n o t  be  a  s i m p l e  m a t t e r .  

So f a r  a s  we know, no methods  f o r  
c a l c u l a t i n g  sample  s i z e s  h a v e  y e t  
b e e n  p r o p o s e d  f o r  t h e  c a t c h - e f f o r t  
me thods  ( v a r i a n t s  a r e  u s u a l l y  c a l l e d  
D e L u r y 7 s  m e t h o d ,  L e s l i e ' s  m e t h o d ,  and  
R i c k e r ' s  me thod)  w i t h  v a r i a b l e  e f f o r t .  

R e s u l t s  a r e  a v a i l a b l e  f o r  t h e  c a s e  
where  e f f o r t  i s  c o n s t a n t  from p e r i o d  
t o  p e r i o d  ( c a l l e d  t h e  " remova l"  method 
o r  " L e s l i e ' s  m e t h o d " ) .  T h e s e  r e s u l t s  
show t h a t  a  v e r y  l a r g e  f r a c t i o n  o f  t h e  
p o p u l a t i o n  mus t  b e  removed ( o r  marked)  
t o  o b t a i n  r e a s o n a b l y  n a r r o w  c o n f i d e n c e  
l i m i t s  on a  p o p u l a t i o n  e s t i m a t e .  Some- 
t i m e s  a  r u l e  o f  thumb i s  u s e d  which 
s a y s  t h a t  a t  l e a s t  h a l f  o f  t h e  p o p u l a -  
t i o n  must  b e  c a u g h t  t o  h a v e  " u s e f u l "  
e s t i m a t e s .  T h e r e  i s  t h u s  a  q u e s t i o n  
w h e t h e r  t h e  v a r i a b l e - e f f o r t  me thods  
migh t  a l s o  r e q u i r e  s o  much s a m p l i n g .  

Thus  f a r ,  we h a v e  o n l y  b e e n  a b l e  
t o  c a r r y  t h e  i n v e s t l g a t l o n  t o  t h e  
p o i n t  o f  p o s t u l a t i n g  a n  i n e q u a l i t y  
t h a t  s h o u l d  h o l d  i f  t h e  v a r i a b l e -  
e f f o r t  me thods  & n o t  r e q u i r e  s u c h  
l a r g e  s a m p l e s  a s  t h e c o n s t a n t - e f f o r t  
me thod .  The m a t h e m a t i c a l  d e t a i l s  a r e  
t o o  l e n g t h y  t o  p r e s e n t  h e r e ,  b u t  
f o l l o w  G . A . F .  S e b e r ' s  ("The E s t i m a -  
t i o n  of Animal  Abundance",  H a f n e r  
P r e s s ,  New York ,  1973)  d e v e l o p m e n t ,  
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s t a r t i n g  w i t h  t h e  j o i n t  d i s t r i b u t i o n s  
a n d  f i n d i n g  a n  i n f o r m a t i o n  m a t r i x  
f rom t h e  l o g - l i k e l i h o o d .  A c o m p a r i -  
s o n  o f  t h e  e l e m e n t s  o f  t h e  two s u c h  
m a t r i c e s  ( v a r i a b l e - e f f o r t  a n d  c o n -  
s t a n t  e f f o r t )  l e a d s  t o  t h e  f o l l o w i n g :  

h 'here n i  d e n o t e s  t h e  s i z e  o f  t h e  i t h  

sample  o f  a n i m a l s ,  f i  i s  t h e  e f f o r t  
expended on t h e  i t h  s a m p l e  ( e .  g  . , 
t r a p - n i g h t s ,  n e t  h a u l s ) ,  and 
p -  (q i  = 1 - p i )  d e n o t e s  t h e  p r o b a b i l i t y  
o $  c a p t u r e  I n  t h e  i th s a m p l e .  For  
t h e  c o n s t a n t - e f f o r t  f o r m u l a t i o n  
( r i g h t - h a n d  s i d e  a b o v e ) ,  p  and  f  a r e  
c o n s t a n t s .  The f i r s t  i s s u e  t h e n ,  i s  
t o  show t h a t  t h e  above  s t a t e m e n t  i s  
t r u e  (which  we h a v e  n o t  y e t  b e e n  a b l e  
t o  d o ) ,  a n d ,  g i v e n  t h a t  i t  h o l d s ,  t o  
l o o k  i n t o  t h e  r e l a t i v e  m a g n i t u d e  o f  
t h e  two s i d e s  o f  t h e  above  s t a t e m e n t .  

By u s i n g  a n  a p p r o x i m a t i o n  f r o m  a  
d i f f e r e n t  a p p r o a c h  ( e s s e n t i a l l y  a  r e -  
g r e s s i o n  a p p r o a c h )  we h a v e  b e e n  a b l e  
t o  o b t a i n  a  r o u g h  i d e a  o f  s a m p l e  
s i z e s  needed  f o r  t h e  v a r i a b l e - e f f o r t  
m e t h o d s .  We s h o u l d  p r e f e r ,  however ,  
t o  h a v e  a n  e x a c t  r e s u l t  a s  a  s t a r t i n g  
p l a c e  ( e v i d e n t l y  e q u a l i t y  w i l l  h o l d  
a b o v e  o n l y  i n  t h e  l i m i t  o r  a  h i g h l y  
i m p r o b a b l e  s i t u a t i o n ,  s o ,  g i v e n  i n -  
e q u a l i t y ,  one p r e s u m a b l y  w i l l  h a v e  t o  
p o s t u l a t e  s o m e t h i n g  f u r t h e r  a b o u t  t h e  
s e q u e n c e  o f  v a r i a b l e s  a c t u a l l y  o b s e r v -  
ed  i n  o r d e r  t o  p r o d u c e  a  sample  s i z e  
e q u a t i o n ) .  

STATISTICAL AND MATHEMATICAL ASPECTS 
OF ECOLOGY 

Similarity Analysis 
J. M .  Thomas 

Our c o n t i n u i n g  i n t e r e s t  i n  t h i s  
a r e a  of  r e s e a r c h  i s  l i n k e d  t o  n e e d s  
f o r  a  method o f  o b t a i n i n g  t r a n s f e r  
c o e f f i c i e n t s  i n  f o o d  c h a i n  m o d e l s  o f  
e c o s y s t e m s .  We p r e v i o u s l y  d e v e l o p e d  
t h e  t h e o r y  and p r e s e n t e d  some r a d i o -  
n u c l i d e  r e t e n t i o n  d a t a  which  i n d i c a t -  
ed  t h a t  e x t r a p o l a t i o n  amongst  l a b o -  
r a t o r y  a n i m a l  s p e c i e s  a s  w e l l  a s  t o  
man may b e  p o s s i b l e .  Our p a r t i c u l a r  
f o c u s  d u r i n g  t h e  p a s t  y e a r  h a s  b e e n  
on l o c a t i n g  a d d i t i o n a l  d a t a ,  b o t h  t o  
s u p p o r t  t h e  v a l i d i t y  o f  t h e  t e c h -  
n i q u e s  a n d  t o  o b t a i n  enough  d a t a  on 



a d d i t i o n a l  r a d i o n u c l i d e s  ( i n  more 
t h a n  one animal  s p e c i e s )  so  t h a t  we 
can b e g i n  work on t h e  s t a t i s t i c a l  
problems p r e v i o u s l y  i d e n t i f i e d  ( c  . f  . 
1972 Annual R e p o r t ) .  We were a b l e  t o  
o b t a i n  a d d i t i o n a l  d a t a  on 2 2 ~ a ,  86Rb,  
and 1 ° 6 ~ u  s o  t h a t  we now have informa-  
t i o n  on t e n  r a d i o n u c l i d e s .  Unfo r tu -  
n a t e l y ,  most of  t h i s  new d a t a  was from 
expe r imen t s  u s i n g  mice and r a t s  w i t h  
o n l y  l i m i t e d  a d d i t i o n s  f o r  d o g s ,  mon- 
keys ,  and man. We have s i n g l e  s p e -  
c i e s  i n f o r m a t i o n  ( s i n g l e  o r a l  d o s e ,  
f o l l owed  by a  r a t h e r  l ong  e r i o d  o f  I: whole bodx c o u n t i n g )  f o r  9 ~ u  8 5 ~ r ,  
l o g c d ,  l 4  Ce, 2 0 3 ~ g ,  q52r  and j ~ e .  
Thus t h e  f u t u r e  p r o s p e c t s  f o r  some 
s t a t i s t i c a l  e v a l u a t i o n  o f  o u r  work 
a r e  r e a s o n a b l e  e s p e c i a l l y  when i n f o r -  
mat ion  from o t h e r  s p e c i e s  becomes 
a v a i l a b l e  f o r  t h e  r a d i o n u c l i d e s  above.  

Because o f  t h e  i n t e r e s t  among 
r a d i o b i o l o g i s t s  i n  t h e  e x t r a p o l a t i o n  
of  animal  d a t a  t o  man, we p r e s e n t e d  
ou r  work a t  t h e  IAEA-WHO symposium on 
" B i o l o g i c a l  E f f e c t s  of  Low-Level Ra- 
d i a t i o n  P e r t i n e n t  t o  P r o t e c t i o n  o f  Man 
and His Environment" (November 3  - 7, 
1975) i n  Chicago.  I n  t h e  p r e s e n t a -  
t i o n  we s t r e s s e d  t h a t  t h e  method 
a v o i d s  t h e  n e c e s s i t y  f o r  t e s t i n g  a  
myriad of  p o s s i b l e  s u b s t a n c e s  on many 
an imal  s p e c i e s ,  a  problem common i n  
a l l  t o x i c o l o g y ,  a s  w e l l  a s  i n  p o l l u -  
t i o n  eco logy .  

Our r e s u l t s  t h i s  y e a r  ( u s i n g  t h e  
a d d i t i o n a l  i n f o r m a t i o n  a v a i l a b l e )  i n -  
d i c a t e  t h a t  t h e  p r o s p e c t s  f o r  u s i n g  
s i m i l a r i t y  r a t i o s  t o  p r e d i c t  b i o l o g -  
i c a l  h a l f - t i m e  f o r  r a t s  from d a t a  on 
mice a r e  more encouraging  t h a n  we 
have shown p r e v i o u s l y  ( F i g .  5 ) .  How- 
e v e r ,  t h e  comparisons t o  l a r g e r  s p e -  
c i e s  a r e  n o t  a t  a l l  c l e a r  and must 
a w a i t  t h e  a v a i l a b i l i t y  of  a d d i t i o n a l  
d a t a .  I n  a d d i t i o n ,  we now b e l i e v e  
(based  on t h e  a d d i t i o n a l  d a t a )  t h a t  
t h e  c o n s i s t e n c y  i n  s i m i l a r i t y  r a t i o s  
p r e v i o u s l y  observed  (mouse v e r s u s  dog ,  
monkey, and man f o r  b i o l o g i c a l  e q u i l i -  
brium l e v e l s )  i s  s imply  due t o  t h e  
f a i l u r e  of  p r o p o r t i o n a l i t y  c o e f f i -  
c i e n t s  used  i n  t h e  numerator  of  t h e  
s i m i l a r i t y  e s t i m a t e  t o  be v e r y  d i f f e r -  
e n t  " w i t h i n  an isotope," f o r  t h e  
l a r g e r  s p e c i e s .  F i n a l l y ,  we a r e  con-  
v i n c e d  t h a t  a d d i t i o n a l  work shou ld  be  
done t o  d e v i s e  a n  e s t i m a t o r  f o r  s i m i -  
l a r i t y  r a t i o s  (based  on d i s t r i b u t i o n a l  
p r o p e r t i e s )  because  we a r e  n o t  c e r t a i n  

which,  i f  any ,  of t h e  methods c u r r e n t -  
l y  a v a i l a b l e  a r e  a p p l i c a b l e  t o  ou r  
s i t u a t i o n .  

MOUSE x 10.' 

FIG. 5.  Comparison of  "a" i n  Long Com- 
ponent  B i o l o g i c a l  Half-Time ( S i m i l a r -  
i t y  R a t i o )  f o r  Mouse Versus  R a t .  

Statistical Design and Analysis for Arid 
Land Ecology Project 

R. 0. Gilbert 

Our l ong - t e rm  a s s o c i a t i o n  w i t h  t h e  
t e r r e s t r i a l  e co logy  s t a f f  c o n t i n u e d  
d u r i n g  1975.  We were i nvo lved  i n  t h e  
d e s i g n  and a n a l y s i s  of a  number of 
r e s e a r c h  s t u d i e s  on t h e  ALE Rese rve ,  
some of  which a r e  c o n t i n u a t i o n s  of  
p r i o r  d e s c r i p t i v e  o r  c h a r a c t e r i z a t i o n  
s t u d i e s ,  w h i l e  o t h e r s  a r e  o r i e n t e d  
more towards  c o n t r o l l e d  expe r imen t s  
c a r r i e d  o u t  i n  t h e  f i e l d .  

S p e c i f i c  examples where we have 
p rov ided  a s s i s t a n c e  a r e :  1 )  t h e  
a n a l y s i s  of  d a t a  on t h e  l e n g t h  and 
number of s eed  and v e g e t a t i o n  l e a v e s  
of  v a r i o u s  s p e c i e s  on t h e  r e c o v e r y  
(from g r a z i n g )  , c o n t r o l ,  and burned 
IBP p l o t s  ( t h e s e  d a t a  supplement  s i m i -  
l a r  d a t a  o b t a i n e d  i n  1973 and 19741,  
2 )  c o n s u l t a t i o n s  r e l a t i v e  t o  t h e  de -  
s i g n  o f  l o n g - t e r m  f i e l d  s t u d i e s  u s i n g  



l y s i m e t e r s  t o  s t u d y  p l u t o n i u m  u p t a k e  
i n  p l a n t s ,  3 )  d e s i g n s  f o r  s e l e c t i n g  
s a g e b r u s h  s a m p l e s  t o  o b t a i n  2-4-D c o n -  
c e n t r a t i o n s  and  e c o l o g i c a l  m e a s u r e -  
men t s  o f  v a r i o u s  l o c a t i o n s  i n  t h e  
f l i g h t  p a t h  o f  a n  a i r p l a n e  making 
2-4-D r e l e a s e s  a t  low e l e v a t i o n s ,  4 )  
e s t i m a t i n g  t h e  mean b iomass  o f  l e a v e s ,  
l i v e w o o d ,  deadwood,  s e e d s ,  and  f l o w e r s  
o f  s a g e b r u s h  o f  t h e  c o n t r o l  IBP p l o t  
u s i n g  d o u b l e  s a m p l i n g  (a  t e c h n i q u e  u s -  
i n g  t h e  l i n e a r  c o r r e l a t i o n  be tween  
s h r u b  volume a n d  b i o m a s s  t o  i n c r e a s e  
t h e  p r e c i s i o n  o f  b i o m a s s  e s t i m a t e s ) ,  
5 )  c o m p a r i n g  p e r c e n t  c o v e r  o f  canopy  
and  b a s a l  a r e a  o f  bunch g r a s s  on c o n -  
t r o l ,  g r a z e d ,  a n d  b u r n e d  IBP p l o t s ,  
and 6 )  a n a l y z i n g  t h e  p e r c e n t  c o v e r  o f  
c h e a t g r a s s  a n d  o t h e r  s p e c i e s  on  t h e  
i r r i g a t i o n ,  h e r b i c i d e ,  a n d  c o n t r o l  
t r e a t m e n t s  on t h e  ALE m a n i p u l a t i o n  
p l o t s .  

I n  a d d i t i o n  t o  t h e  a b o v e  we a r e  
c o n t i n u i n g  t o  p r o v i d e  g u i d a n c e  r e l a -  
t i v e  t o  t h e  e s t i m a t i o n  o f  s m a l l  mam- 
mal p o p u l a t i o n  s i z e s  f rom c a p t u r e -  
r e c a p t u r e  d a t a  u s i n g  t h e  J o l l y - S e b e r  
mode l .  We a l s o  s u p e r v i s e  t h e  i n i t i a l  
d a t a  r e d u c t i o n  a n d  a n a l y s i s  o f  much 
o f  t h e  v e g e t a t i o n  d a t a  c o l l e c t e d  a t  
t h e  IBP a n d  Old F i e l d  s i t e s  on ALE, 
and  m a i n t a i n  a  c a r d  d a t a  f i l e  o f  t h e  
v e g e t a t i o n  d a t a  t h a t  h a s  b e e n  c o l l e c t -  
ed  a t  t h e s e  s i t e s  s i n c e  1 9 7 0 .  
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A f t e r  c o m p l e t i n g  t h e  p r e l i m i n a r y  
d r a f t  o f  t h e  b i b l i o g r a p h y ,  i t  was d e -  
c i d e d  ( i n  c o n j u n c t i o n  w i t h  o u r  c o l -  
l e a g u e ,  P r o f e s s o r  V i n c e n t  S c h u l t z  o f  
Wash ing ton  S t a t e  U n i v e r s i t y )  t h a t  i n  
o r d e r  f o r  t h e  vo lume  t o  b e  mos t  u s e -  
f u l ,  a  c o n s i d e r a b l e  e x v a n s i o n  was n e c -  
e s s a r y .  We d e c i d e d  t o  p l a c e  more em- 
p h a s i s  on  t h e  f i s h e r i e s  l i t e r a t u r e ,  
t o  e c o l o g i c a l  j o u r n a l s  p u b l i s h e d  
a b r o a d ,  a n d  i n  t h e  a r e a  of  f o r e s t r y  
and  s y s t e m a t i c  z o o l o g y ,  a l l  o f  which  
had b e e n  n e g l e c t e d  i n  o u r  f i r s t  c o l -  
l e c t i o n .  I n  a d d i t i o n ,  we d e c i d e d  t o  

u p d a t e  t h e  c o l l e c t i o n  t o  i n c l u d e  c i t a -  
t i o n s  ( f rom l a t e  1973  and f o r  1 9 7 4 )  
f rom a l l  s o u r c e s  p r e v i o u s l v  e x a m i n e d .  
T h u s ,  a n  a d d i t i o n a l  2400 c i t a t i o n s  
h a v e  b e e n  keypunched ,  g i v e n  a  p r e l i m i -  
n a r y  c h e c k i n g ,  and  s t o r e d  on  compute r  
t a p e .  P r o f e s s o r  S c h u l t z  h a s  c o n t i n u e d  
t o  p r o v i d e  a n d  c h e c k  c i t a t i o n s  and  
s u p p l y  a d d i t i o n a l  keywords .  We a r e  
c u r r e n t l y  i n  t h e  p r o c e s s  o f  l o c a t i n g  
t h e  more s u b t l e  e r r o r s  a n d  p r e p a r i n g  
a  f i n a l  compute r  v e r s i o n  o f  t h e s e  new 
r e f e r e n c e s .  A s  s o o n  a s  we a r e  a b l e  
t o  combine t h e s e  r e f e r e n c e s  w i t h  o u r  
p r e v i o u s  t a p e  (2300 c i t a t i o n s ) ,  we 
hope t o  b e g i n  e d i t i n g  f o r  p u b l i c a t i o n  
( a b o u t  December 1 9 7 5 ) .  P r o f e s s o r  
S c h u l t z  i s  c u r r e n t l y  a t t e m p t i n g  t o  
l o c a t e  a  p u b l i s h e r .  

Other Activities 
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A s u b s t a n t i a l  amount o f  e f f o r t  
( s e v e r a l  man-months)  f r o m  o u r  p rogram 
g o e s  i n t o  c o n s u l t i n g  a n d  t e c h n i c a l  
s e r v i c e  t o  o t h e r  p r o j e c t s .  E f f o r t s  
r a n g e  f rom a n  h o u r  o r  two o f  d i s c u s -  
s i o n  t o  s e v e r a l  weeks o f  work ,  i n c l u d -  
i n g  d a t a  a n a l y s i s ,  d e v e l o p m e n t  o f  com- 
p u t e r  p r o g r a m s ,  a n d  s o  o n .  Much o f  
t h e  work i s  i n  Ecosys tems  D e p a r t m e n t ,  
b u t  we a l s o  a s s i s t  s t a f f  i n  o t h e r  PNL 
d e p a r t m e n t s ,  o u t s i d e  a g e n c i e s ,  i n c l u d -  
i n g  ICRP Commi t t ees  (Thomas s e r v e s  on  
o n e  s u c h  c o m m i t t e e ) ,  a n d  NAS-NRC i n -  
v e s t i g a t i o n s  (two t h i s  y e a r ) .  One 
" o u t s i d e "  a s s i g n m e n t  i n v o l v e d  p a r -  
t i c i p a t i o n  i n  a  w o r k s h o ~  a s s e m b l e d  by 
t h e  P r e s i d e n t ' s  C o u n c i l  on E n v i r o n -  
m e n t a l  Q u a l i t y  i n  w h i c h  a n  e f f o r t  was 
made t o  r e d e f i n e  t h e  g o a l s  o f  r enew-  
a b l e  r e s o u r c e  management .  P a r t i c i -  
p a n t s  s u b s e q u e n t l y  p r e s e n t e d  t h e  s e t  
o f  " p r i n c i p l e s "  p r o p o u n d e d  a t  t h e  
workshop i n  o n e  o f  t h e  Law o f  t h e  Sea 
C o n f e r e n c e s  (Sydney H o l t  o f  F A O )  a n d  
i n  a  U n i t e d  N a t i o n s  e n v i r o n m e n t a l  c o n -  
f e r e n c e  i n  N a i r o b i  (Lee T a l b o t  of 
CEQ). A n o t h e r  t i m e - c o n s u m i n g  o u t s i d e  
a c t i v i t y  i s  r e f e r e e i n g  f o r  s e v e r a l  
j o u r n a l s  and  s e r v i n g  on t h e  e d i t o r i a l  
b o a r d  o f  t h e  J o u r n a l  o f  W i l d l i f e  Man- 
a g e m e n t .  

F o r  f u r t h e r  i n f o r m a t i o n  r e f e r  t o  T e r r e s t r i a l  Eco logy  
P u b l i c a t i o n s  L i s t ,  pp .  210-214 .  



QUANTITATIVE ECOLOGY O F  IMPACT EVALUATION 

Emphasis i n  t h i s  program has  been d i r e c t e d  t o  two i s s u e s :  

whether  o r  n o t  p r e s e n t  f i e l d  t e c h n i q u e s  a r e  s u f f i c i e n t l y  

s e n s i t i v e  t o  d e t e c t  modera te  i m p a c t s ,  and work on improving 

q u a n t i t a t i v e  methodology.  Th i s  p r o j e c t  i s  an o f f s h o o t  o f  t h e  

"Ana ly s i s  o f  N a t u r a l  Systems" program and h a s  b e n e f i t e d  from 

t h e  l ong - t e rm  work i n  r e l a t e d  a r e a s  done i n  t h a t  program. 

With t h e  impetus  of t h i s  b a s e ,  and t h a t  p rov ided  by work done 

e a r l i e r  f o r  o t h e r  s p o n s o r s ,  we comple ted  an a n a l y s i s  o f  t h e  

problem (now i n  p r e s s ) ,  p r e s e n t e d  a  s y n o p s i s  a t  a  workshop on 

t h e  b i o l o g i c a l  a s p e c t s  of impac t  a n a l y s i s  and gave  a n  i n v i t e d  

symposium p a p e r  on E c o l o g i c a l  Impact Assessment .  With a  rough 

framework i n  p l a c e ,  we now hope t o  g e t  on w i t h  t h e  d e t a i l e d  

work, which w i l l  t a k e  many y e a r s  of e f f o r t .  

Biostatistical Aspects of Impact 
Analyses 

J. M. Thomas and L. L. Eberhardt 

Our e f f o r t s  d u r i n g  t h e  p a s t  f i s c a l  
y e a r  have  been  l a r g e l y  d i r e c t e d  t o -  
ward g a t h e r i n g  d a t a ,  e v a l u a t i n g  c u r -  
r e n t  q u a n t i t a t i v e  f i e l d  methodology 
and u n d e r s t a n d i n g  t h e  " impact  p r o b -  
lem." The r e s u l t s  o f  t h e s e  e f f o r t s  
have  been summarized i n  two i n v i t e d  
symposia  p r e s e n t a t i o n s  and a  l ong  
j o u r n a l  a r t i c l e  a c c e p t e d  f o r  p u b l i c a -  
t i o n .  

Our aim i n  t h i s  s t u d y  i s  t o  judge  
whe the r  q u a n t i t a t i v e  f i e l d  t e c h n i q u e s  
a r e  s e n s i t i v e  enough t o  d e t e c t  e n v i -  
ronmenta l  i m p a c t s .  In  complementary 
work,  we hope t o  s u g g e s t  workable  
f i e l d  d e s i g n s  whereby t h e  p r o b a b i l i t y  
of d e t e c t i n g  an  impact  ( i f  i t  e x i s t s )  
i s  a t  an  a c c e p t a b l e  l e v e l .  Work t o  
d a t e  ha s  been s o l e l y  d i r e c t e d  toward 
e c o l o g i c  impac t  e v a l u a t i o n  and l i t t l e  
c o n s i d e r a t i o n  ha s  been g i v e n  t o  such  
t h i n g s  a s  l e g a l  o r  s o c i a l  and eco -  
nomic a s p e c t s .  

i n  t h e  c o u r s e  of ou r  r e v i e w  we 
have found t h a t  some a r e a s  need con-  
s i d e r a b l y  more a t t e n t i o n .  A s  an  
example,  t h e  t remendous number of p r o -  
g r e s s  r e p o r t s  from impact  s t u d i e s  a t  
n u c l e a r  power s t a t i o n s  have n o t  been 
summarized, even i n  a  r ud imen ta ry  way. 
I f  t h i s  t a s k  were t o  be  a t t e m p t e d ,  
some s o r t  o f  d a t a  a n a l y s i s  and i n t e r -  
p r e t a t i o n  o f  e ach  volume would be 
needed .  Ano the r  a r e a  of d e f i c i e n c y  
ha s  t o  do w i t h  t h e  need f o r  improved 
an imal  c e n s u s  methods .  We have  begun 
r e s e a r c h  on t h i s  t o p i c  under  t h e  
A n a l y s i s  of N a t u r a l  Systems 189 b u t  
i t  i s  obv ious  t h a t  a d d i t i o n a l  a t t e n -  
t i o n  t o  g e n e r a l  pu rpose  s u r v e y s ,  
a n a l y s i s  o f  i n d i c e s  ( add re s sed  be low) ,  
and t h e  e v a l u a t i o n  of sample s i z e s  
f o r  a  s p e c i f i e d  c o n f i d e n c e  i n t e r v a l  
w id th  (power) i s  needed .  Our work 
i n d i c a t e s  t h a t  t h e  t e c h n i q u e s  of f i s h -  
e r i e s  and w i l d l i f e  management need t o  
be r e v i s e d  f o r  a p p l i c a t i o n  t o  impact  
e v a l u a t i o n .  T h i s  w i l l  p r e s e n t  some 
d i f f i c u l t i e s  because  t h e s e  q u a n t i t a -  
t i v e  t e c h n i q u e s  have been d e v i s e d  f o r  
m a i n t a i n i n g  maximum s u s t a i n e d  y i e l d  



r a t h e r  t h a n  a s s e s s i n g  e n v i r o n m e n t a l  
c h a n g e  o r  damage.  

We h a v e  e v a l u a t e d  t h e  c o m p l e t e  s e -  
q u e n c e  o f  r e p o r t s  f o r  a  few n u c l e a r  
s o w e r  s t a t i o n s .  T h i s  r e v i e w  h a s  r e -  
v e a l e d  t h a t  s u i t a b l e  s a m p l i n g  d e s i g n s  
w e r e  n o t  u s e d  a n d  t h a t  s u b s a m p l e s  i n  
t i m e  and  s p a c e  w e r e  c o n s i d e r e d  r e p l i -  
c a t e s  ( a l t h o u g h  t h e r e  were  s o m e t i m e s  
one  o r  two t r u e  r e p l i c a t e s  a v a i l a b l e ) .  
I n  t h e s e  d o c u m e n t s ,  s i g n i f i c a n t  
c h a n g e s  i n  t i m e  and s p a c e  f o r  some 
e c o l o g i c a l  p o p u l a t i o n s  w e r e  f o u n d .  
However,  t h i s  would  b e  e x p e c t e d  by  
mos t  e c o l o g i s t s .  We b e l i e v e  t h e  b e s t  
f i e l d  d e s i g n  c o m p a t i b l e  w i t h  c u r r e n t  
p r a c t i c e  i s  t o  i n s i s t  t h a t  more t h a n  
one  c o n t r o l  s i t e  and  b o t h  p r e -  and  
o o s t - s t r e s s  p e r i o d s  o f  measuremen t  b e  
i n c l u d e d  i n  i m p a c t  s t u d i e s  ( i n  c o n -  
t r a s t  t o  o n e  s i t e  and  o n e  c o n t r o l  c u r -  
r e n t l y  u s e d ) .  Measuremen t  f r e q u e n -  
c i e s  would l a r g e l y  d e p e n d  on knowledge  
o f  t h e  s y s t e m  u n d e r  s t u d y  and  s t a t i s -  
t i c a l  c o n s i d e r a t i o n s .  Our s u g g e s t e d  
a n a l y s i s  f o r  d a t a  o f  t h i s  t y p e  i s  t o  
a s s e s s  t h e  r a t i o  o f  i m p a c t  m e a s u r e -  
m e n t s  o f  c o n c e r n  i n  t h e  p r o s p e c t i v e  
" impac ted"  s i t e  t o  t h a t  o f  t h e  c o n -  
t r o l  s i t e ( s ) .  P r e l i m i n a r y  s t u d i e s  
[ c o m p a r i n g  p r e - s t r e s s  r a t i o s  ( s i t e /  
c o n t r o l )  t o  p o s t - s t r e s s  r a t i o s ]  show 
t h a t  v e r y  l a r g e  s a m p l e  s i z e s  would be  
n e c e s s a r y  t o  d e t e c t  a  3 0  - 40% r a t i o  
c h a n g e  u s i n g  a n  u n u s u a l l y  s m a l l  v a r i -  
a n c e  e s t i m a t e .  T h u s ,  we h a v e  s u g g e s t -  
e d  t h a t  a g g r e g a t i o n  o f  s i t e s  may be  
n e c e s s a r y .  We h a v e  i d e n t i f i e d  s i t u a -  
t i o n s  where  c u r r e n t  q u a n t i t a t i v e  m e t h -  
o d o l o g y  h a s  a  r e a s o n a b l e  p r o b a b i l i t y  
o f  d e t e c t i n g  i m p a c t  [ e . g . ,  s i t u a t i o n s  
w h e r e  a n  e n v i r o n m e n t a l  g r a d i e n t  of  
s t r e s s  e x i s t s  (Annua l  R e p o r t  1 9 7 4 ) ,  
a s s e s s m e n t  o f  o r g a n i s m  s u r v i v a l  a f t e r  
p a s s a g e  t h r o u g h  r e a c t o r  c o o l i n g  s y s -  
t e m s ,  a n d  c a s e s  w h e r e  many s a m p l e s  
c a n  b e  t a k e n  o v e r  t i m e  a n d / o r  s p a c e  
t o  compare  two w e l l - d e f i n e d  p o p u l a -  
t i o n s ] .  

S i n c e  o n e  o f  t h e  m a j o r  p r o b l e m s  
i d e n t i f i e d  i n  o u r  r e v i e w  h a s  b e e n  t h e  
a s s e s s m e n t  o f  p o p u l a t i o n  numbers ,  we 
h a v e  i n i t i a t e d  s t u d i e s  i n  t h e  compan- 
i o n  1 8 9  ( A n a l y s i s  o f  N a t u r a l  S y s t e m s )  
d e v o t e d  t o  t h e  t h e o r e t i c a l  and  a s s o -  
c i a t e d  s t a t i s t i c a l  p r o b l e m s  i n  t h e  
u s e  of c u r r e n t  q u a n t i t a t i v e  t e c h -  
n i q u e s .  I n  t h i s  p r o j e c t ,  we h a v e  b e -  
gun  a  s t u d y  o f  i n d i c e s  o f  p o p u l a t i o n  
a b u n d a n c e  b e c a u s e  i n  t h e  i m p a c t  s t u d -  
i e s  we h a v e  s e e n ,  r e s u l t s  a r e  u s u a l l y  
e x p r e s s e d  o n  t h i s  b a s i s .  F u r t h e r ,  

s i n c e  ERDAts expanded  e n e r g y  r e s p o n -  
s i b i l i t i e s  w i l l  i n c l u d e  i m p a c t  s t u d -  
i e s  a n d  e v a l u a t i o n s  o f  some s u b s t a n -  
t i a l  " l a n d  i m p a c t s "  ( e . g . ,  s t r i p  
m i n e s ,  t r a n s m i s s i o n  l l n e s ]  where  
t h e s e  i n d i c e s  w i l l  u n d o u h t e d l y  b e  
u s e d ,  we b e l i e v e  a n  u n d e r s t a n d i n g  o f  
t h e i r  u s e s  and l i m i t a t i o n s  i s  e s s e n -  
t i a l .  To t h i s  e n d ,  we h a v e  begun t o  
a c q u i r e  d a t a  f rom a l l  f i e l d s  o f  e c o l -  
ogy i n  w h i c h  i n d i c e s  h a v e  been  u s e d  
( e . g . ,  p e l l e t ,  r o a d s i d e ,  a n d  a u d i t o r y  
c o u n t s  a n d  n e t  c a t c h e s  o f  f i s h  and  
p l a n k t o n ) .  Even though  we o n l y  h a v e  
p r e l i m i n a r y  i n f o r m a t i o n ,  some p r o b -  
l e m s  h a v e  b e e n  i d e n t i f i e d .  The 
u s u a l  u s e  o f  a n  i n d e x  i n v o l v e s  t h e  a s -  
s u m p t i o n  t h a t  p o p u l a t i o n  s i z e  i s  l i n -  
e a r l y  r e l a t e d  by a  c o n s t a n t  v a l u e  t o  
a n o t h e r  v a r i a b l e  ( i  . e .  , r o a d s i d e  
c o u n t s ) .  U n f o r t u n a t e l y ,  t h e  c o n s t a n t  
f a c t o r  may b e  i n f l u e n c e d  by w e a t h e r ,  
c o v e r  t y p e ,  o r  s p a t i a l  d i s t r i b u t i o n  
o f  t h e  o r g a n i s m  o f  c o n c e r n .  Our i n -  
v e s t i g a t i o n  o f  t h e s e  e f f e c t s  h a s  j u s t  
begun .  

We h a v e  r e v i e w e d  b o t h  t h e  a p p l i c a -  
b i l i t y  o f  s i m u l a t i o n  m o d e l s  and  a  ma- 
t r i x  a p p r o a c h  t o  e c o l o g i c a l  i m p a c t  
a s s e s s m e n t .  Bo th  s u f f e r  f r o m  t h e  
same d e f i c i e n c y ;  t h e y  a r e  q u a l i t a t i v e  
me thods  a n d  p e r h a p s  s h o u l d  b e  u s e d  
o n l y  a s  a n c i l l a r y  t o o l s .  The m a t r i x  
a p p r o a c h  may b e  t h e  o n l y  way t o  com- 
p a r e  t h e  d e s i r a b i l i t y  o f  D r o p o s e d  
s i t e s  f o r  s u c h  f a c t o r s  a s  a s t h e t i c s ,  
l a n d  u s e ,  a n d  t h e  l i k e .  However,  t h e  
u s e  o f  t h i s  a p p r o a c h  f o r  p r e d i c t i n g  
" e c o l o g i c a l  e f f e c t s T T  would p r o b a b l y  
r e s u l t  i n  g r o s s  e r r o r s .  I n  t h e  c a s e  
o f  s i m u l a t i o n  m o d e l s ,  s o  v e r y  l i t t l e  
i s  known a b o u t  s t r u c t u r a l  d e t a i l s  o f  
e c o l o g i c a l  s y s t e m s  t h a t  t h e i r  u s e  f o r  
p r e d i c t i v e  p u r p o s e s  i s  p r o b a b l y  n o t  
d e s i r a b l e .  T h e i r  u s e  t o  l o c a t e  i m p o r -  
t a n t  a r e a s  o f  i n s u f f i c i e n t  knowledge  
i s  d e s i r a b l e ,  b u t  a  r u n n i n g  model  may 
v e r y  w e l l  c o v e r  t h e s e  g a p s .  To i l l u s -  
t r a t e  t h i s  p o i n t  we h a v e  c o l l e c t e d  
t e m p o r a l  d a t a  o n  p o p u l a t i o n s  o f  b i r d s ,  
r a d i o n u c l i d e  c o n c e n t r a t i o n s  i n  b i o t a  
w i t h  t i m e ,  a n d  w e a t h e r  v a r i a b l e s  a n d  
a s s o c i a t e d  c r o p  y i e l d .  T h e s e  d a t a  
i l l u s t r a t e  t h e  f u t i l i t y  o f  a t t e m p t i n g  
a  p r e d i c t i v e  s i m u l a t i o n  model  o f  s u c h  
s y s t e m s .  However ,  we b e l i e v e  t h a t  
s i m u l a t i o n  mode l s  m i g h t  b e  u s e f u l  i f  
r u n  a  p r i o r i  a s  a n  a i d  i n  f i e l d  s u r -  
v e y  d e s i g n  p r o b l e m s .  T h e s e  l a t t e r  
o b s e r v a t i o n s  w e r e  d i s c u s s e d  i n  a  
p r e s e n t a t i o n  g i v e n  a t  t h e  ERDA Con- 
f e r e n c e  o n  Computer  S u p p o r t  o f  E n v i -  
r o n m e n t a l  S c i e n c e  and  A n a l y s i s  



( Ju ly  9 -11  i n  Albuquerque) e n t i t l e d ,  
"Eco log i ca l  Impact Assessment ."  

We have con t inued  t o  be i nvo lved  
i n  t h e  b roade r  a s p e c t s  of impact  a s -  
s e s smen t .  Our membership on t h e  ICRP 
Task Group has  con t inued  and we have 
a i d e d  i n  t h e  p r e p a r a t i o n  of s e v e r a l  
e p i d e m i o l o g i c a l l y  o r i e n t e d  r e p o r t s .  
We have e l e c t e d  t o  app ly  methodology 
deve loped  i n  t h i s  p r o j e c t  t o  impact  
problems a s  t hey  a r i s e .  As an  exam- 
p l e ,  we have coau tho red  a  pape r  where 
p r e d i c t i o n  of h e a l t h  e f f e c t s  from ex -  
p e r i m e n t a l  animal  d a t a  i s  a t t emp ted  
(IAEA Symposium on Transuranium Nu- 
c l i d e s  i n  t he  Env i ronxen t ,  November 
1 7 - 2 1 ) .  The methods employed were d e -  
ve loped  under  t h e  a e g i s  of t h i s  189 .  
I n  a n o t h e r  m a n u s c r i ~ t  [ submi t t ed  t o  

> - 
R a d i a t i o n  Research)  we have a p p l i e d  
t h e  r e s u l t s  from a  s u b ~ r o i e c t  (Prob-  . . 
lems Using Dose Response Curves i n  
S e t t i n g  Environmental  S t a n d a r d s ,  
Annual Report  1974) t o  an imal  c a r c i n o -  
g e n e s i s  expe r imen t s .  F i n a l l y ,  we 
have devoted  some t ime h e l p i n g  i n  o r -  
g a n i z a t i o n a l  m a t t e r s  f o r  t h e  Biomet- 
r i c s  Cen te r  (a  component of t h e  
System Department which s u p p l i e s  
s t a t i s t i c a l  and computing s e r v i c e s  
t o  Ecosystems) and t o  p r e p a r i n g  a  
rev iew of Goffman's  l a t e s t  r e p o r t s  
(CNR Report  1975-1 and CNR Repor t  
197 5- 2 ) .  

Evaluating Simulation Models 
J. M. Thomas 

There appea r s  t o  be an i n c r e a s i n g  
use  of s i m u l a t i o n  models i n  e c o l o g i -  
c a l  impact  work e s p e c i a l l y  where t h e  
f u t u r e  of a  " d e s i r a b l e "  o r  commer- 
c i a l l y  v a l u a b l e  s p e c i e s  i s  q u e s t i o n e d .  
I n  a d d i t i o n ,  s i m u l a t i o n  models have 
been used  a s  an " a i d  i n  u n d e r s t a n d i n g  
ecosystems" a s  w e l l  a s  f p r  p r e d i c t i v e  
p u r p o s e s .  Thus,  one q u e s t i o n  o f t e n  
asked  i s :  How w e l l  do t h e s e  models 
a c t u a l l y  r e p r e s e n t  t h e  r e a l  wor ld?  
T h i s  q u e s t i o n  i n  some ways touches  on 
t h e  s o - c a l l e d  v a l i d a t i o n  p r o c e s s  u sed  
by some t o  a s s e s s  t h e  r e a l i t y  of  a  

p a r t i c u l a r  model.  Another  p o s s i b i l i t y  
i s  s imply  t o  compare s i m u l a t e d  o u t p u t  
w i t h  d a t a  from t h e  system be ing  model- 
e d .  We have examined t h e  o u t p u t  from 
an i n t e r i m  v e r s i o n  of ou r  Alaskan  mod- 
e l  u s i n g  t h i s  approach .  The methods 
employed a r e  mos t l y  g r a p h i c a l  b u t  s t a -  
t i s t i c a l  methods a r e  a p p l i e d  where 
a p p r o p r i a t e .  Most of t h e  p rocedu re s  
have been u sed  by s t a t i s t i c i a n s  t o  ex -  
amine t h e  assumpt ions  u n d e r l y i n g  b o t h  
l i n e a r  and n o n l i n e a r  r e g r e s s i o n  models 
(Draper  and Smith,  Chapter  3 ) .  Thus,  
on ly  t h e  a p p l i c a t i o n  t o  s i m u l a t i o n  
models i s  new. 

The r e s u l t s  of ou r  s i m u l a t i o n  of 
13 'cs  i n  l i c h e n s  i s  i n  F i g .  6 .  V i -  
s u a l  examina t ion  r e v e a l s  o n l y  t h a t  
t h e  p r e d i c t e d  v a l u e s  f o r  1970-1972 
appear  t o  be h i g h ,  o t h e r w i s e  t h e  s imu- 
l a t i o n  seems s a t i s f a c t o r y .  However, 
i f  t h e  r e s i d u a l  v a l u e s  (obse rved -  
s i m u l a t e d )  a r e  p l o t t e d  a g a i n s t  month 
observed  ( a s  i n  F i g .  7) a n  i n t r i g u i n g  
p a t t e r n  emerges. Appa ren t ly  t h e  r e -  
s i d u a l  v a l u e s  v a r y  w i t h  s ea son  ( sup -  
p o r t e d  by a  s i g n i f i c a n t  q u a d r a t i c  
r e g r e s s  i on )  w i t h  t h e  September t h rough  
Feb rua ry  v a l u e s  be ing  u n d e r - p r e d i c t e d ,  
wh i l e  J u l y  and some v a l u e s  f o r  August 
a r e  o v e r - p r e d i c t e d .  L imi ted  d a t a  i n -  
d i c a t e  May and June  s w i t c h  inasmuch 
a s  t hey  a r e  r e s p e c t i v e l y  o v e r -  and 
u n d e r - p r e d i c t e d  when compared t o  ob-  
s e r v e d  v a l u e s .  

While our  a n a l y s i s  s u g g e s t s  a  modi- 
f i c a t i o n  i n  t h e  s i m u l a t i o n  program, 
s i m i l a r  c o n s i s t e n c i e s  i n  r e s i d u a l  
v a l u e s  f o r  " impact  problems" might  
s u g g e s t  where assumpt ions  a r e  i n  e r r o r  
o r  where t h e  model w i l l  f a i l  a s  a  p r e -  
d i c t i v e  t o o l ,  e s p e c i a l l y  ove r  long  
p e r i o d s  of  t ime .  A d d i t i o n a l  methods 
used f o r  e v a l u a t i n g  t h i s  model were 
a p p l i e d  t o  t h e  o u t p u t  from two o t h e r  
models and t h e  r e s u l t s  were p r e s e n t e d  
a t  t h e  F o u r t h  N a t i o n a l  Radioecology 
Symposium. We hope t o  p r e p a r e  a  d e -  
t a i l e d  manusc r ip t  on t h i s  t o p i c  f o r  
j o u r n a l  c o n s i d e r a t i o n ,  a s  t ime  p e r m i t s .  

For f u r t h e r  i n f o r m a t i o n  on model ing r e f e r  t o :  

pp.  1 - 5 ;  pp.  141-143.  
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QUANTITATIVE ASPECTS OF ENVIRONMENTAL PLUTONIUM STUDIES 

Both t h e  r e c e n t  widespread  emphasis on t h e  t r a n s u r a n i c  e l e -  

ments  and ou r  own e x p e r i e n c e  i n  working w i t h  t h e  s t a t i s t i c a l  a s -  

p e c t s  o f  such  s t u d i e s  a t  t h e  Nevada T e s t  S i t e  have made i t  c l e a r  

t h a t  an  o r g a n i z e d  e f f o r t  t o  p r o v i d e  sampling d e s i g n s  and t e c h -  

n iques  f o r  s t a t i s t i c a l  a n a l y s i s  i s  needed .  Th i s  p r o j e c t  s e e k s  

t o  meet such  n e e d s ,  b u t  f o r  a  wide r ange  of  envi ronmenta l  c o n d i -  

t i o n s ,  t h u s  r e a c h i n g  beyond o u r  e x p e r i e n c e  i n  h i g h l y  x e r i c  s y -  

tems. A t  t h i s  w r i t i n g ,  t h e  p r o j e c t  ha s  o n l y  been underway f o r  

a  few months,  s o  p r o g r e s s  ha s  mos t l y  been o r g a n i z a t i o n a l .  The 

c l o s e l y  r e l a t e d  work a t  t h e  Nevada T e s t  S i t e  i s  a l s o  r e p o r t e d  

h e r e ,  a l t h o u g h  funded d i r e c t l y  from NTS. 

Quantitative Aspects of Environmental 
Plutonium Studies 

R. 0. Gilbert, L. L. Eberhardt and 
J. A. Merril l 

Thi s  i s  a  new 189 funded f o r  FY-76. 
The purpose  i s  t o  p r o v i d e  s t a t i s t i c a l  
s u p p o r t  and methods development  f o r  
t h e  d e s i g n  of  f i e l d  s t u d i e s  and e n v i -  
ronmenta l  sampling programs t o  s t u d y  
p lu tonium and o t h e r  t r a n s u r a n i c s  i n  
o t h e r  t h a n  d e s e r t  ecosys tems .  Empha- 
s i s  i s  be ing  p l a c e d  on t h e  deve lop -  
ment of  sampl ing  d e s i g n s  and s t a t i s -  
t i c a l  a n a l y s i s  methods t o  d e a l  w i t h  
t h e  v e r y  h i g h  v a r i a b i l i t y  u s u a l l y  
p r e s e n t  i n  p lu ton ium and o t h e r  t r a n s -  
u r a n i c  c o n c e n t r a t i o n  d a t a  from e n v i -  
ronmenta l  samples .  The d e s i g n  prob-  
lem i s  be ing  c o n s i d e r e d  i n  te rms  o f  
t h e  d i f f e r e n t  o b j e c t i v e s  t h a t  may be 
c o n s i d e r e d  i n  p l a n n i n g  f i e l d  s t u d i e s .  
The d i f f e r e n t  o b j e c t s  may i n c l u d e ,  
f o r  example, t h e  movement and dynam- 
i c s  of  p lu ton ium w i t h i n  and between 
ecosys tem components ( s o i l ,  w a t e r ,  
s ed imen t s ,  p l a n t s ,  f i s h ,  e t c . ) ,  t h e  
e s t i m a t i o n  of amounts and c o n c e n t r a -  
t i o n s  i n  t h e s e  components ,  and more 
g e n e r a l l y ,  sampling t o  a s s e s s  t h e  
p o s s i b l e  need f o r  " c l ean -up"  o r  t o  
e v a l u a t e  h a z a r d s .  T h i s  e f f o r t  i s  
be ing  d i r e c t e d  toward p lu tonium 

s t u d i e s  c u r r e n t l y  underway o r  p l anned  
i n  t h e  a r e a s  a round Mound L a b o r a t o r y ,  
t h e  Savannah R ive r  P l an  (SRP) and 
Nuclear  F u e l s  S e r v i c e s  (NFS) . 

Our i n i t i a l  e f f o r t s  have been  d i -  
r e c t e d  p r i m a r i l y  a t  becoming f a m i l i a r  
w i t h  t h e  envi ronmenta l  sampl ing  p r o -  
grams f o r  p lu ton ium c u r r e n t l y  unde r -  
way a t  Mound Labora to ry  and SRP. Dur- 
i n g  t h e  week of  September 1 4 ,  1975 ,  
R .  0 .  G i l b e r t  and J .  A .  M e r r i l l  v i s i t -  
ed D r .  D .  N .  Edgington a t  Argonne Na- 
t i o n a l  Labo ra to ry  and D r .  M .  H .  Smith 
a t  t h e  SRP. D r .  Edgington d i s c u s s e d  
w i t h  u s  t h e  s cope  and o b j e c t i v e s  o f  
h i s  env i ronmen ta l  p lu ton ium s t u d i e s  
i n  t h e  Grea t  Miami R ive r  watershed  
and p rov ided  u s  w i t h  d a t a  on p l u t o n i -  
um c o n c e n t r a t i o n s  i n  w a t e r ,  suspended 
s e d i m e n t s ,  and b i o t a .  We a l s o  t r a v e l -  
ed w i t h  D r .  Edgington t o  Miamisburg,  
O H ,  t o  obse rve  t h e  con t inuous  mon i to r -  
i n g  ( f l u o r o m e t r i c a l l y )  of a  f l u o r e s -  
c e n t  dye i n j e c t e d  a t  t h e  p l a c e  and 
t ime of  r e l e a s e  o f  2 " ~ ~  from t h e  
Mound Labora to ry  i n t o  t h e  Grea t  Miami 
R i v e r .  I n  a d d i t i o n ,  a  number of ponds 
and wa te r sheds  w i t h i n  t h e  Grea t  Miami 
R ive r  wa te r shed  were v i s i t e d .  A num- 
b e r  o f  t h e s e  s i t e s  a r e  t o  be s t u d i e d  
i n  t h e  n e a r  f u t u r e .  



September  1 7 t h  and  1 8 t h  were  s p e n t  
a t  SRP t a l k i n g  w i t h  members o f  t h e  
Savannah R i v e r  L a b o r a t o r y  and t h e  
Savannah R i v e r  Eco logy  L a b o r a t o r y  
a b o u t  t h e i r  e n v i r o n m e n t a l  p l u t o n i u m  
s t u d i e s .  The o b j e c t i v e s ,  ex  e r i m e n -  ! t a l  d e s i g n ,  a n d  r e s u l t s  o f  BPu and 
2 3 9 ~ ~  a n a l y s e s  f r o m  t h e  u p p e r  a n d  
l o w e r  f i e l d  p l o t s  n e a r  200 H Area  
were  o u t l i n e d  f o r  u s .  T h i s  was s u p -  
p l e m e n t e d  by a  v i s i t  t o  t h e  s t u d y  
s i t e  and  t o  s t r e a m s  and ponds  on SRP 
where  p l u t o n i u m  s t u d i e s  a r e  t o  b e  c o n -  
d u c t e d .  P l u t o n i u m  d a t a  p r e s e n t l y  
a v a i l a b l e  f rom t h e  200 H Area  s t u d y  
s i t e  on s o i l ,  n a t i v e  v e g e t a t i o n ,  
wheat  and L o b - L o l l y  P i n e  were  p r o v i d -  
ed f o r  o u r  u s e  i n  c o n n e c t i o n  w i t h  
t h i s  189 .  

Based on o u r  e x p o s u r e  t h u s  f a r  t o  
t h e s e  p l u t o n i u m  s t u d i e s ,  t h e  two 
broad  o b j e c t i v e s  o f  g r e a t e s t  impor-  
t a n c e  a p p e a r  t o  b e :  1 )  s a m p l i n g  t o  
e s t i m a t e  movement o r  b i o l o g i c a l  c y c l -  
i n g  of  p l u t o n i u m  t h r o u g h  t h e  v a r i o u s  
components of a n  e c o s y s t e m ;  a n d  2 )  
s a m p l i n g  t o  e s t i m a t e  t h e  amount ,  c o n -  
c e n t r a t i o n ,  and  d i s t r i b u t i o n  w i t h i n  
e a c h  component .  The d e s i g n  o f  f i e l d  
s t u d i e s  i n  t h e  a q u a t i c  e n v i r o n m e n t  o f  
s t r e a m s ,  p o n d s ,  and  r i v e r s  a p p e a r s  t o  
need t h e  g r e a t e s t  a t t e n t i o n  a t  t h e  
p r e s e n t  t i m e .  Our a p p r o a c h  t o  t h e  
d e s i g n  p r o b l e m  i s  e x p e c t e d  t o  b e  a  
c o m b i n a t i o n  o f  1 )  a n a l y s i s  o f  d a t a  
p r e s e n t l y  a v a i l a b l e  f r o m  t h e  s t u d y  
s i t e s ,  2) d e s i g n  o f  p i l o t  s t u d i e s  
were  r e q u i r e d  t o  o b t a i n  a d d i t i o n a l  
d a t a  f o r  p l a n n i n g  p u r p o s e s ,  3 )  e f f e c -  
t i v e  u s e  o f  e x i s t i n g  s u r v e y  s a m p l i n g  
methods d e s i g n e d  t o  c o n t r o l  o r  r e d u c e  
e x t r a n e o u s  v a r i a b i l i t y ,  and  4) com- 
p u t e r  s i m u l a t i o n  a n d / o r  t h e o r e t i c a l  
e v a l u a t i o n  o f  s a m p l i n g  d e s i g n s  f o r  
t h e  e c o s y s t e m s  u n d e r  s t u d y .  

We e x p e c t  t h a t  o u r  c o n t r i b u t i o n s  
t o  t h e  G r e a t  Miami R i v e r  w a t e r s h e d  
s t u d i e s  w i l l  i n v o l v e  a l l  o f  t h e  above  
i t e m s .  Of p a r t i c u l a r  i m p o r t a n c e  h e r e  
i s  t h e  s p e c i f i c a t i o n  o f  p r e c i s e  o b j e c -  
t i v e s .  The p h y s i c a l  s i z e  o f  t h e  
w a t e r s h e d  i s  s o  l a r g e  a n d  t h e  h a b i t a t  
s o  v a r i e d  ( u r b a n ,  r u r a l ,  i n d u s t r i a l )  
t h a t  i t  i s  d i f f i c u l t  t o  be s p e c i f i c  
a b o u t  o b j e c t i v e s  and  how t o  a c h i e v e  
them. The o b j e c t i v e s  must  be  b r o k e n  
down i n t o  p i e c e s  t h a t  c a n  be a c h i e v e d  
w i t h i n  r e a s o n a b l e  t i m e  and c o s t  
l i m i t a t i o n s .  

T h e r e  may be  l e s s  immedia te  need  
f o r  o u r  a s s i s t a n c e  a t  SRP t h a n  f o r  
t h e  G r e a t  Miami R i v e r  w a t e r s h e d  
s t u d i e s ,  s i n c e  J o h n  P i n d e r  i s  p r e s e n t -  
l y  c o n t r i b u t i n g  t o  t h e  e x p e r i m e n t a l  
d e s i g n  of  p l u t o n i u m  s t u d i e s  a t  SRP. 
However, we do e x p e c t  t o  work c l o s e l y  
w i t h  J o h n  on t h e i r  d e s i g n  and  a n a l y -  
s i s  p r o b l e m s .  T h i s  189 o f f e r s  a  
g r e a t  o p p o r t u n i t y  f o r  t h e  deve lopment  
of  e f f i c i e n t  f i e l d  s a m n l i n g  d e s i g n s  
a n d  s t a t i s t i c a l  a n a l y s i s  p r o c e d u r e s  
by t h e  exchange  o f  d a t a  a n d  i d e a s  b e -  
tween o u r  two g r o u p s .  We s e e  o u r  
r o l e  h e r e  p a r t l y  a s  m a i n t a i n i n g  e f f e c -  
t i v e  communicat ion w i t h  SRP i n  o r d e r  
t o  i d e n t i f y  d e s i g n  o r  a n a l y s e s  p r o b -  
lems which c a n  b e  e f f e c t i v e l y  s t u d i e d  
by u s  o r  by b o t h  g r o u p s  t o g e t h e r .  We 
have  been most  e n c o u r a g e d  by t h e  coop-  
e r a t i v e  s p i r i t  shown t o  u s  on t h i s  r e -  
c e n t  v i s i t  t o  SRP and t h e  G r e a t  Miami 
R i v e r  w a t e r s h e d .  

An i m p o r t a n t  a s p e c t  o f  t h e  d e v e l o p -  
ment o f  f i e l d  d e s i g n s  and s t a t i s t i c a l  
a n a l y s i s  p r o c e d u r e s  w i l l  i n v o l v e  
s e a r c h i n g  t h e  l i t e r a t u r e  f o r  r e l e v a n t  
i n f o r m a t i o n .  A s  a n  e x a m p l e ,  we a r e  
r e v i e w i n g  t h e  p a p e r s  by Cochran  (1946)  
and Q u e n o u i l l e  (1949)  who d i s c u s s  t h e  
e f f i c i e n c y  o f  s y s t e m a t i c  s a m p l i n g  
( e . g .  on a  g r i d )  v e r s u s  s t r a t i f i e d  
random s a m p l i n g  f o r  e s t i m a t i n g  t o t a l s  
o r  means.  T h e i r  p a p e r s  n o i n t  o u t  
t h a t  t h e  u n d e r l y i n g  (unknown) c o r r e l a -  
t i o n  s t r u c t u r e  be tween  o b s e r v a t i o n s  
s e p a r a t e d  i n  s p a c e  a n d / o r  t i m e  d e t e r -  
mines  w h e t h e r  a  s y s t e m a t i c  o r  s t r a t i -  
f i e d  random scheme i s  more e f f i c i e n t .  
Hence, t h e  d e s i g n  q u e s t i o n  may be  
b e s t  a p p r o a c h e d  t h r o u g h  e s t i m a t i n g  
t h e  k i n d s  of  c o r r e l a t i o n  s t r u c t u r e s  
p r e s e n t  i n  e c o s y s t e m s  o f  i n t e r e s t .  
C o r r e l a t i o n s  a r e  p r e s e n t l y  b e i n g  e s t i -  
mated u s i n g  some of  t h e  d a t a  o b t a i n e d  
a t  SRP. 

R e f e r e n c e s  C i t e d  

C o c h r a n ,  W .  G . ,  1 9 4 6 .  R e l a t i v e  a c c u -  
r a c y  o f  s y s t e m a t i c  and s t r a t i f i e d  r a n -  
dom s a m p l e s  f o r  a  c e r t a i n  c l a s s  o f  
p o p u l a t i o n s .  A n n a l s  o f  M a t h e m a t i c a l  
S t a t i s t i c s  1 7 : 1 6 4 - 1 7 7 .  

Q u e n o u i l l e ,  M .  H . ,  1 9 4 9 .  P rob lems  i n  
p l a n e  s a m p l i n g .  A n n a l s  o f  M a t h e m a t i -  
c a l  S t a t i s t i c s  - 2 0 : 3 5 5 - 3 7 5 .  
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Dur ing  t h e  p a s t  y e a r  we have  con-  
t i n u e d  t o  g i v e  s t a t i s t i c a l  d e s i g n  and 
a n a l y s i s  s u p p o r t  t o  t h e  e n v i r o n m e n t a l  
p l u t o n i u m  (and o t h e r  t r a n s u r a n i c )  
s t u d i e s  b e i n g  c o n d u c t e d  by t h e  Nevada 
A p p l i e d  Eco logy  Group (NAEG) on t h e  
Nevada T e s t  S i t e  (NTS) and t h e  Tonopah 
T e s t  Range (TTR). T h e s e  s t u d i e s  a r e  
d i r e c t e d ,  u l t i m a t e l y ,  a t  w h e t h e r  t h e  
p l u t o n i u m  a n d / o r  u ran ium c o n t a m i n a t i o n  
of  t h e  env i ronment  a t  10  " s a f e t y - s h o t "  
s i t e s  a r e  a  h a z a r d  t o  man. More im- 
m e d i a t e  o b j e c t i v e s  a r e  t o  d e t e r m i n e  
t h e  i n v e n t o r y  ( t o t a l  amount) and g e o -  
g r a p h i c a l  d i s t r i b u t i o n  of  t h e  r a d i o -  
i s o t o p e s  i n  s o i l  and v e g e t a t i o n .  
Movement o f  p l u t o n i u m  t h r o u g h  t h e  d e s -  
e r t  e c o s y s t e m  i s  b e i n g  s t u d i e d  by a n a -  
l y z i n g  samples  f rom s m a l l  mammals, 
a i r  f i l t e r s  ( r e s u s p e n d e d  c o n t a m i n a -  
t i o n ) ,  and v a r i o u s  t i s s u e s  and  o r g a n s  
o f  d o m e s t i c  a n i m a l s  ( m a i n l y  c a t t l e )  
g r a z i n g  on p l u t o n i u m  c o n t a m i n a t e d  
n a t i v e  v e g e t a t i o n .  

Our c o n t r i b u t i o n s  t o  t h e  NAEG p r o -  
gram t h r o u g h  J a n u a r y  1975 a r e  d e s c r i b -  
ed i n  d e t a i l  i n  G i l b e r t  e l  a l .  ( 1 9 7 5 ) .  
A l s o ,  s e e  o u r  d i s c u s s i o n  i n  PNL's 1974 
Annual R e p o r t  t o  DBER (BNWL-1950, P t 2 ,  
UC-48).  E s t i m a t e s  o f  i n v e n t o r y  i n  
s o i l  a t  9  o f  t h e  10 s a f e t y - s h o t  s i t e s  
were  r e p o r t e d  i n  G i l b e r t  e t  a l .  
( 1 9 7 5 ) .  These  e s t i m a t e s  were  o b t a i n -  
e d  by u s i n g  s t r a t i f i e d  random sam- 
p l i n g  w h e r e i n  s o i l  s a m p l e s  a r e  c o l -  
l e c t e d  a t  random l o c a t i o n s  w i t h i n  
s t r a t a  ( s u b r e g i o n s )  which a r e  d e f i n e d  
on t h e  b a s i s  o f  s u r f a c e  s o i l  2 4 1 A m  
a c t i v i t y  a s  i n d i c a t e d  by FIDLER c o u n t s  
p e r  m i n u t e .  T h i s  method r e s u l t e d  i n  
s t a n d a r d  e r r o r s ,  a n  a v e r a g e  (median)  
of  3 t i m e s  s m a l l e r  t h a n  e x p e c t e d  i f  
s i m p l e  random s a m p l i n g  (no s t r a t a )  
had b e e n  u s e d .  E s t i m a t e s  o f  i n v e n -  
t o r y  i n  s u r f a c e  s o i l  f o r  2 3 5 U ,  2 3 8 ~ ,  

and 2 3 9 - 2 4 0 ~ ~  a t  t h e  r e m a i n i n g  s i t e  
("A" S i t e  i n  P l u t o n i u m  V a l l e y ,  NTS) 
a r e  g i v e n  i n  G i l b e r t  and E b e r h a r d t  
( 1 9 7 5 b ) .  

S o i l  p r o f i l e  s a m p l e s  i n  2 . 5  cm 
i n c r e m e n t s  down t o  25 cm have  b e e n  
c o l l e c t e d  a t  a l l  1 0  s i t e s .  The r e -  
s u l t s  f o r  some p r o f i l e s  t a k e n  a t  "A" 
S i t e  a r e  shown i n  F i g .  8  f o r  2 3 8 ~  
and 2 3 5 ~ .  Most o f  t h e  c o n t a m i n a t i o n  
f rom t h i s  s a f e t y - s h o t  was 2 3 5 U .  The 
c o n c e n t r a t i o n  o f  t h i s  i s o t o p e  i s  s e e n  
t o  d e c r e a s e  r a p i d l y  t h r o u g h  t h e  f i r s t  

5  cm o f  s o i l .  T h e r e  was l i t t l e  2 3 8 ~  

i n  t h e  d e v i c e  s o  t h a t  most 2 3 8 U  p r e s -  
e n t  i s  n a t u r a l l y  o c c u r r i n g .  The 
a n a l y s i s  of  2 3 9 ~ ~  and u ran ium c o n c e n -  
t r a t i o n s  i n  p a i r e d  ( a d j a c e n t )  v e g e t a -  
t i o n  and  s o i l  s a m p l e s  a t  "A" S i t e  
i n d i c a t e s  t h e  v e g e t a t i o n  t o  s o i l  c o n -  
c e n t r a t i o n  r a t i o  i s  n o t  c o n s t a n t  o v e r  
t h e  a r e a .  T h i s  r a t i o  t e n d s  t o  i n -  
c r e a s e  w i t h  d i s t a n c e  f r o m  ground  z e r o ,  
d u e ,  p r e s u m a b l y ,  t o  a  d i f f e r e n t i a l  
p a r t i c l e  s i z e  d i s t r i b u t i o n  o c c u r r i n g  
w i t h i n  t h e  f a l l o u t  p a t t e r n s  o f  t h e  
s a f e t y - s h o t .  T h i s  phenomenon a l s o  
o c c u r r e d  f o r  2 3 9 ~ ~  a t  t h e  o t h e r  s t u d y  
s i t e s .  
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FIG. 8. 2 3 5 ~  and 2 3 8 ~  C o n c e n t r a -  
t i o n s  i n  S o i l  P r o f i l e s ,  A S i t e  
Area 11, Nevada T e s t  S i t e .  

We have  c o n t i n u e d  t o  s t u d y  t h e  u s e -  
f u l n e s s  of  compute r  c o n t o u r i n g  a l g o -  
r i t h m s  f o r  e s t i m a t i n g  t h e  g e o g r a p h i c a l  
d i s t r i b u t i o n  ( c o n c e n t r a t i o n  c o n t o u r s )  
of  r a d i o i s o t o p e s  i n  s o i l  and v e g e t a -  
t i o n  a t  t h e  NAEG s t u d y  s i t e s .  A s  r e -  
p o r t e d  i n  l a s t  y e a r ' s  Annual R e p o r t ,  
b i a s e d  c o n c e n t r a t i o n  c o n t o u r s  c a n  r e -  
s u l t  i f  d a t a  c o l l e c t e d  f o r  e s t i m a t i n g  
i n v e n t o r y  u s i n g  a  s t r a t i f i e d  random 
s a m p l i n g  p l a n  a r e  u s e d .  Our r e c e n t  
e f f o r t s  have  b e e n  d i r e c t e d  a t  e x p e r i -  
m e n t i n g  w i t h  s e v e r a l  d i f f e r e n t  "mov- 
i n g  a v e r a g e "  a l g o r i t h m s  a s  w e l l  a s  
w i t h  l e a s t  s q u a r e s  n t h  d e g r e e  p o l y n o -  
m i a l  r e g r e s s i o n  e q u a t i o n s .  C o n t o u r s  
e s t i m a t e d  on l o g - t r a n s f o r m e d  d a t a  
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have  been  f o u n d  t o  g i v e  b e t t e r  f i t s  
and h a v e  l e s s  b i a s  t h a n  when t h e  o r i g -  
i n a l  ( u n t r a n s f o r m e d )  d a t a  a r e  u s e d .  
B i a s  c a n  b e  i n t r o d u c e d ,  however ,  i f  
t h e  c o n t o u r s  a r e  e x p r e s s e d  i n  t h e  o r i g -  
i n a l  ( u n t r a n s f o r m e d  s c a l e ) .  A new 
moving a v e r a g e  a l g o r i t h m  known a s  
K r i g i n g  i s  a l s o  b e i n g  i n v e s t i g a t e d  
s i n c e  i t  i s  c l a i m e d  by O l e a  (1974)  t o  
be  t h e  " o p t i m a l "  c o n t o u r i n g  a l g o r i t h m .  
O t h e r  r e f e r e n c e s  h e r e  a r e  D a v i s  (1973 ,  
p p .  3 8 1 - 3 9 0 ) ,  Akima ( 1 9 7 5 ) ,  and O l e a  
( 1 9 7 5 ) .  S i n c e  a  knowledge o f  r a d i o i s o -  
t o p e  c o n c e n t r a t i o n s  o v e r  a  g e o g r a p h -  
i c a l  a r e a  ( t h e  c o n c e n t r a t i c n  " s u r -  
f a c e " )  i s  s u f f i c i e n t  f o r  e s t i m a t i n g  
i n v e n t o r y  by i n t e g r a t i n g  u n d e r  t h e  
c u r v e ,  we h a v e  begun  t o  i n v e s t i g a t e  
o p t i m a l  f i e l d  d e s i g n s  f o r  e s t i m a t i n g  
c o n c e n t r a t i o n  s u r f a c e s .  T h i s  
i n v o l v e s ,  p r i m a r i l y ,  a  c o m p a r i s o n  b e -  
tween v a r i o u s  s y s t e m a t i c  s a m p l i n g  
schemes v e r s u s  s t r a t i f i e d  random Sam- 
p l i n g .  

The p o t e n t i a l  b i a s  i n h e r e n t  i n  p e r -  
f o r m i n g  Pu a n a l y s e s  on a l i q u o t s  f rom 
s i e v e d  ( < l o 0  mesh)  s o i l  s a m p l e s  v e r -  
s u s  t h a t  o n  b a l l - m i l l e d  a l i q u o t s  h a s  
a l s o  b e e n  s t u d i e d  u s i n g  N A E G  d a t a .  
T h e s e  d a t a  s u g g e s t  t h a t  t h e  r a t i o  o f  
s i e v e d  t o  b a l l - m i l l e d  2 3 9 ~ ~  c o n c e n -  
t r a t i o n s  i s  g r e a t e r  i n  h i g h  a c t i v i t y  
s t r a t a  t h a n  i n  l o w - l e v e l  a r e a s .  E s t i -  
m a t e s  o f  i n v e n t o r y  i n  h i g h - a c t i v i t y  
s t r a t a  n e a r  G Z  b a s e d  s o l e l y  o n  s i e v e d  
s a m p l e s  c o u l d  b e  1 5  t o  20 t i m e s  g r e a t -  
e r  t h a n  i f  b a l l - m i l l e d  a l i q u o t s  were  
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THE POTENTIAL FOR PLUTONIUM COMPLEXATION 
I N  SOIL A N D  UPTAKE BY PLANTS 

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

s o l u b l e  i n  s o i l  o v e r  t h e  s h o r t - t e r m  and  i s  n o t  a c c u m u l a t e d  by 

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

i n  s o i l ,  a r i s i n g  f rom o r g a n i c  m a t t e r  d e c o m p o s i t i o n  p r o c e s s e s ,  may 

fo rm complexes  w i t h  p l u t o n i u m  i n c r e a s i n g  p l u t o n i u m  s o l u b i l i t y  i n  

s o i l  and  u p t a k e  by p l a n t s .  Assessment  o f  t h e  p o t e n t i a l  f o r  f o r m a -  

t i o n  o f  t h e s e  complexes  and t h e i r  r o l e  i n  i n f l u e n c i n g  t h e  b i o -  

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

gram. I t  i s  n o t  p o s s i b l e ,  i n  t h e  c a s e  o f  p l u t o n i u m ,  t o  d e v e l o p  

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

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

s o l u b i l i t y  i n  s o i l .  T h e r e f o r e ,  t h i s  p rogram b r o a d l y  d e a l s  w i t h  t h e  

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

The p r e s e n t  p rogram was u n d e r t a k e n  t o  d e t e r m i n e :  1 )  t h e  e f -  

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

m i c r o b i a l  p r o c e s s e s ,  2 )  t h e  p o t e n t i a l  f o r  f o r m a t i o n  o f  p l u t o n i u m  

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

c e s s e s ,  3 )  t h e  a v a i l a b i l i t y  o f  p l u t o n i u m  on d e c o m p o s i t i o n  o f  p l a n t  

r o o t s ,  4 )  t h e  k i n e t i c s  a n d  e x t e n t  o f  p l a n t  u p t a k e  o f  p l u t o n i u m ,  

5 )  t h e  t r a n s l o c a t i o n  and s i t e s  o f  d e p o s i t i o n  o f  p l u t o n i u m  o r  i t s  

complexes  i n  p l a n t s ,  a n d  6 )  t h e  bond t y p e s  and c h e m i c a l  f o r m s  o f  

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

s o i l s .  T h i s  i n f o r m a t i o n  i s  b e i n g  d e v e l o p e d  f o r  a  b r o a d  r a n g e  o f  

s o i l  t y p e s  and  s e v e r a l  p l a n t  s p e c i e s  w i t h  t h e  p r i n c i p a l  o b j e c t i v e  

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

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

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

Characterization of Surface Soils for r o l e  i n  g o v e r n i n g  t h e  f a t e  of Pu i n  
Plutonium Studies s o i l s  and  p l a n t s .  The c o m p l e x i t y  o f  

R. C. Routson, R. E. Wildung and s o i l s  a n d  t h e i r  wide  r a n g e  o f  p h y s i c o -  
T. R. Garland c h e m i c a l  and b i o l o g i c a l  p r o p e r t i e s  

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

t i e s  o f  s o i l s  l i k e l y  p l a y  a  dominan t  



t h e s e  v a r i a b l e s  t o  e n s u r e  t h e  b r o a d -  
e s t  a p p l i c a t i o n  of  t h e  i n f o r m a t i o n  
d e v e l o p e d .  F o r  t h e s e  r e a s o n s ,  s t u d -  
i e s  of  t h e  i n f l u e n c e  o f  t h e  p h y s i c a l ,  
c h e m i c a l ,  a n d  b i o l o g i c a l  p r o p e r t i e s  
o f  a  number o f  s o i l s  on t h e  u p t a k e  
and d i s t r i b u t i o n  o f  Pu h a v e  been  
u n d e r t a k e n .  

As t h e  f i r s t  p h a s e  o f  t h i s  p r o g r a m ,  
a  r a n g e  o f  35 s o i l  t y p e s  f r o m  O r e g o n ,  
W a s h i n g t o n ,  M i n n e s o t a ,  T e n n e s s e e ,  
N o r t h  C a r o l i n a ,  a n d  C o l o r a d o ,  i n c l u d -  
i n g  m a j o r  s o i l s  l i k e l y  t o  b e  e x p o s e d  
t o  Pu a t  Oak R i d g e  N a t i o n a l  L a b o r a -  
t o r y ,  Savannah  R i v e r  L a b o r a t o r y ,  and  
Rocky F l a t s ,  a r e  b e i n g  c o l l e c t e d ,  
m i x e d ,  a n d  s u b s a m p l e d  f o r  a n a l y s i s .  
The s o i l s  c o l l e c t e d  w i l l  f o rm t h e  n u -  
c l e u s  o f  a  s o i l s  c o l l e c t i o n  t h a t  w i l l  
be  i n c r e m e n t a l l y  i n c r e a s e d  e a c h  y e a r  
t o  i n c l u d e  a  b r o a d  s p e c t r u m  o f  s o i l s  
f o r  r e s e a r c h  p u r p o s e s .  The s o i l s  
w e r e  sampled  i n  c o o p e r a t i o n  w i t h  t h e  

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

D e t a i l s  of t h e  s o i l  c o l l e c t i o n ,  
m i x i n g ,  and s t o r a g e  h a v e  b e e n  p r e -  
v i o u s l y  r e p o r t e d  (Wi ldung  e t  a l . ,  
1 9 7 4 ) .  A n a l y s e s  which  w i l l  be  p e r -  
fo rmed  on e a c h  o f  t h e  s o i l s  i n c l u d e  
1 )  d e t a i l e d  p a r t i c l e  s i z e  d i s t r i b u -  
t i o n ,  2) c a t i o n  e x c h a n g e  c a p a c i t y ,  
3 )  pW, 4 )  p r i n c i p a l  p r i m a r y  a n d  s e c -  
o n d a r y  m i n e r a l s  i n  i n d i v i d u a l  p a r t i -  
c l e  s i z e  f r a c t i o n s ,  5 )  CaC03 c o n t e n t ,  
6 )  a s h  c o n t e n t ,  7)  o r g a n i c  c a r b o n  
c o n t e n t ,  8 )  h y d r o u s  o x i d e s  o f  F e ,  A l ,  
and  Mn c o n t e n t s ,  a n d  9 )  w a t e r  c o n t e n t  
a s  a  f u n c t i o n  o f  w a t e r  p o t e n t i a l .  
Measuremen t s  o f  p a r t i c l e  s i z e ,  d i s -  
t r i b u t i o n ,  c a t i o n - e x c h a n g e  c a p a c i t y ,  
pH,  and  f i n e  and  c o a r s e  c l a y  m i n e r a l -  
ogy h a v e  l a r g e l y  b e e n  c o m p l e t e d  f o r  
a n  i n i t i a l  27 s o i l s  ( T a b l e s  1 a n d  2 ) .  

TABLE 1. S o i l  P r o p e r t i e s  o f  S e l e c t e d  S u r f a c e  S o i l s  
Used i n  P l u t o n i u m  S t u d i e s .  

CATION 

BURBANK 
CHEHALI S 
CH l SHOLM 
CONCONULLY 
EVEREl-r 
HESSON 
INDUS 
l RON RIVER 
LICKSKILLET 
MENAGA 
MUCK 
MUSCAT1 NE 
PALOUSE 
POKEGEMA 
PEAT (CLARK) 
PEAT (SPHAGNUM) 
PUYALLUP 
QU ILLAY UTE 
RITZVILLE 
RUPERT 
SALKUM 
SAUVE 
SHAWANO 
UMAPINE 
WALLA WALLA 
WARBA 
WARDEN 

TEXTURE 
CLASS 

LOAMY SAND 
S I LTY CLAY LOAM 
L O A M  
SANDY LOAM 
SANDY LOAM 
CLAY LOAM 
SILTY CLAY LOAM 
SILTY CLAY LOAM 
LOAM 
SANDY LOAM 
---  
SILTY CLAY LOAM 
S I LTY CLAY LOAM 
S I L T  LOAM 
--- 
--- 

LOAM 
S l LT LOAM 
S I L T  LOAM 
LOAMY SAND 
S l LT LOAM 
S I L T  LOAM 
SANDY LOAM 
S I L T  LOAM 
S l LT LOAM 
SANDY LOAM 
S I L T  LOAM 

 SAND^ SILT CLAY 
EXCHANGE 
CAPAC l Pl 

me. 1100 q 

a PARTICLE S I Z E  ANALYSES I N  PARENTHESES REPRESENT ESTIMATES A S  THE PRESENCE OF ORGANIC MATTER 
M A Y  INFLUENCE M E  RESULTS. 



TABLE 2 .  X-ray D i f f r a c t i o n  A n a l y s i s  o f  S e l e c t e d  S u r f a c e  
S o i l s  Used i n  Pu S t u d i e s .  

FINE CLAY (<O.ZlJ) COARSE CLAY (0.2-2 P)  

E m E n 
Z Y Z E  Y 
S Y S  Y 

d E - Z  i= d F 
LL 
0 E l r 9  g f5 !! P 2 . .  9  2 
E z r  2 5 5  - z= E Z E i  LL 

S ' Z  Z S E  Z S L L 5 1 , E  
SOIL 8 - Y  E Z  8 9 E 0 5 ~ , -  

BURBANK 
CHEHALI S 
CHI SHOLM 
CONCONULLY 
EVERETT 
HESSON 
INDUS 
IRON RIVER 
LICKSKILLET 
MENHGA 
MUCK 
MUSCAT1 NE 
PALOUSE 
POKEGEMA 
PEAT (CLARK) 
PEAT (SPHAGNUM) 
PUYALLUP 
QUILLAYUTE 
RlTZVlLLE 
RUPERT 
SALKUM 
S A U M  
SHAWANO 
UMAPINE 
WALLA WALLA 
WARBA 
WARDEN 

M m m  m -  M t 
M - - - - . . . 

M m m  m m  - - -  
- - - - - - - - 
- t - -  - M - 
- M - -  - m m 
M m t  m M  - - t 
- m m  m -  M - -  
M M -  - -  M - t  
M m m  m m  M - -  
M t  - -  - - -  
M t t  t -  - - -  
M M -  t -  - - -  
M t t  t -  - - -  
M t  - -  - - -  
- - - - - - - - 
- - - - . - - - 
- - -  - -  - - M 
- - - - - - - - 
M m m  - -  m - t  
- M - -  m - -  
M - - - - - - . 

M m m  m m  - - -  - - - - - - - - 
M m t  t -  - - -  
M m t  t -  - - -  
M m t  t -  - - -  

M = MAJOR COMPONENT ( >  20%) 
m = PRESENT L5-20%) 
t = TRACE (2-10%) 

- M m m - m m m t  
- M - t t - t - .  
t m t  m - M m m -  

- m t  - m M M  
- - t M m m -  - 
- .  M -  m - -  m m 

t M m m  m t t  m -  
- m m  m - t  m -  

- M M m - - - -  M t 
t m m - m m m m  
- M t  m - m m m - -  
- M M M M - - - -  
- m M t  - m t  t - 
- M t  m m t  t - 
- m - - - - - -  - -  

. - - - - - - -  - 
- - t m - - -  M 
- - t - m t  - M 
- . - - - - - - -  

- M m m -  m - m -  - 
- - M -  m t  m -  

- M t t - - - - - -  
- M -  m -  M t  - - 
- M t t - - - - - -  
- M M t  - m t  - - 

- M t  m -  M - t  - - 
- M m t  - m t  - - 

The s o i l s  e x h i b i t e d  a  wide r ange  
i n  p r o p e r t i e s .  Clay  c o n t e n t ,  c a t i o n -  
exchange c a p a c i t y ,  and pH ranged  from 
3 .2 -50 .6%,  5.5-123 me./100 g ,  and 
3 .0 -7 .6 ,  r e s p e c t i v e l y  (Tab l e  1 ) .  The 
major  s o i l - c l a y - m i n e r a l  g roups ,  i n -  
c l u d i n g  m o n t m o r i l l o n i t e ,  i l l i t e ,  ka -  
o l i n i t e ,  and c h l o r i t e  were r e p r e -  
s e n t e d  by t h e  s o i l s  under  s t u d y  
(Table  2 ) .  Thus,  t h e  s e l e c t e d  s o i l s  
should  a l l o w  t h e  r e s u l t s  of  Pu s t u d -  
i e s  t o  have broad  a p p l i c a t i o n .  

The Chemistry of Plutonium in Soils. 
I. Plutonium Solubility 

T. R. Garland, R. E. Wildung and 
R. C. Routson 

The i n t e r p r e t a t i o n  of s h o r t - t e r m  
p l a n t  up t ake  s t u d i e s  and t h e  e x t r a p o -  
l a t i o n  of t h i s  i n f o r m a t i o n  t o  l o n g e r  
t ime  p e r i o d s  r e q u i r e s  d e f i n i t i o n  o f  
t h e  changes  t h a t  occu r  i n  t h e  chem- 
i c a l  form o f  Pu i n  s o i l  w i t h  t ime .  

Due t o  t h e  complex i ty  of Pu i n  aque-  
ous s o l u t i o n s  and s o i l ,  i t  i s  v e r y  
d i f f i c u l t  t o  measure o r  p r e d i c t  t h e  
e q u i l i b r i u m  chemica l  forms o f  Pu t h a t  
may be p r e s e n t  and a v a i l a b l e  f o r  
p l a n t  u p t a k e .  

P r e v i o u s  s t u d i e s  (Wildung and Gar- 
l a n d ,  1974) d e f i n e d  t h e  r e l a t i v e  s o l u  
b i l i t y  of  i n o r g a n i c  and complexed 
forms of  23ePu  and Z39Pu. Th i s  r e -  
p o r t  d e s c r i b e s  r e s e a r c h  t o  f u r t h e r  
d e f i n e  t h e  q u a n t i t y  and form of  t h e  
s o l u b l e  o r  p l a n t  " a v a i l a b l e "  f r a c t i o n  
of  Pu i n  s o i l .  

Review o f  Plutonium Chemistry 

Al though f i v e  o x i d a t i o n  s t a t e s  f o r  
Pu a r e  known, ( + 3  t o  + 7 ) ,  t h e  i o n s  
P U + ~  ( 111 ) ,  Pu+" ( I V )  , Pu02+(V) ,  and 
P U O ~ + ~ ( V I )  a r e  thought  t o  be t h e  most 
p r e v a l e n t .  



D i s p r o p o r t i o n a t i o n  of P u ,  e s p e -  w i t h  o r g a n i c  l i g a n d s  and P u + ~ .  HOW- 
c i a l l y  a t  low a c i d  c o n c e n t r a t i o n s ,  i s  e v e r ,  many i n o r g a n i c  c o m p l e x e s  and 
a n  i m p o r t a n t  a s p e c t  o f  Pu c h e m i s t r y .  o r g a n i c  c o m p l e x e s  o f  a l l  v a l e n c e s  ( e x -  
T h i s  e s s e n t i a l l y  means t h a t  i f  a n  i n i -  c e p t  p e r h a p s  P u f S )  may be s t a b l e  
t i a l  s i n g l e  v a l e n c e  s t a t e  o f  Pu i s  u n d e r  t h e  p r o p e r  c o n d i t i o n s .  The 
s t a b i l i z e d  u n d e r  s u i t a b l e  o x i d i z i n g ,  p r e s e n c e  of o r g a n i c  m a t e r i a l  i n  s o i l s  
c o m p l e x i n g ,  o r  a c i d i c  c o n d i t i o n s ,  a l m o s t  c e r t a i n l y  i n f l u e n c e s  t h e  e q u i -  
c h a n g i n g  t h e s e  c o n d i t i o n s  may a l l o w  l i b r i u m  fo rm of Pu t h r o u g h  complexa -  
d i s p r o p o r t i o n a t i o n  i n t o  a l l  f o u r  v a l -  t i o n  a n d  s u b s e q u e n t  i n h i b i t i o n  o f  
e n c e  s t a t e s  i n  a  s i n g l e  s o l u t i o n .  h y d r o l y s i s ,  p o l y m e r i z a t i o n ,  o r  
The e q u i l i b r i u m  r e a c t i o n  c o u l d  be  d i s p r o p o r t i o n a t i o n .  
w r i t t e n :  

P l u t o n i u m  S o l u b i l i t y  i n  S o i l  
+2 + 2 - 

pu+4 + Pu02 pu+3  + Pu02 
To d e v e l o p  f u r t h e r  i n s i g h t  i n t o  

The t e n d e n c y  o f  Pu t o  h y d r o l y z e  i n  t h e  b e h a v i o r  o f  i n o r g a n i c  Pu a d d e d  t o  
a q u e o u s  s o l u t i o n s  o f  low a c i d i t y  f o l -  s o i l s ,  a n d  t o  d e t e r m i n e  t h e  f r a c t i o n  
lows  t h e  o r d e r  P U + ~  > P U O ~ + ~  > P U + ~  o f  Pu p o t e n t i a l l y  a v a i l a b l e  t o  p l a n t s ,  
> p u o 2 + .  H y d r o l y s i s  o f  P U + ~  o c c u r s  t h e  s o l u b i l i t y  ( d e f i n e d  a s  Pu p a s s i n g  
i n  s t e p  r e a c t i o n s ,  i . e . ,  a  0 . 0 1  p f i l t e r )  o f  Pu i n  s o i l  was 

m e a s u r e d .  T h i s  i n v o l v e d  e x t r a c t i o n  
i n  w a t e r  and 0 . 0 1  M CaC12 a s  a  f u n c -  

put+ + H 2 0  T u O H t 3  + Ht' 
t i o n  o f  d i f f e r e n t  s o l u t i o n  t o  s o i l  
r a t i o s  and  s o l u t i o n  c o n t a c t  t i m e .  

PUOH+" ~ f l  0 P U [ O H ) ~ + ~  + H + l  

An a l t e r n a t e  o r  p a r a l l e l  r e a c t i o n  
t o  h y d r o x i d e  f o r m a t i o n  i s  p o l y m e r i z a -  
t i o n .  I n  t h i s  c a s e ,  a  Pu d i m e r  i s  
t h o u g h t  t o  b e  f o r m e d  w i t h  a n  oxygen  
b r i d g e  b e t w e e n  Pu i o n s ,  w i t h  t h e  
b r i d g e  f o r m a t i o n  c o n t i n u i n g  u n t i l  
l a r g e  p o l y m e r s  a r e  f o r m e d ,  i . e . ,  

The f r a c t i o n  o f  Pu f o l l o w i n g  t h i s  p r o -  
c e s s  i s  d i r e c t l y  r e l a t e d  t o  P U + ~  c o n -  
c e n t r a t i o n  a n d  i n v e r s e l y  r e l a t e d  t o  
t h e  a c i d  c o n c e n t r a t i o n .  

Pu a l s o  t e n d s  t o  f o r m  many com- 
p l e x e s  w i t h  a  r a n g e  o f  s t a b i l i t i e s .  
The s t r o n g e s t  c o m p l e x e s  a r e  g e n e r a l l y  

T h r e e  s o i l s  ( T a b l e  3 )  w e r e  amended 
w i t h  2 3 8 P ~ ( ~ 0 3 ) 4  a t  a  l e v e l  o f  
0 .62 p g / g .  A  s m a l l  a l i q u o t  o f  e a c h  
s o i l  was amended w i t h  s u f f i c i e n t  
CaCO? p r i o r  t o  a d d i t i o n  of Pu t o  n e u -  
t r a l l z e  t h e  e x c e s s  HN03(2 M) a s s o c i -  
a t e d  w i t h  t h e  P u ( N 0 3 ) 4 .  T h i s  a l i q u o t  
was t h e n  mixed i n t o  t h e  r e m a i n i n g  
b u l k  o f  t h e  s o i l  by t h e  u s e  o f  a  
V - b l e n d e r  ( 4  kg c a p a c i t y ) .  A f t e r  mix -  
i n g  ( 2  h r ) ,  t h e  s o i l s  w e r e  b r o u g h t  t o  
a p p r o x i m a t e l y  70% f i e l d  m o i s t u r e  c a -  
p a c i t y  and  a l l o w e d  t o  e q u i l i b r a t e  f o r  
b d a y s .  A l i q u o t s  of t h e  s o i l  ( 1  t o  
5 g )  w e r e  we ighed  i n t o  i n d i v i d u a l  
g l a s s  c o n t a i n e r s  a n d  s u f f i c i e n t  w a t e r  
o r  0 . 0 1  M CaC12 a d d e d  t o  g i v e  s o l u -  
t i o n  t o  s o i l  r a t i o s  o f  2 : 1 ,  5 : 1 ,  1 0 : 1 ,  
and  1 0 0 : l .  The s o i l  p l u s  s o l u t i o n s  
w e r e  s h a k e n  i n  a  c o n t r o l l e d  t e m p e r a -  
t u r e  (24°C) o r b i t a l  s h a k e r  (200  r p m ) .  
S o l u b i l i t y  m e a s u r e m e n t s  on e a c h  s o i l  
a t  t h e  d i f f e r e n t  s o 1 u t i o n : s o i l  r a t i o s  

TABLE 3.  P r o p e r t i e s  o f  S o i l s  u s e d  i n  S o l u b i l i t y  S t u d i e s .  

Soil Properties 

Cation Field Particle Size 
Organic Exchange Moisture Distribution 

Soil pH Carbon Capacity Capacity - Sand - Silt 3 
me./100 g % 

Ritzville 6.2 0.7 14.4 2 9 43.6 43.9 12.5 

Muscatine 5.4 2.8 2 5 3 7 1.8 75.4 22.8 

Hesson 5.0 7.1 14.3 4 3 30.5 42.7 26.8 



were  made a f t e r  0 ,  3 ,  1 8 ,  and  66 h r  
o f  e q u i l i b r a t i o n .  To m e a s u r e  s o l u -  
b i l i t y ,  s a m p l e s  ( 1  m l  o f  s o l u t i o n  and  
s u s p e n d e d  s o i l )  were  t a k e n  d u r i n g  v i g -  
o r o u s  s t i r r i n g  and  f i l t e r e d  ( 0 . 0 1  u) . 
The Pu i n  t h e  f i l t r a t e s  was a s s a y e d  
by 2n a l p h a  c o u n t i n g .  

The s o l u b i l i t i e s  o f  Pu i n  t h e  
0 . 0 1  M CaC12 and w a t e r  e x t r a c t s  
( T a b l e  4) r e f l e c t  t h e  c o m p l e x i t y  of 
b o t h  t h e  s o i l  r e a c t i o n s  a n d  t h e  a q u e -  
o u s  Pu c h e m i s t r y .  The m a j o r i t y  o f  
t h e  Pu a d d e d  t o  t h e  s o i l s  ( 9 8 % )  i s  a d -  
s o r b e d  on s o i l  a n d  d o e s  n o t  p a s s  a  
0 . 0 1  u f i l t e r .  The t o t a l  Pu added  t o  
t h e  s o i l  amounted t o  0 .62  ug ( o r  
620 ,000  p g ) / g .  I n  g e n e r a l ,  t h e  l e v e l  
o f  s o l u b l e  Pu o b s e r v e d  and  t h e  t i m e  
t o  r e a c h  e q u i l i b r i u m  i n  b o t h  0 . 0 1  M 
CaC12 and  w a t e r  i n c r e a s e d  w i t h  i n -  
c r e a s i n g  s o l u t i o n : s o i l  r a t i o s .  The 
i n c r e a s e  i n  s o l u b l e  Pu a t  h i g h e r  s o l u -  
t i o n  t o  s o i l  r a t i o s  may be  p a r t l y  e x -  
p l a i n e d  by i n c r e a s e d  e f f e c t i v e  s o i l  
d i s p e r s i o n .  E q u i l i b r i u m  a p p e a r e d  t o  
b e  a t t a i n e d  e a r l i e s t  ( 3  h r )  a t  t h e  
l o w e s t  s o l u t i o n  t o  s o i l  r a t i o s ,  a n d  
r e s o r p t i o n  a l s o  a p p e a r e d  t o  be  o c c u r -  
r i n g  a t  t h e s e  r a t i o s  ( 6 6  h r ) .  

The q u a n t i t i e s  o f  e x t r a c t a b l e  Pu 
a t  e q u i l i b r i u m  w i t h  CaC12 a n d  w a t e r  
were  d e p e n d e n t  upon s o i l  t y p e .  A l -  
t h o u g h  a t  e q u i l i b r i u m  a t  t h e  h i g h e s t  
s o l u t i o n  t o  s o i l  r a t i o ,  t h e r e  was no 

d i f f e r e n c e  i n  t h e  amount o f  Pu e x -  
t r a c t e d  by CaC12 a n d  w a t e r  f o r  t h e  
R i t z v i l l e  a n d  Hesson  s o i l s ,  t h e r e  was 
a  marked i n c r e a s e  i n  t h e  q u a n t i t y  e x -  
t r a c t e d  by w a t e r  r e l a t i v e  t o  CaC12 i n  
t h e  M u s c a t i n e  s o i l .  T h i s  may be  r e -  
l a t e d  t o  t h e  p r e s e n c e  o f  h i g h e r  c o n -  
c e n t r a t i o n s  of s t a b i l i z i n g  l i g a n d s  
which  a r e  more  e a s i l y  d i s p e r s e d  by  
w a t e r  i n  t h e  M u s c a t i n e  s o i l .  A d d i -  
t i o n a l  e v i d e n c e  f o r  t h e  p r e s e n c e  o f  a  
d i s p e r s a b l e  l i g a n d  i n  h i g h e r  c o n c e n -  
t r a t i o n  i n  t h e  M u s c a t i n e  s o i l  was p r o -  
v i d e d  by 1 )  t h e  l a c k  o f  a  p r o p o r t i o n -  
a t e  d i l u t i o n  e f f e c t  o n  t h e  w a t e r  e x -  
t r a c t a b i l i t y  o f  Pu i n  t h e  M u s c a t i n e  
s o i l  b e t w e e n  t h e  1 0 : l  a n d  1 0 0 : l  s o l u -  
t i o n  t o  s o i l  r a t i o s ,  and  2) e s t a b l i s h -  
ment  o f  a n  e a r l y  (18  h r )  and  s t a b l e  
e q u i l i b r i u m  ( t h e  e q u i l i b r i u m  v a l u e  a t  
1 8  h r  was m a i n t a i n e d  t h r o u g h  120  h r )  
a t  t h e  1 0 0 : l  s o l u t i o n  t o  s o i l  r a t i o .  
S e q u e n t i a l  u l t r a f i l t r a t i o n  of  t h i s  
s o l u t i o n  a f t e r  120  h r  c o n t a c t  a l l o w e d  
a n  e s t i m a t i o n  of t h e  m o l e c u l a r  w e i g h t  
( i . e . ,  e f f e c t i v e  d i a m e t e r ) .  

U l t r a f i l t r a t i o n  o f  S o l u b l e  
P l u t o n i u m  

The w a t e r  e x t r a c t  of M u s c a t i n e  
s o i l  a t  t h e  1 0 0 : l  s o l u t i o n  t o  s o i l  
r a t i o  was s u b j e c t e d  t o  f r a c t i o n a t i o n  
by u l t r a f i l t r a t i o n  a f t e r  0 . 0 1  u f i l t r a  
t i o n .  F r a c t i o n a t i o n  o f  t h e  P u - l i g a n d s  
i n  t h e  w a t e r  e x t r a c t  was a c c o m p l i s h e d  

TABLE 4 .  C o n c e n t r a t i o n  o f  S o l u b l e  Pu i n  S o i l  a s  
D e t e r m i n e d  by  E x t r a c t i o n  w i t h  Wate r  a n d  0 . 0 1  M CaC12 
a s  a  F u n c t i o n  o f  Time and  S o l u t i o n  t o  S o i l  R a t i o  f o r  
T h r e e  S o i l s .  

Time 
S o i l  h r  - 

R i t z v i l l e  0  

3 

1 8  

6 6  

H e s s o n  0  

3 

18 

6 6 

0 . 0 1  M CaC12 - Water  
5 : l  1 0 : l  1 0 0 : l  2:1a 5 : l  1 0 : l  1 0 0 : l  2:la - - - 

- - - - - - - - - . . . . . . . - - - - - - - - - - . . . . . . p g / g m ~ - - - - - . . . . . . . ~ . . ~ ~ ~ ~ ~ ~ - - - - - - - -  

a .  
D i s p e r s i o n  was n o t  a t t a i n e d  a t  t h e  2 : l  r a t i o  f o r  M u s c a t i n e  a n d  H e s s o n  s o i l s .  



w i t h  Amicon ~ i a f l o @ m e m b r a n e s  i n  a  
p r e s s u r i z e d  (40  p s i  He) c e l l  (60 m l  
volume)  e q u i p p e d  w i t h  a  s t i r r e r  o v e r  
t h e  membrane. The t h r e e  membranes 
u s e d  were  UM05, UM2, and U M l O  (43 mm 
d i a m e t e r ) ,  w h i c h  s e p a r a t e  m a t e r i a l s  
of m o l e c u l a r  w e i g h t s  ( e q u i v a l e n t  t o  
g l o b u l a r  p r o t e i n s )  o f  500 ,  1 , 0 0 0 ,  and  
1 0 , 0 0 0 ,  r e s p e c t i v e l y .  The q u a n t l t y  
o f  Pu p a s s i n g  t h e  f i l t e r s  d e c r e a s e d  
w i t h  d e c r e a s e d  e f f e c t i v e  f i l t e r  s i z e .  
Of t h e  s o l u b l e  Pu i n  t h e  w a t e r  e x -  
t r a c t  o f  M u s c a t i n e  s o i l  70 t o  9 3 %  had 
a n  e q u i v a l e n t  m o l e c u l a r  w e i g h t  o f  
> 1 0 , 0 0 0  ( T a b l e  5 ) .  Of t h i s  m a t e r i a l ,  

TABLE 5 .  F r a c t i o n a t i o n  o f  1 0 0 : l  ( S O -  
l u t i o n  t o  s o i l )  Water  E x t r a c t  ( < 0 . 0 1 ~ )  
o f  M u s c a t i n e  S o i l  C o n t a i n i n g  Added 
pu (0 .62  u g / g ) .  

~ ~ u i v a l e n t ~  F r a c t i o n  o f  C o n c e n t r a t i o n  
M o l e c u l a r  We igh t  S o l u b l e  Pu i n  S o i l  

P P / ~  

Membrane S o r p t i o n  23.4  1 , 6 0 0  

a ~ a l c u l a t e d  f o r  a  hypothetical g l o b u l a r  
p r o t e i n  o r  p e p t i d e .  

70% was i n  s o l u t i o n  i n  t h e  > 1 0 , 0 0 0  
f r a c t i o n  a n d  t h e  o t h e r  23% was bound 
t o  t h e  membrane (UM10). The m a t e r i a l  
bound t o  t h e  membrane may h a v e  m o l e c -  
u l a r  w e i g h t s  l e s s  t h a n  a n  e q u i v a l e n t  
m o l e c u l a r  w e i g h t  o f  > 1 0 , 0 0 0  and  may 
b e  bound a s  a  r e s u l t  o f  t h e  p r e s e n c e  
o f  r e a c t i v e  f u n c t i o n a l  g r o u p s  i n  o r -  
g a n i c  m a t t e r  a s s o c i a t e d  w i t h  t h e  Pu.  
A  s u b s t a n t i a l  q u a n t i t y  o f  o r g a n i c  
m a t t e r  was p r e s e n t  a s  i n d i c a t e d  by 
t h e  d i s t i n c t  y e l l o w  c o l o r  o f  t h i s  
f r a c t i o n  compared t o  t h e  o t h e r  f r a c -  
t i o n s  w h i c h  w e r e  c o l o r l e s s .  

R e f e r e n c e s  C i t e d  

Wi ldung ,  R .  E. and  T. R. G a r l a n d .  
1 9 7 5 .  R e l a t i v e  s o l u b i l i t y  o f  i n o r -  
g a n i c  a n d  complexed  f o r m s  o f  
p l u t o n i u m - 2 3 8  and  p l u t o n i u m - 2 3 9  i n  
s o i l .  I n :  ~ a t t e l l e  P a c i f i c  N o r t h -  , 

w e s t  L a b o r a t o r i e s ,  Annua l  R e p o r t  f o r  
1 9 7 4 .  BNWL-1950, P t .  2 .  R i c h l a n d ,  - 
W a s h i n g t o n .  

The Chemistry of Plutonium in  Soil. 
II. A Rapid Diffusion pethod for 
Physicochemical Characterization of 
Plutonium Ligands in Soils 

T. R. Garland and R. E. Wildung 

A d i f f u s i o n  method was d e v i s e d  
which  a l l o w s  p r e l i m i n a r y  c h a r a c t e r i z a -  
t i o n  o f  m o b i l e  s p e c i e s  o f  Pu i n  s o i l s  
and s e d i m e n t s  w h i l e  m i n i m i z i n g  t h e  p o -  
t e n t i a l  f o r  a l t e r a t i o n  o f  Pu f o r m .  
The s u p p o r t i n g  medium i n  t h e  method 
was a  2% a g a r  g e l  i n  0 . 0 1  M C a ( N 0 3 ) 2 ,  
which  s t a b i l i z e s  t h e  a q u e o u s  p h a s e  
a g a i n s t  c o n v e c t i o n  b u t  d o e s  n o t  i m -  
p e d e  t h e  random movement o f  mos t  m o l -  
e c u l e s  a t  d i l u t e  c o n c e n t r a t i o n s .  
The c o n t a i n e r  u s e d  f o r  t h e  d i f f u s i o n  
measurements  was a  p e t r i  p l a t e  (14 cm 
d i a . )  w i t h  t h e  s a m p l e  a p p l i e d  i n  a  
w e l l  i n  t h e  c e n t e r  o f  t h e  p l a t e .  Ra- 
d i a l  d i f f u s i o n  o f  s o l u b l e  s u b s t a n c e s  
o c c u r s  i n  a  p l a n e  w h i c h  i s  sampled  
w i t h  t i m e .  I n  o r d e r  t o  o b t a i n  r e p r o -  
d u c i b l e  r e s u l t s  a  known q u a n t i t y  o f  
h o t  2% a g a r  i n  0 . 0 1  M C a ( N 0 3 ) ?  i s  
we ighed  i n t o  p r e p a r e d  p e t r i  d l s h e s  
and  a l l o w e d  t o  s o l i d i f y  on  a  l e v e l  
t a b l e .  

The t w o - d i m e n s i o n a l  p l a n a r  d i f f u -  
s i o n  on  t h e  p e t r i  p l a t e s  i s  r e p r e -  
s e n t e d  i n  E q u a t i o n  1 :  

where  : 

C i s  t h e  c o n c e n t r a t i o n  i n  pg/cm3 a t  
a n y  p o i n t  r a t  t i m e  t 

r i s  t h e  r a d i u s  f rom t h e  c e n t e r  
a p p l i e d  s a m p l e  

S i s  t h e  q u a n t i t y  o f  m a t e r i a l  a t  
t = o  i n  pg 

D i s  t h e  d i f f u s i o n  c o e f f i c i e n t  i n  
c m 2 / s e c  

A t  i s  t - t o  i n  s e c  

h  i s  t h e  h e i g h t  of  t h e  a g a r  l a y e r  
i n  cm 

The d i f f u s i o n  c o e f f i c i e n t  D i s  o b -  
t a i n e d  by s o l v i n g  E q u a t i o n  2  and f rom 
a  p l o t  o f  l o g  C ( r , t )  v e r s u s  r 2 .  



The second e q u a t i o n  i s  d e r i v e d  by 
t a k i n g  t h e  l o g a r i t h m  of Equat ion  1 
and d i f f e r e n t i a t i n g  w i t h  r e s p e c t  t o  
r 2 .  

1 Slope  a t  any ( t )  = - 4.DAt (2 )  

R  t h i r d  e q u a t i o n  i s  an  approxima- 
t i o n  r e l a t i n g  t h e  d i f f u s i o n  c o e f f i -  
c i e n t  t o  t h e  mo lecu l a r  weight  of a  
known and unknown s p e c i e s :  

S e v e r a l  assumpt ions  were made i n  
t h e  u s e  of t h e s e  e q u a t i o n s .  F i r s t ,  
i t  was assumed t h a t  t h e  sample had a  
n e g l i g i b l e  t h i c k n e s s ,  i . e . ,  i t  r e p r e -  
s e n t e d  a  l i n e  s o u r c e .  To minimize 
t h i s  l i m i t a t i o n ,  t h e  d i ame te r  o f  t h e  
p l u g  was ma in t a ined  a s  s m a l l  a s  p o s s i -  
b l e  and t h e  d i s t a n c e  and t ime chosen 
f o r  a n a l y s e s  were ma in t a ined  a s  l a r g e  
a s  p o s s i b l e .  Secondly ,  i t  was a s -  
sumed t h a t  t h e  s u b s t a n c e s  moved by 
d i f f u s i o n  p r o c e s s e s  a l o n e  and d i d  n o t  
i n t e r a c t  w i t h  t h e  m a t r i x  o r  o t h e r  com- 
ponen t s  d u r i n g  t h e  t ime  of  a n a l y s e s .  

To a s s i s t  i n  r e c o g n i z i n g  i n t e r a c -  
t i o n s  w i t h  t h e  g e l ,  d i f f u s i o n  c o e f f i -  
c i e n t s  and c a l c u l a t e d  Pu c o n c e n t r a -  
t i o n s  were compared a t  d i f f e r e n t  t ime  
i n t e r v a l s  a f t e r  sample a p p l i c a t i o n .  

The d i f f u s i o n  o f  Pu2DTPA3, an  o r -  
g a n i c  complex employed t o  v a l i d a t e  
t h e  e x p e r i m e n t a l  system and t o  s e r v e  
a s  a n  example of  t h e  behav io r  of a  
h i g h l y  s t a b l e  o r g a n i c  complex of  Pu 
t h a t  might  occur  i n  s o i l  s o l u t i o n ,  i s  
i l l u s t r a t e d  i n  F i g .  9. 

The c o n c e n t r a t i o n s  of Pu a r e  shown 
a t  d i f f e r e n t  p o s i t i o n s  i n  t h e  g e l  
a f t e r  94 h r  e q u i l i b r a t i o n  f o r  two con-  
c e n t r a t i o n  l e v e l s  140 pg ( l i n e  A) and 
0.040 pg ( l i n e  B ) ] .  The r e s u l t a n t  
l i n e s  e x h i b i t  s i m i l a r  s l o p e s .  S imi-  
l a r l y ,  a f t e r  24 h r  i n c u b a t i o n ,  p a r a l -  
l e l  l i n e s  were o b t a i n e d  u s i n g  
Pu2DTPA3 c o n c e n t r a t i o n s  of  40 pg 
( l i n e  C) and /o r  0.04 pg ( l i n e  D )  . 

The s t r a i g h t  l i n e s  w i t h  s i m i l a r  
s l o p e s  a t  t h e  r e s p e c t i v e  c o n c e n t r a -  
t i o n  l e v e l s  i n d i c a t e  t h a t  Pu2DTPA3 i s  
n o t  c h e m i c a l l y  a l t e r e d  d u r i n g  e q u i l i -  
b r a t i o n  and t h a t  chemica l  i n t e r a c -  
t i o n s  w i t h  t h e  a g a r  g e l  d i d  n o t  o c c u r .  

FIG. 9.  D i f f u s i o n  of  Pu2(DTPA)3 i n  
2 %  Agar Gel (0.01M C a ( N 0 3 ) 2 ) .  

Thus, i t  may be conc luded  t h a t  
Pu2DTPA3 behav io r  conforms t o  t h a t  
p r e d i c t e d  by t h e  ma thema t i ca l  equa-  
t i o n s .  T h i s  c o n c l u s i o n  i s  f u r t h e r  
s u b s t a n t i a t e d  by t h e  narrow r ange  i n  
d i f f u s i o n  c o e f f i c i e n t s  c a l c u l a t e d  f o r  
Pu2DTPA3 under  t h e s e  c o n d i t i o n s  
(5 .2-5 .8  x cm2 / sec ) .  

The f i v e  s u r f a c e  s o i l s  s e l e c t e d  
f o r  s t u d y  e x h i b i t e d  pH v a l u e s  from 
4 . 4 - 6 . 2 ,  o r g a n i c  carbon  from 0 .7  t o  
1 2 . 5 % ,  CEC of 14 t o  45, and a  wide 
range  i 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 s  
( s e e  f o r e g o i n g  r e p o r t ) .  The Pu a s  
P u ( N 0 3 ) ~  was added t o  each  s o i l  a t  a 
l e v e l  o f  620,000 pg/g ,  a s  p r e v i o u s l y  
d e s c r i b e d .  S o i l  m o i s t u r e  c o n t e n t  was 
brought  t o  70% f i e l d  m o i s t u r e  capac -  
i t y .  The s o i l s  were t h e n  i ncuba t ed  
f o r  100 days  t o  a c h i e v e  e q u i l i b r i u m  
o r  c o n s t a n t  wa t e r  s o l u b i l i t y .  

P r i o r  t o  p lacement  of  s o i l  i n  t h e  
d i f f u s i o n  c o n t a i n e r ,  a  10 g  subsample 
of t h e  s o i l  was t a k e n  t o  f i e l d  mois -  
t u r e  c a p a c i t y  and an a l i q u o t  p l a c e d  
i n t o  t h e  c e n t e r  w e l l .  The q u a n t i t y  
of s o i l  added was o b t a i n e d  from t h e  
m o i s t u r e  c o n t e n t  de t e rmined  on s epa -  
r a t e  subsamples and t h e  we igh t  of t h e  
m o i s t u r e - s a t u r a t e d  s o i l  added .  The 



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

The d i f f u s i o n  o f  Pu a f t e r  438 h r  
f rom t h e  two s o i l s  which  r e p r e s e n t e d  
t h e  e x t r e m e s  i n  s o i l  pH a n d  o r g a n i c  
m a t t e r  c o n t e n t  i s  shown i n  F i g .  1 0 .  
From t h e  n o n l i n e a r ,  s e m i l o g  p l o t s  o b -  
t a i n e d  f rom t h e s e  a n d  f rom t h e  o t h e r  
s o i l s ,  i t  may be  i n f e r r e d  t h a t  s e v -  
e r a l  m o b i l e  Pu s p e c i e s  were  fo rmed  i n  
s o i l .  The o b s e r v a t i o n s  may h a v e  r e -  
s u l t e d  f rom t h e  p r e s e n c e  o f  two o r  

0 R l T Z V l L l E S O l L p H = 6 . 2  
ORGANIC CARBON = 0.74% 

0 QUILLAYUTE SOIL  pH = 4.4 
ORGANIC CARBON = 1 2 5 %  

t = 438 HOURS 
E 

U 

- 

FIG. 1 0 .  D i f f u s i o n  o f  Pu f rom Two 
S o i l s  a f t e r  100 Days I n c u b a t i o n .  

more  m o b i l e  Pu l i g a n d s  i n  d i f f e r e n t  
c o n c e n t r a t i o n s  a n d  w i t h  d i f f e r e n t  d i f -  
f u s i o n  c o e f f i c i e n t s .  Measurement  of  
d i f f u s i o n  a t  a d d i t i o n a l  t i m e s  d u r i n g  
e q u i l i b r a t i o n  a s  w e l l  a s  m a t h e m a t i c a l  
m e t h o d s ,  a r e  c u r r e n t l y  b e i n g  i n v e s t i -  
g a t e d  t o  r e s o l v e  t h e s e  c u r v e s  i n t o  
i n d i v i d u a l  c o m p o n e n t s .  However,  f o r  
t h e  p u r p o s e s  o f  t h i s  d i s c u s s i o n ,  s p e -  
c i e s  c o n c e n t r a t i o n s  a n d  t h e i r  molec -  
u l a r  w e i g h t s  h a v e  b e e n  e s t i m a t e d  by 
s u b s t i t u t i o n  i n  t h e  p r e v i o u s l y  d e s -  
c r i b e d  e q u a t i o n s  u s i n g  d a t a  f o r  t h a t  
p o r t i o n  o f  t h e  c u r v e  n e a r e s t  t h e  o r i -  
g i n  f o r  t h e  " l e a s t  m o b i l e "  s p e c i e s  
a n d  t h a t  p o r t i o n  of  t h e  c u r v e  f a r -  
t h e s t  f rom t h e  o r i g i n  f o r  t h e  "most  
mobi le"  s p e c i e s .  

The f i v e  d i f f u s i o n  c o e f f i c i e n t s  
c a l c u l a t e d  f o r  t h e  "most  m o b i l e "  s p e -  
c i e s  v a r i e d  f rom 1 . 9  t o  3 . 0  x  
c m 2 / s e c  ( T a b l e  6 )  . E s t i m a t e d  c o n c e n -  
t r a t i o n s  o f  P u - l i g a n d s  i n  t h e  f i v e  
s o i l s  r a n g e d  f rom 9  t o  55 p g / g  o f  
s o i l  w i t h  c o r r e s p o n d i n g  m o l e c u l a r  
w e i g h t  e s t i m a t e s  of  5 , 0 0 0  t o  2 1 , 0 0 0 .  
Of p a r t i c u l a r  i m p o r t a n c e  i s  t h e  f a c t  
t h a t  t h e  e s t i m a t e d  c o n c e n t r a t i o n s  o f  
t h e  "most m o b i l e "  Pu s p e c i e s  was o f  
t h e  same o r d e r  o f  m a g n i t u d e  a s  t h a t  
o b s e r v e d  by w a t e r  e x t r a c t i o n  a n d  s u b -  
s e q u e n t  u l t r a f i l t r a t i o n  t h r o u g h  a  
UM 05 membrane ( s e e  f o r e g o i n g  r e -  
p o r t ) .  H y p o t h e t i c a l  g l o b u l a r  p e p -  
t i d e s  of m o l e c u l a r  w e i g h t s  l e s s  t h a n  
500 would p a s s  t h r o u g h  t h i s  membrane. 
However,  i f  t h e  m o l e c u l e  were  a  h y -  
d r a t e d  Pu02 s p h e r e  o f  s i m i l a r  d imen-  
s i o n s ,  i t  would h a v e  a  m o l e c u l a r  
w e i g h t  be tween  1 0 , 0 0 0  and  25 ,000 .  
S i n c e  t h e  e s t i m a t e d  m o l e c u l a r  w e i g h t s  
o f  t h e  m o s t  m o b i l e  Pu s p e c i e s  ob-  
s e r v e d  r a n g e d  f rom 5 , 0 0 0  t o  21 ,000  
and t h e i r  c o n c e n t r a t i o n s  were  s i m i l a r  

TABLE 6 .  E s t i m a t e d  C o n c e n t r a t i o n s  a n d  M o l e c u l a r  
Weigh t s  o f  "Mobile" Pu L i g a n d s  i n  S o i l s  f rom 
Measured D i f f u s i o n  C o e f f i c i e n t s .  

Most  M o b i l e  S p e c i e s  

D i f f u s i o n  
C o e f f i c i e n t  M o l e c u l a r  S o i l  

I d e n t i f i c a t i o n  ( x ~ o - ~ )  W e i g h t  C o n c e n t r a t i o n  

p g / g a  

R i t z v l l l e  3 . 0  5 , 0 0 0  24 

Q u i l l a y u t e  2 . 5  7 , 2 0 0  4  7 

H e s s o n  

S a l  kum 

L e a s t  M o b i l e  S p e c i e s  

D i f f u s i o n  
C o e f f i c i e n t  M o l e c u l a r  S o i l  
~ x l o o 7 )  W e i g h t  C o n c e n t r ; a t i o n  

p g / g a  

2 . 3  O.9x1o6 1 5 0  

2 . 7  0 .  7x106 1 , 2 0 0  

2 . 7  O.6x1O6 330  

2 . 3  O.8x1O6 3 4 0  

3 . 1  0 . 5 x 1 o 6  1 7 0  

a ~ i c o g r a m s  ( 1 0 - 1 2 )  P u / g  s o i l .  T o t a l  Pu i n  s o i l  was  6 2 0 , 0 0 0  p g f g .  



t o  t h o s e  f o u n d  by u l t r a f i l t r a t i o n ,  
t h i s  f r a c t i o n  may c o n s i s t  o f  s m a l l  
p a r t i c l e s  of Pu(OH), o r  h y d r a t e d  
o x i d e .  

The " l e a s t  mobi le"  Pu components  
had e s t i m a t e d  d i f f u s i o n  c o e f f i c i e n t s  
be tween  2 . 3 - 3 . 1  x c m 2 / s e c  and 
s o i l  c o n c e n t r a t i o n s  o f  1 5 0 - 1 , 2 0 0  p g / g .  
T h i s  Pu l e v e l  was e q u i v a l e n t  t o  t h e  
q u a n t i t y  of  w a t e r - s o l u b l e  Pu p a s s i n g  
t h e  UM 1 0  u l t r a f i l t r a t i o n  membrane 
( s e e  f o r e g o i n g  r e p o r t ) .  H y p o t h e t i c a l  
g l o b u l a r  p r o t e i n s  i n  t h i s  s i z e  r a n g e  
would have  a v e r a g e  m o l e c u l a r  w e i g h t s  
< 1 0 , 0 0 0 .  P a r t i c l e s  o f  P u ( O H ) ~  o r  h y -  
d r a t e d  o x i d e s  would h a v e  m o l e c u l a r  
w e i g h t s  o f  200,000 t o  500 ,000 .  E s t i -  
mated m o l e c u l a r  w e i g h t s  f o r  t h e s e  
" l e a s t  mobi le"  s p e c i e s  c a l c u l a t e d  
from d i f f u s i o n  c o e f f i c i e n t s  were  be -  
tween 600 ,000  t o  9 0 0 , 0 0 0 .  Thus,  i t  
would a p p e a r  even  more l i k e l y  t h a t  Pu 
i n  t h i s  c a t e g o r y  was i n  p a r t i c u l a t e  
P u ( O H ) ~  o r  h y d r a t e d  o x i d e  f o r m s .  

I t  i s  p o s s i b l e  t h a t ,  i n  t h e  s p e -  
c i a l  c a s e  of  Pu, t h e  s m a l l  f r a c t i o n  
t a k e n  up by p l a n t s  f rom s o i l  i n  l a b o -  
r a t o r y  s t u d i e s  may r e s u l t  from r e a c -  
t i o n  ( o r  d i s s o l u t i o n )  p r o d u c t s  w i t h  
i n s u f f i c i e n t  s t a b i l i t y  t o  be  d e t e c t e d  
by t h e  methods  c u r r e n t l y  employed.  
T h i s  migh t  e x p l a i n  t h e  p l a n t  a v a i l a -  
b i l i t y  o f  Pu e v e n  i f  most  o f  t h e  mo- 
b i l e  Pu i n  i n c u b a t e d  s o i l s  was i n  t h e  
form o f  h y d r a t e d  o x i d e  o r  h y d r o x i d e  
i n  a  con t inuum o f  s i z e s ,  a s  i n d i c a t e d  
by t h e  c o m p a r i s o n  o f  f i l t r a t i o n  and 
d i f f u s i o n  d a t a ,  and i f  Pu i n  p a r t i c u -  
l a t e  form i s  n o t  a v a i l a b l e  t o  p l a n t s .  
I n s i g h t  i n t o  t h i s  p o s s i b i l i t y  was n o t  
p r o v i d e d  by c o m p a r i s o n  o f  Pu b e h a v i o r  
i n  d i f f e r e n t  s o i l s ,  a s  t h e  e s t i m a t e d  
c o n c e n t r a t i o n s  o f  m o l e c u l a r  w e i g h t s  
of  t h e  m o b i l e  s p e c i e s  were  n o t  r e -  
l a t e d  t o  t h e  s o i l  p r o p e r t i e s  measured .  

The c a l c u l a t e d  a n d / o r  measured  c o n -  
c e n t r a t i o n s  o f  " s o l u b l e "  Pu i n  s o i l ,  
a s  i n d i c a t e d  by e x t r a c t i o n  w i t h  
0 . 0 1  M CaC12 and H20 w i t h  t i m e  ( f o r e -  
g o i n g  r e p o r t )  , u l  t r a f  i l t r a  t i o n  of t h e  
w a t e r  ex t r a c t  ( f o r e g o i n g  r e p o r t )  and 
d i f f u s i o n  measurements  i n  0 . 0 1  M CaC12 
( T a b l e  6 )  s u g g e s t  c a u t i o n  i n  e x p e r i - . .  
men ts  t o  d e f i n e  t h e  " s o l u b i l i t y "  of  
Pu i n  s o i l s .  The Pu p a s s i n g  a  0 . 0 1  p 
f i l t e r  and d e f i n e d  a s  " s o l u b l e "  
l i k e l y  i n c l u d e s  Pu i n  t h e  fo rm o f  c o l -  
l o d i a l  P u ( O H ) ~ ,  w i t h  m o l e c u l a r  
w e i g h t s  i n  e x c e s s  o f  one m i l l i o n .  

Both  u l t r a f i l t r a t i o n  and d i f f u s i o n  
methods a l l o w  f u r t h e r  f r a c t i o n a t i o n  
of  Pu components  which may be most  
a v a i l a b l e  t o  p l a n t s ,  and a n  u n d e r -  
s t a n d i n g  o f  t h e  s o u r c e  and b e h a v i o r  
o f  Pu i n  t h i s  f r a c t i o n  s h o u l d  u l t i -  
m a t e l y  a l l o w  p r e d i c t i o n  o f  t h e  l o n g -  
t e rm b e h a v i o r  o f  Pu i n  t h e  t e r r e s -  
t r i a l  e n v i r o n m e n t .  
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Dur ing  t h e  p a s t  y e a r ,  a  g r e a t  d e a l  
o f  r e s e a r c h  e f f o r t  was d i r e c t e d  t o -  
ward:  1 )  deve lopment  and a p p l i c a t i o n  
o f  t e c h n i q u e s  f o r  e x a m i n a t i o n  o f  t h e  
e f f e c t s  o f  p l u t o n i u m  on t h e  s o i l  m i -  
c r o f l o r a ,  2) i s o l a t i o n  and i d e n t i f i c a -  
t i o n  o f  p l u t o n i u m - r e s i s t a n t  o r g a n i s m s  
from s o i l ,  and 3)  c u l t u r e  of  r e s i s -  
t a n t  m i c r o o r g a n i s m s  i n  v i t r o  and b i o -  
c h e m i c a l  c h a r a c t e r i z a t i o n  o f  p l u t o -  
nium a s s o c i a t e d  w i t h  m i c r o b i a l  c e l l s  
and e x u d a t e s .  The r e s u l t s  o f  t h e s e  
i n v e s t i g a t i o n s  a r e  c u r r e n t l y  b e i n g  
summarized f o r  p u b l i c a t i o n  i n  t h e  
open l i t e r a t u r e  and d e t a i l e d  d i s c u s -  
s i o n  of  t h e  r e s u l t s  w i l l  t h e r e f o r e  
n o t  be  i n c l u d e d  i n  t h i s  r e p o r t .  How- 
e v e r ,  t h e  e x p e r i m e n t a l  p r o t o c o l  w i l l  
be o u t l i n e d  below and a  d e t a i l e d  e x -  
ample o f  t h e  r e s u l t s  of  t h e  r e s e a r c h  
i n  p r o g r e s s  w i l l  be  o u t l i n e d  i n  t h e  
f o l l o w i n g  r e p o r t .  

I n i t i a l l y ,  t h r e e  g e n e r a l  e n r i c h -  
ment schemes were  employed f o r  i s o l a -  
t i o n  o f  p l u t o n i u m - r e s i s t a n t  o r g a n i s m s  
from s o i l .  These  i n c l u d e d  p r o c e d u r e s  
i n  which  1 )  s o i l s  were  i n c u b a t e d  w i t h  
Pu and a n  i n c u b a t e d  s o i l  sample  u t i -  
l i z e d  a s  a n  inocu lum f o r  e n r i c h m e n t  
c u l t u r i n g  (Schne iderman  e t  a l . ,  1 9 7 4 )  
a t  l o g a r i t h m i c  g rowth  i n  s o i l  a s  d e -  
t e r m i n e d  by  s o i l  C02 e v o l u t i o n ,  2 )  un-  
t r e a t e d  s o i l  was u t i l i z e d  a s  a n  i n o c u -  
lum i n  a  s t a n d a r d  m i n e r a l  b a s e  medium 
c o n t a i n i n g  a c e t a t e  and y e a s t  e x t r a c t  
a s  c a r b o n  s o u r c e s  and a n  a l i q u o t  of 
t h e  r e s u l t i n g  c u l t u r e  was u s e d  a s  a n  
inocu lum f o r  l i q u i d  e n r i c h m e n t s  w i t h  
p l u t o n i u m ,  and 3)  u n t r e a t e d  s o i l  was 
u t i l i z e d  a s  a n  inocu lum i n  a  s t a n d a r d  
m i n e r a l  b a s e  medium c o n t a i n i n g  mixed 
c a r b o n  s o u r c e s  ( m i x t u r e s  of  s i m p l e  
' s u g a r s ,  o r g a n i c  a c i d s ,  and a r o m a t i c s )  
i n  a d d i t i o n  t o  y e a s t  e x t r a c t .  The 
l a t t e r  t w o - s t e p  p r o c e d u r e  was s e -  
l e c t e d  f o r  s u b s e q u e n t  s t u d i e s  p r i n c i -  
p a l l y  b e c a u s e  t h e  m a j o r  c l a s s e s  o f  



s o i l  o r g a n i s m s  c o u l d  be  i n i t i a l l y  s e -  t h e s e  s t u d i e s .  I n  t h e  example  s t u d -  
l e c t e d  on t h e  b a s i s  o f  c a r b o n  and i e s ,  e n r i c h m e n t  p r o c e d u r e  1 and chem- 
e n e r g y  r e q u i r e m e n t s  a n d  f i n a l l y ,  o n  i c a l  c h a r a c t e r i z a t i o n  p r o c e d u r e s  2 
t h e  b a s i s  o f  p l u t o n i u m  r e s i s t a n c e .  and  3  were  a p p l i e d .  

A p p l i c a t i o n  o f  p r o c e d u r e  1 r e -  
s u l t e d  i n  t h e  i s o l a t i o n  o f  1 4  f u n g i  
and 1 3  a c t i n o m y c e s  d i s t i n c t  i n  c o l o -  
n i a l  morpho logy .  A p p l i c a t i o n  o f  p r o -  
c e d u r e  2 r e s u l t e d  i n  i s o l a t i o n  o f  a  
s i n g l e  a c t i n o m y c e t e .  A p p l i c a t i o n  o f  
p r o c e d u r e  3  w i t h  mixed s u g a r s  and  
s t r e p t o m y c i n  r e s u l t e d  i n  i s o l a t i o n  of 
one  f u n g u s .  I n v e s t i g a t i o n s  t o  i s o -  
l a t e  r e s i s t a n t  o r g a n i s m s  w i t h  p r o c e -  
d u r e  3  a r e  p r e s e n t l y  c o n t i n u i n g .  

To b i o c h e m i c a l l y  c h a r a c t e r i z e  t h e  
fo rm of Pu i n  c e l l s  a n d  e x o c e l l u l a r  
media  a f t e r  g r o w t h  o f  i s o l a t e d ,  
p l u t o n i u m - r e s i s t a n t  o r g a n i s m s  i n  
v i t r o ,  t h r e e  g e n e r a l  c h e m i c a l  p r o c e -  
d u r e s  were  employed .  T h e s e  i n c l u d e d  
1 )  d i r e c t  t h i n - l a y e r  c h r o m a t o g r a p h i c  
and  e l e c t r o p h o r e t i c  c h a r a c t e r i z a t i o n  
( two b u f f e r  s y s t e m s ,  o n e  s o l v e n t )  o f  
t h e  <0 .01p  f r a c t i o n  o f  t h e  e x o c e l l u -  
l a r  med ia  d u r i n g  e n r i c h m e n t  a s  r e -  
p o r t e d  by R o b i n s o n  e t  a l . ,  1 9 7 4 ,  
2 )  f r a c t i o n a t i o n  o f  c e l l s  a n d  e x o c e l -  
l u l a r  med ia  a f t e r  e n r i c h m e n t ,  i n t o  
a q u e o u s  s o l u b l e ,  l i p i d - s o l u b l e ,  and  
i n s o l u b l e  c o m p o n e n t s ,  a n d  3)  c h a r a c -  
t e r i z a t i o n  of  t h e  s o l u b l e  f r a c t i o n  
( < 0 . 0 l U )  o f  c e l l s  and e x o c e l l u l a r  
media  a f t e r  e n r i c h m e n t ,  u s i n g  g e l  p e r -  
m e a t i o n  c h r o m a t o g r a p h y  i n  a d d i t i o n  t o ,  
o r  f o l l o w e d  b y ,  t h i n - l a y e r  chroma-  
t o g r a p h y  and  e l e c t r o p h o r e s i s  ( two  
b u f f e r  s y s t e m s ,  s i x  s o l v e n t s )  o f  
p l u t o n i u m - c o n t a i n i n g  f r a c t i o n s .  

The b i o c h e m i c a l  s t u d i e s  demon- 
s t r a t e d  t h e  a b i l i t y  o f  r e s i s t a n t  s o i l  
m i c r o f l o r a  t o  modi fy  t h e  fo rm o f  a  
Pu , (DTPA)~  c o m p l e x .  I n  g e n e r a l ,  t h e  
m o d i f i e d  s p e c i e s  had d i f f e r e n t  r e a c -  
t i v i t i e s  w i t h  t h e  g e l s  t h a n  
P u , ( D T P A ) ~ .  C e l l u l a r  componen t s  dem- 
o n s t r a t e d  h i g h e r  r e a c t i v i t y  ( 6 0 - 8 0 %  
r e t e n t i o n )  w i t h  t h e  g e l s  t h a n  e x o c e l -  
l u l a r  componen t s  ( 1 0 - 2 0 %  r e t e n t i o n ) .  
A p p l i c a t i o n  o f  t h i n - l a y e r  c h r o m a t o g -  
r a p h y  r e s u l t e d  i n  i s o l a t i o n  o f  s e v -  
e r a l  c e l l u l a r  a n d  e x o c e l l u l a r  chem- 
i c a l  s p e c i e s  d i s t i n c t  f rom Pu,(DTPA),. 
The r e s u l t s  o f  t h i n - l a y e r  e l e c t r o -  
p h o r e s i s  i n d i c a t e d  t h a t  t h e  m o d i f i e d  
Pu s p e c i e s  were  p r e d o m i n a n t l y  n e g a -  
t i v e l y  c h a r g e d  a n d  t h e r e f o r e  had  p o -  
t e n t i a l  f o r  m o b i l i t y  i n  s o i l s .  

The f o l l o w i n g  r e p o r t  w i l l  s e r v e  a s  
a  s p e c i f i c  example  o f  t h e  r e s u l t s  o f  
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P r e v i o u s  l a b o r a t o r y  s t u d i e s  have  
i n d i c a t e d  t h a t  Pu i s  l a r g e l y  immobi le  
i n  s o i l  a n d ,  i n  s h o r t - t e r m  s t u d i e s ,  
i s  n o t  a c c u m u l a t e d  by p l a n t s .  How- 
e v e r ,  p r e l i m i n a r y  s t u d i e s  i n  t h i s  
l a b o r a t o r y  have  i n d i c a t e d  t i m e -  
d e p e n d e n t  c h a n g e s  o f  2 3 9 P ~  s o l u b i l i t y  
i n  s o i l ,  and  o t h e r  s t u d i e s  i n d i c a t e  
i n c r e a s e d  p l a n t  u p t a k e  on s u c c e s s i v e  
c r o p s  o f  P u - c o n t a m i n a t e d  s o i l .  The 
p o s s i b i l i t y  e x i s t s  t h a t  n a t u r a l l y -  
o c c u r r i n g  l i g a n d s  i n  s o i l  a r i s i n g  
f rom m i c r o b i a l  a c t i o n  a n d / o r  o r g a n i c  
m a t t e r  d e c o m p o s i t i o n  p r o c e s s e s  may 
form complexes  w i t h  Pu ,  t h u s  i n c r e a s -  
i n g  s o l u b i l i t y  i n  s o i l ,  and  p e r h a p s  
f a c i l i t a t i n g  u p t a k e  o f  Pu by p l a n t s .  
F u r t h e r m o r e ,  t h e  p o s s i b i l i t y  e x i s t s  
t h a t  Pu may b e  c o n v e r t e d  t o  more s o l -  
u b l e ,  more t o x i c  complexes  by s o i l  
m i c r o b i o l o g i c a l  mechanisms of  d e t o x i -  
f i c a t i o n  a s  h a s  b e e n  d e m o n s t r a t e d  f o r  
o t h e r  m e t a l s  s u c h  a s  a r s e n i c  a n d  
m e r c u r y .  

As m i c r o b i a l  r e s i s t a n c e  t o  t h e  
t o x i c  e f f e c t s  o f  Pu may be  i n d i c a t i v e  
o f  a n  a b i l i t y  t o  a l t e r  Pu f o r m ,  i n -  
v e s t i g a t i o n s  were  i n i t i a t e d  t o  i s o -  
l a t e  r e s i s t a n t  s o i l  f u n g i  and  a c t i n o -  
m y c e t e s  and  t o  d e t e r m i n e  i f  t h e s e  
o r g a n i s m s  were  c a p a b l e  o f  m o d i f y i n g  
t h e  form o f  Pu i n  l i q u i d  c u l t u r e .  



I n i t i a l  emphas i s  was p l a c e d  on low 
m o l e c u l a r  w e i g h t ,  w a t e r  s o l u b l e  com- 
p o n e n t s  w h i c h ,  i f  formed i n  s o i l ,  
would b e  e x p e c t e d  t o  a c c e n t u a t e  Pu 
a v a i l a b i l i t y  t o  p l a n t s  a n d ,  i f  s t a b l e ,  
would b e  most  l i k e l y  t o  b e  t r a n s -  
f e r r e d  i n  t h e  f o o d  c h a i n .  

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

P l u t o n i u m - r e s i s t a n t  m i c r o o r g a n i s m s  
w e r e  i s o l a t e d  f rom s o i l  u s i n g  c l a s s i -  
c a l  e n r i c h m e n t  t e c h n i q u e s  and grown 
s e p a r a t e l y  i n  v i t r o  i n  t h e  p r e s e n c e  
o f  2 3 8 P ~ 2 ( ~ T P ~ ) 3 .  The c e l l s  and  e x o -  
c e l l u l a r  med ia  were  a n a l y z e d  by g e l  
p e r m e a t i o n  c h r o m a t o g r a p h y  (GPC) , t h i n -  
l a y e r  c h r o m a t o g r a p h y  (TLC) and  t h i n -  
l a y e r  e l e c t r o p h o r e s i s  (TLE) a s  p r e -  
v i o u s l y  d e s c r i b e d  (Robinson  e t  a l . ,  
1 9 7 5 ) .  
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FIG. 11. Column C h r o m a t o g r a p h i c  S e p a -  
r a t i o n  (Sephadex G-25) o f  S o l u b l e  
P l u t o n i u m  i n  C e l l s  and  E x o c e l l u l a r  
Media  o f  a  P l u t o n i u m  R e s i s t a n t  S o i l  
Fungus .  

Us ing  e n r i c h m e n t  p r o c e d u r e s ,  
1 3  c u l t u r e s  o f  P u - r e s i s t a n t  a c t i n o m y -  
c e t e s  and  14 c u l t u r e s  o f  P u - r e s i s t a n t  
f u n g i ,  a l l  w i t h  d i s t i n c t  c o l o n i a l  mor- 
p h o l o g y ,  were  i s o l a t e d .  Of t h e s e ,  
s e v e n  c u l t u r e s  o f  a c t i n o m y c e t e s  and 
f i v e  c u l t u r e s  o f  f u n g i  were  c a p a b l e  
o f  g rowth  a t  a  l e v e l  o f  7  p C i / m l  
2 3 9 P ~ 2 ( D T P A ) 3  and  t h e  r e m a i n i n g  
t h r e e  c u l t u r e s  o f  a c t i n o m y c e t e s  and  
f i v e  c u l t u r e s  o f  f u n g i  s u r v i v e d  a t  
t h e  0 .07 p C i / m l  l e v e l .  

The a p p l i c a t i o n  o f  GPC t o  t h e  s o l -  
u b l e  e x o c e l l u l a r  med ia  and t h e  s o l -  
u b l e  i n t r a c e l l u l a r  f r a c t i o n  o f  a  p l u -  
t o n i u m - r e s i s t a n t  s o i l  f u n g u s  and  a  
c o n t r o l  s o l u t i o n  c o n s i s t i n g  o f  
5  p C i / m l  2 3 e ~ u 2 ( ~ ~ ~ ~ ) 3  i n d i c a t e d  t h a t  
a  m a j o r  p o r t i o n  o f  t h e  Pu i n  t h e  s o l -  
u b l e  ( < 0 . 0 1 ~ )  f r a c t i o n  o f  t h e  e x o c e l -  
l u l a r  med ia  e l u t e d  e a r l i e r  t h a n  t h e  
c o n t r o l  p e a k  ( F i g .  1 1 ) .  T h i s  s u g -  
g e s t s  e i t h e r  d i f f e r e n t i a l  c h e m i c a l  
r e a c t i o n s  w i t h  t h e  column o r  a  t r a n s -  
f o r m a t i o n  o f  2 3 e ~ ~ 2  (DTPA) 3 t o  com- 
pounds  h i g h e r  i n  m o l e c u l a r  w e i g h t .  
Assuming t h e  l a t t e r  c a s e ,  t h e  s o l u b l e  
i n t r a c e l l u l a r  f r a c t i o n  e x h i b i t e d  a  
s h i f t  t o  e v e n  l a r g e r  m o l e c u l a r  w e i g h t  
compounds,  a l t h o u g h  a  d i s t r i b u t i o n  
down t o  low m o l e c u l a r  w e i g h t s  was 
a l s o  o b s e r v e d .  A p p r o x i m a t e l y  f i v e  
compounds were  s e p a r a t e d  which  d i f -  
f e r e d  f r o m  2 3 8 P ~ 2 ( ~ T P A ) 3  i n  m o l e c u l a r  
s i z e ,  w i t h  t h r e e  b e i n g  l a r g e r  a n d  two 
s m a l l e r  i n  a p p a r e n t  m o l e c u l a r  w e i g h t .  
F u r t h e r m o r e ,  t h e r e  were  a t  l e a s t  two 
componen t s  w h i c h  were  s i m i l a r  i n  a p -  
p a r e n t  m o l e c u l a r  w e i g h t  and  common t o  
b o t h  i n t r a -  and  e x o c e l l u l a r  f r a c t i o n s .  

To f u r t h e r  d e f i n e  t h e s e  compounds,  
e a c h  f r a c t i o n  was b r o k e n  i n t o  s e v e r a l  
s u b f r a c t i o n s  a n d  a n a l y z e d  by TLC and  
TLE. The i n t r a c e l l u l a r  f r a c t i o n  was 
d i v i d e d  i n t o  f o u r  s u b f r a c t i o n s ,  a  
l e a d i n g  edge  (79 m l  t o  98 m l ) ,  a  c e n -  
t r a l  p o r t i o n  (98  m l  t o  116  m l ) ,  a  
t r a i l i n g  e d g e  (116 m l  t o  149  ml)  and  
a  low m o l e c u l a r  s i z e  f r a c t i o n  (149  ml 
t o  1 9 2  m l ) .  The e x o c e l l u l a r  p e a k  was 
b r o k e n  i n t o  a  l e a d i n g  e d g e  (98  m l  t o  
114 m l ) ,  a  c e n t r a l  p o r t i o n  (114 m l  t o  
130 ml) and  a  t r a i l i n g  edge  (134 m l  
t o  136 m l ) .  The c o n t r o l  was d i v i d e d  
i n t o  two s e c t i o n s ,  a  l e a d i n g  edge  
(122 m l  t o  130  ml)  a n d  a  c e n t r a l  p o r -  
t i o n  (138 m l  t o  155  m l ) .  

The GPC f r a c t i o n s  were  s u b j e c t e d  
t o  TLC i n  s i x  s o l v e n t  s y s t e m s  d e -  
s i g n e d  t o  s e p a r a t e  v a r i o u s  c l a s s e s  o f  
compounds. The TLC b e h a v i o r  o f  t h e  
c e n t r a l  p o r t i o n  o f  t h e  i n t r a c e l l u l a r  
p e a k ,  t h e  t r a i l i n g  e d g e  o f  t h e  e x o c e l -  
l u l a r  p e a k ,  a n d  t h e  l e a d i n g  edge  o f  
t h e  c o n t r o l  f rom a  s i n g l e  s o l v e n t  s y s -  
tem a r e  shown i n  F i g .  1 2 .  

I t  was e v i d e n t  t h a t  t h e  m o b i l i t y  
o f  t h e  i n t r a c e l l u l a r  a n d  e x o c e l l u l a r  
s o l u t i o n s  was g r e a t l y  r e d u c e d .  The 
d i s t r i b u t i o n  o f  Pu a l o n g  t h e  p a t h  o f  
m i g r a t i o n  i n  b o t h  s o l u t i o n s  was a l s o  
g r e a t l y  a l t e r e d  i n d i c a t i n g  t h e  p r e s -  
e n c e  of compounds d i f f e r e n t  f rom 
2 3 8 ~ u 2  (DTPA) 3 .  The TLC a n a l y s i s  o f  
a l l  f r a c t i o n s  i n  t h e  s i x  TLC s o l v e n t  
s y s t e m s  r e v e a l e d  c h r o m a t o g r a p h i c  b e -  
h a v i o r  f o r  t h e  e x o c e l l u l a r  med ia  
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which  d i f f e r e d  f r o m  t h e  c o n t r o l  i n  
f o u r  o f  t h e  s o l v e n t  s y s t e m s .  The i n -  
t r a c e l l u l a r  f r a c t i o n  d e m o n s t r a t e d  t h e  
g r e s e n c e  o f  compounds d i f f e r i n g  f rom 

3 8 ~ u 2 ( ~ ~ ~ ~ ) 3  i n  a l l  s i x  TLC s o l v e n t  
s y s t e m s ,  c o n f i r m i n g  a  m i c r o b i a l l y  
m e d i a t e d  c h a n g e  i n  Pu f o r m .  
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When f r a c t i o n s  ( F i g .  1 1 )  f rom t h e  
l e a d i n g  e d g e  o f  t h e  s o l u b l e  i n t r a -  
c e l l u l a r  f r a c t i o n ,  t h e  c e n t r a l  p o r -  
t i o n  o f  t h e  e x o c e l l u l a r  f r a c t i o n ,  and  
t h e  l e a d i n g  e d g e  o f  t h e  3 8 P ~ 2  (DTPA) 3 
c o n t r o l  were  s u b j e c t  t o  TLE a n a l y s i s  
( F i g .  1 3 1 ,  t h e  c o n t r o l  m i g r a t e d  t o -  
ward t h e  p o s i t i v e  p o l e  a s  d i d  t h e  
b u l k  o f  t h e  Pu i n  t h e  e x o c e l l u l a r  and  
i n t r a c e l l u l a r  f r a c t i o n s .  

The e x o c e l l u l a r  f r a c t i o n  d i d  n o t  
show a  s t r i k i n g l y  d i f f e r e n t  p a t t e r n  
o f  m i g r a t i o n  w i t h  r e g a r d  t o  t h e  c o n -  
t r o l  a l t h o u g h  t h e  d i s t r i b u t i o n  d i d  
d i f f e r  m a r k e d l y  w i t h i n  t h e  m i g r a t i o n  
r e g i o n .  The i n t r a c e l l u l a r  f r a c t i o n ,  
on t h e  o t h e r  hand, r e v e a l e d  a  m a r k e d l y  
d i f f e r e n t  d i s t r i b u t i o n  o f  a c t i v i t y  
o v e r  t h e  m i g r a t i o n  r e g i o n .  The i n t r a -  
c e l l u l a r  f r a c t i o n  a p p e a r e d  t o  c o n t a i n  
a  l a r g e  component  o f  m a t e r i a l  w i t h  
e i t h e r  l i m i t e d  m o b i l i t y  i n  t h i s  s y s -  
tem o r  a  s m a l l  n e t  n e g a t i v e  m o b i l i t y .  
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FIG. 1 3 .  T h i n  L a y e r  E l e c t r o p h o r e t i c  - 
B e G r  of  P l u t o n i u m - C o n t a i n i n g  
Components S e p a r a t e d  by Column 
Chromatography .  

The e x o c e l l u l a r  f r a c t i o n  d i d  n o t  c o n -  
t a i n  m a t e r i a l  which  r e m a i n e d  a t  t h e  
o r i g i n  o r  m i g r a t e d  t o  t h e  n e g a t i v e  
p o l e .  The i n t r a c e l l u l a r  f r a c t i o n  
c o n t a i n e d  componen t s  m i g r a t i n g  f a r -  
t h e r  t o w a r d s  t h e  p o s i t i v e  p o l e  t h a n  
t h e  e x o c e l l u l a r  f r a c t i o n .  The TLE 
d a t a ,  c o u p l e d  w i t h  t h e  r e s u l t s  of  TLC 
s u g g e s t e d  t h a t  t h e r e  w e r e  some Pu c o n -  
t a i n i n g  components  n o t  common t o  b o t h  
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  
f r a c t i o n s .  
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With r e g a r d  t o  a  mechanism w i t h  
which  t h e  o b s e r v e d  c h a n g e s  m i g h t  b e  
e f f e c t e d ,  t h r e e  mode l s  ( o r  a  combina-  
t i o n  of t h e  t h r e e )  a p p e a r  p o s s i b l e .  
F i r s t ,  t h e  o r g a n i s m  may s y n t h e s i z e  
compounds which  b i n d  Pu more  t i g h t l y  
t h a n  DTPA and  t h u s  may s u c c e s s f u l l y  
compe te  f o r  Pu w i t h  t h e  DTPA p r e s e n t .  
S e c o n d l y ,  t h e  o r g a n i s m  may d e g r a d e  o r  
modi fy  t h e  DTPA t h u s  weaken ing  t h e  
Pu,(DTPA) c h e l a t e  and  a l l o w i n g  Pu 
t r a n s f e r  t o  n a t u r a l  l i g a n d s  p r e s e n t .  

- 
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Pu s t r o n g e r  t h a n  DTPA a r e  q u i t e  l i m -  
i t e d  a l t h o u g h  compounds such  a s  hy- 
droxamate d e r i v a t i v e s ,  c a t e c h o l  d e r i v -  
a t i v e s ,  and t e t r a p y r o l e  r i n g  sys tems  
seem t o  p o s s e s s  t h e  p o t e n t i a l  f o r  
such  s t r o n g  b i n d i n g .  I f  d e g r a d a t i o n  
o r  m o d i f i c a t i o n  of t h e  Pu-DTPA o c c u r s  
p r i o r  t o  any l i g a n d  t r a n s f e r ,  t h e n  a  
myriad of m i c r o b i a l l y - p r o d u c e d  com- 
pounds such  a s  p h e n o l i c  a c i d s ,  pep-  
t i d e s ,  c a r b o x y l i c  a c i d s ,  e t c . ,  become 
p o t e n t i a l  c a n d i d a t e s  f o r  b i n d i n g .  De- 
t o x i f i c a t i o n  mechanisms a r e  wide ly  
p r e v a l e n t  i n  m i c r o b i a l  sys tems  and 
a r e  a l s o  under  c o n s i d e r a t i o n .  

The r e s e a r c h  t o  d a t e  h a s  demon- 
s t r a t e d  t h a t  P u - r e s i s t a n t  microorgan-  
isms which have t h e  a b i l i t y  t o  change 
t h e  chemica l  form of a  h i g h l y  s t a b l e  
Pu complex a r e  p r e s e n t  i n  s o i l .  Con- 
t i n u e d  r e s e a r c h  w i l l  be  d i r e c t e d  t o -  
ward d e t e r m i n a t i o n  of t h e  a b i l i t y  of 
P u - r e s i s t a n t  s o i l  m i c r o b i a l  i s o l a t e s  
(ma in t a ined  i n  s t o c k  c u l t u r e s )  t o  
a l t e r  t h e  s o l u b i l i t y  and m o b i l i t y  of 
t h e  l a r g e l y  i n s o l u b l e  forms of Pu 
p r e s e n t  i n  t h e  envi ronment ,  i . e . ,  
Pu02?  P U ( O H ) ~ ,  and Pu polymer.  These 
s t u d i e s  i n v o l v e  a  s y s t e m a t i c  i n v e s t i -  
g a t i o n  of t h e  major  c l a s s e s  of s o i l  
o rganisms ,  d e t e r m i n a t i o n  of t h e i r  
a b i l i t y  t o  a l t e r  Pu form i n  s o i l ,  i n  
s i t u  a s  w e l l  a s  i n  v i t r o ,  and e v a l u -  
a t i o n  of t h e  s o i l  and envi ronmenta l  
f a c t o r s  i n f l u e n c i n g  t h e i r  a b i l i t y  t o  
t r a n s f o r m  Pu. As such ,  t h e  r e s u l t s  
shou ld  u l t i m a t e l y  p r o v i d e  a  r e a l i s t i c  
e v a l u a t i o n  of  t h e  behav io r  of Pu i n  
s o i l .  Fur thermore ,  t h e s e  i n v e s t i g a -  
t i o n s  mesh w i t h  i n v e s t i g a t i o n s  t o  a s -  
s e s s  t h e  a v a i l a b i l i t y  of  Pu metabo- 
l i t e s  t o  p l a n t s  and shou ld  p rov ide  
i n s i g h t  i n t o  t h e  p o t e n t i a l  f o r  en-  
t r a n c e  of Pu i n t o  f o o d s t u f f s  ove r  t h e  
l ong - t e rm .  

Uptake and Distribution of Plutonium in 
Soybean Tissues as a Function of Time 
Following Germination 

D. A. Cataldo, R. C. Routson, 
R. E. Wildung and T. R. Garland 

These s t u d i e s  w i t h  s even  s o i l s  r e p -  
r e s e n t  a  p o r t i o n  of a  c o n t i n u i n g  p ro -  
gram t o  c o r r e l a t e  p h y s i c a l  and chem- 
i c a l  p r o p e r t i e s  of  35 s o i l  t y p e s  w i t h  
p l a n t  a v a i l a b i l i t y  of  Pu (Wildung 
e t  a l . ,  1 9 7 4 ) .  The o b j e c t i v e s  of 
t h e s e  i n v e s t i g a t i o n s  a r e  t o  1 )  d e t e r -  
mine t h e  r a t e  of  Pu up t ake  w i t h  r e -  
s p e c t  t o  p l a n t  age ,  2 )  d e t e rmine  t h e  
f e a s i b i l i t y  of u s i n g  s h o r t - t e r m  p l a n t  

up t ake  d a t a  t o  e v a l u a t e  Pu a v a i l a b i l -  
i t y  w i t h  r e s p e c t  t o  s o i l  t y p e ,  3 )  d e -  
t e rmine  t h e  p a t t e r n  of up t ake  and 
d i s t r i b u t i o n  f o r  i n d i v i d u a l  p l a n t  com- 
p o n e n t s ,  and 4) de t e rmine  whether  Pu 
d e p o s i t e d  o r  accumulated i n  v e g e t a -  
t i v e  t i s s u e s  i s  r emob i l i z ed  t o  d e v e l -  
op ing  t i s s u e s  on s enescence  of e a r l y -  
formed t i s s u e s  ( c o t y l e d o n s ,  p r imary  
l e a v e s ,  and f i r s t  t r i f o l i a t e s )  . 

The seven  s o i l s  employed i n  t h i s  
s t u d y  were c h a r a c t e r i z e d  ( f o r e g o i n g  
r e p o r t )  and subsampled a s  p r e v i o u s l y  
d e s c r i b e d .  P l a n t s  were grown on 
400 g  s o i l  amended w i t h  10 uCi/g 
2 3 8 P u ( ~ 0 3 ) 4  u s i n g  t h e  s p l i t - r o o t  t e c h -  
n ique  (Wildung and Gar land ,  1974 ) .  
P l a n t s  grown on each  s o i l  were sam- 
p l e d  a t  r e g u l a r  i n t e r v a l s  from 4  t o  
94 days  f o l l o w i n g  ge rmina t i on .  T i s -  
s u e s  were oven -d r i ed  a t  60°C, weighed,  
a shed ,  and t h e  a s h  resuspended  i n  
6 N HN03 and ana lyzed  f o r  Pu a l p h a  
a c t i v i t y  u s i n g  a  2a c o u n t i n g  sys tem.  
Three p l a n t s  were sampled a t  e ach  
d a t e ,  w i t h  s h o o t  t i s s u e s  and r o o t s  
( a f t e r  30 days )  ana lyzed  s e p a r a t e l y .  

Accumulat ion of Pu by soybean 
s h o o t s  was l i n e a r  f o r  t h e  f i r s t  32 t o  
53 days  f o l l o w i n g  ge rmina t i on  f o r  a l l  
s o i l s  s t u d i e d .  Uptake i n  f o u r  s o i l s  
( F i g .  14)  fo l l owed  t h e  o r d e r  Puya l lup  
> Muscat ine  > Pa louse  > Q u i l l a y u t e .  
S i m i l a r  up t ake  c u r v e s  were o b t a i n e d  
f o r  R i t z v i l l e ,  Hesson, and Salkum, 
which were q u a n t i t a t i v e l y  s i m i l a r  
w i t h  r e s p e c t  t o  up t ake  f o r  t h i s  t ime  
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FIG. 14.  Time Course of  Accumulat ion 
of Plutonium by Shoot  T i s s u e s  o f  Soy- 
bean P l a n t s  Grown on Four Rep re sen t a -  
t i v e  S o i l s .  



p e r i o d  t o  P u y a l l u p ,  M u s c a t i n e ,  and 
P a l o u s e ,  r e s p e c t i v e l y .  A f t e r  t h i s  TABLE 7 .  R e l a t i o n s h i p  Between P l u -  
t i m e  p e r i o d ,  t h e  r a t e  o f  a c c u m u l a t i o n  -- t on ium Uptake R a t e  by Soybeans  and 
of  Pu by s h o o t  t i s s u e s  d e c r e a s e d  S o i l  O r g a n i c  C C o n t e n t .  
s l i g h t l y  f o r  p l a n t s  grown on P u y a l l u p ,  
Hesson ,  and Q u i l l a y u t e ,  b u t  r emained  
r e l a t i v e l y  c o n s t a n t  f o r  t h o s e  grown .Average 

S o i l  O r g a n i c  i i c s ~ m u l n t i o ~ ~  
on R i t z v i l l e ,  P a l o u s e ,  M u s c a t i n e ,  and  S o i l  C C o n t e n t  Rat  e a  
Salkum. 

d ! ~ r n i d a y  

A l t h o u g h  d e f i n i t i v e  judgment w i t h  
r e s p e c t  t o  s p e c i f i c  p h y s i c a l  and chem- 
i c a l  c h a r a c t e r i s t i c s  o f  s o i l  which i n -  
f l u e n c e  p l a n t  a v a i l a b i l i t y  o f  Pu mus t  
a w a i t  c o m p l e t i o n  o f  s t u d i e s  w i t h  t h e  
r e m a i n d e r  o f  s o i l s ,  i t  d o e s  a p p e a r  
t h a t  p l a n t  u p t a k e  may be i n v e r s e l y  r e -  
l a t e d  t o  s o i l  o r g a n i c  m a t t e r  c o n t e n t .  
The r a t e  o f  u p t a k e  o f  Pu (dpin accumu- 
l a t e d  i n  s h o o t s / d a y )  a v e r a g e d  f rom 
t h e  f i r s t  30  d a y s  o f  g r o w t h ,  and  o r -  
g a n i c  C c o n t e n t  f o r  e a c h  o f  t h e  s o i l s  
s t u d i e d  a r e  g i v e n  i n  T a b l e  7 .  With 
t h e  e x c e p t i o n  o f  p l a n t s  grown on 
Hesson  s o i l ,  t h e r e  i s  a n  i n v e r s e  r e -  
l a t i o n s h i p  be tween  o r g a n i c  C c o n c e n -  
t r a t i o n  and  t h e  r a t e  o f  p l a n t  u p t a k e  
o f  Pu. T h i s  may s u g g e s t  t h a t  o r g a n i c  
m a t t e r  i n  s o i l s  p l a y s  a  r o l e  i n  immo- 
b i l i z a t i o n  o f  Pu r e d u c i n g  a v a i l a b i l -  
i t y  f o r  p l a n t  u p t a k e  o v e r  t h e  s h o r t -  
t e r m .  

At a p p r o x i m a t e l y  3 0  d a y s  f o l l o w i n g  
g e r m i n a t i o n ,  r o o t s  p e n e t r a t e  t h e  
g r a v e l  and  s c r e e n  s e p a r a t i n g  t h e  s o i l  
a n d  n u t r i e n t  s o l u t i o n  c o m p a r t m e n t s  i n  
t h e  s p l i t - r o o t  a s s e m b l y .  A f t e r  a b o u t  
50 d a y s ,  t h e s e  r o o t s  c o n t a i n  a  s i g -  
n i f i c a n t  f r a c t i o n  o f  t h e  Pu accumu- 

- 1 a t e d  by t h e  p l a n t .  I n  f a c t ,  w i t h  

a . \cc l imula t lon  r a t e  d e t e r m i n e d  f r o m  u i , t a h e  
~ i ; ~ t a  l > c t ~ < e c n  -1 an<! i O  d a y s  S o l l o ~ ~ i ~ ~ ~  
g e r m i n a t i o n .  

t h e  e x c e p t i o n  o f  p l a n t s  grown on 
Hesson s o i l ,  t h e  r o o t  c o n t e n t  o f  Pu 
a t  t h e  l a s t  s a m p l i n g  t i m e  was g r e a t e r  
t h a n  t h a t  o f  t h e  s h o o t  ( T a b l c  8 ) .  
The marked i n c r e a s e  i n  t h e  c o n c e n t r a -  
t i o n  o f  Pu i n  t h e  r o o t s  may r e s u l t  
f rom a n  i n c r e a s e  i n  Pu t r a n s l o c a t i o n  
downward t o  t h e  r o o t s  f rom t h e  s o i l  
a t  f l o x e r i n g  a t  a b o u t  45 d a y s  ( F i g .  1 5 )  
o r  f rom r e m o b i l i z a t  i o n  downward f rom 
r o o t s  i n  s o i l  t o  r o o t s  i n  t h e  n u t r i e n t  
s o l u t i o n .  

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

TABLE 8 .  D i s t r i b u t i o n  o f  P l u t o n i u m  Between 
S h o o t  and  Root T i s s u e s  o f  Soybean P l a n t s .  

Y i e l d  of P l u t o n i u m  
[lays > \ f t e r  P l a n t  T i s s u e s  C o n c e n t r a t  i o n  

5.311 C e r ~ ~ ~ i n a t i o n  L 00 t S h o o t  ROO t S h o o t  - - - 

P a l o u s e  3 1 0 . 3 9 0 6  2 . 1 1 1 5  1 0  1 , 1 8 0  
9  1  2 .0613  2 8 . 2 7 8 2  6 , 0 6 9  2 , 7 8 7  

Q u i l l a y u t e  28 0 . 1 5 1 8  1 . 0 1 7 2  4 4  6 1 1  
7 6 1 . 4 3 9 6  2 5 . 6 7 6 0  1 , 2 1 3  614 



g e r m i n a t i o n .  The e x t e n t  o f  accumula-  
t i o n  and d i s t r i b u t i o n  o f  Pu i n  t i s -  
s u e s  f rom soybean  p l a n t s  grown on 
R i t z v i l l e  s o i l  i s  shown i n  F i g .  1 5 .  
S i m i l a r  r e s u l t s  were  o b t a i n e d  £ o r  
p l a n t s  grown on t h e  o t h e r  s i x  s o i l s .  
The c o t y l e d o n s  and p r i m a r y  l e a v e s  a t -  
t a i n e d  n e a r  maximum Pu c o n t e n t  a t  
20 d a y s .  Stem t i s s u e  c o n t a i n e d  a n  
i n i t i a l  maximum Pu c o n t e n t  a t  4 d a y s ,  
d e c r e a s e d  r a p i d l y  by 1 0  d a y s ,  and r e -  
mained r e l a t i v e l y  c o n s t a n t  t o  40 d a y s .  
Between 1 2  and 40 d a y s ,  t h e  f i r s t  and 
second  t r i f o l i a t e  d e v e l o p e d  and r o o t s  
grew t h r o u g h  t h e  s c r e e n ,  and i n t o  t h e  
n u t r i e n t  s o l u t i o n .  A l l  o f  t h e s e  t i s -  
s u e s  e x h i b i t e d  a  g r a d u a l  i n c r e a s e  i n  
Pu c o n t e n t .  A f t e r  42 d a y s ,  a l l  t i s -  
s u e s  w i t h  t h e  e x c e p t i o n  of  c o t y l e d o n s  
and p r i m a r y  l e a v e s  showed a  marked i n -  
c r e a s e  i n  Pu a c c u m u l a t i o n .  I t  i s  u n -  
c e r t a i n  w h e t h e r  t h i s  i n c r e a s e  was t h e  
r e s u l t  o f  i n c r e a s e d  u p t a k e  by r o o t s  
a l r e a d y  formed i n  t h e  s o i l  o r  i n -  
c r e a s e d  g rowth  and s u b s e q u e n t  r o o t  
u p t a k e  by newly formed r o o t s  i n  t h e  
s o i l  compar tment .  However, t h e  i n -  
c r e a s e d  a c c u m u l a t i o n  d o e s  o c c u r  a t  a  
t i m e  o f  r a p i d  d r y  m a t t e r  p r o d u c t i o n  
and g rowth  o f  s h o o t  t i s s u e s .  T h i s  i s  
d e m o n s t r a t e d  more c l e a r l y  i n  F i g .  1 6  
which shows t h e  e x t e n t  o f  Pu accumula -  
t i o n  and d r y  m a t t e r  p r o d u c t i o n  by s o y -  
bean s h o o t  and r o o t  t i s s u e s  w i t h  r e s -  
p e c t  t o  p l a n t  a g e .  Assuming t h a t  
r o o t s  c o n f i n e d  t o  t h e  s o i l  e x h i b i t e d  
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s i m i l a r  g rowth  p a t t e r n s ,  i t  i s  p o s s i -  
b l e  t h a t  Pu u p t a k e  by p l a n t s  i s  r e g u -  
l a t e d  by p l a n t  demand f o r  a n  e lemen-  
t a l  s p e c i e s  a n a l o g o u s  t o  Pu. 

An i m p o r t a n t  a s p e c t  of t h e s e  d a t a  
on t i s s u e  a c c u m u l a t i o n  i s  t h a t  t h e r e  
i s  a p p a r e n t l y  no remobi1 iza ; ion  o f  
a c c u m u l a t e d  Pu on s e n e s c e n c e  o f  e a r l y  
formed t i s s u e s  s u c h  a s  t h e  p r i m a r y  
l e a v e s  and c o t y l e d o n s .  T h i s  would 
s u g g e s t  t h a t  Pu ,  once  a c c u m u l a t e d  by 
p l a n t  r o o t s ,  i s  r a p i d l y  removed f rom 
t h e  t r a n s p o r t  pathway (xylem s y s t e m )  
by b a s i p e t a l  t i s s u e s  where i t  i s  e f -  
f e c t i v e l y  immobi l i zed  o r  s t o r e d .  

I n  summary, f rom t h e  t i m e - d e p e n -  
d e n t  a c c u m u l a t i o n  d a t a  p r e s e n t e d  f o r  
s o y b e a n s  grown on s e v e n  s o i l s  by t h e  
s p l i t - r o o t  t e c h n i q u e ,  i t  may be  c o n -  
c l u d e d  t h a t  1 )  Pu a c c u m u l a t i o n  by 
s h o o t  t i s s u e s  i s  l i n e a r  o v e r  t h e  
f i r s t  3 0  t o  50  d a y s  o f  g rowth  and 
t h a t  t h e  r a t e  of  a c c u m u l a t i o n  (dpm 
a c c u m u l a t e d  i n  s h o o t / d a y )  i s  i n -  
v e r s e l y  r e l a t e d  t o  s o i l  o r g a n i c  C c o n -  
t e n t ,  2) Pu a c c u m u l a t i o n  i n  s h o o t  t i s -  
s u e s  d e c r e a s e s  f rom o l d e r ,  b a s i p e t a l  
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FIG. 1 6 .  T o t a l  P l u t o n i u m  D e p o s i t i o n  
FIG. 1 5 .  Accumula t ion  o f  P l u t o n i u m  and  Dry M a t t e r  Accumula t ions  f o r  
i n  T i s s u e s  o f  D e v e l o p i n g  Soybean Shoot  and Root  T i s s u e s  of  Soybean 
P l a n t s  Grown on R i t z v i l l e  S o i l .  P l a n t s  Grown on R i t z v i l l e  S o i l .  



t o  y o u n g e r ,  a c r o p e t a l  t i s s u e s ,  
3)  r o o t  t i s s u e s  a p p e a r  t o  b e  a  s i g -  
n i f i c a n t  s i n k  f o r  Pu a b s o r b e d  by 
p l a n t s ,  e s p e c i a l l y  a f t e r  a p p r o x i -  
m a t e l y  40 d a y s  o f  g r o w t h ,  4)  r e m o b i l i -  
z a t i o n  o f  Pu d e p o s i t e d  i n  v e g e t a t i v e  
t i s s u e s  i s  n o t  d e t e c t a b l e ,  and Pu i s  
e f f e c t i v e l y  i m m o b i l i z e d  i n  t h e s e  t i s -  
s u e s  e v e n  a t  s e n e s c e n c e ,  5) t h e  a c c u -  
m u l a t i o n  o f  Pu by s h o o t  a n d  r o o t  t i s -  
s u e s  i s  d i r e c t l y  r e l a t e d  t o  d r y  
m a t t e r  p r o d u c t i o n  and  t h e r e f o r e  a p -  
p e a r s  t o  be  r e g u l a t e d  by m e t a b o l i c  
p r o c e s s e s  o f  t h e  p l a n t .  

R e f e r e n c e s  C i t e d  

Wi ldung ,  R .  E . ,  R .  C .  R o u t s o n ,  
T. R .  G a r l a n d ,  and  A .  V. R o b i n s o n .  
1975 .  S a m p l i n g  a n d  c h a r a c t e r i z a t i o n  
o f  s u r f a c e  s o i l s  f o r  p l u t o n i u m  s t u d -  
i e s .  I n :  B a t t e l l e  P a c i f i c  N o r t h w e s t  
L a b o r a t o r y ,  Annual  R e p o r t  f o r  1 9 7 4 .  
BNWL-1950, P t .  2 .  R i c h l a n d ,  
Washing t o n  

Wi ldung ,  R .  E .  and  T. R .  G a r l a n d .  
1 9 7 4 .  I n f l u e n c e  o f  s o i l  p l u t o n i u m  
c o n c e n t r a t i o n  on p l u t o n i u m  u p t a k e  and 
d i s t r i b u t i o n  i n  s h o o t s  a n d  r o o t s  o f  
b a r l e y .  J.. , V o l .  22 ,  
No. 5.  

Accumulation and Distribution of 238Pu in 
Mature Soybean Plants Grown in Soils of 
Different Properties 

D. A. Cataldo, T. R. Garland, R .  E. Wildung 
and R .  C. Routson 

The a b i l i t y  o f  s o i l - d e p o s i t e d  Pu 
t o  e n t e r  t h e  f o o d  c h a i n  o f  man i s  i m -  
p o r t a n t  i n  e v a l u a t i n g  t h e  p o t e n t i a l  
h a z a r d  t o  man imposed  by l o w - l e v e l ,  
l o n g - t e r m  e n v i r o n m e n t a l  t r a n s p o r t  v i a  
t h e  s o i l - p l a n t  s y s t e m .  A l t h o u g h  
t r a n s p o r t  a n d  h a z a r d  mode l s  r e c o g n i z e  
t h e  i m p o r t a n c e  o f  t h e  i n h a l a t i o n  

r o u t e s ,  l i t t l e  d e f i n i t i v e  i n f o r m a t i o n  
i s  a v a i l a b l e  w i t h  r e g a r d  t o  t h e  i n g e s -  
t i o n  r o u t e .  The p r e s e n t  s t u d y  a t -  
t e m p t s  t o  e l u c i d a t e  t h e  m a g n i t u d e  of  
Pu t r a n s p o r t  i n  t h e  s o i l - p l a n t  s y s t e m  
and t h e  e f f e c t  o f  v a r i o u s  p h y s i c a l  
and  c h e m i c a l  p a r a m e t e r s  o f  35 d i f f e r -  
e n t  s o i l s  i n  i n f l u e n c i n g  t h e  b i o -  
a v a i l a b i l i t y  o f  s o i l - d e p o s i t e d  Pu.  

Of t h e  35 s o i l s  o r i g i n a l l y  s e -  
l e c t e d  f o r  s t u d y ,  p l a n t s  h a v e  b e e n  
grown and h a r v e s t e d  a t  m a t u r i t y  on 
s e v e n  s o i l s .  The Pu c o n t e n t s  o f  
t h e s e  p l a n t  t i s s u e s  a r e  c u r r e n t l y  
b e i n g  d e t e r m i n e d .  P l a n t  m a t u r i t y  f o r  
t h e s e  s t u d i e s  h a s  b e e n  d e f i n e d  a s  
t h a t  s t a g e  o f  p l a n t  d e v e l o p m e n t  when 
50% o f  t h e  b e a n  pods  a r e  y e l l o w .  
T h i s  v a r i e d  w i t h  s o i l  s t u d i e d ,  b u t  
was a p p r o x i m a t e l y  8 2 - 9 0  d a y s  f o l l o w -  
i n g  g e r m i n a t i o n .  P h y s i c a l  a n d  chem- 
i c a l  p a r a m e t e r s  f o r  t h e s e  s e v e n  
s o i l s  a n d  o t h e r s  c u r r e n t l y  u n d e r  
s t u d y  have  b e e n  d i s c u s s e d  ( s e e  f o r e -  
g o i n g  r e p o r t ) .  

The d i s t r i b u t i o n  o f  Pu i n  m a t u r e  
s o y b e a n  p l a n t s  i s  b e i n g  e v a l u a t e d  by 
a n a l y s i q  o f  Pu c o n c e n t r a t i o n  i n  s t e m ,  
l e a f ,  p o d ,  a n d  s e e d  t i s s u e s .  T i s s u e s  
w e r e  c o l l e c t e d  f r o m  t h r e e  s h o o t  r e -  
g i o n s :  1 )  t i s s u e s  f rom t h e  l o w e r  
f o u r  n o d e s ,  fo rmed  a t  a p p r o x i m a t e l y  
27 d a y s  a f t e r  g e r m i n a t i o n ,  2) n o d e s  
5  t h r o u g h  8 ,  fo rmed  be tween  27 a n d  
a p p r o x i m a t e l y  39 d a y s ,  and 3)  n o d e s  
9  t h r o u g h  12  which  were  formed a f t e r  
39 d a y s .  T h i s  w i l l  n o t  o n l y  p r o v i d e  
i n f o r m a t i o n  on t o t a l  p l a n t  u p t a k e  and  
c o n c e n t r a t i o n s  o f  Pu i n  t h e  s e e d ,  b u t  
w i l l  a l s o  p e r m i t  e v a l u a t i o n  o f  t h e  
d i s t r i b u t i o n  o f  Pu b e t w e e n  o l d e r  and  
y o u n g e r  p l a n t  t i s s u e s  t o  a i d  i n  t h e  
a s s e s s m e ' n t  o f  t h e  k i n e t i c s  o f  Pu u p -  
t a k e  by s o y b e a n s .  

F o r  f u r t h e r  i n f o r m a t i o n  on t r a n s u r a n i u m  e l e m e n t  behav-  
i o r  r e f e r  t o :  

W e a t h e r i n g  and  Aging o f  T r a n s u r a n i c s  i n  S o i l ,  T e r r e s -  
t r i a l  E c o l o g y  S e c t i o n ,  pp.  1 7 6 - 1 8 2 .  

Q u a n t i t a t i v e  A s p e c t s  o f  E n v i r o n m e n t a l  P l u t o n i u m  S t u d i e s ,  
A n a l y s i s  o f  N a t u r a l  S y s t e m s  S e c t i o n ,  p p .  1 5 - 1 8 .  

B i o g e o c h e m i s t r y  o f  P l u t o n i u m  and  Americ ium i n  M a r i n e  1 S y s t e m s ,  M a r i n e  S c i e n c e s  S e c t i o n ,  pp .  1 5 3 - 1 5 5 .  I 
! 

E c o l o g i c a l  D i s t r i b u t i o n  a n d  F a t e  o f  P l u t o n i u m  and  \ 

Americ ium i n  a  P r o c e s s i n g  Waste Pond on  t h e  H a n f o r d  
R e s e r v a t i o n ,  F r e s h w a t e r  S c i e n c e s  S e c t i o n ,  p p .  9 3 - 9 8 .  I 
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The t e r r e s t r i a l  a s p e c t s  of  t h e s e  i n v e s t i g a t i o n s ,  which  i n v o l v e  

c l o s e  c o o p e r a t i o n  be tween  s o i l  and p l a n t  s c i e n t i s t s ,  a r e  d i r e c t e d  

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

k i n e t i c  and m e t a b o l i c  f a c t o r s  g o v e r n i n g  t h e  a v a i l a b i l i t y  of  nu-  

c l e a r  and n o n n u c l e a r  w a s t e s  t o  p l a n t s .  P r i n c i p a l  r e c e n t  e m p h a s i s  

h a s  b e e n  p l a c e d  on t e c h n e t i u m ,  a  n u c l e a r  w a s t e  which  may a l s o  

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

t a n t s  i n  s o i l s  and  p l a n t s .  

I n  a q u a t i c  s e d i m e n t  s t u d i e s ,  i n v e s t i g a t i o n s  have  b e e n  d i r e c t e d  

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

m a t t e r  and s e d i m e n t s  o f  t h e  l o w e r  Columbia  R i v e r  w a t e r s h e d  and  

m e r c u r y  form and d i s t r i b u t i o n  i n  w a t e r ,  s u s p e n d e d  m a t t e r ,  s e d i -  

m e n t s ,  and  f i s h  a s  i n f l u e n c e d  by s e a s o n a l  and m a n - i n d u c e d  c h a n g e s  

i n  w a t e r s h e d  and r i v e r  c o n d i t i o n s .  

The s o i l  and s e d i m e n t  s t u d i e s  o u t l i n e d  h e r e i n  c l o s e l y  i n t e r -  

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

r a d i o n u c l i d e s  i n  t e r r e s t r i a l  and a q u a t i c  s t u d i e s  o u t l i n e d  i n  t h e  

F r e s h w a t e r  S c i e n c e s  a n d  T e r r e s t r i a l  Eco logy  s e c t i o n s  o f  t h i s  

r e p o r t .  

Accumulation of Technetium from Soil by Plants. 
I. Uptake of Technetium from Soil by 
Soybeans and Wheat 

R .  E. Wildung, D. A. Cataldo and 
T. R. Garland 

The i s o t o p e  9 9 ~ c ,  which h a s  a  
h a l f - l i f e  of  2 .15  x  l o 5  y r ,  i s  p r o -  
duced  by t h e  s p o n t a n e o u s  f i s s i o n  o f  
2 3 B ~  i n  n a t u r e  and  by t h e  s l o w  neu-  
t r o n  f i s s i o n  o f  2 3 8 ~  i n  n u c l e a r  
r e a c t o r s .  I n  a d d i t i o n  t o  n a t u r a l  
b a c k g r o u n d ,  t h e  p o t e n t i a l  t h e r e f o r e  
e x i s t s  f o r  Tc e n t r a n c e  i n t o  t h e  e n -  
v i r o n m e n t  i n  e m i s s i o n s  f rom n u c l e a r  
r e a c t o r s ,  n u c l e a r  f u e l  r e p r o c e s s i n g  
p l a n t s ,  a n d  o t h e r  f a c i l i t i e s  which  
u s e  Tc f o r  commerc ia l  p u r p o s e s .  

A l t h o u g h  p u b l i s h e d  i n f o r m a t i o n  o n  
Tc u p t a k e  by p l a n t s  was n o t  a v a i l -  
a b l e  when t h i s  s t u d y  was i n i t i a t e d ,  
s e v e r a l  f a c t o r s  s u g g e s t e d  t h a t  Tc 
a v a i l a b i l i t y  t o  p l a n t s  s h o u l d  b e  
i n v e s t i g a t e d .  

The most  s t a b l e  c h e m i c a l  s p e c i e s  
o f  Tc i n  aqueous  s o l u t i o n  i s  t h e  
p e r t e c h n e t a t e  i o n  (Tc04 I ) ,  and i t  
i s  t h i s  f o r m  which i s  most  l i k e l y  t o  
e n t e r  s u r f a c e  s o i l s .  P r e v i o u s  s t u d -  
i e s  (Wildung e t  a l . ,  1 9 7 4 ~ 1 , ~ )  i n d i -  
c a t e d  t h a t ,  a t  l e a s t  o v e r  t h e  s h o r t -  
t e r m  u n d e r  a e r o b i c  c o n d i t i o n s ,  Tc 
a p p l i e d  t o  s o i l  a s  p e r t e c h n e t a t e ,  
was s o l u b l e  and h i g h l y  m o b i l e  i n  most  
s o i l s  a n d  was s o r b e d  i n  s i g n i f i c a n t  



q u a n t i t i e s  o n l y  i n  h i g h  o r g a n i c  m a t -  
t e r ,  low pH s o i l s .  S o l u b l e  i o n s  n o t  
n o r m a l l y  p r e s e n t  i n  s o i l  h a v e  t h e  
p o t e n t i a l  f o r  c o m p e t i n g  w i t h  o t h e r  
i o n s  i n  t h e  s o i l  s o l u t i o n  f o r  mem- 
b r a n e  c a r r i e r  s i t e s  r e s p o n s i b l e  f o r  
i o n  u p t a k e  by p l a n t  r o o t s .  F u r t h e r -  
more ,  p r e l i m i n a r y  s t u d i e s  (Wildung 
e t  a l .  , 1974b) i n d i c a t e d  t h a t  Tc was 
t a k e n  up i n  s u b s t a n t i a l  q u a n t i t i e s  
by s o y b e a n s .  F o r  t h e s e  r e a s o n s ,  
s t c d i e s  w e r e  i n i t i t a t e d  t o  1) d e t e r -  
mine i f  T c ,  amended t o  s o i l  a s  p e r -  
t e c h n e t a t e ,  was a v a i l a b l e  t o  s o y b e a n  
and  whea t  p l a n t s  a t  r e l a t i v e l y  low 
s o i l  c o n c e n t r a t i o n s ,  2 )  o b t a i n  a n  
e s t i m a t e ,  f o r  s u b s e q u e n t  s t u d i e s ,  of 
t h e  s o i l  c o n c e n t r a t i o n s  r e q u i r e d  t o  
r e s u l t  i n  d e t e c t a b l e  q u a n t i t i e s  of 
Tc i n  v a r i o u s  s t r u c t u r a l  components  
o f  t h e  p l a n t s ,  a n d  3) d e t e r m i n e  i f  
a n i o n s  l i k e l y  t o  b e  p r e s e n t  i n  t h e  
s o l u t i o n  s e r v e d  a s  c o m p e t i t o r s  f o r  
p e r t e c h n e t a t e ,  i n f l u e n c i n g  p e r t e c h -  
n e t a t e  u p t a k e  by p l a n t s .  The r e s u l t s  
o f  r e s e a r c h  c o n d u c t e d  t o w a r d  t h i s  
l a t t e r  o b j e c t i v e  a r e  summarized i n  
P a r t  I1 o f  t h i s  r e p o r t .  

Soybean and  w h e a t  p l a n t s  were  
grown i n  p o t s  c o n t a i n i n  a  R i t z v i l l e  
s i l t  loam amended w i t h  g9Tc  ( a s  p e r -  
t e c h n e t a t e )  a t  l e v e l s  r a n g i n g  f rom 
0 . 0 1  t o  5 pg /g  o f  s o i l .  C o n t r o l s  
c o n s i s t e d  of  p l a n t s  c u l t u r e d  i n  an 
i d e n t i c a l  manner  e x c e p t  i n  t h e  a b -  
s e n c e  o f  Tc .  P l a n t s  were  h a r v e s t e d  
30 d a y s  a f t e r  e m e r g e n c e ,  d i s s e c t e d ,  

o v e n - d r i e d  (60°C)  and  a n a l y z e d  f o r  Tc 
by l i q u i d  s c i n t i l l a t i o n  t e c h n i q u e s .  

P h e n o t y p i c  c h a n g e s  i n  r e s p o n s e  t o  
Tc w e r e  o b s e r v e d  w i t h i n  5 d a y s  o f  
p l a n t  emergence .  A t  t h e  0 . 0 1  ug/g  
( o r  1 0  ppb)  l e v e l ,  t h e  s o y b e a n  
p l a n t s  were s i m i l a r  i n  a p p e a r a n c e  t o  
t h e  c o n t r o l s :  A t  t h e  0 . 1  pg/g  l e v e l ,  
c h l o r o s i s  o c c u r r e d  a t  t h e  l e a f  mar -  
g i n s  i n  t h e  f i r s t  t r i f o l i a t e  and  
t h e r e  was a  b rowning  o f  t h e  buds  a n d  
e x p a n d i n g  s e c o n d  t r i f o l i a t e .  A t  t h e  
1 ug/g  l e v e l ,  g r o w t h  d i d  n o t  o c c u r  
a f t e r  c o t y l e d o n  e x p a n s i o n .  A t  t h e  
5 vg/g l e v e l ,  g r o w t h  c e a s e d  3  d a y s  
a f t e r  emergence .  A s i m i l a r  s t u d y  a t  
t h e  0 . 0 0 1  pg/g  ( o r  1 p p b )  l e v e l  was 
v e r y  r e c e n t l y  c o m p l e t e d  and t h e s e  
p l a n t s ,  a s  m i g h t  be e x p e c t e d ,  were  
s i m i l a r  i n  a p p e a r a n c e  t o  t h e  c o n t r o l s .  
A s  i n  t h e  c a s e  of  s o y b e a n s ,  t o x i c i t y  
symptoms i n  w h e a t  were  o b s e r v e d  a t  
t h e  0 . 1  pg/g l e v e l .  The p l a n t s  were  
s t u n t e d  and t h e r e  was a  n e c r o s i s  of  
t h e  b l a d e  t i p s  a n d  m a r g i n s .  Growth 
e s s e n t i a l l y  d i d  n o t  o c c u r  a t  t h e  1 
and 5 pg /g  l e v e l s .  

A s  s u g g e s t e d  by t h e  g r o w t h  c h a r a c -  
t e r i s t i c s  p r i o r  t o  h a r v e s t ,  Tc mark-  
e d l y  r e d u c e d  p l a n t  y i e l d s  a t  s o i l  
c o n c e n t r a t i o n  l e v e l s  above  0 . 1  pg /g  
( T a b l e  9 ) .  The r e a s o n  f o r  Tc t o x - .  
i c i t y  t o  t h e  p l a n t  was a p p a r e n t  o n  
a n a l y s i s  o f  t h e  t i s s u e s .  The Tc was 
r e a d i l y  t a k e n  up and  marked i n c r e a s e s  
i n  Tc c o n c e n t r a t i o n  i n  t h e  a e r i a l  

TABLE 9 .  Techne t ium Uptake  by t h e  A e r i a l  P o r t i o n  o f  
Soybean  and Wheat P l a n t s  Grown a t  D i f f e r e n t  S o i l  
Techne t ium C o n c e n t r a t i o n  L e v e l s .  

S o i l  
P l a n t  Techne t ium F r a c t i o n  o f  T e c h n e t i u m  

Techne t ium P l a n t  Y i e l d  C o n c e n t r a t  i o n  Removed f rom S o i l  

C o n c e n t r a t i o n  s o y b e a n s a  S o y b e a n s  Uheat Soybeans  Wheat 
-- 
- ( )  . - - - - ( g ) - - - -  - - - ( u g / g ) - - -  - - - - - ( % ) -  . - - - 

a ~ o y b e a n  l e a v e s  and  buds  were  o n l y  p a r t i a l l y  d c v e l o p e d  o r  d i d  n o t  fo rm a t  s o i l  
b t e c h n e t i u m  l e v e l s  o f  1 . 0  and  5 . 0  u g / g .  

Wheat d i d  n o t  emerge  f rom t h e  s o i l  a t  s o i l  t e c h n e t i u m  l e v e l s  o f  1 . 0  and  
5 . 0  u g / g .  



p o r t i o n  of t h e  p l a n t  o c c u r r e d  w i t h  
i n c r e a s e d  s o i l  c o n c e n t r a t i o n  u p  t o  a  
h i g h  of 380 v g / g  i n  s o y b e a n s  a t  a  
s o i l  Tc l e v e l  o f  5  v g / g .  The c o n c e n -  
t r a t i o n  g r a d i e n t  i n  t h e  p l a n t s  r e -  
s u l t e d  from two phenomena. F i r s t ,  
a t  t h e  low c o n c e n t r a t i o n ,  where  
p l a n t s  a p p e a r e d  h e a l t h y ,  t h e  p l a n t s  
removed most  o f  t h e  Tc f rom s o i l  w i t h  
88 and 78% of  t h e  Tc a p p l i e d  t o  t h e  
s o i l  p r e s e n t  i n  t h e  a e r i a l  t i s s u e s  
o f  s o y b e a n s  and w h e a t ,  r e s p e c t i v e l y ,  
a f t e r  30 d a y s  o f  g r o w t h ,  l i m i t i n g  
f u r t h e r  u p t a k e .  S e c o n d l y ,  a t  t h e  
h i g h e r  s o i l  c o n c e n t r a t i o n  l e v e l s ,  
i n i t i a l  Tc u p t a k e  was s u f f i c i e n t l y  
h i g h  t o  m a r k e d l y  r e d u c e  y i e l d s ,  
t h e r e b y  l i m i t i n g  t i s s u e  d i l u t i o n .  

The Tc c o n c e n t r a t i o n s  i n  t h e  
v a r i o u s  s o y b e a n  and  wheat  p l a n t  com- 
p o n e n t s  i n c r e a s e d  w i t h  i n c r e a s e d  
s o i l  c o n c e n t r a t i o n  and r e f l e c t e d  t h e  
marked t o x i c i t y  of Tc a t  t h e  1 and  
5  vg /g  l e v e l s  ( T a b l e  l C ) .  The Tc 
was m o b i l e  i n  t h e  s o y b e a n  p l a n t  w i t h  
t h e  h i g h e s t  c o n c e n t r a t i o n s  i n  t h e  
c o t y l e d o n  f o l l o w e d  b y  t h e  l e a v e s ,  
s t e m ,  and bud i n  t i s s u e s  where  t h e s e  
were  formed.  A p o r t i o n  o f  t h e  Tc i n  
t h e  c o t y l e d o n s  may b e  t r a n s l o c a t e d  t o  
o t h e r  p o r t i o n s  o f  t h e  p l a n t  u p  t o  
a p p r o x i m a t e l y  20 d a y s  o f  g r o w t h  a f t e r  
which a b s c i s s i o n  o c c u r s  and f u r t h e r  
i n c r e a s e s  i n  o t h e r  a e r i a l  t i s s u e s  
mus t  o r i g i n a t e  f rom t h e  s o i l .  Wheat 

e x h i b i t e d  t h e  h i g h e s t  Tc c o n c e n t r a -  
t i o n s  i n  t h e  b l a d e .  O t h e r  s t u d i e s  
i n  a  s p l i t - r o o t  s y s t e m  i n d i c a t e d  t h a t  
Tc may b e  t r a n s l o c a t e d  downward t o  
r o o t  t i s s u e s ,  b u t  c o n c e n t r a t i o n s  i n  
t h e  r o o t s  were  l e s s  t h a n  1 v g / g .  
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TABLE 1 0 .  D i s t r i b u t i o n  o f  Techne t ium i n  Soybean and 
Wheat P l a n t s  Grown i n  S o i l  a t  D i f f e r e n t  Techne t ium 
C o n c e n t r a t i o n  L e v e l s .  

S o i l  s o y b e a n s a  Iv'he a t  b  
T e c h n e t i u m  

Pocl B l a d e  Culm Head C o n c e n t r a t i o n  C o t y l e d o n  Stem L e a v e s  
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5 . 0  u g / g .  
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The r e l a t i v e l y  h i g h  a f f i n i t y  of  
p l a n t s  f o r  Tc a t  t h e  low s o i l  c o n c e n -  
t r a t i o n s  d e s c r i b e d  i n  t h e  f o r e g o i n g  
s t u d i e s  s u g g e s t e d  t h a t  Tc a s  p e r -  
t e c h n e t a t e  ('i'cO4 1 )  may s e r v e  a s  an  
a n a l o g  f o r  o t h e r  a n i o n s  i n  s o i l  s o l u -  
t i o n  compe t ing  f o r  a  p o s i t i o n  on mem- 
b r a n e  c a r r i e r  s i t e s  a t  t h e  p l a n t  r o o t  
l e v e l .  Once i n  t h e  p l a n t ,  t h e  Tc 
t o x i c i t y  m i g h t  r e s u l t  f rom r a d i a t i o n  
e f f e c t s ,  o r ,  i f  p e r t e c h n e t a t e  s e r v e d  
a s  a  n o n f u n c t i o n a l  n u t r i e n t  a n a l o g ,  
f rom c h e m i c a l  e f f e c t s ,  s u c h  a s  s u b -  
s t i t u t i o n  o f  Tc f o r  a n  e l e m e n t  e s s e n -  
t i a l  i n  a n  enzyme s y s t e m .  

To p r o v i d e  i n s i g h t  i n t o  t h e  mech- 
an i sm r e a s o n a b l e  f o r  Tc u p t a k e  and 
t o x i c i t y ,  i n v e s t i g a t i o n s  o f  Tc u p -  
t a k e  i n  n u t r i e n t  s o l u t i o n s  w e r e  u n d e r -  
t a k e n .  N u t r i e n t  s o l u t i o n s  a l l o w e d  
c o n t r o l  of  s o l u t i o n  a n i o n  c o n c e n t r a -  
t i o n  and  were  c o n s i d e r e d  r e l e v a n t  i n  
v iew of t h e  h i g h  Tc u p t a k e  v a l u e s  and 
m i n i m a l  s o i l  s o r p t i o n  o f  p e r t e c h n e -  
t a t e  (Kd v a l u e s  o f  0 . 0 0 7  t o  2 . 8 ;  
Wildung e t  a l . ,  1 9 7 4 ) .  

The o b j e c t i v e s  o f  t h e s e  s t u d i e s  
a r e  t o  1 )  e v a l u a t e  t h e  c o n c e n t r a -  
t i o n  d e p e n d e n c e  o f  p e r t e c h n e t a t e  u p -  
t a k e ,  2) d e t e r m i n e  t h e  l o w e r  p e r -  
t e c h n e t a t e  c o n c e n t r a t i o n  l i m i t  
r e q u i r e d  f o r  p l a n t  r o o t  a b s o r p t i o n ,  
3) d e t e r m i n e  t h e  m o b i l i t y  a n d  d i s -  
t r i b u t i o n  o f  r o o t  a b s o r b e d  p e r t e c h -  
n e t a t e  w i t h i n  t h e  s o y b e a n  p l a n t  i n -  
d i r e c t l y  f o l l o w i n g  u p t a k e  ( 6 9  d a y s  
o f  g r o w t h )  a n d  a t  m a t u r i t y  (90 d a y s  
o f  g r o w t h ) ,  and  4 )  d e t e r m i n e  i f  
n u t r i e n t  a n i o n s ,  o r  exogenous  a n i o n s  
w i t h  p o t e n t i a l  f o r  r e m e d i a l  e f f e c t s  
c o u l d  be a n a l o g s  o f  p e r t e c h n e t a t e .  
I n v e s t i g a t i o n  of  t h e  l a t t e r  phenom- 
e n a  may p r o v i d e  i n f o r m a t i o n  a s  t o  
t h e  mechanism o f  p e r t e c h n e t a t e  a c c u -  
m u l a t i o n  by p l a n t s  and  s u g g e s t  p o s -  
s i b l e  r e m e d i a l  me thods  t o  c o n t r o l  
i t s  a v a i l a b i l i t y  i n  r e s t r i c t e d  
s i t u a t i o n s .  

Soybean p l a n t s  employed i n  t h e s e  
s t u d i e s  w e r e  i n i t i a l l y  grown 30-40  
days  ( e x c e p t  a s  n o t e d )  i n  a e r a t e d  
H o a g l a n d ' s  s o l u t i o n  d i l u t e d  1 : 4  w i t h  
w a t e r  (pH 5 . 8 ) .  P r i o r  t o  e v a l u a t i n g  
t e c h n e t i u m  u p t a k e ,  r o o t s  w e r e  r i n s e d  
f r e e  o f  n u t r i e n t  s o l u t i o n ,  p l a c e d  i n  

a  pH 6 . 2  s o l u t i o n  o f  0 . 5  mM CaC12 
f o r  2  h r  t o  l e a c h  a d s o r b e d  i o n s  f rom 
t h e  r o o t  s u r f a c e ,  t r a n s f e r r e d  t o  
500 m l  o f  f r e s h  pH 6 . 2 ,  0 . 5  mM CaC12 
c o n t a i n i n g  9 9 ~ c 0 , - 1  t r a c e d  w i t h  
9 5 m T c 0 4 - 1 ,  and  t h e  p l a n t s  p e r m i t t e d  
t o  a c c u m u l a t e  Tc f o r  2  h r .  P r e l i m i -  
n a r y  e x p e r i m e n t s  showed t h a t  a  pH 
o f  6 . 2  r e s u l t e d  i n  optimum p l a n t  up-  
t a k e  o f  p e r t e c h n e t a t e .  Uptake  was 
shown t o  b e  l i n e a r  f o r  6  h r  i n  
0 . 0 1  mM p e r t e c h n e t a t e  s o l u t i o n s  
(250 m l ) ,  and t h e r e f o r e  n e g l i g i b l e  
d e p l e t i o n  o f  Tc f rom s o l u t i o n  
o c c u r r e d .  F o l l o w i n g  t h e  u p t a k e  
p e r i o d ,  r o o t s  w e r e  b l o t t e d  d r y ,  and 
r i n s e d  t h r e e  t i m e s  (5 min)  i n  0 . 5  mM 
CaC12 s o l u t i o n  t o  remove r e a d i l y  
l e a c h a b l e  Tc .  The p l a n t s  w e r e  d i -  
v i d e d  i n t o  r o o t  and s h o o t  f r a c t i o n s ,  
o v e n - d r i e d ,  w e i g h e d ,  a n d  a n a l y z e d  
f o r  9 5 m ~ c  u s i n g  gamma s p e c t r o m e t r y .  

The r a t e  of  u p t a k e  o f  Tc by t h e  
i n t a c t  p l a n t  was c o n c e n t r a t i o n - .  
d e p e n d e n t  ( F i g .  1 7 )  and e x h i b i t e d  
m u l t i p l e  i s o t h e r m s  o v e r  t h e  c o n c e n -  
t r a t i o n  r a n g e  o f  0 . 0 1  u m  t o  10 u m  
( 1  ppb t o  10 ppm). T h i s  m u l t i p h a -  
s i c  u p t a k e  b e h a v i o r  i s  c h a r a c t e r -  
i s t i c  of  a  membrane c a r r i e r -  
m e d i a t e d  p r o c e s s  and i n d i c a t e s  t h a t  
t h e  r o o t  u p t a k e  mechanism h a s  a  
d e g r e e  of  s p e c i f i c i t y  f o r  Tc .  Mul- 
t i p h a s i c  u p t a k e  r e s p o n s e s  o b t a i n e d  
o v e r  a  b r o a d  c o n c e n t r a t i o n  r a n g e  o f  
s u b s t r a t e s  a r e  t y p i c a l  o f  t h o s e  ob-  
t . a ined  f o r  many c a t i o n i c  and 
a n i o n i c  n u t r i e n t  s p e c i e s  ( i , e .  , 
N O j l ,   SOL^, P 0 c 3 ,  C I - ~ ,  3 ,  ~ n + ~ ,  
C U + ' ,  M ~ + ' ,  hInt2, N H ; ~ ,  ::jl and 
K+~). 
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a a  a1 nz a5 L O  

d 
1.5 2 

TECHNETIUM CONCMTRATION lvMi 

FIG. 1 7 .  C o n c e n t r a t i o n  Dependen t  Up- 
t a k e  o f  P e r t e c h n e t a t e  by 30 d a y - o l d  
Soybean  P l a n t s  Grown H y d r o p o n i c a l l y .  



A l t h o u g h  p l a n t  u p t a k e  o f  Tc i s  an  
e f f i c i e n t  p r o c e s s  a t  s o i l  and  s o l u -  
t i o n  c u l t u r e  c o n c e n t r a t i o n s  o f  
1 x u g / g  ( m 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  would be l o w e r .  S o i l  
e n v i r o n m e n t a l  l e v e l s  r e s u l t i n g  from 
f a l l o u t  a r e  e s t i m a t e d  t o  b e  t o  

u g / g .  To d e t e r m i n e  w h e t h e r  p e r -  
t e c h n e t a t e  was a v a i l a b l e  f o r  p l a n t  
u p t a k e  a t  e n v i r o n m e n t a l  l e v e l s ,  s o y -  
bean  p l a n t s  were  p e r m i t t e d  t o  a c c u -  
m u l a t e  Tc a t  c o n c e n t r a t i o n s  o f  
0 . 5 6  pM ( 0 . 0 1  p p t )  f o r  2  h r .  A t  
t h e s e  l e v e l s ,  33 d a y - o l d  s o y b e a n  
p l a n t s  a c c u m u l a t e d  0 . 6 5  pg o f  T c ,  
w i t h  0 . 4 1  a n d  0 . 2 4  pg b e i n g  d e p o s i t e d  
i n  r o o t  and s h o o t  t i s s u e s ,  r e s p e c -  
t i v e l y .  T h i s  would s u g g e s t  t h a t  low 
l e v e l  r e l e a s e s  from n u c l e a r  f a c i l i -  
t i e s  would b e  d e t e c t a b l e  i n  p l a n t s .  

To d e t e r m i n e  t h e  s o l u b i l i t y  and  
t r a n s p o r t  of Tc w i t h i n  t h e  p l a n t ,  68  
d a y - o l d  s o y b e a n  p l a n t s  were  p e r m i t t e d  
t o  a c c u m u l a t e  Tc from a  0 . 1  u m  s o l u -  
t i o n  f o r  24 h r .  One s e t  o f  p l a n t s  
was h a r v e s t e d  and  a n a l y z e d  i m m e d i a t e -  
l y ,  w h i l e  a  s e c o n d  s e t  was t r a n s -  
f e r r e d  t o  a  n u t r i e n t  s o l u t i o n  w i t h -  
o u t  added Tc and p e r m i t t e d  t o  con-  
t i n u e  g rowth  f o r  an  a d d i t i o n a l  21 
d a y s .  The Tc d i s t r i b u t i o n  i n  t h e  
p l a n t  i s  shown i n  T a b l e  11. Imme- 
d i a t e l y  f o l l o w i n g  t h e  Tc e x p o s u r e  
p e r i o d ,  Tc was p r i m a r i l y  l o c a l i z e d  
i n  r o o t ,  s t e m  and l e a f  t i s s u e .  A t  90 
d a y s  o f  a g e ,  o r  21  d a y s  f o l l o w i n g  
e x p o s u r e  t o  T c ,  r o o t  and  s t em t i s s u e s  
showed a  r e d u c t i o n  i n  Tc c o n t e n t ,  

TABLE 11 .  D i s t r i b u t i o n  o f  Techne t ium 
i n  Soybean P l a n t s  (69 Days o f  Growth) 
f o l l o w i n g  Uptake  (24 h r )  f rom a  
0 . 1  u M  Techne t ium S o l u t i o n ,  and  Sub-  
s e q u e n t  R e d i s t r i b u t i o n  f o l l o w i n g  
Growth ( 2 1  d a y s )  i n  t h e  Absence o f  
Techne t ium.  

P l a n t  Age D i s t r i b u t i o n  

Days T i s s u e  ( % ) a  

6  9  r o o t  4 3 . 1  
s t e m  1 1 . 6  
l e a v e s  4 1 . 5  
s e e d  pods  3 . 7  
s e e d  0 . 0 1  

r o o t  1 1 . 6  
s t e m  2 . 9  
1 e a v e s  77 .4  
s e e d  p o d s  7 . 6  
s e e d  0 . 5  

a  
Average  of 2  r e p l i c a t e  s a m p l e s .  

w h i l e  l e a f ,  pod and  s e e d  t i s s u e s  e x -  
h i b i t e d  i n c r e a s e s .  The d a t a  would 
s u g g e s t  t h a t  Tc i s  r e l a t i v e l y  m o b i l e  
i n  t h e  p l a n t  i n  t e r m s  o f  xylem t r a n s -  
p o r t ,  and t h a t  r o o t  and s t e m  t i s s u e . <  
a r e  o n l y  t r a n s i e n t  s t o r a g e  o r g a n s .  
S i n c e  t h e  90 d a y - o l d  p l a n t s  w e r e  
c l o s e  t o  p h y s i o l o g i c a l  m a t u r i t y ,  w i t h  
s e e d  f i l l i n g  n e a r  c o m p l e t i o n ,  phloem 
m o b i l i z a t i o n  of Tc from v e g e t a t i v e  
t i s s u e s  a p p a r e n t l y  d i d  n o t  o c c u r .  
T h i s  i s  e v i d e n t  from t h e  m i n i m a l  i n -  
c r e a s e s  i n  Tc c o n t e n t  o f  pod and  s e e d  
t i s s u e s  a t  m a t u r i t y ,  which may r e s u l t  
f rom Tc r e l e a s e d  t o  t h e  xylem s t r e a m  
from r o o t  and  s tem t i s s u e s .  

The e f f i c i e n c y  w i t h  which p l a n t s  
a c c u m u l a t e  Tc from low l e v e l  s o u r c e s  
a n d  t h e  k i n e t i c s  o f  a c c u m u l a t i o n  
s t r o n g l y  s u g g e s t  t h a t  Tc a s  p e r t e c h -  
n e t a t e  may b e  f u n c t i o n i n g  a s  a  n u -  
t r i e n t  a n a l o g .  S e v e r a l  n u t r i e n t  and  
n o n - n u t r i e n t  a n i o n s  were  s e l e c t e d  f o r  
c o m p e t i t i o n  s t u d i e s  ( T a b l e  1 2 ) .  The 

TAR1.E 12 .  E f f e c t  o f  S e v e r a l  N u t r i e n t  
and N o n - N u t r i e n t  Anions  on Techne t ium 
U p t a k e  by Soybeans .  

Techne t ium 
Uptake  R a t e  P o s s i b l e  

a n g / g  d r y  w t  Compet ing 
Anion  r o o t / 2  h r  ~ n i o n s ~  

P e r t e c h -  
n e t a t e  
C o n t r o l  629 

H2P04 -I 5  0 5  

c ~ O ,  - l 620 

WO, - I 8  7  0  

a  P e r t e c h n e t a t e  c o n c e n t r a t i o n ,  

0 . 1  uM; c o m p e t i t o r  a n i o n  c o n c e n -  
t r a t i o n ,  0 . 5  u M .  

b ~ O s i t i v e  s i g n  d e n o t e s  a  p o s s i b l e  
a n a l o g  f o r  p e r t e c h n e t a t e  b a s e d  
on r e d u c t i o n  o f  u p t a k e  r a t e s  
compared t o  t h e  c o n t r o l .  



c o n c e n t r a t i o n s  of p e r t e c h n e t  a t e  and 
t h e  p o t e n t i a l  compe t i t o r  i o n s  were 
chosen from F i g .  1 7  and r e p r e s e n t  a  
working c o n c e n t r a t i o n  range  f o r  one 
i so the rm ( 0 . 1  v M  t o  0. 7 v M ) .  O f  t h e  
t e n  an ions  e v a l u a t e d  a s  p o s s i b l e  
compe t i t o r s  f o r  p e r t e c h n e t a t e ,  f o u r  
r e s u l t e d  i n  i n h i b i t i o n .  S u l f a t e ,  
s e l e n a t e ,  permanganate and phosphate 
were e f f e c t i v e  i n  r educ ing  p e r t e c h n e -  
t a t e  up t ake  below t h e  l e v e l  of t h e  Tc 
c o n t r o l .  The p r e l i m i n a r y  s t u d i e s  

i n d i c a t e  t h a t  t h e s e  an ions  have t h e  
p o t e n t i a l  f o r  s e r v i n g  a s  c o m p e t i t o r s ,  
p rov id ing  impetus f o r  f u r t h e r  
i n v e s t i g a t i o n s .  
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SUSPENDED PARTICLE INTERACTIONS 

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

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

o n t o  f o l i a g e ,  t h e  p o t e n t i a l  f o r  t h e  r e s u s p e n s i o n  o f  Pu f rom t h e  

l e a f  s u r f a c e  and  t h e  e x t e n t  o f  Pu u p t a k e  and t r a n s l o c a t i o n  by 

t h e  p l a n t .  Us ing  a  l o w - w i n d - s p e e d  a e r o s o l  p l a n t - e x p o s u r e  

chamber ,  p o l y d i s p e r s e d  a e r o s o l s  were  g e n e r a t e d ,  p a r t i c l e s  c h a r -  

a c t e r i z e d  w i t h  r e s p e c t  t o  AMAD and  GSD, a n d  p a r a m e t e r s  s u c h  a s  

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

c a n o p y .  

The f a t e  o f  s u r f a c e  d e p o s i t e d  Pu compounds w i t h  r e s p e c t  t o  

c h e m i c a l  m o d i f i c a t i o n  a n d  l e a c h a b i l i t y  was e v a l u a t e d  by l e a c h -  

i n g  w i t h  s y n t h e t i c  " r a i n w a t e r "  and  0 . 1 %  H N 0 3  s o l u t i o n s .  Leach-  

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

i n  a  1 -  t o  9 - f o l d  i n c r e a s e  i n  Pu remova l  f r o m  f o l i a r  s u r f a c e s ,  

d e p e n d i n g  upon c h e m i c a l  f o r m ,  a s  compared t o  r a i n w a t e r .  S e -  

q u e n t i a l  l e a c h i n g  o f  f o l i a g e  a t  1, 7 ,  1 4 ,  o r  2 1  d a y s  a f t e r  c o n -  

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

w i t h  r e s i d e n c e  t i m e  on t h e  l e a f .  The e x t e n t  of  l e a c h i n g  and 

c o n c e n t r a t i o n  of  s o l u b l e  component was d e p e n d e n t  on c h e m i c a l  

form s u p p l i e d  ( P u - c i t r a t e  > - n i t r a t e  > - a g e d  o x i d e  > - f r e s h  

o x i d e ) .  

The b i o a v a i l a b i l i t y  o f  p l u t o n i u m  4s measured  by t r a n s l o c a -  

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

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

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

t i o n .  Accumula t ion  r a t i o s  (AR) were  i n c r e a s e d  by a s  much a s  

t h r e e  o r d e r s  of m a g n i t u d e  when p r e c i p i t a t i o n  c o i n c i d e d  w i t h  t h e  

t i m e  o f  maximum b e a n  d e v e l o p m e n t .  A R  v a l u e s  f o r  r o o t s  a n d  s e e d  

t i s s u e  i n  t h e  a b s e n c e  of  a  s o l u t i o n  v e c t o r  w e r e  f rom t o  

< l o 6 .  I n  t h e  p r e s e n c e  o f  a  s o l u t i o n  v e c t o r ,  A R  v a l u e s  w e r e  s u b -  

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



Foliar Deposition of Aerosolized Plutonium-238 
Compounds: Their Fate wi th Respect to 
Leachability and Residence Time on the 
Foliage 
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The d e s i g n  and  c a l i b r a t i o n  o f  t h e  
w i n d t u n n e l  employed  i n  t h e s e  f o l i a r  
d e p o s i t i o n  s t u d i e s  have been  d e -  
s c r i b e d  p r e v i o u s l y  ( C r a i g  and 
K l e p p e r ,  1 9 7 5 ) .  F o r  t h e s e  e x p e r i -  
m e n t s ,  wind s p e e d s  were  m a i n t a i n e d  
a t  0 . 4 2  cm s e c - l .  D e p o s i t i o n  r a t e s  
and v e l o c i t i e s  were  c a l c u l a t e d  f rom 
a i r  c o n c e n t r a t i o n  d a t a ,  l e a f  a r e a  
a n d  q u a n t i t y  o f  p l u t o n i u m  d e p o s i t e d .  

The " f r e s h "  P u - o x i d e  was p r e p a r e d  
by s u s p e n d i n g  t h e  p a r t i c l e s  i n  t r i p l e  
d i s t i l l e d  w a t e r  on t h e  day o f  e x p o -  
s u r e ;  t h e  "aged" o x i d e  was o b t a i n e d  
by a g i n g  a  s i m i l a r  s u s p e n s i o n  f o r  
10 months .  The f r e s h l y  p r e p a r e d  a n d  
aged  o x i d e s  h a d  a  s o l u b l e  component 
e q u i v a l e n t  t o  ~ 0 . 1  and  0 . 2 %  o f  t h e  
t o t a l  a c t i v i t y ,  r e s p e c t i v e l y  ( s o l u -  
b l e  component d e f i n e d  a s  p a s s i n g  a  
0 . 0 1  u m  mean p o r e  s i z e  membrane f i l -  
t e r ) .  P u - c i t r a t e  was p r e p a r e d  by 
d i s s o l v i n g  Pu02 i n  6  N HN03 and  
1 M HF, b r i n g i n g  t h e  s o l u t i o n  t o  d r y -  
n e s s ,  and r e s u s p e n d i n g  i n  6  N H N O 3 .  
C i t r i c  a c i d  ( 3 . 5  g )  was t h e n  added  
t o  t h i s  P u ( N O ~ ) ~  s o l u t i o n  (15 m l  
c o n t a i n i n g  5 . 5 3  mg 2 3 8 P ~ )  and  s l o w l y  
t i t r a t e d  t o  pH 5 . 8  u s i n g  0 . 6  N NaOH 
c o n t a i n i n g  0 . 1  M Na c i t r a t e  
(Lindenbaum a n d  W e s t f a l l ,  1 9 6 5 ) .  
The r e s u l t i n g  s o l u t i o n  was > 9 9 %  s o l -  
u b l e  a s  d e f i n e d  by p a s s i n g  a  0 . 0 1  urn 
membrane f i l t e r .  The pH 7 .0  Pu-  
n i t r a t e  s o l u t i o n  was 

r e p a r e d  b y  r a p i d  t i t r a t i o n  o f  2 3  Pu(NO3)4 i n  
6  N HN03 w i t h  6  N NaOH. T h i s  s o l u L  
t i o n  was > 9 5 %  s o l u b l e  a t  pH 7 .0  f o r  
a t  l e a s t  3 weeks .  These  l a t t e r  two 
s o l u t i o n s  a r e  s t a b l e  a n d  s o l u b l e  a t  
pH 7.0  a s  a  r e s u l t  o f  t h e  l a r g e  m o l a r  
e x c e s s e s  o f  t h e i r  r e s p e c t i v e  a n i o n s .  

S e e d l i n g s  o f  P h a s e o l u s  v u l g a r i s  L. 
v a r  ' T e n d e r g r e e n '  were  grown i n  p l a s  - 
t i c - l i n e d  p i n t  i c e  cream c a r t o n s  con-  
t a i n i n g  f e r t i l i z e d  R i t z v i l l e  f i n e  
s a n d y  loam s o i l .  These  were  ma in -  
t a i n e d  i n  an e n v i r o n m e n t a l  chamber 
w i t h  d a y / n i g h t  t e m p e r a t u r e  o f  
27/20°C a n d  14 h r  p h o t o p e r i o d .  
P l a n t s  were  e x p o s e d  t o  a e r o s o l i z e d  
p a r t i c l e s  a t  20 d a y s  o f  a g e ,  a t  which  
t i m e  t h e y  p o s s e s s e d  f u l l y  expanded  
p r i m a r y  l e a v e s  a n d  a  p a r t i a l l y  e x -  
p a n d e d  f i r s t  t r i f o l i a t e .  F o l l o w i n g  
e x p o s u r e ,  p l a n t s  were  p e r m i t t e d  t o  

c o n t i n u e  g rowth  f o r  a n  a d d i t i o n a l  
28 d a y s  t o  a l l o w  f o r  d e v e l o p m e n t  of  
s e e d s  a n d  t i m e  f o r  u p t a k e  and t r a n s -  
l o c a t i o n  o f  f o l i a r  d e p o s i t s .  Repro-  
d u c t i v e  s t r u c t u r e s  were  i n i t i a t e d  
a p p r o x i m a t e l y  5  d a y s  a f t e r  e x p o s u r e  
and b e a n  deve lopment  was c o m p l e t e d  
28 days  f o l l o w i n g  e x p o s u r e .  A t  28 
d a y s  f o l l o w i n g  e x p o s u r e ,  p l a n t  t i s -  
s u e s  were  s e p a r a t e d  i n t o  p r i m a r y  
l e a v e s ,  f i r s t  t r i f o l i a t e ,  s e e d s ,  
r o o t s ,  and a l l  o t h e r  s h o o t  t i s s u e s  
( u n c o n t a m i n a t e d  t r i f o l i a t e s ,  s t e m ,  
and  p o d s ) .  Roo t s  were washed f r e e  
of  s o i l  by g e n t l e  a g i t a t i o n  i n  
0 . 5  mM CaC12 s o l u t i o n .  T i s s u e s  were  
s u b s e q u e n t l y  o v e n - d r i e d  a t  60°C,  
w e i g h e d ,  a s h e d  a t  425OC, t h e  r e s i d u e s  
s u s p e n d e d  i n  6  N HN03 and  1 M HF, 
t h e  s o l u t i o n s  b r o u g h t  t o  d r y n e s s ,  
r e s u s p e n d e d  i n  6  N HN0 3 ,  an  a 1  i q u o t  
a p p l i e d  t o  p l a n c h e t s ,  and  Pu a l p h a  
a c t i v i t y  d e t e r m i n e d  u s i n g  a  Beckman- 
low background  2n c o u n t i n g  s y s t e m .  
D e t e c t i o n  l i m i t s  were  a p p r o x i m a t e l y  
0 . 4  dpm p e r  s a m p l e  a l i q u o t .  D a t a  
p r e s e n t e d  r e p r e s e n t  t h e  a v e r a g e  o f  
f o u r  r e p l i c a t e  s a m p l e s  f o r  e a c h  
t r e a t m e n t .  

Leach ing  s t u d i e s  were  p e r f o r m e d  
u s i n g  a  c l o s e d  c y l i n d r i c a l  chamber 
(25  cm d i a .  x  90 cm h i g h )  f i t t e d  
w i t h  a n  a t o m i z e r  h e a d  c o u p l e d  t o  a  
m e t e r i n g  pump. S e p a r a t e  g r o u p s  o f  
f o u r  p l a n t s  were  l e a c h e d  a t  1,  7 ,  1 4 ,  
o r  2 1  d a y s  f o l l o w i n g  e x p o s u r e .  Only  
l e a c h i n g  s o l u t i o n  p a s s i n g  o v e r  t h e  
canopy  a r e a  was c o l l e c t e d  f o r  a n a l y -  
s i s ,  Wal l  r u n o f f  was c o l l e c t e d  s e p a -  
r a t e l y  and  d i s c a r d e d .  The l e a c h i n g  
s o l u t i o n  c o n s i s t e d  o f  e i t h e r  a  s y n -  
t h e t i c  " r a i n w a t e r "  c h a r a c t e r i s t i c  o f  
t h e  C e n t r a l  Wash ing ton  a r e a  o r  
0 . 1 %  HN03 i n  " r a i n w a t e r . "  The s y n -  
t h e t i c  " r a i n w a t e r "  c o n s i s t e d  o f  
9 . 2 1  mg C a ( N 0 3 ) 2 . 4  H20 ,  4 . 4 7  mg MgC12, 
3 . 6 2  mg CaS04.2H20,  3 . 1 1  mg NaHC03, 
1 . 8 0  mg KHC03, 3 .57  mg ( N H 4 ) 2 S 0 4 ,  
0 . 2 3  mg (NH4)H2P04, a n d  1 . 2 6  mg 
( N H 4 ) 2 C 0 3 / ~  o f  s o l u t i o n ;  pH was a d -  
j u s t e d  t o  5 . 8  w i t h  K O H .  The l e a c h -  
i n g  a s s e m b l y  c a n  s i m u l a t e  a  7-min 
r a i n f a l l  e q u i v a l e n t  t o  0 . 4  cm a n d  r e -  
s u l t s  i n  c o l l e c t i o n  o f  200 m l  o f  
l e a c h a t e .  T u r b u l e n c e  of  t h e  l e a c h -  
i n g  m i s t  and p o s i t i o n i n g  o f  t h e  p l a n t  
i n  t h e  a s s e m b l y  e f f e c t i v e l y  e l i m i -  
n a t e d  s h a d i n g  e f f e c t s  b y  t h e  u n c o n -  
t a m i n a t e d  t r i f o l i a t e .  L e a c h a t e s  were  
r o u t i n e l y  a n a l y z e d  t o  e v a l u a t e  " s o l u -  
b l e "  a n d .  " i n s o l u b l e "  components  
( s o l u b l e s  a r e  d e f i n e d  a s  p a s s i n g  a  
0 . 0 1  u m  membrane f i l t e r ) .  

B i o l o g y  Depar tmen t  



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 i z e d  t h e  h i g h  m o l a r  c o n c e n t r a t i o n  e x c e s s  
P a r t i c u l a t e s  and D e p o s i t i o n  of c i t r a t e  and n i t r a t e  a n i o n s ,  
P a r a m e t e r s  r e s p e c t i v e l y .  

The l o w - w i n d - s p e e d  a e r o s o l  expo-  
s u r e  chamber employed i n  t h e s e  
s t u d i e s  p r o v i d e s  a  r e l a t i v e l y  c o n s i s -  
t e n t  means o f  g e n e r a t i n g ,  c h a r a c t e r -  
i z  i n g  , and d e p o s i t  i n g  p l u t o n i u m  com- 
pounds o n t o  p l a n t  f o l i a g e .  T a b l e  13  
g i v e s  t h e  p h y s i c a l  c h a r a c t e r i s t i c s  
f o r  t h e  a e r o s o l i z e d  p a r t i c l e s  and 
d e p o s i t i o n  p a r a m e t e r s  f o r  t h e  f o u r  
c h e m i c a l  fo rms  of p l u t o n i u m  s t u d i e d .  
A low wind s p e e d  was s e l e c t e d  t o  a l -  
low l a r g e r  p a r t i c l e s  t o  s e d i m e n t  
p r i o r  t o  r e a c h i n g  t h e  p l a n t  f o l i a g e  
and t h e r e b y  s h i f t  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  i n t o  t h e  s m a l l e r  s i z e  
r a n g e .  The a i r  c o n c e n t r a t i o n  was a  
f u n c t i o n  o f  t h e  s o l u t i o n  c o n c e n t r a -  
t i o n  i n  t h e  g e n e r a t o r  and i t s  homo- 
g e n e i t y .  D e p o s i t i o n  r a t e  and  v e l o c -  
i t y  were c a l c u l a t e d  from t h e  
q u a n t i t y  o f  m a t e r i a l  d e p o s i t e d  on 
t h e  l e a v e s ,  l e a f  a r e a  and t h e  a i r  
c o n c e n t r a t i o n  ; t h e s e  d e p o s i t i o n  
v a l u e s  a r e  d e p e n d e n t  on wind s p e e d  
and p a r t i c l e  s i z e .  The p a r t i c l e  
s i z e  d i s t r i b u t i o n  ( c h a r a c t e r i z e d  by 
t h e  p a r a m e t e r s  o f  a  l o g - n o r m a l  d i s -  
t r i b u t i o n  AMAD and GSD) n o t  o n l y  a f -  
f e c t s  d e p o s i t i o n  b u t  i s  i m p o r t a n t  
i n  e v a l u a t i n g  b i o a v a i l a b i l i t y  a s  a  
f u n c t i o n  o f  e n v i r o n m e n t a l ,  c h e m i c a l  
and p h y s i o l o g i c a l  v a r i a b l e s ,  s i n c e  
t h e  s m a l l e r  t h e  p a r t i c l e ,  t h e  g r e a t e r  
t h e  s u r f a c e  a r e a  p e r  u n i t  mass .  The 
AMAD o f  p a r t i c l e s  f o r  t h e s e  f o u r  
compounds d i f f e r  by l e s s  t h a n  a  f a c -  
t o r  o f  t h r e e .  The l a r g e r  p a r t i c l e  
s i z e  d i s t r i b u t i o n  o b t a i n e d  w i t h  Pu- 
c i t r a t e  and - n i t r a t e  r e s u l t  f rom 

A v a i l a b i l i t y  o f  S u r f a c e  D e p o s i t s  
f o r  L e a c h i n i  and A f f e c t  o f  
R e s i d e n c e  Time on L e a c h a b i l i t y  

E n t r a n c e  i n t o  t h e  f o o d  c h a i n  o f  
f o l i a r l y  d e p o s i t e d  p l u t o n i u m  can  
o c c u r  by a  number o f  r o u t e s ,  depend-  
i n g  on w h e t h e r  i t  r e m a i n s  f i x e d  t o  
t h e  l e a v e s ,  i s  l e a c h e d ,  o r  i s  t r a n s -  
l o c a t e d  t o  p l a n t  t i s s u e s  u s e d  a s  
food .  The f o l l o w i n g  s t u d i e s  were 
d e s i g n e d  t o  e v a l u a t e  t h e  l e a c h a b i l i -  
t y  o f  f o l i a r  d e p o s i t s  a s  a  f u n c t i o n  
o f  t i m e  f o l l o w i n g  e x p o s u r e ,  t h e  e f -  
f e c t  o f  l e a c h i n g  and r e s i d e n c e  t i m e  
on t h e  f o r m a t i o n  o f  s o l u b l e  compo- 
n e n t s ,  and f i n a l l y  t h e  e f f e c t  o f  
l e a c h i n g  o r  t h e  p r e s e n c e  o f  a  
s o l u t i o n - v e c t o r  on t r a n s l o c a t i o n  t o  
s e e d  and r o o t  t i s s u e s .  

F i g u r e  18  shows t h e  p e r c e n t a g e  o f  
p l u t o n i u m  which i s  l e a c h e d  f rom f o -  
l i a g e  u s i n g  a  s i m u l a t e d  r a i n f a l l  of  
0 . 4  cm i n  7 min .  The a c t u a l  amount 
o f  p l u t o n i u m  l e a c h e d  f rom f o l i a g e  
1 day  a f t e r  e x p o s u r e  was d e p e n d e n t  
on c h e m i c a l  fo rm,  Pu- c i t r a t e  
> >  - n i t r a t e  > >  - f r e s h  o x i d e  > - a g e d  
o x i d e .  P u - c i t r a t e  and - n i t r a t e  
e x h i b i t  a  60 and 9 0 %  r e d u c t i o n  i n  
s o l u b i l i t y ,  r e s p e c t i v e l y ,  compared 
t o  t h e  o r i g i n a l  a e r o s o l i z e d  s o l u -  
t i o n .  The a p p a r e n t  i n c r e a s e s  i n  
s o l u b i l i t y  of t h e  o x i d e s  r e s u l t s  
from a  d i f f e r e n t i a l  l e a c h i n g  o f  t h e  
s o l u b l e  component and n o t  from i n -  
c r e a s e d  s o l u b i l i z a t i o n  o f  i n s o l u b l e  
componen ts .  A l l  compounds e x h i b i t e d  

TABLE 1 3 .  P h y s i c a l  P a r a m e t e r s  o f  A e r o s o l i z e d  P l u t o n i u m - 2 3 8  
Compounds D e p o s i t e d  o n t o  P l a n t  F o l i a g e  . a  

P l l y i s c a l  
P a r a m e t e r  P u - c i t r a t e  P u - n i t r a t e  

w i n d  s p e e d  (cm s e c - l )  0 . 4 2  0 . 4 2  

a i r  c o n c  (pg ~ m - ~ )  5 7 . 4  3 4 .  i 

d e p o s i t i o n  r a t e  ( p g  ~ m - ~ s e c - l )  0 . 2 8  0 . 4 8  

d e p o s i t i o n  v e l o c i t y  (cm s e c - l )  4 . 9 x 1 0 - ~  8 . 4 ~ 1 0 . ~  

P u - o x i d e  
( f r e s h  j 

0 . 4 2  

8 0 .  7  

0 . 5 2  

6 . $ . 1 0 - ~  

1 . 2 7 4 ~ 0 . 0 5 3  

1 . 6 3  

: p l a n t s  w e r e  e x p o s e d  f o r  1 0  m i n u t e s .  
c 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 ,  x s d  

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 s  



$ 1  
0 INSOLUBLE 

1 7 14 21 28 1 7 14 21 28 

TIME OF LEACH lNG FOLLOWING CONTAMINATION, days 

F I G .  1 8 .  L e a c h a b i l i t y  o f  F o l i a r  
P l u t o n i u m  C o n t a m i n a n t s  With  R e s p e c t  
t o  Time F o l l o w i n g  C o n t a m i n a t i o n .  

a  r e d u c e d  a v a i l a b i l i t y  f o r  l e a c h i n g  
o v e r  t h e  2 1  d a y s  f o l l o w i n g  e x p o s u r e .  
The d i f f e r e n c e  s e e n  be tween  t h e  c i -  
t r a t e  and  n i t r a t e  fo rms  may r e s u l t  
i rom t h e  l o w e r  s t a b i l i t y  o f  t h e  n i -  
t r a t e  fo rm a s  compared  t o  t h e  c i -  
t r a t e  form.  Assuming t h a t  s h a d i n g  
i s  n o t  a  s i g n i f i c a n t  f a c t o r  and  i t  
was n o t  e s p e c i a l l y  a t  t h e  1 a n d  7 
d a y  p e r i o d s ,  t h e  r e d u c e d  l e a c h -  
a b i l i t y  o b s e r v e d  c o u l d  r e s u l t  f rom 
e n t r a p m e n t  i n  c r e v a s s e s  on t h e  l e a f  
s u r f a c e ,  e n g u l f m e n t  by  e x p a n d i n g  
e p i d e r m a l  p l a t e s ,  o r  by a d s o r p t i o n  
t o  u n s a t i s f i e d  s u r f  a c e  v a l e n c e s .  

The i n s o l u b l e  componen t s  f o r  a l l  
o f  t h e s e  compounds a r e  m o s t  l i k e l y  
t h e  o x i d e  and  h y d r o l y s i s  p r o d u c t s  
which  a r e  t h e  most  s t a b l e  form o f  
Pu i n  a q u e o u s  s o l u t i o n  a t  b i o l o g i c a l  
pH. The " s o l u b l e "  component o f  
t h e s e  l e a c h a t e s  a r e  o f  most  i n t e r e s t  
s i n c e  i t  i s  t h i s  component  which 
s h o u l d  b e  mos t  a v a i l a b l e  f o r  f o l i a r  
u p t a k e  and  s u b s e q u e n t  t r a n s l o c a t i o n  
t o  o t h e r  t i s s u e s .  T h e r e  a p p e a r s  t o  
b e  a  r a p i d  d e c l i n e  i n  t h e  s o l u b l e  
component f o r  P u - c i t r a t e ,  - n i t r a t e ,  
a n d  - f r e s h  o x i d e .  The l e a c h a t e s  
f rom a g e d  P u - o x i d e  t r e a t e d  f o l i a g e  
a p p e a r  t o  h a v e  a  r e l a t i v e l y  c o n -  
s t a n t  s o l u b l e  component .  

To e v a l u a t e  t h e  f a t e  and r e t e n -  
t i o n  mechanism o f  s u r f a c e  c o n t a m i -  
n a n t s  n o t  l e a c h a b l e  u s i n g  a  weak ly  
i o n i c  s o l u t i o n ,  0 . 1 %  HN03 i n  s y n -  
t h e t i c  r a i n w a t e r  was u s e d  7 d a y s  
a f t e r  e x p o s u r e .  l ' he  a c i d  l e a c h  was 
employed t o  d e t e r m i n e  w h e t h e r  a  s i g -  
n i f i c a n t  f r a c t i o n  of t h e  f o l i a r  s u r -  
f a c e  p l u t o n i u m  was b e i n g  i m m o b i l i z e d  
by s u r f a c e  c h a r g e  i n t e r a c t i o n  
( L i t t l e ,  1 9 7 3 ) .  The d a t a  p r e s e n t e d  
i n  T a b l e  1 4  i n d i c a t e  t h a t  a  s i z e a b l e  
component o f  t h e s e  f o l i a r  c o n t a m i -  
n a n t s  i s  i m m o b i l i z e d  by c h a r g e  
i n t e r a c t i o n  a n d  i s  a c i d  l e a c h a b l e .  
T h e r e  i s  a  v a r i a b l e  i n c r e a s e  i n  
t o t a l  p l u t o n i u m  l e a c h e d  Lor e a c h  o f  
t h e s e  compounds.  P u - c i t r a t e  a n d  
f r e s h  o x i d e  show r e l a t i v e l y  s m a l l  
i n c r e a s e s ,  23 and 6 7 % ,  w h i l e  t h e  
a g e d  o x i d e  and n i t r a t e  e x h i b i t e d  a  
s u b s t a n t i a l  i n c r e a s e  i n  t o t a l  p l u -  
ton ium l e a c h e d  ( 2 8 1  a n d  3 6 3 % ,  r e -  
s p e c t i v e l y ) .  The s o l u b l e  component 
o f  t h e  l e a c h a t e  was m o s t  a f f e c t e d  by 
t h e  a c i d  l e a c h ;  P u - c i t r a t e ,  - f r e s h  
o x i d e ,  - n i t r a t e ,  and  - a g e d  o x i d e  
e x h i b i t e d  i n c r e a s e s  o f  6 4 ,  1 0 0 ,  486 ,  
and 6 5 0 % ,  r e s p e c t i v e l y .  The q u a n t i -  
t y  o f  p l u t o n i u m  l e a c h e d  u s i n g  r a i n -  
w a t e r  w i t h  o r  w i t h o u t  0 . 1 %  H N 0 3  
s u g g e s t s  t h a t  a  m a j o r  f r a c t i o n  o f  
t h e  f o l i a r  c o n t a m i n a n t s  i s  n o t  
r e a d i l y  a v a i l a b l e  f o r  l e a c h i n g .  
. , h e t h e r  t h i s  i m m m o b i l i z a t i o n  i s  t h e  
r e s u l t  o f  e n t r a p m e n t  o r  e n g u l f m e n t  
o f  d i s c r e t e  p a r t i c l e s  i s  u n c e r t a i n .  

I n  summary, t h e  u s e  o f  a low 
wind  s p e e d  p l a n t  e x p o s u r e  f a c i l i t y  
f o r  g e n e r a t i o n ,  c h a r a c t e r i z a t i o n ,  
and  d e p o s i t i o n  o f  a e r o s o l i z e d  p a r -  
t i c l e s  o n t o  p l a n t  f o l i a g e  e n a b l e s  
t h e  r o u t i n e  e v a l u a t i o n  o f  s u s p e n d e d  
p a r t i c l e  i n t e r a c t i o n s  a n d  u p t a k e  i n  
t e r r e s t r i a l  p l a n t s .  

L e a c h i n g  s t u d i e s  i n d i c a t e  t h a t  
t h e  f a t e  o f  f o l i a r l y  d e p o s i t e d  p l u -  
ton ium i s  d e p e n d e n t  on  c h e m i c a l  
form and  c h e m i c a l  s t a b i l i t y .  The 
o r d e r  o f  l e a c h a b i l i t y  f o r  t h e  p l u -  
ton ium complexes  s t u d i e d  was Pu- 
c i t r a t e  > P u - n i t r a t e  > a g e d  Pu- 
o x i d e  > f r e s h l y  p r e p a r e d  P u - o x i d e .  
The component o f  t h e  l e a c h a t e  d e -  
f i n e d  a s  s o l u b l e  was a l s o  d e p e n d e n t  
o n  t h e  c h e m i c a l  form of  p l u t o n i u m  
u s e d  and  f o l l o w e d  a  s i m i l a r  o r d e r .  
A l l  p l u t o n i u m  compounds s t u d i e d  
e x h i b i t e d  a  r e d u c e d  a v a i l a b i l i t y  
f o r  l e a c h i n g  w i t h  r e s p e c t  t o  t i m e  
f o l l o w i n g  c o n t a m i n a t i o n  ( 1  t o  21 



TABLE 1 4 .  E f f e c t  o f  Ac id  S o l u t i o n  on L e a c h a b i l i t y  o f  
F o l i a r  P l u t o n i u m  a t a s e v e n  Days f o l l o w i n g  E x p o s u r e  t o  
P l u t o n i u m  Compound. 

L e a c h i n g  S o l u t i o n  

0 . 1 %  H N 0 3  % 
i n  I n c r e a s e  

L e a c h e d  S y n t h e t i c  S y n t h e t i c  i n  P l u t o n i u m  
Compound Component  R a i n w a t e r  R a i n w a t e r  L e a c h e d  

S o l u b l e  2 8 . 0  4 6 . 0  
I n s o l u b l e  1 7 . 0  9 . 4  
T o t a l  4 5 . 0  5 5 . 4  

P u - o x i d e  ( f r e s h )  S o l u b l e  0 . 5  
I n s o l u b l e  1 . 6  
T o t a l  2 . 1  

P u - o x i d e  ( a g e d )  S o l u b l e  0 . 6  
I n s o l u b l e  2 . 0  
T o t a l  2 . 6  

P u - n i t r a t e  S o l u b l e  2 . 9  1 7 . 0  
I n s o l u b l e  1 . 4  2 . 9  
T o t a l  4 . 3  1 9 . 9  

a ~ e a c h a b i l i t y  e x p r e s s e d  a s  u C i  i n  l e a c h a t e / u C i  l e a c h e d  + uCi  r e m a i n i n g  o n  
l e a v e s  X 1 0 0  

d a y s ) .  A c i d  l e a c h i n g  s t u d i e s  s u g -  
g e s t  t h a t  a  s i z e a b l e  f r a c t i o n  o f  
f o l i a r  p l u t o n i u m  c o n t a m i n a n t s  c a n  
b e  i m m o b i l i z e d  on l e a f  s u r f a c e s  
by c h a r g e  i n t e r a c t i o n s  w i t h  un-  
s a t i s f i e d  l e a f  s u r f  a c e  v a l e n c e s .  

S t u d i e s  a r e  c u r r e n t l y  underway 
t o  e v a l u a t e  t h e  l e a c h a b i l i t y  a n d  
f a t e  o f  p l u t o n i u m  compounds d e -  
p o s i t e d  o n t o  f o l i a g e  o f  w h e a t  
p l a n t s .  T h i s  w i l l  e n a b l e  an  a n a l y -  
s i s  o f  t h e  r o l e  o f  f o l i a r  s u r f a c e  
s t r u c t u r e  ( smooth  o r  r o u g h  t e x -  
t u r e )  i n  r e d u c i n g  l e a c h a b i l i t y  o f  
p a r t i c u l a t e s  d e p o s i t e d  o n t o  p l a n t  
f o l i a g e .  
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Foliar Deposition of Aerosolized 
Plutonium-238 Compounds: Plant 
Mobility of Foliar Plutonium in the 
Absence and Presence of a Solution 
Vector 

D. A. Cataldo 

The f o l i a g e  o f  b e a n  p l a n t s  was c o n -  
t a m i n a t e d  w i t h  v a r i o u s  c h e m i c a l  fo rms  
o f  2 3 8 ~ ~  a t  20 d a y s  f r o m  p l a n t i n g  a n d  
a l l o w e d  t o  a b s o r b  a n d  t r a n s l o c a t e  
2 3 8 ~ ~  f o r  a n  a d d i t i o n a l  28 d a y s .  The 
t a r g e t  o r  s i n k  t i s s u e s  e v a l u a t e d  w i t h  
r e s p e c t  t o  t r a n s p o r t  a n d  b i o a v a i l a -  
b i l i t y  o f  f o l i a r  d e p o s i t s  w e r e  s e e d  
and  r o o t ,  b o t h  o f  w h i c h  w e r e  p r o -  
t e c t e d  f r o m  a e r o s o l  c o n t a m i n a t i o n .  
The p o t  c o n t a i n i n g  s o i l  and r o o t  w e r e  
d o u b l e - b a g g e d  w i t h  p o l y e t h y l e n e  and  
s e a l e d  a t  t h e  l o w e r  p o r t i o n  o f  t h e  
s t e m ;  t h e  s e e d  t i s s u e  was c o n t a i n e d  
i n  p o d s  f o r m e d  a f t e r  e x p o s u r e .  

T a b l e  1 5  (Column A ) ,  shows t h e  a c -  
c u m u l a t i o n  r a t i o s  (AR) o f  s e e d  and  
r o o t  t i s s u e s  f o l l o w i n g  f o l i a r  c o n t a m i -  
n a t i o n  w i t h  t h e  v a r i o u s  c h e m i c a l  
fo rms  o f  3 8 ~ ~ .  The A R  v a l u e  i s  d e -  
f i n e d  a s  t h e  p C i / g  d r y  w t  o f  s e e d  o r  
r o o t / p C i / g  d r y  w t  o f  p r i m a r y  l e a v e s  
a n d  f i r s t  t r i f o l i a t e .  Wi th  t h e  e x -  
c e p t i o n  o f  r o o t  t i s s u e s  i n  e x p e r i -  
men t s  u s i n g  aged  o x i d e  and n i t r a t e ,  
l i t t l e  t r a n s p o r t  o c c u r s  and  2 3 8 P ~  
c o n c e n t r a t i o n s  a r e  be low d e t e c t i o n  
l i m i t s .  The i n c r e a s e d  a v a i l a b i l i t y  



TABLE 1 5 .  E x t e n t  o f  T r a n s l o c a t i o n  o f  2 3 8 ~ ~  f rom 
Contamina ted  F o l i a g e  i n  t h e  Absence and P r e s e n c e  
o f  a  S o l u t i o n  V e c t o r .  

A c c u m u l a t i o n  R a t i o s  
A c c u m u l a t i o n  Ra t  i o s b  i n  P r e s e n c e  o f  S o l u t i o n  L 'ec to r  

S i n k  i n  Absence  o f  a  L e a c h c d  a t  L e a c h e d  a t  
~ o r n ~ o u n d ~  T i s s u e  S o l u t i o n  V e c t o r  -- Day 1  o r  1 Day i o r  1 4  

Pu d x l d e  ( f r e s h )  S e e d  

Root  

Pu O x i d e  ( a g e d ) '  Secd  

Root  

t'u L l t r a t e  S e e d  

Root  

Pu h l t r a t e  S e e d  

R o o t  

:All compounds  s u p p l i e d  f r o m  s o l u t i o n s  a t  pti 5 . 8  - 7 . 0 .  
. A c c u m u l a t i o n  R a t i o  = p C i / g  s i n k  t i s s u e / p C i / g  c o n t a m i n a t e d  l e a f  t i s s u e .  

' ~ ~ e d  i n  H20 a t  pH 7 . 0  f o r  1 0  m o n t h s .  

o f  t h e  aged o x i d e  a s  compared w i t h  
t h e  f r e s h  o x i d e  may r e s u l t  f rom t h e  
f o r m a t i o n  o f  h y d r o l y s i s  p r o d u c t s  a n d  
r a d i o l y s i s  on a g i n g  o f  t h e  o x i d e  i n  
H20 s o l u t i o n .  P u - n i t r a t e ,  which was 
employed i n  an a t t e m p t  t o  o p t i m i z e  
t h e  f o r m a t i o n  o f  b i o l o g i c a l l y  a v a i l -  
a b l e  r e a c t i o n  p r o d u c t s  e x h i b i t e d  
l i t t l e  i n c r e a s e d  a v a i l a b i l i t y .  Al -  
though  t h e  a e r o s o l  s o l u t i o n  o f  
P u - n i t r a t e  a p p e a r s  t o  be s t a b l e  i n  
t h e  p r e s e n c e  o f  e x c e s s  N O 3 ,  t h e  p a r -  
t i c u l a t e s  d e p o s i t e d  on t h e  l e a v e s  
a p p e a r e d  t o  become r a p i d l y  i n s o l u -  
b i l i z e d  ( F i g .  1 8 ) .  These s u r f a c e  d e -  
p o s i t s ,  due  t o  t h e i r  c h e m i c a l  i n s t a -  
b i l i t y ,  would t e n d  t o  form h y d r o l y s i s  
p r o d u c t s  on d i l u t i o n  and r e a c t i o n  
w i t h  a t m o s p h e r i c  o r  l e a f  s u r f a c e  
m o i s t u r e  . 

I t  h a s  been shown t h a t  f  o l i a r  p l u -  
tonium i n  t h e  a b s e n c e  o f  a  s o l u t i o n  
v e c t o r  i s  r e l a t i v e l y  immobile w i t h  
r e s p e c t  t o  t r a n s l o c a t i o n  t o  r o o t  and 
s e e d  t i s s u e s ,  w i t h  p l u t o n i u m  concen-  
t r a t i o n s  i n  t h e s e  t i s s u e s  a t  o r  below 
t h e  l i m i t  o f  d e t e c t i o n .  The p o s s i -  
b i l i  t y  t h a t  e n v i r o n m e n t a l  f a c t o r s  
s u c h  a s  p r e c i p i t a t i o n  ( r a i n f a l l )  c a n  
a f f e c t  f o l i a r  u p t a k e  and t r a n s l o c a -  
t i o n  does  e x i s t .  To e v a l u a t e  t h e  e f -  
f e c t  o f  p r e c i p i t a t i o n  o r  a  s o l u t i o n  
v e c t o r  on t r a n s p o r t ,  s e e d  a n d  r o o t  
t i s s u e s  o f  p l a n t s  employed i n  t h e  
p r e v i o u s  l e a c h i n g  s t u d y  ( l e a c h e d  a t  
1 ,  7 ,  1 4 ,  o r  2 1  d a y s )  , were a n a l y z e d  
and A R  v a l u e s  d e t e r m i n e d  28 d a y s  
a f t e r  i n i t i a l  c o n t a m i n a t i o n .  The 
d a t a  p r e s e n t e d  i n  T a b l e  15  (Column B 

and C) i n d i c a t e  t h a t ,  w i t h  t h e  e x c e p -  
t i o n  o f  f r e s h  o x i d e ,  t h e  e x t e n t  o f  
t r a n s l o c a t i o n  o f  f o l i a r l y  d e p o s i t e d  
p l u t o n i u m  t o  r o o t  and s e e d  t i s s u e  was 
marked ly  a f f e c t e d  by n o t  o n l y  t h e  
p r e s e n c e  o f  a  s o l u t i o n - v e c t o r  ( i . e . ,  
s i m u l a t e d  r a i n f a l l ) ,  b u t  a l s o  t h e  
t i m i n g  of i t s  a p p l i c a t i o n  w i t h  r e -  
s p e c t  t o  s t a g e  o f  p l a n t  d e v e l o p m e n t .  
The f r e s h  o x i d e ,  e v e n  i n  t h e  p r e s e n c e  
o f  a  s o l u t i o n  v e c t o r ,  e x h i b i t e d  a v a i l -  
a b i l i t y  below d e t e c t i o n  l i m i t s .  How- 
e v e r ,  t h e  a g e d  o x i d e ,  c i t r a t e  and n i -  
t r a t e  e x h i b i t e d  AR v a l u e s  from below 
d e t e c t i o n  l i m i t s  of 10 t o  1 0 0 0 - f o l d  
g r e a t e r  v a l u e s .  The h i g h e r  v a l u e s  
(Column C) were o b t a i n e d  f o r  p l a n t  
t i s s u e s  l e a c h e d  a t  7  a n d / o r  14 d a y s ,  
w h i l e  t h e  l o w e r  AR v a l u e s  (Column B) 
were o b t a i n e d  from p l a n t s  l e a c h e d  a t  
1 o r  2 1  d a y s .  I n  e f f e c t ,  t h e  p r e s -  
e n c e  o f  a  s o l u t i o n - v e c t o r  a p p l i e d  a t  
t i m e  of maximum s e e d  deve lopment  
( 7 - 1 4  d a y s  a f t e r  c o n t a m i n a t i o n )  had  
a  marked e f f e c t  on t h e  a v a i l a b i l i t y  
o f  a  component o f  t h e  f o l i a r  Pu c o n -  
t a m i n a n t s .  The d a t a  o b t a i n e d  f o r  
p l u t o n i u m  c i t r a t e  and  n i t r a t e  i n d i -  
c a t e  t h a t  s o l u b l e  forms o f  p l u t o n i u m  
o r  s i t u a t i o n s  f a v o r i n g  t h e i r  s o l u -  
b i l i t y  i n c r e a s e  t h e i r  p o t e n t i a l  f o r  
p l a n t  u p t a k e  and t r a n s l o c a t i o n .  
Another  i m p o r t a n t  a s p e c t  o f  t h e s e  
d a t a  i s  t h e  i n c r e a s e d  a v a i l a b i l i t y  o f  
aged Pu02 a s  compared t o  f r e s h l y  p r e -  
p a r e d  Pu02 .  O b v i o u s l y ,  Pu o x i d e s  
c a n  be i n t r o d u c e d  i n t o  s o l u t i o n  s i t u -  
a t i o n s  i n  t h e  e n v i r o n m e n t ,  and b a s e d  
on t h e s e  d a t a ,  become i n c r e a s i n g l y  
a v a i l a b l e  f o r  b i o l o g i c a l  t r a n s p o r t .  



F u r t h e r  s t u d y  i s  r e q u i r e d  t o  d e t e r -  
mine whe ther  t h i s  i n c r e a s e d  a v a i l a -  
b i l i t y  r e s u l t s  from a - r e c o i l  and 
f r a g m e n t a t i o n  o f  s u r f a c e  components  
o f  t h e  o x i d e  p a r t i c l e  a n d / o r  fo rma-  
t i o n  o f  c h e m i c a l l y  s t a b l e  and a v a i l -  
a b l e  fo rms  a s  a  r e s u l t  o f  r a d i o l y s i s .  

I n  summary, t h e  e x t e n t  o f  t r a n s -  
l o c a t i o n  o f  f o l i a r l y  d e p o s i t e d  p l u -  
tonium t o  r o o t  and s e e d  t i s s u e  was 
m a r k e d l y  a f f e c t e d  by t h e  p r e s e n c e  o f  
a  s o l u t i o n  v e c t o r  ( i . e .  , s i m u l a t e d  
r a i n f a l l )  , and a l s o  t h e  t i m i n g  o f  i t s  
a p p l i c a t i o n .  AR v a l u e s  were i n -  
c r e a s e d  by a s  much a s  t h r e e  o r d e r s  

of m a g n i t u d e  when p r e c i p i t a t i o n  
c o i n c i d e d  w i t h  t h e  t i m e  o f  maximum 
bean  deve lopment .  AR v a l u e s  f o r  
r o o t s  and s e e d  t i s s u e  i n  t h e  a b s e n c e  
of  a  s o l u t i o n  v e c t o r  were  f rom 
t o  I n  t h e  p r e s e n c e  o f  a  s o l u -  
t i o n  v e c t o r ,  AR v a l u e s  were  s u b s t a n -  
t i a l l y  i n c r e a s e d  t o  

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

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

The P o t e n t i a l  f o r  P l u t o n i u m  Complexa t ion  i n  S o i l  
and Uptake  by P l a n t s ,  E n v i r o n m e n t a l  C h e m i s t r y  
s e c t i o n ,  pp.  21-36 .  

W e a t h e r i n g  and Aging o f  T r a n s u r a n i c s  and  Radio-  
e c o l o g y  o f  I o d i n e -  1 2 9 ,  T e r r e s t r i a l  Eco logy  
s e c t i o n ,  pp .  1 7 6 - 1 8 2 .  

Q u a n t i t a t i v e  A s p e c t s  o f  E n v i r o n m e n t a l  P l u t o n i u m  
S t u d i e s ,  A n a l y s i s  o f  N a t u r a l  Sys tems  s e c t i o n ,  
pp.  1 5 - 1 8 .  

B i o g e o c h e m i s t r y  o f  P l u t o n i u m  and Americium i n  
Mar ine  S y s t e m s ,  Mar ine  S c i e n c e s  s e c t i o n ,  pp.  153-155 .  

E c o l o g i c a l  D i s t r i b u t i o n  and F a t e  o f  P l u t o n i u m  and 
Americium i n  a  P r o c e s s i n g  Waste Pond o r  t h e  Han- 
f o r d  R e s e r v a t i o n ,  F r e s h w a t e r  S c i e n c e s  s e c t i o n ,  
pp .  93-98 .  
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D i s t r i b u t i o n  c o e f f i c i e n t s  (Kd v a l u e s )  were de termined  on s u b -  

s o i l s  from Washington and South C a r o l i n a  f o r  2 4  l ~ m ,  2 3 7 ~ p ,  and 

99Tc a s  a  f u n c t i o n  of e q u i l i b r i u m  s o l u t i o n  c o n c e n t r a t i o n  of 

ca l c ium ( ~ a + ' )  and of  sodium (Na'). Kd v a l u e s  dec reased  i n  a l l  
+ 2 

c a s e s  w i t h  i n c r e a s i n g  s o l u t i o n  c o n c e n t r a t i o n s  of  Ca and Na'. 

For t h e  South  C a r o l i n a  s u b s o i l  Kd v a l u e s  ranged  from 1 . 0  t o  67 

f o r  2 4 1 ~ m  a s  a  f u n c t i o n  o f  ~ a + ' ,  from 0.2 - 0.002 M , r e s p e c t i v e l y ,  

1 . 6  t o  280 f o r  2 4 1 A m  a s  a  f u n c t i o n  o f  Na+, 0 .43  t o  0 .66  f o r  

2 3 7 ~ p  as  a  f u n c t i o n  o f  ~ a " ,  and 0.16 t o  0 .25  f o r  2 3 7 ~ p  a s  a  

f u n c t i o n  o f  Na+ from 3 .0  <0 .015 M ,  r e s p e c t i v e l y .  For  t h e  

Washington s o i l ,  Kd v a l u e s  were > I200  f o r  2 4 1 ~ m  and ranged  from 

0.36 t o  2.37 a s  a  f u n c t i o n  o f  Ca+2 and from 3.19 t o  3.90 f o r  

2 3 7 ~ p  a s  a  f u n c t i o n  of  ~ a +  ove r  t h e  above c o n c e n t r a t i o n  r a n g e s ,  

r e s p e c t i v e l y .  Kd v a l u e s  f o r  9 9 ~ c  were e s s e n t i a l l y  0  a t  a l l  

NaHC03 c o n c e n t r a t i o n s  on t h e  South C a r o l i n a  s u b s o i l .  

99Tc, 237Np, and 241Am Sorption on Two 
Subsoils from Differing Weathering 
Intensity Areas 

R .  C. Routson, G. Jansen and 
A. V. Robinson 

Geo log ic  t e r m i n a l  s t o r a g e  o f  h i g h -  
l e v e l  n u c l e a r  was t e  i s  one of t h e  
was te  management c o n c e p t s  under  a c -  
t i v e  a s se s smen t .  P r e s e n t  r e g u l a t i o n s  
r e q u i r e  t h a t  a l l  h i g h - l e v e l  was t e s  
from f u e l  r e p r o c e s s i n g  be conve r t ed  
t o  s o l i d  m a t e r i a l  w i t h i n  5 y e a r s .  
Th i s  i s  t h e  m a t e r i a l  which may be 
s t o r e d  i n  a  g e o l o g i c  envi ronment .  I f  
c o n t a c t e d  w i t h  w a t e r ,  a l l  o f  t h e  p r o -  
prosed  s o l i d i f i e d  h i g h - l e v e l  was t e  
forms have f i n i t e  s o l u b i l i t i e s .  Fur -  
t he rmore ,  t h e r e  i s  a  f i n i t e  p r o b a b i l -  
i t y  t h a t  any g e o l o g i c  environment  
w i l l  e v e n t u a l l y  be invaded by w a t e r ,  
i n i t i a t i n g  a  r e l e a s e  e v e n t  and t h e  
t r a n s p o r t  o f  some was te  component 

*Work s u p p o r t e d  by D i v i s i o n  o f  T rans -  
p o r t a t i o n  & Waste Management. 

from i t s  s a f e  g e o l o g i c  r e p o s i t o r y  t o  
man's  e n v i r o n s .  The t r a n s p o r t  r a t e  
of  a  g i v e n  component may be con-  
t r o l l e d  t o  a  g r e a t  e x t e n t  by s o r p t i o n  
of  t h e  component upon t h e  s o l i d  phase 
through which t h e  s o l u t i o n  i s  f l owing .  
Thus, e v a l u a t i o n  of  any p o t e n t i a l  
dose  t o  man r e q u i r e s  a  q u a n t i t a t i v e  
e s t i m a t e  of t h e  s o r p t i o n  r e a c t i o n  
(Denham e t  a1  . , 1973) . 

A t r a n s p o r t  a n a l y s i s  of r a d i o -  
n u c l i d e s  from a  h y p o t h e t i c a l  a r i d  
s t o r a g e  s i t e  was made u s i n g  e s t i m a t e d  
r a d i o a c t i v i t y  d a t a  (Thomas, 1 9 7 4 ) ,  a  
mathemat ica l  model and assumpt ions  
abou t  t h e  l e a c h i n g  r a t e ,  s i t e  c h a r a c -  
t e r i s t i c s ,  and s o r p t i o n  pa rame te r s  
f o r  t h e  s i t e ' s  s o i l s .  The s t u d y  
showed t h a t  9 9 ~ c ,  3 H ,  1 2 9 ~ ,  237NP,  
and 9 ~ e  were t h e  f i v e  r a d i o n u c l i d e s  
c o n t r i b u t i n g  t h e  g r e a t e s t  p o t e n t i a l  
dose t o  man (Denham e t  a l . ,  1973) .  



Of t h e s e  f i v e  n u c l i d e s ,  s o r p t i o n  
pa rame te r s  f o r  3H and 1 2 9 1  (from 1311 
d a t a )  a r e  r e l a t i v e l y  well-known. I n  
c o n t r a s t ,  t h e  s o r p t i o n  d a t a  f o r  99Tc 
and 2 3 7 ~ p  a r e  p o o r l y  known, and 
v a l u e s  used i n  t h e  above s t u d y  were 
e s t i m a t e d  from t h e  chemis t ry  o f  t h e s e  
e l emen t s .  Thus, t h i s  s t u d y  was made 
t o  e x p e r i m e n t a l l y  de t e rmine  t h e  s o r p -  
t i o n  2 3 7 ~ p  and 9 9 ~ c  i n  some r e f e r e n c e  
s u b s o i l s .  I n  a d d i t i o n ,  i t  was s u s -  
pec t ed  t h a t  2 4 1 A m  s o r p t i o n  was p o s s i -  
b l y  low i n  a c i d  s o i l  sys tems,  and 
thus  t h e  measurement o f  t h e  s o r p t i o n  
of  t h i s  n u c l i d e  was added t o  t h a t  of  
t h e  above two. 

Two s o i l s  chosen f o r  t h e  s t u d y  and 
t h e i r  p r o p e r t i e s  a r e  g i v e n  i n  
Table  1 6 .  Chemical and r a d i o a c t i v e  
methods used i n  t h e  s t u d y  a r e  g iven  
e l s ewhere  (Routson e t  a l . ,  1975) .  

TABLE 16.  P r o p e r t i e s  of S o i l  Samples. 

S o i l  - - CaCo3 Silt C l a y  C E C  qH 
Mg/g "/. % m e / 1 0 0  e u n i t s  

Washington 0 . 8  1 0 . 1  0.5 4 . 9  7 . 0  

S o u t h  Ca ro l i na  <0.2 3 . 6  37.2 2.5 5.1 

KdAm and KdNp v a l u e s  f o r  t h e  South 
C a r o l i n a  and KdNp v a l u e s  f o r  t h e  
Washington s o i l s  a r e  t a b u l a t e d  i n  
Table  1 7 .  I n  a l l  t h r e e  c a s e s ,  i t  
can be s e e n  t h a t  Kd v a l u e s  dec reased  
w i t h  i n c r e a s i n g  c o n c e n t r a t i o n  of  
e i t h e r  Na o r  Ca. D i s t r i b u t i o n  c o e f -  
f i c i e n t  (KdAm) d a t a  were used  t o  
develop  l i n e a r  In-Kd I n - c o n c e n t r a t i o n  
r e g r e s s i o n  e q u a t i o n s  f o r  p r e d i c t i n g  
Kd v a l u e s  a t  i n t e r m e d i a t e  Na and Ca 
c o n c e n t r a t i o n s  i n  pu re  sys t ems .  
L inea r  r e g r e s s i o n  a n a l y s i s  of  t h e  
d a t a  f o r  t h e  South C a r o l i n a  s o i l  and 
Ca sys tem gave a  c o r r e l a t i o n  c o e f -  
f  i c i e n t  ( r )  o f  - 0.999,  s t a n d a r d  
e r r o r  of  t h e  e s t i m a t e d  of 0 .08 ,  and 
a n  e q u a t i o n  o f  t h e  l i n e :  y  = 1 .34  - 
0.89 x  where y  i s  t h e  I n  o f  t h e  KdAm 
and x  i s  t h e  I n  of  t h e  c o n c e n t r a t i o n .  
For t h e  South C a r o l i n a  s u b s o i l  and 
t h e  Na sys tem,  r = -0 .984 ,  s  = 0 . 4 7 ,  
a n d y  = 1.11 - 1 .02  x .  The r v a l u e s  
show a  h igh  deg ree  o f  c o r r e l a t i o n  
i n  b o t h  c a s e s ;  however, t h e  v a r i a n c e  
of  d a t a  abou t  t h e  Na l i n e  i s  much 
g r e a t e r  t han  t h e  Ca v a r i a n c e .  

TABLE 1 7 .  KdAm and KdNp f o r  
Washington and South Ca ro l ina  
S u b s o i l s  a s  a  Funct ion  of Na and 
Ca C o n c e n t r a t i o n .  

S o u t h  C a r o l i n a  Wash ing ton  
Na ( M )  KdAm (ml/g) KdNp (ml/g) I:dNp (ml/g) - -- 

a, standard d e v i a t i o n  

The s o r p t i o n  of  2 4 1 ~ m  by t h e  
Washington s u b s o i l  be ing  g r e a t e r  t han  
a n t i c i p a t e d  r e s u l t e d  i n  on ly  g r e a t e r  
t han  v a l u e s  be ing  de t e rmined .  Calcu-  
l a t e d  v a l u e s  of t h e  KdAm ranged from 
1 , 2 0 0  t o  8 ,700  ml /g ,  w i t h  t h e  v a l u e s  
be ing  e s s e n t i a l l y  independent  o f  con- 
c e n t r a t i o n  of Na and Ca. A t  Kd v a l -  
ue s  o f  t h i s  magnitude,  r e l a t i v e l y  
sma l l  v a r i a t i o n s  i n  coun t  r a t e  r e s u l t  
i n  l a r g e  KdAm changes a t  h igh  Kd v a l -  
u e s ,  and t h e  KdAm f o r  t h e  Washington 
sand  s u b s o i l  i s  b e s t  r e p o r t e d  a s  
>1 ,200 ml/g a l t h o u g h  t h e  a c t u a l  v a l -  
ues  may be somewhat h i g h e r .  

KdNp v a l u e s  a r e  lower than  a n t i c i -  
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r = -0 .843 ,  s  = 0 .16 ,  y  = -0.0291 x  
+ 1 . 1 9 .  For t h e  South C a r o l i n a  sub-  
s o i l  i n  t h e  Na sys t em,  r = -0 .974 ,  
s  = 0.080,  y  = 0.077 x  - 0 . 7 9 .  The r 
v a l u e s  show a  h igh  deg ree  of c o r r e l a -  
t i o n  i n  a l l  t h r e e  c a s e s .  
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A s s i s t a n c e  i n  t h e  a s s e s s m e n t  o f  e n v i r o n m e n t a l  i m p a c t s  o f  

n u c l e a r  power s t a t i o n s  f o r  t h e  N u c l e a r  R e g u l a t o r y  Commission 

was s u b s t a n t i a l l y  r e d u c e d  i n  FY 1 9 7 5 .  Fewer a p p l i c a t i o n s  were  

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

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

e v a l u a t i o n  was c o m p l e t e d .  The c h a r a c t e r i s t i c s  o f  power p l a n t s  

t h a t  were  a s s e s s e d  d u r i n g  t h e  c u r r e n t  y e a r  a r e  l i s t e d  a n d  a  

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

r e v i e w e d .  

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

t a n c e  was g i v e n  t o  t h e  E n e r g y  R e s e a r c h  a n d  Development  A d m i n i s -  

t r a t i o n ' s  D i v i s i o n  of  C o n t r o l l e d  T h e r m o n u c l e a r  R e s e a r c h  i n  p r o -  

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

may r e s u l t  f rom t h e  a p p l i c a t i o n  o f  n u c l e a r  f u s i o n  f o r  e l e c -  

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

Environmental Impact Assessment 
K. L. Gore 

The E c o s y s t e m s  D e p a r t m e n t  o f  
P a c i f i c  N o r t h w e s t  L a b o r a t o r y  f o r  
t h e  p a s t  y e a r  h a s  b e e n  a s s i s t i n g  t h e  
D i r e c t o r a t e  o f  L i c e n s i n g ,  N u c l e a r  
R e g u l a t o r y  Commiss ion (NRC) i n  p r e p a r -  
i n g  e n v i r o n m e n t a l  i m p a c t  s t a t e m e n t s  
(EIS)  on n u c l e a r  power  p l a n t s .  Eco- 
s y s t e m  D e p a r t m e n t  s t a f f  members a d -  
d r e s s  t h e  p o t e n t i a l  i m p a c t s  t h a t  may 
a r i s e  f r o m  t h e  s i t i n g ,  c o n s t r u c t i o n  
a n d  o p e r a t i o n  o f  n u c l e a r  power p l a n t s  
upon t h e  a q u a t i c  a n d  t e r r e s t r i a l  
b i o t a .  

The a n a l y s i s  b e g i n s  w i t h  a  r e v i e w  
of e n v i r o n m e n t a l  r e p o r t s  (ER) s u b -  
m i t t e d  by t h e  a p p l i c a n t  ( u t i l i t y ) .  
I f  t h e  ER c o n t a i n s  a d e q u a t e  i n f o r m a -  
t i o n ,  a  d r a f t  E n v i r o n m e n t a l  S t a t e -  
ment  (DES) i s  p r e p a r e d  by  t h e  s t a f f  
f o r  NRC. The DES i s  i s s u e d  f o r  r e v i e w  
and  comment by t h e  g e n e r a l  p u b l i c  a n d  

l o c a l ,  S t a t e  and  F e d e r a l  a g e n c i e s .  
The DES i s  t h e n  amended a n d  i s s u e d  a s  
a F i n a l  E n v i r o n m e n t a l  S t a t e m e n t .  Eco- 
s y s t e m s  s t a f f  members a r e  r e s p o n s i b l e  
f o r  t h e  c o n t e n t  o f  t h e s e  s t a t e m e n t s .  
O f t e n ,  s t a f f  members a p p e a r  a t  NRC 
c o n s t r u c t i o n  p e r m i t  a n d  l i c e n s i n g  
h e a r i n g s  t o  d e f e n d  t h e  s t a t e m e n t  a n d  
t h e  i m p a c t s  p r e d i c t e d  t h e r e i n .  

D u r i n g  t h e  p a s t  y e a r ,  o u r  e f f o r t  
i n v o l v e d  s i x  n u c l e a r  power  p l a n t  
i m p a c t  a s s e s s m e n t s  ( T a b l e  1 8 ) .  About  
o n e - h a l f  of t h e s e  p l a n t s  employ o p e n -  
c y c l e  ( o n c e -  t h r o u g h )  c o o l i n g .  T h e s e  
p l a n t s  w e r e  i n  v a r i o u s  s t a g e s :  o p e r -  
a t i n g ,  p a r t i a l l y  b u i l t ,  o r  a d d i t i o n s  
t o  a l r e a d y  e x i s t i n g  n u c l e a r  power 
p l a n t s .  An e x i s t i n g  o r  p a r t i a l l y  
b u i l t  p l a n t  n e e d s  a n  EIS t o  s a t i s f y  
t h e  r e q u i r e m e n t s  o f  t h e  N a t i o n a l  E n v i -  
r o n m e n t a l  P o l i c y  A c t  o f  1 9 6 9  and  t h e  
C a l v e r t  C l i f f s  D e c i s i o n  o f  J u l y  1 9 7 1 .  
T h e s e  l a w s  r e q u i r e  t h a t  a n  i n d e p e n -  
d e n t  a n a l y s i s  b e  made and  a n  E I S  b e  



- 
TABLE 1 8 .  N u c l e a r  Power P l a n t s  
E v a l u a t e d  by PNL 1974-1975 .  

DATE FINAL 
REACTOR TYPE TYPE AQUATIC ENVIRONMENTAL DOCKET 

N A M E I L K A T I O N  TYPE' CODING ENVIRONMENT @ STATEMENT ISSUED NUMBER 
- ~~p -- 

BARTON 1-4 BWR TOWERS FRESHWATER 3158 1159 --------------- 50-524 1-211 
VERHENq AL INATURAL DRAFT1 IRIVERI  

CALLAWAY I AND 2 PWR TOWERS FRESHWATER 3519 11% MARCH, 1915 50-483 
REFORM, M O  (NATURAL DRAFI I  IR lVERl  50-486 

C L I N C H  RIVER W F B R  TOWER FRESHWATER 915 380 - - - - - - - - - - - - - - -  50-531 
OAK RIDGE. TN IMECHANICAL DRAFT1 IRlVERl  

MONTICELLO BWR ONCE-THRMJGH PLUS FRESHWATER 1610 515 NOVEMBER, 1912 50-263 
MWTICELLO,  MN IMECHANICAL DRAFT1 (RIVER1 

OYSTER CREEK BWR ONCE-THRWGH MARINE 1 9 M  670 DECEMBER, 1914 50-219 
OYSTER CREEK, NJ IESTUARYI 

P I L G R I M 2  BWR ONCE-THRWGH MARINE 363 I219 G€TOBER,1914 50-411 
PLYMOUTH, MA (ESTUARY1 

'PWR - PRESSURIZED WATER REACTOR 
BWR - BOILING WATER REACTOR 
LMFBR - L I Q U I D  METAL FAST BREEDER REACTOR 

w r i t t e n  f o r  r e v i e w  by t h e  c o n c e r n e d  
p u b l i c .  The o t h e r  h a l f  o f  o u r  e f f o r t  
c e n t e r e d  on newly  p r o p o s e d  n u c l e a r  
power p l a n t s  a p p l y i n g  f o r  c o n s t r u c -  
t i o n  p e r m i t s .  These  p l a n t s  p l a n  t o  
u s e  c l o s e d - c y c l e  c o o l i n g  s y s t e m s  
( c o o l i n g  t o w e r s )  . 

Even t h o u g h  t h e  q u a n t i t y  o f  w a t e r  
n e e d e d  t o  o p e r a t e  a  n u c l e a r  power 
p l a n t  v a r i e s  by a b o u t  a n  o r d e r  of 
m a g n i t u d e  be tween  t h e  two t y p e s ,  t h e  
k i n d s  o f  p o t e n t i a l  i m p a c t s  on t h e  
a q u a t i c  b i o t a  a r e  q u i t e  s i m i l a r .  
These  i m p a c t s  i n c l u d e :  impingement  
o f  o r g a n i s m s  on  t h e  w a t e r  i n t a k e  
s c r e e n s ,  e n t r a i n m e n t  o f  o r g a n i s m s  
( p a s s a g e  of o r g a n i s m s  t h r o u g h  t h e  
c o o l i n g  s y s t e m ) ,  t h e r m a l  d i s c h a r g e  
e f f e c t s ,  c o l d  s h o c k  ( p l a n t  shu tdown 
d u r i n g  w i n t e r  c o n d i t i o n s )  , t h e r m a l  
b l o c k a g e  t o  m i g r a t i n g  o r g a n i s m s ,  g a s  
s u p e r s a t u r a t i o n ,  a n d  t o x i c i t y  o f  
c h e m i c a l s  d i s c h a r g e d  f rom t h e  p l a n t  
t o  t h e  r e c e i v i n g  w a t e r .  O t h e r  i m -  
p a c t s  c o u l d  a r i s e  from c o n s t r u c t i o n  
of a  p l a n t  a n d  a s s o c i a t e d  t r a n s m i s -  
s i o n  l i n e  i . e . ,  d r e d g i n g ,  s i l t a t i o n  
and  t h e  a l t e r a t i o n  o r  d e s t r u c t i o n  o f  
n a t u r a l  h a b i t a t s .  The e x t e n t  o f  
t h e s e  p o t e n t i a l  i m p a c t s  may depend 
d i r c c t l y  on b o t h  t h e  h y d r o l o g i c a l  and 
w a t e r  q u a l i t y  c h a r a c t e r i s t i c s  o f  t h e  
r e c e i v i n g  w a t e r .  

I n  c o m p a r i s o n  t o  o n c e - t h r o u g h  c o o l -  
i n g ,  c l o s e d - c y c l e  c o o l  i n g  ( c o o l i n g  
t o w e r s )  h a s  t h e  p o t e n t i a l  t o  r e d u c e  
t h e  i m p a c t  on  t h e  a q u a t i c  b i o t a ,  
m a i n l y  d u e  t o  t h e  s m a l l e r  volume of  
h e a t  i n t r o d u c e d  t o  r e c e i v i n g  w a t e r s .  
S i n c e  s m a l l e r  volumes o f  w a t e r  a r e  
needed  t o  o p e r a t e  a  p l a n t ,  l a r g e r  mul -  
t i p l e  u n i t s  c a n  b e  b u i l t  a t  t h e  same 

s i t e .  A m a j o r  a r e a  o f  c o n c e r n  i s  t h e  
c o n c e n t r a t i o n  o f  c h e m i c a l s  i n  t h e  
c o o l i n g  w a t e r ,  a  r e s u l t  o f  e v a p o r a -  
t i o n  o f  w a t e r  v a p o r  a n d  r e j e c t i o n  of 
h e a t  t o  t h e  a t m o s p h e r e .  To l i m i t  t h e  
b u i l d - u p  o f  c h e m i c a l s  i n  t h e  r e c i r c u -  
l a t i n g  c o o l i n g  w a t e r ,  a  p o r t i o n  (blow 
down) i s  d i s c h a r g e d  t o  s u r f a c e  w a t e r s  
and  i s  r e p l a c e d  by make-up w a t e r .  A l -  
though  t h e  q u a n t i t y  o f  h e a t  d i s -  
c h a r g e d  t o  s u r f a c e  w a t e r s  i s  r e d u c e d  
i n  t o w e r  c o o l e d  p l a n t s ,  t h e  i n c r e a s e d  
c h e m i c a l  c o n t e n t  o f  t h e  b low down may 
p r o d u c e  a d v e r s e  e n v i r o n m e n t a l  e f f e c t s .  
I n  a d d i t i o n  t o  c o n c e n t r a t i n g  t h e  chem- 
i c a l s  i n  t h e  l i q u i d  e f f l u e n t ,  c o o l i n g  
t o w e r s  may a l s o  r e l e a s e  l a r g e  amounts  
of  s a l t s  and  c h e m i c a l s  i n t o  t h e  s u r -  
r o u n d i n g  t e r r e s t r i a l  e n v i r o n m e n t  and  
c a u s e  l o n g - t e r m  a d v e r s e  i m p a c t s  on  
w i l d l i f e ,  v e g e t a t i o n  and  a g r i c u l t u r a l  
c r o p s .  

O t h e r  i m p a c t s  o n  t h e  t e r r e s t r i a l  
e n v i r o n m e n t  a r e  g e n e r a l l y  a s s o c i a t e d  
w i t h  c o n s t r u c t i o n  e f f e c t s .  These  i n -  
c l u d e :  l o s s  o f  h a b i t a t s  a n d  n a t u r a l  
v e g e t a t i o n  f r o m  c l e a r i n g  l a n d  f o r  t h e  
p l a n t ,  c l e a r i n g  r i g h t s - o f - w a y s  f o r  
t r a n s m i s s i o n  l i n e s ,  and  w i l d l i f e  
l o s s e s  a s s o c i a t e d  w i t h  c l e a r i n g .  How- 
e v e r ,  t h e  i m p a c t s  o n  t h e  t e r r e s t r i a l  
e n v i r o n m e n t  a r e  u s u a l l y  l e s s  s e v e r e  
t h a n  t h o s e  on  t h e  a q u a t i c  e n v i r o n m e n t .  

T h e r e  i s  a  p a u c i t y  o f  i n f o r m a t i o n  
on  t h e  combined e f f e c t s  o f  power 
p l a n t  p o l l u t a n t s  on  t h e  a q u a t i c  b i o t a .  
The m a j o r  e m p h a s i s  i s  a s s o c i a t e d  w i t h  
t h e r m a l  e f f e c t s  b e c a u s e  o f  t h e  l a r g e  
q u a n t i t y  of  w a t e r  n e e d e d  f o r  t h e  c o o l -  
i n g  s y s t e m s .  With t h e  a d v e n t  o f  c o o l -  
i n g  t o w e r s ,  i t  h a s  become e v i d e n t  
t h a t  more l o n g - t e r m  r e s e a r c h  i s  



n e e d e d  a t  t h e  l a b o r a t o r y  l e v e l  t o  
b e t t e r  d e l i n e a t e  t h e  s y n e r g i s t i c  e f  - 
f e c t s  of  p o l l u t a n t s  on t h e  a q u a t i c  
b i o t a  and t o  v e r i f y  t h e s e  r e s u l t s  
w i t h  f i e l d  e x p e r i m e n t s .  I n  t h e  f o l -  
lowing  s e c t i o n s  o f  t h i s  Annual  R e p o r t ,  
s e v e r a l  p rograms  f u n d e d  by DBER 
b e t t e r  c h a r a c t e r i z e  s u c h  i m p a c t s  and 
p r o v i d e  a  b a s i s  f o r  t h e  more a c c u r a t e  
p r e d i c t i o n  o f  e n v i r o n m e n t a l  i m p a c t s .  

Environmental Effects of Controlled 
Thermonuclear Reactors 

J. A. Strand and T. M. Poston 

The Ecosys tems  Depar tmen t  t o g e t h e r  
w i t h  t h e  B i o l o g y  and Sys tems  D e p a r t -  
m e n t s  of PNL a r e  a s s i s t i n g  t h e  D i v i -  
s i o n  o f  C o n t r o l l e d  Thermonuc lea r  
R e s e a r c h  (DCTR) , d u r i n g  FY ,1976, i n  
t h e  p r e p a r a t i o n  of  a  document  d e -  
s c r i b i n g  a n t i c i p a t e d  e n v i r o n m e n t a l  
e f f e c t s  o f  c o n t r o l l e d  t h e r m o n u c l e a r  
r e a c t o r s .  The o b j e c t i v e  o f  t h e  s t u d y  
i s  t o  d e t e r m i n e  t h e  mos t  p r o b a b l e  
t y p e  and m a g n i t u d e  of  p o t e n t i a l  e n -  
v i r o n m e n t a l  i m p a c t s  a s s o c i a t e d  w i t h  
t h e  f i r s t  commerc ia l  f u s i o n  r e a c t o r s .  

A n a l y s i s  o f  p r e s e n t  C T R  d e s i g n  
c r i t e r i a  i n d i c a t e s  t h a t  mos t  a n t i c i -  
p a t e d  e n v i r o n m e n t a l  e f f e c t s  t o  t e r -  
r e s t r i a l  and a q u a t i c  s y s t e m s  w i l l  b e  
s i m i l a r  t o  t h o s e  p r o d u c e d  by p r e s e n t  
day  f i s s i o n  r e a c t o r s .  S u i t a b l e  t e c h -  
n o l o g y  i s  a v a i l a b l e  o r  would be 
a v a i l a b l e  t o  p r o v i d e  a s s e s s m e n t  o f  
t h e  i m p o r t a n c e  and m a g n i t u d e  o f  s u c h  
e f f e c t s .  However,  t h e  a n a l y s i s  a l s o  
i d e n t i f i e s  p o t e n t i a l  s o u r c e s  o f  e n -  
v i r o n m e n t a l  i m p a c t  u n i q u e  t o  t h e  CTR 
d e s i g n .  The s o u r c e s  d i s c u s s e d  a r e  : 

R e l e a s e  o f  k i l o g r a m  q u a n t i t i e s  o f  
t r i t i u m ,  

R e l e a s e  o f  unknown q u a n t i t i e s  o f  
r a d i o a c t i v e  m a t e r i a l s  f rom n e u t r o n  
a c t i v a t i o n  o f  s t r u c t u r a l  m a t e r i a l s ,  
and 

R e l e a s e  o f  s u b s t a n t i a l  q u a n t i t i e s  
o f  l i t h i u m ,  sod ium,  p o t a s s i u m ,  
a n d  b e r y l l i u m .  

T r i t i u m  R e l e a s e  

S u f f i c i e n t  i n f o r m a t i o n  i s  a v a i l -  
a b l e  t o  p e r m i t  a s s e s s m e n t  o f  t h e  
r a d i o e c o l o g i c a l  c o n s e q u e n c e s  o f  po-  
t e n t i a l  t r i t i u m  r e l e a s e s .  The b i o -  
l o g i c a l  b e h a v i o r  and  r a d i o l o g i c a l  
i m p l i c a t i o n s  a r e  p e r h a p s  b e t t e r  u n -  
d e r s t o o d  f o r  t r i t i u m  t h a n  f o r  any 

o t h e r  r a d i o n u c l i d e .  E x t e n s i v e  s t u d -  
i e s  o v e r  t h e  l a s t  30 y e a r s  demon- 
s t r a t e  n o  u n i q u e  b e h a v i o r  f o r  t r i t i u m  
i n  t h e  b i o s p h e r e  t h a t  would n o t  b e  
p r e d i c t e d  w i t h  due c o n s i d e r a t i o n  f o r  
p h y s i c o c h e m i c a l  form of t h e  p r i n c i -  
p a l  compound t y p e .  E x p e r i m e n t  a t  i o n  
f a i l s  t o  p r o d u c e  e f f e c t s  d a t a  s i g -  
n i f i c a n t l y  d i f f e r e n t  f r o m  t h o s e  which  
may be  p r e d i c t e d  f r o m  a  g e n e r a l  know- 
l e d g e  o f  t h e  e f f e c t s  o f  i o n i z i n g  r a -  
d i a t i o n .  The p r i m a r y  d e f i c i e n c i e s  
i n  o u r  knowledge o f  t r i t i u m  i n c l u d 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  b e h a v -  
i o r  o f  t r i t i u m  i n  t e m p e r a t e  c l i m a t e s  
a n d  t h e  i m p l i c a t i o n s  o f  l o n g e r - t e r m  
o r  c h r o n i c  e x p o s u r e s .  A d d i t i o n a l l y ,  
m u l t i - g e n e r a t i o n  s t u d i e s  o f  p o t e n -  
t i a l  g e n e t i c  e f f e c t s  a r e  n e e d e d  t o  
c o n f i r m  o u r  p r e s e n t  knowledge o f  
b a s i c  c o n c e p t s .  

R e l e a s e  o f  A c t i v a t i o n  P r o d u c t s  

The s p e c t r u m  o f  n e u t r o n  i n d u c e d  
a c t i v a t i o n  p r o d u c t s  i n  s t r u c t u r a l  ma- 
t e r i a l s  o f  CTR's may d i f f e r  s i g n i f i -  
c a n t l y  f r o m  t h a t  o f  c u r r e n t  b o i l i n g  
w a t e r  o f  p r e s s u r i z e d  w a t e r  r e a c t o r s .  
I t  i s  s t i l l  u n c e r t a i n  which  s t r u c -  
t u r a l  m a t e r i a l s  w i l l  b e  u s e d  i n  t h e  
b l a n k e t  and  f i r s t  w a l l  o f  CTRs; how- 
e v e r ,  n i o b i u m ,  vanad ium,  vanad ium-  
chromium a l l o y ,  vanadium- t i t a n i u m  
a l l o y ,  s i n t e r e d  aluminum p r o d u c t  
(SAP),  and s t a i n l e s s  s t e e l  have  b e e n  
s u g g e s t e d .  Of p r i n c i p a l  c o n c e r n  w i l l  
be t h e  l o n g e r -  l i v e d  i s o t o p e s ,  2 6 A 1 ,  
4 9 ~ ,  5 1 ~ r ,  5 4 ~ n ,  5 5 F e ,  " C O ,  93Nb,  
and 94Nb. Such i n d u c e d  r a d i o a c t i v i -  
t i e s  may e s c a p e  t h e  r e a c t o r  c o n f i n e s  
t h r o u g h  n e u t r o n  s p u t t e r i n g  i n t o ,  o r  
c o r r o s i o n  b y  l i q u i d  m e t a l  c o o l a n t s .  
A c t i v a t i o n  p r o d u c t s  may a l s o  e s c a p e  
c o n t a i n m e n t  a s  a e r o s o l s  u n d e r  c e r -  
t a i n  a c c i d e n t  s i t u a t i o n s .  D i s p o s a l  
o f  r e t r i e v e d  r a d i o a c t i v e  w a s t e  
t h r o u g h  b u r i a l  may, a s  w e l l ,  i n c r e a s e  
t h e  p o t e n t i a l  f o r  e n v i r o n m e n t a l  
i m p a c t .  

However,  i t  i s  e v i d e n t  t h a t  t h e  
e x i s t i n g  d a t a  b a s e  i s  i n c o m p l e t e  and  
o f t e n  c o n t r a d i c t o r y ,  and i s  o f  q u e s -  
t i o n a b l e  v a l u e  f o r  t h e  p r e d i c t i o n  and  
a s s e s s m e n t  o f  u l t i m a t e  i m p a c t .  The 
e n v i r o n m e n t a l  t r a n s p o r t  o f  many o f  
t h e s e  e l e m e n t s  h a s  n o t  been  s t u d i e d  
i n  t e r m s  o f  a t m o s p h e r i c  o r  h y d r o -  
l o g i c  d i s p e r s a l ,  d e p o s i t i o n  and a c -  
c u m u l a t i o n  i n  s o i l s  o r  s e d i m e n t s ,  and 
a c c u m u l a t i o n  i n  p l a n t s  and  a n i m a l s .  
Very  l i t t l e  d a t a  on t h e  p o t e n t i a l  f o r  
b i o a c c u m u l a t i o n  i n  f o o d  c h a i n s  l e a d -  
i n g  t o  man a r e  r e a d i l y  a v a i l a b l e .  



Lack o f  e s t i m a t e s  o f  t h e  q u a n t i t i e s  
o f  p r i n c i p a l  a c t i v a t i o n  i s o t o p e s  t h a t  
may be r e l e a s e d  i n  w a s t e  s t r e a m s  o r  
u n d e r  a c c i d e n t  c o n d i t i o n s  f u r t h e r  
c o m p l i c a t e s  a s s e s s m e n t  a t  t h i s  t i m e .  

R e l e a s e  o f  L i t h i u m ,  Sod ium,  
P o t a s s i u m ,  a n d  B e r y l l i u m  

I n s u f f i c i e n t  i n f o r m a t i o n  i s  p r e s -  
e n t l y  a v a i l a b l e  t o  p r o v i d e  f o r  a s s e s s -  
men t  o f  e n v i r o n m e n t a l  e f f e c t s  o f  
l a r g e  q u a n t i t i e s  o f  l i t h i u m  r e l e a s e d  
d u r i n g  a n  a c c i d e n t  e v e n t .  R e s e a r c h  
i s  r e q u i r e d  t o  d e t e r m i n e  t h e  b  i o l o g -  
i c a l  b e h a v i o r  a n d  t o x i c o l o g i c a l  im- 
p l i c a t i o n s  o f  l i t h i u m  i n  b o t h  t e r r e s -  
t r i a l  a n d  a q u a t i c  s y s t e m s .  C h r o n i c  
t e s t s  e x t e n d i n g  o v e r  t h e  e n t i r e  l i f e  
c y c l e  o f  s e l e c t e d  t e s t  s p e c i e s  s h o u l d  
be  c o n d u c t e d  t o  d e t e r m i n e  t h e  h i g h e s t  
" s a f e "  c o n c e n t r a t i o n  o f  l i t h i u m  a t  
w h i c h  n o  a d v e r s e  e f f e c t s  a r e  o b s e r v e d .  
A s s e s s m e n t  o f  s u b l e t h a l  s t r e s s  i s  
n e e d e d  t o  p e r m i t  r a p i d  d e t e c t i o n  of  
r e s p o n s e s  t o  l i t h i u m  a t  s t r e s s i n g  
l e v e l s  a s  low a s  t h o s e  f o u n d  by 
c h r o n i c  t e s t s  t o  b e  b i o l o g i c a l l y  
" s a f e . "  

P r e s e n t  r e s e a r c h  d o e s  n o t  a d e -  
q u a t e l y  d e a l  w i t h  t h e  m a g n i t u d e  o f  
e n v i r o n m e n t a l  i m p a c t  a s s o c i a t e d  w i t h  
l i q u i d  m e t a l  f i r e s  i n v o l v i n g  sod ium 
o r  p o t a s s i u m .  Of p a r t i c u l a r  s i g n i f i -  
c a n c e  a r e  t h e  d y n a m i c s  i n v o l v e d  w i t h  
t h e  h y d r o l y s i s  o f  a l k a l i  m e t a l  o x i d e s  
i n  e c o s y s t e m s  a n d  t h e  f a t e  o f  a l k a l i  
a n d  h y d r o x i d e  d e r i v a t i v e s .  F u r t h e r  
e c o l o g i c a l  i n v e s t i g a t i o n s  i n t o  s o d i c  
s o i l  h a b i t a t s  a n d  a l k a l i n e  a q u a t i c  
h a b i t a t s  may a i d  i n  d e l i n e a t i n g  t h e  
e x p l i c i t  e f f e c t s  o f  t h e s e  c o n t a m i -  
n a n t s  a t  t h e i r  mos t  t o l e r a b l e  b i o l o g -  
i c a l  e x t r e m e s .  B i o a s s a y  work s h o u l d  
b e  c o n d u c t e d  f o r  b o t h  a c u t e  a n d  
c h r o n i c  e f f e c t s  on i m p o r t a n t  o r g a -  
n i s m s .  E f f o r t s  s h o u l d  b e  made t o  
a s s e s s  b o t h  c a u s t i c  h y d r o x i d e  e f f e c t s  
a n d  s p e c i f i c  i o n  e f f e c t s  i n d e p e n d -  
e n t l y  o f  e a c h  o t h e r .  R a t e s  o f  t u r n -  
o v e r  a n d  r e m o v a l  b y  b o t h  n a t u r a l  a n d  
a r t i f i c i a l  means  s h o u l d  b e  a n a l y z e d .  

B e r y l l i u m  may b e  i n c l u d e d  i n  t h e  
f i x e d  b l a n k e t  s t r u c t u r e  i n  c e r t a i n  
CTR d e s i g n s  where  i t  w i l l  b e  u s e d  a s  
a  n e u t r o n  m u l t i p l i e r .  The e x i s t i n g  
i n f o r m a t i o n  b a s e  f o r  b e r y l l i u m  is  
f r a g m e n t a r y ,  a n d  o f  q u e s t i o n a b l e  
v a l u e  f o r  p r e d i c t i o n  a n d  u l t i m a t e  
a s s e s s m e n t  o f  i m p a c t .  The l a c k  o f  
i n f o r m a t i o n  on s p e c i f i c  compound 
t y p e s  r e l e a s e d  t o  t h e  e n v i r o n m e n t  
d u r i n g  r e a c t o r  a c c i d e n t  f u r t h e r  com- 
p l i c a t e s  t h i s  p r o b l e m .  The e n v i r o n -  
m e n t a l  t r a n s p o r t  o f  b e r y l l i u m  h a s  n o t  
b e e n  s t u d i e d  i n  t e r m s  o f  a t m o s p h e r i c  
o r  h y d r o l o g i c  d i s p e r s a l ,  d e p o s i t i o n  
a n d  a c c u m u l a t i o n  i n  s o i l s ,  a n d  a c c u -  
m u l a t i o n s  i n  p l a n t s  a n d  a n i m a l s .  
L i t t l e  d a t a  on t h e  p o t e n t i a l  f o r  b i o -  
a c c u m u l a t i o n  i n  f o o d  c h a i n s  l e a d i n g  
t o  man a r e  a v a i l a b l e .  

The p r o c u r e m e n t  o f  m a t e r i a l s  f o r  
c o n s t r u c t i o n  o f  CTR's may e n t a i l  a  
u n i q u e  e n v i r o n m e n t a l  i m p a c t  b e c a u s e  
of  t h e  i n c r e a s e  i n  q u a n t i t i e s  o f  
m a t e r i a l s  a n t i c i p a t e d .  T h i s  may r e -  
s u l t  i n  i n c r e a s e d  l a n d  a l t e r a t i o n  
d u r i n g  m i n i n g ,  r e f i n i n g  a n d  manuf a c -  
t u r i n g  o f  s u c h  m a t e r i a l s ,  a n d  a l s o  
c r e a t e  i n c r e a s e d  l a n d ,  w a t e r ,  a n d  
a i r  p o l l u t i o n  p r o b l e m s .  However,  n o  
a d d i t i o n a l  r e s e a r c h  i s  j u s t i f i e d  
u n t i l  t h e  t y p e s  a n d  q u a n t i t i e s  of  
m a t e r i a l s  t o  b e  u s e d  i n  CTR c o n s t r u c -  
t i o n  a r e  known. 

I n  summary,  i n s u f f i c i e n t  i n f o r m a -  
t i o n  i s  a v a i l a b l e  t o  p e r m i t  a s s e s s -  
ment  o f  e n v i r o n m e n t a l  i m p a c t s  a s s o -  
c i a t e d  w i t h  t h e  r e l e a s e  o f  l i t h i u m ,  
s o d i u m ,  p o t a s s i u m ,  b e r y l l i u m ,  and  
c e r t a i n  a c t i v a t i o n  p r o d u c t s .  The po-  
t e n t i a l  i m p a c t  t o  b i o l o g i c a l  s y s t e m s  
may b e  r e d u c e d  t h r o u g h  u s e  o f  l a r g e  
e x c l u s i o n  a r e a s  a n d  p r o p e r  p l a n t  d e -  
s i g n .  I t  i s  l i k e l y  t h a t  a d d i t i o n a l  
t e c h n o l o g y  w i l l  b e  d e v e l o p e d  b e f o r e  
t h e  f i r s t  c o m m e r c i a l  f u s i o n  r e a c t o r s  
a r e  c o m p l e t e d  w h i c h  c o u l d  d e c r e a s e  
t h e  m a g n i t u d e  o f  p o t e n t i a l  CTR e n -  
v i r o n m e n t a l  i m p a c t s .  
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EFFECTS O F  THERMAL DISCHARGES ON AQUATIC BIOTA 

The pr imary  o b j e c t i v e  o f  t h i s  r e s e a r c h  i s  t o  de t e rmine  t h e  

e f f e c t  of sudden thermal  s t r e s s  on t h e  e x e r c i s e  phys io logy  of  

rainbow t r o u t .  Metabol ic  a c t i v i t y  of  f i s h  i s  i n f l u e n c e d  by 

many f a c t o r s .  Two of t h e  most impor t an t  a r e  t empera tu re  and 
e x e r c i s e .  The expe r imen t s  r e p o r t e d  h e r e  a r e  des igned  t o  a s s e s s  

t h e  s imu l t aneous  i n t e r a c t  i ons  of  t h e s e  two envi ronmenta l  f e a -  

t u r e s .  I n  t h e s e  s t u d i e s ,  t h e  t o l e r a n c e  of  t h e  f i s h  t o  t h e r ~ n a l  

s t r e s s  i s  e v a l u a t e d  by measuring t h e  blood g l u c o s e  l e v e l s .  

F i s h  respond t o  envi ronmenta l  s t r e s s  by e x h i b i t i n g  a n  e l e v a t i o n  

o f  t h e  b lood  suga r  l e v e l .  The m e t a b o l i c  e f f e c t s  of  e x e r c i s e  

a r e  de t e rmined  by measuring t h e  p r o d u c t i o n  of  l a c t i c  a c i d  i n  

muscle t i s s u e  and de t e rmin ing  t h e  l e v e l  of  t h i s  m e t a b o l i t e  i n  

t h e  c i r c u l a t i n g  b lood .  

B ioas says  i n v o l v i n g  g r a d u a l  and a b r u p t  c o l d  shock a r e  r e -  

q u i r e d  f o r  development of c r i t e r i a  a p p l i c a b l e  t o  assessment  of 

p o t e n t i a l  impact  on b i o t a  i n h a b i t i n g  mixing zones fo l lowing  

t e r m i n a t i o n  of  hea t ed  d i s c h a r g e s .  Thermal c o n d i t i o n s  i n  such  

a r e a s  a r e  h i g h l y  v a r i a b l e .  Any d e t r i m e n t a l  e f f e c t  i s  r e l a t e d  

t o  such  f e a t u r e s  a s  o r i g i n a l  a c c l i m a t i o n  t empera tu re  and r e s i s -  

t a n c e  t o  c o l d  o f  t h e  d i f f e r e n t  s p e c i e s  i nvo lved ,  a s  we l l  a s  

t empera tu re  d e c l i n e  r a t e s ,  p r e v a i l i n g  minimum t e m p e r a t u r e s ,  and 

d u r a t i o n s  of  exposure  t o  t h a t  minimum. 

Effects of Water Temperature and Exercise 
on Blood Glucose and Lactate of Rainbow 
Trout 

M. J. Schneider, T. J. Connors, 
R. G. Genoway and S. A. Barraclough 

A v a r i e t y  of  envi ronmenta l  f a c t o r s  
a r e  known t o  i n f l u e n c e  t h e  m e t a b o l i c  
a c t i v i t y  o f  f i s h  and ,  t h e r e f o r e ,  
t h e i r  r e s p o n s e  t o  s t r e s s .  Two of  t h e  
more impor t an t  f a c t o r s  which have an  
i n f l u e n c e  on f i s h  metabolism a r e  
wa te r  t empera tu re  and t h e  l e v e l  o f  

f a t i g u e .  The purpose  of  t h i s  s t u d y  i s  
t o  i n v e s t i g a t e  t h e  i n t e r r e l a t i o n s h i p s  
of f a t i g u e  and wa te r  t empera tu re  on 
t h e  t o l e r a n c e  of f i s h .  This  p r o j e c t  
a t t e m p t s  t o  a s s e s s  t h e  combined e f f e c t  
of  swimming induced  f a t i g u e ,  measured 
by p h y s i o l o g i c a l  i n d i c a t o r s  and expo- 
s u r e  t o  thermal  s t r e s s .  

The expe r imen ta l  d e s i g n  inco rpo -  
r a t e s  t h e  a c c l i m a t i o n  o f  f i s h  s t o c k s ,  
rainbow t r o u t ,  Salmo a i r d n e r i ,  t o  
t h r e e  t e m p e r a  16OC. 



F i s h  from t h e s e  s t o c k s  a r e  s u b j e c t e d  
t o  wa te r  t e m p e r a t u r e s  i n  e x c e s s  o f  t h e  
a c c l i m a t i o n  s t a t e ,  w h i l e  s i m u l t a -  
neous ly  b e i n g  r e q u i r e d  t o  per form a t  
one o f  t h r e e  l e v e l s  o f  e x e r c i s e .  The 
exposu re  t e m p e r a t u r e s  a r e  0 ,  5 ,  1 0 ,  
and 15°C above t h e  a c c l i m a t i o n  tempera-  
t u r e  and t h e  e x e r c i s e  l e v e l s  a r e  d e -  
f i n e d  a s  s t a t i c ,  l i g h t  and heavy .  The 
e x p e r i m e n t a l  d e s i g n  i s  e s s e n t i a l l y  a  
m a t r i x  i n c o r p o r a t i n g  s e v e r a l  f a c t o r s ,  
each  o f  which i s  a  s e p a r a t e  t e s t  con-  
d i t i o n .  During a  t e s t  r u n ,  t h e  change 
from a c c l i m a t i o n  t e m p e r a t u r e  t o  t e s t  
t e m p e r a t u r e  and t h e  i n i t i a t i o n  of  e x e r -  
c i s e  f o r  a l l  g roups  a r e  conducted  
a c c o r d i n g  t o  a  s e t  p r o t o c o l  s o  t h a t  
f i s h  from a l l  g roups  a r e  s u b j e c t e d  t o  
comparable  c o n d i t i o n s .  A t  t h e  end o f  
a n  e x p e r i m e n t a l  r u n ,  f i s h  a r e  immedi- 
a t e l y  removed from t h e  t e s t  a p p a r a t u s  
and a l l  m e t a b o l i c  f u n c t i o n s  a b r u p t l y  
t e r m i n a t e d  by immersion i n  an i c e -  
a l c o h o l  b a t h .  Blood samples  a r e  ob -  
t a i n e d  a t  t h i s  t ime  and p r o c e s s e d  imme- 
d i a t e l y .  Blood g l u c o s e  and l a c t a t e  
a r e  measured.  

The r e s u l t s  from t h e  12°C a c c l i -  
mated f i s h  were r e p o r t e d  i n  t h e  1974 
Annual R e p o r t .  S i n c e  t h a t  t ime ,  t h e  
16°C a c c l i m a t i o n  group  and 8°C a c c l i -  
ma t ion  group i n v e s t i g a t i o n s  were com- 
p l e t e d .  The s t a t i s t i c a l  t r e a t m e n t  f o r  
t h e  16°C group i s  r e p o r t e d  below. The 
d a t a  from t h e  8°C a c c l i m a t i o n  group i s  
s t i l l  b e i n g  a n a l y z e d  s t a t i s t i c a l l y .  

The r e s u l t s  o f  t h e  t e s t  performed 
w i t h  16°C a c c l i m a t e d  f i s h  a r e  p r e -  
s e n t e d  i n  F i g s .  19 and 20. The f i g -  
u r e s  p r e s e n t  t h e  v a l u e s  o f  blood 
g lucose  and l a c t a t e  i n  mg% f o r  t h e  
v a r i o u s  combina t i ons  o f  t e s t  t empera-  
t u r e  and e x e r c i s e .  Note t h a t  t h e  f i g -  
u r e s  o n l y  i n d i c a t e  t h a t  two l e v e l s  o f  
e x e r c i s e ,  i . e . ,  s t a t i c  and l i g h t  were 
a p p l i e d  t o  t h e  f i s h .  The r e a s o n  f o r  
t h i s  was t h a t  when f i s h  from t h e  16°C 
a c c l i m a t i o n  group  were r e q u i r e d  t o  
s w i m  under  t h e  heavy e x e r c i s e  c o n d i -  
t i o n ,  a l l  b u t  a  few r e f u s e d .  

A t  t h e  o u t s e t  o f  t h e  e x p e r i m e n t ,  
t e n  f i s h  were s a c r i f i c e d  t o  de t e rmine  
c o n t r o l  g l u c o s e  and l a c t a t e  v a l u e s  f o r  
f i s h  w i t h  minimum h a n d l i n g  s t r e s s .  
Blood g l u c o s e  and  l a c t a t e  means f o r  
t h e  10 c o n t r o l  f i s h  a r e  59.7 and 5 . 3  
mg%, r e s p e c t i v e l y ,  and t h e  s t a n d a r d  
d e v i a t i o n s  a r e  6 . 1  and 2.0 mg%, r e s p e c -  
t i v e l y .  A comparison o f  c o n t r o l  g l u -  
c o s e  and l a c t a t e  means w i t h  16°C 
s t a t i c  t r e a t m e n t  g l u c o s e  and l a c t a t e  

means shows s i g n i f i c a n t l y  h i g h e r  g l u -  
c o s e  (p <0 .1 )  and l a c t a t e  (p < .  01) f o r  
t h e  16°C s t a t i c  t r e a t m e n t  combina t i on .  
Th i s  i n d i c a t e d  t h a t  t r a n s f e r  o f  f i s h  
from t h e  h o l d i n g  t a n k s  t o  t h e  e x p e r i -  
menta l  a p p a r a t u s  does  i nduce  some han-  
d l i n g  e f f e c t  o f  t h e  measured parame- 
t e r s .  

The a n a l y s i s  o f  v a r i a n c e  based  on 
a  l o g a r i t h m i c  t r a n s f o r m a t i o n  o f  t h e  
b lood  g lucose  d a t a  shows t h a t  t empera-  
t u r e  has  a  s i g n i f i c a n t  (p ~ 0 . 1 )  e f f e c t  
b u t  t h e  e f f e c t  o f  e x e r c i s e  i s  n o t  s i g -  
n i f i c a n t .  The t empera tu re  e f f e c t  i s  
s i g n i f i c a n t  because  o f  t h e  i n c r e a s e  i n  
b lood  g lucose  l e v e l  o f  84 .2  mg% a t  
21°C t o  138 .1  mg% a t  26°C. Note i n  
F i g .  19 t h a t  t h e  b lood  g l u c o s e  l e v e l s  
a t  a  t e s t  t empe ra tu re  of  31°C a r e  ap -  
p r o x i m a t e l y  t h e  same a s  t h o s e  f o r  26°C. 
F i s h  a t  t h i s  v e r y  h i g h  t e m p e r a t u r e  
would per form f o r  o n l y  an ave rage  t i m e  
o f  37 min b e f o r e  c e s s a t i o n  o f  swim- 
ming. A t  t h e  p o i n t  where a  f i s h  i n  
t h e  e x e r c i s e  sys tem a t  31°C r e f u s e d  t o  
c o n t i n u e  swimming, t h e  t e s t  was t e r m i -  
n a t e d .  Thus, t h e  t e s t  f o r  t e m p e r a t u r e  
e f f e c t  a t  ~ T = 1 5 " c  i s  i ncomple t e .  

-" 
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FIG. 19 .  Blood Glucose Means i n  t h e  
95% Conf idence  I n t e r v a l  f o r  Rainbow 
T r o u t ,  Acc l imated  a t  16°C. 
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FIG. 20.  Blood L a c t a t e  Means i n  t he  
95% Confidence I n t e r v a l  f o r  Rainbow 
T r o u t ,  Accl imated a t  16°C. 

Ana lys i s  of  v a r i a n c e  based  on a  
l o g a r i t h m i c  t r a n s f o r m a t i o n  o f  b lood  
l a c t a t e  d a t a  shows t h a t  t empera tu re  
and e x e r c i s e  bo th  have a  s i g n i f i c a n t  
e f f e c t  (p < .01 )  on t h e  mean l a c t a t e  
l e v e l .  F ig .  2 0  shows t h a t  t h e  mean 
l a c t a t e  v a l u e  averaged  ove r  s t a t i c  and 
l i g h t  e x e r c i s e  c o n d i t i o n s  i n c r e a s e d  
s i g n i f i c a n t l y  from 15 .0  mg% a t  21°C t o  
49.4 mg% a t  26°C. The mean v a l u e s  a t  
16°C and 31°C a r e  14 .4  and 59.2 mg%, 
r e s p e c t i v e l y .  I n  a d d i t i o n ,  t h e  mean 
l a c t a t e  v a l u e  of  41 .9  mg% f o r  l i g h t  
e x e r c i s e  ave rage  o v e r  a l l  t empera tu re s  
i s  s i g n i f i c a n t l y  h i g h e r  (p < .01 )  t han  
t h e  mean l a c t a t e  v a l u e  of 27.1 mg% f o r  
s t a t i c  e x e r c i s e .  L i g h t  e x e r c i s e  l a c -  
t a t e  means a r e  s i g n i f i c a n t l y  h i g h e r  a t  
16"C, 21°C and 26"C, b u t  a r e  n o t  a t  
31°C. Once a g a i n ,  i t  shou ld  be  no ted  
t h a t  t h e  mean t e s t  t ime a t  31°C was 
36 min i n s t e a d  of  t h e  65 min r e q u i r e d  
by t h e  t e s t  p r o t o c o l .  

With t h e  approach o f  comple t ion  o f  
t h e  i n v e s t i g a t i o n s  o f  t h e  combined e f -  
f e c t  o f  t empera tu re  and f a t i g u e  on 
t r o u t ,  d a t a  compi l ing  and i n t e r p r e t a -  
t i o n  have i n d i c a t e d  a  need f o r  a d d i -  
t i o n a l  d a t a  on l a c t a t e  and g lycogen 
from t i s s u e s  o t h e r  t han  t h e  b lood ,  
namely, l i v e r  and musc le .  This  i n f o r -  
mat ion  w i l l  be r e q u i r e d  t o  comple t e ly  
answer t h e  q u e s t i o n s  t h a t  have a r i s e n  
d u r i n g  d a t a  i n t e r p r e t a t i o n .  Some o f  
t h i s  i n f o r m a t i o n  has  a l r e a d y  been g a t h -  
e r e d  and some remains t o  be o b t a i n e d  
i n  t h e  nea r  f u t u r e .  Table 19  p r e s e n t s  
t h e  s t a t u s  of t h e  t o t a l  d a t a  r e q u i r e -  
ments which w i l l  p rov ide  a  comple te  
unde r s t and ing  of  t h e  phys io logy  of f a -  
t i g u e  and thermal  s t r e s s  a c t i n g  i n  
c o n c e r t .  

TABLE 19 .  S t a t u s  o f  Rainbow Trou t  
T i s sue  Ana lys i s  i n  F i s h  F a t i g u e -  
Temperature S t u d i e s .  

A c c l i m a t e d  Blood Blood Muscle 
Temp. AT'C G l u c o s e  L a c t a t e  L a c t a t e  A d d i t i o n a l  

B0C T e s t s  I n c l u d i n g  S t a t i c ,  L i g h t  and  Heavy E x e r c i s e  

C o n t r o l s  1 0 0 %  100% 40% a  
0  100% 1 0 0 %  30% - 0 -  
5 1 0 0 %  100% 30 % - 0 -  

1 0  1 0 0 %  1 0 0 %  40% - 0 -  
1 5  100% 1 0 0 %  70% - 0 -  

12°C T e s t s  I n c l u d i n g  S t a t i c ,  L i g h t  and Heavy E x e r c i s e  

C o n t r o l s  100% 100% b a  
0 1 0 0 %  1 0 0 %  b - 0  - 
5  1 0 0 %  1000 b - 0 -  

1 0  100% 100% b  - 0 -  
1 5  1 0 0 %  100% b - 0 -  

16'C T e s t s  I n c l u d i n g  S t a t i c  and L i g h t  E x e r c i s e  

C o n t r o l s  1 0 0 %  100% 100% a  
0  1 0 0 %  100% 100% - 0 -  
5 1 0 0 %  1 0 0 %  100% - 0 -  

1 0  100% 100% 1 0 0 %  - 0 -  
1 5  100% 1 0 0 %  1 0 0 %  - 0 -  

- -  - 

a ~ a m p l e s  w i l l  a l s o  be  a n a l y z e d  f o r  muscle  g l y c o g e n ,  
l i v e r  g l y c o g e n ,  and l i v e r  l a c t a t e .  

b ~ r i g i n a l  t i s s u e  s a m p l e s  d e s t r o y e d  and w i l l  be 
r e o b t a i n e d .  

The d a t a  r ev i ew  and a n a l y s i s  t h a t  
i s  c u r r e n t l y  underway i s  expec t ed  t o  
r e s u l t  i n  a t  l e a s t  f o u r  p u b l i c a t i o n s .  
Two of  t h e s e  a r e  i n  p a r t i a l  d r a f t  form 
a t  t h i s  t ime,  and t h e  remainder  w i l l  
a w a i t  t h e  comple t ion  of  t h e  remain ing  
exper iments  w i t h  t r o u t .  T e n t a t i v e  
t i t l e s  of t h e  pape r s  now be ing  con-  
s i d e r e d  a r e :  

1 )  A f i s h  i s o l a t i o n  t a n k  which a l l o w s  
removal of  i n d i v i d u a l s  w i t h  minimum 
d i s t u r b a n c e  t o  remain ing  s t o c k s .  



2) The e f f e c t  o f  a c c l i m a t i o n  tempera-  
t u r e  on t i s s u e  l e v e l s  o f  g l u c o s e ,  
l a c t a t e  and n l y c o ~ e n  i n  rainbow 
t r o u t ,  ~ a l m o - g a i r d n e r i .  

3) The e f f e c t  of  wa te r  t empera tu re  and 
e x e r c i s e  on b lood  l a c t a t e  and q l u -  
c o s e  i n  rainbow t r o u t ,  Salmo 
g a i r d n e r i .  

4 )  The energy  metabol i sm of  rainbow 
t r o u t ,  ~ a l m o  a i r d n e r i ,  i n  r e sponse  
t o  t h e r n n b  s t r e s s  a c t -  
i ng  i n  c o n c e r t .  

Direct Effects of Cold Shock on Aquatic 
Organisms 

C. D. Becker and M. J. Schneider, 
R .  G. Genoway and S. A. Barraclough 

Man's i n t e r a c t i o n  w i t h  h i s  e n v i r o n -  
ment through expans ion  of  t h e  n u c l e a r  
and f o s s i l - f u e l e d  power s t a t i o n s  has  
c r e a t e d  l o c a l i z e d  s o u r c e s  where po ten -  
t i a l l y  l e t h a l  c o l d  shocks can o c c u r .  
Once-through c o o l i n g  o f  power p l a n t s  
i n v o l v e s  d i r e c t  u se  of  l a r g e  volumes 
of  wa te r  f r e q u e n t l y  d i s c h a r g e d  a t  tem- 
p e r a t u r e s  s e v e r a l  deg rees  above ambi- 
en t  i n t o  c o o l e r  r e c e i v i n g  a r e a s .  When 
p l a n t  o p e r a t i o n  c e a s e s  o r  i s  reduced  
because  of  system m a l f u n c t i o n  o r  main-  
t e n a n c e ,  a q u a t i c  organisms l i v i n g  i n  
t h e  warmed d igcha rge  may e x p e r i e n c e  a  
r a p i d  t empera tu re  d e c l i n e .  Impact 
a s se s smen t s  o f t e n  r e q u i r e  p r e d i c t i v e  
d a t a  on t h e  a b i l i t y  of  a q u a t i c  s p e c i e s ,  
a c c l i m a t e d  t o  a  g iven  thermal  l e v e l ,  
t o  r e s i s t  bo th  g r a d u a l  and a b r u p t  e x -  
posu re  t o  low t e m p e r a t u r e s .  

Ope ra t ions  a t  e x i s t i n g  power p l a n t s  
o f t e n  can  be c o n t r o l l e d  t o  e l i m i n a t e ,  
o r  g r e a t l y  r e d u c e ,  p o t e n t i a l  f o r  c o l d  
shock k i l l s .  However, t h i s  r e q u i r e s  
d a t a  on r e s i s t a n c e  t o  c o l d  of t h e  
dominant s p e c i e s  i n h a b i t i n g  warm d i s -  
cha rges  a s  c r i t e r i a  f o r  p r o v i d i n g  p r o -  
t e c t i o n .  The d a t a  can a l s o  be used 
t o  a s s e s s  t h e  p o s s i b i l i t i e s  of  c o l d  
shock k i l l s  i n  t h e  s e l e c t i o n  of  f u -  
t u r e  power p l a n t  s i t e s .  

Our r e c e n t  s t u d i e s  have d e a l t  w i th  
d i r e c t  e f f e c t s  of c o l d  shock on t h r e e  
Columbia River  organisms : pumpkin- 
seed  s u n f i s h  
rainbow t r o u t  
n o r t h w e s t e r n  
l e n i u s c u l u s ) .  

These s t u d i e s  were e s s e n t i a l l y  
l a b o r a t o r y  b i o a s s a y s  where t h e  t h r e e  
t e s t  o rganisms were g r a d u a l l y  and 
a b r u p t l y  exposed t o  c o l d .  I n  one 
s e r i e s ,  t empera tu re s  were d e c l i n e d  a t  

c o n t r o l l e d  r a t e s  of 1 ,  3 ,  5 ,  10 and 
18"C/hr ,  t hus  i n d i c a t i n g  t h e  a b i l i t y  
of t h e  t e s t  s p e c i e s  t o  compensate f o r  
f a l l i n g  t empera tu re s .  I n  a n o t h e r  s e -  
r i e s ,  exposure  t o  c o l d  t empera tu re s  
from a  g iven  a c c l i m a t i o n  l e v e l  was 
i n s t a n t a n e o u s .  R e s i s t a n c e  t o  c o l d  
shock was measured by l o s s  of  e q u i l i b -  
rium (LE), d e a t h  (D), o r  bo th .  

Data from o u r  b i o a s s a y s  a r e  unde r -  
going a n a l y s i s .  Some d a t a  f o r  pump- 
k inseed  was f i g u r e d  i n  t h e  1974  Annual 
Repor t .  Responses t o  g r a d u a l  tempera-  
t u r e  d e c l i n e s  f o r  a l l  t e s t  s p e c i e s  a r e  
i l l u s t r a t e d  i n  F ig .  21. E f f e c t  
(50% L E )  i s  c l e a r l y  a  f u n c t i o n  o f  t h e  
a c c l i m a t i o n  l e v e l  and t h e  t empera tu re  
d e c l i n e  r a t e .  
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FIG. 21. R e s i s t a n c e  o f  Three  T e s t  
Spec i e s  (Pumpkinseed, Rainbow T r o u t ,  
and C r a y f i s h )  t o  Gradual  Cold Shock, 
Measured by 50% L E .  

G e n e r a l l y ,  t h e  h i g h e r  t h e  a c c l i m a -  
t i o n ,  t h e  h i g h e r  t h e  50% L E  p o i n t .  
Appa ren t ly ,  t h e r e  i s  l i t t l e  compensa- 
t i o n  a t  t h e  most r a p i d  r a t e  of tempera-  
t u r e  d e c l i n e  (18"C/h r ) .  But t h e  
10°C/hr  d e c l i n e  r a t e  lowered t h e  50% 
L E  p o i n t .  S u c c e s s i v e l y ,  s lower  de -  
c l i n e s  lowered t h e  50% LE p o i n t  t o  a  
l e s s e r  e x t e n t .  This  was p a r t i c u l a r l y  
t r u e  f o r  pumpkinseed, a  warmwater f i s h  
c a p a b l e  o f  a c c l i m a t i o n  t o  30°C. The 
pumpkinseed was t h e  most s u s c e p t i b l e  
s p e c i e s  t o  c o l d  shock .  

Rainbow t r o u t ,  a  co ldwa te r  f i s h ,  
were a p p a r e n t l y  more r e s i s t a n t  t o  f a l l -  
i n g  t empera tu re s  t h a n  pumpkinseed a t  
comparable a c c l i m a t i o n  l e v e l s .  Rain-  
bow cou ld  n o t  be s u c c e s s f u l l y  a c c l i -  
mated t o  25°C f o r  2 weeks. A t  lS°C,  
rainbows d i d  n o t  show LE u n t i l  d e c l i n -  
i n g  t empera tu re s  reached  1°C.  



C r a y f i s h ,  a  decapod c r u s t a c e a n ,  
were a p p a r e n t l y  t h e  most r e s i s t a n t  
s p e c i e s  t o  d e c l i n i n g  t e m p e r a t u r e s .  
Heal thy  s t o c k s  of c r a y f i s h  acc l ima ted  
t o  30°C were n o t  o b t a i n e d .  A t  2S°C 
a c c l i m a t i o n ,  t he  50% L E  p o i n t s  of  
c r a y f i s h  were w e l l  below t h o s e  of 
pumpkinseed. C r a y f i s h  acc l ima ted  t o  
lS°C s u r v i v e d  t empera tu re  d e c l i n e s  t o  
below O°C, even when i c e  formed i n  t h e  
t e s t  c o n t a i n e r s  and they  were encased  
i n  i c e  2 h r  o r  more. 

R e s u l t s  o f  a b r u p t  c o l d  shock t e s t s  
a r e  shown i n  F i g .  2 2 .  Data p o i n t s  a r e  
4-day median t o l e r a n c e  l i m i t s  (TLsO) . 
The space  above each  d i a g o n a l  l i n e  
r e p r e s e n t s  t h e  zone of s u r v i v a l  and 
t h e  space  below t h e  zone of  m o r t a l i t y .  

The o r d e r  of r e s i s t a n c e  t o  a b r u p t  
c o l d  shock was d i s t i n c t .  Pumpkinseed 
s u n f i s h  appeared  t o  be more s u s c e p t i -  
b l e ,  fo l lowed by rainbow t r o u t  and 
c r a y f i s h .  S u r v i v a l  from a b r u p t  c o l d  
shock a t  p o i n t s  nea r  f r e e z i n g  were 
ach i eved  a t  10°C a c c l i m a t i o n  f o r  r a i n -  
bow and lS°C a c c l i m a t i o n  f o r  c r a y f i s h .  

Data o b t a i n e d  t o  d a t e  a r e  l i m i t e d  
t o  t h r e e  common a q u a t i c  organisms 
found i n  f r e s h w a t e r  h a b i t a t s  o f  t h e  
P a c i f i c  Northwest .  More e x t e n s i v e  
work i s  needed w i t h  f r e s h w a t e r ,  marine 
and e s t u a r i n e  s p e c i e s  i n  o t h e r  a r e a s  

t o  expand p r e d i c t i v e  c a p a c i t y  f o r  c o l d  
shock e f f e c t s  a t  power s t a t i o n s .  The 
s p e c i e s  a c t u a l l y  o r  p o t e n t i a l l y  a t t r a c t -  
ed t o  warmed d i s c h a r g e s  can  be expec ted  
t o  va ry  w i t h  geographic  l o c a t i o n .  
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F I G .  2 2 .  R e s i s t a n c e  of  Three Tes t  Spe- 
c i e s  t o  Abrupt  Cold Shock, Measured by 
50% T L S 0 .  



COMBINED EFFECTS OF WASTE HEAT AND ENVIRONMENTAL 
FACTORS ACTING I N  CONCERT 

T h i s  r e s e a r c h  was d e s i g n a t e d  t o  q u a n t i f y  t h e  combined a c t i o n  

of thermal  s t r e s s  and chemical  p o l l u t a n t s  and t e m p e r a t u r e  and 

d i s e a s e  on t h e  phys io logy  of  s e l e c t e d  a q u a t i c  organisms.  

Waste h e a t  i s  r e l e a s e d  t o  t h e  a q u a t i c  environment  by most s team 

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

i n t r o d u c e d  a s  a  b i o f o u l a n t  and r e l e a s e d  i n  t h e  c o o l i n g  wa te r  

e f f l u e n t .  Combined e f f e c t s  of  thermal  s t r e s s  and c h l o r i n e  a r e  

demonst ra ted  u t i l i z i n g  96 h r  TLS0 f low- th rough  t o x i c i t y  t e s t s .  

Combined i n t e r a c t i o n s  a r e  e v i d e n t  a f t e r  rainbow t r o u t  acc l ima ted  

a t  5 ,  10 ,  1 5  and 20°C were a s sayed  s imu l t aneous ly  a t  s p e c i f i c  

t e s t  t e m p e r a t u r e s .  I t  was de termined  t h a t  a  combined e f f e c t  

occu r r ed  on ly  a f t e r  t h e  f i s h  expe r i enced  thermal  s t r e s s  g r e a t e r  

t h a n  10°C. 

F i s h  s i z e ,  e s p e c i a l l y  f o r  brook t r o u t ,  i n f l u e n c e s  s e n s i t i v -  

i t y  more t h a n  t h e  combined i n t e r a c t i o n  of c h l o r i n e  and thermal  

shock .  Larger  brook t r o u t  were s i g n i f i c a n t l y  l e s s  v u l n e r a b l e  

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

F i e l d  and l a b o r a t o r y  s t u d i e s  on t h e  f i s h  pa thogen  Chondro- 

coccus  co lumnar i s  (Myxobacter ia les )  i n  t h e  Columbia R ive r  eco-  

sys tem were conducted from 1965 t o  1973. From t h i s  e f f o r t ,  

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

mat ion  on Columnaris  d i s e a s e  has  been g e n e r a t e d .  Consequent ly ,  

a  comprehensive monograph h a s  been p repa red  t h a t :  1) rev iews  

i n v e s t i g a t i o n  d e s c r i b i n g  t h e  pa thogen  and t h e  d i s e a s e  i t  c a u s e s ,  

2) examines v a r i o u s  envi ronmenta l  f a c t o r s  i n f l u e n c i n g  e p i z o o t i -  

o logy  and p a t h o g e n i c i t y ,  and 3 )  p r e s e n t s  e x t e n s i v e  d a t a  on t h e  

e p i z o o t i o l o g y  and p a t h o g e n i c i t y  of Columnaris among Columbia 

River  anadromous and r e s i d e n t  f i s h .  



Combined Effects of Waste Heat and Chlorine 
on Juvenile Rainbow and Eastern 
Brook Trout 

E. G. Wolf 

The u t i l i z a t i o n  of  n a t u r a l  w a t e r s  
f o r  c o o l i n g  purposes  has  been 
i n c r e a s i n g  i n  r e c e n t  y e a r s .  While 
many i n d u s t r i e s  u s e  w a t e r s  from r i v -  
e r s ,  l a k e s  and e s t u a r i e s  f o r  c o o l i n g ,  
t h e  power g e n e r a t i o n  i n d u s t r y  prob-  
a b l y  u s e s  t h e  l a r g e s t  volume on a  
s i t e - t o - s i t e  b a s i s .  The b i o l o g i c a l  
m a t e r i a l  c o n t a i n e d  i n  t h i s  wa te r  p r e -  
s e n t s  a  s p e c i a l  problem t o  t h e  main- 
t enance  and o p e r a t i o n  of t h e s e  p l a n t s .  
Con t inua l  pas sage  of c o o l i n g  wa te r  
t h rough  p i p i n g ,  condense r s ,  o r  c o o l -  
i n g  tower s ,  o f t e n  r e s u l t s  i n  an  even- 
t u a l  b u i l d u p  of  b i o l o g i c a l  g rowths ,  
e . g . ,  p e r i p h y t o n ,  and f o u l i n g  o rgan -  
i s m s .  I f  u n c o n t r o l l e d ,  t h i s  f o u l i n g  
can  i n t e r f e r e  w i t h  t h e  e f f i c i e n c y  o f  
c o o l i n g  which i s  d i r e c t l y  r e l a t e d  t o  
power o u t p u t .  Common p r a c t i c e  t o  con- 
t r o l  f o u l i n g  i s  t o  i n j e c t  c h l o r i n e  
i n t o  t h e  c o o l i n g  wa te r  a s  i t  is  drawn 
i n t o  t h e  p l a n t .  

The c h l o r i n e  i s  d i s c h a r g e d  t o  t h e  
environment  i n  t h e  r e c e i v i n g  w a t e r s .  
The amounts and volumes d i s c h a r g e d  
depend upon t h e  c o o l i n g  sys tem,  i . e . ,  
whether  t h e  p l a n t  i s  de s igned  f o r  
once- through o r  c l o s e d - c y c l e  c o o l i n g .  
The e f f e c t s  t h a t  c h l o r i n e  may have on 
r e s i d e n t  b i o t a  must be e v a l u a t e d .  An 
assessment  must a l s o  be made on h e a t  
and o t h e r  chemica l  a d d i t i v e s  c h a r a c -  
t e r i s t i c  o f  such  d i s c h a r g e s .  

The o b j e c t i v e  of  t h i s  s t u d y  i s  t o  
p r o v i d e  i n f o r m a t i o n  on t h e  combined 
e f f e c t s  of  was t e  h e a t  and c h l o r i n e  
on two s p e c i e s  of s a lmon ids ,  rainbow 
t r o u t ,  Salmo a i r d n e r i  and E a s t e r n  
brook t r o u t ,  - .!h-I-' a  v e  l n u s  f o n t i n a l i s .  
The expe r imen ta l  approach  used  is  one 
o f  a  m a t r i x  d e s i g n  w i t h  s e v e r a l  a c c l i -  
ma t ion  t e m p e r a t u r e s ,  t e s t  tempera-  
t u r e s ,  and c h l o r i n e  c o n c e n t r a t i o n s .  
F i s h  from s t o c k s  of  bo th  s p e c i e s  were 
t e s t e d  i n  96 h r  s t a n d a r d  f l ow- th rough  
t o x i c i t y  t e s t s .  

F i g .  23 i l l u s t r a t e s  t h e  t o x i c  r e -  
sponse  o f  v a r i o u s  l i f e  s t a g e s  o f  
brook and rainbow t r o u t  j u v e n i l e s .  
Brook t r o u t  ranged  from 20 mm s a c  f r y  
t o  152 mm j u v e n i l e s .  Rainbow t r o u t  
ranged  from 25 mm s a c  f r y  t o  80 mm 
j u v e n i l e s .  S t a t i s t i c a l  a p p l i c a t i o n  
t o  t h e s e  d a t a  demons t r a t ed  no s i g n i f i -  
c a n t  d i f f e r e n c e s  due t o  t h e  combined 
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FIG. 23.  E f f e c t  of F ish  S i z e  on t h e  
S e n s i t i v i t y  o f  Rainbow and Brook 
Trout  t o  C h l o r i n e  and Waste Heat .  
F i s h  were acc l ima ted  t o  5,  10 ,  15  and 
20°C and t e s t e d  a t  5 ,  1 0 ,  1 5  and 20°C 
i n  a  m a t r i x  d e s i g n .  

a c t i o n  of  thermal  s t r e s s  and c h l o r i n e  
a t  t h e  0.05 l e v e l  of  p r o b a b i l i t y .  
But ,  when a  comparison was made of  
t h e  t o x i c  r e sponse  o f  f i s h  t o  t h e  
s i z e  of  f i s h ,  a  marked d i f f e r e n c e  was 
a p p a r e n t  f o r  t h e  brook t r o u t  juve-  
n i l e s .  The brook t r o u t  d a t a  i l l u s -  
t r a t e s  a  s i g n i f i c a n t  d e c r e a s e  i n  s e n -  
s i t i v i t y  a s  t h e  f i s h  l e n g t h  i n c r e a s e s .  
This  dec reased  s e n s i t i v i t y  i s  s i g n i f i -  
c a n t  a t  t h e  0 .05  l e v e l  u s i n g  l i n e a r  
m u l t i p l e  r e g r e s s i o n  a n a l y s i s .  Rain-  
bow t r o u t  d a t a  showed no s i g n i f i c a n t  
d i f f e r e n c e s  i n  t h e  s e n s i t i v i t y  a s  t h e  
r e s u l t  o f  s i z e  v a r i a t i o n s  when sub-  
j e c t e d  t o  t h e  same s t a t i s t i c a l  
a n a l y s e s .  

These d a t a  i n d i c a t e  t h a t  a s p e c i e s  
d i f f e r e n c e  might  e x i s t .  The compari-  
son o f  t h e  r e s u l t s  f o r  t h e  89 mm 
brook t r o u t  and t h o s e  f o r  t h e  80 mm 
rainbow t r o u t  w i t h  t h e  d a t a  of o t h e r  
s i z e  c l a s s e s  o f  t h e  two s p e c i e s  i n d i -  
c a t e  t h a t  t h e  t o x i c  e f f e c t  of  c h l o -  
r i n e  on rainbows may n o t  be s i z e  de -  
oenden t  a s  i t  i s  f o r  t h e  brook t r o u t .  
F u r t h e r  t e s t s  w i l l  b e t t e r  d e f i n e  
t h e s e  d i f f e r e n c e s .  

Most of  t h e  t e s t s  i l l u s t r a t e d  i n  
F i g .  2 3  were conducted i n  d u p l i c a t e  
f o r  one a c c l i m a t i o n  t empera tu re  ( 5 ,  



1 0 ,  1 5  or  20°C) a t  s e l e c t e d  t e s t  tem- 
p e r a t u r e s  of 5 ,  10 ,  15 and 20°C. I t  
was observed  t h a t  f i s h  exposed t o  t h e  
g r e a t e r  thermal  s t r e s s  (AT) responded 
d i f f e r e n t l y  t h a n  t h o s e  s u b j  e c t e d  t o  
lower thermal  shock.  That  i s ,  i n i -  
t i a l  m o r t a l i t y  appeared  h i g h e r  when 
t h e  AT was g r e a t e s t ,  b u t  over  t h e  
96 h r ,  t h e  computed T L 5 0  a t  v a r i o u s  
A T ' S  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  
a t  t h e  0 .05  l e v e l .  

Three b i o a s s a y s  u s i n g  rainbow 
t r o u t - w e r e  s p e c i f i c a l l y  des igned  t o  
de t e rmine  i f ,  i ndeed ,  a  combined 
i n t e r a c t i o n  of  c h l o r i n e  and h e a t  
o c c u r r e d .  F i g .  24 shows t h e  96 h r  
T L 5 "  d a t a  a s  de te rmined  by p r o b i t  
a n a l y s i s  f o r  f i s h  (25-35 mm l e n g t h )  
a s sayed  s i m u l t a n e o u s l y  t o  t h e  same 
t e s t  t empera tu re  bu t  a c c l i m a t e d  t o  
v a r i o u s  t e m p e r a t u r e s .  From 0  t o  
9OC thermal  shock t h e  96 h r  T L 5 0 1 ~  
a r e  randomly d i s p e r s e d ,  bu t  d a t a  f o r  
10 ,  11 and 16°C A T ' S  show an  i n c r e a s -  
i n g  s e n s i t i v i t y  t o  t h e  combined tox;  
i c i t y  of t empera tu re  and c h l o r i n e .  
These d a t a  were ana lyzed  u s i n g  a  l i n -  
e a r  m u l t i p l e  r e g r e s s i o n  t o  d e t e ~ m i n e  
i f  t empera tu re  and c h l o r i n e  were a c t -  
i n g  i n  c o n c e r t  o r  i f  s i z e  of  f i s h  
caused  t h e  r e s u l t a n t  e f f e c t .  S t a t i s -  
t i c a l l y ,  s i z e  was n o t  a  s i g n i f i c - a n t  
v a r i a b l e  a t  t h e  0.05 l e v e l  of  proba-  
b i l i t y .  But ,  t h e  i n c r e a s i r g  c h l o r i n e  
t o x i c i t y  was s i g n i f i c a n t  a t  t h e  0.05 

FIG. 24. 96 h r  T L S o  f o r  t h e  25-35 mm 
Rainbow Trou t  Accl imated  t o  5,  10 ,  15 
and 20°C and Tes t ed  a t  8 ,  13 ,  and 
20°C. 

l e v e l  and r e p r e s e n t e d  a combined 
i n t e r a c t i o n  of c h l o r i n e  and t h e r r ~ a l  
s t r e s s .  

These d a t a  a l s o  i n d i c a t e  t h a t  
c h l o r i n e  i s  t h e  more t o x i c  agen t  when 
compared t o  h e a t .  u a t a  p r e s e n t e d  
h e r e  show t h a t  t h e  deg ree  of thermal  
s t r e s s  must be i n  exces s  of 10°C be-  
f o r e  a  combined e f f e c t  o c c u r s .  A pos -  
s i b l e  e x p l a n a t i o n  may be found i n  t h e  
concept  of i n s t a n t a n e o u s  t empera tu re  
compensat ion which i m p l i e s  t h a t  p o i -  
k i l o t h e r m s  a r e  a b l e  t o  e x p e r i e n c e ,  
w i t h i n  c e r t a i n  l i m i t s ,  a  t empera tu re  
o t h e r  t h a n  a c c l i m a t i o n  wi thou t  be ing  
s t r e s s e d  by t h e  t empera tu re  a l o n e .  
Ou t s ide  of t h i s  zone of  i n s t a n t a n e o u s  
t empera tu re  compensa t ion ,  p o i k i l o -  
therms a r e  s t r e s s e d  by t empera tu re  
and a r e  t h u s  more p rone  t o  be a f f e c t -  
ed by o t h e r  s t r e s s e s  a c t i n g  i n  c o n e r t  
w i t h  h e a t .  

These d a t a  p o i n t  t o  t h e  n e c e s s i t y  
t h a t  p r e c i s e  i n fo rma t ion  i s  needed on 
t empera tu re  (ambient and plume) p l u s  
c h l o r i n e  c o n c e n t r a t i o n  i n  t h e  plume 
b e f o r e  an adequa te  e v a l u a t i o n  can  be 
made of t h e  p o t e n t i a l  f o r  e n v i r o n -  
menta l  impact on any s i t e .  Tempera- 
t u r e  must be cons ide red  a s  an  impor- 
t a n t  envi ronmenta l  v a r i a b l e  when 
a s s e s s i n g  t h e  impact of c h l o r i n a t e d  
e f f l u e n t s .  

For each t o x i c i t y  t e s t ,  t h e r e  
were no m o r t a l i t i e s  r eco rded  f o r  t h e  
c o n t r o l  f i s h .  I t  was a l s o  noted  t h a t  
few f i s h  d i e d  from t h e  r e s i d u a l  
e f f e c t s  of  c h l o r i n e  and h e a t  s t r e s s  
once t h e  t e s t s  were t e r m i n a t e d  and 
t h e  t e s t  f i s h  were r e t u r n e d  t o  f r e s h  
r i v e r  w a t e r .  

These o b s e r v a t i o n s  i n d i c a t e  t h a t  
c h l o r i n e  has  a  t h r e s h o l d  e f f e c t  on 
rainbow and brook t r o u t  and ,  once ex -  
ceeded ,  t h e  f i s h  always d i e d .  F i s h  
t h a t  had d i s p l a y e d  a c u t e  symptoms of  
s t r e s s  ( e . g . ,  uncoord ina t ed  swimming, 
and l a c k  of r e sponse  t o  s t i m u l i )  when 
r e t u r n e d  t o  f r e s h  w a t e r ,  appeared  t o  
r ecove r  and m o r t a l i t y  was n e g l i g i b l e  
d u r i n g  t h e  p roceed ing  48  h r .  

F i n a l l y ,  i t  i s  e v i d e n t  t h a t  a  
s i n g l e  s t o c k  of f i s h ,  a t  l e a s t  f o r  
c e r t a i n  s a lmon ids ,  must be t e s t e d  
s imu l t aneous ly  a t  v a r i o u s  a c c l i m a t i o n  
t empera tu re s  i f  combined e f f e c t s  a r e  
t o  be de termined .  T e s t i n g  i n d i v i d u a l  
s t o c k s  s e p a r a t e l y  a t  d i f f e r e n t  a c c l i  - 
mation t empera tu re s  l e a d s  on ly  t o  
v a r i a b l e  and confused  d a t a .  
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F i e l d  and l a b o r a t o r y  s t u d i e s  on 
t h e  f i s h    at hoe en Chondrococcus  colum- " 
n a r i s  ( ~ ~ x o b a c t e r i a l e s )  i n  t h e  Colum- 
b i a - R i v e r  e c o s y s t e m  were  c o n d u c t e d  by 
PNL from 1965 t o  1 9 7 3 .  From t h i s  l o n g -  
t e r m  e f f o r t ,  and  r e l a t e d  s t u d i e s  a t  
o t h e r  l a b o r a t o r i e s ,  c o n s i d e r a b l e  i n -  
f o r m a t i o n  on Columnar i s  d i s e a s e  h a s  
been  g e n e r a t e d .  We p r e p a r e d  a  compre-  
h e n s i v e  r e p o r t  (Becker  a n d  F u j  i h a r a ,  
1975)  t h a t :  1 )  r e v i e w s  i n v e s t i g a t i o n s  
d e s c r i b i n g  Columnar i s  and t h e  d i s e a s e  
i t  c a u s e s  t o  e s t a b l i s h  t h e  s t a t e - o f -  
a r t ,  2 )  examines  v a r i o u s  e n v i r o n m e n t a l  
f a c t o r s  i n f l u e n c i n g  e p i z o o t i o l o g y  and  
c o n s e q u e n t  p a t h o g e n i c i t y  o f  t h e  d i s -  
e a s e  among Columbia R i v e r  f i s h ,  and 
3 )  p r e s e n t s  e x t e n s i v e  d a t a  o b t a i n e d  
d u r i n g  PNL s t u d i e s .  

C o l u m n a r i s  was f i r s t  r e c o g n i z e d  
a s  a  s e v e r e  d i s e a s e  p r o b l e m  o f  Colum- 
b i a  R i v e r  f i s h  d u r i n g  t h e  e a r l y  
1 9 4 0 ' s .  S u b s e q u e n t  work d e m o n s t r a t e d  
t h e  p r e s e n c e  o f  s t r a i n s  c h a r a c t e r i z e d  
by d i f f e r e n t  l e v e l s  o f  v i r u l e n c e .  
Low v i r u l e n c e  s t r a i n s  c a u s e d  d i s e a s e  
a t  r e l a t i v e l y  h i g h  t e m p e r a t u r e s  
( > 1 8 " C ) ,  w h e r e a s  h i g h  v i r u l e n c e  
s t r a i n s  c a u s e d  d i s e a s e  a t  r e l a t i v e l y  
low t e m p e r a t u r e s  (10-12°C) .  The "new" 
h i g h  v i r u l e n c e  s t r a i n  was c o n s i d e r e d  
a  m a j o r  f a c t o r  a f f e c t i n g  t h e  w e l f a r e  
o f  v a l u e d  salmon r u n s .  

I n  t h e  e a r l y  1 9 5 0 ' ~ ~  t h e  Columbia 
R i v e r  above  R i c h l a n d ,  Wash ing ton ,  
was c o n s i d e r e d  a  p o s s i b l e  s i t e  f o r  
i n d u c t i o n  o f  h i g h - v i r u l e n c e  s t r a i n s  
o f  C o l u m n a r i s ,  r e s u l t i n g  i n  s u b s e -  
q u e n t  s p r e a d  among r e s i d e n t  and a n a d -  
romous f i s h .  The AEC (now ERDA) was 
o p e r a t i n g  s e v e r a l  p l u t o n i u m  p r o d u c -  
t i o n  r e a c t o r s  a t  Hanford  a t  t h a t  t i m e ,  
and had done  s o  t h r o u g h o u t  t h e  p r e -  
c e d i n g  y e a r s  o f  World War 11. T h e s e  
r e a c t o r s  d i s c h a r g e d  h e a t e d  e f f l u e n t s  
c o n t a i n i n g  l o w - l e v e l  r a d i o a c t i v e  
w a s t e  i n t o  t h e  Columbia R i v e r  f o r  d i s -  
p o s a l  by d i l u t i o n  and d e c a y .  I t  was 
known t h a t  warm w a t e r  enhanced  d e v e l -  
opment o f  many b a c t e r i a l  d i s e a s e s  and 
lowered  r e s i s t a n c e  o f  f i s h  t o  i n f e c -  
t i o n .  Moreover ,  r a d i a t i o n  was a  
known b a c t e r i a l  mutagen .  T h e r e f o r e ,  
t h e  h y p o t h e s i s  e v o l v e d  t h a t  t h e  Han- 
f o r d  o p e r a t i o n s  were  i n  some way 
r e s p o n s i b l e  f o r  t h e  o u t b r e a k  o f  Colum- 
n a r i s  d i s e a s e .  V a r i o u s  r e s e a r c h  p r o -  
grams were  i n i t i a t e d  t o  d e t e r m i n e  t h e  

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

Much d a t a  now a v a i l a b l e  on Colum- 
n a r i s ,  and r e v i e w e d  i n  o u r  r e p o r t ,  
were  d e r i v e d  f rom s t u d y  o f  t h e  b a c t e r -  
ium i n  r e l a t i o n  t o  t h e  Columbia R i v e r .  
For  h i s t o r i c a l  p u r p o s e s ,  t h e  Columbia 
R i v e r  m i g h t  s e r v e  a s  a  c l a s s i c a l  
model f o r  e p i z o o t i o l o g y  o f  a  b a c t e r -  
i a l  f i s h  p a t h o g e n  i n  a  m a j o r  r i v e r  
e c o s y s t e m .  I n  a  v e r y  r e a l  s e n s e ,  t h e  
p r o c e s s  o f  an i n f e c t i o u s  d i s e a s e  i s  
a l w a y s  t h e  r e s u l t  o f  an i n t e r a c t i o n  
be tween  h o s t ,  p a t h o g e n  and e n v i r o n -  
ment .  The sum o f  a l l  s y n e c o l o g i c a l  
f a c t o r s  i n  t h e  e n v i r o n m e n t  a r e  i n -  
v o l v e d  i n  m o d i f y i n g  a  p a r t i c u l a r  
h o s t - d i s e a s e  a s s o c i a t i o n .  

PNL s t u d i e s  a r e  d e t a i l e d  i n  o u r  
r e p o r t .  V a r i o u s  p h a s e s  d e a l  w i t h  
f e a t u r e s  f u n d a m e n t a l  t o  a c c u r a t e  
a s s e s s m e n t  o f  Columnar i s  o u t b r e a k s  
among Columbia  R i v e r  f i s h .  I n  o u t -  
l i n e  fo rm,  t h e  main p h a s e s  a r e :  

F i e l d  I n v e s t i g a t i o n s  

R e s i d e n t  c o a r s e f i s h  a s  r e s e r v o i r  
h o s t s  o f  Columnar i s .  

I n f e c t i o n s  among c o a r s e f i s h  a t  
warm w a t e r  s i t e s .  

F i s h  l a d d e r s  a t  h y d r o e l e c t r i c  dams 
a s  f o c i  f o r  t r a n s m i s s i o n  o f  i n f e c -  
t i o n s  t o  r e t u r n i n g  anadromous salmo-  
nids.. 

Development  o f  d i s e a s e  among j u v e -  
n i l e  and a d u l t  s o c k e y e  salmon 
(Oncorh n c h u s  n e r k a ) ;  a d u l t  c h i n o o k  
s-h-cha) and  a d u l t  
c o h o  salmon 10. k i s u t c h l  

A b i o t i c  s u r v i v a l  o f  Columnar i s  
c e l l s  i n  s t e r i l e  r i v e r  w a t e r  and 
mud. 

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

E f f e c t s  o f  t e m p e r a t u r e  and crowd- 
i n g  on d i s e a s e  o u t b r e a k s .  

The immune r e s p o n s e  and  c a r r i e r  
phenomenon. 

A r t i f i c i a l  i m m u n i z a t i o n  o f  j u v e n i l e  
s a l m o n i d s ,  



R e l a t i o n s h i p s  of  t r i t i u m  i r r a d i a -  
t i o n  and immune r e sponse  i n  r a i n -  
bow t r o u t  (Salmo g a i r d n e r i ) ,  

These s t u d i e s  were r e p o r t e d  p e r i -  
o d i c a l l y  i n  PNL Annual R e p o r t s ,  Eco- 
l o g i c a l  S e c t i o n ,  t o  t h e  D i v i s i o n  of 
Biomedical and Environmental  Research .  
Some p a r t s  were p u b l i s h e d  i n  t h e  open 
l i t e r a t u r e  ( F u j i h a r a  and Hungate, 
1971,  1972; F u j i h a r a  and Naka tan i ,  
1971; F u j i h a r a ,  Olson and Naka tan i ,  
1971) .  The p r e s e n t  r e p o r t  summarizes 
t h e s e  d a t a  and i n f o r m a t i o n  a v a i l a b l e  
from o t h e r  s o u r c e s .  

No f i r m  ev idence  h a s  been g a t h e r e d  
i n d i c a t i n g  t h a t  t h e  Hanford o p e r a t i o n s  
from 1944 t o  1970 c o n t r i b u t e d  s i g n i f i -  
c a n t l y  t o  o u t b r e a k s  of Columnaris  
among Columbia R i v e r  f i s h .  The domi- 
n a n t  r o l e ,  i n s t e a d ,  may be a t t r i b u t e d  
t o  env i ronmen ta l  m o d i f i c a t i o n s  a s s o c i -  
a t e d  w i t h  h y d r o e l e c t r i c  development 
ove r  t h e  l a s t  t h r e e  decades ,  when the  
former f r e e - f l o w i n g  r i v e r  was t r a n s -  
formed i n t o  a  n e a r  c o n s e c u t i v e  s e r i e s  
of dams and r e s e r v o i r s .  The ev idence  
i s  cumula t ive  and conv inc ing .  
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EFFECTS O F  HYDROELECTRIC GENERATION O N  RlVERlNE ECOLOGY 

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

f a c i l i t i e s  impact  r i v e r i n e  envi ronments  t h rough  a l t e r a t i o n  

o f  p h y s i c a l  f a c t o r s  ( e . g . ,  wa t e r  t e m p e r a t u r e ,  d i s s o l v e d  gas 

l e v e l ,  f l o w  c h a r a c t e r i s t i c s ) .  Management of  w a t e r  r e s o u r c e s  

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

anced e c o l o g i c a l  community r e q u i r e s  t h a t  t h e  e f f e c t s  of  

t h e s e  mod i f i ed  f a c t o r s  on a q u a t i c  organisms  be d e f i n e d .  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  i d e n t i f y  and q u a n t i f y  t h e  

impacts  of  changes i n  s e l e c t e d  pa rame te r s  on r i v e r i n e  b i o t a .  

Emphasis i s  p r e s e n t l y  focused  on  t h e  e f f e c t s  of  d i s s o l v e d  

gas  s u p e r s a t u r a t i o n  due t o  t h e  urgency  of t h e  problem t o  

P a c i f i c  Northwest  f i s h e r i e s .  I n  t h e  p a s t ,  t h e s e  s t u d i e s  have 

been funded unde r  ou r  t he rma l  e f f e c t s  program. We have i den -  

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

of r i v e r  l e v e l  f l u c t u a t i o n  on spawning,  en t r apmen t ,  and p r e -  

d a t i o n ,  and t h e  r o l e  of m i g r a t i n g  diadromous f i s h e s  i n  t h e  

e c o l o g i c a l  energy  c y c l e .  

Gas Bubble Disease 
D. H. Fickeisen and J. C. Montgomery 

Labora to ry  f a c i l i t i e s  a s s o c i a t e d  
w i t h  t h e  gas  bubble  d i s e a s e  s t u d i e s  
were moved t o  t h e  newly comple ted  
L i f e  Sc i ences  I 1  Labo ra to ry  i n  J u n e .  
They a r e  be ing  assembled i n  t h e  new 
f a c i l i t y  and p r e l i m i n a r y  t e s t i n g  i s  
expec t ed  t o  b e g i n  i n  Oc tobe r .  Labora-  
t o r y  space  ha s  been  i n c r e a s e d  and t h e  
new s u p p o r t  f a c i l i t i e s  a r e  more con-  
v e n i e n t  t h a n  t h o s e  of  t h e  L i f e  S c i -  
ences  I Labo ra to ry .  Minor m o d i f i c a -  
t i o n s  i n  t h e  equipment a r e  expec ted  
t o  p e r m i t  more e f f i c i e n t  u s e  of man- 
power a v a i l a b l e  t o  t h e  program. The 
a p p a r a t u s  f o r  t e s t i n g  r e c o v e r y  from 

gas  bubble  d i s e a s e  w i l l  have a  f low-  
t h rough  w a t e r  s u p p l y ;  p r i o r  t o  t h e  
move i t  was i n  a  r e c i r c u l a t i n g  sys t em.  
Automatic  t e m p e r a t u r e  c o n t r o l  g e a r  
has  been r e d e s i g n e d  t o  s i m p l i f y  i t s  
o p e r a t i o n  and improve r e l i a b i l i t y .  

The e f f o r t  t o  d e t e r m i n e  t h e  e f f e c t  
of  a c c l i m a t i o n  t empera tu re  on t o l e r -  
ance  t o  ga s  bubb le  d i s e a s e  c o n t i n u e d  
du r ing  t h e  y e a r .  The s t u d y  p l a n  i s  
t o  t e s t  ra inbow t r o u t ,  pumpkinseed 
s u n f i s h ,  and b l a c k  b u l l h e a d  a t  a c c l i -  
mat ion  t e m p e r a t u r e s  between 8' and 
32OC (8' and 20°C f o r  t r o u t )  t o  d e t e r -  
mine t h e  96  h r  T L S 0  f o r  d i s s o l v e d  
gas s u p e r s a t u r a t i o n .  R e s u l t s  a r e  
n e a r l y  comple te  f o r  a l l  t h r e e  s p e c i e s  



a t  4 O C  i n t e r v a l s  between 8' and 20°C 
wi th  o n l y  a  few t e s t s  remain ing .  
Table  20 l i s t s  t h e  T L S 0  v a l u e s  t e s t e d  
t o  d a t e .  The t r e n d  i s  f o r  a  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 e c r e a s e  i n  t o l e r -  
ance a s  t empera tu re  r i s e s .  However, 
t h e  e f f e c t  i s  sma l l  and i s  p robab ly  
n o t  e c o l o g i c a l l y  s i g n i f i c a n t  i n  t h a t  
s h o r t - t e r m  f l u c t u a t i o n s  of d i s s o l v e d  
gas  l e v e l s  o c c u r r i n g  i n  n a t u r e  
g r e a t l y  exceed t h e  d i f f e r e n c e  i n  
t o l e r a n c e  due t o  v a r i a t i o n s  i n  a c c l i -  
mat ion  t e m p e r a t u r e .  

TABLE 20. E f f e c t  of  Temperature on 
To le rance  of F i s h e s  t o  D i s so lved  Atmo- 
s p h e r i c  Gas S u p e r ~ a t u r a t i o n . ~  

Species 8'C 1 Z°C l6OC 20°C ---- 
Black bullhead 
(Ictalurus melas) 126.7% 125.1% 123.8% 124.4% 

Pumpkinseed sunfish 
(Lepomis gibbosus) ND 1 2 7 . ~ % ~  127.6% 123.8% 

Rainbow Trout 
(- gairdneri) 121.2%b 1 2 0 . 0 % ~  119.6% 117.8% 

:values are percent of total gas equilibrium saturation. 
Preliminary value. 

ND = No data (testing incomplete) 

Experiments  t o  de t e rmine  t h e  a b i l -  
i t y  of f i s h e s  t o  r e c o v e r  from g a s  bub- 
b l e  d i s e a s e  a r e  r eady  t o  beg in  f o l l o w -  
i n g  a  p r e v i o u s l y  developed  t e s t i n g  
p r o t o c o l  based  on a  few p r e l i m i n a r y  
o b s e r v a t i o n s .  Appara tus  f o r  r ecove ry  
t e s t i n g  has  been moved t o  t h e  new 
l o c a t i o n  and i s  be ing  assembled.  Our 
p l a n s  a r e  t o  expose  f i s h  ( i n i t i a l l y  
b l a c k  b u l l h e a d ,  pumpkinseed s u n f i s h ,  
and rainbow t r o u t )  t o  d i s s o l v e d  gas  
s u p e r s a t u r a t i o n  f o r  a  s u f f i c i e n t  pe -  
r i o d  t o  deve lop  s i g n s  of gas  bubble  
d i s e a s e .  A t  t h a t  t i m e ,  t h e y  w i l l  be  
t r a n s f e r r e d  t o  normal ly  s a t u r a t e d  

wa te r  and t h e i r  r ecove ry  w i l l  be  moni- 
t o r e d  and compared w i t h  two c o n t r o l  
g roups ,  one which remains i n  t h e  
s u p e r s a t u r a t e d  wa te r  and one which i s  
n o t  exposed t o  d i s s o l v e d  gas  
s u p e r s a t u r a t  i o n .  

The e l e c t r o l y t i c  gas  chromatograph 
c a l i b r a t i o n  was hampered by equipment 
ma l func t ion  due t o  a  breakdown of t h e  
e l e c t r o n i c  d i g i t a l  i n t e g r a t o r  now 
be ing  r e p a i r e d .  We have r edes igned  
t h e  s t r i p p i n g  chamber c o n f i g u r a t i o n  
t o  e l i m i n a t e  t h e  need f o r  f l u s h i n g  
r e a g e n t s  o u t  of t h e  sample s t r i p p i n g  
chamber by u s i n g  two chambers,  one 
f o r  c a l i b r a t i o n  and one f o r  samples .  
I n  a d d i t i o n ,  we have demonst ra ted  l i n -  
e a r i t y  of  oxygen and of n i t r o g e n  p r o -  
d u c t i o n  u s i n g  e l e c t r o l y s i s  of a  NaOH 
s o l u t i o n  and of h y d r a z i n e ,  r e s p e c -  
t i v e l y .  What remains  i s  t o  demon- 
s t r a t e  t h a t  p r o d u c t i o n  i s  nea r  t h e  
t h e o r e t i c a l  v a l u e .  I f  t h i s  method i s  
demonst ra ted  t o  be a c c u r a t e ,  i t  w i l l  
p e rmi t  more r a p i d  a n a l y s i s  of  m u l t i -  
p l e  samples by gas  chromatography 
t h a n  i s  p o s s i b l e  u s i n g  c o n v e n t i o n a l  
c a l i b r a t i o n  t e c h n i q u e s .  

A major p o r t i o n  of  ou r  e f f o r t s  i n  
t h e  p a s t  y e a r  have been d i r e c t e d  
toward e d i t i n g  and p r e p a r i n g  t h e  p r o -  
ceed ings  of t h e  Gas Bubble D i sease  
Workshop which was he ld  i n  R ich l and ,  
October  8 -9 ,  1974. The p roceed ings  
a r e  i n  p r e s s  and expec ted  t o  be pub- 
b l i s h e d  by t h e  end of  t h e  c a l e n d a r  
y e a r .  

S t a f f  members con t inued  t o  p a r t i c i -  
p a t e  i n  t h e  In t e r agency  Ni t rogen  Task 
Fo rce ,  which c o o r d i n a t e s  gas  bubble  
d i s e a s e  r e s e a r c h  e f f o r t s  on an  i n f o r -  
mal b a s i s  and p r o v i d e s  a  forum f o r  
i n fo rma t ion  exchange among r e s e a r c h ,  
r e g u l a t o r y  a g e n c i e s  and u t i l i t i e s  
o p e r a t i n g  dams. 



a EFFECTS OF WATER QUALITY ALTERATIONS ON FISH BEHAVIOR 

Study o b j e c t i v e s  a r e  t o  develop  b e h a v i o r a l  methodology and 

t o  e v a l u a t e  use  of  animal behav io r  f o r  a s s e s s i n g  impacts  of  

n u c l e a r  and nonnuc lea r  e l e c t r i c  power g e n e r a t i o n  on f i s h .  I n  

one phase of  s t u d y ,  r a d i o f r e q u e n c y  t a g s  a r e  be ing  deve loped ,  

t e s t e d  and used t o  moni tor  b e h a v i o r  of  r e t u r n i n g  a d u l t  salmo- 

n i d s  i n  r e l a t i o n  t o  gas  supe;sa tura ted  wa te r  from h y d r o e l e c -  

t r i c  dam o p e r a t i o n s  on t h e  lower Snake R ive r .  During 1975,  

movements of 1 2  s p r i n g  chinook salmon were moni tored  between 

t h e  r i v e r  mouth and t h e  t h i r d  upstream dam. R e s u l t s  were v a r i -  

a b l e ,  and m i g r a t i o n  p a t t e r n s  of  i n d i v i d u a l  f i s h  i n  an  a l t e r e d  

environment  were complex. I n  a n o t h e r  phase of s t u d y ,  a  model 

raceway i s  be ing  developed  t o  de te rmine  t h e  i n s t a n t a n e o u s  r e -  

sponse o f  j u v e n i l e  sa lmonids  encoun te r ing  a  s i m u l a t e d  r i v e r -  

t he rma l  plume i n t e r f a c e .  Seve ra l  improvements and mod i f i ca -  

t i o n s  have been made on t h e  o r i g i n a l  raceway d e s i g n .  The s y s -  

tem i s  ready  f o r  f i n a l  t e s t i n g  and a p p l i c a t i o n .  

C u r r e n t l y ,  a s se s smen t  of  e l e c t r i c  
power g e n e r a t i o n  impacts  on f i s h  and  
o t h e r  mobile  a q u a t i c  organisms i s  
based l a r g e l y  on l a b o r a t o r y  g e n e r a t e d  
thermal  and chemical  t o l e r a n c e  d a t a  
and u n s u b s t a n t i a t e d  assumpt ions  of 
f i e l d  exposu re .  Although b e h a v i o r a l  
r e sponses  of  f r e e -  roaming organisms 
encoun te r ing  a r e a s  o f  a l t e r e d  wa te r  
q u a l i t y  a r e  l a r g e l y  known, t hey  a r e  
h i g h l y  s i g n i f i c a n t  i n  de t e rmin ing  u l -  
t i m a t e  exposure  and may e i t h e r  m i t i -  
g a t e  o r  e x a c e r b a t e  impacts .  Accura te  
impact assessment  r e q u i r e s  t h a t  be-  
h a v i o r a l  and p h y s i o l o g i c a l  s t u d i e s  be 
i n  p rope r  p e r s p e c t i v e .  P h y s i o l o g i c a l  
l a b o r a t o r y  t o l e r a n c e  d a t a  become aca-  
demic i f  f i s h  i n  t h e i r  n a t u r a l  e n v i -  
ronment a c t u a l l y  avo id  an impacted 
a r e a .  The pr imary  o b j e c t i v e s  o f  t h i s  
s t u d y  a r e  t o  deve lop  methodology t o  

s t u d y  f i s h  behav io r  and t o  e v a l u a t e  
behav io r  a s  a  t o o l  f o r  a  more r ea son -  
a b l e  approach  t o  a s s e s s i n g  e l e c t r i c  
power g e n e r a t i o n  impacts .  The s t u d y  
i s  d i v i d e d  i n t o  two phases .  

Upstream Movement of Adult Salmonids in  
Relation to Gas Supersaturated 
Water 

R. H. Gray and J. M .  Haynes 

Depth and t empera tu re  t e l e m e t e r i n g  
r ad io f r equency  t a g s  a r e  be ing  d e v e l -  
oped and t e s t e d  t o  moni tor  behav io r  
of r e t u r n i n g  a d u l t  sa lmonids  i n  r e l a -  
t i o n  t o  gas  s u p e r s a t u r a t e d  wa te r  on 
t h e  lower Snake River  (F ig .  25 ) .  
S u p e r s a t u r a t i o n  of  many P a c i f i c  
Northwest r i v e r s  r o u t i n e l y  o c c u r s  d u r -  
i ng  s p r i n g  runof f  when wa te r  s p i l l i n g  
ove r  h y d r o e l e c t r i c  dams e n t r a i n s  
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FIG. 2 5 .  Lower Snake River  Study Area. 

l a r g e  volumes of a i r .  F i sh  exposed 
t o  s u p e r s a t u r a t e d  wa te r  a l s o  become 
s u p e r s a t u r a t e d .  A p a t h o l o g i c a l  con- 
d i t i o n  known a s  "gas bubble  d i s e a s e "  
deve lops  when exces s  d i s s o l v e d  g a s e s  
l eave  s o l u t i o n  and form bubbles  i n  
t h e  body o f  t h e  f i s h .  The d i s e a s e  
can be l e t h a l ,  u s u a l l y  from v a s c u l a r  
b lockage  o r  hemorrhaging caused  by 
embol i .  

Swimming dep th  i s  a  c r i t i c a l  f a c -  
t o r  f o r  f i s h  i n  r e l a t i o n  t o  supe r -  
s a t u r a t e d  w a t e r .  Gas bubble forma- 
t i o n  r e s u l t s  from e x c e s s  p r e s s u r e  
when d i s s o l v e d  gas  t e n s i o n  i n  t h e  
f i s h  exceeds p a r t i a l  p r e s s u r e .  How- 
e v e r ,  a s  h y d r o s t a t i c  p r e s s u r e  i n -  
c r e a s e s  w i th  d e p t h ,  ga s -phase  p a r t i a l  
p r e s s u r e  i n c r e a s e s .  The d i f f e r e n c e  
between d i s s o l v e d  g a s  t e n s i o n  and 
p a r t i a l  p r e s s u r e  t h e n  d e c r e a s e s  and 
a i d s  i n  m a i n t a i n i n g  gases  i n  s o l u t i o n .  
Each me te r  o f  dep th  a f f o r d s  abou t  
10% compensat ion.  T h e r e f o r e ,  f i s h  
1 m deep  do n o t  e x p e r i e n c e  t h e  same 
deg ree  of s a t u r a t i o n  a s  t h o s e  a t  t h e :  
s u r f  a c e .  

C o n s i d e r a t i o n  o f  t h i s  compensatory 
phenomenon has  r e s u l t e d  i n  formula-  
t i o n  of t h e  " c r i t i c a l  zone" concep t .  
The c r i t i c a l  zone i s  t h e  upper  wa te r  
l a y e r  where s a t u r a t i o n  exceeds t h e  
t o l e r a n c e  of a  p a r t i c u l a r  f i s h  spe -  
c i e s .  G e n e r a l l y ,  s a t u r a t i o n  l e v e l s  
above 115% produce gas  bubble  d i s -  
e a s e  i n  j u v e n i l e  and a d u l t  s a lmon ids .  
A s  long  a s  f i s h  remain below the  c r i t -  
i c a l  zone,  ga s  bubble d i s e a s e  w i l l  
n o t  occu r .  However, j u v e n i l e  s a l -  
monids o f t e n  a l t e r  swimming dep th  i n  
r e sponse  t o  env i ronmen ta l  s t i m u l i ,  
such a s  f eed ing  and a d u l t  sa lmonids  
when moving th rough  f i s h  l a d d e r s  a t  
dams. Th i s  phase of s t u d y  w i l l  de-  
t e rmine  i f  a d u l t  salmon r e g u l a t e  
swimming dep th  and remain below, o r  
spend minimal amounts of t i m e ,  i n  t h e  
c r i t i c a l  zone. 

The p r o j e c t  i s  a  c o o p e r a t i v e  e f -  
f o r t  between PNL and t h e  B ioe l ec -  
t r o n i c s  Labora tory  a t  t h e  U n i v e r s i t y  
of Minnesota. The B i o e l e c t r o n i c s  
Labora tory  i s  deve lop ing  dep th  and 
t empera tu re  t e l e m e t r y  t a g s .  The t a g s  
a r e  expec ted  t o  measure dep ths  o f  
0-25  m i n  wa te r  t empera tu re s  of 
5-15°C and may be a v a i l a b l e  by f a l l  
1975.  A second component, de s igned  
t o  measure t empera tu re s  w i t h i n  c0.3OC 
over  a  range  of  2- lS°C,  may be added 
by s p r i n g  1976. The t r a n s m i t t e r s ,  
mounted e x t e r n a l l y ,  w i l l  p e rmi t  moni- 
t o r i n g  of a d u l t  salrnonids i n  r e l a -  
t i o n  t o  an  a r e a  o f  known a l t e r e d  
water  q u a l i t y  i n  t h e  f i e l d .  P a r t i c u -  
l a r  a t t e n t i o n  w i l l  be g iven  t h e  24 h r  
depth  d i s t r i b u t i o n  and f requency  o f  
v e r t i c a l  movements, t h e  maximum, m i n i -  
mum, and mean swimming d e p t h s ,  and 
t h e  amount of t ime s p e n t  below t h e  
c r i t i c a l  zone. Gas s a t u r a t i o n  l e v e l s  
w i l l  b e  measured wi th  a  s a t u r o m e t e r .  

Tagged f a l l  and s p r i n g  run  chinook 
salmon w i l l  be t r a c k e d  i n  t h e  lower 
Snake River  between I c e  Harbor and 
L i t t l e  Goose Dams (F ig .  2 5 ) .  Super -  
s a t u r a t i o n  occu r s  s e a s o n a l l y  i n  t h e  
s p r i n g  and s p r i n g  run  chinook m i g r a t e  
du r ing  p e r i o d s  of va ry ing  gas  supe r -  
s a t u r a t i o n .  F a l l  run  chinook w i l l  
p rov ide  i n fo rma t ion  on swimming t ime-  
dep th  d i s t r i b u t i o n  i n  t h e  absence o f  
supe r  s a t u r a t i o n .  

Emphasis w i l l  be  on swimming dep th  
on approach t o ,  and e x i t  f rom, Lower 
Monumental Dam. This  dam i s  equipped  
w i t h  a  " f l i p l i p "  des igned  t o  reduce  
a i r  en t r a inmen t  below t h e  s p i l l w a y .  
However, i t s  e f f e c t i v e n e s s  v a r i e s  
wi th  magnitude o f  r i v e r  f low.  I f  
a d u l t  salmon a c t u a l l y  va ry  swimming 
dep th  i n  r e sponse  t o  s u p e r s a t u r a t i o n ,  
i t  shou ld  be d e t e c t a b l e  below Lower 
Monumental Dam. 

Although dep th  t a g s  were u n a v a i l -  
a b l e  , p r e l i m i n a r y  i n v e s t i g a t i o n s  be - 
gan u s i n g  l o c a t i o n  t a g s  and some d a t a  
were ob ta ined  du r ing  s p r i n g  1975. 
Methods were developed  t o  t r a p  a d u l t  
salmon,  s u r g i c a l l y  a t t a c h  t r a n s m i t -  
t e r s  and t r a n s p o r t  f i s h  t o  r e l e a s e  
s i t e s .  Rece iver  equipment was t e s t e d  
under  f i e l d  c o n d i t i o n s  u s i n g  f i s h  
t agged  w i t h  t r a n s m i t t e r s  t h a t  r e -  
vea l ed  p o s i t i o n  on ly .  

I n  t h i s  work, 1 2  chinook salmon 
were t r apped  a t  L i t t l e  Goose Dam, 
tagged  w i t h  r a d i o  t r a n s m i t t e r s  of  
s e p a r a t e l y  i d e n t i f i a b l e  f r e q u e n c i e s ,  



t r a n s p o r t e d  d o w n r i v e r  and r e l e a s e d  
above I c e  H a r b o r  Dam a t  Levey Land ing  
( F i g .  2 5 ) .  Movement of  t h e  f i s h  was 
monitored b e t w e e n  t h e  c o n f l u e n c e  o f  
t h e  Snake  R i v e r  w i t h  t h e  Columbia  
R i v e r  a n d  t h e  f i s h  t r a p  a t  L i t t l e  
Goose,  t h e  t h i r d  u p s t r e a m  dam. 
Tagged f i s h  p a s s i n g  t h r o u g h  t h e  f i s h  
l a d d e r  a t  L i t t l e  Goose Dam were  d i -  
v e r t e d  b y  a  d e v i c e  t r i g g e r e d  by a  
magne tomete r  i n t o  a  f i s h  t r a p .  The 
t r a p  was a b o u t  1 / 3  o f  t h e  d i s t a n c e  
t h r o u g h  t h e  l a d d e r  and  a l l o w e d  r e -  
t r i e v a l  o f  some r a d i o  t a g s .  

A n a l y s i s  o f  o u r  p r e l i m i n a r y  d a t a  
( T a b l e  21) i n d i c a t e s  c o n s i d e r a b l e  
v a r i a b i l i t y  among i n d i v i d u a l  f i s h  
movements.  S e v e r a l  f e a t u r e s  of t h e  
t a b l e  r e q u i r e  e x p l a n a t i o n .  

Tagged a d u l t  c h i n o o k  were  r e l e a s e d  
a b o u t  1:00 pm on b o t h  d a t e s .  Most 
r e l e a s e d  f i s h  d i d  n o t  i m m e d i a t e l y  
move u p s t r e a m .  T h i s  phenomenon may 
r e f l e c t  a  p e r i o d  o f  r e s t  o r  a c c l i m a -  
t i z a t i o n  f o l l o w i n g  t a g g i n g  and t r a n s -  
p o r t .  L i t t l e  l a t e  e v e n i n g ,  and  n o  
n i g h t  t r a c k i n g  was p o s s i b l e .  F i s h  
were  g e n e r a l l y  f o u n d  a t  Lower Monu- 
m e n t a l  Dam t h e  m o r n i n g  a f t e r  c o n t i n u -  
i n g  u p s t r e a m  movements.  However,  
t h e y  may h a v e  a r r i v e d  a t  t h e  dam d u r -  
i n g  t h e  p r e v i o u s  n i g h t .  I f  t h e  f i s h  
p a s s e d  f r o m  Levey Land ing  t o  Lower 
Monumental Dam a t  t h e  same s p e e d  o r  
f a s t e r  t h a n  b e t w e e n  Lower Monumental 
and L i t t l e  Goose Dams, t r a n s i t  t i m e s  
i n  T a b l e  2 1  a r e  i n f l a t e d .  C o r r e -  
s p o n d i n g l y ,  dam p a s s a g e  t i m e s  would 
b e  u n d e r v a l u e d  b y  t h e  same amount .  
A d d i t i o n a l l y ,  f a l l b a c k ,  o r  r e t u r n  t o  
be low a  dam, i s  n o t  r e f l e c t e d  i n  t h e  
T a b l e  2 1  v a l u e s .  Some f i s h ,  a f t e r  
s u c c e s s f u l l y  p a s s i n g  Lower Monumental 
D a m ,  f e l l  b a c k  and n e v e r  r e n e g o t i a t e d  
t h e  dam. Only o r i g i n a l  p a s s -  t h r o u g h  
t i m e s  a r e  i n c l u d e d  i n  t h e  a v e r a g e  
p a s s - t h r o u g h  v a l u e .  

Al though  t a g g e d  a d u l t  c h i n o o k  
moved r a p i d l y  be tween  dams,  t h e r e  a p -  
p e a r e d  t o  be  c o n s i d e r a b l e  d e l a y s  i n  
p a s s a g e  t h r o u g h  f i s h  l a d d e r s .  Move- 
ment b e t w e e n  dams g e n e r a l l y  o c c u r r e d  
n e a r  t h e  s o u t h  s i d e  o f  t h e  r i v e r  and  
t o o k  1 - 3  d a y s .  Hav ing  r e a c h e d  a  dam, 
f i s h  r e m a i n e d  below f o r  p e r i o d s  v a r y -  
i n g  f rom a  few h o u r s  t o  more t h a n  
5 weeks .  Some f i s h  n e v e r  n e g o t i a t e d  
t h e  dam, a l t h o u g h  t h e y  may h a v e  e n -  
t e r e d  t h e  l a d d e r ,  e x i t e d  a n d  r e e n -  
t e r e d  s e v e r a l  t i m e s  on  e i t h e r  s i d e  o f  

t h e  r i v e r  b e l o w  t h e  dam. O t h e r  f i s h ,  
h a v i n g  s u c c e s s f u l l y  n e g o t i a t e d  t h e  
l a d d e r ,  f e l l  back  o v e r  t h e  dam. Two 
f i s h ,  a f t e r  moving u p r i v e r ,  d e s c e n d e d  
a b o u t  30  m i l e s .  F i s h  t h a t  f e l l  b a c k  
o v e r  a  dam o r  r e t r e a t e d  d o w n r i v e r ,  
a l t h o u g h  m o n i t o r e d  f o r  up t o  7  w e e k s ,  
n e v e r  r e n e g o t i a t e d  a  dam. Appar-  
e n t l y  t h e s e  dams, c o n s t r u c t e d  d u r i n g  
t h e  l a s t  few y e a r s ,  s e r i o u s l y  impede 
u p s t r e a m  m i g r a t i o n .  D e t e r m i n a t i o n  o f  
t h e  e f f e c t s  and f u l l  s i g n i f i c a n c e  o f  
impedance r e q u i r e  f u r t h e r  s t u d y  . 
T h r e e  t a g g e d  f i s h ,  a f t e r  moving u p -  
s t r e a m  t o  Lower Monumental Dam o r  
a b o v e ,  d i s a p p e a r e d  a f t e r  2- 7  d a y s .  
None o f  t h e  t a g g e d  f i s h  were  c a p t u r e d  
a t  t h e  L i t t l e  Goose Dam t r a p .  T h i s  
i n v i t e s  s p e c u l a t i o n  c o n c e r n i n g  o t h e r  
p o s s i b l e  l o n g  d i s t a n c e  f a l l b a c k s ,  
r a t h e r  t h a n  t r a n s m i t t e r  f a i l u r e .  Al -  
though  s i m u l t a n e o u s  t r a n s m i t t e r  f a i l -  
u r e s  a n d  l o s s  o f  t a g s  by f i s h  a r e  
p o s s i b l e ,  i t  seems u n l i k e l y  t h a t  i t  
would o c c u r  i n  s e v e r a l  f i s h .  I n  t h e  
f u t u r e ,  a  d o u b l e  t a g g i n g  s y s t e m  u s i n g  
t r a n s m i t t e r s  and m a g n e t i c  t a g s  w i l l  
b e  u s e d  t o  e v a l u a t e  t h e  p o s s i b i l i t y  
o f  t h i s  o c c u r r e n c e .  However,  b a s e d  
o n  known f a l l b a c k s  o f  a b o u t  30 m i l e s ,  
i t  seems more p r o b a b l e  t h e  l o s t  f i s h  
may h a v e  moved o u t  o f  t h e  Snake R i v e r  
t o  t h e  Columbia  R i v e r .  The r e c e n t  
t r a n s f o r m a t i o n  o f  t h e  f r e e -  f l o w i n g  
c h a n n e l  i n t o  s l a c k  w a t e r  impound- 
men t s  may b e  a f f e c t i n g  m i g r a t i o n  p a t -  
t e r n s .  The i r r e g u l a r  m i g r a t i o n  p a t -  
t e r n s  h a v e  g r e a t l y  i n c r e a s e d  t h e  
c o m p l e x i t y  o f  t h e  s t u d y .  

S e v e r a l  f i n d i n g s  f rom o u r  s p r i n g  
1975  t r a c k i n g  e f f o r t s  w i l l  b e  o f  
v a l u e  i n  d e s i g n i n g  f u t u r e  e f f o r t s  t o  
b e s t  u t i l i z e  manpower a n d  e q u i p m e n t .  
When d e p t h  t a g s  become a v a i l a b l e ,  
s t u d i e s  w i l l  b e  c o n c e n t r a t e d  a r o u n d  
Lower Monumental Dam. S i n c e  t a g g e d  
f i s h  move u p r i v e r  a b o u t  1 m i l e / h r  a n d  
may a r r i v e  a t  Lower Monumental Dam 
w i t h i n  30 h r ,  r e l e a s e s  c a n  be  t i m e d  
t o  e n a b l e  t r a c k i n g  c rews  t o  i n t e r c e p t  
t a g g e d  f i s h  a b o u t  5 m i l e s  be low t h e  
dam i n  d a y l i g h t .  A p p a r e n t l y  we c a n  
e x p e c t  d a t a  f rom most t a g g e d  f i s h ,  
s i n c e  a l l  move t o ,  and mos t  t h r o u g h ,  
t h e  c r u c i a l  dam i n  t h e  s t u d y .  Addi-  
t i o n a l l y ,  some f i s h  w i l l  r e m a i n  b e -  
low t h e  dam f o r  e x t e n d e d  p e r i o d s  a n d  
u n d e r  c h a n g i n g  f l o w s  w i l l  a l l o w  d e -  
t e r m i n a t i o n  o f  t i m e - d e p t h  d i s t r i b u -  
t i o n  i n  r e l a t i o n  t o  c h a n g i n g  g a s  
s a t u r a t i o n  l e v e l s .  



TABLE 2 1 .  Timing of  Adul t  Chinook Salmon Movements from 
L i t t l e  Goose Dam Trap i n  t h e  Lower Snake R ive r  (5 /20 /75  
t o  8 /27 /75 ) .  

F~sh 
I.D. 
No. - 

256 

324a 
405a 
482 

088 

205 

304 

Release - 
Date at LL to 

L L ~  LMDC -- 
5/20/75 721 

Through 
LMD 

Times (hr)a 
Through 

LMD to LCD to 
L C D ~  Trape 

Total 
LL to LCD 

Trap Comments 

Above LMO >I296 hr, may have fallen back into LMD 
ladder, not located after 7/16/75. Probable transmitter 
cessation after rag loss. 

236 
169 

Remained below LCD >888 hr, probable transmitter 
cessation after 7/16/75. 
Entered LMD ladder, fell back-remained at LMD >I24 hr, fell 
back below IHD after 6/9/75h-not located after 7/28/75 
Fell back below LMD, remained >12% hr. Probable tag 
loss in LMD north ladder after 7/16/75. 

96 
324b 6/02/75 46 5 Not located after 6/4/75, 2 miles above LMD and swimming. 
405b 6/02/75 25 <24 21 288 358 
653 6/02/75 30 Not located after 7/3/75, 3 miles below LMD and swimming, 

probable transmitter failure. 
703 6/02/75 31 36 Fell back below LMD, remained 42 hr. Not located after 

6/7/75, possible transmitter failure. 
721 6/02/75 30 (42 23 Entered LMD ladder, fell back; reached LCD ladder, entered, 

fell back and remained below LMD >I248 hr. Probable tag 
loss in LMD north ladder after 7/16/75. 

Average 45 (18 30i 139 215 

aRepresents time from release or last sighting at given location to first sighting at new location. 
b~~ - Levey Landing 
2LMD - Lower Monumental Dam 

LCD - Little Goose Dam 
eAbout 1/3 of distance through fish ladder 
' ~ i m e  from LL to LMD is probably inflated, while time through LMD is undervalued. See text for further explanation. 
gDue to weak signal directly beneath LCD, fish may have been missed and this value highly inflated. Not included in average. 
!' IHD - Ice Harbor Dam 
'Excluding fish I.D. No. 482 

Initial Response of Juvenile Salmonids 
to a River-Thermal Plume 
Interface 

R. H. Gray and R. G. Genoway 

A model raceway i s  b e i n g  deve loped  
and t e s t e d  t o  a s s e s s  t h e  instants.- 
neous r e sponse  o f  j u v e n i l e  sa lmonids  
encoun te r ing  a  s i m u l a t e d  r i v e r -  
t he rma l  plume i n t e r f a c e .  The o r i g i -  
n a l  raceway d e s i g n  and r e s u l t s  of  
i n i t i a l  t e s t i n g  were r e p o r t e d  i n  
Annual Repor t s  f o r  1973 and 1974. 
T e c h n i c a l  e f f o r t  was ex t ended  t h i s  
y e a r  t o  complete  work on methodology 
and t o  make n e c e s s a r y  m o d i f i c a t i o n s  
on t h e  o r i g i n a l  raceway d e s i g n .  
These i n c l u d e d  improved methods o f  
i l l u m i n a t i o n ,  v ideo  t a p i n g ,  r e c o r d i n g  
o b s e r v a t i o n a l  r e s u l t s ,  and mapping 
plume the rma l  and v e l o c i t y  p r o f i l e s ,  
as  w e l l  a s  s e v e r a l  raceway m o d i f i c a -  
t i o n s  t o  i n s u r e  t h a t  f i s h  c o n t a c t  
t h e  r i v e r - p l u m e  i n t e r f a c e .  

P r e l i m i n a r y  t e s t s  u t i l i z e d  a  s i n -  
g l e  submerged d i s c h a r g e  i n t r o d u c e d  i n  
t h e  downstream q u a r t e r  of t h e  raceway 
a t  midchannel .  D r i f t i n g  j u v e n i l e  

rainbow t r o u t  appeared  t o  be a t -  
t r a c t e d  t o  t h e  dark d i s c h a r g e  o r i f i c e  
on t h e  w h i t e  raceway bot tom. E x p e r i -  
men ta t i on  w i t h  mock plumes,  however, 
i n d i c a t e d  t h a t  t h i s  a p p a r e n t  r e sponse  
may be a  t e c h n i c a l  a r t i f a c t .  F i s h  
s u b s e q u e n t l y  d r i f t e d  unde r  t h r e e  d i f  - 
f e r e n t  t e s t  c o n d i t i o n s ,  ( i . e . ,  no 
plume, ambient  plume, and h e a t e d  
plume) i n d i c a t e d  a  r e sponse  t o  a n  
ambient  o r  h e a t e d  d i s c h a r g e  j e t .  How- 
e v e r ,  t h e  m a j o r i t y  o f  f i s h  t e s t e d  
i n d i v i d u a l l y  o r  i n  groups  of  t h r e e s ,  
t ended  t o  d r i f t  a l ong  t h e  s i d e s  of 
t h e  raceway and t h u s  mi s sed  t h e  warm- 
e s t  p o r t i o n  of  t h e  d i s c h a r g e  plume. 
T h e r e f o r e ,  i t  was n e c e s s a r y  t o  d r i f t  
l a r g e  numbers of  f i s h  t o  obse rve  a  
few t h a t  encoun te r ed  warm w a t e r .  To 
i n s u r e  t h a t  a l l  d r i f t e d  f i s h  a c t u a l l y  
i n t e r s e c t  t h e  plume, a  m o d i f i c a t i o n  
was r e q u i r e d .  An a d d i t i o n a l  raceway 
s e c t i o n  .was t h e r e f o r e  de s igned  t o  f i t  
between two o r i g i n a l  s e c t i o n s  and 
d i s c h a r g e  t h e  plume a c r o s s  t h e  e n t i r e  
raceway. The purpose  o f  t h e  change 
i s  t o  more c l o s e l y  s i m u l a t e  t h e  i n t e r -  
f a c e  of a  f l owing  r i v e r - t h e r m a l  plume. 



The m o d i f i e d  s y s t e m  i s  now r e a d y  t h e r m a l  e f f l u e n t  by r e g u l a t i n g  w a t e r  
f o r  f i n a l  t e s t i n g .  L i m i t e d  l a b o r a -  f l o w  i n  t h e  r aceway .  The immedia te  
t o r y  o b s e r v a t i o n s  w i l l  t a k e  p l a c e  r e a c t i o n s  o f  f i s h  e n c o u n t e r i n g  t h e  
u n d e r  s i m u l a t e d  s t r e a m  f l o w  c o n d i -  plume i n t e r f a c e  w i l l  b e  o b s e r v e d  and  
t i o n s .  J u v e n i l e  r a i n b o w  t r o u t  o r  r e c o r d e d  on v i d e o  t a p e  f o r  s u b s e q u e n t  
c h i n o o k  sa lmon  w i l l  b e  e n c o u r a g e d  t o  a n a l y s i s .  T e s t s  w i l l  i n c l u d e  c o n t r o l ,  
d r i f t  b a c k  t o  t h e  i n t e r f a c e  o f  t h e  ambien t  and t h e r m a l  d i s c h a r g e s .  



EFFECTS A N D  BEHAVIOR O F  FOSSIL FUEL EFFLUENTS 
IN FRESHWATER ECOSYSTEMS 

The accelerated pace of our nation's effort to increase pro- 

duction of energy has led to a concomitant effort to identify the 

effects of all aspects of energy development, particularly the 

effect of the effluents, upon the environment. A wide variety of 

compounds are introduced into the biosphere in the development of 

energy resources. Among these are included trace metals, fly-ash, 

lagoon effluents, and various hydrocarbons. 

With the emergence of the Energy Research and Development Ad- 

ministration and direction of some research to nonnuclear aspects 

of energy production, the program formerly known as "Factors 

Affecting Biogeochemical Cycling" has been redirected and enti- 

tled "Effects and Behavior of Fossil Fuel Effluents in Fresh- 

water Ecosystems ." 
Our studies in this program will be focused upon water bodies 

known to receive waste effluents containing heavy metals and em- 

phasize the understanding of not only where and in what quantities 

these materials appear in various ecosystem components, but also 

knowing what chemical, physical, and biological processes mediate 

their movement. Concurrent with the ecological studies, laboratory 

investigations will be directed toward understanding the sublethal 

effects of these chemicals upon freshwater biota. 

Limnological Characteristics of Gable 
Mountain Pond 

C. E. Cushing, A. J. Scott, 
J. M. Gurtisen and W. G. Woodfield 

As part of a comprehensive program 
to evaluate the fate and behavior of 
radionuclides discharged into waste 
ponds, the basic limnological charac- 
teristics of Gable Mountain Pond were 
studied to provide a basis for future 

experiments within this pond. Re- 
sults of the analyses of selected 
physical, chemical, and biological 
parameters for the period of July 
1974 to June 1975 are discussed below; 
further work on certain aspects are 
still in progress. Fig. 26 shows the 
outline of Gable Mountain Pond and the 
sampling transects and stations used 
in this study; further descriptive in- 
formation can be found in Cushing and 
Watson (1974). 



l NLET 
GABLE MOUNTAIN POND 

FIG. 26.  O u t l i n e  o f  Gab le  Mounta in  
Pond Showing Sampl ing  T r a n s e c t s ,  
S t a t i o n s  and Water  D e p t h s .  

FIG. 27. Water  T e m p e r a t u r e s  i n  G a b l e  
Mounta in  Pond. 

P h y s i c a l  P a r a m e t e r s  

The a v e r a g e  d a i l y  i n c i d e n t  s o l a r  
r a d i a t i o n  was 375 L a n g l e y s  ( g  c a l o -  
r i e s / c m 2 ) ,  and  r a n g e d  f rom a  low o f  
20 L a n g l e y s  o n  J a n u a r y  25,  1 9 7 5 ,  t o  
808 L a n g l e y s  o n  J u l y  1, 1 9 7 4 .  Water  
t e m p e r a t u r e s  were  s l i g h t l y  warmer i n  
t h e  i n l e t  end o f  t h e  pond where  t h e y  
r a n g e d  f r o m  l . S ° C  o n  J a n u a r y  1 6 ,  1 9 7 5 ,  
t o  26.6OC o n  Augus t  6 ,  1974 
( F i g .  2 7 ) .  At  t h e  o u t l e t  end o f  t h e  
l a k e ,  w a t e r  t e m p e r a t u r e s  r a n g e d  f r o m  
OoC ( l a t e  December t o  m i d - F e b r u a r y )  
t o  26.6"C o n  Augus t  6 ,  1 9 7 4 .  Tempera-  
t u r e s  a v e r a g e d  2.7OC warmer a t  t h e  
i n l e t  end  f r o m  O c t o b e r  u n t i l  l a t e  
December when i c e  c o v e r e d  t h e  o u t l e t  
end o f  t h e  l a k e .  The i n l e t  e n d  r e -  
ma ined  o p e n  f rom December t o  mid-  
F e b r u a r y ,  and  a v e r a g e d  3 . 9 ' ~ .  

Chemica l  A n a l y s e s  

N u t r i e n t  a n a l y s e s  f o r  N O 3 - N ,  t o t a l  
PO4-P, a n d  S i - S i 0 3  r e v e a l e d  t h a t  a v e r -  
a g e  c o n c e n t r a t i o n s  were  h i g h e s t  a t  
t h e  i n l e t  end o f  t h e  l a k e  e x c e p t  f o r  
t o t a l  PO4-P, w h i c h  a v e r a g e d  s l i g h t l y  
h i g h e r  a t  t h e  o u t l e t  e n d .  O v e r a l l  
a v e r a g e s  f o r  N O 3 - N ,  t o t a l  PO4-P, and  
S i - S i 0 3  were  0 . 0 2 3  ( r a n g e  0 .001-  
0 .076 m g / & ) ,  0 .180 ( r a n g e  0 .030-  
0 .495 m g / & ) ,  a n d  0 .354 mg/&,  ( r a n g e  
0 .069-1 .500  m g / & ) ,  r e s p e c t i v e l y .  The 
r e l a t i v e l y  low v a l u e s  f o r  n i t r o g e n ,  

- t o g e t h e r  w i t h  t h e  o b s e r v e d  c l a r i t y  o f  
t h e  l a k e  and low p h y t o p l a n k t o n  popu-  
l a t i o n s  i n d i c a t e  p r o b a b l e  n i t r o g e n  

v l i m i t a t i o n ;  s u f f i c i e n t  p h o s p h o r u s  i s  
p r e s e n t  f o r  a l g a l  g r o w t h .  O t h e r  n i -  

* t r o g e n  f o r m s  may be  p r e s e n t ,  i . e . ,  
N H 3 - N ,  and f u t u r e  a n a l y s e s  f o r  i t  - w i l l  b e  made. A v e r a g e  t o t a l  PO,-P 
v a l u e s  a r e  a n  o r d e r  o f  m a g n i t u d e  

h i g h e r  t h a n  NO3-N, w h i c h  i s  a n  un-  
u s u a l  s i t u a t i o n  i n  n a t u r a l  l a k e s  
where  t h e  r e v e r s e  i s  more common. 
No c o n s i s t e n t  s e a s o n a l  t r e n d s  were  
a p p a r e n t .  

C o n c e n t r a t i o n s  o f  d i s s o l v e d  (DOC) 
and  t o t a l  (TOC) o r g a n i c  c a r b o n  were  
v e r y  low and  were  u s u a l l y  n e a r  t h e  
l o w e r  a n a l y t i c a l  l i m i t s .  O v e r a l l  
a v e r a g e s  f o r  TOC and  DOC i n  t h e  i n l e t  
end  were  b o t h  14 pprn w i t h  a  r a n g e  of 
7 -20  pprn f o r  TOC and 6 -29  ppm f o r  
DOC. A t  t h e  o u t l e t  e n d ,  o v e r a l l  a v e r -  
a g e s  f o r  TOC a n d  DOC were  17 and 
1 6  ppm, r e s p e c t i v e l y ,  w i t h  r a n g e s  o f  
9 -25  pprn f o r  TOC, a n d  9 -40  pprn f o r  
DOC. The d a t a  i n d i c a t e d  a  s l i g h t  i n -  
c r e a s e  f rom t h e  s o u t h e a s t  t o  n o r t h -  
w e s t  e n d ,  b u t  a t  t h e s e  l e v e l s ,  t h e  
d i f f e r e n c e  i s  p r o b a b l y  n o t  m e a n i n g f u l .  
Lowest v a l u e s ,  i n  g e n e r a l ,  were  p r e s -  
e n t  d u r i n g  t h e  w i n t e r  months .  

D i s s o l v e d  oxygen  c o n c e n t r a t i o n s  
were  e s s e n t i a l l y  s i m i l a r  t h r o u g h o u t  
t h e  l a k e ,  a v e r a g i n g  1 1 . 7  ppm a t  t h e  
o u t l e t  end  a n d  11.1 pprn a t  t h e  i n l e t  
e n d .  H i g h e s t  v a l u e s ,  c a .  13-14  ppm, 
were  f o u n d  d u r i n g  t h e  c o l d e r  months  
and  l o w e s t  v a l u e s ,  c a .  8 - 9  ppm, i n  
summer. The w a t e r  was u s u a l l y  a r o u n d  
95% s a t u r a t e d  w i t h  oxygen .  T o t a l  
( m e t h y l  o r a n g e )  a l k a l i n i t y ,  a s  CaC03, 
a v e r a g e d  84 pprn ( r a n g e  58-100  ppm) a t  
t h e  i n l e t  end of t h e  l a k e  a n d  70 ppm 
( r a n g e . 4 3 - 9 5  ppm) a t  t h e  o u t l e t  e n d ,  
i n d i c a t i n g  a  s i g n i f i c a n t  r e d u c t i o n  i n  
a l k a l i n i t y  i n  t h e  w a t e r  t h r o u g h  t h e  
l a k e .  H i g h e s t  v a l u e s  o c c u r r e d  d u r i n g  
F e b r u a r y  a n d  March,  a n d  l o w e s t  v a l u e s  
i n  s p r i n g  a n d  f a l l .  The pH m e a s u r e -  
men t s  were  q u i t e  s i m i l a r  t h r o u g h  t h e  



l a k e ,  a l t h o u g h  h i g h e s t  v a l u e s  were 
found i n  t h e  o u t l e t  end .  Values  
ranged  from 7.40 - 8 .72  a t  t h e  i n l e t  
end and 7.60 - 9.28 a t  t h e  o u t l e t  end .  
An emis s ion  s p e c t r o s c o p y  a n a l y s i s  was 
performed on an  a shed  s ed imen t  c o r e  
c o l l e c t e d  on November 2 1 ,  1974, a s  a  
f u n c t i o n  of t h e  d e p t h  of t h e  s e d i -  
ments .  The c o n c e n t r a t i o n  of  t h e  
t r a c e  e l emen t s  Ba, C r ,  Cu, N i ,  Pb, 
and Zn i n  t h e  s u r f a c e  4  cm were . 
g r e a t e r  by f a c t o r s  of  1 . 5 ,  2 ,  >20 ,  2 ,  
1 0 ,  and 3,  r e s p e c t i v e l y ,  t h a n  concen-  
t r a t i o n s  i n  t h e  d e e p e r  s ed imen t s .  Ab- 
s o l u t e  c o n c e n t r a t i o n s  were:  
Ba-350 ppm, Cr-75 ppm, Cu->lo00  ppm, 
Ni-75 ppm, Pb-50 ppm, and Zn-100 ppm. 
There  was a  h i g h  o r g a n i c  m a t t e r  con-  
t e n t  i n  t h e  s ed imen t s  c o n t a i n i n g  h i g h  
t r a c e  m e t a l  c o n c e n t r a t i o n s ,  s u g g e s t -  
i n g  t h a t  t h e s e  heavy m e t a l s  may be 
a s s o c i a t e d  w i t h  t h e  s ed imen t  o r g a n i c  
f r a c t i o n .  

B i o l o g i c a l  Pa rame te r s  

Gable Mountain Pond c o n t a i n s  a  
d i v e r s e  f l o r a  and f a u n a .  The on ly  
v e r t e b r a t e  i n  t h e  pond i s  t h e  omniv- 
o rous  g o l d f i s h .  

Q u a n t i t a t i v e  measurements  of t h e  
s e s t o n  were done on a  g r a v i m e t r i c  
b a s i s  and by measurement of c h l o r o -  
p h y l l  a .  S i n c e  t h e  s e s t o n  samples ,  
c o l l e c t e d  by pumping wa te r  t h rough  a  
N i t e x  n e t  w i t h  70 micron  open ings ,  
were compr ised  of a l l  suspended o r -  
g a n i c  m a t t e r  i n c l u d i n g  phy top l ank ton ,  
zoop lank ton ,  and au toch thonous  and 
a l l o c h t h o n o u s  d e t r i t u s ,  t h e  c h l o r o -  
p h y l l  a  d a t a  was used  a s  a n  i ndex  of 
t h e  phy top l ank ton  c o n t e n t  o f  t h e  s e s -  
t o n .  S e s t o n  i s  ex t r eme ly  s p a r c e  i n  
Gable Mountain Pond, r a n g i n g  from 
abou t  0.4 x  g d r y  w t / i  i n  Febru-  
a r y  t o  13 .4  x  10-  g  d r y  w t / i  i n  May 
a t  t h e  i n l e t  end and from 1 . 2  x  10-5 g  
d r y  w t / i  i n  A p r i l  t o  2.0 x  1 0 - 5  g  d r y  
w t / i  i n  J u n e  a t  t h e  o u t l e t  end.  The 
peak c o n c e n t r a t i o n s  i n  s p r i n g  were 
c o i n c i d e n t  w i t h  a  bloom of  A s t e r i o -  
n e l l a  formosa .  Bosmina s p . ,  and Diap- 
tomus s p .  were t h e  most abundant  zoo- 
p l a n k t e r s .  The s e a s o n a l  s e s t o n  
f l u c t u a t i o n s  e x h i b i t e d  t h e  t y p i c a l  
s p r i n g  and f a l l  p u l s e  of d i a toms  c h a r -  
a c t e r i s t i c  o f  most t empe ra t e  l a k e s .  
I f  t h e s e  two p u l s e s  were assumed t o  
be p r edomina t e ly  p h y t o p l a n k t o n ,  s i m i -  
l a r  f l u c t u a t i o n s  i n  t h e  c h l o r o p h y l l  5 
c o n t e n t  would be e x p e c t e d  b u t  were 
n o t  f ound .  I t  i s  d i f f i c u l t  t o  i n t e r -  
p r e t  t h e  measured c h l o r o p h y l l  - a  and 

s e s t o n  v a l u e s  s i n c e  t h e y  a r e  s o  low 
a s  t o  be n e a r  a c c u r a t e  d e t e c t i o n -  
l i m i t s .  Average c h l o r o p h y l l  5 v a l u e s  
were on ly  a b o u t  1 . 2  p g / i .  

P e r i p h y t o n  o c c u r r e d  p r i m a r i l y  a s  
s c a t t e r e d  p a t c h e s  of Clado h o r a  f l o a t -  
i n g  i n  t h e  s h a l l o w s  an  * a t t a c  ed t o  
submerged s ageb rush  and macrophytes .  
A s e r i e s  of g l a s s  microscope  s l i d e s  
were p l aced  i n  t h e  wa te r  a t  b o t h  ends  
of t h e  pond and sampled a t  i n t e r v a l s  
of a  month o r  more. The a t t a c h e d  
p e r i p h y t o n  was s c r a p e d  from a  known 
a r e a  and an  e s t i m a t e  of t h e  Net P ro -  
d u c t i o n  Rate  (NPR) made. The a v e r a g e  
NPR a t  t h e  i n l e t  end was 
1 .4  mg x  g/cm2/day and 
0.9 x  g/cm2/day a t  t h e  o u t l e t  
end;  growth r a t e s  were s l o w e s t  d u r i n g  
t h e  w i n t e r .  The h i g h e r  growth r a t e s  
a t  t h e  i n l e t  end may be r e l a t e d  t o  
t h e  g e n e r a l l y  warmer t empera tu re  r e -  
gime a t  t h i s  end of  t h e  pond. 

Q u a n t i t a t i v e  samples  of  macro- 
p h y t e s  were c o l l e c t e d  from 0 . 5  m 2  
q u a d r a t s .  D i s t r i b u t i o n  was n o t  u n i -  
form and t h e  samples  o f  d i f f e r e n t  s p e -  
c i e s  were c o l l e c t e d  from r e l a t i v e l y  
pu re  s t a n d s .  F i g .  28 shows t h e  d i s -  
t r i b u t i o n  of macrophytes  i n  J u l y  1974.  
Myriophyllum s p .  s t a n d i n g  c r o p  a v e r -  
aged abou t  83.9 g  d r y  w t / m 2 ,  
23 p l an t s /mz ,  and had t h e  h i g h e s t  
biomass (124 .5  g  d r y  wt/mz) i n  Octo-  
b e r .  Potamo e t o n  r i c h a r d s o n i  s t a n d -  
i n g  CI- 80 .8  g  d r y  w t / m 2 ,  
20 p l a n t s / m z ,  and g r e a t e s t  biomass, 
(141.6 g  d r y  wt/m2) i n  September.  
P. f i l i f o r m i s  was more s p a r s e ,  a v e r -  - 
a g i n g  46.9 g  d r y  w t / m 2 ,  and Chara s p .  
ave raged  a b o u t  105.9 g  d r y  w m  

0 Myriophyllum sp. 

Pomatogeton sp. 

Ceratophyllum sp. 

FIG. 28. D i s t r i b u t i o n  of  Macrophytes  
yn Gable Mountain Pond, J u l y  1974.  



The dominant  i n v e r t e b r a t e s  c o l -  
l e c t e d  by hand -d redg ing  7  f t  l o n g  
s h o r e  s e c t i o n s  f o r  1 5  s e c  were amphi- 
pods ,  wate rboa tmen ( T r i c o r i x a  s p . ) ,  
d a m s e l f l y  nymphs ( I c h n e u r a  s p . )  , and 
mayfly nymphs ( C a l l i b a e t i s  s p . ) .  The 
numbers and biomass of  i n v e r t e b r a t e s  
c o l l e c t e d  p e r  sample v a r y  w i d e l y ,  t h e  
l a t t e r  because  of  t h e  g r e a t  d i f f e r -  
ence s  i n  t h e  r e l a t i v e  w e i g h t s  o f  t h e  
d i f f e r e n t  o rgan i sms .  A t  t h e  s o u t h -  
e a s t e r n  end o f  t h e  pond, biomass 
v a l u e s  ave r aged  48.9 mg/sample ( r a n g e  
7-156 mg) and a t  t h e  n o r t h w e s t e r n  end ,  
119 .3  mg/sample ( r a n g e  9-448 mg). 
These d i f f e r e n c e s  a r e  l a r g e l y  r e l a t e d  
t o  t h e  t y p e  and d e n s i t y  o f  v e g e t a t i o n  
o c c u r r i n g  a l o n g  t h e  s h o r e l i n e .  

The l i m n o l o g i c a l  c h a r a c t e r i s t i c s  
t h u s  f a r  e v a l u a t e d  i n d i c a t e  t h a t  
Gable  Mountain Pond i s  a t y p i c a l  o f  
t e m p e r a t e  l a k e s  i n  a  number o f  a s -  
p e c t s .  T h i s  i s  n o t  who l ly  unexpec t ed  
when t h e  n a t u r e  o f  t h e  s o u r c e  of  
w a t e r  f o r  t h e  l a k e  i s  c o n s i d e r e d .  
Two s t r i k i n g  c h a r a c t e r i s t i c s  a r e  t h e  
u n u s u a l  n i t r o g e n - p h o s p h o r u s  r a t i o s ,  
and t h e  ex t reme p a u c i t y  o f  p h y t o p l a n k -  
t o n .  S i n c e  a  f a i r l y  abundant  commu- 
n i t y  of  s econda ry  p r o d u c e r s  e x i s t s ,  
i t  a p p e a r s  t h a t  t h e s e  h i g h e r  t r o p h i c  
o rgan i sms  a r e  dependen t  upon e i t h e r  
1 )  a  d e t r i t u s  ba sed  food  web, 2) 
p r ima ry  p r o d u c t i o n  i n  t h e  form o f  
p e r i p h y t o n  and mac rophy t e s ,  o r  3)  a  
comb ina t i on  of  t h e s e .  The h i g h  con-  
c e n t r a t i o n s  o f  Cu i n  t h e  s e d i m e n t s  
may s u g g e s t  i t  a s  t h e  c a u s a t i v e  f a c -  
t o r  f o r  t h e  low p h y t o p l a n k t o n  s i n c e  
Cu i s  q u i t e  t o x i c  t o  a l g a e .  However, 
l u x u r i o u s  g rowths  of  p e r i p h y t o n  and 
macrophytes  e x i s t .  These r e l a t i o n -  
s h i p s  w i l l  h o p e f u l l y  be r e s o l v e d  a s  
r e s e a r c h  c o n t i n u e s .  The g r a d i e n t s  of  
s e v e r a l  chemica l  p a r a m e t e r s  t h rough  
t h e  pond a r e  p r o b a b l y  r e l a t e d  t o  t h e  
s o u r c e  o f  t h e  w a t e r  and t h e  r e s u l t a n t  
p h y s i c a l ,  c h e m i c a l ,  and  b i o l o g i c a l  
p r o c e s s e s  o c c u r r i n g  i n  t h e  ecosys t em.  
The low TOC and DOC v a l u e s  would be 
expec t ed  i n  view of  t h e  low s e s t o n  
abundance.  Another  u n u s u a l  f e a t u r e  
o f  Gable  Mountain Pond i s  t h e  absence  
of  any  a q u a t i c  v e r t e b r a t e  p r e d a t o r s .  
I n s e c t  and  zoop l ank ton  p a r t s  have 
been  found  i n  g o l d f i s h  s tomachs ,  b u t  
it i s  b e l i e v e d  t h a t  t h e  i n f r e q u e n c y  
of  t h e i r  appea rance  i n d i c a t e s  t h a t  
t h e y  were i n g e s t e d  a c c i d e n t a l l y  d u r -  
i n g  f o r  a g i n g .  

R e f e r e n c e s  C i t e d  

Cush ine ,  C .  E .  and D .  G .  Watson. -, 

1974.  A q u a t i c  S t u d i e s  o f  Gable  Moun- 
t a i n  Pond. BNWL-1884, B a t t e l l e - N o r t h -  
w e s t ,  R i ch l and ,  Washington 2 4  pp.  

13'Cs in Seston, Periphyton, and 
Macrophytes in Gable Mountain Pond 

C. E. Cushing, A. J. Scott, 
J. M. Gurtisen and W. G. Woodfield 

A program was i n i t i a t e d  i n  1974 t o  
s t u d y  t h e  f a t e  and b e h a v i o r  of  137Cs  
i n  Gable Mountain Pond, a was t e  pond 
on  t h e  Hanford R e s e r v a t i o n  which r e -  
c e i v e s  l o w - l e v e l  r a d i o a c t i v e  aqueous 
w a s t e .  R e s u l t s  of  p r e l i m i n a r y  s t u d -  
i e s  and  a  p h y s i c a l  d e s c r i p t i o n  o f  t h e  
l a k e  have been  p u b l i s h e d  unde r  f unds  
s u p p l i e d  by t h e  A t l a n t i c  R i c h f i e l d  
Hanf o r d  Company (ARHCO) (Cushing and 
Watson, 1974 . )  The p r e s e n t  . s tudy  was 
d e s i g n e d  t o  c h a r a c t e r i z e  t h e  l imno- 
l o g i c a l  a s p e c t s  o f  Gable  Mountain 
Pond and t o  a s c e r t a i n  t h e  d i s t r i b u -  
t i o n  o f  1 3 7 C s ,  t h e  dominant  gamma- 
e m i t t i n g  r a d i o n u c l i d e ,  i n  t h e  b i o t i c  
and a b i o t i c  components o f  t h e  pond.  
T h i s  r e p o r t  p r e s e n t s  a v a i l a b l e  d a t a  
on t h e  d i s t r i b u t i o n  and s e a s o n a l  con -  
c e n t r a t i o n s  o f  1 3 7 ~ s  i n  t h e  s e s t o n ,  
p e r i p h y t o n ,  and macrophytes .  Data  on 

37Cs i n  t h e  s ed imen t s  and l i m n o l o g i -  
c a l  c h a r a c t e r i s t i c s  o f  t h e  pond w i l l  
be  found i n  s e p a r a t e  r e p o r t s  i n  t h i s  
volume. T r a n s e c t  and  s t a t i o n  l o c a -  
t i o n s  a r e  shown i n  F i g .  26. 

FIG. 2 9 .  1 3 7 ~ s  C o n c e n t r a t i o n s  in  
S e s t o n .  



The 1 3 7 ~ s  c o n c e n t r a t i o n s  i n  s e s t o n  
e x h i b i t e d  two g e n e r a l  peaks ,  one i n  
l a t e  summer-early f a l l ,  and t h e  s e c -  
ond i n  l a t e  w i n t e r - e a r l y  s p r i n g  
(F ig .  29 ) .  The bimodal peaks  a t  
t r a n s e c t  B ( o u t l e t  end)  s e p a r a t e d  by 
a  unimodal peak a t  t r a n s e c t  E ( i n l e t  
end) i s  i n t e r e s t i n g ,  b u t  p robab ly  a  
sampling a r t i f a c t ;  no r e a s o n  f o r  i t  
can  be g iven .  The l a t e  summer-early 
f a l l  and l a t e  w i n t e r - e a r l y  s p r i n g  
peaks c o i n c i d e ,  i n  g e n e r a l ,  w i t h  t h e  
two c h a r a c t e r i s t i c  p l a n k t o n  p u l s e s  
found i n  Gable Mountain Pond and most 
t empera t e  l a k e s ,  a l t h o u g h  t h e  s e s t o n  
i s  v e r y  s p a r s e  i n  Gable Mountain Pond. 
C o n c e n t r a t i o n s  of  1 3 7 ~ s  were u s u a l l y  
lower a t  t h e  i n l e t  end of t h e  pond 
than  t h e  o u t l e t  end.  These d a t a  a r e  
c o n s i s t e n t  w i t h  t h e  h i g h e r  l e v e l s  of 
137Cs  i n  b i o t a  and sed imen t s  from t h e  
o u t l e t  end of  t h e  pond p r e v i o u s l y  r e -  
p o r t e d  (Cushing and Watson, 1974) .  
Water t empera tu re s  e x h i b i t  low v a l u e s  
i n  w i n t e r  c o i n c i d e n t  w i t h  low v a l u e s  
of 1 3 7 ~ s  c o n c e n t r a t i o n s .  I t  i s  be-  
l i e v e d ,  however, t h a t  t empera tu re s  
would n o t  be a  d i r e c t  f a c t o r  i n  1 3 7 ~ s  
u p t a k e ,  b u t  would a c t  i n d i r e c t l y  
t h rough  t h e  r e g u l a t i o n  of  m e t a b o l i c  
a c t i v i t y ,  p o p u l a t i o n  s i z e  and composi- 
t i o n ,  o r  o t h e r  f a c t o r s .  

Pe r iphy ton  communities were c o l -  
l e c t e d  from a r t i f i c i a l  s u b s t r a t e s  
( g l a s s  microscope  s l i d e s )  p l a c e d  i n  
t h e  pond a t  t h e  i n l e t  and o u t l e t  ends .  
The 137Cs c o n c e n t r a t i o n  was measured 
a t  i n t e r v a l s  of a t  l e a s t  1 month, and 
o f t e n  l onge r  i n  w i n t e r .  Radionu- 
c l i d e  u p t a k e  by p e r i p h y t o n  has  been 
shown t o  be  a  s u r f a c e  phenomena 
(Rose and Cushing,  1970) and a l s o  r e -  
l a t e d  t o  amount of growth (Nea l ,  
P a t t e n  and Depoe, 1967) .  I n  f a l l ,  
1 3 7 ~ s  c o n c e n t r a t i o n s  i n  p e r i p h y t o n  
showed an  i n c r e a s e  t o  abou t  1 3  x  1 0 3  
pCi /g  d r y  w t  i n  September and t h e n  
d e c l i n e d  t o  abou t  3  x  1 0 3  pCi /g  d r y  w t  
i n  J anua ry  ( F i g .  3 0 ) .  Cesium-137 
c o n c e n t r a t i o n s  were much more s t a b l e  
a t  t h e  i n l e t  end of t h e  l a k e ;  concen- 
t r a t i o n s  were lower t h a n  t h o s e  a t  t h e  
o u t l e t  end i n  f a l l ,  and h i g h e r  i n  win- 
t e r  and e a r l y  s p r i n g .  S i n c e  t h e s e  
communit ies  were exposed t o  ambient  
1 3 7 ~ s  c o n c e n t r a t i o n s  from t h e  t ime of  
i n i t i a l  c o l o n i z a t i o n  u n t i l  c o l l e c t i o n ,  
t h e  e n t i r e  community shou ld  be r e l a -  
t i v e l y  homogenous i n  te rms  of 1 3 7 ~ s  
a c t i v i t y .  T h i s  i s  n o t  t h e  c a s e  when 
a  mature  community i s  exposed t o  r a -  
d i o a c t i v e  wa te r  and i t  i s  t h i s  l a t t e r  

TRANSECT E 

TRANSECT B 

FIG. 30.  1 3 7 ~ e s i u m  C o n c e n t r a t i o n s  
i n  Pe r iphy ton .  

c a s e  which e x h i b i t s  t h e  s u r f a c e  up- . 
t a k e  phenomena mentioned above.  The 
c o n c e n t r a t i o n  of 1 3 7 ~ s  i n  p e r i p h y t o n  
does  n o t  appea r  t o  be r e l a t e d  t o  
e i t h e r  community b iomass ,  Net Produc- 
t i o n  Ra te ,  o r  t h e  s e a s o n a l  wa te r  tem- 
p e r a t u r e  reg ime.  

The 1 3 7 C s  c o n c e n t r a t i o n  i n  t h e  
macrophyta M r i o  h  l lum s p .  ranged  
from 1390 p e a t  t h e  i n l e t  
end o f  t he -pond  t o  22,700 and 20,400 
pCi/g d r y  w t  a t  t h e  c e n t e r  and i n l e t  
end,  r e s p e c t i v e l y .  Highes t  concen- 
t r a t i o n s  were found i n  Oc tobe r ,  p r i o r  
t o  t h e  annual  d i e - o f f  of  t h e  p l a n t s .  
Potamo e t o n  r i c h a r d s o n i  and E-. 
T T E d % b m e d  3 7 C s  con- 
c e n t r a t i o n s  an o r d e r  of  maenitude " ~ - - ~  - 

h i g h e r  i n  t h e  v i c i n i t y  of t r a n s e c t  C 
t han  a t  t h e  i n l e t  end of t h e  pond. 
Concen t r a t i ons  a t  t r a n s e c t  C averaged  
3090 and 6630 f o r  P. r i c h a r d s o n i  and 
P. f i l i f o r m i s ,  r e s p e c t i v e l y .  Ch - a r  a  
s p .  c o n t a i n e d  about  1060 p C i / g Y w t  
a t  t r a n s e c t  C ,  about  t h r e e  t i m e s  t h e  
c o n c e n t r a t i o n  a t  t h e  i n l e t  end.  

Concen t r a t i on  r a t i o s  (CR) f o r  
1 3 7 ~ s  $pCi 137cs /g  wet w t :  
pCi l 3  C s / m l  wa te r )  have been c a l c u -  
l a t e d  f o r  s e s t o n  and p e r i p h y t o n  based  
on 137Cs c o n c e n t r a t i o n s  i n  wa te r  mea- 
s u r e d  by t h e  R a d i o l o g i c a l  Chemis t ry  
Department. C R s  f o r  p e r i p h y t o n  v a r  - 
i e d  from 11,000 i n  June t o  45,000 i n  
December. For s e s t o n ,  C R s  ranged  
from 59,000 i n  December t o  81,000 i n  
A p r i l .  
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EFFECTS O F  MODIFICATIONS OF AQUATIC ECOSYSTEMS 

S t u d i e s  under  t h i s  program h i s t o r i c a l l y  have been concerned  

w i t h  t h e  e f f e c t s  o f  a  v a r i e t y  o f  s t r e s s  f a c t o r s  on a q u a t i c  popu- 

l a t i o n s  and communit ies .  C u r r e n t  r e s e a r c h  has focused  p r i n c i -  

p a l l y  on i o n i z i n g  r a d i a t i o n ,  and i n c l u d e s  s t u d i e s  on t h e  i n t e r -  

a c t i o n  o f  a c u t e  r a d i a t i o n  and t empera tu re  on f i s h ,  t h e  i n  s i t u  

measurement o f  r a d i a t i o n  exposure  i n  an a q u a t i c  envi ronment ,  

and t h e  up take  and r e t e n t i o n  o f  t r i t i u m  i n  a  s i m u l a t e d  pond 

community. 

I n  r e sponse  t o  t h e  expanded r e s p o n s i b i l i t i e s  o f  t h e  r e c e n t l y  

formed Energy Research  and Development A d m i n i s t r a t i o n  i n  d e a l -  

i n g  w i t h  a l l  forms o f  energy  r e l a t e d  problems,  t h i s  program 

w i l l  be r e d i r e c t e d  i n  t h e  coming y e a r  t o  nonnuc lea r  energy  

r e s e a r c h .  

Effect of Temperature and Acute 
Irradiation on Trout 

C. S. Abernethey and D. G. Watson 

A s e r i e s  o f  t e s t s  e v a l u a t i n g  t h e  
combined e f f e c t  o f  e x t e r n a l  r a d i a t i o n  
and t empera tu re  on 3 - i n .  rainbow 
t r o u t  was t e r m i n a t e d  w i t h  t h e  com- 
p l e t i o n  o f  7" and 10°C t e s t s .  The 
s e r i e s  c o v e r s  f i s h  r e a r e d  i n  wa te r  
from 7" t o  22°C exposed t o  r a d i a t i o n  
doses  from 0  t o  2000 R .  

The t r o u t  were co ld -b randed  w i t h  
l i q u i d  n i t r o g e n ,  a c c l i m a t e d  a t  a  r a t e  
of  1°C p e r  day ,  and h e l d  a t  t e s t  tem- 
p e r a t u r e  f o r  10 days p r i o r  t o  expo- 
s u r e .  The f i s h  were t h e n  s u b j e c t e d  
t o  250, 500, 1000,  and 2000 R p r o -  
v ided  by a  c o b a l t - 6 0  s o u r c e .  Expo- 
s u r e  l e v e l  was v e r i f i e d  by t a g g i n g  
s e v e r a l  nonexper imenta l  f i s h  w i t h  L i F  
thermoluminescent  dos ime te r s  and a l -  
lowing them t o  swim a t  random w i t h  
t h e  t e s t  f i s h  d u r i n g  exposu re .  Con- 
t r o l  f i s h  were sham exposed and han- 
d l e d  i n  t h e  same manner. T e s t s  were 

run  i n  d u p l i c a t e  and obse rved  f o r  
8 weeks. The f o u r  exposure  groups 
and c o n t r o l  were combined th roughou t  
t h e  t e s t .  Each group was compr ised  
of  25  f i s h  i n  t h e  7" and 10°C t e s t s .  

M o r t a l i t i e s  and t empera tu re s  were 
moni tored  d a i l y .  Temperatures  were 
h e l d  t o  + O.S°C o f  t h e  t e s t  t empera-  
t u r e  throughout  t h e  expe r imen t .  A t  
2-week i n t e r v a l s ,  t h e  groups were 
s e g r e g a t e d  by mark and t o t a l  l o t  
we igh t s  t aken .  Feed schedu le s  were 
a d j u s t e d  t o  compensate f o r  growth and 
m o r t a l i t y .  A t  t e s t  t e r m i n a t i o n  a f t e r  
8 weeks, l o t  we igh t s  and i n d i v i d u a l  
l e n g t h  measurements were t a k e n .  

I n  p rev ious  t e s t s  a t  2Z0, l g O ,  1 6 " ,  
and 13°C m o r t a l i t i e s  d e c l i n e d  w i t h  
t h e  r e d u c t i o n  o f  t empera tu re  i n  most 
c a s e s  (Table  22 ) .  The t r e n d  o f  r e -  
duced m o r t a l i t y  c o n t i n u e d  i n  a l l  7 "  
and 10°C groups  e x c e p t  f o r  h i g h  mor- 
t a l i t y  i n  t h e  2000 R 10" g roup .  
Moribund f i s h  had f r a y e d  f i n s  t h a t  
had been a t t a c k e d  by S a p r o l e g n i a  s p . ,  



TABLE 22. Pe rcen t  Growth and S u r v i v a l  a t  Terminat ion  
of  8-Week Tes t  P e r i o d .  

Temp Group 
% Increase  i n  Growth % Surviva l  

"C S i z e  Control  2SOR 500R l O O O R  2000R Control 250R 200R lOOOR 2000R -- - - - - - - - - - - - 
7 25 90 87 79 77 39 100 100 100 100 84 

7 25 93 81 72 75 48 100 100 100 100 84 

22 25 191 199 187 143 no sur -  92 96 96 80 0 
v ivors  

22 25 179 182 180 140 120 92 96 96 88 8 

a  common a q u a t i c  fungus .  Smears of 
t h e  i n f e c t e d  a r e a s  i n d i c a t e d  t h a t  t h e  
pr imary  i n f e c t i o n  was caused  by 
Aeromonas s p . ,  and Pseudomonas s p .  
commonly found i n  t h e  wa te r  s u p p l y ,  
b u t  n o t  normal ly  c o n s i d e r e d  pa tho -  
gen ic  t o  f i s h .  Death r e s u l t e d  i n  
p a r t  from secondary  f u n g a l  i n f e c t i o n  
on t h e  s i t e s  s u s c e p t i b l e  t o  b a c t e r i a l  
i n f e c t i o n ,  g e n e r a l l y  on t h e  d o r s a l  
and cauda l  f i n s ,  and o c c a s i o n a l l y  on 
t h e  g i l l s .  The m o r t a l i t y  i n  t h e  7°C 
t e s t  was b e l i e v e d  t o  be l e s s  because 
of lower t empera tu re  a c t i n g  2s  a  
r e t a r d a n t  t o  t h e  pr imary  i n f e c t i o n  , 
r educ ing  s i t e s  f o r  funga l  a t t a c k .  

Growth i n  t h e  7OC and 10°C t e s t s  
was reduced when compared t o  growth 
a t  warmer t e m p e r a t u r e s .  This  i s  ex -  
p l a i n e d  by dec reased  a p p e t i t e  and 
metabolism i n  c o l d e r  w a t e r .  The 

2000 R groups were s i g n i f i c a n t l y  
s m a l l e r  t h a n  t h e  o t h e r  g roups .  
Growth was a l s o  r e t a r d e d  a t  t h e  
1000 R l e v e l .  

A f t e r  t h e  comple t ion  o f  t h e  8-week 
o b s e r v a t i o n  p e r i o d ,  t h e  7OC and 10°C 
groups were acc l ima ted  t o  20°C a t  a  
r a t e  o f  1°C p e r  day .  The e l e v a t i o n  
i n  t empera tu re  t e s t e d  t h e  r ecove ry  o f  
t h e  d i s e a s e  immunity by expos ing  f i s h  
t o  a  more s e v e r e  b a c t e r i a l  c h a l l e n g e  
s i m i l a r  t o  t h a t  of f i s h  t e s t e d  a t  
h i g h e r  t e m p e r a t u r e s .  I n  t h e  10°C 
t e s t ,  t h e  2000 R group s u f f e r e d  heavy 
m o r t a l i t y  w i t h  t h e  i n c r e a s e  of  tem- 
p e r a t u r e .  A f t e r  2 weeks, 1 5  of 17  
(88%) succumed. A l l  o f  t h e  o t h e r  
10°C groups s u f f e r e d  m o r t a l i t i e s  t o -  
ward t h e  end o f  t h e  2 week p e r i o d .  
The m o r t a l i t i e s  o f  t h e  c o n t r o l ,  250, 
500, and 1000 R groups were 20%,  1 4 % ,  



36%,  and 34%,  r e s p e c t i v e l y .  The i m -  
mune r e sponse  appeared  t o  be sup-  
p r e s s e d  i n  t h e  500 and 1000 R g roups ,  
and d e s t r o y e d  i n  t h e  2000 R group.  
I n  t h e  7°C t e s t ,  t h e r e  were no d e a t h s  
a f t e r  2 weeks e x c e p t  f o r  a  30% mor- 
t a l i t y  i n  t h e  2000 R group.  An e p i -  
demic d i d  n o t  deve lop  i n  t h e  7°C t e s t ,  
which s u g g e s t s  t h a t  a  b a c t e r i a l  pop- 
u l a t i o n  was n o t  w e l l  e s t a b l i s h e d .  
Very few o f  t h e  s u r v i v o r s  had f r a y e d  
f i n s  o r  o t h e r  s i g n s  of  i n f e c t i o n .  

Temperature a f f e c t s  t h e  r a t e  of  
r e sponse  by t e s t  organism and t h e  
pa thogen  invo lved .  The p roduc t ion  o f  
a n t i b o d i e s  i s  r e l a t e d  t o  t h e  meta-  
b o l i c  r a t e  of f i s h  which i s  a f f e c t e d  
by t empera tu re .  Optimum growth i s  an  
i n d i c a t i o n  of t h e  most e f f i c i e n t  meta-  
b o l i c  r a t e .  In  rainbow t r o u t ,  t h i s  
a p p e a r s  t o  be 13"  t o  16°C. A t  tem- 
p e r a t u r e s  above t h e  optimum, e f f i -  
c i e n c y  d e c l i n e s ,  a s  demonst ra ted  by 
reduced  growth a t  19°C and 2 2 " .  
F l e x i b a c t e r  co lumnar i s ,  t h e  pa thogen  
r e s p o n s i b l e  f o r  most o f  t h e  m o r t a l i t y  
i n  t h e s e  t e s t s ,  ha s  an a c t i v e  tempera-  
t u r e  r ange  o f  15" t o  30°C and i s  most 
i n f e c t i o u s  a t  t empera tu re s  20°C and 
above.  F .  co lumnar i s  m u l t i p l i e s  r a p -  
i d l y  a n d c a n  c a u s e  m o r t a l i t i e s  i n  2 
t o  4 days .  When exposed t o  popu la -  
t i o n s  o f  t h e  organism,  rainbow t r o u t  
a r e  c a p a b l e  of deve lop ing  r e s i s t a n c e .  
The r a t e  a t  which t h e  immunity d e v e l -  
ops i s  r e l a t e d  t o  t empera tu re  and 
metabol i sm.  A t  t empera tu re s  above 
t h e i r  most e f f i c i e n t  metabol i sm,  p r o -  
d u c t i o n  o f  a n t i b o d i e s  does n o t  i n -  
c r e a s e ,  w h i l e  p r o d u c t i o n  o f  F .  
co lumnar i s  a c c e l e r a t e s .   ort tali ties 
r e s u l t  and c o n t i n u e  u n t i l  t h e  f i s h  
develop  adequa te  immunity o r  t h e  e p i -  
demic s u b s i d e s .  The s t r e s s  o f  a c u t e  
i r r a d i a t i o n  impedes t h e  development 
of a n t i b o d i e s  r e n d e r i n g  t h e  f i s h  de -  
f e n s e l e s s  t o  a t t a c k .  Exposure t o  
2000 R and 1000 R had s u b s t a n t i a l  im- 
p a c t .  Exposure t o  250 R and 500 R 
a p p a r e n t l y  had l i t t l e  e f f e c t .  

I n  t h e  13"  and 16°C t e s t s ,  a n t i -  
body p r o d u c t i o n  was r a p i d ,  and F .  
co lumnar i s  p r o d u c t i o n  was reducgd.  
Another  pa thogen  f r e q u e n t l y  found i n  
t h e  13" t o  16°C t empera tu re  r ange  i s  
f u r u n c u l o s i s  (Aeromonas s a l m o n i c i d a ) .  
F u r u n c u l o s i s  i s  u s u a l l y  most a c t i v e  

above 13"C, b u t  some s t r a i n s  can 
cause  m o r t a l i t i e s  i n  t empera tu re s  a s  
low a s  7°C. The i n f e c t i o n  deve lops  
s lowly ,  a l l owing  rainbow t r o u t  t o  
deve lop  immunity, a b o r t i n g  most e p i -  
demics.  S i g n i f i c a n t  m o r t a l i t y  o c -  
c u r r e d  on ly  i n  t h e  2000 R g roups ,  dem- 
o n s t r a t i n g  a  lowered r e s i s t a n c e  
caused  by impairment of  t h e  immune 
sys tem.  Many of  t h e  m o r t a l i t i e s  
d i s p l a y e d  symptoms o f  b o t h  f u r u n c u l o -  
s i s  and - F .  co lumnar i s .  

I n  t h e  7" and 10°C t e s t s ,  metabo- 
l i s m  was r educed ,  demonst ra ted  by 
s low growth.  B a c t e r i a l  c h a l l e n g e  was 
a l s o  g r e a t l y  r educed .  Pseudomonas 
s p .  and Aeromonas s p . ,  common a q u a t i c  
b a c t e r i a ,  and C topha  a  s ch ro  h e l a ,  
commonly c a l l e  ---?IF low t empera tu re  
e a s e ,  a r e  found i n  t empera tu re s  from 
4" t o  10°C. Pseudomonads and 
aeromonads can  cause  s u r f a c e  i r r i t a -  
t i o n  where secondary  i n f e c t i o n s  may 
deve lop .  Low t empera tu re  d i s e a s e  
causes  d e s t r u c t i o n  o f  t h e  cauda l  f i n  
membranes. The pr imary  cause  of  
d e a t h  i n  t h e  7 "  and 10°C t e s t s  was 
Sap ro l egn ia  s p . ,  an  a q u a t i c  fungus .  
Sa r o l e  n i a  i s  found i n  t empera tu re s  
dim- t o  30°C and a t t a c k s  a b r a s i o n s  
and l e s i o n s  where t h e  p r o t e c t i v e  s l i m e  
l a y e r  has  been removed. The d e s t r u c -  
t i o n  o f  f i n s  and e x t e r n a l  t i s s u e s  
l e a d s  t o  osmot ic  shock .  S a p r o l e g n i a  
c a u s e s  m o r t a l i t i e s  when b a c t e r i a l  
i n f e c t i o n  is  n o t  s e v e r e  enough t o  
cause  r a p i d  d e a t h .  I n  t h e  19"  and 
22°C t e s t s  b a c t e r i a l  p o p u l a t i o n s  were 
s u f f i c i e n t  t o  cause  d e a t h  p r i o r  t o  
f u n g a l  involvement .  I n  t h e  7" and 
10"  t e s t s ,  b a c t e r i a l  development was 
s l o w e r ,  and f u n g a l  a t t a c k  became more 
p r e v a l e n t .  

I n  t empera tu re  ex t remes  above t h e  
optimum f o r  rainbow t r o u t ,  t h e  f a c t o r s  
t h a t  appear  t o  c o n t r i b u t e  t o  m o r t a l i t y  
a r e  t h e  i n a b i l i t y  o f  f i s h  t o  deve lop  
immunity s u f f i c i e n t  t o  combat a  r a p i d  
bu i ldup  o f  pa thogens ,  and t h e  s w i f t -  
n e s s  w i th  which warm wa te r  pa thogens  
c a u s e  d e a t h .  I n  t empera tu re  ex t remes  
below t h e  optimum, f a c t o r s  t h a t  appea r  
t o  c o n t r i b u t e  t o  m o r t a l i t y  a r e  t h e  r e -  
d u c t i o n  i n  a c t i v i t y  of  t h e  immune s y s -  
tem, and c h r o n i c  b a c t e r i a l  and f u n g a l  
i n f e c t i o n s .  I n  a l l  c a s e s ,  a c u t e  i r r a -  
d i a t i o n  magn i f i e s  t h e  problem. 



Fixation and Long-Term Accumulation of 
Tritium as Tritiated Water in an 
Experimental Aquatic Environment 

J. A. Strand, W.  T. Templeton, and 
P. A. Olson* 

The accumulation of tritium in se- 
lected freshwater biota was studied 
in a 10 m diameter concrete-lined 
pond at the USERDA Hanford Project. 
Tritium as tritiated water was intro- 
duced for 8 months continuously in 
the replacement water at a concentra- 
tion of 1 pCi/~; and water and biota 
(carp, clams, crayfish, periphyton, 
pondweed) were sampled on a predeter- 
mined schedule (0, 1, 2, 3 days; 
1 week; 1, 3, 5, and 7 months). Com- 
bustion of samples for liquid scintil- 
lation counting was accomplished 
using a Model 300 Tri-Carb Sample 
Oxidizer. Distinction between tissue- 
free-water tritium and tissue-bound 
tritium was emphasized. The pond was 
maintained on uncontaminated replace- 
ment waters for an additional 8 months 
to determine the rate of elimination 
from the ecosystem. 

As shown in Fig. 31, after the 
first day, tissue-free-water tritium 
in all biota rapidly approached an 
equilibrium with pond water indica- 
ting a rapid exchange between tissue 
and pond water. Final concentration 
factors of 0.89, 0.87, 0.82, 0.92, 
0.77 and 0.88 were calculated for 
carp, clam, crayfish, snail, peri- 
phyton and pondweed. 

The concentration of tissue-bound 
tritium, Figs. 32 and 33, was ini- 
tially observed to increase rapidly 
in all biota, but slowed with time. 
Equilibrium conditions were not 
reached. Final concentration factors 
for carp, clam, crayfish, snail, peri- 
phyton, and pondweed were calculated 
to be 0.49, 0.10, 0.53, 0.54, 0.15, 
and 0.62, indicating a marked dis- 
crimination against incorporation of 
tritium into organic molecules. 
These results also indicated a rela- 
tively slow rate of incorporation for 
clam as compared with carp, crayfish, 
and snail; and a relatively slow rate 
of incorporation for periphyton as 
compared with pondweed. 
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FIG. 31. Mean Tritium Concentrations 
in the Tissue-Free Water Fraction of 
Test Organisms. 
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FIG. 32. Mean Tritium Concentrations 
?in the Tissue-Bound Fraction (' 1 Stan- 
dard Deviation) of Fish, Clam, Crayfish, 
and Snail. 
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FIG. 33. Mean Tritium Concentrations 
in the Tissue-Bound Fraction ( k  1 Stan- 
dard Deviation) of Periphyton and 
Pondweed. 

The relatively high concentrations 
for carp, crayfish, and snail may 
reflect an enhanced rate of accumula- 
tion attributable to intake of triti- 
ated foodstuffs. Carp, crayfish, 
and snail were observed to feed on 
periphyton and/or the detrital mate- 
rial associated with decay of pond- 
weed which had become tritiated 
during the present exposure. Clams, 
however, derived their forage from 
relatively sparse planktonic constitu- 
ents entering the pond in replacement 
waters. The implication is made that 
tritium may increase above the second 
trophic level of food chains in a 
classical manner. 

Pondweed increased in biomass sig- 
nificantly during the course of the 
experiment. Since the source of 
hydrogen for this organism was the 
pond water, it may be expected that 
the newly synthesized organic frac- 
tions would demonstrate a higher 
degree of tritiation. 

Upon termination of the uptake 
experiment, loss of tritium from pond 
water occurred exponentially with 
less than 10% of the initial concen- 
tration remaining after the first 
month. As shown in Figs. 34 and 35, 
rate of loss of tritium from both 
animal and plant species was also 
rapid, with animal forms generally 
eliminating their respective tritium 
burdens more rapidly than plant forms 

FIG. 34. Elimination of Tritium from 
Fish, Clam, and Snail. 
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FIG. 35. Elimination of Tritium from 
Periphyton and Pondweed. 



In conclusion, the experimental 
results reported herein are in good 
agreement with present understanding 
of the behavior of heavy hydrogen 
isotopes, and may be interpreted as 
indicating living organisms discrimi- 
nate against tritium, as opposed to 
protium in biosynthetic reactions. 
Early accumulation of tritium is 
largely attributed to the more mobile 
HTO form, while final accumulation 
may be influenced by the intake of 
tritiated compounds as in the diet. 
Such results suggest that tritium may 
increase above the second trophic 
level of food chains in a classical 
way; however, because of demonstrated 
continued isotopic discrimination and 
rapid turnover rates, this increase 
should not be significant. 

Thermoluminescent Dosimetry Studies of 
Gable Mountain Pond 

C. E. Cushing, D. G. Watson, 
J. M. Thomas and A. J. Scott 

Earlier in situ measurements of 
radiation exposure with thermolumines- 
cent dosimeters (TLD) showed a gener- 
ally direct relationship between the 
concentration of 1 3 7 ~ s  in Gable Moun- 
tain Pond sediments and radiation 
exposure (Cushing and Watson, 1974). 
Exposure rates ranged from 1.8 to 
228 mR/day near the sediment-water 
interface and were illustrative of 
the nonuniform distribution of radio- 
nuclides in the surface sediments. 
Problems were encountered, however, 
in the exact placement and mainte- 
nance of the dosimeters at the sedi- 
ment surface and in the retrieval of 
sediment samples immediately under 
the dosimeters. Further dosimetry 
studies were undertaken to determine 
the feasibility of using the less ex- 
pensive TLD measurements to partly 
replace sediment radioanalysis for 
the purpose of scanning nuclide dis- 
tribution over large areas of pond 
bottom. Use of TLD's also permitted 
the estimation of radiation exposures 
to benthic organisms living at the 
surface of the pond bottom. 

In 1974, equipment was obtained 
that enabled SCUBA divers to work in 
this radioactive waste pond. Special 

wet suits and diving helmets pro- 
tected the divers from direct contact 
with the pond water and made possible 
the precise placement of the TLD's on 
the pond bottom and the collection of 
sediments immediately below them. 
Gamma scans were made on these sedi- 
ment samples for comparison with 
radiation exposures. The dosimeters 
were made of approximately 85 mg of 
TLD-100 lithium fluoride powder encap- 
sulated in a section of 2.4 mm dia- 
meter heat shrinkable tubing. The 
tubing, impervious to light, had a 
wall thickness of 0.254 mm, a density 
of 1.1 g/cm3 and afforded some shield- 
ing of the LiF powder from low energy 
radiation. The dosimeters were 
placed in a gridded network along the 
transects shown in Fig. 26. Expo- 
sures were made in the winter for 
periods of about 100 days. 

The relationship between exposure 
rate and 1 3 7 ~ s  concentration of the 
associated sediments is shown in 
Fig. 36. The 1 3 7 ~ s  concentration in 
the sediments ranged from 0.37 to 
65 nCi/g dry wt. Cesium-137 was by 
far the most abundant radionuclide in 

WHERE b a AND y = p C i l g  dry wt. 
,IX x = mRlday 

m Rlday 

FIG. 36. The Relationship Between 
Exposure Rate and 1 3 7 ~ s  Concentrations. 



F o r  f u r t h e r  i n f o r m a t i o n  on s p e c i f i c  r a d i o c o n t a m i n a n t s  of 
t h e  a q u a t i c  e n v i r o n m e n t  r e f e r  t o :  

W e a t h e r i n g  a n d  Aging o f  T r a n s u r a n i c s  a n d  R a d i o e c o l o g y  o f  
I o d i n e - 1 2 9 ,  T e r r e s t r i a l  Eco logy  S e c t i o n ,  p p .  1 7 6 - 1 7 8 ,  

t h e  pond s e d i m e n t s ,  c o m p r i s i n g  o v e r  made; t h u s  v a l u e s  f o r  t r a n s e c t s  A a n d  
9 0 %  o f  t h e  t o t a l .  Ver low l e v e l s  o f  B i n  d e e p  w a t e r  and t r a n s e c t  E i n  
' O C O ,  9 1 5 5 ~ u ,  a n d  Y 2 5 S b  were  a l s o  s h a l l o w  and  d e e p  w a t e r  a r e  o m i t t e d .  
p r e s e n t .  The l a r g e  s c a t t e r  i n  A l t h o u g h  t h e s e  v a l u e s  were  n o t  s t a t i s -  
F i g .  3 6  i n d i c a t e s  t h a t  g e n e r a l  p r e -  t i c a l l y  s i g n i f i c a n t ,  F i g .  37 i n d i -  
d i c t i o n s  a r e  t e n a b l e  b u t  p r e c i s e  e s t i -  c a t e s  t h a t  e x p o s u r e  r a t e  seems t o  
m a t e s  may b e  i n f l u e n c e d  by o t h e r  p a -  i n c r e a s e  w i t h  d e p t h .  Wind a c t i o n  a n d  
r a m e t e r s .  E x p o s u r e  r a t e  a l s o  a p -  , w a t e r  movements t e n d  t o  c o n c e n t r a t e  
p e a r e d  t o  i n c r e a s e  w i t h  i n c r e a s i n g  p a r t i c u l a t e s  t h a t  a r e  r e l a t i v e l y  h i g h  
d e p t h s  o f  w a t e r .  T h i s  o b s e r v a t i o n  i n  1 3 7 C s ,  s u c h  a s  b i o l o g i c a l l y  p r o -  
was t e s t e d  by a r b i t r a r i l y  a r r a n g i n g  duced  o r g a n i c  m a t t e r  ( d e c a y i n g  m a c r o -  
t h e  d a t a  f rom t h e  f i v e  t r a n s e c t s  p h y t e s , s e s t o n ,  e t c . )  a n d  f i n e  s e d i -  
i n t o  t h r e e  d e p t h  c a t e g o r i e s  r e p r e -  men t s  i n  d e e p e r  r e g i o n s .  
s e n t i n g  s h a l l o w  ( l e s s  t h a n  2 . 5  f t )  , 
m i d - d e p t h  ( 2 . 5  f t  t o  6  f t ) ,  a n d  d e e p  R e f e r e n c e s  C i t e d  
( o v e r  6  f t )  a r e a s .  V a l u e s  f o r  expo-  
s u r e  r a t e  a n d  1 3 7 C s  c o n c e n t r a t i o n s  C u s h i n g ,  C .  E.  a n d  D .  G .  Watson.  
were  a v e r a g e d  f o r  e a c h  o f  t h e s e  z o n e s  1974 .  A q u a t i c  S t u d i e s  o f  G a b l e  
( F i g .  3 7 ) .  Da ta  a r e  p r e s e n t e d  o n l y  Mounta in  Pond. BNWL-1884, B a t t e l l e -  
where  more t h a n  o n e  o b s e r v a t i o n  was N o r t h w e s t ,  R i c h l a n d ,  WA. 
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FIG. 3 7 .  Average  V a l u e s  f o r  E x p o s u r e  
R a t e  and  1 3 7 ~ s  C o n c e n t r a t i o n s .  



PACIFIC NORTHWEST ENERGY RELATED 
REGIONAL STUDIES PROGRAM 

This program i s  d i r e c t e d  toward i d e n t i f y i n g  and 

i n v e s t i g a t i n g  envi ronmenta l  f a c t o r s  which cou ld  be 

a f f e c t e d  by power p roduc t ion  and s u p p o r t i v e  ope ra -  

t i o n s  i n  t h e  P a c i f i c  Northwest.  The Freshwater  

Ecology Program has had a  r o l e  i n  de t e rmin ing  t h e  

p o t e n t i a l  a q u a t i c  ecosystems t h a t  may be a f f e c t e d  

by t h e s e  o p e r a t i o n s ,  and d e f i n i n g  t h e  s p e c i f i c  e n v i -  

tonmental  f a c t o r s  which a r e  impor tant  f o r  p r e s e n t  

c o n s i d e r a t i o n s  and f u t u r e  s t u d i e s .  This  e f f o r t  

r e s u l t e d  i n  t h e  development o f  11 m a t r i c e s  which 

s p e c i f y  p o t e n t i a l  envi ronmenta l  f a c t o r s  t h a t  may be 

p e r t u r b e d  by a  v a r i e t y  of  power p roduc t ion  modes and 

by o p e r a t i o n s  which suppor t  t h e s e  modes of  produc- 

t i o n .  

Regional Studies Program 
R. M. Emery, D. G. Watson, 
J. A. Strand and C. E. Cushing 

Pre l imina ry  e f f o r t s  have been made 
t o  develop a  means t o  make s i t e  s e l e c -  
t i o n  d e c i s i o n s  f o r  l o c a t i n g  power p r o -  
d u c t i o n  o p e r a t i o n s  i n  t h e  P a c i f i c  
Northwest.  In t h i s  i n i t i a l  e f f o r t  a l l  
p o t e n t i a l  e f f e c t s  from power produc- 
t i o n  and r e l a t e d  f a c i l i t i e s  a f f e c t i n g  
a  v a r i e t y  o f  b road ly  c l a s s i f i e d  aqua- 
t i c  ecosystems were c o l l e c t i v e l y  con- 
s i d e r e d .  Aquat ic  ecosystems were 
c l a s s i f i e d  i n t o  11 d i v i s i o n s  : 

1 )  L o t i c  ( f lowing  wa te r )  : Natu ra l  : 
permanent 

2) L o t i c  ( f lowing wa te r )  : Natu ra l  : 
i n t e r m i t t e n t  

3) L o t i c  ( f lowing w a t e r ) :  A r t i f i c i a l :  
c a n a l s ,  d i t c h e s  

4 )  L e n t i c  ( s t a n d i n g  w a t e r s ) :  N a t u r a l  
and A r t i f i c i a l  : l a k e s ,  r e s e r v o i r s ,  
l agoons ,  ponds 

5 )  Sp r ings :  Hot and Cold 

6 )  Coas t a l  Waters:  f j o r d s ,  e s t u a r i e s ,  
sounds,  s a l t  marshes 

7 )  Marine: Nearshore:  I n t e r t i d a l  
( s u p r a l i t t o r a l ,  e u l i t t o r a l )  

8)  Marine: Nearshore:  N e r i t i c  (sub- 
l i t t o r a l )  

9 )  Marine: Oceanic:  e p i p e l a g i c  ( s u r -  
f a c e  t o  200 me te r s )  

10)Mar ine ,  Oceanic:  mesopelagic  (from 
s u r f a c e  t o  lower l i m i t  of e u p h o t i c  
zone) 

l l ) M a r i n e ,  Oceanic:  a b y s s a l  (ba thy -  
p e l a g i c  and below) 



For each o f  t h e s e  d i v i s i o n s  28  a c t i v i -  
t i e s  of  power p r o d u c t i o n  and r e l a t e d  
f a c i l i t i e s  were reviewed w i t h  r e s p e c t  
t o  t h e i r  p o t e n t i a l  (and r e a s o n a b l e )  
impacts  on 68 f a c t o r s  o f  t h e  r e s p e c -  
t i v e  ecosystem. The r e s u l t  o f  t h i s  
e f f o r t  was t h e  p r e p a r a t i o n  o f  11 
" p e r t u r b a t i o n  i n d i c e s "  which p r o v i d e  
a  p r e l i m i n a r y  means f o r  i d e n t i f y i n g  
p o s s i b l e  impacts  from power o p e r a t i o n s  
on c e r t a i n  f a c t o r s  o f  a q u a t i c  env i ron -  
ments .  An example o f  one p e r t u r b a t i o n  
index  i s  shown i n  F i g .  38. 

A d d i t i o n a l  e f f o r t s  i n  t h i s  program 
w i l l  i n v o l v e  a  t e c h n i c a l  review o f  
s p e c i f i c  e v e n t s  t h a t  o c c u r r e d  i n  t h e  

p a s t  where power o p e r a t i o n s  have c r e -  
a t e d  s i g n i f i c a n t  impacts  on t h e i r  ad -  
j a c e n t  envi ronments .  Reviewing t h e s e  
e v e n t s  c o l l e c t i v e l y  w i l l  p r o v i d e  p a r -  
t i a l  approaches  t o  t h e  modeling ( q u a l -  
i t a t i v e  word-models and q u a n t i t a t i v e  
math-models) and t h e  s t a t i s t i c a l  t r e a t -  
ment o f  t h e s e  documented o p e r a t i o n a l  
impacts ,  and a l s o  c o n t r i b u t e  t o  t h e  
development of  impact  p r e d i c t i o n  t e c h -  
n i q u e s .  Another e f f o r t  w i l l  i n v o l v e  
a  s t u d y  d e a l i n g  w i t h  s p e c i f i c  a l t e r -  
n a t i v e s  and c o r r e c t i o n s  n e c e s s a r y  t o  
a d d r e s s  problems i d e n t i f i e d  by impact  
p r e d i c t i o n  c a p a b i l i t i e s .  This  w i l l  
p a r t i a l l y  i n v o l v e  a  rev iew o f  e x i s t i n g  
methods and t echn iques  used  t o  r educe  
o r  e l i m i n a t e  v a r i o u s  o p e r a t i o n a l  
impacts .  
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FIG. 38. A P o t e n t i a l  P e r t u r b a t i o n  Index f o r  Category  4 ,  
N a t u r a l  and A r t i f i c i a l  Lakes,  R e s e r v o i r s ,  Lagoons, and 
Ponds. (Shaded boxes r e p r e s e n t  p o t e n t i a l  impac t . )  



ECOLOGICAL DISTRIBUTION A N D  FATE O F  PLUTONIUM 
AND AMERICIUM I N  A PROCESSING WASTE POND 

ON THE HANFORD RESERVATION 

During t h e  p a s t  2  1 / 2  y r  a  s t u d y  was conducted on 

t h e  Hanford Rese rva t ion  concern ing  t h e  e c o l o g i c a l  

behav io r  of plutonium and americium i n  a  r a d i o a c t i v e  

waste pond which has  been r e c e i v i n g  l o w - l e v e l  Pu 

p r o c e s s i n g  was te  f o r  abou t  30 y r .  The pond has  a  

s u f f i c i e n t l y  e s t a b l i s h e d  ecosystem t o  p rov ide  an ex-  

c e l l e n t  l o c a t i o n  f o r  l i m n o l o g i c a l  c h a r a c t e r i z a t i o n  

and s t u d i e s  o f  t h e  e c o l o g i c a l  behav io r  o f  Pu and Am 

i n  an  u l t r a - e u t r o p h i c  a q u a t i c  envi ronment .  The 

purpose  of  t h i s  work i s  t o  e x p l a i n  Pu and Am concen- 

t r a t i o n s  a t  s p e c i f i c  e c o l o g i c a l  s i t e s ,  r a t e s  o f  accu -  

mu la t ion  a t  t h e s e  s i t e s ,  impor t an t  e x p o r t  r o u t e s  

o u t  o f  t h e  pond, and p o t e n t i a l  pathways t o  man. 

S e s t o n  (30% dia toms)  appea r s  t o  be  t h e  p r i n c i p a l  con-  

c e n t r a t o r  o f  t r a n s u r a n i c s  i n  t h e  pond sys tem.  O r -  

g a n i c  f l o c ,  o v e r l a y i n g  t h e  pond sediments  t h a t  a r e  

t h e  major  s i n k  f o r  Pu and Am i n  t h i s  sys tem,  i s  a l s o  

a  major  c o n c e n t r a t o r  o f  t r a n s u r a n i c s .  Aside from 

t h e  s e s t o n  and f l o c ,  no o t h e r  e c o l o g i c a l  components 

o f  t h e  pond appea r  t o  have c o n c e n t r a t i o n s  s i g n i f i -  

c a n t l y  g r e a t e r  t h a n  t h o s e  o f  t h e  sed iment .  Thus, 

t r a n s u r a n i c s  appea r  t o  be r e l a t i v e l y  immobile i n  

t h i s  a q u a t i c  ecosystem. 

The Ecological Behavior of Plutonium 
and Americium in a Freshwater 
Ecosystem 

R. M. Emery, D. C. Klopfer, 
T. R. Garland and W. C. Weimer 

A was te  pond on t h e  Hanford Reser -  
v a t i o n  has  r e c e i v e d  o c c a s i o n a l  low- 
l e v e l  q u a n t i t i e s  o f  p lu tonium (Pu) 
and americium (Am) from p r o c e s s i n g  
o p e r a t i o n s  s i n c e  1945. Th i s  pond 

(U-Pond) has  an  e s t a b l i s h e d  ecosystem 
and p rov ides  an unusual  o p p o r t u n i t y  
f o r  s t u d y i n g  t h e  behav io r  o f  t r a n s -  
u r a n i c s  i n  f r e s h  w a t e r .  I t  i s  e s t i -  
m a t e d . t h a t  abou t  8 kg of  Pu have been 
d i scha rged  i n t o  was te  t r e n c h e s  f e e d -  
i n g  U-Pond ove r  t h e  p a s t  30 y r .  
Hence, t h i s  pond c o n t a i n s  s u b s t a n -  
t i a l l y  h i g h e r  l e v e l s  o f  t r a n s u r a n i c s  
t h a n  t h o s e  a q u a t i c  sys tems contami-  
na t ed  by f a l l o u t  o n l y .  S ince  mid 



1973 t h i s  pond ha s  been s t u d i e d  t o  
c h a r a c t e r i z e  i t s  l imnology  and 
d e t e r m i n e  t h e  d i s t r i b u t i o n  of  Pu 
and Am i n  t h e  ecosys tem.  

A c o n c e p t u a l i z e d  and q u a l i t a t i v e  
food  web ha s  been deve loped  f o r  t h e  
pond based  on e x t e n s i v e  c o l l e c t i o n  
and o b s e r v a t i o n  o f  t h e  b i o t a  ( F i g .  39 ) . 
U-Pond i s  h i g h l y  e n r i c h e d  w i t h  p l a n t  
n u t r i e n t s  from a  l a u n d r y  p l a n t  and  
t h e  pond i s  c o n s i d e r e d  a  e u t r o p h i c  
sy s t em.  The t r o p h i c  s t r u c t u r e  o f  t h e  
pond i n v o l v e s  a  s i m p l e  food  web w i t h  
most o f  t h e  f e e d i n g  a c t i v i t y  b e i n g  
d e t r i v o r o u s .  Organ i c  d e t r i t u s  i s  
composed o f  l oose ly - compac t ed  decom- 
p o s i n g  p l a n t  m a t e r i a l  ( f l o c )  and 
c o v e r s  most  o f  t h e  pond bot tom 
(F ig .  3 9 ) .  Nonf i lamentous  a l g a e  
(main ly  T e t r a s p o r a  and d i a toms )  and 
f i l a m e n t o u s  a l g a e  (main ly  Cladophora 
and H d r o d i c t y o n )  a r e  p r i n c i p a l  con-  
s t i t u e n t s  y--fh- o  t e  f l o c .  S e s t o n  ( s u s -  
pended p a r t i c u l a t e  m a t e r i a l )  i s  
composed o f  d i a toms  (20 -30%)  and 
u n i d e n t i f i a b l e  o r g a n i c  and i n o r g a n i c  
p a r t i c l e s .  The pond s u p p o r t s  l u x u -  
r i a n t  g rowths  o f  emergent  macro- 
p h y t e s  i n c l u d i n g  c a t t a i l s  (Zypka) 
and b u l r u s h e s  ( S c i r  u s ) ,  an t e  sub-  
mergent  pondwee&mo e t o n )  . 
These p l a n t s  a r e  a-d s o u r c e  

U.POND 

I.. -. FZK - -. - - . - 4 T  
FIG. 39 .  A c o n c e p t u a l i z e d  and 
q u a l i t a t i v e  food  web f o r  U-Pond 
showing r e l a t i v e l y  major  and 
minor  pathways of c a rbon .  Above 
i s  a  d rawing  d e p i c t i n g  1 5  e c o l o g -  
i c a l  components i n  t h e  U-Pond 
ecosys t em.  

f o r  pond f auna  and p r o v i d e  s u b s t r a t e s  
f o r  p e r i p h y t i c  a l g a e  which a r e  f e d  
upon by i n v e r t e b r a t e s .  

The p r i n c i p a l  a q u a t i c  a n i m a l s  a r e  
nonpredaceous  b e n t h i c  i n v e r t e b r a t e s  
and- g o l d f i s h  ( C a r a s s i u s )  , b u t  w i t h  
a n  a c t i v e  p o p u l a t i o n  o f  p r edaceous  
d r a g o n f l y  l a r v a e .  Beyond t h i s ,  p r e -  
daceous  d i v i n g  b e e t l e s ,  w a t e r  s c o r -  
p i o n s ,  and a v i a n  forms (main ly  
ducks  and c o o t s )  e n t e r  t h e  food  web 
i n  a  r e l a t i v e l y  minor  c a p a c i t y .  A l s o ,  
t h e r e  i s  e v i d e n c e  o f  c o y o t e s  (Can i s )  
f e e d i n n  on dead  g o l d f i s h .  and m m  
r a t s  ( 6 n d a t r a )  f e e d i n g  on c a t t a i l  
r o o t s  m-. 

Of t h e  15  e c o l o g i c a l  components 
d e s i g n a t e d  f o r  U-Pond i n  F i g .  40,  t h e  
s e s t o n  ha s  t h e  h i g h e s t  c o n c e n t r a t i o n s  
o f  Pu and Am (Tab l e  23) . Mean con -  
c e n t r a t i o n s  r anged  from a b o u t  3 t o  
6 nCi /g .  I t  was p o s s i b l e  t o  e s t i m a t e  
summer c o n c e n t r a t i o n s  of  t r a n s u r a n i c s  
i n  t h e  pond w a t e r  by e x p r e s s i n g  t h e  
s e s t o n  Pu and Am v a l u e s  f o r  t h e  
amount o f  w a t e r  t h a t  was f i l t e r e d  i n  
o b t a i n i n g  t h e  s e s t o n  s amp le s .  The 
mean w a t e r  l e v e l s  o f  p a r t i c u l a t e  Pu 
and Am a r e  much l ower  t h a n  any o f  t h e  
o t h e r  pond components from 3  t o  5 
pCi/ml (Tab l e  2 3 ) .  

Sed imen t s ,  t h e  p r i n c i p a l  r epo - s i -  
t o r y  f o r  t r a n s u r a n i c s  i n  U-Pond, con-  
t a i n  a b o u t  170 pCi  e ach  o f  2 3 8 ~ ~  and  
2 3 9 , 2 4 0 ~ ~ / g ,  and abou t  80 pCi  o f  
241Am/g (Tab l e  2 3 ) .  The t o t a l  amount 
o f  Pu i n  t h e  p o n d ' s  s ed imen t s  (down 
t o  10 cm) i s  abou t  2 1  g ,  r e p r e s e n t i n g  
a  s m a l l  p e r c e n t a g e  o f  t h a t  which was 
r e l e a s e d  i n t o  t h e  p r o c e s s i n g  w a s t e  
t r e n c h e s  s i n c e  1944 .  I t  i s  l i k e l y  
t h a t  most of t h e  t r a n s u r a n i c s  r e -  
l e a s e d  t o  t h e  pond sy s t em were depos -  
i t e d  i n  was t e  t r e n c h e s  l e a d i n g  t o  t h e  
pond. 

A l l  o f  t h e  b i o t i c  components o f  
t h e  p o n d ' s  e cosys t em have  Pu and Am 
l e v e l s  l ower  t h a n  t h o s e  o f  t h e  s e d i -  
ments  (Tab l e  2 3 ) .  P l a n t  m a t e r i a l ,  
p r i n c i p a l l y  n o n f i l a m e n t o u s  a l g a e  and 
submergent  mac rophy t e s ,  had Pu and Am 
c o n c e n t r a t i o n s  which approached  t h o s e  
o f  t h e  s e d i m e n t s .  I n c l u d e d  among t h e  
non f i l amen tous  a l g a e  a r e  d i a t o m s ,  and 
among t h e  submergent  macrophytes  i s  
w a t e r c r e s s  (Ro r ip  a ) ,  b o t h  o f  which 
a r e  s p e c i f i c a l l y  --&- i g h  c o n c e n t r a t o r s  
o f  t r a n s u r a n i c s ,  r e l a t i v e  t o  t h e  
s e d i m e n t s .  F i l amen tous  a l g a e ,  ma in ly  
Clado h o r a ,  domina te  t h e  p l a n t  b i o -  --% mass i n  t e  pond b u t  c o n c e n t r a t e  o n l y  



TABLE 23. C o n c e n t r a t i o n s  and r a n g e s  of  Pu and Am i n  t h e  
ecosys tem components shown i n  F i g u r e  40. Numbers of 
samples  ana lyzed  a r e  shown i n  b r a c k e t s .  C o n c e n t r a t i o n s  
a r e  exp re s sed  a s  pCi /g  (d ry  w e i g h t ) ,  excep t  f o r  wa t e r  
where l e v e l s  a r e  exp re s sed  a s  pCi/ml. 

SEDIMENTS (n- 103) 

WATER (n= 8) 

SESTON In-8) 

FLOC ln=14) 

ALGAE (FI LAMETOUSI ln=  13) 

ALGAE (NONFILAMENTOUS) In=  25) 

MACROPHYTES (SUBMERGENT) I n =  161 

MACROPHYTES (EMERGENT) (n-8) 

YONINSECT ARTHROPODS In-8)  

INSECT LARVAE In= 63) 

l NSECT ADULTS (AQUATIC) I n =  9) 

SNAILS (n.2) 

GOLDFISH (n.2) 

DUCKS (n= 1) 

ADULT INSECTS (EMERGENT) In=  15) 

2 3 8 ~ u  

MEAN RANGE - - 
169.2 0.E-1144.1 

0.0051 0.m-0.0185 

4541.2 44.1029279.2 

1032.8 343.72490.0 

45.76 40.8167.1 

140.9 1.1-564.9 

108.3 0.58-824.3 

9.44 0.E-41.9 

8.52 0.49-30.7 

33.6 4.7-231.1 

5.47 0.47-10.7 

59.0 35.6-82.4 

11.25 11.1-11.4 

0.029 

6.45 0.27-57.6 

239,240pu 

MEAN RANGE - -  
176.9 1.201072.1 

O.M)33 0.aX)l-0.0118 

2902.1 23.018468.5 

652.4 212.11470.0 

33.6 0.4-123.4 

101.8 2.6-407.2 

68.8 0.49-503.0 

8.10 0.17-31.5 

7.41 N. D. -25.6 

22.6 3.2-UO. 1 

4.39 0.50-7.2 

39.1 26.5-51.8 

7.8 7.4-8.1 

0.022 

4.14 0.23-31.7 

2 4 1 ~ ~  

MEAN RANGE - -  
81.3 0.95-620.7 

0 . W  0,aX)Z-0,0170 

6345.9 36.0-45495.5 

281.3 1189594.6 

38.7 N. 0. -137.8 

143.8 2.7-630.6 

55.2 0.61-509.0 

27.8 0.67-63.0 

6.16 1.10-14.4 

33.7 6.7-169.8 

5.63 1.0-8.11 

63.7 35.1-92.3 

12.0 9.4-14.6 

0.028 

1.38 0.32- 3.65 

modera te  l e v e l s  o f  Pu and Am (Table  
2 3 ) .  Emergent macrophytes ,  main ly  
c a t t a i l s  (Typha) and b u l r u s h e s  
( S c i r  u s )  , s h o w e d  mean l e v e l s  o f  Pu 
an + Am i n  r anges  o f  8  t o  28 pCi /g .  
These p l a n t s  p r o v i d e  an i m p o r t a n t  
e c o l o g i c a l  c o n n e c t i o n  between t h e  
a q u a t i c  envi ronment  o f  t h e  pond and 
t h e  a d j a c e n t  t e r r e s t r i a l  environment  

Most o f  t h e  i n s e c t  l a r v a e  have 
mean Pu and Am l e v e l s  r a n g i n g  from 
10 t o  40 pCi /g .  Nonpredaceous i n s e c t  
l a r v a e  neve r  exceeded 40 pCi /g  f o r  
e i t h e r  Pu o r  Am. However, f o r  t h e  
two p r i n c i p a l  p r e d a t o r s  i n  t h e  pond, 
t h e  d r a g o n f l y  l a r v a e  Aeschna and 
L i b e l l u l a ,  t h e r e  i s  a  s t r i k i n g  d i f f e r -  
ence  i n  t r a n s u r a n i c  accumula t i on .  
Aeschna have mean l e v e l s  o f  Pu and Am 
r ang ing  from 5  t o  80 pCi /g ,  whereas 
t h e  r ange  f o r  L i b e l l u l a  i s  from 50 t o  
230 pCi /g .  I t  may be t h e  d i f f e r e n c e  
i n  n i c h e s  which accoun t s  f o r  t h e  
h i g h e r  Pu and Am c o n t e n t  o f  L i b e l l u l a  
r a t h e r  t h a n  a  p r o c e s s  o f  c o n c e n t r a -  
t i o n  by p r e d a t i o n .  However, t h e r e  
were e l e v e n  o c c a s i o n s ,  i n  t h e  months 
November, December, and A p r i l ,  where 
c o l l e c t i o n s  o f  L i b e l l u l a  and Aeschna 
were made from t h e  same s u b s t r a t e .  
I n  e v e r y  c o l l e c t i o n  L i b e l l u l a  showed 
s u b s t a n t i a l l y  h i g h e r  Pu c o n t e n t  t han  
Aeschna w i t h  a  mean r a t i o  o f  Pu i n  
L i b e l l u l a  t o  Pu i n  A_eschna o f  6 . 3 : l  
( ~ i g . 4 0 ) .  The c o n s i s t e n c y  w i t h  which 

t h i s  o c c u r r e d  was r emarkab l e ,  and 
i n d i c a t e s  t h a t  t h e  p h y s i o l o g i c a l  and/ 
o r  b e h a v i o r a l  d i f f e r e n c e s  o f  t h e s e  
organisms  may a f f e c t  t h e i r  a b i l i t y  t o  
accumula te  Pu. There a l s o  e x i s t s  t h e  
p o s s i b i l i t y  t h a t  s e s s i l e  a l g a e ,  which 

FIG. 40. A compar i son  o f  Pu Leve l s  
i n  t h e  Dragonf ly  Larvae Aeschna (A) 
w i t h  L i b e l l u l a  (L) f o r  s p e c i f i c  sam- 
p l i n g  d a t e s  and l o c a t i o n s .  Sampling 
quads and d a t e s  a r e  shown below t h e  
columns ( s e e  F i g ,  40 ) .  Leve l s  of  
2 3 8 P ~  a r e  shown bp t h e  t o p  of  each  
column, and 2 3 9 9  O P U  l e v e l s  a r e  
d e s i g n a t e d  by t h e  t o p  of  t h e  shaded  
columns.  



o f t e n  grsw on t h e  e x t e r i o r  o f  - - -  

~ i b e l l u l a  b u t  n o t  Aeschna, a r e  concen-  
t r a t i n g  Pu i n d e p e n d e n t  L i b e l l u l a .  

Both a q u a t i c  a d u l t  i n s e c t s  ( e . g . ,  
b e e t l e s ,  waterboatmen) and emergent  
a d u l t  i n s e c t s  ( e . g . ,  d r a g o n f l i e s ,  
d a m s e l f l i e s ,  midges)  have mean concen-  
t r a t i o n s  o f  Pu r a n g i n g  from 4 t o  
7  pCi/g and mean c o n c e n t r a t i o n s  of  Am 
r ang ing  from 1 t o  6  pCi/g (Table  23 ) .  
S n a i l s  showed mean c o n c e n t r a t i o n s  of 
Pu from abou t  40 t o  60 pCi /g ,  and f o r  
Am t h e  mean c o n c e n t r a t i o n  i s  abou t  
64 pCi /g  (Table  2 3 ) .  G o l d f i s h  
( C a r a s s i u s ,  w i t h o u t  g u t  c o n t e n t s )  had 
mean c o n c e n t r a t i o n s  o f  t r a n s u r a n i c s  
r a n g i n g  from 7 .8  t o  12 .0  pCi/g 
(Table  2 3 ) .  A s i n g l e  m a l l a r d  duck 
(Anas) ,  c o l l e c t e d  w h i l e  f e e d i n g  on 
t h e o n d ,  had c o n c e n t r a t i o n s  of  0.02 
t o  0 . 0 3  pCi of  Pu and Am/g (Table  23 ) .  

For t h e  e c o l o g i c a l  components 
shown i n  F i g .  39,  t e n t a t i v e  c o n c e n t r a -  
t i o n  f a c t o r s  (CF 's )  have been d e v e l -  
oped.  Mean w a t e r  c o n c e n t r a t i o n  o f  Pu 
and Am shown i n  Table  23 were used  a s  
t h e  e c o l o g i c a l  s o u r c e  te rms  f o r  t h e  
CF's  shown i n  Tab l e  2 4 .  The CF's  
shown h e r e  a r e  c o n s i d e r a b l y  lower 
t han  t h o s e  r e p o r t e d  e a r l i e r  by Emery 
e t  a l . ,  (1974) because  more r e c e n t  
d a t a  f o r  wa t e r  c o n c e n t r a t i o n s  of  
t r a n s u r a n i c s  have been u s e d .  A t  t h i s  
t ime  we s t i l l  have r e a s o n  t o  q u e s t i o n  
t h e  accu racy  o f  t h e s e  v a l u e s ,  and 
s t u d i e s  a r e  c u r r e n t l y  underway t o  d e -  
t e rmine  r e a s o n a b l e  e s t i m a t e s  f o r  mean 
annua l  Pu and Am c o n c e n t r a t i o n s  i n  
w a t e r .  A t  t h i s  p o i n t  i n  o u r  s t u d i e s  
we w i l l  b a se  t h e  CF's on midsummer 
l e v e l s  o f  Pu and Am i n  t h e  pond w a t e r .  
Because t h e s e  l e v e l s  a r e  t h e  h i g h e s t  
de t e rmined  f o r  pond w a t e r ,  t h e  CF's  

TABLE 24. C o n c e n t r a t i o n    actors f o r  t h e  E c o l o g i c a l  Components i n  
F i g u r e  39. CF's a r e  based  on w a t e r  v a l u e s  shown i n  Tab l e  23 by 
d i v i d i n g  t h e  a c t i v i t y  i n  t h e  component (pCi/g wet we igh t )  by t h e  
a c t i v i t y  i n  t h e  w a t e r  (pCi /ml) .  Dry weight  t o  wet weight  con-  
v e r s i o n  f a c t o r s  f o r  s ed imen t s  i s  0 . 3 8 ,  f o r  s e s t o n  and f l o c  i t  i s  
0 .22 ,  and f o r  b i o t a  i t  i s  0 .26 .  

SEDIMENTS 

WATER 

SESTON 

FLOC 

ALGAE (FILAMENTOUS) 

ALGAE (NONFI LAMETOUS) 

MACROPHYTES (SUBMERGENT) 

MACROPHYTES (EMERGENT) 

NON I NSECT AR'THROPODS 

l hlSECT LARVAE 

INSECT ADULTS (AQ UATIC) 3 x lo2 3 x lo2 3 x 10 
2 

SNAILS 3 lo4 3 lo4 4 lo4 

6 x lo2 6 x 10 
2 7 x 10 

2 
GOLDF l SH 

DUCKS 1 x loo 2 x loo 2 x loo 

ADULT l NSECT (EMERGENT) 3 x lo2 3 x lo2 8 x lo1 



shown i n  Table  24 a r e  t h e  l owes t  t h a t  
cou ld  be r e p o r t e d  f o r  t h e  e c o l o g i c a l  
components i n  t h i s  pond. 

Ses ton  was t h e  h i g h e s t  c o n c e n t r a t o r  
of t r a n s u r a n i c s  i n  t h e  pond ' s  eco-  
sys tem w i t h  CFts  o f  105 (Table 24) .  
Because o f  t h e  s h o r t  r e s i d e n c e  t ime 
f o r  wa te r  i n  t h e  pond (40 h r ) ,  and 
t h e  r a p i d  downward movement o f  wa te r  
th rough t h e  s ed imen t s ,  t h e  s e s t o n  
p robab ly  r e f l e c t s  t h e  p a r t i c u l a t e  
m a t e r i a l  t h a t  e n t e r s  t h e  pond from 
t h e  p r o c e s s i n g  was te  t r e n c h .  F l o c  
and sediments  had CF's  o f  abou t  l o 4 .  
These m a t e r i a l s  c o n s t i t u t e  t h e  p r i n -  
c i p a l  growing and f e e d i n g  s u b s t r a t e s  
f o r  most of  t h e  pond ' s  b i o t a .  I n s e c t  
l a r v a e  and s n a i l s  which a r e  i n  a lmost  
con t inuous  c o n t a c t  w i t h  t h e  f l o c  and 
sediments  c o n c e n t r a t e d  Pu and Am t o  

a  s i m i l a r  deg ree ,  10 ,000  t i m e s .  Sub- 
mergent a q u a t i c  p l a n t  m a t e r i a l  ( a l g a e  
and macrophytes)  i n  U-Pond had CF's  
of around l o 3 .  Emergent p l a n t  mate-  
r i a l  showed CFt s  c l o s e r  t o  l o 2 .  
Noninsect  a r t h r o p o d s ,  a d u l t  i n s e c t s  
(emergent and a q u a t i c ) ,  and g o l d f i s h  
i n  U-Pond had Pu and Am CF's  o f  abou t  
l o 2 .  The duck t h a t  was sampled from 
U-Pond had a  CF f o r  Pu and Am o f  from 
1 t o  2 .  
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SUBLETHAL EFFECTS OF TRITIUM ON AQUATIC SYSTEMS 

I n  c o n t i n u i n g  s t u d i e s  on enhanced  s u s c e p t i b i l i t y  t o  i n f e c -  

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

s p o n s e  t o  t h e  p a t h o g e n ,  F l e x i b a c t e r  c o l u m n a r i s ,  was employed t o  

i n v e s t i g a t e  t h e  e f f e c t s  o f  t r i t i u m  i r r a d i a t i o n  ( 0 ,  0 . 0 4 ,  0 . 4 ,  

4 . 0 ,  and 40.0  r a d  t o t a l  d o s e  d u r i n g  e m b r y o g e n e s i s ) o n  p r i m a r y  

immune r e s p o n s i v e n e s s  i n  j u v e n i l e  ra inbow t r o u t ,  Salmo 

g a i r d n e r i .  A d d i t i o n a l  s t u d i e s  were  d e v e l o p e d  which f o c u s e d  

a t t e n t i o n  on t h e  n a t u r e  o f  t h e  s t r e s s i n g  e f f e c t  o f  t r i t i u m  i r -  

r a d i a t i o n  on immune competence .  These  l a t t e r  s t u d i e s  empha- 

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

a s s e s s  t h e  p o t e n t i a l  f o r  q u a l i t a t i v e  and q u a n t i t a t i v e  c h a n g e s  

i n  b l o o d  serum components which c o n c e i v a b l y  a c c o u n t e d  f o r  s u p -  

p r e s s e d  immune r e s p o n s i v e n e s s  i n  t r i t i u m - i r r a d i a t e d  t e s t  f i s h .  

Suppression of the Primary Immune 
Response in  Rainbow Trout, Salmo 
gairdneri, Sublethally Irradiated 
during Embryogenesis 

J. A. Strand, M. P. Fujihara, 
R. D. Burdett and T. M. Poston 

Eggs o f  r a i n b o w  t r o u t  were  spawned 
a r t i f i c i a l l y  i n  t h e  l a b o r a t o r y ,  f e r -  
t i l i z e d ,  and i m m e d i a t e l y  immersed i n  
0 ,  0 . 0 1 ,  0 . 1 ,  1 . 0 ,  a n d  1 0 . 0  p C i / m l  
t r i t i u m  ( b i o l o g i c a l  g r a d e )  c o n t a m i -  
n a t e d  s p r i n g  w a t e r  ( p a t h o g e n  f r e e )  . 
R e a r i n g  t h r o u g h  20 d a y s  a t  
1 0 . 5  + O.Z°C was f a c i l i t a t e d  w i t h i n  a  
r e c i r c u l a t i o n  d r i p  i n c u b a t  i o n  s y s  tem 
o f  150 % c a p a c i t y .  Exposure  of t h e  
embryos t o  0 ,  0 . 0 1 ,  0 . 1 ,  1 . 0 ,  and 
1 0 . 0  p C i / m l  t r i t i u m  f o r  20 d a y s  r e -  
s u l t e d  i n  a  t o t a l  d o s e  o f  0 ,  0 . 0 4 ,  
0 . 4 ,  4 . 0 ,  and 4 0 . 0  r a d s .  

A t  20 d a y s  (eyed  s t a g e )  t h e  em- 
b r y o s  were  t r a n s f e r r e d  t o  a s i n g l e -  
p a s s  i n c u b a t i o n  s y s t e m  m a i n t a i n e d  on 
t h e r m a l l y  c o n t r o l l e d ,  1 0 . 5  + 0.2"C 
d e c h l o r i n a t e d  n o n t r i t i a t e d  s a n i t a r y  
w a t e r .  H a t c h i n g  o c c u r r e d  a t  
2 8 . 5  + 1 . 5  d a y s .  

A t  14 d a y s  p o s t - h a t c h ,  t h e  f r y  
were  t r a n s f e r r e d  t o  f i v e  
3  m x  0 . 6  m x  0 . 3  m compar tmented  
f i b e r g l a s s  r e a r i n g  t r o u g h s  a l s o  main-  
t a i n e d  on t h e r m a l l y  c o n t r o l l e d  d e -  
c h l o r i n a t e d  s a n i t a r y  w a t e r .  T r i t i u m -  
i r r a d i a t e d  and c o n t r o l  t r e a t m e n t  
g r o u p s  were  e a c h  s u b d i v i d e d  and a r -  
r a n g e d  among t h e  a v a i l a b l e  compar t -  
ments  o f  t h e  f i v e  t r o u g h  a r r a y  a c c o r d -  
i n g  t o  T a b l e  25. R e a r i n g  t e m p e r a t u r e  
was a d j u s t e d  t o  20 .0  + O.S°C a t  a  
r a t e  o f  2 . 0  2 0 .5"C p e r  week. 

A f i n a l  t r a n s f e r  of t h e  f i n g e r -  
l i n g s  t o  pe rmanen t  3 m x  1 . 2  m x  1 m 
c o n c r e t e  r e a r i n g  ponds a l s o  main-  
t a i n e d  on t h e r m a l l y  c o n t r o l l e d ,  
20 + 0 .  S°C, d e c h l o r i n a t e d  s a n i t a r y  
w a t e r  was e f f e c t e d  5  months p o s t -  
h a t c h .  T r i t i u m - i r r a d i a t e d  and con-  
t r o l  t r e a t m e n t  g r o u p s  were  a r r a n g e d  
a s  b e f o r e .  R e a r i n g  t h e r e a f t e r  was i n  
a c c o r d a n c e  w i t h  s t a n d a r d  h a t c h e r y  
p r a c t i c e .  

A t  7 months  p o s t - h a t c h ,  c o n t r o l  
and i r r a d i a t e d  t e s t  f i s h  were  a d m i n i s -  
t e r e d  i n t r a p e r i t o n e a l l y  0 . 1  c c  of a  



TABLE 25. Arrangement of  T r i t i u m -  
I r r a d i a t e d  and C o n t r o l  T e s t  Groups 
i n  F i v e  Trough o r  Concre te  Pond A r -  
r a y  acco rd ing  t o  L a t i n  Square  Sam- 
p l i n g  Design.  a  

Trough o r  Concrete Pond 
Compartment I I 1  111 V - - - 

1 A B C D E 

2 B A E C D 

3 C D A E B 

4 D E B A C 

5 E C D B A 

a  The l e t t e r s  A ,  B ,  C ,  D ,  and E represent  
con t ro l ,  0.04, 0 .4,  4.0, and 40.0 rad 
treatment l e v e l s ,  respec t ive ly .  

h e a t  i n a c t i v a t e d  a n t i g e n  
( 1 . 8  x  l o 8  c e l l s / m l )  , F l e x i b a c t e r  
c o l u m n a r i s )  i n  25% Freund ' s  incomple te  
a d j u v a n t .  A t  1 week p r e - v a c c i n a t i o n ,  
a t  3 weeks p o s t - v a c c i n a t i o n ,  and a t  
b imonth ly  i n t e r v a l s  t h e r e a f t e r  a  s t a n -  
da rd  tube  a g g l u t i n a t i o n  t e s t  f o r  t h e  
s p e c i f i c  a n t i g e n  of v a c c i n a t i o n  was 
performed on t h e  serum from 20 f i s h  
from each  of t h e  c o n t r o l  and i r r a d i -  
a t e d  t e s t  g roups .  

The s t u d i e s  o u t l i n e d  above were 
de s igned  s o  t h a t  t he  d a t a  cou ld  be  
t r e a t e d  by a  mult iway f a c t o r i a l  
a n a l y s i s  of v a r i a n c e .  Th i s  p a r t i c u -  
l a r  d e s i g n  was a  5  x  5 L a t i n  Squa re .  
I n t e r e s t  was focused  on t h e  main e f -  
f e c t  o f  i r r a d i a t i o n  l e v e l .  However, 
two r e s t r i c t i o n s  were p l a c e d  on t h e  
r andomiza t i on :  t h a t  a t t r i b u t e d  t o  
t h e  t r ough  o r  pond p o s i t i o n  w i t h i n  
t h e  sampl ing  a r r a y ,  and t o  t h e  com- 
par tment  p o s i t i o n  w i t h i n  each  t rough  
or  pond. 

Mean t i t e r  v a l u e s  ( r e c i p r o c a l s )  
f o r  s p e c i f i c  a g g l u t i n i n s  t o  
F .  co lumnar i s  f o r  a  s e l e c t e d  e x p e r i -  - 
menta l  group o v e r  t h e  11-week sam- 
p l i n g  p e r i o d  f o l l o w i n g  v a c c i n a t i o n  
a r e  g r a p h i c a l l y  p r e s e n t e d  i n  F i g .  41. 
Summary s t a t i s t i c a l  i n f o r m a t i o n  i s  
c o n t a i n e d  i n  Tab l e  26. 

These d a t a  i n d i c a t e d  t h a t  under  
t h e  p r e s c r i b e d  e x p e r i m e n t a l  cond i -  
t i o n s ,  a  c l e a r l y  o b s e r v a b l e  and s t a -  
t i s t i c a l l y  s i g n i f i c a n t  change i n  mean 
t i t e r  v a l u e s  occu r r ed  du r ing  t h e  
11-week sampl ing  p e r i o d  fo l l owing  

CONTROL 
0 0.04 rad 
e3 0.4 rad 

4.0 rad 
40.0 rad 

1200 

POND l 

3 WEEKS 5 WEEKS 7 WEEKS 9 WEEKS 11 WEEKS 

FIG. 41. Mean T i t e r  Values  i n  Pond 
I  f o r  S p e c i f i c  A g g l u t i n i n s  t o  
F .  co lumnar i s  Arranged According t o  - 
I n c r e a s i n g  R a d i a t i o n  Dose a t  Each 
Sampling I n t e r v a l .  

v a c c i n a t i o n .  Also ,  s i g n i f i c a n t  d i f -  
f e r e n c e s  i n  mean t i t e r  v a l u e s  among 
t h e  f i v e  t r e a t m e n t  means were 
d e t e c t e d .  

From s i m i l a r  a n a l y s e s  per formed 
f o r  each  pond i n  t h e  sampl ing  a r r a y  
a t  each  i n t e r v a l ,  Table  27 ,  i t  was 
found t h a t  on t h e  9 t h  and l l t h  weeks,  
s i g n i f i c a n t  d i f f e r e n c e s  o c c u r r e d  
among t h e  f i v e  t r e a t m e n t  means. Sub- 
s equen t  s t a t i s t i c a l  a n a l y s e s  app ly ing  
t h e  Duncan M u l t i p l e  Range T e s t  demon- 
s t r a t e d  t h e  d i f f e r e n c e s  i n  Tab l e  28. 
During t h e  9 t h  week, f i s h  i r r a d i a t e d  
a t  40.0 r a d s  had s i g n i f i c a n t l y  lower  
l e v e l s  o f  s p e c i f i c  a g g l u t i n i n s  t h a n  
a l l  o t h e r  i r r a d i a t e d  and c o n t r o l  
f i s h ;  whe rea s ,  du r ing  t h e  l l t h  week, 
f i s h  i r r a d i a t e d  a t  bo th  4.0 and 
40.0 r ads  had s i g n i f i c a n t l y  lower 
l e v e l s  o f  s p e c i f i c  a g g l u t i n i n s  t h a n  
o t h e r  i r r a d i a t e d  and c o n t r o l  f i s h .  

These r e s u l t s  a r e  l i k e l y  b e s t  i n -  
t e r p r e t e d  t o  mean t h a t  immune sup-  
p r e s s i o n  a s  h e r e  measured,  was de -  
pendent  upon b o t h  t h e  l e v e l  o f  
a g g l u t i n i n s  and t i m e ;  and t h a t  oppor-  
t u n i t y  f o r  development of  h i g h e r  
a g g l u t i n i n  l e v e l s  beyond 11 weeks,  
may have r e s u l t e d  i n  s i g n i f i c a n t  i m -  
mune s u p p r e s s i o n  a t  t h e  nex t  lowes t  
dose l e v e l .  Tha t  i s ,  d i f f e r e n c e s  
among t r e a t m e n t  means would l i k e l y  



TABLE 2 6 .  Summary A n a l y s i s  o f  
Va r i ance  f o r  A g g l u t i n i n  T i t e r  (log,) 

S o u r c e  o f  Degrees  o f  Sum o f  Me an  
V a r i a t i o n  Freedom S q u a r e s  S q u a r e s  F R a t i o  

S q u a r e s  (weeks )  3  270 .65  9 0 . 2 1  1235 .  86a 

Ponds w i t h i n  weeks 16 1 6 . 5 6  1 . 0 3  1 4 . 1 8 a  

Compartments  
w i t h i n  weeks 

T r e a t m e n t  w i t h i n  
weeks 

T r e a t m e n t  4  4 .40  1 . 1 0  1 5 . 1 0 a  

T r e a t m e n t  x week 12  1 . 3 6  0 . 1 1  1 . ~ 6 ~  

E r r o r  w i t h i n  weeks 4  8 3 . 4 8  0 . 0 7  

T o t a l  99 298.12 

a ~ i g n i f i c a n t  F  r a t i o  v a l u e  a t  t h e  0 . 0 1  l e v e l .  
b ~ o n s i g n i f i c a n t  F  r a t i o  v a l u e  a t  t h e  0 . 0 5  l e v e l .  

TABLE 
Agglu 
S  amp1 

2 7 .  A n a l y s i s  of  Var iance  f o r  
t i n i n  T i t e r  (log,) f o r  Each 
i ng  I n t e r v a l .  

S o u r c e  o f  U e g r e e s  o f  Sum o f  ble a n  
V a r i a t i o n  Freedom S q u a r e s  S q u a r e s  F R a t i o  

- . . . . . - - . . . . .  3  . . . - - . . - - . . . -  

T r e a t m e n t s  4 0 . 3 5  0 . 0 8  1 .  23a  

l 'onds J 0 . 0 6  0 . 0 1  0 . 2 ~  

C o m p a r t m e n t s  
w i t h i n  P o n d s  4  0.3.9 0 . 0 9  1 . 3 S a  

R e s i d u a l  1 2  0 . 8 6  0 . 0 7  

T o t a l  24 

. . . . . . . . . . . 5 v e c k s . . . . . . . .  - 

T r e a t m e n t s  4  1 . 7 0  0 . 4 2  2 . 9 d a  

P o n d s  4  1 4 .  4:) 3 . 6 2  2 5 . 0 7 ~  

C o m p a r t m e n t s  
w i t h i n  P o n d s  4  0 . 9 9  0 . 2 4  1 . 7 2 ~  

R e s i d u a l  12  1.73. 0 . 1 4  

T o t a l  24 

. . . . . . . . . . . . g w e e k s . . . . . . . . . . . . .  

T r e a t m e n t s  4  1 . 1 3  0 . 2 8  1 2 .  83b 

P o n d s  4  0 . 3 0  0 . 0 7  3 . 4 7 =  

C o m p a r t m e n t s  
v i t h i n  P o n d s  4  0 . 0 3  0 . 0 1  0 . 3 9 ~  

R e s i d u a l  12  0 . 2 6  

T o t a l  2  4  

. . . . . . . . . . - -  - 1 1  . . . - . . . - - - - . -  

T r e a t m e n t s  4  2 . 5 7  0 . 6 4  1 2 . 4 6 ~  

P o n d s  4  1 . 6 8  0 . 4 2  8.14'  

C o m p a r t m e n t s  
v i t h l n  P o n d s  4 0 . 2 3  0 . 0 5  l . l l a  

R e s i d u a l  1: 0 . 6  2 0 . 0 5  

T o t a l  24 
-- 

: ~ o n s l ~ n i f i c a n t  F v a l u e  a t  0 . 0 5  l e v e l .  
Significant v a l u e  s t  0 . 0 1  l e v e l .  

C ~ i g n l f i c a n t  I: v a l u e  a t  0 . 0 5  l e v e l .  

TABLE 28. Duncan M u l t i p l e  Range T e s t  
Comparisons of  Mean T i t e r  ( log,)  
Va lues ,  9 t h  and 11 th  Weeks, Arranged 
a c c o r d i n g  t o  I n c r e a s i n g  I r r a d i a t i o n  
Dosea 

0 0.04 0 . 4  4 .0  40.0 
r a d  rad rad & rad - 

9 t h  Week 7.00 6 .84  6 . 7 3  6 . 6 1  6 .37  

a ~ i f f e r e n c e s  a r e  s i g n i f i c a n t  a t  0 . 0 5  l e v e l .  

have become more pronounced a s  ag-  
g l u t i n i n  l e v e l s  i n  t r e a t m e n t  g roups  
c o n t i n u e d  t o  i n c r e a s e  beyond 11 weeks. 
N e v e r t h e l e s s ,  i t  may be conc luded  
t h a t  unde r  t h e  d e s c r i b e d  e x p e r i m e n t a l  
c o n d i t i o n s ,  t h e  pr imary  immune r e -  
sponse  i n  j u v e n i l e  rainbow t r o u t  was 
s i g n i f i c a n t l y  s u p p r e s s e d  f o l l o w i n g  
i r r a d i a t i o n  o f  t h e  embryonic l i f e  
s t a g e  a t  dose  l e v e l s  a s  low a s  
4 . 0  r a d s .  





To t e s t  t h i s  r e l a t i o n s h i p ,  t h e  
p e r c e n t  of t o t a l  serum p r o t e i n  con-  
t a i n e d  i n  e a c h  f r a c t i o n  was c a l c u -  
l a t e d  by p l a n i m e t r y  f o l l o w i n g  d e n s i -  
t o m e t r i c  s cann ing .  S e l e c t e d  
r e s u l t s  a r e  p r e s e n t e d  i n  Table  29. 
A one-way a n a l y s i s  of v a r i a n c e  was 
a p p l i e d  t o  t h e s e  d a t a  and i n d i c a t e d  
a s  shown i n  Tab l e  30 t h a t  s i g n i f i -  
c a n t  d i f f e r e n c e s  between t h e  two ex-  
p e r i m e n t a l  g roups  were encoun te r ed  
i n  t h e  e x p r e s s i o n  of  f r a c t i o n s  I  and 
IV. I n  t h e  c o n t r o l  g roup ,  
f r a c t i o n  I  c o n t a i n e d  a  lower p e r c e n t  
of t h e  t o t a l  serum p r o t e i n ;  w h i l e  
f r a c t i o n  IV c o n t a i n e d  a  h i g h e r  p e r -  
c e n t  of t h e  t o t a l .  

I t  was a l s o  observed  t h a t  
f r a c t i o n  IV was more pronounced i n  
n e a r l y  a l l  v a c c i n a t e d  e x p e r i m e n t a l  
f i s h ,  e i t h e r  c o n t r o l  o r  i r r a d i a t e d ,  
which demons t r a t ed  a g g l u t i n i n  t i t e r s  

TABLE 29. Mean P e r c e n t  of T o t a l  Se-  
rum P r o t e i n  i n  F r a c t i o n s  I ,  1 1 ,  111 ,  
and IV i n  V a c c i n a t e d  C o n t r o l  and 
I r r a d i a t e d  (40.0 r a d )  Expe r imen ta l  
F i sh .  

C o n t r o l  

n  

Me an 

S t a n d a r d  
D e v i a t i o n  

S t a n d a r d  
E r r o r  

9 5 %  C . I .  

"PPe r  
Lower 

I r r a d i a t e d  

n  

Mean 

S t a n d a r d  
D e v i a t i o n  

S t a n d a r d  
E r r o r  

95% C . I .  

Upper 
Lower 

o f  a t  l e a s t  1 : 4 0 ;  a n d ,  was most p ro -  
nounced i n  v a c c i n a t e d  e x p e r i m e n t a l  
f i s h  demons t r a t i ng  t h e  h i g h e s t  agg lu -  
t i n i n  t i t e r s  measured ,  1: 1280 t o  
1: 2560. 

The p e r c e n t  o f  t o t a l  serum con-  
t a i n e d  i n  each  major  p r o t e i n  f r a c t i o n  
i n  r e l a t i o n  t o  i n c r e a s i n g  a g g l u t i n a -  
t i o n  t i t e r ,  Table  31 ,  was s u b j e c t e d  
t o  one-way a n a l y s i s  of v a r i a n c e ,  and 
subsequen t ly  t h e  Duncan M u l t i p l e  
Range T e s t  t o  t e s t  t h i s  r e l a t i o n s h i p .  
R e s u l t s  a r e  shown i n  T a b l e s  32 and 
33 and i n d i c a t e d  t h a t  f r a c t i o n  IV ac -  
coun ted  f o r  an i n c r e a s i n g  p e r c e n t a g e  
of t h e  t o t a l  a v a i l a b l e  serum p r o t e i n  
a s  a g g l u t i n i n  t i t e r s  i n c r e a s e d .  Con- 
c o m i t a n t l y ,  f r a c t i o n s  I  and I 1  were 
obse rved  t o  c o n t a i n  lower p e r c e n t a g e s  
of t h e  t o t a l  serum p r o t e i n  a s  agg lu -  
t i n i n  t i t e r s  i n c r e a s e d .  F r a c t i o n  I11  
remained n e a r l y  c o n s t a n t  . 

I n  c o n c l u s i o n ,  s t a t i s t i c a l  a n a l y -  
s e s ,  a s  shown i n  Tab l e s  32 and 33 ,  
v e r i f i e d  t h a t  f r a c t i o n  IV i n c r e a s e d  
a s  a  f u n c t i o n  of  a g g l u t i n a t i o n  t i t e r  
f o l l o w i n g  a n t i g e n i c  s t i m u l a t i o n ;  and 
a s  s u c h ,  sugges t ed  t h a t  f r a c t i o n  IV 
r e p r e s e n t e d  s p e c i f i c  humoral a n t i -  
body t o  t h e  immunogen, F l e x i b a c t e r  
co lumnar i s .  S t a t i s t i c a l  a n a l y s e s  a s  
shown i n  Tab l e s  32 and 33 a l s o  v e r i -  
f i e d  t h a t  t h e  r e l a t i v e  amounts of 
f a s t  m i g r a t i n g  p r o t e i n  f r a c t i o n s ,  I  
and 11 ,  were l owes t  i n  v a c c i n a t e d  
f i s h  demons t r a t i ng  h i g h e s t  a g g l u t i n i n  
t i t e r s .  This  r e sponse  l i k e l y  oc-  
c u r r e d  a s  a  compensat ion f o r  syn -  
t h e s i s  o f  f r a c t i o n  IV and t h e  r e -  
qu i rement  t o  m a i n t a i n  osmoregula t  i o n .  
This  r e sponse  may a l s o  be r e l a t e d  t o  
r eco rded  d e c r e a s e s  i n  serum albumins 
a s s o c i a t e d  w i t h  many i n f e c t i o u s  d i s -  
e a s e s .  F i n a l l y ,  s t a t i s t i c a l  a n a l y -  
s e s  a s  shown i n  Tab l e  26 i n d i c a t e d  
t h a t  t h e  r e l a t i v e  p e r c e n t  of t o t a l  
serum p r o t e i n  c o n t a i n e d  i n  
f r a c t i o n  IV was s i g n i f i c a n t l y  r e -  
duced i n  i r r a d i a t e d  v a c c i n a t e d  ex -  
p e r i m e n t a l  f i s h ,  s u g g e s t i n g  t h a t  de-  
c r e a s e d  amounts o f  f r a c t i o n  IV i n  
i r r a d i a t e d  e x p e r i m e n t a l  f i s h  a c -  
counted  f o r  t h e  lowered a n t i b o d y  
t i t e r s  i n  t h e s e  f i s h ,  measured by 
a g g l u t i n i n  a s s a y .  



TABLE 30.  One-Way A n a l y s i s  o f  V a r i a n c e  Comparison of 
P e r c e n t  o f  T o t a l  Serum P r o t e i n  i n  F r a c t i o n s  I ,  11, 111, 
and  IV i n  V a c c i n a t e d  C o n t r o l  and I r r a d i a t e d  ( 4 0 . 0  r a d )  
E x p e r i m e n t a l  F i s h .  

S o u r c e  D e g r e e s  o f  Sun o f  Mean 
F r a c t i o n  V a r i a t i o n  Freedom S q u a r e s  S q u a r e s  F  R a t i o  

I  Among 
T r e a t m e n t s  1 1 2 2 . 4 0  1 2 2 . 4 0  6 . 3 7 a  

W i t h i n  
T r e a t m e n t s  2  2  4 2 2 . 7 3  1 9 . 2 1  

T o t a l  2  3  5 4 5 . 1 3  

I  I  Among 
T r e a t m e n t s  1 7 . 1 5  7 . 1 5  0 .  3 s b  

W i t h i n  
T r e a t m e n t s  2  2  443 .80  20 .17  

T o t a l  2  3  4 5 0 . 9 5  

I 1 1  Among 
T r e a t m e n t s  1 

W i t h i n  
T r e a t m e n t s  2  2  5 6 2 . 4 5  2 5 . 5 6  

T o t a l  2  3  5 6 3 . 7 5  

IV Among 
T r e a t m e n t s  1 5 1 . 9 2  51 .92  7.26a 

W i t h i n  
T r e a t m e n t s  2  2  1 5 7 . 1 9  7 . 1 4  

T o t a l  2  3  2 0 9 . 1 1  

: s i g n i f i c a n t  F  v a l u e  a t  0 . 0 5  l e v e l .  
N o n s i g n i f i c a n t  F  v a l u e  a t  0 . 0 5  l e v e l .  
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TABLE 31. Mean V a l u e s  f o r  P e r c e n t  o f  T o t a l  Serum P r o -  
t e i n  i n  F r a c t i o n s  I ,  11, 111, and  IV A r r a n g e d  a c c o r d i n g  
t o  I n c r e a s i n g  A g g l u t i n i n  T i t e r .  

F r a c t i o n  I 

S t a n d a r d  
D e v i a t i o n  5 . 6 1  3 .24  3 .62  3 . 9 6  7 . 1 5  3 .97  5 . 6 1  3 .82  5 . 4 3  

S t a n d a r d  
E r r o r  1 . 1 9  0 . 9 1  1 . 3 7  1 . 5 0  2 . 5 3  1 . 4 0  1 .87  1 . 5 5  2 .43  

9 5 %  C . I .  
Lower 2 6 . 4 3  29 .96  25 .74  24 .85  2 4 . 6 1  22 .52  20 .94  19 .70  20 .37  

Upper 31 .40  33 .85  32.22 31.94 34 .28  29 . O O  2 9 . 4 1  2 7 . 3 3  32 .86  

F r a c t i o n  I 1  

Me an  46 .10  4 2 . 7 3  44.35 4 2 . 5 8  39.61 43.46 45.73 39 .98  40 .86  

n  2  2  1 3  7  7  8  8  9  6  5  

S t a n d a r d  
D e v i a t i o n  4.44 3 .28  2 .44  4 .88  3.55 2.78 6 .04  4.42 3 .49  

S t a n d a r d  
E r r o r  0 .94  0 . 9 1  0 . 9 2  1 . 8 4  1 . 2 5  0 . 9 8  2 . 0 1  1 . 8 0  1 . 5 6  

9 5 %  C. I .  
Lower 44 .13  4 0 . 7 7  42 .17  38.22 3 6 . 7 1  41.19 4 1 . 1 7  35.55 36.84 

Upper  48.06 44 .70  46.54 46 .94  42.50 45.83 5 0 . 2 9  44.40 4 4 . 8 7  

F r a c t i o n  I11  

Mean 23 .17  22 .84  23 .45  24.78 24 .13  2 5 . 6 1  23.  34 25 .25  21.14 

n  2  2  1 3  7  7  8  8  9  6  5  

S t a n d a r d  
D e v i a t i o n  6 .09  3 . 8 6  4 . 1 4  7.80 2.39 3 . 3 7  2 .95  5.49 3.62 

S t a n d a r d  
E r r o r  1 . 2 9  1 . 0 7  1 . 5 6  2.95 0 .84  1 . 1 9  0 . 9 8  2 . 2 4  1 . 6 2  

9 5 %  C . I .  
Lower 20 .48  2 0 . 5 3  1 9 . 7 5  1 7 . 8 0  22 .18  22 .85  21 .11  1 9 . 7 5  16 .97  

Upper  25 .87  25 .15  27 .15  31.76 26 .08  28 .36  25 .57  3 0 . 7 5  25.30 

F r a c t i o n  I V  

1  :20  1 : 0 0  - 1 : 4 0  1 : 8 0  1 :160  - 1:320 - 1:640  1 :1280  1 :2560  - - - 

Mean 1 . 7 6  2 . 4 6  3.17 4 .12  5 . 5 0  5 . 1 5  5.67 11 .26  1 1 . 6 0  

n  2  2  1 3  7  7  8  8  9  6  5  

S t a n d a r d  
D e v i a t i o n  0 . 2 3  0 . 3 8  0 . 7 8  1 . 2 9  0 . 9 9  0 . 7 3  0 . 6 0  1 . 8 5  3 . 7 8  

S t a n d a r d  
E r r o r  0 . 2 3  0 . 3 8  0 . 7 8  1 . 2 9  0 . 9 9  0 . 7 3  0 . 6 0  1 .85  3 . 7 8  

9 5 %  C . I .  
Lower 1 . 2 6  1 . 6 4  1 . 3 1  1 . 0  7  3 . 8 6  3 . 4 5  4 . 3 0  6 . 7 1  1 . 8 7  



TABLE 3 2 .  One-Way A n a l y s i s  of Va r i ance  Comparison of 
P e r c e n t  of T o t a l  Serum P r o t e i n  i n  F r a c t i o n s  I ,  11 ,  111, 
and IV, Arranged a c c o r d i n g  t o  I n c r e a s i n g  A g g l u t i n i n  
T i t e r .  

S o u r c e  D e g r e e s  o f  Sum o f  Mean 
F  R a t i o  F r a c t i o n  V a r i a t i o n  Freedom S q u a r e s  S q u a r e s  

I Among 
T r e a t m e n t s  8  480.94 6 0 . 1 1  ~ . 4 3 ~  

W i t h i n  
T r e a t m e n t s  76 

T o t a l  8  4  2357 .22  

I I Among 
T r e a t m e n t s  8  4 4 2 . 0 8  5 5 . 2 6  3. 21b 

W i t h i n  
T r e a t m e n t s  76 1305 .68  1 7 . 1 8  

T o t a l  84 1 7 4 7 . 7 6  

I I I Among 
T r e a t m e n t s  8  1 0 3 . 0 1  1 2 . 8 7  0 .53 '  

W i t h i n  
T r e a t m e n t s  76 1 8 2 1 . 6 1  2 3 . 9 6  

T o t a l  84  1924 .62  

IV Among 
T r e a t m e n t s  8  813 .27  1 0 1 . 6 5  11. 3 s b  

W i t h i n  
T r e a t m e n t s  76 680 .15  8 . 9 4  

T o t a l  8  4  1493 .42  

: s i g n i f i c a n t  F  v a l u e  a t  0 . 0 5  l e v e l .  
c S i g n i f i c a n t  F  v a l u e  a t  0 . 0 1  l e v e l .  

N o n s i g n i f i c a n t  F  v a l u e  a t  0 . 0 5  l e v e l .  
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TABLE 3 3 .  Duncan M u l t i p l e  Range T e s t  Comparison of 
Mean Values f o r  P e r c e n t  of T o t a l  Serum P r o t e i n  i n  F r a c -  
t i o n s  I ,  11 ,  111, and IV Arranged acco rd ing  t o  I n c r e a s -  
i n g  A g g l u t i n i n  T i t e r .  

F r a c t i o n  I 

O r d e r e d  
M e a n s  5 1 . 9 0  3 0 . 7 0  28.!18 2 8 . 9 1  2 8 . 4 0  2 6 . 6 2  2 5 . 7 6  2 5 . 1 7  2 3 . 5 1  

O r d e r e d  
T i t e r  1 : 2 0  1 : 1 6 0  1 : 4 0  I : 0  1 : 8 0  1 : 2 5 6 0  1 : 3 2 0  1 : 6 4 0  1 : 1 2 8 0  

F r a c t i o n  I 1  

O r d e r e d  
M e a n s  4 6 . 1 0  4 5 . 7 3  4 3 . 3 5  4 3 . 3 6  4 2 . 7 3  1 2 . 5 8  4 0 . 8 6  2 9 . 9 8  3 9 . 6 1  

O r d e r e d  
T i t e r  1:O 1 : 6 4 0  1 : 4 0  1 : 3 2 0  1 : 2 0  1 : 8 0  1 : 2 5 6 0  1 : 1 2 8 0  1 : 1 6 0  

F r a c t i o n  1 1 1  

O r d e r e d  
M e a n s  2 5 . 6 1  2 5 . 2 5  2 4 . 7 8  2 4 . 1 3  2 3 . 4 5  2 3 . 3 4  2 3 . 1 7  2 8 . 8 4  2 1 . 1 4  

O r d e r e d  
T i t e r  1 : 3 2 0  1 : 1 2 8 0  1 : 8 0  1 : 1 6 0  1:AO 1 . 6 4 0  l : O  1 : 2 0  1 : 2 5 6 0  

F r a c t i o n  1V 

O r d e r e d  
M e a n s  1 .  76 2 . 4 6  3 . 1 7  4 . 1 2  5 . 1 5  5 . 5 0  5 . 6 7  1 1 . 2 6  1 1 . 6 0  

O r d e r e d  
T i t e r  1 : O  1 : 2 0  1 . 4 0  1 : 8 0  1 : 3 2 O  1 : l b O  1 : 0 4 0  1 : 1 2 8 0  1 : 2 5 6 0  

For f u r t h e r  i n fo rma t ion  p e r t a i n i n g  t o  t r i t i u m  
r e s e a r c h  r e f e r  t o :  

F i x a t i o n  and Long-term Accumulation of T r i t i u m  
from T r i t i a t e d  Water i n  an  Exper imenta l  Aquat ic  
Environment ,  J .  A. S t r a n d ,  e t  a l . ,  pp. 8 7 - 8 8 .  



O SALMON SPAWNING STLIDIES* 

1975 f a l l  ch inook salmon p o p u l a t i o n  e s t i m a t e s  i n  t h e  Columbia 

R ive r  n e a r  Hanford a r e  compared w i t h  t h o s e  of  p r e v i o u s  y e a r s .  

The c u r r e n t  y e a r ' s  spawning p o p u l a t i o n  i s  t h r e e f o l d  g r e a t e r  t h a n  

t h a t  observed  l a s t  yea r  b u t  i s  l e s s  t h a n  t h e  brood y e a r  of  1971. 

Fall Chinook Salmon Spawning Near 
Hanford - 1975 

D. G. Watson 

A e r i a l  c ensus  o f  f a l l  ch inook 
salmon spawning i n  t h e  Hanford r e a c h  
o f  t h e  Columbia R ive r  h a s  been con-  
d u c t e d  a n n u a l l y  s i n c e  1947 and t h e  
r e s u l t s  of  t h e s e  su rveys  have been 
summarized i n  p r e v i o u s  annua l  r e p o r t s .  
These s u r v e y s  i n i t i a l l y  were con-  
duc t ed  t o  p r o v i d e  an  index  of t h e  s u c -  
c e s s  of  a  salmon r a c e  spawning i n  a  
s e c t i o n  of  t h e  r i v e r  r e c e i v i n g  p l u t o -  
nium p r o d u c t i o n  r e a c t o r  c o o l i n g  wa te r  
e f f l u e n t s .  S i n c e  t h e  c l o s u r e  of  t h e  
l a s t  of t h e  p lu tonium r e a c t o r s  i n  
1971,  t h e  spawning c e n s u s  ha s  c o n t r i b -  
u t e d  t o  t h e  e c o l o g i c a l  d a t a  b a s e l i n e  
of  t h e  r i v e r .  

E s t i m a t e s  o f  t h e  numbers o f  salmon 
r e d d s  ( n e s t s )  were made from a  s m a l l  
a i r c r a f t  i n  t h e  s e c t i o n  of t h e  Colum- 
b i a  R ive r  from t h e  C i t y  o f  Rich land  
( r i v e r  m i l e  339) t o  P r i e s t  Rapids Dam 
( r i v e r  m i l e  396) on October  1 6 ,  20, 
and November 20 (Tab l e  3 4 ) .  P a r t i a l  
s u r v e y s ,  t h a t  were d i s c o n t i n u e d  be -  
c a u s e  o f  a d v e r s e  wea the r ,  were con-  
duc t ed  on November 7  and 19 .  Spawn- 
i n g  p robab ly  began d u r i n g  t h e  second  
week i n  October  s h o r t l y  b e f o r e  t h e  
f i r s t  su rvey .  E a r l i e s t  spawning,  a s  
i n  t h e  p a s t  s e v e r a l  y e a r s ,  was i n  t h e  
v i c i n i t y  of  Ringold  ( r i v e r  m i l e  354 ) .  

Recent  y e a r s '  r e l e a s e s  o f  j u v e n i l e  
f a l l  ch inook salmon t o  t h e  Columbia 
R ive r  from t h e  Washington S t a t e  De- 
par tment  o f  F i s h e r i e s  r e a r i n g  s t a t i o n  
a t  Ringold  have been of  e a r l y  spawn- 
i n g  s t o c k .  Adu l t  r e t u r n s  from t h e s e  
p l a n t i n g s  p robab ly  c o n t r i b u t e  t o  t h e  
e a r l y  spawning i n  t h i s  a r e a .  

A t o t a l  o f  2683 r e d d s  were ob- 
s e r v e d ,  which i s  s u b s t a n t i a l l y  
g r e a t e r  t h a n  t h e  728 p r e s e n t  l a s t  
y e a r  b u t  l e s s  t h a n  t h e  3600 i n  t h e  
1971 dominant  p a r e n t  y e a r .  Spawning 
occu r r ed  i n  t h e  same g e n e r a l  a r e a s  
t h a t  have been used  i n  t h e  p a s t  and 
were con f ined  t o  t h e  s e c t i o n  o f  r i v e r  
from Wooded I s l a n d  ( r i v e r  m i l e  349) 
t o  downstream of  P r i e s t  Rapids Dam a t  
r i v e r  m i l e  393. T h i s  y e a r ' s  Hanford 
spawning p o p u l a t i o n  i s  abou t  25% of 
t h e  a d u l t  f a l l  ch inook salmon a scend -  
i n g  McNary Dam ( r i v e r  m i l e  292) ,  t h e  
n e a r e s t  downstream Columbia R ive r  dam, 
and abou t  7% o f  t h e  r u n  p a s s i n g  Bon- 
n e v i l l e  Dam ( r i v e r  m i l e  1 4 6 ) ,  t h e  dam 
n e a r e s t  t h e  r i v e r  mouth. 

Comparison of  t h e  numbers of  f a l l  
ch inook p a s s i n g  McNary Dam w i t h  I c e  
Harbor Dam on t h e  Snake R ive r  and 
P r i e s t  Rapids  Dam immedia te ly  up-  
s t r e a m  from Hanford ,  i n d i c a t e  t h a t  
abou t  5 0 %  o f  t h e  r u n  p a s s i n g  McNary 
i s  unaccounted  f o r .  Some of t h e  
u n a c c o u n t e d - f o r  f r a c t i o n  spawn i n  t h e  
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Yakima and Wal la  Wal la  R i v e r s  b u t  n o t  
enough t o  app roach  t h e  5 0 %  d e f i c i t .  
Two p o s s i b l e  r e a s o n s  f o r  n o t  a r r i v i n g  
a t  a  b a l a n c e  between t h e  dam c o u n t s  
and Hanford p o p u l a t i o n  e s t i m a t e s  a r e  
1 )  a e r i a l  c e n s u s  of  t h e  Hanford spawn- 
i n g  u n d e r e s t i m a t e s  t h e  numbers of 
f i s h  a c t u a l l y  i n  t h i s  s e c t i o n  of t h e  

r i v e r  and 2 )  t h e r e  i s  a  s u b s t a n t i a l  
p respawning  m o r t a l i t y  o f  t h e  f i s h  
t h a t  p a s s  McNary Dam. Both of t h e s e  
p o s s i b i l i t i e s  p r o b a b l y  a p p l y .  

The Hanford s e c t i o n  o f  t h e  Colum- 
b i a  R ive r  c o n t i n u e s  t o  be an  impor- 
t a n t  r e p r o d u c t i o n  a r e a  f o r  t h e  midd l e  
r i v e r  f a l l  ch inook  salmon.  

TABLE 34 .  F a l l  Chinook Salmon Spawning - Hanford 

ADULT FALL CHINOOK 
NUMBER OF REDDS DAM PASSAGE 

37 1 
WHITE 

383 
COYOTE 

BONNEVl LLE McNARY 
AUG 1 - AUG 9- 

YEAR RINGOLD 368 BLUFFS 376 RAPIDS MIDWAY OTHER TOTAL OEC .31 OCT. 31 

1966 10 10.3) 279 (9) 267 (9) 1206 091 37 (1) ~ M O  142) 2 3101 155,445 75,119 

1%7 28 (0.9) 388 (121 273 (8) 1192 (36) 17 (0.5) 1340 1411 29 3267 185643 73087 

1%8 117 0) 595 (17) 188 (51 1069 00) 52 (1.5) 1520 (43) 39 3560 159M8 72,757 

1969 265 (5.9) 820 (18) 427 (9) 1446 02) 50 11) 1500 03) 0 4508 23 1,828 79375 

1970 107 (2.8) 615 (161 302 (8) 1180 01) 72 (2) 1528 (401 9 3813 208.902 61554 

1971 182 (5) 560 (161 416 (12) 1071 00) 10 (0.3) 1361 08) 0 3600 202274 69 718 
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EFFECTS OF THERMAL DISCHARGES TO COASTAL WATERS 

Thermal e f f e c t s  s t u d i e s  c e n t e r e d  on t h e  e f f e c t s  of s u b l e t h a l  

t empera tu re s  on i n t e r t i d a l  communities and t h e  growth o f  

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

w i t h  i n t e r t i d a l  organisms were s u b j e c t e d  t o  a  6-week exposure  

a t  t empera tu re s  2 ,  5 ,  and 10°C above ambient .  Ana lys i s  o f  t h e  

fauna  remain ing  on t h e  s u b s t r a t e s  a f t e r  t h e i r  exposure  i n d i c a t e s  

t h a t  t h e r e  was a  g e n e r a l  d e c l i n e  i n  t a x a  p r e s e n t  a s  tempera-  

t u r e  i n c r e a s e d ,  b u t  t h e  a c t u a l  numbers o f  t a x a  p r e s e n t  were 

n o t  below t h e o r e t i c a l  l e v e l s .  F u r t h e r  a n a l y s i s  i s  be ing  con-  

duc ted  t o  t e s t  t h e  v a l i d i t y  o f  t h e  method. 

Growth s t u d i e s  u s i n g  coon s t r i p e  shrimp,  Pandalus danae ,  and 

E n g l i s h  s o l e ,  Parophrys v e t u l u s ,  were conducted a t  tempera-  

t u r e s  below t h e i r  CTM v a l u e s .  The coon s t r i p e  shrimp had 

maximum growth a t  16OC, and E n g l i s h  s o l e  a t  10°C. 

The Effects of Continuous Exposure to 
Elevated Temperatures on Pacific 
Northwest Intertidal Attached 
Communities 

C. I. Gibson, C. W. Apts. 
J. R. Vanderhorst, P. Wilkinson and 
S. L. Kiesser 

Improvements i n  power p l a n t  d e s i g n  
have reduced  t h e  p r o b a b i l i t y  of  l a r g e  
numbers o f  mobile  organisms be ing  
exposed t o  t h e  shock of  l a r g e  changes 
i n  t empera tu re .  However, t h e  p o t e n -  
t i a l  of  e f f e c t s  due t o  e n t r a i n m e n t ,  
impingement and e c o l o g i c a l  changes ,  
caused  by long - t e rm ambient  tempera-  
t u r e  i n c r e a s e s  ove r  l a r g e  a r e a s ,  s t i l l  
e x i s t  and a r e  o f  concern  f o r  l a r g e  
o f f s h o r e  and c o a s t a l  power s t a t i o n s  
p r e d i c t e d  f o r  t h e  f u t u r e .  

To e s t i m a t e  t h e  type  o f  r e sponse  
t h a t  would occur  i n  t h e  P a c i f i c  

Northwest c o a s t a l  ecosys tems c o n t i n u -  
o u s l y  exposed t o  e l e v a t e d  t e m p e r a t u r e s ,  
t h e  b lock  community s t u d i e s  were 
i n i t i a t e d  i n  1974.  -The community 
s e l e c t e d  f o r  t h e  i n i t i a l  exper iments  
was t h e  a t t a c h e d  fauna  t h a t  deve loped  
on c o n c r e t e  b locks  p l a c e d  a t  mean 
lower low water  f o r  a  p e r i o d  o f  a t  
l e a s t  6  months. The c o n c r e t e  b lock  
was s e l e c t e d  because  o f  i t s  u n i v e r s a l  
a v a i l a b i l i t y ,  s t a b i l i t y  a t  exposure  
s i t e ,  v a r i e t y  o f  s u r f a c e s  and b a s i c  
m a t e r i a l  composi t ion .  A p r e l i m i n a r y  
r e p o r t  o f  exposure  methods and s e t -  
t l i n g  r a t e s  was p r e s e n t e d  i n  t h e  1974 
Annual Repor t .  During t h i s  r e p o r t i n g  
p e r i o d ,  f u r t h e r  a n a l y s e s  were made o f  
t h e  6-week exposure  s t u d y ,  and a  
6-month exposure  u s i n g  a  mod i f i ed  
expe r imen ta l  de s ign  was i n i t i a t e d .  

The i n i t i a l  community s t u d i e s  con- 
s i s t e d  o f  expos ing  organisms t h a t  had 



c o l o n i z e d  on c o n c r e t e  b l o c k s ,  t o  tem- 
p e r a t u r e  i n c r e a s e s  o f  2 ,  5 ,  and 10°C 
ove r  t h e  ambient  t empera tu re  a t  t h e  
t ime of t h e i r  c o l l e c t i o n ,  f o r  a  6 -  
week p e r i o d .  The organisms were t hen  
h a r v e s t e d  from t h e  b l o c k s ,  and s p e c i e s ,  
numbers and biomass (wet we igh t )  were 
measured. 

Because o f  t h e  v a r i a b i l i t y  i n  
co lony composi t ion  on t h e  b locks  used  
f o r  t h e  t e s t ,  o n l y  t h o s e  organisms 
p r e s e n t  on a l l  t h r e e  p r e t e s t  f i e l d  
b locks  (Table  3 5 j  were c o n s i d e r e d  f o r  
f u r t h e r  a n a l y s i s .  Table  35 a l s o  
shows t h e  number of  t e s t  b locks  and 
p o s t - t e s t  b locks  on which each  o f  
t h e s e  organisms o c c u r r e d .  On t h e  
p r e t e s t  b l o c k s ,  t h e r e  were a  t o t a l  o f  
60 taxonomic groups  i d e n t i f i e d ,  and o f  
t h e s e  60,  t he  t h r e e  i n d i v i d u a l  b locks  
each  had 36, 37,  and 39 groups p r e s e n t .  
I f  one assumes t h a t  t h e  organisms t h a t  

occu r r ed  on a l l  p r e t e s t  b locks  have a  
p r o b a b i l i t y  of  o c c u r r i n g  on t h e  t e s t  
b locks  a t  t h e  same r a t e  a s  t h e  random 
s p e c i e s  occu r r ence  on t h e  t h r e e  p r e -  
t e s t  b l o c k s ,  t hen  t h e  t h e o r e t i c a l  
d i s t r i b u t i o n  o f  t h e  2 1  groups common 
t o  a l l  p r e t e s t  b locks  i s  37/60,  o r  
about  6 0 % .  The a c t u a l  d i s t r i b u t i o n  
of t h e s e  groups  ranged from 62% on 
t h e  AT 10°C b locks  t o  75% on t h e  
f i e l d  p o s t - t e s t  b l o c k s .  Using t h e  
above a s sumpt ions ,  t h e  t e s t  b locks  do 
show a  d e c r e a s e  i n  occu r r ence  o f  t h e  
2 1  expec ted  groups a s  t h e  t empera tu re  
i n c r e a s e s  (Table 3 5 ) ,  b u t  a l l  a r e  
above l e v e l s  p r e d i c t e d  by ou r  b a s i c  
assumpt ions .  Cons ide r ing  t h a t  t h e  
b locks  were c o l o n i z e d  i n  t h e  i n t e r -  
t i d a l  zone, i t  i s  n o t  unexpected  t h a t  
most s p e c i e s  would be a b l e  t o  t o l e r -  
a t e  a  10°C t empera tu re  change.  The 
l o c a l  wa te r  t empera tu re s  g e n e r a l l y  
h o l d  between 7 and 13"C, b u t  i n t e r -  

TABLE 35. Taxonomic Groups t h a t  Occurred on a l l  
P r e t e s t  Blocks and The i r  Occurrence on t h e  T e s t  
Blocks.  

Taxonomic Groups Occurring Number Of Blocks Each Taxonomic Group 
On All Three Pretest Blocks Occurred On In Each Test Condition 

AT O°C AT 2OC AT S°C AT 10°C Post ---- 
Nereis vexillosa 0 2 0 2 0 

Platynereis bicunaliculata 0 2 2 1 0 

Gnor imosphaeroma oregonens is 0 1 1 1 2 

Exosphaeroma amplicauda 3 3 3 3 3 

Unidentified Amphipods 3 3 3 3 3 

Ampithoe g.  2 3 1 2 2 
Ampithoe simulans 2 3 2 0 3 

Ampithoe valida 2 2 1 2 1 

Aoroides columbiae 2 2 0 0 3 

Parallorchestes ochotensis 2 2 2 0 3 

Pagurus hirsutiusculus 3 3 3 2 2 

Pagurus granosimanus 3 3 3 3 3 

Pinnixia T. 1 1 1 1 1 

Mytilus edulis 3 3 2 3 3 

Mysella tumida 3 1 3 1 3 

Hiatella artica 3 3 3 0 1 

Acmaea digitalis 2 2 2 3 3 

Acmaea pelta 1 2 2 3 2 

Margarites 2. 3 3 3 3 3 

Lacuna SJ. 3 3 . 3  3 3 

Alabina 9. 3 3 3 3 3 

Percent occurrence on 
test blocks 7 0 79 6 8 6 2 7 5 
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FIG. 46 .  Net Growth f o r  Fed and -- 
Sta rved  Coon S t r i p e  Shrimp (1-2  g)  
Exposed t o  2 Weeks of  Thermal I n -  
c r e a s e s  Followed by 2 Weeks of Am-  
b i e n t  Tempera ture .  

When a l l  g roups  were r e t u r n e d  t o  
ambient  t empera tu re ,  n e g a t i v e  growth 
occu r r ed  w i t h i n  t h e  16 and 2 2 O C  g roups ,  
and t h e r e  was a  s l i g h t  p o s i t i v e  growth 
i n  t h e  o t h e r  g roups .  Again ,  a l l  
shrimp d i e d  a t  25OC. The r e s u l t s  o f  
t h e  second exper iment  were s i m i l a r  
t o  t h e  f i r s t  w i th  t h e  l a r g e s t  weight  
g a i n  be ing  a t  16OC ( F i g .  4 7 ) .  

I n i t i a l  expe r imen ta t i on  conducted 
w i t h  j u v e n i l e  Eng l i sh  s o l e  fo l lowed 
t h e  same t e s t  p rocedures  d e s c r i b e d  
f o r  coon s t r i p e  shr imp.  The f i s h  
were t e s t e d  f o r  a  1-month p e r i o d  a t  
ambient  (7.5OC), 1 0 ,  1 3 ,  1 6 ,  1 9 ,  and 
21°C and were a c c l i m a t e d  t o  t e s t  con-  
d i t i o n s  a t  a  r a t e  o f  Z°C p e r  day.  
The g r e a t e s t  weight  g a i n  o c c u r r e d  a t  
10°C wi th  s m a l l e r  i n c r e a s e s  a t  7 .5 ,  
1 3 ,  and 16OC. A l l  f i s h  d i e d  a t  1 9  
and 21°C (F ig .  4 8 ) .  

Temperature p l a y s  an impor t an t  
r o l e  i n  t h e  growth of  coon s t r i p e  
shr imp,  and 16°C appea r s  t o  be t h e  
op t ima l  t empera tu re  f o r  t h e  growth,  
a t  l e a s t  f o r  s h o r t  p e r i o d s  of  t ime i f  
an ample food supp ly  i s  p rov ided .  
There does ,  however, seem t o  be a  
d e c r e a s e  i n  t h e  amount of  growth i n -  
c r e a s e  a s  t h e  ambient  t empera tu re  
d e c r e a s e s ,  s u g g e s t i n g  t h a t  s t r e s s  may 
occu r  i f  t h e  AT becomes too  g r e a t .  
However, r a p i d  d e c r e a s e s  i n  tempera-  
t u r e ,  s i m u l a t i n g  a  power p l a n t  s h u t -  
down, d i d  no t  r e t a r d  growth.  

Based on t h e s e  p r e l i m i n a r y  t e s t s ,  
i t  appea r s  a s  though a d u l t  coon s t r i p e  
shrimp would n o t  be a f f e c t e d  by power 
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FIG. 47 .  Net Growth f o r  Coon S t r i p e  
Shrimp (1-2 g) Exposed t o  Thermal 
I n c r e a s e s  f o r  a  24-Day P e r i o d .  

TEMPERATURE AMBIENT 
(7.5%) loOc 13Oc lbOc 1@c 21°c 

FIG. 48. Net Growth f o r  J u v e n i l e  
E n g l i s h  S o l e  Exposed t o  Thermal 
I n c r e a s e s  f o r  1 Month. 



p l a n t  r e c e i v i n g  w a t e r ,  i f  t h e  maximum 
t empera tu re  d i d  n o t  exceed  l Q ° C .  I n  
f a c t ,  by c o n t r o l l i n g  t h e  t empera tu re  
a t  16OC, a q u a c u l t u r e  would be p o s s i -  
b l e  i f  o t h e r  f a c t o r s  p rove  economica l ,  
and c u l t u r i n g  methods cou ld  be d e v e l -  
oped.  J u v e n i l e  E n g l i s h  s o l e  would 
a l s o  n o t  appea r  t o  be s e v e r e l y  a f -  
f e c t e d  by t e m p e r a t u r e s  i n  t h i s  r ange .  
However, i t s  p o t e n t i a l  f o r  aquacu l -  
t u r e  would be dependent  on movement 
o f  t h e  f i s h  o u t  o f  t h e  d i s c h a r g e  
d u r i n g  t h e  summer. 

Tes t s  a r e  be ing  con t inued  on t h e  
coon s t r i p e  shrimp h e l d  a t  16OC t o  
de termine  growth v a r i a b i l i t y ,  t h e  
e f f e c t s  o f  f e e d i n g  r a t e s ,  l o n g e r  e x -  
p o s u r e s ,  and r e p r o d u c t i v e  s u c c e s s .  
S t u d i e s  on  t h e  e f f e c t s  o f  common 
e f f l u e n t  contaminants  on t h e  shrimp 
a r e  d i s c u s s e d  under  t h e  B i o a v a i l a b i l -  
i t y  and Impact o f  E f f l u e n t s  on C o a s t a l  
Ecosystems s e c t i o n .  



NONNUCLEAR EFFLUENTS: FATE AND EFFECTS OF OIL AND 
OIL COMPOUNDS ON MARINE COASTAL ECOSYSTEMS 

S t u d i e s  on t h e  f a t e  and e f f e c t s  o f  o i l  a r e  i n  r e sponse  t o  an 

e s t i m a t e d  4 t o  10 m i l l i o n  ton  annual  i n p u t  o f  pe t ro leum hydro-  

carbons  t o  marine wa te r s  and a r e  d i r e c t e d  t o  q u a n t i t a t i v e  a s s e s s -  

ment of l ong - t e rm e f f e c t s  of l o w - l e v e l  exposure on mar ine  

communit ies .  

Based on in fo rma t ion  from s h o r t -  term s t u d i e s  , t h r e e  broad  

problem a r e a s  have been i d e n t i f i e d .  F i r s t ,  t h e r e  i s  a  need t o  

s t a b i l i z e  expe r imen ta l  t r e a t m e n t  t o  bo th  a l l ow d e s c r i p t i o n  o f  

t r e a t m e n t  and i n t e r p r e t a t i o n  of  observed  b i o l o g i c a l  r e sponse ;  

second,  t h e r e  i s  a  need t o  develop  e x i s t i n g  a n a l y t i c a l  methods 

having  h igh  s e n s i t i v i t y  f o r  use  a s  r o u t i n e  t o o l s  complementary 

t o  b i o a s s a y ;  and t h i r d ,  t h e r e  i s  a  need t o  demons t r a t e  t h e  s u i t a -  

b i l i t y  of m u l t i - s p e c i e s  b i o l o g i c a l  complexes a s  l a b o r a t o r y  t e s t  

u n i t s .  Approaches a p p l i e d  t o  t h e s e  problems a r e  g iven  i n  t h e  

t h r e e  c o n s t i t u e n t  pape r s  o f  t h i s  s e c t i o n .  

I n  t h e  f i r s t  p a p e r ,  we i n d i c a t e  t h e  f e a s i b i l i t y  of  u s ing  

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

l a b o r a t o r y  use  and p r e s e n t  compara t ive  d a t a  f o r  s u b s t r a t e s  p r e -  

t r e a t e d  wi th  whole c rude  o i l  and wa te r -bo rne  f u e l  o i l .  In  t h e  

second p a p e r ,  a  d a t a  based c o m p a ~ i s o n  i s  g iven  f o r  s t a b i l i t y  

r e s u l t i n g  from r e p e a t e d  b a t c h  t r e a t m e n t s  and c o n t i n u o u s l y  metered 

f u e l  o i l .  V a r i a b i l i t y  i n  exposure  t ank  c o n c e n t r a t i o n  has been 

reduced  from 100% t o  19% i n  t h e  c o u r s e  o f  t h e s e  s t u d i e s .  The 

19% v a r i a b i l i t y  appea r s  t o  be  a  c h a r a c t e r i s t i c  of  f u e l  o i l  d i s -  

p e r s i o n s  r a t h e r  t h a n  a  d e l i v e r y  sys tem problem. A t h i r d  pape r  

d e a l s  w i th  t h e  s t e p s  t a k e n  t o  improve s e n s i t i v i t y  of  r o u t i n e  

wa te r -bo rne  hydrocarbon a n a l y s i s  a s  w e l l  a s  d e s c r i p t i o n  o f  a p p l i e d  

t r e a t m e n t s .  



Description of Treatment in Marine 
Community Assessment of Petroleum 
Hydrocarbon Effects 

J. R .  Vanderhorst, C. I. Gibson and 
L. J. Moore 

The s t u d y  o f  t h e  e f f e c t s  o f  p e t r o -  
leum on marine communities i s  d i f f i -  
c u l t  because  o f  t h e  complexi ty  o f  
pe t ro leum b o t h  chemica l ly  and i n  i t s  
r e a c t i o n  w i t h  s e a  w a t e r .  Two o f  t h e  
d i f f i c u l t i e s  i n  o b t a i n i n g  u s a b l e  d a t a  
abou t  o i l  t o x i c i t y  t o  mar ine  o rga -  
nisms a r e  t h e  d e f i n i t i o n  of  t h e  quan- 
t i t y  o f  o i l  t h a t  an organism i s  be ing  
exposed t o  and t h e  d e l i v e r y  o f  a  
known q u a n t i t y  o v e r  t h e  d u r a t i o n  o f  
a  t e s t .  A major  problem addres sed  
t h i s  y e a r  was t h e  s t a b i l i z a t i o n  and 
d e f i n i t i o n  o f  t h e  t r e a t m e n t  used f o r  
community exposure  s t u d i e s  i n  a  
manner t h a t  w i l l  a l l o w  comparison o f  
l a b o r a t o r y  d a t a  t o  r e a l - w o r l d  s i t u -  
a t i o n s .  S u b s t a n t i a l  p r o g r e s s  i s  
b e i n g  made toward t h e  s o l u t i o n  of  t h i s  
problem. 

Our f i r s t  cons i d e r a t i o n  was t h e  
t y p e  of  t r e a t m e n t  t o  be u sed .  Much 
o f  t h e  i n v e s t i g a t i o n  o f  t o x i c i t y  
e f f e c t s  of  pe t ro l eum used  " s t a t i c "  
b i o a s s a y  i n  which known volumes o f  
pe t ro l eum and s e a  wa te r  were mixed; 
and ,  c o n c e n t r a t i o n  was e x p r e s s e d  i n  
terms of  t h e  mixing r a t i o .  Q u i t e  
o b v i o u s l y ,  because  o f  pe t ro l eum 
d e p u r a t i o n  and d e t e r i o r a t i o n  of w a t e r  
q u a l i t y ,  unmodif ied " s t a t i c "  b i o a s s a y  
i s  n o t  a  s u i t a b l e  approach f o r  s t u d y  
o f  l o n g - t e r m  e f f e c t s  on macrophyte 
and  macro- i n v e r t e b r a t e  marine commu- 
n i t i e s .  A m o d i f i c a t i o n  from " s t a t i c "  
b i o a s s a y  methods was used i n  e x p e r i -  
mental  f i e l d  s t u d i e s  (Baker ,  1971) 
and i n  t h e  l a b o r a t o r y  (Annual Repor t ,  
1974) .  I n  t h e  f i e l d  s t u d i e s ,  Baker 
sp rayed  randomly s e l e c t e d  i n t e r t i d a l  
p l o t s  w i t h  o i l  and o i l  p l u s  d i s p e r s a n t  
m i x t u r e s ,  and compared t r e a t e d  and 
u n t r e a t e d  p l o t s .  S i n g l e  t r e a t m e n t s  
had l i t t l e  l a s t i n g  e f f e c t ,  b u t  r e -  
p e a t e d  t r e a t m e n t s  r e s u l t e d  i n  b a s i c  
changes i n  t h e  i n t e r t i d a l  community 
s t r u c t u r e .  U n f o r t u n a t e l y ,  q u a n t i t a -  
t i o n  of  pe t ro l eum a v a i l a b l e  t o  t h e  
communities i s  n o t  f e a s i b l e  u s i n g  
Bake r ' s  approach .  Our m o d i f i c a t i o n  
invo lved  s u c c e s s i v e  s p i l l a g e  o f  mea- 
s u r e d  amounts of No. 2 f u e l  o i l  i n t o  
exposure  chambers r e c e i v i n g  measured 
con t inuous  f lows  o f  s e a  w a t e r .  The 
systems were c h a r a c t e r i z e d  i n  terms 
o f  measured pe t ro l eum c o n t e n t .  

The work on s u c c e s s i v e  s p i l l a g e s  
has  been summarized i n  a  manusc r ip t  
t i t l e d  "The Role of  D i spe r s ion  i n  
Fuel  O i l  B ioas say , "  which has  now 
been accep ted  f o r  p u b l i c a t i o n .  The 
pape r  d i s c u s s e s  i n  d e t a i l  t h e  d i s -  
p e r s i o n  r equ i r emen t  needed t o  o b t a i n  
measurable  c o n c e n t r a t i o n s  o f  No. 2 
f u e l  o i l  i n  t h e  wa te r  and l e t h a l  
e f f e c t s  of  t h e  o i l  on Pandalus  danae .  
The r e l a t i o n  between aqueous phase  
c o n c e n t r a t i o n  o f  f u e l  o i l  from t ime 
of  s p i l l a g e  under  c o n d i t i o n s  of  con-  
t i n u o u s  d i s p e r s i o n  i s  shown i n  F ig .49  . 
Depura t ion  i s  l o g a r i t h m i c ,  v a r i a b l e ,  
and s i m i l a r  t o  d e p u r a t i o n  r a t e s  from 
t o t a l l y  " s t a t i c "  sys tems (Anderson 
e t  a l . ,  1974) .  From t h e s e  d a t a ,  we 
concluded  t h a t  w h i l e  i t  would be 
f e a s i b l e  t o  develop  e x p r e s s i o n s  o f  
e f f e c t i v e  t r e a t m e n t  c o n c e n t r a t i o n  
u s i n g  t h e  d e s c r i b e d  methods,  a  much 
more e f f i c i e n t  e f f o r t  would r e s u l t  
from t h e  con t inuous  supp ly  o f  s e a  
wa te r  and pe t ro leum.  
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FIG. 49. Purge of Aqueous Phase Fue l  
from,System Receiv ing  Continuous Mixing. 

The a p p a r a t u s  des igned  and con-  
s t r u c t e d  t o  p r o v i d e  a  con t inuous  
supp ly  o f  s e a  wa te r  con tamina t ed  w i t h  
o i l  i s  a  m o d i f i c a t i o n  o f  one de -  
s c r i b e d ,  by Bean e t  a l .  (1974) and d i s -  
cus sed  i n  t h e  1974 Annual Repor t .  A 

m a n u s c r i p t  d e s c r i b i n g  t h e  a p p a r a t u s  
and q u a n t i t a t i v e  d a t a  on t h e  concen- 
t r a t i o n  o f  t o t a l  C C 1 4  e x t r a c t a b l e  
f u e l  o i l  i n  s eawa te r  e f f l u e n t  from 



t h e  a p p a r a t u s  i s  i n  p r e p a r a t i o n .  
Another pape r  p r e s e n t i n g  s h o r t - t e r m  
m o r t a l i t y  d a t a  f o r  coon s t r i p e  shrimp 
exposed t o  measured c o n c e n t r a t i o n s  o f  
t h e  aqueous phase o i l  i s  a l s o  i n  
p r e p a r a t i o n .  

In  p r i n c i p l e ,  t h e  con t inuous  f l ow 
sys tem s e p a r a t e s  s o l u b l e  and i n s o l -  
u b l e  pe t ro l eum,  d i s c a r d s  t h e  i n s o l -  
ub l e  phase and makes a v a i l a b l e  a  con- 
t i n u o u s  f low o f  t h e  s o l u b l e  phase .  
In  p r a c t i c e ,  s i n c e  d i s s o l u t i o n  and 
s e p a r a t i o n  a r e  n o t  comple te ,  t h i s  
phase i s  b e s t  d e s c r i b e d  a s  "aqueous 
phase o i l  ." The aqueous phase o i l  i s  
d i l u t e d  w i t h  c l e a n  s e a  wa te r  and used  
t o  supp ly  t e s t  t a n k s .  The sys tem was 
e v a l u a t e d  a t  c o n c e n t r a t i o n s  l e t h a l  t o  
coon s t r i p e  shrimp a t  p e r i o d s  o f  1 t o  
4 days and a t  lower c o n c e n t r a t i o n s  
f o r  p e r i o d s  of  s e v e r a l  months. A 
p e r s i s t e n t  v a r i a b i l i t y  i n  t h e  mea- 
su red  c o n c e n t r a t i o n  o f  o i l  was ob-  
s e r v e d .  We have a l s o  been working on 
methods t o  reduce  t h e  v a r i a b i l i t y .  
An o v e r a l l  view o f  p r o g r e s s  i n  terms 
o f  c o n c e n t r a t i o n  v a r i a b i l i t y  can be 
s e e n  on Table  36. V a r i a b i l i t y  c o e f -  
f i c i e n t s  f o r  measured f u e l  o i l  con-  
c e n t r a t i o n  were reduced  from 100% t o  
1 9 %  (Tes t  S e r i e s  A-E). T e s t  S e r i e s  
F - I ,  r e p r e s e n t  s p e c i a l  c a s e s  which 
occu r  w i th  c o n c e n t r a t i o n s  of  aqueous 
f u e l  o i l  below 1 m g / ~ .  

A t  r e p o r t i n g  t ime l a s t  y e a r ,  we 
p o s t u l a t e d  t h a t  one of  t h e  g r e a t e s t  
s o u r c e s  f o r  v a r i a b i l i t y  i n  concen- 
t r a t i o n  o f  pe t ro l eum was t h e  deg ree  
of  mixing.  The d i f f e r e n c e  i n  v a r i -  
a b i l i t y  c o e f f i c i e n t s  (Table  36 ,  
S e r i e s  A 6 B ) ,  f o r  " s u c c e s s i v e  s p i l -  
l a g e s  w i t h  no p a r t i t i o n i n g "  and t h a t  
f o r  " s u c c e s s i v e  s p i l l a g e s  w i t h  con-  
t i nuous  d i s p e r s i o n "  i s  2 7 % ,  i n d i -  
c a t i n g  t h e  c o n t r i b u t i o n  t o  v a r i a b i l -  
i t y  by mixing .  I n  q u a n t i t a t i v e  t e r m s ,  
t h e  e s t i m a t e  a p p l i e s  on ly  t o  t h e  con- 
d i t i o n s  used  i n  t h e  s u c c e s s i v e  s p i l l -  
age expe r imen t s .  The d e c r e a s e  i n  
v a r i a b i l i t y  between con t inuous  f low 
t e s t s  S e r i e s  D and E r e s u l t e d  a f t e r  
t h e  removal o f  mechanical  mixers  i n  
t h e  pr imary  mixing chamber o f  t h e  
mixing-  s e t t l i n g  a p p a r a t u s  and s t a b i l i -  
z a t i o n  of  water  f low r a t e s .  Removal 
o f  t h e  mixers  a l lowed us t o  r e l y  on 
t h e  f o r c e  o f  t h e  mixing chamber sup-  
p l y  wa te r  f o r  d i s p e r s i o n .  This  
simp1 i f  i c a t i o n  undoubtedly c o n t r i b -  
u t e d  t o  t h e  r e d u c t i o n  i n  v a r i a b i l i t y  
b u t  canno t  be i s o l a t e d  from t h e  
e f f e c t  o f  s t a b l i z a t i o n  o f  wa te r  f low.  
Mean c o n c e n t r a t i o n s  o f  aqueous phase 
f u e l  o i l  i n  t h e  m i x e r - s e t t l e r  o u t -  
f a l l  were n o t  s i g n i f i c a n t l y  ( P  = 0.05) 
changed by t h e  m o d i f i c a t i o n .  

TABLE 36. C o e f f i c i e n t s  of  V a r i a b i l i t y  f o r  Measured (IR) 
Concen t r a t i on  o f  CClkaSeawater  E x t r a c t s  Using D i f f e r e n t  
Treatment  Cond i t i ons .  

T e s t  V a r i a b i l i t y  
S e r i e s  Trea tmen t  C o n d i t i o n s  C o e f f i c i e n t  2 

A S u c c e s s i v e  S p i l l a g e s ;  no p a r t i t i o n i n g  100 90 

B S u c c e s s i v e  S p i l l a g e s ;  c o n t i n u o u s  d i s p e r s i o n  7 3 6  4  

C Con t inuous  f l o w ;  c r u d e  o i l ' a t  
c o n t a c t o r  o u t f a l l  ( 1  month) 

D- Cont inuous  f low;  . f u e l  o i l  (24 h r )  
(LC50) (shr imp)  

E Cont inuous f low;  f u e l  o i l  (96 h r )  
(LC50); sys tem s i m p l i f i e d  ( sh r imp)  

F Cont inuous f low;  f u e l  o i l ;  i n s t a n t a n e o u s  
w i t h  t a n k  p o s i t i o n s  f o r  samples  a s  v a r i -  
a b l e s  ( d e p t h ,  l e n g t h )  (LC50) (shr imp)  2 3 36 

G Continuous f l o w ;  f u e l  o i l  ( 1  month ) ;  
s u b l e t h a l  t o  c r a b s  

H Cont inuous f l o w ;  f u e l  o i l  (1 /2  month) ;  
mar ine  i n t e r t i d a l  communit ies ;  0 . 1  mg/e 200 5  6  

I Con t inuous  f low;  f u e l  o i l  (1 /2  month) :  
mar ine  i n t e r t i d a l  communit ies ;  0 . 6  mg/e 50 5 6  

a ~ a r i a b i l i t y  c o e f f i c i e n t s  a r e  s t a n d a r d  d e v i a t i o n s  a s  a  p e r c e n t a g e  
o f  mean f o r  t h e  N s amples .  



The amount o f  v a r i a b i l i t y  due t o  
d r i p p e r  arm f low f l u c t u a t i o n s  ( r a t i o  
of  aqueous phase  o i l  t o  d i l u e n t  s e a  
wa te r )  was t e s t e d .  A r e g r e s s i o n  of 
t h e  f low r a t e s  and measured i n - t a n k  
c o n c e n t r a t i o n s  gave an r v a l u e  o f  
0 .81.  When o u r  sys tem was c a r e f u l l y  
c o n t r o l l e d  d u r i n g  t h r e e  a c u t e  96 -h r  
b i o a s s a y  t e s t s ,  t h e  v a r i a b i l i t y  c o e f -  
f i c i e n t  was 1 9 %  (Table  36 ,  S e r i e s  E ) .  
I n  a  s e p a r a t e  expe r imen t ,  de s igned  t o  
t e s t  w i t h i n -  t ank  v a r i a b i l i t y ,  t r i p l i -  
c a t e  samples  were c o l l e c t e d  a t  s i x  
l o c a t i o n s  a t  e ach  o f  two d e p t h s .  
There was no s i g n i f i c a n t  d i f f e r e n c e  
(P = 0.05)  i n  t h e  mean c o n c e n t r a t i o n s  
f o r  t h e  1 2  sampl ing  l o c a t i o n s ,  and 
t h e  v a r i a b i l i t y  c o e f f i c i e n t  was 24%.  
Thus, i t  a p p e a r s  t h a t  t h e  minimum 
amount o f  v a r i a b i l i t y  we can  o b t a i n  
w i t h  t h e  p r e s e n t  sys tem i s  20%.  

A t  c o n c e n t r a t i o n s  l e s s  t h a n  1 mg/k, 
v a r i a b i l i t y  i n c r e a s e d  s h a r p l y  
(Table  36, S e r i e s  G ,  H 6 I ) .  A t  
t h e s e  c o n c e n t r a t i o n s ,  t h e r e  was n o t  
a  c o r r e l a t i o n  between f low r a t e s  and 
measured c o n c e n t r a t i o n s .  We conc lude  
t h a t  f i n d i n g  i s  i n d i c a t i v e  o f  t h e  
lower s e n s i t i v i t y  r a n g e  o f  o u r  a n a l y t -  
i c a l  p rocedu re .  F u r t h e r  d i s c u s s i o n  
of  t h i s  problem i s  g i v e n  i n  a  l a t e r  
s e c t i o n .  
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Of t h e  4  t o  10 m i l l i o n  m e t r i c  t o n s  
o f  pe t ro l eum hydrocarbon  t h a t  a r e  
e s t i m a t e d  t o  e n t e r  t h e  mar ine  e c o s y s -  
tem each  y e a r  (Na t iona l  Academy o f  
S c i e n c e ,  1975) most i s  found i n  t h e  
c o a s t a l  zone. Research  r e l a t e d  t o  
t h e  e f f e c t s  o f  pe t ro l eum hydrocarbons  
on marine sys tems  h a s  been l a r g e l y  
con f ined  t o  s i n g l e  s p e c i e s  s t u d i e s  i n  
t h e  form o f  s h o r t - t e r m  b i o a s s a y .  
Much o f  t h i s  r e s e a r c h  between i n v e s  t i -  
g a t o r s  i s  n o t  comparable .  D i f f e r -  
ences  i n  r e p o r t e d  t o x i c  l e v e l s  a r e ,  
i n  l a r g e  p a r t ,  due t o  d i f f e r i n g  o i l -  
w a t e r  c o n t a c t i n g  p r o c e d u r e s  and t h e  
methods used  t o  measure o r  c a l c u l a t e  
o i l  c o n c e n t r a t i o n s  i n  t e s t  media.  

I n  1974,  we i n i t i a t e d  a  s t u d y  of  
t h e  e f f e c t s  o f  o i l  on mar ine  c o a s t a l  
communit ies  and t o  d e f i n e  t h e  t e s t i n g  
methods t o  e n a b l e  d i r e c t  comparison 
w i t h  o t h e r  r e s e a r c h  and r e a l - w o r l d  
s i t u a t i o n s .  Our b i o l o g i c a l  s t u d i e s  
a r e  r e p o r t e d  i n  t h i s  s e c t i o n ,  and o i l -  
w a t e r  c o n t a c t i n g  methods and a n a l y t -  
i c a l  r e s e a r c h  a r e  d i s c u s s e d  i n  o t h e r  
p a p e r s  i n  t h e  Marine S c i e n c e s  S e c t i o n .  

I n  a  p r e l i m i n a r y  expe r imen t ,  con-  
c r e t e  c o n s t r u c t i o n  b l o c k s  were d ipped  
i n t o  a  v a t  o f  Prudhoe Bay c r u d e  o i l ,  
a l l owed  t o  d r a i n ,  p l a c e d  i n t o  t h e  
i n t e r t i d a l  zone o f  Sequim Bay, a l o n g  
w i th  u n t r e a t e d  b l o c k s ,  and  a l l owed  t o  
c o l o n i z e  f o r  3  months.  Data r e p o r t e d  
i n  t h e  1974 Annual Repor t  showed a  
d i f f e r e n c e  i n  numbers o f  s p e c i e s ,  
numbers o f  i n d i v i d u a l s  and biomass 
accumula t i on  i n  f a v o r  o f  u n t r e a t e d  
b l o c k s .  A f u r t h e r  a n a l y s i s  o f  t h e  
d a t a  i n  te rms  o f  t h e  Shannon-Weiner 
f u n c t i o n ,  H '  = z p i l o g z p i ,  where H '  
i s  d i v e r s i t y ,  and p i  i s  t h e  p r o p o r t i o n  
o f  an a t t r i b u t e  o c c u r r i n g  i n  one 
s p e c i e s ,  i s  now comple te .  A g r a p h i c  
comparison of  numbers o f  s p e c i e s ,  wet  
we igh t  b iomass ,  and t h e  Shannon- 
k e i n e r  f u n c t i o n  ( h e r e  based  on wet  
we igh t  biomass)  i s  g iven  i n  F i g .  50. 
D i f f e r e n c e s  i n  d i v e r s i t y  f o r  t r e a t e d  
and u n t r e a t e d  b l o c k s  a r e  s i g n i f i c a n t  
( P =  0 . 0 5 ) .  The i n d e x ,  H ' ,  was a l s o  
computed f o r  numbers o f  i n d i v i d u a l s  
on t h e  b lock  a s  a  whole,  and f o r  b i o -  
mass and numbers o f  i n d i v i d u a l s  
w i t h i n  major  t a x a .  Amphipods and 
p o l y c h a e t e s  were t h e  most s p e c i a t e d  
t a x a  o f  an ima l s  c o l o n i z e d  on b l o c k s .  
D i v e r s i t y  f o r  each  o f  t h e s e  groups  
was n o t  s i g n i f i c a n t l y  d i f f e r e n t  
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FIG. 50. The R e l a t i v e  Usefu lness  o f  
Numbers o f  S p e c i e s ,  Wet Weight Biomass 
and Spec i e s  D i v e r s i t y  i n  De tec t ing  
D i f f e r e n c e s  Between T r e a t e d  (Oi l  - 
Dipped) and Un t r ea t ed  Concre te  Block 
Co lon ie s .  I n t e r v a l s  Shown a r e  t h e  
95 P e r c e n t  Confidence I n t e r v a l s  f o r  
t h e  I n d i c a t e d  Means. 

(P = 0.05) f o r  t r e a t e d  and u n t r e a t e d  
b locks  when c a l c u l a t e d  f o r  i n d i v i d u a l  
numbers o r  biomass.  

This  p r e l i m i n a r y  s t u d y  demonst ra ted  
t h e  u s e f u l n e s s  o f  t h e  c o n c r e t e  b locks  
a s  t o o l s  f o r  making long - t e rm e f f e c t s  
s t u d i e s  under  f i e l d  c o n d i t i o n s .  
However, t h e  l a b o r  n e c e s s a r y  t o  ana-  
l y z e  t h e  l a r g e  and complex communities 
found on t h e s e  b locks  was e x c e s s i v e  
f o r  l a b o r a t o r y  s t u d i e s  r e q u i r i n g  a 
l a r g e  number o f  u n i t s .  Thus, f o r  
aqueous phase  o i l  exper iments  p lanned  
f o r  t h i s  yea r  we used c o n c r e t e  b r i c k s  
(6 x  9  x  19  cm) a s  c o l o n i z a t i o n  sub -  
s t r a t e s .  In September 1974,  500 
b r i c k s  were p l aced  a t  mean lower  low 
wa te r  on a  beach a d j a c e n t  t o  t h e  
Marine Research Labora to ry .  From t h i s  
i n i t i a l  p o o l ,  1 2 1  b r i c k s  were s e l e c t e d  
and a r r anged  i n  a  s q u a r e  g r i d  on t h e  
beach d u r i n g  A p r i l  1975.  The pr imary  
s e l e c t i o n  c r i t e r i o n  was a  f u l l  cover  
o f  g reen  a l g a e  o f  t h e  genus E. 

Br icks  from t h e  g r i d  were s e l e c t e d  
f o r  u se  i n  o u r  expe r imen ta l  de s ign  
by random t a b l e  p rocedures  on 
June 9 ,  1975.  The o v e r a l l  d e s i g n  
p rov ided  f o r  r e p l i c a t e  c o l o n i z e d  

b r i c k s  a t  each o f  two t r e a t m e n t  con- 
c e n t r a t i o n s  o f  aqueous phase  No. 2 
f u e l  o i l ;  r e p l i c a t e  i n - l a b o r a t o r y  
c o n t r o l s ,  i d e n t i c a l  t o  t r e a t m e n t s  
i n  o t h e r  r e s p e c t s ;  t r i p l i c a t e  
i n -  l a b o r a t o r y  c o n t r o l s  r e c e i v i n g  
d i r e c t  s u n l i g h t ,  and ,  t r i p l i c a t e  
c o n t r o l s  p l a c e d  i n  s t e e l  mesh cages  
on t h e  beach .  S u f f i c i e n t  b r i c k s  were 
provided  i n  each r e p l i c a t e  t o  a l l o w  
removal o f  a  s i n g l e  b r i c k  each month 
f o r  6  months. P o s i t i o n  o f  t h e  b r i c k  
t o  be removed was de termined  from a  
random numbers t a b l e ;  t h e  same r e -  
moval p o s i t i o n  was used f o r  each 
expe r imen ta l  c o n d i t i o n .  

The i n -  l a b o r a t o r y  t r e a t m e n t  and 
c o n t r o l  t anks  were of  f i b e r g l a s s  
(90 x  40 x  34 cm) and r e c e i v e d  con- 
t i n u o u s  contaminant / seawater  i n f low 
o f  2 e /min.  Water dep th  f o r  t h i s  
exper iment  was 10 cm and ou t f low was 
from a  s u r f a c e  r i s e r  p i p e .  Tanks 
were p rov ided  w i t h  con t inuous  i l l u m i -  
n a t i o n  from two 1 8 - i n .  GRO-LUX 
f l u o r e s c e n t  b u l b s  suspended i n  t ank  
cove r  boxes 30 cm above t h e  w a t e r  
s u r f a c e .  Disso lved  oxygen, pH, and 
s a l i n i t y  were moni tored ,  u s u a l l y  
d a i l y ,  and were n o t  found t o  d i v e r g e  
from ambient  bay c o n d i t i o n s  
( ca .  30 p p t ,  s a l i n i t y ;  8 .6  m g / ~ ,  
d i s s o l v e d  oxygen; 8 ,  pH) . A d e t a i l e d  
a n a l y s i s  o f  t h e s e  d a t a  w i l l  be r e -  
p o r t e d  l a t e r .  

A d e s c r i p t i o n  o f  t h e  contaminant  
p r e p a r a t i o n  a p p a r a t u s  was p r e v i o u s l y  
r e p o r t e d  (Bean e t  a l . ,  1 9 7 4 ) ,  and a  
d e s c r i p t i o n  o f  t h e  t r e a t m e n t  a p p l i e d  
i s  g iven  i n  a  f o l l o w i n g  s e c t i o n  of  
t h i s  r e p o r t .  Mean c o n c e n t r a t i o n s  o f  
aqueous phase  f u e l  o i l  were 0 . 1  mg/e 
f o r  t r e a t m e n t  l e v e l  1 and 0 . 6  mg/& 
f o r  t r e a t m e n t  l e v e l  2 .  

A t  t h e  t ime of  t h i s  w r i t i n g  
(September,  1975) approximate ly  
3 .5  months o f  exposure  have been a c -  
compl ished .  Br i cks  were removed a t  
1, 2 ,  and 3 months a f t e r  i n i t i a t i o n  
o f  t r e a t m e n t .  For  t h e  b r i c k s  removed 
a t  1 month a f t e r  i n i t i a t i o n  o f  t r e a t -  
ment ,  p l a n t s  and an ima l s  have been 
removed, p r e s e r v e d ,  i d e n t i f i e d ,  
counted  and weighed. Data have r e -  
c e i v e d  p r e l i m i n a r y  a n a l y s i s .  

A t o t a l  o f  66 s p e c i e s  were i d e n t i -  
f i e d  from t h e  b r i c k s .  Of t h e s e ,  1 2  
s p e c i e s  o c c u r r e d  i n  every  t r e a t m e n t  
and c o n t r o l  s i t u a t i o n  w i t h  t h e  excep- 
t i o n  o f  b r i c k s  c o n t a i n e d  i n  cages  on 



t h e  beach .  Those b r i c k s  were much 
reduced  i n  s p e c i e s  and biomass and 
were n o t  c o n s i d e r e d  a p p r o p r i a t e  con-  
t r o l s  f o r  t h i s  expe r imen t .  E f f e c t s  
on t h e  u n i v e r s a l l y - o c c u r r i n g  s p e c i e s  
w i l l  be c o n s i d e r e d  l a t e r  i n  te rms  o f  
numer ica l  i n f o r m a t i o n .  The s p e c i e s  
a r e  : 

PLANTS 

Ulva T. - 
Enteromorpha 3. 

POLY CHAE TE S  

Armandia b i o c u l a t a  
Harmo thoe  i m b r i c a t a  ~ - - 

Lepidono t u s  c a e l o r u s  
Ne re i s  v e x i l l o s a  
P l a t y n e r e i s  b i c a n a l  i c u l a t a  

TANADACEANS 

L e p t o c h e i l a  3. 

PROSOBRANCHS - 

A l a b i n a  9. 
Lacuna g.  
M a r g a r i t e s  9. 

EULAMELLIBRANCHS 

Coope re l l a  subdiaphana  

Table  37 l i s t s  s p e c i e s  t h a t  d i d  
n o t  occu r  on t r e a t e d  b r i c k s  and had 
a  p r o b a b i l i t y  o f  o c c u r r e n c e  o f  0 .6  o r  
g r e a t e r .  P r o b a b i l i t y  o f  o c c u r r e n c e  
was c a l c u l a t e d  from c o n t r o l  b r i c k  
o c c u r r e n c e .  

I n  a d d i t i o n  t o  t h e  t a b u l a t e d  d a t a  
on o c c u r r e n c e ,  Table  37,  14 c r u s t a c e a n  
s p e c i e s  which o c c u r r e d  on some c o n t r o l  
b r i c k s  neve r  o c c u r r e d  a t  t r e a t m e n t  
l e v e l  2 .  L ikewise ,  f o r  8 amphipod 
s p e c i e s  i d e n t i f i e d ,  no s p e c i e s  o c -  
c u r r e d  a t  t r e a t m e n t  l e v e l  1 o r  2 .  

Although ou r  a n a l y s e s  a r e  p r e l i m i -  
n a r y  and t h e  d a t a  cove r  o n l y  1 month 
o f  exposu re ,  t h e  approach  has  r e s u l t e d  
i n  u s e f u l  i n f o r m a t i o n .  F i r s t ,  a  com- 
p a r i s o n  o f  e f f e c t s  o f  i n s o l u b l e  o i l  
on s u b s t r a t e  s u i t a b i l i t y  may produce  
a  s i g n i f i c a n t  r e d u c t i o n  i n  d i v e r s i t y  
of c o l o n i z e d  b i o t a  f o r  p e r i o d s  o f  
3 months. However, s i g n i f i c a n t  
(P = 0.05) e f f e c t s  were n o t  s e e n  on 
t h e  d i v e r s i t y  o f  amphipods. The 
g e n e r a l  s e n s i t i v i t y  o f  amphipods t o  
o t h e r  con t aminan t s  ha s  been documented 
i n  t h e  open l i t e r a t u r e .  Our e x p e r i -  
ment w i t h  aqueous phase  o i l ,  a t  con-  
c e n t r a t i o n s  o f  abou t  0 .1  m g / ~ ,  i n d i -  
c a t e s  t h a t  amphipods a r e  t h e  most 
s e n s i t i v e  among t h e  6 6  s p e c i e s  p r e s -  
e n t  on b r i c k s .  This  p o i n t  s t r o n g l y  
i n d i c a t e s  t h e  need f o r  s t u d i e s  o f  
mechanism i n  a s se s smen t  o f  pe t ro l eum 
e f f e c t s .  

Many s t u d i e s  u se  mo l lu sks  t o  t h e  
e x c l u s i o n  of o t h e r  groups  i n  t h e  
a s se s smen t  o f  pe t ro l eum e f f e c t s .  
Uptake and r e t e n t i o n  s t u d i e s  w i t h  
mo l lu sks  have g e n e r a l l y  demons t r a t ed  
a  r a p i d  up t ake  o f  pe t ro l eum hydro-  
ca rbons  fo l l owed  by r a p i d  d e p u r a t i o n  
when t h e  sou rce  o f  con t amina t i on  i s  
removed. Although some s t u d i e s  
i n d i c a t e  a  r a p i d  up t ake  and l o s s  o f  
pe t ro l eum hydrocarbons  by c r u s t a c e a n s ,  

TABLE 37 .  S p e c i e s  Which Did Not Occur on T r e a t e d  Blocks 
But Did Occur on C o n t r o l s .  

P r o b a b i l i t y  o f  Occur- P r e s e n t  on 
r e n c e  Der ived From Treatment  

S p e c i e s  2 C o n t r o l s  5 C o n t r o l s  Level  1 Level  2 

AMPHI PODS 

Ampithoe s i m u l a n s  1 .0  0 .8  No No 

Aoroides  'columbiae 0 .5  0 .6  No No 

P a r a l l o r c h e s t e s  o c h o t e n s i s  1 . 0  1 . O  No No 

DECAPODS 

Pagurus  g ranos  imanus 1 . 0  0 . 6  Yes No 

EULAMELL IBRANCllS 

H i a t e l l a  a r c t i c a  0 .5  0 . 6  Yes No 

a ~ r o b a b i l i t i e s  a r e  f o r  o c c u r r e n c e - o n  a  s i n g l e  b r i c k .  R e p l i c a t e  b r i c k s  
were  used  a t  e a c h  t r e a t m e n t  l e v e l .  



a  l i m i t e d  amount of  d a t a  i n d i c a t e  
t h a t  c r u s t a c e a n  zooplankton  may r e -  
t a i n  s i g n i f i c a n t  l e v e l s  o f  pe t ro l eum 
hydrocarbons  a f t e r  removal from con-  
t a m i n a t i o n .  I n  view o f  t h e  h igh  
s e n s i t i v i t y  o f  t h e s e  forms ,  t h i s  
p o i n t  shou ld  r e c e i v e  more a t t e n t i o n .  

The 6-month exposu re ,  now underway, 
w i l l  be  completed d u r i n g  December 1975.  
Data from t h e  remain ing  months o f  
exposu re  w i l l  p r o v i d e  i n f o r m a t i o n  on 
t h e  l o n g e r  term c h r o n i c  e f f e c t s  o f  
No. 2 f u e l  o i l  f o r  i n d i v i d u a l  s p e c i e s .  
A d d i t i o n a l l y ,  t h e  p ro longed  exposures  
w i l l  a l l o w  a  f u r t h e r  a s se s smen t  of  
t h e  s u i t a b i l i t y  o f  c o l o n i z e d  a r t i f i -  
c i a l  s u b s t r a t e s  f o r  l a b o r a t o r y  s t u d y  
o f  community i n t e r a c t i o n s .  A manu- 
s c r i p t  w i l l  be p r e p a r e d  f o r  open 
l i t e r a t u r e  p u b l i c a t i o n  when d a t a  from 
t h i s  exposure  a r e  summarized. 

Re fe r ence  C i t e d  

N a t i o n a l  Academv of  S c i e n c e s .  1975 .  ~- 

Pet ro leum In  ~ h k  ~ a r i n e  Environment .  
; 
i n g t o n ,  D . C .  107 pp .  

Determination of Hydrocarbons in Sea 
Water by Helium Equilibration Gas 
Chromatography 

R.  M. Bean and J. W. Blaylock 

S t u d i e s  i n v o l v i n g  l ong - t e rm  expo- 
s u r e  o f  mar ine  s p e c i e s  t o  pe t ro l eum 
components a t  t h e  Sequim Marine 
Research  Labora to ry  have demons t r a t ed  
t h a t  r e q u i r e d  l e v e l s  o f  r e f i n e d  o i l  
p r o d u c t s  a r e  exceed ing ly  low, w e l l  
below 1 p a r t  p e r  m i l l i o n  (ppm). 
A t  t h e s e  c o n c e n t r a t i o n s ,  c h a r a c t e r i z a -  
t i o n  o f  t h e  t r e a t m e n t  media i n  terms 
o f  t o t a l  c o n c e n t r a t i o n  and i n  te rms  
o f  c o n c e n t r a t i o n  o f  i n d i v i d u a l  hydro-  
carbon  components,  p r e s e n t s  new 
a n a l y t i c a l  c h a l l e n g e s .  De t e rmina t i on  
of  t o t a l  o i l  c o n c e n t r a t i o n s  a t  t h e  
1 ppm l e v e l  o r  g r e a t e r  can be r o u -  
t i n e l y  accompl i shed  u s i n g  i n f r a r e d  
methodology and a t  t h e s e  l e v e l s  t h e  
c o n c e n t r a t i o n s  of i n d i v i d u a l  s o l u b l e  
a r o m a t i c  hydrocarbons  can be d e t e r -  
mined by c o n v e n t i o n a l  gas  chromatog-  
raphy  (Bean e t  a l . ,  1974) . However, 
t h e  a n a l y t i c a l  s e n s i t i v i t i e s  o f  t h e s e  
methods a r e  n o t  s u f f i c i e n t  f o r  p r e -  
s e n t  r equ i r emen t s  and a l t e r n a t i v e  
t e c h n i q u e s  a r e  under  i n v e s t i g a t i o n .  

A method f o r  a n a l y s i s  o f  l i g h t ,  
v o l a t i l e  hydrocarbons  i n  s e a  w a t e r  
was deve loped  i n  t h e s e  l a b o r a t o r i e s  
f o r  c h a r a c t e r i z a t i o n  o f  pe t ro l eum 

b i o a s s a y  t r e a t m e n t  sy s t ems .  The gas  
chromatographic  equipment  a t  t h e  
Sequim Labora to ry  i s  employed a s  an 
i n t e g r a l  p a r t  o f  t h e  a n a l y s e s .  The 
method i s  e f f e c t i v e  a t  t h e  a n t i c i -  
p a t e d  c o n c e n t r a t i o n s  of  i n d i v i d u a l  
hydrocarbons  i n  t e s t s  c u r r e n t l y  under -  
way; i . e . ,  a t  t h e  p a r t s - p e r - t r i l l i o n  
l e v e l .  The approach  t o  t h i s  s e n s i -  
t i v e  t e chn ique  i s  based  on r e s e a r c h  
p ionee red  by McAuliffe  (1969) i n  
which v o l a t i l e  hydrocarbons i n  aqueous 
s o l u t i o n  a r e  e x t r a c t e d  by shak ing  t h e  
wa te r  sample w i th  he l ium.  The v o l a -  
t i l e  hydrocarbons  e x t r a c t e d  a r e  ana -  
l y z e d  by i n j e c t i n g  t h e  hel ium e x t r a c t  
i n t o  t h e  gas chromatograph u s i n g  a  
sample l oop  ( F i g .  51) o f  s u f f i c i e n t  
s i z e  t o  a l l o w  a  l a r g e  p e r c e n t a g e  of  
t h e  e x t r a c t e d  hydrocarbon  t o  be a b -  
so rbed  on t h e  chromatographic  column. 
Th i s  i s  i n  c o n t r a s t  t o  p rocedu re s  
where t h e  hydrocarbons  a r e  e x t r a c t e d  
i n t o  o r g a n i c  s o l v e n t s  p r i o r  t o  c h r o -  
matographic  a n a l y s i s .  I n  s o l v e n t  
e x t r a c t i o n  methods,  on ly  a  v e r y  sma l l  
p e r c e n t a g e  o f  t h e  hydrocarbon e x t r a c t  
c an  be i n j e c t e d ,  r e s u l t i n g  i n  a  l a r g e  
d e c r e a s e  i n  s e n s i t i v i t y .  

The hel ium e x t r a c t i o n  t e c h n i q u e ,  
w h i l e  y i e l d i n g  i n c r e a s e s  i n  a n a l y t -  
i c a l  s e n s i t i v i t y  of  abou t  t h r e e  
o r d e r s  of magni tude ,  ha s  c e r t a i n  a s s o -  
c i a t e d  t e c h n i c a l  d i f f i c u l t i e s .  F i r s t ,  
t h e  ve ry  s e n s i t i v i t y  o f  t h e  method 
r e q u i r e s  t h a t  extreme c a r e  be t a k e n  
t o  avo id  con t amina t i on  of  t h e  sample 
by t r a c e s  of hydrocarbons  i n  t h e  
ambient  a i r .  F ig .  51 shows t h e  l o c a -  
t i o n  o f  t h e  f i l t e r  a p p a r a t u s  n e c e s -  
s a r y  f o r  i n s u r i n g  t h a t  t h e  sample 
remains  c o n t a m i n a n t - f r e e .  Second, 
t h e  amount o f  any i n d i v i d u a l  hydro-  
carbon  e x t r a c t e d  from wa te r  i n t o  t h e  

He - 
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F i g .  5 1 .  Schematic  Diagram of Sample 
Loop (Valves S e t  On "F i l l -Loop"  
P o s i t i o n ) .  



helium i s  a  f u n c t i o n  of  i t s  concen- 
t r a t i o n  i n  t h e  wa te r  and t h e  f i n a l  
e q u i l i b r i u m  d i s t r i b u t i o n  of t h e  
hydrocarbon between gas  and aqueous 
p h a s e s .  The e q u i l i b r i u m  d i s t r i b u t i o n  
of  any one hydrocarbon compound de-  
pends upon i t s  r e l a t i v e  wa te r  s o l u -  
b i l i t y  a s  w e l l  a s  t empera tu re ,  i o n i c  
s t r e n g t h ,  and c o n c e n t r a t i o n s  o f  o t h e r  
hydrocarbon compounds. The e q u i l i b -  
r ium d i s t r i b u t i o n  o f  v a r i o u s  hydro-  
carbon compounds can be de termined  
by r e p e a t e d  e x t r a c t i o n  o f  t h e  sample 
w i th  hel ium and a n a l y s i s  o f  t h e  s u c -  
c e s s i v e  e x t r a c t s .  A t  t h e  M R L ,  p rob-  
lems o f  e q u i l i b r i u m  d i s t r i b u t i o n s  a r e  
somewhat s i m p l i f i e d ,  s i n c e  tempera-  
t u r e ,  i o n i c  s t r e n g t h ,  and r e l a t i v e  
component d i s t r i b u t i o n  a r e  r e l a t i v e l y  
c o n s t a n t  . 

P r e p a r a t i o n  o f  s u i t a b l e  s t a n d a r d  
s o l u t i o n s  o f  hydrocarbons  i n  wa te r  
r e q u i r e s  c o n s i d e r a b l e  c a r e .  Water 
must be r ende red  h y d r o c a r b o n - f r e e  by 
b o i l i n g  b e f o r e  sample d i l u t i o n s  a r e  
unde r t aken .  Care a l s o  must be taken  
t o  i n s u r e  t h a t  d i l u t i o n s  a r e  p repa red  
i n  t h e  absence  of an  a i r - w a t e r  i n t e r -  
f a c e .  The v o l a t i l e  hydrocarbons a r e  
l o s t  t o  t h e  g a s  phase  i n  t h e  p r e s e n c e  
of a i r  d u r i n g  s t i r r i n g .  F i g .  5 2  shows 
a  c a l i b r a t i o n  cu rve  de termined  f o r  
n-hexane  i n  d i s t i l l e d  w a t e r .  The 
f i g u r e  demons t r a t e s  t h a t  sample l o s s  
was n o t  expe r i enced  d u r i n g  d i l u t i o n ,  
and f u r t h e r  demons t r a t e s  t h e  s e n s i -  
t i v i t y  o f  t h e  method w i t h  r e s p e c t  t o  
n-hexane .  D e t e c t a b i l i t y  i s  o f  t h e  
o r d e r  of 4 p a r t s - p e r - t r i l l i o n  w i t h  
o u r  p r e s e n t  equipment .  

Although t h e  methodology d i s c u s s e d  
was developed  f o r  s p e c i f i c  a p p l i c a t i o n  
t o  l ong - t e rm t o x i c i t y  t e s t s  of  marine 
o rgan i sms ,  we a l s o  b r i e f l y  i n v e s t i -  
g a t e d  t h e  a p p l i c a t i o n  of  t h i s  t e c h -  
n i q u e  t o  envi ronmenta l  problems i n  t h e  
f i e l d .  A n a l y s i s  of t h e  w a t e r s  o f  
Sequim Bay f o r  d i s s o l v e d  hydrocarbons  
by he l ium - e q u i l i b r a t i o n  gas  chromatog- 
raphy has  r e v e a l e d  t h e  p r e s e n c e  o f  
v e r y  l i g h t  hydrocarbons ,  c o n s i s t i n g  
p r i n c i p a l l y  of  methane.  The methane 
i s  presumably formed by m i c r o b i a l  
d e g r a d a t i o n  o f  o r g a n i c  m a t e r i a l  i n  
t h e  e s t u a r i n e  sys tem.  Table  38 shows 
t h e  c o n c e n t r a t i o n s  of methane d e t e r -  
mined a t  t h e  mouth o f  Sequim Bay a t  
d i f f e r e n t  p o i n t s  i n  t h e  t i d a l  c y c l e .  
The s i g n i f i c a n t  d i f f e r e n c e  i n  observed  
methane c o n c e n t r a t i o n s  between h igh  
and low t i d e s  i s  b e l i e v e d  t o  be a  
r e s u l t  o f  d i l u t i o n  o f  r e l a t i v e l y  
me thane -concen t r a t ed  bay wa te r  w i t h  
m e t h a n e - f r e e  s e a  wa te r  from t h e  

F i g .  5 2 .  C o n c e n t r a t i o n  of n-Hexane i n  
Water Versus Area of  Chromatographic 
Peak.  

TABLE 38.  Determined Methane Concen- 
t r a t i o n s  a t  Sequim Bay I n l e t .  

Methane Conc . 
Date - Time T ide  Cond i t i on  (ppb)  

Feb 1 2 ,  1975 4 pm 1 0  min a f t e r  0 . 4  
h i g h  s l a c k  t i d e  

Feb 13 ,  1975  4 pm 1  h r  b e f o r e  1 . 3  
h i g h  s l a c k  t i d e  

Feb 1 3 ,  1975 6 pm Outgoing t i d e  2 . 5  

Feb 1 5 ,  1975 11  am J u s t  p r i o r  t o  3 .2  
low s l a c k  t i d e  



S t r a i t s  o f  Juan  de Fuca d u r i n g  incom- 
i n g  t i d e .  The r e s u l t s  a l s o  s u g g e s t  
t h a t  a p p l i c a t i o n  o f  t h i s  t e c h n i q u e  t o  
t h e  e s t u a r i n e  envi ronment  c a n  p r o v i d e  
d a t a  r e v e a l i n g  t h e  r e l a t i v e  deg ree  o f  
p o l l u t i o n  o f  v a r i o u s  n e a r - s h o r e  l o -  
c a l i t i e s .  Although methane concen-  
t r a t i o n s  o f  ocean w a t e r s  have been 
ana lyzed  u s i n g  s i m i l a r  methodology 
(Swinner ton  and Lamontagne, 1 9 7 4 ) ,  
t h e  t e chn ique  has n o t  been ex tended  
t o  e s t u a r i n e  p o l l u t i o n .  

The t e c h n i q u e  a l s o  was u sed  f o r  
t h e  d e t e c t i o n  o f  d i r e c t  con t amina t i on  
o f  t h e  mar ine  envi ronment  by p e t r o -  
leum hydrocarbons .  F i g .  53 shows a  
he l ium e q u i l i b r a t i o n  chromatogram o f  
a  wa te r  sample t aken  i n  t h e  v i c i n i t y  
o f  a  commercial b o a t  moorage b a s i n .  
Comparison o f  t h e  r e s u l t s  w i t h  t h e  
gas  chromatogram o f  t h e  w a t e r  s o l u b l e  
components o f  f u e l  o i l  shown i n  
F i g .  54 conf i rmed t h e  p r e s e n c e  o f  
o i l  c o n t a m i n a t i o n .  

The s e n s i t i v e  d e t e c t i o n  methodology 
a v a i l a b l e  i n  t h e s e  l a b o r a t o r i e s  w i l l  
n o t  o n l y  s e r v e  t o  c h a r a c t e r i z e  t h e  
l i g h t  hydrocarbons  p r e s e n t  i n  l a b o r a -  
t o r y  expe r imen ta l  sy s t ems ,  b u t  may 
a l s o  be ex tended  t o  o t h e r  i m p o r t a n t  
a r e a s  o f  pe t ro l eum p o l l u t i o n  r e s e a r c h .  
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BlOAVAlLABlLlTY AND IMPACT OF EFFLUENTS 
O N  COASTAL ECOSYSTEMS 

The B i o a v a i l a b i l i t y  and Impact of E f f l u e n t s  on C o a s t a l  

Ecosystems program was i n i t i a t e d  i n  J u l y  1974.  The p rog ram ' s  

major  o b j e c t i v e  was t o  b r i n g  t o g e t h e r  a  m u l t i d i s c i p l i n a r y  team 

of  r e s e a r c h e r s  t o  i n v e s t i g a t e  t h e  biogeochemical  p r o c e s s e s  

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

a v a i l a b i l i t y  and t o x i c i t y  of m a t e r i a l s  found i n  e n e r g y - r e l a t e d  

e f f l u e n t s .  T h i s  y e a r  h a s  been s p e n t  i n  p l a n n i n g  t h e  needed 

r e s e a r c h  t a s k s ,  assembl ing  t h e  n e c e s s a r y  pe r sonne l  and equ ip -  

ment ,  and i n i t i a t i n g  f i r s t  s t a g e  r e s e a r c h  as  d e f i n e d  by t h e  

program. 

The program i s  c e n t e r e d  a t  t h e  Marine Research Labora to ry ,  

Sequim, Washington, and i n v o l v e s  s c i e n t i s t s  l o c a t e d  a t  Sequim 

and Richland .  The o p e r a t i n g  ph i lo sophy  i s  t o  conduct  t h e  p r o -  

gram a t  t h e  Marine Research  Labora tory  and use  equipment and 

e x p e r t i s e  from Richland  as  a  r e s o u r c e  f o r  s t u d i e s  t h a t  cannot  

be p r a c t i c a l l y  done a t  Sequim. 

The r e s e a r c h  d e s c r i b e d  r e p r e s e n t s  t h e  f i r s t  y e a r ' s  e f f o r t s  

by t h e  i n v e s t i g a t o r s  involved  i n  t h e  program. 

Bioavailability and Impact of Effluents 
on Coastal Ecosystems 

C. I. Gibson 

The con t inued  i n c r e a s e  i n  demand 
f o r  energy  by our  coun t ry  and t h e  de-  
v e l o p i n g  wor ld  w i l l  r e q u i r e  t h e  s i t -  
ing  of energy f a c i l i t i e s ,  i . e . ,  nu- 
c l e a r  power p l a n t s ,  gas  l i q u e f a c t i o n  
p l a n t s ,  c o a l  g a s i f i c a t i o n  p l a n t s  and 
f o s s i l  f u e l  power p l a n t s  i n  t h e  
c o a s t a l  zone where s u f f i c i e n t  wa te r  
i s  a v a i l a b l e  f o r  t h e  d i s p o s a l  o f  
was te  h e a t  and chemica l  e f f l u e n t s  e f -  
f i c i e n t l y  and s a f e l y .  Most s i t e s  
w i l l  have f a c i l i t i e s  des igned  w i t h  an 
e f f e c t i v e  l i f e  of a t  l e a s t  30 t o  
40 y r  w i t h  new f a c i l i t i e s  added p e r i -  
o d i c a l l y ,  s o  t h a t  i n  e f f e c t ,  any one 
s i t e  can be expec t ed  t o  be i n  u se  f o r  
100 y r  o r  more. 

Th i s  l ong - t e rm use  of a  s i n g l e  
s i t e  w i l l  r e s u l t  i n  s e c t i o n s  of t h e  
c o a s t a l  ecosystem r e c e i v i n g  a  con- 
t i n u o u s  i n p u t  o f  p o l l u t a n t s  from 
man's v a r i o u s  i n d u s t r i a l  a c t i v i t i e s .  
P r e s e n t  r e g u l a t o r y  g u i d e l i n e s  l i m i t  
t h e  e f f l u e n t  m a t e r i a l  t o  q u a n t i t i e s  
t h a t  a r e  n o t  c o n s i d e r e d  harmful  i n  
t he  s h o r t  - t e r m .  However, t h e  impact 
of  t h e  components of t h e s e  e f f l u e n t s ,  
whether  a s  t he rma l  i nc remen t s ,  t r a c e  
m e t a l s ,  b i o c i d e s  o r  a r t i f i c i a l  r a d i o -  
n u c l i d e s ,  over t h e  l ong -  term have 
n o t  been, c l e a r l y  d e f i n e d .  The 
s o u r c e s ,  i n v e n t o r i e s ,  and d i s t r i b u -  
t i o n s  of t h e s e  m a t e r i a l s  a r e  incom- 
p l e t e ,  and many of t h e  phys iochemica l -  
b i o l o g i c a l  p r o c e s s e s  t h a t  c o n t r o l  
t h e i r  t r a n s p o r t ,  t r a n s f e r ,  d i s t r i b u -  
t i o n ,  b i o l o g i c a l  a v a i l a b i l i t y ,  and 
t o x i c i t y  a r e  p o o r l y  unde r s tood .  



To i n v e s t i g a t e  t h e  p o t e n t i a l  e f -  
f e c t  o f  t h e s e  e f f l u e n t s  on t h e  ma- 
r i n e  e c o s y s t e m ,  a  new program was 
i n i t i a t e d  by  t h e  D i v i s i o n  o f  B io -  
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  
(DBER) a t  t h e  MRL, Sequim,  
W a s h i n g t o n ,  i n  J u l y  1974 .  The o b j e c -  
t i v e s  o f  t h e  p rogram a r e  t o :  
1 )  i n c r e a s e  o u r  u n d e r s t a n d i n g  o f  
a b i o t i c  a n d  b i o t i c  f a c t o r s  which  i n -  
f l u e n c e  t r a n s p o r t ,  t r a n s  f e r  and a c c u -  
m u l a t i o n  o f  c o a s t a l  a n d  o f f s h o r e  e n -  
e r g y - r e l a t e d  e f f l u e n t s ;  2 )  d e v e l o p  
an i n s i g h t  a s  t o  how t h e  e f f l u e n t s  
may a f f e c t  t h e  c o a s t a l  m a r i n e  commu- 
n i t y ;  a n d ,  3 )  d e v e l o p  r e a l i s t i c  e n -  
v i r o n m e n t a l  c r i t e r i a  f o r  m a r i n e - b a s e d ,  
e n e r g y - r e l a t e d  f a c i l i t y  d i s c h a r g e s .  

The p r i m a r y  e f f o r t  of  t h e  p rogram 
d u r i n g  t h e  p a s t  y e a r  h a s  b e e n  i n  
p l a n n i n g  t h e  r e s e a r c h  t a s k s ,  assem- 
b l i n g  t h e  p e r s o n n e l  a n d  e q u i p m e n t ,  
and  i n i t i a t i n g  r e s e a r c h  t a s k s  d e -  
f i n e d  a s  t h e  f i r s t  s t e p s  i n  t h e  p r o -  
gram. S t a f f  members a s s i g n e d  t o  MRL, 
Sequim,  r e p r e s e n t  t h r e e  r e s e a r c h  s e c -  
t i o n s  and  R i c h l a n d - b a s e d  i n v e s t i g a -  
t o r s  r e p r e s e n t  f o u r  BNW d e p a r t m e n t s .  
Our b a s i c  o p e r a t i n g  p h i l o s o p h y  i s  t o  
c o n d u c t  t h e  p r o g r a m  a t  t h e  MRL a n d  
u s e  equ ipment  and  e x p e r t i s e  f rom 
R i c h l a n d  a s  a  r e s o u r c e  f o r  s t u d i e s  
t h a t  c a n n o t  b e  p r a c t i c a l l y  done a t  
Sequim. However,  t o  e n c o u r a g e  c l o s e  
c o o p e r a t i o n  a n d  i n t e r a c t i o n  b e t w e e n  
d i s c i p l i n e s  and  r e s e a r c h  t a s k s ,  p e r -  
s o n n e l  a n d  equ ipment  w i l l  b e  t r a n s -  
f e r r e d  t o  Sequim when n e c e s s a r y  a s  
t h e  program d e v e l o p s .  

I n  t h e  1974 Annual R e p o r t ,  we i d e n -  
t i f i e d  s i x  l o n g - t e r m  p r o j e c t s  t o  be  
d e v e l o p e d  t o  f u l f i l l  t h e  p rogram ob-  
j e c t i v e s .  These  w e r e :  

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

D e t e r m i n e  t r a n s p o r t  f u n c t i o n s  f o r  
s e l e c t e d  p o l l u t a n t s  i n c l u d i n g  s e d i -  
ment t r a n s p o r t .  

D e t e r m i n e  t h e  r e l a t i o n s h i p s  o f  am- 
b i e n t  c o n c e n t r a t i o n s  o f  t h e s e  p o l -  
l u t a n t s  be tween  w a t e r ,  s e d i m e n t  
a n d  b i o t a  a s  a  f u n c t i o n  o f  p h y s -  
i c a l  a n d  c h e m i c a l  f o r m s .  

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

' Dete rmine  t h e  a c c u m u l a t i o n  and e f  - 
f e c t s  o f  p o l l u t a n t s  on c o a s t a l  
w a t e r  b i o t i c  communi t i e s  a s  r e -  
l a t e d  t o  p h y s i o c h e m i c a l  f o r m s  and  
b i o l o g i c a l  a v a i l a b i l i t y  f r o m  w a t e r ,  
f o o d  a n d  s e d i m e n t s .  

' I n i t i a t e  s t u d i e s  t o  e v a l u a t e  s t a t e -  
o f - t h e - a r t  methods  f o r  a s s e s s m e n t s  
o f  b i o l o g i c a l  i m p a c t .  

T h i s  y e a r ,  we c o n c e n t r a t e d  o n  i d e n -  
t i f i c a t i o n  of t h e  s o u r c e  t e r m ,  t h e  
r o l e  o f  s e d i m e n t s  i n  t h e  b i o l o g i c a l  
a v a i l a b i l i t y  a n d  c y c l i n g  o f  m e t a l s  
arid t h e  deve lopment  of  a  compute r  
model t h a t  w i l l  e n a b l e  u s  t o  p r e d i c t  
t h e  d i s t r i b u t i o n ,  c o n c e n t r a t i o n ,  a n d  
b i o l o g i c a l  e f f e c t s  o f  e f f l u e n t  ma- 
t e r i a l s .  The p l a n n i n g  and  e x e c u t i o n  
o f  t a s k s  w i t h i n  e a c h  o f  t h e s e  s t u d y  
a r e a s  was a  c o o r d i n a t e d  e f f o r t  o f  s t a f f  
from a l l  t h e  r e s e a r c h  s e c t i o n s  c o n -  
t r i b u t i n g  t o  t h e  p rogram.  The f o l l o w -  
i n g  p a p e r s  summarize  t h e  f i r s t  y e a r ' s  
r e s e a r c h  e f f o r t  b y  t h e  i n v e s t i g a t o r s  
i n v o l v e d  i n  t h e  p rogram.  

Physicochernical Characterization of 
Radionuclides and Trace Metals in 
Reactor Effluents at San Onofre 
Nuclear Power Station 

K. H. Abel, D. E. Robertson and 
E. A. Crecelius 

F i e l d  work c o n d u c t e d  d u r i n g  t h e  
p a s t  y e a r  a t  San Onof re  N u c l e a r  Gen- 
e r a t i n g  S t a t i o n  f o c u s e d  upon 1 )  a s -  
s e s s i n g  e n v i r o n m e n t a l  a c c u m u l a t i o n  
a n d  i n t e r a c t i o n s  o f  r a d i o n u c l i d e s  a n d  
t r a c e  m e t a l s  i n  t h e  a r e a  s u r r o u n d i n g  
t h e  n u c l e a r  s t a t i o n  and  2 )  o b t a i n i n g  
a  c h a r a c t e r i z a t i o n  o f  t h e  e f f l u e n t s  
f r o m  t h e  g e n e r a t i n g  s t a t i o n ,  b o t h  d u r -  
i n g  n o r m a l  o p e r a t i o n s  when n o  known 
r a d i o a c t i v e  r e l e a s e  o c c u r r e d  a n d  d u r -  
i n g  s e v e r a l  o f  t h e  a p p r o x i m a t e l y  b i -  
month ly  r e l e a s e s  o f  p r o c e s s e d  low- 
l e v e l  r a d i o a c t i v e  w a s t e .  T h i s  
i n f o r m a t i o n  i n d i c a t e d  f u t u r e  r e s e a r c h  
n e c e s s a r y  t o w a r d  a s s e s s m e n t  o f  chem- 
i c a l  s p e c i a t i o n ,  e n v i r o n m e n t a l  i n t e r -  
a c t i o n s ,  and  b i o l o g i c a l  a v a i l a b i l i t y  
o f  t h e s e  e f f l u e n t  m a t e r i a l s .  

E n v i r o n m e n t a l  Assessment  

W a t e r ,  s e d i m e n t s ,  a n d  b i o t a  were  
s a m p l e d  i n  t h e  v i c i n i t y  o f  t h e  g e n e r -  
a t i n g  s t a t i o n  t o  d e t e c t  any  accumula -  
t i o n  o f  r a d i o n u c l i d e s  a n d  t o  i d e n t i f y  
p o s s i b l e  c o n c e n t r a t i n g  mechanisms f o r  
t h e  e f f l u e n t s  which  c o u l d  w a r r a n t  f u r -  
t h e r  s t u d y .  The s e d i m e n t s  a t  a l l  
s a m p l i n g  s t a t i o n s  c o n t a i n e d  d e t e c t -  
a b l e  l e v e l s  o f  6 0 ~ o  a n d  1 3 7 C s .  HOW- 
e v e r ,  t h e  l e v e l s  were  s o  low t h a t  



f u r t h e r  work i n v o l v i n g  p h a s e  s e p a r a -  
t i o n s  o f  t h e  s e d i m e n t s  t o  d e t e r m i n e  
t h e  b i n d i n g  c h a r a c t e r i s t i c s  and b i o -  
a v a i l a b i l i t y  o f  t h e s e ,  and o t h e r  
r a d i o n u c l i d e s ,  w i l l  h a v e  t o  b e  d o n e  
v i a  l a b o r a t o r y  e x p e r i m e n t a t i o n  w i t h  
s p i k e d  s e d i m e n t s .  

O f f s h o r e  b i o l o g i c a l  s a m p l i n g  i n d i -  
c a t e d  a  l i m i t e d  b i o a c c u m u l a t i o n  of 
t h e  r a d i o n u c l i d e s  i n  t h e  r a d - w a s t e  
e f f l u e n t s .  The o n l y  o r g a n i s m  
a n a l y z e d  t o  d a t e  which  c o n t a i n e d  d e -  
t e c t a b l e  l e v e l s  of  r a d i o a c t i v i t y  was 
t h e  s e a  h a r e  ( A p l y s i a  c a l i f o r n i c a ) .  
T h i s  o r g a n i s m  was p r e v i o u s 1  r e p o r t e d  
t o  b e  a  c o n c e n t r a t o r  o f  l loMAg and - -  - -  

6 0 ~ o  and i s  b e i n g  r o u t i n e l y  sampled  
by SCE f o r  t h e  p l a n t  m o n i t o r i n g  p r o -  
gram. Bo th  6 0 C o  and  l l o m ~ g  w e r e  d e -  
t e c t e d ,  and  t h e  mean a c t i v i t i e s  f o r  
f i v e  o r g a n i s m s  a r e  shown be low:  

6 0 ~ 0  - 260 t 230 d/m/kg ( d r y  w t . )  
55 4 8  d/m/kg (wet  w t . )  

l l o m ~ ~  - 770 i 650 d/m/kg ( d r y  w t . )  
160 + 140 d/m/kg (wet w t  . )  

A d i s s e c t i o n  was p e r f o r m e d  upon one  
o f  t h e  o r g a n i s m s  a n d  gamma-ray a c -  
t i v i t y  i n  t h e  v a r i o u s  o r  a n s  i s  
s h o w  i n  T a b l e  3 9 .  F o r  B°Co mos t  o f  
t h e  a c t i v i t y  i s  r e t a i n e d  i n  t h e  d i -  
g e s t i v e  t r a c t .  But f o r  l l O m ~ g  m o s t  
o f  t h e  a c t i v i t y  i s  f o u n d  i n  t h e  mus- 
c l e  t i s s u e .  T h i s  a c t i v i t y  i s  s i g -  
n i f i c a n t  when c o n s i d e r i n g  t h e  p e r -  
c e n t a g e  and t o t a l  a c t i v i t y  i n  e a c h  
o r g a n  i n  t h e  o r i g i n a l  o r g a n i s m ,  s i n c e  
t h e  m u s c l e  c o n s t i t u t e s  6 1 %  o f  t h e  
o r i g i n a l  wet  w e i g h t  and t h e  d i g e s -  
t i v e  t r a c t  o n l y  1 9 % .  T a b l e  40 shows 
t h e  p e r c e n t a g e  of  a c t i v i t y  i n  e a c h  
o r g a n  f o r  e a c h  i s o t o p e  i n  t h e  o r i g i -  
n a l  s e a  h a r e  and  i n d i c a t e s  t h e  d i f -  
f e r e n t  o r g a n s  i n  which  s i l v e r  and  
c o b a l t  a c c u m u l a t e .  

S i n c e  t h e  s e a  h a r e  h a s  no  n a t u r a l  
p r e d a t o r s  and  t h u s  c o n s t i t u t e s  a  d e a d  

TABLE 39 .  A c t i v i t y  i n  S e a  Hare  from 
San  O n o f r e  - d/m/kg Wet. 

Diges t ive  
G i l l s  Muscle Trac t  Stomach 

TABLE 40.  P e r c e n t  o f  T o t a l  y A c t i v i t y  
i n  Sea  Hare  by T i s s u e  Type.  

D i g e s t i v e  
Muscle G i l l s  - -  T r a c t  Stomach 

4 O K  6 2 2 3 14 
" Co 2 8 5 6 8 < 4 

l 1  OmAg 83 < 4 1 7  
2 0 6 ' r l  2 8 2 4 4 8 

2 1 4 ~ i  3 2 <15 2 4 4 4 

erld i n  t h e  f o o d  c h a i n  n e t w o r k ,  f u r -  
t h e r  b i o a c c u m u l a t i o n  t o  h i g h e r  t r o -  
p h i c  l e v e l s  v i a  t h i s  avenue  i s  
u n l i k e l y .  

The background  l a r g e  volume w a t e r  
s a m p l i n g ,  c o n d u c t e d  d u r i n g  normal  
o p e r a t i o n s  when r a d - w a s t e  was n o t  
b e i n g  r e l e a s e d ,  b o t h  a t  t h e  o u t f a l l  
and  a t  s e v e r a l  s a m p l i n g  s t a t i o n s  a p -  
p r o x i m a t e l y  1 . 5  km from t h e  o u t f a l l ,  
showed no  d e t e c t a b l e  r a d i o a c t i v i t y .  
However,  d u r i n g  s c h e d u l e d  r e l e a s e s  o f  
r a d - w a s t e  e f f l u e n t s  mos t  o f  t h e  
r a d i o n u c l i d e s  c o n t a i n e d  i n  t h e  e f f l u -  
e n t s  c o u l d  b e  m e a s u r e d  i n  t h e  
t e r t i a r y  s e a w a t e r  c o o l a n t  a t  t h e  
o u t  f a l l .  

S e a w a t e r  s a m p l e s  w e r e  a l s o  a n a -  
l y z e d  f o r  s e v e r a l  t r a c e  m e t a l s  t o  d e -  
t e r m i n e  w h e t h e r  t h e  s e a w a t e r - c o o l e d  
h e a t  e x c h a n g e r s  i n  t h e  power  p l a n t  
w e r e  a d d i n g  t h e s e  m e t a l s  t o  t h e  s e a  
w a t e r .  I n  J a n u a r y  1 9 7 5 ,  and  May 1 9 7 5 ,  
s e a w a t e r  s a m p l e s  were  c o l l e c t e d  f rom 
t h e  c o o l i n g  w a t e r  o u t f a l l  and a t  a  
b a c k g r o u n d  s t a t i o n  l o c a t i o n  s e v e r a l  
k i l o m e t e r s  away. 

The c o n c e n t r a t i o n s  o f  Cu, Pb ,  and 
Cd were  d e t e r m i n e d  by a n o d i c  s t r i p -  
p i n g  v o l t a m m e t r y .  Copper ,  t h e  e l e -  
ment  mos t  l i k e l y  t o  b e  a d d e d  a s  a  
c o r r o s i o n  p r o d u c t ,  r a n g e d  from 
0 . 2  t o  1 . 5  ppb i n  b o t h  t h e  c o o l i n g  
w a t e r  and  t h e  b a c k g r o u n d  s a m p l e s  i n -  
d i c a t i n g  t h a t  t h e  h e a t  e x c h a n g e r s  
were  n o t  c o n t r i b u t i n g  s i g n i f i c a n t  
c o p p e r  amounts .  The c o n c e n t r a t  i o n s  
o f  Pb were  < 1 . 0  ppb a n d  Cd was a l -  
ways < 0 . 1  ppb.  The c o o l i n g  w a t e r  
l e v e l s  o f  Pb a n d  Cd were  e q u a l  t o  
l e v e l s  m e a s u r e d  a t  t h e  background  
s t a t i o n s , .  

E f f l u e n t  C h a r a c t e r i z a t i o n  

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



t h a t  composi t ion  i s  v a r i a b l e -  du r ing  a  
f u e l  c y c l e .  The r e l a t i v e  composi t ion  
of t h e  primary coo lan t  i s  much d i f -  
f e r e n t  from t h a t  found i n  t h e  r a d -  
waste  e f f l u e n t s  and might be more 
t y p i c a l  of t h a t  found i f  an  acc iden -  
t a l  r e l e a s e  of c o o l a n t  d i d  occu r .  
T o t a l  gamma a c t i v i t y  was 
6 . 3  x l o 6  d/m/g and 1 . 7  x l o 7  d/m/g 
on t h e  May and Janua ry  sampling d a t e s ,  
r e s p e c t i v e l y .  The r a d i o n u c l i d e  s p e -  
c i a t i o n  observed  i n  t h e  pr imary  coo l -  
a n t  i s  shown i n  Table  41 .  A g r e a t e r  
p o r t i o n  of t h e  May a c t i v i t y  i s  i n  a  
s o l u b l e  form. Most n o t i c e a b l e  a r e  
s 4 ~ n ,  6 0 ~ 0 ,  5 9 ~ e ,  and 1 3 4  , 1 3 6 , 1 3 7 ~ s .  
Also t h e  s o l u b l e  a c t i v i t y  f o r  54Mn, 
5 7 , 5 Q , 6 0 ~ ~ ,  59Fe, and 65Zn i s  ove r -  
whelmingly c a t i o n i c .  T h i s  i s  con-  
t r a s t  t o  t h e  s p e c i a t i o n  i n  t h e  low- 
l e v e l  r ad -was t e .  

Low-Level Rad-Waste. As shown i n  
Table 42, i n i t i a l  samples i n d i c a t e  a  
wide v a r i a b i l i t y  i n  t h e  r e l a t i v e  r a -  
d i o n u c l i d e  composi t ion i n  t h e  was t e .  
The January  waste was approximate ly  
80% cesium r a d i o n u c l i d e s ,  wh i l e  t h e  
May waste was over  7 0 %  c o b a l t  nu- 
c l i d e s .  This  v a r i a b i l i t y  i s  i n f l u -  
enced by numerous pa rame te r s ,  p r e -  
d i c t a b  l e  and o t h e r w i s e .  F u r t h e r  
sampling w i l l  de te rmine  whether  t h e r e  
i s  a  d i s c e r n a b l e  p a t t e r n  of waste  
composi t ion  as t h e  f u e l  c y c l e  
p r o g r e s s e s .  

The s p e c i a t i o n  of  t h e  r a d i o -  
n u c l i d e s  i n  t h e  was te  shown i n  
Table  43 a l s o  appears  q u i t e  v a r i a b l e  
on the  b a s i s  of i n i t i a l  sampl ing .  In  
c o n t r a s t  t o  t h e  primary c o o l a n t  s p e -  
c i a t i o n ,  t h e  r a d i o n u c l i d e s  o f  t h e  

TABLE 41. Chemical S p e c i a t i o n  of Primary Coolant .  

PARTICULATE CATIONIC ANIONIC NONlONlC 

l SOTOPE 5/22 1117 - - 5/22 1117 - - 5122 1117 - - 5122 1117 - - 



TABLE 42. P e r c e n t  of T o t a l  y A c t i v i t y  May accoun t s  f o r  a  s i g n i f i c a n t  f r a c -  
i n  Low-Level Waste. t i o n  of t h e i r  a c t i v i t y .  F u r t h e r  s epa -  

r a t i o n  and d e f i n i t i o n  of t h e s e  phase s  
I s o t o p e  1 / 1 7  5 /  2  o  5 / 2 1  a r e  p r e s e n t l y  underway. 

5 1 C r  0 . 0  1 . 8  0 . i  
0 . 0  

Seawater  E f f l u e n t .  During t h e  
5 4 ~  0 . 8  0 . 2  scheduled  r e l e a s e  of  l o w - l e v e l  r a d -  
5 7 C ~  0 . 1  0 . 2  0 . 2  w a s t e ,  l a rge-volume s e a w a t e r  sampl ing  
5 8 c 0  1 . 2  6 7 . 8  7 1 . 9  a t  t h e  o f f s h o r e  o u t f a l l  p e r m i t t e d  t h e  

OCO 9 . 3  3 . 8  3 . 8  measurement of p a r t i c u l a t e  and s o l -  
59Fe  0 . 1  0 . 2  0 .1  ub le  forms o f  most r a d i o n u c l i d e s  con- 

5 Z n  0 . 2  0 . 1  0 . 1  t a i n e d  i n  t h e  r ad -was t e  e f f l u e n t .  
1 i  om^^ 1 . 2  3 . 2  3 . 5  Approximately 60% of t h e  c o b a l t  a c -  

0 . 0  
t i v i t y  a t  t h e  o u t f a l l  sampl ing  p o i n t  

3~~ 0 . 0  0 . 0  i s  a s s o c i a t e d  w i th  p a r t i c u l a t e s  com- 
0 6 ~ u  2 . 8  0 . 2  0 . 0  pa red  w i t h  20% i n  t h e  i n - p l a n t  r a d -  

l z s s b  0 .1  2 0 . 6  1 7 . 9  w a s t e .  The p e r c e n t a g e  of 6 0 C r ,  54Mn, 
l z s s b  0 . 1  0 . 4  0 . 2  and 65Zn a l s o  show a n  i n c r e a s e  of  
1 3 1 1  5 . 1  0 . 0  - - t h e i r  t o t a l  a c t i v i t y  i n  t h e  p a r t i c u -  
1 3 4 ~ ~  3 1 .  7  0 . 3  0 . 4  l a t e  f r a c t i o n  a t  t h e  o u t f a l l .  How- 
1 3 7 C s  4 6 . 4  0 . 5  0 . 7  

e v e r ,  1 3 7 ~ s  does  n o t  become s i g n i f i -  

0 . 1  0 . 3  0 . 1  
c a n t l y  a s s o c i a t e d  w i th  p a r t i c u l a t e s .  

l s " L a  
0 . 1  

The o u t f a l l  i s  app rox ima te ly  7 min 
l4 4 C e  0 . 7  0 . 2  downstream t r a v e l  t ime from t h e  r a d i o -  
L Y  a c t .  d/m/e  1 . 2 6 ~ 1 0 ~  6 . 4 4 ~ 1 0 '  5 . 0 1 ~ 1 0 ~  a c t i v e  was te  i n j e c t i o n  p o i n t ,  t h u s  

t h e  fo rma t ion  o f  p a r t i c u l a t e s  a p p e a r s  
t o  occu r  r a p i d l y  upon mixing of t h e  

t r a n s i t i o n  m e t a l s  Mn, Co, F e ,  and Zn was t e  w i th  t h e  t e r t i a r y  s eawa te r  
a r e  g e n e r a l l y  more s o l u b l e  i n  t h e  c o o l a n t .  
r a d - w a s t e  e f f l u e n t .  A l s o ,  t h e  an- 
i o n i c  f r a c t i o n  f o r  t h e s e  r a d i o -  
n u c l i d e s  i s  n o t  o n l y  p r e s e n t  b u t  i n  

TABLE 43.  San Onofre - Rad Waste S p e c i a t i o n .  

PERCENT PARTICULATE PERCENT CATION PERCENT ANION PERCENT NONl ONlC 

lsoropE E 5 1 2 0 5 R l  E/l7% x E z  X / l 7 =  

46k . - - - - . . - - -  

5 1 ~ r  - 48 28 - 10 10 - 42 62 . . . 

5 4 ~ n  40 67 39 44 17 32 16 15 29 < 1 1 - 

5 7 ~  17 19 11 58 I3 38 24 M 52 1 4  - 

58C0 27 18 I 1  40 14 41 33 65 48 <I 3 < 1  

n 21 l o  48 14 38 25 63 51 I 3 < I  
34 41 10 M 12 59 - 47 27 . - 

6 5 ~ n  23 27 14 52 12 31 24 61 55 < I - - 

*s, . - .  . . - Im . . .  

*z r - - -  - - - - - - -  

st& - .  - . - . . . - -  

Wh - - - - - . . . - -  

llOmAg 1 11 8 31 1 7 62 79 85 <I 4 < I  

5" - 38 30 - 6 -  - 56 55 - - 16 

l"Ru 14 45 - 49 - - 36 55 - < I  - - 
Iz45b 4 5 2  26 28 24 68 37 M 2 2 9  9 

s b - 6 5  - 23 34 - 45 47 - 26 15 

. - -  3 - - 97 1 m  - . - - 
U3 I - - -  - - . - - - - 

U4cs 2 17 14 97 34 n 1 4 5 3 2  < I  3 - 
13%5 - im - . . . . - - .  

137~s < 1  19 19 lm 31 57 <I 46 31 < I  3 < I  
'%a . . .  - - Im - - .  < 1  - - 

""'la 16 M 15 32 1 6 52 4 16 < I  28 63 
141b - 7 -  - 3 -  - 9 0 -  - - - 

l"ce 10 19 - 53 11 - M 70 1 m  I - -  
D9 

4 - - .  - - - - - - - 



Copper in Seawater and Marine Biota - 
Literature Review Summary 
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The c h e m i s t r y  o f  t h e  i n o r g a n i c  
forms o f  Cu i n  s e a  w a t e r  c a n  b e  de-  
s c r i b e d  a s  a  g e o c h e m i c a l  e q u i l i b r i u m  
be tween  t h e  s o l u b l e  and  i n s o l u b l e  
f r a c t i o n s  of Cu i n t r o d u c e d  d u r i n g  
g e o l o g i c  t i m e .  The p r e s e n t  c o n c e n -  
t r a t i o n  of s o l u b l e  Cu i s  a b o u t  
7x10- of t h e  t o t a l  c o n c e n t r a t  i o n  i n -  
t r o d u c e d .  The r e s i d e n c e  t i m e  o f  Cu, 
i . e . ,  t h e  a v e r a g e  t i m e  t h e  e l e m e n t  r e -  
mains  i n  s o l u t i o n  b e f o r e  removal  by  
some p r e c i p i t a t i o n  p r o c e s s ,  i s  abou t  
5x104 y r .  

For e q u i l i b r i u m  s y s  tems c o n t a i n i n g  
s e v e r a l  m e t a l s  and  s e v e r a l  l i g a n d s ,  
t h e  f r e e  c o n c e n t r a t i o n  and  d i s t r i b u -  
t i o n  o f  Cu w i l l  depend  on t h e  t o t a l  
c o n c e n t r a t i o n  o f  a l l  t h e  components 
o f  t h e  s y s t e m .  The s o l u b i l i t y  of Cu 
i n  s e a  w a t e r  i s  l i k e l y  governed  by a  
Cu2+-H20-C02 s y s t e m .  Copper  i n  s e a  
w a t e r  i s  s a t u r a t e d  w i t h  r e s p e c t  t o  
e i t h e r  CuO o r  C U ( O H ) ~ C O ~  ( m a l a c h i t e )  
and  t h e  m a j o r  d i s s o l v e d  i n o r g a n i c  
s p e c i e s  i n  s e a  w a t e r  i s  CuC03. I n  
s t a g n a n t  b a s i n s ,  t h e  p r e c i p i t a t i o n  o f  
s u l f i d e s  may b e  t h e  c o n t r o l l i n g  
mechanism o f  Cu s o l u b i l i t y .  

The c h e m i s t r y  o f  Cu i n  s e a  w a t e r '  
i s  s t r o n g l y  i n f l u e n c e d  by o r g a n i c  l i g -  
a n d s ,  and a  l a r g e  p r o p o r t i o n  o f  Cu i n  
s e a  w a t e r  i s  a s s o c i a t e d  w i t h  non-  
l a b i l e  o r g a n i c  m a t e r i a l .  O r g a n i c  com- 
p l e x i n g  a g e n t s  may l o w e r  t h e  e f f e c -  
t i v e  c o n c e n t r a t i o n  o f  c u 2 +  below a  r e -  
q u i r e d  n u t r i e n t  l e v e l  o r  p o t e n t i a l l y  
t o x i c  c o n c e n t r a t  i o n .  C o n v e r s e l y ,  
t h e y  may a l s o  h e l p  m a i n t a i n  a  b i o -  
l o g i c a l l y  e f f e c t i v e  l e v e l  o f  Cu by 
p r e v e n t i n g  t h e  f o r m a t i o n  of i n s o l u b l e  
Cu compounds. 

The main  c h e m i c a l  g r o u p s  o f  o r -  
g a n i c  compounds found  i n  s e a  w a t e r  
i n c l u d e  c a r b o h y d r a t e s ,  p e p t i d e s  and  
amino a c i d s ,  l i p i d s ,  and humic s u b -  
s t a n c e s .  The g r e a t e s t  q u a n t i t y  o f  
complexed t r a c e  m e t a l s  i n  s e a  w a t e r  
a p p e a r s  t o  b e  a s s o c i a t e d  w i t h  mole-  
c u l e s  o f  1000-5000  m o l e c u l a r  w e i g h t .  
A n a l y s i s  o f  Cu s p e c i a t i o n  i n  model 
a n d  n a t u r a l  s y s t e m s  i n d i c a t e d  t h a t  
t h e  b u l k  o f  added  c u 2 +  Was p r e s e n t  a s  
a m i n o - a c i d  and  p o l y p e p t i d e  c o m p l e x e s .  
O t h e r  s t u d i e s  f o u n d  t h a t  up t o  50% o f  

t h e  t o t a l  Cu i n  s e a  w a t e r  s a m p l e s  was 
i n  a  form e x t r a c t a b l e  by c h l o r o f o r m  
and may be a  Cu complex a s s o c i a t e d  
w i t h  t h e  l i p i d s  found i n  s e a  w a t e r .  
The s u r f a c e  m i c r o l a y e r  o f  t h e  o c e a n  
c o n t a i n s  an e n r i c h e d  c o n c e n t r a t  i o n  o f  
s u r f a c e -  a c t i v e  o r g a n i c  s u b s t a n c e s  i n -  
c l u d i n g  o r g a n i c  a c i d s  and p r o t e i n a -  
ceous  m a t e r i a l .  These  compounds have  
complexing s i t e s  f o r  heavy m e t a l s  a n d  
Cu i s ,  t h u s ,  found  t o  c o n c e n t r a t e  a t  
t h e  w a t e r  s u r f a c e .  

S t a b l e  s o l u b l e  complexes  a r e  
formed by r e a c t i o n s  of Cu w i t h  humic 
and f u l v i c  a c i d s  found  i n  n a t u r a l  
w a t e r s ,  and t h e  p r e s e n c e  o f  i o n i c  Cu 
i n  s e a  w a t e r  may cause -  p r e c i p i t a t i o n  
of f u l v a t e s  and  humates .  F u r t h e r ,  
i o n i c  Cu i s  r e a d i l y  a d s o r b e d  by  b a c -  
t e r i a l  and p h y t o p l a n k t o n  s u s p e n s i o n s  
and  i s  complexed by  o r g a n i c  m a t t e r  
s e c r e t e d  by p h y t o p l a n k t o n .  High c o r -  
r e l a t i o n s  be tween  t h e  Cu and  o r g a n i c  
m a t t e r  c o n t e n t s  o f  i n t e r t i d a l  s e d i -  
ments  have been  d e m o n s t r a t e d .  Cu was 
a s s o c i a t e d  f o r  t h e  most p a r t  w i t h  
a l k a l i n e - e x t r a c t a b l e  o r g a n i c  m a t t e r .  
S t r o n g  c o r r e l a t i o n s  be tween Cu a n d  
a c i d - i n s o l u b l e  o r g a n i c  m a t t e r  i n  s u b -  
s u r f a c e  s e d i m e n t s  and be tween  Cu and  
CaC03 i n  d e e p - s e a  c o r e s  s u g g e s t  t h e  
a s s o c i a t i o n  o f  Cu a c c u m u l a t i o n  w i t h  
b i o l o g i c  p r o d u c t i v i t y .  

O t h e r  s t u d i e s  have  shown t h a t  p e -  
l a g i c  c l a y s  c o n t a i n  Cu a p p a r e n t l y  
m o s t l y  d e r i v e d  f rom b i o t i c  s o u r c e s .  
I t  would b e  e x p e c t e d  t h a t  Cu i n  s e a  
w a t e r  would b e  s c a v e n g e d  by n a t u r a l l y -  
o c c u r r i n g  Mn h y d r o x i d e  c o l l o i d s  and 
b e  s u b s e q u e n t l y  d e p o s i t e d .  However,  
a  l a c k  o f  c o r r e l a t i o n  between t h e  Cu 
a n d  Mn c o n t e n t  of  s e d i m e n t s  and a  
s t r o n g  c o r r e l a t i o n  be tween  Cu and Ba 
s u g g e s t s  t h a t  t h e  r a t e  of Cu d e p o s i -  
t i o n  i s  n o t  a  f u n c t i o n  o f  a  non-  
b i o t i c  s c a v e n g i n g  p r o c e s s  b u t  i s  ap-  
p a r e n t l y  p r o p o r t i o n a l  t o  t h e  d e p o s i -  
t i o n  o f  b i o t i c  m a t e r i a l ,  t h e  l i k e l y  
s o u r c e  o f  Ba i n  s e d i m e n t s .  

The mean l e v e l  o f  Cu i n  open 
o c e a n i c  s u r f a c e  w a t e r  i s  a b o u t  
1 . 4  g .  Al though  n o  d e f i n i t i v e  p a t -  
t e r n  o f  g e o g r a p h i c  d i s t r i b u t i o n  o f  Cu 
i s  e v i d e n t ,  v a l u e s  h i g h e r  t h a n  a v e r -  
age a r e  g e n e r a l l y  a s s o c i a t e d  w i t h  
somewhat c o n f i n e d  b o d i e s  o f  w a t e r  and  
a r e a s  of u p w e l l i n g  c u r r e n t s .  The 
mean c o n c e n t r a t i o n  of Cu i n  s u r f a c e  



w a t e r s  from n e a r -  s h o r e  sampl ing  s i t e s  
i s  about  2 . 1  u g / i .  The Cu c o n c e n t r a -  
t i o n  f o r  t h e s e  a r e a s  e x h i b i t e d  
g r e a t e r  v a r i a b i l i t y  t h a n  open ocean 
v a l u e s  i n d i c a t i n g  p o s s i b l e  i n f l u e n c e s  
on Cu c o n c e n t r a t i o n s  i n  n e a r - s h o r e  
w a t e r s  f rom an th ropogen ic  a c t i v i t y  
and from s h o r e l i n e  and sha l l ow  w a t e r  
geochemica l  p r o c e s s e s .  

The c o n c e n t r a t i o n s  of Cu i n  mar ine  
organisms  g e n e r a l l y  f a l l  w i t h i n  t h e  
range 5-50 ug/g ( d r y  t i s s u e ) .  Orga- 
nisms c o n t a i n i n g  more t h a n  50 ug/g 
a r e  e i t h e r  p a r t i c u l a r l y  e f f e c t i v e  a c -  
cumula tors  of Cu and /o r  have  been e x -  
posed t o  abnormal ly  h i g h  e n v i r o n -  
men ta l  l e v e l s  o f  Cu. The e x t e n t  of 
Cu up t ake  by s e v e r a l  o rganisms ,  p a r -  
t i c u l a r l y  brown seaweed,  p o l y c h a e t e  
worms, and o y s t e r s ,  i s  d i r e c t l y  r e -  
l a t e d  t o  t h e  c o n c e n t r a t i o n  of  Cu t o  
which t h e s e  s p e c i e s  have been ex -  
posed ,  and t h e y  have been proposed a s  
s u i t a b l e  i n d i c a t o r s  of Cu 
contamina t  i o n .  

De t e rmina t i ons  of Cu c o n c e n t r a -  
t i o n s  i n  v a r i o u s  t i s s u e s  and  organs  
of s e v e r a l  s p e c i e s  of mar ine  an imals  
have shown t h a t  t h e  d i g e s t i v e  o rgans  
of echinoderms and mo l lu sks  have t h e  
h i g h e s t  l e v e l s  of Cu. The l a r g e s t  
amounts of Cu i n  c r u s t a c e a n s  occu r  i n  
t h e  hepa topanc rea s  and b lood .  The 
o x y g e n - c a r r i e r  i n  t h e  b lood  of t h e s e  
s p e c i e s  i s  hemocyanin, a  p r o t e i n  
which c a r r i e s  a  molecule  of 02 b e -  
tween two Cu atoms.  

A u t o t r o p h i c  mar ine  a l g a e  appea r  
t o  t a k e  up Cu by a n  i n i t i a l  i on -  
exchange t ype  r e a c t i o n  fo l l owed  by 
a c t i v e  t r a n s p o r t .  D i e t a r y  i n t a k e  of 
Cu i s  l i k e l y  a  more i m p o r t a n t  means 
of a ccumula t i on  t h a n  d i r e c t  abso rp -  
t i o n  f o r  h i g h e r  o rgan i sms .  However, 
Cu accumula t i on  by p o l y c h a e t e  worms 
i n d i c a t e s  t h a t  t h e s e  organisms  ab-  
s o r b  s o l u b l e  Cu p r e s e n t  i n  sed iment  
i n t e r s t i t i a l  w a t e r .  The g i l l s  of 
o y s t e r s  show a  h igh  u p t a k e  of Cu 
which c a n  be r e l a t e d  t o  b i n d i n g  of 
t h e  m e t a l  by l i g a n d s  i n  t h e  mucous 
s h e e t s .  

The e x t r a c t i o n  and a n a l y s i s  o f  Cu 
i n  env i ronmen ta l  samples  have  r e -  
c e i v e d  c o n s i d e r a b l e  a t t e n t i o n  i n  r e -  
c e n t  l i t e r a t u r e .  E x t r a c t i o n  of Cu 
from s e a  w a t e r  by c h e l a t i n g  a g e n t s  

and c o n c e n t r a t i o n  by o r g a n i c  s o l v e n t  
e x t r a c t i o n  w i t h  subsequen t  a n a l y s i s  
by atomic a b s o r p t i o n  spec t ro scopy  
seems t o  be t h e  most p o p u l a r  t e c h -  
n i q u e .  Other  a n a l y t i c a l  t e c h n i q u e s  
such  a s  po l a rog raphy  , s p e c t r o g r a p h y  , 
spec t ropho tome t ry ,  and n e u t r o n  a c t i -  
v a t i o n  have a l s o  been u sed .  S e v e r a l  
a u t h o r s  d i s c u s s  t h e  a n a l y s i s  of t h e  
chemica l  forms of Cu i n  s e a  w a t e r  i n -  
c l u d i n g  complexed, p a r t i c u l a t e  and 
d i a l y s a b l e  forms.  The e x t r a c t i o n  o f  
Cu from s o i l  and sed iment  by s e l e c -  
t i v e  chemica l  f r a c t i o n a t i o n  has  been 
used  t o  e l u c i d a t e  t h e  forms of  Cu 
p r e s e n t  i n  t h e s e  m a t e r i a l s .  The sam- 
p l i n g ,  sample p r e s e r v a t i o n  and con-  
t a m i n a t i o n  problems i n h e r e n t  i n  
a n a l y s i s  o f  Cu a t  env i ronmen ta l  
l e v e l s  a r e  an  impor t an t  a s p e c t  o f  
much of t h e  l i t e r a t u r e  on Cu. 

A n a l y s i s  o f  Cu p r e s e n t  i n  t r a c e  
amounts i n  env i ronmen ta l  samples  can 
r e s u l t  i n  s e v e r a l  s e r i o u s  s o u r c e s  of 
e r r o r  due t o  t h e  combina t ion  of low 
c o n c e n t r a t i o n s  w i t h  t h e  complexi ty  
of env i ronmen ta l  m a t e r i a l s .  The d i f -  
f i c u l t i e s  of sample c o l l e c t i o n  and' 
s t o r a g e ,  s e p a r a t i o n  and c o n c e n t r a -  - 
t i o n  methods, and a n a l y t i c a l  e r r o r  
r e p r e s e n t  some o f  t h e  p o s s i b l e  prob-  
lems encoun te r ed  i n  env i ronmen ta l  Cu 
a n a l y s i s .  S e l e c t i n g  t h e  a p p r o p r i a t e  
a n a l y t i c a l  method w i l l  depend on t h e  
s e n s i t i v i t y ,  s e l e c t i v i t y ,  s p e c i e s  
d i f f e r e n t i a t i o n ,  and p r e c i s i o n  r e -  
q u i r e d .  Cos t ,  t i m e ,  and a v a i l a b l e  
sample q u a n t i t y  must  a l s o  be con-  
s i d e r e d .  Of pr imary  impor t ance ,  a  
t e chn ique  must be s e l e c t e d  which 
minimizes sample m a n i p u l a t i o n .  Each 
s t e p  i n  a  p rocedu re  i n c r e a s e s  t h e  
chance f o r  con t amina t i on  of t h e  
o r i g i n a l  sample.  Another  major  con-  
c e r n  i s  r e sponse  s p e c i f i c i t y .  The 
p o p u l a r i t y  of a tomic  a b s o r p t i o n  f o r  
m e t a l  a n a l y s i s  i n  aqueous sys tems  
r e s t s  l a r g e l y  on t h e  s p e c i f i c i t y  of 
t h e  method, coupled  w i t h  i t s  c a p a c i t y  
t o  ana lyze  l a r g e  numbers o f  samples .  

A summary of t h e  d e t e c t i o n  l i m i t s  
and p r e c i s i o n s  f o r  t h e  a n a l y t i c a l  
methods f o r  de t e rmin ing  Cu c o n c e n t r a -  
t i o n  i n  s e a  w a t e r  i s  p r e s e n t e d  i n  
Tab l e  4 4 .  F lameless  a tomic  a b s o r p -  
t i o n  f o l l o w i n g  p r e c o n c e n t r a t i o n  by 
c h e l a t i o n  and s o l v e n t  e x t r a c t i o n  i s  
t h e  most s e n s i t i v e  method g i v e n  i n  
t h e  l i t e r a t u r e  examined. 



TABLE 4 4 .  D e t e c t i o n  L imi t s  and P r e c i s i o n  f o r  
Va r ious  Methods of  A n a l y s i s  f o r  Cu i n  Sea Water 

S p e c t r o p h o t o m e t r i c  

Neocupr ione  
D i t h i z o n e  
DEDTC 

2 : 2 ' - D i q u i n o l y l  
Hydroquinone  

E m i s s i o n  s p e c t r o s c o p y  

Atomic a b s o r p t i o n  

C o n v e n t i o n a l  
L ) i  r e c t  
A f t e r  p r e c o n c e n t r a t i o n  

F l a m e l e s s  
A f t e r  p r e c o n c e n t r a t i o n  

l o n  s e l e c t i v e  e l e c t r o d e  

Anodic s t r i p p i n g  v o l t a m e t r y  

Neut ron  a c t i v a t i o n  
A f t e r  s e p a r a t i o n  and 
c o n c e n t  r a t i o n  

X-ray f  l u o r e s e n c e  

r \ tomic f l u o r e s c e n c e  

D e t e c t  i o n  
L i m i t  P r e c i s i o n ,  

Water Quality Measurements in 
Sequim Bay 

R.  L. Schmidt, S. P. Joyce and 
R.  E. Wildung 

Water q u a l i t y  p a r a m e t e r s  were de -  
te rmined  p e r i o d i c a l l y  i n  Sequim Bay 
u s i n g  an e l e c t r o n i c  probe capab l e  o f  
s i m u l t a n e o u s l y  measur ing  conduct  i v -  
i t y ,  s a l i n i t y ,  t e m p e r a t u r e ,  d e p t h ,  
d i s s o l v e d  oxygen and pH. These pa-  
r ame te r s  f o r  s u r f a c e  and bot tom wa- 
t e r s  were measured on t h r e e  occa -  
s i o n s  du r ing  1975 and a r e  l i s t e d  i n  
Table  45 .  

The deg ree  of  s t r a t i f i c a t i o n  o f  
Sequim Bay can be i n f e r r e d  from t h e s e  
d a t a .  I t  i s  a p p a r e n t  from t h e  l i t t l e  
d i f f e r e n c e  between t o p  and bot tom 
t empera tu re s  i n  Feb rua ry ,  t h a t  d u r i n g  
t h e  w i n t e r  t h e  bay i s  we l l -mixed ,  
l i k e l y  due t o  t h e  s e v e r e  windstorms 
du r ing  l a t e  f a l l  and w i n t e r ,  which 
blow p a r a l l e l  t o  t h e  long dimens i o n  
o f  t h e  bay .  Although no d e p t h  v e r s u s  
t e m p e r a t u r e  p r o f i l e s  were t a k e n  i n  
A p r i l ,  t h e  >2"C d i f f e r e n c e s  between 
t o p  and bot tom t e m p e r a t u r e s  i n d i c a t e  
t h a t  some l a y e r i n g  may be o c c u r r i n g .  

The s u r f a c e  t empera tu re  a t  D-5,  mea- 
s u r e d  d u r i n g  an incoming t i d e ,  r e -  
f l e c t s  t h e  i n f l u e n c e  o f  c o o l e r  w a t e r  
from Puget Sound. I n  J u l y ,  t h e r m a l  
l a y e r i n g  i s  e v i d e n t ,  a s  i l l u s t r a t e d  
by F ig .  55,  a  p l o t  of  t empera tu re  
v e r s u s  dep th  f o r  S t a t i o n  D-4. The 
lower d i s s o l v e d  oxygen l e v e l  i n  t h e  
bo t tom w a t e r s  a t  S t a t i o n  D-2 c o r r e -  
l a t e s  w i t h  p r e v i o u s  o b s e r v a t i o n s  of  
r educ ing  c o n d i t i o n s  i n  sediment  from 
t h i s  l o c a t i o n .  

Suspended Particulate Matter in Sequim Bay 
and Its Freshwater Sources 

R.  L. Schmidt and R .  E. Wildung 

The q u a n t i t i e s  of  suspended p a r t i c -  
u l a t e s  i n  Sequim Bay (Tab le  46) and 
i t s  f r e s h w a t e r  s o u r c e s  (Tab l e  47) 
were de t e rmined  p e r i o d i c a l l y  u s i n g  
t h e  d o u b l e - f i l t e r  t e c h n i q u e .  I n  t h i s  
method, two 0.45 p f i l t e r s  were p r e -  
weighed and p o s i t i o n e d  i n  sequence i n  
a  f i l t r a t i o n  a p p a r a t u s .  A measured 
q u a n t i t y  o f  w a t e r ,  p r e - f i l t e r e d  
t h rough  243 nylon  mesh t o  remove i n -  
c i d e n t a l  swimming s p e c i e s ,  k e l p ,  e t c . ,  
was pa s sed  t h rough  b o t h  f i l t e r s ;  t h e  
t o p  f i l t e r  r e t a i n e d  t h e  p a r t i c u l a t e  



TABLE 4 5 .  Watcr  Q u a l i t y  P a r a m e t e r s  Measured  i n  Top a n d  
Bo t tom W a t e r s  o f  Sequim Bay. 

S t a t i o n  U a t e  -- @ 

m  

C o n d u c t i v i t y  S a l i n i t y  

c / o :  

T e m p e r a t u r e  

" C  

D i s s o l v e i l  
O x y ~ e n  K 

m g / x  

7 -  1 0 -  7 5  1 . 0  5 7 . 5  30 .!I 1 4 . 0  1 0 . 1  b . ?  
1 1 . 4  S. 4  2 7 . 0  3 5 . 0  3 1 .  4  T . O  

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

rl 
a s  a  b l a n k ,  i . e . ,  t h e  w e i g h t  o f  t h e  
t o p  f i l t e r  was a d j u s t e d  by t h e  w e i g h t  
c h a n g e  o f  t h e  b l a n k  a f t e r  d r y i n g  a t  
60°C.  P r i o r  t o  d r y i n g ,  t h e  f i l t e r s  
were  r i n s e d  w i t h  d e i o n i z e d  d i s t i l l e d  
w a t e r  (200 m l ) .  

c h a n g e s  i n  p h y t o p l a n k t o n  a c t i v i t y  a s  
F I G .  5 5 .  Water  T e m p e r a t u r e  v e r s u s  t h e  w a t e r  warmed d u r i n g  e a r l y  s p r i n g  
Dep th  a t  Sequim Bay S a m p l i n g  S t a t i o n  t o  e a r l y  summer. T h e r e  i s  an  i n -  
D-4,  J u l y  1 6 ,  1 9 7 5 .  c r e a s e  i n  s u s p e n d e d  m a t t e r  a t  t h e  
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The d a t a  f o r  s u s p e n d e d  m a t e r i a l  i n  
Sequim Bay ( T a b l e  4 6 )  l i k e l y  r e f l e c t s  

L - -"% 
- 

I I I I I 

S u r f a c e  s a m p l e s  a r e  c o l l e c t e d  by 
s u b m e r g i n g  a  p o l y p r o p y l e n e  c a r b o y  
(20 L) a b o u t  10 cm b e l o w  t h e  s u r f a c e ;  
b o t t o m  w a t e r s  a r e  pumped f r o m  w i t h i n  
2 m o f  t h e  s e d i m e n t  s u r f a c e .  To d e -  
t e r m i n e  t h e  movement o f  s u s p e n d e d  ma- 
t e r i a l  i n t o  a n d  o u t  o f  t h e  b a y ,  sam- 
p l e s  were  t a k e n  f rom t h e  s u r f a c e  of 
t h e  t i d a l  c h a n n e l  a t  a b o u t  t h e  m e d i a n  
t i m e  b e t w e e n  h i g h  a n d  low t i d e s ,  on 
b o t h  t h e  i n c o m i n g  ( f l o o d )  a n d  o u t -  
g o i n g  (ebb)  t i d e s  on d a y s  of  maximum 



TABLE 4 6 .  S u s p e n d e d  P a r t i c u l a t e  Mat-  
t e r  i n  t h e  Wate r  of Sequim Bay. 

TABLE 4 7 .  S u s p e n d e d  P a r t i c u l a t e  
M a t t e r  i n  F r e s h w a t e r  S o u r c e s  t o  
Sequim Bay. 
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s u r f a c e  f rom March t o  J u l y .  The sam- 
p l e s  c o l l e c t e d  i n  March h a v e  h i g h e r  
l e v e l s  i n  t h e  b o t t o m  w a t e r ,  e s p e -  
c i a l l y  a t  S t a t i o n  D-4 i n  t h e  d e e p e s t  
a r e a  of  t h e  b a y ,  i n d i c a t i n g  a n  a c c u n u -  
l a t i o n  o f  s e d i m e n t i n g  m a t e r i a l .  The 
h i g h e r  l e v e l  of  m a t e r i a l  i n  J u l y  i n  
t h e  b o t t o m  w a t e r  o f  S t a t i o n  D-3  may 
r e s u l t  f rom i n c r e a s e d  b i o l o g i c a l  a c -  
t i v i t y  i n  t h i s  a r e a  due  t o  a n  i n f l u x  
o f  n u t r i e n t s  f rom t h e  w a s t e w a t e r  o f  
Sequim Bay S t a t e  P a r k .  The t i d a l  
c h a n n e l  s a m p l e s ,  h a v i n g  more  s u s -  
pended  m a t t e r  i n  o u t g o i n g  w a t e r  t h a n  
incoming  w a t e r ,  i n d i c a t e  a  n e t  f l o w  
of  s u s p e n d e d  m a t e r i a l  f r o m  t h e  b a y  t o  
t h e  J u a n  de  Fuca  S t r a i t .  

The q u a n t i t y  o f  s u s p e n d e d  m a t t e r  
i n  J immycomela te ly  C r e e k ,  t h e  m a j o r  
s o u r c e  o f  f r e s h w a t e r ,  was l e s s  t h a n  
t h a t  of  t h e  b a y  i t s e l f ,  e v e n  d u r i n g  
s p r i n g  r u n o f f .  The m a j o r  p o r t i o n  o f  
t h i s  w a t e r s h e d  i s  f o r e s t  l a n d  a s  i s  
mos t  o f  t h e  e a s t  s i d e  o f  Sequim Bay. 
The h i g h e r  l e v e l  o f  s u s p e n d e d  p a r t i c -  
u l a t e s  i n  J o h n s o n  Creek  l i k e l y  r e -  
s u l t s  f rom r u n o f f  t h r o u g h  a n  a r e a  o f  
i r r i g a t e d  f o r a g e  c r o p s  a n d  p a s t u r e .  
The m a j o r  s o i l  t y p e  i n  t h i s  w a t e r s h e d  
i s  a  g r a y  g l a c i a l  u p l a n d  loam.  

S u s p e n d e d  
L o c a t i o n  D a t e  M a t t e r  

mg / e 
Jimmycome l a t e l y  C r e e k  

E a s t  F o r k  4 - 4 - 7 5  0 . 4 8  
Mou th  0 . 7 2  

E a s t  F o r k  7 - 1 8 - 7 5  0 . 3 2  
Mou th  0 . 3 3  

Dean C r e e k  4 - 4 - 7 5  2 . 5 0  

J o h n s o n  C r e e k  4 - 4 - 7 5  2 0 . 3 9  

7 - 1 8 - 7 5  1 7 . 7 9  

S p r i n g s ,  o n  c l i f f  
n e a r  l a b .  4 - 5 - 7 5  2 . 4 9  

7 - 2 1 - 7 5  6 . 6 3  

Physical and Chemical Characterization of 
Sequim Bay Sediments 

R. L. Schmidt and R. E. Wildung 

A d e t a i l e d  c h a r a c t e r i z a t i o n  o f  t h e  
s e d i m e n t s  a t  Sequim Bay, W a s h i n g t o n ,  
i n c l u d i n g  d e t e r m i n a t i o n  o f  m i n e r a l  
t y p e s ,  p a r t i c l e  s i z e  a n a l y s i s ,  o r -  
g a n i c  m a t t e r  c o n t e n t  a n d  e l e m e n t a l  
c o n c e n t r a t i o n s  was u n d e r t a k e n .  T h e s e  
r e a d i l y  o b t a i n a b l e  s e d i m e n t s  a r e  
b e i n g  u s e d  i n  i n v e s t i g a t i o n s  a t  MRL 
c o n c e r n i n g  t h e  t r a n s p o r t ,  b i o l o g i c a l  
a v a i l a b i l i t y ,  a c c u m u l a t i o n ,  a n d  
e f f e c t s  o f  e f f l u e n t  m a t e r i a l  f r o m  
c o a s t a l  n u c l e a r  power p l a n t s .  

Nine  s a m p l i n g  t r a n s e c t s  a n d  f i v e  
p e r m a n e n t  s a m p l i n g  s t a t i o n s  w e r e  
e s t a b l i s h e d  a s  shown i n  F i g s .  56 a n d  
57 .  Samples  c o l l e c t e d  f r o m  t h e s e  l o -  
c a t i o n s  w e r e  a n a l y z e d  f o r  p a r t i c l e  
s i z e  by c e n t r i f u g a t i o n  t e c h n i q u e s ,  
m i n e r a l o g i c a l  c o m p o s i t i o n  by X - r a y  
d i f f r a c t i o n ,  o r g a n i c  c a r b o n  c o n t e n t  
by m i c r o - c o m b u s t i o n ,  a n d  e l e m e n t a l  
c o n c e n t r a t i o n s  by e m i s s i o n  
s p e c t r o g r a p h .  

The d i s t r i b u t i o n  o f  t h e  s e d i m e n t  
t y p e s  e n c o u n t e r e d  i n  Sequim Bay i s  
shown i n  F i g .  5 7 .  The u p p e r  l e f t  
( n o r t h w e s t )  c o r n e r  o f  t h e  Bay i s  
s c o u r e d  o f  f i n e  s e d i m e n t s  by t h e  
t i d a l  c u r r e n t s .  The s e d i m e n t s  a r e  
gra 'ded by  t h e  c u r r e n t  i n t o  f i n e r  f r a c -  
t i o n s  a s  t h e  c u r r e n t  d i s s i p a t e s  
w i t h i n  t h e  Bay. P a r t i c l e  s i z e  g r a d a -  
t i o n  i s  a p p a r e n t  t o  a  l e s s e r  d e g r e e  



FIG. 56.  Sed iment  Sampling L o c a t i o n s ,  
Sequim Bay, Wash ing ton .  

a t  t h e  lower  end o f  t h e  b a y ,  t h i s  d u e  
t o  incoming  f r e s h  w a t e r ,  p a r t i c u l a r l y  
J immycomela te ly  C r e e k .  The m a j o r i t y  
of  t h e  b o t t o m  s e d i m e n t s  a r e  s i l t s ,  
which  by d e f i n i t i o n  a r e  s e d i m e n t s  h a v -  
i n g  more t h a n  50% o f  t h e  m a t e r i a l  
w i t h  a n  e f f e c t i v e  s p h e r i c a l  d i a m e t e r  
of ~ 6 2  mm. C l a y e y  s i l t  c o n s i s t s  o f  
< l o %  s a n d  a n d  > l o %  c l a y .  S i l t y  
c l a y e y  s a n d  c o n t a i n s  > S O %  s a n d ,  > l o %  
c l a y  a n d  > l o %  s i l t ;  s i l t y  s a n d  h a s  
< l o %  c l a y  a n d  > l o %  s i l t .  The r a n g e ,  
mean and  s t a n d a r d  d e v i a t i o n  o f  t h e  
components  o f  t h e  v a r i o u s  s e d i m e n t  
t y p e s  a r e  g i v e n  i n  T a b l e  4 8 .  A l s o  
shown a r e  sample  l o c a t i o n s  f r o m  which  
s e d i m e n t  was sampled  f o r  p a r t i c l e  
s i z e  a n a l y s i s .  These  s a m p l e s  w e r e  
c o l l e c t e d  f rom t h e  t o p  1 0  cm o f  t h e  
s e d i m e n t  s u r f a c e  a n d  were  d r e d g e d ,  
mixed t h o r o u g h l y ,  and subsampled  f o r  

FIG. 57.  Sed iment  D i s t r i b u t i o n  i n  
Sequim Bay and L o c a t i o n  o f  Permanen t  
Sampling S t a t i o n s .  

a n a l y s i s .  The w a t e r  c o n t e n t  o f  wet  
s e d i m e n t s  and  t h e  o r g a n i c  c a r b o n  c o n -  
t e n t  o f  d r y  s e d i m e n t s  a r e  a l s o  g i v e n  
i n  T a b l e  48 .  I t  i s  a p p a r e n t  t h a t  
o r g a n i c  m a t e r i a l  i s  a s s o c i a t e d  w i t h  
t h e  f i n e  f r a c t i o n  o f  t h e  s e d i m e n t .  
O r g a n i c  c a r b o n  v a r i e s  i n  p r o p o r t i o n  
t o  t h e  s i l t  and c l a y  c o n t e n t .  Heavy 
m e t a l s  p r e s e n t  i n  s e a  w a t e r  o f t e n  
form complexes  w i t h  o r g a n i c  m o l e c u l e s  
a n d  i t  c a n  be e x p e c t e d  t h a t  t h e  
c l a y e y  s i l t ,  which  h a s  t h e  l a r g e s t  
number o f  i n o r g a n i c  a b s o r p t i o n  s i t e s  
a s  w e l l  a s  t h e  h i g h e s t  o r g a n i c  c o n -  , 

t e n t ,  w i l l  h a v e  a  g r e a t e r  a c c u m u l a -  
t i o n  o f  heavy m e t a l s  t h a n  o t h e r  s e d i -  
ments  o f  t h e  bay.  

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



TABLE 48. Range and Mean o f  P a r t i c l e  S i z e  D i s t r i b u t i o n ,  
Water and Organic  Carbon Conten t  of  Sediment Types 
Sampled i n  Sequim Bay. 

S e d i m e n t  
Type componen ta  

S i l t y  s a n d  C l a y ,  % 
S i l t ,  % 
S a n d ,  % 
W a t e r ,  % 
O r g a n i c  c a r b o n ,  

mg/g 

S l l t y  c l a y e y  C l a y ,  % 
s a n d  S l l t ,  ", 

S a n d ,  % 

W a t e r ,  4 
O r g a n i c  c a r b o n ,  

mg/g 

Sandy c l a y e y  C l a y ,  % 
s i l t  S i l t ,  

S a n d ,  % 
h a t e r ,  % 
O r g a n i c  c a r b o n ,  

mg/g 

S t a n d .  -~~ ~ . 

Range blean Dev. Sample  L o c a t i o n s  -- 
T r a n s e c t  S t a t  t o n  -- 

C l a y e y  s i l t  C l a y ,  ", 1 7 . 9  - 3 4 . 9  2 6 . 6  5 . 0  1 2 , 3 , 5 , b  
S i l t ,  % 5 9 . 2  - 7 7 . 6  b 8 . 2  4 .  i 2  5 , 6  
S a n d ,  ", 0 . 8  - 1 1 . 2  5 . 0  2 . 4  3 2 , 3 , 5 , 7  
W a t e r .  ". 5 5 . 7  - 7 1 . 3  b 2 . 0  3 . 7  4 7 
O r g a n i c  c a r b o n ,  2 0 . 3  - 3 3 . 7  7 b . 8  3 . 9  5  1 , 2  

mg/g 8 3 - 1 2  
9  2  

a ~ a r t i c l e  s i z e s  a r e  g i v e n  a s  p e r c e n t  d r y  w e i g h t ;  w a t e r  c o n t e n t ,  a s  p e r c e n t  w e t  
w e i g h t  o f  f r e s h  s e d i m e n t ;  o r g a n i c  c a r b o n  c o n t e n t ,  a s  mg/g d r y  w e i g h t .  

mixing and redox  c o n d i t i o n s .  P a r t i -  
c l e  s i z e  a n a l y s i s  f o r  s ed imen t s  c o l -  
l e c t e d  a t  S t a t i o n s  D - 1  and D-2 show 
t h a t  t h e s e  m a t e r i a l s  c o n t a i n  35.5% 
and 39.8% c l a y ,  61 .3% and 58.4% s i l t ,  
and 3 . 2 %  and 1 . 8 %  s a n d ,  r e s p e c t i v e l y .  
S t a t i o n  D-2 r e p r e s e n t s  an a r e a  which 
a p p a r e n t l y  undergoes  l i t t l e  t i d a l  mix- 
i n g  a l l o w i n g  t h e  f o r m a t i o n  o f  a n o x i c  
c o n d i t i o n s .  Sediments  c o l l e c t e d  i n  
t h e  v i c i n i t y  o f  t h i s  l o c a t i o n  i n  
e a r l y  f a l l  e x h i b i t e d  r e a d i l y  d e t e c t -  
a b l e  l e v e l s  of  hydrogen s u l f i d e .  
Sediments  t a k e n  a t  S t a t i o n s  D - 1  and 
D-2 have t h e  h i g h e s t  amounts of  c l a y  
of any s ed imen t  a n a l y z e d ,  a s  w e l l  a s  
h igh  o r g a n i c  ca rbon  l e v e l s ,  i . e . ,  
31 .0  and 31 .1  mg/g, r e s p e c t i v e l y ,  and 
a r e  m a t e r i a l s  o f  i n t e r e s t  f o r  heavy 
me ta l  a ccumula t i on  and r e l e a s e  s t u d -  
i e s .  S t a t i o n  D-3 was s e l e c t e d  be -  
cause  of  i t s  p r o x i m i t y  t o  a  s o u r c e  o f  
domes t i c  sewage,  namely Sequim Bay 

S t a t e  Pa rk .  Sampling o f  t h e  d e e p e s t  
p o r t i o n  o f  t h e  bay was t h e  r a t i o n a l e  
f o r  s e l e c t i n g  S t a t i o n  D-4, and s e d i -  
ments a t  S t a t i o n  D-5 l i k e l y  r e p r e s e n t  
c l a y e y  s i l t  d e p o s i t e d  by t h e  t i d a l  
c u r r e n t .  

The major  c l a y  m i n e r a l  i n  t h e  f i n e  
c l a y  f r a c t i o n s  o f  Sequim Bay s e d i -  
ments i s  m o n t m o r i l l o n i t e .  Traces  o f  
c h l o r i t e ,  mica ,  k a o l i n i t e ,  and q u a r t z  
a r e  a l s o  p r e s e n t .  The c o a r s e  c l a y  
f r a c t i o n s  a l s o  c o n s i s t  p r i m a r i l y  of 
m o n t m o r i l l o n i t e  w i t h  minor amounts of  
c h l o r i t e ,  m ica ,  k a o l i n i t e ,  q u a r t z  and 
a  t r a c e  of  f e l d s p a r s .  Quar tz  and 
f e l d s p a r s  a r e  t h e  major  components i n  
t h e  c o a r s e  s i l t .  The c o a r s e  c l a y  
f r a c t i o n  of  s ed imen t s  from 
S t a t i o n  D-1 and D-2 showed d i s s i m i l a r  
i t i e s  i n  c l a y  minera logy  which may 
r e f l e c t  an e f f e c t  of d i f f e r e n c e s  i n  
redox  c o n d i t i o n s  on t h e  d i a g e n e t i c  



p r o c e s s  a t  t h e s e  l o c a t i o n s .  'l'ne 
m a j o r  component a t  D-1 was k a o l i n i t e ,  
whereas  D- 2 s e d i m e n t  c o n s i s t e d  p r i -  
m a r i l y  o f  c h l o r i t e .  

E l e m e n t a l  a n a l y s i s  o f  s e d i m e n t  
c o r e s  c o l l e c t e d  a t  t h e  p e r m a n e n t  
s a m p l i n g  s t a t i o n s ,  shown i n  T a b l e  4 9 ,  
s u b s t a n t i a t e d  t h e  d i f f e r e n c e s  i n  min-  
e r a l  t y p e s  b e t w e e n  s e d i m e n t s  f rom 
S t a t i o n s  D - 1  and  D-2.  K a o l i n i t e ,  a  
t w o - l a y e r  c l a y  l a t t i c e  c o n s i s t s  of 
s i l i c a  s h e e t s  a l t e r n a t i n g  w i t h  a l u -  
mina s h e e t s  and  c o n t a i n s  a p p r o x i -  
m a t e l y  1 0 %  A 1  by w e i g h t .  I n  c o n t r a s t ,  
c h l o r i t e  i s  s t r u c t u r a l l y  r e l a t e d  t o  
t h e  t h r e e - l a y e r  c l a y s ,  i . e . ,  a n  a l u -  
mina s h e e t  sandwiched  b e t w e e n  two s i l -  
i c a  s h e e t s .  T h r e e - l a y e r  c l a y s  c o n -  
t a i n  a b o u t  7 . 5 %  A l .  S p e c t r o g r a p h i c  
a n a l y s i s  o f  D-1 s e d i m e n t ,  i n  which  
k a o l i n i t e  p r e d o m i n a t e s ,  shows a  
h i g h e r  A 1  c o n t e n t  t h a n  D-2 s e d i m e n t ,  
which  h a s  c h l o r i t e  a s  a  m a j o r  com- 
p o n e n t .  S e d i m e n t  D - 2  h a s  l o w e r  l e v -  
e l s  o f  t r a c e  m e t a l s ,  p a r t i c u l a r l y  Co 
and  Mn, t h a n  o t h e r  s e d i m e n t s  a n a l y z e d ,  
p o s s i b l y  i n d i c a t i n g  t h e  i n f l u e n c e  o f  
r e d u c i n g  c o n d i t i o n s  on t h e  accumula -  
t i o n  and  r e l e a s e  o f  t h e s e  e l e m e n t s .  

Copper in Sequim Bay Sediments 
R.  L. Schmidt, T. R.  Garland and 
R. E. Wildung 

S e d i m e n t s  f o r  t r a c e - m e t a l  s t u d i e s  
a r e  c o l l e c t e d  w i t h  t h e  n o n m e t a l l i c ,  
d i v e r - o p e r a t e d  s a m p l e r  p i c t u r e d  i n  
F i g .  5 8 .  T h i s  d e v i c e ,  a  25 cm s q u a r e  
p o l y c a r b o n a t e  b o x ,  5  cm d e e p ,  i s  i n -  
s e r t e d  g e n t l y  i n t o  t h e  s e d i m e n t ;  a  
f l a p p e r  v a l v e  on t o p  a l l o w s  w a t e r  t o  
e s c a p e .  An i n t e r l o c k i n g  p l a t e  i s  
t h e n  s l i p p e d  u n d e r  t h e  box and 
c lamped i n t o  p l a c e .  Samples  h a v e  
b e e n  r e t r i e v e d  a t  a  40 f t  d e p t h  i n  
u n d e r  5  min t o t a l  d i v e  t i m e .  

T o t a l  s e d i m e n t  Cu, f o l l o w i n g  d i g e s -  
t i o n  i n  HF-HN03, i s  d e t e r m i n e d  by 
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  a f t e r  
e x t r a c t i o n  w i t h  ammonia p y r r o l i d i n e  
d i t h i o c a r b a m a t e  (APDC) i n t o  m e t h y l  
i s o b u t y l  k e t o n e  (MIBK) ( 4 - m e t h y l - 2 -  
p e n t a n o n e ) .  T h i s  e x t r a c t i o n  t e c h -  
n i q u e  r e c o v e r s  > 9 2 %  of  Cu added  t o  
d i s t i l l e d  w a t e r  w i t h  a  c o e f f i c i e n t  o f  
v a r i a t i o n  o f  < 3 % .  T o t a l  Cu i n  t h e  
Sequim Bay s e d i m e n t s  a n a l y z e d  r a n g e s  
from 35-55  p g / g .  The i n t e r s t i t i a l  
w a t e r  o f  t h i s  s e d i m e n t ,  removed by 
c e n t r i f u g a t i o n ,  h a s  a  Cu l e v e l  o f  

TABLE 49 .  E l e m e n t a l  A n a l y s i s  o f  Sequim Bay Sed iment  
Core  Samples  by E m i s s i o n  S p e c t r o g r a p h .  

S t a t i o n  D e p t h ,  c m  





Transport Modeling Studies 
S. W. Ahlstrom and C. I. Gibson 

To e n a b l e  u s  t o  p r e d i c t  t h e  c o n c e n -  
t r a t i o n  o f  e f f l u e n t  m a t e r i a l s  t h a t  
would be  i m p a c t i n g  t h e  c o a s t a l  e c o -  
s y s t e m  f rom a  d e f i n e d  s o u r c e ,  and  
t h u s  have  a  b a s i s  f o r  l a b o r a t o r y  
e x p e r i m e n t a t i o n  and  f i e l d  v e r i f i c a -  
t i o n  s t u d i e s ,  a  p rogram was u n d e r -  
t a k e n  t o  d e v e l o p  a  model c a p a b l e  o f  
p r e d i c t i n g  e f f l u e n t  d i s t r i b u t i o n .  
The model d e v e l o p e d  needed  t o  b e  f l e x -  
i b l e  enough s o  t h a t  i t  c o u l d  be  u s e d  
f o r  a  v a r i e t y  o f  c o a s t a l  r e g i o n s  and 
a l l o w  v a r i a b l e s  s u c h  a s  s o u r c e  t e r m  
v a r i a t i o n ,  m u l t i p l e  s o u r c e  i n p u t ,  
s e d i m e n t  w a t e r  i n t e r a c t i o n s  and b i o -  
l o g i c a l  i n t e r a c t i o n  t o  b e  i n c o r p o -  
r a t e d .  Dur ing  t h e  p a s t  y e a r ,  t h e  f o l -  
l o w i n g  p r o g r e s s  h a s  b e e n  made on t h e  
model : 

Ocean C u r r e n t s  D a t a  

The b a s i c  d e s i g n  work on t h e  o c e a n  
c u r r e n t s  d a t a  b a s e  was accom- 
p l i s h e d  t h i s  y e a r .  A f ramework 
was e s t a b l i s h e d  f o r  s t o r i n g  d a t a  
and r e s o l v i n g  d a t a  on a  g r i d  s y s -  
tem w i t h  a p p r o p r i a t e  p r o v i s i o n s  
f o r  c o n t i n u o u s  u p d a t i n g  and  e x p a n -  
s i o n .  The d a t a  f o r m a t s  a r e  g e n e r -  
a l i z e d  and c a n  b e  u s e d  f o r  any 
l o c a l e .  The o n l y  i n f o r m a t i o n  
a c t u a l l y  s t o r e d  on t h e  d a t a  b a s e  
t o  d a t e  i s  a  p r e l i m i n a r y  d i s c h a r g e  
d e c o u p l e d  c u r r e n t  f i e l d  f o r  a  
1 0 - s q u a r e  m i l e  a r e a  i m m e d i a t e l y  
s u r r o u n d i n g  t h e  e x i s t i n g  d i s c h a r g e  
a t  t h e  San O n o f r e  N u c l e a r  G e n e r -  
a t i n g  S t a t i o n .  

T r a n s p o r t  Model Computer Program 

An i n i t i a l  v e r s i o n  o f  a  g e n e r a l -  
i z e d  t r a n s p o r t  model was s u c c e s s -  
f u l l y  implemented  and  t e s t e d  t h i s  
y e a r  on B a t t e l l e ' s  Water  and Land 
R e s o u r c e  Depar tmen t  PDP-11/45 com- 
p u t e r  s y s t e m .  The n u m e r i c a l  s o l u -  
t i o n  t e c h n i q u e  upon which  t h e  
model i s  b a s e d  i s  r e f e r r e d  t o  a s  
t h e  D i s c r e t e - P a r c e l - R a n d o m - W a l k  
(DPRW) a p p r o a c h .  T h i s  scheme u s e s  
a  L a n g r a n g i a n  v i e w p o i n t  t o  s imu-  
l a t e  a d v e c t i o n ,  and  a  Markov r a n -  
dom walk  a n a l o g y  t o  p r e d i c t  d i s p e r -  
s i v e  b e h a v i o r .  Some o f  t h e  
a t t r i b u t e s  o f  t h e  model i n c l u d e :  

d i s p e r s i o n .  A d v e c t i o n  compo- 
n e n t s  c o n s i d e r e d  a r e  t i d a l  c u r -  
r e n t s ,  p e r s i s t e n t  c u r r e n t s ,  and 
wind s u r f a c e  e f f e c t s  , 

3)  up t o  t e n  s i m u l t a n e o u s  d i s -  
c h a r g e s  a l l o w e d ,  

4 )  t r a n s p o r t  of up t o  t w e n t y - f o u r  
c o n s t i t u e n t s  s i m u l t a n e o u s l y ,  

5 )  v a r i a b l e  g r i d  ne twork  f o r  m a x i -  
mum e f f i c i e n c y ,  

6 )  r e a l  t i m e  m o n i t o r i n g  and g r a p h i -  
c a l  o u t p u t  c a p a b i l i t i e s  f o r  max- 
imum s o l u t i o n  c o n t r o l  and imme- 
d i a t e  g r a p h i c a l  d i s p l a y  of 
computed r e s u l t s .  

San  Onof re  P a r a m e t r i c  S t u d i e s  

The i n i t i a l  a p p l i c a t i o n  o f  t h e  
t r a n s p o r t  model was a  s i m p l e  p a r a -  
m e t r i c  s t u d y  o f  l o w - l e v e l  r a d i o -  
n u c l i d e  d i s c h a r g e s  f rom t h e  e x i s t -  
i n g  o u t f a l l  a t  t h e  San O n o f r e  
N u c l e a r  G e n e r a t i n g  S t a t i o n .  D a i l y  
i s o p l e t h s  f o r  f i f t e e n  r a d i o -  
n u c l i d e s ,  f o r  two d i f f e r e n t  d i s -  
c h a r g e  r a t e s ,  a n d  n i n e  d i f f e r e n t  
s u r f a c e  wind c o n d i t i o n s  were  com- 
p u t e d .  The l e n g t h  o f  e a c h  s i m u l a -  
t i o n  was 6  d a y s  w i t h  t h e  d i s c h a r g e  
o f  r a d i o n u c l i d e s  assumed t o  b e  c o n -  
t i n u o u s  d u r i n g  t h e  f i r s t  3  d a y s  o f  
t h e  s t u d y .  

To f u r t h e r  t e s t  t h e  mode l ,  we p l a n  
t o  u s e  i t  t o  p r e d i c t  t i m e  v a r i a n t  
c o n c e n t r a t i o n  p a t t e r n s  w i t h i n  
Sequim Bay. To make t h e s e  p r e d i c -  
t i o n s ,  we have  begun a  h y d r o -  
l o g i c a l  c h a r a c t e r i z a t i o n  o f  Sequim 
Bay. T i d a l  and  c u r r e n t  d a t a  c o l -  
l e c t e d  n e a r  t h e  mouth of t h e  bay 
w i l l  be  u s e d ,  a l o n g  w i t h  d e t a i l e d  
i n f o r m a t i o n  c o n c e r n i n g  t h e  b a y ' s  
t o p o g r a p h i c a l  f e a t u r e s ,  t o  p r o v i d e  
t h e  p r i n c i p a l  i n p u t  d a t a  f o r  a  
hydrodynamic  model .  We e x p e c t  t h e  
hydrodynamic  model t o  be  f u n c -  
t i o n a l  by J u n e  1976 and f i e l d  v e r i -  
f i c a t i o n  o f  t h e  hydrodynamic and  
t r a n s p o r t  model i n  Sequim Bay t o  
be c o n d u c t e d  t h e  f o l l o w i n g  y e a r .  

F i g u r e s  59 a n d  60 show model p r e -  
d i c t i o n  o f  5 8 ~ o  c o n c e n t r a t i o n  i n  
w a t e r s  a r o u n d  a  n u c l e a r  power p l a n t ' s  
t h e r m a l  e f f l u e n t  d u r i n g  r a d i o l o g i c a l  
w a s t e s  r e l e a s e .  The model s i m u l a t e s  
t i d a l  and  c u r r e n t  c o n d i t i o n s  b a s e d  on 
f i e l d  d a t a  and u s e s  e f f l u e n t  r a t e s  a s  
measured  by BNW s c i e n t i s t s .  

1 )  t i m e  d e p e n d e n c y ,  
2 )  t w o - d i m e n s i o n a l  a d v e c t i o n  ( l a t -  

e r a l  p l a n e ) ,  t h r e e - d i m e n s i o n a l  
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FIG. 5 9 .  I s o p l e t h s  f o r  a  Normal - 
3 - d a y e l e a s e  P e r i o d  Fo l lowed  by 
3 - d a y s  o f  No R e l e a s e  Under Cond i -  
t i o n s  o f  No Wind. 
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FIG. 60 .  I s o p l e t h s  Us ing  Same 
R e l e a s e  and T i d a l  C o n d i t i o n s  a s  
F i g .  60 b u t  w i t h  A d d i t i o n  o f  
1 0 - k n o t  Wind f rom t h e  E a s t .  

The Relative Sensitivity of Pacific 
Ocean Coastal Organisms to Power 
Plant Biocides and Metallic Effluents, 
and the Combined Effects of These 
Chemicals and Temperature Alteration 

T. 0. Thatcher, J. R. Bridge and 
D. S.  Wood 

The o b j e c t i v e s  o f  t h i s  p o r t i o n  o f  
t h e  B i o l o g i c a l  A v a i l a b i l i t y  Program 
a r e  t o  compare  t h e  r e l a t i v e  s e n s i -  
t i v i t y  o f  m a r i n e  and e s t u a r i n e  o r g a n -  
i sms t o  b i o c i d e s  and  m e t a l l i c  e f f l u -  
e n t s  a s s o c i a t e d  w i t h  power p l a n t s ,  
and  t h e n  t o  examine  t h e  e f f e c t s  o f  
s u b l e t h a l  c o n c e n t r a t i o n s  o f  t h e s e  
m a t e r i a l s  d u r i n g  c h r o n i c  e x p o s u r e s .  
The combined e f f e c t s  (which may be 
a d d i t i v e ,  s y n e r g i s t i c  o r  a n t a g o n i s t i c )  
o f  s e v e r a l  components  o f  e f f l u e n t s  
s u c h  a s  h e a t ,  b i o c i d e s ,  m e t a l s ,  and 
o t h e r s )  w i l l  a l s o  be  d e t e r m i n e d .  

D u r i n g  t h e  pas . t  y e a r ,  135  a c u t e  
t o x i c i t y  b i o a s s a y s  and 4  c h r o n i c  e x p o -  
s u r e  s t u d i e s  have  been  i n i t i a t e d  i n  
o u r  m o b i l e  l a b o r a t o r y ' s  2 - d i l u t e r ,  
2 4 - e x p o s u r e - c h a m b e r ,  c o n t i n u o u s  f l o w -  
i n g ,  t o x i c i t y  t e s t i n g  s y s t e m .  I n  
t h e s e  e x p e r i m e n t s ,  17  s p e c i e s  o f  e s t u -  
a r i n e  and  m a r i n e  f i s h e s  and s h e l l -  
f i s h e s  h a v e  b e e n  exposed  t o  t h e  e f -  
f e c t s  o f  c h l o r i n e ,  c o p p e r ,  c h l o r i n e  
and c o p p e r  o r  t h e  combined e f f e c t s  of 
t e m p e r a t u r e  a l t e r a t i o n s ,  c h l o r i n e  
a n d / o r  c o p p e r .  E i g h t  t o  t e n  more s p e -  
c i e s  w i l l  b e  added t o  t h i s  l i s t  d u r -  
i n g  t h e  n e x t  y e a r .  

C h l o r i n e  was s e l e c t e d  f o r  o u r  s t u d -  
i e s  d u e  t o  i t s  i m p o r t a n c e  a s  a  b i o -  
c i d e  i n  e l e c t r i c  g e n e r a t i n g  p l a n t  c o n -  
d e n s e r  s y s t e m s ,  and  o t h e r  common 
a p p l i c a t i o n s  which l e a d  t o  i t s  p o t e n -  
t i a l  f o r  i m p a c t i n g  c o a s t a l  and e s t u -  
a r i n e  o r g a n i s m s .  A l l  c o n c e n t r a t i o n s  
were  m e a s u r e d ,  and e x p r e s s e d  a s  t o t a l  
r e s i d u a l  c h l o r i n e ,  by a n  a m p e r o m e t r i c  
t i t r a t i o n  t e c h n i q u e  (employ ing  a  p o -  
l a r o g r a p h  f o r  e n d p o i n t  d e t e c t i o n )  
which  c a n  m e a s u r e  l e v e l s  down t o  
1 p a r t  p e r  b i l l i o n ,  and p e r h a p s  lower  
w i t h  s p e c i a l  c a r e .  A l t h o u g h  measured  
a s  t o t a l  r e s i d u a l  c h l o r i n e ,  t h e r e  a r e  
s e v e r a l  s u b s t a n c e s  i n  s a l t  w a t e r  
which  g i v e  a  p o s i t i v e  i n t e r f e r e n c e  
w i t h  t h e  a n a l y t i c a l  t e c h n i q u e .  T h e r e -  
f o r e ,  v a l u e s  measured  i n  c o n t r o l  cham- 
b e r s  a r e  s u b t r a c t e d  f rom t h o s e  o f  
c h l o r i n e  e x p o s u r e  chambers  f o r  c a l c u -  
l a t i o n  of t o x i c i t y  e f f e c t  l e v e l s .  I n  
a d d i t i o n ,  c h l o r i n a t i o n  of  s e a  w a t e r  
p r o d u c e s  c h l o r i n a t e d  o r g a n i c s ,  some 
o f  which  may c o n t r i b u t e  t o  t h e  t o x i c  



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

I n  a d d i t i o n ,  o t h e r  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 e x p o s u r e s  w i t h  
s m a l l  numbers  o f  o r g a n i s m s  when t h e  
number a v a i l a b l e  was i n s u f f i c i e n t  f o r  
a  f u l l  b i o a s s a y  e x p e r i m e n t )  s u g g e s t  
t h a t :  1 )  j u v e n i l e  E n g l i s h  s o l e  
(Parophrys v e t u l u s )  a r e  somewhat more 
s e n s i t i v e  t h a n  j u v e n i l e  s h i n e r  p e r c h ,  
2 )  j u v e n i l e  c o p p e r  r o c k  f i s h  
( S e b a s t e s  c a u r i n u s )  and  s t r i p e d  s e a -  -- 
p e r c h ,  (Embio toca  l a t e r a l i s )  a r e  s i m i -  
l a r  i n  s e n s i t i v i t y  t o  j u v e n i l e  
s h i n e r  p e r c h ,  3)  f e m a l e  s h i n e r  p e r c h  
( " l i v e b e a r e r s " )  c a r r y i n g  young a r e  
more s e n s i t i v e  t h a n  o t h e r  s h i n e r  
p e r c h ,  e v e n  1 - 3  d a y  o l d  y o u n g ,  
4 )  a n o t h e r  p a n d a l l i d  s h r i m p  ( P a n d a l u s  
m o n t a g u i  t r i d e n s )  i s  more s e n s i t i v e  
t h a n  P. d a n a e ,  a n d ,  5 )  newly  m o l t e d  -- 
s h r i m p  a r e  more s e n s i t i v e  t h a n  t h o s e  
w h i c h  h a v e  n o t  s h e d  t h e i r  e x o s k e l e t o n  
r e c e n t l y .  A  p r e l i m i n a r y  t e s t  w i t h  
1 0 - d a y  o l d  o y s t e r  ( C r a s s o s t r e a  g i g a s )  
l a r v a e  p r o d u c e d  a  4 8 - h r  LC50 v a l u e  
o f  0 . 4 4  mg/e .  

One s e r i e s  of e x p e r i m e n t s  i s  c o n -  
c e r n e d  w i t h  d e t e r m i n i n g  t h e  r e l a t i v e  
s e n s i t i v i t y  o f  l o c a l  s p e c i e s  t o  a c u t e  
e x p o s u r e  t o  c h l o r i n e .  The 9 6 - h r  LC50 
v a l u e s  ( t h e  c o n c e n t r a t i o n  t h a t  k i l l s  
50% o f  t h e  e x p o s e d  a n i m a l s ,  h e r e  d e -  
r i v e d  by  a  c o m p u t e r  p rogram b a s e d  on 
p r o b i t  a n a l y s i s )  w h i c h  h a v e  b e e n  d e -  
t e r m i n e d  s o  f a r  w i t h  t h e i r  9 5 %  f i d u -  
c i a 1  l imi t s  ( v e r y  s i m i l a r  t o  c o n f i -  
d e n c e  l i m i t s ,  b u t  d e r i v e d  somewhat 
d i f f e r e n t l y  s i n c e  p r o b i t s  a r e  u s e d )  
a r e  shown i n  T a b l e  5 1 .  The h e r r i n g ,  
s h i n e r  p e r c h  a n d  s a n d  l a n c e  w e r e  t h e  
mos t  s e n s i t i v e .  T h e s e  t h r e e  s p e c i e s  
w e r e  t e s t e d  t o g e t h e r  i n  s e v e r a l  com- 
b i n a t i o n s  d u r i n g  4  e x p e r i m e n t s ,  and  
i n  t h o s e  e x p o s u r e s ,  h e r r i n g  and  
s h i n e r  p e r c h  w e r e  i n s e p a r a b l e  i n  
t h e i r  s e n s i t i v i t y  t o  c h l o r i n e .  HOW- 
e v e r ,  i n  t h e  3  c a s e s  when s h i n e r  
p e r c h  a n d  s a n d  l a n c e  w e r e  r u n  s i m u l -  
t a n e o u s l y ,  t h e  s h i n e r  p e r c h  w e r e  c o n -  
s i s t e n t l y  more s e n s i t i v e .  I n  t h e  one  
e x p e r i m e n t  h a v i n g  b o t h  h e r r i n g  and 
s a n d  l a n c e ,  h e r r i n g  w e r e  more s e n s i -  
t i v e .  As was e x p e c t e d ,  c o o n  s t r i p e  
s h r i m p  e g g s  w e r e  more  r e s i s t a n t  t h a n  
j u v e n i l e s .  

The t y p i c a l  LC50 v a l u e  c a n n o t  b e  
s a t i s f a c t o r i l y  d e r i v e d  f o r  b i v a l v e  
m o l l u s c a n s  a f t e r  t h e i r  s h e l l s  h a v e  
f o r m e d .  To a v o i d  t h i s  p r o b l e m ,  d e v e l -  
o p i n g  l a r v a e  w h i c h  h a v e  b e e n  v e r y  r e -  
c e n t l y  f e r t i l i z e d  mus t  b e  u s e d .  T e c h -  
n i q u e s  f o r  p e r f o r m i n g  s u c h  e x p e r i m e n t s  

TABLE 51.  The 9 6 - h r  v a l u e s a  o f  M a r i n e  
a n d  E s t u a r i n e  O r g a n i s m s  ( E g g s ,  J u v e -  
n i l e s  o r  A d u l t s )  Exposed t o  C h l o r i n e .  

C x p e r i m e n t a l  O r g a n i s m  
( L i f e  S t a g e :  Eggs ( e ) ,  

J-) o r  A d u l t s  ( a )  

Number 
P e r  

C o n c e n t r a t i o n  

9 6 - h r  LC50 L-a lue  
(mg/n T o t a l  e s i d u a l  

C h l o r i n e  6 ,  
0 . 0 5 7  

9 5 %  F l d u c i a l  ~ i m i t s ~  
( m g j s  T o t a l  R g s i d u a l  

C h l o r i n e  ) 

0 . 0 3 4 - 0 . 0 7 9  P a c i f i c  H e r r i n g  ( j )  
( C l u p e a  h a r e n g u s  p a l l a s i ~ )  

S h i n e r  P e r c h  ( j j  
C v m a t o g a s t e r  a g g r e g a t a )  
A 

P a c i f i c  S a n d  L a n c e  ( j , a j  
(Ammodytes h e x a p t e r u s )  

b l y s i d s  ( a )  

T h r e e s p i n e  S t i c k l e b a c k  ( j j  
( G a s t e r o s t e u s  a c u l e a t u s )  

Coon  S t r i p e  S h r i m p  (1 . a )  
( P a n d a l u s  d a n a e )  

Coon  S t r i p e  S h r i m p  ( e )  

.Amphipods ( a )  

Etiach v a l u e  r e p r e s e n t s  d a t a  f r o m  4  t o  6 r e p l i c a t e d  e x p e r i m e n t s  r u n  a t  b e t i i e e n  lcl a n d  15'C. 
S e e  q u a l i f i c a t i o n s  o r  e x p l a n a t i o n  i n  t e x t .  



a r e  a v a i l a b l e  f o r  o y s t e r s  b u t  a r e  
s t i l l  i n  t h e  d e v e l o p m e n t a l  s t a g e s  f o r  
o t h e r  i m p o r t a n t  P a c i f i c  N o r t h w e s t  b i -  
v a l v e s .  U n t i l  s a t i s f a c t o r y  t e c h n i q u e s  
f o r  a c u t e  s t u d i e s  a r e  a v a i l a b l e ,  o u r  
a p p r o a c h  i s  t o  u s e  s i p h o n i n g ,  o r  more  
a c c u r a t e l y ,  t h e  l a c k  o f  i t  a s  a n  i n d i -  
c a t i o n  o f  s t r e s s .  F i v e  s p e c i e s  a r e  
b e i n g  examined i n  t h i s  manner ,  and t h e  
i n i t i a l  o b s e r v a t i o n s  s u g g e s t  t h a t  
g a p e r  c l a m s  ( T r e s u s  s p . )  and c o c k l e s  
( C l i n o c a r d i u m  s p . )  a r e  t h e  most r e -  
s i s t a n t  t o  c h l o r i n e .  B u t t e r  ( S a x i d o -  -- 
mus g i g a n t e u s )  and b e n t n o s e  c l a m s  
(Macoma nXKiFa) a r e  s i m i l a r  t o  e a c h  
o t h e r  an- s e n s i t i v e  t h a n  t h e  
f i r s t  two s p e c i e s ,  a n d  n a t i v e  l i t t l e -  
neck  c l a m s  ( ~ r o t o t h a c a  s t a m i n e a )  a r e  
t h e  most  s e n s i t i v e .  

The s t u d i e s  w i t h  d e v e l o p i n g  f e r -  
t i l e  eggs  removed f rom f e m a l e  coon  
s t r i p e  s h r i m p  w e r e  c o n d u c t e d  i n  a  
s p e c i a l l y  d e v e l o p e d  s y s t e m  which  main -  
t a i n s  t h e  e g g s  i n  c o n t i n u a l l y  renewed 
t e s t  s o l u t i o n .  These  s t u d i e s  h a v e  
shown t h a t  h a t c h i n g  o f  e g g s  (which 
a r e  r e a d y  t o  h a t c h  when t h e  e x p o s u r e  
i s  i n i t i a t e d )  i s  i n h i b i t e d  by c h l o -  
r i n e  e x p o s u r e  a t  l e a s t  down t o  
0 .20  mg/k t o t a l  r e s i d u a l  c h l o r i n e .  
Dur ing  t h e s e  i n i t i a l  e x p e r i m e n t s ,  
c h l o r i n e  e x p o s u r e  was c o n t i n u e d  f o r  
o n l y  6  d a y s ,  b u t  h a t c h i n g  a t  t h e  0 . 2 0  
l e v e l  d u r i n g  t h a t  t i m e  was o n l y  2 0 - 5 0 %  
o f  t h a t  i n  t h e  c o n t r o l s  and l o w e r  c o n -  
c e n t r a t i o n s .  Eggs e x p o s e d  f o r  4 d a y s  
t o  0 . 2 0  m g / ~  p r o c e e d e d  t o  h a t c h  a f t e r  
b e i n g  r e t u r n e d  t o  c l e a n  w a t e r ,  b u t  
t h e  h a t c h i n g  r e q u i r e d  3  t o  9  d a y s  
l o n g e r  t h a n  t h e  c o n t r o l s .  The h a t c h -  
i n g  o f  Dungeness  c r a b  (Cancer  
m a g i s t e r )  e g g s ,  t r e a t e d  i n  a  s i m i l a r  
manner  a s  t h e  s h r i m p  e g g s ,  was n o t  a f -  
f e c t e d  a t  0 .20  mg/k t o t a l  r e s i d u a l  
c h l o r i n e .  A m a n u s c r i p t  t o  b e  s u b -  
m i t t e d  f o r  p u b l i c a t i o n  i n  t h e  open 
l i t e r a t u r e  i s  b e i n g  p r e p a r e d  c o n c e r n -  
i n g  t h e  s h r i m p  egg s t u d i e s .  

A n o t h e r  s e r i e s  of s h o r t - t e r m  c o n -  
t i n u o u s  f l o w  e x p e r i m e n t s  was c o n -  
d u c t e d  t o  d e t e r m i n e  combined e f f e c t s  
o f  t e m p e r a t u r e  a n d  b i o c i d e s .  The r e -  
s u l t s  of t h e s e  e x p e r i m e n t s  w i t h  c h l o -  
r i n e ,  t e m p e r a t u r e  a l t e r a t i o n  and coon 
s t r i p e  s h r i m p  a r e  shown i n  T a b l e  5 2 .  
The s e r i e s  o f  t e s t s  a t  1 0 ,  1 5 ,  and  
20°C, w i t h  s h r i m p  a c c l i m a t e d  a t  8°C 
r e s u l t e d  i n  a  g r a d u a l  d e c r e a s e  i n  
t o l e r a n c e  t o  c h l o r i n e  w i t h  t e m p e r a -  
t u r e  i n c r e a s e .  The 9 5 %  f i d u c i a l  l i m -  
i t s  o f  t h e s e  v a l u e s  d o  n o t  o v e r l a p .  
The t o l e r a n c e  o f  s h r i m p  a c c l i m a t e d  

t o  15°C and  t e s t e d  a t  15°C i s  h i g h e r  
t h a n  t h o s e  a c c l i m a t e d  a t  8OC and c s -  
posed  a t  l S ° C ,  b u t  t h e  955 f i c l u c i n l  
l im i t s  a t  t h e s e  2  s e t s  o f  e x p e r i m c n -  
t a l  c o n d i t i o n s  do  o v e r l a p  s l i g h t l y .  
However,  t h e  95% f i d u c i a l  l i m i t s  o f  
t h i s  v a l u e  ( a c c l i m a t i o n  a n d  e x p o s u r e  
a t  lS°C)  do  n o t  o v e r l a p  w i t h  t h e  8°C 
a c c l i m a t i o n  and 10°C t e s t  c o n d i t i o n  
which  was t h e  most t o l e r a b l e  comhinn-  
t i o n  s t u d i e d .  One p o i n t  o f  i n t e r e s t  
h e r e  i s  t h e  f a c t  t h a t  t h e  a p p a r e n t  
optimum growing  t e m p e r a t u r e  f o r  coon  
s t r i p e  s h r i m p  i s  16"C, b u t  a t  t h i s  
l e v e l  t h e y  a r e  more s u s c e p t i b l e  t o  
c h l o r i n e  t h a n  a t  t h e  lower  t e m p e r a -  
t u r e s .  These  d a t a  were  p r e s e n t e d  a t  
t h e  r e c e n t  Thermal  Eco logy  Symposium 
h e l d  a t  A u g u s t a ,  GA, and w i l l  a p p e a r  
i n  t h e  P r o c e e d i n g s .  

The 9 6 - h r  LC50 v a l u e s  f o r  t h e  coo11 
s t r i p e  s h r i m p  exposed  t o  t h e  combined 
e f f e c t s  o f  t e m p e r a t u r e  change  and c o p -  
p e r  a r e  l i s t e d  i n  T a b l e  53 .  T h e r e  a p -  
p e a r e d  t o  b e  l i t t l e  d i f f e r e n c e  i n  t h e  
v a l u e s  d u e  t o  t e m p e r a t u r e  c h a n g e  e x -  
c e p t ,  p e r h a p s ,  a t  10°C w h e r e  one  
g r o u p  o f  s h r i m p  a p p e a r e d  more r e s i s -  
t a n t .  T h i s  w i l l  r e q u i r e  f u r t h e r  
s t u d y  b e f o r e  i t  c a n  b e  d e t e r m i n e d  
w h e t h e r  t h e r e  i s  a  t e m p e r a t u r e  e f f e c t  
on  c o p p e r  t o x i c i t y  t o  t h e  s h r i m p .  

A s e r i e s  o f  e x p o s u r e s  o f  c o o n  
s t r i p e  s h r i m p  t o  c o m b i n a t i o n s  o f  c h l o -  
r i n e  and c o p p e r  p l u s  a l t e r e d  t e m p e r a -  
t u r e  h a v e  been  c o m p l e t e d ,  b u t  d e f i -  
n i t e  c o m p a r i s o n s  o f  t h e s e  d a t a  w i t h  
t h o s e  where  t h e  2  b i o c i d e s  were  
t e s t e d  i n d i v i d u a l l y  a t  d i f f e r e n t  tet7:- 
p e r a t u r e s  have  been  d e f e r r e d  u n t i  1 
t h e  b a c k l o g  o f  p r e s e r v e d  w a t e r  sam- 
p l e s  c a n  b e  a n a l y z e d  f o r  c o p p e r  c o n -  
t e n t .  T e n t a t i v e  p r e l i m i n a r y  exatriinL! - 
t i o n ,  b a s e d  o n l y  on c a l c u l a t e d  c o p p o l  
l e v e l s ,  l e a d s  t o  t h e  h y p o t h e s i s  t h a t  
t h e  2 b i o c i d e s  a r e  e i t h e r  s y n e r g i s t i c  
o r  a d d i t i v e  ( b u t  n o t  a n t a g o n i s t i c )  i n  
t h e i r  e f f e c t .  

A l l  o f  t h e s e  s e r i e s  o f  e x p e r i m e n t s  
w i l l  b e  expanded  t o  i n c l u d e  more 5 p e -  
c i e s  o r  more c o m b i n a t i o n s  o f  p o l l u -  
t a n t  s t r e s s e s  d u r i n g  t h e  coming y e a r .  
I n  a d d i t i o n ,  4 g r o w t h  e x p e r i m e n t s  
w i t h  s h i n e r  p e r c h  and s e v e r a l  s p e c i e s  
o f  c l ams  a r e  underway ,  and t h e s e  w i l l  
a l s o  b e  expanded  t o  o t h e r  s p e c i e s  and 
o t h e r  e x p o s u r e  schemes t h i s  n e x t  y e a r .  
P r o g r e s s  w i t h  t h e  b i v a l v e  m o l l u s c a n  
b i o a s s a y  p r o c e d u r e  w i l l  be  a n o t h e r  
g o a l .  



TABLE 52. The 9 6 - h r  v a l u e s a  of  M a r i n e  and E s t u a r i n e  
Organ i sms  (Eggs ,  J u v e n i l e s  o r  A d u l t s )  Exposed t o  
C h l o r i n e .  

A c c l i m a t i o n  E x p o s u r e  9 6 - h r  LC50 V a l u e  958 F i d u c i a l  ~ i m i t s ~  
T e m p e r a t u r e  ~ e m p e r a t u r e  (mg/e T o t a l  (mg/a. T o t a l  

("C) ("C) R e s i d u a l  C h l o r i n e  ) R e s i d u a l  C h l o r i n e b )  

 h he v a l u e s  r e p r e s e n t  d a t a  c o m p o s i t e d  f r o m  e i t h e r  3 o r  3 t o x i c i t y  t e s t s  
b a t  e a c h  s e t  o f  c o n d i t i o n s .  

S e e  q u a l i f i c a t i o n s  o r  e x p l a n a t i o n s  i n  t e x t .  

TABLE 53 .  9 6 - h r  LC50 v a l u e s a  of  Coon 
S t r i p e  Shr imp ( J u v e n i l e s  and A d u l t s )  
A c c l i m a t e d  a t  8OC o r  lS°C and  Exposed 
t o  C h l o r i n e  a t  1 0 ,  1 5 ,  o r  20°C. 

A c c l i m a t i o n  E x p o s u r e  
T e m p e r a t u r e  T e m p e r a t u r e  9 6 - h r  LC50 V a l u e  

("C) ("C) (mg/e C o p p e r )  

8 t 0 . 5  1 0  t 0 . 5  0 . 0 3 7  

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

The Effects of Copper and Chlorine on 
the Growth of the Coon Stripe Shrimp, 
Pandalus danae 

C. I. Gibson, C. W. Apts, 
S. L. Kiesser and B. M. Lloyd 

I n  c o n j u n c t i o n  w i t h  t h e  g r o w t h  
s t u d i e s  b e i n g  c a r r i e d  o u t  u n d e r  t h e  
Thermal  E f f e c t s  P rogram,  s t u d i e s  on  
t h e  e f f e c t s  o f  power p l a n t  e f f l u e n t  
c o n t a m i n a n t s  on s h r i m p  w e r e  i n i t i a t e d  
d u r i n g  t h i s  r e p o r t i n g  p e r i o d .  Copper  
a n d  c h l o r i n e  w e r e  s e l e c t e d  a s  t h e  
f i r s t  c o n t a m i n a n t s  t o  b e  s t u d i e d  b e -  
c a u s e  o f  t h e i r  p r e s e n c e  i n  most  p l a n t  
e f f l u e n t s  a n d  t h e  q u e s t i o n s  t h a t  h a v e  
b e e n  a s k e d  a b o u t  t h e i r  e f f e c t s  on ma- 
r i n e  o r g a n i s m s .  

Based on i n f o r m a t i o n  a b o u t  t o x i c -  
i t y  and g rowth  f rom o t h e r  s t u d i e s ,  
1 - 2  g  s h r i m p  were  e x p o s e d  t o  c o p p e r  
c o n c e n t r a t i o n s  o f  0 . 0 4 1 ,  0 . 0 0 9 ,  0 . 0 0 5 ,  
a n d  0 .002  mg/k a t  t h e i r  optimum 
g r o w t h  t e m p e r a t u r e  (16OC) i n  a  f l o w -  
t h r o u g h  s e a w a t e r  s y s t e m .  A s  i n  t h e  
g r o w t h  s t u d i e s ,  t h e y  w e r e  f e d  Oregon 
M o i s t  P e l l e t  f i s h  f o o d  a t  t h e  r a t e  o f  
1 0 %  o f  t h e i r  body w e i g h t  p e r  d a y .  
Copper  was i n t r o d u c e d  a s  a  CuS04-5H20-  
d i s t i l l e d  w a t e r  s o l u t i o n  v i a  a  p e r i -  
s t a l t i c  pump. Copper  c o n c e n t r a t i o n s  
i n  t h e  t e s t  medium w e r e  m o n i t o r e d  by 
s p e c i f i c  i o n  e l e c t r o d e  and  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 .  The 
e l e c t r o d e  d a t a  g a v e  u s  i o n i c  c o p p e r  
v a l u e s ,  and t h e  AA g a v e  u s  t o t a l  
c o p p e r  v a l u e s .  



The c h l o r i n e  e x p o s u r e  s t u d i e s  w e r e  
a l s o  c o n d u c t e d  i n  a  f l o w - t h r o u g h  s y s -  
t em,  w i t h  t h e  c h l o r i n e  b e i n g  i n t r o -  
d u c e d  a s  a  C l o r o x - d i s t i l l e d  w a t e r  
s o l u t i o n .  Because  t h e r e  i s  a  normal  
o x i d a t i o n  o f  c h l o r i n e  i n  w a t e r ,  i t s  
c o n c e n t r a t i o n  t e n d s  t o  d e c r e a s e  t h e  
l o n g e r  i t  r e m a i n s  i n  t h e  e x p o s u r e  s y s -  
tem.  We measured  t h e  c o n c e n t r a t i o n s  
r e p o r t e d  h e r e  a t  t h e  i n f a l l  t o  t h e  
g r o w t h  t a n k s .  A d d i t i o n a l  m e a s u r e -  
men t s  w e r e  made a t  t h e  o u t f a l l  t o  d e -  
t e r m i n e  t h e  d e c r e a s e  i n  a v a i l a b l e  
c h l o r i n e ,  o r  c h l o r i n e  demand i n  t h e  
t a n k s ,  a n d  f o u n d  t h a t  t h e  o u t f a l l  c o n -  
c e n t r a t i o n s  w e r e  c o n s i s t e n t l y  6 0 %  o f  
t h e  i n f a l l  c o n c e n t r a t i o n s .  A s e c o n d  
c h l o r i n e  demand o c c u r r e d  when t h e  
s h r i m p  were  f e d  e a c h  d a y .  When t h e  
f o o d  was i n t r o d u c e d  i n t o  t h e  t a n k ,  
t h e  a v a i l a b l e  c h l o r i n e  d r o p p e d  t o  1 4 %  
o f  i n f a l l  c o n c e n t r a t i o n s .  However,  
t h e  c o n c e n t r a t i o n  r e t u r n e d  t o  6 0 % ,  o r  
normal  l e v e l s ,  a f t e r  3 h r .  

Shr imp e x p o s e d  t o  c o p p e r  showed 
l i t t l e  d i f f e r e n c e  i n  g r o w t h  a t  t h e  
t h r e e  l o w e r  c o n c e n t r a t i o n s  b u t  had  
lower  w e i g h t  i n c r e a s e s  a t  0 . 0 4 1  m g / ~  
when compared t o  c o n t r o l s  ( F i g .  6 1 ) .  
The c h l o r i n e - e x p o s e d  s h r i m p  showed 
mixed g r o w t h  ( F i g .  6 2 ) .  

The s h r i m p  t h a t  w e r e  e x p o s e d  t o  
0 . 0 4 1  mg/k c o n c e n t r a t i o n s  o f  c o p p e r  
d e v e l o p e d  a  b l a c k  c o a t i n g  i n  t h e  g i l l  
r e g i o n  a f t e r  t h e  8 t h  d a y  o f  t h e  t e s t .  
I n  a d d i t i o n  t o  t h e  b l a c k  c o a t i n g  and  
l a c k  o f  g r o w t h ,  t h i s  g r o u p  e x p e r i -  
e n c e d  50% m o r t a l i t y  d u r i n g  t h e  
1-month e x p o s u r e .  I n  a  s e c o n d  s e r i e s  
o f  t e s t s  where  s h r i m p  w e r e  h e l d  a t  
0 . 0 5  mg/k a t  16"C,  t h e  b l a c k  c o a t i n g  
d e v e l o p e d  w i t h i n  14 d a y s .  

To d e t e r m i n e  t h e  e f f e c t s  o f  c o p p e r  
o v e r  a  l o n g e r  p e r i o d ,  g r o u p s  o f  coon 
s t r i p e  s h r i m p  ( 3 - 4  g  we t  w e i g h t )  w e r e  
e x p o s e d  t o  c o p p e r  c o n c e n t r a t i o n s  o f  
0 . 0 0 5 ,  0 . 0 1 ,  0 . 0 2 ,  and 0 . 0 5  mg/k f o r  
8  weeks .  E x p e r i m e n t a l  c o n d i t i o n s  
were  t h e  same a s  p r e v i o u s  t e s t s  e x -  
c e p t  t h a t  m o u l t s  and dead  s h r i m p  w e r e  
removed d a i l y  and a n a l y z e d  f o r  c o p p e r  
by 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 .  

Sample a n a l y s i s  i s  n o t  c o m p l e t e ,  
b u t  p r e l i m i n a r y  d a t a  i n d i c a t e  t h a t  
c o p p e r  c o n c e n t r a t i o n s  i n  t h e  t i s s u e  
of  b o t h  m o u l t s  and d e a d  s h r i m p  i n -  
c r e a s e  w i t h  a n  i n c r e a s e  i n  c o n c e n t r a -  
t i o n  o f  c o p p e r  i n  t h e  w a t e r .  The 
l e v e l  o f  c o p p e r  i s  h i g h e r  i n  t h e  

-. - 
CONCENTRATION (1011 (1009 (1005 (1002 CONTROI 

STO. DEVIATION a 0 1 1  am aom aooi 
TOTAL COPPER I N  m g / l  

FIG. 6 1 .  Net Growth f o r  Coon S t r i p e  
Shr imp ( 1 - 2  g )  Exposed t o  Copper  
f o r  1 Month a t  16°C.  
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FIG. 62.  Net Growth f o r  Coon S t r i p e  
Shr imp ( 1 - 2  g )  Exposed t o  C h l o r i n e  
f o r  1 Month a t  16°C.  



m o u l t s  t h a n  i n  t h e  d e a d  s h r i m p  a t  c o n -  
c e n t r a t i o n s  o f  0 . 0 1  a n d  0 . 0 2  m g / t ,  
w h i l e  j u s t  t h e  r e v e r s e  i s  f o u n d  a t  
0 . 0 5  m g / t  ( T a b l e  5 4 ) .  No d e a d  s h r i m p  
h a v e  y e t  b e e n  a n a l y z e d  a t  0 . 0 0 5  mg/ t  
o r  i n  t h e  c o n t r o l  g r o u p .  B l a c k  d i s -  
c o l o r a t i o n  i n  t h e  g i l l  r e g i o n  was e v i -  
d e n t  i n  t h e  s h r i m p  a t  0 . 0 5  mg/ t  i n  
9 - 1 4  d a y s .  A f t e r  7 weeks  o f  e x p o s u r e ,  
t h e  same phenomenon o c c u r r e d  a t  
0 . 0 2  m g / t ,  a n d  a t  b o t h  0 . 0 2  a n d  
0 . 0 5  mg/ t  t h e  number o f  m o u l t s  d e -  
c r e a s e d  w h i l e  t h e  number o f  d e a d  
s h r i m p  i n c r e a s e d  ( T a b l e  5 4 ) .  A t  
0 .05  m g / t ,  t h e  b l a c k e n e d  a r e a s  w e r e  
s h e d  w i t h  t h e  m o u l t s  b u t  w i t h i n  
2  weeks  r e a p p e a r e d .  

Shr imp  g i l l  t i s s u e  h a s  b e e n  r e -  
moved f o r  c h e m i c a l  a n d  h i s t o l o g i c a l  
e x a m i n a t i o n .  Growth t e s t s  a r e  b e i n g  
c o n t i n u e d  f o r  l o n g e r  p e r i o d s  o f  t i m e ,  
and  c o p p e r  u p t a k e  i s  b e i n g  m o n i t o r e d .  
E f f o r t s  a r e  b e i n g  made t o  c a r r y  a n i -  
m a l s  t h r o u g h  o o g e n e s i s  a n d  embryo-  
g e n e s i s  t o  d e t e r m i n e  t h e  e f f e c t s  o f  
t h e s e  low l e v e l s  o n  r e p r o d u c t i o n .  

Gas Bubble Disease in the Marine 
Environment 

C. W. Apts and C. I. Gibson 

S u p e r s a t u r a t i o n  o f  w a t e r  w i t h  d i s -  
s o l v e d  g a s  c a u s e d  by t h e  e n t r a i n m e n t  
o f  a i r  i n t o  w a t e r  c a s c a d i n g  o v e r  dam 
s p i l l w a y s ,  e s p e c i a l l y  d u r i n g  r u n o f f ,  
h a s  b e e n  s t u d i e d  f o r  o v e r  a  d e c a d e .  
More r e c e n t l y ,  s u p e r s a t u r a t e d  c o n d i -  
t i o n s  c a u s e d  by t h e  r a p i d  h e a t i n g  o f  
w a t e r  u s e d  f o r  c o o l i n g  e l e c t r i c a l  g e n -  
e r a t i n g  s t a t i o n s  h a s  become e v i d e n t .  
W h i l e  t h e  o c c u r r e n c e  o f  s u c h  c o n d i -  
t i o n s  i n  t h e  m a r i n e  e c o s y s t e m  h a v e  
b e e n  i n f r e q u e n t ,  t h e  i n c r e a s e  i n  t h e  
number and  s i z e  o f  p l a n t s  u s i n g  l a r g e  
volumes o f  m a r i n e  w a t e r  f o r  c o o l i n g  
s y s t e m s  i s  i n c r e a s i n g  a n d  w i l l  r e s u l t  
i n  s u c h  c o n d i t i o n s  becoming more 
common. 

To d e t e r m i n e  t h e  e f f e c t s  o f  s u p e r -  
s a t u r a t i o n  o n  P a c i f i c  N o r t h w e s t  ma- 
r i n e  o r g a n i s m s  a n d ,  t h e r e f o r e ,  a s s e s s  
i t s  p o t e n t i a l  f o r  c a u s i n g  s i g n i f i c a n t  

TABLE 54 .  A n a l y s i s  o f  Coon S t r i p e  Shr imp  T i s s u e  Samples  
f o r  Copper  C o n c e n t r a t i o n  

.!ivernge \ v e r o g e  T o t a l  
T e s t  Smllple C o n c e n t r a t i o l ~  C o n c c n t r . ~ t ~ n n  T o t a l  Oe at1 

C o l ~ c c n t r a t  i o n  U a t c  -- - cut+ " y ~ e - ~  - l o r  P l n u l t s "  f a r  Uead 5 1 1 ~ 9  i- 
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e c o l o g i c a l  i m p a c t ,  a  s e r i e s  o f  s c a n -  
n i n g  b i o a s s a y s  were  i n i t i a t e d  a t  MRL, 
Sequim. Sys tems  d e s i g n e d  t o  c r e a t e  
s u p e r s a t u r a t e d  c o n d i t i o n s  i n  t h e  l a b -  
o r a t o r y ,  u s i n g  f r e s h  w a t e r ,  have  been  
i n  u s e  t h r o u g h o u t  t h e  Nor thwes t  f o r  
t h e  l a s t  2 y e a r s .  An a d a p t e d  s y s t e m ,  
u s i n g  t h e  b a s i c  e l e m e n t s  o f  e x i s t i n g  
s y s t e m s ,  h a s  b e e n  c o n s t r u c t e d  f o r  ma- 
r i n e  s t u d i e s .  Some p r o b l e m s  h a v e  d e -  
v e l o p e d  b e c a u s e  o f  t h e  c o r r o s i v i t y  o f  
s e a  w a t e r  and  t h e  d i f f i c u l t y  i n  o b -  
t a i n i n g  c e r t a i n  s y s t e m  p a r t s  made o u t  
o f  p l a s t i c .  P r e l i m i n a r y  r e s u l t s  
u s i n g  t h i s  s y s t e m  a r e  p r e s e n t e d  i n  
T a b l e  55.  We p l a n  on r e f i n i n g  t h e  
d e l i v e r y  s y s t e m  d u r i n g  t h e  upcoming 
y e a r  and  c o n t i n u i n g  t h e  s e r i e s  o f  
s c a n n i n g  b i o a s s a y s  u s i n g  s p e c i e s  t h a t  
would be  l i k e l y  t o  e n c o u n t e r  a  l a r g e  
t h e r m a l  d i s c h a r g e .  

The Distribution of Intertidal Biota 
in Northern Sequim Bay 

C. I. Gibson and T. J. Hilbish 

S t u d i e s  on t h e  Sequim Bay b e n t h i c  
i n f a u n a  were  i n i t i a t e d  i n  t h e  summer 
of t h i s  y e a r .  These  s t u d i e s  w i l l  b e  
combined w i t h  t h e  p h y s i c a l  and chem- 
i c a l  s t u d i e s  b e i n g  c o n d u c t e d  by o t h e r  
i n v e s t i g a t o r s  i n  t h e  B i o l o g i c a l  A v a i l -  
a b i l i t y  g roup  t o  b u i l d  a  model o f  t h e  
b a y ' s  e c o s y s t e m .  Because  o f  Sequim 
B a y ' s  s i z e ,  l o c a t i o n  and  p h y s i c a l  l a y -  
o u t ,  i t  w i l l  s e r v e  a s  a n  i d e a l  n a t u -  
r a l  l a b o r a t o r y  t o  a i d  i n  o u r  u n d e r -  

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

Our i n i t i a l  s t u d i e s  were  on t h e  
i n t e r t i d a l  b e n t h i c  i n f a u n a  o f  t h e  
b e a c h e s  c l o s e  t o  t h e  l a b o r a t o r y  
( F i g .  6 3 ) .  Samples  (1 /4  m2) w e r e  c o l -  
l e c t e d  a t  s e l e c t e d  t i d a l  e l e v a t i o n s  
a l o n g  t r a n s e c t s  a t  t h e  f i v e  l o c a t i o n s .  
C o l l e c t i o n  was a t  e x t r e m e  low t i d e  
( a b o u t  - 2  f t )  and  a t  1 - f t  i n t e r v a l s  
up t o  t h e  + 5  f t  e l e v a t i o n .  Samples  
were  s c r e e n e d  t h r o u g h  . 5  mm mesh,  and 
o r g a n i s m s  w e r e  e n u m e r a t e d ,  i d e n t i f i e d  
and w e i g h e d .  

Only p r e l i m i n a r y  r e s u l t s  a r e  a v a i l -  
a b l e ,  b u t  t h e  f i v e  s i t e s  a p p e a r  t o  b e  
v e r y  d i f f e r e n t .  There  were  a  t o t a l  
o f  57 s p e c i e s  found  a t  t h e  s t a t i o n s  
( T a b l e  5 6 ) .  Number o f  s p e c i e s  a t  
e a c h  t r a n s e c t  v a r i e d  by a  f a c t o r  o f  3  
( T a b l e  5 7 ) .  A  number o f  o t h e r  d i f f e r -  
e n c e s  a r e  a l s o  a p p a r e n t  and a r e  b e i n g  
s t u d i e d .  F u r t h e r  a n a l y s i s  o f  t h e  
d a t a  i s  b e i n g  made t o  e n a b l e  u s  t o  
p l a n  c o m p r e h e n s i v e  s a m p l i n g  a t  s e -  
l e c t e d  t i d a l  e l e v a t i o n s  and s u b s t r a t e  
t y p e s  f o r  u s e  i n  p o p u l a t i o n  v a r i a b i l -  
i t y  s t u d i e s .  These  s t u d i e s  w i l l  b e  
u s e d  t o  p r o v i d e  b a s e l i n e  d a t a  f o r  
f u t u r e  s i t u  s t u d i e s  and f i e l d  v e r i -  
f i c a t i o n  o f f e c t s  p r e d i c t e d  f rom 
l a b o r a t o r y  p r o g r a m s .  

TABLE 5 5 .  P e r c e n t  M o r t a l i t y  o f  S e l e c t e d  Mar ine  
Organisms S u b j e c t e d  t o  S u p e r s a t u r a t e d  Sea  Water  
f o r  96 h r .  

Test Organism Test Temperature % Saturation % Mortality 

Juvenile Red Crab 10.2 118 0 
Cancer productus 

Juvenile English Sole 10.5 120 0 
Parophrys vetulus 

Coon Stripe Shrimp (1-2 g) 10.2 
Pandalus danae 

Adult Shiner Perch 11.0 
Cymatogaster aggregata 

Adult Shiner Perch 11.0 
Cymatogaster aggregata 

Adult Shiner Perch 11.0 12 5 100 
Cymatogaster aggregata 

Adult Shiner Perch 11.0 130 100 
Cymatogaster aggregata 

Adult Shiner Perch 11.0 135 100 
Cymatogaster aggregata 



SOUTH OF DOCK 

I '\ SEQUIM B A Y  

FIG. 63 .  L o c a t i o n  o f  Sample 
T r a n s e c t s  i n  N o r t h e r n  Sequim Bay. 
S o l i d  l i n e  i n d i c a t e s  maximum h i g h  
t i d e  l i n e .  Dashed l i n e  i n d i c a t e s  
maximum low t i d e .  D o t t e d  l i n e s  
i n d i c a t e  t r a n s e c t s .  

TABLE 5 7 .  T o t a l   number^ o f  S p e c i e s  
Found a t  Each T r a n s e c t  S i t e  a t  Nor th  
Sequim Bay. 

T r a n s e c t  L o c a t i o n  Number o f  S p e c i e s  

Kiapo t  P o i n t  4 0 

E a s t  T r a v i s  S p i t  2 1 

Nor th  o f  Dock 2 0 

S o u t h  o f  Dock 1 4  

Mud F l a t  14  

Midd leground  1 3  

TABLE 5 6 .  A  S p e c i e s  L i s t  of A l l  B i o t a  Found i n  Samples  
Taken f rom N o r t h e r n  Sequim Bay S i t e s .  S p e c i e s  a r e  
a r r a n g e d  s y s t e m a t i c a l l y  a c c o r d i n g  t o  s e v e r a l  s o u r c e s .  

CHLOROPHUTA MOLLUSCA (Continued) ARTHROPODA (Cant inued) 

Ulva s a  - 

RHODOPHUTA 

Gxartina ~ . . . . . sp. . 

PHAEOPHUTA 

Lacuna 2.. H_eierapsus & 
Bittium eschrichtii Hemigrapsus ore~onensis 

traea fasti iata 
C&nummarfa Pinnixia Pugetta SJ. x. 
Nassarius mendicus F& subnuadrata 

hmsllosa 
Mytilus edulis SIPUNCULIDA 
Clinocardium SJ. 

Laminaria sp. Saxidomus giganteus Phascolosoma agassizzi 
T a p e s  japonica 

MAGNOLIOPHUTA Tresus capax PHORONI DA 
Macoma nasuta -- 

Zostera marina -- m a  arenaria Phoronis i j  imia 
Panope generosa - 

CNIDARIA Bryozoa 
ANNELIDA 

Hydroid Unidentified 

PLATYHELMINTHES a; ECHINODERMATA 
Diopatra o-a 

Notoplana sp. Lumbrinereis z. Amphiodia? 
Abarenicola z. Pisaster z. 

NEMERTEA Qwenia ..fusiformis Strongylocentrotus x. 
Dendraster excentricus 

Paranemertes pere~ri-na ARTHROPODA Eupentacta quinquesemita 

MOLLUSCA 

Mopalia muscosa 
Eopaalia r jog 
Tonicella lineata -. . - .- . - . . . - . -. -. .- . - 
Acmaea 9.. 
Callistoma ligatum 
Littorina sitchana 
Littorina scutulata 

Balanus 2 CHORDATA 
Balanus cariosus 
Exosphaeroma oreRonensis Anoplarchus 2. 
Ampithoe 9. 

Petrolisthes eriomerus 
Pagurus sl. 
Cancer productus 

F o r  f u r t h e r  i n f o r m a t i o n  on s e d i m e n t  a n a l y s i s  r e f e r  t o :  
E n v i r o n m e n t a l  C h e m i s t r y  s e c t i o n .  
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EFFECTS O F  LOW-LEVEL CHRONIC  IRRADIATION 
ON EMBRYONIC DEVELOPMENT O F  MARINE 

FISH A N D  INVERTEBRATES 

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

m a r i n e  o r g a n i s m s  t o  low l e v e l s  o f  t r i t i u m  w e r e  i n i t i a t e d  a t  MRL, 

Sequ im.  The f i r s t  p h a s e  o f  t h e  s t u d i e s  h a s  i n v o l v e d  t h e  expo-  

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

d a n a e ,  and  Dungeness  c r a b ,  C a n c e r  m a g i s t e r ,  t o  c o n c e n t r a t i o n s  

o f  0 . 0 1 ,  0 . 0 0 1 ,  and  0 . 0 0 0 1  m i l l i c u r i e s  p e r  l i t e r  o f  t r i t i u m  

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

p r o b l e m s  were  e n c o u n t e r e d  w i t h  b o t h  s p e c i e s .  A s e c o n d  s e r i e s  

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

s y s  tem.  

Effects of Low-Level Chronic Irradiation on 
Embryonic Development of Marine Fish and 
Invertebrates 

C. I. Gibson and P. Wilkinson 

Under t h e  p r e s e n t  e x p a n s i o n  i n  t h e  
d e v e l o p m e n t  o f  n u c l e a r  e n e r g y ,  i t  i s  
i n e v i t a b l e  t h a t  t h e  m a r i n e  e n v i r o n -  
ment  w i l l  c o n t i n u e  t o  r e c e i v e  a n  i n -  
c r e a s i n g  b u r d e n  o f  r a d i a t i o n .  S i n c e  
t r i t i u m  w i l l  be  t h e  m a j o r  c o n t r i b u t o r  
t o  t h e  r a d i o a c t i v i t y  i n  t h e  e f f l u e n t  
f rom n u c l e a r  power  p l a n t s ,  some c o n -  
c e r n  h a s  b e e n  e x p r e s s e d  a s  t o  t h e  
u l t i m a t e  c o n c e n t r a t i o n  i n ,  a n d  t h e  
e f f e c t  u p o n ,  s e g m e n t s  o f  t h e  a q u a t i c  
f o o d  web. 

The m a j o r i t y  o f  s t u d i e s  on accumu- 
l a t i o n  o f  t r i t i u m  h a v e  i n v o l v e d  a c u t e  
e x p o s u r e s  when t u r n o v e r  t i m e s  a r e  
r e l a t i v e l y  r a p i d .  However,  u n d e r  
c h r o n i c  e x p o s u r e  c o n d i t i o n s ,  t h e r e  
may be g r e a t e r  o r g a n i c  b i n d i n g  r e s u l t -  
i n g  i n  a n  o v e r a l l  s l o w e r  t u r n o v e r  
r a t e .  Under  e q u i l i b r i u m  c o n d i t i o n s ,  
t h i s  c o u l d  r e s u l t  i n  t h e  c o n c e n t r a -  
t i o n  i n  s e a f o o d s  b e i n g  h i g h e r  t h a n  
would b e  p r e d i c t e d  f r o m  c o n c e n t r a -  
t i o n s  of w a t e r  a l o n e .  

P r i o r  t o  J u l y  1 9 7 4 ,  work o n  t h e  
e f f e c t s  o f  l o w - l e v e l  c h r o n i c  i r r a d i a -  
t i o n  o n  m a r i n e  o r g a n i s m s  had b e e n  c o n -  
d u c t e d  a t  PNL u s i n g  a  c l o s e d  s e a w a t e r  
s y s t e m .  Numerous p r o b l e m s  were  e n -  
c o u n t e r e d  i n  m a i n t a i n i n g  h e a l t h y  
s t o c k s  o f  o r g a n i s m s  f o r  u s e  i n  e x p o -  
s u r e  work and t h e  m a i n t e n a n c e  o f  t h e  
o r g a n i s m s  d u r i n g  a n d  s u b s e q u e n t  t o  
e x p o s u r e ,  T h e s e  p r o b l e m s  made t h e  
i d e n t i f i c a t i o n  o f  e f f e c t s  c a u s e d  by 
i r r a d i a t i o n  d i f f i c u l t  t o  s e p a r a t e  
f rom e f f e c t s  d u e  t o  h o l d i n g  
e x p e r i e n c e .  

To r e d u c e  p r o b l e m s  a s s o c i a t e d  w i t h  
h o l d i n g  a n d  m a i n t a i n i n g  m a r i n e  o r g a n -  
i s m s  i n  c l o s e d  s y s t e m s ,  t h e  p rogram 
was moved t o  t h e  M a r i n e  R e s e a r c h  Labo-  
r a t o r y  (MRL), Sequim,  where  f a c i l i -  
t i e s  a r e  a v a i l a b l e  f o r  h o l d i n g  and  
m a i n t a i n i n g  m a r i n e  o r g a n i s m s  i n  o p e n  
s e a w a t e r  s y s t e m s .  I n  a d d i t i o n ,  t h e r e  
i s  a  w i d e r  s e l e c t i o n  o f  s p e c i e s  a v a i l -  
a b l e  f o r  e x p o s u r e  s t u d i e s ,  and  o r g a n -  
i s m s  c a n  be  o b t a i n e d  more e f f i c i e n t l y .  

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



s u b - s a m p l e  o f  t h e  p o s t  l a r v a e  w i l l  b e  
examined  f o r  t r i t i u m  c o n t e n t ,  and i f  
c o n c e n t r a t i o n  d o e s  o c c u r ,  i t s  l o c i  
w i l l  be  d e t e r m i n e d .  The r e m a i m  
p o s t  l a r v a e  w i l l  be  r a i s e d  t o  a d u l t s ,  
spawned ,  a n d  a  s e c o n d  g e n e r a t i o n  
r a i s e d  i n  t h e  t r i t i u m - c o n t a m i n a t e d  
w a t e r .  

Wi th  r e s p e c t  t o  t h e  c a l c u l a t i o n  o f  
d o s e  r a t e s  f r o m  r a d i o n u c l i d e s  i n  t h e  
a q u e o u s  p h a s e ,  t h r e e  d i s t r i b u t i o n s  o f  
a c t i v i t y  n e e d  t o  b e  c o n s i d e r e d ;  
1 )  u n i f o r m l y  d i s t r i b u t e d  on t h e  e g g -  
s h e l l  s u r f a c e ,  2 )  u n i f o r m l y  d i s t r i b -  
u t e d  t h r o u g h o u t  t h e  e g g  vo lume ,  and  

3) u n i f o r m l y  d i s t r i b u t e d  w i t h i n  t h e  
a q u e o u s  medium s u r r o u n d i n g  t h e  e g g .  

Work w i l l  b e  i n i t i a t e d  on t h e  d i s -  
t r i b u t i o n  o f  r a d i o e l e m e n t  i n  t h e  e g g  
by s e p a r a t i n g  t h e  o u t e r  membrane f r o m  
t h e  y o l k  r e g i o n  a n d  c o m p a r i n g  r a d i o -  
a c t i v i t i e s .  We a l s o  p l a n  t o  examine  
d i s t r i b u t i o n  o f  r a d i o e l e m e n t s  i n  t h e  
m a r i n e  e g g s  a n d  l a r v a e  by r a d i o a u t o g -  
r a p h y .  R a t e  of a c c u m u l a t i o n ,  d e g r e e  
o f  i n c o r p o r a t i o n  a n d  d e g r e e  o f  b i n d -  
i n g  f o r  a  r a d i o e l e m e n t  o f  c o n c e r n  
w i l l  b e  d e t e r m i n e d  by l y o p h i l i z a t i o n .  

F o r  f u r t h e r  i n f o r m a t i o n  o n  s e d i m e n t  a n a l y s i s  r e f e r  t o :  

I n f l u e n c e  o f  S o i l s  a n d  A q u a t i c  S e d i m e n t s  o n  t h e  Chem- 
i c a l  B e h a v i o r ,  T r a n s p o r t  and  B i o a v a i l a b i l i t y  o f  P o l l u t -  
a n t s  R e s u l t i n g  f r o m  E n e r g y  P r o d u c t i o n ,  E n v i r o n m e n t a l  
C h e m i s t r y  S e c t i o n ,  pp .  3 7 - 4 2 .  



BIOCEOCHEMISTRY O F  PLUTONIUM A N D  AMERICIUM 
IN THE MARINE ENVIRONMENT 

The s a m p l i n g s  o f  s e a  w a t e r ,  s e d i m e n t s ,  and m a r i n e  o r g a n i s m s  

a t  two u n i q u e  n a t u r a l  l a b o r a t o r i e s  ( T h u l e ,  G r e e n l a n d ,  and t h e  

M a r s h a l l  I s l a n d s )  where  e l e v a t e d  c o n c e n t r a t i o n s  o f  t r a n s u r a n i c  

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

p r o v i d i n g  i n s i g h t  a s  t o  t h e  mechanisms c o n t r o l l i n g  t h e  e n v i r o n -  

m e n t a l  t r a n s p o r t  o f  t h e s e  e l e m e n t s .  Knowledge o f  t h e  f u n d a m e n t a l  

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

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

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

Environmental Investigations at 
Enewetak Atoll 

W. C. Weimer, K. H. Abel and 
C. I. Gibson 

A r e c e n t  s a m p l i n g  e f f o r t  a t  t h e  
Enewetak A t o l l  h a s  p r o v i d e d  w a t e r ,  
s e d i m e n t ,  i n t e r s t i t i a l  w a t e r ,  b i o t a ,  
and  l e a c h i n g  s o l u t i o n  s a m p l e s .  Cur - 
r e n t  s a m p l e  a n a l y s i s  i s  d i r e c t e d  a t  
r e l a t i n g  Pu and  Am g e o c h e m i s t r i e s  i n  
t h e  s e d i m e n t s  t o  p o t e n t i a l  b iogeochem- 
i c a l  m o b i l i z a t i o n  a n d  b i o l o g i c a l  
u p t a k e .  

The B i k i n i  a n d  Enewetak A t o l l s  i n  
t h e  M a r s h a l l  I s l a n d s  a r e  u n i q u e  n a t u -  
r a l  l a b o r a t o r i e s  w h e r e  t h e  i m p o r t a n t  
q u e s t i o n s  c o n c e r n i n g  t h e  biogeochem- 
i c a l  m o b i l i z a t i o n  a n d  b i o l o g i c a l  
i n c o r p o r a t i o n  and c y c l i n g  of t h e  . 
t r a n s u r a n i c  e l e m e n t s  i n  t h e  m a r i n e  e n -  
v i r o n m e n t  c a n  be  a d d r e s s e d .  The some- 
what  e l e v a t e d  c o n c e n t r a t i o n s  o f  t h e  
t r a n s u r a n i c s  a t  t h e s e  l o c a t i o n s  s i m -  
p l i f y  t h e i r  measurement .  I n  a d d i t i o n ,  
t h e  r e l a t i v e l y  h i g h  w a t e r  and  s e d i -  
ment t e m p e r a t u r e s  e n h a n c e  t h e  r a t e s  
a t  w h i c h  m o b i l i z a t i o n  and  u p t a k e  
o c c u r .  E n v i r o n m e n t a l  a l t e r a t i o n s  o f  

t h e  t r a n s u r a n i c s  t h a t  may o c c u r  i n  
a l l  o f  t h e  w o r l d ' s  o c e a n s  l i k e l y  p r o -  
c e e d  a t  g r e a t e r  r a t e s  i n  t h e s e  a t o l l  
e n v i r o n m e n t s  d u e  t o  t h e  h i g h e r  w a t e r  
and  s e d i m e n r  t e m p e r a t u r e s .  Thus ,  t h e  
r e s u l t s  o f  s h o r t - t e r m  g e o c h e m i c a l  i n -  
v e s t i g a t i o n s  i n  t h e s e  a r e a s  may be  
e x t e n d e d  t o  p r e d i c t  more l o n g - t e r m  
t r a n s f o r m a t i o n s  i n  c o o l e r  o c e a n  
w a t e r s .  

D u r i n g  t h e  i n i t i a l  f i e l d  t r i p  t o  
t h e  Enewetak A t o l l ,  w a t e r ,  s e d i m e n t ,  
and  s e l e c t e d  b e n t h i c  b i o t a  s a m p l e s  
were  c o l l e c t e d .  S a m p l i n g  was c o n -  
d u c t e d  i n  Mike and  Koa c r a t e r s  and a t  
one  s i t e  w i t h i n  t h e  l a g o o n  j u s t  w e s t  
o f  R u n i t  I s l a n d .  Water  s a m p l e s  f r o m  
s u r f a c e ,  m i d - ,  a n d  n e a r - b o t t o m  d e p t h s  
were  o b t a i n e d  by u s i n g  a  B a t t e l l e  
L a r g e  Volume Water  Sample r  ( s e e  
F i g .  6 5 ) .  The u s e  o f  f i l t e r s  and  
t h r e e  A1203 b e d s  a l l o w s  s e p a r a t i o n  
o f  t h e  Pu and Am p r e s e n t  i n  t h e  w a t e r  
i n t o  p a r t i c u l a t e ,  c o l l o i d a l ,  and  s o l -  
u b l e  f r a c t i o n s .  S e d i m e n t  c o r e s  
( ~ 0 . 5  m l e n g t h )  w e r e  o b t a i n e d  by 
s c u b a  d i v e r s  a t  a l l  s i t e s  a n d  imme- 
d i a t e l y  s e c t i o n e d  o n b o a r d  t h e  Mar- 
s h a l l  I s l a n d s  R e s e a r c h  V e s s e l ,  



e x t r a c t  p a r t i c u l a t e  and s o l u b l e  fo rms  
o f  Pu from 420 t o  2200a of s e a  w a t e r .  
The p a r t i c u l a t e  fo rms  were c o l l e c t e d  
by f i l t r a t i o n  on 1 2 - i n . - d i a .  f i b e r -  
g l a s s  f i l t e r s ,  and  t h e  f i l t r a t e  was 
p a s s e d  t h r o u g h  a  s e r i e s  o f  1 / 4 - i n . -  
t h i c k  by 1 2 - i n . - d i a .  a c t i v a t e d  a l u m i -  
num o x i d e  b e d s .  

The Pu i s  b e i n g  l e a c h e d  from t h e  
f i l t e r s  and aluminum o x i d e  by h e a t i n g  
i n  s t r o n g  HN03-HC1 s o l u t i o n s .  The Pu 
i s  t h e n  r a d i o c h e m i c a l l y  s e p a r a t e d  by 
i o n  exchange t e c h n i q u e s  and e l e c t r o -  
d e p o s i t e d  on s t a i n l e s s  s t e e l  d i s c s  
f o r  a l p h a  e n e r g y  a n a l y s i s  u t i l i z i n g  
S i ( L i )  d i o d e  d e t e c t o r s .  Seawate r  sam- 
p l e s  c o l l e c t e d  a t  t h e  impac t  a r e a  and 
1 0  km t o  t h e  n o r t h  and s o u t h  o f  t h e  
impac t  a r e a  a r e  p r e s e n t l y  b e i n g  a n a -  
l y z e d .  A "background" s e a w a t e r  sam- 
p l e  was c o l l e c t e d  20 km away j u s t  o u t -  
s i d e  o f  B y l o t  Sound. 

Sed iment  c o r e s  were c o l l e c t e d  a t  
s e v e n  s t a t i o n s  i n  B y l o t  Sound t o  d e -  
t e r m i n e  t h e  a r e a l  and d e p t h  d i s t r i b u -  
t i o n  of Pu i n  t h e  s e d i m e n t s .  A b a s i c  
o b j e c t i v e  o f  t h e  s e d i m e n t  a n a l y s e s  i s  
t o  d e t e r m i n e  what f a c t o r s  a r e  impor-  
t a n t  i n  m o b i l i z i n g  Pu c o n t a i n e d  i n  
t h e  s e d i m e n t s .  To d e t e r m i n e  i f  s i g -  
n i f i c a n t  amounts  of  Pu a r e  b e i n g  r e -  
d i s s o l v e d  from t h e  s e d i m e n t s ,  p a r t i c u -  
l a r l y  u n d e r  a n o x i c  c o n d i t i o n s ,  t h e  
i n t e r s t i t i a l  p o r e  w a t e r  f rom 3-cm s e c -  
t i o n s  o f  e a c h  18-cm c o r e  was e x -  
t r a c t e d  a t  T h u l e  by p r e s s u r e  s q u e e z -  
i n g .  The p o r e  w a t e r  was immedia te ly  
a c i d i f i e d  and  s t o r e d  i n  p o l y e t h y l e n e  
b o t t l e s .  These  samples  a r e  p r e s e n t l y  

b e i n g  a n a l y z e d  f o r  Pu u s i n g  a  modi- 
f i e d  i o n  exchange s e p a r a t i o n ,  e l e c t r o -  
d e p o s i t i o n  on s t a i n l e s s  s t e e l  d i s c s  
and a l p h a  e n e r g y  a n a l y s i s  on S i ( L i )  
d i o d e  d e t e c t o r s .  

The squeezed  s e d i m e n t s  were t h e n  
l e a c h e d  f o r  1 h r  w i t h  a  0 . 1  N H C 1  s o -  
l u t i o n  c o n t a i n i n g  a  s m a l l  amount of 
H202 t o  remove hydrous  o x i d e  c o a t i n g s  
from t h e  s e d i m e n t  p a r t i c l e s .  The 
l e a c h a t e  and r e s i d u a l  Pu a r e  p r e s -  
e n t l y  b e i n g  a n a l y z e d  f o r  Pu. The ob-  
j e c t i v e  o f  t h e s e  a n a l y s e s  i s  t o  d e t e r -  
mine i f  Pu c a n  be g r a d u a l l y  d i s s o l v e d  
from s u r f a c e  s e d i m e n t s  by t h e  l e a c h -  
i n g  a c t i o n  o f  s e a  w a t e r  and t h e n  e v e n -  
t u a l l y  r e a t t a c h e d  t o  s e d i m e n t s  away 
from t h e  impac t  a r e a  by s u b s e q u e n t  
c o p r e c i p i t a t i o n  o f  hydrous  i r o n  and 
manganese o x i d e  c o a t i n g s  o r  o r g a n i c  
c o a t i n g s  o n t o  s e d i m e n t  p a r t i c l e  s u r -  
f a c e s .  These  l e a c h i n g  s t u d i e s  w i l l  
g i v e  a n  i n d i c a t i o n  o f  t h e  i m p o r t a n c e  
o f  t h i s  p o t e n t i a l  t r a n s p o r t  mechanism. 
They w i l l  a l s o  p r o v i d e  a n  i n d i c a t i o n  
o f  t h e  " b i o - a v a i l a b l e "  f r a c t i o n  o f  Pu 
i n  t h e  s e d i m e n t s  which c o u l d  be more 
e a s i l y  a s s i m i l a t e d  by b e n t h i c  
o r g a n i s m s .  

I f  p h y s i c a l  t r a n s p o r t  o f  Pu b e a r -  
i n g  s e d i m e n t s  f rom t h e  impac t  a r e a  by 
t i d a l  c u r r e n t s  i s  t h e  main m o b i l i z a -  
t i o n  mechanism, 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  o f  t h e  s e d i m e n t s  i s  a n  i m -  
p o r t a n t  c o n s i d e r a t i o n .  S e l e c t e d  
segments  o f  t h e  s e d i m e n t  c o r e s  a r e  
b e i n g  s u b j e c t e d  t o  p a r t i c l e  s i z e  s e p a -  
r a t i o n s  and t h e  Pu c o n t e n t  o f  e a c h  
s i z e  f r a c t i o n  i s  b e i n g  d e t e r m i n e d .  

F o r  f u r t h e r  i n f o r m a t i o n  on t r a n s u r a n i u m  e l e m e n t  b e -  
h a v i o r  r e f e r  t o :  

W e a t h e r i n g  and Aging of  T r a n s u r a n i c s  i n  S o i l ,  T e r r e s -  
t r i a l  Eco logy  S e c t i o n ,  pp. 176-178.  

Q u a n t i t a t i v e  A s p e c t s  o f  E n v i r o n m e n t a l  P l u t o n i u m  S t u d -  
i e s ,  A n a l y s i s  o f  N a t u r a l  Systems S e c t i o n ,  pp.  1 5 - 1 8 .  

E c o l o g i c a l  D i s t r i b u t i o n  and F a t e  of P l u t o n i u m  and 
Americium i n  a  P r o c e s s i n g  Waste Pond on t h e  Hanford 
R e s e r v a t i o n ,  F r e s h w a t e r  S c i e n c e s ,  pp .  93-97 .  



PHYSICAL A N D  RADIOLOGICAL CHEMISTRY 
O N  OCEAN SOLUTIONS 

T h i s  s t u d y  i s  de s igned  t o  i n v e s t i g a t e  t h e  r a t e s  and mecha- 

nisms of  ocean  mixing p r o c e s s e s  u s i n g  n a t u r a l  and a r t i f i c i a l  

r a d i o n u c l i d e s  a s  t r a c e r s  of  t h e s e  p r o c e s s e s .  Using t h e s e  same 

r a d i o n u c l i d e s ,  e s p e c i a l l y  7 ~ e ,  r a t e s  of a i r - t o - s e a  t r a n s f e r  of 

a tmosphe r i c  a e r o s o l  c an  be de t e rmined .  Measurement of t h e  con-  

c e n t r a t i o n s  of an th ropogen ic  p o l l u t a n t s  i n  t h e  a e r o s o l  p r o v i d e s  

t h e  means f o r  d e t e r m i n i n g  t h e  magnitude of i n j e c t i o n  of t h e s e  

p o l l u t a n t s  t o  t h e  w o r l d ' s  oceans .  

Beryllium-7 - A Tracer for Air-Sea 
Transfer of Pollutants 

W. B. Silker 

Using 7 ~ e  a s  a  t r a c e r  shou ld  p r o -  
v i d e  a  b a s i s  f o r  c h a r a c t e r i z i n g  t h e  
t r a n s f e r  r a t e  of  p a r t i c u l a t e  p o l l u t -  
a n t s  from mar ine  a e r o s o l s  t o  s e a  s u r -  
f a c e s .  Sample c o l l e c t i o n  now unde r -  
way a t  B a t t e l l e ' s  Q u i l l a y u t e  sampl ing  
s t a t i o n  w i l l  a l l o w  v a l i d a t i o n  of  
7 ~ e ' s  v a l u e  a s  a  l o w - l e v e l  t r a c e r  f o r  
t h i s  p r o j e c t .  

M i l l i o n s  of t o n s  of  p a r t i c u l a t e  
p o l l u t a n t s  a r e  e m i t t e d  each  y e a r  t o  
t h e  atmosphere from U.S. i n d u s t r i a l  
s o u r c e s .  Large amounts of  t h e s e  man- 
made i n o r g a n i c  and o r g a n i c  p o l l u t -  
a n t s  a r e  c a r r i e d  by t h e  winds and d e -  
p o s i t e d  i n  t h e  oceans .  L i t t l e  i s  
known abou t  t h e  magnitude and r a t e  of 
a d d i t i o n  of  t h e s e  m a t e r i a l s  t o  t h e  
oceans and ,  a f t e r  a d d i t i o n ,  t h e i r  
f a t e  r e s u l t i n g  from a d v e c t i v e  and d i f -  
f u s i v e  f o r c e s .  Anthropogenic  p o l l u t -  
a n t  m a t e r i a l s  i n  t h e  atmosph2re can  
be measured f a i r l y  e a s i l y  by a n a l y s i s  
o f  f i l t e r s  t h rough  which l a r g e  v o l -  
umes o f  a i r  have been pas sed .  D i r e c t  

measurement of p o l l u t a n t  t r a n s f e r  t o  
t h e  ocean i s  hampered by t h e  f a c t  
t h a t  t h e i r  i n c r e m e n t a l  a d d i t i o n  t o  
t h e  s e a  w a t e r  i s  t o o  s m a l l  t o  be s e e n  
above t h e  r e l a t i v e l y  l a r g e  e x i s t i n g  
i n v e n t o r y .  

Be ry l l i um-7  i s  a t t a c h e d  t o  t h e  
a tmosphe r i c  a e r o s o l  and i s  e a s i l y  
measurab le  i n  bo th  mar i t ime  a i r  and 
i n  ocean w a t e r .  The r a t e  of t r a n s f e r  
of 7 ~ e ,  and hence t h e  mar ine  a e r o s o l ,  
from t h e  a tmosphere  t o  t h e  s e a  s u r -  
f a c e  c a n  be measured d i r e c t l y .  I f  
t h e  p o l l u t a n t  m a t e r i a l s  a r e  a l s o  a t -  
t a ched  t o / o r  compr ise  t h e  a tmosphe r i c  
a e r o s o l s ,  t h a n  Be can  s e r v e  a s  a  
t r a c e r  f o r  t h e i r  d e p o s i t i o n  o n t o  t h e  
ocean s u r f a c e .  

A H e a l t h  and S a f e t y  Labo ra to ry  
(HASL) wet  and d r y  f a l l o u t  c o l l e c t o r  
ha s  been i n s t a l l e d  a t  ou r  Q u i l l a y u t e  
sampl ing  s t a t i o n  t o  accumula te  mate-  
r i a l s  d e p o s i t e d  on t h e  e a r t h ' s  s u r -  
f a c e .  The r e l a t i v e  c o n c e n t r a t i o n  of 
d e p o s i t e d  7 ~ e  and t h e  t r a c e  p o l l u t -  
a n t s  o f  i n t e r e s t  w i l l  be measured and 
compared w i t h  t h e  r a t i o s  e x i s t e n t  i n  
t h e  s u r f a c e  a i r  d u r i n g  t h e  c o l l e c t i o n  



p e r i o d .  The o c c u r r e n c e  o f  t h e  same 
r a t i o s  o f  7 ~ e  and o t h e r  m a t e r i a l s  i n  
b o t h  t h e  a i r  and d e p o s i t i o n  samples  
w i l l  v a l i d a t e  'Be a s  a  v i a b l e  t r a c e r  
f o r  a i r - t o - s u r f a c e  t r a n s f e r  p r o c e s s e s ,  
and w i l l  p r o v i d e  a  t o o l  f o r  a s s e s s i n g  
t h e  impact  o f  p o l l u t a n t  m a t e r i a l s  on 
t h e  mar ine  env i ronmen t .  

Plutonium in the Marine Environment 
W. B. Silker 

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

39-240Pu i n  t h e  w o r l d ' s  oceans  i s  
c o n t i n u i n g .  Samples ana lyzed  t o  d a t e  
demons t r a t e  some i n t e r e s t i n g  and de -  
f i n a b l e  f e a t u r e s  r e g a r d i n g  r a p i d  r e -  
moval o f  Pu from mixed ocean l a y e r s .  
Some p e r t i n e n t  q u e s t i o n s  a r i s i n g  from 
sample a n a l y s i s  w i l l  be answered o n l y  
a f t e r  a ccumula t i on  o f  more d a t a .  

S u r f a c e  w a t e r  sampled between 1968 
and 1974 i n  t h e  N . E .  P a c i f i c  i n  t h e  
a r e a  between Hawaii and t h e  West 
Coas t  demons t r a t ed  a  remarkable  tem- 
p o r a l  cons t ancy  i n  t h e  c o n c e n t r a t i o n  
o f  2 3 9 - 2 4 0 P u .  The s u r f a c e  s eawa te r  
c o n c e n t r a t i o n s  of  t h e s e  n u c l i d e s  a v e r -  
aged 0.44 dpm/m3 and t h e  v a r i a t i o n  
from t h e  ave rage  was g e n e r a l l y  l e s s  
t h a n  + 2 5 % .  T h i s  undoubted ly  r e f l e c t s  
a  c o n s t a n t  r a t e  o f  i n p u t  o f  
239-240Pu d u r i n g  t h i s  t ime  p e r i o d ,  a s  
d i c t a t e d  by t h e i r  a i r  c o n c e n t r a t i o n s ,  
which were r e l a t i v e l y  c o n s t a n t  a t  
R i c h l a n d ,  Washington.  The f a c t  t h a t  
t h e r e  was no b u i l d u p  o f  t h e  s u r f a c e  
a c t i v i t y  w i t h  t ime  i n d i c a t e s  a  f a i r l y  
r a p i d  r a t e  of  removal of  Pu from t h e  
s u r f a c e  w a t e r .  

The concep t  o f  r a p i d  removal of  Pu 
from t h e  mixed l a y e r  was f o r t i f i e d  by 
r e s u l t s  o b t a i n e d  from samples  c o l -  
l e c t e d  a l o n g  30's from 1 1 5 ' ~  t o  t h e  
C h i l e a n  C o a s t .  A s  s e e n  i n  F i g .  66 ,  
t h e  s u r f a c e  c o n c e n t r a t i o n s  o f  
2 3 9 - 2 4 0 ~ u  e s s e n t i a l l y  c o - v a r y  w i t h  
7 ~ e ,  e s p e c i a l l y  a t  t h e  more wes t e rn  
l o n g i t u d e s .  The t r a n s f e r  r a t e s  f o r  
t h e s e  r a d i o n u c l i d e s  a c r o s s  t h e  a i r -  
s e a  i n t e r f a c e  must be n e a r l y  t h e  same 
and t h e  r a t e  of downward t r a n s p o r t  
must a l s o  be v e r y  s i m i l a r .  I n  w a t e r s  
n e a r e r  s h o r e ,  i t  seems t h a t  t h e  Pu i s  
l e a v i n g  t h e  mixed l a y e r  f a s t e r  t h a n  
7 ~ e .  

P lu tonium c o n c e n t r a t i o n s  i n  s u r -  
f a c e  w a t e r  of  t h e  A t l a n t i c  Ocean were 
measured i n  two t r a c k s  from t h e  U.S. 
t o  France  and t o  Dakar ,  Senega l .  I n  
a l l  samples ,  t h e  c o n c e n t r a t i o n s  were 
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FIG. 66. Rad ionuc l ide  C o n c e n t r a t i o n  
Along 30' South  L a t i t u d e .  

much h i g h e r  t han  t h o s e  found i n  Pa-  
c i f i c  w a t e r s ,  r a n g i n g  from 
0.61-3.17 dpm/m3 and a v e r a g i n g  
1 .72  dpm/m3. For  l o c a t i o n s  where 
comparison was a v a i l a b l e ,  t h e  v a l u e s  
f o r  o u r  work a g r e e  v e r y  w e l l  w i t h  
t h o s e  r e p o r t e d  by Woods Hole Oceano- 
g r a p h i c  I n s t i t u t i o n  f o r  GEOSECS 
s t a t i o n s .  

A s  p o i n t e d  o u t  i n  a n o t h e r  s e c t i o n  
of  t h i s  r e p o r t ,  t h e  c o n c e n t r a t i o n s  of  
7 ~ e  i n  s u r f a c e  w a t e r s  of bo th  t h e  
A t l a n t i c  and P a c i f i c  a r e  n e a r l y  t h e  
same, t h u s  t h e  d e g r e e  o f  a i r - t o - s e a  
t r a n s f e r  i s  comparable  f o r  t h e  two 
oceans .  A i r  c o n c e n t r a t i o n s  of  
2 3 9 - 2 4 0 P u  r e p o r t e d  by t h e  H e a l t h  and 
S a f e t y  Labo ra to ry  do n o t  r e v e a l  any 
g r o s s  d i f f e r e n c e s  between S e a t t l e ,  
New York C i t y  o r  Echo Ocean S t a t i o n  
t h a t  c o u l d  be used  t o  e x p l a i n  t h e  
h i g h e r  Pu v a l u e s  i n  t h e  A t l a n t i c .  
The observed  c o n c e n t r a t i o n  d i f f e r -  
ences  p robab ly  w i l l  be  e x p l a i n e d  by 
d i f f e r e n c e s  i n  t h e  c i r c u l a t i o n  and 
mixing p a t t e r n s  e x i s t e n t  i n  t h e  two 
oceans .  Th i s  would r e q u i r e  Pu i n  t h e  
P a c i f i c  t o  be d i l u t e d  by downward 
t r a n s p o r t  t o  a  deg ree  abou t  f o u r  
t imes  g r e a t e r  t h a n  o c c u r s  i n  t h e  
A t l a n t i c  Ocean. A d d i t i o n a l  d a t a  from 
t h e  GEOSECS program shou ld  h e l p  ex -  
p l a i n  t h i s  obse rved  d i s c r e p a n c y .  





R e f e r e n c e s  C i t e d  Oceanic Fallout 
W. B. Silker 

C o n c e n t r a t i o n s  o f  2 3 9 - 2 4 0 ~ ~  i n  
A t l a n t i c  Ocean s u r f a c e  w a t e r  were  
f o u n d  t o  be  a b o u t  f o u r  t i m e s  h i g h e r  
t h a n  t h o s e  e x i s t i n g  i n  t h e  P a c i f i c  
Ocean ( P l u t o n i u m  i n  t h e  Mar ine  E n v i -  
r o n m e n t ,  pp .  ) Volchok and Bowen 
(1973)  h a v e  r e p o r t e d  t h a t  N o r t h  A t l a n -  
t i c  w a t e r  c o l u m n s ,  s a m p l e d  d u r i n g  t h e  
GEOSECS p r o g r a m ,  c o n t a i n e d  r o u g h l y  
d o u b l e  t h e  amount o f  9 0 S r  t h a t  was 
p r e d i c t e d  b a s e d  on t e r r e s t r i a l  mea- 
s u r e m e n t s .  T h e s e  f a c t s  prompted t h e  
q u e s t i o n  a s  t o  w h e t h e r  o c e a n i c  f a l l -  
o u t  was i n d e e d  g r e a t e r  o v e r  t h e  A t -  
l a n t i c  Ocean t h a n  o v e r  t h e  P a c i f i c  
Ocean.  

Over t h e  y e a r s  we h a v e  measured  
7Be i n  s u r f a c e  w a t e r  s a m p l e s  c o l -  
l e c t e d  i n  t h e  A t l a n t i c  Ocean .  The 
number o f  s a m p l e s ,  however ,  a r e  much 
fewer  t h a n  h a v e  b e e n  t a k e n  f rom t h e  
P a c i f i c  Ocean.  I n  t h e  p a s t ,  t h e  
l a t i t u d i n a l  c o n s t a n c y  o f  t h e  s u r f a c e  
w a t e r  7 ~ e  c o n c e n t r a t i o n  f rom y e a r  t o  
y e a r  i n  t h e  N o r t h  P a c i f i c  h a s  been  
d e m o n s t r a t e d .  The c o n s t a n c y  o c c u r s  
b e c a u s e  t h e  amount o f  7 ~ e  d e l i v e r e d  
t o  t h e  s e a  i s  p r o p o r t i o n a l  t o  i t s  c o n -  
c e n t r a t i o n  i n  t h e  o v e r l y i n g  a i r  m a s s ,  
and i t s  c o n c e n t r a t i o n  i n  t h e  a i r  u n -  
d e r g o e s  a  r e p e t i t i v e  a n n u a l  c y c l e .  
The p r o d u c t i o n  o f  7 ~ e  i n  t h e  a tmo-  
s p h e r e  i s  u n i f o r m  a t  a  g i v e n  l a t i t u d e ,  
t h u s  t h e  amount o f  7 ~ e  d e l i v e r e d  t o  
t h e  s e a  s u r f a c e  of b o t h  t h e  A t l a n t i c  
and P a c i f i c  s h o u l d  be  c o m p a r a b l e  a t  
t h e  same l a t i t u d e .  

Where A t l a n t i c  d a t a  p o i n t s  were  
a v a i l a b l e ,  t h e y  w e r e  compared w i t h  
P a c i f i c  Ocean v a l u e s  f o r  t h e  same 
month and l a t i t u d e ,  t h i r t e e n  s u c h  com- 
p a r i s o n s  w e r e  p o s s i b l e .  I n  s e v e n  i n -  
s t a n c e s  t h e  s u r f a c e  7Be c o n c e n t r a -  
t i o n s  w e r e  h i g h e r  i n  t h e  A t l a n t i c  
s a m p l e s ,  t h r e e  were  h i g h e r  i n  t h e  
P a c i f i c ,  and  t h r e e  t h e  same. Over -  
a l l ,  7 ~ e  i n  t h e  A t l a n t i c  was f o u n d  
t o  be  1 2 %  h i g h e r ,  which  was a n  i n -  
s i g n i f i c a n t  d i f f e r e n t i a l  w i t h i n  t h e  
s p r e a d  o f  t h e  i n d i v i d u a l  d a t a  p o i n t s .  
I t  was c o n c l u d e d  t h a t  t h e  m a g n i t u d e  
of f a l l o u t  d e l i v e r y  t o  t h e  two o c e a n s  
was t h e  same w i t h i n  t h e  l i m i t s  o f  e x -  
p e r i m e n t a l  e r r o r .  C e r t a i n l y  t h e  d i f -  
f e r e n c e  i n  'Be d e l i v e r y  was i n s u f f i -  
c i e n t  t o  e x p l a i n  t h e  measured  
c o n c e n t r a t i o n  a n o m o l i e s  o f  g O S r  a n d  
2 3 9 - 2 4 0 P ~  i n  t h e  A t l a n t i c  Ocean.  

Volcl lok,  1 1 .  L .  and V .  T .  Bowen, 1973 .  
1 : a l l o u t  R a d i o n u c l i d e s  i n  O c e a n i c  - 
Water  Columns. GEOSECS p r o g r e s s  
r e p o r t  COO-3563-14. USAEC Document,  
Wash ing ton ,  D . C .  

Physical-Chemical Characterization of 55Fe 
and Stable Fe Forms in Sea Water and 
Oceanic Aerosols 

W.  C. Weimer and J. C. Langford 

I n v e s t i g a t i o n  o f  t h e  l e a c h i n g  c h a r -  
a c t e r i s t i c s  o f  s t a b l e  and  r a d i o - F e  
f o r m s  o n  a i r  f i l t e r s  s h o u l d  d e t e r m i n e  
w h e t h e r  t h e  g r e a t e r  b i o l o g i c a l  a v a i l a -  
b i l i t y  o f  5 5 ~ e  i n  t h e  o c e a n  w a t e r s  i s  
d u e  t o  d i f f e r e n c e s  i n  t h e  f o r m s  o f  Fe 
i n p u t  f r o m  t h e  a t m o s p h e r e .  A s e m i -  
s e l e c t i v e  l e a c h i n g  t e c h n i q u e  s h o u l d  
a l s o  a i d  i n  c h a r a c t e r i z i n g  t h e  i n t e r -  
a c t i o n s  o f  o t h e r  m e t a l s  i n  o c e a n i c  
a e r o s o l s  w i t h  s e a  w a t e r .  

The p r e f e r e n t i a l  u p t a k e  o f  5 5 F e  
o v e r  s t a b l e  Fe by many m a r i n e  o r g a n -  
isms and  t h e  t r a n s f e r  o f  t h i s  h i g h e r  
5 5 F e / ~ e  s p e c i f i c  a c t i v i t y  r a t i o  up 
t h e  f o o d  c h a i n  t o ,  and i n c l u d i n g ,  man 
h a s  been  w e l l - d o c u m e n t e d .  E s s e n -  
t i a l l y  a l l  o f  t h e  5 5 ~ e  e n t e r i n g  t h e  
o c e a n  i s  d e r i v e d  f rom a t m o s p h e r i c  i n -  
p u t .  A  s u b s t a n t i a l  p o r t i o n  o f  t h e  
s t a b l e  Fe e n t e r i n g  t h e  o c e a n  may a l s o  
e n t e r  a s  a t m o s p h e r i c  f a l l o u t .  While  
t h e  55Fe f rom t h e  a t m o s p h e r e  c o n s i s t s  
o f  h i g h - f i r e d  Fe o x i d e s  f rom n u c l e a r  
d e t o n a t i o n s ,  t h e  s t a b l e  Fe i s  l i k e l y  
t o  b e  c o m p r i s e d  o f  b o t h  h i g h - f i r e d  
Fe o x i d e s  f rom a n t h r o p o g e n i c  s o u r c e s  
and  Fe m i n e r a l s  f rom a e r o l i a n  t r a n s -  
p o r t  o f  t e r r e s t r i a l  m a t e r i a l s .  

We h a v e  c o l l e c t e d  l a r g e - v o l u m e  
a e r o s o l  s a m p l e s  a t  t h e  Q u i l l a y u t e  
b a s e l i n e  s t a t i o n  and d u r i n g  o c e a n o -  
g r a p h i c  c r u i s e s  a l o n g  t h e  c o a s t  o f  
B r i t i s h  Co lumbia .  The s a m p l e s  o f  
o c e a n  a e r o s o l  w e r e  o b t a i n e d  a t  t h e  
same l o c a t i o n s  a s  w a t e r  s a m p l e s  f rom 
t h e  s u r f a c e  l a y e r  o f  t h e  o c e a n  i n  
o r d e r  t h a t  we c o u l d  d e t e r m i n e  t h e  
5 5 ~ e / F e  s p e c i f i c  a c t i v i t y  i n  t h i s  s u r -  
f a c e  l a y e r  and  t h e  a i r  d i r e c t l y  above  
t h i s  l a y e r .  S i n c e  t h e  a e r o s o l  sam- 
p l e s  c o n t a i n  v e r y  low l e v e l s  o f  b o t h  
5 5 ~ e  and  s t a b l e  F e ,  we h a v e  improved 
o u r  d e t e c t i o n  and measurement  c a p a -  
b i l i t i e s  f o r  b o t h  Fe i s o t o p e s .  A 
c o l o r i m e t r i c  p r o c e d u r e  f o r  s t a b l e  Fe 
d e t e r m i n a t i o n  h a s  been  a d a p t e d  t o  s e a  
w a t e r  and  c a n  d e t e c t  sub-mic rogram/a  
q u a n t i t i e s  o f  F e .  A  h i g h - r e s o l u t i o n ,  



i n t r i n s i c  Ge d iode  (400 m m 2  s u r f a c e  
a r e a )  i s  now be ing  used t o  q u a n t i t a t e  
55Fe  c o n c e n t r a t i o n s .  Th i s  d e t e c t o r  
has a  background c o u n t i n g  r a t e  t h a t  
i s  approximate ly  an  o r d e r  of magni- 
tude  lower t h a n  was a v a i l a b l e  w i t h  
our  p r e v i o u s  c o u n t i n g  system. Such 
low background i n s t r u m e n t a t i o n  en-  
hances ou r  s e n s i t i v i t y  by lowering 
our  l i m i t  of d e t e c t i o n  f o r  55Fe .  

The p rocedure  t h a t  we a r e  develop-  
i ng  t o  c h a r a c t e r i z e  t h e  non-minera l  
f r a c t i o n  of t h e  heavy m e t a l s  ( i n c l u d -  
i ng  Fe) a s s o c i a t e d  w i t h  a e r o s o l s  p r e s -  
e n t l y  i n v o l v e s  two s t e p s ;  t h e s e  a r e  
s e q u e n t i a l  l e a c h i n g s  w i t h  s e a  water  
and hydroxylamine h y d r o c h l o r i d e .  
Th i s  l a t t e r  r e a g e n t  has  been chosen 
t o  remove any c o n s t i t u e n t s  a s s o c i a t e d  
w i t h  t h e  amorphous Fe f r a c t i o n  of  t h e  
a e r o s o l  p a r t i c l e s .  Ana lys i s  of a e r o -  
s o l  samples from t h e  Q u i l l a y u t e  base -  
l i n e  sampling s t a t i o n  i n d i c a t e d  t h a t  
a n  1 8 - h r  s eawa te r  l e a c h i n g  removed 
s i m i l a r  p r o p o r t i o n s  of  s t a b l e  and 
r a d i o - F e ,  app rox ima te ly  3 -3 .5% of t h e  
t o t a l  Fe on t h e  f i l t e r .  Subsequent  
hydroxylamine h y d r o c h l o r i d e  l e a c h i n g  
removed an  a d d i t i o n a l  2 %  of  t h e  t o t a l  
s t a b l e  Fe and 4 %  of t h e  t o t a l  55Fe .  
These r e s u l t s  i n d i c a t e  t h a t  t h e  55Fe 
i n  t h e  ocean a e r o s o l s  i s  somewhat 
more e a s i l y  removed from t h e  a e r o s o l  
p a r t i c l e s  t h a n  i s  s t a b l e  Fe and ,  

hence ,  may be more r e a d i l y  a x a i l a b l e  
f o r  b i o l o g i c a l  a s s i m i l a t i o n .  This  
p r e f e r e n t i a l  r e l e a s e  of 55Fe over  
s t a b l e  Fe would no t  occur  immediately 
upon c o n t a c t  of  t h e  a e r o s o l  w i th  s ea  
w a t e r ,  bu t  would be a  s lower  a c t i n g  
d i s s o l u t i o n  p r o c e s s .  

S e v e r a l  of t h e  p r i n c i p a l  Fe-con- 
t a i n i n g  m i n e r a l s  from t h e  e a r t h ' s  
c r u s t - - m a g n e t i t e ,  h e m a t i t e ,  l i m o n i t e ,  
and p y r i t e - - w e r e  a l s o  l eached  by t h i s  
same p rocedure  t o  de t e rmine  t h e  r e l a -  
t i v e  a v a i l a b i l i t y  of  t h i s  t e r r e s t r i a l  
Fe. These m i n e r a l s  were comple t e ly  
u n a f f e c t e d  by t h e  1 8 - h r  s eawa te r  
l e a c h i n g .  I n  a d d i t i o n ,  l e s s  t h a n  
0 .5% of t h e  t o t a l  Fe c o n t e n t  of each  
of  t h e s e  m i n e r a l s  was removed by 
t r e a t m e n t  w i th  hydroxylamine hydro-  
c h l o r i d e .  Thus, t e r r e s t r i a l l y -  
d e r i v e d  Fe appea r s  t o  be v e r y  u n a v a i l -  
a b l e  (on a  s h o r t - t e r m  b a s i s )  i n  
comparison t o  some o t h e r  Fe forms 
found i n  t h e  o c e a n i c  a e r o s o l s .  Th i s  
s e m i - s e l e c t i v e  l e a c h i n g  t echn ique  
t h a t  we a r e  a p p l y i n g  t o  t h e s e  a e r o -  
s o l  and mine ra l  samples can  e a s i l y  be 
extended t o  examine t h e  chemica l  be-  
h a v i o r  of  o t h e r  m e t a l s  a s s o c i a t e d  
w i t h  ocean ic  a e r o s o l s  t o  p r e d i c t  
t h e i r  f a t e s  upon c o n t a c t  w i t h  s ea  
wa te r .  A d d i t i o n a l  chemica l  r e a g e n t s  
a r e  be ing  examined f o r  t h e i r  a p p l i c a -  
t i o n  t o  o c e a n i c  a e r o s o l  l e a c h i n g .  



GEOCHEMICAL OCEAN SECTIONS STUDY (GEOSECS) 

The GEOSECS program i s  a  m u l t i - i n s t i t u t i o n a l  i n v e s t i g a t i o n  

o f  t h e  g e o c h e m i s t r y  and m i x i n g  dynamics  o f  t h e  o c e a n s .  The ob-  

j e c t i v e  o f  t h i s  s t u d y  i s  t o  u t i l i z e  t h e  o c e a n s '  c h e m i c a l  and 

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

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

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

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

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

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

p r o c e s s e s .  The r a d i o n u c l i d e  s t u d i e s  a t  BNW h a v e  now b e e n  com- 

p l e t e d  and  t h e  p rogram h a s  b e e n  d i r e c t e d  t o w a r d s  measurement  o f  

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

m e n t a l  i n t e r e s t  i n  t h e  o c e a n s  u t i l i z i n g  t h e  v a l u a b l e  i n v e n t o r y  

o f  w e l l - d o c u m e n t e d  GEOSECS s a m p l e s .  The a n a l y s e s  o f  s e a  w a t e r  

f rom open  o c e a n  GEOSECS t r a c k s  a r e  b e i n g  s u p p l e m e n t e d  by t r a c e  

m e t a l  measurements  o f  s e a w a t e r  s a m p l e s  c o l l e c t e d  on c r u i s e s  e x -  

t e n d i n g  f rom t h e  c o a s t l i n e s  o f  t h e  U.S.  t o  open  o c e a n  a r e a s .  

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

c e s s e s  which  c r e a t e  c o n c e n t r a t i o n  g r a d i e n t s  be tween  t h e  c o a s t a l  

and  o p e n  o c e a n  w a t e r s .  

Trace Element Distributions at 
Atlantic and Pacific Ocean GEOSECS 
Stations 

D. E. Robertson 

The m a j o r  b i o g e o c h e m i c a l  and  p h y s -  
i c a l  p r o c e s s e s  which  c o n t r o l  t h e  i n -  
p u t s ,  r emova l  a n d  a p p o r t i o n m e n t  of 
t r a c e  e l e m e n t s  i n  t h e  o c e a n s  c a n  
o f t e n  be  i d e n t i f i e d  a n d  c h a r a c t e r i z e d  
by s y s t e m a t i c ,  d e t a i l e d  s t u d i e s  o f  
t h e i r  g e o g r a p h i c a l  a n d  v e r t i c a l  d i s -  
t r i b u t i o n  i n  t h e  o c e a n s .  The n u t r i -  
e n t  e l e m e n t s  S i ,  P ,  O 2  a n d  N f o r m s  
a r e  good e x a m p l e s  o f  s u c h  c h a r a c t e r i -  
z a t i o n .  However,  v e r y  l i t t l e  i s  

known a b o u t  t h e  f a c t o r s  which  g o v e r n  
t h e  d i s t r i b u t i o n  a n d  b e h a v i o r  o f  
t r a c e  e l e m e n t s  i n  t h e  o c e a n .  The 
GEOSECS program h a s  p r o v i d e d  w e l l -  
documented s e a w a t e r  s a m p l e s  f rom t h e  
A t l a n t i c  and P a c i f i c  Oceans  f rom 
which  d e t a i l e d  i n f o r m a t i o n  c o n c e r n i n g  
t h e  a b u n d a n c e s ,  d i s t r i b u t i o n s  and  
b i o g e o c h e m i c a l  b e h a v i o r  o f  a  l a r g e  
g r o u p  o f  t r a c e  e l e m e n t s  c a n  be  
o b t a i n e d .  

We a r e  c o n c e n t r a t i n g  o u r  a n a l y t i -  
c a l  e f f o r t  o n  many o f  t h e  t r a c e  
m e t a l s  of i m m e d i a t e  e n v i r o n m e n t a l  c o n -  
c e r n ,  e . g . ,  Hg, A s ,  Ag, Sb ,  Zn, Co, 



Se a n d  Cd. The ? p e n  o c e a n  g e o g r a p h -  
i c a l  and  v e r t i c a l  d i s t r i b u t i o n  o f  
t h e s e  t r a c e  m e t a l s  i s  p r e s e n t l y  b e i n g  
d e t e r m i n e d ,  o r  a n a l y t i c a l  me thods  a r e  
b e i n g  d e v e l o p e d  f o r  t h e i r  measurement .  

We a r e  now b e g i n n i n g  t o  s u p p l e m e n t  
t h e  open o c e a n  GEOSECS t r a c k s  w i t h  
s t a t i o n s  e x t e n d i n g  f rom t h e  c o a s t -  
l i n e s  t o  t h e  open  o c e a n .  I n  t h i s  
t a s k  we hope t o  c h a r a c t e r i z e  t h e  n a t u -  
r a l  and a n t h r o p o g e n i c  p r o c e s s e s  which  
may i n c r e a s e  t h e  c o n c e n t r a t i o n s  o f  
t r a c e  m e t a l s  i n  c o a s t a l  w a t e r s  a s  com- 
p a r e d  t o  t h e  open  o c e a n ,  and  t o  d e s -  
c r i b e  t h e  c o n c e n t r a t i o n  g r a d i e n t s  
e x i s t i n g  be tween  c o a s t a l  w a t e r s  and 
t h e  open  o c c a n .  

Two c r u i s e s  h a v e  now b e e n  com- 
p l e t e d  i n  which  s e a w a t e r  s a m p l e s  were  
c o l l e c t e d  a t  t h e  s u r f a c e  and n e a r  t h e  
b o t t o m  on  t r a c k s  e x t e n d i n g  from t h e  
c o a s t l i n e s  o f  A l a s k a  i n  t h e  B e r i n g  
Sea  and i n  t h e  G u l f  of  A l a s k a .  

Mercury 

The m e r c u r y  a n a l y s e s  o f  a l l  A t l a n -  
t i c  and  P a c i f i c  GEOSECS s a m p l e s  h a v e  
now b e e n  c o m p l e t e d .  The Hg d i s t r i b u -  
t i o n  i n  t h e  A t l a n t i c  Ocean was r e -  
p o r t e d  i n  t h e  1974 Annual  R e p o r t .  
The P a c i f i c  Ocean GEOSECS s t a t i o n s  
a r e  c h a r a c t e r i z e d  by e x t r e m e l y  v a r i -  
a b l e  kIg c o n c e n t r a t i o n s ,  b o t h  a s  a  
f u n c t i o n  o f  g e o g r a p h y  and  d e p t h .  
Most o f  t h e  P a c i f i c  Ocean s t a t i o n s  
showed v e r y  low Hg l e v e l s  ( u s u a l l y  
r a n g i n g  be tween  1 5 - 4 0  ng Hg/k) ,  
b u t  numerous  s t a t i o n s  c o n t a i n e d  w e l l -  
d e f i n e d  Hg maxima a t  v a r i o u s  d e p t h s .  
Ne a r e  now i n  t h e  p r o c e s s  of p l o t t i n g  
t h e  d a t a  and  c o r r e l a t i n g  t h e  r e s u l t s  
w i t h  v a r i o u s  o t h e r  p h y s i c a l  and chem- 
i c a l  p a r a m e t e r s  measured  a t  t h e s e  
s t a t i o n s .  A l s o ,  we w i l l  a t t e m p t  t o  
c o r r e l a t e  Hg w i t h  b o t t o m  t o p o g r a p h y  
and  s u b m a r i n e  v o l c a n i c  e r u p t i o n s  
which  a r e  m o n i t o r e d  i n  t h e  P a c i f i c  
by t h e  U n i v e r s i t y  o f  H a w a i i ,  s i n c e  
i t  i s  s u s p e c t e d  t h a t  t h i s  i s  a  m a j o r  
s o u r c e  o f  Hg i n j e c t i o n s  i n t o  t h e  
P a c i f i c  Ocean.  

A r s e n i c  

A r s e n i c  measurcmcnts  by 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  h a v e  b e e n  com- 
p l e t e d  a t  f i v e  m a j o r  A t l a n t i c  GEOSECS 
s t a t i o n s .  I t  now a p p e a r s  t h a t  As i s  

a  v e r y  c o n s e r v a t i v e  c o n s t i t u e n t  o f  
s e a  w a t e r ,  i . e . ,  t h e  A s / s a l i n i t y  r a t i o  
i s  n e a r l y  c o n s t a n t  t o  w i t h i n  t h e  a n a -  
l y t i c a l  u n c e r t a i n t y  o f  t h e  A s  m e a s u r e -  
men t s  which  amounts  t o  1 0  t o  20%. 
The A s  c o n t e n t  o f  s e a  w a t e r  a v e r a g e s  
a b o u t  1 . 6  u g / e ,  and  no  s i g n i f i c a n t  
g e o g r a p h i c a l  and  v e r t i c a l  v a r i a t i o n s  
i n  d i s t r i b u t i o n  a t  A t l a n t i c  Ocean 
GEOSECS s t a t i o n s  h a v e  b e e n  o b s e r v e d .  
T h i s  i s  c o n t r a r y  t o  e a r l i e r  s t u d i e s  
u s i n g  c o l o r i m e t r i c  me thods  o f  a n a l y -  
s i s  which  i n d i c a t e d  t h a t  As e x h i b i t e d  
l a r g e  c o n c e n t r a t i o n  v a r i a t i o n s  w i t h  
d e p t h .  

S i l v e r  

S i l v e r  d i s t r i b u t i o n s  a t  f i v e  A t l a n -  
t i c  GEOSECS s t a t i o n s  have  now b e e n  
c o m p l e t e d .  The Ag l e v e l s  r a n g e  f rom 
l e s s  t h a n  0 . 1  t o  8 n g / t  and  a v e r a g e  
a b o u t  2  n g / k ,  and  some v a r i a b i l i t y  
w i t h  d e p t h  h a s  b e e n  o b s e r v e d .  These  
low c o n c e n t r a t i o n s  a r e  a b o u t  100  
t i m e s  lower  t h a n  p r e v i o u s  l i t e r a t u r e  
v a l u e s ,  and  w i l l  r e q u i r e  a  r e v i s i o n  
i n  t a b l e s  of  t r a c e  m e t a l  l e v e l s  i n  
s e a  w a t e r  and t h e i r  r e s i d e n c e  t i m e s  
i n  t h e  o c e a n s .  

Se len ium 

We a r e  v e r y  i n t e r e s t e d  i n  d e f i n i n g  
t h e  c o n c e n t r a t i o n s  a n d  d i s t r i b u t i o n s  
o f  s e l e n i u m  i n  t h e  o c e a n s  s i n c e  we 
f e e l  t h a t  Se may w e l l  c o r r e l a t e  w i t h  
m e r c u r y  i f  b o t h  e l e m e n t s  a r c  d e g a s s e d  
from s u b m a r i n e  v o l c a n i c  a c t i v i t y .  
A l s o ,  Se i s  p r e s e n t  i n  many m a r i n e  
o r g a n i s m s  a t  v e r y  h i g h  c o n c e n t r a t i o n s  
and  u n d o u b t e d l y  p l a y s  a n  i m p o r t a n t  
p h y s i o l o g i c a l  f u n c t i o n .  A g a s  c h r o -  
m a t o g r a p h i c  p r o c e d u r e  was e v a l u a t e d  
f o r  determining S e  i n  s e a  w a t e r ,  b u t  
l a c k e d  t h e  n e c e s s a r y  s e n s i t i v i t y  and  
s e l e c t i v i t y .  X n e u t r o n  a c t i v a t i o n  
p r o c e d u r e  h a s  b e e n  d e v e l o p e d  i n  w h i c h  
Se i s  c o p r e c i p i t a t e d  w i t h  f e r r i c  h y -  
d r o x i d e .  The p r e c i p i t a t e  i s  e n c a p s u -  
l a t e d  i n  a  p l a s t i c  v i a l  and  n e u t r o n  
a c t i v a t e d .  S e v e r a l  weeks l a t e r  t h e  
' 5 ~ e  i s  r a d i o c h e m i c a l l y  s e p a r a t e d  and  
c o u n t e d  i n  a  NaI (T1)  w e l l  c r y s t a l .  
T h i s  p r o c e d u r e  w i l l  b e  u s e d  f o r  d e t e r -  
m i n i n g  t h e  d i s t r i b u t i o n  o f  Se  a t  A t -  
l a n t i c  a n d  P a c i f i c  GEOSECS s t a t i o n s .  

C o b a l t  and Z i n c  

Seven. A t l a n t i c  Ocean GEOSECS s t a -  
t i o n s  h a v e  b e e n  c o m p l e t e d  f o r  c o b a l t  



and  z i n c  a n a l y s e s .  The Co d i s t r i b u -  
t i o n  i n  t h e  A t l a n t i c  Ocean d o e s  n o t  
a p p e a r  t o  h a v e  s y s t e m a t i c  g e o g r a p h -  
i c a l  o r  d e p t h  v a r i a t i o n s .  The Co c o n -  
c e n t r a t i o n s  a r e  v e r y  low a n d  u s u a l l y  
r a n g e  be tween  5  t o  20 n g / k ,  w i t h  a n  
a v e r a g e  c o n c e n t r a t i o n  o f  a b o u t  
1 0  n g / a .  The z i n c  d i s t r i b u t i o n ,  how- 
e v e r ,  i s  q u i t e  v a r i a b l e  a s  a  f u n c t i o n  
o f  d e p t h  w i t h  w e l l - d e f i n e d  maxima a p -  
p e a r i n g  a t  v a r i o u s  d e p t h s  i n  t h e  
w a t e r  c o l u m n s .  Z i n c  c o n c e n t r a t i o n s  
u s u a l l y  r a n g e  b e t w e e n  0 . 6  t o  4 ~ g / k ,  
w i t h  a n  a v e r a g e  c o n c e n t r a t i o n  o f  
a b o u t  1 . 0  p g / k .  A l t h o u g h  s i g n i f i c a n t  
v a r i a t i o n s  i n  Zn l e v e l s  o c c u r r e d  w i t h  
d e p t h  a t  e a c h  s t a t i o n  t h e  a v e r a g e  c o n -  
c e n t r a t i o n s  o f  Zn i n  t h e  w a t e r  c o l -  
umns d i d  n o t  s i g n i f i c a n t l y  v a r y  f rom 
h i g h  n o r t h e r n  l a t i t u d e  s t a t i o n s  t o  
s o u t h  A t l a n t i c  s t a t i o n s .  The Zn d i s -  
t r i b u t i o n  i s  b e i n g  c o r r e l a t e d  w i t h  
o t h e r  c h e m i c a l  a n d  p h y s i c a l  param- 
e t e r s  i n  a n  a t t e m p t  t o  i d e n t i f y  t h e  
p r o c e s s e s  which  c r e a t e  i t s  v a r i a b l e  
d e p t h  d i s t r i b u t i o n .  

Shipboard Measurements of Mercury in 
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S h i p b o a r d  measurements  o f  mercury  
i n  s e a  w a t e r  a t  1 0  s t a t i o n s  i n  t h e  
N o r t h  A t l a n t i c  Ocean were  c o m p l e t e d  
i n  J u n e  - J u l y  1975 .  Mercury l e v e l s  

a t  most  s t a t i o n s  were  f r e q u e n t l y  
below t h e  d e t e c t i o n  l i m i t  o f  2 ng  
Hg/k. However,  a t  t h r e e  s t a t i o n s  
( S t a t i o n s  6 7 7 ,  681 and  682 on F i g .  67) 
d i r e c t l y  s o u t h  of t h e  t e r m i n a t i o n  o f  
t h e  R e y k j a n e s  R idge  ( a  s u b m a r i n e  moun- 
t a i n  r a n g e  r u n n i n g  s o u t h  o f  I c e l a n d )  
a t  t h e  Gibbs  F r a c t u r e  Zone r e l a t i v e l y  
h i g h  m e r c u r y  l e v e l s  r a n g i n g  b e t w e e n  
100 t o  1000 ng Hg/k were  o b s e r v e d  a t  
d i s c r e t e  d e p t h  i n t e r v a l s  ( s e e  
T a b l e  5 8 ) .  

Mercury c o n c e n t r a t i o n  maxima were  
o b s e r v e d  a t  d e p t h s  be tween  2100 a n d  
2800 m a t  S t a t i o n s  677 ,  681  and  682 .  
A l s o ,  m e r c u r y  maxima were  o b s e r v e d  
n e a r  t h e  bo t tom a t  S t a t i o n s  677 and  
682 ,  a n d  S t a t i o n  681 showed h i g h  mer-  
c u r y  l e v e l s  a t  d e p t h s  o f  1 5 3  and  
905 m .  The m i d w a t e r  d e p t h s  c o r r e s -  
pond v e r y  c l o s e l y  w i t h  t h e  m e r c u r y  
maxima o b s e r v e d  a t  GEOSECS S t a t i o n  27 
where  h i g h  m e r c u r y  c o n c e n t r a t i o n s  
were  p r e s e n t  a t  m i d - d e p t h s .  T h i s  
d a t a  a p p e a r  t o  c o n f i r m  o u r  GEOSECS 
r e s u l t s  a n d  o u r  h y p o t h e s i s  t h a t  r e l a -  
t i v e l y  l a r g e  amounts  o f  m e r c u r y  a r e  
l e a k i n g  f rom a c t i v e  s p r e a d i n g  c e n t e r s  
on t h e  o c e a n  f l o o r  d u r i n g  e p i s o d i c  
v o l c a n i s m  a n d / o r  t e c t o n i c  a c t i v i t y .  

The s o u r c e  o f  t h e  u n d e r w a t e r  mer-  
c u r y  maxima a p p e a r s  t o  be  l o c a t e d  
a l o n g  o r  n e a r  t h e  t e r m i n a t i o n  o f  t h e  
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F I G .  67.  A t l a n t i c  Ocean S t a t i o n s  f o r  S h i p -  
b o a r d  A n a l y s e s  o f  Mercury  i n  S e a  Wate r .  



TABLE 58 .  Mercury C o n c e n t r a t i o n s  i n  Nor th  A t l a n t i c  
Ocean Depth P r o f i l e s  a t  Three  S t a t i o n s  E x t e n d i n g  
D i r e c t l y  S o u t h  f r o m  t h e  T e n n i n a t  i o n  o f  t h e  Reykjanes  
Ridge o f  t h e  Gibbs F r a c t u r e  Zone. 

S t a t i o n  677  

D e p t h  (m) H g ( n g / t )  

2  < 2  
3  1  < 2  
9 2  < 2  

1 5 3  < 2  
3 0 3  < 2  
3 5 1  < 2  
s o 5  < 2  
'01 < ? 
8  9 9  < 2 

11198 < 2 
1797  < 3 
1 4 9 6  < 2 
1 6 9 5  < 2 
189-1 < 7  

S t a t l o n  6 8 1  

D e p t h  (m) H g ( n g / ? )  

3  2  5  
34 8  
94 < 2 

1 5 3  1 5  6  
3 0 3  2 8  
504 1 ? 
704 18  
905  18  4  

1 1  0  2  7  
1798  ? 7  
1 4 9 5  1 - - 2 
1 6 9 6  8  0  
189 '  5  5  
2097 2 3 4  
2296 3  5  
2  5  2  1 1 2  
2  7  2  0  < 2  
2 9 2 1  < ? 
3 0 2 1  < L 
3  12 0  < : 
3220  < 2  
33 2  2  < 2 
3 6 2 1  < 2 
3821  1 2  
4020  < 2  
4 1 6 9  5  
4229  18  
4319  < 2 

S t a t i o n  682*  

D e p t h  ( n ~ )  H g [ n g / s )  

2  < 1 0  
3  0  < 1 0  
8  7  < l o  

134 1 3  
290 < l o  
2  8  9  < l o  
690 < l o  
887 < l o  

1084  < l o  
1 2 8 3  < l o  
148.2 < 1 0  
1 6 8 3  < 1 0  
1 8 5 1  < l o  
2097 < l o  
2161  < l o  
2277 < l o  
2363  < l o  
2564 < l o  
2764 1 0 0 8  
2965 1 '  
3165  1 3  
3 3 6 5  < 10 
3558 < 1 0  
3755  1 7  ? 
5956  3  6  
4056  132  
4112 6 6  
4 2 0 3  1 5  

* N o t c :  T h e  h i g h e r  l e s s - t h a n  v a l u e s  a t  S t a t i o n  682  a r e  d u e  t o  a  g r a d u a l  
i n c r e a s e  i n  t h e  p r o c e d u r a l  b l a n k  c a u s e d  b y  t h e  p r e s e n c e  o f  n l e r -  
c u r y  i n  t h e  s h i p ' s  d i s t i l l e d  w a t e r  s u p p l y  w h i c h  was u s e J  f o r  
r i n s i n g  t h c  g l a s s w a r e .  

R e y k j a n e s  Ridge  a t  t h e  Gibbs  F r a c t u r e  
Zone. T h i s  a r e a  i s  t e c t o n i c a l l y  a c -  
t i v e  a n d  m e r c u r y  c o u l d  b e  l e a c h e d  
f rom f r e s h  magma e x t r u s i o n s  i n  t h i s  
a r e a .  The h i g h  m e r c u r y  l e v e l s  o b -  
s e r v e d  a t  153  a n d  905 m a t  S t a -  
t i o n  681  may h a v e  r e s u l t e d  f rom mer -  
c u r y  i n j e c t i o n s  i n t o  s u r f a c e  o r  n e a r  
s u r f a c e  w a t e r s  n e a r  t h e  c o a s t  o f  I c e -  
l a n d ,  f o l l o w e d  by  t h e i r  s u b s e q u e n t  
t r a n s p o r t  s o u t h w a r d  w h i l e  s i m u l t a -  
n e o u s l y  s i n k i n g  t o  v a r i o u s  d e p t h s .  

A v e r y  i m p o r t a n t  a s p e c t  o f  o u r  
s h i p b o a r d  m e r c u r y  measurements  i s  t h e  
v e r y  low c o n c e n t r a t i o n s  o f  mercury  o b -  
s e r v e d  i n  mos t  d e p t h  p r o f i l e s .  I n  
o u r  e a r l i e r  l a b o r a t o r y  a n a l y s e s  o f  
GEOSECS s a m p l e s  t h e  "background" mer-  
c u r y  l e v e l s  i n  t h i s  a r e a  o f  t h e  Nor th  
A t l a n t i c  Ocean were  o b s e r v e d  t o  n o r -  
m a l l y  r a n g e  be tween  20 t o  100 ng/L.  
I t  now a p p e a r s  t h a t  t h e  normal  "back-  
ground" l e v e l s  of m e r c u r y  i n  t h i s  
a r e a  u s u a l l y  r a n g e  be tween  < 2  t o  
10 ng Hg/L. These  v a l u e s  a r e  a b o u t  
10 t i m e s  l o w e r  t h a n  r e p o r t e d  i n  p r e -  
v i o u s  s t u d i e s  d e s c r i b e d  i n  t h e  l i t e r a -  

t u r e .  D e s p i t e  t h e  p r o b a b i l i t y  t h a t  
o u r  GEOSECS m e r c u r y  b a s e l i n e  d a t a  
( e s p e c i a l l y  f o r  S t a t i o n s  1 t h r o u g h  
33) may be h i g h  due t o  a  v e r y  s u b t l e  
c o n t a m i n a t i o n  mechanism we h a v e  i d e n -  
t i f i e d ,  i t  s t i l l  a p p e a r s  t h a t  t h e  
c o r e  o f  h i g h  m e r c u r y  s e a  w a t e r  ob-  
s e r v e d  be tween  1500 and 3200 m a t  
GEOSECS S t a t i o n s  1, 3 ,  27, 28,  29,  
30 and 3 1  i s  a  v e r y  r e a l  f e a t u r e  o f  
t h e  d i s t r i b u t i o n  o f  mercury  i n  t h e  
w e s t e r n  b a s i n  o f  t h e  Nor th  A t l a n t i c  
Ocean. 

The s h i p b o a r d  mercury  measurements  
r e p o r t e d  h e r e  t e n d  t o  v e r i f y  t h a t  
l a r g e  amounts o f  mercury  c a n  be i n -  
j e c t e d  i n t o  t h e  open o c e a n  f rom a c -  
t i v e  v o l c a n i c  a n d  t e c t o n i c  a r e a s  o f  
t h e  s e a  f l o o r .  Now t h a t  we have  
r o u g h l y  i d e n t i f i e d  a  m a j o r  s o u r c e  
a r e a  f o r  l a r g e - s c a l e  m e r c u r y  i n p u t s  
t o  t h e  o c e a n  t h e  n e x t  s t e p  i s  t o  p i n -  
p o i n t ,  i f  p o s s i b l e ,  t h e  e x a c t  a r e a s  
by a  c o n c e n t r a t e d  s a m p l i n g  e f f o r t  
a r o u n d  t h e  R e y k j a n e s  Ridge f rom I c e -  
l a n d  t o  t h e  a r e a  o f  t h e  Gibbs  F r a c -  
t u r e  Zone. 
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Advances  i n  gamma-ray s p e c t r o m e t r y ,  p a r t i c u l a r l y  t h o s e  

u s i n g  s o l i d  s t a t e  G e ( L i )  d e t e c t o r s  and  G e - i n t r i n s i c  a s  w e l l  

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

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

and  h a v e  s u b s t a n t i a l l y  m o d i f i e d  t h e  r e q u i r e m e n t s  o f  many 

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

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

n e c e s s a r y  t o  t a k e  f u r t h e r  a d v a n t a g e  o f  t h e  improved i n s t r u -  

m e n t a l  c a p a b i l i t i e s .  Because  t r a n s u r a n i u m  n u c l i d e s ,  t r a c e  

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

e n t  a t  v e r y  low c o n c e n t r a t i o n s  i n  e n v i r o n m e n t a l  m a t e r i a l s ,  

p r e c o n c e n t r a t i o n  t e c h n i q u e s  a r e  a l s o  needed  t o  s u p p l e m e n t  t h e  

i n s t r u m e n t a t i o n .  

Age-Dating Recent Lake and Estuarine 
Sediments by the Direct Counting of 
the 210Pb 46.5 KeV Gamma Emission 

W. C. Weimer, E. A. Crecelius and 
J. C. Langord 

Age- d a t i n g  a q u a t i c  s e d i m e n t s  by 
t h e  d i r e c t  c o u n t i n g  o f  Z1Opb gamma 
e m i s s i o n s  h a s  g r e a t l y  s i m p l i f i e d  sam- 
p l e  p r e p a r a t i o n  by e l i m i n a t i n g  s e v -  
e r a l  c h e m i c a l  s e p a r a t i o n  s t e p s .  The 
deve lopment  o f  t h i s  s i m p l i f i e d  r a d i o -  
a n a l y t i c a l  t e c h n i q u e  f u r t h e r  e n h a n c e s  
t h e  u s e f u l n e s s  o f  an  a c c e p t e d  a n a l y t -  
i c a l  me thodo logy  f o r  a g e - d a t i n g  s e d i -  
ment c o r e s .  

Many e f f e c t s  t h a t  man h a s  h a d  upon 
h i s  e n v i r o n m e n t  a r e  p e r m a n e n t l y  r e -  
c o r d e d  i n  t h e  s e d i m e n t s  o f  l a k e s ,  
r i v e r s ,  e s t u a r i e s ,  and t h e  open o c e a n .  
Some r e c e n t  a n t h r o p o g e n i c  i n p u t s  o f  
m a t e r i a l s  c a n  b e  r e a d i l y  s e p a r a t e d  
f r o m  t h e  n a t u r a l  b a c k g r o u n d  l e v e l s  o f  
t h e s e  same m a t e r i a l s  f o u n d  a t  some 
d e p t h  w i t h i n  a  s e d i m e n t  c o r e .  O t h e r  

i n p u t s ,  some h y d r o c a r b o n s  f o r  exam- 
p l e ,  a r e  n o t  a s  e a s i l y  d i s t i n g u i s h -  
a b l e  f rom t h e  n a t u r a l  b a c k g r o u n d  
l e v e l s .  To a s s e s s  t h e  r e c e n t  a n t h r o -  
p o g e n i c  i n p u t s  o f  b o t h  o f  t h e s e  
c l a s s e s  o f  m a t e r i a l s ,  i t  i s  d e s i r a b l e  
t o  a s s i g n  s p e c i f i c  d a t e s  ( i n  t i m c  
B e f o r e  P r e s e n t )  t o  t h e  v a r i o u s  s t r a t a  
i n  t h e  s e d i m e n t a r y  column. A t r a c e r  
of  2 1 0 ~ b  i s  v e r y  u s e f u l  f o r  d a t i n g  
s e d i m e n t a t i o n  t h a t  h a s  o c c u r r e d  
w i t h i n  t h e  l a s t  120-130  y r .  S e v e r a l  
i n v e s t i g a t o r s  h a v e  p r e v i o u s l y  v a l i -  
d a t e d  t h e  u s e f u l n e s s  of  t h e  2 1 0 ~ b  d a t -  
i n g  t e c h n i q u e  i n  a s s e s s i n g  r e c e n t  
s e d i m e n t a r y  e v e n t s .  

D e t e r m i n a t i o n  o f  2 1 0 ~ b  c o n c e n t r a -  
t i o n s  i n  s t r a t a  o f  l a k e  o r  e s t u a r y  
c o r e s  by p r e v i o u s  w o r k e r s  h a s  i n -  
v o l v e d  t h e  b e t a - c o u n t i n  o f  2 1 0 ~ i  o r  
t h e  a l p h a - c o u n t i n g  o f  O P O .  S i n c e  
e a c h  o f  t h e s e  d a u g h t e r  i s o t o p e s  i s  
assumed t o  be  i n  e q u i l i b r i u m  w i t h  
2 1 0 ~ b ,  t h e  2 1  Opb c o n c e n t r a t i o n s  a r e  
c a l c u l a t e d  f rom t h e  b e t a  o r  a l p h a  



measurements .  The g r o c e d u r e s  f o r  t h e  
d e t e r m i n a t i o n  o f  2 1  B 1  o r  2 1  OPo c o n -  
c e n t r a t i o n s  i n  s e d i m e n t s  i n v o l v e  e x -  
t r a c t i o n  o f  t h e  r a d i o n u c l i d e  from t h e  
s e d i m e n t  s a m p l e ,  a d d i t i o n  of  a  chem- 
i c a l  y i e l d  t r a c e r  t o  e s t i m a t e  r e c o v -  
e r y ,  and some c l e a n u p  o r  c h e m i c a l  
s e p a r a t i o n  s t e p s  p r i o r  t o  a l p h a  o r  
b e t a  c o u n t i n g .  T h i s  s e r i e s  o f  s t e p s  
i s  t ime  consuming a n d  i n v o l v e s  some 
c o r r e c t i o n  f o r  s a m p l e  l o s s .  We h a v e  
d e v e l o p e d  a  p r o c e d u r e  t o  d e t e r m i n e  
2 1  OPb c o n c e n t r a t i o n s  i n  s e d i m e n t s  
t h a t  e l i m i n a t e s  t h e s e  s t e p s .  

The 4 6 . 5  KeV gamma-ray e m i t t e d  d u r -  
i n g  t h e  2 1 0 ~ b  d e c a y  t o  O B ~  i s  
c o u n t e d  d i r e c t l y  w i t h  a  h i g h -  
r e s o l u t i o n ,  i n t r i n s i c  Ge d i o d e  
(400 mm2 s u r f a c e  a r e a ) .  P r i o r  t o  
c o u n t i n g ,  t h e  s a m p l e  i s  o v e n - d r i e d  a t  
80°C, g r o u n d ,  and p r e s s e d  i n t o  a  
1 - i n .  d i a .  p e l l e t .  

T h i s  s e d i m e n t  a g e - d a t i n g  by t h e  
d i r e c t  c o u n t i n g  o f  t h e  2 1 0 ~ b  gamma 
e m i s s i o n  h a s  b e e n  e v a l u a t e d  w i t h  s e d i -  
ment c o r e s  f rom Lake Mendota (Madison ,  
W i s c o n s i n ) ,  T r o u t  Lake ( V i l a s  C o u n t y ,  
W i s c o n s i n ) ,  and  Lake Wash ing ton  
( S e a t t l e  , W a s h i n g t o n ) .  The s e d i m e n t a -  
t i o n  r a t e s  f o r  t h e s e  l a k e s  a s  d e t e r -  
mined by t h e  d i r e c t  c o u n t i n g  of 2 1 0 P b  
a r e  i d e n t i c a l  t o  t h e  r a t e s  r e p o r t e d  
by o t h e r  i n v e s t i g a t o r s  who u t i l i z e d  
2 1 0 ~ i  o r  2 1 0 ~ o  c o u n t i n g  t e c h n i q u e s .  
T h u s ,  t h i s  new s i m p l i f i e d  method 
y i e l d s  a g e - d a t i n g  r e s u l t s  t h a t  a r e  i n  
a g r e e m e n t  w i t h  r e s u l t s  o b t a i n e d  by 
o t h e r  w i d e l y - a c c e p t e d  m e t h o d o l o g i e s  
w h i c h  r e q u i r e  c o n s i d e r a b l y  more Sam- 
p l e  p r e p a r a t i o n .  T h i s  d i r e c t -  
c o u n t i n g  t e c h n i q u e  h a s  a l s o  been  a p -  
p l i e d  s u c c e s s f u l l y  t o  c o r e s  f r o m  t h e  
Puge t Sound a r e a .  

Determination of Palladium, Ruthenium 
and Platinum in Air by Neutron 
Activation 

C. W. Thomas and J. C. Laul 

C a t a l y t i c  c o n v e r t e r s  u s e d  a s  p o l l u -  
t a n t  c o n t r o l  d e v i c e s  on  a u t o m o b i l e s  
t o  m i n i m i z e  t h e  e m i s s i o n  o f  e x h a u s t  
g a s e s  a n d  p a r t i c u l a t e s  t o  t h e  e n v i r o n -  
ment a r e  p a r t i a l l y  c o n s t r u c t e d  from 
p l a t i n u m  g r o u p  m e t a l s .  S m a l l  amounts  
of  t h e s e  r a r e  m e t a l s  a r e  u s e d  on  t h e  
c e r a m i c  b a s e  o f  t h e  c o n v e r t e r  and d u r -  
i n g  t h e  l i f e t i m e  o f  t h e  d e v i c e  c e r -  
t a i n  amounts  o f  t h e  m e t a l s  a r e  v a -  
p o r i z e d  and added  t o  t h e  a t m o s p h e r i c  

p o l l u t a n t  b u r d e n .  The unknown magni -  
t u d e  o f  t h i s  b u r d e n  h a s  c a u s e d  c o n -  
s i d e r a b l e  c o n c e r n  among s e v e r a l  a g e n -  
c i e s .  'To h e l p  a s s e s s  t h e  impac t  o f  
t h e s e  m e t a l s  on t h e  e n v i r o n m e n t  a  
r a d i o c h e m i c a l  n e u t r o n  a c t i v a t i o n  p r o -  
c e d u r e  was d e v e l o p e d  t o  measure  
p a l l a d i u m ,  r u t h e n i u m ,  and p l a t i n u m  i n  
t h e  a c i d  l e a c h a t e  o f  a i r  f i l t e r  sam- 
p l e s  c o l l e c t e d  n e a r  h e a v i l y  u s e d  r o a d -  
ways i n  t h e  1.0s A n g e l e s ,  C a l i f o r n i a  
a r e a .  T h i s  method a l l o w s  a c c u r a t e  
measurements  o f  t h e  c o n c e n t r a t i o n  o f  
t h e s e  m e t a l s  i n  t h e  nanogram r a n g e .  

Samples  of a c i d  l e a c h a t e  o f  a i r  
f i l t e r  s a m p l e s  were  s u p p l i e d  by EPA 
f o r  t h e  d e t e r m i n a t i o n  of  p a l l a d i u m  
r u t h e n i u m ,  and p l a t i n u m .  The a c i d  
s a m p l e s  were  s l o w l y  e v a p o r a t e d  t o  
s a l t s  a n d  s e a l e d  i n  p l a s t i c  c o n -  
t a i n e r s  u s e d  f o r  n e u t r o n  a c t i v a t i o n .  
A f t e r  n e u t r o n  a c t i v a t i o n  t h e  s a l t s  
were  d i s s o l v e d  by c o n t a c t i n g  s e v e r a l  
t i m e s  w i t h  a  few m i l l i l i t e r s  o f  h o t  
H C 1  f o l l o w e d  by a  few m i l l i l i t e r s  o f  
h o t  HN03. Samples  w e r e  d i l u t e d  t o  
200 m l  w i t h  6 N H C 1  and a l i q u o t s  w e r e  
u s e d  f o r  r a d i o c h e m i c a l  a n a l y s i s .  
P a l l a d i u m  was d e t e r m i n e d  by m e a s u r i n g  
t h e  i n d u c e d  l 3 ~ d .  Ruthenium was de- 
t e r m i n e d  by m e a s u r i n g  t h e  i n d u c e d  
l o 3 ~ u  w h i l e  p l a t i n u m  was d e t e r m i n e d  
by m e a s u r i n g  t h e  l q 9 ~ u  formed f r o r .  
t h e  b e t a  d e c a y  o f  l q 9 p t  i n d u c e d  d u r -  
i n g  a c t i v a t i o n .  

S e p a r a t i o n  o f  P a l l a d i u m  

A 50 m l  a l i q u o t  was t r a n s f e r r e d  t o  
a  b e a k e r  a n d  10 mg of  p a l l a d i u m  c a r -  
r i e r  were  added  a l o n g  w i t h  h o l d - b a c k  
c a r r i e r s  o f  g o l d ,  r u t h e n i u m ,  s c a n d i u m ,  
i r o n ,  c o b a l t  , b r o m i n e ,  b a r i u m  and 
p o t a s s i u m .  P a l l a d o u s  i o d i d e  was p r e -  
c i p i t a t e d  by a d d i n g  s u f f i c i e n t  N a I .  
The p r e c i p i t a t e  was t h o r o u g h l y  washed 
and  d r i e d  u n d e r  a n  i n f r a r e d  h e a t  lamp 
and we ighed  f o r  r a d i o c h e m i c a l  y i e l d  
d e t e r m i n a t i o n .  The c o n c e n t r a t i o n  of  
1 7 . 5  day  l o 3 p d  formed d u r i n g  a c t i v a -  
t i o n  was d e t e r m i n e d  by c o u n t i n g  i t s  
K X - r a y s  u s i n g  a n  i n t r i n s i c  germanium 
d e t e c t o r  ( 1 . 5  cm d i a m e t e r  X 0 . 5  cm 
d e p t h  w i t h  a  5 - m i l  b e r y l l i u m  window) . 
R a d i o c h e m i c a l  y i e l d  was g r e a t e r  t h a n  
9 5 % .  

S e p a r a t i o n  o f  Ruthenium 

A 25 m l  a l i q u o t  was t r a n s f e r r e d  t o  
a  d i s t i l l a t i o n  f l a s k  a n d  20 mg of  



r u t h e n i u m  c a r r i e r  added  a l o n g  w i t h  
h o l d - b a c k  c a r r i e r s  o f  g o l d ,  s c a n d i u m ,  
i r o n ,  c o b a l t ,  b r o m i n e ,  a n d  b a r i u m .  
The r u t h e n i u m  was d i s t i l l e d  a s  t h e  
v o l a t i l e  r u t h e n i u m  t e t r o x i d e  from a  
n i t r i c  a c i d - p e r c h l o r i c  a c i d  medium 
i n t o  a  c o l d  sodium h y d r o x i d e  t r a p .  
Ruthenium d i o x i d e  was p r e c i p i t a t e d  
f rom t h e  h y d r o x i d e  t r a p  by r e d u c i n g  
w i t h  e t h a n o l .  The p r e c i p i t a t e  was 
f i l t e r e d ,  d r i e d  a n d  we ighed  f o r  r a d i o -  
c h e m i c a l  y i e l d  a n d  t h e  c o n c e n t r a t i o n  
of l o  3 R ~  f o r m e d  d u r i n g  a c t i v a t i o n  was 
d e t e r m i n e d  by m e a s u r i n g  w i t h  a n  a n t i -  
c o i n c i d e n c e  s h i e l d e d  Ge ( L i )  d i o d e .  
R a d i o c h e m i c a l  y i e l d s  were  a b o u t  8 0 % .  

S e p a r a t i o n  of  P l a t i n u m  

P l a t i n u m  was d e t e r m i n e d  b y  m e a s u r -  
i n g  t h e  l q 9 ~ u  fo rmed  f rom b e t a  d e c a y  
o f  t h e  i n d u c e d  l q 9 p t  ( 3 0 . 8  m i n ) .  A 
25 m l  a l i q u o t  was p i p e t t e d  i n t o  a  
1 0 0  m l  b e a k e r  c o n t a i n i n g  30 mg o f  
Au+l c a r r i e r  (10 mg/ml) . A few 
d r o p s  e a c h  o f  Co, C r  and  Sc h o l d - b a c k  
c a r r i e r s  (10 mg/rnl) a n d  2 m l  HN03 
w e r e  added  and  t h e  s o l u t i o n  was 
s l o w l y  e v a p o r a t e d  t o  n e a r  d r y n e s s  o n  

a  h o t  p l a t e .  About 20 m l  2  N H C 1  
was added  t o  t h e  b e a k e r  and t h e  s o l u -  
t i o n  was t r a n s f e r r e d  t o  a  40 m l  c e n -  
t r i f u g e  t u b e ,  immersed i n  a  w a t e r  
b a t h  m a i n t a i n e d  a t  %80°C. About 
0 . 5  g  h y d r o q u i n o n e  was added  t o  p r e -  
c i p i t a t e  m e t a l l i c  Au. The s u p e r n a t e  
was d e c a n t e d  and  t h e  p r e c i p i t a t e  
washed w i t h  warm 2  N H C 1 .  The me- 
t a l l i c  Au was f i l t e r e d  o n t o  a  p r e -  
we ighed  f i l t e r  p a p e r ,  d r i e d ,  we ighed  
and mounted f o r  c o u n t i n g .  A G e ( L i )  
d e t e c t o r  was u s e d  f o r  c o u n t i n g .  The 
i s o t o p e  l q 9 A u  ( t 1 1 2 ;  3 . 1  d ,  160 KeV) 
was u s e d  t o  d e t e r m i n e  t h e  c o n c e n t r a -  
t i o n  o f  s t a b l e  l a t i n u m .  The c o n -  ! t r i b u t i o n  o f  l 9  Au from 
l 9  8Au(n ,y )  99Au p r o c e s s  compared t o  
t h e  l g 9 A u  v i a  b e t a  d e c a y  of  1 9 9 p t  
was a b o u t  5 % .  The c h e m i c a l  y i e l d s  
r a n g e d  f rom 6 0 % - 8 0 % .  

A common method o f  r e p o r t i n g  d e -  
t e c t i o n  l im i t s  i s  t h e  v a l u e  of  30 o f  
t h e  i n t e r f e r e n c e .  Using t h e  30 v a l u e ,  
t h e  d e t e c t i o n  l i m i t s  o f  p a l l a d i u m ,  
r u t h e n i u m ,  and p l a t i n u m  i n  a i r  Sam- 
p l e s  were  6 2 ,  1 4 2 ,  and 42 n g / s a m p l e ,  
r e s p e c t i v e l y .  

For  f u r t h e r  i n f o r m a t i o n  on c o o p e r a t i n g  R a d i o l o g i c a l -  
E c o l o g i c a l  Programs r e f e r  t o :  

1 )  Mar ine  S c i e n c e s  s e c t i o n ,  " P h y s i c a l  and  R a d i o l o g i c a l  
C h e m i s t r y  o f  Ocean S o l u t i o n  ," pp.  1 5 6 - 1 5 9 .  

1 2 )  M a r i n e  S c i e n c e s  s e c t i o n ,  "GEOSECS," p p .  1 6 0 - 1 6 5 .  I 
3) Mar ine  S c i e n c e s  s e c t i o n ,  " B i o g e o c h e m i s t r y  of  

P l u t o n i u m  a n d  Americium i n  t h e  Mar ine  E n v i r o n m e n t , "  
PP. 1 5 3 - 1 5 5 .  
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HANFORD RESERVATION SUPPORT SERVICES 

0 ECOLOGICAL MONITORING OF THE HANFORD RESERVATION 

0 APPLIED ECOLOGICAL RESEARCH I N  WASTE MANAGEMENT ZONES 

WEATHERING AND AGING OF TRANSURANICS AND RADIOECOLOGY 
OF IODINE-129 

WEATHERING AND AGING EFFECTS O N  UPTAKE OF TRANSURANICS 
BY PLANTS 

RADIOECOLOGY OF IODINE-129 AND TECHNETIUM-99 

ECOLOGICAL MICROMETEOROLOGY AND CLIMATOLOGY OF THE 
ARID LANDS ECOLOGY RESERVE 

TERRESTRIAL ECOLOCY 

COMPREHENSIVE STUDY OF THE GRASSLAND BlOME 
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HANFORD RESERVATION SUPPORT SERVICES 

0 ECOLOGICAL MONITORING O F  THE HANFORD 
RESERVATION 

0 APPLIED ECOLOGICAL RESEARCH IN WASTE 
MANAGEMENT ZONES 

We h a v e  i n c l u d e d  i n  t h i s  s e c t i o n  p e r t i n e n t  d e s c r i p t i o n s  o f  

s u p p o r t  s e r v i c e  e f f o r t s  t h e  s t a f f  p r o v i d e s  t o  t h e  R i c h l a n d  

O p e r a t i o n s  Of f  i c e  and  o t h e r  Hanf o r d  c o n t r a c t o r s  s u p p o r t e d  by  

ERDA p r o g r a m s .  A p a r t  f r o m  t h e  DBER-  f u n d e d  s c h e d u l e  189 ' s  , 
t h e  o b j e c t i v e s  f o r  t h e s e  s m a l l - s c a l e  t a s k s  a r e  c o n c e r n e d  w i t h  

t h e  m o n i t o r i n g  and  s u r v e i l l a n c e  p rogram s u p p o r t i n g  n u c l e a r  

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

f u l  t o  t h e  DBER t e r r e s t r i a l  p rograms  a r e  g a i n e d  t h r o u g h  t h i s  

s e n s e  a s  w e l l ,  we i n c l u d e  a  summary h e r e .  

E c o l o g i c a l  m o n i t o r i n g  p r o v i d e s  a  f a c t u a l  r e c o r d  of  w i l d l i f e  

p o p u l a t i o n s ,  abundance ,  s e a s o n a l  d i s t r i b u t i o n ,  and d i s p e r s i o n  

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

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

a n a l y s e s  of b i o l o g i c a l  m a t e r i a l s  a s  a  means o f  c h e c k i n g  t h e  

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

o r i g i n a t i n g  f rom Hanford  R e s e r v a t i o n  o p e r a t i o n s .  

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

c o n d u c t e d  i n  w a s t e  management z o n e s  t o  i d e n t i f y  and p r e v e n t  

b i o l o g i c a l  d i s p e r s a l  of  s t o r e d  r a d i o n u c l i d e s  beyond  d e s i g n a t e d  

b o u n d a r i e s .  

" Hanford Intercontractor Support 



0 ECOLOGICAL MONITORING OF THE 
HANFORD RESERVATION 

Great Blue Herons on the Hanford 
Reservation 

W. H. Rickard, J. D. Hedlund, 
R. G. Schreckhise and H. A. Sweany 

D u r i n g  t h e  p a s t  s e v e r a l  y e a r s ,  
G r e a t  B lue  h e r o n s  (Ardea h e r o d i a s )  
have  e s t a b l i s h e d  a  n e s t i n g  c o l o n y  on 
t h e  w e s t  bank o f  t h e  Columbia  K i v e r  
n e a r  t h e  White B l u f f s  f e r r y  l a n d i n g .  
A  t o t a l  o f  a b o u t  40 n e s t s  i s  r e -  
s t r i c t e d  t o  s e v e r a l  l a r g e  t r e e s  
( P o p u l u s  G). N e s t i n g  b e g i n s  i n  
A p r i l  and  young l e a v e  t h e  n e s t s  i n  
l a t e  J u n e .  A d u l t  h e r o n s  f o r a g e  o v e r  
a  l a r g e  a r e a  t h a t  i n c l u d e s  t h e  s h a l -  
low w a t e r s  o f  t h e  Columbia  R i v e r ,  
l a k e s  on a d j o i n i n g  l a n d s ,  and w a s t e  
ponds  l o c a t e d  o n  t h e  H a n f o r d  
R e s e r v a t i o n .  

E i g h t  r a d i o n u c l i d e s  were  m e a s u r e d  
i n  t h e  m a t e r i a l .  The c o n t r o l  c h e e s e -  
c l o t h  s t r i p s  d i d  n o t  have  m e a s u r a b l e  
amounts  o f  6 5 Z n ,  4 0 K  o r  6 0 ~ ~ .  T h i s  
s u g g e s t e d  t h a t  t h e s e  r a d i o n u c l i d e s  
were  b r o u g h t  t o  t h e  n e s t s  by t h e  
f o r a g i n g  p a r e n t  h e r o n s .  

On t h e  a v e r a g e ,  1 0 0  t i m e s  more 
1 3 7 ~ s  was a s s o c i a t e d  w i t h  h e r o n  
w a s t e s  a s  compared t o  a d j a c e n t  con-  
t r o l  a r e a s .  The v a r i a n c e  a s s o c i a t e d  
w i t h  t h e  mean 1 3 7 ~ s  v a l u e s  f o r  h e r o n  
w a s t e s  was l a r g e ,  s u g g e s t i n g  t h a t  
o n l y  a  few s p e c i f i c  i t e m s  were  r e s p o n -  
s i b l e  f o r  t h e  h i g h  a v e r a g e  v a l u e s .  

The b i o l o g i c a l l y  i n e r t  r a d i o -  
n u c l i d e s  4 4 ~ e  a n d  95Zr o b s e r v e d  i n  
t h e  w a s t e  a r e  f rom t h e  d e p o s i t i o n s  o f  
w o r l d w i d e  f a l l o u t  a s  v a l u e s  f o r  t h e s e  
r a d i o n u c l i d e s  were  s i m i l a r  f o r  b o t h  
c o n t r o l  and  e x p o s e d  c h e e s e c l o t h  
s t r i p s .  

R a d i o e c o l o g i c a l  m o n i t o r i n g  i s  
n e e d e d  i n  t h e  v i c i n i t y  of n u c l e a r  e n -  
e r g y  i n s t a l l a t i o n s .  A l t h o u g h  h e r o n s  
a r e  n o t  o r d i n a r i l y  r e g a r d e d  a s  b e i n g  
i n  t h e  food c h a i n  t o  man, t h e s e  s t u d -  
i e s  c a n  d e t e c t  u n u s u a l  amounts  o f  r a -  
d i o n u c l i d e s  i n  t h e  f o o d s  o f  an  a v i a n  
s p e c i e s  n e a r  t h e  t o p  o f  t h e  f o o d  
c h a i n .  T h i s  method a l s o  i s  a d v a n t a -  
g e o u s  b e c a u s e  b i r d s  d o  n o t  h a v e  t o  b e  
s a c r i f i c e d  t o  o b t a i n  b i o l o g i c a l  m a t e -  
r i a l  f o r  r a d i o c h e m i c a l  a n a l y s i s .  
Year -  t o - y e a r  m o n i t o r i n g  c a n  r e v e a l  
i n c r e a s i n g  o r  d e c r e a s i n g  t r e n d s  i n  
r a d i o n u c l i d e s  b r o u g h t  t o  t h e  c o l o n y  
a s  new i n s t a l l a t i o n s  a r e  b u i l t  and  
o l d ,  o b s o l e t e  f a c i l i t i e s  a r e  d e c o n -  
t a m i n a t e d  and decommiss ioned .  

A d u l t  h e r o n s  f e e d  upon a q u a t i c  
v e r t e b r a t e s ,  a s  w e l l  a s  a  v a r i e t y  o f  
p l a n t s ,  and  b r i n g  t h e s e  i t e m s  b a c k  t o  
t h e  c o l o n y  t o  f e e d  t h e i r  young.  
S t r i p s  of c h e e s e c l o t h  m e a s u r i n g  3 f t  
by  12 f t  were  l o c a t e d  on t h e  g round  
b e n e a t h  t h e  n e s t  t r e e s  t o  a c c u m u l a t e  
f e c a l  m a t e r i a l  a n d  f o o d  s c r a p s  
e j e c t e d  f r o m  t h e  n e s t s .  The amount 
o f  b i o l o g i c a l  m a t e r i a l  a c c c u m u l a t e d  
f r o m  t h e  n e s t s  a v e r a g e d  86 g  o f  a s h e d  
m a t e r i a l / m 2  be tween  A p r i l  1 8  a n d  
J u n e  2 0 ,  1975.  C o n t r o l  c h e e s e c l o t h  
s t r i p s  were  p l a c e d  i n  t h e  v i c i n i t y  o f  
t h e  n e s t  t r e e s  b u t  were  n o t  s u b j e c t e d  
t o  h e r o n  w a s t e s .  The c o n t r o l  s t r i p s  
a v e r a g e d  2 . 0  g  o f  a sh /m2 d u r i n g  t h e  
same t i m e  p e r i o d .  The a s h e d  m a t e -  
r i a l s  were  s u b s e q u e n t l y  c o u n t e d  f o r  
gamma-emi t t ing  r a d i o n u c l i d e s .  A sum- 
mary o f  r e s u l t s  i s  p r e s e n t e d  i n  
T a b l e  5 9 .  

TABLE 59.  Gamma-Emitt ing R a d i o n u c l i d e s ,  p i c o c u r i e s  -. - 
p e r  s q u a r e  m e t e r  (mean + SE) i n  M a t e r i a l  E j e c t e d  f rom 
t h e  N e s t s  o f  G r e a t  B l u e  Herons  on t h e  H a n f o r d  R e s e r v a -  
t i o n  d u r i n g  t h e  S p r i n g  o f  1975 .  

"'ce Sampl i n q  P e r i o d  l o 6 R u  - 3 7 ~ s  - OSZr =*Mn - - -  '=Zn * O K  6 OCo 

8 Apr - 9 May 1 7 0 5 1 3  4 0 t 1 6  7 4 6 t 3 3 1  5 0 i  3 2 . 5 +  1 .0  1 5 t 4  4 8 4 5  78 1 7 2  3 
( n  = 7) 

9 May - 30 May 386 + 51 50 t 37 2141 + 913 98 i 5 4.8  + 2.7 13 t 4 1178 t 215 13 t 2 
(n = 7) 

3 0 M a y - 2 0 J u n e  2 2 3 t 2 5  4 4 5 2 9  1 4 1 4 t 4 7 2  6 6 2  7 116 t 3 5  4 7 2 1 1  1 4 2 7 5 2 3 5  9 0 2 3 2  
(n = 7 )  

Avg Treatment 259 5 28 45 t 1 6  1433 5 364 72 t 5 41 + 16 2 5 + 5  1 0 3 0 5 1 3 7  4 0 + 1 3  
(n = 21) 

Avg Cont ro l  159 2 52 195 t 32 1 3 :  3 5 2 t 1 6  2.4 t 1 .2  o 0 0 
( n  = 3 )  



Mule Deer Tagging 
J. D. Hedlund, D. T. McCullugh and 
K. A. Gano 

c o n d u c t e d  m o n t h l y .  The 48 m i l e  
s t r e t c h  o f  t h e  Columbia R i v e r  which  
f l o w s  t h r o u g h  t h e  H a n f o r d  R e s e r v a t i o n  
was t h e  a r e a  o f  f o c u s .  T h i s  a r e a  i s  
a n  i m p o r t a n t  r e s t i n g  s t o p  f o r  m i g r a t -  
i n g  w a t e r f o w l .  I n  a d d i t i o n  t o  e s t i -  
m a t i n g  t h e  number o f  ducks  and  g e e s e ,  
g r e a t  b l u e  h e r o n s ,  g o l d e n  e a g l e s  and  
b a l d  e a g l e s  were  c o u n t e d .  The l a r g -  
e s t  numbers of  w a t e r f o w l  w e r e  n o t e d  
i n  J a n u a r y  1975  when t h e  g r e a t e s t  
c o n c e n t r a t i o n  ( 3 3 , 1 0 0  d u c k s )  was ob-  
s e r v e d  be tween  t h e  o l d  Hanford  town-  
s i t e  a n d  1 0 0 - F  a r e a .  R e s i d e n t  g r e a t  
b l u e  h e r o n s  and  m i g r a n t  b a l d  e a g l e s  
were  o b s e r v e d  d u r i n g  a l l  f l i g h t s  
[ T a b l e  6 1 ) .  The a r e a s  which  a r e  
d e s i g n a t e d  a s  b e i n g  open f o r  p u b l i c  
a c c e s s  ( F i g .  68)  c o n t a i n e d  f e w e r  
numbers o f  b i r d s  t h a n  d i d  t h e  a r e a s  
r e s t r i c t e d  f r o m  p u b l i c  u s e .  

Mule d e e r  t a g g i n g  on t h e  H a n f o r d  
R e s e r v a t i o n  i n  1975 marked t h e  7 t h  
c o n s e c u t i v e  y e a r  o f  t a g g i n g  f o r  t h i s  
p rogram.  Only  19 fawns were  c a p t u r e d  
and  f i t t e d  w i t h  e a r  t a g s  a s  compared 
t o  34 i n  1974 .  The d e c r e a s e  i n  t h e  
number o f  d e e r  t a g g e d  i s  a t t r i b u t e d  
t o  t h e  s c a r c i t y  o f  f awns  b o r n  on  t h e  
H a n f o r d  R e s e r v a t i o n  t h i s  y e a r .  The 
r e s u l t s  o f  t h e  t a g g i n g  e f f o r t s  a r e  
shown i n  T a b l e  60 .  As i n  p r e v i o u s  
y e a r s ,  t h e  s e x  r a t i o  of  fawns was 
a b o u t  1 t o  1. For t h e  f i r s t  t i m e ,  
l i v e  w e i g h t s  o f  c a p t u r e d  fawns were  
o b t a i n e d .  The a v e r a g e  w e i g h t  was 
1 9 . 6  l b s  and  v a l u e s  r a n g e d  be tween  
9 . 5  and 28 .  

T h e r e  were  no  t a g  r e t u r n s  from 
a n i m a l s  k i l l e d  i n  t h e  1975 h u n t i n g  
s e a s o n  a s  t h i s  r e p o r t  was p r e p a r e d  
b e f o r e  t h e  o n s e t  o f  t h e  autumn d e e r  
h u n t i n g  s e a s o n .  

TABLE 61 .  A e r i a l  Coun t s  o f  B i r d s  
Using t h e  Columbia R i v e r .  

Waterfowl Census 
J. D. Hedlund 

River  G r e a t  B l u e  G o l d e n  B a l d  
S e c t i o n  Ducks  - - G e e s e  H e r o n  Eagle 

. - - - - .  

I 

I I 

111 

IV 

v 
VI 

T o t a l  

November 

6  

1 8  

37 

216 

2 5  

0  - 

302 

Dur ing  t h e  1974-1975 w a t e r f o w l  
h u n t i n g  s e a s o n ,  a e r i a l  c e n s u s e s  w e r e  

TABLE 6 0 .  Mule Deer Fawns - T a g g e d  75. 

'Tap No. S e x  - Kange T.Sp. - S e c .  

l b s  
. . . . .  

1 

I I 

111 

I V 

V 

v I 

T o t a l  

December 

2 4  

0  

9  

2  5  

0  

9  - 
67 

. . . . - -  

I 

I I 

I11 

I V  

V 

V I 

T o t a l  

J a n u a r y  1 0 ,  1975 - - 

2 0 8  2 1  

8 2  5 

1 1 7  8  

0  2  7  

0 0  

1 9 4  0  - - 
6 0 1  6 1  

. . . - - -  

I 

I I 

111 

IV 

v 
V I  

T o t a l  

. . . .  F e b r u a r y  7 ,  1975 - - - 
9 3 4  2 1 6  4 

6 0 3  1 7 3  0  

6  1 3 1  8  

34 1 4 1  1  

3  2 0  0  

6  7  4  1 1  - - - 
1 , 7 3 1  5  24 



PR I t h e  weeks  o f  A p r i l  1 5 ,  A p r i l  2 9 ,  
May 21 ,  a n d  May 3 0 ,  1 9 7 5 .  The r e -  
s u l t s  a r e  shown i n  T a b l e  62 and  c a l -  
c u l a t e d  a s  p e r c e n t s  i n  T a b l e  63.  
D a t a  f rom 1973  a n d  1974 a r e  i n c l u d e d  
t o  show t r e n d s  w i t h  t i m e .  

0 2 4 6 8 1 0  
The number o f  n e s t s  l o c a t e d  i n  

U 1975 was 1 0 8 ,  c o n s i d e r a b l y  be low t h e  
M I L E S  a v e r a g e  o f  209 n e s t s  f o r  t h e  y e a r s  

1 9 5 0 - 1 9 7 0  r e p o r t e d  by Hanson ( 1 9 7 1 ) .  
0 PUBLIC ACCESS AREAS Of t h e  1 0 8  n e s t s ,  8 1  were  s u c c e s s f u l .  

The number o f  e g g s  l a i d  was 6 1 7 ,  a n d  u>lBLuE " LAKE R R E E i i g k  t h e  b i r d s  77% number s u c c e s s .  a n d  c o y o t e s  o f  g o s l i n g s  P r e d a t i o n  r e s u l t e d  was by o t h e r  474 i n  t h e  f o r  a  
l o s s  o f  1 2  n e s t s  ( 1 1 % ) .  F i f t e e n  ( 1 4 % )  

RICHLAND , M T S .  o f  t h e  n e s t s  w e r e  d e s e r t e d ,  p e r h a p s  

\ 
b e c a u s e  o f  p r e d a t o r  o r  human a c t i v i t y .  

WALLA WALLA No n e s t s  were  f l o o d e d .  F o r  t h e  f i r s t  
ERDA HANFORD R l VER t i m e  s i n c e  t h e y  w e r e  s e t  o u t  i n  1 9 7 3 ,  

RESERVATION t h e  p l a t f o r m s  h a d  6  n e s t s  w i t h  f o u r  

FIG. 68 .  Map o f  H a n f o r d  R e s e r v a t i o n  
Showing Open and R e s t r i c t e d  P u b l i c  
A c c e s s  A r e a s .  

Canada Goose Nesting 
R.  H. Sauer, W. T. Hinds, 
R.  G. Schreckhise and H. A. Sweany 

The Canada g o o s e  ( B r a n t a  
c a n a d e n s i s  m o f f i t t i )  n e s t i n g  s u r v e y  
was c o n d u c t e d  d u r i n g  t h e  s p r i n g  o f  
1 9 7 5 .  The 20 i s l a n d s  o f  t h e  Co lumbia  
R i v e r  w e r e  s e a r c h e d  f o r  n e s t s  d u r i n g  

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

The r e l a t i v e  c o n t r i b u t i o n  o f  e a c h  
i s l a n d  t o  g o o s e  p r o d u c t i o n  i s  shown 
i n  T a b l e  6 3 .  An i n c r e a s e  i n  c o y o t e  
a c t i v i t y  on I s l a n d  1 h a s  a l l  b u t  
e l i m i n a t e d  n e s t i n g  and  h a t c h i n g  s u c -  
c e s s  on t h a t  i s l a n d .  S i n c e  1 9 7 3 ,  
n e s t i n g  a c t i v i t y  h a s  i n c r e a s e d  on t h e  
downs t ream i s l a n d s  ( 1 2 - 2 0 ) .  

TABLE 62.  Summary o f  Canada G e e s e  N e s t i n g  on t h e  Columbia  R i v e r  
I s l a n d s  on t h e  H a n f o r d  R e s e r v a t i o n ,  S p r i n g  1 9 7 3 ,  1 9 7 4 ,  1975 .  

ISLAND NO. 

m 
MAINLAND 

TOTAL 

AREA 
(HECTARES) 

NUMBER OF 
NESTS LOCATED 

73 74 75 --- 
30 27 8 
20 21 13 

0 4 0  
O D D  
0 0 0  

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

NUMBER OF 
SUCCESSFUL NUMBER OF NUMBER OF PREDATOR 

NESTS EGGS LAYED GOSLINGS DESTROYED NESTS --- 
73 74 75 73 74 75 73 74 75 73 74 75 - - - - - - - - - - - 
28 3 I57 U 7  35 U 5  15 2 27 5 
17 I 7  11 91 21 86 73 78 77 2 2 

4 

DESERTED PLATFORM 
NESTS NESTS 75 

73 74 75 SUCCESSFUL --- 
I I 

I 4  

*UNDERWATER DURING GOOSE M S T I N G  SEASON 



TABLE 63.  R e l a t i v e  N e s t i n g  and  
H a t c h i n g  S u c c e s s  o f  Canada Geese  o n  
t h e  Columbia  R i v e r  on t h e  Hanford  
R e s e r v a t i o n ,  S p r i n g  1 9 7 3 ,  1974 ,  1 9 7 5 .  

PERCLNT 
PERCENT SUCCESSFUL PERCENT PERCENT 

ISLAND NO NESTS LOCATED NESTS EGGS LAYED GOSLINGS 

73 74 75 73 74 75 73 74 75 73 74 75 --- --- --- 
1 7d 1'4 7 27 0 4  2 4 1 9  6  26 0 3 

P r e d a t i o n  a p p e a r s  t o  b e  a  m a j o r  
f a c t o r  i n  a c c o u n t i n g  f o r  d e c r e a s e d  
goose  u r o d u c t i o n .  T a b l e  62 shows t h e  
s i z e  03 e a c h  i s l a n d ,  and  i t  c a n  b e  
s e e n  t h a t  i s l a n d  s i z e  h a s  l i t t l e  c o r -  
r e l a t i o n  t o  n e s t i n g  s u c c e s s .  On I s -  
l a n d  6 ,  t h e r e  i s  a p p a r e n t l y  a  r e s i -  
d e n t  c o y o t e  p o p u l a t i o n  e s t a b l i s h e d  
a p p r o x i m a t e l y  i n  1970 .  I s l a n d  1 i s  
n e a r  t h e  m a i n l a n d  and  t h u s  a c c e s s i b l e  
t o  c o y o t e s .  Coyo te  t r a c k s  w e r e  com- 
mon on a l l  t h e  l a r g e  i s l a n d s .  

R e f e r e n c e  C i t e d  

Hanson,  W .  C .  and  L .  L .  E b e r h a r d t .  
1971 .  A Columbia  R i v e r  Canada g o o s e  
p o p u l a t i o n ,  1950-1970 .  W i l d l i f e  Mono- 
g r a p h s  28: 6 - 6 1 .  

'APPLIED ECOLOGICAL RESEARCH IN 
WASTE MANAGEMENT ZONES 

E. L. Klepper, J. F. Cline, 
R. E. Fitzner, J. D. Hedlund, 
W.  H. Rickard. L. E. Rogers, 
R. C. Routson, R. H. Sauer, 
R. G. Schreckhise, J. K. Sheldon, and 
D. W. Uresk; V. D. Charles, M .  A. Combs, 
K. A. Gano, M .  J. Harris, 
C. A. Lee, D. T. McCullugh, 
L. F. Nelson, L. E. Rendall, 
H. A. Sweany, and M. A. Wise 

T h e r e  a r e  a  number o f  p r o j e c t s  
underway i n  w a s t e  management z o n e s ,  
s u p p o r t e d  m o s t l y  by t h e  A t l a n t i c  

R i c h f i e l d  Hanford  Company. T h e s e  
s t u d i e s  a r e  b r o k e n  down a n d  d e s c r i b -  
ed b e l o w .  

. S o i l - P l a n t  Uptake  F a c t o r s  (ARHCO- 
i n t e r c o n t r a c t o r )  : 

C o n c e n t r a t i o n  f a c t o r s  o f  9 0 ~ r  a n d  
1 3 7 C s  f o r  R u s s i a n  t h i s t l e  l a n t s  h a v e  
b e e n  m e a s u r e d  u s i n g  t h e i r  p 5 S r  a n d  
1 3 4 ~ s  a n a l o g u e s .  A t  4  e q u i v a l e n t  c o n -  
c e n t r a t i o n s ,  c o n c e n t r a t i o n  f a c t o r s  
f o r  S r  a n d  C s  were  c o n s t a n t  and  i n d e -  
p e n d e n t  o f  t h e  s o i l  c o n c e n t r a t i o n  
o v e r  2 - 1 / 2  a n d  4  o r d e r s  o f  m a g n i t u d e ,  
r e s p e c t i v e l y .  Average  c o n c e n t r a t i o n  
f a c t o r  f o r  S r  was 9 . 6  a n d  f o r  C s ,  0 . 0 3 .  
P r e s e n t l y ,  r e s e a r c h  i s  b e i n g  done  w i t h  
9 9 ~ c  t o  p r e d i c t  p l a n t  u p t a k e  a s  a  
f u n c t i o n  o f  s o i l  p r o p e r t i e s  a n d  a s  
r e l a t e d  t o  c h e m i c a l  p r o p e r t i e s  o f  
w a s t e  m a t e r i a l s .  

B-C C r i b  C h a r a c t e r i z a t i o n  S t u d i e s  
(ARHCO- i n t e r c o n t r a c t o r )  : 

P l a n t ,  i n s e c t ,  and  s m a l l  mammal 
p o p u l a t i o n s  n e a r  t h e  B-C C r i b s  C o n t r o l  
a r e a  a r e  b e i n g  s t u d i e d .  The B-C C r i b  
C o n t r o l  a r e a  i n c l u d e s  l a n d  w i t h  s u r -  
f a c e  s o i l s  c o n t a m i n a t e d  b y  f e c a l  p e l -  
l e t s  a n d  u r i n e  s p o t s  o f  a n i m a l s  which  
o b t a i n e d  a c c e s s  t o  b u r i e d  r a d i o a c t i v e  
w a s t e s ,  e x p o s e d  by some b u r r o w i n g  
mammal. P l a n t  communi t i e s  a r e  domi-  
n a t e d  by s a g e b r u s h ,  A r t e m i s i a  
t r i d e n t a t a ,  w i t h  s m a l l  amounts  o f  
r a b b G h ,  Chryso thamnus  n a u s e o s u s  
and  C. v i s c i d i f l o r u s .  Sh - r u b  c a n o p i e s  
occuuy  26% a n d  h e r b s  37% o f  t h e  
g round  a r e a ,  w i t h  6 0 %  o f  t h e  g round  
n o t  o c c u p i e d  by c a n o p i e s .  Twenty-  
n i n e  h e r b a c e o u s  s p e c i e s  were  f o u n d  
and d r y  m a t t e r  p r o d u c t i v i t y  by u n d e r -  
s t o r y  p l a n t s  was 40 g / m 2 .  Numbers 
a n d  w e i g h t s  o f  s m a l l  mammals were  
s i m i l a r  t o  t h o s e  on a  c o n t r o l  p l o t  
n e a r b y .  

E s t a b l i s h m e n t  o f  V e g e t a t i v e  Cover  
Over Waste  B u r i a l  Grounds  (ARHCO- 
i n t e r c o n t r a c t o r )  : 

S o i l s  i n  d i s t u r b e d  a r e a s  c a n  b e  
s t a b i l i z e d  a g a i n s t  wind e r o s i o n  by 
t h e  e s t a b l i s h m e n t  o f  s t a b l e  s e l f -  
p e r p e t u a t i n g  p l a n t  c o m m u n i t i e s .  I n  
t h e  200 A r e a  p l a t e a u ,  t h e  a l i e n  a n n u a l  
g r a s s ,  c h e a t  g r a s s  [Bromus t e c t o r u m )  
h a s  b e e n  found  t o  p r o v i d e  a  d e s i r a b l e  



c o v e r  which u t i l i z e s  t h e  a n n u a l  p r e -  
c i p i t a t i o n ,  i s  s h a l l o w - r o o t e d ,  i s  n o t  
a n  a v i d  a c c u m u l a t o r  o f  b u r i e d  r a d i o -  
n u c l i d e s ,  r e s e e d s  i t s e l f  a n n u a l l y ,  
a n d  s u c c e s s f u l l y  c o m p e t e s  f o r  e a c h  
s p r i n g  s o i l  m o i s t u r e  s o  a s  t o  e x c l u d e  
d e e p - r o o t e d  summer a n n u a l s ,  s u c h  a s  
R u s s i a n  t h i s t l e .  E x p e r i m e n t s  a r e  
underway t o  d e v e l o p  s o i l  p r e t r e a t m e n t s  
which w i l l  e n c o u r a g e  t h e  e a r l y  e s t a b -  
l i s h m e n t  o f  c h e a t g r a s s  s t a n d s .  The 
u p p e r  6  i n .  o f  s o i l  h a v e  been  t r e a t e d  
w i t h  s t r a w ,  s t r a w - c l a y  m i x t u r e s ,  and 
c l a y  i n  a  randomized  p l o t  e x p e r i m e n t a l  
d e s i g n .  A l l  t r e a t m e n t s  were  e f f e c t i v e  
i n  c o n t r o l l i n g  wind e r o s i o n .  C h e a t -  
g r a s s  s t a n d s  were  t h i c k e r  when b o t h  
s t r a w  and  c l a y  w e r e  u s e d  t o  t r e a t  s u r -  
f a c e  s o i l s .  The e s t a b l i s h m e n t  on t h e  
o t h e r  p l o t s  o c c u r r e d  i n  d e s c e n d i n g  
o r d e r :  c l a y ,  s t r a w ,  a n d  c o n t r o l  (no 
a d d i t i o n )  . 

I n s e c t  S t u d i e s  (ARHCO-inter- 
c o n t r a c t o r )  : 

I n s e c t  s p e c i e s  on t h e  200 Area  
P l a t e a u  a r e  b e i n g  c o l l e c t e d  and  i d e n -  
t i f i e d  i n  a  number o f  a r e a s  and work 
i s  underway t o  document  t h e  f o o d  
h a b i t s  o f  s e v e r a l  o f  t h e  i m p o r t a n t  
s p e c i e s .  A d i e t a r y  a n a l y s i s  was c o n -  
d u c t e d  o n  14  g r a s s h o p p e r  s p e c i e s  t o  
i d e n t i f y  f e e d i n g  p a t t e r n s  and  t r a n s -  
p o r t  pa thways  t h r o u g h  f o o d  c h a i n s .  
Seven  o f  t h e  28 p l a n t  s p e c i e s  s e r v e d  
a s  m a j o r  food  i t e m s ;  b i g  s a g e b r u s h ,  
t u r p e n t i n e  c y m o p t e r u s ,  r a b b i t b r u s h ,  
a n d  C a r e y ' s  b a l s a m r o o t  w e r e  t h e  mos t  
f r e q u e n t l y  s e l e c t e d .  P l a n t s  a v o i d e d  
by t h e  g r a s s h o p p e r s  i n c l u d e d  c h e a t -  
g r a s s ,  s i x - w e e k  f e s c u e ,  S a n d b e r g ' s  
b l u e g r a s s ,  w e s t e r n  t a n s y m u s t a r d ,  
c r y p t a n t h a ,  and m i c r o s t e r i s .  

D i e t s  o f  B l a c k - T a i l e d  H a r e s  (ARHCO- 
i n t e r c o n t r a c t o r )  : 

F i e l d - c o l l e c t e d  f e c a l  p e l l e t s  o f  
t h e  b l a c k - t a i l e d  h a r e  ( j a c k r a b b i t )  
show s i x t e e n  p l a n t  s p e c i e s  i n  t h e  
d i e t .  Hares  w e r e  s e l e c t i v e  c o n c e r n -  
i n g  t h e  p l a n t s  c h o s e n  a s  f o o d .  

Yarrow ( A c h i l l e a  m i l l i f o l i u m ) ,  t u r p e n -  
t i n e  c y m o p t e r u s  (Cymopterus t e r e b i n -  
t h i n u s ) ,  E r i  e r o n  s p p . ,  n e e d l e - a n d -  

.r&Da c o m a t a l .  and  
tumble  Gustard- - b r i u m ' A l t i s s i m u m )  
make up 80% o f  t h i e t .  Gener -  
a l l y ,  f o r b s  were  more i m p o r t a n t  t h a n  
g r a s s e s  a n d  g r a s s e s  more i m p o r t a n t  
t h a n  s h r u b s .  C h e a t g r a s s ,  t h e  most  
a b u n d a n t  p l a n t ,  was n o t  i m p o r t a n t  i n  
j a c k r a b b i t  d i e t s .  

The American Coot  (ARHCO-intercon- 
t r a c t o r )  : 

C o o t s  a r e  m i g r a t o r y  game b i r d s  
which  n e s t  on t h e  200 Area  p o n d s .  
C o o t s  a t  G a b l e  Mounta in  Pond h a v e  b e e n  
sampled a t  m o n t h l y  i n t e r v a l s .  From 
September  1974 t o  J u l y  1975 ,  t h e  a v e -  
r a g e  t o t a l  body 1 3 7 ~ s  o b s e r v e d  i n  
35 m a t u r e  c o o t s  was 116 nCi  ( S . E .  
1 0 ,  r a n g e  1 9 . 0  t o  300 n C i )  and  i n  1 5  
immature  b i r d s  l e s s  t h a n  1 y r  o f  a g e  
was 40 .4  nCi  (S.E.  7 . 9 ,  r a n g e  3 . 6 2  t o  
104 n C i ) .  F u r t h e r  c o l l e c t i o n s  and 
c h e m i c a l  a n a l y s e s  a r e  i n  p r o c e s s .  

R a p t o r  S t u d i e s  (ARHCO-intercon- 
t r a c t o r )  : 

I n  J u n e  1975 ,  f i e l d  i n v e s t i g a t i o n s  
d e a l i n g  w i t h  t h e  e c o l o g y  o f  t h e  b i r d s  
of p r e y  of t h e  ERDA Hanford  R e s e r v a -  
t i o n  w e r e  i n i t i a t e d .  The S w a i n s o n ' s  
hawk and r e d - t a i l e d  hawk h a v e  r e c e i v e d  
most  o f  t h e  f i e l d  e f f o r t ,  b u t  o t h e r  
r a p t o r s  s u c h  a s  t h e  p r a i r i e  f a l c o n ,  
g r e a t - h o r n e d  owl ,  b a r n  o w l ,  l o n g - e a r e d  
owl ,  b u r r o w i n g  owl ,  American k e s t r e l ,  
marsh hawk, and f e r r u g i n o u s  hawk a r e  
a l s o  b e i n g  examined .  Da ta  on n e s t s  
s i t e s  and f o o d  h a b i t s  have  been  
o b t a i n e d .  Time l a p s e  p h o t o g r a p h y  h a s  
been  u s e d  t o  r e c o r d  b e h a v i o r a l  a s p e c t s  
a s  w e l l  a s  f o o d  h a b i t s ,  m o r p h o l o g i c a l ,  
and  p h y s i o l o g i c a l  d a t a  o n  S w a i n s o n ' s  
hawks. Red v i n y l  p a t a g i a l  wing mark-  
e r s  w e r e  p l a c e d  on 28 n e s t l i n g s  and  
30 S w a i n s o n ' s  hawks h a v e  r e c e i v e d  
m e t a l  f e d e r a l  b i r d  b a n d s .  P o s t -  
f l e d g l i n g  b e h a v i o r ,  m i g r a t i o n ,  and 
n e s t  s i t e  s e l e c t i o n  a r e  s e v e r a l  o f  
t h e  more i m p o r t a n t  p o i n t s  t o  b e  
s t u d i e d  t h r o u g h  t h i s  b a n d i n g .  

R a d i o n u c l i d e s  i n  S m a l l  Mammals a t  
U-Pond (ARHCO- i n t e r c o n t r a c t o r )  : 

Smal l  mammals t r a p p e d  a t  U-Pond 
i n c l u d e  t h e  G r e a t  B a s i n  p o c k e t  mouse 
( P e r o g n a t h u s  p a r v u s ) ,  d e e r  mouse 
(Peromyscus m a n i c u l a t u s ) ,  h o u s e  mouse 
(Mus m u s c u l u s ) ,  and  h a r v e s t  mouse - 
( R e i t h r o d ~ n t o m ~ s  m e g a l o t i s ) .  

Animals  h a v e  been  d i s s e c t e d  i n t o  
m u s c l e - b o n e ,  h i d e - f u r ,  h e a d ,  f e e t -  
t a i l ,  l u n g ,  l i v e r ,  k i d n e y ,  r e p r o d u c -  
t i v e  D a r t s  ( p o o l e d  by s e x ) ,  and 
g a s t r o i n t e s t i n a l  t r a c t s  f o r  r a d i o -  
c h e m i c a l  a n a l y s i s .  R e s u l t s  f rom 
t h e s e  a n a l y s e s  h a v e  shown t h a t  d e t e c t -  
a b l e  l e v e l s  o f  1 3 7 C s  a r e  p r e s e n t  i n  
mice  sampled on o n e  o f  f o u r  t r a n s e c t s  
l o c a t e d  n e a r  t h e  pond.  



B u r i a l  Ground C h a r a c t e r i z a t i o n  
(BNWL- i n t e r d e p a r t m e n t a l )  : 

T h i s  s t u d y ,  done  i n  c o n j u n c t i o n  
w i t h  o t h e r  B a t t e l l e  componen ts ,  d o c u -  
mented t h e  p r e s e n t  s t a t u s  and p r e v i -  
o u s  h i s t o r y  o f  e i g h t  b u r i a l  g r o u n d s  
l o c a t e d  o u t s i d e  of t h e  200 A r e a s .  
I n f o r m a t i o n  was o b t a i n e d  on t h e  p l a n t  
s p e c i e s  p r e s e n t ,  t h e i r  r e l a t i v e  c o n -  
t r i b u t i o n  t o  g round  c o v e r ,  and  t h e  
m i n e r a l  c o n t e n t s  o f  f i v e  common s p e -  
c i e s  known t o  b e  d e e p - r o o t e d .  On one 
o f  t h e s e  b u r i a l  g r o u n d s ,  r o u t i n e  t r a p -  
p i n g  showed t h a t  p o c k e t  mouse p o p u l a -  
t i o n s  emerged and b r e d  a t  t h e  normal  
t i m e s .  Mouse p o p u l a t i o n s  on t h e  b u r -  
i a l  g round  w e r e  s m a l l e r  t h a n  t h o s e  i n  
o t h e r  a r e a s  on t h e  Hanford  R e s e r v a -  
t i o n ,  p r o b a b l y  b e c a u s e  o f  t h e  s t o n i -  
n e s s  o f  b a c k f i l l  m a t e r i a l s  t h a t  p r o -  
v i d e d  a  l e s s  f a v o r a b l e  bur rowing  
s t r a t u m .  

Documenta t ion  S tudy  o f  t h e  216-A- 
24 C r i b  (ARHCO-in te rcont rac tor ) :  

The 216-A-24 C r i b ,  a  b u r i e d  d r a i n -  
f i e l d  which r e c e i v e d  c o n d e n s a t e s  f rom 
t h e  AX Tank Farm, was found  t o  s u p p o r t  
a  p o p u l a t i o n  o f  r a b b i t b r u s h  p l a n t s  
( ~ h r y s o t h a m n u s  n a u s e o s u s )  w i t h  r a d i o -  
n u c l i d e s  i n  l e a v e s  and s t e m s .  Rad io-  
c h e m i c a l  a n a l y s e s  showed t h a t  1 3 7 ~ s  
was p r e s e n t  a t  a  c o n c e n t r a t i o n  s e v -  
e r a l  o r d e r s  o f  m a g n i t u d e  g r e a t e r  t h a n  
a n y  o t h e r  r a d i o n u c l i d e  and t h a t  
r a b b i t b r u s h  p l a n t s  were  s u f f i c i e n t l y  
d e e p - r o o t e d  t o  r e a c h  t h e  d r a i n f i e l d ,  
which was a t  l e a s t  8 f t  be low t h e  
s u r f  a c e .  

Average  a g e  o f  t h e  s h r u b  p o p u l a -  
t i o n  was 9 .4  y r  ( r a n g e  6 - 1 2 ) .  Con- 
t a m i n a t i o n  was found  i n  i n s e c t s  and  
mice  a s s o c i a t e d  w i t h  r a b b i t b r u s h  
s h r u b .  Recommendations were  made f o r  
r e s t o r a t i o n  o f  t h e  c r i b  s u r f a c e  v e g e -  
t a t i o n  t o  e x c l u d e  d e e p - r o o t e d  p l a n t s .  

D e m o n s t r a t i o n  B u r i a l  P l o t  (BNW- 
i n t e r d e p a r t m e n t a l )  : 

An e x p e r i m e n t a l  p l o t  h a s  b e e n  e s -  
t a b l i s h e d  t o  d e m o n s t r a t e  a  t e c h n i q u e  
which c o u l d  b e  u s e d  t o  b u r y  w a s t e  
m a t e r i a l  s o  t h a t  b u r r o w i n g  a n i m a l s  
and  p l a n t  r o o t  s y s t e m s  w i l l  b e  p r e -  
v e n t e d  f rom c o n t a c t i n g  t h e  w a s t e s .  
A l a y e r  o f  s o i l  c o n t a m i n a t e d  w i t h  
L i C l  t o  s i m u l a t e  b u r i e d  r a d i o a c t i v e  
m a t e r i a l s  h a s  b e e n  b u r i e d  a t  t h e  
7 - f t  d e p t h  and  c o v e r e d  o v e r  w i t h  a  
4 - f t  l a y e r  o f  c o b b l e s  a n d  a  3 - f t  
l a y e r  o f  s o i l .  A v e g e t a t i v e  c o v e r  
of c h e a t g r a s s  w i l l  b e  e s t a b l i s h e d  

on t h e  p r e p a r e d  s u r f a c e .  I n  f u t u r e  
y e a r s ,  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 i c  
t e c h n i q u e s  w i l l  b e  u s e d  t o  d e t e r m i n e  
w h e t h e r  t h e  l i t h i u m  has  b e e n  t a k e n  u p  
by t h e  b i o t a  a s  a  t e s t  f o r  t h e  e f f e c -  
t i v e n e s s  o f  t h e  b u r i a l  t e c h n i q u e .  

E x p e r i m e n t a l  B u r i a l  P l o t s  (ARHCO- 
i n t e r c o n t r a c t o r  s u p p o r t )  : 

I n  c o n j u n c t i o n  w i t h  t h e  d e m o n s t r a -  
t i o n  t r e n c h  d e s c r i b e d  a b o v e ,  28 c u l -  
v e r t s  4  f t  i n  d i a m e t e r  h a v e  been  s e t  
up i n  a  r e p l i c a t e d  e x p e r i m e n t a l  d e -  
s i g n  t o  t e s t  a  number o f  b a r r i e r s  t o  
p l a n t  r o o t s  and bur rowing  mammals. 
B a r r i e r s  b e i n g  t e s t e d  i n c l u d e  1 / 2  i n .  
a s p h a l t  l a y e r s  a t  t h e  6 -  and 3 - f t  
d e p t h s ,  a  6 - i n .  c o n c r e t e  l a y e r  a t  t h e  
3 - f t  d e p t h ,  a  l a y e r  o f  r o o t  t o x i n ,  
u r e a  b o r a t e ,  a t  t h e  3 - f t  d e ~ t h ,  and 
a  4 - f t  l a y e r  o f  c o b b l e s  s i m i l a r  t o  
t h e  d e m o n s t r a t i o n  t r e n c h .  L i t h i u m  
c h l o r i d e  c o n t a m i n a t e d  s o i l  h a s  b e e n  
p l a c e d  i n  e a c h  c u l v e r t  a t  t h e  7 - f t  
d e p t h .  I n  a d d i t i o n ,  a n  a c c e s s  t u b e  
h a s  b e e n  i n s t a l l e d  a t  t h e  7 - f t  d e p t h  
t o  a l l o w  t h e  i n t r o d u c t i o n  o f  a  s h o r t -  
l i v e d  i s o t o p e  ( e ,  g . ,  3 1  I )  t o  c o n f i r m  
t h e  r e s u l t s  o b t a i n e d  f rom l i t h i u m  
a n a l y s e s .  

Root  Dep th  (ARHCO-in te rcont rac tor ) :  

D e e p - r o o t e d  p l a n t s  which c a n  i n v a d e  
b u r i e d  w a s t e s  and  b r i n g  r a d i o a c t i v e  
m a t e r i a l s  t o  t h e  s u r f a c e  i n c l u d e  Rus-  
s i a n  t h i s t l e ,  b u r s a g e ,  g r e e n  and g r a y  
r a b b i t b r u s h ,  s a g e b r u s h ,  and  p o s s i b l y  
o t h e r  s p e c i e s .  R o o t i n g  c h a r a c t e r i s -  
t i c s  o f  p l a n t s  o f  t h e  200 A r e a s  a r e  
b e i n g  d e t e r m i n e d  by e x c a v a t i o n  t o  d e -  
f i n e  t h e  s p e c i e s  l i k e l y  t o  i n v a d e  
w a s t e s .  

P l a n t  S u c c e s s i o n  i n  t h e  200  Area  
P l a t e a u  (ARHCO- i n t e r c o n t r a c t o r )  : 

A f t e r  m a t e r i a l s  a r e  b u r i e d ,  n a t i v e  
p l a n t s  become e s t a b l i s h e d  on t h e  s o i l  
s u r f a c e .  The i n t r o d u c e d  a l i e n  g r a s s ,  
Bromus t e c t o r u m ,  makes u p  t h e  p redomi-  
n a n t  c o v e r  i n  e a r l y  y e a r s .  P e r e n n i a l s ,  
u s u a l l y  g r a y  r a b b i t b r u s h ,  Chrysotham- nus n a u s e o s u s ,  and  I n d i a n  r i c e g r a s s ,  
O r  zo s i s  hymenoides ,  become e s t a b -  
T-- i s h e d  l a t e r .  S i n c e  r a d i a t i o n  zones  
a r e  n o t  g e n e r a l l y  d i s t u r b e d  by man 
a f t e r  b u r i a l  i s  c o m p l e t e ,  d i s t u r b e d  
l a n d  s u r f a c e s  o f  a  known a g e  h a v e  
documented t h e  p r o g r e s s  o f  s e c o n d a r y  
p l a n t  s u c c e s s i o n .  Samples  o f  p l a n t s  
growing on b u r i a l  g r o u n d s  w i l l  b e  s u b -  
m i t t e d  f o r  m i n e r a l  and r a d i o c h e m i c a l  
a n a l y s i s  t o  d e t e r m i n e  which  s p e c i e s  
a r e  a c c u m u l a t o r s  o f  m i n e r a l s .  



WEATHERING AND ACING OF TRANSURANICS 
A N D  RADIOECOLOGY OF IODINE-129 

WEATHERING A N D  AGING EFFECTS ON UPTAKE OF TRANSURANICS 
BY PLANTS 

RADIOECOLOGY OF IODINE-129 A N D  TECHNITIUM-99 

I n  r e c e n t  y e a r s ,  t h e  envi ronmenta l  f a t e  o f  r a d i o n u c l i d e s  

w i t h  ex t r eme ly  l ong  p h y s i c a l  h a l f - t i m e s ,  compl i ca t ed  r a d i o -  

c h e m i s t r y ,  and g e n e r a l l y  low c o n c e n t r a t i o n s  i n  t h e  e n v i r o n -  

ment have been r ecogn ized  a s  knowledge d e f i c i e n t .  To f i l l  

t h i s  gap ,  a  l ong - t e rm  s t u d y  o f  t h e  e f f e c t s  of  wea the r ing  and 

ag ing  upon t h e  up t ake  of  t r a n s u r a n i c s  and 1 2 9 ~  has  been  i n i -  

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

t a l l y - i n d u c e d  i s o t o p e s  and y e t  s i m u l a t e  f i e l d  envi ronments  

r e a l i s t i c a l l y .  

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

and behav io r  of  l Z 9 1  i n  d i f f e r e n t  e c o l o g i c a l  s e t t i n g s .  

Weathering and Aging Effects on 
Uptake of Transuranics by Plants 

W. T. Hinds, J. F. Cline, 
H. A. Sweany and V. D. Charles 

T h i s  was t h e  f i r s t  y e a r  o f  a  l ong -  
term expe r imen t  t o  d e f i n e  t h e  e f f e c t  
of  t ime  and wea the r ing  on  b i o l o g i c a l  
a v a i l a b i l i t y  o f  t r a n s u r a n i c  i s o t o p e s  
exposed t o  r e a l i s t i c  f i e l d  c o n d i -  
t i o n s .  E f f o r t s  t h i s  y e a r  c o n c e n t r a -  
t e d  on development  o f  f a c i l i t i e s  and 
t e c h n i q u e s  t o  a s s u r e  s a f e t y  i n  t h e  
expe r imen t ,  s i n c e  m i l l i c u r i e  amounts 
of  s e v e r a l  i s o t o p e s  were proposed  t o  
be p l a c e d  i n t o  r e l a t i v e l y  open ( f i e l d )  
c o n d i t i o n s .  A t  t h i s  w r i t i n g ,  pe rmi s -  
s i o n  has  been o b t a i n e d  t o  proceed  
w i t h  i n i t i a l  c o n t a m i n a t i o n  ~ r o c e d u r e s  

u s i n g  f o u r  i s o t o p e s :  2 4 1 ~ m ,  2 4 4 C m ,  
2 3 8 ~ ~ ,  and 2 3 9 ~ ~ .  The s o i l  has  been 
p repa red  f o r  2 4 1 ~ m  and 2 3 8 ~ ~ ;  t h e  
o t h e r s  w i l l  be  completed d u r i n g  a u -  
tumn 1975.  

C o n s t r u c t i o n  o f  a n  e x c l o s u r e  t o  
house t h e  exper iment  occup ied  a  sub-  
s t a n t i a l  p a r t  of our  e f f o r t s .  The 
f i n a l  d e s i g n  was evolved  from a  p r o -  
t o t y p e  b u i l t  d u r i n g  FY-74, and i s  
p i c t u r e d  i n  i t s  l a t e  s t a g e s  o f  p r e p a -  
r a t i o n  f o r  r e c e i v i n g  t h e  l y s i m e t e r s  
i n  F i g .  6 9 .  Approximately 450 l y s i m -  
e t e r s  w i l l  u l t i m a t e l y  be housed i n  
t h i s  e x c l o s u r e ,  mos t l y  concerned  w i t h  
t h e  t r a n s u r a n i c s  u p t a k e  s t u d y .  A few 
dozen l y s i m e t e r s  w i l l  be devo ted  t o  
l o n g - t e r m  s t u d i e s  of  l Z 9 1 .  





Uptake of '291 by Forage Crops 
J. F. Cline and Betty Klepper 

Twelve f i e l d  exposed l y s i m e t e r s  
were sp iked  w i t h  2 .5  p C i  o f  1 2 9 1  
each .  The s p i k e  was mixed i n  3600 g  
o f  R i t z v i l l e  s i l t  loam s o i l  p l aced  
i n  a  2 0  cm l a y e r  l o c a t e d  10 cm below 
t h e  ground s u r f a c e .  S i x  l y s i m e t e r s  
were p l a n t e d  w i t h  a l f a l f a  (Medicago 
s a t i v a )  and s i x  o t h e r s  w i t h  orchard '  
g r a s s  (Dact l i s  lomera ta- ) .  A l so ,  
equa l  n & f h s  c o n t a i n i n g  
a n  equa l  q u a n t i t y  of  c a r r i e r  i o d i n e  
were p l a n t e d  w i t h  t h e  two p a s t u r e  
c rops  a t  t h e  same t i m e .  The s o i l  was 
k e p t . n e a r  f i e l d  c a p a c i t y  by f r e q u e n t  
i r r i g a t i o n  d u r i n g  t h e  75-day s p r i n g -  
summer growing p e r i o d .  

A f t e r  h a r v e s t ,  t h e  t i s s u e s  were 
a i r - d r i e d  f o r  10 d a y s ,  weighed,  and 
counted  d i r e c t l y  u s i n g  a  w e l l - t y p e  
NaI (T l )  c r y s t a l  low ene rgy  photon 
c o u n t e r .  

Table  65 shows t h a t  a l f a l f a  accumu- 
l a t e d  a 7 . 5  t imes  more 1291 p e r  u n i t  
d r y  weight  a s  o rcha rd  g r a s s .  A l f a l f a  
a l s o  removed more of  t h e  added 1 2 9 1 .  
T h i s  i s  a t t r i b u t e d  t o  ' t h e  l a r g e r  
y i e l d  of  a l f a l f a  a s  compared t o  o r -  
cha rd  g r a s s  a s  w e l l  a s  t h e  g r e a t e r  
a f f i n i t y  of  a l f a l f a  f o r  i o d i n e  u p t a k e .  

 he' l y s imefe r s  w i l l  be ma in t a ined  
and p l a n t e d  y e a r l y  t o  e v a l u a t e  t h e  
e f f e c t  of t ime and exposure  t o  weather  
and o t h e r  f i e l d  pa rame te r s  upon t h e  
p l a n t  u p t a k e  o f  2 9 ~  f rom s o i l  by i m -  
p o r t a n t  f o r a g e  c r o p s .  

TABLE 65.  Iodine-129 Content  of Crop 
P l a n t s  Grown i n  Contaminated S o i l  i n  
F i e l d  P laced  Lys ime te r s .  

% of 
T o t a l  

P l a n t  pCi/g Removed 

A l f a l f a  1279 + 7  0 .7  

Orchard Grass  174 + 4  0.04 

lodine- 129 Concentrations in Plant 
and Wildlife Samples Collected on 
the Hanford Reservation and near the 
Nuclear Fuels Service Plant 

Betty Klepper, D. G. Watson and 
H. A. Sweany 

Prev ious  sampl ing  i n  t h i s  rogram 
has  been done t o  i n v e s t i g a t e  p 2 9 1  i n  
s o i l s ,  v e g e t a t i o n ,  c r o p s ,  and a q u a t i c  
sed iments  and b i o t a .  L i t t l e  a t t e n t i o n  
has  been g iven  t o  w i l d l i f e  s i n c e  t hey  
a r e  n o t  of  preeminent  concern  i n  c a l -  
c u l a t i o n s  of dose  t o  man. However, 
o c c a s i o n a l  samples o f  w i l d l i f e  have 
been t aken  over  t h e  u a s t  3 y r  and t h e  
r e s u l t s  from t h e s e  samples a r e  r e -  
p o r t e d  i n  Table 66 a l o n g  w i t h  r e s u l t s  
from samples t a k e n  of v e g e t a t i o n .  On 
t h e  Hanford R e s e r v a t i o n ,  muscle sam- 
p l e s  of mule d e e r  and b l a c k - t a i l e d  
h a r e s  have l Z 9 1  c o n c e n t r a t i o n s  of t h e  
same o r d e r  of  magnitude a s  t h o s e  i n  
v e g e t a t i o n .  The "hare  d i e t  mix ture"  
was s e l e c t e d  t o  i n c l u d e  herbaceous  
s p e c i e s  p a l a t a b l e  t o  b l a c k - t a i l e d  
h a r e s .  A l l  Hanford samples were c o l -  
l e c t e d  abou t  1 0  m i l e s  from f u e l  r e p r o -  
c e s s i n g  p l a n t s .  Samples from t h e  NFS 
p l a n t  i n  New York were g e n e r a l l y  l e s s  
t han  2 m i l e s  from t h e  s t a c k s  and have 
h i g h e r  1291 c o n c e n t r a t i o n s  t h a n  
Hanford samples .  G e n e r a l l y ,  muscle 
samples have 1 2 9 1  c o n c e n t r a t i o n s  no 
g r e a t e r  t han  t h o s e  i n  v e g e t a t i o n  sam- 
p l e s .  The two muscle samples w i t h  
t h e  h i g h e s t  c o n c e n t r a t i o n s  a r e  from 
mink and r e d  s q u i r r e l  and p o s s i b l y  
r e f l e c t  t h e  d i e t a r y  h a b i t s  of t h e s e  
s p e c i e s .  Mink have a  s u b s t a n t i a l  
c o n t r i b u t i o n  t o  t h e i r  d i e t  from 
a q u a t i c  b i o t a ,  and red  s q u i r r e l s  e a t  
n u t s  from p e r e n n i a l s ,  e s p e c i a l l y  e v e r -  
g r e e n s .  Both a q u a t i c  b i o t a  and e v e r -  
g r een  t r e e s  have been shown i n  p r e v i -  
ous r e p o r t s  t o  have l Z 9 1  c o n c e n t r a -  
t i o n s  h ighe r  t han  o t h e r  b i o t a  a t  t h e  
New York s i t e .  

S ince  w i l d l i f e  s p e c i e s  r ange  ove r  
l a r g e  a r e a s  and have d i e t s  which v a r y  
s e a s o n a l l y ,  c o n c e n t r a t i o n  f a c t o r s  
canno t  be r e l i a b l y  c a l c u l a t e d  from 
such l i m i t e d  d a t a  a s  a r e  r e p o r t e d  
h e r e .  N e v e r t h e l e s s ,  t h e  f a c t  t h a t  
a s s o r t e d  w i l d l i f e  s p e c i e s  show con-  
c e n t r a t i o n s  of 1 2 9 ~  s i m i l a r  t o  one 
a n o t h e r  and o f  t h e  same o r d e r  of  
magnitude a s  t h e  v e g e t a t i o n  i n  t h e  
a r e a  i s  of  i n t e r e s t  s i n c e  l e v e l s  i n  
d e e r  a t  t h e  NFS p l a n t  have been r e -  
p o r t e d  t o  be unexpec t ed ly  h i g h  i n  
t h e  p a s t .  



-- - 
TABLE 6 6 .  Iod ine-129 i n  Vege ta t i on  
and W i l d l i f e .  

C o n c e n t r a t i o n  Atom R a t i o  
Sample D e s c r i p t i o n  p ~ i  129/gDW 1291/1271 

Hanford R e s e r v a t i o n  

T r e e  l e a v e s  l . ~ ~ ~ ~ - ~  ~ . Y X ~ O - ~  
Shrub  t w i g s  and l e a v e s  3 . 6 ~ 1 0 : :  1 . 3 ~ 1 0 1 ;  
"Hare d i e t  m i x t u r e "  1 . 4 ~ 1 0  8 . 4 ~ 1 0  

Musc le  - h a r e  
Muscle - h a r e  
Musc le  - d e e r  

NFS - New York 

Apple l e a v e s  ( o r c h a r d )  3 . 9 ~ 1 0 . ~  8 . 2 ~ 1 0 . ~  
Apple  t w i g s  and l e a v e s  ( w i l d )  1 . 0 ~ 1 0 : ~  5 . 6 ~ 1 0 : :  
Viburnum t w i g s  and  l e a v e s  1 . 3 ~ 1 0 - ~  7 . 8 ~ 1 0 . ~  
Hemlock t w i g s  and l e a v e s  2 . 6 ~ 1 0  2 . 8 ~ 1 0  
Musc le  - oppossum 6 . 3 ~ 1 0 : :  - . 
Muscle - mink 1 . 9 ~ 1 0  . 1 . 5 x 1 0 - ~  
Muscle - r a b b i t  
Musc le  - r a b b i t  
Musc le  - r a b b i t  
Musc le  - r e d  s q u i r r e l  
Muscle - r e d  s q u i r r e l  
Musc le  - r e d  s q u i r r e l  
Muscle - d e e r  
Muscle - d e e r  

Iodine-1 29 Concentration Factors for 
Food Products 

Betty Klepper, D. G. Watson and 
J. F. Cline 

S o i l - p l a n t  c o n c e n t r a t i o n  f a c t o r s  
a r e  impor t an t  pa rame te r s  t o  know i n  
o r d e r  t o  a s s e s s  t h e  o t e n t i a l  d o s e - t o -  P man f o r  long  l i v e d  9 ~ ,  s i n c e  p r e v i -  
ous  f i e l d  s t u d i e s  i n  t h i s  program have 
shown t h a t  r a d i o i o d i n e  has a  p o t e n t i a l  
f o r  accumula t ing  i n  s u r f a c e  s o i l  where 
i t  w i l l  p e r s i s t  and be a v a i l a b l e  f o r  
up t ake  by p l a n t  r o o t s .  A t  p r e s e n t ,  
h e a l t h  p h y s i c i s t s  e i t h e r  n e g l e c t  t h e  
s o i l - p l a n t  t r a n s f e r  a s  i n c o n s e q u e n t i a l  
i n  r e l a t i o n  t o  t h e  a i r - p l a n t  t r a n s f e r  
o r  use an  accumula t ion  f a c t o r  o f  
2 x  pCi/g p l a n t  (wet)  pe r  pCi /g  
s o i l  ( d r y ) ,  a  v a l u e  which was o b t a i n e d  
by d i v i d i n g  t h e  mean s t a b l e  i o d i n e  
c o n t e n t  i n  t h a t  p o r t i o n  o f  t h e  human 
d i e t  d e r i v e d  from p l a n t s  by t h e  mean 
i o d i n e  c o n t e n t  of  s o i l .  Recen t ly ,  we 
r e p o r t e d  t h a t  c o n c e n t r a t i o n  f a c t o r s  
range  from l e s s  t h a n  0 . 1  t o  more t han  
600, depending on p l a n t  p a r t  sampled 
and amount of  s t a b l e  i o d i n e  added 
a long  w i t h  t r a c e r  i o d i n e .  These 
v a l u e s  were o b t a i n e d  i n  growth cham- 
b e r  exper iments  where s eeds  were 
p l a n t e d  immediately a f t e r  s p i k i n g  
s o i l s  w i th  1 2 5 ~ .  TO check t h e s e  
v a l u e s ,  a  few garden  s o i l s  and food 
p r o d u c t s  were c o l l e c t e d  f o r  l Z 9 1  
a n a l y s i s  t o  de t e rmine  c o n c e n t r a t i o n  
f a c t o r s  where t h e  r a d i o i o d i n e  had been 
a l lowed t o  remain under  n a t u r a l  f i e l d  
c o n d i t i o n s  i n  t h e  s o i l .  Concen t r a t i on  
f a c t o r s  f o r  1 2 9 ~  (Table  67) r ange  

TABLE 6 7.  Concen t r a t i on  F a c t o r s  
f o r  Foods. 

C o n c e n t r a t i o n  F a c t o r  
( p C i / g  DW p l a n t /  

L o c a t i o n  Food  P r o d u c t  p C i / g  DW s o i l )  

H a n f o r d  A p r i c o t s  ( p e e l e d )  0 . 0 8 4  

H a n f o r d  

H a n f o r d  

H a n f o r d  

H a n f o r d  

H a n f o r d  

NFS 

NFS 

NF S  

NFS 

A p r i c o t s  [ u n p e e l e d )  

C a r r o t s  

L e t t u c e  

O n i o n s  

A s p a r a g u s  

A p p l e s  

B e e t s  

C a r r o t s  

L e t t u c e  

from 0.002 t o  0 .14 .  A l l  v a l u e s  a r e  
much l e s s  t h a n  t h e  l a b o r a t o r y  r e s u l t s  
r e p o r t e d  e a r l i e r .  Experiments  a r e  
underway t o  s tudy  t h e  e f f e c t  of i n c u -  
b a t i o n  t ime on i o d i n e  c o n c e n t r a t i o n  
f a c t o r s  i n  growth chamber exper iments  
and t o  s t u d y  long - t e rm ag ing  i n  
l y s i m e t e r  s t u d i e s .  

Iodine-129 in Freshwater Environments 
at Hanford 

D. G.  Watson and A. J. Scott 

Iod ine-129 i s  n a t u r a l l y  produced 
by t h e  spontaneous  f i s s i o n  of  2 3 8 ~  
and cosmic r a y  a c t i o n  on a tmosphe r i c  
xenon, and a l s o  produced i n  n u c l e a r  
r e a c t o r s  by t h e  thermal  f i s s i o n  o f  
2 3 5 ~ .  Because of i t s  long  h a l f - l i f e  
(1 .6  x  l o 7  y e a r s )  i t  h a s  t h e  p o t e n t i a l  
f o r  bu i ldup  i n  t h e  environment  n e a r  
n u c l e a r  f a c i l i t i e s ,  p a r t i c u l a r l y  
p l a n t s  t h a t  r e p r o c e s s  n u c l e a r  f u e l s .  
As p a r t  of a c o n t i n u i n g  s t u d y  t o  
examine t h e  envi ronmenta l  d i s t r i b u t i o n  
of  1 2 9 1  n e a r  n u c l e a r  f u e l s  p r o c e s s i n g  
p l a n t s  and t h e  p o t e n t i a l  f o r  i t s  
t r a n s f e r  through human food webs, 
s e v e r a l  l o w - l e v e l  r a d i o a c t i v e  was te  
ponds n e a r  t h e  chemical  s e p a r a t i o n s  
a r e a s  ( F i g .  70) were sampled t o  o b t a i n  
i n fo rma t ion  on t h e  r e l a t i v e  concen- 
t r a t i o n s  of r a d i o i o d i n e  i n  t h e s e  s u r -  
f a c e  w a t e r s .  

These ponds have r e c e i v e d  l i q u i d  
was t e s  f o r  p e r i o d s  r ang ing  from 5 t o  
31 y r .  Gable Mountain Pond (71 a c r e s ) ,  
S-Pond (3 .5  a c r e s ) ,  and T-Pond (2 .5  
a c r e s )  r e c e i v e  c o o l i n g  wa te r  from 
was te  s t o r a g e  f a c i l i t i e s ;  B-Pond (46 
a c r e s )  and U-Pond (14 a c r e s )  r e c e i v e  
c o o l i n g  wa te r  and chemica l  e f f l u e n t s ;  
and B-Di tch  ( 0 . 1  a c r e )  g e t s  chemical  
sewer e f f l u e n t s .  The r a d i o n u c l  i d e s  
i n  t h e s e  ponds a r e  main ly  f i s s i o n  



p r o d u c t s ,  a l t hough  U-Pond c o n t a i n s  
a c t i n i d e s  i n c l u d i n g  uran ium,  p l u t o n i -  
um and americium. 

Samples o f  sed iment  and a q u a t i c  
organisms  were c o l l e c t e d  from a l l  
ponds i n  June 1974 and t h e  l Z 9 1  was 
measured by n e u t r o n  a c t i v a t i o n .  
I od ine -129  a n a l y s e s  were a l s o  made i n  
Gable Mountain Pond i n  t h e  s p r i n g  and 
f a l l  o f  1973.  The purpose  o f  t h i s  
su rvey  was t o  o b t a i n  i n f o r m a t i o n  on 
t h e  r e l a t i v e  l e v e l s  o f  l Z 9 1  i n  t h e  
b i o t a .  High a n a l y t i c a l  c o s t s  d i d  n o t  
p e r m i t  sample r e p l i c a t i o n  o r  t h e  
i n v e s t i g a t i o n  o f  p o s s i b l e  s p a t i a l  
v a r i a t i o n  o f  l Z 9 I  w i t h i n  t h e  ponds .  

A comparison o f  t h e  l Z 9 I  c o n c e n t r a -  
t i o n s  i n  t h e  sed iment  and a q u a t i c  
organisms  i s  g i v e n  i n  F i g .  71 and 
Table  6 8 .  G r e a t e s t  c o n c e n t r a t i o n s  o f  
l Z 9 1  were found i n  B-Pond and Gable 
Mountain Pond ranked  s econd .  S e d i -  
ment and t h e  emergent  r o o t e d  a q u a t i c  
p l a n t  c a t t a i l  were a v a i l a b l e  i n  most 
o f  t h e  ponds i n  June  1974 and p r o -  
v i d e d  a  b a s i s  f o r  a b i o t i c - b i o t i c  com- 
p a r i s o n .  There was a  l a c k  o f  c o n s i s -  

F i g .  70. Loca t i ons  o f  Hanford Radio-  t ency  i n  t h e  r e l a t i v e  s e d i m e n t - c a t t a i l  
a c t i v e  Waste Ponds. 

SAMPLE D A K 3  1 
SEDIMENT 

11-73 

6-74 

FILAMENTOUS 6-74 
GREEN ALGAL 

WATER M l l F O l L  3-73 
( M y r i q h y l l u m  11-73 
sp.1 

6-14 

PONDWED 11-73 
IPotamogelon 6.74 

I 

CATTAIL LEAVES 3-73 
Ah(D ROOTS 
mflha lat i fol ial 

'-14 i 
SNAIL -SHELL 11-73 1 

SNAIL - 11-73 
SOFT PARTS 6-74 

U)LDFI SH 3-73 
"THYROID" LO-73 , 
GOLDFISH - 10-73 i 
MUSCLE 6-14 

c o L a l s n  - 6-74 1 
ENTIRE 

TABLE 68.  I o d i n e  i n  Hanford Aqua t i c  Organisms.  

CABLE MTN POND 

pCi 12P1 ATOM RRIO 
g dry  wl 129111271 

P o x  5.4X10-4 

6 6 ~ 1 0 - '  1 . ~ ~ 1 0 ~ ~  

2 7  3 . 0 ~  

S POND - 
pC1 1291, ATOM RATIO 
g d r y  wl '"1 11271 

B DITCH 

1291, ATOM RATIO 

g d r y  wl 1 2 9 ~ ~ 1 2 7 ~  -- 

U-POND 

lZPll ATOM RATIO 

q d r y  wl 12Pl11271 

T-POND I 



a 8-PONO 

=GABLE MOUNTAIN 

U - P O N D  

0 S-POND 

a B - D I T C H  

a T-POND 

IU 
SEDIMENT FILAMENTOUS PONDWEED C A l T A l L  S N A I L  GOLDFISH GOLDFISH GOLDFISH 

GREEN PotamCqetOn T y p D  SOFT PARTS 'THYROID MUSCLE ENTIRE 
ALGAE m s  u a  

FIG. 71. I Z 9 1  i n  Hanford Waste Pond Aquat ic  Organisms 
June  1974. 

1 2 9 1  c o n c e n t r a t i o n s .  Levels  o f  l Z 9 1  
i n  sed iments  were g r e a t e r  t h a n  i n  
c a t t a i l  i n  t h r e e  o f  t h e  ponds,  abou t  
equa l  i n  a n o t h e r ,  and l e s s  than  c a t -  
t a i l  i n  t h e  f i f t h .  These v a r y i n g  
s e d i m e n t - p l a n t  r e l a t i o n s h i p s  may be 
r e l a t e d  t o  a  number o f  f a c t o r s  i n c l u d -  
i n 8  t h e  nonuniform d i s t r i b u t i o n  o f  
12 I i n  t h e  s ed imen t s ,  t h e  d i f f e r e n t  
a v a i l a b i l i t y  of  l Z 9 1  t o  p l a n t s  and 
t h e  amounts o f  s t a b l e  i o d i n e  i n  t h e  
s e v e r a l  ponds.  Sediment s t a b l e  i o d i n e  
ranged from 1 . 8  x  l o 2  ng/g d ry  w t  i n  
T-Pond and B-Ditch t o  5 . 1  x  l o 4  ng /g  
d r y  w t  i n  S-Pond. R a t i o s  of  l Z 9 1  t o  
l Z 7 1  i n  sed iments  v a r i e d  from 
3.0 x  t o  3.0 x  i n  T-Pond 
and B-Pond r e s p e c t i v e l y ,  and w i t h  t h e  
e x c e p t i o n  of  S-Pond were d i r e c t l y  
r e l a t e d  t o  t h e  l Z 9 1  c o n c e n t r a t i o n  i n  
c a t t a i l .  Based on t h e  l i m i t e d  number 
o f  o b s e r v a t i o n s  made on t h e  s e v e r a l  
ponds ,  i t  appea r s  t h a t  g e n e r a l i z a t i o n s  
w i th  r e s p e c t  t o  envi ronmenta l  l Z 9  I 

d i s t r i b u t i o n  shou ld  be made w i t h  cau-  
t i o n ,  even i n  s t a n d i n g  wa te r s  w i t h i n  
a  ve ry  l i m i t e d  geograph ica l  a r e a .  

The more e x t e n s i v e  sampling of  
Gable Mountain Pond d i d  n o t  show any 
marked s e a s o n a l  t r e n d s  i n  1 2 9 1  concen- 
t r a t i o n s .  The r a t i o s  of  1 2 9 1  t o  
s t a b l e  i o d i n e  were approximate ly  t h e  
same i n  sediment  and organisms i n d i -  
c a t i n g  t h a t  t h e r e  was no s e l e c t i v e  
uptake  of  r a d i o i o d i n e  by t h e  pond 
b i o t a .  

Maximum c o n c e n t r a t i o n  o f  2 9  I 
( 6 . 9  pCi/g dry  wt) i n  animal  t i s s u e  
was measured i n  a  s i n g l e  sample of  t h e  
pooled  " thy ro ids"  from s e v e r a l  go ld -  
f i s h  c o l l e c t e d  i n  March 1973.  Subse- 
quent  f ' t h y r o i d T f  samples d i d  n o t  show 
t h i s  r e l a t i v e l y  h igh  l e v e l  of r a d i o -  
i o d i n e .  The t h y r o i d  i n  f i s h  i s  a  
ve ry  d i f u s e  organ and t h e  samples of  
t h i s  t i s s u e  c o n t a i n  s u b s t a n t i a l  and 



perhaps  v a r y i n g  amounts o f  non thy ro id  
t i s s u e .  This  c o n t r i b u t e s ,  i n  p a r t ,  
t o  t h e  l a c k  o f  agreement  among t h e  
s e v e r a l  " t h y r o i d "  a n a l y s e s  and t h e  
observed  " t h y r o i d "  1 2 9 ~  l e v e l s  unde r -  
e s t i m a t e  t h e  a c t u a l  l e v e l s  i n  t h e  
g o l d f i s h  t h y r o i d .  

The p r e s e n t  l e v e l s  o f  1 2 9 ~  i n  t h e  
Hanford was t e  ponds do n o t  appear  t o  
p r e s e n t  a  h e a l t h  problem t o  man. 
There i s  no p u b l i c  a c c e s s  t o  t h e s e  

ponds and consequen t ly  no o p p o r t u n i t y  
o f  d i r e c t  consumption o f  a q u a t i c  b i o t a  
by humans. I f  one assumed t h a t  peop le  
consume whole g o l d f i s h  from Gable 
Mountain Pond a t  t h e  . r a t e  o f  1 8  k g / y r ,  
t h e  c a l c u l a t e d  dose  t o  t h e  human 
t h y r o i d  would be app rox ima te ly  3% o f  
t h e  1500 mrem/yr maximum p e r m i s s i b l e  
d o s e .  



ECOLOGICAL MICROMETEOROLOGY A N D  CLIMATOLOGY 
OF THE ARID LANDS ECOLOGY RESERVE 

Extens ive  d a t a  summarizat ions and a n a l y s i s  were t h e  f o c a l  

p o i n t  of t h i s  y e a r ' s  r e p o r t ,  u s i n g  6 - y r  c l i m a t o l o g i c a l  obse rva -  

t i o n s  r e c o r d s  o f  t h e  network of  s t a t i o n s  on t h e  ALE Reserve and 

3 - y r  o f  r e c o r d s  from e i g h t  c o n t i n u o u s l y  r e c o r d i n g  in s t rumen t s  

a t  d i f f e r e n t  e l e v a t i o n s .  The a n a l y s e s  c o n c e n t r a t e d  on two p o i n t s :  

t h e  r e l a t i o n  between mic roc l ima te s  a t  v a r i o u s  p o i n t s  ove r  t h e  

l a n d s c a p e ,  and t h e  r e l a t i o n s h i p s  between monthly extreme tempera-  

t u r e s  and ave rages  o f  t h e  extreme t empera tu re s .  

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

con t inued  i n t o  t h e  second growing season .  

Microclimates of the ALE Reserve 
W. T. Hinds, J. M. Thorp and 
J. T. Rotenberry 

Topographica l ly  d i v e r s e  l andscapes  
have a  wide v a r i e t y  o f  mic roc l ima te s  
which d i f f e r  i n  t empera tu re  and p r e -  
c i p i t a t i o n ,  b u t  have a  v a r i e t y  o f  
s i m i l a r i t i e s  as  w e l l .  To i d e n t i f y  
t h e  deg ree  o f  s i m i l a r i t y  o r  d i s s i m i -  
l a r i t y  between m i c r o c l i m a t e s ,  we 
c a l c u l a t e d  c o r r e l a t i o n  c o e f f i c i e n t s  
between s t a t i o n s  on t h e  ALE Reserve 
( i n c l u d i n g  t h e  Hanford Me teo ro log ica l  
Tower) f o r  monthly maximum tempera-  
t u r e ,  and monthly p r e c i p i t a t i o n .  

L a s t  y e a r  we d e s c r i b e d  t h e  p a t -  
t e r n s  o f  s i m i l a r i t y  based  on tempera-  
t u r e s ,  b u t  t h e  combina t ion  o f  
t empera tu re  and p r e c i p i t a t i o n  was 
d i f f i c u l t  t o  g r a p p l e  w i t h .  A f t e r  
a p p r o p r i a t e  t r a n s f o r m a t i o n  o f  t h e  
c o r r e l a t i o n  c o e f f i c i e n t s ,  we were 
a b l e  t o  ave rage  t h e  i n f l u e n c e  of  
maximum and minimum t empera tu re  and 
p r e c i p i t a t i o n .  A c l u s t e r  a n a l y s i s  
performed on t h e  t r ans fo rmed  ave rages  

l e d  t o  a  d e s c r i p t i o n  o f  mic roc l ima te  
s i m i l a r i t i e s  on t h e  Reserve ,  which i s  
i l l u s t r a t e d  i n  F i g .  7 2 .  Three major  
groups o c c u r :  t h e  Me teo ro log ica l  
Tower, low e l e v a t i o n  v a l l e y  s t a t i o n s ,  
and a l l  o t h e r s  on t h e  Reserve ( b a s i -  
c a l l y  mic roc l ima te s  o f  s l o p i n g  
t e r r a i n ) .  The d i s p a r i t y  between t h e  
Me teo ro log ica l  Tower and t h e  s t a t i o n s  
on t h e  Reserve was d i s q u i e t i n g ,  b u t  
i n  r e t r o s p e c t  l o g i c a l .  The l a r g e  
group o f  s t a t i o n s  on t h e  s l o p e s  of  
t h e  R a t t l e s n a k e  H i l l s  c o n t a i n e d  
s e v e r a l  subgroups of s t a t i o n s ,  shown 
i n  F i g .  73 d i f f e r e n t i a t e d  on t h e  
b a s i s  o f  s l o p e  ( s l i g h t  v e r s u s  s t e e p )  
and e l e v a t i o n  (nea r  t h e  c r e s t  o f  t h e  
mountain o n l y ) .  One low e l e v a t i o n  
subgroup a long  t h e  Yakima River  l i e s  
a c r o s s  con tou r  l i n e s ,  whereas a l l  t h e  
o t h e r  groups l i e  a long  t e r r a i n  con- 
t o u r s ,  i n d i c a t i n g  t h a t  a t  t h a t  
r e g i o n ,  something o t h e r  t han  e l e v a -  
t i o n  i s  i m p o r t a n t .  We h y p o t h e s i z e  
t h a t  it i s  t h e  con f luence  o f  two 
v a l l e y  c i r c u l a t i o n s  which r educes  t h e  
e f f e c t  o f  e l e v a t i o n .  One s t a t i o n  
remained c o n s i s t e n t l y  anomalous ; it  





l i e s  a t  t h e  c r e s t  o f  t h e  H i l l s  on t h e  
l e e  s i d e .  The p r o t e c t e d  mic roc l ima te  
t h e r e  has  produced a  g r a s s l a n d  s i m i -  
l a r  t o  t h e  Pa louse  g r a s s l a n d  commonly 
o c c u r r i n g  100 km e a s t  of t h e  Reserve 
i n  a  w e t t e r  c l i m a t e .  

Comparisons o f  s i m i l a r i t i e s  and 
d i f f e r e n c e s  among t h e  26 s t a t i o n s  
t hus  i l l u s t r a t e s  where mic roc l ima te s  
appear  t o  be s i m i l a r  and can p rov ide  
i n fo rma t ion  t o  e x p l a i n  v e g e t a t i o n  
d i f f e r e n c e s  o r  s i m i l a r i t i e s  over  t h e  
l andscape .  However, e x t e n s i v e  i n v e s -  
t i g a t i o n s  r e q u i r e  t h a t  more d e t a i l s  
be a v a i l a b l e ;  t h i s  i s  p a r t i c u l a r l y  
t r u e  f o r  e f f o r t s  a t  model l ing  t h e  
e c o l o g i c a l  systems a t  v a r i o u s  p o i n t s  
on t h e  Reserve ,  because  t empera tu re s  
and p r e c i p i t a t i o n  a r e  among t h e  most 
impor t an t  " d r i v i n g  v a r i a b l e s "  t o  
which t h e  ecosystem r e a c t s .  Conse- 
q u e n t l y ,  we under took  an e x t e n s i v e  
s e r i e s  o f  a n a l y s e s  t o  f i n d  t h e  r e l a -  
t i o n s  between t h e  26 s t a t i o n s .  The 
Manford Me teo ro log ica l  S t a t i o n  i s  a  
l o g i c a l  cho ice  a s  a  base  f o r  compari-  
son .  I t  ha s  a 30-yr  r e c o r d  o f  d a i l y  
d a t a  and a  r e c o r d  o f  t empera tu re  and 
p r e c i p i t a t i o n  (from a  c o o p e r a t i v e  
o b s e r v e r )  t h a t  began i n  1912.  Hence, 
i n  s p i t e  o f  t h e  n o t a b l e  s e p a r a t i o n  
of  t h e  Tower c l i m a t e  from t h e  c l i -  
mates on t h e  Reserve (no ted  above ) ,  
we proceeded t o  f i n d  t h e  c o r r e l a t i o n s  
and r e g r e s s i o n  e q u a t i o n s  f o r  t h e  26 
s i t e s  u s ing  t h e  Tower a s  t h e  b a s i s  
f o r  comparison.  

These a n a l y s e s  a r e  much too  
voluminous t o  summarize h e r e ;  they  
a r e  c u r r e n t l y  be ing  p repa red  f o r  
p u b l i c a t i o n  a s  a  t e c h n i c a l  r e p o r t .  
The c o r r e l a t i o n s  a r e  v e r y  h i g h ,  be -  
cause  each o f  t h e  m i c r o c l i m a t e s ,  
i n c l u d i n g  t h e  Tower, a r e  i n  t h e  same 
r e g i o n a l  c l i m a t e .  The s t a n d a r d  e r r o r  
of  t h e  e s t i m a t e  (from r e g r e s s i o n )  i s  
abou t  2.S°C f o r  t e m p e r a t u r e s ,  b u t  
unknown a t  t h i s  t ime f o r  p r e c i p i t a -  
t i o n .  

One c r i t i c i s m  of  t h i s  t ype  of  
c l i m a t o l o g i c a l  i n v e s t i g a t i o n  has  
o f t e n  been t h a t  t h e  c o l l e c t i o n  o f  
monthly extreme t empera tu re s  p rov ides  
no d a t a  of  e c o l o g i c a l  s i g n i f i c a n c e  
s i n c e  n e i t h e r  p l a n t s  nor  an imals  
r e a c t  t o  monthly i n s t a n t a n e o u s  ex-  
t r emes .  Many i n v e s t i g a t o r s  f e e l  t h a t  
d a i l y  extremes a r e  much b e t t e r ;  b u t  
even s o ,  d a i l y  ex t remes  a r e  s u b j e c t  
t o  t h e  same c r i t i c i s m .  Th i s  problem 

was p u t  i n t o  a  d i f f e r e n t  p e r s p e c t i v e  
by an e x t e n s i v e  a n a l y s i s  of t h e  r e l a -  
t i o n  between t h e  average  of a  s t o c h a s -  
t i c  v a r i a b l e  and i t s  ex t reme.  Th i s  
problem was add res sed  s e v e r a l  y e a r s  
ago i n  r e l a t i o n  t o  a tmospher ic  t u r b u -  
l e n c e  and d i f f u s i o n  (Hinds,  1967) ,  
b u t  t h e  same p r i n c i p l e s  app ly  t o  
c l i m a t i c  t empera tu re  measurements. 

B r i e f l y ,  i t  can be shown from t h e  
d e f i n i t i o n  of  v a r i a n c e  t h a t  t h e  
e f f e c t  o f  smoothing (averaging)  a  
n o i s e  s i g n a l  i s  unde r s t andab le  i n  
terms of t h e  a u t o c o r r e l a t i o n  o f  t h e  
s i g n a l .  S e v e r a l  approaches can be  
t aken ,  bu t  t h e  one developed i n  t h e  
above r e f e r e n c e  l e a d s  t o  a  d i f f e r e n -  
t i a l  e q u a t i o n  r e l a t i n g  the  l o s s  o f  
v a r i a n c e  due t o  smoothing t o  t h e  
i n t e r v a l  over  which smoothing t a k e s  
p l a c e .  S o l u t i o n s  t o  t h e  d i f f e r e n t i a l  
e q u a t i o n  r e q u i r e  two " a d j u s t a b l e  
c o n s t a n t s "  t o  d e s c r i b e  any p a r t i c u l a r  
d a t a  s e t  (which might be a  30-min 
d i f f u s i o n  expe r imen t ,  o r  a  30-day 
r e c o r d  of  t empera tu re )  ; t h e  s o l u t i o n s  
f i t  observed  d a t a  ve ry  w e l l ,  i n d i -  
c a t i n g  t h a t  t h e  a n a l y s i s  i s  adequa te .  
Consequent ly ,  one can  expec t  t h a t  a  
good r e l a t i o n  must e x i s t  between t h e  
average  v a l u e  of an extreme v a r i a b l e  
( such  a s  maximum d a i l y  t empera tu re )  
and t h e  extreme va lue  of t h e  d a i l y  
t empera tu re s .  

However, t h e  v a r i a b i l i t y  between 
d a t a  s e t s  r e s u l t s  i n  a  v a r i e t y  of  
" a d j u s t a b l e  c o n s t a n t s "  f o r  which no 
unde r s t and ing  i s  y e t  i n  hand. Con- 
s e q u e n t l y ,  we under took  a  s t a t i s t i c a l  
a n a l y s i s  o f  t h e  r e l a t i o n  between 
ave rage  maximum t empera tu re s  and 
extreme monthly t empera tu re s ,  w i t h  
t h e  e x p e c t a t i o n  t h a t  t h e  v a r i a b i l i t y  
noted  above between d a t a  s e t s  would 
be e v i d e n t  a s  s t a t i s t i c a l  e r r o r  i n  
t h e  a n a l y s i s .  

This  approach was ve ry  f r u i t f u l .  
The c o r r e l a t i o n s  a r e  ve ry  h i g h ,  i n d i -  
c a t i n g  t h a t  a  g r e a t  deg ree  o f  c o n f i -  
dence can be p l a c e d  i n  t h i s  approach .  
The o v e r a l l  r e g r e s s i o n  i n d i c a t e s  t h a t  
t h e  9  s t a t i o n s  a r e  q u i t e  s i m i l a r ,  
even though t h e y  were s c a t t e r e d  over  
n e a r l y  1000 m in. e l e v a t i o n  on t h e  
ALE Reserve .  We f e e l  c o n f i d e n t  t h a t  
a  l ong - t e rm e f f o r t  t o  g a t h e r  monthly 
extreme t empera tu re s  w i l l  p rov ide  u s  
w i t h  an impor t an t  i n p u t  t o  e c o l o g i c a l  
unde r s t and ing ,  r a t h e r  than  mere 
accumula t ion  of  numbers. 
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Wind Erosion of Soil Surfaces 
W. T. Hinds 

A s t u d y  o f  t h e  i n t e r a c t i n g  e f f e c t s  
o f  f i r e  and wind e r o s i o n  on secondary  
s u c c e s s i o n  i n  a  sh rub -  s  t eppe  commmu- 
n i t y  con t inued  t h i s  y e a r .  I t  was 
p o i n t e d  o u t  l a s t  y e a r  t h a t  a  w i l d f i r e  
had burned a c r o s s  a  j u n c t i o n  o f  two 
s o i l  t y p e s ,  one e a s i l y  e roded  by 
s t r o n g  winds ,  t h e  o t h e r  n o t .  A com- 
p a r i s o n  of  t h e  v e g e t a t i o n a l  r e c o v e r y  
d u r i n g  t h e  f i r s t  y e a r  i n d i c a t e d  t h a t  
annual  s p e c i e s  made up 60% t o  90% of  
t h e  cover  i n  t h e  burned  a r e a ,  and 
t h a t  p e r e n n i a l  s p e c i e s  were ve ry  
p o o r l y  r e p r e s e n t e d .  This  y e a r ,  t h e  
second a f t e r  t h e  f i r e ,  shows t h a t  
p l a n t  cove r  a s  a  whole i s  r e c o v e r i n g  
w e l l  excep t  f o r  t h e  bad ly  e roded  a r e a ,  
and t h a t  p e r e n n i a l s  a r e  r e g a i n i n g  a  
f o o t h o l d  i n  t h e  uneroded r e g i o n s  
( F i g .  74 ) .  T o t a l  p l a n t  cover  i s  
n e a r l y  everywhere s i m i l a r  t o  t h e  con- 
t r o l  (unburned) community, excep t  f o r  
s e v e r e l y  e roded  a r e a s ,  and t h e  r e g i o n  
where t h e  t r a n s i t i o n  between eroded  
and  uneroded communities i s  s h a r p e s t  
i n d i c a t e s  an i n c r e a s e  i n  bo th  number 
of  s p e c i e s  and t o t a l  cover  compared 
t o  su r round ing  r e g i o n s .  

No f u r t h e r  e r o s i o n  was d e t e c t a b l e  
t h i s  y e a r ,  and t h e r e  was some s l i g h t  
i n d i c a t i o n  o f  d e p o s i t i o n  o f  a i r b o r n e  
s i l t  around t h e  s tems i n  t h e  e roded  
a r e a s ,  i n d i c a t i n g  t h a t  t h e  s o i l  s u r -  
f a c e  p robab ly  i s  r a p i d l y  approaching  
s t a b i l i t y  a g a i n .  However, t h e r e  i s  
no i n d i c a t i o n  whatever  t h a t  t h e  
l i chen -moss  s u r f a c e  c r u s t  has begun 
t o  r e g e n e r a t e  and p r o v i d e  p r o t e c t i o n  
a g a i n s t  wind a b r a s i o n ;  c o n s e q u e n t l y ,  
t h e  s o i l  i n  t h e  e roded  r e g i o n s  i s  
s t i l l  much more s u s c e p t i b l e  t o  d i s t u r -  
bance than  b e f o r e  t h e  f i r e  and subse -  
quen t  e r o s i o n .  A d e t a i l e d  examinat ion  

o f  t h e  c o n d i t i o n s  f a c i n g  t h e  r e g e n e r a -  
t i n g  l i c h e n s  and moss, and ge rmina t ing  
seeds  o f  v a s c u l a r  p l a n t s ,  shou ld  show 
how d i s t u r b e d  communities respond t o  
s h a r p  changes i n  seedbed c h a r a c t e r ,  
and thus  i l l u s t r a t e  methods by which 
i n d u s t r i a l l y  d i s t u r b e d  s o i l  s u r f a c e s  
can  b e s t  be brought  back i n t o  s e r v i c e -  
a b l e  s t a b i l i t y .  A d i r e c t  p a r a l l e l  
can  be drawn between t h i s  s t u d y  and 
r e v e g e t a t i o n  o f  mine t a i l i n g s ,  f o r  
example. 
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FIG. 74. T o t a l  P l a n t  Cover and To ta l  
P e r e n n i a l  Cover Only Measured Along 
a  S o i l  E ros ion  Grad ien t  From 
N e g l i g i b l e  t o  Seve re .  



TERRESTRIAL ECOLOGY 

COMPREHENSIVE STUDY O F  THE GRASSLAND BlOME 

T e r r e s t r i a l  e c o l o g y  a n d  g r a s s l a n d  biome s t u d i e s  a r e  d e s i g n e d  

t o :  1 )  c h a r a c t e r i z e  t h e  b i o t a  o f  t h e  Hanford  R e s e r v a t i o n ,  

2) e l u c i d a t e  s e a s o n a l  dynamics  o f  p l a n t  p r o d u c t i v i t y ,  decompos i -  

t i o n  a n d  m i n e r a l  b e h a v i o r  p a t t e r n s  o f  i m p o r t a n t  p l a n t  communi- 

t i e s ,  a n d ,  3)  t o  s t u d y  t h e  r e s p o n s e  of  t h e s e  communi t i e s  t o  i m -  

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

a n d  man- induced  a l t e r a t i o n s  o f  c o m m u n i t i e s  ( i n f l u e n c e d  by g r a z i n g  

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

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

a c t i v i t i e s ) .  

A d e t a i l e d  a c c o u n t  of  t h e  i m p o r t a n t  f i n d i n g s  of  a  5 - y r  s t u d y  

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

s t a f f  f o r  p u b l i c a t i o n  a s  a  c o n t r i b u t i o n  t o  t h e  I n t e r n a t i o n a l  

B i o l o g i c a l  Program G r a s s l a n d  Biome p r o j e c t .  

Plant Phenology 
R. H. Sauer 

S t u d i e s  on t h e  r e l a t i o n s h i p s  b e -  
tween p l a n t  d e v e l o p m e n t  ( p h e n o l o g y )  
and  w e a t h e r  were  c o n t i n u e d  f o r  t h e  
1974-1975 g rowing  s e a s o n .  The 1 0  
p l o t s  s e t  u p  l a s t  y e a r  were  expanded  
a n d  s e a r c h e d  t o  i n c l u d e  more  s p e c i e s .  
For  t h e  74-75  s e a s o n ,  1 4 9  i n d i v i d u -  
a l l y  f l a g g e d  p l a n t s ,  composed o f  
26 s p e c i e s ,  were  s c o r e d  week ly  f o r  
t h e  f o l l o w i n g  p h e n o p h a s e s :  1 )  f i r s t  
g r o w t h  o f  s e a s o n ,  2) r a p i d l y  e x p a n d -  
i n g  l e a v e s ,  3)  m a t u r e  l e a v e s ,  
4) s e n e s c i n g  l e a v e s ,  5)  d e a d  l e a v e s  
a t t a c h e d  t o  p l a n t ,  6 )  f l o r a l  buds  
( b e g i n  r e p r o d u c t i o n ) ,  7)  open  f l o w e r s ,  
8 )  r i p e n i n g  s e e d s  ( e n d  r e p r o d u c t i o n ) ,  
a n d  9)  d i s p e r s i n g  s e e d s .  These  d a t a  
a r e  t h e n  a g g r e g a t e d  t o  p r e p a r e d  d i a -  
grams ( F i g .  7 5 )  which  show t h e  d u r a -  
t i o n  of t h e  g r o w t h ,  r e p r o d u c t i v e ,  and  

f l o w e r i n g  p e r i o d s .  I m p o r t a n t  c h a r a c -  
t e r i s t i c s  o f  t h i s  p h e n o l o g y  s c a l e  a r e  
t h e  g e n e r a l  a p p l i c a b i l i t y  t o  a l l  
p l a n t  s p e c i e s  a n d  c a p a c i t y  t o  combine 
s e v e r a l  p h e n o p h a s e s  ( e . g . ,  2 ,  3 ,  4 ,  
5 ,  6 ) .  

The p r o g r e s s i o n  i n  p l a n t  p h e n o l o g y  
i s  shown i n  F i g .  7 5 .  F o r  c o m p a r i s o n ,  
l a s t  y e a r ' s  ( 1 9 7 3 - 7 4  g rowing  s e a s o n )  
a r e  a l s o  shown i n  F i g .  7  . The 73-74 
g rowing  s e a s o n  h a d  u n u s u a l l y  heavy  
r a i n f a l l  w h i l e  t h e  74-75  g rowing  s e a -  
s o n  had a n  u n u s u a l l y  c o l d  s p r i n g .  
These  c o n t r a s t s  i n  w e a t h e r  c a n  be  
s e e n  i n  t h e  r a t e  o f  d e v e l o p m e n t  and  
l e n g t h  o f  g r o w t h  p e r i o d .  The h e a v y  
r a i n  o f  73-74 d e l a y e d  summer s e n e s -  
c e n c e ,  and  t h e  c o o l  s p r i n g  of  74-75  
d e l a y e d  f l o w e r i n g  i n  a l m o s t  a l l  s p e -  
c i e s .  The one  e x c e p t i o n  was Lu i n u s  
s u l  h u r e u s .  The i n d i v i d u a l  o  s e r v e  + sEa 

t h i s  s p e c i e s  f l o w e r e d  l a t e r  i n  
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F I G .  75. Diagrammatic R e p r e s e n t a t i o n  of Pheno log ica l  
Events  f o r  Impor t an t  Seed P l a n t  Spec i e s  i n  a  Shrub- 
S t eppe  Community on t h e  Ar id  Lands Ecology Reserve .  

73-74 t h a n  74-75,  presumably because  
i t  germinated  i n  t h e  s p r i n g  of  74 and 
was a n  e s t a b l i s h e d  p l a n t  i n  t h e  74-75 
season .  

I n  a d d i t i o n  t o  phenology,  d a t a  on 
t h e  l i f e  h i s t o r y  of t h e  s p e c i e s  be ing  
observed  i s  b e i n g  c o l l e c t e d .  Loma- 
tium macrocar  um a p p a r e n t l y  f l o w e r s  ---f---E- once a  t e r  growing v e g e t a t i v e l y  f o r  

Two new s p e c i e s  were i d e n t i f i e d  
f o r  t h e  ALE s i t e  i n  t h e  phenology 
s t u d y ,  E i l ob ium an icu l a tum and 
Lupinus h s u l  u r e u s  T e s e  s p e c i e s  
were n o t  a  un a n t  on ALE b e f o r e  74-75 
and t h e  u n u s u a l l y  h i g h  r a i n f a l l  of 
73-74 and c o o l  s p r i n g  of  74-75 p e r -  
m i t t e d  t h e s e  s p e c i e s  t o  become more 
prominent .  

s e v e r a l  y e a r s .  Ca lochor tu s  macrocar -  
a t r a b a r b a  and Brodiaea  

o  n o t  f l o w e r  each  y e a r .  

These phenology d a t a  w i l l  be used 
t o  q u a n t i f y  r e l a t i o n s h i p s  between 
weather ,  phenology,  and o t h e r  e c o s y s -  
tem components.  The r ange  i n  r e c e n t  
weather  v a r i a t i o n  make t h e s e  d a t a  
p a r t i c u l a r l y  v a l u a b l e .  



Dynamics of Biomass and Crown Estimates 
for Agropyron spicatum, Poa sandbergii, 
and Forbs 

D. W. Uresk, J. F. Cline. and 
W. H. Rickard; V. D. Charles, 
L. F. Nelson, M. A. Combs 
C. A. Lee, and L. E. Rendall 

The ALE R e s e r v e  o f f e r s  a n  o p p o r -  
t u n i t y  t o  s t u d y  t h e  dynamics  o f  
p l a n t s  i n  a  p r i s t i n e  s t a n d  o f  s h r u b -  
s t e p p e  . v e g e t a t i o n  when s u b j e c t e d  t o  
g r a z i n g  a n d  b u r n i n g .  

P l a n t  s a m p l i n g  was c o n d u c t e d  e v e r y  
3  weeks  d u r i n g  t h e  g rowing  s e a s o n  a n d  
once  d u r i n g  t h e  p r e - a n d  p o s t - s e a s o n s .  
The p l a n t  s a m p l e s  were  d i v i d e d  i n t o  
l i v e ,  d e a d ,  a n d  crown m a t e r i a l .  A l l  
crown m a t e r i a l  was a s h e d  and  e x -  
p r e s s e d  a s  a s h - f r e e  w e i g h t s ,  w h i l e  
o t h e r  p l a n t  p a r t s  were  e x p r e s s e d  a s  
o v e n - d r y  w e i g h t s .  

Peak b iomass  e s t i m a t e s  f o r  Agropy-  
r o n  s p i c a t u m  were  l o w e r  on  t h e  g r a z e d  
p a s t u r e s  t h r o u g h o u t  1971-1974 when 
compared t o  no g r a z i n g  by c a t t l e  
( T a b l e  6 9 ) .  E s t i m a t e s  o f  p e a k  b i o -  
mass on  t h e  u n g r a z e d  a r e a  r a n g e d  f rom 
41 g/m2 t o  5 2  g/m2 i n  1974 .  B u r n i n g  
had a  b e n e f i c i a l  e f f e c t  on Agropyron  
s i c a t u m  by showing  a n  i n c r e a s e  i n  
h m a s s  p r o d u c t i o n  t o  a p p r o x i -  
m a t e l y  62 g/m . The e f f e c t s  of  2  c o n -  
s e c u t i v e  y r  o f  g r a z i n g  a n d  f o l l o w i n g  
1 y r  and  2  y r  o f  r e c o v e r y  was 34 g/m2 
and  54 g/m2, r e s p e c t i v e l y .  A f t e r  

2  y r  o f  r e c o v e r y  f rom g r a z i n g ,  p e a k  
b iomass  was a p p r o x i m a t e l y  t h e  same 
when compared t o  t h e  u n g r a z e d  p a s t u r e .  

Crown e s t i m a t e s  were  h i g h e r  t h a n  
a s s o c i a t e d  w i t h  aboveground  b i o m a s s .  
These  e s t i m a t e s  r a n g e d  f rom 97 g/m2 
t o  1 8 1  g/m2 d u r i n g  1971-1973 .  

Peak b iomass  e s t i m a t e s  f o r  Poa 
s a n d b e r g i i  w e r e  a p p r o x i m a t e l y  the 
same on  t h e  g r a z e d  a n d  u n g r a z e d  p a s -  
t u r e  d u r i n g  1971-1973 .  However, i n  
1974 ,  t h e r e  was a  s i g n i f i c a n t  i n -  
c r e a s e  i n  b iomass  on  t h e  g r a z e d ,  r e -  
c o v e r y  a n d  b u r n  p a s t u r e s .  Crown 
e s t i m a t e s  r a n g e d  f rom 75 g/m2 t o  
112 g / m 2  d u r i n g  1972-1973 .  

F o r b s  showed a  r e d u c t i o n  i n  p e a k  
b iomass  when f i r s t  s u b j e c t e d  t o  g r a z -  
i n g  i n  1971 ;  however ,  a f t e r  s e v e r a l  
y e a r s  o f  g r a z i n g ,  f o r b s  i n c r e a s e d  d u e  
t o  g r a z i n g .  T h i s  may be  t h e  r e s u l t  
o f  f o r b s  i n c r e a s i n g  which  a r e  n o t  s e -  
l e c t e d  by c a t t l e .  B u r n i n g  a p p e a r s  t o  
have  a  l a r g e r  i m p a c t  on t h e  f o r b s  
( 8  g / a 2 )  t h a n  g r a z i n g  when t h e  p a s -  
t u r e s  w e r e  a l l o w e d  t o  r e c o v e r .  

Da ta  o f  t h i s  t y p e  a r e  u s e f u l  t o  
p r o v i d e  an i n s i g h t  o f  p r o d u c t i v i t y  i n  
a  s h r u b - s t e p p e  community w i t h  b i o l o g -  
i c a l  s t r e s s e s  a n d  d i f f e r e n t  c l i m a t i c  
c o n d i t i o n s .  These  d a t a  a r e  u s e f u l  i n  
m a t h e m a t i c a l  mode l s  t o  p r e d i c t  f o r  
o t h e r  f u t u r e  n e e d s .  

TABLE 69.  Peak Biomass a n d  Crown E s t i m a t e s  (g/m2) 
~ ~ o p y r o n  s p i c a t u m ,  Poa s a n d b e r  i i  and  F o r b s  
W i t h i n  a  Near P r i s t i n e  S t a n d d S t e p p e  
V e g e t a t i o n  on t h e  ALE R e s e r v e .  

1 9 7 1  1 9 7 2  1 9 7 3  1 9 7 4  

Agropyron sp i ca tum Biomass Crown Biomass Crown Biomass Crown Biomass 

Ungrazed 4 2 . 5  1 3 6 . 9  4 4 . 7  1 4 9 . 5  4 1 . 0  1 8 1 . 2  . 5 2 . 4  

Grazed 2 6 . 6  9 7 . 0  2 1 . 1  1 4 9 . 0  1 8 . 4  1 0 8 . 8  26 .2  

Recoverya 33 .6  1 3 1 . 0  5 4 . 2  

Burn 6 1 . 6  

Poa s a n d b e r g i i  - 
ulngrazed 7 . 6  1 1 . 0  7 9 . 5  4 . 1  7 5 . 9  1 1 . 0  

Grazed 

Recovery 

Burn 

Forbs  

Ungrazed 

Grazed 

Recovery 

Burn 

a ~ e c o v e r y  p a s t u r e  a f t e r  be ing  g razed  by c a t t l e  f o r  two c o n s e c u t i v e  y e a r s  



Comparison of Soil Water Use by a 
Sagebrush-Bunchgrass and a Cheatgrass 
Community 

J. F. Cline, D. W. Uresk. W. H. Rickard, 
and V. D. Charles 

Two c o n t r a s t i n g  k inds  of  p l a n t  com- 
m u n i t i e s  occu r  on t h e  R i t z v i l l e  s i l t -  
loam s o i l  on t h e  Ar id  Lands Ecology 
(ALE) Reserve .  One community i s  a  
p e r e n n i a l  g r a s s  and sh rub  community, 
sagebrush/b luebunch whea tg ra s s ,  
~ r t e m i s i a  t r i d e n t a t a / ~ ~ r o p y r o n  
sp ica tum.  The o t h e r  i s  a n  annua l  
g r a s s  community, c h e a t g r a s s ,  Bromus 
tec torum,  t h a t  h a s  dominated aban- 
~ r i c u l t u r a l  f i e l d s  f o r  30 y r .  
The f a i l u r e  of s ageb rush  and b l u e -  
bunch whea tg ra s s  t o  a g g r e s s i v e l y  i n -  
vade t h e  c h e a t g r a s s  community i s  a t -  
t r i b u t e d  t o  t h e  c o m p e t i t i v e  behav io r  
of c h e a t g r a s s  s e e d l i n g s  f o r  n u t r i e n t s  
and s o i l  w a t e r .  

Th i s  i n v e s t i g a t i o n  p r e s e n t s  p a t -  
t e r n s  of  wa te r  removal from s o i l  p r o -  
f i l e s  of  t h e  sagebrush/b luebunch 
wheatgrass  and c h e a t g r a s s  communities 
d u r i n g  t h e  1973-1974 growing s e a s o n ,  
a  yea r  of  above-normal  p r e c i p i t a t i o n .  
Average p r e c i p i t a t i o n  f o r  1971 
through 1973 was 15  cm a t  t h e  c h e a t -  
g r a s s  community and 1 7  cm a t  t h e  s a g e -  
b rush /bunchgras s  community, b u t  31 
and 36 cm of p r e c i p i t a t i o n  were mea- 
su red  i n  t h e  1973-74 season .  S o i l  
water  d i d  n o t  p e n e t r a t e  deepe r  t h a n  
1 m i n t o  t h e  p r o f i l e  i n  t h e  y e a r s  
1971 through 1973,  b u t  i n  1974 t h e  
wa te r  p e n e t r a t e d  t o  approximate ly  
2 m i n  t h e  sagebrush/bunchgrass  com- 
munity and s l i g h t l y  deepe r  a t  t h e  
c h e a t g r a s s  community. 

F i g .  7 6  e s t i m a t e s  t h e  amount of 
s o i l  water  e x t r a c t e d  by e v a p o t r a n s p i -  
r a t i o n  d u r i n g  t h e  1974 growing season  
a t  b o t h  s i t e s .  E v a p o t r a n s p i r a t i o n  
from t h e  upper  5  dm of  s o i l  was 
n e a r l y  t h e  same w i t h i n  both  p l a n t  
communit ies;  however, t h e  amount of  
s o i l  wa te r  t h a t  was removed from t h e  
m i d - p r o f i l e  6-12 dm a t  t h e  s ageb rush /  
bunchgrass  community was much g r e a t e r  
t h a n  i n  t h e  c h e a t g r a s s  community. A t  
t h e  1 m d e p t h ,  8 . 5  mm more water  was 
removed p e r  dm of  s o i l  by t h e  s age -  
b rush /bunchgras s  community when com- 
pa red  t o  t h e  same s o i l  l a y e r  i n  t h e  
c h e a t g r a s s  community. The amount of  
s o i l  wa te r  removed d u r i n g  t h e  s eason  
from t h e  s ageb rush /bunchgras s  and 
c h e a t g r a s s  communit ies  was 15  and 
8 cm, r e s p e c t i v e l y .  The re fo re ,  abou t  

ANNUAL GRASS 
a 2  COMMUNITY 

o l l l  I I l A  
0  2 4 6 8 10 12 14 16 

SOIL DEPTH (dm) 

FIG. 76. Comparison of S o i l  Water 
Use by P e r e n n i a l  and Annual Grass  
Communities During t h e  Sp r ing  
Growing Season.  

7 cm more s o i l  water  was used  by t h e  
sagebrush/b luebunch wheatgrass  com- 
muni ty .  The p l a n t s  of  t h i s  community 
have longe r  r o o t  sys tems and a  l o n g e r  
growing p e r i o d  t h a n  c h e a t g r a s s .  
L i t t l e  s o i l  water  was removed from 
t h e  s o i l  p r o f i l e  below 16 cm i n  e i -  
t h e r  community. 

These d a t a  show t h a t  s o i l  wa te r  
below 0 .5  m i s  more e f f i c i e n t l y  used 
by t h e  n a t i v e  p e r e n n i a l  s p e c i e s  t h a n  
by t h e  i n t roduced  a n n u a l s .  The d a t a  
a l s o  s u g g e s t  t h a t  s o i l  water  can  accu-  
mula te  deep i n  t h e  p r o f i l e  d u r i n g  
y e a r s  of above-normal  p r e c i p i t a t i o n .  
E v e n t u a l l y ,  t h i s  deep ly  s t o r e d  s o i l  
wa te r  may be e x p l o i t e d  on ly  by v e r y  
deep r o o t e d  p l a n t s ,  such  a s  b i g  
s ageb rush .  

Impact of Wildfire on Three Perennial Grasses 
in a Shrub-Steppe Ecosystem 

D. W. Uresk, J. F. Cline, and 
W. H. Rickard; C. A. Lee, 
L. E. Rendall, L. F. Nelson, 
M. A. Combs and V. D. Charles 

W i l d f i r e  i s  a  common occu r r ence  i n  
t h e  s t e p p e  r e g i o n  o f  s o u t h - c e n t r a l  
Washington. Knowledge of p l a n t  r e -  
sponse t o  f i r e  can be u s e f u l  i n  manag- 
i n g  f o r  long- te rm p r o d u c t i v i t y  of i m -  
p o r t a n t  l i v e s t o c k  and w i l d l i f e  
f o r a g e s .  F i r e  can  be d e t r i m e n t a l  t o  
a  p l a n t  community a s  r e f l e c t e d  i n  a  
r e d u c t i o n  of growth o r  r e p r o d u c t i v e  
v i g o r .  However, i t  may improve t h e  
q u a n t i t y  and q u a l i t y  of  f o r a g e  by 
e l i m i n a t i n g  u n p a l a t a b l e  f i r e - s e n s i -  
t i v e  s p e c i e s .  



A w i l d f i r e ,  s t a r t e d  by a  l i g h t n i n g  
s t r i k e  i n  mid-August 1973,  burned 
through a  p o r t i o n  of  a  s ageb rush -  
bluebunch whea tg ra s s  community t h a t  
had been s t u d i e d  a s  a  c o n t r o l  s i t e  i n  
c o n j u n c t i o n  w i t h  t h e  I n t e r n a t i o n a l  
B i o l o g i c a l  Program, Gras s l ands  Biome. 
A paved roadway s e p a r a t e d  t h e  commu- 
n i t y  i n t o  two s e c t i o n s  and t h i s  road  
p reven t ed  t h e  f i r e  from bu rn ing  
through t h e  e n t i r e  community. A 9  ha 
a r e a  s e rved  a s  t h e  c o n t r o l  (unburned)  
and a n o t h e r  9  ha a r e a  s e r v e d  a s  a  
burned s i t e .  The unburned s i t e  had 
n o t  been burned f o r  a t  l e a s t  30 y r .  

The burned p a s t u r e  was a l lowed t o  
r ecove r  t h e  f o l l o w i n g  y e a r .  I n d i v i d -  
u a l  clumps of bluebunch whea tg ra s s ,  
C u s i c k ' s  b l u e g r a s s ,  and T h u r b e r ' s  
n e e d l e g r a s s  were measured f o r  l e n g t h  
of  l i v i n g  (g r een )  l e a v e s ,  f l o w e r i n g  
cu lms ,  s p i k e s ,  number o f  f l o w e r i n g  
culms,  and clump a r e a  ( l e n g t h  x  wid th)  
when p l a n t s  were r e p r o d u c t i v e l y  ma- 
t u r e  b u t  n o t  d r i e d  from summer 
d rough t .  For t h e s e  measurements ,  two 
random p o i n t s  were l o c a t e d  i n  each  
r e p l i c a t e  and a  0.5 m 2  c i r c u l a r  f rame 
was p l a c e d  a t  each  p o i n t .  A maximum 
o f  s i x  clumps o f  bluebunch whea tg ra s s  
was chosen  f o r  measurement.  I f  more 
t h a n  s i x  clumps o c c u r r e d  i n s i d e  t h e  
c i r c u l a r  f rame,  s i x  clumps were s e -  
l e c t e d  a t  random. C u s i c k ' s  b l u e g r a s s  
and T h u r b e r ' s  n e e d l e g r a s s  were 
s p a r s e l y  r e p r e s e n t e d  i n  bo th  a r e a s .  
The f i r s t  s i x  clumps encoun te r ed  i n  a  
s e a r c h  w i t h i n  each  r e p l i c a t e  were cho-  
s e n  f o r  measurement.  Sampling f o r  
aboveground phytomass by s p e c i e s  was 
accomplished by c l i p p i n g  i n  0 .5  m2  
c i r c u l a r  f r ames .  

H a r v e s t s  o f  t h e  t h r e e  impor t an t  
f o r a g e  g r a s s e s  by c a t t l e  i n  burned 
and unburned p l a n t  communities a r e  
shown i n  Tab l e  70. C l e a r l y ,  bu rn ing  
s t i m u l a t e d  t h e  growth of  bluebunch 
whea tg ra s s .  The burned community 
y i e l d e d  a  29% i n c r e a s e  over  t h e  un-  
burned community d u r i n g  t h e  f i r s t  
p o s t - b u r n  s e a s o n .  There  was n o t  
enough C u s i c k ' s  b l u e g r a s s  o r  Thur- 
b e r ' s  n e e d l e g r a s s  t o  make a  q u a n t i t a -  
t i v e  assessment  of  t h e  e f f e c t  of 
bu rn ing  on phytomass p r o d u c t i o n  of  
t h e s e  s p e c i e s .  A l l  of  t h e  dead p l a n t  
m a t e r i a l  from p r e v i o u s  y e a r s  was 
burned by f i r e  on t h e  burned commu- 
n i t y .  The s t a n d i n g  dead m a t e r i a l  f o r  
bluebunch whea tg ra s s  i n  t h e  unburned 
community was app rox ima te ly  59 g / m 2 .  
C u s i c k ' s  b l u e g r a s s  and T h u r b e r ' s  
n e e d l e g r a s s  had an a v e r a g e , o f  4 and 
1 g/m2, r e s p e c t i v e l y .  

TABLE 70. Comparison of Peak Live  
and Dead Herbage (g/m2 + Standard  
E r r o r )  on Burned and Unburned 
Communities During t h e  Sp r ing  of  1974.  

S p e c i e s  Burned Unburned 

L i v e  Herbage  

Agropyron sp ica tu ln  6 1 . 0  ' 1 1 . 0  4 1 . 0  i 8 . 0  . 
Poa c x s i c k i i  - -- 2 . 3  i 1 . 1  4 . :  ? 3 . 8  

Stipa t h u r b e r i a n a  0 . 8  i 0 . 5  2 . 1  5 2 . 1  

Dead Herbage 

Agropyron  s p l c a t u l n  0  5 8 . 6  i 1 2 . 5  

Poa c u s i i k i i  0  - -- 3 . 8  ? 3 . 4  

Stipa t h u r b e r i a n a  0  1 . 0  5 1 . 0  

Burning dec rea sed  t h e  ave rage  l e a f  
l e n g t h s  f o r  a l l  s p e c i e s  o f  g r a s s e s  
(Table  7 1 ) .  The g r e a t e r  y i e l d  of 
bluebunch whea tg ra s s  i n  t h e  burned 
community i s  a t t r i b u t e d  t o  e i t h e r  
more l e a v e s  o r  l e a v e s  w i t h  g r e a t e r  
d r y  we igh t s .  C u s i c k ' s  b l u e g r a s s  had 
s h o r t e r  l e a v e s  t h a n  e i t h e r  bluebunch 
whea tg ra s s  o r  T h u r b e r ' s  n e e d l e g r a s s .  
Burning dec rea sed  t h e  b a s a l  a r e a  o f  
C u s i c k ' s  b l u e g r a s s  and T h u r b e r ' s  
n e e d l e g r a s s ,  b u t  t h e  b a s a l  a r e a  of  
bluebunch whea tg ra s s  was n o t  a f f e c t e d  
by bu rn ing .  The ave rage  b a s a l  a r e a  
of T h u r b e r ' s  n e e d l e g r a s s  was l e s s  
t han  t h a t  of bluebunch whea tg ra s s  o r  
C u s i c k ' s  b l u e g r a s s .  

The d a t a  shown i n  Tab l e  72 i n d i -  
c a t e s  t h a t  t h e  number o f  f l o w e r i n g  
culms p e r  clump was reduced  a f t e r  
bu rn ing  f o r  C u s i c k ' s  b l u e g r a s s ;  how- 
e v e r ,  bluebunch whea tg ra s s  and Thur-  
b e r ' s  n e e d l e g r a s s  showed no e f f e c t s  
from bu rn ing .  Burning promoted e l o n -  
g a t i o n  of  f l o w e r i n g  culms i n  b l u e -  
bunch whea tg ra s s  b u t  reduced  t h e  
l e n g t h  of  culms i n  T h u r b e r ' s  n e e d l e -  
g r a s s .  The culm l e n g t h  of C u s i c k ' s  
b l u e g r a s s  was no t  a f f e c t e d  by bu rn ing .  
Burning promoted l onge r  s p i k e  l e n g t h s  
i n  bluebunch whea tg ra s s  and s h o r t e r  
s p i k e s  f o r  C u s i c k ' s  b l u e g r a s s .  
Sp ikes  o f  T h u r b e r ' s  n e e d l e g r a s s  were 
n o t  a f f e c t e d  by bu rn ing .  

These d a t a  show t h a t  t h e  r e s p o n s e s  
of  p e r e n n i a l  bunchgrasses  t o  bu rn ing  
depend upon t h e  s p e c i e s  and t h e  p a r -  
t i c u l a r  pa r ame te r  measured.  I n  gen-  
e r a l ,  bluebunch whea tg ra s s  responded 
t o  bu rn ing  by i n c r e a s i n g  v e g e t a t i v e  
growth and by s u p e r i o r  r e p r o d u c t i v e  
per formance .  Burning was d e t r i m e n t a l  
t o  v e g e t a t i v e  and r e p r o d u c t i v e  p e r -  
formance of  C u s i c k l s  b l u e g r a s s  bu t  
had l i t t l e  e f f e c t  on T h u r b e r ' s  n e e d l e -  
g r a s s  o t h e r  t h a n  a  r e d u c t i o n  i n  b a s a l  
a r e a .  



TABLE 71. Leaf Length (cm) and Basa l  Area (cm2) 
of  Crowns o f  P e r e n n i a l  Gra s se s  on a  Burned and 
Unburned Community i n  1974.  

A v e r a g e  L e a f  L e n g t h  B a s a l  A r e a  
S p e c i e s  B u r n e d  U n b u r n e d  B u r n e d  U n b u r n e d  

A g r o p y r o n  s p i c a t u m  a 2 3 . 9  ? 0 . 3 b  3 1 . 1  ' 0 . 3  2 4 3 . 7  5 4 1 . 1  2 5 7 . 1  + 4 6 . 6  

P o a  c u s i c k i i  -- a 1 4 . 1 t 0 . 2  2 1 . 9 ' 0 . 2  a 2 1 . 9 + 2 3 . 3  3 8 1 . 7 ' 3 5 . 5  
Stipa t h u r b e r i a n a  a 1 4 . 3 ' 0 . 2  2 7 . 5  t 0 . 3  a 5 2 . 5  t 5 . 9  8 9 . 9  t 8 . 4  

a ~ i g n i f i c a n t l y  d i f f e r e n t  f r o m  u n b u r n e d  a t a  1 0 . 0 1 .  

b ~ e a n  2 s t a n d a r d  e r r o r  o f  t h e  m e a n .  

TABLE 72. Culm, Sp ike  Length (cm), and Number 
o f  Flowering Culms P e r  Clump o f  P e r e n n i a l  Grasses  
on a  Burned and Unburned Community During t h e  
S p r i n g  o f  1974.  

Kumber o f  Flowering 
Culm L e n g t h  S p l k e  l e n g t h  Culms p e r  Clump 

S p e c l e s  B u r n e d  Unburned B u r n e d  Unburned B u r n e d  U n b u r n e d  

A g r o p y r o n  S p l c a t u m  " 5 1 . 9  ? O . d b  4 3 . 4  i 1 . 0  " 8 . 1  ? 0 . 1  b . 5  r 0 . 2  3 1 . 1  i 7 . 1  1 9 . 1  2 5 . 2  

Poa c u s i c k i i  -- 4 6 . 0 . 0 . 8  4 6 . 9 . 0 . 6  a 5 . 7 ! 0 . 1  b . 4 t 0 . 1  a 4 . 3 + 0 . 9  9 . 5 . 2 . 0  

t h u r b e r i a n a  " 3 7 . 9  2 0 . 5  4 4 . 7  t 0 . 5  9 . 9  ! 0 . 1  9 . 9  t 0 . 2  1 3 . 6  2 1 . 1  1 5 . 4  t 1 . 6  

a ~ i g n i f i c a n t l y  different f r o m  u n b u r n e d  a t  a i 0 . 0 1 .  

' ~ e a n  + s t a n d a r d  e r r o r  o f  t h e  mean.  

Burning was expec t ed  t o  have l e s s  
of  a  d e l e t e r i o u s  impact  on t h e  pe ren -  
n i a l  g r a s s e s  t h a n  c a t t l e  g r a z i n g .  
T h i s  was because  bu rn ing  occu r r ed  i n  
l a t e  summer when t h e  p l a n t s  were d r y  
and mature  w h i l e  g r a z i n g  occu r r ed  d u r -  
i n g  t h e  growing s e a s o n .  The e f f e c t  
of  bu rn ing  on C u s i c k ' s  b l u e g r a s s  and 
T h u r b e r ' s  n e e d l e g r a s s  was s i m i l a r  t o  
s p r i n g  g r a z i n g  by c a t t l e .  However, 
t h e  growth of  b luebunch  whea tg ra s s  
was enhanced by b u r n i n g  and nega-  
t i v e l y  a f f e c t e d  by g r a z i n g .  

Daily Forage Consumption and Nutrient 
Intake by Steers 

D. W. Uresk and J. F. Cline 

The we igh t  g a i n s  of range  c a t t l e  
depend l a r g e l y  on t h e  q u a l i t y  and 
q u a n t i t y  of t h e  a v a i l a b l e  f o r a g e  
p l a n t s .  T h i s  pape r  r e p o r t s  on t h e  
amount and q u a l i t y  of  f o r a g e  e a t e n  by 
c a t t l e  a s  de t e rmined  t h rough  d i e t  
a n a l y s i s  and f o r a g e  i n t a k e  t e c h n i q u e s .  

consumption of  Poa c u s i c k i i  was 
h i g h e s t  d u r i n g  t h e f i r s t  2 weeks of 
g r a z i n g ,  f o l l owed  i n  d e c r e a s i n g  abun- 
dance by Cre i s  a t r a b a r b a ,  S t i p a  t h u r -  
b e r i a n a ,  &ropyron sp i ca tum 
-7). A s  t h e  s p r i n g  growing s e a -  
son  p r o g r e s s e d ,  &. sp i ca tum was con-  
sumed i n  t h e  l a r g e r  q u a n t i t i e s .  

AGROPYRON SPICATUM - - I 
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FIG. 77. Changing P a t t e r n  of  C a t t l e  
Consumption of Four Impor t an t  Fo r -  
age  S p e c i e s  i n  a  Shrub-Steppe  Commu- 
n i t y  During t h e  S p r i n g  Growing Season .  

Gra s se s  made up t h e  major  p o r t i o n  of  
t h e  t o t a l  d i e t ,  r a n g i n g  from 16  l b /  
head/day e a r l y  i n  t h e  s e a s o n  t o  
19 lb /head/day  a t  t h e  end of t h e  
g r a z i n g  s e a s o n .  The h i g h e r  i n t a k e  o f  
g r a s s e s  a t  t h e  end o f  t h e  s ea son  i s  
expec t ed  because  A .  s p i ca tum i s  t h e  
major  f o r a g e  s p e c i e s  r ema in ing  a t  t h e  
end of t h e  s e a s o n ,  p a r t l y  because  i t  
i s  n o t  a s  p a l a t a b l e  a s  o t h e r  s p e c i e s  
and p a r t l y  because  o f  i t s  l a t e r  matu- 
r a t i o n .  Forbs  were consumed i n  
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FIG. 78 .  D a i l y  I n t a k e  o f  F a t ,  P r o -  
t e i n  a n d  F i b e r  b y  G r a z i n g  S t e e r s  
i n  a  S h r u b - S t e p p e  P l a n t  Community 
D u r i n g  t h e  S p r i n g  G r a z i n g  S e a s o n .  
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FIG. 79.  I n t a k e  o f  C a l c i u m  and  Phos -  
p h o r u s  by  G r a z i n g  S t e e r s  i n  a  S h r u b -  
S t e p p e  P l a n t  Community D u r i n g  t h e  
S p r i n g  G r a z i n g  S e a s o n .  

h i g h e r  q u a n t i t i e s  e a r l y  i n  t h e  g r a z -  
i n g  p e r i o d  b u t  d e c r e a s e d  a s  t h e  s e a -  
s o n  p r o g r e s s e d .  C r e  i s  a t r a b a r b a  was 
t h e  f o r b  mos t  sel&by g r a z i n g  
s t e e r s .  

D a i l y  i n t a k e  o f  p r o t e i n  was a p -  
p r o x i m a t e l y  3 . 5  l b / h e a d / d a y  e a r l y  i n  

II t h e  g r a z i n g  s e a s o n  a n d  t h i s  d e c r e a s e d  
t o  o n l y  2 .0  l b / h e a d / d a y  l a t e  i n  t h e  
g r a z i n g  s e a s o n  ( F i g .  7 8 ) .  Crude  f a t  
c o n t e n t  of f o r a g e  g e n e r a l l y  r e m a i n e d  
u n i f o r m  t h r o u g h o u t  t h e  g r a z i n g  p e r i o d ,  
b u t  c r u d e  f i b e r  c o n t e n t  i n c r e a s e d  

L . f rom a b o u t  4 .5  l b / h e a d / d a y  t o  a b o u t  
7  l b .  

P h o s p h o r u s  i n t a k e  r e m a i n e d  s t e a d y  
t h r o u g h o u t  t h e  g r a z i n g  s e a s o n  
( F i g .  7 9 )  ; however ,  c a l c i u m  d e c r e a s e d  
f rom 0.4 l b / h e a d / d a y  t o  a p p r o x i m a t e l y  
0 . 2  l b / h e a d / d a y .  

G e n e r a l l y ,  t h e  m i n e r a l  c o n t e n t  o f  
t h e  f o r a g e  i s  a d e q u a t e  i n  t e r m s  o f  
c r u d e  p r o t e i n  and  c a l c i u m .  However,  
i t  a p p e a r s  t h a t  p h o s p h o r u s  may be  low 
Low p h o s p h o r u s  l e v e l s  a r e  common o n  
a r i d  r a n g e l a n d s .  S u p p l e m e n t i n g  o f  
t h i s  m i n e r a l  may b e  e s s e n t i a l  t o  o b -  
t a i n  more e f f i c i e n t  l i v e s t o c k  p r o d u c -  
t i o n  on s a g e b r u s h / b l u e b u n c h  w h e a t -  
g r a s s  p a s t u r e s  i n  t h e  s t e p p e  r e g i o n  
o f  s o u t h - c e n t r a l  Wash ing ton .  

Seasonal Dynamics of Nitrogen and 
Phosphorus in Bluebunch Wheatgrass 
Tissues 

D. W. Uresk, W .  H. Rickard, and 
J. F. Cline; V. D. Charles, 
C. A. Lee, L. E. Rendall, 
L. F. Nelson and M. A. Combs 

Sampl ing  was c o n d u c t e d  by  hand 
c l i p p i n g  a t  a p p r o x i m a t e l y  3-week i n -  
t e r v a l s  d u r i n g  t h e  g rowing  s e a s o n ,  
and  once  d u r i n g  t h e  p r e -  and  p o s t -  
g rowing  s e a s o n s  o f  1 9 7 1 ,  1 9 7 2 ,  and  
1973 .  B luebunch  w h e a t g r a s s  c lumps  
were  c l i p p e d  a t  g round  l e v e l  and  s e p a -  
r a t e d  a s  t o  l i v e ,  s t a n d i n g  d e a d ,  s e e d  
h e a d s  ( i n f l o r e s c e n c e s ) ,  c r o w n ,  and  
l i t t e r  componen t s .  F i g .  8 0  summa- 
r i z e s  t h e  d y n a m i c s  o f  n i t r o g e n .  The 
amount o f  n i t r o g e n  i n  l i v e  t i s s u e s  a t  
t h e  b e g i n n i n g  o f  e a c h  g rowing  s e a s o n  
was v e r y  h i g h ,  r a n g i n g  f r o m  2 . 7 %  t o  
4 . 4 % .  As t h e  s e a s o n  p r o g r e s s e s ,  
t h e r e  was a  s h a r p  d e c l i n e  i n  t h e  n i -  
t r o g e n  c o n t e n t  o f  t i s s u e s .  N i t r o g e n  
i n  d e a d  t i s s u e s  r e m a i n e d  s t a t i c  d u r -  
i n g  t h e  3  y r ,  r a n g i n g  f r o m  0 . 5 %  t o  
0 . 7 % .  The c rowns  showed more v a r i -  
a b i l i t y  i n  n i t r o g e n  c o n t e n t ,  w h i c h  
r a n g e d  f r o m  a p p r o x i m a t e l y  0 . 7 %  t o  1.1% 
d u r i n g  e a c h  g r o w i n g  s e a s o n .  Seed  
h e a d s  were  h i g h e r  i n  n i t r o g e n  t h a n  
c rowns  o r  d e a d  t i s s u e s  and  r a n g e d  b e -  
tween  1 . 5 5 %  t o  1 . 7 5 % .  The same g e n -  
e r a l  t r e n d s  a p p e a r  t o  b e  c o n s i s t e n t  
f o r  l i v e ,  d e a d ,  and crown t i s s u e s  f o r  
e a c h  y e a r .  T h e r e  i s  a  d e f i n i t e  t r e n d  
f o r  l i v e  t i s s u e s  t o  d e c r e a s e  i n  n i t r o -  
gen  c o n t e n t  w i t h  t h e  s e a s o n  and t h e n  
r e m a i n  s t a t i c  i n  s e n e s c e n t  t i s s u e s .  

F i g .  8 1  r e p r e s e n t s  t h e  s e a s o n a l  
dynamics  o f  p h o s p h o r u s .  The same p a t -  
t e r n  i s  o b s e r v e d  i n  p h o s p h o r u s  a s  
f o u n d  w i t h  n i t r o g e n .  P h o s p h o r u s  c o n -  
t e n t  i s  h i g h e s t  d u r i n g  t h e  e a r l y  
p h a s e s  o f  g r o w t h  and d e c r e a s e s  a s  t h e  
g r o w i n g  s e a s o n  p r o g r e s s e s .  Phospho-  
r o u s  c o n t e n t  i n  l i v e  t i s s u e s  r a n g e d  
f rom 0 . 4 5 %  t o  a  low o f  0 . 1 0 % .  S t a n d -  
i n g  d e a d  t i s s u e s  r e m a i n  s t a t i c  
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FIG. 8 0 .  S e a s o n a l  a n d  Annual  T r e n d s  
o f  N i t r o g e n  ( % )  f o r  L i v e ,  Dead Seed 
Heads and  Crown T i s s u e s  D u r i n g  1971-  
1 9 7 3 .  
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FIG. 81.  S e a s o n a l  a n d  Annual  T r e n d s  
o f  P h o s p h o r u s  ( % )  f o r  L i v e ,  Dead 
Seed  Heads  and Crown T i s s u e s  D u r i n g  
1971-1973 .  

t h r o u g h  t h e  s e a s o n  i n  p h o s p h o r u s  c o n -  
t e n t  a t  a p p r o x i m a t e l y  0 . 1 0 % .  Phospho-  
r u s  i n  crown t i s s u e s  a r e  t h e  l o w e s t  
o f  a l l  t i s s u e s .  I t  r e m a i n s  a p p r o x i -  
m a t e l y  t h e  same t h r o u g h o u t  t h e  s e a -  
s o n s ,  y e a r  a f t e r  y e a r .  However,  d u r -  
i n g  l a t e  f a l l  t h e r e  a p p e a r s  t o  b e  a  
s l i g h t  i n c r e a s e  i n  p h o s p h o r u s  c o n t e n t  
o f  t h e  c rowns .  Seed  h e a d s  ( i n f l u o r e s -  
c e n c e s )  h a v e  a  h i g h  p h o s p h o r u s  c o n -  
t e n t  d u r i n g  t h e  e a r l y  s t a g e s  o f  d e v e l -  
opment ,  b u t  d e c r e a s e  r a p i d l y  a s  t h e y  
m a t u r e .  

A b a s e l i n e  s t u d y  o f  n u t r i e n t  c y -  
c l i n g  i s  i m p o r t a n t  i n  u n d e r s t a n d i n g  
n u t r i e n t  u p t a k e  by p l a n t s ,  r e g u l a t i o n  
o f  g r o w t h ,  and  t r a n s f e r s  t o  h i g h e r  
t r o p h i c  l e v e l s .  

Forage Consumption Rates and Weight Gains 
of Steers During Spring Grazing 

D. W. Uresk and J. F. Cline 

The w a t e r - i n t a k e  method p r o v i d e s  
a n  e a s y  and i n e x p e n s i v e  way o f  e s t i -  
m a t i n g  f o r a g e  i n t a k e  o f  c a t t l e .  T h i s  
method g i v e s  a  more r e l i a b l e  e s t i m a t e  
o f  f o r a g e  i n t a k e  o f  l i v e s t o c k  t h a n  by 
u s i n g  w e i g h t - d i f f e r e n c e  c o m p a r i s o n s  
b e t w e e n  g r a z e d  and  u n g r a z e d  p a s t u r e s .  

The method r e q u i r e s  a  measurement  
o f  mean a i r  t e m p e r a t u r e ,  m o i s t u r e  c o n -  
t e n t  o f  t h e  f o r a g e  e a t e n ,  and  t h e  
amount o f  w a t e r  consumed.  E q u a t i o n s  
were  d e v e l o p e d  f r o m  l i t e r a t u r e  v a l u e s  
t o  g i v e  w a t e r  i n t a k e  r a t e s  i n  g a l l o n s  
o f  w a t e r  d r a n k  p e r  l b  o f  d r y  m a t t e r  
consumed a t  v a r i o u s  a i r  t e m p e r a t u r e s .  
T h e s e  measurements  a r e  n o n r e s t r i c t i v e .  
D r i n k i n g  w a t e r  was measured  by m e t e r -  
i n g  t h e  amount o f  w a t e r  d e l i v e r e d  t o  
a  w a t e r i n g  t r o u g h  and e v a p o r a t i o n  
l o s s  was measured  f r o m  a  t r o u g h  e x -  
c l u d e d  f rom c a t t l e .  A i r  t e m p e r a t u r e  
was d e t e r m i n e d  by a v e r a g i n g  maximum 
and minimum a i r  t e m p e r a t u r e s  a n d  m o i s -  
t u r e  c o n t e n t  o f  t h e  f o r a g e  was e s t i -  
mated f r o m  h a n d - u l u c k e d  s a m p l e s  o f  
h e r b a g e  c o l l e c t e d  by s p e c i e s  w h i l e  
o b s e r v i n g  t h e  c a t t l e  g r a z i n g .  

The f o r a g e  i n t a k e  d u r i n g  1974 
r a n g e d  b e t w e e n  22 and  24 l b  o f  d r y  
f o r a g e  p e r  d a y  d e p e n d i n g  uuon t h e  s e a -  
s o n  ( T a b l e  7 3 ) .  F i v e  s t e e r s  consumed 
a  t o t a l  o f  6 , 4 4 6  l b  o f  f o r a g e  d u r i n g  
a  5 7 - d a y  g r a z i n g  p e r i o d .  The s t e e r s  
a v e r a g e d  509 l b  e a c h  when i n t r o d u c e d  
on  t h e  p a s t u r e  and we ighed  595 l b  
e a c h  when removed.  

D u r i n g  1 9 7 5 ,  f o r a g e  c o n s u m p t i o n  
r a n g e d  be tween  1 9  a n d  24 I b / h e a d / d a y .  
The c o n s u m p t i o n  r a t e s  v a r i e d  t h r o u g h -  
o u t  t h e  g r a z i n g  s e a s o n  w i t h  a  h i g h  o f  
24 l b  consumed p e r  d a y  a t  t h e  end o f  
t h e  s e a s o n .  F i v e  s t e e r s  w e r e  i n t r o -  
duced  on  A p r i l  8 a n d  removed o n  
J u n e  9  f o r  a  t o t a l  o f  62 g r a z i n g  d a y s  
and  consumed a b o u t  6 , 4 6 7  l b  o f  d r y  
f o r a g e .  The s t e e r s  weighed a p p r o x i -  
m a t e l y  518 l b  e a c h  when i n t r o d u c e d  o n  
t h e  p a s t u r e s  and g a i n e d  1 . 9 4  l b / d a y .  
The a v e r a g e  d r y - m a t t e r  c o n v e r s i o n  
r a t e  t o  o b t a i n  1 l b  o f  a n i m a l  g a i n  
was e s t i m a t e d  t o  b e  1 5 : l  and  1 0 . 8 : l  
d u r i n g  1974 and  1 9 7 5 ,  r e s p e c t i v e l y .  
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TABLE 73. Amount of  Oven-dry Forage Ea t en  by Y e a r l i n g  
S t e e r s  on a  Sh rub - s t eppe  Rangeland a s  Es t ima ted  by t h e  
W a t e r - i n t a k e  Method During 1974 and 1975.  

M o i s t u r e  A v e r a g e  Dry M a t t e r  D a i l y  F o r a g e  
G r a z i n g  C o n t e n t  of  A v e r a g e  D a l l y  Water I n t a k e I G a l .  o f  Dry \ l a t t e r  G r a z e d / A c r e /  

P e r i o d  No. F o r a g e  4 i r T e m p .  Drunk Water  Drunk I n t a k e  Head 
From To Days ( $ 1  ("F) ( g a l )  ( I b l  ( l b / h d / d a y l  ( l b / A / h d )  

1 9 7 4  - 

Average d a i l y  f o r a g e  removed by an  
i n d i v i d u a l  s t e e r  ranged  from 0.80-  
1 .09  l b / a c r e  d u r i n g  t h e  2 -y r  s t u d y .  
T h i s  v a r i a b i l i t y  may depend upon a b i o -  
t i c  f a c t o r s ,  a v a i l a b i l i t y  o f  f o r a g e  
i n  a d d i t i o n  t o  p a l a t a b i l i t y  and n u t r i -  
t i o n a l  c o n t e n t  of  t h e  f o r a g e  s p e c i e s .  

Average d a i l y  i n t a k e  o f  wa te r  
ranged  from a  low o f  2 .9  g a l l o n s  t o  
a  h i g h  o f  7 . 5  g a l l o n s .  Water con -  
sumption i s  dependent  upon a i r  tem- 
p e r a t u r e s ,  m o i s t u r e  c o n t e n t  i n  t h e  
f o r a g e ,  and s i z e  of  a n i m a l .  Consump- 
t i o n  o f  w a t e r  g e n e r a l l y  i n c r e a s e d  a s  
t h e  g r a z i n g  s ea son  p r o g r e s s e d  d u r i n g  
bo th  y e a r s .  

Dimension Measurements and Phytomass 
of Sagebrush 

W. D. Uresk, R. 0. Gilbert and 
W. H. Rickard . .! 

Hand c l i p p i n g  t o  o b t a i n  e s t i m a t e s  
of  v a r i o u s  t i s s u e  c a t e g o r i e s  f o r  
woody p e r e n n i a l s  such  a s  s ageb rush  
(Ar t emi s i a  t r i d e n t a t a )  i s  v e r y  t ime -  
consuming and expens ive .  To o b t a i n  
d a t a  from a  l a r g e r  p o p u l a t i o n  sample ,  
a  doub le  sampl ing  p rocedu re  is  r e -  
q u i r e d .  However, t h e  nonc l ipped  
measurement must be r e l i a b l y  i s o l a t e d  
and measured s i m u l t a n e o u s l y  w i t h  c l i p -  
p i n g  t o  o b t a i n  more p r e c i s e  e s t i m a t e s  
of  phytomass.  

I n  November 1974,  20 s ageb rush  
s h r u b s  were s e l e c t e d  a t  random w i t h i n  
a  9  ha s t u d y  a r e a .  For  each  sh rub  
t h e  f o l l o w i n g  l i n e a r  d imens ions  were 
measured:  1 )  l a r g e s t  d i a m e t e r  o f  t h e  
canopy,  2) l a r g e s t  d i a m e t e r  of  t h e  
canopy measured a t  r i g h t  a n g l e  t o  t h e  
above d imens ion ,  and 3 )  maximum 
h e i g h t .  The i n d i v i d u a l  s h r u b s  were 
t hen  h a r v e s t e d  a t  ground l e v e l  and 

hand s e p a r a t e d  i n t o  t h e  f o l l o w i n g  
c a t e g o r i e s :  l e a v e s ,  l i v e  wood, f l o w -  
e r s  p l u s  s e e d s ,  dead wood, dead 
l e a v e s ,  and m i s c e l l a n e o u s  p a r t s .  A l l  
c a t e g o r i e s  were oven d r i e d  a t  6S°C 
and weighed.  

The sampl ing  p rocedu re  i nvo lved  
double  sampl ing  i n  c o n j u n c t i o n  w i t h  
r e g r e s s i o n  e s t i m a t i o n .  Two a t t r i -  
b u t e s  f o r  e s t i m a t i n g  t h e  c a t e g o r i e s  
were c o n s i d e r e d :  1 )  c l i p p i n g  and 
s e p a r a t i n g  t h e  c a t e g o r i e s ,  and 2) e s -  
t i m a t i n g  t h e s e  c a t e g o r i e s  by h e i g h t ,  
l e n g t h ,  w i d t h ,  o r  volume d imens ions .  
Double sampl ing  reduced  t h e  v a r i -  
ances  from 33% t o  88% f o r  t h e  v a r i o u s  
c a t e g o r i e s .  

Dimension d a t a  c o l l e c t e d  on l i v e  
and dead s h r u b s  (Table  74) show t h a t  
dead s h r u b s  a r e  s m a l l e r ,  on t h e  a v e r -  
age ,  f o r  l e n g t h ,  w i d t h ,  h e i g h t ,  and 
volume. Th i s  l andscape  was c h a r a c -  
t e r i z e d  by having  a  t o t a l  o f  2,342 
sh rubs /ha  of  which 1 ,577  and 765 a r e  
l i v e  and dead ,  r e s p e c t i v e l y .  L inea r  
r e g r e s s i o n  e s t i m a t e s  f o r  phytomass 
were h i g h l y  l i n e a r l y  c o r r e l a t e d  w i t h  
volume and l e n g t h  (Table 7 5 ) .  I n  e s -  
t i m a t i n g  phytomass,  t h e  v a r i a b l e  v o l -  
ume (V)  i n  t h e  e q u a t i o n s  a p p l i e d  t o  
a l l  c a t e g o r i e s ,  e x c e p t  f o r  f l o w e r s  
p l u s  s e e d s ,  and m i s c e l l a n e o u s  when 
t h e  independent  v a r i a b l e  l e n g t h  was 
u sed .  The R 2 - v a l u e s  ranged  from a  
low o f  0.52 f o r  i n f l o r e s c e n c e s  t o  a  
h i g h  o f  0 .86 f o r  t o t a l  phytomass.  
The e q u a t i o n s  p r e s e n t e d  may be used  
t o  e s t i m a t e  phytomass o f  s h o r t -  
s t a t u r e d  s h r u b s .  Dimension measure-  
ments a r e  r e a d i l y  o b t a i n e d  w i t h  v e r y  
l i t t l e  t r a i n i n g .  No d i r e c t  v i s u a l  
e s t i m a t i o n  i s  r e q u i r e d  and t h e s e  mea- 
surements  g i v e  r e a s o n a b l v  good e s t i -  
mates  of  phytomass.  



The r e s u l t s  
a r e  p r e s e n t e d  
d a t a  a r e  c a l c u  
b a s i s  and t h e n  
Live wood make 
o f  t h e  t o t a l  p  

of  phytomass sampl ing  Dead wood accounted  f o r  11% of  t h e  
i n  Table  7 6 .  These phytomass,  w h i l e  l e a v e s  and f l o r a l  
l a t e d  on a  p e r - s h r u b  p a r t s  made up 1 4  and 8 %  o f  t h e  t o t a l ,  

c o r r e c t e d  t o  g/m2. r e s p e c t i v e l y .  T o t a l  yhytomass was 
s  up app rox ima te ly  6 2 %  440 g / sh rub  o r  6 9  g/m . 
hytomass o f  s ageb rush .  

TABLE 7 4 .  Dimension Measurements (cm) o f  Live and 
Dead Sagebrush  on t h e  A r i d  Lands Ecology Reserve .  

Dead (n - 275) Live (n - 568) 
- - 

Dimension X ? SE Range C V ~  X ? S E  Ranae - CV 

Length 53 ? 1 10 - 128 37 71 i 1 14 - 199 41 

Width 35 ? 1 10 - 88 4 2 48 + 1 10 - 131 4 5 

Height 36 * 1 12 - 73 31 49 + 1 12 - 117 4 1 

~olumeib 86248 + 5796 2310 - 739200 111 238848 _c 12817 2880 - 2190384 128 

a~oefficient of variation 

b~olume (cm') = length x width x height 

TABLE 7 5 .  Regres s ion  Equa t ions  f o r  E s t i m a t i n g  Phyto-  
mass by I n d i v i d u a l  Shrubs o f  Sagebrush  w i t h  Volume (V) 
Measurements (Length x  Width x  He igh t )  and Length (L) .  

Dependent Variable Equation - R 2 

Leaves Y = 

Live wood Y = 

Leaves + live wood Y = 

Flowers + seeds Y = 

Dead wood Y = 

Live wood + dead wood Y = 

(Flowers + seeds) + leaves Y = 

Miscellaneous Y = 

Total phytomass Y = 



TABLE 7,6. Average  Phytomass  o f  V a r i o u s  C a t e g o r i e s  
f o r  S a g e b r u s h  a s  E s t i m a t e d  by Double  Sampl ing  g / s h r u b  
and g / m 2 .  

a  
Dependent  V a r i a b l e  - n  n t b  g / s h r u b  ? SE g/m2 i SE 

Leaves 

L ive  wood 

Leaves  and  l i v e  wood 

F l o w e r s  and  s e e d s  

Dead wood 

M i s c e l l a n e o u s  

L ive  wood and dead wood 

F l o w e r s ,  s e e d s ,  l e a v e s  

T o t a l  phy tomass  

an = c l i p p e d  s h r u b s  + d i m e n s i o n  measuremen t s  

bn '  = d i m e n s i o n  measuremen t s  o n l y  

Effect of First Year Recolonization 
of Plowed Ground by Plants of Cheatgrass 
Communities 

W.  H. Rickard and J. F. Cline 

Two c h e a t g r a s s  d o m i n a t e d  communi- 
t i e s  o c c u p y i n g  abandoned a g r i c u l t u r a l  
f i e l d s  and u n d i s t u r b e d  f o r  a t  l e a s t  
30 y r  were  s u b j e c t e d  t o  f a l l  p lowing  
i n  1974 .  The p u r p o s e  was t o  p r o v i d e  
a  f r e s h l y  plowed s u b s t r a t e  t o  r e c o r d  
t h e  p r o g r e s s  o f  n a t u r a l  i n v a s i o n  by 
p l a n t  s p e c i e s .  A t  t h e  e n d  o f  t h e  
s p r i n g  g rowing  s e a s o n  i n  1 9 7 5 ,  e s t i -  
ma tes  of ground c o v e r  p r o v i d e d  by 
p l a n t  s p e c i e s  on t h e  plowed p l o t  were 
compared w i t h  a d j  a c e n t  unplowed a r e a s .  
The r e s u l t s  a r e  summarized i n  
T a b l e  7  7. Bromus t e c t o r u m  p r o v i d e d  
mos t  o f  t h e  g r o u n d  c o v e r  on unplowed 
ground and S i s  mbrium a l t i s s i m u m  p r o -  
v i d e d  most o  T3i-- t e  c o v e r  on t h e  
f r e s h l y  plowed ground .  A p p a r e n t l y ,  
f a l l  p lowing  was d e t r i m e n t a l  t o  
B .  t e c t o r u m  and  s u g g e s t s  t h a t  s e e d s  - 
were d e s t r o y e d  by p lowing  o r  p l a c e d  
t o o  d e e p l y  i n  t h e  s o i l  f o r  s u c c e s s -  
f u l  s e e d l i n g  e s t a b l i s h m e n t .  On t h e  
o t h e r  h a n d ,  p lowing  f a v o r e d  t h e  
growth o f  - S. a l t i s s i m u m .  

prompt and t h e  p l a n t s  p r o v i d e d  enough 
v e g e t a t i o n a l  c o v e r  t o  r e s i s t  s o i l  
e r o s i o n .  

Patterns of Variability of Sagebrush 
Water Relations Across a Landscape 

W.  T. Hinds and Betty Klepper 

Every  a s p e c t  o f  e c o s y s t e m  s t r u c -  
t u r e  o r  f u n c t i o n  d i f f e r s  from p l a c e  
t o  p l a c e  a c r o s s  a  l a n d s c a p e .  T h i s  
v a r i a t i o n  c a n  r a n g e  from r e l a t i v e l y  
i n c o n s e q u e n t i a l  t o  d i f f e r e n c e s  s u f  f i  - 
c i e n t  t o  c a l l  i n t o  q u e s t i o n  any com- 
b i n a t i o n  o f  two s i t e s .  The o b s e r v a -  
t i o n s  d e s c r i b e d  h e r e  were  d e s i g n e d  t o  
measure  one a s p e c t  o f  v a r i a t i o n  b e -  
tween p o i n t s  i n  a  l a n d s c a p e  namely 
t h e  v a r i a n c e  o f  w a t e r  p o t e n t i a l  o f  
s a g e b r u s h  l e a v e s .  The method used  
was t o  e s t i m a t e  t h e  v a r i a b i l i t y  o f  
l e a f  w a t e r  p o t e n t i a l  a t  a  r e p r o d u c -  
i b l e  p o i n t  ( t h e  C o n t r o l  s i t e )  and t e n  
o t h e r  s i t e s  s y s t e m a t i c a l l y  s e l e c t e d  
a t  a b o u t  200 m i n t e r v a l s  from t h e  c o n -  
t r o l  s i t e  i n  t h r e e  d i r e c t i o n s .  The 
scheme t h u s  embraced more t h a n  50 ha 
of h a b i t a t  o f  u n i f o r m  e x t e r n a l  
appe a r  ance  . 

Water v o t e n t i a l s  were  measured  
The i n v a s i o n  o f  plowed g r o u n d  by  u s i n g  a  p r e s s u r e  chamber t e c h n i q u e  on 

p l a n t  s p e c i e s  r e p r e s e n t e d  i n  t h e  s e v e r a l  d a y s  be tween  May 1 6  and 27 ,  
s u r r o u n d i n g  unplowed ground was d u r i n g  b o t h  l a t e  morn ing  and e a r l y  



a f t e r n o o n  h o u r s .  The r e s u l t s  a r e  d i s -  homogene i ty  among t h e  s a m p l e s .  I t  
p l a y e d  i n  T a b l e  78. A d i r e c t  t e s t  seems r e a s o n a b l e  t o  s u p p o s e  t h i s  u n i -  
f o r  homogene i ty  among a  number o f  f o r m i t y  o f  v a r i a n c e  e x t e n d s  t o  o t h e r  
v a r i a n c e s  i s  H a r t l e y '  s Fmax, t h e  a s p e c t s  of e c o s y s t e m  f u n c t i o n  a s  w e l l .  
r a t i o  o f  t h e  l a r g e s t  v a r i a n c e  i n  t h e  
g r o u p  t o  t h e  s m a l l e s t  (Winer ,  1 9 6 2 ,  R e f e r e n c e s  C i t e d  
p .  9 3 ) .  Accord ing  t o  t h i s  t e s t ,  o n l y  
one g r o u p  p o s s e s s e d  v a r i a n c e s  p r o b -  Winer ,  B .  J.  1962.  S t a t i s t i c a l  
a b l y  n o t  i n  t h e  same p o p u l a t i o n ,  and  P r i n c i p l e s  i n  E x p e r i m e n t a l  D e s i g n .  
o v e r a l l ,  none c o u l d b e c o n s i d e r e d d i f -  M c G r a w H i l l B o o k C o . ,  NewYork .  
f e r e n t ,  i n d i c a t i n g  v e r y  l i t t l e  i n -  672 p .  

TABLE 77. P e r c e n t  o f  Ground Covered by I m p o r t a n t  P l a n t  
Taxa i n  Two D i f f e r e n t  C h e a t g r a s s  Communities on  Plowed 
and  Unplowed P l o t s  a t  t h e  End of t h e  1975 Growing 
S e a s o n .  

Plowed Ground Unplowed Ground 

T a x a  LS a - - usb - LS - US 

Bromus t e c t o r u m  8  2  7  9  6  83 

S i symbr ium a l t i s s i m u m  73 4  5  1 4  0  

Ams i n c k i a  s p .  7  0  2  0  

M i c r o s e r i s  l a n c i n i a t a  0  < 1 0  1 

Tragopogon  dub ium 0  3  0  26 

L u p i n u s  s u l f u r e u s  0  <1 0  1 

a~~ = Lower S n i v e l y  f i e l d ;  e l e v a t i o n  1000 f e e t .  

= Upper  S n i v e l y  f i e l d ;  e l e v a t i o n  1700 f e e t .  

TABLE 78. S t a t i s t i c a l  V a r i a n c e  A s s o c i a t e d  w i t h  Water  
P o t e n t i a l  Measurements .  

H a r t l e y ' s  

S a m p l i n g  P e r i o d  C o n t r o l  V a r i a n c e  T e s t  V a r i a n c e s  Fmax 

1 142 201,173 1 . 4 2  ( p  > 0.05)  

2 1 8 8  136 ,794  5 .84  ( p  > 0 . 0 5 )  

3  36 7  479,384 1 . 3 0  ( p  > 0 . 0 5 )  

4  318 6 6 7 , 3 5 2  2 .10  ( p  > 0 .05 )  

5  9 4 3  530 ,667  1 . 7 8  (p > 0 .05 )  

O v e r a l l  6 . 9 3  ( p  > 0 .05 )  



TERRESTRIAL ANIMAL ECOLOGY 

The Animal Ecology p r o j e c t  i s  a n  i n t e g r a l  p a r t  o f  t h e  t e r -  

r e s t r i a l  e c o l o g y  p rogram.  For  c o n v e n i e n c e ,  i t  i s  r e p o r t e d  

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

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

n o m i c a l l y  and  e c o l o g i c a l l y  and t o  e s t i m a t e  d e n s i t y  and b iomass  

o f  i m p o r t a n t  mammal, b i r d ,  h e r p e t o f a u n a ,  and  i n v e r t e b r a t e  popu-  

l a t i o n s .  E x t e n s i v e  s t u d i e s  o f  s m a l l  mammal p o p u l a t i o n s  c o n -  

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

p u b l i c a t i o n .  Methodology and t e c h n i q u e s  d e v e l o p e d  i n  t h e  a n i -  

mal e c o l o g y  p rogram a r e  e x p e c t e d  t o  b e  v i t a l  t o  s t u d i e s  t o  be  

i n i t i a t e d  u n d e r  a  newly funded  189 e n t i t l e d  R a d i o e c o l o g y  o f  

Waste Management Zones .  These  k i n d s  o f  s u p p o r t i v e  s t u d i e s  

w i l l  be  needed  t o  d e t e r m i n e  d i e t a r y  h a b i t s  o f  i m p o r t a n t  a n i m a l s  

i n h a b i t i n g  w a s t e  management z o n e s ,  c o n s t r u c t i o n  o f  r e a l i s t i c  

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

Insects: Weight versus Length 
Relationship 

L.E. Rogers, W. T. Hinds and 
R. L. Buschborn 

I n s e c t  b iomass  d a t a  f o r  an e c o -  
s y s t e m  o r , c o m m u n i t y  a r e  d i f f i c u l t  t o  
o b t a i n  and a r e  u s u a l l y  r e q u i r e d  t o  
a s s e s s  t h e  r o l e  o f  i n v e r t e b r a t e s  i n  
e c o s y s t e m  f u n c t i o n i n g .  D i r e c t  w e i g h -  
i n g  r e q u i r e s  s u b s t a n t i a l  t i m e  and  e x -  
p e n s e  and  a l s o  r e s u l t s  i n  d e s t r u c t i o n  
o f  r a r e  o r  u n i q u e  s p e c i m e n s  t h a t  
s h o u l d  be  k e p t  f o r  r e f e r e n c e .  A non-  
d e s t r u c t i v e  method o f  e s t i m a t i n g  b i o -  
mass  c a n  b e  o b t a i n e d  from s t u d y i n g  
t h e  r e l a t i o n s h i p  be tween  body l e n g t h  
and w e i g h t .  T h i s  method h a s  a  l o n g  
h i s t o r y  and p r o v i d e s  good e s t i m a t e s  
o f  b iomass  w i t h i n  i n v e r t e b r a t e  f a m i -  
l i e s  o r  o t h e r  r e s t r i c t e d  t a x a .  The 
m e r i t s  o f  u s i n g  a  r e g r e s s i o n  model t o  
e s t i m a t e  b i o m a s s ,  r a t h e r  t h a n  d i r e c t  

w e i g h i n g s ,  a r e  d e b a t a b l e .  F o r  exam- 
p l e ,  w i t h i n  t h e  I n t e r n a t i o n a l  B i o l o g -  
i c a l  Program (IBP) handbooks on m e t h -  
o d o l o g y ,  one c a n  f i n d  b o t h  p o s i t i v e  
and n e g a t i v e  e v a l u a t i o n s  of r e g r e s -  
s i o n  e s t i m a t e s .  

N e a r l y  500 nymph and a d u l t  i n s e c t s  
f rom s e v e n  o r d e r s  were  measured  f o r  
l e n g t h ,  o v e n - d r i e d  a t  65OC, t h e n  
we ighed  on a  Cahn e l e c t r o b a l a n c e  w i t h  
a n  a c c u r a c y  o f  a b o u t  1 ug.  The r a n g e  
i n  l e n g t h  was f rom 0 . 5  t o  36 mm and 
t h e  w e i g h t s  r a n g e d  f rom 0 . 0 2  t o  
800 mg. These  d a t a  were  s u b j e c t e d  t o  
l i n e a r  r e g r e s s i o n  a n a l y s e s  f o l l o w i n g  
l o g a r i t h m i c  t r a n s f o r m a t i o n  o f  body 
w e i g h t s  and l e n g t h s  w i t h  t h e  r e s u l t -  
i n g  mode l :  



where  W i s  w e i g h t  i n  mg and  L  i s  
l e n g t h  i n  m m .  The s t a n d a r d  e r r o r  o f  
t h e  c o e f f i c i e n t  was 0 . 0 0 1 7 ,  t h e  s t a n -  
d a r d  e r r o r  o f  t h e  i n d e x  ( e x p o n e n t  i n  
l e n g t h )  was 0 . 0 3 0 ,  and  t h e  c o r r e l a -  
t i o n  was 0 . 9 7  ( r 2  = 0 . 9 4 ) .  The 9 5 %  
c o n f i d e n c e  i n t e r v a l  f o r  a  p r e d i c t e d  
i n d i v i d u a l  w e i g h t  g i v e n  a  l e n g t h  i s  
shown i n  F i g .  82.  

To p r o v i d e  i n d e p e n d e n t  s u b s t  a n t i a -  
t i o n  f o r  t h i s  a n a l y s i s ,  d a t a  f o r  i n -  
s e c t s  g a t h e r e d  i n  t h e  t r o p i c s  a n d  
from t h e  ALE R e s e r v e ,  b u t  n o t  i n -  
c l u d e d  i n  t h e  r e g r e s s i o n  a n a l y s i s ,  
were  p l o t t e d  a l o n g  w i t h  d a t a  f o r m i n g  
t h e  o r i g i n a l  r e g r e s s i o n .  These  i n d e -  
p e n d e n t  d a t a  f i t  w e l l ,  a s  shown i n  
F i g .  82.  C o n s e q u e n t l y ,  t h e  model  a p -  
p e a r s  t o  b e  a  good way t o  e s t i m a t e  
w e i g h t s  f o r  i n s e c t s .  T h i s  g e n e r a l -  
i z e d  model  c a n n o t  s u p p l a n t  r e s t r i c t e d  
models  w i t h i n  s p e c i f i c  t a x a  , which  
c a n  b e  c o n s i d e r a b l y  more a c c u r a t e .  
However,  many s t u d i e s  i n v o l v i n g  e s t  i- 
m a t e s  o f  e n e r g y  a n d  m i n e r a l  t r a n s f e r s  
t h r o u g h  a n  e c o s y s t e m  c a n  b e n e f i t  from 
t h i s  r e l a t i o n s h i p .  We know o f  n o  
o t h e r  l e n g t h / w e i g h t  r e l a t i o n s h i p  
which  i n c l u d e s  s u c h  a  v a r i e t y  o f  t a x a  
and  r a n g e  o f  l e n g t h s .  
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FIG. 82.  Double  Log P l o t  o f  I n s e c t  
Biomass (Dry) a g a i n s t  L e n g t h .  

= d a t a  f o r  t r o p i c a l  i n s e c t s  ( 4 )  
and  = d a t a  f o r  e a s t e r n  Washington 
i n s e c t s  n o t  i n c l u d e d  i n  r e g r e s s i o n  
c a l c u l a t i o n s .  The d a s h e d  l i n e  r e p r e -  
s e n t s  t h e  9 5 %  c o n f i d e n c e  i n t e r v a l .  

Patterns of Darkling Beetle Abundance 
L. E. Rogers, J. K. Sheldon' and 
N. Woodley 

D a r k l i n g  b e e t l e s  a r e  a b u n d a n t  
t h r o u g h o u t  s e m i - a r i d  r e g i o n s  o f  t h e  
w e s t e r n  U n i t e d  S t a t e s  b u t  l i t t l e  i s  
known c o n c e r n i n g  t h e i r  l i f e  h a b i t s  o r  
s e a s o n a l  p a t t e r n s  of  abundance .  

A p i t f a l l  t r a p p i n g  s u r v e y  h a s  b e e n  
c o n d u c t e d  on t h e  ALE R e s e r v e  d u r i n g  
t h e  p a s t  3  y r  t o  a s c e r t a i n  i f  t h e r e  
a r e  s e a s o n a l  o r  a n n u a l  p a t t e r n s  t o  
t h e i r  abundance .  S t u d y  s i t e s  were  s e -  
l e c t e d  i n  5  d i s t i n c t  p l a n t  communi- 
t i e s :  I )  Upper o l d  f i e l d .  L o c a t e d  
a t  533 m e l e v a t i o n  and  d o m i n a t e d  by 
c h e a t g r a s s ,  2 )  Lower o l d  f i e l d .  T h i s  
s t u d y  s i t e  was e s t a b l i s h e d  i n  1974 on 
a n  o l d  f i e l d  a t  a n  e l e v a t i o n  o f  323 m .  
The v e g e t a t i o n  a t  t h e  l o w e r  o l d  f i e l d  
i s  a l s o  domina ted  by c h e a t g r a s s ,  
3)  S a g e b r u s h / b u n c h g r a s s  s t u d y  s i t e .  
L o c a t e d  a t  an e l e v a t i o n  o f  330 m a n d  
d o m i n a t e d  by b i g  s a g e b r u s h  w i t h  a n  
u n d e r s t o r y  o f  b l u e b u n c h  w h e a t g r a s s ,  
4 )  W i n t e r f a t  s t u d y  a r e a .  L o c a t e d  on  
t h e  l o w e r  s l o p e s  o f  R a t t l e s n a k e  Moun- 
t a i n  a t  a n  e l e v a t i o n  o f  206 m .  Vege- 
t a t i o n  d o m i n a n t s  a r e  w i n t e r f a t  a n d  
c h e a t g r a s s ,  5 )  Greasewood s t u d y  s i t e .  
L o c a t e d  n e a r  R a t t l e s n a k e  S p r i n g s  a t  
a n  e l e v a t i o n  o f  210 m.  Dominants  
h e r e  a r e  g reasewood  a n d  c h e a t g r a s s  
a n d ,  6 )  Hopsage s t u d y  a r e a .  T h i s  
s t u d y  s i t e  h a s  a n  e l e v a t i o n  o f  1 5 8  m 
and i s  d o m i n a t e d  by h o p s a g e  a n d  c h e a t -  
g r a s s .  

P i t f a l l  t r a p s  were  f i l l e d  w i t h  
f o r m a l i n  a n d  o p e r a t e d  f o r  a b o u t  
1 week a t  a p p r o x i m a t e l y  m o n t h l y  i n -  
t e r v a l s .  A l l  c a p t u r e d  s p e c i m e n s  w e r e  
p r e s e r v e d  i n  a l c o h o l  a n d  t a k e n  t o  t h e  
l a b  f o r  s p e c i e s  i d e n t i f i c a t i o n  a n d  
t a b u l a t i o n .  The p a t t e r n s  of d a r k l i n g  
b e e t l e  abundance  a r e  shown i n  F i g .  83.  
T h e r e  d o  n o t  a p p e a r  t o  be  any c o n s i s -  
t e n t  t r e n d s  on a  y e a r - t o - y e a r  b a s i s .  
S e v e r a l  s t u d y  a r e a s  show a n  i n c r e a s e  
i n  d a r k l i n g  b e e t l e  abundance  i n  t h e  
O c t o b e r  s a m p l i n g  p e r i o d  d u e  t o  t h e  
emergence  o f  t h e  autumn b e e t l e s ,  
P h i l o l i t h u s  d e n s i c o l l i s  a n d  S t e n o -  
morpha p u n c t i c o l l i s .  These  p o p u l a -  
t i o n s  had n o t  emerged a s  of t h i s  
w r i t i n g  s o  t h e  1975  a n a l y s i s  i s  i n -  
c o m p l e t e .  S e v e r a l  s t u d y  a r e a s  a r e  
c h a r a c t e r i z e d  by a  d r a m a t i c  i n c r e a s e  
i n  b e e t l e  abundance  d u r i n g  c e r t a i n  

* C o o p e r a t i v e  I n v e s t i g a t o r ,  E a s t e r n  
C o l l e g e ,  S t .  D a v i d s ,  P e n n s y l v a n i a  
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FIG. 83.  P a t t e r n s  o f  B e e t l e  Abun- 
dance  i n  D i f f e r e n t  P l a n t  Communit ies .  
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p e r i o d s .  I n  J u l y  1 9 7 3 ,  on t h e  u p p e r  
o l d  f i e l d ,  a b o u t  150 E l e o d e s  E- 
v e r r u c u l a  and  o v e r  50 B l a p s t i n u s  s p .  
were  c o l l e c t e d .  I n  1 9 7 4 ,  t h e r e  were  
o n l y  3  E .  n o v o v e r r u c u l a  and  2 
B l a ~ i s t i n u s  c o l l e c t e d  f o r  t h e  whole  
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s e a s o n .  So f a r  i n  1 9 7 5 ,  11 E .  
n o v o v e r r u c u l a  and  1 7  B l a p s t  i n u s  h a v e  
b e e n  c o l l e c t e d .  T h e s e  k i n d s  o f  popu-  
l a t i o n  f l u c t u a t i o n s  seem t o  be c h a r -  
a c t e r i s t i c  o f  d a r k l i n g  b e e t l e s .  
These  s t u d i e s  w i l l  c o n t i n u e  i n  a n  e f -  
f o r t  t o  n o t  o n l y  c h a r a c t e r i z e  s p e -  
c i f i c  p o p u l a t i o n s ,  b u t  t o  a l s o  i d e n -  
t i f y  e n v i r o n m e n t a l  f a c t o r s  r e g u l a t i n g  
b e e t l e  abundance .  

Seasonal Avian Species Diversity at 
Snively Gulch 

R. E. Fitzner and J. T. Rotenberry 

A pe rmanen t  s p r i n g  a t  S n i v e l y  
Gulch h a s  p r o v i d e d  f o r  one o f  t h e  few 
n a t u r a l ,  r e l a t i v e l y  u n d i s t u r b e d ,  r i -  
p a r i a n  t r e e -  s h r u b  communi t i e s  i n  t h e  
s t e p p e  r e g i o n  o f  s o u t h -  c e n t r a l  
Wash ing ton .  The p r e s e n c e  o f  t r e e s  
and o t h e r  m e s i c  v e g e t a t i o n  c r e a t e s  a  
v a r i e t y  o f  n i c h e s  which a t t r a c t  b i r d s  
n o t  commonly f o u n d  i n  a s s o c i a t i o n  
w i t h  s u r r o u n d i n g  s t e p p e  c o m m u n i t i e s .  
T h i s  s t u d y  p r o v i d e s  d a t a  on b i r d  
abundance  and s e a s o n a l  d i v e r s i t y  i n  
t h i s  u n i q u e  community.  

S i n c e  J u n e  1 9 7 4 ,  m o n t h l y  b i r d  s u r -  
veys  have  been  c o n d u c t e d  i n  S n i v e l y  

Gulch.  Twelve o b s e r v a t i o n  p o i n t s  
s p a c e d  a t  one t e n t h  m i l e  i n t e r v a l s  
were  sampled  f o r  3  min e a c h  d u r i n g  a t  
L e a s t  one morn ing  o f  e a c h  month.  A l l  
b i r d s  s e e n  o r  h e a r d  were  r e c o r d e d .  

S e v e n t y - t w o  s p e c i e s  were  r e c o r d e d  
from J u n e  of 1974 t h r o u g h  Sep tember  
1975.  The g r e a t e s t  number o f  i n d i -  
v i d u a l s  (252)  was r e c o r d e d  on 
August  2 2 ,  1 9 7 4 ,  w h i l e  t h e  f e w e s t  
( 5 8 )  was o b s e r v e d  on December 11, 
1974 .  T a b l e  79 p r e s e n t s  a  l i s t  o f  
a l l  s p e c i e s  r e c o r d e d  t o  d a t e .  

To compare t h e  a v i a n  p o p u l a t i o n  o f  
S n i v e l y  Gulch d u r i n g  t h e  d i f f e r e n t  
c e n s u s  p e r i o d s ,  s p e c i e s  d i v e r s i t y  c a l -  
c u l a t i o n s  were  made. The i n f o r m a t i o n  
t h e o r y  d i v e r s i t y  i n d e x  was u s e d  i n  
t h i s  s t u d y .  

The i n f o r m a t i o n  t h e o r y  s p e c i e s  
d i v e r s i t y  i n d e x ,  H ,  i s  c a l c u l a t e d :  

where  s = t h e  number o f  s p e c i e s .  
P = t h e  p r o p o r t i o n  of t h e  t o t a l  num- 
b e r  o f  i n d i v i d u a l s  which  b e l o n g  t o  
t h e  i t h  s p e c i e s .  The i n d e x  c a n  h a v e  
v a l u e s  r a n g i n g  f rom 0  ( l o g ,  o f  1 )  i f  
a l l  t h e  i n d i v i d u a l s  a r e  f rom one 
s p e c i e s  t o  l o g e  s i f  a l l  s p e c i e s  r e -  
c o r d e d  c o n t a i n  t h e  same number o f  i n -  
d i v i d u a l s .  The maximum d i v e r s i t y  f o r  
any s a m p l e  would be  g i v e n  a s  
HMAX = l o g e  s .  I f  t h e  i n d i v i d u a l  
b i r d s  r e c o r d e d  d u r i n g  a  s u r v e y  w e r e  
e v e n l y  d i s t r i b u t e d  among a l l  s p e c i e s  
(maximum d i v e r s i t y ) ,  t h e n  H would 
e q u a l  HMAX. 

T a b l e  80 p r e s e n t s  a l l  H ,  HMAX, a n d  
H/HMAX v a l u e s ,  p l u s  numbers o f  s p e -  
c i e s  and i n d i v i d u a l s  r e c o r d e d  f o r  
e a c h  s u r v e y .  The g r e a t e s t  d i v e r s i t y  
o c c u r r e d  p r i m a r i l y  d u r i n g  f a l l  o r  
s p r i n g  m o n t h s ,  p e r i o d s  of m i g r a t i o n ,  
w h i l e  l o w e s t  d i v e r s i t y  was r e c o r d e d  
d u r i n g  w i n t e r  months .  H/HMAX v a l u e s ,  
i n  g e n e r a l ,  r e m a i n e d  c o n s i s t e n t  d u r -  
i n g  s p r i n g  and summernmonths b u t  
d r o p p e d  d u r i n g  t h e  w i n t e r ,  a n  i n d i c a -  
t i o n  t h a t  a  few s p e c i e s  w e r e  r e s p o n s i -  
b l e  f o r  p r o v i d i n g  mos t  o f  t h e  i n d i -  
v i d u a l s .  F u r t h e r  a n a l y s i s  o f  t h e  
d a t a  w i l l  e n a b l e  u s  t o  more t h o r -  
ough l  y  e x p l o r e  t h e  mechanisms which  
c o n t r o l  and  s h a p e  a v i a n  community 
s t r u c t u r e .  



TABLE 7 9 .  B i r d s  O b s e r v e d  a t  S n i v e l y  Gulch .  

S p e c i e s  

Golden Eagle  

R e d - t a i l e d  Hawk 

American K e s t r e l  

Goshawk 

Cooper ' s Hawk 

Marsh Hawk 

Rough- l e g g e d  Hawk 

Swainsons Hawk 

Pigeon Hawk 

Long-eared  O w l  

Raven 

Magpie 

Loggerhead S h r i k e  

N o r t h e r n  S h r i k e  

Sage Grouse 

Ring-necked  Pheasant  

C a l i f o r n i a  Q u a i l  

Chuc k a r  

Mourning Dove 

K i l l d e e r  

Meadow Lark 

Brewer ' s  B l a c k b i r d  

Red-winged B l a c k b i r d  

B u l l o c k ' s  O r i o l e  

Cowbird 

Western Tanager  

Barn Swallow 

Tree Swallow 

Nighthawk 

Black-headed  Grosebeak 

Song Sparrow 

Vesper Sparrow 

Savannah Sparrow 

L a z u l i  Bunt ing  

Lark Sparrow 

R u f o u s - s i d e d  Towhee 

Sage Sparrow 

White crowned Sparrow 

Golden crowned Sparrow 

Oregon Junco  

S l a t e  c o l o r e d  Junco  

Horned Lark 

E a s t e r n  Kingbi rd  

Western Kingbi rd  

S a y ' s  Phoebe 

T r a i l l s  F l y c a t c h e r  
Willow 

Western Wood Pewee 

Dusky F l y c a t c h e r  

Rock Wren 

Canyon Wren 

Winter  Wren 

L o n g - b i l l e d  March Wren 

House Wren 

R e d - s h a f t e d  F l i c k e r  

S t a r l i n g  

Golden crowned K i n g l e t  

Ruby crowned K i n g l e t  

Red-eyed V i r e o  

Warbling V i r e o  

S o l i t a r y  Vi reo  

N a s h v i l l e  Warbler  

W i l s o n ' s  Warbler  

Audubon's Warbler  

Yellow Warbler  

Townsend's Warbler  

M a c G i l l i v r a y s  Warbler  

Y e l l o w - b r e a s t e d  Chat  

Var ied  Thrush 

Rob i n  

Hermit Thrush 

Townsends S o l i t a i r e  

Rufous Hummingbird 

TABLE 80. S e a s o n a l  S p e c i e s  D i v e r s i t y  
S n i v e l y  Gulch .  

D a t e  

6 / 1 9 / 7 4  
7 / 0 2 / 7 4  
7 / 1 7 / 7 4  
8 / 0 6 / 7 4  
8 / 2 1 / 7 4  
9 / 0 5 / 7 4  
9 / 1 8 / 7 4  

1 0 / 0 9 / 7 4  
1 1 / 0 8 / 7 4  
1 2 / 1 1 / 7 4  

1 / 2 1 / 7 5  
2 / 2 1 / 7 5  
3 / 1 2 / 7 5  
4 / 0 1 / 7 5  
4 / 1 8 / 7 5  
5 / 0 6 / 7 5  
5 / 2 9 / 7 5  
6 / 2 0 / 7 5  
8 / 0 5 / 7 5  
9 / 0 9 / 7 5  

No. 
S p e c i e s  

No. 
I n d i v i d u a l s  

71 
155 
116 
1 4 3  
252 
13  8 
1 5 3  
1 4 3  
15 7 

5 8 
105 

8 9 
100 
136  

o f  A v i f a u n a  a t  

= D i v e r s i t y  

b ~ M A ~  = Maximum d i v e r s i t y  

'H/HMAX = E v e n n e s s  ( d i s t r i b u t i o n  o f  i n d i v i d u a l s  among s p e c i e s )  



Response of Pocket Mouse and Ground 
Squirrel Populations to Wildfire 

J. D. Hedlund, W .  H.  Rickard, 
D. T. McCullugh and K. A. Gano 

W i l d f i r e  i s  a  common e v e n t  i n  t h e  
s t e p p e  r e g i o n  of  s o u t h - c e n t r a l  Wash- 
i n g t o n .  E x t e n s i v e  w i l d f i r e  b u r n i n g  
o v e r  t h o u s a n d s  o f  a c r e s  have  o c c u r r e d  
on t h e  Hanford  R e s e r v a t i o n  i n  1 9 5 7 ,  
1 9 6 9 ,  1970 a n d  1973 .  S m a l l e r  b u r n s  
a r e  a  y e a r l y  o c c u r r e n c e .  F i r e s  
m o s t l y  o c c u r  i n  t h e  summer months  o f  
J u l y  and  August  a n d  a r e  u s u a l l y  
c a u s e d  by l i g h t n i n g .  

I n  mid-Augus t  1 9 7 3 ,  a  w i l d f i r e  
p a s s e d  t h r o u g h  a  s t u d y  a r e a  and  r e -  
moved a l l  aboveground  v e g e t a t i o n .  
F o r  t h e  most  p a r t ,  p e r e n n i a l  p l a n t s ,  
e x c e p t  s a g e b r u s h ,  s u r v i v e d  t h e  b u r n  
a n d  s e n t  up new s h o o t s  f r o m  p a r e n t a l  
buds  l o c a t e d  n e a r  o r  be low t h e  s o i l  
s u r f a c e  d u r i n g  t h e  f o l l o w i n g  autumn 
a n d  s p r i n g  months .  

A summary o f  p o c k e t  mouse t r a p  
c a t c h e s  i s  shown i n  F i g .  84.  The 
d a t a  c l e a r l y  show t h e  s e a s o n a l  t r e n d s  
i n  t r a p a b i l i t y  a n d  show an u n u s u a l l y  
h i g h  c a t c h  i n  l a t e  summer 1 9 7 4 ,  1 y r  
p o s t  b u r n .  A t  t h i s  t i m e  a t  l e a s t  150 
i n d i v i d u a l  p o c k e t  m i c e  were  a c t i v e  
aboveground  i n  t h e  s t u d y  g r i d  a r e a .  
The sudden  p o p u l a t i o n  i n c r e a s e  i s  
c r e a t e d  by . t h e  s u c c e s s f u l  b r e e d i n g  o f  
mice  b o r n  i n  t h e  s p r i n g  of 1974 .  L i t -  
t e r s  p r o d u c e d  by t h e s e  mice  l a t e r  on 
i n  t h e  summer made up much o f  t h e  
t r a p  c a t c h .  W i t h o u t  a n c i l l a r y  d a t a  
i t  c o u l d  b e  p o s t u l a t e d  t h a t  t h e  e n -  
l a r g e m e n t  o f  t h e  p o c k e t  mouse p o p u l a -  
t i o n  was due t o  some b e n e f i c i a l  e f -  
f e c t  o f  b u r n i n g .  However,  t h e  same 

. '4 I L 

14 
1.I 

NUMBER OF l N O l Y l D U i l  EW&&?IW P P S ' 5  T I IAPPEO D1JPING EACH SESSION.  

X - BURNED PLOT: B - F P l l E O  PLOT1 C - CONTROL PLOT. 

FIG. 84 .  Number o f  I n d i v i d u a l  
P e r o g n a t h u s  p a r v u s  Trapped  d u r i n g  
Each S e s s i o n .  A - Burned P l o t ;  
B - Grazed  P l o t ;  C - C o n t r o l  P l o t .  

phenomenon was o b s e r v e d  i n  a n  a d j a -  
c e n t  s t u d y  p l o t  t h a t  had  been  e x p e r i -  
m e n t a l l y  g r a z e d  by c a t t l e  b u t  n o t  
b u r n e d  a n d  i n  an unburned  s t u d y  p l o t  
l o c a t e d  a b o u t  10 m i l e s  d i s t a n t .  The 
a v a i l a b l e  d a t a  i n d i c a t e  t h a t  t h e  i n -  
c r e a s e  i n  p o c k e t  mouse p o p u l a t i o n s  
was due t o  a  w i d e s p r e a d  e v e n t  s u c h  a s  
r e g i o n a l  w e a t h e r .  The p r e c i p i t z -  
t i o n a l  d a t a  show t h a t  t h e  O c t o b e r  
1973  t o  May 1974 p r e c i p i t a t i o n  was 
much g r e a t e r  t h a n  i n  p r e v i o u s  y e a r s .  
O t h e r  i n v e s t i g a t o r s  h a v e  a l s o  d o c u -  
mented t h e  p o s i t i v e  r e s p o n s e  on 
h e t e r o m y i d  r o d e n t  p o p u l a t i o n s  t o  
f a v o r a b l e  w e a t h e r  c o n d i t i o n s .  The 
p o p u l a t i o n  o f  g r o u n d  s q u i r r e l s  f o l -  
lowed t h e  same g e n e r a l  p a t t e r n  a s  
f o r  p o c k e t  mice  ( F i g .  8 5 ) .  

A t  t h e  t i m e  o f  b u r n i n g ,  a d u l t  
p o c k e t  m i c e  were  n o t  a c t i v e  on t h e  
s o i l  s u r f a c e ,  o n l y  t h e  s u b a d u l t s  
were  a c t i v e  and t h e  e n t i r e  p o p u l a -  
t i o n  o f  g r o u n d  s q u i r r e l s  was be low 
ground  i n  summer dormancy.  

I t  seemed p o s s i b l e  t h a t  s u b a d u l t  
p o c k e t  mice  t h a t  a r e  a c t i v e  i n  e a r l y  
f a l l  c o u l d  be  u n d e r  s t r e s s  f rom a  
l a c k  o f  f o o d  be tween  t h e  t i m e  o f  
b u r n i n g  a n d  t h e  o n s e t  o f  w i n t e r  d o r -  
mancy. I t  a l s o  i s  p o s s i b l e  t h a t  i f  
s u b a d u l t s  e n t e r  w i n t e r  dormancy i n  
p o o r  h e a l t h  ( u n d e r n o u r i s h e d ) ,  t h e y  
may n o t  s u r v i v e  t h e  r i g o r s  o f  w i n t e r .  
However,  n i n e  s u b a d u l t s  marked p r e -  
v i o u s  t o  t h e  f i r e  a n d  s e v e n  marked 
a f t e r  t h e  f i r e  were  a l l  c a p t u r e d  t h e  
f o l l o w i n g  s p r i n g .  A p p a r e n t l y ,  u n d e r -  
g r o u n d  f o o d  s t o r e s  were  s u f f i c i e n t  
t o  c a r r y  t h e s e  young m i c e  t h r o u g h  t h e  
w i n t e r  months .  

FIG. 85 .  Number o f  I n d i v i d u a l  
S p e r m o p h i l u s  townsend i  Trapped  
d u r i n g  Each S e s s i o n .  A - Burned 
P l o t ;  B - Grazed  P l o t .  



Ground s q u i r r e l s  upon s p r i n g  emer-  
gency  have  a n  a b u n d a n t  f o o d  s u p p l y  
b e c a u s e  t h e  p r e f e r r e d  f o r a g e  p l a n t  
P> s a n d b e r  i i  i n i t i a t e s  v e g e t a t i v e  + growth  i n  e a r  y  autumn and i s  i n  f u l l  
f o l i a g e  by t h e  t i m e  s q u i r r e l s  emerge 
f rom w i n t e r  t o r p o r  i n  March. 

The d a t a  o b t a i n e d  i n  t h i s  i n v e s t i -  
g a t i o n  c l e a r l y  show t h a t  even  a  t r a u -  
m a t i c  i m p a c t  s u c h  a s  summer w i l d f i r e  
h a s  l i t t l e  d i r e c t  d e l e t e r i o u s  i m p a c t  
upon g r o u n d  s q u i r r e l  a n d  p o c k e t  
mouse p o p u l a t i o n s .  

A Checklist of the Reptiles and 
Amphibians of the ERDA Hanford 
Reservation 

R. E. Fitzner 

T a b l e  8 1  i s  a  l i s t i n g  o f  t h r e e  am- 
p h i b i a n  and  e i g h t  r e p t i l e  s p e c i e s  
which  h a v e  b e e n  o b s e r v e d  on t h e  ERDA 
Hanford R e s e r v a t i o n .  Ten o t h e r  spe-  
c i e s  of  h e r p t o f a u n a  a r e  o f  d u b i o u s  
o c c u r r e n c e  b u t  may be o b s e r v e d  i n  
t i m e  w i t h  i n c r e a s e d  s e a r c h i n g  e f f o r t .  

The f  01 lowing l e g e n d  i n d i c a t e s  t h e  
r e l a t i v e  abundance o f  e a c h  s p e c i e s  : 

C = Common ( c e r t a i n  t o  be  s e e n  i n  
s u i t a b l e  h a b i t a t )  

U = Uncommon ( p r e s e n t ,  n o t  c e r t a i n  t o  
be  s e e n )  

0  = O c c a s i o n a l  ( s e e n  o n l y  a  few t i m e s  
d u r i n g  s e a s o n )  

R = Rare  ( s e e n  a t  i n t e r v a l s  of 
2 - 5  y r )  

Live Weights of Pocket Mice from 
Different Habitats on the Hanford 
Reservation 

J. D. Hedlund, D. T. McCullugh and 
K. A. Gano 

The most  a b u n d a n t  s m a l l  mammal i n  
t h e  s t e p p e  r e g i o n  o f  s o u t h - c e n t r a l  
Washington i s  t h e  G r e a t  B a s i n  p o c k e t  
mouse , - ~ e r o ~ n a t h u s  p a r v u s .  ~ h e s e  
s m a l l  h e t e r o m y i d  r o d e n t s  o c c u r  i n  a l l  
v e g e t a t i o n  t y p e s  on t h e  H a n f o r d  
R e s e r v a t i o n .  L i v e - t r a p  g r i d s  o f  100 
o r  144 t r a p s  e a c h  have  been  e s t a b -  
l i s h e d  i n  e i g h t  d i f f e r e n t  h a b i t a t s  
which a r e  d e s i g n a t e d  by d i f f e r e n t  
v e g e t a t i o n  t y p e s .  

TABLE 81-. Amphibian and R e p t i l e  S p e c i e s  Observed  on 
t h e  H a n f o r d  R e s e r v a t i o n .  

Common Name 

Amphibians 

G r e a t  Bas in  Spadefoot  
Western Toad 
P a c i f i c  T r e e f r o g  

R e p t i l e s  

S c i e n t i f i c  Name Occurrence 

Sca  h i o  u s  in te rmontanus  
*s 
Hyla r e g i l l a  

Sagebrush  L i z a r d  Sceloporu;  r a c i o s u s  
S i d e - b l o t c h e d  L i z a r d  Uta s t a n s  u f i a n a  
Pigmy S h o r t - h o r n e d  L i z a r d  ~ n o s o n ~ a  d o u g l a s s i  
S t r i p e d  Whipsnake C a s t ; ~ o p  1 s  t a e n i a t u s  
Western Y e l l o w - b e l l i e d  Racer o l u  e r  c o n s t r i c t o r  
Gopher Snake =is melanoleucus 
D e s e r t  Night  Snake 
Nor thern  P a c i f i c  R a t t l e s n a k e   mi^ 

R e p t i l e s  and  Amphibians which may occur  on t h e  Hanford R e s e r v a t i o n  b u t  
s i g h t i n g s  have n o t  y e t  o c c u r r e d  

Long- t o e d  Salamander 
T i g e r  Salamander 
Woodhouse's Toad 
Leopard Frog 
B u l l  f r o g  
P a i n t e d  T u r t l e  
Western Fence L i z a r d  
Western Skink  
Common G a r t e r  Snake 
Western T e r r e s t r i a l  G a r t e r  

Snake 

Amb stoma macrodactylurn k T i  r inum 
b h o u t e i  

EZ m i a n a  

m s s d e n t a l i s  
Eumesces s k i l t o n i a n u s  
Thamnophis s i r t a l i s  

Thamnophis e l e g a n s  



The mice  were  t r a p p e d  a l i v e ,  
marked ,  and r e l e a s e d  i n  s t u d i e s  d e -  
s i g n e d  t o  e s t i m a t e  p o p u l a t i o n s .  Male 
mice  o r d i n a r i l y  emerged e a r l i e r  i n  
t h e  s e a s o n  t h a n  f e m a l e s .  F o r  t h e  p u r -  
p o s e s  of  t h i s  p a p e r ,  w e i g h t s  a r e  r e -  
c o r d e d  a s  soon  a f t e r  w i n t e r  emergence  
a s  p o s s i b l e .  I n  t h i s  i n s t a n c e ,  March 
f o r  m a l e s  and May f o r  f e m a l e s .  A t  
t h i s  t i m e  o f  y e a r  a l l  a n i m a l s  a r e  
a d u l t s  s i n c e  young o f  t h e  y e a r  h a v e  
n o t  y e t  b e e n  i n c o r p o r a t e d  i n t o  t h e  
p o p u l a t i o n .  

On t h e  a v e r a g e  m a l e  m i c e  weighed 
1 7 . 8  g  and  f e m a l e s  1 7 . 0  g  ( T a b l e  8 2 ) .  
Male mice  l i v i n g  on  a  1 0 - y e a r - o l d  
r e t i r e d  r a d i o a c t i v e  w a s t e  b u r i a l  
g round  were  a v e r a g e  i n  w e i g h t ,  b u t  

f e m a l e s  were  h e a v i e r  t h a n  a v e r a g e .  
The l i g h t e s t  mice  were  m a l e s  f r o m  a  
c h e a t g r a s s  community s i t u a t e d  on a  
s o i l  o f  a l l u v i a l  o r i g i n  c o n s i s t i n g  
o f  l a r g e  amounts  o f  c o b b l e s  and 
g r a v e l ,  and  r e l a t i v e l y  f i n e - t e x t u r e d  
s o i l ;  however ,  f e m a l e  mice  on t h i s  
h a b i t a t  were  n e a r  a v e r a g e  i n  w e i g h t .  

These  d a t a  p r o v i d e  background  i n -  
f o r m a t i o n  upon which  t o  make o b j e c -  
t i v e  a s s e s s m e n t s  o f  c h a n g e s  i n  p o c k e t  
mouse p o p u l a t i o n s  a s  i n f l u e n c e d  by 
t h e  e n v i r o n m e n t a l  i m p a c t s  o f  c h a n g i n g  
l a n d  u s e s  imposed by e x p a n d i n g  nu-  
c l e a r  e n e r g y  f a c i l i t i e s  l o c a t e d  a t  
s c a t t e r e d  p l a c e s  t h r o u g h o u t  t h e  
Hanford  R e s e r v a t i o n  a r e a .  

TABLE 82.  L i v e  Weight  o f  Male and Female P o c k e t  Mice 
from D i f f e r e n t  H a b i t a t s  on t h e  Hanford  R e s e r v a t i o n .  

H a b i t a t  

S a g e b r u s h - B u n c h g r a s s  

S a g e b r u s h -  Bunchgras s  

S a g e b r u s h -  C h e a t g r a s s  

S a g e b r u s h - C h e a t g r a s s  

S a g e b r u s h -  B i t t e r b r u s h  

S a g e b r u s h -  B i t t e r b r u s h  

C h e a t g r a s s  ( s t o n y  s o i l )  

B u r i a l  Ground 

O v e r a l l  

E l e v a t i o n  

1300 f t  

1300 f t  

675  f t  

650 f t  

475 f t  

47s  f t  

450 f t  

425 f t  

Males  

Mean SE 

1 7 . 7  + 0 . 3  

1 7 . 5  + 0 . 4  

1 7 . 8  t 0 . 4  

1 9 . 0  + 0 . 4  

1 8 . 3  t 0 . 4  

1 7 . 1  + 0 . 5  

1 4 . 7  5 0 . 4  

17 .9  + 0 . 6  

1 7 . 8  + 0 . 2  

Males  

Mean SE 

a ~ a l e s  t r a p p e d  i n  March 

b ~ e r n a l e s  t r a p p e d  i n  May 



UNIVERSITY RELATED STUDIES 

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

have a t t r a c t e d  s t u d e n t  r e s e a r c h e r s  a s s o c i a t e d  w i t h  P a c i f i c  

Nor thwes t  c o l l e g e s  and u n i v e r s i t i e s .  During t h e  p a s t  y e a r ,  

f o u r  s t u d e n t s  have  been  i n v o l v e d  w i t h  u n d e r g r a d u a t e  o r  

g r a d u a t e  t h e s i s  p r o j e c t s .  B r i e f  d e s c r i p t i o n s  of  t h e s e  s t u d i e s  

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

p a r t i c i p a t i o n  w i l l  be  enhanced by d e s i g n a t i n g  p a r t s  o f  t h e  

Hanford R e s e r v a t i o n  a s  a  N a t i o n a l  Envi ronmenta l  R e s e a r c h  P a r k  

(NERP) . 

Raptor Ecology Studies 
R.  E. Fitzner* 

B i r d s  o f  p r e y ,  a s  end o f  t h e  food  
c h a i n  o r g a n i s m s ,  c o n s t i t u t e  i m p o r t a n t  
b a r o m e t e r s  of  e n v i r o n m e n t a l  c o n t a m i n a -  
t i o n .  They a r e  a l s o  an i n t e g r a l  p a r t  
i n  t h e  framework o f  a  b a l a n c e d  e c o -  
s y s t e m .  Not t o  b e  o v e r l o o k e d  i s  t h e  
f a c t  t h a t  many r a p t o r  s p e c i e s  a r e  d e -  
c l i n i n g  i n  numbers t o  t h e  p o i n t  o f  
b e i n g  c o n s i d e r e d  r a r e  o r  e n d a n g e r e d .  
A s t u d y  c o n s i d e r i n g  t h e  r o l e  of  hawks, 
o w l s ,  and e a g l e s  i n  r e l a t i o n  t o  w a s t e  
management o p e r a t i o n s  and  ecosys tem 
f u n c t i o n i n g  was begun i n  May 1975.  

The g o a l s  o f  t h i s  s t u d y  a r e  t o  d e -  
t e r m i n e  v a r i o u s  n e s t i n g  p a r a m e t e r s ,  
i . e . ,  b r e e d i n g  d e n s i t y ,  c l u t c h  s i z e ,  
b rood  s i z e ,  f l e d g l i n g  s u c c e s s ,  and  
n e s t  s u c c e s s .  O t h e r  p o i n t s  b e i n g  
examined a r e  t r o p h i c  n i c h e  a l l o c a t i o n  
among s p e c i e s ,  m i g r a t i o n a l  b e h a v i o r ,  
s e a s o n a l  d e n s i t i e s ,  p r e d a t o r - p r e y  
i n t e r a c t i o n s ,  and management 
t e c h n i q u e s .  

S i n c e  May 1 9 7 5 ,  t h e  n e s t i n g  param- 
e t e r s  ment ioned  h e r e i n  have  been r e -  
c o r d e d  by d i r e c t  o b s e r v a t i o n  and t ime 
l a p s e  p h o t o g r a p h y  f o r  t h e  dominant  
r a p t o r  s p e c i e s .  These d a t a  a r e  c u r -  
r e n t l y  b e i n g  t a b u l a t e d  and a n a l y z e d .  
* 

PhD c a n d i d a t e ,  Washington S t a t e  
U n i v e r s i t y .  

T r o p h i c  n i c h e  a l l o c a t i o n  i s  r e -  
v e a l e d  by e x a m i n a t i o n  o f  p r e y  i t e m s  
e a t e n ,  c o u p l e d  w i t h  h u n t i n g  s t r a t e g i e s  
i n v o l v e d  i n  c a p t u r i n g  p r e y .  R e g u r g i -  
t a t e d  p e l l e t s  have been  c o l l e c t e d  and 
p r e y  i t e m s  o b s e r v e d  a t  a  number o f  
r a p t o r  n e s t s .  These  d a t a ,  when 
f i n a l l y  a n a l y z e d  and compared w i t h  
b e h a v i o r a l  a s p e c t s  o f  t h e  v a r i o u s  
r a p t o r  s p e c i e s ,  w i l l  p r o v i d e  a  p i c -  
t u r e  o f  t r o p h i c  n i c h e  a l l o c a t i o n  
among Hanford r a p t o r s .  

M i g r a t i o n a l  f e a t u r e s ,  s u c h  a s  r a t e  
o f  m i g r a t i o n ,  s t o p o v e r  p o i n t s  and 
w i n t e r i n g  g r o u n d s ,  a r e  b e i n g  s t u d i e d  
t h r o u g h  t h e  u s e  of  F e d e r a l  m e t a l  l e g  
bands  and c o l o r e d  v i n y l  p a t a g i n a l  
wing m a r k e r s .  T a b l e  83 p r o v i d e s  a  
l i s t  o f  b i r d s  of  p r e y  banded i n  1975 .  
The S w a i n s o n ' s  hawk i s  t h e  most com- 
mon l a r g e  r a p t o r  i n  t h e  r e g i o n  and  
a c c o u n t s  f o r  most o f  t h e  b a n d i n g  
e f f o r t .  

S e a s o n a l  d e n s i t i e s  c a n  be  d e t e r -  
mined by  p e r i o d i c  s u r v e y s .  R e l a t i v e  
e c o l o g i c a l  d e n s i t i e s  a r e  t h e  o n l y  e f -  
f e c t i v e  means o f  c e n s u s i n g  t h e  Hanford  
R e s e r v a t i o n  s i n c e  a  c o m p l e t e  c e n s u s  
o f  a l l  b i r d s  p r e s e n t  a t  a n y  one t i m e  
c a n n o t  be done q u i c k l y  enough t o  
a v o i d  r e s i g h t i n g s .  D i f f e r e n t  a c t i v -  
i t y  p a t t e r n s  o f  b i r d s ,  d e p e n d i n g  on 
t h e  t i m e  o f  day  and sudden c h a n g e s  i n  
wind c o n d i t i o n s ,  a l s o  r e d u c e  t h e  e f -  
f e c t i v e n e s s  o f  a  comple te  c e n s u s .  



TABLE 83 .  R a p t o r s  Banded i n  t h e  
Columbia B a s i n  i n  1975.  

Marked With Colored 
S p e c i e s  No. Banded P a t a g i a l  Wing Markers 

Swa inson ' s  Hawk 30 28  

Fe r rug inous  Hawk 9 

R e d - t a i l e d  Hawk 6 

Grea t  Horned Owl 3 

Long-eared Owl 3 

~ a v e n ~  2 

a ~ h e  Raven i s  n o t  a  b i r d  o f  p r e y ,  b u t  has  f e e d i n g  
t e n d e n c i e s  which a l i g n  i t  w i t h  them. 

Censuses  s h o u l d  be c o n d u c t e d  i n  
d i f f e r e n t  h a b i t a t  t y p e s  a t  monthly 
i n t e r v a l s  o v e r  s e v e r a l  c o n s e c u t i v e  
y e a r s .  T h i s  would a l l o w  compar i sons  
between t r e a t m e n t s  and between y e a r s .  
I t  would a l s o  p r o v i d e  d a t a  on r e l a -  
t i v e  d e n s i t i e s  and i n f o r m a t i o n  on 
c o l o r - m a r k e d  b i r d s .  

P r e d a t o r  - p r e y  i n t e r a c t i o n s  have  
seldom been  examined s i n c e  d a t a  on 
p r e d a t o r  and p r e y  d e n s i t i e s  a r e  d i f -  
f i c u l t  and o f t e n  c o s t l y  t o  g a t h e r .  
The ERDA Hanford R e s e r v a t i o n  i s  
u n i q u e  i n  t h a t  s e a s o n a l  p r e y  l e v e l s  
( s m a l l  mammals and b i r d s )  have  been 
r e c o r d e d  e x t e n s i v e l y .  Computer gene-  
r a t e d  models have e n a b l e d  d e t e r m i n a -  
t i o n  of  p r e y  biomass  v a l u e s  f o r  
v a r i o u s  h a b i t a t  t y p e s .  When c o u p l e d  
w i t h  d a t a  on p r e d a t o r  l e v e l s  and 
b i o e n e r g e t i c s ,  t h e  d e s c i - i p t i o n  o f  
e n e r g y  f l o w  t h r o u g h  v a r i o u s  t r o p h i c  
l e v e l s  w i l l  be  f a c i l i t a t e d .  

Management t e c h n i q u e  may be  exam- 
i n e d  i n  an a t t e m p t  t o  s t a b i l i z e  o r  
i n c r e a s e  r a r e  and endangered  r a p t o r  
s p e c i e s .  I r r e v e r s i b l e  d i s r u p t i o n  o f  
l a n d ,  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 ,  
and expanding  a g r i c u l t u r a l  l a n d  u s e  
w i l l  c o n t i n u e  t o  c a u s e  d e c l i n e s  i n  
r a p t o r  numbers.  N o n c u l t i v a t e d  a r e a s ,  
s u c h  a s  t h e  ERDA Hanford R e s e r v a t i o n ,  
may i n  t i m e  be  t h e  l a s t  s t r o n g h o l d  
f o r  b i r d s  o f  p r e y  i n  s o u t h - c e n t r a l  
Washing t o n .  

Techniques  s t u d i e d  h e r e  may b e n e f i t  
o t h e r  r a p  t o r  p o p u l a t i o n s  and  h e l p  t o  
i n s u r e  t h a t  a  u n i q u e  h e r i t a g e  i s  n o t  
l o s t  f o r e v e r .  A r t i f i c i a l  n e s t i n g  
s t r u c t u r e s  and t h e  h a c k i n g  of  c a p t i v e  
b r e d  endangered  s p e c i e s  a r e  b e i n g  
c o n s i d e r e d  f o r  f u t u r e  s t u d y .  Hacking 
i s  a  g r a d u a l  p r o c e s s  whereby b i r d s ,  
e i t h e r  young o r  a d u l t s ,  a r e  r e l e a s e d  
back t o  t h e  w i l d  i n  hopes  o f  e s t a b -  
l i s h i n g  r e s i d e n t  p o p u l a t i o n s  o r  o t h e r  
s i m i l a r  p u r p o s e s .  

Movement Patterns of Coyotes as 
Determined by Radio-tracking 

J. T. Springer" 

E i g h t  c o y o t e s  (Canis  l a t r a n s )  have  
been e q u i p p e d  w i t h x o  t r a n s m i t t e r  
c o l l a r s ,  and t h e i r  movements f o l l o w e d  
f o r  s e v e r a l  months .  The f i r s t  f o u r  
c o y o t e s  were t r a p p e d  u s i n g  padded 
s t e e l - t r a p s .  Coyote  A ,  a  3 - y e a r - o l d  
male ,  was c a u g h t  October  2 4 ,  1974 .  
Coyote B ,  a  y e a r l i n g  male ,  was c a u g h t  
December 9 ,  1974 .  These were t h e  
o n l y  c o y o t e s  a v a i l a b l e  f o r  m o n i t o r i n g  
movement d u r i n g  t h e  l a t e  f a l l  and 
w i n t e r .  Coyote C ,  a  y e a r l i n g  male ,  
was c a u g h t  A p r i l  1 9 ,  1975 and Coyote 
D ,  a  y e a r l i n g  f e m a l e ,  was c a u g h t  
A p r i l  2 1 ,  1975 .  Four  o t h e r  c o y o t e s  
were c a p t u r e d  u s i n g  t r a n q u i l i z e r  
d a r t s  f i r e d  from a  h e l i c o p t e r .  Coyote 
E ,  a  2 - y e a r - o l d  f e m a l e ,  and Coyote  
F ,  a  3 - y e a r - o l d  f e m a l e ,  were  b o t h  
c a p t u r e d  on June  1 9 ,  1975 .  Coyote  G ,  
a  male  a t  l e a s t  5 y e a r s  o l d ,  and  
Coyote H ,  a  2 - y e a r - o l d  male ,  were  
b o t h  c a p t u r e d  on June  20, 1975 .  The 
c o y o t e s  s h o t  w i t h  t r a n q u i l i z e r  d a r t s  
c o n t i n u e d  t o  f r e q u e n t  t h e  a r e a s  i n  
which t h e y  were c a p t u r e d  b u t  one  
c o y o t e  t r a p p e d  i n  t h e  padded s t e e l  
t r a p s  d i d  n o t  r e t u r n  t o  t h e  t r a p  
l o c a l e .  

I n  w i n t e r ,  Coyotes  A and  B r e -  
mained i n  r e l a t i v e l y  s m a l l  a r e a s ,  i . e . ,  
l e s s  t h a n  1 . 0  s q u a r e  m i l e .  I n  summer, 
c o y o t e s  r a n g e d  a l o n g  t h e  Columbia 
R i v e r ,  a s  f a r  a s  1 5  m i l e s ,  moving 
b o t h  u p s t r e a m  and downstream.  Though 
t h e r e  a p p e a r s  t o  be c o n s i d e r a b l e  o v e r -  
l a p  o f  r a n g e s ,  c o y o t e s  were r a r e l y  
l o c a t e d  w i t h i n  0 . 5  m i l e  o f  e a c h  o t h e r  
on t h e  same day .  I t  s h o u l d  be  n o t e d  
t h a t  o n l y  a  few o f  t h e  c o y o t e s  w i t h i n  
t h i s  s t u d y  a r e a  have  been c a u g h t  and 
f i t t e d  w i t h  r a d i o  t r a n s m i t t e r s .  
T h e r e f o r e ,  t h e  e x t e n t  o f  r a n g e  o v e r -  
l a p  and c o h a b i t a t i o n  may be g r e a t e r  
t h a n  i s  i n d i c a t e d  by t h e  d a t a  c o l -  
l e c t e d  s o  f a r .  

Of t h e  e i g h t  c o y o t e s  f i t t e d  w i t h  
r a d i o  t r a n s m i t t e r s ,  a l l  a r e  s t i l l  
b e i n g  f o l l o w e d ,  e x c e p t  Coyote  H ,  
which d i e d  2 weeks a f t e r  c a p t u r e .  I t  
i s  hoped t h a t  t h i s  coming w i n t e r  o b -  
s e r v e d  movement p a t t e r n s  w i l l  c o n f i r m  
t h e  p a t t e r n s  o f  Coyotes  A and B ,  o r  
t h a t  l a s t  w i n t e r ' s  p a t t e r n s  w i l l  be  
shown t o  have been  e x c e p t i o n a l .  A l s o ,  
we hope t h a t  t h r e e  new c o y o t e s  w i l l  
b e  f i t t e d  w i t h  t r a n s m i t t e r s  t h i s  f a l l .  
R 
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Scorpions, Beetles and Lizards 
N. Gower' and L. E. Rogers 

The r e l a t i v e  abundance o f  t h e  f a l l  
o c c u r r i n g  s c o r p i o n  ( V e j o v i s  b o r e u s ) ,  
b e e t l e  ( P h i l o l i t h u s  d e n s i c o l l i s ) ,  and 
l i z a r d  (G s t a n s b u r i a n a )  p o p u l a t i o n s  
were m o n i t o r e d  d u r i n g  September  and 
October  1974 .  There  have  been  few 
e c o l o g i c a l  s t u d i e s  c o n d u c t e d  on t h e s e  
p o p u l a t i o n s  i n  t h e  s h r u b - s  t e p p e  e c o -  
sys tem o f  t h e  P a c i f i c  Nor thwes t .  

Seven s t u d y  s i t e s  were s e l e c t e d  a s  
b e i n g  r e p r e s e n t a t i v e  o f  t h e  ALE Re- 
s e r v e .  A t o t a l  o f  10  number t e n  
m e t a l  c a n s  ( 1 5 . 5  cm x  1 6 . 8  cm) were 
b u r i e d  a t  e a c h  p i t f a l l  l o c a t i o n .  
These t r a p s  were  checked  weekly from 
September  27 t o  O c t o b e r  24, 1974. 
S c o r p i o n s  were removed and p r e s e r v e d .  
Trapped l i z a r d s  and b e e t l e s  were 
c o u n t e d  and r e l e a s e d .  T a b l e  84 shows 
t h e  t o t a l  c a t c h  o f  e a c h  s p e c i e s ,  a t  
e a c h  l o c a t i o n  d u r i n g  t h e  s t u d y  p e r i o d .  
The g r e a t e s t  number o f  s c o r p i o n s  were 
t r a p p e d  a t  S i t e s  1 and 2 .  These 
s i t e s  were l o c a t e d  i n  a  b a s i n  between 
500 and 600 f t  i n  e l e v a t i o n .  x. b o r e u s  was t h e  o n l y  s c o r p i o n  
t r a p p e d  and i s  p r o b a b l y  t h e  o n l y  s p e -  
c i e s  p r e s e n t  on t h e  ALE R e s e r v e .  The 
p o p u l a t i o n  h e r e  i s  much s m a l l e r  t h a n  
i n  t h e  s o u t h w e s t e r n  U n i t e d  S t a t e s  
where most s c o r p i o n  s t u d i e s  have been 
c o n d u c t e d .  P i t f a l l  t r a p p i n g  a p p e a r s  
t o  be an e f f e c t i v e  method o f  m o n i t o r -  
i n g  p o p u l a t i o n  changes  o f  t h i s  l a r g e  
p r e d a t o r y  i n v e r t e b r a t e .  

L i z a r d s  and b e e t l e s  were a l s o  
t r a p p e d  i n  g r e a t e r  numbers a t  t h e  
lower  e l e v a t i o n s  ( T a b l e  8 4 ) .  The e l e -  
v a t i o n ,  which i n f l u e n c e s  t e m p e r a t u r e ,  
a p p e a r s  t o  be an i m p o r t a n t  f a c t o r  i n  
t h i s  s t u d y .  L i z a r d s  and s c o r p i o n s  
a r e  b o t h  o v e r - w i n t e r i n g  e c t o t h e r m i c  
a n i m a l s  t h a t  r e t r e a t  b e n e a t h  t h e  s o i l  
w i t h  t h e  a p p r o a c h  o f  c o l d  w e a t h e r .  
The b e e t l e  P h i l o l i t h u s  r e m a i n s , a c t i v e  
u n t i l  t h e  o n s e t  of w i n t e r  when i t  p e r -  
i s h e s .  The l a c k  o f  t r a p p i n g  s u c c e s s  
a t  s t u d y  S i t e s  6  and 7  was p r o b a b l y  
due t o  t h e  h i g h e r  e l e v a t i o n  and a s s o -  
c i a t e d  lower  a i r  and s o i l  t empera-  
t u r e s  a t  t h e s e  l o c a t i o n s .  A d d i t i o n a l  
s t u d i e s  need t o  be c o n d u c t e d  on a  s e a -  
s o n a l  b a s i s .  

- - 
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TABLE 84.  T o t a l  Number o f  Specimens 
Trapped a t  Each L o c a t i o n ;  S i t e s  Are 
Arranged  from Lowest t o  H i g h e s t  
E l e v a t i o n .  

S i t e  humber: -- 1  l24i 6  7 LO= 
S c a r p l a n s  

V e 3  0 ~ 1 5  b a r e u s  4 5 1 1 1 1 0  1; 

L l Z a r d s  

U t a  s t a n s b u r i a n a  1 1  26 1 1  44 1 3  0 0 108  

B e e t l e s  

P h ~ l o l l t h u s  -- 231  21 4  1 1  8 0  0 2 7 5  

Coyote Food Habits on the Hanford 
Reservation 

P. F. Stoel' 

Monthly changes  i n  c o y o t e  food  hab-  
i t s  n e a r  t h e  c e n t e r  o f  t h e  Hanford 
R e s e r v a t i o n  a r e  b e i n g  s t u d i e d  by a n a -  
l y z i n g  c o y o t e  s c a t s .  S c a t s  a r e  c o l -  
l e c t e d  each  month from a n  11 m i l e  s e c -  
t i o n  o f  t h e  Army Loop Road. A 
s m a l l e r  c o l l e c t i o n  of  s c a t s  i s  a l s o  
made i n  S n i v e l y  Canyon i n  t h e  R a t t l e -  
s n a k e  H i l l s  where p r e y  s p e c i e s  a r e  
e x p e c t e d  t o  be  d i f f e r e n t .  

P r e l i m i n a r y  r e s u l t s  f rom samples  
c o l l e c t e d  d u r i n g  t h e  summer o f  1974 
and more f r e q u e n t  and l a r g e r  c o l l e c -  
t i o n s  made from F e b r u a r y  t o  J u n e  2 5 ,  
1975 ,  i n d i c a t e  t h e  most i m p o r t a n t  
f o o d  i t e m s  a r e  a s  f o l l o w s  a l o n g  t h e  
Army Loop Road. 

S a m p l e  F a a d  
D a t e  S i z e  I t e m  % O c c u r e n c e  - 

J u n e  - J u l y  1974  8 3  G r a s s h o p p e r s  8 7  
( A c r i d ~ d s  a n d  D e c t i d s )  

S e p t e m b e r  - 5  5  
November 1 9 7 4  

December - 6 1  1 . e p o r i d s  ( R a b b ~ t s )  5 7  
F e b r u a r y  1 9 7 4 - 7 5  c a l i f a r n ~ c u s  and  

S y l v l l a g u s  n u t t o l l i i  

N a r c h  1 9 7 8  38 L c p o r l d s  54 

P e r a g n a t h u s  parvus 5  1 

A p r i l  1 9 7 5  36 P e r o g n a t h u s  p a r v u s  8 9  

May 1 9 7 5  58 P e r a g n a t h u s  p a r v u s  72 

I . e p o r l d s  ; ?  

J u n e  1 9 7 5  60 P e r o g n a t h u s  parvus 7 2  

L c p o r i d s  5 l 

C i c a d a  s p .  a n d  A c r i d i d s  30 

B e s i d e s  l e p o r i d s ,  P e r o  n a t h u s  
a r v u s ,  and i n s e c t s ,  &items 

b i n c l u d e  Spermophi lus  t o w n s e n d i i  
(g round  s q u i r r e l ) ,  Thomomys t a l p o i d e s  
( p o c k e t  g o p h e r ) ,  Re i th rodontomys  
m e g a l o t i s  ( h a r v e s t  mouse) ,  Peromyscus 
m a ~ c u l a t u 3  ( d e e r  mouse) a n d  
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O d o c o i l e u s  hemionus  (mule d e e r ) .  
Smal l  amounts  o f  r e p t i l e s  ( s n a k e ,  l i z -  
a r d ) ,  f r u i t  f rom o l d  and  abandoned 
o r c h a r d s ,  and g r e e n  g r a s s e s  a r e  a l s o  
e a t e n .  I n  t h e  R a t t l e s n a k e  H i l l s ,  a t  
h i g h e r  e l e v a t i o n s ,  Lagurus  c u r t a t u s  
( s a g e b r u s h  v o l e )  a n d  Thomom s 
t a l p o i d e s  ( p o c k e t  g o p d  t h e  com- 
mon f o o d  - i t e m s .  

These  r e s u l t s  i n d i c a t e  t h a t  c o y -  
o t e s  i n  t h e  c e n t e r  of  t h e  Hanford  Res -  
e r v a t i o n  f e e d  r e g u l a r l y  on r a b b i t s  
t h r o u g h o u t  t h e  y e a r  s u p p l e m e n t e d  w i t h  
l a r g e  amounts  o f  P e r o g n a t h u s  p a r v u s  
and i n s e c t s  when t h e s e  i t e m s  a r e  l o -  
c a l l y  a v a i l a b l e  i n  t h e  s p r i n g  and  sum- 
mer .  The most  i n t e r e s t i n g  f i n d i n g  t o  
d a t e  i s  t h e  v e r y  l a r g e  i n t a k e  o f  
g r a s s h o p p e r s  i n  some y e a r s  d u r i n g  t h e  
summer. T h i s  s t u d y ,  l i k e  o t h e r  c o y -  
o t e  f o o d  h a b i t  s t u d i e s ,  shows t h a t  
c o y o t e  f o o d  h a b i t s  c a n  v a r y  w i d e l y ,  
n o t  o n l y  i n  d i f f e r e n t  g e o g r a p h i c  
a r e a s ,  b u t  a l s o  w i t h i n  t h e  same a r e a  
i n  d i f f e r e n t  y e a r s  and  i n  d i f f e r e n t  
s e a s o n s .  Coyote  f o o d  h a b i t s  a r e  a  
l o c a l  e c o l o g i c a l  p rob lem.  

T h i s  f o o d  h a b i t s  s t u d y  w i l l  c o n -  
t i n u e  t o  F e b r u a r y  1976 .  

Annual Coyote Scent Post Survey 
P. F. Stoel 

T h r e e  c o y o t e  s c e n t  p o s t  l i n e s  w e r e  
r u n  on t h e  USERDA Hanford  R e s e r v a t i o n  
i n  t h e  f a l l  o f  1974 and  1975  t o  mea- 
s u r e  r e l a t i v e  c o y o t e  a b u n d a n c e .  One 
l i n e  ( " l i n e  $9") i s  o p e r a t e d  by US 
F i s h  and W i l d l i f e  S e r v i c e  p e r s o n n e l  
o n  t h e  S a d d l e  Mounta in  N a t i o n a l  Wi ld -  
l i f e  Refuge  on  t h e  n o r t h  s i d e  o f  t h e  
Columbia R i v e r .  The o t h e r  two l i n e s  
a r e  l o c a t e d  s o u t h  o f  t h e  Columbia 
R i v e r .  One i s  a l o n g  t h e  1200 Foo t  
Road o n  t h e  A r i d  Lands Eco logy  Re- 
s e r v e ,  and t h e  o t h e r  i s  a l o n g  t h e  
Army Loop Road n e a r  t h e  c e n t e r  o f  t h e  
Hanf o r d  R e s e r v a t i o n .  

These  s c e n t  p o s t  l i n e s  a r e  j u s t  
t h r e e  o f  more t h a n  320 s i m i l a r  s t a n -  
d a r d i z e d  l i n e s  r u n  i n  a l l  17  w e s t e r n  
s t a t e s  e a c h  S e p t e m b e r .  The methods  
and  m a t e r i a l s  a r e  p r o v i d e d  by t h e  
US F i s h  and  W i l d l i f e  S e r v i c e .  Each 
s c e n t  p o s t  l i n e  c o n s i s t s  o f  f i f t y  
s c e n t  p o s t s  d i s t r i b u t e d  on a l t e r n a t -  
i n g  s i d e s  of  a  r o a d  a t  0 . 3  m i l e  i n t e r -  
v a l s  f o r  1 4 . 7  c o n t i n u o u s  m i l e s .  A 
s c e n t  p o s t  i s  a  p l a s t i c  c a p s u l e  w i t h  
s m a l l  h o l e s  i n  t h e  t o p  f i l l e d  w i t h  
s t a n d a r d i z e d  a t t r a c t a n t  ( f e r m e n t e d  

egg p o w d e r ) .  S i f t e d  s o i l  i s  d i s t r i -  
b u t e d  a r o u n d  e a c h  c a p s u l e  t o  p r o v i d e  
a  s o f t  s u b s t r a t e  t h a t  l e a v e s  f o o t -  
p r i n t s  o f  any  a n i m a l  a p p r o a c h i n g  i t .  
A l l  s c e n t  p o s t s  a r e  checked  d a i l y  f o r  
5 d a y s .  The p r e s e n c e  o r  a b s e n c e  and 
k i n d  o f  c a r n i v o r e  f o o t p r i n t s  a r e  r e -  
c o r d e d  a t  e a c h  p o s t ;  t h e n  t h e  s o i l  i s  
b r u s h e d  smooth a g a i n .  

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

Index = N O .  o f  s c e n t  p o s t s  v i s i t e d  
No. o f  s c e n t  p o s t  n i g h t s  

I f  a l l  s c e n t  p o s t s  a r e  o p e r a t i n g  a l l  
f i v e  n i g h t s  t h e  number o f  s c e n t  p o s t  
n i g h t s  i s  250. 

R e s u l t s .  The c o y o t e  i n d e x  r e s u l t s  
f o r  t h e  t h r e e  s u r v e y  l i n e s  a r e  com- 
p a r e d  be low.  The a c t u a l  number o f  
c o y o t e  v i s i t s  i s  l i s t e d  i n  p a r e n t h e -  
s e s .  

1 9 7 2  1 9 7 3  1 9 7 1  - - p- 1 g 7 5  - 
1 2 0 0  F o o t  Road 1 0 8 ( : 7 )  Y 6 ( ? 3 )  

A r m y  Loop Road 1 1 2 [ 2 8 )  9 2 [ 2 3 )  

Line 4 0  7 6 ( 1 9 )  h 9 ( 1 7 1  : 0 3 ( 5 1 1 )  5 5 ( 1 1 )  

The a v e r a g e  c o y o t e  i n d e x  f o r  t h e  
f o u r t e e n  l i n e s  i n  Washington o v e r  t h e  
l a s t  3  y r  i s  1 0 4 . 8 .  The c o y o t e  i n -  
d e x e s  on t h e  1200 Foo t  Road and Army 
Loop Road a r e  c l o s e  t o  t h i s  a v e r a g e  
f i g u r e .  

R e l a t i v e  abundance  d a t a  t h a t  a r e  
a c c u r a t e  f o r  c a r n i v o r e s  s u c h  a s  c o y -  
o t e s ,  a s  w e l l  a s  a b s o l u t e  p o p u l a t i o n  
e s t i m a t e s ,  a r e  d i f f i c u l t  t o  o b t a i n .  
T h i s  s c e n t  p o s t  t e c h n i q u e  i s  s t i l l  
e x p e r i m e n t a l .  But a n n u a l  i n d e x  v a r i -  
t i o n s  on t h e  same l i n e  a r e  e x p e c t e d  
t o  r e f l e c t  c h a n g e s  i n  a c t u a l  c o y o t e  
abundance .  The l a r g e  i n c r e a s e  i n  c o y -  
o t e  r e s p o n s e s  t o  l i n e  # 9  i n  1974  i s  
n o t  r e a d i l y  e x p l a i n e d  a t  t h i s  t i m e .  
Da ta  f o r  5 o r  more y e a r s  n e e d  t o  b e  
c o l l e c t e d  b e f o r e  t r e n d s ,  i f  a n y ,  c a n  
be  d e t e c t e d .  

O t h e r  c a r n i v o r e s  a t t r a c t e d  t o  t h e  
s c e n t  p o s t s  s o  f a r  a r e  s k u n k s ,  bob-  
c a t s ,  and b a d g e r s .  T h i s  s u r v e y  w i l l  
h o p e f u l l y  c o n t i n u e  on an a n n u a l  b a s i s .  
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