








































































Suspended Particle Interaction and Uptake in Terrestrial Plants 

P r i n c i p a l  I n v e s t i g a t o r :  D. A. Ca ta ldo  

The purpose o f  these  s t u d i e s  i s  t o  develop an unders tand ing  o f  t h e  behav io r  and f a t e  o f  

a i r b o r n e  p o l l u t a n t s  f o l l o w i n g  i n t e r c e p t i o n  by p l a n t  f o l i a g e .  Submicron ( < I  pm) p a r t i c l e s  

i n t e r c e p t e d  by p l a n t  canopies behave d i f f e r e n t l y ,  w i t h  r e s p e c t  t o  r e t e n t i o n  t i n ie  on f o l i a g e ,  

than  >10 pm p a r t i c l e s .  The p r e s e n t  s t u d i e s  w i t h  241Ani02 show subni icronic  p a r t i c l e s  ( r e s p i r a -  

t o r y  s i z e  range)  t o  be e f f e c t i v e l y  i n t e r c e p t e d  and r e t a i n e d  on p l a n t  f o l i a g e .  Even under 

r i g o r o u s  l e a c h i n g  c o n d i t i o n s ,  >70% o f  t h e  depos i ted  Am i s  r e t a i n e d .  The d a t a  a l s o  suggest 

t h a t  r e t e n t i o n  tends t o  inc rease  w i t h  res idence  t i m e  on f o l i a g e .  T r a n s p o r t  s t u d i e s  show 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  f o l i a r  d e p o s i t s  t o  be t r a n s p o r t e d  t o  r o o t s  and seed. The q u a n t i t y  

t r a n s p o r t e d  t o  these t i s s u e s  tends t o  inc rease  f o l  l o w i n g  1  eaching t rea tments  (s imu la ted  

r a i n f a l l  ) . 
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  an e f f o r t  t o  understand t h e  behav io r  o f  p a r t i c u l a t e  forms 

of t h e  t r a n s u r a n i c s  i n  t h e  env i ronment .  Areas o f  s tudy  i n c l u d e :  1 )  an e v a l u a t i o n  o f  t h e  

r e t e n t i o n  c h a r a c t e r i s t i c s  o f  241Am, 244Cm and 237Np i n  a d d i t i o n  t o  2 3 8 P ~ ;  2 )  t h e  e x t e n t  o f  

uptake and t r a n s l o c a t i o n  o f  t h e  t r a n s u r a n i c s  f o l l o w i n g  f o l i a r  contaminat ion;  and 3 )  e l u c i d a -  

t i o n  of t h e  r e l a t i o n s h i p s  between p a r t i c l e  s i z e  and mechanisms assoc ia ted  w i t h  t h e i r  r e t e n t i o n  

and b i o a v a i l  ab l  i t y .  

Re ten t ion  o f  Submicronic T ransuran ic  P a r t i  - 
c l e s  by P l a n t  F o l i a g e  

Prev ious s t u d i e s  show t h e  r e t e n t i o n  be- 
h a v i o r  o f  subni icronic  Pu p a r t i c l e s  i n t e r -  
cepted by p l a n t  f o l i a g e  t o  d i f f e r  substan-  
t i a l  l y  f rom e a r l y  concepts o f  r e t e n t i o n  
h a l f - t i m e s  f o r  n a t u r a l  and s i m u l a t e d  f a l l o u t  
p a r t i c l e s  hav ing  d iameters >10 pni. Submi- 
c r o n i c  p a r t i c l e s  o f  2 3 8 P ~  appear t o  remain 
f i x e d  t o  l e a f  su r faces  o f  bushbean w i t h  
(2-8% a b l e  t o  be resuspended by t h e  a c t i o n  
o f  r a i n f a l l  over  a  21 -day p e r i o d  f o l l o w i n g  
con tamina t ion .  These s t u d i e s  have been 
extended t o  i n c l u d e  241Am. 

F o l i a g e  o f  21-day o l d  bushbean p l a n t s  were 
contaminated w i t h  f r e s h l y  prepared 241Am02 
u s i n g  a  low-wind speed p l a n t  exposure f a c i l -  
i t y .  P a r t i c l e s  depos i ted  on to  f o l i a g e  have 
a  count  median d iameter  o f  0.10 - 0.20 um. 

To s tudy  t h e  r e t e n t i o n  behavior  o f  *'+lAm02, 
contaminated f o l i a g e  was sub jec ted  t o  a  sim- 
u l a t e d  r a i n f a l l  (0 .4  cm/lO pm) 1,  7, 14 o r  
21 days f o l  l o w i n g  con tamina t ion  ( F i g u r e  2.1 ) . 
The r e t e n t i o n  d a t e  ob ta ined  f o r  241Am02 was 
qua1 i t a t i v e l y  s i m i l a r  t o  t h a t  o b t a i n e d  f o r  
2 3 8 P ~ 0 2 ,  w h i l e  be ing  q u a n t i t a t i v e l y  more 
a v a i l a b l e  f o r  l e a c h i n g  under m i l d  r a i n f a l l  
c o n d i t i o n s  a t  7 ,  14 and 21 days. However, 
o n l y  3  t o  8% o f  t h e  f o l i a r  d e p o s i t s  cou ld  be 
removed under these  m i l d  l e a c h i n g  c o n d i t i o n s .  
A p p l i c a t i o n  o f  more r i g o r o u s  l e a c h i n g  cond i -  
t i o n s  (1.6 cm/30 min )  w i t h  e i t h e r  s imu la ted  
r a i n w a t e r  o r  a c i d i f i e d  r a i n w a t e r  (pH 2.0) 
u s i n g  p l a n t s  w i t h  a l l  b u t  contaminated f o l i -  
age removed, shows an i n t e r e s t i n g  t rend .  
Rainwater ,  pH 7  .O, e f f e c t i v e l y  removes ~ 8 %  
o f  t h e  t o t a l  f o l i a r  d e p o s i t s ,  w h i l e  pH 2.0 
r a i n w a t e r  removed ~ 2 7 %  o f  t h e  depos i ted  
241Am02. These va lues  a r e  s u b s t a n t i a l l y  
h i g h e r  than  t h e  4  and 6% removable by r a i n -  
wa te r  and a c i d i f i e d  r a i n w a t e r ,  r e s p e c t i v e l y ,  
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D A Y S  FOLLOWING CONTAMINATION 

FIGURE 2.1. Leachability of foliar 2 4 1 A m 0 ~  Contaminants 
as a Function of Time Following Contamination of 
Bushbean Leaves. 

seen f o r  f u l l y  prepared 2 3 8 P ~ 0 2  suspensions. 
F r a c t i o n a t i o n  o f  t i l e  leacha tes  r e s u l t i n g  f rom 
a p p l i c a t i o n  o f  a c i d i f i e d  r a i n w a t e r  shows 95% 
o f  t h e  leachab le  Am t o  s o l u b l e  (passes a  O.G1 
u membrane f i 1  t e r )  . 

Data ob ta ined  f o r  submicronic  241Am02 
p a r t i c l e s ,  and p r e v i o u s  d a t a  on 2 3 8 P ~ 0 2 ,  
suggest t h a t  r e t e n t i o n  o f  submicronic  p a r -  
t i c l e s  by p l a n t  f o l i a g e  i s  g r e a t l y  under- 
es t imated  i n  l i g h t  o f  c u r r e n t l y  accepted 
r e t e n t i o n  h a l f - t i m e s  o f  14 days. T h i s  im- 
p l i e s  t h e  need f o r  r e v i s e d  hazard a n a l y s i s  
and f u r t h e r  s t u d y  o f  chemical m o d i f i c a t i o n  
ana f o l i a r  a b s o r p t i o n  t h a t  may occur  because 
o f  extended res idence  t imes  f o r  submicronic  
p a r t i c l e s  on f o l i a g e .  

Uptake and T r a n s l o c a t i o n  o f  F o l i a r l y  Depos- 
i t e d  Americium 

E a r l i e r  s t u d i e s ,  w i t h  v a r i o u s  chemical 
forms o f  2 3 8 P ~ ,  showed t h a t  t h e  a v a i l a b i l i t y  
o f  Pu depos i ted  on f o l i a r  s u r f a c e  f o r  uptake 
and t r a n s f e r  t o  bushbean seeds was dependent 
on chemical f o r m  o f  Pu s u p p l i e d  and inc reased  
wi t h  t h e  a p p l i c a t i o n  o f  a  s i m u l a t e d  r a i n f a l l  
t o  contaminated f o l  i a g e  ( s o l u t i o n  v e c t o r ) .  
Concen t ra t ion  r a t i o s  (CR) u s i n g  f r e s h l y  p r e -  
pared 2 3 8 P ~ 0 2 ,  f o r  r o o t  and seed t i s s u e s  were 

%\.5 x i n  t h e  absence o f  r a i n f a l l  and 
inc reased  t o  %2 x  I C J - ~  on a p p l i c a t i o n  o f  a  
s imu la ted  r a i n f a l l .  S i m i l a r  s t u d i e s  have 
r e c e n t l y  teen  completed f o r  241Arn02. 

C a l c u l a t i o n  o f  c l a s s i c a l  CR va lues  f o r  
t r a n s f e r  f ro l i i  contaminated f o l i a g e  t o  seed o r  
r o o t  t i s s u e s  y i e l d s  va lues  o f  3 x  10-7 t o  8 
x  10-6. L ln l i  ke t h e  behav io r  o f  Pu, t r a n s f e r  
r a t e s  were n o t  inc reased  by t h e  a p p l i c a t i o n  
o f  a  s imu la ted  r a i n f a l l .  The use o f  CR 
va lues  f o r  eva l  u a t i n p  t h e  t r a n s f e r  o f  t r a n s -  
u r a n i c  f rom f o l i a g e  t o  seed o r  r o o t ,  a l though  
useft11 i n  making compar isor~s,  should be used 
w i t h  c a u t i o n .  S u b s t a n t i a l  v a r i a t i o n  i n  CR 
v a l u e  appears t o  r e s u l t  f rom d i f f e r e n c e s  i n  
t h e  magnitude o f  t h e  c o n c e n t r a t i o n  o f  t r a n s -  
u ra r i i c  OII contaminates f o l i a g e .  A l though  
da ta  generated f o r  Pu a r e  c o n s i s t e n t  between 
exper iments,  exper iments r ~ i t h  Am, due t o  t h e  
apparent  l a r g e r  s o l u b l e  component, appear t o  
have f r a c t i o n a t e d  d u r i n g  aeroso l  g e n e r a t i o n  
and i n t e r c e p t i o n ,  y i e l d i n g  an o r d e r  o f  mag- 
n i  tude  d i f f e r e n c e  i n  f o l  i a r  c o ~ i c e n t r a t i o r i .  
tlowever, i f  one l o o k s  a t  s i m p l y  t h e  percen t -  
age t r a n s f e r  t o  seed o r  r o o t s ,  o r  t h e  t o t a l  
h p r e s e n t l g  seed, t h e r e  appears t o  be 5 t o  
20 t imes  more An absorbed and t r a n s f e r r e d  t o  
seed and r o o t s  than  found f o r  2 3 8 P ~  ( f r e s h l y  
p repared) .  

F u t u r e  e f f o r t s  wi  11 be d i r e c t e d  towards 
e v a l u a t i n g  t h e  processes c o n t r o l  1  i n g  f o l  i a r  
a b s o r p t i o n  and t r a n s p o r t  o f  t r a n s u r a r l i c  i n  
p l a n t s .  Resu l t s  w i t h  b o t h  Pu and Am i n d i c a t e  
t h a t  f o l i a r  a b s o r p t i o n  i s  a complex process, 
w i t h  chemical form and s o l u b i l i t y  p l a y i n g  a  
major  r o l e .  S tud ies  a r e  be ing  i n i t i a t e d  t o  
i n v e s t i g a t e  t h e  a b s o r p t i o n  o f  t r a n s u r a n i c s  
through f o l i a r  s u r f a c e  and i t s  f a t e  f o l l o w i n g  
absorp t ion .  



Transuranic Complexation in Soil and Uptake by Plants 

P r i n c i p a l  I n v e s t i g a t o r s :  R. E. Wildung, T.  R .  Garland, 
K. M. McFadden, D. A. Cataldo, H. Drucker  and M. S u l l i v a n  

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

c a l  processes i n  i n f l u e n c i n g  t h e  long- term a v a i l a b i l i t y ,  d i s t r i b u t i o n ,  and fo rm o f  t r a n s u r a n i c  

elements i n  p l a n t s  and animals .  

I n  o r d e r  t o  accompl ish t h i s  o b j e c t i v e ,  b a s i c  s t u d i e s  have been under taken t o  determine:  1 )  
t h e  e f f e c t s  o f  t r a n s u r a n i c  elements on s o i l  m i c r o b i a l  p o p u l a t i o n s  and processes, 2) t h e  poten-  

t i a l  f o r  a l t e r a t i o n  o f  va lence s t a t e  and f o r m a t i o n  o f  t r a n s u r a n i c - o r g a n i c  complexes i n  s o i l  as 

a  f u n c t i o n  o f  s o i l  phys icochemical  p r o p e r t i e s  and s o i l  m i c r o b i a l  a c t i v i t y ,  3)  t h e  i n f l u e n c e  o f  

s o i l  m i c r o b i a l  and p l a n t  processes on t h e  k i n e t i c s ,  e x t e n t  o f  uptake,  s i t e s  o f  d e p o s i t i o n ,  and 

form o f  t r a n s u r a n i c  elements i n  p l a n t s ,  and 4) t h e  g u t  t r a n s p o r t  and fo rm o f  t r a n s u r a n i c  

elements i n  an imals  as r e l a t e d  t o  s o i l  and p l a n t  v a r i a b l e s .  

Emphasis was p l a c e d  on d e l i n e a t i o n  o f  t h e  
r e l a t i o n s h i p s  between s o i l  chemical and mi -  
c r o b i a l  processes and t h e  r o l e  o f  s o i l  m ic ro -  
organisms i n  a f f e c t i n g  s o l u b i l  i z a t i o n  and 
t r a n s f o r m a t i o n  o f  elements cons idered  l a r g e l y  
i n s o l u b l e  i n  s o i l s  s t r i c t l y  on t h e  bas is  o f  
t h e i r  i n o r g a n i c  chemical c h a r a c t e r i s t i c s .  

So lub le ,  d i f f u s i b l e  Pu i n  s o i l s  ( u s u a l l y  
l e s s  than  0.1% o f  t o t a l )  appears t o  be l a r g e l y  
p resen t  as p a r t i c u l a t e s  o f  hydra ted  ox ide ,  
b u t  severa l  l i n e s  o f  evidence suggest t h a t  
microorganisms may i n f  1  uence t h e  s o l  u  b i  1  i t y  
o f  Pu and t h a t  t h e  n o n p a r t i c u l a t e  p l a n t -  
a v a i l a b l e  f r a c t i o n  i s  s t a b i l i z e d  i n  s o l u t i o n  
by i n o r g a n i c  o r  o r g a n i c  l i g a n d s  o f  l i m i t e d  
c o n c e n t r a t i o n  i n  s o i l .  The r o l e  o f  s o i l  
microorganisms i n  i n f l u e n c i n g  t h e  s o l u b i l i t y ,  
fo rm and p l  an t -ava i  1  a b i  1  i t y  o f  t h e  t ransu-  
r a n i c s  i s  d iscussed on t h e  b a s i s  o f  the :  1 )  
known chemis t ry  o f  o rgan ic  l i g a n d s  i n  s o i l s ,  
2)  e f f e c t s  on t h e  s o i l  m i c r o f l o r a ,  and 3)  
p r i n c i p a l  m i c r o b i a l  t r a n s f o r m a t i o n  mechan- 
isms, i n c l u d i n g  d i r e c t  a l t e r a t i o n  (va lence  
s t a t e ,  a1 k y l a t i o n ) ,  i n d i r e c t  a1 t e r a t i o n  
(metabol i t e  i n t e r a c t i o n s ,  i n f l u e n c e  on t h e  

phys icochemical  env i ronment) ,  and c y c l i n g  
processes ( b i o l o g i c a l  uptake and r e l e a s e  
a f t e r  decomposi t i o n  o f  t i s s u e s ) .  

The t o x i c i t y  of Pu t o  microorganisms de- 
pends on Pu s o l u b i l i t y  i n  s o i  1  . However, 
s o i l  microorganisms a r e  g e n e r a l l y  r e s i s t a n t  
t o  Pu, w i t h  t o x i c i t y  a p p a r e n t l y  due t o  r a d i -  
a t i o n  r a t h e r  than  chemical e f f e c t s .  H i g h l y  
r e s i s t a n t  b a c t e r i a ,  f u n g i ,  and act inomycetes 
have been i s o l a t e d  f rom s o i l ,  and these  o r -  
ganisms have been shown t o  be capable o f  
t r a n s p o r t i n g  Pu i n t o  t h e  c e l l  and a l t e r i n g  
i t s  form i n  t h e  c e l l  and i n  s o l u t i o n .  The 
r e s u l t i n g  s o l u b l e  Pu complexes tend  t o  be o f  
h i g h e r  m o l e c u l a r  we igh t  than s imp le  complexes 
(Pu-DTPA) and n e g a t i v e l y  charged. The fo rm 
o f  Pu, a l though  n o t  w e l l - d e f i n e d ,  i s  depen- 
den t  upon organism type,  carbon source, and 
t ime o f  Pu exposure d u r i n g  growth. These 
f a c t o r s ,  i n  t u r n ,  a r e  a  f u n c t i o n  o f  Pu source, 
s o i  1  p r o p e r t i e s ,  and s o i  1  env i  ronmental con- 
d i  t i o n s  . Know1 edge o f  t h e  r e 1  a t i v e  i n f l u e n c e  
of these  f a c t o r s  serves as a  v a l u a b l e  b a s i s  
f o r  p r e d i c t i n g  t h e  behavior  o f  Pu and o t h e r  
t r a n s u r a n i c  elements i n  t h e  s o i l .  



D u r i n g  t h e  c u r r e n t  year ,  i n v e s t i g a t i o n s  
have con t inued  t o  develop b a s i c  techniques 
f o r  unders tand ing  t h e  chemis t ry  o f  t h e  t r a n -  
s u r a n i c  elements and t o  measure 1 )  t h e  s o l u -  
b i l i t y  and p l a n t  a v a i l a b i l i t y  o f  Pu as 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 ,  2) chemical 
s p e c i a t i o n  (complexes, va lences)  o f  Pu i n  
s o i  1  e x t r a c t s ,  m i c r o b i a l  c u l t u r e s ,  and p l a n t s ,  
3) m i c r o b i a l  t r a n s f o r m a t i o n s  o f  Pu i n  s o i l ,  
4) f o r m  and behav io r  o f  Pu i n  p l a n t s  and 5)  
a v a i l a b i l i t y  t o  an imals  o f  Pu i n  p l a n t  t i s -  
sues. I n  a d d i t i o n ,  a  1  i t e r a t u r e  rev iew o f  
o r g a n i c  complexants i n  n u c l e a r  wastes was 
completed w i t h  p a r t i a l  suppor t  f rom t h e  
Envi ronmenta l  P r o t e c t i o n  Agency. The p o s s i -  
b i l  i t y  o f  m o b i l i z a t i o n  o f  wastes by com- 
p l e x a t i o n  w i l l  be assessed u s i n g  b a s i c  i n -  
f o r m a t i o n  d e r i v e d  f rom t h e  p r e s e n t  program. 

Pu Valence S t a t e s  

Pu va lence s t a t e s  have been determined on 
a  r e g u l a r  b a s i s  u s i n g  a  t h e n y l t r i f l u o r o a c e -  
tone  (TTA) e x t r a c t i o n  d iscussed i n  a  p r e -  
v i o u s  r e p o r t .  The use o f  coniplexing agents 
f o r  measurement o f  o x i d a t i o n  s t a t e  was ex-  
tended t o  s e p a r a t i o n  by TLC u s i n g  c e l l u l o s e  
p l a t e s  p r e t r e a t e d  w i t h  TTA o r  t r i i s o o c t y l a m -  
i n e  (TIOA) and developed i n  2M NH4NO3-.5 M 
HN03. Pu I V  and V I  were m o b i l i z e d  d i f f e r -  
e n t l y  i n  these  systems, though t h e  separa t ion  
was n o t  corr~plete.  Optimum c o n c e n t r a t i o n  o f  
l i g a n d  r e q u i r e d  has n o t  been determined.  The 
p o s s i b i l i t y  o f  d i f f u s i o n  on TIOA p l a t e s  
d u r i n g  s tand ing  and o f  photochemical sens i -  
t i v i t y  o f  t h e  TTA p l a t e s  must be r e s o l v e d .  

The TTA e x t r a c t i o n  method was used i n  t h e  
presence of severa l  model Pu complexes t o  
determine t h e  e f f e c t  o f  conp lex ing  agents on 
t h e  r e d u c t i o n  o f  Pu02+ t o  Pu I V .  L igands 
were chosen because o f  t h e i r  p r o d u c t i o n  by 
p l a n t s  o r  microorganisms ( g e n t i s i c ,  ma1 i c ,  
and pho toca techn ic  a c i d s ) ,  and t h e i r  use i n  
a g r i c u l t u r e  o r  i n d u s t r y  (DTPA, EDTA) . For-  
mat ion  o f  t h e  co r respond ing  c h e l a t e s  w i t h  Pu 
was demonstrated by  TLC. Complexed forrns 
behaved i d e n t i c a l l y  on TLC, whether t h e  Pu 
was s u p p l i e d  i n i t i a l l y  as Pu I V  o r  as Pu02+. 
S o l u b i l i t y  (<.01 U) o f  Pu che la tes ,  as l i s t e d  
i n  Tab le  2.1, was measured 1  and 12 days 
a f t e r  p r e p a r a t i o n .  A1 i q u o t s  o f  each f i  1  t e r e d  
s o l u t i o n  were preserved i n  1.8 M  HN03 f o r  24 
h r  p r i o r  t o  TTA e x t r a c t i o n .  I n i t i a l  e x t r a c -  
t i o n  represen ts  t h e  a l i q u o t s  f i l t e r e d  1  day 
a f t e r  p r e p a r a t i o n  and a c i d i f i e d  10 days 
1  a t e r  . F i n a l  e x t r a c t i o n  represen ts  a1 i q u o t s  
f i l t e r e d  12 days a f t e r  p r e p a r a t i o n  and inlme- 
d i a t e l y  a c i d i f i e d .  

S ince benzene a lone  d i d  n o t  r e s u l t  i n  ex- 
t r a c t i o n  o f  Pu f rom any o f  t h e  complex sys- 
tems, TTA l i k e l y  r e s u l t s  i n  d i s a s s o c i a t i o n  o f  

TABLE 2.1. Reduction of Pu in the Presence of 
Organic Liquids 

Pu IV A(lcled PUO.' Added 
-- 

TTA TT A 
Soluble Extractable Soluble Extractable 

ln i t la l  F i n a l  l n ~ t l a l  F ~ n a l  ln~tial F ~ n a l  l n i t ~ a l  Final 
- - - - - - - - - - - - . -- - 

... * , . . .  

0.02 M CaCI: 16 25 4 0.5 78 74 0.7 0.2 

DTPA 100 78 79 66 89 75 49 48 

EDTA 96 81 80 77 77 65 59 59 

Gentls~r A c ~ d  61 64 59 2 82 80 70 3 

M a l ~ c  Ac 111 85 82 76 75 86 83 19 16 

Protocatrrhn~c 79 77 74 45 83 83 73 74 
Acld 

t h e  complex and e x t r a c t i o n  o f  Pu I V .  Much 
l e s s  l i k e l y  i s  t h e  p o s s i b i l i t y  o f  TTA ex- 
t r a c t i o n  o f  t h e  i n t a c t  complexes. Where Pu 
I V  was i n i t i a l l y  p resen t ,  t h e  m a j o r i t y  o f  t h e  
s o l u b l e  Pu remained as e x t r a c t a b l e  Pu I V  f o r  
most l i g a n d s  i n  Tab le  2.1. I n  0.02 M CaC12, 
t h e  smal l  f r a c t i o n  o f  s o l u b l e  Pu i s  p robab ly  
hydro lyzea  and t h e r e f o r e  u n e x t r a c t a b l e .  The 
marked drop i n  e x t r a c t a b l e  Pu i n  t h e  f i n a l  
e x t r a c t i o n  o f  g e n t i s i c  a c i d  suggests t h e  
removal o f  some s t a b i  1  i z i n g  i n f l u e n c e ,  the reby  
a l l o w i n g  Pu t o  hydro lyze .  A  s i z e a b l e  f r a c -  
t i o n  o f  Pu was l e f t  a t  t h e  o r i g i n  i n  TLC 
p l a t e s  o f  t h e  g e n t i s i c  a c i d  system, suppor t -  
i n g  t h i s  conc lus ion .  The p r o t o c a t e c h n i c  a c i d  
system s i n i i l a r l y  shows Pu a t  t h e  o r i g i n ,  and 
incomple te  e x t r a c t i o n  by TTA. 

When Pu02+ was t h e  i n i t i a l  Pu form, reduc-  
t i o n  t o  Pu I V  by l i g a n d  a c t i o n ,  was ev idenced 
by TLC and by  t h e  e x t r a c t i o n  d a t a .  The Pu 
was e x t r a c t a b l e  f rom p r o t o c a t e c h n i c  a c i d ,  
DTPA and EDTA. Since TLC shows a l l  Pu com- 
p lexed  by DTPA and EDTA, e v i d e n t l y  t h e  TTA 
d i d  n o t  comp le te ly  d i s a s s o c i a t e  t h e  complexes. 
T h i s  i s  a l s o  observed t o  some degree i n  t h e  
Pu I V  system. G e n t i s i c  a c i d ,  again,  showed 
l o w  f i n a l  e x t r a c t a b i l i t y  and cons iderab le  Pu 
rema in ing  a t  t h e  TLC o r i g i n .  I n  t h e  system 
used, t h e  R f  o f  t h e  Pu-malic a c i d  complex was 
i n d i s t i n g u i s h a b l e  f rom t h a t  o f  uncomplexed 
Pu02+, so t h e  e f f i c i e n c y  o f  complex f o r m a t i o n  
cannot  be determined.  The Pu was e x t r a c t a b l e  
f r o m  t h e  Pu IV-ma l i c  a c i d  system, sugges t ing  
t h a t  m a l i c  a c i d  d i d  n o t  reduce puo2+ t o  t h e  
complexable Pu I V .  



With  some l i g a n d s ,  use o f  PuOZt a p p a r e n t l y  
a i d s  i n  complex f o r m a t i o n  by p r o v i d i n g  a  
source which remains more s o l u b l e  r e l a t i v e  t o  
Pu I V  and, t h e r e f o r e ,  more a v a i l a b l e  f o r  com- 
p l  exa t ion ,  p r o v i d e d  t h e  1  igand  can reduce the  
species.  A  comprehensive s t u d y  u s i n g  l i g a n d s  
w i t h  a  broader  range o f  p r o p e r t i e s  i s  
scheduled. 

Behavior  o f  Pu i n  S o i l  

S tud ies  t o  d e f i n e  t h e  k i n e t i c s  o f  Pu 
s o l u b i l i t y  and d i f f u s i b i l i t y  i n  28 w e l l -  
c h a r a c t e r i z e d  s o i l s  r e p r e s e n t i n g  a  range i n  
phys icochemical  p r o p e r t i e s  have con t inued .  
S o l u b i l i t y  parameters w i l l  be r e l a t e d  s t a -  
t i s t i c a l l y  t o  s o i l  p r o p e r t i e s  i n  o r d e r  t o  
e s t a b l i s h  a  b a s i s  f o r  p r e d i c t i o n  o f  Pu s o l u -  
b i l i t y  and p l a n t  a v a i l a b i l i t y  o v e r  a  broad 
geographic  r e g i o n .  T h i s  i n f o r m a t i o n ,  i n  
c o n j u n c t i o n  w i t h  s t u d i e s  o f  t r a n s u r a n i c  spe- 
c i a t i o n ,  m i c r o b i a l  t rans fo rmat ions ,  and p l a n t  
and animal a v a i l a b i l i t y  o f  Pu i n  d i f f e r e n t  
s o i l s ,  should p r o v i d e  a  broad p r e d i c t i v e  base 
t o  assess t h e  long- te rm behav io r  and e f f e c t s  
o f  Pu i n  t h e  t e r r e s t r i a l  env i ronment .  

F u r t h e r  c h a r a c t e r i z a t i o n  o f  28 s o i l s  
r e p r e s e n t i n g  a  wide range o f  phys icochemical  
p r o p e r t i e s  has con t inued .  Elemental a n a l y s i s  
o f  ma jo r  components i n  t h e  s o i l s  was accom- 
p l i s h e d  u s i n g  s tandard  f u s i o n  techniques.  
Analyses f o r  mercury by atomic a b s o r p t i o n  
r e v e a l e d  a  range o f  <0.02 - 0.45 ppm. Trace 
e lementa l  a n a l y s i s  by spark source mass 
spectrometry  f o r  elements r a n g i n g  f rom L i  t o  
U has been completed. I n  a d d i t i o n ,  u n i f o l i -  
a t e s  f rom 25-day o l d  soybeans grown on these 
s o i l s  were analyzed by spark source mass 
spectrometry  f o r  t r a c e  e lementa l  composi t ion.  
A  range o f  severa l  o r d e r s  o f  magnitude has 
been observed i n  t h e  apparent  up take  concen- 
t r a t i o n  r a t i o s  o f  severa l  elements f rom t h e  
28 s o i l s .  These d a t a  w i l l  serve as a  com- 
p a r a t i v e  c o n t r o l  da ta  s e t  f o r  a  l a t e r  s tudy  
o f  Pu a v a i l a b i l i t y  t o  p l a n t s  f rom t h e  28 
s o i l s .  

I n  a d d i t i o n  t o  t o t a l  e lementa l  composi- 
t i o n ,  s t u d i e s  o f  e x t r a c t a b l e  forms o f  severa l  
elements have been completed. Adsorp t ion  by, 
o r  r e a c t i o n  w i t h ,  hydrous o x i d e s  o f  Fe, A l ,  
and Mn i s  cons idered  t o  be a  ma jo r  mechanism 
f o r  s o r p t i o n  o f  heavy m e t a l s  i n  s o i l s .  Pyro- 
phosphate, d i t h i o n i t e ,  and o x a l a t e  e x t r a c -  
t i o n s  approx in ia te ly  r e f l e c t  t h e  o rgan ic ,  
i n o r g a n i c ,  and amorphous o x i d e  forms, respec-  
t i v e l y ,  o f  Fe and A1 . A v a i l a b l e  Mn ox ides 
were determined by a  NHzOH.HC1 r e d u c t i o n  
technique,  w h i l e  a  KOH e x t r a c t i o n  was used t o  
es t imate  S i02  and Al2O3 forms.  Range, aver -  
age, and mean va lues  f o r  these  m a t e r i a l s  i n  
t h e  28 s o i l s  a r e  l i s t e d  i n  Table 2.2. 

TABLE 2.2. Total and Extractable Elemental Content of 
28 Soils 

Range Average Mean 

Na - Total 0.085 - 5.9 
K - Total 0.24 - 1.8 
Ca - Total 0.22 - 4.8 
M g  - Total 0.067 - 1.4 
Ti - Total 0.055 - 0.97 
Si - Total 4.2 - 37.3 

KOH (SO2) 0.075 - 1 .O 

M n  - Total 0.004 - 0.32 
Amor. Oxides 0.003 - 0.52 

Al - Total 0.78 - 8.4 
Extractable: 

Pyrophosphate 0.005 - 1.2 
Dithionite 0.002 - 0.39 
Oxalate 0.011 - 1.4 
KOH(A1203) 0.008 - 0.26 

Fe - Total 0.38 - 6.9 
Extractable: 

Pyrophosphate 0.001 - 1.2 
Dithionite 0.039 - 0.8 
Oxalate 0.022 - 1.1 

P, Available 0.0004 - 0.018 

I n  t h e  o x a l a t e  e x t r a c t i o n  f o r  Fe and A l ,  
s o i l s  were con tac ted  w i t h  t h e  s o l u t i o n  f o r  20 
min.  Upon r e e x t r a c t i o n ,  severa l  s o i l s  showed 
t h e  expected decrease i n  A1 c o n c e n t r a t i o n  i n  
t h e  second leacha te ,  b u t  a  cons iderab le  
inc rease  i n  Fe. A l l  s o i l s  hav ing  t h i s  phe- 
nomenon were n a t i v e  t o  t h e  Hanford area and 
con ta ined  cons iderab le  m a g n i t i t e .  Oxa la te  i s  
known t o  d i s s o l v e  m a g n i t i t e  and e a s i l y  weather-  
a b l e  i r o n  m i n e r a l s .  When e x t r a c t a b l e  Fe and 
A1 were mon i to red  f o r  48 h r ,  these s o i l s  
showed a  marked inc rease  i n  e x t r a c t a b l e  Fe, 
and a  l e s s  pronounced inc rease  i n  e x t r a c t a b l e  
A1 . Some s o i l s  showed an i n i t i a l  apparent  
e q u i l i b r i u m  a t  5 2 h r ,  which may r e p r e s e n t  
t h e  maximum e x t r a c t i o n  t ime a l l o w a b l e  b e f o r e  
m inera l  d i s s o l u t i o n  becomes s i g n i f i c a n t .  

Behavior  o f  Pu i n  P l a n t s  

I n v e s t i g a t i o n s  have been concerned w i t h  
e v a l u a t i n g  t h e  p h y s i o l o g i c a l  processes which 
a f f e c t  and p o s s i b l y  r e g u l a t e  t h e  behav io r  o f  
Pu i n  p l a n t s .  These have d e a l t  w i t h  t h e  
k i n e t i c s  o f  Pu accumulat ion by p l a n t s  f rom 
s o i l s ,  c h a r a c t e r i z a t i o n  o f  Pu f o r m  i n  xylem 
exudate, and t h e  impor tance and f a t e  o f  Pu 
form on movement f rom leaves  t o  seed. 



Prev ious  s t u d i e s  w i t h  s i x  s o i l s  v a r y i n g  i n  
p r o p e r t i e s ,  showed Pu c o n t e n t  o f  shoot  and 
r o o t  t i s s u e s  t o  inc rease  i n  a  l i n e a r  f u n c t i o n  
w i t h  p l a n t  age. T h i s  suggested t h a t  t h e  Pu 
c o n t e n t  o f  p l a n t s  i s  a  f u n c t i o n  o f  p l a n t  
growth i n  a d d i t i o n  t o  t h e  c o n c e n t r a t i o n  o f  
" a v a i l a b l e "  Pu i n  s o i l  s o l u t i o n ,  t h e  l a t t e r  
be ing  a  f u n c t i o n  o f  b o t h  s o i l  parameters and 
chemical s p e c i a t i o n  o f  Pu. An a n a l y s i s  o f  
t h e  k i n e t i c s  o f  d r y  m a t t e r  p r o d u c t i o n  and Pu 
c o n t e n t  o f  shoots o f  soybean grown on 
Ri t z v i l  l e  s o i  1, and cor respond ing  CR values 
f rom germina t ion  t o  m a t u r i t y  shows severa l  
t rends  ( F i g u r e  2 .2 ) .  F i r s t ,  growth ( d r y  
m a t t e r  p r o d u c t i o n )  inc reases  exponen t ia l  l y  
over  t h e  84 day p e r i o d ,  w i t h  maximum d r y  
m a t t e r  p r o d u c t i o n  o c c u r r i n g  a f t e r  i n i t i a l  
f l o w e r i n g ;  t h i s  i s  c h a r a c t e r i s t i c  o f  p l a n t s  
w i t h  i n d e t e r m i n a n t  stem meristems. I n t e r -  
e s t i n g l y ,  t h e  t o t a l  Pu c o n t e n t  o f  shoots 
e x h i b i t s  s i m i l a r  k i n e t i c s .  T h i s  would sug- 
g e s t  t h a t  a l t h o u g h  t h e  a v a i l a b l e  s o i l  Pu may 
remain c o n s t a ~ i t  i n  t h i s  s tudy ,  t h e  r a t e  o f  
accumulat ion o r  f l u x  may be p r o p o r t i o n a l  t o  
water  f l u x  o r  t r a n s p i r a t i o n .  An i m p o r t a n t  
o b s e r v a t i o n  i n  these  d a t a  i s  t h a t  a l t h o u g h  
d r y  m a t t e r  p r o d u c t i o n  and Pu accumulat ion 
inc rease  i n  a  s i m i l a r  f a s h i o n ,  CR va lues  
a c t u a l l y  decrease by a  f a c t o r  o f  20 over  t h e  
84-day p e r i o d .  Wi th  o t h e r  s o i l s ,  t h e  p a t -  
t e r n s  o f  d r y  m a t t e r  p r o d u c t i o n  and Pu c o n t e n t  
a r e  s i m i l a r ,  b u t  CR va lues  decrease by as 
l i t t l e  as a  f a c t o r  o f  3. The behav io r  o f  CR 
va lues  i n  these s t u d i e s  r e s u l t  f rom t h e i r  
c a l c u l a t i o n  a t  one p o i n t  i n  t i m e  based on two 

c o n c e n t r a t i o n s ,  one o f  which ( s o i l  concen- 
t r a t i o n )  bears 1  i t t l e  re levance  t o  t o t a l  
a v a i l a b l e  poo ls .  T h i s  e f f e c t  i s  b e t t e r  seen 
when comparing Pu up take  da ta  and CR va lues  
u s i n g  a  number o f  techniques and l a r g e r  
q u a n t i t i e s  o f  s o i l  w i t h  a l l  o t h e r  f a c t o r s  
c o n s t a n t .  Methods must be developed t o  
b e t t e r  q u a n t i t a t e  Pu a v a i l a b i l  i t y  based on 
r a t e s  o f  accumulat ion.  

C h a r a c t e r i z a t i o n  o f  Pu fo rm i n  p l a n t s  has 
been c o n t i n u i n g .  S tud ies  w i t h  v a r i o u s  chemi- 
c a l  forms o f  Pu, have shown o rgan ic  Pu com- 
p lexes  t o  predominate i n  p l a n t  t i s s u e ,  espe- 
c i a l l y  w i t h  r e s p e c t  t o  t r a n s p o r t  forms i n  
xylem exudate. Several o rgan ic  compounds, 
p resen t  i n  h i g h  c o n c e n t r a t i o n  i n  b o t h  r o o t s  
and exudate, a r e  capable o f  e f f e c t i v e l y  
compl ex-ing Pu. Un fo r tuna te1  y  , chromatogra- 
p h i c  p r o p e r t i e s  o f  severa l  o f  t h e  p l a n t  com- 
p lexes  c o i n c i d e  w i t h  Pu.DTPA. Methods a r e  
be ing  developed t o  r e s o l v e  t h i s  problem. 
S tud ies  a r e  a l s o  underway t o  r e s o l v e  t h e  
behav io r  o f  endogenous Pu-complexes i n  
p l a n t s .  These have shown t h a t  Pu.DTPA sup- 
p l  i e d  t o  leaves  i s  r e a d i l y  t r a n s p o r t e d  t o  
s i n k  leaves,  seeds and pods b u t  n o t  mature 
leaves  (>6% i n  24 h r ) ,  a  c h a r a c t e r i s t i c  o f  
phloem mob i le  compounds. A1 though DTPA and 
s i m i l a r  c h e l a t e s  a r e  n o t  h e l d  t o  be phloem 
mob i le ,  these p r e l i m i n a r y  s t u d i e s  would 
suggest t h a t  they  may have a  f u n c t i o n  i n  
m a i n t a i n i n g  Pu s o l u b i l i t y  e n a b l i n g  subsequent 
complexat ion by endogenous o r g a n i c  compounds 
which a r e  phloem mob i le .  

M i c r o b i a l  T rans fo rmat ions  o f  Pu 

Mixed C u l t u r e s  o f  Organisms - 

Transf0ri l ;at ion o f  t h e  chemical f o r m  o f  a  
s o l u b l e  complex o f  Pu was p r e v i o u s l y  shown, 
t o  occur  i n  mixed 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  and b a c t e r i a .  R e s u l t s  o f  a n a l y s i s  o f  
t h e  exocel l u l a r  and i n t r a c e l l u l a r  s o l u b l e  
f r a c t i o n s  o f  these c u l t u r e s  by gel  permeat ion 
chromatography, t h i n - l a y e r  chromatography, 
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  i n d i c a t e d  t h e  
f o r m a t i o n  o f  components o f  g r e a t e r  m o l e c u l a r  
we igh t  than  the  o r i g i n a l  Pu.DTPA. I t  was 
a l s o  shown t h a t  m o d i f i c a t i o n  o f  t h e  fo rm o f  
Pu-DTPA occur red  when added t o  a  mixed c u l -  
t u r e  o f  organisms which were n o t  p r e v i o u s l y  
exposed t o  Pu. The changes i n  s o l u b i l i t y  o f  
t h e  i n i t i a l l y  s o l u b l e  Pu complex v a r i e d  w i t h  
carbon source and c u l t u r e  (Tab le  2.3a, b)  . 

I F u r t h e r  s t u d i e s  were des igned t o  answer 
0 16 32 48 64 82 severa l  ques t ions  r a i s e d  by  these r e s u l t s .  

E A Y S  Is t h e  c a p a b i l i t y  t o  m o d i f y  Pu as a  r e -  
s u l t  o f  m e t a b o l i c  processes i n h e r e n t  i n  
o n l y  a  few s p e c i f i c  organisms o r  i s  t h i s  a  

FIGURE 2.2. Comparison of Shoot Pu Content, Shoot common phenomenon? Does t h e  g rowth  o f  d i f -  
dry wt and CR Values Based on Plant Age f e r e n t  organisms r e s u l t  i n  d i f f e r e n t  o r  



TABLE 2.3a. Distribution of Pu in Mixed Microbial 
Cultures Exposed to Pu at Stationary Growth Phase and 
Grown on Different Carbon Sources 

Distribution of Plutonium (%) in Cultures 

Fungi Bacteria 

Mixed Organic Mixed Organic 
Fraction Sugars Acids Sugars Acids 

---- 
Exocellular 75 42 39 89 
Medium 

lntracellular 0.49 0.068 8.3 2 
Soluble 

Cell Debris 10 42 28 8.7 

TABLE 2.3b. Distribution of Pu in Mixed Microbial 
Cultures Continuously Exposed to Pu and Grown on 
Different Carbon Sources 

Distribution of Plutonium (%) in Cultures 

Fungi Bacteria 

Mixed Organic Mixed Organic 
Fraction Sugars Acids Sugars Acids --- 
Exocellular 29 54 46 88 
Medium 

lntracellular 4.2 0.24 2.7 4 
Soluble 

Cell Debris 29 39 31 3.5 

s i m i l a r  t r a n s f o r m a t i o n s  o f  Pu? What i s  t h e  
p o t e n t i a l  f o r  m o d i f i c a t i o n  o f  an i n s o l u b l e  
form o f  Pu? Are t h e  m o d i f i e d  forms o f  Pu 
mob i le  i n  s o i l s ?  The answers t o  these ques- 
t i o n s  a r e  i m p o r t a n t  t o  t h e  p r e d i c t i o n  o f  t h e  
f a t e  of Pu i n  s o i l s  and a v a i l a b i l i t y  f o r  
p l a n t  up take .  

M o d i f i c a t i o n  o f  t h e  Chemical Form o f  Com- 
p l e x e d  and Hydro lyzed Pu by Pure C u l t u r e s  o f  
Funoi 

To answer t h e  ques t ions  a r i s i n g  f rom t h e  . s t u d i e s  o f  Pu t r a n s f o r m a t i o n s  by mixed c u l -  
t u r e s  o f  s o i l  organisms, 59 i n d i v i d u a l ,  pure 
funga l  c u l t u r e s  i s o l a t e d  f r o m  s o i l  on t h e  
b a s i s  o f  carbon source and r e s i s t a n c e  t o  Pu, 
and o t h e r  meta ls ,  were t e s t e d  f o r  t h e i r  
a b i l i t y  t o  mod i fy  t h e  chemical  form o f  Pu.DTPA 

and Pu(OH),. These s t u d i e s  were conducted i n  
1  i q u i d  c u l t u r e  u s i n g  a  s tandard  m i n e r a l  base 
medium w i t h  g lucose as t h e  carbon source a t  a  
Pu l e v e l  o f  0.02 pg/ml f o r  b o t h  chemical 
forms. 

I n  50 o f  t h e  59 c u l t u r e s ,  t h e  l e v e l  o f  Pu 
(complexed and hydro lyzed)  had no e f f e c t  on 
growth. I n  seven c u l t u r e s ,  a  s i g n i f i c a n t  
r e d u c t i o n  i n  growth was observed f o r  t h e  
PueDTPA t r e a t m e n t  and i n  two c u l t u r e s ,  t h e  
Pu(OH), t rea tment  reduced growth s i g n i f i c a n t l y  
I n  c o n t r a s t  t o  t h e  d i s t r i b u t i o n  observed w i t h  
Pu-DTPA i n  t h e  presence o f  a  mixed funga l  
c u l t u r e  grown on sugars (Table 2 . 3 ) ,  o n l y  8 
o f  59 p u r e  f u n g a l  c u l t u r e s  showed l e s s  than  
5% o f  t h e  Pu s o l u b l e  (< 0 . 0 1 ~ )  a t  t h e  end o f  
growth. S u r p r i s i n g l y ,  t h e  fo rm o f  t h e  added 
Pu ( i  .e., complexed o r  hydro lyzed)  d i d  n o t  
appear t o  be t h e  ma jo r  f a c t o r  i n  t h e  f i n a l  
s o l u b i l i t y  of Pu i n  t h e  e x o c e l l u l a r  medium 
a f t e r  growth. I n  f i v e  o f  t h e  c u l t u r e s ,  t h e  
f i n a l  s o l u b i l i t y  was g r e a t e r  f o r  t h e  i n i t i -  
a l l y  hydro lyzed  Pu form (Tab le  2.4) .  I t  
would appear t h a t  t h e  d i v e r s i t y  i n  e x o c e l l u -  
l a r  p roduc ts  f rom t h e  i n d i v i d u a l  funga l  
s t r a i n s  was an i m p o r t a n t  f a c t o r .  

TABLE 2.4. Modification of the Solubility of Complexed 
and Hydrolyzed Pu by the Growth of Selected Soil Fungal 
Isolates 

Solubility of Pu in Solution 
After Growth When Pu Added as 

Pu. DTPA Pu(0H)n 

Fungal 
Isolate # 0.4 0.01 0.4 0.01 

- - -  % - - -  

Sterile Control 100 100 92.2 15.4 

51 0 0.51 0.40 81.5 34.4 

369 100 96.4 4.39 2.58 

527 0.34 0.26 2.36 1.99 

With  a l l  c u l t u r e s  t e s t e d ,  c h a r a c t e r i z a t i o n  
of t h e  chemical form o f  t h e  Pu rema in ing  i n  
t h e  exocel l u l a r  medium by t h i n - l a y e r  chroma- 
tography and t h i  n-1 ayer  e l e c t r o p h o r e s i s  
r e v e a l e d  t h a t ,  i n  t h e  case o f  t h e  PuaDTPA 
t rea tments ,  t h e  Pu-DTPA mo lecu le  was e i t h e r  
a t t a c h i n g  i t s e l f  t o  one o r  more o t h e r  conipo- 
nents o r  be ing  i n c o r p o r a t e d  i n t a c t  i n t o  



another  l a r g e r  mo lecu le  t o  v a r y i n g  degrees. 
Under t h e  c o n d i t i o n s  o f  t h i n - l a y e r  e l e c t r o -  
phores is ,  t h e  Pu-DTPA was regenerated o r  
f r e e d  f r o m  t h e  components which p r e v i o u s l y  
e x h i b i t e d  d i f f e r e n t  m o b i l i t y  f rom Pu.DTPA on 
t h i n - l a y e r  chromatography. I n  the  case o f  
t h e  hydro lyzed  Pu t rea tments ,  severa l  com- 
p l  exed species were demonstrated, a1 though 
t h e  b u l k  o f  t h e  s o l u b l e  Pu remained a t  t h e  
o r i g i n  i n  b o t h  TLC and TLE. T h i s  cou ld  be 
exp la ined  on t h e  b a s i s  o f  the  s i z e  o f  t h e  
molecules i n  a s s o c i a t i o n  w i t h  Pu o r  i t s  con- 
t i n u e d  presence as c o l l o d i a l  Pu. 

S o i l  M o b i l i t y  o f  Pu i n  t h e  E x o c e l l u l a r  
Medium A f t e r  Growth of Pure Fungal C u l t u r e s  

A l though  p r e v i o u s  s t u d i e s  demonstrated 
t h a t  b o t h  t h e  complex fo rm o f  Pu and a  hy- 
d r o l y z e d  form o f  Pu were t ransformed through 
f u n g a l  and b a c t e r i a l  metabol ism, t h e  q u e s t i o n  
remained as t o  whether these  new complexes o f  
Pu were mob i le  i n  s o i l s  and t h e r e f o r e  l i k e l y  
a v a i l a b l e  f o r  p l a n t  uptake.  

A  s e r i e s  o f  s o i l  columns was prepared 
( R i t z v i l l e  s i l t  loam, < 2  mni) and 2.0 ml o f  
t h e  c l a r i f i e d  (< 0.411) e x o c e l l u l a r  f r a c t i o n  
was a l lowed t o  pass by g r a v i t y  through t h e  
column. The c l e a r  leacha te  was immediate ly  
analyzed f o r  Pu and sub jec ted  t o  TLC and TLE 
a n a l y s i s  f o r  comparison t o  s i m i l a r  analyses 
made immediate ly  a f t e r  growth.  

The f r a c t i o n  o f  s o l u b l e  Pu f rom c u l t u r e s  
t r e a t e d  w i t h  Pu-DTPA i n  t h e  leacha te  f rom the  
s o i l  column was g e n e r a l l y  much g r e a t e r  than 
f rom c u l t u r e s  t r e a t e d  w i t h  P u ( O H ) ~  (Table 2.5) 
Prev ious  s t u d i e s  compr is ing  260 i n d i v i d u a l  
columns w i t h  f o u r  d i f f e r e n t  meta ls  p resen t  i n  
t h e  funga l  growth media, showed t h a t  the  
f r a c t i o n  pass ing t h e  < 0 . 0 1 ~  f i l t e r  b e s t  
desc r ibed  " s o l u b l e "  spec ies .  The da ta  f o r  Pu 
i n d i c a t e  t h a t  t h e  0 . 0 1 ~  f i l t r a t i o n  removed Pu 
which i n  c e r t a i n  c u l t u r e s  would pass through 
t h e  s o i l  i n  b o t h  complexed and hydro lyzed Pu 
t rea tments .  The g r e a t e r  f r a c t i o n  o f  t h e  Pu 
pass ing th rough  t h e  s o i l  f rom t h e  e x o c e l l u l a r  
media c u l t u r e s  t r e a t e d  w i t h  Pu.DTPA may be 
r e l a t e d  t o  t h e  phenomenon p r e v i o u s l y  de- 
s c r i b e d .  Tha t  i s ,  t h e  Pu.DTPA was i n c o r p o r -  
a t e d  i n  l a r g e r  molecules a t  t h e  end o f  growth 
and passage th rough  t h e  s o i l  r e l e a s e d  the  
v e r y  s o l u b l e  Pu-DTPA. I t  i s  a l s o  p o s s i b l e  
t h a t  t h i s  mechanism p layed  some r o l e  i n  t h e  
few cases where t h e  Pu pass ing  s o i l  was much 
g r e a t e r  than  t h e  " s o l u b l e "  l e v e l s  i n  c u l t u r e s  
t r e a t e d  w i t h  hydro lyzed  Pu. I n s i g h t  i n t o  t h e  
mechanisms c o n t r o l l i n g  t h e  m o b i l i t y  o f  t h e  
m i c r o b i a l l y  m o d i f i e d  Pu w i l l  be ob ta ined  
a f t e r  chemical c h a r a c t e r i z a t i o n  s t u d i e s ,  
c u r r e n t l y  i n  progress,  a r e  completed. 

TABLE 2.5. Soil Mobility of Pu Soluble After Growth of 
Pure Fungal Cultures Grown in  the Presence of Com- 
plexed and Hydrolyzed Pu 

Fraction of Initially Soluble Pu Passing 
Soil Column from Cultures Treated with 

Isolate # Pu-DTPA Pu(0H)n 

- - - [X ,  - - - 

Controls 

Pu Only 100 4000 

Sterile Medium + Pu 78.5 0.7 

Isolates 

510 

369 

527 

401 

326 

458 

451 

453 

Remaining Isolates 

Organic  Conipl exants i n  Aqueous Nuc lear  Wastes 

M i l l i o n s  o f  g a l l o n s  o f  l i q u i d  and s o l i d i -  
f i e d  r a d i o a c t i v e  wastes a r e  c u r r e n t l y  i n  
s to rage .  A1 though t h e  o rgan ic  c o n t e n t  i s  n o t  
expected t o  exceed 1% o f  t h e  s a l t  cake r e -  
ma in ing  a f t e r  evapora t ion ,  t h e  a c t u a l  s t a t e  
o f  t h e  o rgan ics  p r e s e n t  i s  unknown and p r e -  
sumed complex. 

A  1  i t e r a t u r e  search, p a r t i a l l y  funded by 
t h e  EPA, was aimed a t  i d e n t i f y i n g  o r g a n i c  
complexing agents t h a t  c o u l d  be expected i n  
aqueous process wastes, e i t h e r  through d i r e c t  
a d d i t i o n  o r  due t o  chemical and r a d i o l y t i c  
degrada t ion .  Known o r g a n i c  complexing agents 
used i n  waste p rocess ing  procedures a r e  s u r -  
veyed. O i l s  and d e t e r g e n t s  used i n  r o u t i n e  
maintenance a r e  p o t e n t i  a1 sources o f  complex- 
i n g  agents.  I n  a d d i t i o n ,  d e g r a d a t i o n  o f  
d i l u e n t s  commonly used i n  process systems o r  
o f  t h e  added complexing agents themselves 
y i e l d  p roduc ts  possess ing observed c h e l a t i o n  
a b i l i t y .  

A t t e n t i o n  i s  p a i d  t o  f i s s i o n  p roduc ts  and 
t r a n s u r a n i c s  i n  d i s c u s s i o n  o f  t h e  p o t e n t i a l  
f o r  i n t e r f e r e n c e  w i t h  normal s o r p t i o n  o f  nu- 
c l i d e s  by s o i l  due t o  t h e  presence o f  o r g a n i c  



l i g a n d s .  Nuc l ides  d iscussed a r e  Am, Sb, Ce, 
Cs, Co, Cm, Eu, I ,  Np, Pm, Pu, Ra, Ru, Tc, U, 
and Z r .  General conc lus ions  a r e  made r e -  
gard ing  r e l a t i v e  c h e l a t e  s t a b i l i t y  f o r  t h e  
v a r i o u s  c lasses  o f  n u c l i d e s .  Ac tua l  i n -  
s tances where behav io r  o f  a  n u c l i d e  i n  s o i l  
was a l t e r e d  due t o  t h e  presence o f  l i g a n d  
a c t i v i t y  a r e  i n c l u d e d  (Tab le  2 . 6 ) .  

TABLE 2.6. Potential Sources of Complexing Agents 
from Aqueous Process Wastes 

Ligands Used Directly in Processes: 

TB P HDEHP Tartaric Acid 
DBBP NTA Hydroxyacetic Acid 
HEDTA DTPA Sugar 
EDTA Citric Acid 

Impurities in, or Degradation Products of, Primary 
Ligands: 

DBP 
MBP 
Butyl alcohol 

Diluted ether 
Condensed Phosphates 
Polymeric TBP 
Phosphonic acid 
Butanol or Methyl nitrate 

Short chain hydrocarbons 
HzMEHP 
Tri (2 ethyl hexyl) 
phosphoric acid 

2 ethyl hexanol 
HDEHP polymer 
Tartaric acid 
Oxaladic acid 

Probable Primary Diluent Degradation Products: 

nitro (-NO,) 
nitrate esters (-ONOI) 
nitroso (-N = 0) 
isonitro (NOOH) 
polymitro compound 

Carbonyl compounds: carboxylic acids 
(-COOH) 
carbonyls (-CHO) 

Polymers and solids formation: Olefinic and carboxylic 
acid dimers 
Polymerized amines 

Potential Secondary Degradation Products: 

Nitroalcohols 
Nitroalefins 
Dinitro compounds 
Aci-nitro salts 
Nitrolic acid 
Hydroxamic acids 
Ox i mes 





Quantitative Aspects of Plutonium Field Studies 

P r i n c i p a l  I n v e s t i g a t o r s :  R.  0. G i l b e r t ,  P. G .  Doctor  
and L .  L .  Eberhardt  

The purpose o f  t h i s  p r o j e c t  i s  t o  p r o v i d e  q u a n t i t a t i v e  and s t a t i s t i c a l  suppor t  and method- 

o logy  f o r  t h e  des ign and a n a l y s i s  o f  p lu ton ium and o t h e r  t r a n s u r a n i c  ecosystem and f i e l d  

s t u d i e s .  Emphasis i s  on deve lop ing  methods f o r  sampling and s t a t i s t i c a l  analyses t o  i d e n t i f y  

and deal  w i t h  t h e  ex t reme ly  h i g h  v a r i a b i l i t y  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 s  

i n  env i ronmenta l  samples and t o  e f f e c t i v e l y  communicate t h i s  i n f o r m a t i o n  t o  s c i e n t i s t s  engaged 

i n  Pu f i e l d  s t u d i e s .  The des ign  problem i s  be ing  cons idered  i n  terms o f  t h e  r a t h e r  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 cons idered  i n  p l a n n i n g  f i e l d  s t u d i e s ,  such as t h e  movement and dynamics 

o f  p l u t o n i u m  w i t h i n  and between ecosystem components, e s t i m a t i o n  o f  amounts and c o n c e n t r a t i o n s  

i n  these  components, and more g e n e r a l l y ,  sampl ing t o  assess t h e  need f o r  "c lean-up"  o r  t o  

e v a l u a t e  hazards. S p e c i f i c  a c t i v i t i e s  a r e :  1 )  t h e  p u b l i c a t i o n  o f  a  s t a t i s t i c s  n e w s l e t t e r  

(TRAN-STAT), 2) research  i n t o  a p p r o p r i a t e  s t a t i s t i c a l  methods f o r  t h e  a n a l y s i s  o f  r a t i o  d a t a  

and f o r  e f f e c t i v e l y  summarizing and r e p o r t i n g  t r a n s u r a n i c  f i e l d  da ta ,  3 )  p r e p a r a t i o n  o f  a  

manuscr ip t  g i v i n g  sources o f  i n f o r m a t i o n  on sampling and s t a t i s t i c a l  methods, 4 )  research  i n  

e v a l u a t i n g  appropr ia teness  o f  K r i g i n g  techniques f o r  e s t i m a t i n g  s p a t i a l  p a t t e r n  and i n v e n t o r -  

i e s ,  5 )  i d e n t i f i c a t i o n  o f  sampling des igns and analyses a p p r o p r i a t e  f o r  c leanup s i t u a t i o n s ,  

and 6) m a i n t a i n i n g  c o n t a c t  w i t h  o t h e r  s t a t i s t i c i a n s  and s c i e n t i s t s  engaged i n  t r a n s u r a n i c  f i e l d  

s t u d i e s .  

S t a t i s t i c s  f o r  Environmental T ransuran ic  
S tud ies  (TRAN-STAT) 

TRAN-STAT i s  an i n f o r m a l  n e w s l e t t e r  be ing  
s e n t  t o  s c i e n t i s t s  engaged i n  env i ronmenta l  
t r a n s u r a n i c  s t u d i e s .  TRAN-STAT i s  devoted 
t o  s t i m u l a t i n g  an inc reased  awareness o f  t h e  
r o l e  t h a t  s t a t i s t i c s  can p l a y  i n  t h e  des ign  
and a n a l y s i s  o f  t r a n s u r a n i c  f i e l d  s t u d i e s .  
The f i r s t  i s s u e  was d i s t r i b u t e d  i n  September 
1977. F u t u r e  i ssues ,  each d i s c u s s i n g  a  d i f -  
f e r e n t  t o p i c ,  a r e  expected t o  be d i s t r i b u t e d  
about  every  2  months. 

Top ics  a r e  expected t o  i n c l u d e  r e g r e s s i o n  
and r a t i o  a n a l y s i s ,  nonparametr ic  s t a t i s t i c s ,  - 

methods f o r  a n a l y s i s  o f  s p a t i a l  d a t a  f o r  es- 
t i m a t i n g  c o n c e n t r a t i o n  con tours  and/or  i n -  
v e n t o r i e s ,  and s t a t i s t i c a l  approaches f o r  
d e c i d i n g  whether  a  contaminated a rea  r e q u i r e s  
remedia l  a c t i o n .  New and p e r t i n e n t  re fe rences  
t o  s t a t i s t i c a l  techniques w i l l  be i n c l u d e d  
whenever p o s s i b l e ,  and comments r e c e i v e d  con- 
c e r n i n g  p r i o r  i s s u e s  w i l l  be d iscussed.  

A n a l y s i s  o f  R a t i o  Data 

Our i n t e r e s t  i n  r a t i o  d a t a  stems f r o m  i t s  
widespread use i n  f i e l d  s t u d i e s  t o  d e s c r i b e  
r e l a t i o n s h i p s  and d i s t r i b u t i o n s  o f  t r a n s u r a n i c  
elements i n  ecosystem components. We a r e  



c u r r e n t l y  p r e p a r i n g  a  paper (Doc to r  and 
Gi 1  b e r t ,  1977) deal  i ng w i t h  the  a p p r o p r i a t e  
use o f  r a t i o s  i n  env i ronmenta l  t r a n s u r a n i c  
s t u d i e s .  Two types  o f  r a t i o s  a r e  discussed, 
c o n c e n t r a t i o n s  and pure  r a t i o s .  The appro- 
p r i a t e  use o f  r a t i o s  i n  t r a n s u r a n i c  f i e l d  
s t u d i e s  demands a t  l e a s t  some knowledge o f  
t h e  r e l a t i o n s l i i  p  between t h e  two v a r i a b l e s  
(Y and X) composing t h e  r a t i o  Y / X .  I f  t h e  
r a t i o  i s  a  c o n c e n t r a t i o n  (e.g. ,  nC i /g ) ,  then  
Y shou ld  be a t  l e a s t  approx imate ly  p ropor -  
t i o n a l  t o  X .  I f  t h e  r a t i o  i s  meant t o  ex- 
press t h e  r e l a t i o n s h i p  between two v a r i a b l e s  
Y and X measured i n  t h e  same u n i t s  (e.g.,  
2 3 8 P ~  t o  2 3 9 P ~  i n  nC i ) ,  then  e i t h e r  Y should 
be approx imate ly  p r o p o r t i o n a l  t o  X ,  o r  t h e  
process under s t u d y  shou ld  be a  f u n c t i o n  o f  
t h e  r a t i o  Y / X  r a t h e r  than  o f  X o r  Y i n d i v i d u -  
a l l y .  Us ing a  r a t i o  when none o f  t h e  above 
cases seems reasonable,  a t  bes t ,  p robab ly  
p r o v i d e s  no i n f o r m a t i o n  on t h e  r e l a t i o n s h i p  
o f  t n e  two v a r i a b l e s  and, a t  wors t ,  c o u l d  be 
mis lead ing .  

Sources o f  I n f o r m a t i o n  on S t a t i s t i c a l  l le thods 

A  paper i s  b e i n g  prepared t h a t  g ives  
sources o f  i n f o r m a t i o n  on sampl ing and s t a -  
ti s t i  c a l  methods r e 1  evan t  t o  t r a n s u r a n i c  
s t u d i e s .  T h i s  r e p o r t  a l s o  suggests some 
f u r t h e r  s t a t i s t i c a l  research  needed on p a r -  
t i c u l  a r  p r o b l  enis. 

Four c a t e g o r i e s  o f  o b j e c t i v e s  a r e  d i s -  
cussed: 1  ) d e s c r i p t i v e  sampl i n g ,  2 )  sampling 
f o r  s p a t i a l  p a t t e r n ,  3 )  a n a l y t i c a l  sampling, 
and 4 )  sar~ipl i n g  f o r  model ing.  It i s  impor-  
t a n t  t h a t  q u i t e  s p e c i f i c  o b j e c t i v e s  be iden-  
t i f i e d  i n  o r d e r  t o  d e v i s e  an e f f i c i e n t  sam- 
p l  i n g  p lan .  S t r a t i f i e d  random sampling and 
double sampling a r e  d iscussed  f o r  e s t i m a t i n g  
a  t o t a l  amount ( i n v e n t o r y )  over  a  geographi -  
c a l  area.  "Sampling f o r  s p a t i a l  p a t t e r n "  i s  
d iscussed r e l a t i v e  t o  t h e  problem o f  d e t e r -  
m i n i n g  t h e  p o r t i o n  o f  a  contaminated area 
needi ng c leanup.  I l a ~ i y  aspects  o f  d e s i g n i n g  
such s t u d i e s  remain unreso lved  o r  u n c e r t a i n .  
A n a l y t i c a l  sampl i n g ,  o r  "sampl i n g  f o r  com- 
p a r i s o n s "  i s  d iscussed  r e l a t i v e  t o  i n t e r l a b -  
o r a t o r y  comparisons, t h e  f r e q u e n t  occurrence 
o f  skewed f requency d i s t r i b u t i o n s ,  and t o  t h e  
common p r a c t i c e  o f  computing r a t i o s  o f  h i g h l y  
v a r i a b l e  q u a n t i t i e s  i n  t r a n s u r a n i c  s t u d i e s .  
"Sampling f o r  model ing"  r e f e r s  t o  des igns 
a p p r o p r i a t e  f o r  e s t i m a t i n g  r a t e  cons tan ts .  
Problems i n  t h i s  area needing f u r t h e r  a t t e n -  
t i o n  a r e  d iscussed.  Some problems common t o  
a l l  t ypes  o f  s t u d i e s  a r e  a l s o  b r i e f l y  
desc r ibed .  

K r i g i n g  Techniques f o r  E s t i m a t i n g  S p a t i a l  
P a t t e r n  

K r i g i n g  i s  a  r e l a t i v e l y  new techn ique  t h a t  
takes i n t o  account t h e  s p a t i a l  c o r r e l a t i o n  
s t r u c t u r e  t h a t  may e x i s t  t o  o b t a i n  improved 
es t imates  of s p a t i a l  p a t t e r n  and/or  inven-  
t o r i e s .  Dr. P i e r r e  D e l f i n e r  o f  t h e  Cent re  de 
G e o s t a t i s t i q u e ,  School o f  Flines , Fonta inebleau,  
France, i s  an e x p e r t  on K r i g i n g  and i s  on a  
c o n s u l t i n g  c o n t r a c t  w i t t i  PNL t o  p r o v i d e  us 
w i t h  guidance on t h e  a p p l i c a b i l i t y  o f  K r i g i n g  
t o  t r a n s u r a n i c  f i e l d  s t u d i e s .  He has w r i t t e n  
a  paper ( p a r t l y  funded by t h e  Nevada A p p l i e d  
Ecology Group) t h a t  p resen ts  an approach t o  
e s t i m a t i n g  average 2 3 9 - 2 4 0 P ~  c o n c e n t r a t i o n s  
i n  s o i l  i n  Area 13 on t h e  Nevada Tes t  S i t e .  
The methods p resen ted  i n  t h i s  paper shou ld  
a l s o  be u s e f u l  a t  o t h e r  l o c a t i o n s .  We a r e  
a1 so exper iment ing  w i t h  K r i g i n g  techniques 
u s i n g  a  K r i g i n g  program c a l l e d  BLUEPACK 
a v a i l a b l e  on t h e  ilevada Operat ions O f f i c e  
computer i n  Las Vegas (accessed v i a  a  h i g h  
speed t e r m i n a l  f rom Boeing, R i c h l a n d ) .  T h i s  
wi 11 p r o v i d e  p r a c t i c a l  exper ience i n  t h e  use 
o f  K r i g i n g .  

Cleanup S tud ies  

I.le have i d e n t i f i e d  severa l  s t a t i s t i c a l  
approaches t h a t  may be accep tab le  (under 
c e r t a i n  assumptions) f o r  h e l p i n g  t o  dec ide  
whether a  contaminated area needs remedia l  
a c t i o n .  These were ciiscussed i n  t h e  second 
i s s u e  o f  TRA1.I-STAT (Aovember 1977) .  It i s  
presumed t h a t  a  d e c i s i o n  r e g a r d i n g  remedia l  
a c t i o n  i s  t o  be made f o r  a  u n i t  o f  l a n d  f rom 
which samples a r e  t o  be c o l l e c t e d .  I n  gen- 
e r a l ,  t h e  d e c i s i o n  cou ld  be based on an aver-  
age c o n c e n t r a t i o n  o r  on t h e  p r o p o r t i o n  o f  
sample c o n c e n t r a t i o n s  g r e a t e r  than  some spe- 
c i f i e d  c o n c e n t r a t i o n .  The v a l i d i t y  o f  a l l  
methods h i ~ h l y  depends on o b t a i n i n g  r e p r e -  
s e n t a t i v e  samples f rom a l l  p o r t i o n s  o f  t h e  
area be ing  sampled. Other assumptions, such 
as norma l l y  o r  lognormal l y  d i s t r i b u t e d  da ta ,  
a re  a l s o  u s u a l l y  necessary. The occurrence 
o f  unsuspected "ho t  spo ts "  o r  t rends  i n  con- 
c e n t r a t i o n s  a re  problems t h a t  c o u l d  r e s u l t  i n  
wrong d e c i s i o n s  based on s t a t i s t i c a l  p r o -  
cedures. K r i g i n g  may prove t o  be t h e  p r e -  
f e r r e d  method f o r  e s t i m a t i n g  average con- 
c e n t r a t i o n s  i n  some c leanup s i t u a t i o n s .  

I n t e r a c t i o n  and Coriununication 

To m a i n t a i n  c o n t a c t  w i t h  p o t e n t i a l  users  
o f  o u r  work we a t tended  DBER1s workshop on 



Environmental Research f o r  Transuranic Ele- 
ments held a t  Woods Hole, April 19-22, 1977. 
Further in t e rac t ion  occurs a s  a r e s u l t  of our 
work f o r  the  Nevada Applied Ecology Group 
(YAEG) (see  next a r t i c l e )  and our publication 
of TRAN-STAT. We view e f f e c t i v e  comniunica- 
t i on  as the  key t o  the  use of improved s t a -  
t i  s t i c a l  procedures. 

NAEG Transuranic Field Studies on the  Nevada 
Test  S i t e  

The purpose of t h i s  program [funded by the 
Nevada Applied Ecology Group (NAEG)] i s  t o  
provide s t a t i s t i c a l  design and analys is  
support f o r  environmental transuranic s tudies  
being conducted by the  IiAEG e i t h e r  on or  ad- 
jacent  t o  the  Nevada Test  S i t e  (NTS). We 
have been engaged in  t h i s  e f f o r t  s ince  1971. 
Our work f o r  the  NAEG has led to  an awareness 
of the  many s t a t i s t i c a l  problems being in-  
vestigated in  our Quanti tat ive Aspects of 
Plutonium Field Studies program f o r  D B E R .  

Speci f ic  a c t i v i t i e s  f o r  the  NAEG during 
FY-77 a re  a s  follows: 

1 )  I n i t i a l  design and s t a t i s t i c a l  analy- 
s i s  f o r  t h e  f i r s t  NAEG nuclear s i t e  s tud ies .  
Objectives of these s tud ies  include est imat-  
ing the  spa t i a l  pa t tern  and t o t a l  amount of 
various radionuclides in  s o i l  and vegetation.  
Several hundred i ni t i  a1 soi  1 samples have 
been co l l ec ted .  The s t a t i s t i c a l  design and 
analys is  procedures used thus f a r  a t  three  
nuclear s i t e s  were reported a t  the  March 1977 
NAEG Information Conference. 

2) Design and analys is  of a f i e l d  study 
t o  est imate the  inventory of 2 3 9 - 2 4 0 P u  in 

blow-sand mounds as opposed t o  dese r t  pave- 
ment areas  on NTS. A major study was de- 
signed f o r  which who1 e bl ow-sand mounds were 
col lec ted  and a l iquo t s  were withdrawn f o r  
plutonium analys is .  Comparisons were made 
and t o t a l  amounts of plutonium were estimated 
f o r  mound tops,  mound bottoms, and dese r t  
pavement areas .  The change in plutonium t o  
americium r a t i o s  in s o i l  over time was inves- 
t iga ted  in  addit ion to a comparison of por- 
t ab le  f i e l d  instrument (FIDLER) readings of 
241Am over mounds a s  opposed to  dese r t  pave- 
ment areas .  This work i s  reported in  Gi lbe r t  
and Essington (1977) and ~ s s i n ~ t o n  e t  a l .  
(1977). 

3 )  Additional so i l  and vegetation samples 
were col lec ted  a t  previously studied safe ty-  
shot s i t e s  on NTS f o r  obtaining improved es-  
timates of 2 3 9 - 2 4 0 P ~  inventory. These re-  
vised est imates a r e  not ye t  ava i l ab le .  

4 )  A special  so i l  sampling study in  Area 
13 was designed f o r  est imating the v a r i a b i l -  
i t y  and co r re l a t ion  between 241Am concentra- 
t i ons  i n  so i l  samples col lec ted  various 
d is tances  a p a r t .  This information i s  needed 
i n  our evaluation of Kriging techniques. 

5)  A special  study was designed t o  study 
the r e l a t ionsh ip  between 241Ani concentrations 
and s i z e  of a l iquo t .  For each of f i v e  a l i -  
quot s i z e s  (1 g,  10 g,  25 g, 50 g ,  and 100 g )  
twenty a1 iquots were analyzed f o r  24 l A m .  
The r e s u l t s  will  be reported a t  the February 
1978 NAEG information meeting . 

6 )  Dr. Pier re  Delf i n e r ' s  work on the 
app l i cab i l i t y  of Kriging to plutonium s tud ies  
i s  p a r t i a l l y  funded by the >4AEG. As men- 
tioned above he has used data from Area 13 
col lec ted  by the NAEG f o r  t h i s  purpose. 





Ecological Distribution and Fate of Plutonium and Americium in a 
Processing Waste Pond on the Hanford Reservation 

P r i n c i p a l  I n v e s t i g a t o r s :  R. M. Emery, D. C .  K l o p f e r  and M. C .  McShane 

U Pond, l o c a t e d  on t h e  Hanford Reservat ion,  has r e c e i v e d  l o w - l e v e l  q u a n t i t i e s  o f  p l u t o n i u m  

(Pu) and americium (Am) l o n g e r  than  any o t h e r  a q u a t i c  env i ronment  i n  t h e  w o r l d .  I t s  e c o l o g i c a l  

comp lex i t y  and c o n t e n t  o f  t r a n s u r a n i c s  make i t  an i d e a l  resource  f o r  i n f o r m a t i o n  concern ing t h e  

movement o f  these a c t i n i d e s  w i t h i n  and o u t  o f  an a q u a t i c  ecosystem. 

IJ Pond has been i n t e n s i v e l y  i n v e n t o r i e d  f o r  Pu c o n c e n t r a t i o n s  i n  t h e  e c o l o g i c a l  compartments 

and c h a r a c t e r i z e d  1  i m n o l o g i c a l l y  i n  terms o f  i t s  phys icochemical  parameters, b i o l o g i c a l  produc- 

t i v i t y  and community s t r u c t u r e .  T h i s  work p rov ides  a  b a s i s  f o r  e v a l u a t i n g  t h e  pond's  p e r f o r -  

mance i n  r e t a i n i n g  waste t r a n s u r a n i c s .  The q u a n t i t a t i v e  e s t i m a t i o n  o f  e x p o r t  r o u t e s  developed 

by  t h i s  s tudy  i s  i m p o r t a n t  i n  de te rmin ing  how e f f e c t i v e l y  such ponds a c t  as r e t a i n e r s  f o r  

t r a n s u r a n i c  wastes. A more complete r e p o r t  has been prepared.  

E c o l o g i c a l  Expor t  o f  Pu 

One o f  t h e  major  goa ls  o f  t h e  U Pond 
s tudy  has been t o  o b t a i n  s u f f i c i e n t  i n fo rma-  
t i o n  about  t h e  pond's  ecosystem, and t h e  
d i s t r i b u t i o n  o f  Pu w i t h i n  i t, so t h a t  Pu ex-  
p o r t  r o u t e s  can be assessed q u a n t i t a t i v e l y .  
A l though i t  i s  o f t e n  d i f f i c u l t  t o  measure 
w i t h  reasonable c e r t a i n t y  t h e  parameters 

. . necessary f o r  d e s c r i b i n g  these e x p o r t  r o u t e s ,  
t h e  purpose o f  t h i s  work i s  t o  f o r m u l a t e  t h e  
best  express ions o f  e x p o r t  g i ven  t h e  cond i -  
t i o n s  which l i m i t  t h i s  process.  The o b j e c -  
t i v e s  a r e  t o  determine ranges o f  q u a n t i t i e s  
o f  Pu i n  t h e  pond's  ecosystem and assess t h e  
amount o f  Pu be ing  expor ted  i n  r e l a t i o n  t o  
t h i s  i n v e n t o r y .  To accompl ish t h i s  task ,  
es t imates  were made o f  t h e  pond's Pu inven-  
t o r y  q u a n t i t i e s  on a  b a s i s  o f  minimum, mean 
and maximum values f o r  each ecosystem com- 
partment, shown i n  F i g u r e  2.3, t o  p o s t u l a t e  - t h e  amount o f  these i n v e n t o r i e s  t h a t  a r e  ex- 
p o r t e d  year1  y. 

I n  i t s  33-yr  h i s t o r y ,  U Pond has r e c e i v e d  
an es t imated  1  C i  o f  Pu which appears t o  - 

have been r e t a i n e d  by  t h e  sediments. I n  r e -  
l a t i v e  terms, sediments, sub~iierged p l a n t s  
and gast ropods have t h e  h i g h e s t  concentra-  
t i o n s  of Pu, r a n g i n g  f rom 3.2 x  l o 0  t o  6.9 x  
l o 2  pCi /g .  Emergent p l a n t s  and t h e  rema in ing  
fauna have Pu concen t ra t ions  r a n g i n g  f rom 
4.0 x  1 0 - l  t o  6.1 x  l o 1  pCi /g .  Emerging i n -  
sec ts  have t h e  h i g h e s t  Pu c o n c e n t r a t i o n s  o f  
t h e  l a t t e r  group, r a n g i n g  f rom 3.2 x  l o 1  t o  
6.1 x  l o 1  pCi/g. 

The mean Pu i n v e n t o r y  o f  t h e  sediment i s  
1.7 x  l o 9  nCi,  r a n g i n g  f rom 1.3 x  l o 9  t o  2.0 
x  l o 9  nCi o f  Pu ( F i g u r e  2.4) .  T h i s  e s s e n t i -  
a l  1  y represen ts  t h e  t o t a l  pond i n v e n t o r y  , 
s i n c e  > 99% o f  t h e  Pu i n  t h e  pond a r e  found 
i n  t h e  sediments. The mean Pu i n v e n t o r y  f o r  
t h e  b i o t a  i s  6  x  l o 6  nCi,  r a n g i n g  f rom 1 x  
l a 6  t o  1  x  l G 7  nCi ( F i g u r e  2 .4 ) .  Among t h e  
b i o t a ,  p l a n t  l i f e  c o n t a i n  > 99% o f  t h e  Pu. 
Diatoms and pondweed ( Potamogeton) a1 one 
account f o r  > 99% o f  t h e  Pu i n  p l a n t s .  
Emergent i n s e c t s  c o n t a i n  < 1  x  1 0 - l %  o f  t h e  Pu 
i n  b i o t a  and < 1  x  o f  t h e  Pu i n  t h e  pond. 
The i n v e n t o r y  o f  t h i s  compartment has p a r t i c -  
u l a r  re levance,  s i n c e  i t  i s  t h e  o n l y  d i r e c t  



FIGURE 2.3. Schematic Representation of Ecosystem Compartments and Pu Export Routes from U Pond via 
Biological Mobilization, Wind and Percolation. 
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FIGURE 2.4. Inventories of Pu in Ecological Compart- 
ments of U Pond Compared with Estimated Quantities 
that are Exported from the Pond Annually. Export of Pu 
by percolation or wind do not appear to be significant. 

INVENTORY 

b i o l o g i c a l  r o u t e  o f  e x p o r t  f rom t h e  pond. 
Remaining pond b i o t a  c o n t a i n  < 1  x  o f  
t h e  t o t a l  Pu i n v e n t o r y  i n  t h e  pond and can 
leave  t h e  pond o n l y  by t h e  fo rces  o f  e x t e r n a l  
e x p o r t  v e c t o r s .  

EXPORT 

If a l l  emergent i n s e c t s  s u c c e s s f u l l y  leave  
t h e  pond, t h e y  c o u l d  e x p o r t  f r o m  3.5 x  l o 3  t o  
7 x  l o 3  nCi o f  Pu. These q u a n t i t i e s  a r e  more 
t h a n  5  o r d e r s  o f  magnitude lower  than  t h e  
t o t a l  potla Pu i n v e n t o r y  ( F i g u r e  2 .4 ) .  E s t i -  
mated q u a n t i t i e s  o f  Pu a n n u a l l y  e x p o r t e d  by 
wa te r fow l  range f rom 4  x  10' t o  4  x  l o 3  nCi , 
w i t h  a  mean annual e x p o r t  o f  5  x  l o 2  nCi o f  
Pu ( F i g u r e  2.4) .  Other  b i r d s  appear t o  ex- 
p o r t  about 1  x  l o 2  nCi of Pu each year ,  w i t h  
a  maximum o f  2  x  103 nCi ( F i g u r e  2 .4 ) .  These 
e x p o r t  q u a n t i t i e s  a r e  about  6 o r d e r s  o f  
magnitude lower  than  t h e  t o t a l  i n v e n t o r y  o f  
Pu i n  t h e  pond. Mammals a r e  es t imated  t o  
a n n u a l l y  e x p o r t  a  maximum o f  3  x  10' nCi o f  
Pu f r o m  t h e  pond ( F i g u r e  2.4) ,  which i s  a t  
l e a s t  5  o r d e r s  o f  magnitude l o w e r  t h a n  t h e  
minimum t o t a l  Pu i n v e n t o r y  o f  t h e  pond. 
There i s  no apparent  s i g n i f i c a n t  e x p o r t  o f  Pu 
f rom t h e  pond v i a  wind.  

U Pond has been exposed t o  Pu s i n c e  1944, 
l o n g e r  than  any o t h e r  a q u a t i c  system. I n  
i t s  l i f e t i m e ,  i t  has r e c e i v e d  about  1  C i  o f  
2 3 9 3 2 4 0 P ~  and 2 3 8 P ~  f rom r e p r o c e s s i n g  opera- 
t i o n s .  T h i s  14-acre pond p r o v i d e s  a  r e a l i s t i c  



i l l u s t r a t i o n  o f  t h e  m o b i l i t y  o f  Pu i n  a  l e n -  
t i c  o r  non f low ing  ecosystem. Al though t h i s  
pond has a  r a p i d  f l u s h i n g  r a t e ,  i t  i s  h i g h l y  
enr i ched  w i t h  p l a n t  n u t r i e n t s ,  e c o l o g i c a l l y  
we1 1  es tab l  i shed  w i t h  a  n a t u r a l  complex i t y  
o f  popu la t i ons  and d i v e r s i t y  o f  communities, 
and i n  cont inuous con tac t  w i t h  assoc ia ted  
t e r r e s t r i a l  l i f e .  It appears t o  e f f e c t i v e l y  
b i nd  t h e  Pu d ischarged i n t o  i t  and p reven t  

i t  f rom moving s i g n i f i c a n t l y  i n t o  r ou tes  
l ead ing  t o  man and o t h e r  remote l i f e .  The 
envi ronmenta l  behav io r  o f  Pu i n  U Pond appears 
t o  be q u i t e  s i m i l a r  t o  t h a t  o f  o t h e r  aqua t i c  
systems having v a s t l y  d i f f e r e n t  eco log i ca l  
cha rac te r .  As l o n g  as t h i s  pond remains i n  
i t s  p resen t  c o n d i t i o n ,  t he  l i k e l i h o o d  o f  i t  
r e l e a s i n g  hazardous q u a n t i t i e s  o f  Pu t o  man 
and h i s  environment i s  ve r y  sma l l .  





Use of Analog Elements to Predict the Equilibrium and Behavior of 
Transuranic Elements in the Environment 

P r i n c i p a l  I n v e s t i g a t o r s :  W .  C. Weimer, J :  C. Lau l  and J. C. K u t t  

Severa l  n a t u r a l l y - o c c u r r i n g  elements w i t h  chemical p r o p e r t i e s  s i m i l a r  t o  those o f  s e l e c t e d  

t r a n s u r a n i c  elements have been chosen and a r e  be ing  examined as p o t e n t i a l  p r e d i c t o r s  o f  t r a n s -  

u r a n i c  geochemical behav io rs .  T h i s  approach may a l l o w  t h e  e s t i m a t i o n  o f  t h e  long- te rm behav- 

i o r s  o f  t r a n s u r a n i c  elements i n  t h e  env i ronment  by analyses o f  t h e  s t e a d y - s t a t e  behav io rs  o f  

t h e i r  analog elements. The elements r e c e i v i n g  p r i n c i p a l  a t t e n t i o n  a r e  t h e  t r a n s u r a n i c s  Am 

and Cm and t h e i r  proposed l a n t h a n i d e  element analog Nd. 

I n c o r p o r a t i o n  o f  N a t u r a l l y - O c c u r r i n g  Rare 
E a r t h  Elements by Vegetables 

The i n c o r p o r a t i o n  o f  severa l  r a r e  e a r t h  
elements b y  vegetables grown on a n a t u r a l  
s o i l  has been determined.  The purpose o f  
t h i s  i n v e s t i g a t i o n  was t o  e v a l u a t e  how t h e  
uptake o f  these t r i v a l e n t  elements was i n f l u -  
enced by  t h e  i o n i c  s i z e  o f  t h e  elements, 
which changes u n i f o r m l y  ac ross  t h e  l a n t h a n i d e  
s e r i e s .  The r e s u l t s  demonstrate t h a t  t h e  
p l a n t  uptake o f  these elements i s  a  smooth 
f u n c t i o n  o f  t h e  e lements '  i o n i c  r a d i i .  

The i n c o r p o r a t i o n  o f  nonessen t ia l  t r a c e  
elements by p l a n t  species i s  a  complex func -  
t i o n  o f  many f a c t o r s .  Two o f  these  f a c t o r s  
which may be p a r t i c u l a r l y  s i g n i f i c a n t  a r e  
t h e  i o n i c  charge and t h e  i o n i c  r a d i u s  o f  t h e  
element i n  ques t ion .  A l l  o f  t h e  l a n t h a n i d e  
elements commonly e x h i b i t  t h e  same e n v i r o n -  
mental o x i d a t i o n  s t a t e  o f  +3 and, the re fo re ,  
o f f e r  a  un ique o p p o r t u n i t y  t o  e v a l u a t e  up- 
take  as a f u n c t i o n  o f  i o n i c  r a d i u s  s i n c e  
t h e r e  i s  a  decreas ing  i o n i c  s i z e  ac ross  t h e  
s e r i e s  due t o  t h e  l a n t h a n i d e  c o n t r a c t i o n .  
Also, s i n c e  t h e  chemical p r o p e r t i e s  o f  t h e  
l a n t h a n i d e  elenients and t h e i r  co r respond ing  - a c t i n i d e  elements a r e  i n  severa l  i n s t a n c e s  
q u i t e  s i m i l a r ,  an e s t i m a t e  o f  t h e  p o t e n t i a l  

c uptake o f  t h e  t r a n s u r a n i c s  may be o b t a i n e d  
f rom t h e  r a r e  e a r t h  e lement  up take  f o r  e l e -  - ments o f  t h e  same charge and s i m i l a r  i o n i c  
r a d i u s .  

Samples o f  t h e  f r u i t i n g  p o r t i o n s  o f  f o u r  
vege tab le  v a r i e t i e s  and o f  con t iguous  s o i l s  
were o b t a i n e d  f rom t h e  H e a l t h  and S a f e t y  
Labora to ry  (HASL) garden p l o t  i n  Massachu- 
s e t t s .  Extreme c a r e  was e x e r c i s e d  d u r i n g  
t h e  c o l l e c t i o n  and p rocess ing  o f  t h e  vege- 
t a b l e  samples t o  i n s u r e  t h a t  no s u r f a c e  con- 
tami  n a t i o n  o f  d u s t  was t r a n s f e r r e d  i n t o  t h e  
f l e s h y  p o r t i o n s  o f  t h e  vege tab les  which were 
a c t u a l l y  analyzed.  The con ten ts  o f  t h e  r a r e  
e a r t h  and o t h e r  elenients i n  these  samples 
were determined by rad iochemical  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  and by i n s t r u m e n t a l  neu- 
t r o n  a c t i v a t i o n  a n a l y s i s .  

The c o n c e n t r a t i o n s  o f  t h e  r a r e  e a r t h  e l e -  
ments i n  these vege tab le  samples a r e  extemely 
low, r a n g i n g  f r o m  approx imate ly  30 p p t  t o  
20 ppb f o r  t h e  v a r i o u s  r a r e  e a r t h s .  These 
va lues  r e p r e s e n t  t h e  l o w e s t  c o n c e n t r a t i o n s  
ever  r e p o r t e d  f o r  the  r a r e  e a r t h  con ten ts  o f  
any m a t e r i a l s .  The r a r e  e a r t h  c o n c e n t r a t i o n s  
i n  t h e  p l a n t s  and i n  t h e  c u l t i v a t e d  s o i l  sam- 
p l e s  have been p l o t t e d  as a f u n c t i o n  o f  t h e  
e lementa l  i o n i c  r a d i u s  and a r e  d e p i c t e d  i n  
F i g u r e  2.5. I n  t h i s  f i g u r e ,  a l l  o f  t h e  r a r e  
e a r t h  c o n c e n t r a t i o n s  have been norma l i zed  t o  
t h e  c o n c e n t r a t i o n s  i n  chondr i  t e s  t o  f a c i  1  i - 
t a t e  v i s u a l  i n t e r p r e t a t i o n .  The r a r e  e a r t h  
p a t t e r n s  i n  t h e  vegetables and i n  t h e  s o i l s  
on which t h e y  were grown v a r y  e x a c t l y  as a 
smooth f u n c t i o n  o f  t h e  i o n i c  r a d i u s .  (The 
apparent  d i s c o n t i n u i t y  f o r  Eu i s  due t o  t h e  
Eu enr ichment  i n  c h o n d r i t e s . )  The s lopes  o f  
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FIGURE 2.5. Rare Earth Patterns in HASL Samples. 

these curves ( f r o m  La t o  Lu) f o r  t h e  vege- 
t a b l e s  a r e  n e a r l y  t h e  same as f o r  t h e  s o i l s ;  
however, t h e r e  does appear t o  be some d i s -  
c r i m i n a t i o n  a g a i n s t  t h e  h e a v i e r  r a r e  e a r t h  
elements d u r i n g  uptake.  T h i s  i s  p robab ly  
r e l a t e d  t o  t h e  f a c t  t h a t  r a r e  e a r t h  p a t t e r n s  
f o r  t h e  s o i l s  a r e  f o r  t h e  b u l k  s o i l s ,  whereas 
t h e  p l a n t  uptake w i l l  be f rom a  small  p o r t i o n  
o f  t h i s  t o t a l  p o o l .  T h i s  poo l  o f  p l a n t -  
a v a i l a b l e  elements may have a  s l i g h t l y  d i f -  
f e r e n t  r a r e  e a r t h  p a t t e r n .  Never the less,  
t h e  uptake o f  these severa l  t r i v a l e n t  l a n -  
t h a n i d e  elements appears t o  be d i r e c t l y  r e -  
l a t e d  t o  each e lement ' s  i o n i c  r a d i u s  as t h e  
f a c t o r  o f  p r i n c i p a l  i n f l u e n c e .  

I f  t h e  i o n i c  r a d i u s  i s  t h e  dominant f a c -  
t o r  a f f e c t i n g  t h e  uptake o f  t h e  l a n t h a n i d e  
elements o f  i d e n t i c a l  charge and v e r y  s i m i -  
l a r  chemical p r o p e r t i e s  ( s o l u b i l i t y  p roduc ts ,  

h y d r o l y s i s  cons tan ts ,  complex f o r m a t i o n  con- 
s t a n t s ) ,  then  t h e  i o n i c  r a d i u s  shou ld  a l s o  
be a  ma jo r  f a c t o r  i n  r e l a t i n g  t h e  uptake o f  
o t h e r  t r i v a l e n t  elements w i t h  s i m i l a r  p r o -  
p e r t i e s  t o  t h e  up take  o f  t h e  l a n t h a n i d e s .  
S p e c i f i c a l l y ,  t h e  up take  o f  t h e  l a n t h a n i d e  
Nd and t h e  a c t i n i d e s  Am and Cm shou ld  be 
n e a r l y  i d e n t i c a l  because o f  t h e  c l o s e  c o r r e -  
l a t i o n  o f  t h e  p r o p e r t i e s  o f  these  t h r e e  
elements. 

P l a n t  Uptake o f  Am, Cm and t h e  Chemical 
Analog Nd 

Dry land  and i r r i g a t e d  p l a n t  spec ies  
(chea tg rass  and snapbeans) have been grown 
on s o i l s  t r e a t e d  w i t h  t h e  same chemical forms 
o f  Am, Cm and Nd. Under t h e  c o n d i t i o n s  ex-  
amined, t h e  c o n c e n t r a t i o n  r a t i o s  f o r  t h e  up- 
t a k e  o f  these i o n s  f rom t h e  s o i l s  i n t o  t h e  
p l a n t s  were n e a r l y  i d e n t i c a l  , i n d i c a t i n g  t h a t  
these  p l a n t  spec ies  do n o t  d i f f e r e n t i a t e  be- 
tween these t r i v a l e n t  i o n s  d u r i n g  up take .  

On t h e  b a s i s  o f  severa l  chemical p r o p e r t i e s  
i n c l u d i n g  i o n i c  charge, i o n i c  r a d i u s ,  s o l u -  
b i l i t y  p r o d u c t  va lues,  h y d r o l y s i s  cons tan ts ,  
and f o r m a t i o n  cons tan ts ,  t h e  e lement  Nd has 
been s e l e c t e d  as a  p o t e n t i a l  chemical analog 
f o r  t h e  two t r a n s u r a n i c  elements Am and Cm. 
Prev ious  i n v e s t i g a t i o n s  i n  o u r  l a b o r a t o r y  
have demonstrated t h a t  p u r e l y  p h y s i c a l -  
chemical p r i n c i p l e s  wi 11 i n f l u e n c e  t h e  be- 
h a v i o r  o f  Am, Cm and Nd n e a r l y  i d e n t i c a l l y  
i n  s o i l  suspensions. There fo re ,  these com- 
p a r a t i v e  behav io r  i n v e s t i g a t i o n s  were ex- 
panded t o  i n c l u d e  an e v a l u a t i o n  o f  t h e  a b i l i t y  
of p l a n t s  t o  d i s c r i m i n a t e  more p r e c i s e l y  
a g a i n s t  one o r  two o f  these e lements d u r i n g  
uptake.  

Samples o f  cheatgrass (Bromus tec to rum)  
and snapbeans (Phaseolus v u l g a r i s ~ r o w n  
on c h e m i c a l l y  t r e a t e d  s o i l s  i n  l y s i m e t e r s  on 
t h e  A r i d  Lands Ecology (ALE) Reserve and i n  
growth chamber p o t s  a t  Oak Ridge N a t i o n a l  
Labora to ry  (ORNL) , r e s p e c t i v e l y .  The same 
chemical form o f  Am, Cni and Nd was added t o  
t h e  s o i l s  of these exper imenta l  c o n t a i n e r s  
p r i o r  t o  p l a n t i n g  o f  t h e  v e g e t a t i o n  seeds. 
For  t h e  l y s i m e t e r  p l a n t i n g s ,  t h e  n i t r a t e  
forms o f  these elements were added t o  a  smal l  
p o r t i o n  o f  s o i l  which was t h e n  p laced  as a  
l a y e r  near t h e  t o p  o f  t h e  l y s i m e t e r  and 
covered w i t h  unspiked s o i l .  The s o i l  f o r  
t h e  g rowth  chamber p l a n t i n g s  was u n i f o r m l y  
mixed w i t h  the  c i t r a t e  forms o f  Am, Cm and 
146-enr iched Nd. The harves ted  p l a n t  sam- 
p l e s  were analyzed by i n s t r u m e n t a l  and r a d i o -  
chemical neu t ron  a c t i v a t i o n  a n a l y s i s  and by 
a1 pha spec t romet ry .  



The c o n c e n t r a t i o n  r a t i o s  ( c a l c u l a t e d  on 
t h e  b a s i s  o f  t h e  t o t a l  we igh ts  o f  i s o t o p e s  
and s o i l s  i n  t h e  c o n t a i n e r s )  f o r  t h e  uptake 
o f  Am, Cm and Nd a r e  g i v e n  i n  Table 2.7. 
These da ta  show t h a t  t h e  uptake o f  these 
elements by t h e  snapbeans was i d e n t i c a l  f o r  
each o f  t h e  elements. The c o n c e n t r a t i o n  
r a t i o s  f o r  t h e  uptake by cheatgrass a r e  
a l s o  v e r y  s i m i l a r ,  r a n g i n g  f rom 2.5 x 
t o  6.5 x 10-4, o r  a  f a c t o r  o f  approx imate ly  
2.6. T h i s  ev idence i n d i c a t e s  t h a t  Nd a c t s  
as a good s h o r t - t e r m  analog element and sug- 
ges ts  t h a t  i t  may a l s o  serve as a u s e f u l  
l ong- te rm p r e d i c t o r  o f  t r a n s u r a n i c  behav io r  
s i n c e  phys ica l -chemica l  and b iochemical  
s t u d i e s  b o t h  have demonstrated t h e  l i k e  e l e -  
mental behaviors .  

TABLE 2.7. Plant Uptake of Am, Cm, and Nd. 

Concentration Ratio 

Plant Am Cm Nd 
--- 

ALE Cheatgrass-Leaves and Stems 4.8 x 10-"2. x 10~4 6.5 x 10 4 

(Lysimeters) 

ORNL Snapbeans-Leaves and 1.1 x 10-3 1.3 x 10-3 1.2 x 10-3 
Stems (Growth Chamber) 





Weathering and Aging of Transuranics 

P r i n c i p a l  I n v e s t i g a t o r s :  R. G. Schreckhise, 
J. F. C l i n e ,  D. T. F a r r a r  and D. Paine 

Techn ica l  Ass is tance:  M. A. Combs, M. J. H a r r i s ,  
M. C. McShane, L.  F. Nelson and H. A. Sweany 

The r e l e a s e  o f  t ransuran ium elements f rom t h e  n u c l e a r  energy i n d u s t r y  poses ques t ions  f o r  

which d a t a  a r e  v e r y  l i m i t e d .  I n f o r m a t i o n  i s  needed t o  q u a n t i f y  t h e  movement o f  rad iocon tami -  

nan ts  th rough  food cha ins  t o  assess t h e  p o t e n t i a l  hazards t o  man. Q u a n t i t a t i v e  d a t a  a r e  

r e q u i r e d  on t h e  t r a n s f e r  of t r a n s u r a n i c s  from s o i l  t o  v e g e t a t i o n .  Of s p e c i a l  i n t e r e s t  a r e  

t h e  e f f e c t s  t i m e  (weather ing,  ag ing,  and assoc ia ted  b i o l o g i c a l  processes i n  s o i l )  has on t h e  

a v a i l a b i l i t y  o f  t ransuran ium elements t o  be taken up by p l a n t s  f rom s o i l .  T h i s  s tudy  p rov ides  

i n f o r m a t i o n  on t h e  e f f e c t s  o f  t i m e  on t h e  uptake o f  t r a n s u r a n i c s  f rom s o i l  by range and c r o p  

p l a n t s .  

1977 Progress 

A t  p resen t ,  360 l y s i m e t e r s  have been p re -  
pared and p laced  i n  an e x c l o s u r e  l o c a t e d  
near  t h e  U  .S. DOE A r i d  Lands Ecolo y Reserve ! IALE) headquar ters .  I so topes  o f  8Pu, 2 3 9 P ~ ,  

4 4 ~ m ,  241Am and 237Np were i n d i v i d u a l l y  
p laced  i n  s o i l  con ta ined  by  t h e  l y s i m e t e r s .  
The w a t e r - t i g h t  l y s i m e t e r s  were c o n s t r u c t e d  
f rom p o l y v i n y l  c h l o r i d e  p i p e  (PVC), 13.2 cm 
i n  d iameter  and 1  m long .  The r a d i o i s o t o p e s  
were mixed i n  e i t h e r  3.4 kg o r  100 g  o f  s o i l .  
The 3.4 kg m i x t u r e s  were p l a c e d  i n  t h e  l y s i m -  
e t e r s  i n  a  l a y e r  20 cm t h i c k ,  10 cm below 
t h e  s o i l  su r face .  The 100 g  m i x t u r e s  were 
a l s o  p laced  10  cm below t h e  sur face ,  b u t  were 
o n l y  0.5 cm t h i c k .  The aboveground p l a n t  
p a r t s  were harves ted  a t  m a t u r i t y  and d i v i d e d  
i n t o  s e l e c t e d  components. Cheatgrass (Bromus 
tectorum) and o t h e r  p l a n t s  which invade= 
l y s i m e t e r s  were separated by species and t h e  
e n t i r e  aboveground p l a n t  p a r t s  analyzed. - The seeds f rom t h e  peas and b a r l e y  were ana- 
l y z e d  s e p a r a t e l y  f rom t h e  remainder  o f  t h e  
p l a n t .  The e n t i r e  a l f a l f a  p l a n t  ( t h r e e  

separate harves ts )  were analyzed. The r a d i o -  
chemical analyses were done by LFE Env i ron-  
mental A n a l y s i s  Labora to ry  i n  Richmond, CA. 

The r e l a t i v e  up take  o f  2 3 8 P ~ ,  2 3 9 P ~ ,  241Am, 
244Cm and 237Np by f o u r  d i f f e r e n t  p l a n t  spe- 
c i e s  a r e  p resen ted  i n  Tab le  2.8. The da ta  
presented a r e  f o r  p l a n t s  grown i n  l y s i m e t e r s  
i n  which t h e  t r a n s u r a n i c s  had been amended t o  
3.4 kg o f  s o i l .  There d i d  n o t  appear t o  be 
an{ d i f f e r e n c e  i n  t h e  uptake o f  2 3 8 P ~  and 
2 3  Pu. Uptake o f  t h e  p lu ton ium i s o t o p e s  was 
t h e  l o w e s t  among t h e  t r a n s u r a n i c s  examined. 
Comparing t h e  o t h e r  t r a n s u r a n i c s  t o  p l u t o n -  
ium, t h e  up take  o f  241Am was about  20, 244Cm 
about  10, and 237Np about  4000 t imes  (40,000 
when comparing t h e  seeds) g r e a t e r  t h a n  2 3 8 P ~  
o r  2 3 9 P ~ .  The r e l a t i v e  uptake o f  a l l  t h e  
t r a n s u r a n i c s  was about  10 t imes  h i g h e r  i n  t h e  
peas and a l f a l f a  than  i n  t h e  cheatgrass and 
b a r l e y .  The c o n c e n t r a t i o n  o f  t h e  b a r l e y  
seeds were approx imate ly  10 t o  100 t imes  l e s s  
t h a n  t h e  remainder  o f  t h e  p l a n t .  The pea 
seeds were f rom 100 t o  400 t imes  l e s s  than  
t h e  o t h e r  p l a n t  f ragments.  



TABLE 2.8. Relative Uptake of Transuranium Elements by 4 Different Plant Species. The transuranics were 
amended to the soil in a 20 cm band located 10 cm below the surface. 

Barley Peas 

mCi per 
Isotope Lysirneter Cheatgrass Seed Stem-Leaf Seed Stem-Leaf-Pod 
-- 

238Pu 0.108 1.3 f 0.3 0.21 f 0.12 5.9 f 0.6 0.24 f 0.06 41 f 11 

g dry vegetation 3.87 * 0.30 14.49 * 0.48 24.63 + 0.72 12.52 k 0.79 11.08 * 0.31 
per lysimeter 

Alfalfa 

mCi per 
Isotope Lysimeter 1st Harvest 2nd Harvest 3rd Harvest 

238Pu 0.108 3 0 f  7 13 f 3 58 f 42 

g dry vegetation 7.34 0.79 9.97 +- 0.28 6.29 * 0.21 
per lysimeter 

(a),, = 5 



~adioecology of Uranium 

Radioecology of Waste Management Areas (ROWMA) 

Princ. ipa1 I n v e s t i g a t o r s :  R .  G .  Schreckhise,  U. tl. R ickard ,  
F. P. Brauer ,  J .  F. C l i n e ,  R.  M .  Emery, R. E .  F i t z n e r ,  
D. Paine, L. E.  Rogers, J. K. So lda t ,  D. W. Uresk and 
M. C. HcShane 

Radioecology o f  n u c l e a r  wastes was p ioneered i n  t h e  western U n i t e d  S t a t e s  on t h e  Hanford 

Reserva t ion  d u r i n g  t h e  e a r l y  1940's .  I n i t i a l l y ,  a t t e n t i o n  was pald  t o  t h e  Columbia R i v e r  

because i t  prov ided  c o o l a n t  wa te r  f o r  p r o d u c t i o n  r e a c t o r s .  Ecological s t u d i e s  cen te red  upon 

f i s h  and wate r fow l  as v e c t o r s  o f  r a d i o n u c l i d e s  t o  people.  Wi th t h e  abandonment of p r o d u c t i o n  

r e a c t o r s  a  few years  ago, t h e  r a d i o n u c l i d e  c o n t e n t  o f  Columbia R i v e r  water  has d e c l i n e d  and 

a t t e n t i o n  i s  now be ing  d i r e c t e d  towards r a d i o n u c l i d e s  r e l e a s e d  i n t o  t h e  environment as a  r e s u l t  

o f  chemical p rocess ing  o f  i r r a d i a t e d  f u e l .  Places t h a t  have r e c e i v e d  r a d i o a c t i v e  wastes a r e  

s o l i d  waste b u r i a l  grounds, l i q u i d  e f f l u e n t  r e l e a s e  belowground, s u r f a c e  d i t c h e s  and ponds, 

and t h e  t e r r e s t r i a l  env i ronment  around chemical p rocess ing  f a c i l i t i e s  t h a t  have r e c e i v e d  a i r -  

borne d e p o s i t s  o f  r a d i o a c t i v e  d e b r i s  from s t a c k s .  

ROWMA s t u d i e s  r e p o r t e d  here  a r e  concerned w i t h  t h e  degree o f  uptake of v a r i o u s  r a d i o n u c l i d e s  

f rom s o i l ,  sediments, and wate r  by t e r r e s t r i a l  and a q u a t i c  b i o t a ,  t h e  p o t e n t i a l  of removal of 

r a d i o a c t i v i t y  f rom waste management areas by b i o t a ,  and t h e  t r a n s f e r  o f  r a d i o n c u l i d e s  between 

organisms and e c o l o g i c a l  t r o p h i c  l e v e l s .  The long- te rm o b j e c t i v e  o f  ROWMA e f f o r t  i s  t o  d e l i n -  

eate and q u a n t i f y  u n d e r l y i n g  e c o l o g i c a l  processes a f f e c t i n g  t r a n s p o r t  of r a d i o a c t i v i t y .  A  

p o r t i o n  o f  e f f o r t  i s  a l l o c a t e d  a l s o  t o  s i t e  s p e c i f i c  problems caused by  b i o t i c  v e c t o r s ;  i .e., 

b i r d s ,  i n s e c t s  and w i l d  an imals  t h a t  cause w i d e r  d i s s e m i n a t i o n  o f  rad ioe lements .  I m p o r t a n t  

companion s t u d i e s  a l s o  a r e  underway. They a r e  funded th rough  l o c a l  i n t e r c o n t r a c t o r  suppor t  

agreements r a t h e r  t h a n  th rough  DBER and i n v o l v e  s h o r t - t e r m  a s s i s t a n c e  t o  Hanford p l a n t  p e r -  

sonnel concerned w i t h  c h a r a c t e r i z a t i o n  o f  p a r t i c u l a r  landscape subun i t s  impacted by o p e r a t i o n  

o f  n u c l e a r  f a c i l i t i e s .  See S e c t i o n  8.0, f o r  i n t e r c o n t r a c t o r  s t u d i e s .  

F i r s t  y e a r  s t u d i e s  on t h e  ROLIIIA p r o j e c t s  cen te red  upon c h a r a c t e r i z i n g  t h e  a b i o t i c  e n v i r o n -  

- ment and t h e  b i o t a  o f  r e p r e s e n t a t i v e  waste management areas on t h e  Hanford Reserva t ion .  

F i r s t  y e a r  s t u d i e s  u s i n g  uranium i s o t o p e s  cen te red  around t h e  growing o f  p l a n t s  i n  uranium- 

contaminated s o i l .  
L. 



Radioecology o f  Aqua t i c  Systems 

Many aspects  o f  t h e  n u c l e a r  i n d u s t r y  
assoc ia ted  w i t h  f u e l s  and weapons p rocess ing  
and r e a c t o r  o p e r a t i o n s  r e q u i r e  a  cont inuous 
supp ly  o f  f r e s h w a t e r .  Much o f  t h i s  wa te r  
r e c e i v e s  o n l y  l o w - l e v e l  con tamina t ion  and can 
be s a f e l y  d ischarged  i n t o  open d i t c h e s  
(s t reams) and bas ins  (ponds) a t  t h e  f a c i l i t y  
s i t e s .  These wastewater d ischarges  c r e a t e  
a q u a t i c  env i ronments t h a t  f r e q u e n t l y  suppor t  
d i v e r s e  e c o l o g i c a l  communit ies which adapt  t o  
t i l e  o f t e n  unusual thermal ,  chemical and 
r a d i o l o g i c a l  c o n d i t i o n s .  Such i s  t h e  case a t  
Hanford, where severa l  l a r g e  ponds and 
streams a r e  ma in ta ined  t o  r e c e i v e  wastewater 
f rom r e a c t o r ,  rep rocess ing  and l a b o r a t o r y  
o p e r a t i o n s .  

The o b j e c t i v e  was t o  o b t a i n  d a t a  t h a t  de- 
s c r i b e  these  a q u a t i c  environments 1  in ino log i -  
c a l l y  and r a d i o l o g i c a l l y .  The purpose o f  
deve lop ing  these r a d i o e c o l o g i c a l  p r o f i l e s  was 
t o  determine i f  c e r t a i n  e c o l o g i c a l  char -  
a c t e r i s t i c s  e x i s t  t h a t  would s e t  these 
a q u a t i c  systems a p a r t  f rom o t h e r s  n o t  asso- 
c i a t e d  w i t h  n u c l e a r  f a c i l i t i e s .  

Four ponds and f o u r  streams were s e l e c t e d  
on t h e  b a s i s  o f  waste types c u r r e n t l y  be ing  
rece ived ,  h i s t o r y  o f  use, and e c o l o g i c a l  s i g -  
n i f i c a n c e .  U Pond, l o c a t e d  i n  t h e  200 West 
Area, has been r e c e i v i n g  wastes f rom p l u t o -  
nium reprocess ing  o p e r a t i o n s  f o r  over  30 y r .  
The Z-19 d i t c h ,  wh ich  has f e d  U Pond f o r  t h e  
p a s t  5 y r ,  was t h e  l a t e s t  o f  a  s e r i e s  o f  
d i t c h e s  c a r r y i n g  Pu reprocess ing  wastes t o  U 
Pond. B  Pond, f e d  v i a  the  8-3 and A-29 
d i t c h e s ,  i s  s i t u a t e d  e a s t  o f  t h e  200 Eas t  
Area and has r e c i e v e d  chemical sewer wastes 
and process c o o l i n g  wa te r  f rom recovery  
o p e r a t i o n s  s i n c e  1945. Gable Mounta in Pond, 
l o c a t e d  n o r t h  o f  t h e  200 Eas t  Area, has 
r e c e i v e d  process c o o l i n g  wa te r  s i n c e  1957. 
West Pond, which occurs  n a t u r a l l y ,  i s  a  
m i r r o r  o f  t h e  groundwater t a b l e  and has no 
s u r f a c e  wate r  o r  wastewater sources, a l though  
i t  d i d  r e c e i v e  s a n i t a r y  wastes a t  one t ime.  
I t  does, however, c o n t a i n  uranium which may 
be due t o  a  l o c a l  n a t u r a l  uranium d e p o s i t .  
The 100-N t r e n c h ,  l o c a t e d  a t  t h e  N - r e a c t o r  
s i t e  near  t h e  Columbia R i v e r ,  was c r e a t e d  i n  
1965 and r e c e i v e s  c o o l i n g  wa te r  f rom the  
N- reac to r  c r i b .  

Gable, B, and U Ponds d i f f e r e d  w i d e l y  i n  
p h y s i c a l  dimensions, r e t e n t i o n  t imes  and 
sed imenta t ion  p r o p e r t i e s ,  b u t  were g e n e r a l l y  
s i m i l a r  i n  chemis t ry .  An e x c e p t i o n  t o  t h i s  
was t h e  u n u s u a l l y  h i g h  c o n c e n t r a t i o n s  o f  n i -  
t r o g e n  i n  B  Pond. West Pond showed extreme 
v a r i a t i o n  f rom t h e  o t h e r  ponds due t o  t h e  

long- te rm accurnul a t i o n  o f  d i s s o l v e d  and sus- 
pended m a t e r i a l s  through e v a p o r a t i v e  concen- 
t r a t i o n .  S ince West Pond r e c e i v e d  s a n i t a r y  
wastes d u r i n g  the  e a r l y  developnient o f  
Hanford, n i t r o g e n  and phosphorus conce i i t ra -  
t i o n s  a r e  a l s o  d i s p r o p o r t i o r i a t e l y  h i g h .  A1 1  
o f  t h e  s tudy  d i t c h e s  were genera l  1  y  s i m i  1  a r  
i n  phys icochemical  c h a r a c t e r i s t i c s  excep t  
8-3 d i t c h ,  wh ich  was r e l a t i v e l y  h i g h e r  i n  n i -  
t rogen  b u t  lower  i n  phospiiorus c o n c e n t r a t i o n s .  

The 1 0 0 4  t r e n c h  i s  t h e  o n l y  system t h a t  
showed a  d i f f e r e n c e  i n  b i o l o g i c a l  p r o f i l e  
t h a t  m igh t  be r e l a t e d  t o  a  uniqueness i n  
r a d i o l o g i c a l  p r o f i l e .  I t s  r a d i o n u c l  i d e  con- 
c e n t r a t i o n s  and r a d i a t i o n  dose r a t e s  were 
much l i i gher  than  any o f  t h e  o t h e r  a q u a t i c  
s i t e s  (Tab le  2.9)  . P r o f  i 1  es o f  a1 gae, 
macrophytes, and i n v e r t e b r a t e s  i n d i c a t e  a  
reduced c o m p l e x i t y  i n  organism types (Ta- 
b l e s  2.10-2.12). However, c a l c u l a t i o n s  o f  
d i v e r s i t y  i n d i c e s  (Table 2.13) i n d i c a t e d  t h a t  
species and community d i v e r s i t y ,  and evenness 
were now t h e  lowes t  o f  t h e  a q u a t i c  systems 
s t u d i e d  a t    anf ford. Also,  r a t e s  o f  c o l o n i z a -  
t i o n  on bare s u b s t r a t e s  p laced  i n  100-14 
t r e n c h  were h i g h e r  than on those i n  13, U, o r  
West Pond (Tab le  2.13). However, t h e  ther,nal 
ranges i n  100-i4 t rench ,  as w e l l  as ranges o f  
some chemical parameters, exceeded those o f  
o t h e r  a q u a t i c  systems. There fo re ,  i t  may be 
p o s s i b l e  t o  e x p l a i n  d i f f e r e n c e s  i n  b i o l o g i c a l  
p r o f i l e s  between 100-N t r e n c h  and o t h e r  sys-  
tems p r i m a r i l y  on t h e  b a s i s  o f  phys icochemi-  
c a l  c o n d i t i o n s .  

Tile most abundant smal l  mammal l i v i n g  on 
t h e  b u r i a l  grounds on t h e  t ianford S i t e  i s  t h e  
Great Basin pocket  mouse, Perognathus p a r v u s .  
T h i s  r o d e n t  i s  capable o f  bu r row ing  t o  a  
depth o f  4-6 f t  i f  s o i l  c o n d i t i o n s  p e r m i t .  
Deer mice, which a r e  a l s o  cap tu red  on t h e  
b u r i a l  grounds, do n o t  n o r m a l l y  burrow deeper 
than 2  f t .  T h i s  s tudy  was i n i t i a t e d  t o  
determine i f  t h e  mice were bur row ing  deep 
enough t o  become exposed t o  r a d i a t i o n  e m i t t e d  
f rom t h e  b u r i e d  waste. 

The s i t e s  examined were t h e  WYE b u r i a l  
ground, 300-i- lorth b u r i a l  ground, 300-6 and 7 
b u r i a l  ground, and a  c o n t r o l  p l o t  o f  s i m i l a r  
h a b i t a t  and s o i l  t e x t u r e .  These b u r i a l  
grounds r e c e i v e d  l o w - l e v e l  l a b o r a t o r y  wastes 
which were p o s i t i o n e d  i n  t renches  8-10 f t  
deep and b a c k f i l l e d  w i t h  cobblestones and 
g r a v e l .  

L i v e  t r a p s  were arranged i n  a  g r i d  p a t t e r n  
c o n t a i n i n g  100 t r a p s  spaced a t  10 m  i n t e r v a l s  



TABLE 2.9. Ranges of Radiological Characteristics for Ponds and Streams on the Hanford Reservation. Dosimetry 
is  based on one-month measurements of the sediment-water interface. 

Filterable a, Particulate cr, 
pCi/P PCi/P 

<4.0 - 170 ~ 2 . 0  - 145 

4 . 1  - 322 <2.1 - 4.3 

<4.5 - 522 <1.5 - 59 

< I3  - 220 <0.8 - 64 

<1.1 - 100 <2.6 - 189 

Filterable 0, Particulate 0, 
PCi/Q pCi/V 

Dosimetry, 
mr/wk 

143 - 633 

2.8 - 8.3 

183 - 229 

sbkg - 3.1 

sbkg - 0.3 

cbkg - 6.1 

- 

357,000 - 743,750 

Gable Pond 

B-Pond 

West Pond 

A-29 Ditch 

8-3 Ditch 

Z-19 Ditch 

100-N Trench 

(a)Total + measurements 
( b ) ~ o t a l  ? measurements 

TABLE 2.10. Relative Abundance of Algae Observed in Ponds and Streams on the Hanford Reservation. The letters 
L (low), M (medium) and H (high) indicate a qualitative spectrum of appearance of these organisms. 

Division 
(Common Name) 

Cyanaphyta (Blue- 
green Algae) 

Gable 0- U -  
Pond Pond Pond 
--- 

L L M  
L L L 
L L M 

M L L  
L L 
L 

L L M  
L L 

M L L 
L L 

H 

West A-29 8-3 
Pond Ditch Ditch 
--- 

Z-19 100-N 
Ditch Trench -- 

M M 

Family 

Oscillatoriaceae 
Chroococcaceae 
Nostocaceae 

L M M  
L L L 
L L L 

Chlorophyta (Green 
Algae) 

Desmidiaceae 
Palrnellaceae 
Volvocaceae 
Characiaceae 
Phacotaceae 
Oocystaceae 
Scenedesmaceae 
Tetrasporac'eae 
Micratiniaceae 
Coccomyxaceae 
Zygnemataceae 
Cladophoraceae 
Hydrodictyaceae 
Characeae 

L L L 
L M M  
L M L  

M M 
M M H  
L M 
L 

Euglenophyta (Eugle- 
noid Algae) 

Chrysophyta (Golden- 
brown Algae and 
D~atoms) 

Euglenaceae 

Mallomonadaceae 
Ochromonadaceae 
Coscinodiscaceae 
Rhizosoleniaceae 
Tabellariaceae 
Diatomaceae 
Achnanthaceae 
Naviculaceae 
Gomphonemataceae 
Cymbellaceae 
Nitzschiaceae 
Surirellaceae 
Fragilariaceae 
Synuraceae 

L 
L 

M M H  
L 

L 
L L 
L L L 
H L M  
L L L 
M H M 

L L 
L L 

M H H  
L 

L 
M 

M L M  

L 
L 

M L L  
M M M  
L M M  

M H L  
L L L 
L L L 

M M M  

Pyrrophyta (Dino- 
flagellates) 

Gymnodiniaceae 
Glenodiniaceae 

Cryptophyceae 
(Cryptomonades) 

Cryptomonadaceae 



TABLE 2.11. Dominant Macrophytes Observed in Ponds and Streams on the Hanford Reservation. The letters L (low), 
M (medium) and H (high) indicate a qualitative spectrum of appearance of these plants. 

Common 
Name 

- 

Horsetall 

Pondweed 

Hornwort 

Water M ~ l f o ~ l  

Duckweed 

Cattall 

Bulrush 

Smartweed 

Speedwell 

Watrrrress 

W ~ l d  Lettucr 

Willow 

Cottonwood 

Genus 

Eq~115el urn 

Pordrno~cton 

Cerarophyllurn 

Myrrophylli~rn 

L c n ~ r ~ d  

Typha 

SCI~/)LI\ 

Polygor~tln~ 

Vrror~rc ,I 

R(jrrpf)d 

Lc3rtt1cd 

s<111x 

P~~[ ' t l lu \  

Gable 0- U- 
Pond Pond Pond 
--- 

L M 

H M H  

M 

M 

M 

M M H  

M M M 

L 

West A-29 8-3 Z-19 100-N 
Pond Ditch D ~ t r h  Ditch Trench 
----- 

M M H  

M M H M  L 

TABLE 2.12. Relative Abundance of Aquatic Fauna Observed in Ponds and Streams on the Hanford Reservation. The 
letters L (low), M (medium) and H (high) indicate a qualitative spectrum of appearance of these organisms. 

Common 

Flatworm 
Leech 
Segmented h o r r n  
Waterflea 
Seed Shrlmp 
Scud 
Wdrernilte 
Mayfly 
Dragonfly 
Dragonfly 
Dragonfly 
Drdgonfly 
Dragonfly 
Damsrlfl) 
haterstr~der 
Backswlmmc~r 
Crec~p~ng Water Bug 
Udter Storp~on 
G~ant  Udter Bug 
ha te r  Bodtmdn 
Cddd~s fly 
Prctidcc.oui D lv~ng  Beetle 
h ' l t r r  5cdvenger Bertle 
Crdwl~ng h a t e r  Bertle 
Beetle 
Beerlc 
Bretle 
M1dgc 
Bldck 11) 
Shore fly 
Aquat~c Caterp~ller 
Sna~l 
Sn,~ll 
Sna~l 
Goldf~sh 

Gable B- U- 
Pond Pond Pond 
--- 

L L L 
L L 

M L L 
H L H 

L 
H H M  

M 
M M L  
H M H  
M L H  

tvl 
L 

L L 
M M H  
L L L 
L L t i  

L L 
L M 

M H H  
L L L 
L L L 
L L 
L 

L 
L 
L 

M L M  

L 
L M M  
I I t i  

L L 
M L H  

Wcst A-29 8-3 Z-19 100-N 
Pond Ditch Ditch Dltch Trench 
----- 

L L 

H L L L L 

M H H M  H 
L 

M 
L 



TABLE 2.13. Quantitative Biological Characteristics for Ponds and Streams on the Hanford Reservation. Maximum 
productivity rates express highest rates observed for each pond. Means are shown with 95% confidence values (i.e., 
mean 95% C.V. = 95% confidence interval about the mean). 

Gable Pond B-Pond U-Pond -- 
Pond-wide Primary - - 42 
Productivity 
(kg C/hectare per day) 

Maximum Periphyton 7.4 38.5 45.2 
primary productivity(a) 
(pg chl a/cm2 per day) 

Maximum Aufwuchs 156 105 69 
productivitY(b) 
(pg C/crn2 per mo) 

Colonization Rate 1020 T 1440 777 + 982 417 + 325 
(No. organisms/m2 per 

day) 

Goldfish productivity - - 37 
(kg/hectare per year) 

Diversity Indices: 

N (No. indiv. in 4 m2) 245 f 130 295 f 260 - 

H (comm. div. per indiv.) 2.1 f 0.5 1.7 f 0.6 - 

J (evenness) 0.6 f 0.2 0.6 f 0.2 - 

West 
Pond 

A-29 B-3 
Ditch Ditch 

( a ) ~ i ~ h e s t  rate of chl a accumulation occurring within a 4-wk test period 
@)Highest rate of Aufwuchs C accumulation occurring over several 1-3 mo test periods 

Z-19 100-N 
Ditch Trench 

on t h e  b u r i a l  grounds and c o n t r o l  p l o t .  
Captured mice  were g i v e n  an i n d i v i d u a l  i den-  
t i f i c a t i o n  number u s i n g  a s e r i e s  o f  t o e  
amputat ions.  The animals  were then  anesthe- 
t i z e d  and smal l  dos imeters were s u r g i c a l l y  
imp lan ted  subcutaneously  on t h e  d o r s a l  s i d e  
o f  t h e i r  necks. 

To d a t e  t h e r e  have been a t o t a l  o f  60 do- 
s imete rs  recovered  f rom these  f o u r  p l o t s .  
Deer mice had o n l y  s i x  r e t u r n s ,  a l l  which 
came f rom t h e  300-6 and 7 b u r i a l  ground. 
Resu l t s  a r e  presented i n  Tab le  2.14. Pocket 
m ice  cap tu red  on t h e  b u r i a l  grounds r e c e i v e d  
t h e  same doses as those  on t h e  c o n t r o l .  The 
deer  m ice  cap tu red  on t h e  300-6 and 7 b u r i a l  
ground showed doses above background r a n g i n g  
f rom 9.2 - 237 mR/wk. These h i g h e r  doses 
may p o s s i b l y  be exp la ined  by t h e  p a s t  p re -  
sence o f  a  "cave- in "  on t h e  b u r i a l  ground. 
A1 1 s i x  deer  mice were cap tu red  i n  t h e  
v i c i n i t y  o f  t h e  "cave- in . "  

F u t u r e  t r a p p i n g  sess ions w i l l  be necessary 
t o  de te rmine  i f  t h e  exposure p o t e n t i a l  has 
been a l l e v i a t e d .  I t  appears t h a t  t h e  p ro -  
t e c t i v e  b a c k f i l l  o f  g r a v e l  and cobblestone 
i s  an e f f e c t i v e  b a r r i e r  t o  pocke t  mice 
keeping them f rom bur row ing  n e x t  t o  t h e  
b u r i e d  waste. 

Nes t ing  Ecology o f  the  Burrowing Owl on t h e  
Hanford S i t e  

The bur row ing  owl i s  one o f  t h e  most 
abundant b i r d s  o f  p r e y  n e s t i n g  on t h e  Hanford 
S i t e .  L i t t l e ,  however, i s  known about  i t s  
l i f e  h i s t o r y  i n  sou theas te rn  Washington. 

I n  1975, we began a s tudy  o f  t h e  n e s t i n g  
ecology o f  the  species.  Data were c o l l e c t e d  
on owl n e s t i n g  d e n s i t i e s ,  p r o d u c t i v i t y ,  food 
h a b i t s ,  h a b i t a t  u t i l i z a t i o n ,  and p r e y  spec ies  
abundance. R e g u r g i t a t e d  c a s t i n g s  ( p e l  1  e t s )  



TABLE 2.14. Mean Gamma Doses to Mice on 300 Area Burial Grounds in milliroentgens per Week, mR 

n 
- 

Control 16 

300 North B.c.(~) 8 

300 6-7 B.G.(~) 9 

(a)Burial ground 

Pocket Mouse Deer Mouse 

x S.E. Range n x S.E. Range 
- - - - - - - 
1.2 t0.14 0.6 - 2.2 

were c o l l e c t e d  weekly  a t  each o f  f o u r  n e s t  We a r e  p r e s e n t l y  a n a l y z i n g  samples and 
s i t e s .  Data on i n s e c t  d e n s i t i e s  (major  food  w i l l  be examining p r e y  a v a i l a b i l  i t y  and i t s  
o f  bu r row ing  ow ls )  were gathered s imu l tane-  e f f e c t s  on p r e y  u t i l i z a t i o n .  Data on p r o -  
o u s l y  i n  areas a d j a c e n t  t o  each owl n e s t i n g  d u c t i v i t y  and n e s t  s i t e  s e l e c t i o n  have a l s o  
burrow.  been c o l l e c t e d  and w i l l  be c o r r e l a t e d  w i t h  

h a b i t a t s  u t i l i z e d  by t h e  owls and o t h e r  pa- 
rameters which c o u l d  i n f l u e n c e  p r o d u c t i v i t y .  



Radioecology of 1291 and 99Tc 

Influence of Soils and Aquatic Sediments on the Chemical Behavior, 
Transport, and Bioavailability of Pollutants 

P r i n c i p a l  I n v e s t i g a t o r s :  T. R .  Garland, R.  G .  Schreckhise, R.  E .  Wildung, 
D.  A. Cataldo, K. M.  McFadden, C. L .  Wi lkerson,  J .  F .  C l ine ,  D.  W .  Uresk 
and E .  L .  K lepper  

The t e r r e s t r i a l  aspects  o f  these i n v e s t i g a t i o n s ,  i n v o l v i n g  c l o s e  coopera t ion  between 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  toward i d e n t i f i c a t i o n  o f  s o i l  physicochemical 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  govern ing t h e  a v a i l a b i l i t y  t o  p l a n t s  o f  n u c l e a r  and non- 

n u c l e a r  wastes. P r i n c i p a l  r e c e n t  emphasis has been p laced  on 99Tc and 1291. Labora to ry  and 

f i e l d  s t u d i e s  have been i n i t i a t e d  t o  d e f i n e  key processes govern ing t h e i r  behav io r .  

The long- te rm envi ronmenta l  behav io r  and u l t i m a t e  f a t e  o f  1291 cannot be i n f e r r e d  w i t h  

con f idence  f rom t h e  we1 1  - s t u d i e d  s h o r t - l i v e d  i s o t o p e  311. Fur thermore 99Tc, i t  now appears, 

does n o t  resemble i o d i n e  i n  i t s  s o i l / p l a n t  behavior ,  as has been assumed i n  t h e  p a s t .  There- 

f o r e ,  i t s  long- te rm behav io r  and u l t i m a t e  f a t e  remains u n c e r t a i n .  The q u a n t i t a t i v e  measure- 

ment o f  1291 and 99Tc i n  env i ronmenta l  samples i s  a l s o  t e c h n i c a l l y  complex and c o s t l y .  The 

1291 can be measured i n  a  v a r i e t y  o f  l o w - l e v e l  env i ronmenta l  samples u s i n g  neu t ron  a c t i v a t i o n  

procedures developed a t  PNL. The 99Tc s t i l l  p resen ts  d i f f i c u l t i e s ,  b u t  a  s e n s i t i v e  mass 

s p e c t r o m e t r i c  approach has been under development f o r  env i ronmenta l  a p p l i c a t i o n .  

I n  a q u a t i c  sediment s t u d i e s ,  i n v e s t i g a t i o n s  have been d i r e c t e d  toward measurement o f  t h e  

phys icochemical  p r o p e r t i e s  o f  suspended and bot tom sediments o f  t h e  lower  Columbia R i v e r  

watershed and r a d i o n u c l  i d e  (99Tc, 1291) and t r a c e  meta l  s p e c i a t i o n ,  t r a n s p o r t  and b i o l o g i c a l  

a v a i l a b i l i t y  as i n f l u e n c e d  by sediment p r o p e r t i e s  and seasonal and man-induced changes i n  

watershed and r i v e r  c o n d i t i o n s .  L i m i t e d  e f f o r t s  were d i r e c t e d  toward these s t u d i e s  d u r i n g  t h e  

r e p o r t i n g  p e r i o d .  

The s o i l  and sediment s t u d i e s  c l o s e l y  i n t e r d i g i t a t e  w i t h  severa 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  a s s o c i a t e d  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 .  



I n g e s t i o n  o f  Rad io iod ine  by  Range C a t t l e  

Four s t e e r s  were pas tu red  on a  n a t i v e  
bluebunch wheatgrass p a s t u r e  i n  s p r i n g  1976. 
Two s t e e r s  had been f i t t e d  w i t h  esophageal 
f i s t u l a s  and two w i t h  rumen f i s t u l a s .  F i s -  
t u l a s  p e r m i t t e d  d i r e c t  measurement o f  d i e t a r y  
compos i t i on  and f o r a g e  d i g e s t i b i l i t y .  T o t a l  
f o r a g e  i n t a k e ,  c a l c u l a t e d  f r o m  water  consump- 
t i o n  r a t e s ,  was p r o p o r t i o n e d  by we igh t  i n t o  
species t o  e s t i m a t e  i o d i n e  i n t a k e  r a t e s .  
S a l t  i n t a k e  was determined f r o m  t h e  average 
we igh t  l o s s  f r o m  s a l t  b l o c k s  s u p p l i e d  t o  t h e  
s t e e r s .  Iod ine-1  27 and lZ9I concent ra t ions  
i n  t h e  v a r i o u s  d i e t a r y  components were de- 
te rm ined  by n e u t r o n  a c t i v a t i o n .  

Tab le  2.15 g i v e s  t h e  average d i e t a r y  com- 
p o s i t i o n  and amounts o f  lZ9I and 1271 i n -  
gested by  t h e  t h r e e  s t e e r s  kep t  on t h e  pas- 
t u r e  f o r  46 days (one s t e e r  was k e p t  on1 20 
days) .  Forage suppl l e d  o v e r  97% o f  t h e  Iz9I 
i n g e s t e d  and o n l y  28% o f  t h e  lZ7I. S a l t  was 
t h e  ma jo r  source o f  lZ7I (66%).  The r a t i o  o f  
1291 t o  1271 was h i g h e r  i n  f o r a g e  because o f  
t h e  lZ9I p r e s e n t  i n  s u r f a c e  s o i l s  as a  r e s u l t  
o f  a i r b o r n e  n u c l e a r  f u e l  e f f l u e n t s  f rom t h e  
Hanford p l a n t  and f rom wor ldw ide  f a 1  l o u t .  

TABLE 2.15. Dietary Composition and Iodine Intake for 
Range Steers on the ALE Pastures from April 30 to June 15, 
1976. 

Consumption 1291 Intake, '2'1 Intake, 
Component per Head pCi mg 

Water 1208 Liters 0.06 7.5 

Salt 1873 g 2.81 78.7 

Bluebunch wheatgrass 878 kg 28.99 8.8 

W p ~ a  88.5 kg 33.62 7.8 

~hurberiana 61.1 kg 28.72 6.3 

Other grasses 12.5 kg 4.89 1.2 

Crepis atrabarba 2.4 kg 0.38 0.3 

Other forbs 74.3 kg 11.89 9.1 

Total - 111.35 119.7 - 

Behavior  o f  Tc i n  S o i l s  

S o i l  and p l a n t  f a c t o r s  i n f l u e n c i n g  Tc 
a v a i l a b i l  i ty a r e  c u r r e n t l y  under s tudy.  
These i n c l u d e :  1 )  m o b i l i t y  and chemical form 
o f  Tc i n  s o i l s ,  2 )  p o s s i b l e  convers ion  o f  Tc 
due t o  m i c r o b i a l  a c t i v i t y ,  and 3) c o r r e l a t i o n  

o f  s o i l  p r o p e r t i e s  t o  Tc s o l u b i l i t y  and 
a v a i l a b i l i t y  t o  p l a n t s .  A 24-hr a e r o b i c  
s tudy  o f  Tc m o b i l i t y  i n  22 s o i l s  conducted i n  
1974 showed Tc t o  be h i g h l y  mob i le ,  s o r b i n g  
s i g n i f i c a n t l y  o n l y  i n  h i g h  o rgan ic ,  l ow pH 
s o i l s .  I n  c o n t r a s t ,  a  s t u d y  o f  11 s o i l s  
under anaerobic  c o n d i t i o n s  a t  t h e  U n i v e r s i t y  
.O f  Minnesota showed n e a r l y  q u a n t i t a t i v e  
s o r p t i o n  o f  Tc, though a  2-5 week p e r i o d  was 
r e q u i r e d  f o r  comp le t ion  o f  t h e  process.  
S ince t h i s  r a i s e d  t h e  q u e s t i o n  o f  e q u i l  i b r i u m  
a t ta inment ,  f u r t h e r  s t u d i e s  were conducted. 

A s e t  o f  32 s o i l s  of v a r y i n g  s o i l  p roper -  
t i e s  was used. These s o i l s  encompass t h e  
ranges i n  s o i l  p r o p e r t i e s  o f  those s o i l s  used 
i n  t h e  Minnesota s tudy .  The s o i l s  have been 
e x t e n s i v e l y  c h a r a c t e r i z e d  f o r  e lementa l  
con ten t ,  p a r t i c l e  s i z e  d i s t r i b u t i o n ,  m iner -  
a logy,  and e x t r a c t a b l e  components. 

S o i l s  were mixed i n  a  1  :10 r a t i o  w i t h  d i s -  
t i l  l e d  wate r  c o n t a i n i n g  0 . 0 1 ~  C i  9 9 m ~ c / m l  , 
and s o r p t i o n  f o l l o w e d  over  a  6  week p e r i o d  
under a e r o b i c  c o n d i t i o n s .  S o i l s  g e n e r a l l y  
showed an i n i t i a l  r a p i d  s o r p t i o n  f o l l o w e d  by 
a  l e v e l i n g  o r  decrease i n  a l l  b u t  t y p i c a l l y  
h i g h  o r g a n i c  c o n t e n t  s o i l s .  A f t e r  severa l  
weeks, a  s l i g h t  i n c r e a s e  i n  s o r p t i o n  was 
sometimes observed, b u t  i n  no case was t h e  Tc 
q u a n t i t a t i v e l y  sorbed. Most o f  t h e  apparent  
Kd va lues  remained cons tan t ,  b u t  i n  one case 
showed c o n t i n u a l  i n c r e a s e  i n  s o r p t i o n  w i t h  
t i m e  d u r i n g  t h e  3-week i n t e r v a l .  A f t e r  9  
weeks o f  shaking, severa l  f l a s k s  were sealed 
t o  promote anaerobic  c o n d i t i o n s .  Only one o f  
f o u r  s o i l s  showed s i g n i f i c a n t  inc reases  i n  
s o r p t i o n  a f t e r  3  weeks under  these  c o n d i t i o n s ,  
and t h i s  s o r p t i o n  was f a r  f r o m  complete. 

A  more q u a n t i t a t i v e  t e s t  c o n s i s t e d  o f  
s o i l s  ( s i m i l a r  s o i l  t o  s o l u t i o n  r a t i o )  ana- 
l y z e d  a f t e r  3, 12 and 26 days o f  a e r o b i c  
m i x i n g .  Kd va lues  c a l c u l a t e d  f rom t h e  3-day 
e q u i l i b r a t i o n  were i n  t h e  range o f  1-4 
m l /g  w i t h  t h e  e x c e p t i o n  o f  a  pea t  which 
showed a  Kd o f  19. Wi th  inc reased  t ime,  
about  t w o - t h i r d s  o f  t h e  s o i l s  showed some 
i n c r e a s e  i n  s o r p t i o n ,  w h i l e  f o u r  showed 
decreased s o r p t i o n .  I n  t h e  24-hr s tudy,  Kd 
va lues  g e n e r a l l y  were h i g h e r  than, b u t  c o r -  
r e l a t e d  w e l l  w i t h ,  t h e  Kd va lues  determined.  
I n  t h a t  s tudy,  t h e  aqueous f r a c t i o n  was 
separated by  c e n t r i f u g a t i o n ,  which would n o t  
have f u l l y  separated t h e  c o l l o i d a l  c l a y  
f r a c t i o n s  i f  s i g n i f i c a n t  d i s p e r s i o n  occurred,  
perhaps r e s u l t i n g  i n  lower  apparent  
a d s o r p t i o n .  

Resu l t s  i n d i c a t e  t h a t  e q u i l i b r i u m  s o r p t i o n  
was p robab ly  e s t a b l i s h e d  i n  1-3 days, a f t e r  
which processes o t h e r  than  t r u e  a d s o r p t i o n  
beg in  t o  p a r t i c i p a t e .  M i c r o b i a l  a c t i v i t y  o r  
r e d u c t i v e  p r e c i p i t a t i o n  may be i n v o l v e d .  
Some o f  t h e  s t a t i s t i c a l l y  s i g n i f i c a n t  l i n e a r  



c o r r e l a t i o n s  which have been c a l c u l a t e d  a r e  
g i v e n  i n  Tab le  2.16. R-values l i s t e d  i n d i -  
c a t e  t h a t  c o r r e l a t i o n  i s  expected, b u t  t h e  
a c t u a l  r e l a t i o n s h i p s  may n o t  be l i n e a r .  I n  
some ins tances ,  s o i l s  appeared t o  group i n t o  
two l i n e a r  p a t t e r n s  r a t h e r  than  a  s i n g l e  
l i n e a r  c o r r e l a t i o n .  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  i n  p rogress .  

TABLE 2.16. Correlations Between Tc Sorption and Soil 
Properties, Statistically Significant at the 0.01 Level 

Soil Property 

% Organic carbon 

% Nitrogen 

C/N Ratio 

O/o Moisture 

Soil pH 

Cation exchg 
capacity 

% Fine clay 

% Coarse clay 

% Very fine sand 

Extractible Fe: 
Organic 
Inorganic 
Oxides 

Extractible Al: 
Organic 
Inorganic 
Oxides 

Number of vs Kd, 
Determinations TcOl 

25 0.543 

25 0.574 

25 0.506 

27 0.644 

23 -0.543 

23 (No) 

vs % TcOa 
Sorption 

Fu tu re  s t u d i e s  w i l l  i n c l u d e  a n a l y s i s  o f  
t h e  e f f e c t  o f  m i c r o b i a l  a c t i v i t y  on s o r p 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  o f  an added c a r -  
bon source on s o r p t i o n ,  and research  t o  es- 
t a b l i s h  s p e c i f i c  s o r p t i o n  mechanisms. The 
uptake o f  Tc b y  p l a n t s  grown on these s o i l s  
w i l l  be s t u d i e d  f o r  c o r r e l a t i o n s  w i t h  s o i l  
p r o p e r t i e s ,  i n  an a t t e m p t  t o  p r e d i c t  uptake 
f ron i  o t h e r  s o i l s  based on t h e i r  physicochemi- 
c a l  p r o p e r t i e s .  

I n f l u e n c e  o f  S o i l  P r o p e r t i e s  on Tc Uptake 
by P l  a n t s  

t h a t  a r e  h i g h  i n  o r g a n i c  m a t t e r  and low i n  
pH. A d d i t i o n a l  c o r r e l a t i o n s  w i t h  measured 
s o i l  p r o p e r t i e s  have i n d i c a t e d  t h a t  s o r p t i o n  
i s  c l o s e l y  r e l a t e d  t o  t h e  o x a l a t e  e x t r a c t a b l e  
Fe and A1 . T h i s  i n f o r m a t i o n ,  i n  a d d i t i o n  t o  
t h e  ex t reme ly  h i g h  uptake o f  Tc by p l a n t s  
f rom most s o i l s ,  has a l lowed s t u d i e s  t o  be 
i n i t i a t e d  w i t h  a  range o f  s o i l s  which have 
v a r y i n g  degrees o f  s o r p t i v e  c a p a c i t y  f o r  Tc. 
The r e s u l t s  o f  these  s t u d i e s  w i l l  a l l o w  a  
f u r t h e r  d e f i n i t i o n  between s o i l  p r o p e r t i e s ,  
Tc a d s o r p t i o n  behav io r ,  and p l a n t  a v a i l a -  
b i l i t y .  The p r o p e r t i e s  o f  s o i l s  chosen f o r  
t h e  s t u d y  a r e  l i s t e d  i n  Tab le  2.17. 

Prev ious  s t u d i e s  a t  PNL have shown Tc t o  
be r e a d i l y  accumulated by p l a n t s  grown b o t h  
i n  s o l u t i o n  c u l t u r e  and i n  s o i l s ,  w i t h  phy to -  
t o x i c i t y  b e i n g  apparent  a t  s o i l  concentra-  
t i o n s  i n  excess o f  0.1 ppni. I n v e s t i g a t i o n s  
have been c o n t i n u i n g  a long  severa l  l i n e s .  
These i n c l u d e :  1  ) e v a l u a t i o n  o f  a b s o r p t i o n  
k i n e t i c s ,  2) e f f e c t s  o f  n u t r i l i t e s  on Tc04- 
absorp t ion ,  and 3)  mechanisnis o f  Tc04- t o x -  
i c i t y  i n  p l a n t s .  

K i n e t i c  a n a l y s i s  o f  t h e  a b s o r p t i o n  i s o -  
therm over  a  c o n c e n t r a t i o n  o f  0.1 t o  0.8 pM 
( ~ ~ 1 0 - 8 0  ppb) g i v e s  a  Km o f  2 .8 ~JM and a  Vmax 
o f  18.3 p g  Tc/g d r y  w t  r o o t  hr .  C u r r e n t l y ,  
H2P04-, Mn++, Moo4', SO4', 104 , and Re04- 
can be shown t o  have an i n h i b i t o r y  e f f e c t  on 
Tc04- a b s o r p t i o n .  D e t a i l e d  c o m p e t i t i o n  
k i n e t i c s  have been hampered by a  complex 
i n t e r a c t i o n  o f  n u t r i e n t  an ions w i t h  r o o t  
metabol ism. T h i s  appears t o  be a  problem 
i n h e r e n t  i n  a n a l y s i s  o f  t h e  uptake k i n e t i c s  
o f  an ions.  

Technetium uptake by 40-day o l d  soybean 
p l a n t s  f rom e i t h e r  0.5 mM CaC1, o r  complete 
n u t r i e n t  s o l u t i o n s  c o n t a i n i n g  0.03 p p t  
9 5 m ~ c 0 4 -  was f o l l o w e d  w i t h  t i m e  ( F i g u r e  2.6) .  
I n  t h e  presence o f  no competing ions ,  Tc was 
r a p i d l y  removed f rom s o l u t i o n s  su r round ing  
t h e  r o o t ,  w i t h  complete d e p l e t i o n  a f t e r  72 
h r .  The presence o f  a  complex m i x t u r e  o f  
n u t r i e n t  i o n s  had an i n h i b i t o r y  e f f e c t  o f  Tc 
uptake, b u t  d e p l e t i o n  was s t i l l  r a p i d  and 
n e a r l y  complete by 72 h r .  These da ta  suppor t  
c o m p e t i t i o n  d a t a  ob ta ined  f o r  Tc and co ions  
o f  h i g h e r  c o n c e n t r a t i o n s  and suggest  t h a t  Tc 
accumulat ion occurs by v i r t u e  o f  i t s  analog 
behav io r  t o  one o r  more n u t r i e n t  species.  
N o n s p e c i f i c  a d s o r p t i o n  a t  these  low concen- 
t r a t i o n s  has been r u l e d  o u t  by p rev ious  
s t u d i e s  and r e c e n t  a u t o r a d i o g r a p h i c  s t u d i e s .  
The l a t t e r  show d e t e c t a b l e  Tc i n  i n t e r n a l  
r o o t  t i s s u e s  w i t h i n  5  m in  and i n  stem and 
l e a f  t i s s u e  w i t h i n  15 min. 

As no ted  above, p r e v i o u s  s t u d i e s  have 
shown t h a t  Tc i s  p o o r l y  sorbed by s o i l s  and 
s i g n i f i c a n t  s o r p t i o n  occurs  o n l y  i n  s o i l s  



TABLE 2.17. Properties of Soils Selected for Tc Uptake Studies 

Characterization 

Soil pH 

% Organic C 

% Fine Clay 

Dithionite Fe p g / g  

Pyrophosphate Fe p g / g  

Oxalate Fe p g / g  

Dithionite Al p g / g  

Pyrophosphate Al p g / g  

Oxalate Al p g / g  

Hydroxylamine M n  

KOH S ~ 0 z  p g / g  

KOH A1203 p g / g  

s !Jg/g 

F 

CI ~ g / g  

I l l g / g  

Soils 
4 

5.7 

4.73 

8.7 

730 

360 

1610 

200 

500 

672 

1080 

1310 

250 

61 9 

127 

55 

1.6 

0.03 

- 0.03 ppt TCO4 

I N  0.5 mM CaCI2 

--- 0.03 ppt Tc04  

Ill HOAGLANDS SOLUTION 

0.0075 - 

A  number o f  approaches have been a t tempted  
t o  r e s o l v e  t h e  observed t o x i c i t y  o f  Tc. The 
f i r s t  approach was t o  de te rmine  whether Tc 
t o x i c i t y  c o u l d  be a  r a d i o l o g i c a l  e f f e c t  s i n c e  
meristems were t h e  f i r s t  p l a n t  t i s s u e s  t o  
e x h i b i t  a  t o x i c i t y  response. A l though  t h e  
t o t a l  t i s s u e  dose was i n s u f f i c i e n t  t o  induce 
t h e  observed e f f e c t ,  accumula t ion  o f  Tc i n  
p r o x i m i t y  t o  g e n e t i c  m a t e r i a l  c o u l d  r e s u l t  i n  
a  l o c a l i z e d  i n c r e a s e  i n  dose and t h e r e f o r e  
produce t h e  observed t o x i c i t y .  A u t o r a d i o -  
graphy o f  mer is tem t h i n  s e c t i o n s  f a i l e d  t o  
show any d i s p r o p o r t i o n a t e  l o c a l i z a t i o n  o r  
c o n c e n t r a t i o n  o f  Tc i n  n u c l e a r  m a t e r i a l .  
S i m i l a r l y ,  o b s e r v a t i o n  o f  m i t o t i c  behav io r  o f  
r o o t  and shoo t  meristems f a i l e d  t o  show 
chromosomal a b e r r a t i o n s ,  b r i d g e s ,  o r  forma- 
t i o n  o f  m i c r o n u c l e i  i n d i c a t i v e  o f  r a d i a t i o n  
damage. S ince  r a d i a t i o n  damage can most 
1  i k e l y  be r u l e d  o u t ,  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  on t h e  b a s i s  o f  chemical  t o x i c i t y .  
These s t u d i e s ,  which a r e  p a r t i a l l y  completed, 
i n c l u d e  a n a l y s i s  o f  d r y  m a t t e r  p r o d u c t i o n  and 
gross m e t a b o l i c  processes such as r e s p i r a -  

*- 
t i o n ,  pho tosyn thes is ,  and n i t r o g e n  metabol ism.  

0 10 20 30 40 50 60 70 80 
F i e l d  S tud ies  

ACCUMULATION TIME, HOURS 

FIGURE 2.6. Depletion of TcO, from Hydroponic 
P a r a l l e l  w i t h  development o f  a  h i g h l y  

Solutions, in the Presence and Absence of Nutrient Ions, s e n s i t i v e  mass s p e c t r o m e t r i c  method f o r  Tc 

by Soybean Plants 



d e t e r m i n a t i o n  i n  env i ronmenta l  samples by t h e  
Phys ica l  Sciences Department was t h e  c o l l e c -  
t i o n  o f  samples i n  t h e  v i c i n i t y  o f  t h e  Hanford 
reprocess ing  p l a n t .  A1 though a c t i v e  f u e l  
rep rocess ing  a t  Hanford h a l t e d  i n  1972, Tc 
m i g h t  be expected around t h e  aqueous waste 
ponds o r  downwind f r o m  reprocess ing  p l a n t  
s tacks .  

Sampling was done w i t h i n  t h e  Hanford 200 
West Area boundar ies.  The f i r s t  s e t  o f  sam- 
p l e s  was c o l l e c t e d  n o r t h e a s t  o f  U  Pond, and 
c o n s i s t e d  o f  t r e e ,  shrubs, grasses, and 
s o i l s .  P o r t i o n s  o f  a  cottonwood t r e e  growing 
on t h e  banks o f  U  Pond were c o l l e c t e d ,  as 
were v e g e t a t i o n  and s o i l  f rom an u n d i s t u r b e d  
t r e e l e s s  f i e l d  e a s t  o f  U  Pond and downwind 
f rom t h e  U p l a n t  s tack .  

Gama-scan a n a l y s i s  o f  these samples r e -  
vea led  t h e  presence o f  r a d i o n u c l i d e s ,  some o f  
which a r e  l i s t e d  i n  Table 2.17. A l i q u o t s  o f  
these samples w i l l  be ana l  zed f o r  lZ9I and 4 n a t u r a l  I i n  a d d i t i o n  t o  Tc. 

TABLE 2.18. Levels of Selected Nuclides in Samples in 
the Vicinity of a Reprocessing Plant (pCi/g dry wt) 

17Cs "IU "K MCo 226Ra 2ZIRa 238Th 2YTh - - - - - - - - 
NE of U Pond: 

Asparagus 24 0.10 18 
Canadian Thistle 89 39 0.96 
Willow Leaves 160 0.17 12 0.75 

Soil: 

Litter 1200 0.96 5.4 0.19 
0-5 cm 2ZOO 23 0.11 0.95 2.2 1.3 
6-15 cm 19 0.23 20 0.017 1.0 1.0 0.98 0.96 

16-25 crn 5.7 0.28 22 1.1 1.2 1.1 4.7 
26-35 cm 8.2 0.19 19 0.011 0.95 0.92 0.98 

At U Pond: 

Cottonwood Leaves 1M) 0.11 14 0.77 
Bark 87 0.08 0.37 
Wood 39 0.083 2.8 0.21 

E of U Pond: 

Jim Hill Mustard 
Sagebrush Twigs 

Leaves 

Soil: - 
L~tter 

0-5 cm 
6-15 cm 

16-25 cm 
26-35 cm 

The d e t e r m i n a t i o n  o f  99Tc i n  e n v i r o n -  
mental samples u s i n g  t h e  mass s p e c t r o m e t r i c  
method i s  e x t r e m e l y  t i m e  consuming. An 
a l f a l f a  sample f rom a  f i e l d  30 m i l e s  downwind 
from t h e  reprocess ing  p l a n t  has been taken  
th rough  t h e  e n t i r e  procedure, b u t  f i n a l  
r e s u l t s  a w a i t  a n a l y s i s  o f  a  reagen t  b ianks  
and r e c o v e r y  va lues .  As a  means o f  p r o v i d i n g  
t h e  most r e a l i s t i c  v e g e t a t i o n  t e s t  sample f o r  
recovery  va lues ,  hydro  o n i c a l l y  grown soy- 
beans were exposed t o  !STC as Tc04- i n  
s o l u t i o n .  Uptake was e s s e n t i a l l y  complete i n  
3 days, w i t h  a  shoo t  t o  r o o t  r a t i o  o f  about  
2 : l .  These samples a r e  be ing  used i n  recov-  
e r y  s t u d i e s .  

A d d i t i o n a l  s t u d i e s  aimed a t  s h o r t e n i n g  o r  
bypassing l o n g  o r  d i f f i c u l t  s teps  i n  t h e  
chemical s e p a r a t i o n  procedure a r e  planned. 
The f e a s i b i l i t y  o f  r e p l a c i n g  a  d e s t r u c t i v e  
f u s i o n  s t e p  by  an e x t r a c t i o n  s tep  i s  one 
p o s s i b i l i t y ,  p a r t i c u l a r l y  f o r  v e g e t a t i o n  
samples. Use o f  b e t a  c o u n t i n g  techniques i n  
c o n j u n c t i o n  w i t h  mass s p e c t r o m e t r i c  measure- 
ment o f  h i g h e r  l e v e l  samples w i l l  a l s o  be 
i n v e s t i g a t e d .  

Aqua t i c  S tud ies  

Severa l  Tc i so topes  a r e  produced i n  s i z e -  
a b l e  q u a n t i t i e s  d u r i n g  n u c l e a r  f i s s i o n .  O f  
these,  99Tc has t h e  l o n g e s t  h a l f - l i f e  (2 .1 x  
l o 5  y r )  and i s  considered o f  utmost impor-  
tance due t o  i t s  p o t e n t i a l  f o r  dose c o n t r i -  
b u t i o n  t o  man. Entrance t o  t h e  env i ronment  
can occur  d u r i n g  p rocess ing  o f  spent  n u c l e a r  
f u e l s ,  o r  i n  d isposa l  o f  aqueous wastes f r o m  
nuc lear ,  h o s p i t a l  o r  o t h e r  f a c i l i t i e s .  

The Tc can e x i s t  i n  any va lence s t a t e  
f rom -1 t o  +7, w i t h  +4 and +7 the  most s t a -  
b l e .  The p e r t e c h n e t a t e  i o n  (TcOk-) i s  h i g h l y  
s t a b l e  i n  aqueous systems and would be ex- 
pected t o  m i g r a t e  w i t h  t h e  groundwater.  
S o r p t i o n  o f  Tc04- by d i v e r s e  s o i l  types has 
been shown t o  be g e n e r a l l y  low.  

I f  Tc r e t a i n s  i t s  m o b i l i t y ,  i t  would be 
expected t o  e n t e r  r i v e r  systems and u l t i -  
m a t e l y  be c a r r i e d  t o  t h e  oceans. Due t o  t h e  
d i f f i c u l t y  o f  d e t e c t i n g  99Tc a t  env i ronmenta l  
l e v e l s ,  no v a l u e  has been r e p o r t e d  f o r  t h e  
c o l i c e n t r a t i o n  o f  99Tc i n  ocean waters,  a1 - 
though 99Tc as per techne ta te  has been shown 
t o  so rb  f rom seawater on to  bot tom d e p o s i t s .  
The sorbed Tc was e a s i l y  and comple te ly  de- 
sorbed by washing w i t h  seawater.  Tc uptake 
was marked i n  mar ine  a1 gae and seaweed, and 
showed a  60-day b i o l o g i c a l  h a l f - 1  i f e  i n  r e d  
abalone. Such s t u d i e s  would p r e d i c t  a  h i g h  
b i o l o g i c a l  a v a i l a b i l i t y  of Tc. 



Based on a  measured l e v e l  o f  137Cs i n  
ocean wate r  o f  0.021pg/kg, and assuming t h e  
c o n t r i b u t i o n  i s  due e n t i r e l y  t o  f a l l o u t ,  99Tc 
due t o  f a l l o u t  would then  be about  1.5 x  
pg/R. I f  a  f u e l s  reprocess ing  p l a n t  i s  
assumed t o  c o n t r i b u t e  an o r d e r  o f  magnitude 
h i g h e r  l e v e l  o f  99Tc, then  a  100 R sample 
s i z e  would be s u f f i c i e n t  f o r  d e t e c t i o n  by 
t h e  mass s p e c t r o m e t r i c  techniques under 
devel  opment . 

A  method f o r  sampl ing such a  volume o f  
seawater i s  under s t u d y .  Simple an ion  ex- 
change u s i n g  AGL-X4(I1O3- form),  50-100 mesh, 
showed r e t e n t i o n  o f  Tc04- f rom about  750 mR 
seawater/mR r e s i n  b e f o r e  l o s s  i n  t h e  e l u e n t  
reached 10% o f  t h e  c o n c e n t r a t i o n  i n  t h e  sea- 
water  i n i t i a l l y  ( o r  a  t o t a l  sample l o s s  o f  

about  5%).  Replac ing t h e  r e s i n  w i t h  100-200 
mesh r e s u l t e d  i n  s l i g h t l y  inc reased  r e t e n -  
t i o n .  Tc04- e q u l i b r a t e d  f o r  2 weeks i n  
seawater showed no l o s s  i n  r e c o v e r a b i l i t y  
u s i n g  t h i s  technique.  Optimum c o n d i t i o n s  o f  
column dimensions a t  t h e  f l o w  r a t e  r e q u i r e d  
f o r  p r a c t i c a l  sampl i n g  a r e  be ing  s t u d i e d .  

* 
A f t e r  r e f i n . i n g  t h e  i o n  exchange method f o r  

a n a l y s i s  o f  Tc i n  seawater,  s u r f a c e  seawater 
samples w i l l  be c o l l e c t e d  a l o n g  t h e  Washington . . 

and Oregon coas ts ,  where t h e  Tc c o n t r i b u t i o n  
f rom f u e l  rep rocess ing  a t  t ianford i s  pos tu -  
l a t e d  t o  be depos i ted  v i a  t h e  Colunibia R i v e r .  
I n  c o n j u n c t i o n  w i t h  t h e  wate r  s tudy  analyses 
o f  suspended m a t t e r ,  p lank ton ,  and seaweeds 
w i l l  be conducted. A l l  these s t u d i e s  r e q u i r e  
t h e  h i g h  s e n s i t i v i t y  o f  t h e  mass s p e c t r o -  
m e t r i c  method. 
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NUCLEAR FUSION 

Sublethal Effects of Tritium on Aquatic Systems 

Effects of Low-Level Chronic Irradiation on Embryonic Development 

Effects of Beryllium and Lithium on Aquatic Systems 

0 Teratogenic Effects of Low-Level Magnetic Fields 

It i s  conceivable, and possible, that with increasing applications of nuclear 
energy, greater quantities of potentially harmful radionuclides will be released to 
the environment. This may be particularly true for advanced reactor designs such 
as the fusion reactor where radionuclides, principally tritium, may be expected to 
escape from the plant both in gaseous and liquid effluents in quantities significantly 
greater than for present PWR or BWR designs. Foreseeing such contingencies, the 
research programs described herein are in response to the need to measure the 
potential radiation effects of tritium releases on individuals, and ultimately popula- 
tions and biotic communities. As a first approach, our efforts are directed to 
determine effects of low-level chronic exposures on developing embryo and larval 
stages, clearly the most radiosensitive. 

The anticipated increase in the release of beryllium and lithium from mining, 
refining, and fabrication of materials used during construction of fusion reactors has 
also caused concern as to potential adverse effects on the environment. Accordingly, 
FY-78 fusion related research will include efforts to study the metabolism of each 
metal in the living organism, and to determine at what levels toxicity may be expected. 
Again, the effects of beryllium and lithium will be assessed in embryo and larval 
stages of selected aquatic organisms, with ultimate interest in .the response of popu- 
lations and communities. 

Our fusion related research in FY-78 will also include preliminary experiments 
on the effects of low-level magnetic fields. It is conceivable that magnetic fields of 
70-450 gauss will be encountered by attendant personnel working in the transport 

a and hot cell areas of fusion reactors. Also, those personnel assigned to the areas 
immediately surrounding the reactor may be exposed for substantial durations to 

F 

o Work order agreement 



field strengths of 1-70 gauss. The current PNL program is  aimed at developing 
different measurement end-points for the early detection of developmental and adult 
chronic effects. Work involving mammalian tissue and cell systems is reported in 
PNL-2500, Part 1, Biomedical Sciences; work involving nonmammalian animal 
systems is reported here. Dr. Dennis Mahlum is coordinator for the comprehensive 
program. The approaches described here will utilize the embryo and larval stages of 
aquatic organisms which should provide meaningful data applicable to ultimate 
assessment of effects in life processes of higher vertebrates. 



NUCLEAR FUSION 

Sublethal Effects of Tritium on Aquatic Systems 

Effects of Low-Level Chronic Irradiation on Embryonic Development 

Effects of Beryllium and Lithium on Aquatic Systems 

0 Teratogenic Effects of Low-Level Magnetic Fields 

P r i n c i p a l  I n v e s t i g a t o r s :  J. A. St rand,  G. R o e s i j a d i  and 
R. M. Emery 

Other  I n v e s t i g a t o r s :  M. P. F u j i h a r a  and J. C. Montgomery 

Techn ica l  A s s i s t a n t s :  C .  S. Abernethy, W. G. Woodfield and 
D. C .  K lop fe r  

Con t inu ing  s t u d i e s  o f  t h e  s u b l e t h a l  e f f e c t s  o f  t r i t i u m  on f reshwate r  species emphasize t h e  

p o t e n t i a l  f o r  g e n e t i c  t r a n s m i s s i o n  o f  suppressed imnune competence i n  o f f s p r i n g  o f  p a r e n t a l  

ra inbow t r o u t ,  Salmo g a i r d n e r i ,  exposed t o  t r i t i u m  (0, 0.04, 0.4, 4.0, 40.0 rads)  over  embryo- 

genesis .  I t  i s  p lanned t h a t  t h e  o f f s p r i n g  o f  r e c e n t l y  conducted t e s t  crosses w i l l  be assayed 

f o r  a g g l u t i n a t i n g  a n t i b o d i e s  i n  response t o  t h e  b a c t e r i a l  an t igen ,  F l e x i b a c t e r  c o l  umnaris, 

and decreased 1  eve1 s  of c i r c u l a t i n g  a n t i b o d y  i n d i c a t i n g  t h e  p o t e n t i a l  f o r  t r a n s m i s s i o n  of 

a l t e r e d  g e n e t i c  m a t e r i a l  m e d i a t i n g  immune competence. 

Con t inu ing  s t u d i e s  w i t h  mar ine species,  P i n n i x a  o c c i d e n t a l  i s ,  Hemigrapsus nudus, and 

Cragnon sp., examine uptake and r e l e a s e  o f  t r i t i u m  over  v a r y i n g  l i f e  s tages and e v a l u a t e  

r a d i a t i o n  e f f e c t s  on development and s u r v i v a l .  

I n  ano ther  s tudy  t o  b e g i n  i n  FY-78, i n t e r e s t  i s  focused on t h e  p o t e n t i a l  e f f e c t s  o f  b e r y l -  

l i u m  and l i t h i u m  on a q u a t i c  systems. Inc reased  l e v e l s  o f  each meta l  a r e  l i k e l y  t o  be encoun- 

t e r e d  i n  s u r f a c e  waters due t o  m i n i n g  and r e f i n i n g  subsequent t o  t h e i r  use i n  t h e  c o n s t r u c t i o n  

o f  f u s i o n  r e a c t o r s .  Planned s t u d i e s  i n c l u d e  an e v a l u a t i o n  o f  p o t e n t i a l  t o x i c i t y  o f  b e r y l l i u m  

and l i t h i u m  on embryo log ica l  l i f e  stages o f  ra inbow t r o u t ,  Salmo g a i r d n e r i ,  and an assessment 

o f  f a t e  and e f f e c t s  i n  a r t i f i c i a l  s t ream h a b i t a t s .  

-* S tud ies  t o  be i n i t i a t e d  i n  FY-78 i n c l u d e  an e v a l u a t i o n  o f  t h e  e f f e c t s  o f  l o w - l e v e l  magnet ic  

f i e l d s  on embryologic  development o f  ra inbow t r o u t ,  Salmo g a i r d n e r i  . It i s  t h e  o b j e c t i v e  o f  

these s t u d i e s  t o  p r o v i d e  d a t a  which w i l l  have a p p l i c a t i o n  t o  assessment o f  p o t e n t i a l l y  harmfu l  
t 



e f f e c t s  o f  l o w - l e v e l  magnetic f i e l d s  encountered by a t t e n d a n t  personnel work ing  i n  t h e  t r a n s -  

p o r t  and h o t  c e l l  areas o f  f u s i o n  r e a c t o r s .  T h i s  approach i s  l e s s  c o s t l y ,  p rov ides  l a r g e  num- 

bers o f  exper imenta l  organisms f o r  meaningfu l  s t a t i s t i c a l  a n a l y s i s ,  and p e r m i t s  examina t ion  o f  

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

Sub le tha l  E f f e c t s  o f  T r i t i u m  on Aqua t i c  
Sy s  tems 

Present  s t u d i e s  a r e  d i r e c t e d  t o  determine 
t h e  p o t e n t i a l  f o r  g e n e t i c  t r a n s m i s s i o n  o f  
suppressed immune competence i n  o f f s p r i n g  o f  
p a r e n t a l  ra inbow t r o u t ,  Salmo g a i r d n e r i  , 
s u b l e t h a l l y  exposed t o  t r i t i u m  as t r i t i u m  
ox ide  (HTO) (0 ,  0.04, 0.4, 4.0, and 40.0 
rads)  d u r i n g  embryogenesis. Prev ious s t u d i e s  
demonstrated t h a t  t h e  p r i m a r y  immune response 
o f  p a r e n t a l  s t o c k s  a t  5  and 17 months o f  age 
was s i g n i f i c a n t l y  suppressed and permanently 
a l t e r e d  a t  doses as l o w  as 4.0 rads .  

As t h e  r a c e  o f  exper imenta l  f i s h  p r e s e n t l y  
r e a r e d  i n  t h e  Hanford Hatchery d i d  n o t  mature 
u n t i l  w i n t e r  o f  t h e i r  3 r d  y r  o f  growth, o f f -  
s p r i n g  o f  t e s t  crosses conducted i n  February-  
March 1977 w i l l  n o t  be o f  s u f f i c i e n t  s i z e  t o  
assay f o r  d im in ished  immune competence u n t i l  
November-December 1977. 

However, i t  i s  p lanned t h a t  t h e  o f f s p r i n g  
o f  each t e s t  c r o s s  w i l l  be compared as paren-  
t a l  s tocks  were i n  p rev ious  s t u d i e s ;  t h a t  i s ,  
f o r  a g g l u t i n a t i n g  a n t i b o d i e s  i n  response t o  
t h e  b a c t e r i a l  a n t i g e n ,  F l e x i  b a c t e r  co l  um- 
n a r i s ,  as d e t e c t e d  by a g g l u t i n i n  assay. 
Decreased l e v e l s  o f  c i r c u l a t i n g  a n t i b o d y  i n  
t h e  serum o f  o f f s p r i n g  f rom t r i t i u m  i r r a d i -  
a t e d  s t o c k s  w i l l  se rve  t o  i n d i c a t e  t h e  poten-  
t i a l  f o r  t r a n s m i s s i o n  o f  a l t e r e d  g e n e t i c  
m a t e r i a l  c o n t r o l l i n g  o r  m e d i a t i n g  immune 
competence. 

Chal lenge techn iques  employing v i r u l e n t  
s t r a i n s  o f  t h e  pathogen, F. co lumnar is ,  w i l l  
a l s o  be a p p l i e d  i n  t h i s  c o n t e x t .  The p ro -  
cedure as adopted f o r  such subsequent e x p e r i -  
ments w i l l  i n v o l v e  t h e  i n j e c t i o n  o f  0.1 cc o f  
a  s tandard  suspension and t e n f o l d  d i l u t i o n s  
o f  t h e  pathogen i n t o  separa te  l o t s  o f  10 o r  
20 f i s h  each f rom t h e  r e s p e c t i v e  t e s t  crosses.  
M o r t a l i t y  w i l l  be recorded  f o r  5  consecu t i ve  
days and t h e  LD50, o r  t h e  d i l u t i o n  a t  which 
50% m o r t a l i t y  occurs  w i l l  be c a l c u l a t e d .  I f  
permanent g e n e t i c  a1 t e r a t i o n  has occurred,  i t  
may be expected t h a t  s i g n i f i c a n t l y  lower  LDso 
endpo in ts  w i l l  r e s u l t  when t h e  o f f s p r i n g  o f  
t r i t i u m  i r r a d i a t e d  p a r e n t a l  s tocks  a r e  t e s t e d .  

E f f e c t s  o f  Low-Level Chronic  I r r a d i a t i o n  on 

Dur ing FY-77, e f f o r t s  were cen te red  on t h e  
d e t e r m i n a t i o n  o f  HTO t u r n o v e r  r a t e s  i n  young 
p o s t l a r v a l  stages o r  eggs o f  t h r e e  mar ine 
crustaceans.  A d d i t i o n a l l y ,  l a r v a e  o f  two 
species o f  commercial shrimp were r e a r e d  i n  
low l e v e l s  o f  tri t i a t e d  seawater.  

Measurements o f  HTO t u r n o v e r  r a t e s  were 
determined i n  t h e  megalopa and c r a b  s tages 
I t o  V o f  P i n n i x a  o c c i d e n t a l  i s ,  a  brachyuran 
c rab .  M e a n s  f o r  r a t e  cons tan ts  and 
h a l f - t i m e s  were 3.27 i 0.40 ( x  i S.E.) h r  
and 0.28 i 0.04 h r ,  r e s p e c t i v e l y .  D i f f e r -  
ences i n  r a t e s  o f  HTO t u r n o v e r  f o r  d i f f e r e n t  
s tages were n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  
There fo re ,  body s i z e  o r  1  i f e  s tage a p p a r e n t l y  
d i d  n o t  i n f l u e n c e  HTO t u r n o v e r  r a t e s  i n  t h i s  
c rab .  

Rate cons tan ts  and h a l f - t i m e s  f o r  HTO 
t u r n o v e r  i n  t h e  eggs of t h e  c r a b  Hemigrapsus 
nudus were 0.32 + 0.02 hr and 2 . 2 0  + 0.10 h r ,  
r e s p e c t i v e l y ;  va lues  f o r  t h e  eggs o f  shr imp 
Crangon sp.  were 7.58 + 2.99 and 0.20 + 0.06 
f o r  r a t e  cons tan ts  and h a l f - t i m e s ,  respec-  
t i v e l y .  These d a t a  i n d i c a t e  t h a t  HTO t u r n -  
over  was v e r y  r a p i d  i n  Crangon sp. compared 
t o  H. nudus and were r e f l e c t i v e  o f  t h e  
h a b i t a t s  o f  t h e  two species.  H. nudus - -- 
e x i s t s  i n  t h e  i n t e r t i d a l  env i ronment  and i s  
f r e q u e n t l y  exposed t o  t h e  atmosphere. 
Crangon sp. ,  on t h e  o t h e r  hand, i s  a  sub- 
t i d a l  species which i n h a b i t s  a  r e l a t i v e l y  
s t a b l e  mar ine env i ronment .  

Larvae o f  t h e  shrimps Pandalus p l a t y c e r o s  
and P. ?=were reared  i n  seawater con- 
t a i n i n g  3  x  and 3 x  u C i / u l  t r i t i u m  
as HTO. S u r v i v a l  , mol t i n g  f requency,  and 
d u r a t i o n  o f  l a r v a l  development were s i m i l a r  
i n  c o n t r o l  and t r i t i u m - e x p o s e d  i n d i v i d u a l s  
o f  b o t h  species.  

E f f e c t s  o f  B e r y l l i u m  and L i t h i u m  on Aqua t i c  
Svs tems 

The a n t i c i p a t e d  inc rease  i n  t h e  r e l e a s e  
o f  b e r y l l i u m  and l i t h i u m  f rom ~min ing ,  r e -  
f i n i n g ,  and f a b r i c a t i o n  o f  m a t e r i a l s  used 



d u r i n g  c o n s t r u c t i o n  o f  f u s i o n  r e a c t o r s  has 
caused concern as t o  p o t e n t i a l  e f f e c t s  on 
t h e  env i ronment .  I n  o r d e r  t o  assess and 
p r e d i c t  w i t h  assurance t h e  e f f e c t s  o f  b e r y l -  
1  ium and 1  i t h i u m  r e 1  eased t o  t h e  environment, 
i t  i s  necessary t o  know how r e a d i l y  each 
meta l  i s  metabo l i zed  by  l i v i n g  organisms, 
and a t  what l e v e l s  t o x i c i t y  may be expected. 
E n t r y  o f  these  meta ls ,  p a r t i c u l a r l y  b e r y l  - 

. . l i um,  i n t o  t h e  food  c h a i n  w i t h  b iomagn i f i ca -  
t i o n  may p r e s e n t  a  s e r i o u s  hazard t o  man. 
However, few s t u d i e s  r e l e v a n t  t o  these needs 
a r e  p r o v i d i n g  t h e  r e s u l t s  necessary t o  make 
an envi ronmenta l  assessment. 

Beg inn ing  i n  FY-78, we p l a n  t o  i d e n t i f y  
and measure t h e  a c u t e  and c h r o n i c  e f f e c t s  o f  
l i t h i u m  and b e r y l l i u m  compounds on s p e c i f i c  
a q u a t i c  organisms and assoc ia ted  f r e s h w a t e r  
communit ies. S ince  t h i s  s tudy  i s  des igned 
t o  r e f 1  e c t  a c t u a l  p e r t u r b a t i o n s  caused by 
t h e  a c c i d e n t a l  r e l e a s e  o f  these m e t a l s  i n t o  
f r e s h w a t e r  ecosystems, i t  d i f f e r s  f rom a  
s tandard  t o x i c  b ioassay i n  t h a t  t h e  observed 
and measured e f f e c t s  w i l l  be viewed under 
e c o l o g i c a l l y  dynamic c o n d i t i o n s .  Thus, t h e  
express ions o f  response w i l l  be more r e l e v a n t  
t o  t h e  assessment o f  env i ronmenta l  impact  
assoc ia ted  w i t h  min ing,  r e f i n i n g ,  and f u s i o n  
p l a n t  o p e r a t i o n .  

Summary o f  Study Plan 

Task I .  T o x i c i t y .  I n  i n i t i a l  exper iments 
t o  e s t a b l i s h  acu te  (96 h r )  and c h r o n i c  (30 
days) e f f e c t s ,  eggs and embryos o f  ra inbow 
t r o u t  w i l l  be exposed t o  v a r y i n g  concentra-  
t i o n s  o f  b e r y l l i u m  and l i t h i u m .  I n j u r y  w i l l  
be assessed by t h e  p r o p o r t i o n  o f  embryos 
f a i l i n g  t o  reach  l a r v a l  stage, and by t h e  
p r o p o r t i o n s  o f  m o r p h o l o g i c a l l y  abnormal 
embryos ( r e l a t i v e  t o  t o t a l  reach ing  l a r v a l  
s tage) .  For  t h e  l a t t e r ,  anomalies scored 
w i l l  i n c l u d e  ma jo r  ma l fo rmat ions  o f  head 
and body. Changes i n  r a t e  o f  embryonic de- 
velopment w i l l  a l s o  be q u a n t i t a t e d  f o r  d e f i -  
n i  t e ,  recogn izab le  developmental s tages .  
Metal accumulat ion w i l l  be s t u d i e d  by p e r i -  
o d i c  removal and a n a l y s i s  o f  embryos and 
l a r v a e .  Turnover  r a t e s  w i l l  be es t imated  by  
t r a n s f e r  o f  embryos and l a r v a e  t o  s i n g l e -  
pass i n c u b a t i o n  systems where s i m i l a r  mea- 
surements w i l l  be conducted. 

As t i m e  p rov ides  over  t h e  1 s t  y r ,  a d d i -  
t i o n a l  exposures w i l l  be conducted over  
d i f f e r e n t  s tages o f  development t o  determine 
r e l a t i v e  s e n s i t i v i t i e s .  As we1 1, exposures 

; o f  v a r y i n g  d u r a t i o n  w i l l  be t e s t e d .  The 
meta ls  b e r y l l i u m  and l i t h i u m  w i l l  be added 
t o  t h e  exposure medium i n  t h e i r  r e s p e c t i v e  
o r e  forms, o r  as ox ides,  hydrox ides,  f l u o -  
r i d e s ,  o r  o t h e r  s a l t s  as a p p r o p r i a t e .  

Task 11. Community Response. Dur ing  t h e  
i n i t i a l  p e r i o d  o f  t h i s  s tudy,  a r t i f i c i a l  
streams w i l l  be developed i n  ha tchery  t roughs  
t o  resemble a  low v e l o c i t y  h a b i t a t  o f  t h e  
Columbia R i v e r .  Flow r a t e s  o f  u n f i l t e r e d  
Columbia R i v e r  wa te r  pass ing  th rough  t h e  
t roughs  w i l l  be r e g u l a t e d  t o  p e r m i t  o p t i m a l  
growth f o r  p e r i  phyton, b e n t h i c  i n v e r t e b r a t e s ,  
and c e r t a i n  f i s h e s .  These exper iments w i l l  
be performed o u t s i d e ,  under n a t u r a l  thermal  
and s o l a r  regimes, d u r i n g  s p r i n g ,  summer, 
and f a l l  seasons. These streams w i l l  be 
arranged i n  a  p a r a l l e l  f a s h i o n  t o  p e r m i t  
near1 y  i d e n t i c a l  c o n d i t i o n s  i n  exper imenta l  
and c o n t r o l  systems. A r t i f i c i a l  streams w i l l  
undergo n a t u r a l  c o l o n i z a t i o n ,  however, f i s h e s  
w i l l  be added t o  enhance t h e  t r o p h i c  s t r u c -  
t u r e  o f  t h e  community. By l a t e  s p r i n g ,  
s u f f i c i e n t  c o l o n i z a t i o n  w i  11 be a t t a i n e d  t o  
b e g i n  exper imenta l  a d d i t i o n s  o f  l i t h i u m  and 
b e r y l l i u m  compounds. The e f f e c t s  o f  these  
compounds i n  t h e  microcosms w i l l  be d e t e c t e d  
and measured i n  terms o f  s i g n i f i c a n t  changes 
i n  : 

community d i v e r s i t y ,  

biomass, 

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

pho tosyn thes is  ( r e s p i r a t i o n  r a t i o s ) ,  

r a t e s  o f  r e c o l o n i z a t i o n  on bare  subs t ra tes ,  

s u r v i v a l  and growth o f  s p e c i f i c  organisms, 

seasonal p e r i o d i c i t y  o f  species occurrences 
as r e f l e c t e d  by t h e  c o n t r o l  streams. 

The compounds o f  g r e a t e s t  i n t e r e s t  i n  t h i s  
work w i l l  be t h e  f l u o r i d e s ,  ox ides,  and hy- 
d rox ides  o f  1  i t h i u n i  and b e r y l  1  ium. Concen- 
t r a t i o n s  o f  these  compounds w i l l  be measured 
and ma in ta ined  i n  exper imenta l  systems by 
d i r e c t  sampl ing and cont inuous d e l i v e r y  p r o -  
cedures. Ranges o f  c o n c e n t r a t i o n s  f o r  t e s t i n g  
wi  11 be s p e c i f i c a l l  y  determined by  p r e l i m i n a r y  
t o x i c i t y  b i  oassays and t o x i c o l o g i c a l  i n fo rma-  
t i o n  gathered f rom t h e  l i t e r a t u r e .  

Tera togen ic  E f f e c t s  of Low-Level Magnet ic  
F i e l d s  

Development o f  magnet ic  f u s i o n  r e a c t o r s  
w i l l  r e s u l t  i n  occupa t iona l  exposure o f  
personnel  t o  v a r y i n g  s t r e n g t h s  and geometr ies.  
It i s  conce ivab le  t h a t  magnetic f i e l d s  o f  
70-450 gauss w i l l  be encountered by a t t e n d a n t  
personnel  work ing  i n  t h e  t r a n s p o r t  and h o t  
c e l l  areas o f  t h e  r e a c t o r .  A lso,  those p e r -  
sonnel ass igned t o  t h e  areas immediate ly  



sur round ing  t h e  r e a c t o r  may be exposed f o r  
s u b s t a n t i a l  d u r a t i o n s  t o  f i e l d  s t r e n g t h s  o f  
1-70 gauss. 

Working i n  c o o p e r a t i o n  w i t h  t h e  B i o l o g y  
Department, o u r  s t u d y  o b j e c t i v e  i s  t o  d e t e r -  
mine t h e  p o t e n t i a l  e f f e c t s  o f  l o w - l e v e l  
magnet ic  f i e l d s  on s e n s i t i v e  l i f e  s tages o f  
l ower  v e r t e b r a t e s .  Our i n i t i a l  approach i s  
t o  s t u d y  t h e  t e r a t o g e n i c  e f f e c t s  o f  magnet ic  
f i e l d s  on t h e  embryonic l i f e  s tages o f  r a i n -  
bow t r o u t ,  Salmo g a i r d n e r i  . Severa l  advan- 
tages may be gained by examin ing magnet ic  
e f f e c t s  on a  lower  v e r t e b r a t e .  T h i s  approach 
i s  l e s s  c o s t l y  and w i l l  p r o v i d e  l a r g e  numbers 
o f  exper imenta l  organisms f o r  meaningfu l  
s t a t i s t i c a l  a n a l y s i s .  I t  a l s o  p e r m i t s  s tudy  
o f  p o t e n t i a l  l a t e n t  e f f e c t s  r e s u l t i n g  f rom 
exposure d u r i n g  embryogenesis. I n  a d d i t i o n ,  
t h e  d a t a  o b t a i n e d  w i l l  be a p p l i c a b l e  t o  p r o -  
cesses o c c u r r i n g  i n  h i g h e r  v e r t e b r a t e s .  

A l i t e r a t u r e  r e v i e w  began i n  August 1977 
t o  i n i t i a t e  t h i s  program. Al though a  s i g n i -  
f i c a n t  number o f  i n v e s t i g a t i o n s  o f  t h e  b i o -  
l o g i c a l  e f f e c t s  o f  magnet ic  f i e l d s  on b o t h  
p l a n t s  and animals  have been conducted, most 
s t u d i e s  have employed h i g h  f i e l d  s t r e n g t h s  
over  s h o r t  p e r i o d s  o f  exposure, w i t h  l i t t l e  
a t t e n t i o n  g i v e n  t o  t h e  e f f e c t s  of l o w - l e v e l  
o r  c h r o n i c  exposures. Many o f  these  s t u d i e s  

were d e f i c i e n t  i n  u s i n g  inadequate numbers 
o f  t e s t  organisms f o r  s t a t i s t i c a l  e v a l u a t i o n ,  
and t h e  d a t a  o b t a i n e d  were o f  h i g h  v a r i a -  
b i l i t y  and were o f t e n  n o t  r e p r o d u c i b l e .  
S ince August 1977, we have o b t a i n e d  b o t h  
permanent magnets and a  l a r g e  V a r i a n  e l e c t r o -  
magnet. F i e l d  s t r e n g t h s  o f  4 k i l o g a u s s  may 
be ob ta ined  w i t h  a v a i l a b l e  permanent magnet ic  
sources; w h i l e  f i e l d  s t r e n g t h s  o f  10 k i l o -  
gauss a r e  ach ievab le  w i t h  t h e  e lec t romagnet .  
I n c u b a t i o n  chambers f o r  specimen exposure t o  
magnet ic  f i e l d s  were des igned and a r e  b e i n g  
t e s t e d  f o r  t h e i r  a b i l i t y  t o  s u s t a i n  normal 
development o f  t r o u t  embryos. Exper imenta l  
p r o t o c a l s  f o r  b o t h  t ypes  o f  magnets were a l s o  
completed. 

I n i t i a l  t e s t s  a r e  scheduled f o r  November 
1977 and w i l l  de te rmine  e f f e c t s  o f  magnet ic  
f i e l d s  on ra inbow t r o u t  eggs d u r i n g  and a f t e r  
i n c u b a t i o n .  T r o u t  embryos w i l l  be exposed t o  
b o t h  homogeneous and nonhomogeneous sources. 
M o r t a l  i t y ,  abnorma l i t y ,  de layed  development 
and h a t c h i n g  w i l l  be c r i t i c a l l y  mon i to red .  
I f  p r e l i m i n a r y  t e s t s  demonstrate s i g n i f i c a n t  
d i f f e r e n c e s  between c o n t r o l  and t r e a t m e n t  
groups, subsequent t e s t s  w i l l  be des igned t o  
q u a n t i f y  c r i t i c a l  maximum f i e l d  s t r e n g t h s ,  as 
w e l l  as t h e  r e l a t i v e  s e n s i t i v i t y  o f  d i f f e r e n t  
developmental 1  i f e  s tages.  
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OIL AND GAS 

Fate and Effects of Petroleum Hydrocarbons in Marine Coastal Ecosystems 

Effects of Refinery Wastes and Oil From Transfer Facilities 

Long-Term Effects of Hydrocarbons on Selected Ecosystems and 
Associated Organisms 

The major objective of these programs, in support of Oil and Gas Technology 
development, i s  to establish classes and levels of petroleum hydrocarbons which do 
not significantly disrupt aquatic ecosystems. This knowledge will provide a strong 
technical rationale for specifying degree of environmental control technology 
needed to be applied at production sites, i.e., offshore well head and at the 
refinery. Additionally, this research provides data for predicting the potential 
ecological impact of petroleum hydrocarbons resulting from transportation spills 
and accidents. 

Four symposia providing major contributions regarding the fate and effects 
of petroleum hydrocarbons in the marine environment were held from August 1976 
to October 1977. The proceedings of these, containing contributions from our 
laboratory, are either available or "in press." Much of the recent literature was also 
reviewed in a two-volume publication edited by D. C. Malins in 1977. Data are also 
available on the short-term lethal concentrations of various oils and specific 
petroleum hydrocarbons for a variety of marine organisms. These data were reviewed 
by Rice et al., 1977. Tissue accumulation (biomagnification) of specific hydrocarbon 
components was reviewed by Malins and Varanasi (1977) and Anderson (1977), who 
attempted to relate tissue uptake and release kinetics to the presence of abnormal 
physiological responses in marine organisms. 

It i s  now time to address the most pertinent questions regarding the fate and 
effects of petroleum hydrocarbons in the natural environment. Current research 

4 programs at the Marine Research Laboratory (Sequim) and PNL (Richland) are 
designed to answer these questions using integrated approaches and our expertise 
in ecology, environmental physiology and analytical chemistry. Hypotheses formu- - lated from results of either field or laboratory investigations are verified by testing 
in both types of systems, so that the significant variables are defined and the rates 
and magnitudes of effects are evaluated under natural conditions. 



The framework of experimentation is designed to provide answers to major 
problems associated with oil and gas technologies: 

To assess the effects of petroleum hydrocarbons in the natural environ- 
ment at the population and community level. This is achieved by establishing the 
statistical validity of sampling methods for populations and by exposure of 
representative communities to chronic low-level contamination. 

To define the threshold levels of petroleum hydrocarbon contamination in 
seawater, above which the growth and reproduction (thus, survival of the 
population) of sensitive marine organisms cannot occur. 

To describe the fate and effects of petroleum hydrocarbons bound to 
marine sediments. Phases of this large topic regard the recovery (depuration) 
rate of oiled sediments in the natural environment, the transport of specific 
components of oil from sediment to benthic organisms, and the effects of 
contaminated sediment on the health of individual species as well as popula- 
tions settling (recruited) on the substrate. 



OIL AND GAS 

Fate and Effects of Petroleum Hydrocarbons in Marine Coastal Ecosystems 

Effects of Refinery Wastes and Oil From Transfer Facilities 

P r i n c i p a l  I n v e s t i g a t o r :  J. R. Vanderhorst  

The o b j e c t i v e  i n  these  s t u d i e s  i s  t o  assess e f f e c t s  and e s t a b l i s h  f a t e s  o f  pe t ro leum hydro-  

carbons a t  t h e  p o p u l a t i o n  and community l e v e l s  o f  b i o l o g i c a l  o r g a n i z a t i o n  i n  mar ine c o a s t a l  

ecosystems. The two ma jo r  tasks  a r e :  1  ) i d e n t i f y  p o t e n t i a l  e f f e c t s  and f a t e s  o f  pe t ro leum 

hydrocarbons i n  l a b o r a t o r y  s tud ies ,  and 2 )  measure a c t u a l  f a t e  and e f f e c t s  o f  pe t ro leum hydro-  

carbons r e s u l t i n g  f rom c o a s t a l  o i l  and gas techno log ies .  

I d e n t i f i c a t i o n  o f  P o t e n t i a l  E f f e c t s  - 
Labora to ry  S tud ies  

Up t o  t h e  c u r r e n t  y e a r  we demonstrated a  
need f o r ,  and developed, apparatus f o r  t h e  
con t inuous  exposure of p o p u l a t i o n s  and com- 
m u n i t i e s  t o  pet ro leum. A  d e s c r i p t i o n  o f  
e f f e c t s  o f  con t inuous  f l o w  exposure on a  
r e p r e s e n t a t i v e  P a c i f i c  Coast species was 
p u b l i s h e d  and manuscr ip ts  d e s c r i b i n g  t h e  
apparatus and i n i t i a l  e f f e c t s  on i n t e r t i d a l  
c o l o n i e s  were prepared. 

The manuscr ip ts  d e s c r i b i n g  apparatus and 
e f f e c t s  were p u b l i s h e d  i n  FY-77. Data a r i s -  
i n g  f rom t h e  i n i t i a l  l ong- te rm exposure o f  
i n t e r t i d a l  c o l o n i e s  were f u r t h e r  analyzed and 
a  second manuscr ip t  was accepted f o r  p u b l i c a -  
t i o n .  I n  t h e  i n i t i a l  exposure we found t h a t  
ambient l i g h t  c o n d i t i o n s  p r o v i d e d  a  more 
f r u i t f u l  environment f o r  t h e  c o l o n i e s  t h a t  
r e l y  on n a t u r a l  p h o t o s y n t h e t i c  p r o d u c t i o n  f o r  
maintenance. Ambient l i g h t  apparatus was 
c o n s t r u c t e d  and t e s t e d  u s i n g  amphipods and 
clams . 

f u e l  o i l ,  and 2 )  i d e n t i f i e d  c r i t e r i a  u s e f u l  
i n  s e l e c t i o n  o f  parameters f o r  e v a l u a t i o n  o f  
f a t e  and e f f e c t s  i n  f i e l d  s t u d i e s .  F i g -  
u r e  4.1 shows t h a t  i n  c o n t r o l  c o l o n i e s ,  t o t a l  
numbers o f  species and numbers o f  spec ies  on 
p r e t e s t  c o l o n i e s  (Table 4.1) d i d  n o t  show 
s i g n i f i c a n t  change (P=0.05) d u r i n g  t h e  course 
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The co lony  s t u d i e s  have: 1 )  a l lowed 

t e n t a t i v e  i d e n t i f i c a t i o n  o f  t h e  e c o l o g i c a l  FIGURE 4.1. Relationship of Numbers of Species/ 
mechanisms ( r e c r u i t m e n t )  r e s u l t i n g  i n  e f f e c t s  Brick (Combined Controls) to Month of Experiment 
on species compos i t i on  a t  v e r y  low concen- 
t r a t i o n s  o f  pe t ro leum hydrocarbons f rom No. 2  
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TOTAL SPECIES (r = 0.098: NOT S I G N I F I C A N T )  - 



TABLE 4.1 Numbers of Individuals per Brick 
Representing Species on Pretest Colonies Used for No. 2 
Fuel Oil Experiment 

Species per Group 
Average Numbers 

per Brick 

Platynereis bicanaliculata 
Lepidonotus caelorus 
Prionospio sp. 
Arrnandia bioculata 
Lurnbrinereis sp. 
Leptocheila savignyi 
Ernplectonerna gracile 
Exosphaerorna arnplicauda 
Aoroides colurnbiae 
Parallorchestes ochotensis 
Arnpithoe sirnulans 
Arnpithoe sp. 
Amphipods (undet.) 
Pagurus hirsutiusculus 
Pagurus sp. 
Pinnixia faba 
Pinnixia occidentalis 
Pugettia gracilis 
Paguristes sp. 
Mytilus edulis 
Alvinia sp. 
Lacuna sp. 
Odostornia sp. 
Bittiurn sp. 
Nassarius sp. 
Margarites sp. 
Acrnaea pelta 
Acrnaea persona 
Acrnaea digitalis 
Acrnae; scuturn 
Cooperella subdiaphana 
Mysella turnida 
Hiatella arctica 
Mopalia lignosa 
Lepidozona sp. 
Cyanoplax hartwegii 
Katharina tunicata 

o f  exposure, w h i l e  numbers o f  new species 
( r e c r u i t s )  i nc reased  d r a m a t i c a l  1 y  (P=0.01) 
r e a c h i n g  63% o f  t h e  t o t a l .  I n  c o n t r a s t ,  f o r  
No. 2  f u e l  o i l  t r e a t e d  c o l o n i e s  ( F i g u r e  4.2) ,  
b o t h  t h e  numbers o f  p r e t e s t  spec ies  and t o t a l  
numbers o f  spec ies  s i g n i f i c a n t l y  dec l  i n e d  
(P=O. 05). However, t h e  numbers o f  r e c r u i t s  
showed no s i g n i f i c a n t  change. The e f f e c t s  on 
r e c r u i t m e n t  i n  t h e  l a b o r a t o r y  system p r o v i d e  
an e s t i m a t e  o f  t h e  magnitude o f  t h i s  impor-  
t a n t  f a c t o r  a p p l i c a b l e  t o  c e r t a i n  f i e l d  
c o n d i t i o n s .  S ince  spec ies  ava i  1  a b i  1  i t y  among 
t rea tments  was randomized, these  d i f f e r e n c e s  
i n  r e c r u i t m e n t  can b e s t  be e x p l a i n e d  by im- 
pa i rment  o f  t h e  s u b s t r a t e  s u i t a b i l i t y  f o r  
s e t t l  i n g  o r  by l a r v a l  m o r t a l i t y .  

0 
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- ORIGINAL SPECIES i r =  0.787. p = 0.011 
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FIGURE 4.2. Relationship of Numbers of Species/ 
Brick (Combined Treatments) to Month of Exposure to  
No. 2 Fuel Oil 

These s t u d i e s  i d e n t i f i e d  a  l a c k  o f  s e n s i -  
t i v i t y  o f  t h e  r e l a t i v e  abundance component o f  
spec ies  d i v e r s i t y  t o  r a t h e r  l a r g e  s h i f t s  i n  
dominant composi t ion,  t h e  v e r y  f a c t o r  wh ich  
t h i s  index i s  r e p o r t e d  t o  d e t e c t :  From t h i s  
we concluded t h a t  t h e  use o f  such an index  
would r e q u i r e  an assumption o f  compos i t i ona l  
s t a b i l i t y  f o r  meaningfu l  i n t e r p r e t a t i o n .  
That  assumption i s  seldom warranted.  The 
genera l  i ndex  o f  d i v e r s i t y  ( H ' )  was s e n s i t i v e  
t o  t rea tment  by No. 2 f u e l  o i l  (P=0.01) b u t  
d i d  n o t  d e t e c t  t h e  compos i t i ona l  s h i f t  ue- 
s c r i b e d  i n  F i g u r e  4.1 . Our recommended 
c r i t e r i o n ,  i .e., a  p a i r w i  se comparison o f  
occurrence based on c h i  square con t ingency ,  
has a  b u i l t - i n  measure o f  spec ies  impor tance 
s i n c e  v e r y  f r e q u e n t  occurrence i n  c o n t r o l s  i s  
a  p r e r e q u i s i t e  t o  a s s i g n i n g  h i g h  p r o b a b i l i t y  
o f  e f f e c t  f rom contaminant .  Yet t o  be e v a l -  
ua ted  a r e :  1 )  t h e  r o l e  o f  a1 t e r n a t e  s u b s t r a t e  
ava i  1  a b i  1  i ty i n  t h e  r e c r u i t m e n t  process, and 
2 )  t h e  e f f e c t  o f  a  p a r e n t  source o f  pe t ro leum 
hydrocarbons. We a n t i c i p a t e  an i n i t i a l  
e v a l u a t i o n  o f  these  f a c t o r s  i n  t h e  coming 
year .  

Fleasurement o f  Ac tua l  E f f e c t s  on Popu la t ions  
and Communities f r o m  O i l  and Gas Technologies 

Up t o  t h e  c u r r e n t  year ,  we designed and 
implemented a  f i e l d  program t o  t e s t  f o r  d i f -  
ferences i n  b i o l o g i c a l  and chemical paran- 
e t e r s  a t  f o u r  s i t e s  i n  t h e  n o r t h  Puget Sound 
r e g i o n .  Two o f  t h e  s i t e s  were des igna ted  as 
contaminated; one a d j a c e n t  t o  an o p e r a t i n g  
o i l  r e f i n e r y  which r e c e i v e d  crude o i l  s p i l -  
l a g e  i n  1972; and one i n  p r o x i m i t y  t o  a  p ro -  
posed s u p e r p o r t  development. Two s i t e s  were 



designated as c o n t r o l s  and had no known o i l  
s p i l l a g e .  They a r e  i n  areas w i t h  a  lower  
r i s k  o f  f u t u r e  s p i l l a g e  and have no p lanned 
o i l  o r  gas technology development. The p r o -  
gram i n c l u d e s  c o l l e c t i o n  o f  d a t a  on bo th  
c o m u n i t y  and p o p u l a t i o n  parameters a t  s i t e s  
and a  search f o r  q u a n t i f i a b l e  and petro leum- 
s e n s i t i v e  elements. For  reasons s e t  f o r t h  i n  
l a s t  y e a r ' s  r e p o r t ,  emphasis was g i v e n  t o  
p o p u l a t i o n s  o f  t h e  n a t i v e  l i t t l e  neck c lam 
(Pro to thaca  stani inea) a t  two o f  t h e  s i t e s .  
One p r i m a r y  parameter ( s t o c k  d e n s i t y )  was 
q u a n t i t a t i v e l y  evaluated,  and a  manuscr ip t  
prepared f o r  pub1 i c a t i o n .  A second p r imary  
parameter ( i n d i v i d u a l  growth r a t e )  was quan- 
t i t a t i v e l y  eva lua ted  and a  manuscr ip t  i s  
be ing  prepared f o r  p u b l i c a t i o n .  

The da ta  on Tab le  4.2 c o n s t i t u t e  t h e  
p r i m a r y  s e t  upon which q u a n t i t a t i v e  evalua-  
t i o n  o f  s t o c k  d e n s i t y  was based. The d a t a  
were eva lua ted  i n  a  hypo thes is  t e s t i n g  frame- 
work i n  terms o f  hours o f  e f f o r t  r e q u i r e d  t o  
d e t e c t  g i v e n  percentages o f  d i f f e r e n c e  i n  

s tock  d e n s i t y .  Our most e f f e c t i v e  approach 
r e q u i r e d  100 man-hr of e f f o r t / s i t e  t o  d e t e c t  
a  10% d i f f e r e n c e .  Tha t  approach had t h e  
f o l l o w i n g  c h a r a c t e r i s t i c s :  1  ) r e s t r i c t e d  
i n t e r e s t  t o  marketable s i z e  s tock ,  2) used a  
s m a l l e r  quadra t  s i z e  (1/16 compared t o  1 /4  
m2), 3 )  used a  s p a t i a l  s t r a t i f i c a t i o n  o f  
sampling based on cover  by t h e  green a lga ,  
Ulva, and 4 )  gave equal p r o b a b i l i t y  t o  Type I - 
and Type I 1  s t a t i s t i c a l  e r r o r s .  The c o n t r i -  
b u t i o n  t o  reduced e f f o r t  by each o f  these 
f a c t o r s  can be seen on F i g u r e  4.3. The coni- 
p u t a t i o n s  were based on Type I e r r o r  proba-  
b i l i t i e s  o f  0.05 and Type I 1  p r o b a b i l i t i e s  o f  
0.20 excep t  where equal p r o b a b i l i t i e s  o f  0.20 
were used (Bar 4, F i g u r e  4 . 3 ) .  I m p o r t a n t  
i m p l i c a t i o n s  o f  o u r  da ta  on d e n s i t y  a r e :  1 )  
t h a t  d e t e c t i o n  o f  changes s m a l l e r  than 10% 
would r e s u l t  i n  manpower c o s t s  g r e a t e r  than  
t h e  v a l u e  o f  t h e  s tock ,  and 2) d e t e c t i o n  o f  
changes as smal l  as 5% would decimate t h e  
l i t t l e  neck c lam s t o c k .  From t h e  s t a n d p o i n t  
o f  resource  managers o r  stewards, the  d i f f e r -  
ence i n  e f f o r t  f o r  es t imates  w i t h  Type I 

TABLE 4.2. Mean Numbers of Little Neck Clams (Protothaca staminea) per Sample at 
the Study Sites 

Month/ Quadrat Clam Sue 
Stte Year Stre, m z  Clar r~ f~cat~on --- 
Sequtm Bayla) 5/76 1/4 Sub-marketable 

Marketable 
Total 

Sequtm 5/76 1/4 Sub-marketable 
Marketable 
Total 

Sequ~m Bay@) 7/76 1/4 Sub-marketable 
Marketable 
Total 

Sequfm ~ a y l b l  7/76 1/4 Sub-marketable 
Marketable 
Total 

Sequ~m 5/77 1/4 Sub-marketable 
Marketable 
Total 

Sequm Bay(C) 5/77 1/16 Sub-marketable 
Marketable 
Total 

Sequfm ~ a y ( ~ I  7/77 1/4 Sub-marketable 
Marketable 
Total 

Sequlm Baylc) 7/77 1/16 Sub-marketable 
Marketable 
Total 

Cherry ~ o l n t ( ~ 1  5/77 1/4 Sub-marketable 
Marketable 
Total 

Cherry Polntlc) 7/77 1/4 Sub-marketable 
Marketable 
Total 

Mean Number Coefflclent 
Number of of Clams of 
Sampler, n per Sample Variat~on, 'X ,  

33 2.94 101.6 
33 7.88 84.2 
33 10.82 74.2 

24 3.62 85.2 
24 9.04 73 3 
24 12.66 61.9 

38 2.68 86.2 
38 9.50 71.1 
38 12 18 63.7 

27 2.85 78 2 
27 11 15 62.5 
27 14.00 55.4 

50 2 10 102 0 
50 9.70 52 0 
50 11 80 50 0 

50 0.50 149.0 
50 2 40 93.0 
50 2 90 79.0 

36 2 33 102.6 
36 11.03 47.7 
36 13.36 48 9 

36 0.55 140.0 
36 3.14 57.6 
36 3 69 57.2 

39 2.90 125.0 
39 6.30 85.0 
39 9.20 85.0 

39 1 80 136.0 
39 4.80 107.0 
39 6.60 105.0 

(a)Str~ctly randomned coordjnater. 
( b ) ~ f t e r  the fact stratjf~cat~on to remove coord~nates outride cover of Ulva 
( C ) ~ r u e  stratsfled random sampling w ~ t h  cover of Ulva forming strata. 
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FIGURE 4.3. Contribution to Efforts in Detecting a 
Ten Percent Change in Density of Little Neck Clams for 
Major Factors 

e r r o r  p r o b a b i l i t y  a t  0.05 and 0.20 (70 h r /  
p l o t )  i s  one which shou ld  be borne d i r e c t l y  
by p o t e n t i a l  p o l l u t e r s  s i n c e  t h e  lower  p r o -  - 
b a b i l i t y  o f  e r r o r  i s  i n  t h e i r  i n t e r e s t .  

A s i m i l a r  t ype  o f  framework was adopted 
f o r  measurement o f  c lam growth, waterborne 
o i l  c o n c e n t r a t i o n ,  and c o n c e n t r a t i o n  o f  . 
pet ro leum hydrocarbons i n  c lam t i s s u e s .  When 
a n a l y s i s  o f  these d a t a  a r e  completed, i t  i s  . .  
expected t h a t  t h e  search f o r  s e n s i t i v e ,  y e t  
e n v i r o n m e n t a l l y  s t a b l e ,  parameters o f  popu- 
l a t i o n s  and communit ies w i l l  c o n t i n u e .  



Long-Term Effects of Hydrocarbons on Selected Ecosystems and 
Associated Organisms 

Principal Inves t igator :  J .  W .  Anderson 

The object ives  of t h i s  program a r e  t o  determine safe  ( threshold)  l eve l s  of hydrocarbon 

contamination in water f o r  the survival  of populations of sens i t ive  marine organisms, and the 

f a t e  and e f f e c t s  of sediment-bound petroleum hydrocarbons in  the marine ecosystem. This 

research includes: 1 )  e f f e c t s  of soluble hydrocarbons on growth and reproduction, 2) t r a n s f e r  

and e f f e c t s  of hydrocarbons from sediments, and 3 )  re tent ion time of hydrocarbons in sediments 

and recruitment r a t e  of benthic organsims. 

Effects of Soluble Hydrocarbons on Growth 
and Reproduction 

The Flowing Seawater Exposure System i s  
being used f o r  s tud ies  of soluble hydrocar- 
bons from Prudhoe Bay Crude o i l .  The compo- 
nents of t h i s  contaminated seawater have been 
characterized by u t i lyz ing  several analyt ica l  
methods. Total o i l  concentration has been 
monitored by absorbing the  o i l  from the  
exposure water on XAD r e s ins  and quantifying 
the  o i l  absorbed using infrared spectrometry. 
The concentrations of l i g h t  monocyclic aro- 
matic hydrocarbons have been determined using 
a helium equ i l ib ra t ion  gas chromatograph 
technique (Bean and Bl aylock, 1977). Concen- 
t r a t ions  of s a t u r a t e ,  diaromatic and t r i a r o -  
matic hydrocarbons have been determined from 
analys is  of XAD-2 re s in  column ex t rac t s  by 
cap i l l a ry  gas chromatography. The r e s u l t s  of 
the  analyt ica l  procedures using Prudhoe Bay 
Crude o i l  a r e  given in Table 4 .3 .  Results 
indica te  t h a t  the hydrocarbon type found a t  
the  highest concentration i s  the monocycl i c  
aromatics. This observation i s  consis tent  
with those made on other  o i l /water  systenis 
(Anderson e t  a1 . , 1977; Bean and Blaylock, 
1977). * 

Coniparisons were made between the  compound 
type d i s t r ibu t ion  in t h e  continuous flow 
apparatus and the  or ig inal  crude o i l .  Naph- 
thalene has been enriched more than sevenfold 

over i t s  or ig inal  concentration in Prudhoe 
Bay Crude. The methyl- and dimethylnaphtha- 
lenes a l so  represent a greater  contribution 
to  the t o t a l  hydrocarbon composition of the 
exposure water, than in the  or ig inal  crude. 
Tricyclicaromatics,  with the  possible excep- 
t ion  of phenanthrene a l so  appear t o  be 
enriched,  but n-alkanes contributed substan- 
t i  a l l y  l e s s  t o  the  to t a l  hydrocarbon compo- 
s i t i o n  of the water than they did t o  the 
or ig inal  oi 1 . These observations a r e  consis-  
t e n t  with the  contention t h a t  the crude o i l  
i s  ex i s t ing  as a dispersion of f i n e  drople ts  
suspended in seawater with the  more water- 
soluble aromatic hydrocarbons ex i s t ing  in  
t r u l y  aqueous so lu t ion .  Those hydrocarbons, 
with intermediate water s o l u b i l i t y ,  a r e  
apparently present i n  both the  o i l  and water 
phases a t  equilibrium concentrations.  This 
basic physical d i s t r ibu t ion  was postulated 
e a r l i e r  from s tud ies  of dispersions of No. 2 
fuel o i l  in the  same seawater delivery system 
(Vanderhorst e t  a1 . , 1977). 

Two organisms (Neomysi s ,  mysid and Anonyx, 
amphi pod) have been used in extensive s tud ies  
u t i l i z i n g  the  Flowing Seawater Exposure 
System. One manuscript i s  in press (Anderson 
and Kiesser, 1978) concerning the  amphipods, 
and one paper i s  in preparation on each of 
these species .  They have both been maintained 
f o r  an e n t i r e  generation under both control  
condit ions and constant  exposure t o  0.1 to 
0.2 ppm t o t a l  hydrocarbons. Findings include: 
1 ) the  a f f e c t s  of short-term exposures on 



TABLE 4.3. Concentrations of Hydrocarbons in 
Continuous Flow Bioassay Apparatus as Determined 
by IR, Helium Equilibration, and Capillary GC 
Techniques. Concentrations are in parts-per-billion (ppb) 

Total 011 (IR analysis) 141.6 2 14.4 ppb 

Monoaromatics (helium equ~libration analys~s) 

Compound 

Benzene 
Toluene 
Ethylbenzene 
Meta and Para Xylenes 
Ortho Xylene 
Total Trimethylbenzenes 

Total Monoarornat~cs 

Concentrat~on, ppb 

36.1 i 5.2 
55.5 t- 4 5 
5 2 t 0.8 

20.0 i 11.1 
12.5 i 0.6 
9.2 t 1.0 

138.0 t 23.2 

Saturates, diarornatic, and trlarornatlc hydrocarbons 
(cap~llary CC) 

Compound 

C-11 
C-12 
C-13 
C-14 
C-15 
C-16 
C-17 
Pr~stane 
C-18 
Phytane 
C-19 
C-20 
C-21 
C-22 
C-23 
C-24 
C-25 
C-26 

Total Saturates 

Concentrat~on, ppb -- 
0.145 t 0012 
0.153 i 0.008 
0.150 i 0.005 
0.163 t 0.021 
0.186 t 0 012 
0.181 t 0 026 
0.203 i 0.022 
0.134 f 0 009 
0.204 t 0 021 
0 093 i 0 009 
0 212 t 0.010 
0 195 t 0 014 
0.163 t 0 002 
0.181 t 0 001 
0154 t 0008 
0.140 i 0 003 
0113 t 0004 
0 101 t 0 001 

2871 t 0188 

Naphthalene 1.604 t 0.158 

s u r v i v a l ,  2 )  a f f e c t s  o f  exposure t o  contami-  
nated sediment ( f o r  t h e  bur row ing  amphipods), 
and 3 )  t h e  a f f e c t s  o f  l ong- te rm exposure on 
growth and r e p r o d u c t i o n .  Each aspec t  o f  
these f i n d i n g s  i s  c o r r e l a t e d  w i t h  exposure 
water  c o n c e n t r a t i o n s  and t i s s u e  accumula t ion  
o f  hydrocarbons. One phase o f  these  s t u d i e s  
i s  summarized i n  F i g u r e  4.4 ,  which i l l u s t r a t e s  
t h e  e f f e c t s  o f  a  0.24 ppm c o n c e n t r a t i o n  o f  
t o t a l  hydrocarbons on t h e  r e p r o d u c t i v e  capa- 
b i l i t y  o f  Anonyx. These animals  were exposed 
a  t o t a l  o f  21 weeks and t h e  d i f f e r e n c e s  be- 
tween t h e  r e p r o d u c t i v e  parameters o f  c o n i r o l  
and exposed organisms were determined.  
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FIGURE 4.4. Exposure Conditions of Female Amphipods 
and the Resulting Production of Offspring. Animals 
were Exposed to 0.24 ppm Total Hydrocarbons for a 
Total of 21 Weeks. 

Growth and t i s s u e  con tamina t ion  were mea- 
sured a t  v a r i o u s  i n t e r v a l s  d u r i n g  t h e  exposure 
and i t  was observed t h a t  maximum s i z e  was n o t  
reduced i n  exposed animals ,  w h i l e  t i s s u e  
con tamina t ion  reached a  s t a b l e  l e v e l  . These 
r e s u l t s  demonstrate t h a t  long- te rm s t u d i e s  o f  
t h i s  t y p e  a r e  r e q u i r e d  t o  assess a c t u a l  d e l e -  
t e r i o u s  e f f e c t s .  I f  s i z e  were used as t h e  
measure o f  hydrocarbon e f f e c t ,  t h e  c o n c l u s i o n  
would have been l i t t l e  o r  no response t o  
exposure. However, r e p r o d u c t i o n  was shown 
t o  be reduced such t h a t  no v i a b l e  o f f s p r i n g  
were produced by exposed organisms. 

0 104 f 0 007 
S tud ies  a r e  p r e s e n t l y  underway, u s i n g  b o t h  

6.501 t o 379 amphipods and mysids,  which r e p r e s e n t  s e n s i -  
t i v e  mar ine organisms. There i s  1  i t t l e  doubt  
t h a t  t h e  a b i l  i t y  t o  reproduce,  and t h u s  assure  
s u r v i v a l  o f  t h e  species,  i s  a  s i g n i f i c a n t  
parameter t o  c o r r e l a t e  w i t h  t h e  l e v e l  o f  
hydrocarbon exposure. Our f i n d i n g s  w i l l  



p r o v i d e  accura te  e v a l u a t i o n  o f  t h e  1  eve1 s  o f  
pe t ro leum hydrocarbon con tamina t ion  i n  mar ine 
and e s t ~ ! a r i n e  wa te rs  t h a t  a r e  hazardous t o  
mar ine organisms, p o p u l a t i o n s  and communit ies. 
Regu la t ions  on o i l  s p i l l a g e  and e f f l u e n t  
re leases  can t h e n  be determined f rom a  sound 
s c i e n t i f i c  d a t a  base. 

E f f e c t s  o f  T r a n s f e r  o f  Hydrocarbons From 
Sediments t o  Organisms 

I n  t h e  l a s t  Annual Report,  o u r  f i n d i n g s  
r e g a r d i n g  t h e  uptake and d e p u r a t i o n  o f  naph- 
tha lenes  from o i l  by t h e  depos i t - feeder ,  
Phascolosoma a g a s s i z i i  was r e p o r t e d  and these 
r e s u l t s  have been pub1 i shed  (Anderson e t  a1 . , 
1977). As noted e a r l i e r  i n  t h i s  d i s c u s s i o n ,  
t h e  amphipod, Anonyx, was exposed n o t  o n l y  t o  
waterbarne hydrocarbons b u t  a l s o  sediment- 
bound o i l .  The r e s u l t s  o f  these s t u d i e s  
(Anderson and Kiesser ,  1978) i n d i c a t e  t h a t  no 
s i g n i f i c a n t  m o r t a l i t y  was produced by an 18 
day exposure t o  sediment hydrocarbon con- 
c e n t r a t i o n s  o f  about  300 ppm t o t a l  hydrocar -  
bons and 2 ppm t o t a l  naphthalenes.  Animals 
exposed d i r e c t l y  t o  o i l e d  sediment accumula- 
t e d  8  ppm t o t a l  naphthalenes,  w h i l e  those 
suspended above t h e  s u b s t r a t e  i n  t h e  same 
tanks  con ta ined  4 ppm ( F i g u r e  4 .5 ) .  These 
da ta  i n d i c a t e  t h a t  accumulat ion o f  these  
d i a r o m a t i c  compounds was v i a  wa te r ,  which 
r e c e i v e d  con tamina t ion  l e a c h i n g  f rom sediment 
t o  i n t e r s t i t i a l  wa te r .  As i n  severa l  e a r l i e r  
s t i t d i e s ,  t h e  compounds p r e s e n t  i n  t h e  t i s s u e s  
d u r i n g  t h e  l a t e r  phases o f  exposure t o  b o t h  
wa te r  and sediment were t h e  a l k y l  -naphtha- 
1  enes and t h e  p a r e n t  compound (naphtha1 ene) 
had been l o s t  f rom b o t h  sediment and t i s s u e .  

a 
4 I 

END OF EXPOSURE A N D  1 
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FIGURE 4.5. Uptake and Release of Naphthalenes by 
Anonyx Exposed to Oiled Sediment (solid line) or 
Hydrocarbons Released from Sediment (dashed line). 
Means and Standard Deviations (bars) were Derived 
from 3 Samples of 2 Animals Each. 

I n  a  r e c e n t  p r e s e n t a t i o n  (Roesi j a d i  , 
Anderson and B l  ay lock ,  1978) ,  t h e  uptake o f  
a1 i p t l a t i c  and d i a r o m a t i c  pe t ro leum hydrocar -  
bons f rom contaminated sedinient by two de- 
p o s i t - f e e d i  ng organisms (Macoma i n q u i  nata and 
Phascolosoma a g a s s i z i i )  was compared t o  t h a t  
o f  a  f i l  t e r - f e e d i n g  b i v a l v e  (Pro to thaca  
staminea) .  The h i g h e s t  up take  was e x h i b i t e d  
by t h e  d e p o s i t - f e e d i n g  clam, Placoma i n q u i n a t a ,  
which accumulated b o t h  a1 i p h a t i c s  and d i a r o -  
mat i cs  d u r i n g  t h e  60 day f i e l d  exposure t o  
o i l e d  sediment. The t o t a l  uptake amounted t o  
about  2.5 ppm, w h i l e  t h e  sediment d e c l i n e d  
f rom 887 ppm t o  420 ppm over  t h e  60 days. 
These d a t a  aga in  demonstrate r e l a t i v e l y  1  ow 
uptake r a t e s  f rom h i g h l y  contaminated s e d i -  
ment, which may i n d i c a t e  r a t h e r  low b i o a v a i l -  
a b i l i t y  o f  hydrocarbons bound t o  sediment. 
I n  these f i e l d  exposures, i t  i s  n o t  p o s s i b l e  
t o  separate uptake f r o m  i n g e s t i o n  o f  sediment 
p a r t i c l e s  f rom t h e  p o s s i b l e  c o n t r i b u t i o n  o f  
hydrocarbons p r e s e n t  i n  i n t e r s t i t i a l  wa te r .  
S ince uptake f rom wate r  g e n e r a l l y  r e s u l t s  i n  
h i g h  accumulat ion f a c t o r s  i n  t i s s u e ,  a  l o w  
c o n c e n t r a t i o n  i n  t h e  su r round ing  water  c o u l d  
have produced t h e  observed con tamina t ion  
l e v e l s  i n  these b e n t h i c  organisms. I n  o t h e r  
s t u d i e s  w i t h  Macoma d i f f e r e n c e s  were shown i n  
t h e  uptake and r e l e a s e  r a t e s  o f  hydrocarbons 
w i t h  two t o  f i v e  a romat i c  r i n g s  and i t  ap- 
peared t h a t  t h e  h igher  m o l e c u l a r  we igh t  
compounds a r e  taken up f rom sediment over  a  
l o n g e r  p e r i o d  and r e t a i n e d  l o n g e r  i n  the  
t i s s u e s  (Roesi j a d i  e t  a1 . , 1978) .  

R e l a t i v e l y  few e f f e c t s  o f  o i l - c o n t a m i n a t e d  
s u b s t r a t e  on mar ine organisms have been 
observed i n  these s t u d i e s  and those few 
r e p o r t s  i n  t h e  1  i t e r a t u r e .  As w i l l  be d i s -  
cussed l a t e r ,  b e n t h i c  r e c r u i t m e n t  was n o t  
s i g n i f i c a n t l y  suppressed by o i l i n g  o f  sub- 
s t r a t e  (Anderson e t  a1 . , 1978). However, 
Roesi j a d i  and Anderson (1  978) r e c e n t l y  dem- 
o n s t r a t e d  e f f e c t s  o f  o i l e d  sediment on the  
c o n d i t i o n  index and f r e e  amino a c i d  c o n t e n t  
o f  Macoma i n q u i n a t a  exposed i n  a  f i e l d  ex -  
per iment  f o r  38 days. Both l a b o r a t o r y  and 
f i e l d  exposures i n d i c a t e d  t h a t  these param- 
e t e r s  may be s e n s i t i v e  i n d i c e s  o f  t h e  e f f e c t s  
o f  hydrocarbons on these b i v a l v e s .  

I n  genera l  , t h e  da ta  ob ta ined  on b i o a v a i l -  
a b i l  i t y  o f  sediment-bound hydrocarbons a1 1  
show s i m i l a r  t r e n d s .  The e x t e n t  o f  uptake 
i s  never  l a r g e  as compared t o  c o n c e n t r a t i o n s  
i n  t h e  sediment. Uptake may w e l l  be v i a  
i n t e r s t i t i a l  water  r a t h e r  than  f rom i n g e s t i o n  
o f  p a r t i c l e s .  Resu l t s  of e f f e c t s  s t u d i e s  
a l s o  i n d i c a t e  t h a t  sediment-bound hydrocar -  
bons may be two o r d e r s  o f  magnitude l e s s  
t o x i c  than  t h e  same c o n c e n t r a t i o n  p r e s e n t  
i n  wa te r .  These s t u d i e s  a r e  most h e l p f u l  
i n  assess ing t h e  r e t e n t i o n  t i m e  o f  hydrocar -  
bons i n  sediments and t h e  e f f e c t s  o f  these 
s i n k s  on mar ine organisms. 



R e t e n t i o n  Time o f  Hydrocarbons i n  Sediments 
and Recru i tment  Rate o f  B e n t h i c  Organisms 

Three separa te  f i e l d  i n s t a l l a t i o n s ,  con- 
s i s t i n g  o f  c l e a n  and o i l e d  sediment i n  f i b e r -  
g l a s s  t r a y s ,  were p laced  i n  t h e  i n t e r t i d a l  
zone o f  Sequim Bay, Washington, t o  determine 
r a t e s  o f  hydrocarbon d e p u r a t i o n  and r e c r u i t -  
ment o f  b e n t h i c  organisms. D e t a i l e d  chemical 
a n a l y s i s ,  u s i n g  g l a s s  c a p i l l a r y  gas chromato- 
graphy, and gas chromatographylmass s p e c t r o -  
scopy were conducted such t h a t  i n d i v i d u a l  
compounds and hydrocarbon c lasses  assoc ia ted  
w i t h  t h e  sediment a f t e r  v a r y i n g  p e r i o d s  o f  
f i e l d  d e p u r a t i o n  c o u l d  be q u a n t i t a t e d .  
Depura t ion  r a t e s  o f  hydrocarbon types i n  
sediment r e c e i v i n g  o i l  on t h e  s u r f a c e  ( i n -  
s t a l l a t i o n s  I and 11) decreased i n  t h e  o rder  
o f  s a t u r a t e s ,  methy lnaphthalenes and methy l  - 
phenanthrenes ( F i g u r e  4 .6 ) .  Rates o f  speci  - 
f i c  compound and hydrocarbon c l a s s  d e p u r a t i o n  
f o l l o w e d  t h e  genera l  p a t t e r n  e x h i b i t e d  by 
t o t a l  hydrocarbons ( i n f r a r e d  a n a l y s e s ) .  I n  a  
p e r i o d  o f  100 days, t o t a l  hydrocarbons i n  
s u r f a c e  o i l e d ,  coarse sediments ( I  and 11) 
decreased by 82 t o  86%, w h i l e  t h e  amount i n  
t h e  f i n e r  s u b s t r a t e  w i t h  m i x e d - i n  o i l  (111) ,  
o n l y  decreased by about  21% and remained 
q u i t e  s t a b l e  up t o  290 days ( F i g u r e s  4 .6  and 
4.7) .  

The r a t i o s  o f  nCl7/pristane and nC18/ 
phytane were mon i to red  f o r  i n s t a l l a t i o n s  I 
and I 1 1  ( o i l  mixed w i t h  sed iment ) .  The 

r a t i o s  remained cons tan t  f o r  a  p e r i o d  o f  4  t o  
6  months and then  dropped s h a r p l y ,  sugges t ing  
t h e  presence o f  o i l  b iodegrada t ion .  

The d i f f e r e n c e s  observed i n  t h e  r a t e s  o f  
d e p u r a t i o n  o f  hydrocarbons f rom t h e  two types 
o f  o i l  -sediment systems can be a t t r i b u t e d  t o  
many p h y s i c a l ,  chemical and b i o l o g i c a l  mech- 
anisms. T i d a l  and wave a c t i o n ,  s u r f a c e  
v o l a t i l i t y ,  photochemical and b i o d e g r a d a t i v e  
processes & r e  l i k e l y  t h e  ma jo r  c o n t r i b u t o r s  
t o  t h e  d e p u r a t i o n  r a t e s .  A l l  o f  these a r e  
p robab ly  more a c t i v e  a t  t h e  s u r f a c e  than  a t  
l ower  l a y e r s  o f  t h e  sediment, t h u s  e x p l a i n i n g  
t h e  s lower  d e p u r a t i o n  r a t e s  observed when o i l  
i s  mixed i n t o  sediment. 

I n i t i a l  c o n c e n t r a t i o n s  o f  o i l  i n  sediments 
upon f i e l d  emplacement were about  5,000 t o  
6,000 ppm i n  i n s t a l l a t i o n s  I and 11, and 
approx imate ly  700 ppm i n  i n s t a l l a t i o n  111. 
A f t e r  100 days i n  t h e  f i e l d ,  c o n c e n t r a t i o n s  
o f  t o x i c  a romat i cs  i n  t h e  sediments o f  a l l  
t h r e e  i n s t a l l a t i o n s  were r e l a t i v e l y  low (2-4 
ppm methy lnaphthalenes and 1-3 ppm methy l -  
phenanthrenes) and q u i t e  s i m i l a r .  T h i s  may 
h e l p  t o  e x p l a i n  t h e  s i m i l a r  r e s u l t s  ob ta ined  
i n  a l l  t h r e e  i n s t a l l a t i o n s  r e g a r d i n g  b e n t h i c  
organism r e c r u i t m e n t .  There was n o - c l  e a r  
i n d i c a t i o n  t h a t  t h e  con tamina t ion  r e s u l t e d  i n  
the  suppress ion o f  p o p u l a t i o n s  o f  two species 
o f  b i v a l v e s  ( I l yse l  l a  tumida and Psephid ia 
l o r d i  ) o r  t h r e e  species o f  po lychae tes  
(Ophiodromus puge t tens is ,  P l a t  n e r e i s  b i c a n -  
a1 i c u l a t a ,  and Armandia b i e S i i $ i %  
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FIGURE 4.6. Concentrations of Compound Classes in Sediments of Installation II, 
as a Function of Depuration Time 



i ~ a v e  now been analyzed f ro in  seuiments i n  the  presented a t  a  symposium. F u r t h e r  a n a l y s i s  
f i e l d  f o r  467 days, and t h e r e  a r e  s t i l l  no o f  o u r  f i n d i n g s  i s  i n  progress and a d d i t i o n a l  
c l e a r  i l i u i c a t i o n s  t h a t  o i l i n g  has reduceo t l ~ e  s t u d i e s  w i l l  be conducted t o  examine o t h e r  
abundance o f  tnese f i v e  spec ies .  The d e t a i l s  aspects  o f  t h e  problem. A t  p resen t  i t  appears 
o f  t i ~ i s  r e s e a r c l ~  have been submi t ted  f o r  t h a t  hydrocarbons a r e  r a t n e r  r a p i d l y  depu- 
p u b l i c a t i o n  (Anderson e t  a1 ., 1978) and r a t e d  i n  t h i s  env i ronment  and a f f e c t s  on 

b e n t h i c  r e c r u i t m e n t  a r e  min imal .  
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FIGURE 4.7. Concentrations of Compound Classes in Sediments of Installation I l l ,  
as a Function of Depuration Time 
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HYDROELECTRIC GENERATION/PUMPED STORAGE 

Effects of Hydroelectric Generation on Riverine Ecology 

Nearly al l  available sites for development of conventional hydroelectric 
generation in the Pacific Northwest have been utilized. Pumped storage hydro i s  an 
alternative which would aid in meeting peak power needs and in conservation of fossil 
and nuclear fuels. The Corps of Engineers has identified several hundred potential 
sites in the region which could support pumped storage development. Present informa- 
tion indicates that pumped hydro storage i s  the least costly of al l  currently practicable 
storage means. 

This is a small ecological project designed to develop data for measuring 
aquatic environmental impact at hydroelectric and pumped storage sites. Dissolved 
gas supersaturation due to air entrainment, modification of ambient temperature 
regimes, fluctuation in river flow caused by the use of hydroelectric facilities, and 
loss of appropriate wildlife habitat caused by the impoundment of large quantities 
of water, a l l  create certain problems. 

One effect of pumped storage operation will be due to daily water level 
fluctuations in reservoirs and downstream from impoundments. Fluctuations in water 
level due to pumped storage or changing river flows may result in reduced primary 
production, losses of fish food organisms, and mortalities to eggs, fry, and adult 
fishes due to desiccation, entrapment, stranding, or enhanced predation. Impacts on 
the commercially important salmonids and other game fish populations are of 
particular interest. 

Effects of impoundment also include alterations in sediment load, tempera- 
ture, drift organisms, and dissolved gas concentrations below the dam in addition to 
the major change from a stream to a reservoir behind the dam. Each of these factors 
potentially impacts productivity of aquatic systems. It i s  our goal to define significant 

.. impacts at potential and developed sites and to develop a systematic data base of 
hydro energy resources. Engineering developments to minimize detrimental effect on 
biological resources will require a substantial body of ecological data. Alternatives 
to present or planned operations and facilities are being considered and evaluated as 

b appropriate. 





Effects of Hydroelectric Generation on Riverine Ecology 

P r i n c i p a l  I n v e s t i g a t o r s :  D. H. F i c k e i s e n  and J. C .  Montgomery 

Other  I n v e s t i g a t o r s :  C .  D. Becker 

Techn ica l  A s s i s t a n t s :  D. D. Dauble 

Norcus Appointees:  R. T .  Cordo, D. Crass, S. W .  Cubber ly  
and J. M. Haynes 

Exper imenta l  phases o f  gas bubble d isease  work were completed. S t u d i e s  on e f f e c t s  o f  w a t e r  

l e v e l  f l u c t u a t i o n s  due t o  peaking o p e r a t i o n  o f  conven t iona l  h y d r o e l e c t r i c  f a c i l i t i e s  cont inued,  

w i t h  a s u b s t a n t i a l  e f f o r t  devoted t o  r a d i o f r e q u e n c y  t e l e m e t r y  o f  smallmouth bass movements. 

The ex t reme ly  low r u n o f f  t h i s  y e a r  a i d e d  observa t ions  o f  a d u l t  and j u v e n i l e  f i s h  and t h e i r  

food supp ly  t h a t  were ent rapped i n  ponds when t h e  wate r  l e v e l  f e l l .  Determin ing t h e  impacts 

o f  d a i l y  f l u c t u a t i o n s  i n  wa te r  l e v e l  i s  o f  r e g i o n a l  and genera l  impor tance as use o f  hydro-  

e l e c t r i c  f a c i l  i t i e s  (conven t iona l  and pumped-storage) inc reases  wor ldwide.  A s p e c i a l  s t u d i e s  

p r o j e c t  was a l s o  under taken t o  determine research  needs r e l a t e d  t o  pumped s to rage  development. 

R i v e r  Level  F l u c t u a t i o n s  

Changes i n  t u r b i n e  l o a d i n g  a t  dams t o  meet 
v a r i a b l e  power demands r e s u l t  i n  d a i l y  and 
weekly  f l u c t u a t i o n s  i n  d ischarge  volumes and, 
hence, i n  downstream water  l e v e l s .  S h o r e l i n e  
organisms are,  t h e r e f o r e ,  sub jec ted  t o  s t r a n d -  
i n g ,  i nc reased  exposure t o  p r e d a t o r s ,  en t rap-  
ment, o r  d e s i c c a t i o n .  The niost i m p o r t a n t  
e f f e c t s  on r i v e r i n e  b i o t a  i n  t h e  t lanfora 
Reach o f  t h e  Columbia R i v e r  a p p a r e n t l y  a r e  
entrapment o f  a d u l t  and j u v e n i l e s  o f  irnpor- 
t a n t  f i s h  species and subsequent m o r t a l i t y  
due t o  d e s i c c a t i o n ,  p r e d a t i o n ,  s o l a r  hea t ing ,  
and p o s s i b l e  dewater ing o f  ch inook salmon 
redds under extreme low f l o w s  d u r i n g  w i n t e r .  
Loss o f  food organisms occurs and clay be an 
e c o l o g i c a l l y  s i g n i f i c a n t  f a c t o r .  

E a r l  i e r  work i n d i c a t e d  d e t r i m e n t a l  impact  
on smallmouth bass spawning and behav io r  i n  
t h e  Hanford Reach o f  t h e  Columbia R i v e r .  We 
used r a d i o f r e q u e n c y  t e l e m e t r y  o f  some 40 
a d u l t  bass t o  m o n i t o r  t h e i r  l o c a t i o n .  F i g -  
u r e  5.1 sliows a tagged f i s h .  T r a n s m i t t e r  
l i f e  was up t o  120 days, p e r m i t t i n g  t h e  p o s i -  
t i o n  o f  f i s h  t o  be t r a c k e d  th roughou t  t h e  

summer o f  1977. T r a c k i n g  has p r o v i d e d  p o s i -  
t i v e  c o r r e l a t i o n s  o f  tagged bass w i t h  preda- 
t i o n  on entrapped salmonids. Data a r e  
p r e s e n t l y  be ing analyzed from t h i s  i n t e n s i v e  
s t u d y .  

Observat ions on entrapment and subsequent 
m o r t a l i t y  o f  f i s h  con t inued  t o  p r o v i d e  back- 
ground i n f o r m a t i o n  needed t o  des ign  a q u a l i -  
t a t i v e  s t u d y  t o  be i n i t i a t e d  n e x t  y e a r .  
These i n c l u d e d  "walks"  a t  f r e q u e n t  i n t e r v a l s  
over  t h r e e  main s tudy  areas w h i l e  observa t ions  
o f  e f f e c t s  were recorded  and documented. 

Drought c o n d i t i o n s  i n  t h e  P a c i f i c  N o r t h -  
west  d u r i n g  FY-77 f a c i l i t a t e d  s tudy  o f  
severa l  s h o r e l i n e  ponds i n  which f i s h  were 
ent rapped.  Norma l l y  t h e  ponds a r e  connected 
t o  t h e  main-stem r i v e r  d u r i n g  t h e  s p r i n g  
r u n - o f f  season. One pond o f  severa l  acres 
was found t o  c o n t a i n  a d u l t  bass and coarse 
f i s h  as w e l l  as bass f r y .  However, t h e  food  
supp ly  was v e r y  1 i m i  t e d  and q u i c k l y  dep le ted ,  
r e s u l t i n g  i n  poor  c o n d i t i o n  f a c t o r s  and 
s t u n t i n g  o f  bass. Sma l le r  ponds were com- 
monly s u b j e c t  t o  h i g h  summer temperatures,  
causing m o r t a l i t i e s  t o  severa l  species o f  
smal l  f i s h  ent rapped i n  them. 



FIGURE 5.1. Smallmouth Bass with Radiofrequency and Dart Tags, Either of Which is Applied for 
Monitoring Fish Movement Under Fluctuating Water Conditions 

P r e l  i n i i n a r y  r e s u l t s  a r e  p r e s e n t l y  be ing  ( b u t  s u b l e t h a l )  thermal  shock d i d  n o t  s i g n i -  
analyzed and w i l l  be prepared f o r  p u b l i c a -  f i c a n t l y  a1 t e r  t o l e r a n c e  o f  f i s h  t o  gas 
t i o n .  D e s i c c a t i o n  l o s s e s  have been conf i rmed s u p e r s a t u r a t i o n .  T h i s  r e s u l t  i s  i m p o r t a n t  
f o r  12 species o f  Columbia R i v e r  f i s h ,  and i n  ex tend ing  p rev ious  work on t o l e r a n c e  t o  
18  species have been found entrapped.  gas s u p e r s a t u r a t i o n  i n  s i t u a t i o n s  such as 

exposure t o  power p l a n t  c o o l i n g  wa te r  d i s -  
charges where b o t h  gas s u p e r s a t u r a t i o n  and 

Gas Bubble Disease thermal  inc reases  may s i m u l t a n e o u s l y  s t r e s s  
f i s h .  

The f i n a l  phase o f  o u r  l a b o r a t o r y  t e s t s  
on gas bubble d isease was completed by These r e s u l t s  and those o f  o u r  p rev ious  
exposing ra inbow t r o u t ,  b l a c k  bu l lhead ,  and gas bubble d isease  s t u d i e s  a r e  p r e s e n t l y  
pumpkinseed s u n f i s h  t o  t h e  combined s t r e s s o r s  be ing  modeled t o  p r o v i d e  p r e d i c t i v e  a l g o -  
o f  temperature and d i s s o l v e d  gas supersatu-  r i t h m s  f o r  e f f e c t s  o f  gas s u p e r s a t u r a t i o n  
r a t i o n .  The r e s u l t s  i n d i c a t e  t h a t  severe and temperature.  
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SHALE OIL 

Terrestrial Effects of Oil Shale Development 

Development of Chemical Reactions, Stability and Transport Model 
of Oil Shale Process Wastes in Soil 

The search for domestic energy supplies will lead to increased exploitation of 
domestic fossil fuels. Vast domestic resources of oil shale may provide a long-term 
alternative to petroleum-derived fuel products. Practical processing experience with 
shale oil i s  limited in comparison to other fossil fuel production since serious 
industry consideration of shale oil production has not been concerted. Methods 
proposed for winning shale oil from its deposits range from conventional mining and 
aboveground retorting technologies to in situ combustion methodology. Although 
the technical and economic aspects of this wide range of options have been generally 
studied, the environmental impacts must be assessed, as questions of siting, control 
technology, licensing, and regulation can strongly affect the best production strategy. 

Three major segments of the aboveground shale oil production cycle have 
potential for environmental consequences. These include mining of the shale, 
extraction of the shale oil and disposal and reclamation of processed shale. In the 
mining process, aquifer disruption, runoff and movement through the soil profile to 
groundwaters of process residuals may result in impact on streams and rivers. 
During the extraction cycle (crushing, retorting and refining), the major impact 
will result from gaseous emissions and liquid effluents containing organic, saline, 
and trace metal residues. Disposal of retorted shale presents problems in loss of 
recreation land, in reclamation of land occupied by retorted shale, and in  environ- 
mental and human exposure resulting from resuspension of particulates and leaching 
of pollutants to ground and surface waters. The use of pyrolytic methods, together 
with a relatively high concentration of organic N in oil shale, can lead to the 
formation of organic components which are unique, thus producing environmental 
problems not ordinarily encountered in other energy industries. 



The current PNL program focuses on the chemical characterization of effluent 
residuals (see PNL 2500, Part IV, Physical and Technological Programs), the potential 
toxicity of effluent residuals (see PNL 2500, Part I, Biomedical Sciences), and the soil 
processes affecting plant uptake toxicity and vegetational events (this report). 
Supporting research on the feasibility of revegetation in arid climates and applica- 
tion research on a water harvesting approach are reported in the preceding section of 
this report, where they are of primary importance to surface mining of coal (see 
Section 1.0). Dr. Sidney Marks is coordinator for the comprehensive program. 
The specific studies reported in this section concern soil biochemical transformations 
impacting human food chains and the viability of green plants. This effort represents 
a multitask interdisciplinary research approach which takes unique advantage of 
PNL capabilities in hydrocarbon chemistry, soil science, microbiology, and plant 
physiology. Principal objectives of the project are to: 1) develop a basic knowledge of 
important extraction and environmental processes influencing the form, mobility, 
chemical, and microbiological stability, and plant availability and toxicity of organic 
residuals in retort waters and retorted shales, 2) model movement of stable organic 
residuals in soil and retorted shale, and 3) develop a rational basis for selection and 
subsequent laboratory and field testing of proper soil conditioners, irrigation waters 
and native or agricultural plant species to revegetate retorted shales for permanent, 
safe restoration of shale lands. The studies are being closely integrated with field 
investigations by other Federal agencies and universities. Together, these programs 
should provide a basis for assessment of the potential terrestrial effects of waste 
disposal and for viable restoration of shale lands. 



Terrestrial Effects of Oil Shale Development 

Development of Chemical Reactions, Stability and Transport Model 
of Oil Shale Process Wastes in Soil 

P r i n c i p a l  I n v e s t i g a t o r s :  R. E. Wi ldung,  T. R. Gar land ,  
R .  G .  R i l e y ,  D. J. S i l v i e r a ,  J .  E .  Rogers,  R. M. Bean, 
and S. W .  L i  

I n i t i a l  p rogram emphasis has been d i r e c t e d  t o w a r d  1  ) deve lopmen t  o f  samp l i ng  p r o t o c o l s  w i t h  

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

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

g i o n ,  2 )  measurement o f  t h e  s o r p t i o n  p r o p e r t i e s  o f  r e t o r t  w a t e r  components i n  r e t o r t e d  s h a l e  

and s o i l s ,  3 )  i n i t i a t i o n  of  s t u d i e s  t o  e v a l u a t e  t h e  r o l e  o f  m i c r o b e s  i n  i n f l u e n c i n g  t h e  s t a -  

b i l i t y  o f  o r g a n i c  r e s i d u a l s  i n  r e t o r t e d  s h a l e s  and r e t o r t  w a t e r s ,  and 4 )  i n i t i a l  i n v e s t i g a t i o n  

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

and r e t o r t  w a t e r s .  

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

i n  r e t o r t e d  s h a l e  have been i n i t i a t e d  a t  t h e  Paraho O i l  Sha le  D e m o n s t r a t i o n  P r o j e c t ,  o p e r a t e d  

by Development E n g i n e e r i n g  I n c o r p o r a t e d ,  A n v i l  P o i n t s ,  Co lo rado  and i n  t h e  P iceance Creek B a s i n ,  

Co lo rado ,  i n  c o n j u n c t i o n  w i t h  Co lo rado  S t a t e  U n i v e r s i t y .  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  

w i l l  be  used t o  v a l i d a t e  l a b o r a t o r y  models  o f  t h e  n iob i l  i t y  o f  r e s i d u a l s  i n  t h e  o i l  s h a l e  r e g i o n .  

The program has s e r v e d  as a  b a s i s  f o r  t e c h n i c a l  s u p p o r t  o f  c u r r e n t  programs i n  i n t e g r a t e d  

r e g i o n a l  assessment o f  o i l  s h a l e  deve lopment  and f o r  assessment by  t h e  N a t i o n a l  Academy o f  

Sc iences  o f  r e d i s t r i b u t i o n  o f  a c c e s s o r y  m i n e r a l s  as a  r e s u l t  o f  m i n i n g  and e x t r a c t i o n  o f  o i l  

s h a l e .  

CHEMICAL STUDIES - RETORT WATER 

C h a r a c t e r i z a t i o n  o f  R e t o r t  Water f o r  M a j o r  
and T r a c e  I n o r g a n i c  I o n s  

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

C 
s c a l e  p r o d u c t i o n  o f  o i l  f r o m  s h a l e .  D u r i n g  
t h e  r e t o r t i n g  o f  o i l  s h a l e ,  s i z a b l e  q u a n t i -  
t i e s  o f  w a t e r  a r e  p roduced  a l o n g  w i t h  t h e  
o i l .  T h i s  r e t o r t  w a t e r  has a  h i g h  d i s s o l v e d  

4 o r g a n i c  c a r b o n  c o n t e n t  a l o n g  w i t h  v a r i o u s  
i n o r g a n i c  components.  The a b i l i t y  t o  use 

t h i s  w a t e r  d i r e c t l y  f o r  d u s t  c o n t r o l ,  and 
compac t i ng  r e t o r t e d  s h a l e s  o r  a f t e r  some 
c l e a n u p  wou ld  b e  b e n e f i c i a l .  S t u d i e s  o f  t h e  
r e t o r t  w a t e r ,  b o t h  l a b o r a t o r y  and f i e l d ,  
r e q u i r e  t h a t  t h e  m a j o r  and t r a c e  e lemen ts  be 
c h a r a c t e r i z e d  and t h a t  t h e  p o t e n t i a l  v a r i a -  
t i o n  i n  s p e c i f i c  e lemen ts  be known p r i o r  t o  
t h e  i n i t i a t i o n  o f  e x p e r i m e n t s .  

Th ree  r e t o r t  w a t e r s ,  one sampled f r o m  t h e  
La ram ie  s i m u l a t e d  i n  s i t u  r e t o r t  i n  December 
1974 and two f r o m  the-aho p rocess  sampled 
i n  May 1977 and August  1977 were a n a l y z e d .  



A f t e r  sampling, t h e  r e t o r t  waters were kep t  
a t  4"C, and c l a r i f i e d  by f i l t r a t i o n  th rough  
ac id ,  base and water-washed q u a r t z  g l a s s  
wool .  A f t e r  c l a r i f i c a t i o n ,  t h e  i n d i v i d u a l  
r e t o r t  wa te rs  were f i l t e r e d  through 0.4 and 
0.01 p f i l t e r s  and analyzed by e i t h e r  plasma 
atomic spectroscopy, g r a p h i t e  fu rnace  atomic 
spect roscopy,  o r  a tomic  spect roscopy.  Wi th  
t h e  e x c e p t i o n  o f  Hg, f i l t r a t i o n  through t h e  
0.4 and 0.01 p f i l t e r s  d i d  n o t  s i g n i f i c a n t l y  
change t h e  q u a r t z  w o o l - c l a r i f i e d  r e s u l t s .  
The r e s u l t s  o b t a i n e d  f o r  t h e  t h r e e  samples o f  
r e t o r t  wa te r  (Tab le  6.1) show a  marked d i f -  
fe rence  between t h e  Laramie and Paraho p r o -  
cesses ( o r  s h a l e  source)  f o r  niost o f  t h e  
elements. The two samples o f  t h e  r e t o r t  
wa te r  f rom t h e  Paraho process a r e  q u i t e  s i n i -  
l a r  i n  e lementa l  compos i t i on  a t  t h e  two sam- 
p l i n g  t imes w i t h  t h e  n o t a b l e  excep t ions  o f  
Cu, Cd, Zn, and As. For  comparison purposes, 
t h e  t r a c e  e lement  c o n t e n t  o f  t h e  a p p r o x i -  
mate ly  o n e - t h i r d  colunin volume leacha te  o f  a  
s o i l  near  t h e  A n v i l  P o i n t s  p l a n t  i s  shown. 
T h i s  s o i l  c o n t a i n s  q u a n t i t i e s  o f  raw sha le  
d e r i v e d  f rom t h e  c l i f f s  which c o n t a i n  t h e  

TABLE 6.1. Concentration of Trace Elements in  
Three Samples of Retort 

Laramie 
Simulated Anvil Polnts 

I n  Situ Paraho Paraho Soil Leachate 
Element (Dec. 1974) (May 1977) (Aug. 1977) (1/3 Col. Vol.) - - - - 

PH 8 
C (organic) 15,000 
C (Inorganic) 670 
So,' 2,550 
CI- 110 
P (as PO,:) 2.1 
F - 18.8 
As 6.8 
Ba <0.03 
Be <O.W5 
B 0.69 
Cd < 0.001 
Ca 10.2 
Cr 0.030 
Co 0.04 
Cu 0.11 
Fe 4.96 
P b 0.007 

M g  19.5 
M n  <0.01 

Hg 0.001 
M o  0.20 
Ni 0.18 
K 15.7 
Se 0.19 
Si02 38.7 
Ag <0.001 
Na 70.0 
Sr 0.059 
V 0.60 
Zn 0.22 

source o f  o i l  sha le  f o r  t h e  Paraho process.  
Wi th t h e  e x c e p t i o n  o f  C,  F, and As, t h e  
Laramie r e t o r t  wa te r  has comparable o r  lower  
c o n c e n t r a t i o n s  o f  most o f  t h e  t r a c e  elements 
than  t h e  s o i l  l e a c h  sample. A t  t h e  pH o f  t h e  
r e t o r t  wa te r  and t h e  l e v e l  o f  t h e  o r g a n i c  C, 
i t  would n o t  be unreasonable t o  have most o f  
t h e  i o n s  o f  +2 o r  +3 valence i n  a  complexed 
form. The c o n c e n t r a t i o n  o f  s o l u b l e  Fe sug- 
ges ts  i t  would be complexed. Complexat ion 
may marked1 y  i n f  1  uence t h e  behav io r  o f  meta ls  
i n  s o i l s  and r e t o r t e d  shales and subsequent 
a v a i l a b i l i t y  t o  p l a n t s .  

Mo lecu la r  Weight D i s t r i b u t i o n  A n a l y s i s  o f  
Organic  Components o f  R e t o r t  Water by High 
Pressure Gel F i  1  t r a t i o n  Chromatography 

Water d e r i v e d  f r o m  an o i l  sha le  r e t o r t i n g  
process c o n s i s t s  o f  a  complex m i x t u r e  o f  po- 
l a r  o r g a n i c  components o f  v a r y i n g  m o l e c u l a r  
we igh ts .  U n t i l  r e c e n t l y ,  t h e  a b i l i t y  t o  d i -  
r e c t l y  and r a p i d l y  m o n i t o r  t h e  m o l e c u l a r  
w e i g h t  d i s t r i b u t i o n  o r  changes i n  d i s t r i b u -  
t i o n  o f  these types  o f  aqueous complex m ix -  
t u r e s  has been hampered by t h e  l a c k  o f  modern 
a n a l y t i c a l  techniques.  An i n i t i a l  s o l u t i o n  
t o  t h i s  problem has been t h e  development o f  a  
h igh-pressure l i q u i d  chromatographic  techn ique  
employ ing columns o f  porous s i l  i c a  microspheres.  

A  d e s c r i p t i o n  o f  t h e  a p p l i c a t i o n  o f  t h i s  
technique t o  t h e  a n a l y s i s  o f  Paraho r e t o r t  
wa te r  i s  as f o l l o w s .  A  sample o f  the  r e t o r t  
wa te r  (100 p1,  a d j u s t e d  t o  pH 7.0) was chro -  
matographed on p-Bondage1 (1  251, capable o f  
s e p a r a t i n g  components 50,000 MW o r  l e s s )  
employing wate r  as t h e  m o b i l e  phase. The 
r e s u l t s  o f  t h e  9 min a n a l y s i s  a r e  shown i n  
F i g u r e  6.1. Dextran s tandards were used t o  
c a l i b r a t e  t h e  column and a  s e l e c t  s e t  o f  
amino a c i d s  and o t h e r  o r g a n i c  a c i d s  were a l s o  
used i n  t h e  c a l i b r a t i o n  t o  compensate f o r  
a d s o r p t i o n  e f f e c t s .  Based on r e t e n t i o n  
volume and t h e  c a l i b r a t i o n  cu rve  ( F i g u r e  6.1),  
apparent  mo lecu la r  we igh ts  were ass igned t o  
r e f r a c t i v e  index  ( R I )  and u l t r a v i o l e t  (UV-254 
mni) peaks. These r e s u l t s  a r e  shown i n  Ta- 
b l e  6.2. Assuming t h a t  response f rom t h e  
r e f r a c t i v e  index  i s  a  q u a l i t a t i v e  measure o f  
o r g a n i c  mass, a  ma jo r  p o r t i o n  o f  t h e  mass 
appears t o  be i n  t h e  range o f  MW 'L 1000 o r  
l e s s .  

A  f u t u r e  s tudy  w i l l  c o r r e l a t e  t h e  t o t a l  
o r g a n i c  carbon c o n t e n t  o f  i s o l a t e d  f r a c t i o n s  
t o  t h e  mo lecu la r  we igh t  d i s t r i b u t i o n  p r o f i l e  
o f  r e t o r t  wa te r .  A lso,  t h e  techn ique  i s  
be ing  f u r t h e r  developed t o  p r o v i d e  in fo rma-  
t i o n  on t h e  f a t e  o f  o r g a n i c  components o f  
r e t o r t  wa te r  i n  m i c r o b i a l ,  s o i l ,  and p l a n t  
s t u d i e s .  

(a) Results are on  a <0.01p filtered sample 
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CALIBRATION STANDARDS 

1 DEXTRAN T 2M)O 
2 DEXTRAN T 500  
3 DEXTRAN T 7 0  
4 DEXTRAN T 40 
5 DEXTRAN T 1 0  
6 LACTOSE 
7 MALTOSE 
8 GLUCOSE 
9 GLUTAMINE 

1 0  CITRIC AClD 
11 ASPARTIC AClD 
12 MALlC AClD 
13 SUCClNlC AClD 
14 ASPARAGINE 

- 

LOG Y - 7 65  0 96X 

r l  - 0 88 

13 
1 I 

3.0 4.0 5.0 6.0 7.0 8.0 

RETENTI ON VOLUME Irnl) 

FIGURE 6.1. Calibration Curve for p Bondage1 Column. Inset shows gel filtration chromatogram of retort water. 

Iden t i f i ca t ion  of Satura te  and Aromatic 
TABLE 6.2. Apparent Molecular Weights l M W )  of RI Hydrocarbons in  Shale Oil by Capil lary Gas 

h v 
- ~ 

and UV ~eaks'derived from the Fractionation df Paraho Chromatograp 
Retort Water on p-Bondage1 (See Fig. 6.1 inset). 

Peak or Range 

1 
2 
3 
4 
5 
6 
7 

M W  (UV) 

1.2 x 106+ 630 
2. 630 
2.410 
% 280 
2.210 
2.170 
2.110 

In order t o  be able  t o  e s t ab l i sh  r e l a t ion -  
ships t o  component o r ig in  in the  s tud ies  of 
mobili ty and t o x i c i t y  of r e t o r t  water and 
re tor ted  shale  wastes, character iza t ion of 
the parent shale  o i l  i s  necessary. In t h i s  
study,  some s a t u r a t e  and aromatic hydrocar- 
bons in shale  o i l  derived from the  Paraho 
process were iden t i f i ed  and quant i ta ted  and 



t h e  r e s u l t s  were compared t o  t h e  composi t ion 
and c o n c e n t r a t i o n s  o f  t h e  same components i n  
Prudhoe Bay Crude o i l  (PBC). 

Shale o i l  and PBC were separated i n t o  
s a t u r a t e  and a romat i c  f r a c t i o n s  by s i l i c a  ge l  
chroniatography and each f r a c t i o n  was analyzed 
by temperature programmed g l a s s  c a p i l l a r y  gas 
chroniatography. The q u a n t i t a t i v e  r e s u l t s  o f  
t r i p l i c a t e  a n a l y s i s  o f  b o t h  o i l s  a r e  shown i n  
Tab le  6.3. T o t a l  c o n c e n t r a t i o n s  o f  s a t u r a t e  
hydrocarbons were 4 t imes as h i g h  i n  sha le  
o i l  as compared t o  PBC. Concen t ra t ions  o f  
i n d i v i d u a l  naphthalenes were s i m i l a r  i n  b o t h  
o i l s  w i t h  t h e  e x c e p t i o n  o f  1,7-dimethylnaph- 
t h a l e n e  and severa l  o f  t h e  t r i m e t h y l n a p h t h a -  
l e n e s  which were p resen t  i n  h i g h e r  concen- 
t r a t i o n s  i n  s h a l e  o i l .  The most s t r i k i n g  
d i f f e r e n c e  occur red  w i t h  t h e  t r i a r o m a t i c s  
where no phenanthrene o r  a1 k y l  - s u b s t i  t u t e d  
phenanthrenes were d e t e c t a b l e  i n  shale o i l .  
A l though  q u a n t i t a t i v e  i n f o r m a t i o n  i s  n o t  
a v a i l a b l e  a t  t h i s  t ime,  c o n s i d e r a b l y  g r e a t e r  
c o n c e n t r a t i o n s  o f  a l i p h a t i c  o l e f i n s  were 
i n d i c a t e d  i n  sha le  o i l  f rom q u a l i t a t i v e  
examinat ion o f  t h e  chromatogram o f  t h e  sa tu -  
r a t e  f r a c t i o n .  I n  one a n a l y s i s ,  o l e f i n s  were 
found t o  amount t o  18% o f  t h e  hydrocarbon 
f r a c t i o n  o f  an i n  s i t u  crude sha le  o i l .  
C h a r a c t e r i z a t i o n  o f  components o f  sha le  o i l  
w i l l  c o n t i n u e  w i t h  emphasis be ing p laced  on 
t h e  i d e n t i f i c a t i o n  and q u a n t i t a t i o n  o f  more 
p o l a r  c o n s t i t u e n t s ,  such as o rganon i t rogen  
compounds. Examinat ion o f  these  compounds i n  
l i g h t  o f  compounds i d e n t i f i e d  i n  r e t o r t  water  
w i  1  1  be made. 

Organic  N i t r o g e n  Compounds i n  R e t o r t  Water 

Only a  few p e r c e n t  o f  t h e  w a t e r - s o l u b l e  
o r g a n i c  m a t e r i a l  i n  Paraho r e t o r t  water  a r e  
s o l u b l e  i n  o r g a n i c  s o l v e n t s .  Never the less,  
t h e  o r g a n i c - s o l u b l e  f r a c t i o n s  c o n t a i n  v o l a -  
t i l e ,  l ower  m o l e c u l a r  w e i g h t  o r g a n i c  compo- 
nen ts  which may be o f  impor tance due t o  t h e i r  
s o i l  m o b i l i t y  and b i o l o g i c a l  a c t i v i t y .  
S tud ies  a r e  underway t o  i s o l a t e  and i d e n t i f y  
these  lower  m o l e c u l a r  w e i g h t  components, w i t h  
p a r t i c u l a r  emphasis on t h e  n i t r o g e n - c o n t a i n -  
i ng c o n s t i t u e n t s ,  u s i n g  n i t r o g e n - s p e c i f i c  
c a p i l l a r y  gas chromatography. 

Severa l  e x t r a c t i o n s  o f  a  r e t o r t  wa te r  
sample u s i n g  s o l v e n t s  o f  i n c r e a s i n g  p o l a r i t y  
a t  i n c r e a s i n g  pH va lues  were performed i n  
o r d e r  t o  i s o l a t e  f r a c t i o n s  r i c h  i n  n i t r o g e n  
components. E x t r a c t i o n s  were performed suc- 
c e s s i v e l y  w i t h  i sooc tane ,  cyclohexane, and 
benzene a t  pH 2, 5, 8, and 11. I sooc tane  a t  
pH 8  was shown by gas chromatographic  ana ly -  
s i s  t o  produce a  p a r t i c u l a r 1  y  c l e a n  f r a c t i o n  
which was r e l a t i v e l y  r i c h  i n  o rganon i t rogen  
components. 

TABLE 6.3. Concentrations (mg/gram oil) of Saturate 
and Aromatic Hydrocarbons in  Shale Oi l  and Prudhoe 
Bay Crude (PBC). 

Concentration Concentration 
in Shale Oi l  in  PBC 

Compound (mg/gram oil) (mg/gram oil) 

pristane 
C I ~  

phytane 
C19 

Cl0 
Cl l  
C,l 
C21 
c>4 

C,r 
C l b  

Total Saturates 

Naphthalene 
2-MN 
1-MN 

Total M N  

1-Ethyl + 2-Ethyl- 
naphthalene 

2.6 + 2.7-DMN 
1.3 + 1.6-DMN 
1.7-DMN 
1,4+2,3+1,5-DMN 
1.2-DMN 
Othcr D M h  

Total D M h  

TMh-1 
TMN-2 
TMN-3 
TMN-4 
2.3.6-TMN 
TMN-5 
Other TMN 

Total TMN 

phenanthrene 
MP-1 
MP-2 
MP-3 
MP-4 

Total MP 
D M  P-l 
DMP-2 
DMP-3 
DMP-4 

Total DMP 

MP = methylphenanthrene, DMP = dlmethylphenanthrene 
M N  = methylnaphthalene, uw lN = d~methvlna~hthalene 
TMN = tr~methylnaphthalene 
*not detectable 

"not de tc rm~nrd  



In addit ion to  the  solvent ext rac t ion 
s tud ies ,  sample preparation using high- 
pressure l iqu id  chromatography ( H P L C )  was 
inves t igated .  Ether ex t rac t s  of r e t o r t  water 
were f rac t ionated  according t o  molecular 
weight using th ree  s e r i e s  coupled u-Styragel 
columns (1 000 8 ,  500 A ,  and 100 8 ) .  A vola- 
t i l e  f r ac t ion  enriched in organonitrogen 
components was col lec ted  based on a ca l ib ra -  
t i on  curve developed p a r t i a l l y  from standard 
organoni trogen compounds const i tu t ing f i v e  
compound c l a s ses .  

Samples were analyzed by temperature-pro- 
grammed, g l a s s  capi 1 l a ry  chromatography 
employing a nitrogen/phosphorus detec tor .  
Several nitrogen compounds have been tenta-  
t i v e l y  iden t i f i ed  by re tent ion time matching 
with known standards and employing the  use of 
a computer 1 i  brary containing the  re tent ion 
indices  of 85 organonitrogen compounds. 

The gas chromatograms from appl ica t ion of 
the  above method to  the pH 8.0 isooctane 
e x t r a c t  and the  H P L C  prepared sample a re  
shown in  Figure 6.2 and a l i s t  of those com- 
pounds t e n t a t i v e l y  iden t i f i ed  from these two 
f r ac t ions  a r e  l i s t e d  in Table 6.4.  A con- 
tinued research e f f o r t  wil l  be d i rec ted  
toward pos i t ive  iden t i f i ca t ion  of compounds 
t en ta t ive ly  iden t i f i ed  in the  ext rac t ion 
processes through the  use of cap i l l a ry  gas 
chromatography/mass spectrometry as well as 
o ther  compounds in the complex mixture f o r  
which standards a r e  not commercially 
ava i l ab le .  

CHEMICAL STUDIES - RETORTED SHALE 

Cooperative Study with Colorado S t a t e  
University 

A f i e l d  study designed to  examine problems 
associated with revegetation of a re tor ted  
shale  disposal s i t e  and provide a f i e l d  v a l i -  
dation of predic t ive  models f o r  movement of 
t r ace  metals and organic res iduals  i s  being 
conducted in  cooperation with the Range Scienc 
Department of Colorado S t a t e  Universi ty.  The 
f i e l d  p lo t s  a r e  located in the Piceance Creek 
Basin of Colorado and were prepared by r e -  
moving the  topsoil  and subsoil t o  various 
depths down t o  a maximum of 60 in .  The 
trenches formed were then backf i l led  with lay- 
e r s  of r e to r t ed  shale and covered with a so i l  
overburden to  depths ranging from 0 to 36 in .  

The object ives  of the  PNL phase of the  
Piceance Creek Basin Study a re  to determine: 
1 ) t he  physicochemical properties and homo- 
geneity of the  re tor ted  shale  and so i l  over- 
burdens a f t e r  placement and 2) the change in 
s o l u b i l i t y  and the  overa l l  movement of s a l t s ,  
t r a c e  metals and organic components within 
the  so i l - sha le  p r o f i l e .  

Sampl ing and instrumentation began immedi - 
a t e l y  a f t e r  the  f e r t i l i z i n g  and seeding 
operations were completed t h i s  f a l l .  Soil  
cores of the  p lo t s  were taken using e i t h e r  a 
2 o r  3 in .  coring probe. Porous ceramic cups 
were ins t a l l ed  a t  various depths in the  s o i l -  
shale  p r o f i l e .  The access tubes will  remain 
capped un t i l  the spring of 1978 when they 
will  be used to  e x t r a c t  some of the moisture 
present a t  various depths in the  so i l - sha le  
prof i  1 e .  

The i n i t i a l  analyses performed on the  core 
samples wi l l  include pH, e l e c t r i c a l  conduc- 
t i v i t y ,  ca t ion exchange capaci ty ,  organic 
carbon and t ex tu re .  All analyses will  be r u n  
on both the  replaced so i l  and re to r t ed  shale  
a t  a l l  sampling depths. After the  v a r i a b i l i t y  
of the  p lo t s  i s  determined, subplots wi l l  be 
se lec ted  on the  bas is  of s o i l  propert ies and 
t ranspor t  model parameters will  be measured 
a s  a function of depth. These will  include 
ext rac table  macroelements (exchangeable and 
soluble)  t r a c e  metals,  organic carbon, cation 
exchange capacity and CaC03 content.  

A t  some l a t e r  time (1 to 3 y r ) ,  depending 
upon moisture movement, these parameters will  
again be measured and corre la ted  to  moisture 
movement through the  p ro f i l e .  Measured and 
predicted values will  then be compared. 

In addit ion t o  the  core samples taken f o r  
determining the  homogeneity of the  t e s t  s i t e ,  
i n t a c t  cores of the  p r o f i l e  will  a l so  be 
obtained f o r  the  purpose of modeling, in the 
l a b ,  the  t ranspor t  behavior of soluble 
components. 

Physicochemical Characterization of Retorted 
Shale 

The re tor ted  shale  used in these  s tudies  
was obtained from the Paraho Oil Shale Demon- 
s t r a t i o n  Projec t .  I t  was shipped t o  PNL in 
two s t e e l  b a r r e l s ,  each containing approxi- 
mately 180 kg of spent shale .  The shale was 
screened through a 6.3 mm s ieve  with 29.6% of 

e the  material passing through the  screen.  
Approximately 1000 g of the  < 6.3 mni and > 
6.3 mm material was ball-milled and passed 
through a 100 mesh ( . I 4 9  m m )  s ieve .  

Samples (25 g )  of both the > 6.3 mm and 
< 6.3 mm s i z e  re tor ted  sha le ,  which had passed 
through a 100 mesh screen,  were weighed in to  
500 ml Erlenmeyer f l a sks  and allowed t o  
equ i l ib ra t e  with 250 ml of d i s t i l l e d  water 
f o r  3 days while s t i r r i n g  on a gyratory 
shaker a t  200 rpm. The shale-water suspen- 
sions were then f i l t e r e d  through a .45u 
f i l t e r  and stored in g la s s  bo t t l e s  a t  4°C. 
Preliminary analys is  of the  f i l t r a t e  showed 
the  e l e c t r i c a l  conductivity and pH of the  
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FIGURE 6.2. Gas Capillary Chromatograms of lsooctane pH 8.0 Extract (A)  and Prepared HPLC Extract (B) of Retort Water 
Employing Nitrogen/Phosphorus Detector 

< 6.3 mm m a t e r i a l  t o  be 3400 pmhos/cm and 
12.4, r e s p e c t i v e l y .  I n  c o n t r a s t ,  t h e  f i l -  
t r a t e  f rom t h e  > 6.3 mm s i z e  had an e l e c t r i -  
c a l  c o n d u c t i v i t y  o f  1500 pmhos/cm and a  pH o f  
12.2. T h i s  suggests t h a t  t h e  s o l u b l e  s a l t s  
may be assoc ia ted  w i t h  t h e  s u r f a c e  o f  t h e  r e -  
t o r t e d  s h a l e  and t h a t  t h e  percentage o f  f i n e s  
i n  a  g i v e n  ba tch  o f  shale,  because o f  i t s  
h i g h  s u r f a c e  area, may i n f l u e n c e  t h e  s o l u b l e  
s a l t  c o n t e n t  i n  leacha te .  

These r e s u l t s  were suppor ted by a  second 
exper iment  t h a t  i n v o l v e d  pack ing  pyrex t u b i n g  
hav ing  an I . D .  o f  1.32 cm w i t h  100 g  o f  a i r -  
d r y  sha le  (< 100 mesh) which had beeti mixed I ,  

w i t h  29 ml o f  d i s t i l  l e d  wa te r .  The columns 
were packed t o  a  d e n s i t y  o f  1 .4  g/cm3. The 
m o i s t u r e  i n  t h e  sha le  was then  d i s p l a c e d  w i t h  
e thano l  by m o d i f y i n g  a  procedure used f o r  
d i s p l a c i n g  s o i l  s o l u t i o n s  f rom s o i l  columns. 



TABLE 6.4. Organonitrogen Compounds Tentatively 
~denti f ied(~' in the lsooctane pH 8.0 Extract and HPLC 
Prepared Extract of Retort Water 

lsooctane pH 8 0 Extract: HPLC Prepared Extract: 

Retention Relcnl~on 
Tlme Compound Tim(% C ompou;icl 

2.4-lutidine 
3-ethylpyridine 
2-~sopropylpyridine 
1,2,5-trimethylpyrrole 
2,4,6-trtmethylpyridine 
3,4-lutidine 
N,N-d~methyl aniline 
M-toluidine 
N-ethylaniline 
N-ethylaniline 
2.4-d~methyl a n ~ l ~ n e  
P-ethylaniline 
N,N-dlethylanillne 
8-rnethylqu~noline 

1,2,5-trimethylpyrrole 
2,4,6-trimethylpyridine 
3,4-lutidine 
N-ethylaniline 
2.4-dlrnethyl anlline 
P-ethylan~line 
2,3-dimethtlaniline 
2,3-dimethtlaniline 

tributylamine 
tributylamlne 
trlbutylarnine 
tributylam~ne 
trlbutylarnine 

N,N-d~ethylan~line 
N,N-diethylaniline 
lsoqu~noline 
1-methyl~ndole 
8-rnethylquinol~ne 
2,6-dimethylqu1nol1ne 
3-methylindole 
2-methylindole 
dlphenylarnlne 

(a'ln some instances, different compounds have been assigned 
more than one retent ion time. Final structure and retent ion t ime 
assignment will be  based o n  G U M S  analysis. 

The s h a l e  s o l u t i o n s  d i s  l a c e d  by t h e  ! ethano l  were c o l l e c t e d  i n  ml f r a c t i o n s  and 
analyzed f o r  t h e  presence o f  e thano l .  I n  
columns packed w i t h  sha le  t h a t  were o r i g i -  
n a l l y  < 6.3 mm i n  s i z e ,  t h e  e l e c t r i c a l  con- 
d u c t i v i  t y  ( e . c . )  was 12,500 pmhos/cm w h i l e  
t h e  m a t e r i a l  > 6.3 mm had a  v a l u e  o f  9000 
~\mhos/cm. 

A  second s e r i e s  o f  columns were prepared 
i n  t h e  same manner as t h e  f i r s t ;  however, 
wa te r  was used as t h e  d i s p l a c i n g  s o l u t i o n  
i n s t e a d  o f  e t h a n o l .  The va lues f o r  pH and 
e.c. f o r  t h e  f i r s t  10 ml were e s s e n t i a l l y  t h e  
same as t h e  e thano l  d i s p l a c e d  s o l u t i o n s .  

Work i s  i n  progress u s i n g  dry-packed sha le  
columns th rough  which wate r  i s  be ing pumped 
t o  approximate p e r c o l a t i o n ;  then, t h e  e f f l u -  
e n t  s o l u t i o n s  w i l l  be c o l l e c t e d  and analyzed 
f o r  chemical composi t ion.  

V a r i a b l e s  being examined i n c l u d e  d e n s i t y  
o f  shale,  s i z e  o f  sha le  p a r t i c l e s ,  res idence  
t i m e  o f  t h e  p e r c o l a t e ,  r a t e  o f  d e p l e t i o n  of 
s o l u b l e  components, changes i n  pH, and s a l t  
c o n t e n t  o f  p e r c o l a t e .  A f t e r  pass ing  through 
t h e  column, t h e  p e r c o l a t e  w i l l  be analyzed 
f o r  pH, e l e c t r i c a l  c o n d u c t i v i t y  , o r g a n i c  
carbon, and heavy meta ls  i n  a d d i t i o n  t o  o r -  
gan ic  chemical c h a r a c t e r i z a t i o n  o f  t h e  
leacha te .  

P r i o r  t o  r e c e i v i n g  t h e  r e t o r t e d  s h a l e  f rom 
Paraho a  g l a s s  column was packed w i t h  < 2 mm 
s i z e  r e t o r t e d  s h a l e  f rom t h e  s imu la ted  fi 
s i t u  10- ton r e t o r t  a t  t h e  Laramie Energy 
Research Center .  The h e i g h t  o f  t h e  sha le  
column was 34 cm w i t h  an I . D .  o f  4.05 cm and 
packed t o  a  d e n s i t y  o f  1.06 g/cm3. S i n g l e  
h o l e  rubber  s toppers  were used f o r  end p lugs  
and s h o r t  p i e c e s  o f  g l a s s  t u b i n g  p r o t r u d i n g  
f rom t h e  s toppers  were used t o  connect t h e  
i n f l u e n t  and e f f l u e n t  l i n e s .  A  l a y e r  o f  
g l a s s  wool was added t o  t h e  bot tom o f  t h e  
column t o  p r e v e n t  s o i l  f rom p l u g g i n g  t h e  
i n f l u e n t  l i n e  and t o  f a c i l i t a t e  u n i f o r m  f l o w  
away f rom t h e  source. Upward f l o w  o f  t h e  
i n f l u e n t  was u t i l i z e d  t o  m in im ize  a i r  pockets.  

The i n f l u e n t  s o l u t i o n  (0.01 M, CaC12, pH 7 )  
was pumped i n t o  t h e  column a t  a  r a t e  o f  0.168 
ml /min w i t h  t h e  e f f l u e n t  be ing c o l l e c t e d  i n  
approx imate ly  15 ml f r a c t i o n s  by a  sea led  
f r a c t i o n  c o l l  e c t o r  t o  m in im ize  evapora t ion  
1  osses. 

A n a l y s i s  o f  t h e  e f f l u e n t  (Table 6 .5 )  
i n d i c a t e s  t h a t  an e q u i l i b r i u m  o f  s o l u b l e  
Na and K i n  t h e  sha le  e f f l u e n t  i s  reached 
when approx imate ly  0.25 t o  0.5 o f  t h e  column 
volume has been d i s p l a c e d .  

I t  i s  a l s o  i n t e r e s t i n g  t o  n o t e  t h a t  f o r  
Na, Cu, C r ,  As, and t o t a l  and o r g a n i c  carbon 
t h e r e  i s  a  10- t o  1 2 - f o l d  decrease i n  con- 
c e n t r a t i o n  between t h e  f i r s t  and f i f t h  f r a c -  
t i o n  c o l l e c t e d  which i n v o l v e s  o n l y  a p p r o x i -  
mate ly  0.1 column volumes. S ince t h e  i n f l u -  
e n t  c o n t a i n s  0.01 M CaC12 (400 ppm Ca) t h e  
c o n c e n t r a t i o n  o f  Ca does inc rease  w i t h  each 
f r a c t i o n  b u t  appears t o  have reached an 
e q u i l i b r i u m  a t  approx imate ly  1200 mg/ l .  The 
Ca e q u i l i b r i u m  v a l u e  may be t h e  r e s u l t  o f  
t h e  d i s s o l u t i o n  of CaSO,, b e l i e v e d  t o  be p r e -  
s e n t  i n  t h e  r e t o r t e d  sha le .  

The i n f o r m a t i o n  ob ta ined  f rom t h e  columns 
w i l l  be used t o  p r o v i d e  i n p u t  f o r  computer 
models c u r r e n t l y  be ing  developed t o  h e l p  
p r e d i c t  t r a n s p o r t  behav io r  i n  t h e  f i e l d .  
These models w i l l  eva lua te  Langmuir and 
F r e u n d l i c h  a d s o r p t i o n  isotherms i n  an a t tempt  
t o  e v a l u a t e  a d s o r p t i o n  behav io r  o f  sha le  
components. I n  a d d i t i o n ,  t h e  n i t r o g e n  c y c l e  
as i t  r e l a t e s  t o  t h e  s h a l e - s o i l  p r o f i l e  w i l l  
a l s o  be s t u d i e d  f o r  i n c o r p o r a t i o n  i n t o  t h e  
model. 

The development o f  a  v i a b l e  sha le  o i l  
i n d u s t r y  w i l l  have, as a  byproduct ,  l a r g e  
q u a n t i t i e s  o f  r e t o r t e d  shale t o  d ispose.  
Many s t u d i e s  have shown e leva ted  s a l t  



TABLE 6.5. Properties of the Effluent from a Column Packed with < 2 mm Size Retorted Shale from Simulated In Situ 
Retort and Leached with 0.01M, CaC12, pH7 

Sample 

1 

3 

5 

10 

15 

50 

99 

(Col. Vol.) 

v/vo - 

(0.015) 

(0.056) 

(0.114) 

(0.282) 

(0.442) 

(1.57 ) 

(3.10 0 

Cu Cr As Se Organic C ---- 
. - - - - - - mg/l - - - - - - - - - - - - - - - - .  

1.5 0.15 0.33 - 1430 

0.6 0.03 0.15 - 349 

0.15 0.01 0.03 0.14 120 

0 20 

10 

0.02 0.01 0.01 0.01 4 

0.02 0.01 0.01 0.01 5 

Total Carbon 

con ten ts  i n  leacha tes  f rom spent  shales,  b u t  
few s t u d i e s  have addressed t h e  p o t e n t i a l  
n iob i l  i t y  o f  o rgan ic  o r  o rgan ic -meta l  coni- 
p lexes  o r i g i n a t i n g  f rom sha le  res idues  o r  t h e  
a p p l i c a t i o n  o f  r e t o r t  wa te rs  t o  t h e  sha les .  

The s t u d i e s  underway i n c l u d e  bo th  l a b o r a -  
t o r y  and f i e l d  i n v e s t i g a t i o n s .  A l l  o f  t h e  
i n i t i a l  s t u d i e s  w i l l  emphasize r e t o r t e d  
shales and o t h e r  waste p roduc ts  o r i g i n a t i n g  
f rom t h e  Paraho process.  Leachates f rom 
s imu la ted  f i e l d  p l o t s  a t  A n v i l  P o i n t s  were 
s u p p l i e d  t o  PiIL th rough  t h e  coopera t ion  o f  
t h e  Colorado S t a t e  U n i v e r s i t y  Agronomy 
Department. 

The Colorado S t a t e  U n i v e r s i t y  l y s i m e t e r s  
a t  A n v i l  P o i n t s  have severa l  exper imenta l  
v a r i a b l e s  i n c l u d e d  i n  t h e i r  research  des ign  
(wa te r  a p p l i c a t i o n  r a t e ,  s lope,  and v a r y i n g  
depths o f  s o i l  c o v e r ) .  The da ta  f rom t h e  
f i r s t  y e a r  were i n s u f f i c i e n t  t o  measure t h e  
e f f e c t  o f  these  des ign  v a r i a b l e s  on leach-  
a b i l i t y  o f  e i t h e r  t h e  o r g a n i c s  o r  o rgan ic -  
nietal  conipl exes. P r e l  i m i  n a r y  i n f o r m a t i o n  
which has been o b t a i n e d  f rom t h e  leacha tes  
i n c l u d e s  o r g a n i c  C,  i n o r g a n i c  C, pH, conduc- 
t i v i t y ,  and t r a c e  element c o n c e n t r a t i o n  as a  
f u n c t i o n  o f  c o l l e c t e d  l e a c h a t e  volume. The 
o rgan ic  C c o n t e n t s  o f  l eacha tes  f rom t r e a t -  
ments o f  r e t o r t e d  sha le  o n l y ,  r e t o r t e d  sha le  
p l u s  8 i n .  o f  s o i l  overburden, and a  s o i l  
o n l y  c o n t r o l  a r e  shown i n  F i g u r e  6.3. I n  t h e  
r e t o r t e d  sha le  1  ys imete rs ,  t h e  o rgan ic  c a r -  
bon droped s h a r p l y  and then inc reased  t o  
approx imate ly  170 pg lm l  , remained r e l a t i v e l y  
cons tan t  and then  droped s h a r p l y  a t  2500- 
3000 g a l  o r  approx imate ly  one column volume. 
One e x p l a n a t i o n  o f  t h e  i n i t i a l l y  h i g h e r  
l e v e l s  and t h e  d i s c o n t i n u i t y  a t  approx imate ly  
500-1 000 g a l ,  i n v o l v e s  t h e  use o f  wa te r  
d u r i n g  compaction o f  t h e  bot tom 3 f t  o f  

sha le .  Inc reased  c o n t a c t  t i m e  o f  t h e  wa te r  
and compacted r e t o r t e d  s h a l e  may have i n -  
creased t h e  i n i t i a l  l e v e l s  i n  t h e  l e a c h a t e .  
F u r t h e r  i n s i g h t  i n t o  t h i s  and o t h e r  f a c t o r s  
i n v o l v e d  w i t h  t r a c e  e lement  complexat ion w i l l  
be ob ta ined  d u r i n g  t h e  n e x t  y e a r  and f rom 
c u r r e n t  1  a b o r a t o r y  s t u d i e s .  

Development o f  Chemical React ions,  S t a b i l  i t y ,  
and Transpor t  Clodel o f  O i l  Shale Process 
Wastes i n  S o i l  

A  1  i t e r a t u r e  r e v i e w  e n t i t l e d  "Ground 
Disposal  o f  O i l  Shale Wastes: A  Review w i t h  
Indexed Annotated B i b l i o g r a p h y "  has been 
prepared as a  U.S. DOE r e p o r t .  Tile annotated 
b i b l i o g r a p h y ,  c o n t a i n i n g  o v e r  350 re fe rences ,  
i n c l u d e s  a  genera l  i n t r o d u c t i o n  t o  o i l  sha le  
technology as w e l l  as a  d e t a i l e d  d i s c u s s i o n  
o f  t h e  env i ronmenta l  problems a s s o c i a t e d  w i t h  
ground d i s p o s a l  o f  b o t h  l i q u i d  and s o l i d  o i l  
sha le  wastes. The rev iew shou ld  be p a r t i c u -  
l a r l y  u s e f u l  t o  env i ronmenta l  s c i e n t i s t s  and 
engineers,  s i n c e  ground d i s p o s a l  has been 
proposed f o r  n e a r l y  a l l  t h e  sha le  o i l  wastes 
produced. R e t o r t e d  shales,  s o l u b l e  s a l t s ,  
m i n i n g  wastes, o f f g a s  scrubber ,  and p r e r e -  
f i n e r y  wastes a r e  d iscussed i n  terms o f  
q u a n t i t y  produced, proposed d i s p o s a l  niethod- 
o l o g i e s ,  and p o t e n t i a l  env i ronmenta l  p ro -  
blems. A  manuscr ip t  e n t i t l e d  " O i l  Shale 
Technology and t h e  Envi ronmenta l  Impact o f  
Ground Disposal  o f  O i l  Shale Wastes: A  
Review" has been submi t ted  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 .  T h i s  paper summa- 
r i z e s  t h e  b i b l i o g r a p h i c  i n f o r m a t i o n  and 
d iscusses  f u t u r e  env i ronmenta l  research  needs 
r e g a r d i n g  o i l  sha le  ground d i s p o s a l  . 
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SOIL MICROBIAL STUDIES 

Microbial Colonization of Retorted Shale 

Microbial a c t i v i t y  within re tor ted  shale  
deposits  will  be one of the  principal  f ac to r s  
influencing the s t a b i l i t y  and possible tox i -  
c i t y  of organic residues.  The i n i t i a l  s tud ies  
concerning t h e  microbiologica l aspects of r e -  
tor ted  shale  have centered around the  bacte- 
r i a l  colonization of re tor ted  shale  and the  
bacter ia l  u t i l i z a t i o n  of the  organic residues 
in r e to r t ed  shale  a s  the  so le  source of carbon 
and energy. 

colonies .  The r e s u l t s  from these s tud ies  a r e  
l i s t e d  in Table 6 .6 .  I t  i s  apparent from the  
r e s u l t s  t h a t  t he  to t a l  heterotrophic bacte- 
r i a l  populations of the  two samples were es-  
s e n t i a l l y  equal (1 .1  x l o 7  bacter ia l9  r e to r t ed  
shale  and 1 .3 x l o7  bacter ia l9  so i l  overbur- 
den).  However, i t  i s  of i n t e r e s t  t h a t  30% of 
the  colonies observed with the  r e to r t ed  shale 

TABLE 6.6. Total Heterotrophic Bacteria in Retorted Shale 
and Soil Samples 

The Colorado S t a t e  University lysimeter 
a t  Anvil Points (previous sec t ion )  has been 

Retorted Shale Soil 

designed to  y ie ld  information on a number of ~ i l u t i o n ( ~ )  - T.H.(b) R.c.(~) T.H. R.C. 

physical ,  chemical, and biological  questions 
concerning the  disposal  of r e to r t ed  shale .  10-6 4 2 4 0 

After comoletion, Colorado River water was 10-5 26 9 33 0 
applied t o  the  various p lots  a t  a r a t e  of 0.5 
in . ldav from June 1 t o  Auqust 20, 1977. O n  
June 12, samples f o r  microbiological s tudies  

- 
were removed from p lo t s  containing r e to r t ed  
shale  only and an 8 in .  s o i l  overburden. (a)~amples of 0.10 rnl were applied to agar-plates 

4 Samples of re tor ted  shale and overburden (b)~otal heterotrophic bacterial colonies observed 

so i l  were removed from the top 3 cm of each (average of 4 plates) 

p lo t  and asep t i ca l ly  transported to  P N L .  ( ~ ) ~ o t a l  colony count of a bacteria which formed charac- 

Inoculated o la t e s  were incubated a t  30°C f o r  teristically red colonies on the agar medium used 

A 7 days before enumeration of bacter ia l  

6.11 



sample r e s u l t e d  f rom a  bac te r ium which cou ld  
n o t  be observed on p l a t e s  f rom t h e  s o i l  
sample. 

Resu l t s  s i m i l a r  t o  those found i n  t h e  
f i e l d  s t u d i e s  have been observed i n  l a b o r a -  
t o r y  s t u d i e s .  I n  these  s t u d i e s ,  a  m i x t u r e  o f  
10  g  s t e r i l e  r e t o r t e d  sha le ,  1  g  o f  A n v i l  
c l a y  s o i l  and 1R o f  a  s t e r i l e  s a l t s  s o l u t i o n  
was incuba ted  w i t h  shaking a t  25OC f o r  7 
days. A  c o n t r o l  m i x t u r e  which d i d  n o t  con- 
t a i n  s t e r i l e  r e t o r t e d  sha le  was t r e a t e d  i n  
t h e  same manner. The t o t a l  h e t e r o t r o p h i c  
p o p u l a t i o n  was determined b e f o r e  i n c u b a t i o n  
(0 t i m e )  and a f t e r  t h e  7-day i n c u b a t i o n  
per iod .  No r e d  c o l o n i e s  r e p r e s e n t a t i v e  o f  
t h e  organism observed i n  r e t o r t e d  sha le  
samples f rom t h e  l y s i m e t e r  s t u d i e s  were found 
assoc ia ted  w i t h  t h e  0  t i m e  r e t o r t e d  s h a l e  
p l u s  s o i l ,  0  t i m e  s o i l - o n l y  o r  t h e  7-day 
s o i l - o n l y  n u t r i e n t - a g a r  p l a t e s  used f o r  
b a c t e r i a l  enumerat ion. However, t h i s  organ- 
ism was found a t  a  l e v e l  o f  7.3 x  l o 6  bac- 
t e r i a / m l  o f  m i x t u r e  when t h e  r e t o r t e d  sha le  
p l u s  s o i l  was examined a f t e r  7  days. These 
r e s u l t s  would s t r o n g l y  suggest t h a t  t h i s  o r -  
ganism i s  p r e s e n t  i n  A n v i l  c l a y  s o i l ,  though 
n o t  a t  a  d e t e c t a b l e  l e v e l  and t h a t  i t  can 
u t i l i z e  r e t o r t e d  s h a l e  as a  s o l e  source o f  
carbon and energy.  

These r e s u l t s  emphasize t h e  impor tance 
microorganisms have on t h e  s t a b i l i t y  and 
p o s s i b l e  t o x i c i t y  o f  o r g a n i c  res idues  i n  
r e t o r t e d  sha le .  T h i s  work i s  c o n t i n u i n g  and 
w i l l  be expanded t o  determine t h e  types and 
numbers o f  a d d i t i o n a l  microorganisms which 
develop on r e t o r t e d  sha le  w i t h  env i ronmenta l  
ag ing .  S t u d i e s  a r e  a l s o  be ing  i n i t i a t e d  t o  
measure t h e  r a t e  and e x t e n t  o f  m i c r o b i a l  
decomposi t ion i n  r e t o r t e d  sha le  o f  t o t a l  c a r -  
bon and r e p r e s e n t a t i v e  w a t e r - s o l u b l e  r e s i d -  
u a l  o r g a n i c  compounds. 

M i c r o b i o l o g y  o f  R e t o r t  Water 

Use o f  r e t o r t  wa te rs  i n  t h e  compaction o f  
r e t o r t e d  sha le  a t  d i s p o s a l  s i t e s  has been 
proposed. R e t o r t  wa te rs  f rom t h e  Paraho 
process have been shown t o  c o n t a i n  16% (w/v) 
s o l u b l e  o rgan ics .  The o r g a n i c  components o f  
t h e  r e t o r t  wa te rs  appear t o  be a  unique and 
complex m i x t u r e .  P r e l i m i n a r y  r e s u l t s  i n d i -  
c a t e  t h a t  t h e  o rgan ics  a r e  ex t reme ly  p o l a r ,  
h y d r o p h y l i c ,  p o o r l y  e x t r a c t e d  i n t o  l e s s  p o l a r  
s o l v e n t s  immers ib le  w i t h  wa te r .  

One o f  t h e  p r i n c i p a l  f a c t o r s  i n f l u e n c i n g  
t h e  s t a b i l i t y  and p o s s i b l e  t o x i c i t y  o f  r e t o r t  
waters w i t h i n  r e t o r t e d  s h a l e  d i s p o s a l  s i t e s  
w i l l  be t h e  a c t i v i t y  o f  t h e  ind igenous m i c r o -  
organisms. I n  t h i s  regard ,  s t u d i e s  have been 

i n i t i a t e d  t o  determine t h e  e f f e c t s  o f  r e t o r t  
wa te rs  on microorganisms and t h e  e f f e c t s  o f  
microorganisms on r e t o r t  wa te r .  

The i n i t i a l  s t u d i e s  have p r i m a r i l y  been 
concerned w i t h  t h e  b a c t e r i a l  component o f  
A n v i l  c l a y  s o i l ,  a  s o i l  found i n  t h e  area o f  
proposed r e t o r t e d  sha le  d isposa l  s i t e s .  Eac- 
t e r i a l  i n o c u l a  f o r  growth s t u d i e s  c o n s i s t e d  
o f  e i t h e r  s o i l  o r  a  washed b a c t e r i a l  sus- 
pension prepared f rom s o i l .  Growth c u l t u r e s  
con ta ined  i n  a  f i n a l  volume o f  5  ml ; s a l t  
s o l u t i o n ,  fungizone (30 ~ g / m R ) ,  r e t o r t  wa te r  
(0 - lo%,  v / v )  and e i t h e r  100 mg s o i l  o r  0 .5 ml 
of washed b a c t e r i a l  suspension which con- 
t a i n e d  t h e  b a c t e r i a l  p o p u l a t i o n  t h a t  c o u l d  be 
prepared f rom 100 mg o f  s o i l  . The c u l t u r e s  
were prepared i n  16 x  150 mm t e s t  tubes and 
were incuba ted  a t  25°C as s t a n d i n g  c u l t u r e s .  
Growth was f o l l o w e d  by measuring t h e  i n c r e a s e  
i n  o p t i c a l  d e n s i t y  a t  595 nm w i t h  a  Baush and 
Lomb Spec t ron ic  88@. 

B a c t e r i a l  c u l t u r e s  were observed t o  u t i -  
l i z e  r e t o r t  waters as t h e  s o l e  source o f  C 
and N. T h i s  was e s p e c i a l l y  e v i d e n t  w i t h  
c u l t u r e s  i n o c u l a t e d  w i t h  washed b a c t e r i a l  
suspensions. Very s i m i l a r  growth p a t t e r n s  
were observed w i t h  growth c u l t u r e s  c o n t a i n i n g  
complete s a l t  s o l u t i o n s  and a  s a l t s  s o l u t i o n  
minus KN03. The presence o f  phosphates, 
however, was e s s e n t i a l  f o r  growth.  C u l t u r e s  
c o n t a i n i n g  no phosphate suppor ted o n l y  m i n i -  
mal growth.  

An i n i t i a l  l a g  p e r i o d  o f  no growth was 
observed w i t h  b o t h  t ypes  o f  i n o c u l a .  I n  b o t h  
cases, t h e  l e n g t h  o f  l a g  inc 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  o f  r e t o r t  w a t e r .  
When growth c u l t u r e s  were i n o c u l a t e d  w i t h  
s o i l ,  t h e  c o r r e l a t i o n  between r e t o r t  wa te r  
c o n c e n t r a t i o n  and l e n g t h  o f  l a g  was e r r a t i c .  
However, when a washed b a c t e r i a l  suspension 
was t h e  inoculum, a  l i n e a r  c o r r e l a t i o n  was 
observed ( F i g u r e  6.4) .  An e f f e c t  o f  r e t o r t  
water  c o n c e n t r a t i o n  on maximal g rowth  was 
a l s o  observed. S i m i l a r  r e s u l t s  were again 
observed w i t h  b o t h  types o f  i n o c u l a .  Maximal 
growth occur red  between 2  and 4% ( v / v )  r e t o r t  
wa te r .  Concentrat ions o f  r e t o r t  wa te r  g r e a t e r  
than 4% r e s u l t e d  i n  a  s u b s t a n t i a l  decrease i n  
maximal growth.  These r e s u l t s  suggest t h a t ,  
a l though  b a c t e r i a  grow on r e t o r t  wa te r ,  t h e  
r e t o r t  wa te r  has c e r t a i n  t o x i c  and i n h i b i t o r y  
p r o p e r t i e s  which can a f f e c t  growth.  

An i n i t i a l  e f f o r t  was a l s o  made t o  d e t e r -  
mine which mo lecu la r  we igh t  f r a c t i o n s  o f  t h e  
o r g a n i c s  i n  r e t o r t  water  were be ing  u t i l i z e d  
f o r  b a c t e r i a l  growth. S t a t i o n a r y  growth 
c u l t u r e s  which were prepared w i t h  4% r e t o r t  
waters were f i l t e r e d  th rough  0 . 4 ~  f i l t e r s  and 
t h e  f i l  t r a t e  examined f o r  m o l e c u l a r  we igh t  
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FIGURE 6.4. Concentration Dependence of Retort Water 
on Bacterial Lag Phase 

d i s t r i b u t i o n  o f  t h e  o rgan ics  by HPLC. A  u- 
Bondage1 column was used and t h e  e l u t i o n  o f  
o rgan ics  was mon i to red  by U.V. spect roscopy.  
When t h e  e l u t i o n  p a t t e r n s  d e r i v e d  f rom u n i n -  
o c u l a t e d  c o n t r o l s  were compared w i t h  s t a t i o n -  
a r y  c u l t u r e s ,  t h e  o n l y  observable d i f f e r e n c e s  
occur red  below an apparent  mo lecu la r  we igh t  
o f  400. 

These s t u d i e s  a r e  c u r r e n t l y  be ing  c o n t i n -  
ued and w i l l  be expanded t o  i n c l u d e  s i m i l a r  
s t u d i e s  on t h e  f u n g a l  components o f  s o i l ,  t h e  
m i c r o b i o l o g i c a l  c o l o n i z a t i o n  o f  r e t o r t  water-  
r e t o r t e d  sha le  m ix tu res ,  t h e  m i c r o b i o l o g i c a l  
aspects  o f  v a r i o u s  r e t o r t  wa te r  f r a c t i o n s  
(mo lecu la r  weight ,  i o n i c  and o r g a n i c  s o l v e n t  
s o l u b l e ) ,  and t h e  degrada t ion  o f  i m p o r t a n t  
s o l u b l e  o r g a n i c  compounds i d e n t i f i e d  f rom 
r e t o r t  waters.  

PLANT STUDIES 

P h y s i o l o g i c a l  E f f e c t s  o f  O i l  Shale R e t o r t  
Water on P l a n t s  

I n i t i a l  p l a n t  s t u d i e s  were designed t o  
eva lua te  t h e  e f f e c t s  o f  Paraho r e t o r t  water  
on p l a n t  processes and t h e r e f o r e  enable 
d e f i n i t i v e  i n t e r p r e t a t i o n  o f  t h e  env i ron-  
mental parameters a f f e c t i n g  b o t h  p h y s i c a l  
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  1  u t a n t s  
assoc ia ted  w i t h  o i l  sha le  p rocess ing .  S ince 
an e x t e n s i v e  da ta  base i s  a v a i l a b l e  d e s c r i b -  
i n g  t h e  behavior  o f  m e t a b o l i c  processes i n  
agronomica l l y  i m p o r t a n t  species,  soybeans 
were s e l e c t e d  f o r  p r e l i m i n a r y  s t u d i e s ,  thus 
p r o v i d i n g  a  b a s i s  f o r  f u t u r e  s t u d i e s  u s i n g  
species ind igenous t o  t h e  Piceance Basin.  

H y d r o p o n i c a l l y  grown soybean seed l ings  (25 
day o l d )  were grown i n  t h e  presence o f  0.05, 
0.1, 0.5, 1  .O, and 5.0% (V:V) r e t o r t  wa te r  
pH a d j u s t e d  t o  5.5, t o  determine o v e r a l l  
t o x i c i t y  response. P l a n t s  grown i n  the  
presence o f  > 0.5% r e t o r t  wa te r  e x h i b i t e d  an 
apparent  l o s s  i n  t u r g o r  w i t h i n  12 h r  o f  
t rea tment ,  c h l o r o s i s  occur red  w i t h i n  48 h r .  
T h i s  was f o l l o w e d  by  dea th  o f  p l a n t s  a f t e r  3 
days f o r  t h e  1.0 and 5.0% t rea tments  and 7 
days f o r  t h e  0.5% t rea tment .  The apparent  
t o x i c i t y  o f  r e t o r t  wa te r  t o  p l a n t s  may r e s u l t  
f rom any number o f  phenomena. The observed 
w i l t i n g  and c h l o r o s i s  i n  t r e a t e d  p l a n t s  would 
suggest an a l t e r a t i o n  o f  membrane permeab i l -  
i t y  and/or  m i n e r a l  imbalance. 

To e l u c i d a t e  t h e  mechanism o f  t o x i c i t y  i n  
soybean, 34 day-o ld p l a n t s  were grown i n  0, 
0.05, 0.1, and 0.5% r e t o r t  wa te r  f o r  18 days 
and t h e  t i m e  course o f  wa te r  usage, pi4 o f  
c u l t u r e  s o l u t i o n ,  i o n  uptake, and d r y  m a t t e r  
p r o d u c t i o n  determined.  Water usage by p l a n t s  
c o n t a i n i n g  0, 0.05, and 0.1% r e t o r t  wa te r  ex- 
h i  b i t e d  wa te r  use r a t e s  o f  140 and 320 ml /day 
f o l l o w i n g  1 and 18 days o f  t rea tment ,  respec-  
t i v e l y .  Whi le  wa te r  usage by p l a n t s  on 0.5% 
r e t o r t  wa te r  was reduced t o  < 100 ml /day over  
t h e  18 day p e r i o d .  S i n i i l a r i l y ,  pH o f  n u t r i -  
e n t  s o l u t i o n  (measured d a i l y )  e x h i b i t e d  a  
s i m i l a r  response f o r  t h e  0, 0.05, and 0.1% 
r e t o r t  wa te r  t rea tments .  However, a t  0.5% 
r e t o r t  wa te r ,  i n s t e a d  o f  showing a  c h a r a c t e r -  
i s t i c  inc rease  i n  pH f rom 5.8 t o  ?. 7.0 due t o  
p r e f e r e n t i a l  c a t i o n  uptake, pH decreased 
d a i l y  f rom 5.8 t o  < 4.0. Dry m a t t e r  produc- 
t i o n  by shoots was r e l a t i v e l y  u n a f f e c t e d  a t  
0.05 and 0.1% r e t o r t  water ,  w h i l e  r o o t s  
showed a  10-20% r e d u c t i o n  i n  accumulated 
mass. P l a n t s  grown i n  t h e  presence o f  0.5% 
r e t o r t  wa te r  e x h i b i t e d  a  60% r e d u c t i o n  i n  
accumulated mass i n  b o t h  shoots and r o o t s .  
Since the  observed e f f e c t s  o f  r e t o r t  wa te r  
appear t o  have a  t h r e s h o l d  c o n c e n t r a t i o n  ( i n  
bo th  r o o t  medium and t i s s u e s )  which r e s u l t  i n  
phenotyp ic  changes i n  t h e  p l a n t  (reduced 
water  t r a n s p o r t ,  apparent element t o x i c i t y  o r  
d e f i c i e n c y ,  and r o o t  a b s o r p t i v e  processes) ,  
t h e  r a t e  o f  i o n  uptake was f o l l o w e d  f o r  
p l a n t s  grown i n  t h e  absence and presence o f  
v a r i o u s  c o n c e n t r a t i o n s  o f  r e t o r t  wa te r .  
These data,  when a v a i l a b l e ,  should i n d i c a t e  
whether t h e  observed phenotyp ic  e f f e c t s  o f  
r e t o r t  wa te r  r e s u l t  f rom an o v e r a l l  i n t e r -  
fe rence  w i t h  metabol isn i  and a b s o r p t i o n  p r o -  
cesses o f  t h e  r o o t  o r  t h e  r o o t  a b s o r p t i o n  o f  
some t o x i c  component p r e s e n t  i n  r e t o r t  wa te r  
which e l i c i t  i t s  e f f e c t  on accumulat ion i n  
shoot  t i s s u e s  . 

These p r e l i m i n a r y  s t u d i e s  a r e  designed t o  
determine r e a d i l y  measurable p l a n t  parameters 



which a r e  a f f e c t e d  by components p resen t  i n  
r e t o r t  wa te r .  T h i s  w i l l  p r o v i d e  a  b a s i s  f o r  
sc reen ing  s p e c i f i c  f r a c t i o n s  and components 
i n  r e t o r t  wa te r  f o r  t h e i r  b i o a v a i l a b i l i t y ,  
anu would i n c l u d e  b o t h  p o t e n t i a l l y  t o x i c  
o rgan ics  and o r g a n i c  1  igands capable o f  
co~npl  e x i n g  a ~ i d  a1 t e r i n g  t h e  a v a i l a b i l  i t y  o f  
t r a c e  elements. 

B i o a v a i l a b i l  i t y  o f  Organic  C o n s t i t u e n t s  
Present  i n  R e t o r t  Water 

R e t o r t  wa te r  r e p r e s e n t s  a  complex n i i x t u r e  
o f  p o l a r  o r g a n i c  compounds, which nay e i t h e r  
be accumulated by p l a n t s  and/or  have a  p r o -  
nounced metabo l i c  e f f e c t  on t h e  r o o t  t i s s u e .  
S tud ies  have been i n i t i a t e d  t o  determine 
r e a d i l y  measureable p l a n t  p r o p e r t i e s  which 
can be used i n  e v a l u a t i n g  e f f e c t s  o f  r e t o r t  
water ,  r e t o r t  water  f r a c t i o n s ,  and o t h e r  o i l  
sha le  e f f l u e n t s .  The o b j e c t i v e s  a r e  t o  
c o r r e l a t e  observed changes i n  p l a n t  pa tho logy  
and metabol ism w i t h  t h e  p h y s i c a l  p r o p e r t i e s  
and chemical compos i t i on  o f  sha le  wastes i n  
o r d e r  t o  determine mechanisms o f  b i o l o g i c a l  
t r a n s p o r t  and t o x i c  a c t i o n .  

Methods developed f o r  deter~n- i  n i n g  t h e  
b i o a v a i l a b i l  i t y  o f  t r a c e  meta l  complexes i n  
p l a n t s  a r e  c u r r e n t l y  be ing  employed t o  e v a l -  
u a t e  t h e  b i o a v a i l a b i l i t y  o f  o r g a n i c  com- 
ponents o f  r e t o r t  wa te r  and e v e n t u a l l y  spe- 
c i f i c  compounds. H y d r o p o n i c a l l y  grown, 40- 
day o l d  soybean p l a n t s  were p laced  on f r e s h  
n u t r i e n t  s o l u t i o n  c o n t a i n i n g  0  o r  0.52 r e t o r t  
wa te r .  A f t e r  1  h r ,  p l a n t s  were d e c a p i t a t e d  
and xylem exudate c o l l e c t e d  a t  1  h r  i n t e r v a l s  
f o r  6 h r .  Xylem exudate r e p r e s e n t s  a  t r a n s -  
p o r t  s o l u t i o n  c o n t a i n i n g  n o t  o n l y  i n o r g a n i c  
i o n s  absorbed by  t h e  r o o t ,  b u t  a l s o  a  pathway 
f o r  movement o f  o r g a n i c  compounds produced i n  
t h e  r o o t .  There fo re ,  a n a l y s i s  o f  exudate 
components should p r o v i d e  an i n d i c a t i o n  of 
changes i n  t h e  m e t a b o l i c  s t a t u s  o f  the  r o o t  
r e s u l t i n g  f r o m  t h e  presence o f  r e t o r t  water  
and/or ev idence f o r  t h e  up take  and t r a n s p o r t  
o f  s p e c i f i c  components i n  r e t o r t  wa te r .  

Mo lecu la r  we igh t  d i s t r i b u t i o n s  o f  o r g a n i c  
components i n  exudates o f  c o n t r o l  and t r e a t e d  
p l a n t s  were d e t e r n i i ~ i e d  by h i g h  p ressure  li- 
q u i d  chromat raphy (HPLC) u s i n g  a  u-Bondage1 4 

column (125 17 . Q u a l i t a t i v e  changes i n  
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  we igh t  f r a c t i o n s  
were illoni t o r e d  w i t h  a  d i f f e r e n t i a l  r e f r a c t o -  
meter ( R I )  and UV d e t e c t o r  s e t  a t  254 nm. u 

F i g u r e  6.5 shows t h e  mo lecu la r  w e i g h t  
d i s t r i b u t i o n s  f o r  b o t h  c o n t r o l  and t r e a t e d  a ,  

exudates a t  1  and b n r  i n t e r v a l s .  The exu- 
da te  f r a c t i o n s  were norma l i zed  r e l a t i v e  t o  
t h e  c o n t e n t  o f  t h e  o r i g i n a l  0.5% r e t o r t  wa te r  
s u b s t r a t e  and t h e r e f o r e  r e p r e s e n t  t h e  r e l a -  
t i v e  masses o f  c o n s t i t u e n t s  moving i n  t h e  
xylem stream. A l tnough  a  number o f  s u b t l e  
changes were observed i n  t h e  12 sample s e r i e s ,  - 
one was noteworthy.  F r a c t i o n  A  ( F i g u r e  6.5) 
r e p r e s e n t i n g  a  ma jo r  mass c o n t a i n i n g  compo- 
n e n t  o f  %ZOO MW, was r a p i d l y  l o s t  i n  c o n t r o l  
p l a n t s ,  b u t  o n l y  s l i g h t l y  reduced i n  t r e a t e d  
p l a n t s .  S ince most o f  t h e  mass i n  xylem 
exudate o f  legumes i s  due t o  o r g a n i c  a c i d s ,  
amides and amino ac ids ,  these may be r e p r e -  
sented by f r a c t i o n  A. And, indeed, a n a l y s i s  
o f  g l u t a n i n e ,  c i t r i c  ac id ,  a s p a r t i c  a c i d ,  
m a l i c  ac id ,  s u c c i n i c  a c i d  and asparagine 
showed t h a t  these compounds had r e t e n t i o n  
volumes i n  t h e  range o f  f r a c t i o n  A. The 
con t inued  presence o f  o r g a n i c  a c i d s ,  amides 
and amino a c i d s  i n  exudates o f  t r e a t e d  p l a n t s  
may r e p r e s e n t  a  metabol i c  d i s r u p t i o n  by r e -  
t o r t  water .  I n  f a c t ,  a  ma jo r  e f f e c t  o f  r e -  
t o r t  water  has been shown t o  be a  s i g n i f i c a n t  
r e d u c t i o n  i n  d r y  m a t t e r  p r o d u c t i o n  by r o o t s .  

A n a l y t i c a l  procedures a r e  c u r r e n t l y  be ing  
extended t o  c h a r a c t e r i z e  compounds p r e s e n t  i n  
f r a c t i o n  A  and determine t h e  o v e r a l l  e f f e c t  
o f  r e t o r t  wa te r  on p l a n t  metabol ism.  T h i s  
w i l l  i n c l u d e  changes i n  endogenous compounds, 
and i d e n t i f i c a t i o n  o f  compounds p resen t  i n  
r e t o r t  wa te r  which may be absorbed by r o o t s  
and t r a n s p o r t e d  i n  t h e  xylem. 



r - 

CONTROL ( 6  H R  ) 

- I 

------ 
- 

I I I 

- 

- 

CONTROL ( 1 H R ) 

- 

- 

I 1 

TREATED ( 6  HR ) 

- 

I I I 

TREATED ( 1  HR ) 

------- 

0 1 2 3 4 0 1 2 3 4 

RETENTI ON VOLUME, ml 

FIGURE 6.5. High Pressure Gel Filtration Chromatograms of Xylem Exudate from Control and Treated Plants at 1 Hour 
and 6 Hour Intervals 





Multitechnology - 

and Supporting 
Research Programs 



MULTITECHNOLOGY AND 
SUPPORTING RESEARCH PROGRAMS 

Analysis of Natural Systems 

Quantitative Ecology of Impact Evaluation 

Effects of Water Quality Alterations on Fish Behavior 

Ecological Effects of Combined Aquatic Stressors 

Effects of Energy Systems Effluents on Coastal Ecosystems 

Bioavailability of Energy Effluent Materials in Coastal Ecosystems 

Marine Chemistry of Energy-Generated Pollutants 

In Situ Measurement of Pollutants 

This section includes research efforts that provide information applicable to 
several presently operaIing technologies as well as those being investigated for the 
future. In these technologies the nature of the environmental problem is equally 
applicable to any one technology; e.g., thermal and chemical pollution of water due 
to operation of steam electric plants, whether nuclear, fossil fuel, or gas fired; or, the 
statistical design needed for differentiating a general background of industrial 
pollution from the contributions, if any, arising from operation of an energy facility. 

The two main groups of projects in this category include biomathematical 
effort represented by the first two projects indicated above and aquatic ecological 
studies represented by the remaining 5 projects. 

Biomathematical Projects: These represent important effort in applying 
statistical theory to real-world problems such that appropriate error limits may be 
set when quantitative descriptions of ecological relationships are attempted. Specifi- 
cally four areas of investigation are underway: 1) the application of sampling theory . 
for the reliable measurement of environmental contamination, 2) methods for the 
statistical estimation of wildlife populations, 3) the evaluation of simulation models, 
and 4) statistical approaches for supplying an overview of large environmental data 
sets (e.g., pre- and post-operational monitoring data from steam-electric plants). In 



addition to those projects covered in this section, an additional biomathematical 
project, described in Section 2, concerns the estimation of pollutant inventory at 
contaminated sites. The latter project concerns plutonium estimation at the NTS field 
site, but the approaches are applicable to other pollutants at heavily contaminated 
sites. 

Aquatic Projects: These include both marine and freshwater studies and con- 
cern the bulk of Multitechnology Support effort. Generally, this research is  directed 
at understanding the basic processes involved in the functioning of aquatic eco- 
systems. Several important developments in these programs will more clearly 
pinpoint the likelihood of actual biological impact from aquatic effluents. One 
development is  the use of behavioral end-points for determining what organisms do 
in the natural environment. lsopleths of concentration for heat, gas saturation, or 
chemicals vary with depth and with location from an industrial plant. In vivo tagging 
procedures show that fish and other organisms may, in fact, remain outside the area 
of impact in certain situations. Another development is  the move away from the 
single component bioassay, which is quite unrealistic, to multiple stressor ("syner- 
gistic effects") studies involving response surfaces. For example, we may now pin- 
point a certain combination of heat, chlorine, and nickel concentrations, which when 
acting separately cause little or no mortality, but when acting together, produce 
95-100% mortality. In the marine area, emphasis has been placed on establishing the 
extent of chemical speciation, target tissues, and the extent to which pollutants 
sorbed to sediments become biologically available. Pertinent related work will be 
found, also, in Section 2. 



Analysis of Natural Systems 

Quantitative Ecology of Impact Evaluation 

P r i n c i p a l  I n v e s t i g a t o r s :  L .  L .  Eberhardt  and 
J. II. Thomas 

Techn ic ian :  M. I .  Cochran 

These p r o j e c t s  have con t inued  t o  be devoted t o  deve lop ing  q u a n t i t a t i v e  methods f o r  broad 

use i n  a p p l i e d  and t h e o r e t i c a l  ecology.  The wide a r r a y  o f  techno log ies  t h a t  must be d e a l t  

w i t h  i n  t h e  p resen t  energy programs a l l  have impacts on n a t u r a l  popu la t ions  and man's e n v i r o n -  

ment. These impacts cannot  e f f e c t i v e 1  y  be eva lua ted  w i t h o u t  cons iderab le  improvements i n  

q u a n t i t a t i v e  methodology. We have thus  con t inued  an emphasis on sampling technology as i t  

concerns b o t h  contaminants and animal p o p u l a t i o n s .  Census methods have a l s o  been emphasized, 

s i n c e  t h e y  a r e  e s s e n t i a l  t o  env i ronmenta l  s t u d i e s  and a  cons iderab le  e f f o r t  has been d i r e c t e d  

t o  t h e  e v a l u a t i o n  o f  mechanisms f o r  animal p o p u l a t i o n  r e g u l a t i o n ,  s i n c e  t h i s  i s  a  key i t e m  i n  

" impacts. "  D i r e c t  e v a l u a t i o n  o f  env i ronmenta l  e f f e c t s  o f  energy technology has been a t t a c k e d  

t h i s  y e a r  by  a  d e t a i l e d  r e v i e w  o f  a c t u a l  p re -  and p o s t - o p e r a t i o n a l  d a t a  on a  number o f  s i t e s .  

We thus hope t o  f a c i l i t a t e  t h e  development o f  e f f i c i e n t  and e f f e c t i v e  f i e l d  methodology 

Sampl i n g  f o r  Contaminants 

Our work on sanipl i n g  f o r  contaminants 
con t inues  t o  emphasize i ssues  i n  sampl i n g  
methodology. As we have p o i n t e d  o u t  i n  
severa l  p rev ious  r e p o r t s ,  i t  i s  p o s s i b l e  t o  
cons ider  sampling methodology i n  f o u r  broad 
c a t e g o r i e s :  1  ) d e s c r i p t i v e  sampling, 2 )  
a n a l y t i c a l  sampl i n g ,  3 )  sampling f o r  s p a t i a l  
p a t t e r n ,  and 4)  sampl i n g  f o r  model ing.  The 
a v a i l a b l e  tex tbooks  a r e  m a i n l y  concerned 
w i t h  t h e  f i r s t  two c a t e g o r i e s .  The f i r s t  i s  
t h e  s u b j e c t  o f  t h e  books w i t h  "sarnpl ing l '  i n  
t h e  t i t l e ,  w h i l e  t h e  second, a l though  men- 
t i o n e d  i n  t h e  r e c e n t  sampling books, fa1  1s 
between sampling methodology and t h e  domain 
o f  " h y p o t h e s i s - t e s t i n g "  s t a t i s t i c a l  methods, 
e.g., t h e  a n a l y s i s  o f  va r iance .  

A  technology o f  sampling f o r  p a t t e r n  has 
been e v o l v i n g  i n  t h e  areas o f  m i n e r a l  and 

hydrocarbon e x p l o r a t i o n ,  and has o n l y  v e r y  
r e c e n t l y  reached t h e  s tage where tex tbooks  
a r e  a v a i l a b l e  (Ag te rberg  , 1974). Sampl i n g  
f o r  model ing has evolved l a r g e l y  i n  t h e  areas 
o f  i n d u s t r i a l  research  and exper imenta t ion ,  
w i t h  s t a t i s t i c a l  r e s u l t s  l a r g e l y  a v a i l a b l e  i n  
j o u r n a l s  1  i ke Technometr ics. We have a t -  
tempted t o  d i s c u s s  some o f  t h e  problems i n  
a p p l y i n g  sampl ing f o r  p a t t e r n  t o  rad ionu-  
c l i d e s  and o t h e r  contaminants i n  two r e c e n t  
papers, and have g i v e n  an i l l u s t r a t i o n  o f  t h e  
u t i l i t y  o f  sampling f o r  model ing i n  two 
c u r r e n t  pub1 i c a t i o n s  (Eberhardt ,  1977a, b ) .  

Our f u r t h e r  e f f o r t s  a long  t h e  l i n e s  o f  
sampl i n g  f o r  contaminants have i n c l u d e d  work 
on des ign ing  improved sampling p lans  f o r  use 
a t  t h e  Nevada T e s t  S i t e  and i n  DBER-sponsored 
s t u d i e s  o f  t r a n s u r a n i c  elements. T h i s  work 
i s  descr ibed  i n  g r e a t e r  d e t a i l  e l  sewhere i n  



t h i s  Annual Repor t .  We prepared a  paper 
concern ing  t h e  sampling problems assoc ia ted  
w i t h  t h e  t r a n s u r a n i c  area (Eberhard t  and 
G i l b e r t ,  1978) and p a r t i c i p a t e d  i n  a  workshop 
h e l d  a t  Woods Ho le  i n  A p r i l  1977. We were 
i n v o l v e d  i n  a  second workshop d e a l i n g  w i t h  
sampling i ssues  assoc ia ted  w i t h  con tamina t ion  
problems i n  "microcosm" research,  i n  June 
1977, sponsored by Oregon S t a t e  U n i v e r s i t y ,  
NSF, and EPA. 

We expec t  t o  c o n t i n u e  o u r  c u r r e n t  emphasis 
on sampling f o r  p a t t e r n  i n  an e f f o r t  t o  im- 
p rove  p resen t  methods used i n  a p p r a i s i n g  
con tamina t ion  as needed i n  de te rmin ing  c u r -  
r e n t  l eve1 s  and p l a n n i n g  remedia l  measures, 
i f  r e q u i r e d ,  i n  v a r i o u s  f i e l d  s i t u a t i o n s .  
We a l s o  p l a n  e f f o r t s  t o  p r o v i d e  f u r t h e r  
des igns f o r  t h e  a p p l i c a t i o n  o f  t h e  method- 
o l o g y  o f  sampl ing f o r  model ing t o  areas o f  
DBER concern, inasmuch as i t  con t inues  t o  be 
apparent  t h a t  t h e  e v i d e n t  advantages o f  
" o p t i m a l "  sampl ing schemes f o r  des ign ing ,  
e.g., uptake and r e t e n t i o n  s t u d i e s ,  seem n o t  
t o  be known t o  most researchers  concerned 
w i t h  such problems. 

Mechanisms f o r  Animal P o p u l a t i o n  Regu la t ion  

One o f  t h e  key i ssues  i n  e v a l u a t i n g  t h e  
e c o l o g i c a l  e f f e c t s  o f  any human a c t i v i t y  
(such as energy development) i s  t h e  a b i l i t y  
o f  n a t u r a l  p o p u l a t i o n s  t o  compensate f o r  
v a r i o u s  s t r e s s e s .  The i m p o r t a n t  element i n  
t h e  ecosysteni response i s  t h e  p o p u l a t i o n  o f  a  
g i v e n  spec ies .  The a b i l i t y  o f  p o p u l a t i o n s  t o  
respond s u c c e s s f u l l y  t o  man-made i n s u l t s  i s  
undoubtedly  a  consequence o f  t h e  s e l f - r e g u -  
l a t o r y  mechanism o f  t h e  p a r t i c u l a r  species.  
S ince t h e r e  has been a  cons iderab le  argument 
as t o  t h e  n a t u r e  o f  these mechanisms f o r  30 
y r  o r  more ( "densi  ty-dependence" vs " d e n s i t y -  
independence"),  i t  w i l l  be a p p a r e x  t h a t  t h e  
e x a c t  mechanisms a r e  n o t  known i n  p r e c i s e  
d e t a i l .  Enough i s  known, however, t o  make i t  
e v i d e n t  t h a t  a  c u r r e n t  tendency t o  d iscuss  
energy e f f e c t s  i n  terms o f  t h e  " h e a l t h "  o f  
ecosystems i s ,  g e n e r a l l y ,  r a t h e r  m is lead ing .  
Prevalence o f  d i sease ,  o r  o t h e r  ev idence o f  
t h e  w e l l - b e i n g  o f  i n d i v i d u a l s ,  niay be o n l y  
one f a c e t  o f  t h e  o v e r a l l  complex. 

The ma jo r  a p p l i e d  use o f  densi ty-depen-  
dence as an o p e r a t i o n a l  express ion  o f  popu- 
l a t i o n  s e l f - r e g u l a t i o n  has been i n  f i s h e r i e s  
research  and management. I n  managing c e r t a i n  
f i s h e r i e s ,  e m p i r i c a l  d a t a  on abundance a r e  
used i n  t h e  fo rm o f  a  " s t o c k - r e c r u i t m e n t "  
cu rve .  Two models f o r  such curves have been 
g e n e r a l l y  i n  use, and a r e  known as the  
" R i c k e r "  and "Bever ton and Hol t" curves .  We 

have rev iewed t h e  b a s i s  f o r  these two models 
and found a  connec t ion  t h a t  f a c i l i t a t e s  t h e  
cho ice  o f  a  model f o r  a  p a r t i c u l a r  spec ies -  
p o p u l a t i o n  (Eberhardt ,  1 9 7 7 ~ ) .  

Use of s t o c k - r e c r u i t m e n t  cu rves  depends 
on  t h e  accumulat ion o f  o b s e r v a t i o n a l  d a t a  
ex tend ing  o v e r  i n t e r v a l s  measured i n  decades. 
When such d a t a  a r e  n o t  a v a i l a b l e ,  o t h e r  
approaches must be u t i l i z e d .  A  number o f  
c r i t e r i a  as t o  r e l a t i v e  c o n d i t i o n  o f  a  par -  
t i c u l a r  p o p u l a t i o n  may then  be h e l p f u l ,  
a long  w i t h  models f o r  p o p u l a t i o n  dynamics. 
We have reviewed t h i s  approach f o r  one group 
o f  mama1 i a n  species (Eberhard t  and S i n i f f ,  
1977) and f i n d  t h a t  i t  may be u s e f u l  i n  
d e a l i n g  w i t h  p o p u l a t i o n s  a t  o r  near  maximal 
l e v e l s .  

The u l t i m a t e  goal i n  research  on popula- 
t i o n  r e g u l a t i o n ,  and t h e  consequent under-  
s tand ing  o f  t h e  a b i l i t y  o f  p o p u l a t i o n s  t o  
conipensate f o r  human impacts, i s  n e c e s s a r i l y  
a  much-improved unders tand ing  o f  t h e  b a s i c  
r e g u l a t o r y  processes. F u l l  unders tand ing  
w i l l  r e q u i r e  many years,  i f  p rogress  a long  
these l i n e s  i n  t h e  l a s t  40 o r  50 y r  i s  any 
gu ide .  Much o f  t h e  a v a i l a b l e  d a t a  have been 
d e r i v e d  i n  t h e  a p p l i e d  f i e l d s  o f  entomology 
and f i s h e r i e s  management. Most o f  t h e  spe- 
c i e s  d e a l t  w i t h  i n  those f i e l d s  e x h i b i t  v e r y  
h i g h  r e p r o d u c t i v e  r a t e s .  I t  has seemed 
w o r t h w h i l e  t o  cons ider  t h e  accumulated e v i -  
dence f o r  spec ies  w i t h  much lower  reproduc-  
t i v e  r a t e s ,  i . e . ,  t h e  l a r g e r  mammals. As a  
s t a r t i  ng-pl ace, we have fo rmu la ted  a  gener- 
a l  i z e d  model f o r  s e l f - r e g u l a t i o n  i n  l o n g -  
l i v e d  spec ies .  S t a r t i n g  w i t h  a  p o p u l a t i o n  
a t  a  v e r y  low l e v e l  o f  abundance ( e . g . ,  
a f t e r  i n t r o d u c t i o n  i n t o  a  new, b u t  s u i t a b l e ,  
h a b i t a t ) ,  t h e  model p r e d i c t s  t h e  f o l l o w i n g  
sequence o f  events as r e g u l a t i o n  develops:  

Immature Age o f  
1  i t  > [ f i r s t  r e p r o d u c t i o n  > 

change s h i f t s  

Reproduct ive Adul t 
r a t e  o f  m o r t a l  i t y  

Many d e t a i l s  o f  t h e  model remain t o  be 
eva lua ted .  A  p a r t i c u l a r l y  i m p o r t a n t  f e a t u r e  
i n  p r a c t i c a l  a p p l i c a t i o n s  i s  whether o r  n o t  
the f u l l  sequence o f  events i s  r e q u i r e d  f o r  
r e g u l a t i o n  o f  a  p a r t i c u l a r  species-popula-  
t i o n .  Our c u r r e n t  views appear i n  Eberhard t  
(1977d). 

Perhaps t h e  most i m p o r t a n t  outcome o f  o u r  
i n v e s t i g a t i o n  i s  the  emphasis on re1  a t i v e  



p o s i t i o n  o f  t h e  Maximum S u s t a i n a b l e  Y i e l d  
(MSY) p o i n t  f o r  l o n g - l i v e d  spec ies .  The 
t r a d i t i o n a l    nod el has been t h a t  o f  t h e  l o g -  
i s t i c  g rowth  curve,  f o r  which MSY i s  a t  50% 
o f  maximal l e v e l s .  There i s  ev idence t h a t  
MSY may be a p p r e c i a b l y  below 50% f o r  species 
w i t h  h i g h  r e p r o d u c t i v e  r a t e s  (many species 
o f  f i s h  and most i n s e c t s ) .  However, i t  now 
seems l i k e l y  t h a t  many o f  t h e  l a r g e  mammals 
possess MSY p o i n t s  w e l l  above 50%. The most 
obv ious i m p l i c a t i o n s  o f  such a  f i n d i n g  are:  
1  ) op t ima l  harves ts  a r e  achieved near  maxi -  
mal popu la t ions ,  and 2 )  these  species p r o -  
b a b l y  do n o t  possess t h e  same degree o f  
" r e s i l i e n c e "  t o  env i ronmenta l  impacts shown 
by many o t h e r  p o p u l a t i o n s .  

T ransec t  Methods f o r  P o p u l a t i o n  S tud ies  

Our work on t r a n s e c t  methods has been 
con t inued  t h i s  y e a r  w i t h  t h e  p r e p a r a t i o n  o f  
a  pub1 i c a t i o n  r e p o r t i n g  f i n d i n g s  subsequent 
t o  an e a r l i e r  rev iew.  The focus o f  t h e  
e a r l i e r  work was on 1  i n e  t r a n s e c t s ,  i n  
which a l l  records  o f  an imals  seen i n  t h e  
course o f  f o l l o w i n g  a  t r a n s e c t  l i n e  a r e  used, 
w i t h  a u x i l i a r y  i n f o r m a t i o n  on d i s t a n c e s  and 
d i r e c t i o n s ,  t o  e s t i m a t e  abundance. We have 
s i n c e  broadened t h e  scope o f  i n q u i r y  t o  
i n c l u d e  1  i n e  i n t e r s e c t s ,  f o r  which the  b a s i s  
i s  i n t e r c e p t i o n  o f  an o b j e c t  by a  s t r a i g h t  
l i n e ,  and m o d i f i e d  s t r i p  t r a n s e c t s ,  i n  which 
o n l y  an imals  o r  o b j e c t s  w i t h i n  a  s t r i p  o f  
predetermined w i d t h  a r e  u t i l i z e d  f o r  census 
purposes. 

The ma jo r  c u r r e n t  problems appear t o  be 
those  assoc ia ted  w i t h  t h e  l i n e  t r a n s e c t  
method as  a p p l i e d  t o  censuses of i nan imate  
o b j e c t s ,  o r  t o  an imals  t h a t  do n o t  e x h i b i t  a  
c h a r a c t e r i s t i c  response t o  t h e  o b s e r v e r ' s  
approach (e.g.,  by " f l u s h i n g " ) .  As mentioned 
i n  l a s t  y e a r ' s  Annual Report,  we have been 
recommending a  d i s t r i  bu t i o n - f r e e  method f o r  
a p p l i c a t i o n  i n  such c i rcumstances.  For  
an imals  t h a t  f l u s h ,  o r  o therw ise  d e f i n i t e l y  
respond t o  t h e  o b s e r v e r ' s  approach, t h e r e  i s  
a  " r o b u s t "  method due t o  D. W .  Hayne, w i t h  an 
a p p r e c i a b l y  s m a l l e r  va r iance .  Hayne's 
method i s  a l s o  nonparametr ic ,  i n  t h e  sense 
t h a t  i t  does n o t  depend on assumption o f  a  
p a r t i c u l a r  cu rve  o f  f l u s h i n g - d i s t a n c e s  o r  
s i g h t i n g - d i s t a n c e s .  It i s  based on r a d i a l  
o r  s i g h t i n g - d i s t a n c e s .  There i s ,  however, a  
good deal  o f  r e c e n t  ev idence t h a t  t h e  method 
does n o t  "work" f o r  i nan imate  o b j e c t s  o r  
an imals  t h a t  adopt  a  pass ive  a t t i t u d e  t o  t h e  
observer .  I n  these c i rcumstances,  i t  v e r y  
1  i k e l y  w i l l  be necessary t o  use r i g h t - a n g l e  
d i s t a n c e s  and t o  p o s t u l a t e  a  s i g h t i n g  cu rve  
o r  v i s i b i l i t y  cu rve .  The d i s t r i b u t i o n - f r e e  
method mentioned above does n o t  assume a  

s p e c i f i c  curve,  b u t  i n s t e a d  uses, i n  e f f e c t ,  
two " p e r c e n t i l e s "  o f  t h e  observed d i s t r i b u -  
t i o n  o f  r i g h t - a n g l e  d i s t a n c e s .  

I n  1976, we cooperated i n  t h e  des ign  of a  
v e r y  l a r g e - s c a l e  l i n e  t r a n s e c t  survey o f  
po rpo i  se conducted by t h e  N a t i o n a l  Mar i  ne 
F i s h e r i e s  S e r v i c e  (NOAA, Department o f  
Commerce). Some f i v e  mi 11 i o n  n a u t i c a l  
square m i l e s  were subsequent ly  surveyed by 
two long-range a i r c r a f t  and two NOAA research  
v e s s e l s .  I n i t i a l  examinat ion o f  t h e  d a t a  
( c u r r e n t l y  under  d e t a i l e d  a n a l y s i s )  suggests 
a  f u r t h e r  c o m p l i c a t i o n  i n  t h a t  s i g h t i n g  
probabi  1  i t i e s  appear t o  be s t r o n g l y  c o r r e -  
l a t e d  w i t h  s i z e  o f  t h e  porpo ise  school 
( r a n g i n g  f rom s i n g l e  i n d i v i d u a l s  t o  w e l l  
o v e r  1,000 an ima ls ) .  There i s ,  thus ,  a  need 
f o r  f u r t h e r  research  on t h i s  f e a t u r e ,  which 
makes nonparametr ic  e s t i m a t i o n  ques t ionab le  
due t o  t h e  smal l  sample s i zes  a v a i l a b l e  f o r  
many o f  t h e  school s i z e s .  Undoubtedly t h i s  
phenomenon ho lds  i n  most o f  t h e  c i rcumstances 
where groups o f  an imals  o r  o b j e c t s  a r e  t o  be 
t a l l i e d .  It has been s t u d i e d  f o r  quadra t  
sampling b u t  n o t  f o r  1  i n e  t r a n s e c t s  (Cook and 
M a r t i n ,  1974) .  

Methods and Sample S izes  f o r  P o p u l a t i o n  
S tud ies  

One o f  t h e  most f requen t l y -asked  q u e s t i o n s  
concern ing t h e  des ign  o f  e c o l o g i c a l  surveys 
i s  abou t  sample s i z e .  Our e f f o r t s  t o  p r o v i d e  
some p a r t i a l  answers t o  t h a t  q u e s t i o n  have 
been summarized i n  a  manuscr ip t  (Eberhardt ,  
1977e) and a  summary o f  one segment o f  t h e  
da ta  appeared i n  l a s t  y e a r ' s  Annual Repor t .  
I n  those  i n s t a n c e s  where a  s p e c i f i c  o b j e c t i v e  
f o r  t h e  s tudy  can be assumed, and a  p a r t i c u l a r  
mathematical model p o s t u l a t e d  f o r  t h e  census 
method, a  f a i r l y  s p e c i f i c  answer can be p r o -  
v i d e d  f o r  t h e  sample-size ques t ion .  The 
c h i e f  d i f f i c u l t y  i n  these  c i rcumstances i s  
u s u a l l y  t h a t  o f  j u s t i f y i n g  t h e  assumptions on 
which t h e  mathemat ica l  model r e s t s .  The weak 
p o i n t  here i s  a lmos t  i n v a r i a b l y  t h e  assump- 
t i o n  t h a t  each animal i n  t h e  p o p u l a t i o n  be ing  
censused has t h e  same p r o b a b i l i t y  o f  i n c l u -  
s i o n  i n  a  sampling made a t  some p a r t i c u l a r  
s tage i n  t h e  census. Evidence t h a t  t h i s  
assumption i s  o f t e n  n o t  t e n a b l e  has been 
a v a i l a b l e  f o r  some t i m e  ( c f .  Seber, 1973). 

I n  many c i rcumstances,  no e f f o r t  i s  made 
t o  e s t i m a t e  t h e  a c t u a l  number o f  an imals  
p resen t  on a  s tudy  area.  Ins tead ,  some 
r e l a t i v e  measure o f  abundance i s  u t i l i z e d .  
A  v a r i e t y  o f  such i n d i c e s  a r e  i n  r e g u l a r  
use, based on d i v e r s e  sources ( v i s u a l  and 
a u d i t o r y  c o n t a c t ,  s igns  o f  v a r i o u s  k inds ,  
e t c . ) .  As a  genera l  r u l e ,  t h e  process o f  



c o n v e r t i n g  such i n d i c e s  t o  measures o f  abso- 
l u t e  abundance ( "censuses") ,  depends on t h e  
i n c o r p o r a t i o n  o f  some a d d i t i o n a l  assumptions 
i n t o  a  fo rma l  model, and perhaps on secur ing  
some a d d i t i o n a l  o b s e r v a t i o n a l  da ta .  A l though 
r a t h e r  w i d e l y  used i n  p r a c t i c a l  management, 
i n d i c e s  tend  t o  have a  somewhat u n c e r t a i n  
s c i e n t i f i c  r e p u t a t i o n .  Whether t h i s  i s  
deserved o r  n o t  v e r y  l i k e l y  depends on t h e  
methods used i n  o b t a i n i n g  a  p a r t i c u l a r  index .  
When t h e  d a t a  a r e  c a r e f u l l y  c o l l e c t e d  accord-  
i n g  t o  a  w e l l  though t  o u t  and s tandard ized  
sampling scheme, i t  may w e l l  be t h a t  t h e  o n l y  
s i g n i f i c a n t  d i f f e r e n c e  between an index and a  
p o p u l a t i o n  e s t i m a t e  i s  t h a t  t h e  i n v e s t i g a t o r  
has been r e l u c t a n t  t o  invoke  an assumption 
(such as t h e  equal - p r o b a b i l  i t y - o f - c a p t u r e  
assumption mentioned above) t h a t  he knows t o  
be f a u l t y .  I n  o t h e r  cases, however, an index 
may s imp ly  r e p r e s e n t  haphazard ly  c o l l e c t e d  
d a t a  t h a t  a r e  n o t  o therw ise  usable.  

S ince t h e  c h i e f  problem i n  p o p u l a t i o n  
e s t i m a t i o n  i s  c l o s e l y  assoc ia ted  w i t h  a  
w i d e l y  c o l l e c t e d  and u t i l i z e d ,  b u t  seldom 
analyzed, k i n d  o f  measurement o f  abundance, 
i t  has seemed t o  us t h a t  f u r t h e r  research  on 
t h e  i n t e r s e c t i o n  o f  t h e  two s e t s  i s  i n  o r d e r .  
I n  t h e  paper r e f e r e n c e d  above (Eberhardt ,  
1977e), we have assembled some models f o r  
i n d i c e s  and d a t a  on t h e  r e l a t i v e  v a r i a b i l i t y  
( c o e f f i c i e n t s  o f  v a r i a t i o n )  f r o m  a  wide range 
o f  sources. However, t i m e  a v a i l a b l e  and 
l e n g t h  o f  t h e  p r e s e n t  ms (80 typed pages) 
made i t  i m p o s s i b l e  t o  i n c l u d e  an adequate 
t rea tment  o f  i n d i c e s  per  se. We have begun 
f u r t h e r  r e s e a r c h  devoted t o  t h e  a n a l y s i s  o f  
i n d i c e s  and t h e  q u e s t i o n  o f  t h e  v a l i d i t y  o f  
t h e  assumptions r e q u i r e d  f o r  a b s o l u t e  mea- 
sures o f  abundance. 

B i o s t a t i s t i c a l  Aspects o f  Impact  A n a l y s i s  

We have n e a r l y  completed our  rev iew o f  
s t a t i s t i c a l  methods t h a t  can be a p p l i e d  t o  
a c t u a l  d a t a  s e t s  ob ta ined  a t  n u c l e a r  power 
p l a n t s .  Our e v a l u a t i o n  was designed t o  
assess t h e  advantages, d isadvantages,  and 
1  i m i t a t i o n s  o f  v a r i o u s  q u a n t i t a t i v e  tech-  
n iques which we appl  i e d  a p o s t e r i o r i  t o  da ta  
s e t s  ( a c t u a l  d a t a  a n a l y s i s  was funded by t h e  
Nuclear  Regu la to ry  Commission). We p l a n  t o  
use t h i s  exper ience  so t h a t  we can o f f e r  
methods a p p l i c a b l e  t o  impact  assessment 5 
p r i o r i .  F o r  such methods t o  be u s e f u l  con- 
s i d e r a b l e  a t t e n t i o n  t o  t h e  conduct and des ign  
o f  f i e l d  s t u d i e s  w i l l  be necessary. 

We d iscussed (Annual Report,  1975) o u r  
exper iences w i t h  t h e  s t a t i s t i c a l  a n a l y s i s  o f  
d a t a  where t h e  r a t i o  o f  measurements ( u s u a l l y  
abundance) o f  concern a t  " impacted" s i  t e s  

r e l a t i v e  t o  c o n t r o l  s i t e s  was t h e  v a r i a b l e .  
I n  a d d i t i o n  t h e  use o f  nested unbalanced and 
one-way analyses o f  v a r i a n c e  were covered.  
Thomas (1977) d iscussed t h e  l i m i t a t i o n s  o f  
a n a l y s i s  o f  covar iance,  r e g r e s s i o n ,  nonpara- 
m e t r i c  methods, a r i t h m e t i c  d i f f e r e n c i n g  and 
s i m u l a t i o n  models. I n  Thomas e t  a1 . (5 
submi t ted )  a c t u a l  examples o f  t h e  appl  i c a -  
t i o n s  o f  these methods t o  d a t a  c o l l e c t e d  a t  
t h r e e  n u c l e a r  power p l a n t s  i s  presented.  

Thus, we have i n v e s t i g a t e d  t h e  v a r i o u s  
q u a n t i t a t i v e  and qua1 i t a t i v e  methods we 
be1 i e v e  t o  be u s e f u l  i n  assess ing  d a t a  f rom 
m o n i t o r i n g  s t u d i e s .  From t h i s  exper ience  we 
have been a b l e  t o  d e v i s e  some es t imates  o f  
sample s i z e  needed t o  d e t e c t  s t a t i s t i c a l l y  
s i g n i f i c a n t  changes f o r  lower  t r o p h i c  l e v e l  
organisms. Using those sample s i z e  es t imates  
and one o r  more o f  t h e  s t a t i s t i c a l  analyses 
schemes we have suggested, as w e l l  as a  f i e l d  
des ign  based on the  p robab le  a n a l y s i s  proce-  
dure,  i t  i s  v e r y  l i k e l y  t h a t  changes i n  these 
b i o t a ,  a t t r i b u t a b l e  t o  a  power p l a n t  cou ld  be 
de tec ted  ( i f  they e x i s t ) .  Thus, what has 
been done i n  envi ronmenta l  moni t o r i  ng can 
a p p a r e n t l y  be done i n  a  much more s c i e n t i f i c  
manner r e s u l t i n g  i n  s t a t i s t i c a l l y  d e f e n s i b l e  
a s s e r t i o n s  about  lower  t r o p h i  c  1  eve1 b i o t i c  
changes. These k i n d s  o f  s t u d i e s  a r e  n o t  
enough f o r  most commerc ia l ly  i m p o r t a n t  spe- 
c i e s  because l i t i g a t i o n  has r e s u l t e d  i n  a  
requi rement  f o r  an a s s e s s m e ~ t  o f  t h e  a f f e c t  
o f  c u r r e n t  i n s u l t s  on f u t u r e  p o p u l a t i o n s .  
Whi le  such an assessment v i a  s i m u l a t i o n  
models may be p o s s i b l e ,  a  q u a n t i t a t i v e  assess- 
ment seems beyond t h e  c u r r e n t  s t a t e - o f - t h e -  
a r t  i n  ecology.  

S ince ques t ions  about  e f f e c t s  on f u t u r e  
( f i s h ,  s h e l l f i s h ,  e t c . )  p o p u l a t i o n s  a r e  be ing  
asked about p r o j e c t s  r a n g i n g  f rom n u c l e a r  
power p l a n t s  t o  dams and coal  mines, and 
because m o n i t o r i n g  d a t a  must be c o l l e c t e d  i n  
an a t t e m p t  t o  answer these ques t ions ,  then  a  
more u s e f u l  p l a n  f o r  conduc t ing  env i ronmenta l  
s t u d i e s  needs t o  be dev ised .  We suggest such 
a  procedure i n  F i g u r e  7.1 . 

P r o j e c t e d  p o p u l a t i o n  e f f e c t s ,  about  an 
o r d e r  o f  magnitude below those which a r e  
considered e c o l o g i c a l l y  d e t r i m e n t a l  , found 
year  a f t e r  year  ( f o r  ah agreed p e r i o d  o f  
y e a r s )  can form a  s topp ing  r u l e  f o r  m o n i t o r -  
i ng s t u d i e s  f o r  commerci a1 1  y  i m p o r t a n t  spe- 
c i e s .  Thus, a f t e r  T-years o f  model r e f i n e -  
ment and f i e l d  s t u d i e s ,  an impac t  e s t i m a t e  
t h a t  i s  c o n s i s t e n t l y  an o r d e r  o f  magnitude 
below an assumed e c o l o g i c a l  l y  d e t r i m e n t a l  
l e v e l  c o u l d  c o n s t i t u t e  a  p o i n t  where f i e l d  
s t u d i e s  c o u l d  be te rm ina ted .  However, t h e  
es t imates  o f  key parameters used i n  t h e  model 
must be ob ta ined  f rom we1 1  -designed f i e l d  
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s t u d i e s  conducted so t h a t  a p p r o p r i a t e  e r r o r  
es t imates  a r e  ob ta ined .  These l a t t e r  s t u d i e s  
should be c a r e f u l l y  designed and subsequent ly  
eva lua ted  i n  terms o f  s t a t i s t i c a l  p r e c i s i o n  
( i  .e., a  f r a c t i o n  o f  a v a i l a b l e  l a r v a e  en- 
t r a i n e d  shou ld  be accompanied by a  con f idence  
i n t e r v a l  and t h e  s tudy  repeated severa l  t imes 
d u r i n g  t h e  p a r t  o f  t h e  y e a r  when the  p a r t i c u -  
l a r  species reproduces) .  Other  parameters 
which a r e  i n c o r p o r a t e d  i n  models may i n c l u d e  
age s t r u c t u r e  and assoc ia ted  age s p e c i f i c  
m o r t a l i t i e s ,  as w e l l  as es t imated  egg and 
l a r v a l  l osses  f rom n a t u r a l  m o r t a l i t y .  These 
es t imates ,  as w e l l  as o t h e r s ,  should be ob- 
t a i n e d  as c a r e f u l l y  and a c c u r a t e l y  as t h e  
s t a t e - o f - t h e - a r t  a1 lows.  Those f i e l d  s t u d i e s  
designed t o  e s t i m a t e  parameters t h a t ,  when 
s l i g h t l y  changed, have a  l a r g e  e f f e c t  on 
p o p u l a t i o n  " p r o j e c t i o n s  ," shou ld  r e c e i v e  
e x t r a  s t a t i s t i c a l  des ign  and a n a l y s i s  empha- 
s i s .  F i e l d  s t u d i e s  conducted t o  determine 
some o f  t h e  parameters above w i l l  be exceed- 
i n g l y  d i f f i c u l t  and t h e  l e v e l  o f  p r e c i s i o n  
t h e y  can be expected t o  a t t a i n  may be v e r y  
1  ow. 

I t  shou ld  be s t ressed  t h a t  answers t o  t h e  
q u e s t i o n  (What i s  t h e  e f f e c t  on f u t u r e  popu- 
l a t i o n s ? )  p robab ly  w i l l  n o t  emanate f rom t h e  
program suggested i n  F i g u r e  7.1 any more than 
f rom j u s t  sampling f i s h  and s h e l l f i s h ,  b u t  
some inc reased  understanding b o t h  o f  funda- 
mental ecology and b e t t e r  and more accura te  
s i m u l a t i o n  models shou ld  r e s u l t  i n  more 
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accura te  p r o j e c t i o n s .  Some b e n e f i t s  o f  t h e  
proposal  o u t l i n e d  i n  F i g u r e  7.1 i n c l u d e :  1 )  
a  s topp ing  r u l e  where a f t e r  T-years o f  sup- 
p o r t  o f  a  good q u a l i t y  f i e l d  m o n i t o r i n g  
prograni the  a p p l i c a n t  i s  a1 lowed t o  t e r m i n a t e  
t h e  s t u d i e s ,  2 )  a  chance f o r  some o f  t h e  
i m a g i n a t i v e  s c i e n t i s t s  c u r r e n t l y  do ing  rou-  
t i n e  m o n i t o r i n g  t o  des ign and c a r r y  o u t  f i e l d  
s t u d i e s  which address key ques t ions  i n  popu- 
l a t i o n  ecology,  and 3 )  t h e  o p p o r t u n i t y  f o r  
b o t h  s t a t i s t i c i a n s  and s i m u l a t i o n  modelers t o  
i n s t i t u t e  and/or  d i r e c t  ( o r  a t  l e a s t  suggest 
d i r e c t i o n s  f o r )  p o r t i o n s  o f  f i e l d  work. 

ARE "PROJECTED"POPULATl0N EFFECTS 
BELOW ECOLOGICALLY DnRlMENTAL LEVELS? 

(ONE ORDER OF MAGNITUDE?) 

Since f i e l d  m o n i t o r i n g  programs were i n -  
s t i t u t e d  under the  mandate t o  assess impact  
c a l l e d  f o r  by NEPA i n  1969 l i t t l e ,  i f  any, 
progress has been made toward address ing t h e  
c r u c i a l  p o p u l a t i o n  e f f e c t  i ssue .  The p r o -  
posal out1 i n e d  i n  F i g u r e  7.1 should b r i n g  us 
c l o s e r  t o  t h a t  goal i n  t h e  f u t u r e  than  t h e  
c o n t i n u a t i o n  o f  m o n i t o r i n g  s t u d i e s  as now 
conducted. 

S i n i i l a r i  t y  Analyses 

Wi th  t h e  a v a i l a b i l i t y  o f  a d d i t i o n a l  d a t a  
we have aga in  focused o u r  a t t e n t i o n  on t h i s  
research  t o p i c  (1  975 Annual Repor t )  . When we 
i n c o r p o r a t e d  t h i s  a d d i t i o n a l  da ta ,  we found 
t h a t  the  1  i near r e 1  a t i o n s h i  ps we f o r m e r l y  
proposed may, i n  f a c t ,  be n o n l i n e a r  ( r e s i d u a l  
MS o f  l i n e a r  and l o g i s t i c  f i t s  a r e  39 and 8, 



r e s p e c t i v e l y ) .  However, i f  t h e  a n a l y s i s  i s  
conducted by " c l a s s  o f  e lement"  (e.g.,  t r a n -  
s i t i o n  meta ls ,  a1 k a l i n e  e a r t h s ,  e t c . )  i t  
appears t h a t  more t h a n  one l i n e a r  r e 1  a t i o n -  
s h i p  may be p resen t .  

I n  a  separa te  development i t  was b rough t  
t o  o u r  a t t e n t i o n  t h a t  t h e  express ion  f o r  
average h a l f - t i m e  i s  m a t h e m a t i c a l l y  r e l a t e d  
t o  b i o l o g i c a l  e q u i l i b r i u m  l e v e l  (Dr .  Char les 
Mays, personal  communicat ion).  

T h i s  l a t t e r  v a r i a b l e  i s  c a l c u l a t e d  us ing  
t h e  e n t i r e  e x p o n e n t i a l  r e t e n t i o n  f u n c t i o n  
( c a l c u l a t e d  f rom whole body c o u n t i n g  da ta  
a f t e r  a  s i n g l e  o r a l  i n g e s t i o n  o f  a  rad ionu-  
c l  i d e )  . P r e l  i m i n a r y  research  u s i n g  average 
b i o l o g i c a l  h a l f - t i m e  (wh ich  a l s o  i s  based on 
t h e  e n t i r e  exponen t ia l  r e t e n t i o n  f u n c t i o n )  
gave r e s u l t s  s i m i l a r  t o  those  ob ta ined  u s i n g  
b i o l o g i c a l  e q u i l i b r i u m  l e v e l .  We have p re -  
v i o u s l y  been d iscouraged by t h e  poor s i m i l a r -  
i t y  r a t i o s  ob ta ined  u s i n g  long-component 
b i o l o g i c a l  h a l f - t i m e  ( m o s t l y  because i n t e r -  
spec ies  p r e d i c t i o n s  o f  h a l f  t imes f o r  eco- 
system models was t h e  o r i g i n a l  impetus f o r  
t h e  research) .  Our c u r r e n t  r e s u l t s  u s i n g  
average h a l f - t i m e ,  w h i l e  n o t  d e f i n i t i v e ,  a r e  
encouraging, and we a r e  p r e p a r i n g  a  5 f o r  
j o u r n a l  submiss ion.  

We b e l i e v e  we have shown t h a t  t h e  ideas  o f  
s i m i l a r i t y  a n a l y s i s  appear t o  be p romis ing  
b o t h  as a  method t o  e x t r a p o l a t e  m e t a b o l i c  
d a t a  among nonruminant  spec ies  ( i n c l u d i n g  
man) b u t  a l s o  as a  d e v i c e  t o  determine b i o -  
l o g i c a l  h a l f - t i m e s  f o r  ecosystem a n a l y s i s .  
Whi le  some complex s t a t i s t i c a l  ques t ions  a r e  
as y e t  unresolved,  we a r e  l e d  t o  specu la te  
t h a t  s i m i l a r i t y  r a t i o s  f o r  o t h e r  c lasses  o f  
compounds may be u s e f u l .  

Mar ine  Marr~mal S t u d i e s  

As remarked i n  l a s t  y e a r ' s  Annual Repor t ,  
we have been c o o p e r a t i n g  i n  a  v a r i e t y  o f  
mar ine mammal s t u d i e s .  O r i g i n s  o f  our  i n -  
volvement a r e  v a r i e d ,  i n c l u d i n g  f i e l d  work 
w i t h  A n t a r c t i c  species some years  ago and, 
more r e c e n t l y ,  appointment  o f  L .  L. Eberhard t  
t o  t h e  S c i e n t i f i c  Adv iso ry  Cornnii t t e e  o f  t h e  
U.S. Mar ine Mammal Commission. Relevance t o  
energy development a c t i v i t i e s  i s  bo th  d i r e c t  
( o i l  and m i n e r a l  e x p l o r a t i o n ,  development, 
and t r a n s p o r t ;  "b ioconvers ion"  techniques,  
e t c . )  and i n d i r e c t  (models f o r  impacts o f  
human a c t i v i t i e s  on n a t u r a l  p o p u l a t i o n s ) .  

An i m p o r t a n t  aspec t  o f  t h e  Mar ine Mammal 
Commission work stems f r o m  t h e  f a c t  t h a t  t h e  
enabl i n g  1  e g i s l a t i o n ,  t h e  Mar ine blamnal 

P r o t e c t i o n  A c t  o f  1972, c o n s t i t u t e s  a  p i o -  
n e e r i n g  a t tempt  t o  i n s t i t u t e  ecosystem man- 
agement by l e g i s l a t i v e  mandate. I n  t h e  Ac t ,  
i t  i s  made c l e a r  t h a t  t h e  i n t e n t  o f  Congress 
i s  t o  i n s t i t u t e  management p o l i c i e s  d i r e c t e d  
towards m a i n t a i n i n g  "optimum s u s t a i n a b l e  
p o p u l a t i o n "  (OSP) l e v e l s .  U n f o r t u n a t e l y ,  a  
p r e c i s e  d e f i n i t i o n  o f  OSP and r e l a t e d  terms 
i s  n o t  a v a i l a b l e ,  so a  good dea l  o f  e f f o r t  
has been devoted t o  a t tempts  t o  ach ieve  
work ing  d e f i n i t i o n s .  As t i m e  goes on, such 
d e f i n i t i o n s  a t t a i n  l e g a l  s t a t u s  ( t h r o u g h  
p u b l i c a t i o n  i n  t h e  Federa l  R e g i s t e r ) ,  and 
become precedents f o r  f u r t h e r  l e g i s l a t i o n .  
There are, thus, s t r o n g  reasons f o r  c a r e f u l  
a t t e n t i o n  i n  these f o r m a t i v e  s tages.  Some 
f u r t h e r  d e t a i l s  o f  t h e  problems i n v o l v e d  f o r  
mar ine  mamnials appear i n  Eberhard t  ( 1  977 f )  
and, somewhat more g e n e r a l l y ,  i n  Eberhard t  
(19779). 

Our work w i t h  A n t a r c t i c  s e a l s  has been 
summarized i n  a  r e c e n t  p u b l i c a t i o n  S i n i f f  
e t  a l .  (1977a) and has been extended t o  a  
broader c o n s i d e r a t i o n  o f  problems i n  t h e  con- 
s e r v a t i o n  o f  p o l a r  mar ine  mammals S i n i f f  e t  
a1 . (1977b). The l a t t e r  p u b l i c a t i o n  i n c l u d e s  
c o n s i d e r a t i o n  o f  research ,  management, and 
impacts o f  economic development. An impor-  
t a n t  d i s t i n c t i o n  e x i s t s  between the  n o r t h e r n  
p o l a r  reg ions ,  i n  which resource  e x p l o i t a t i o n  
o f  v a r i o u s  k i n d s  has been underway f o r  some 
t ime,  and t h e  sou thern  r e g i o n s .  I n  t h e  
south,  t h e  o n l y  pas t  e x p l o i t a t i o n  has been 
d i r e c t e d  towards some o f  t h e  mar ine mama1 s  
(whales, f u r  sea ls ,  e lephan t  s e a l s ) ,  b u t  t h e  
p rospec t  o f  m i n e r a l  e x p l o i t a t i o n  i s  now 
s u r f a c i n g .  

Non l inear  Regress ion f o r  E c o l o g i c a l  Data 

As a  p a r t  o f  a  p r o j e c t  t o  e v a l u a t e  s imu la -  
t i o n  models we have begun t o  c o l l e c t  a v a i l -  
a b l e  computer programs which e s t i m a t e  param- 
e t e r s  i n  n o n l i n e a r  r e g r e s s i o n  models. 
Severa l  new programs have been r e c e i v e d  and 
an e x t e n s i v e  b i b l i o g r a p h y  c o l l  e c t e d .  I n  
a d d i t i o n ,  we have e x t e n s i v e l y  rev iewed a  code 
w r i t t e n  a t  Hanford (Learn -L i  k e l y )  w i t h  t h e  
a i d  o f  Dr. P. Doctor  o f  t h e  Energy Systems 
Department. Because most such codes a r e  r u n  
i n  a  batch mode ( u s u a l l y  severa l  t imes b e f o r e  
a  s a t i s f a c t o r y  f i t  o r  f a i l u r e  t o  f i t  r e s u l t s )  
and each r u n  i s  f a i r l y  expensive,  we have 
developed an i n t e r a c t i v e  BASIC code (COMP) 
wh ich  runs on both a  PDP 11/70 o r  PUP 11/34 
computer.  T h i s  c i rcumvents b o t h  t h e  cons id -  
e r a b l e  turnaround t i m e  f o r  ba tch  systems and 
c o s t s l r u n  a r e  ex t reme ly  low on such m i n i -  
computers. R e s u l t i n g  parameter es t imates  can 
be used as guesst imates f o r  more p r e c i s e  
(doub le  p r e c i s i o n  accuracy)  maxi -computer 



codes and t o  o b t a i n  a  f u l l  s u i t e  o f  s t a t i s t i -  
c a l  r e s u l t s  and any d i a g n o s t i c  statements 
which a r e  p r i n t e d  d u r i n g  t h e  f i t t i n g  process 
(sugges t ing  erroneous f i t s ) .  

The program uses t h e  1  i n e a r i z i n g  o r  
T a y l o r  S e r i e s  expansion o f  p a r t i a l  d e r i v a -  
t i v e s .  Therefore,  p a r t i a l  d e r i v a t i v e s  must 
be s u p p l i e d  ( a s  w e l l  as t h e  f u n c t i o n )  by t h e  
user  f o r  any new models n o t  c u r r e n t l y  con- 
t a i n e d  i n  t h e  programs. I t  should be noted 
t h a t  when a  l i n e a r i z i n g  method i s  used t o  
e s t i m a t e  parameters i n  a  n o n l i n e a r  model , a l l  
t h e  usual  procedures o f  l i n e a r  r e g r e s s i o n  
t h e o r y  can be a p p l i e d .  However, t h e  r e s u l t s  
so ob ta ined  a r e  o n l y  v a l i d  i n s o f a r  as t h e  
1  i n e a r i  zed fo rm approxiniates t h e  t r u e  model . 

The o u t p u t  o f  COMP i n c l u d e s  t h e  var iance-  
covar iance  m a t r i x ,  t - t e s t s  f o r  parameters, 
Von Neumann's r a t i o ,  observed, p r e d i c t e d  and 
r e s i d u a l  va lues,  t h e  e r r o r  mean square, and 
an o p t i o n a l  procedure t o  e v a l u a t e  heterosce-  
d a s t i c i t y .  I n  t h e  l a t t e r  procedure t h e  
a b s o l u t e  va lues  o f  t h e  r e s i d u a l s  a r e  f i t  
u s i n g  a  l i n e a r  r e g r e s s i o n  model.  Thus, de- 
v i a t i o n s  which a r e  s i g n i f i c a n t l y  l a r g e r  as X 
i nc reases  ( u s u a l l y  X i s  t ime)  may be de tec ted  
u s i n g  t h e  l i n e a r  r e g r e s s i o n .  One e x p l a n a t i o n  
f o r  such behav io r  may be m u l t i p l i c a t i v e  
r a t h e r  than  a d d i t i v e  e r r o r s .  

The key t o  t h e  system i s  t h e  r e e n t e r a n t  
n a t u r e  o f  t h e  c u r v e  f i t t i n g  r o u t i n e  (a1 lowed 
o n l y  w i t h  an i n t e r p r e t e d  language such as 
BASIC). I n  genera l ,  t h e  user  s u p p l i e s  e s t i -  
mates o f  t h e  parameters f o r  s e l e c t e d  model 
(18  a r e  c u r r e n t l y  a v a i l a b l e ) .  The program 
c a l c u l a t e s  a  requested number o f  i t e r a t i v e  
re f inements  ( h o p e f u l l y  improvements) t o  t h e  
parameter es t imates  i n  an a t t e m p t  t o  m in im ize  
t h e  squared d e v i a t i o n s  between t h e  va lues  
p r e d i c t e d  by t h e  model and t h e  observed data.  
Dur ing  program e x e c u t i o n  t h e  user  can observe 
whether t h e  r e s u l t s  a r e  l o g i c a l .  I f  n o t ,  t h e  
process may be stopped, new parameter e s t i -  
mates t r i e d ,  t h e  c u r r e n t  f i t  examined, t h e  
process o f  i t e r a t i o n  s t a r t e d  again,  o r  a  new 
model s e l e c t e d .  A  d e t a i l e d  u s e r ' s  gu ide f o r  
r u n n i n g  COMP on t h e  PDP 11/34 and 11/70 has 
been prepared (Thomas e t  a1 . , 1977) .  I n  
a d d i t i o n ,  we w i l l  p resen t  o u r  r e s u l t s  a t  t h e  
f a l l  DECUS U.S. Symposium t o  be h e l d  i n  San 
Diego, C a l i f o r n i a ,  29 November - 1  December 
1977. 

Other  A c t i v i t i e s  

As i n  t h e  pas t ,  a  s u b s t a n t i a l  amount o f  
e f f o r t  has been devoted t o  c o n s u l t i n g  and 
s i m i l a r  t e c h n i c a l  s e r v i c e s  t o  o t h e r  p r o j e c t s  
and t o  a  v a r i e t y  o f  program and p r o j e c t  
rev iews .  These i n c l u d e  severa l  proposal  

rev iews f o r  DBER, rev iews  o f  a  number o f  
manuscr ip ts  as reques ted  by j o u r n a l  e d i t o r s ,  
and two pu b l  i shed book rev iews .  

P a r t i c i p a t i o n  on an ICRP panel (Thomas) 
con t inued  t h i s  y e a r ,  and a  s u b s t a n t i a l  e f f o r t  
was devoted t o  r e v i e w i n g  a  proposed EPA docu- 
ment on p l u t o n i u m  con tamina t ion  i n  s o i l s ,  as 
w e l l  as t o  c o n s u l t i n g  on v a r i o u s  s o i l  sam- 
p l i n g  problems l o c a l l y  and a t  o t h e r  s i t e s .  
Several conferences and workshops were a t -  
tended, b o t h  as p a r t  o f  ou r  own program 
e f f o r t s ,  and t o  a s s i s t  o t h e r  p r o j e c t s  i n  
Ecosystems Department. 

Our invo lvement  i n  academic a f f a i r s  has 
i n c l u d e d  v a r i o u s  k inds  o f  c o o p e r a t i o n  w i t h  
severa l  u n i v e r s i t i e s .  Dr. Thomas has been 
s e r v i n g  as a  c o o r d i n a t o r  f o r  a  F las te r ' s  p ro -  
gram i n  b i o l o g y  a t  t h e  J o i n t  Center f o r  
Graduate Study (R ich land)  and has been ap- 
p o i n t e d  as an Ad junc t  Assoc ia te  Pro fessor  a t  
Washington S t a t e  U n i v e r s i t y  . Dr. Eber i i a rd t  
con t inues  as A f f i l i a t e  Pro fessor  a t  t h e  
U n i v e r s i t y  o f  Washington. 
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Effects of Water Quality Alterations on Fish Behavior 

P r i n c i p a l  I n v e s t i g a t o r s :  R. H. Gray and J .  PI. Haynes 

O b j e c t i v e s  o f  t h i s  p r o j e c t  were t o  s tudy  behav io ra l  p a t t e r n s  o f  e c o l o g i c a l l y  o r  economica l l y  

i m p o r t a n t  f i s h .  To min im ize  p o t e n t i a l  e f f e c t s ,  da ta  on f i s h  behav io r  a r e  e s s e n t i a l  f o r  p roper  

des ign  and o p e r a t i o n  o f  thermal and chemical o u t f a l l  and wate r  i n t a k e  s t r u c t u r e s .  The work i s  

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

P r e s s u r e - s e n s i t i v e  rad io f requency  t r a n s m i t t e r s  were used t o  m o n i t o r  behav io r  o f  r e t u r n i n g  

a d u l t  ch inook salmon i n  r e l a t i o n  t o  gas supersa tu ra ted  wate r  on t h e  lower  Snake R i v e r .  Dur ing  

f a l l  and s p r i n g  1977, 40 f i s h  were mon i to red  between t h e  r i v e r  mouth and the  f o u r t h  upstream 

dam. Equal numbers o f  f i s h  served as c o n t r o l s .  Resu l t s  i n d i c a t e d  swimming depths were s i g n i -  

f i c a n t l y  sha l lower  i n  norma l l y  s a t u r a t e d  water  than  t l i e  p rev ious  y e a r  i n  wa te r  supersa tu ra ted  

w i t h  atmospher ic  gases. 

White s turgeon p r e v i o u s l y  tagged w i t h  r a d i o  t r a n s m i t t e r s  were mon i to red  t o  s tudy  l o c a t i o n ,  

seasonal movement, and behav io r  o f  a  va lued species i n  a  s e c t i o n  o f  t h e  Columbia R i v e r  i n f l u -  

enced by two h y d r o e l e c t r i c  dams and thermal l o a d i n g  f rom a  n u c l e a r  power p l a n t .  A d d i t i o n a l  

s turgeon were tagged w i t h  temperature-sensi  t i v e  transni i  t t e r s  and mon i to red  t o  e v a l u a t e  thermal 

p re fe rence .  Resu l t s  i n d i c a t e d  a l l  s i z e  c lasses  p r e f e r r e d  f r e e - f l o w i n g  areas o f  t h e  r i v e r  and 

were r e l a t i v e l y  i n a c t i v e  i n  w i n t e r .  Host  movement occurred -in summer. D i u r n a l  v a r i a t i o n s  i n  

env i ronmenta l  temperatures and p o s i t i o n s  o f  s turgeon tagged w i t h  tempera tu re -sens i t i ve  t r a n s -  

m i t t e r s  i n d i c a t e d  movement i n t o  sha l low s h o r e l i n e  areas a t  n i g h t .  

Data on t h e  ins tan taneous  response o f  j u v e n i l e  chinook salmon encoun te r ing  a  s imu la ted  r i v e r  

thermal plume i n t e r f a c e  were pub l i shed  i n  t h e  open l i t e r a t u r e  and presented and d iscussed a t  

two symposia. 

Depth D i s t r i b u t i o n  o f  Chinook Salmon i n  
Re1 a t i o n  t o  Gas Supersaturated Water 

S tud ies  t o  m o n i t o r  behav io r  o f  r e t u r n i n g  
a d u l t  ch inook salmon (Oncorhynchus ts l rav~y ts -  
cha)  i n  r e l a t i o n  t o  gas supersatured water  i n  
t h e  Snake R i v e r  con t inued  i n  FY-77. Pro- 
cedures and r a t i o n a l  f o r  t h e  s tudy  were 
d e t a i l e d  i n  p rev ious  Annual Repor ts .  P r e v i -  
ous r e s u l t s  had i n d i c a t e d  f i s h  spent  more 

than 85% o f  t h e i r  t i n e  below t h e  c r i t i c a l  
s u p e r s a t u r a t i o n  zone d u r i n g  a  h i g h  r u n o f f  
y e a r .  

FY-77 e f f o r t s  eva lua ted  swimming depths o f  
ch inook salmon i n  t h e  absence o f  supersatu-  
r a t e d  wate r .  Dur ing  f a l l  1976, w i t h  gas 
s a t u r a t i o n  va lues  o f  101%, 9  f i s h  c a r r i e d  
i n t e r n a l  p r e s s u r e - s e n s i t i v e  r a d i o  t r a n s m i t -  
t e r s  and meta l  co re  anchor tags .  Ten c o n t r o l  



f i s h  c a r r i e d  o n l y  meta l  c o r e  anchor t a g s .  
Comparison o f  t r a v e l  t in ies and p e r c e n t  pas- 
sage a t  upstream dams suppor ted p rev ious  
conc lus ions  t n a t  i n t e r n a l  t a g g i n g  a f f e c t e d  
upstream movement. Thus, e x t e r n a l  tags were 
used i n  s p r i n g  1977. I n  s p r i n g  1977, w i t h  
gas s a t u r a t i o n  va lues  o f  107%, 30 f i s h  had 
e x t e r n a l  p ressure  t r a n s m i t t e r s  and anchor 
t a g s .  A d d i t i o n a l l y ,  an equal number o f  f i s h  
were anchor tagged o n l y  as c o n t r o l s .  

Swimming depths o f  f a l l  1976 and s p r i n g  
1977 ch inook salmon were sha l lower  (Tab le  7 .3 )  
than  those  o f  s p r i n g  1976 f i s h ,  and t h e  d i f -  
ferences were s i g n i f i c a n t  (p<0.05). Our 

TABLE 7.3. Depth Distribution of Chinook Salmon 
Tagged Externally or  Internally wi th Pressure Sensitive 
Radio Transmitters in the Snake River 

Percent Time at Depth 
Spring 1976(a) Fall 1976(b)~pring 1977(c) -- 

External Internal Internal ExternaT 
Depth, m 

0-1 
1-2 
2-3 
3-4 
4-5 
5-6 
6-7 
7-8 
8-9 
9-10 

10-11 
11-12 
12-13 

>13 

Tags 

2.9 
7.4 

12.0 
7.1 

21 .I 
10.2 
6.5 
4.9 
9.5 
7.1 
5.1 
4.3 
0.6 
1.1 

Tags 

2.4 
9.4 

17.1 
12.3 
10.8 
11.3 
4.3 
4.2 
7.6 
2.3 
2.8 
4.6 
8.9 
1.9 

Tags Tags -- 
22.5 10.9 
13.2 19.8 
21.2 18.3 
9.9 13.4 

13.9 9.8 
7.9 8.3 
4.0 6.0 
4.6 4.0 
2.0 3.0 
0.7 2.8 
0.0 1.3 
0.0 0.8 
0.0 0.8 
0.0 0.9 

Number of 
Fish 12 14 9 30 

Number of 
Depth 
Recordings 1444 1246 151 2761 

Mean 
Depth 5.7 5.8 3.1 3.8 

(a)~tmospher ic Gas Saturation in  the Snake River ranged 
from 124-129% 

(b)~tmospher ic Gas Saturation in the Snake River was 
about 101% 

(C)~tmospher ic Gas Saturation in  the Snake River ranged 
from 106-107% 

s i t u  s t u d i e s  showed a d u l t  ch inook salmon swam - 
deeper i n  supersa tu ra ted  wate r  than  i n  n o r -  
m a l l y  s a t u r a t e d  wate r  and, thus ,  avoided 
p o t e n t i a l l y  l e t h a l  c o n d i t i o n s .  I n  a l l  cases, 
mean dep th  o f  t r a v e l  was below t h e  c r i t i c a l  
zone. 

Resu l t s  o f  t h i s  work have been p u b l i s h e d  
i n  t h e  open 1  i t e r a t u r e ,  submi t ted  f o r  publ  i- 
c a t i o n ,  r e p o r t e d  a t  s c i e n t i f i c  meet ings and 
w i l l  appear i n  a  d o c t o r a l  d i s s e r t a t i o n .  
A d d i t i o n a l  manuscr ip ts  a r e  i n  p r e p a r a t i o n .  

Seasonal Loca t ion ,  D i s t r i b u t i o n  and Movement 
o f  White Sturgeon -in t h e  Hanford Reach o f  t h e  
Col umbia R i v e r  

S t u d i e s  t o  m o n i t o r  seasonal l o c a t i o n ,  
d i s t r i b u t i o n  and movement o f  w h i t e  s tu rgeon  
(Acipenser  transmontanus) i n  t h e  Hanford 
Reach o f  t h e  Columbia R i v e r  con t inued  i n  
FY-77. Procedures and r a t i o n a l e  f o r  t h i s  
s tudy  were d e t a i l e d  i n  l a s t  y e a r ' s  Annual 
Repor t .  T h i s  year ,  a d d i t i o n a l  f i s h  were i n -  
strumented w i t h  r a d i o  t r a n s m i t t e r s  y i e l d i n g  
i n f o r m a t i o n  on p o s i t i o n  and 12 s tu rgeon  were 
tagged w i t h  temperature s e n s i t i v e  t r a n s m i t -  
t e r s  t o  e v a l u a t e  thermal  p re fe rence  i n  t h i s  
s e c t i o n  o f  t h e  Colunibia R i v e r .  N o n i t o r i n g  o f  
these and p r e v i o u s l y  ins t rumented  s tu rgeon  
occur red  i n  FY-77 and w i l l  c o n t i n u e  f o r  t h e  
d u r a t i o n  o f  t r a n s m i t t e r  1  i f e .  Resu l t s  i n d i -  
c a t e  a1 1  s i z e  c lasses  p r e f e r  f r e e - f l o w i n g  
areas o f  t h e  r i v e r  and a r e  r e l a t i v e l y  i n a c -  
t i v e  i n  w i n t e r .  Host  movement occurs i n  
summer. P r e l i m i n a r y  temperature da ta  show a  
d i u r n a l  c y c l e  and suggest s turgeon spend t h e  
evening i n  shal low,  warmer s h o r e l i n e  areas 
p o s s i b l y  t o  feed.  

2 e s u l t s  o f  t h i s  work have been submi t ted  
f o r  open l i t e r a t u r e  publ  i c a t i o n  and w i l l  
appear i n  a  d o c t o r a l  d i s s e r t a t i o n .  Addi -  
t i o n a l  n ianuscr ip ts  a r e  i n  p r e p a r a t i o n .  

I n i t i a l  Response o f  J u v e n i l e  Cninook Saln~on 
t o  a  Simulated R i v e r  Thermal Plume I n t e r f a c e  

Experiments t o  e v a l u a t e  i n i t i a l  responses 
o f  j u v e n i  l e  c h i  nook salmon (Oncorhynchus 
tshawytscha)  t o  s imu la ted  thermal e f f l u e n t  
were te rm ina ted  a t  t h e  end o f  FY-76 and 
r e s u l t s  g i v e n  i n  l a s t  y e a r ' s  Annual Repor t .  
E f f o r t s  con t inued  i n  FY-77 t o  publ  i s h  and 
d i s c u s s  t h e  i m p l i c a t i o n s  o f  p r o j e c t  r e s u l t s  
i n t h e  open 1  i t e r a t u r e  and two symposi a. 



Ecological Effects of Combined Aquatic Stressors 

P r i n c i p a l  I n v e s t i g a t o r s :  D .  R.  Anderson, C. D. Becker and 
M. J. Schneider 

Technica l  Ass is tance :  S .  A. Bar rac lough  and M.  L .  Wol ford 

The t i t l e  o f  t h i s  program represen ts  two ~ i a j o r  research  areas f o r m a l l y  separate p r o j e c t s ,  

now combined under one t i t l e .  T h i s  combinat ion represen ts  a  r e c o g n i t i o n  o f  t h e  c l o s e  r e l a t i o n -  

s h i p  o f  t h e  i n f o r m a t i o n  each i s  genera t ing .  The program t i t l e s  f o r m e r l y  used were: " E f f e c t s  

o f  Thermal Discharges on Aqua t i c  B i o t a "  and "Combined E f f e c t s  o f  Waste tleat and Envi ronmenta l  

Fac to rs  A c t i n g  i n  Concer t . "  

The former was designed t o  measure thermal i n j u r y ,  l a t e n t  and man i fes t ,  i n  f i s h  and o t h e r  

organisms i m p o r t a n t  i n  a q u a t i c  food  cha ins .  The l a t t e r  makes use o f  such thermal d a t a  t o  de- 

te rm ine  when and how mu1 t i p l e  p o l l u t a n t s ,  i n c l u d i n g  thermal increments,  a f f e c t  f i s h .  A  key 

concept emerging f rom these  s t u d i e s  i s  t h a t  o f  m u l t i p l e  s t r e s s o r s ;  i . e . ,  where severa l  p o l l u -  

t a n t s  each, a t  " s u b l e t h a l "  concen t ra t ions ,  a c t  t o g e t h e r  t o  cause s i g n i f i c a n t  a b n o r m a l i t y  o r  

death. T h i s  i s  p robab ly  t h e  t y p i c a l  s i t u a t i o n  where env i ronmenta l  impact  becomes m a n i f e s t .  

The ma jo r  e f f o r t  i n  t h e  former p r o j e c t  area has been t h e  p u b l i c a t i o n  o f  i n f o r m a t i o n  ga th -  

ered t o  d a t e .  One paper has been pub l i shed  t h i s  year ,  one submit ted,  and a  t h i r d  i s  under- 

go ing r e v i e w .  A  hypo thes is  which cou ld  d e l i n e a t e  t h e  stamina l i m i t a t i o n  o f  f i s h  under v a r i o u s  

s u b l e t h a l  s t r e s s  i s  c u r r e n t l y  be ing  t e s t e d .  

I n  t h e  l a t t e r  p r o j e c t ,  t h e  s t u d i e s  o f  combined e f f e c t s  o f  m u l t i p l e  chemical and thermal  

parameters, i n  a  s i n g l e  b ioassay,  r e p r e s e n t  a  r e l a t i v e l y  new area o f  research.  One o f  t h e  

v e r y  i n t e r e s t i n g  f i n d i n g s  i n  t h i s  research  i s  a  heightened t o x i c i t y  o f  t 4 i  caused by r a t h e r  low 

concen t ra t ions  o f  c h l o r i n e .  Work i s  based on f low- th rough  b ioassays,  us ing  nu1 t i p l e  tempera- 

t u r e s  and chemical species.  Rainbow t r o u t ,  Sal~no g a i r d n e r i  , and coho salmon, Oncorhynchus 

k i s u t c h ,  were assayed. D u r i n g  the  n e x t  phase o f  t h e  program, s u b l e t h a l  parameters such as 

growth, b ioaccuniu la t ion and t i s s u e  d e s t r u c t i o n  w i l l  be measured i n  response t o  t h e  low l e v e l ,  

s u b l e t h a l  t o x i c a n t  dosages. 



E f f e c t s  o f  Water Temperature on Excercise,- 
B lood Glucose and L a c t a t e  o f  Rainbow T r o u t  

A  v a r i e t y  o f  env i 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  metabol 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  response t o  s t r e s s .  
Two o f  t h e  more i m p o r t a n t  f a c t o r s  a r e  water  
temperature and t h e  l e v e l  o f  f i s h  a c t i v i t y .  
The purpose o f  t h i s  s tudy  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  o f  f a t i g u e  and water  
temperature on f i s h  t o l e r a n c e  t o  s t r e s s .  
T h i s  p r o j e c t  assesses the  combined e f f e c t  o f  
induced swimming and exposure t o  thermal 
s t r e s s  on t h e  performance a b i l i t y  o f  f i s h  and 
p h y s i o l o g i c a l  parameters, b l o o d  l a c t a t e  and 
g lucose.  

The ma jo r  e f f o r t  o f  t h e  pas t  y e a r  has been 
t h e  p u b l i c a t i o n  o f  t h e  l a r g e  volume o f  i n f o r -  
mat ion  developed by t h e  r e s e a r c h  e f f o r t s  t o  
da te .  A  paper e n t i t l e d  "Trap Tank f o r  Non- 
t r a u m a t i c  S e r i a l  Sanipl-ing o f  F i s h  Stocks i n  
P h v s i o l o q i c a l  S t u d i e s "  was oubl i shed i n  t h e  
J U ~ ~  1977 i s s u e  o f  t h e  p r o g r e s s i v e  F i s h  
C u l t u r i s t .  

The c o n s t r u c t i o n  d e t a i l s  o f  a  dev ice  which 
a l l o w s  unbiased sampl ing o f  f i s h  f o r  phys io -  
l o g i c a l  s t u d i e s  a r e  descr ibed .  The dev ice  
c o n s i s t s  o f  two r e c t a n g u l a r  tanks,  connected 
by a  t u n n e l ,  which c o n t a i n  a  t r a p  door i n  t h e  
f l o o r .  A  s i n g l e  f i s h  swimming t l ~ r o u g h  t h e  
tunne l  can be removed by opening t h e  t r a p  
door ;  t h e  t u n n e l  i s  i s o l a t e d  f rom t h e  two 
tanks  by f l a p - v a l v e  doors when t h e  t r a p  
door  opens. E lood g lucose and l a c t a t e  l e v e l s  
o f  f i s h  s e r i a l l y  removed f rom t h e  t a n k  remain 
s t a b l e  th roughou t  t h e  sampl ing day. 

A  second paper e n t i t l e d  " E f f e c t s  o f  Water 
Temperature and Exerc ise  o f  F i s h  Energy 
Metabol ism" has been submi t ted  f o r  pub1 i c a -  
t i o n  and i s  c u r r e n t l y  undergoing rev iew.  
T h i s  paper d iscusses  t h e  combined e f f e c t  o f  
a c u t e  s u b l e t h a l  hea t  s t r e s s  and enforced 
swimming a c t i n g  i n  c o n c e r t .  Rainbow t r o u t ,  
Salmo g a i r d n e r i ,  a c c l i m a t e d  t o  12°C were 
exposed t o  12, 17, 22 and 27°C w h i l e  s imu l -  
t a n e o u s l y  responding t o  two l e v e l s  o f  exer -  
c i s e ,  s t a t i c  (no  swimming) and swimming a t  
c r u i s i n g  speed. P7easurements o f  b lood  g l u -  
cose and l a c t a t e  l e v e l s  were taken a t  the  end 
o f  a  30 min swiniming p e r i o d .  The b lood  
g lucose  l e v e l s  a t  12 and 17°C appear una f -  
f e c t e d  by  temperature;  a t  22 and 27°C t h e  
g lucose e l e v a t i o n  i s  s i g n i f i c a n t .  A  s i m i l a r  
p a t t e r n  was seen i n  t h e  l a c t a t e  determina-  
t i o n s  w i t h  s i g n i f i c a n t  e l e v a t i o n  o c c u r i n g  
o n l y  a t  27°C. An i n t e r a c t i o n  o f  e x e r c i s e  and 
temperature was found i n  t h e  b lood  g lucose  
and i n  t h e  performance o f  t h e  t r o u t .  I t  i s  
hypothesized t h a t  t h e  f a i l u r e  o f  t r o u t  t o  
complete t h e  exerc ise - tempera tu re  regimen may 

be due t o  t h e  development o f  t i s s u e  hypoxia 
r a t h e r  than  t h e  b u i l d u p  o f  b lood  l a c t a t e .  

The a f f e c t  o f  temperature a c c l i m a t i o n  on 
t h e  b lood  chemis t ry  parameters, g lucose  and 
l a c t a t e ,  a r e  d iscussed i n  a  t h i r d  paper .  
T h i s  manuscr ip t  has been d r a f t e d  and i s  c u r -  
r e n t l y  undergoing r e v i e w  by a p p r o p r i a t e  PNL 
s t a f f .  We a n t i c i p a t e  s u b m i t t a l  o f  t h e  manu- 
s c r i p t  b e f o r e  t h e  end o f  t h e  ca lendar  y e a r .  

An i m p o r t a n t  hypo thes is  was developed 
d u r i n g  t h e  a n a l y s i s  o f  t h e  d a t a  d iscussed  i n  
t h e  second paper ( a b s t r a c t e d  above) .  The 
development o f  t h i s  hypo thes is  i s  a  s i g n i f i -  
c a n t  p o i n t  o f  p rogress  because i f  v e r i f i e d ,  
i t  w i l l  e x p l a i n  t h e  p h y s i o l o g i c a l  b a s i s  f o r  
f a i l u r e  o f  f i s h  s tamina under combined s t r e s s  
o f  swimming and e l e v a t e d  temperature.  T h i s  
i n f o r m a t i o n  would p r o v i d e  t h e  necessary da ta  
base t o  s u b s t a n t i a t e  eng ineer ing  d e c i s i o n s  
r e g a r d i n g  a l l o w a b l e  d ischarge  temperatures i n  
f l o w i n g  waters.  It i s  t h e  t e s t i n g  o f  t h i s  
hypo thes is  t h a t  we w i l l  n e x t  address. Should 
t h e  hypo thes is  p rove  c o r r e c t ,  i t  w i l l  be use- 
f u l  t o  t h e  unders tand ing  o f  f i s h  performance 
c a p a b i l i t y  under p h y s i o l o g i c a l  s t r e s s ,  p a r -  
t i c u l  a r l  y  s t r e s s o r s  o t h e r  than terrlperature 
and e x e r c i s e  which i n t e r f e r e  w i t h  oxygen up- 
t a k e  and t r a n s f e r ,  e.g.,  chemical t o x i c a n t s .  

The Combined E f f e c t s  o f  N i c k e l ,  C h l o r i n e  and 
Temperature on Rainbow T r o u t  and Coho Salmon 

The combined e f f e c t s  program i s  des igned 
t o  q u a n t i f y  t h e  combined a c t i o n  o f  thermal  
s t r e s s  and two chemical p o l  1  u t a n t s ,  n i c k e l  
and c h l o r i n e ,  on t h e  p h y s i o l o g y  o f  ra inbow 
t r o u t ,  Salmo g a i r d n e r i ,  and coho salmon, 
Oncorhy* k i s u t c h .  These cheni ical s  were 
s e l e c t e d  because o f  c h l o r i n e ' s  use as a  b i o -  
c i d e  and t h e  use o f  n i c k e l  i n  a  l a r g e  per -  
centage o f  t h e  t y p e s  o f  condenser t u b i n g  i n  
steam e l e c t r i c  s t a t i o n s .  The a f f e c t  o f  
temperature on t h e  t o x i c i t y  o f  these two 
components i s  be ing s t u d i e d  due t o  t h e  t h e r -  
mal component n o r m a l l y  a s s o c i a t e d  w i t h  e f -  
f l u e n t s  f rom steam e l e c t r i c  s t a t i o n s .  

The use o f  t h e  combined e f f e c t s  approach 
i s  e s t i m a t i n g  t h e  t o x i c i t y  o f  m u l t i p l e  chem- 
i c a l  and thermal parameters i n  a  more r e a l -  
i s t i c  approach than  a  s i n g l e  f a c t o r  approach 
i n  e s t i m a t i n g  t h e  a c t u a l  t o x i c i t y  o f  e f f l u -  
e n t s  which c o n t a i n  m u l t i p l e  t o x i c a n t s .  The 
o b j e c t i v e  o f  t h e  program i s  t o  s t u d y  t h e  
i n t e r a c t i o n s  and mechanism o f  t o x i c  a c t i o n  o f  
n i c k e l  and c h l o r i n e  a t  severa l  wa te r  temper- 
a t u r e s  on coho salmon and ra inbow t r o u t .  
Acute f l ow- th rough  b ioassays a r e  underway i n  
a  m o d i f i e d  Mount-Brungs p r o p o r t i o n a l  d i  11 u t e r .  



Sub le tha l  parameters o f  growth, bioaccumula- 
t i o n  and t i s s u e  d e s t r u c t i o n  a r e  being mea- 
sured i n  response t o  l o w - l e v e l  t o x i c a n t  
dosage. A f a c t o r i a l  exper imenta l  des ign  
i n c l u d i n g  t h r e e  l e v e l s  o f  c h l o r i n e  and t h r e e  
l e v e l s  o f  n i c k e l  a t  d i f f e r e n t  temperatures i s  
be ing used. T h i s  enables s t a t i s t i c a l  eva lu -  
a t i o n  o f  each e f f e c t  and t h e  i n t e r a c t i o n  o f  
t h e  combined e f f e c t  o f  t h e  t o x i c a n t s  and 
temperature.  Bo th  96-hr ( 4  day) and 336-hr 
(14 day) b ioassays a r e  be ing  conducted. 
Samples o f  g i l l ,  l i v e r ,  and muscle t i s s u e s  
a r e  be ing  taken  t o  ~ i l o n i  t o r  b ioaccumula t ion  o f  
n i c k e l  t i s s u e  d e s t r u c t i o n .  

A s y n e r g i s t i c  e f f e c t  o f  c h l o r i n e  and 
n i c k e l  t o x i c i t y  on ra inbow t r o u t  has been 
demonstrated. Concen t ra t ions  o f  0.05 ppm, 
T o t a l  Residual  C h l o r i n e  (TRC1) r e s u l t  i n  f i s h  
m o r t a l  i t y  o f  5%. N i c k e l  c o n c e n t r a t i o n s  
r a n g i n g  f rom 4  t o  8.5 ppm r e s u l t  i n  0% mor- 
t a l  i t y .  When these  l e v e l s  a r e  combined t h e  
r e s u l t a n t  m o r t a l i t y  ranges f rom 95-100% o f  
t h e  f i s h  exposed d u r i n g  a  96-hr b ioassay.  
T h i s  i s  t h e  f i r s t  i nc idence  r e p o r t e d  i n  the  
1 i t e r a t u r e  o f  a  c h l  o r i n e - n i c k e l  s y n e r g i s t i c  
t o x i c  e f f e c t .  

E v a l u a t i o n  o f  t h e  " C r i t i c a l  Thermal Maximum" 

Experiments were completed i n  FY -77 t o  
c r i t i c a l l y  e v a l u a t e  t h e  e f f e c t s  o f  i n c r e a s i n g  
wate r  temperatures a t  d i f f e r e n t  r a t e s  on 
C r i t i c a l  Thermal Maximum (CTl.1) de te rmina t ions  
by u s i n g  r e p r e s e n t a t i v e  warmwater and c o l d -  
wa te r  species o f  f i s h .  

R a t i o n a l e  and r e s u l t s  w i t h  pumpkinseed 
s u n f i s h  (Lepomis g ibbosus) ,  were presented i n  
t h e  p rev ious  Annual Repor t .  Resu l t s  w i t h  
f i n g e r l i n g  coho salmon (Oncorh nchus k i s u t c h ) ,  
d a t a  a n a l y s i s ,  and p o t e n d t -  
CTM d a t a  a r e  summed here.  

The CTM i s  a  parameter used t o  determine 
t h e  thermal  r e s i s t a n c e  o f  c o l d  b looded organ- 
isms by i n c r e a s i n g  ( o r  decreas ing)  t h e  tem- 
p e r a t u r e  a t  a  cons tan t  r a t e .  The p o i n t  where 
" locomotor"  a c t i v i t y  becomes d i s o r g a n i z e d  and 
t h e  animal l o s e s  i t s  a b i l i t y  t o  escape f rom 
c o n d i t i o n s  t h a t  p rompt l y  l e a d  t o  i t s  dea th  i s  
t h e  CTM. 

S ince  v a r i o u s  i n v e s t i g a t o r s  have used 
d i f f e r e n t  r a t e s  o f  temperature change t o  
determine CTM1s o f  f i s h ,  r e s u l t s  a r e  n o t  
s t r i c t l y  comparable. S t a n d a r d i z a t i o n  o f  
methods i s  p a r t i c u l a r l y  i m p o r t a n t  when t h e  
CTil i s  used t o  q u a n t i f y  s u b l e t h a l  e f f e c t s  on 

f i s h  exposed t o  envirommental s t r e s s e s .  We 
a r e  concerned, i n  o t h e r  phases o f  ou r  p ro -  
gram, w i t h  p o t e n t i a l  chemical contaminants 
d e r i v e d  f r o m  development and u t i l  i z a t i o n  o f  
coal  , t a r s ,  and o i  1  s h a l e  as energy sources. 

I n  our  s t u d i e s  w i t h  j u v e n i l e  coho salrilon 
( a  co ldwate r  spec ies ) ,  a c c l i m a t i o n s  were a t  5  
and 15°C r a t h e r  than  a t  10 and 20°C as used 
f o r  pumpkinseed s u n f i  st1 (a warmwater s p e c i e s ) .  
Other c o n d i t i o n s  were i d e n t i c a l  . Cont ro l  l e d  
temperature inc reases  were 1, 6, 18, 30 and 
60°C/hr. The d a t a  ob ta ined  were t i m e  and 
temperature o f  l o s s  o f  e q u i l i b r i u m  (LE) and 
dea th  ( D ) .  M u l t i p l e  comparisons o f  t h e  
d e r i v e d  CTIl means were made t o  a i d  i n  e v a l u -  
a t i  ng temperature inc rease  r a t e s ,  Tab1 e  7.4. 

TABLE 7.4. Comparison of CTM Means for Juvenile 
Coho Salmon by Duncan's New Multiple Range ~ e s t ( ~ )  

Acclima. 
tion 

Tempera- C T M  Means at Indicated Heating Rate 

ture Endpoint 1°C/hr 6OC/hr 18OC/hr 30°C/hr 60°C/hr ------- 

5°C Loss of 
Equilibrium 24.84 25.01 25.32 25.87 25.80 
Death 25.65 26.09 27.51 28.18 29.16 

15OC Loss of 
Equilibrium 27.22 28.13 28.70 29.16 29.63 
Death 27.56 28.75 29.72 30.05 31.15 

( a ) ~ n y  means not underscored by the same line are 
significantly different at the 0.05 level of significance 

LE temperature means f o r  f i s h  acc l imated  
a t  5°C were 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  
h e a t i n g  r a t e s  o f  1 ,  6  and 18"C/hr, no r  were 
t h e  30 and 60°C/hr r a t e s  s i g n i f i c a n t l y  d i f -  
f e r e n t  f rom each o t h e r .  B u t  t h e  1, 6  and 
18"C/hr h e a t i n g  r a t e s  d i f f e r e d  s i g n i f i c a n t l y  
f r o m  the  30 and 60°C/hr r a t e s .  LE tempera- 
t u r e  means f o r  f i s h  acc l imated  a t  15°C were 
a l l  s i g n i f i c a n t l y  d i f f e r e n t  f rom each o t h e r .  

D temperature means f o r  f i s h  acc l imated  a t  
5°C were a l l  s i g n i f i c a n t l y  d i f f e r e n t  f rom 
each o t h e r  i r r e s p e c t i v e  o f  h e a t i n g  r a t e ;  t h e  
same i s  t r u e  f o r  f i s h  acc l imated  a t  15°C. 
Th is  assessment con f i rms  t h a t  s t a n d a r d i z a t i o n  
o f  methods used i n  CTll de te rmina t ions  i s  
r e q u i r e d .  





Effects of Energy Systems Effluents on Coastal Ecosystems 

P r i n c i p a l  I n v e s t i g a t o r s :  G. Roesi j a d i  and J. S .  Young 

The p r i m a r y  concern o f  t h i s  program i s  t o  determine t h e  e f f e c t s  o f  p o t e n t i a l  t o x i c a n t s  

r e s u l t i n g  f rom energy techno log ies .  T h i s  i n f o r m a t i o n  i s  needed t o :  1  ) assess t h e  need f o r  

f u r t h e r  s tudy  on t h e  b i o a v a i l a b i l i t y  and c y c l i n g  o f  t h e  contaminant,  2 )  p r o v i d e  a d e f i n e d  end- 

p o i n t  by which b i o a v a i l a b i l i t y  can be measured, 3 )  determine t h e  lowes t  c o n c e n t r a t i o n s  t h a t  

can be s a f e l y  re leased  i n t o  t h e  env i ronment  t o  a l l o w  f o r  minimal impact  and maximum use o f  ou r  

resources,  and 4 )  d e s c r i b e  t h e  e f f e c t s  t h a t  a r e  man i fes ted  and how they  c o n t r i b u t e  t o  an eco- 

system. Dur ing  t h e  pas t  y e a r ,  work has centered on t h e  two ma jo r  chemical contaminants,  c h l o -  

r i n e  and copper, r e l e a s e d  by t h e  o p e r a t i o n  o f  c o o l i n g  systems. 

C h l o r i n e  

The s t u d i e s  on t h e  e f f e c t s  o f  seawater 
c h l o r i n a t i o n  on mar ine animals  t o  d a t e  have 
p r i m a r i l y  been concerned w i t h  t h e  r e l a t i v e  
s e n s i t i v i t i e s  o f  a  number o f  P a c i f i c  Nor th -  
west mar ine  species t o  t o t a l  r e s i d u a l  o x i -  
dants  (TRO). The species we have t e s t e d  had 
a wide range o f  s e n s i t i v i t y ,  w i t h  96-hr LCs0 
va lues  r a n g i n g  f rom 0.032-1.418 mg/R TRO 
(Tab le  7 . 5 ) .  Ontogenet ic  e f f e c t s  have a1 so 
been i d e n t i f i e d  i n  r e l a t e d  s t u d i e s .  For 
example, morpho log ica l  d e f o r m i t i e s  were 
observed i n  j u v e n i l e  s h i n e r  perch  exposed t o  
TROY and exposure t o  TRO delayed ha tch ing  o f  
coon s t r i p e  shr imp eggs. 

I n  o r d e r  t o  understand t h e  reason f o r  t h i s  
wide v a r i a t i o n  i n  s e n s i t i v i t y  and t h e  mech- 
anisms i n v o l v e d  i n  p roduc ing  adverse e f f e c t s ,  
research  has been i n i t i a t e d  t o  examine t h e  
p h y s i o l o g i c a l  responses o f  organisms exposed 
t o  c h l o r i n a t e d  seawater.  I n t e g r a t e d  w i t h  
these research  s t u d i e s  a r e  t h e  i d e n t i f i c a t i o n  
o f  b i o l o g i c a l l y  a c t i v e  compounds produced by 
seawater c h l o r i n a t i o n .  

E x i s t i n g  da ta  i n d i c a t e  t h a t  t h e  presence 
o f  TRO i s  d i s r u p t i v e  t o  t h e  normal f u n c t i o n  
o f  ma jo r  p h y s i o l o g i c a l  systems, p a r t i c u l a r l y  
those assoc ia ted  w i t h  gas and i o n  t r a n s p o r t  
such as g i l l s  and b lood .  To date,  most o f  

TABLE 7.5. The Relative Sensitivity of 15 Fishes and 
Invertebrates t o  Chlorinated Seawater as Indicated by 
96-hr LC50 Values 

95% Probat 
Number 96-hr F~ductal Re~rer r jon 
of Val~d LC50. L~mur ,  Ltne 

Name ('1 Tests mgN TRO m g l i  TRO Slope 

Coho salmon, 
Oncorhynchus klsutch 3 0.032 0026-0038 21.2 

Chlnook ralmon, 1 
Oncorhynchus trhawytscha 2 .fC) . 

P~nk ralmon, I 
Oncorhynchur gorbuscha 3 

Pac~f!c Herr~ng, I 
C l u ~ e a  harenpus 2 0065 0.033-0 097 14.7 

Shlne; perch, I & a  
Cyrnatogaster aggregata 5 0.071 0 045-0098 23 5 

Enaltrh role. I 
Parophyrys vetulur 3 0.073 0044-0.103 10.3 

Pactfrc rand lance, I & a 
Ammodyfer hexapterui 6 0 082 0.062-0 102 21 9 

Shr~mp, a 
Pandalur gonrurus 

- - 
3 0.090 0.063-0 119 27 8 

Shrlmp, a 
Crangon ntgrlcauda 6 0134 0118-0151 1 7 0  

Amphlpod, a 
Anonyx rp. 4 0145 0 118-0173 128 

Nyr~d, a 
Neomyrrs rp. 4 0.162 0 150-0 175 14 1 

Threespone rt~ckleback, I & a 
Casterorfeus aculeatur 3 0167 0 141-0193 21 6 

Coon slrlpe shrimp, I & a 
Pandalus danae 4 0.178 0 159-0.199 190 

--- -- 

k p h ~ p o d ,  I 
Pontogeneta rp  5 0687 0 583~0.864 27 0 

Shore crab, I 8 a 
Hem~graprur nudus 
and H Oregonensrs 5 1.418 1.240-1 530 14 2 

(alldentified "sang keys In Hart and Kozloft 
fb'l = luvenlle, a = adults 
( C ) ~ h e  low number of data polnrr between 0 and 100.x. morlallty preventc~~l 

calculaltng LC50 valuer for chfnook and pink ralmon The mortality data 
obta~ned lndlrared rensltwlty close l o  the coho and greater than thr  
Pacif~c herrlng 



t i l e  r e s e a r c h  a1 ong these 1 i n e s  has been 
c o n f i n e d  t o  f r e s h w a t e r  systems. These s t u d i e s  
examine t h e  e f f e c t s  o f  seawater c h l o r i n a t i o n  
arid s p e c i f i c  compounds r e s u l t i n g  f rom c h l o r i -  
n a t i o n  a c t i v i t i e s .  S tud ies  have been i n i  t i -  
a t e d  on t h e  a f f e c t s  o f  c i i l o r i n a t e d  seawater 
on i onic/osmoregul a t o r y  and r e s p i r a t o r y  
p h y s i o l o g y  o f  s e l e c t e d  mar ine i n v e r t e b r a t e s .  

C u r r e n t l y ,  t h e  r e l a t i o n s h i p  between am- 
monia e x c r e t i o n  and exposure t o  c h l o r i n a t e d  
seawater i n  a  mar ine crustacean,  Cancer 
p roduc tus ,  t h e  r e d  r o c k  c r a b  i s  be ing i n v e s -  
t i g a t e d .  Other  work has demonstrated t h a t  
some cornpounds c r e a t e d  f rom t h e  c h l o r i n a t i o n  
process ( p a r t i c u l a r l y  ch loramine and broma- 
mines) can be harmfu l  t o  mar ine organisms. 
These l a t t e r  compounds r e s u l t  f rom the  reac-  
t i o n  o f  c h l o r i n e  and bromine w i t h  ammonia. 
S ince ammonia i s  an e x c r e t o r y  p roduc t  o f  
a q u a t i c  an imals ,  i t  i s  p o s s i b l e  t h a t  m ic ro -  
environnients may e x i s t  i n  t h e  r e g i o n  o f  
ammonia e x c r e t i n g  organs, such as g i l l s ,  i n  
which haloni ines ( formed by r e a c t i o n s  w i t h  
arr~rnonia and c h l o r i n a t e d  seawater)  may be 
p resen t  i n  r e l a t i v e l y  h i g h  c o n c e n t r a t i o n s .  
A t  t h e  p r e s e n t  t ime ,  t h e  r e l a t i o n s h i p  between 
ammonia e x c r e t i o n  and exposure t o  c h l o r i n a t e d  
seawater i s  be ing  s t u d i e d .  S tud ies  t o  i d e n -  
t i f y  ha logenated o r g a n i c  compounds formed as 
a  r e s u l t  o f  seawater c h l o r i n a t i o n ,  under 
sponsorship o f  t h e  Nuc lear  Regu la to ry  Con- 
m iss ion ,  a r e  be ing  c l o s e l y  i n t e g r a t e d  w i t h  
these  e f f e c t s  s t u d i e s .  

Copper 

The p r imary  concern about  a  b i o a v a i l a b l e  
contaminant  i s  whether i t  may cause an ad- 
ve rse  e f f e c t  t o  a  mar ine organism. I f  i t  
does, then  t h e  n e x t  s t e p  i s  t o  assess t h e  
p o t e n t i a l  p o p u l a t i o n  and community l e v e l  r e -  
sponse t h a t  w i l l  r e s u l t  f rom t h e  i n d i v i d u a l  
e f f e c t .  A t  t h i s  t inie, these s t u d i e s  a r e  con- 
c e n t r a t e d  on t h e  i n d i v i d u a l  response t o  
e l e v a t e d  copper 1  eve1 s  w i t h  two orqanisms, 
E u d i s t y l  i a  vancouver i  and ~ a n d a l u s - d a n a e .  
These organisms have been chosen as r e p r e -  
s e n t a t i v e s  o f  two p h y s i o l o g i c a l  types;  those 
t h a t  do n o t  have a  copper based r e s p i r a t o r y  
pigment, and those t h a t  have Cu++ i n  t h e  
t r a n s p o r t  o f  oxygen. 

E u d i s t y l i a  vancouver i ,  a  sedentary tube 
d w e l l e r  w i t h  an a n t e r i o r  d i s p l a y  o f  p i n n a t e  
g i l l s ,  i s  found i n  coarse sediments o r  a t -  
tached t o  1  ocal  p i  1  i ngs . To da te ,  we have 
determined t h e  f o l l  owing : 1  ) background 
t i s s u e  l e v e l s  o f  copper range f rom 3  t o  9 
ug /g  i f l  the  body and 5  t o  18 ug /g  i n  t h e  
g i l l s ;  2 )  copper begins t o  accumulate i n  
t i s s u e s  upon exposure t o  c o n c e n t r a t i o n s  
between 3 and 6 pg/R CU++ ( F i g u r e  7 .2 ) ;  3)  
g i l l s  accumulate more copper than  does t h e  
body; 4 )  a t  i n c r e a s i n g  c o n c e n t r a t i o n s  o f  
copper, chemical i n j u r y  i s  man i fes ted  by 
corresponding inc reases  i n  g i  11 n e c r o s i s  and 
autotomy; and 5) E.  vancouver i  wi thdraws i n t o  
i t s  tube more f r e q u e n t l y  upon exposure t o  
copper. 
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FIGURE 7.2. Ratio of the Sum of Gill and Body Copper Contents to Body Weight After 
Exposure to Copper - Means and Their Multiple Comparisons Over Time 
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A m a j o r  t a s k  i n  FY-78 i s  t o  d e t e r m i n e  a  
t h r e s h o l d  coppe r  l e v e l  f o r  g i l l  i n j u r y  i n  
E u d i s t y l i a ,  coppe r  u p t a k e  r a t e s  and accumu- 
l a t i o n  as  i n j u r y  p r o g r e s s e s ,  i t s  h i s t o p a -  
t h o l o g y ,  and p r o b a b l y  i t s  u l t r a s t r u c t u r a l  
c h a r a c t e r i s t i c s .  The l a s t  w i l l  h e l p  d e f i n e  
t h e  t o x i c  mechanism. Ev idence  i n d i c a t e s  c e l l  
membrane breakdown and lysosome r u p t u r e .  I n  
t i m e ,  t h i s  w i l l  be compared t o  u l t r a s t r u c t u r e  
o f  g i l l  i n j u r y  i n  Panda lus .  

O t h e r  t a s k s  i n c l u d e  t h e  e x a m i n a t i o n  o f  t h e  
b e h a v i o r a l  r esponse  t o  coppe r  i n  E u d i s t y l i a  
and 1  y r  exposu re  o f  E u d i s t y l i a  a t  l o w  l e v e l  
coppe r  t o  examine l o n g - t e r m  a c c u m u l a t i o n  and 
chemica l  i n j u r y .  Under w i n t e r  c o n d i t i o n s  
E u d i s t y l i a  b e g i n s  t o  accumu la te  i n c r e a s i n g  
coppe r  w i t h  t i m e ,  a t  a  c o n c e n t r a t i o n  between 
3  and 6 pg/R CJ++. I t  i s  e s s e n t i a l  t o  d e t e r -  
m ine  whe the r  a  s t e a d y  s t a t e  w i l l  o c c u r  w i t h  
t i m e  o r  whe the r  body l e v e l s  w i l l  c o n t i n u e  t o  
i n c r e a s e .  The t i s s u e  l e v e l  responses such as 
g i l l  n e c r o s i s  w i l l  a l s o  be examined, a l o n g  
w i t h  t h e  organ isms a b i l i t y  t o  a v o i d  exposu re  
v i a  b e h a v i o r a l  r esponses .  

F o r  t h e  coppe r  r e g u l a t o r  Panda1 us ,  t h e  
f o l l o w i n g  have been e s t a b l i s h e d :  t h e  96- 
h r  LCs0 f o r  Cut+ i s  72 pg/R; 2 )  a l l  t i s s u e s  
examined, e x c e p t  musc le ,  accumu la te  coppe r .  
G i l l s  and t h e  hepa topanc reas  g a i n  t h e  h i  h e s t  
l e v e l s  d u r i n g  a  g i v e n  exposu re  p e r i o d ;  37 t h e  
l e v e l  o f  coppe r  accumu la ted  i n  t i s s u e s  i n -  
c reases  w i t h  i t s  exposure  c o n c e n t r a t i o n ;  4 )  
t h i s  response  ( F i g u r e  7 . 3 )  has been d e s c r i b e d  
h i s t o l o g i c a l l y  a l o n g  w i t h  an i n f l a m m a t o r y  
response .  G i l l  n e c r o s i s  deve loped  i n  one 
week a t  50 pg/R cut+; 5 )  n e c r o t i z e d  g i l l  
t i s s u e  upon e l i m i n a t i o n  o f  t h e  n ~ o u l t  i s  n o t  
r e g e n e r a t e d  w i t h  c o n t i n u e d  exposu re  t o  coppe r .  

S i n c e  Panda lus  i s  m o b i l e  and i t  may move 
i n  and o u t  o f  coppe r  c o n t a m i n a t e d  a r e a s  
s t u d i e s  a r e  underway t o  d e t e r n i n e  how w e l l  i t  
can  r e c o v e r  b y  examin ing  coppe r  a c c u m u l a t i o n  
and d e p u r a t i o n .  Research comp le ted  t h i s  p a s t  
y e a r  i n d i c a t e s  t h a t  d e p u r a t i o n  i s  r a p i d  i n  
a l l  t i s s u e s  e x c e p t  t h e  hepatopancreas,  and 
t h a t  a  m a j o r  r e l e a s e  mechanism i s  t h r o u g h  t h e  
m o u l t .  S t u d i e s  i n  FY-78 w i l l  l o o k  a t  o t h e r  
t i s s u e  1  eve1 responses t o  d e t e r m i n e  t h e i r  
r o l e  i n  t h e  movement and a c c u m u l a t i o n  o f  
coppe r  i n  Panda lus .  Panda lus  l a r v a e  deve loped  
t h r o u g h  a l l  s t a g e s  a t  1 0  pg/R Cut+, b u t  n o t  
a t  20 pg/R.  Expe r imen ts  a r e  p lanned  t o  
d e f i n e  t h e  t h r e s h o l d  f o r  t h e s e  l a r v a e  s i n c e  
l a r v a e  o f  many a q u a t i c  a n i m a l s  have been 
shown t o  be more s e n s i t i v e  t o  t o x i c a n t s  t h a n  
a d u l t s .  

FIGURE 7.3. (A) Section of Gill from Control Shrimp; 
MV = marginal vessel, EC = epithelial cell, PC = pillar 
cell. (B) Section of Gill from Shrimp Exposed to 20 ppb 
Cu, Showing Affected Lamellae Adjacent to Normal 
Appearing Lamellae; H = hemocytes, N = necrosis. 
(C) Section of Affected Gill Showing Extensive Hemocyte 
Infiltration. 





Bioavailability of Energy Effluent Materials in Coastal Ecosystems 

P r i n c i p a l  I n v e s t i g a t o r s :  E. A. Crece l ius ,  C. I .  Gibson, 
L .  D. Kannberg, J. E.  Rogers, R. L.  Schmidt, 3 .  S. Young, 
K. H .  Abel,  and D. E .  Robertson 

The b i o a v a i l a b i l i t y  program i s  engaged i n  research  t o  p r o v i d e  an understanding o f  t h e  p r o -  

cesses i n v o l v e d  i n  t h e  c y c l i n g  o f  m a t e r i a l s  r e s u l t i n g  f rom energy techno log ies  i n  t h e  mar ine 

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

g i c a l  consequences o f  energy technology-produced m a t e r i a l s  i n  t h e  coas ta l  ecosystem. 

One o f  t h e  ma jo r  problems l i m i t i n g  the  a b i l  i t y  t o  p r e d i c t  t h e  e f f e c t s  o f  a  contaminant  i n  

t h e  mar ine  enviromment i s  t h e  i n a b i l i t y  t o  equate an a n a l y t i c a l  l y - d e f i n e d  f r a c t i o n  o f  t h e  t o t a l  

amount o f  m a t e r i a l  i n  the  environment w i t h  a  b i o l o g i c a l  response. T h i s  problem i s  p a r t i c u l a r l y  

l i m i t i n g  f o r  long- te rm e f f e c t s  where chemical m o d i f i c a t i o n  i s  l i k e l y  t o  occur  because o f  chemi- 

c a l ,  p h y s i c a l  and b i o l o g i c a l  i n f l u e n c e s .  The b i o a v a i l a b i l i t y  program has begun a  number o f  

tasks  t o  s o l v e  t h i s  problem and p r o v i d e  an unders tand ing  o f  t h e  processes and mechanisms t h a t  

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

T h i s  year ,  ou r  work was concerned w i t h :  1 )  t h e  chemical forms and q u a n t i t i e s  o f  rad ionu-  

c l i d e s  being r e l e a s e d  by a  n u c l e a r - f u e l e d  steam e l e c t r i c  s t a t i o n ,  2 )  t h e  chemical form and 

r e a c t i o n s  o f  copper, 3 )  t h e  b i o l o g i c a l  uptake o f  a  s p e c i f i c  fo rm o f  copper over  l o n g  p e r i o d s  o f  

t ime,  4 )  t h e  r e a c t i o n  o f  C1, i n  seawater and i t s  r e s u l t i n g  compounds, 5 )  t h e  sediment-water 

i n t e r a c t i o n s  o f  meta ls  i n  n a t u r a l  and a l t e r e d  systems, and, 6 )  t h e  development o f  a  model 

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

p e r s i o n  o f  contaminants f rom a  p o i n t  o r  m u l t i p l e  sources. 

Radionucl i d e  S tud ies  

Physicocheni ical c h a r a c t e r i z a t i o n  s t u d i e s  
o f  aqueous process streams a t  San Onofre 
Generat ing S t a t i o n  U n i t  #1 were conducted t o  
p r o v i d e  source te rm i n f o r m a t i o n  concern ing 
t h e  forms o f  r a d i o n u c l  i d e s  be ing  r e 1  eased 
i n t o  t h e  mar ine enviromment. T h i s  informa- 
t i o n  i s  needed f o r  f u t u r e  f i e l d  sampling 
e f f o r t s  and l a b o r a t o r y  s t u d i e s  o f  t h e  b i o -  
a v a i l a b i l i t y  o f  these m a t e r i a l s .  

Sampling was conducted on t h e  p r i m a r y  c o o l -  
an t ,  secondary steam condensate, processed 

low l e v e l  wastes and t e r t i a r y  c o o l a n t  a t  
severa l  d i f f e r e n t  t imes i n  t h e  n u c l e a r  f u e l  
c y c l e .  Radionucl i d e s  were p a r t i t i o n e d  i n t o  
p a r t i c u l a t e ,  c a t i o n i c ,  a n i o n i c ,  and n o n i o n i c  
species i n  t h e  r e a c t o r  process streams, and 
i n t o  p a r t i c u l a t e  and s o l u b l e  species i n  t h e  
t e r t i a r y  seawater c o o l a n t .  C h a r a c t e r i z a t i o n  
o f  t h e  p a r t i c u l a t e  species i n c l u d e d  a  de- 
t a i l e d  s i z e  d i s t r i b u t i o n .  No measurable 
r a d i o a c t i v i t y  was found upon examinat ion by 
a  l a r g e  volume c o n c e n t r a t i o n  technique o f  
secondary steam condensate. S i m i l a r l y ,  no 
observable a c t i v i t y  was found i n  t h e  t e r t i a r y  
coo l  a n t  d u r i n g  normal o p e r a t i o n s  when t h e  



r e a c t o r  was n o t  d i s c h a r g i n g  1  ow 1  evel  waste. 
Both o f  these  sanipl es i n d i c a t e  negl  i g i  b l  e  
cross- leakage between c o o l a n t  loops .  

Examinat ion o f  1  ow-1 evel  waste inimediatel  y  
p r i o r  t o  r e l e a s e  has i n d i c a t e d  ex t reme ly  
v a r i a b l e  r a d i o n u c l i d e  compositon and v a r i a b l e  
and sometimes unexpected physicocheni ical 
forms i n  t h e  waste. Predominant y e m i t t i n g  
n u c l i d e s  i n  t h e  low l e v e l  waste a r e  5 7 3 5 8 ~  

6Gc0, 11OmAg, 1 3 4 , 1 3 7 ~ ~  and 124,125Sb. De- 
t a i l e d  examinat ion o f  p a r t i c u l a t e  m a t e r i a l  i n  
t h e  l o w  l e v e l  waste has shown t h e  presence o f  
a  wide spectrum o f  p a r t i c u l a t e s  i n  t h e  low 
l e v e l  waste and a1 so s i g n i f i c a n t  v a r i a b i l i t y  
i n  t h e  p a r t i c l e  s i z e  spectrum d u r i n g  a  
r e 1  ease. 

An i n v e s t i g a t i o n  a t  San Onofre Nuclear  
Generat ing S t a t i o n  i n c l u d e d  e v a l u a t i o n  o f  
t h e  e f f i c i e n c y  o f  ou r  i n - p l a n t  wa te r  sampler 
f o r  s o l u b l e  spec ies .  Sampler e f f i c i e n c y  f o r  
i o n i c  species was eva lua ted  th rough  t h e  use 
o f  m u l t i p l e  r e s i n  beds. C a t i o n  removal was 
demonstrated t o  be q u a n t i t a t i v e  i n  t h e  f i r s t  
r e s i n  bed f o r  a l l  c a t i o n i c  species.  Anion 
removal was l e s s  e f f i c i e n t  and ranged f rom 
85% f o r  c o b a l t  spec ies  (58Co, 6 0 C ~ ) ,  t o  75% 
f o r  12'+Sb and l Z 5 S b .  

Large volume wate r  sampl ing conducted a t  
t h e  t e r t i a r y  c o o l a n t  o u t f a l l  has shown de- 
t e c t a b l e  r a d i o a c t i v i t y  d u r i n g  l o w - l e v e l  
r e 1  eases. P r e l  i m i  n a r y  measurement and mass 
balance i n d i c a t e  e i t h e r :  1  ) i ncomple te  
m i x i n g  a t  o u r  sampl ing p o i n t  w i t h  r a p i d  
a d s o r p t i o n  t o  p a r t i c u l a t e  m a t t e r  p resen t  i n  
seawater,  o r  2) l e s s  r a p i d  phase r e d i s t r i b u -  
t i o n  upon r e l e a s e ,  b u t  a  gradual  i nc rease  i n  
p a r t i c u l a t e - a s s o c i a t e c i  r a d i o a c t i v i t y  i n  t h e  
area o f  t h e  o u t f a l l .  

F u r t h e r  s t u d i e s  a r e  underway t o  examine 
t h e  r e l e a s e  o f  r a d i o n u c l i d e s  f rom t h e  p a r t i -  
c u l a t e  phase and t h e  behav io r  o f  s o l u b l e  r a d  
waste upon m i x i n g  w i t h  seawater.  The r e s u l t s  
o f  these  s t u d i e s  w i l l  g i v e  i n s i g h t  i n t o  e n v i -  
ronmental behav io r  a f t e r  r e l e a s e  o f  t h e  low- 
l e v e l  waste t o  t h e  mar ine system and f u r t h e r  
e l u c i d a t e  t h e  processes o c c u r r i n g  i n  t h e  
o u t f a l l .  

Copper S t u d i e s  

Copper i s  a  p r o d u c t  o f  energy-re1 a t e d  
e f f l u e n t s  t h a t  e n t e r  t h e  mar ine ecosystem. 
The r e c e n t  r e f i n e m e n t  by us and o t h e r s  o f  t h e  
use o f  Anodic S t r i p p i n g  Vol tammetry (ASV), 
an e l e c t r o c h e ~ n i c a l  a n a l y s i s  t o  measure and 
c h a r a c t e r i z e  copper i n  i t s  d i s s o l v e d  chemical 
forms, has enabled us t o  f u r t h e r  d e f i n e  t h e  
form o f  copper e x i s t i n g  i n  n a t u r a l  systems 
and moni t o r  o u r  c o n t r o l l e d  systems. For  
example, we have found by ASV t h a t  "c lean"  

P a c i f i c  t jor thwest  mar ine waters c o n t a i n  f rom 
0.04 t o  0.40 pg/R t o t a l  copper .  Waters near 
t h e  S e a t t l e  i n d u s t r i a l  complexes con ta ined  
1  .4  ug lR .  L i t t l e  o f  t h e  copper i s  i n  t h e  
i o n i c  (Cu++) form; most i s  complexed w i t h  
o t h e r  mo lecu les .  The seawater used i n  our  
l a b o r a t o r y  has an excess complexing c a p a c i t y  
o f  between 10  and 20 pg  Cu/R, depending on 
season and o t h e r  wa te r  c o n d i t i o n s .  

The r e l a t i o n s h i p  o f  e l e c t r o c h e m i c a l l y  
measured copper forms and t h e i r  a v a i l a b i l  i t y  
t o  mar ine organisms was i n v e s t i g a t e d  t o  
determine how t h e  complexa t ion  c a p a c i t y  o f  
t h e  seawater i n f l u e n c e s  copper uptake.  T h i s  
i n f o r m a t i o n  i s  needed t o  assess and p r e d i c t  
t h e  e f f e c t s  o f  meta ls  f r o m  e n e r g y - r e l a t e d  
e f f l u e n t s .  Copper i s  a  m i c r o n u t r i e n t  t h a t  i s  
accumulated by  organisms, b u t  r e g u l a t e d  a t  a  
c o n s t a n t  body l e v e l .  However, above a  c e r -  
t a i n  t h r e s h o l d  c o n c e n t r a t i o n ,  copper accumu- 
l a t i o n  inc reases  w i t h  t ime ,  p r o v i d e d  t h e  
meta l  i s  i n  an a v a i l a b l e  form.  I n  genera l ,  
t h e  l i t e r a t u r e  has n o t  i d e n t i f i e d  t h e  form o f  
copper t h a t  i s  r e s p o n s i b l e  f o r  measured 
e f f e c t s .  When a  seawater/copper s o l u t i o n  i s  
n o t  aged, accumula t ion  i s  g r e a t e r  than  i f  i t  
i s  aged, which i n d i c a t e s  a  change i n  t h e  
copper form, p robab ly  f r o m  an i o n i c  form t o  a  
complexed one. The bonding o f  weakly- 
coniplexed copper may be broken by an organism 
t o  make i t  a v a i l a b l e  o r  may a c t  as a  copper 
c a r r i e r .  The o b j e c t i v e  i s  t o  d e f i n e  these 
r e l a t i o n s h i p s ,  understand some o f  t h e  mechan- 
i sms o f  meta l  b i o a v a i l a b i l  i t y  and, the reby ,  
be b e t t e r  a b l e  t o  produce long- te rm conse- 
quences o f  such i o n s  i n  energy e f f l u e n t s .  

C h l o r i n e  S tud ies  

A number o f  exper iments were conducted t o  
determine t h e  r e l a t i o n s h i p  o f  o u r  measure- 
ments o f  t o t a l  r e s i d u a l  o x i d a n t s  (TRO) i n  
seawater t o  those  be ing  made by researchers  
a t  o t h e r  s i t e s .  The r e s u l t s  o f  these i n v e s -  
t i g a t i o n s  a r e  t h a t  t h e  developed procedure 
f o r  p r e p a r i n g  t h e  sample f o r  a n a l y s i s  by 
p o l a r o g r a p h i c  techn ique  d i d  n o t  cause t h e  
l a r g e  e r r o r s  r e p o r t e d  by o t h e r s .  

S ince  c h l o r i n e  i s  an o x i d a n t  and i s  known 
t o  r e a c t  w i t h  o rgan ics ,  we hypo thes ized  t h a t  
i t s  a d d i t i o n  t o  seawater c o u l d  cause changes 
i n  t h e  copper-organic  compl exes we observed 
i n  our  meta l  s t u d i e s .  I t  c o u l d  reduce t h e  
t o t a l  amount o f  o r g a n i c s  a v a i l a b l e  f o r  com- 
p l e x a t i o n  w i t h  copper o r  r e l e a s e  some o f  t h e  
bound copper. 

I t  was necessary t o  de te rmine  whether t h e  
c h l o r i n a t i o n  o f  seawater would c o n v e r t  com- 
p lexed  copper forms t o  t h e  t o x i c  o r  b i o a v a i l -  
a b l e  i o n i c  form.  The e l e c t r o c h e m i c a l  fo rm o f  
copper was measured w i t h  ASV p r e s e n t  b e f o r e  



and a f t e r  c h l o r i n a t i o n .  Seawater samples 
were s p i k e d  w i t h  i o n i c  copper, t h e n  aged f o r  
s p e c i f i c  p e r i o d s  o f  t i m e  t o  a l l o w  copper t o  
complex w i t h  d i s s o l v e d  o r g a n i c  m a t t e r .  A f t e r  
ag ing ,  t h e  seawater samples con ta ined  5-35 
ppb o f  complexed copper. Wi th  t h e  a d d i t i o n  
o f  1.5 ppm c h l o r i n e ,  1-4 ppb o f  complexed 
copper was conver ted  t o  i o n i c  copper, and t h e  
complexat ion c a p a c i t y  o f  t h e  wa te r  was r e -  
duced. In  another  exper iment ,  however, 
seawater was sp iked  w i t h  b o t h  c h l o r i n e  and 
copper, t h e n  aged a  day. A f t e r  ag ing,  t h e  
copper s p e c i a t i o n  was s i m i l a r  t o  u n c h l o r i -  
na ted  seawater, i n d i c a t i n g  t h a t  t h e  c h l o r i -  
n a t i o n  had o n l y  a  temporary e f f e c t  on copper 
s p e c i a t i o n .  These exper iments suggest t h a t  
c h l o r i n a t i o n  o f  seawater w i l l  i n c r e a s e  t h e  
amount o f  b i o a v a i l a b l e  copper and decrease 
t h e  complexat ion c a p a c i t y  o f  seawater f o r  a t  
l e a s t  a  b r i e f  p e r i o d  o f  t i m e .  T h i s  f a c t  
needs t o  be i n t e g r a t e d  i n  f i e l d  sampling 
programs and i n t e r p r e t a t i o n  o f  f i e l d  d a t a  
r e l a t i n g  e f f l u e n t  q u a n t i t i e s  o f  meta ls  w i t h  
b ioaccumula t ion  by l o c a l  species.  F u r t h e r  
t e s t i n g  i s  be ing  conducted t o  d e f i n e  t h e  
e x t e n t  o f  change caused by d i f f e r e n t  l e v e l s  
and d u r a t i o n s  o f  c h l o r i n a t i o n  i n  seawater.  

Ozone S tud ies  

P o t e n t i a l l y ,  ozone c o u l d  be used i n  p l a c e  
o f ,  o r  i n  combinat ion w i t h ,  c h l o r i n e  f o r  
t rea tment  o f  m u n i c i p a l  and i n d u s t r i a l  waste 
wa te r  and t o  p r e v e n t  b i o f o u l i n g  o f  power 
p l a n t  c o o l i n g  systems. To i d e n t i f y  t h e  
d i f f e r e n c e s  o f  chemical r e a c t i o n s  r e s u l t i n g  
f r o m  o z o n i z a t i o n  o f  seawater,  a  s e r i e s  o f  
t e s t s  were run,  u s i n g  sodium c h l o r i d e  s o l u -  
t i o n s  and n a t u r a l  seawater.  The compounds 
analyzed were: bromine, c h l o r i n e ,  bromate 
and ozone. A1 1  b u t  ozone were i d e n t i f i e d  i n  
c h l o r i n a t e d  seawater.  The r e s u l t s  i n d i c a t e  
t h a t  o z o n i z a t i o n  o f  seawater has chemical 
r e s u l t s  s i m i l a r  t o  c h l o r i n a t i o n .  Bromide was 
o x i d i z e d  t o  bromine and, e v e n t u a l l y ,  bromate. 
Ozone a l s o  s l o w l y  o x i d i z e d  c h l o r i d e  i o n s  t o  
c h l o r i n e ,  a l though  t h i s  r e a c t i o n  i s  much 
s lower than  t h e  bromide t o  bromine r e a c t i o n s .  

When power p l a n t  c o o l i n g  seawater i s  
c h l o r i n a t e d  t o  p reven t  b i o f o u l i n g ,  u s u a l l y  
enough c h l o r i n e  i s  added t o  produce approx i  - 
n ia te ly  1-2 ppm o f  TRO. Most o f  t h i s  TRO i s  
bromine (assuming low ammonia l e v e l s ) .  I f  
ozone was used t o  produce a  TRO l e v e l  o f  1-2 
ppm, t h e  ma jo r  o x i d a n t  species would a l s o  be 
bromine. Therefore, t h e  env i ronmenta l  con- 
sequences of u s i n g  ozone i n  p l a c e  o f  c h l o r i n e  
t o  t r e a t  seawater shou ld  be s i m i l a r .  

Sediment S tud ies  

Coasta l  mar ine sediment i s  known t o  be an 
i m p o r t a n t  r e s e r v o i r  o f  contaminants such as 

meta ls ,  ha logenated o rgan ics ,  and hydrocar-  
bons. Thus, as p a r t  o f  t h e  i n v e s t i g a t i o n s  o f  
t h e  c y c l i n g  and b i o a v a i l a b i l  i t y  o f  energy 
e f f l u e n t  m a t e r i a l s ,  we have conducted f i e l d  
and l a b o r a t o r y  s t u d i e s  o f  t h e  biogeochemical 
processes o c c u r r i n g  i n  sediment and suspended 
p a r t i c u l a t e s .  

We have emphasized s t u d i e s  on t h e  b i o -  
geochemist ry  o f  copper, an e c o l o g i c a l l y  
i m p o r t a n t  meta l  t h a t  has p o t e n t i a l  f o r  r e -  
lease ,  d i r e c t l y  o r  i n d i r e c t l y ,  by o p e r a t i o n  
o f  energy techno log ies .  I n  a  l a b o r a t o r y  
s tudy ,  i o n i c  copper was added t o  a  sediment/ 
wa te r  microcosm p r e v i o u s l y  c h a r a c t e r i z e d  f o r  
p h y s i c a l  and chemical v a r i a b i l i t y .  Copper 
was r a p i d l y  removed f rom t h e  wate r  column t o  
t h e  sediment l a y e r .  The i n i t i a l  ma jo r  s i t e  
o f  copper s o r p t i o n  was t h e  sediment o rgan ic  
f r a c t i o n .  However, a f t e r  4 weeks, a  f r a c t i o n  
o f  t h e  copper i n  t h e  o rgan ic  m a t e r i a l  and a l l  
o f  t h e  copper i n i t i a l l y  sorbed t o  sediment Fe 
and Mn ox ides  was m o b i l i z e d .  A l though these 
s t u d i e s  a r e  ongoing , t h e i r  p r e l i m i n a r y  imp1 i - 
c a t i o n  i n d i c a t e s  t h a t  o r g a n i c  m a t e r i a l  and 
t h e  ox ides  o f  Mn and Fe e x e r t  a  ma jo r  c o n t r o l  
over  t r a c e  meta l  p a r t i t i o n i n g .  

Under ambient f i e l d  c o n d i t i o n s  i n  Sequim 
Bay, sediment o rgan ic  m a t e r i a l  and Mn and Fe 
ox ides  a l s o  appear t o  be t h e  p r i m a r y  f a c t o r s  
c o n t r o l l i n g  meta l  c y c l i n g .  I n  r e l a t i v e l y  
o r g a n i c - r i c h  sediments, equal amounts o f  Cu 
were found t o  be assoc ia ted  w i t h  sediment 
o rgan ic  and r e d u c t a n t  s o l u b l e  (Mn-Fe ox ides)  
phases. I n  sediments c o n t a i n i n g  l e s s  o rgan ic  
m a t t e r ,  Cu assoc ia ted  w i t h  Mn and Fe ox ides  
predominates. We a re  p r e p a r i n g  a  manuscr ip t  
d e s c r i b i n g  t h e  sediments o f  Sequim Bay and 
t h e  r e l a t i o n s l . ~ i p  o f  t r a c e  meta l  d i s t r i b u t i o n  
t o  sediment parameters. 

Organic  molecules have a  d i r e c t  e f f e c t  on 
m e t a l s  c y c l i n g  by  p r o v i d i n g  r e a c t i v e  func -  
t i o n a l  groups t h a t  r e a d i l y  c o o r d i n a t e  w i t h  
meta ls  t o  form s t a b l e  l i n k a g e s .  They a l s o  
i n d i r e c t l y  a f f e c t  meta l  b iogeochemist ry  
th rough  changes i n  pH and Eh caused by m ic ro -  
b i a l  m e t a b o l i c  processes. For example, 
s o r p t i o n  o r  d e s o r p t i o n  on hydrous ox ides  o f  
Mn and Fe occur  i n  response t o  pH-Eh v a r i a -  
t i o n s .  The chemical and m i c r o b i o l o g i c a l  
research  a r e  c o n t i n u i n g  t o  de te rmine  t h e  
p o t e n t i a l  f o r  r e l e a s e  o f  meta ls  f rom s e d i -  
ments. Separa t ion  and analyses o f  m o b i l e  
o r g a n i c  compounds produced by sediment m i -  
c r o b i a l  processes t h a t  i n f l u e n c e  t h e  b i o -  
a v a i l a b i l i t y  o f  meta ls  a r e  a  s i g n i f i c a n t  p a r t  
o f  o u r  s tudy .  These s t u d i e s  w i l l  be meshed 
w i t h  o t h e r  i n v e s t i g a t i o n s  by o u r  s t a f f  t o  
est- i l l late t h e  accur r~u la t i ve  and t o x i c o l o g i c a l  
e f f e c t s  o f  o r g a n o m e t a l l i c  complexes. 

The t r a n s p o r t  o f  t r a c e  meta ls  by suspended 
p a r t i c u l a t e s  was i n v e s t i g a t e d  u s i n g  Sequim 
Bay as a  model t i d a l  system. We found t h a t  



t h e  c o n c e n t r a t i o n  o f  p a r t i c u l a t e  copper i n  
t h e  s u r f a c e  wate rs  inc reased  s i g n i f i c a n t l y  
d u r i n g  p e r i o d s  o f  phy top lank ton  growth.  
Whi le  a  normal su r face- to -bo t tom g r a d i e n t  o f  
p a r t i c u l a t e  meta ls  was p resen t ,  h i g h e r  s u r -  
f a c e  p a r t i c u l a t e  Cu l e v e l s  were n o t  due t o  
resuspension o f  bot tom m a t e r i a l s  s i n c e  p a r -  
t i c u l a t e  T i  e x h i b i t e d  no seasonal changes. 
Sur face  p a r t i c u l a t e  Cu a l s o  had a r e a l  v a r i a -  
t i o n s  w i t h  h i g h e r  l e v e l s  o c c u r r i n g  a t  t h e  
lower  end o f  t h e  bay. T h i s  i n c r e a s e  cou ld  
r e f l e c t  an accumula t ion  o f  phy top lank ton  i n  
t h a t  r e g i o n  o r  t h e  n i o b i l i z a t i o n  o f  sediment- 
bound Cu i n  response t o  reduced oxygen l e v -  
e l  s .  The a n a l y s i s  o f  a d d i t i o n a l  samples a r e  
be ing  completed p r e p a r a t o r y  t o  i s s u i n g  a  
r e p o r t  d e s c r i b i n g  o u r  observa t ions .  F u r t h e r  
s t u d i e s  a r e  ongoing t o  i d e n t i f y  t h e  processes 
c o n t r o l  1  i ng t h e  seasonal and a r e a l  changes. 

T r a n s p o r t  o f  t r a c e  meta ls  th rough  t h e  
en t rance  channel o f  Sequim Bay appears t o  be 
r e l a t e d  t o  resuspension o f  bot tom p a r t i -  
c u l a t e s  by t i d a l  c u r r e n t s .  T h i s  observa t ion ,  
based on t h e  comparat ive d i s t r i b u t i o n  o f  
p a r t i c u l a t e  meta ls ,  was a l s o  noted i n  s u r f a c e  
waters a t  A d m i r a l t y  I n l e t ,  which connects 
Puget Sound t o  t h e  S t r a i t  o f  Juan de Fuca. 
T r a n s p o r t  o f  suspended m a t t e r  th rough  the  
channel a t  Sequim Bay i n  t h e  summer appears 
t o  be g r e a t e r  on t h e  f l o o d  t i d e ,  caus ing  a  
p o s s i b l e  n e t  accumula t ion  o f  sediment t r a c e  
meta l  s  i n  t h e  bay. However, 1  i m i  t e d  obser-  
v a t i o n s  i n d i c a t e  t h a t  w i n t e r  storms may 
resuspend much o f  t h i s  m a t e r i a l  f o r  t r a n s p o r t  
on ebb t i d e s .  

I n  a d d i t i o n  s t u d i e s  o f  t h e  t r a n s p o r t ,  
c y c l i n g  and b i o a v a i l a b i l i t y  o f  copper were 
conducted on a  s e r i e s  o f  c r u i s e s  t o  J e r v i s  
I n l e t ,  B.C., i n  c o o p e r a t i o n  w i t h  Dr. A. G. 
Lewis, I n s t i t u t e  o f  Oceanography, U n i v e r s i t y  
o f  B r i t i s h  Columbia. P r e l i m i n a r y  a n a l y s i s  
shows t h a t  t h e  q u a n t i t y  o f  suspended m a t t e r  
and c o n c e n t r a t i o n  o f  p a r t i c u l a t e  T i  i n  J e r v i s  
I n l e t  waters i s  about  an o r d e r  o f  magnitude 
l e s s  t h a n  i n  Sequim Bay. However, t h e  amount 
o f  t r a c e  m e t a l s  i n  t h e  p a r t i c u l a t e s  i s  such 
t h a t  t h e  c o n c e n t r a t i o n  o f  t o t a l  p a r t i c u l a t e  
Cu and Zn i s  abou t  equal f o r  b o t h  wa te rs .  

The c o n c e n t r a t i o n  o f  Fln i n  J e r v i s  I n l e t  
p a r t i c u l a t e s  i s  abou t  two o r d e r s  o f  magni tude 
g r e a t e r  than  i n  Sequim Bay m a t e r i a l ,  and t h e  
inc reased  q u a n t i t i e s  o f  p a r t i c u l a t e  t r a c e  
meta ls  may be due t o  s o r p t i o n  on Mn o x i d e s .  

Model S t u d i e s  

Dur ing  FY-77 development began on a  hydro- 
dynamic computer model which uses f i e l d  d a t a  
t o  i t e r a t i v e l y  improve on success ive  computer 
model e s t i m a t e s .  The purpose o f  t h e  model i s  
t o  p r o v i d e  a  mass c o n s e r v a t i v e  f l o w  f i e l d  f o r  
use on sediment t r a n s p o r t ,  p o l l u t a n t  t r a n s -  
p o r t  and b i o t r a n s p o r t  models. These t r a n s -  
p o r t  models r e q u i r e  mass conserv ing  f l o w  
f i e 1  ds i n  o r d e r  t o  a c c u r a t e l y  s i m u l a t e  t h e  
advec t ion ,  suspension and d e p o s i t i o n  o f  
sediments, b i o t a  and chemicals  i n  t h e  wa te r -  
body. S ince a d v e c t i v e  t r a n s p o r t  i s  t h e  
dominant mode o f  t r a n s p o r t  (as  opposed t o  
t u r b u l e n t  n i x i n g )  t h e  accuracy o f  t h e  e s t i -  
mated f l o w  f i e l d  i s  paramount t o  t h e  accuracy 
o f  t h e  p r e d i c t e d  t r a n s p o r t .  

Normal ly ,  t i d a l  hydrodynamic models s o l v e  
t h e  f u l l  two-dimensional equa t ions  o f  mot ion  
t o  o b t a i n  f l o w  f i e l d  e s t i m a t e s .  O b t a i n i n g  
such es t imates  can o f t e n  r e q u i r e  c o n s i d e r a b l e  
t ime ,  e f f o r t ,  expense and e x p e r t i s e .  A  
r a t h e r  novel techn ique  has been developed f o r  
bypassing some o f  these  ,problems, p r o v i d e d  
l i m i t e d  f i e l d  data a r e  a v a i l a b l e .  By u s i n g  
t h e  stream f u n c t i o n  e q u a t i o n  ( w i t h  v o r t i c i  t y )  
one can o b t a i n  mass c o n s e r v a t i v e  f l o w  f i e l d s ,  
p rov ided  t h e  v o r t i c i t y  can be es t imated .  The 
v o r t i c i t y  i s  es t imated  by o b t a i n i n g  t h e  
d i f f e r e n c e  between l o c a l  model computed 
v e l o c i t i e s  and f i e l d  d a t a .  The v o r t i c i t y  
e s t i m a t e  i s  now en te red  i n t o  t h e  s t ream 
f u n c t i o n  equa t ion  and so lved  t o  o b t a i n  new 
v e l o c i t i e s .  By p e r f o r m i n g  t h i s  sequence 
i t e r a t i v e l y ,  t h e  f l o w  f i e l d  w i l l  be f o r c e d  
c l o s e r  and c l o s e r  t o  t h e  f i e l d  da ta  and s t i l l  
w i l l  be mass c o n s e r v a t i v e .  The development 
o f  t h e  model i s  n e a r l y  complete and t e s t i n g  
w i l l  beg in  e a r l y  i n  FY-78. 



Marine Chemistry of Energy-Generated Pollutants 

P r i n c i p a l  I n v e s t i g a t o r s :  E. A. Crecel i u s ,  D. E. Robertson, 
K.  H .  Abel ,  D. A. Cochran and W .  C .  Weimer 

T h i s  program i s  designed t o  inc rease  o u r  unders tand ing  o f  t h e  biogeochemical and p h y s i c a l  

processes t h a t  c o n t r o l  t h e  f a t e  o f  energy-generated p o l l u t a n t s  t h a t  e n t e r  t h e  mar ine e n v i r o n -  

ment. The inc reased  energy needs o f  ou r  c o u n t r y  and inc reased  u t i l i z a t i o n  o f  t h e  c o a s t l i n e s  

f o r  s i t i n g  energy g e n e r a t i n g  f a c i l i t i e s  and r e l a t e d  i n d u s t r i e s  has r e s u l t e d  i n  t h e  i n t r o d u c t i o n  

o f  energy - re la ted  p o l l u t a n t s  t o  t h e  oceans from two main sources:  1 )  t h e  emiss ion  o f  l a r g e  

q u a n t i t i e s  o f  m a t e r i a l  t o  t h e  atmosphere and subsequent d e p o s i t i o n  i n  t h e  oceans, and 2 )  d i r e c t  

d i scharges  t o  t h e  oceans f rom coas ta l  e f f l u e n t s .  T h i s  program i s  combined f rom Chemist ry  o f  

Ocean S o l u t i o n s  and Geochemical Ocean Sec t ions  Study (GEOSECS). 

The i n f o r m a t i o n  generated by t h i s  program i s  v i t a l  t o  t h e  U.S. DOE'S i n t e r e s t s  i n  under- 

s tand ing :  1 )  t h e  n a t u r a l  o r i g i n s ,  d i s t r i b u t i o n s  and c o n c e n t r a t i o n s  i n  b a s e l i n e  d a t a  o f  t r a c e  

meta ls  and o t h e r  contaminants i n  t h e  oceans; 2) t h e  i n p u t  r a t e s  and m i x i n g  r a t e s  o f  p o l l u t a n t s  

i n t r o d u c e d  t o  t h e  oceans; 3 )  t h e  behavior  and f a t e  o f  t h e  anthropogenic  p o l l u t a n t s  e n t e r i n g  t h e  

oceans f rom t h e  atmosphere and t h e  c o n t i n e n t s ;  and 4) an assessment o f  the  p o t e n t i a l  e n v i r o n -  

mental impact  o f  energy-generated po l  1  u t a n t s  on t h e  mar ine env i ronment .  S p e c i f i c  tasks  t h a t  

were accomplished d u r i n g  t h e  l a s t  year  i n c l u d e  de te rmin ing  t h e  d e p o s i t i o n  r a t e  o f  elements on 

t h e  Washington Coast, sh ipboard  a n a l y s i s  o f  mercury i n  seawater by a new, more s e n s i t i v e  tech-  

n ique,  a n a l y s i s  o f  t r a c e  elements i n  coas ta l  and oceanic  waters,  and t h e  e v a l u a t i o n  o f  t h e  BLWS 

f o r  r a d i o n u c l  i d e  sampling. 

Atmospheric D e p o s i t i o n  o f  7Be and Other  
Elements on t h e  Washington Coast 

Atmospheric f a l l o u t  o f  anthropogenic  d u s t  
i s  a  ma jo r  source o f  t r a c e  m e t a l s  t o  c o a s t a l  
mar ine waters.  Dur ing  t h e  l a s t  2  y r ,  t h e  
c o n c e n t r a t i o n s  o f  7Be and 15 o t h e r  elements 
have been measured i n  a i r  f i l t e r s  and t o t a l  
d e p o s i t i o n  samples c o l l  ec ted  a t  Q u i l a y u t e  on 
t h e  Washington Coast.  These d a t a  were used 
t o  c a l c u l a t e  t h r e e  parameters: 1 )  t h e  depo- 
s i t i o n  v e l o c i t y  (Vd) ,  2)  t h e  t o t a l  e lementa l  
d e p o s i t i o n / a r e a / y r ,  and 3 )  t h e  r a t i o  o f  e l  e- 
~ n e n t / ~ B e  i n  a i r  t o  e l e n ~ e n t / ~ B e  i n  t h e  depo- 
s i t i o n  c o l l e c t o r .  Wi th  these data, t h e  

atmospher ic  i n p u t  o f  elements t o  c o a s t a l  
waters can be es t imated  and t h e  atmospher ic  
i n p u t  t o  t h e  open ocean can be p r e d i c t e d .  

The Vd f o r  elements a t  Q u i l a y u t e  a r e  shown 
i n  Tab1 e 7.1. These numbers were c a l c u l a t e d  
by d i v i d i n g  t h e  r a t e  o f  element f a l l o u t  ( g  
r 2 y r - l )  by t h e  c o n c e n t r a t i o n  o f  element i n  
a i r  ( g  n r 3 ) .  The 7Be Vd measured a t  Q u i l a y u t e  
(0.96 cm s e c - l )  i s  v e r y  s i m i l a r  t o  t h a t  e s t i -  
mated by  Young and S i k e r  (1977) o f f  t h e  
Washington Coast (1-1.2 cm s e c - I ) .  T h i s  c l o s e  
agreement between the  7Be Vd s t reng thens  our  
assumption t h a t  Q u i l a y u t e  i s  a  r e p r e s e n t a t i v e  
s i t e  f o r  c o a s t a l  a i r  c h e m i s t r y  s t u d i e s .  The 



TABLE 7.1. Average Annual Deposition Velocity (Vd) 
for Airborne Elements at Quilayute, Washington, and 
Ratio of ElemenU7Be in Air Filters and Deposition 
Samples 

Element 

C 1 
K 
Ca 
Br 

Fe 
M n 
Ti 
Cr 

Vd, cm sec-' 

6.4 
2.6 
2.6 , 

2.3 

0.37 
0.59 
0.67 
0.60 

Air E l e m e n t c k  
Deoosition/TBe 

Vd f o r  o t h e r  elements (Tab le  7.1) can be 
d i v i d e d  i n t o  two groups, those t h a t  have Vd 
o f  >2 and those <0.7.  The h i g h  Vd group i s  
be1 ieved  t o  be assoc ia ted  w i t h  sea-sal t 
a e r o s o l s  t h a t  a r e  t y p i c a l l y  severa l  pm i n  
d iamete r .  The l o w  Vd group a r e  be1 ieved  t o  
be o f  c o n t i n e n t a l  o r i g i n  and i n  the  <1p 
s i z e  range.  The Vd measured a t  Q u i l a y u t e  a r e  
s i m i l a r  t o  those  measured by Cambray i n  1975 
a t  s i x  c o a s t a l  s i t e s  on t h e  N o r t h  Sea. T h i s  
g i v e s  us  con f idence  t h a t  our  Vd can be ap- 
p l i e d  t o  a l l  r u r a l  c o a s t a l  and oceanic  areas 
i n  m i d n o r t h e r n  l a t i t u d e s .  

The h i g h  Vd f o r  Cu, Ni and Zn have n o t  
been e x p l a i n e d .  These meta ls  appear t o  be 
assoc ia ted  w i t h  a  mar ine  source. A  s i m i l a r  
e f f e c t  was r e p o r t e d  by Cambray i n  1975 f o r  
t h e  N o r t h  Sea. 

The r a t i o s  o f  e lement I7Be i n  a i r  t o  e l e -  
mentI7Be i n  t o t a l  d e p o s i t i o n  were c a l c u l a t e d  
t o  determine i f  7Be i s  a  good p r e d i c t o r  o f  
e lement  d e p o s i t i o n  i n  t h e  mar ine environment. 
The d a t a  i n  Tab le  7.1 show t h a t  7Be Vd i s  a  
good p r e d i c t o r  o f  elements a s s o c i a t e d  w i t h  
c o n t i n e n t a l  o r i g i n s  (Fe, Mn, T i ,  Cr, Pb, Se, 
As and V), b u t  i s  a  poor p r e d i c t o r  o f  e l e -  
ments assoc ia ted  w i t h  mar ine-der i ved  aeroso ls  
(C l ,  B r ,  Ca, K, Cu, N i  and p o s s i b l y  Zn). The 
c o n c l u s i o n  i s  t h a t  7Be i s  assoc ia ted  w i t h  
aeroso l  o f  <1p s i z e  and, t h e r e f o r e ,  has a  Vd 
s i m i l a r  t o  o t h e r  elements assoc ia ted  w i t h  

smal l  a e r o s o l .  The elements a s s o c i a t e d  w i t h  
mar i  ne-generated aeroso l  (sea-sal  t )  has Vd 
2-6 t imes g r e a t e r  than 7Be and, t h e r e f o r e ,  
7Be d e p o s i t i o n  r a t e  w i l l  g r e a t l y  u n d e r e s t i -  
mate t h e i r  d e p o s i t i o n  r a t e s .  

The 7Be Vd d a t a  f o r  t h e  w o r l d  oceans and 
mar ine a i r  chemis t ry  d a t a  w i l l  be used t o  
e s t i m a t e  atniospheric i n p u t  t o  t h e  ocean o f  
p o l  1  u t a n t s  assoc ia ted  w i t h  small  a e r o s o l s .  
We p l a n  t o  compare these atmospher ic  i n p u t  
r a t e s  w i t h  o t h e r  ma jo r  i n p u t s  such as r i v e r s .  

Observat ions o f  Ul  t r a - l o w  Mercury Concentra- 
t i o n s  i n  Oregon-Washington C o n t i n e n t a l  She l f  
Waters 

Mercury c o n c e n t r a t i o n s  i n  ocean wate r  
c o l l e c t e d  o f f  the  Oregon-Washington c o n t i -  
n e n t a l  s h e l f  have been found t o  be a p p r o x i -  
m a t e l y  t e n  t imes lower  than t h e  b e s t  p rev ious  
measurements. U t i  1  i z i n g  a  newly developed 
procedure, which i s  50 t imes more s e n s i t i v e  
than  p rev ious  techniques,  measurements o f  t h e  
mercury concen t ra t ions  i n  seawater were made 
on board t h e  R / V  Cayuse immediate ly  a f t e r  t h e  
samples were c o l  1  ected.  T h i s  procedure has 
g r e a t l y  reduced t h e  con tamina t ion  o f  seawater 
w i t h  niercury dur- ing sample s to rage .  Sur face 
seawater was c o l l e c t e d  i n  a  c a r e f u l l y  p r e -  
c leaned p l a s t i c  p a i l  thrown f rom t h e  bow o f  
t h e  s h i p  w h i l e  s l o w l y  c r u i s i n g  fo rward .  Deep 
samples were c o l l e c t e d  i n  t e f l o n - c o a t e d  
Ni s k i n  Go-Flo@ b o t t l e s .  Immediate ly  a f t e r  
sampling, 800 mR o f  t h e  seawater was t r a n s -  
f e r r e d  t o  c a r e f u l l y  prec leaned 1  -R Pyrex 
reagen t  b o t t l e s  and a c i d i f i e d  w i t h  2.5 mR o f  
low-mercury n i t r i c  a c i d  and heated i n  a  h o t  
wa te r  b a t h  t o  60°C. Several m inu tes  a f t e r  
sampl i ng , the  niercury was reduced t o  e l  emen- 
t a l  mercury vapor by adding 20 mR o f  10% 
SnC12 s o l u t i o n  and t h e  seawater was purged 
w i t h  n i t r o g e n  gas f o r  12 min a t  a  f l o w  r a t e  
o f  1  R/nlin. The purged e lementa l  mercury 
vapor was c o l l e c t e d  on a  tube  o f  go ld -coa ted  
g l a s s  beads. The g o l d  bead t u b e  was then  
heated i n  an i n d u c t i o n  c o i l  t o  q u i c k l y  d r i v e  
t h e  mercury, i n  a  stream o f  n i t r o g e n  gas, 
through an ~ ~ ~ B m e r c u r y  a n a l y z e r  f o r  d e t e c t i o n  
and q u a n t i f i c a t i o n .  Standard curves were 
prepared by s p i k i n g  low-mercury seawater w i t h  
known q u a n t i t i e s  o f  s tandard mercury s o l u t i o n s  
and r u n n i n g  t h e  sp iked  samples th rough  t h e  
above procedure.  The d e t e c t i o n  s e n s i t i v i t y  
o f  t h i s  procedure i s  about  0.1 ng o f  mercury.  
Seventeen s t a t i o n s  were occupied i n  Oregon- 
Washington coas ta l  wa te rs .  Sampl es o f  Newport 
Bay and Puget Sound seawater and seawater 
c o l l e c t e d  o f f  the  Oregon-Washington c o n t i n e n -  
t a l  s h e l f  t y p i c a l l y  con ta ined  0.4 t o  1.0 ng 
mercurylR o f  u n f i l t e r e d  seawater.  These 



va lues  a r e  abou t  t e n  t in ies lower  than  t h e  
b e s t  p rev ious  measurements which es t imated  
t h a t  mercury was p resen t  i n  these wate rs  a t  a  
c o n c e n t r a t i o n  o f  severa l  ng/R. The u l t r a - l o w  
l e v e l s  o f  mercury observed i n  seawater (0 .5 
n g l a )  a r e  o f  g r e a t  s i g n i f i c a n c e .  They i n d i -  
c a t e  t h a t  mercury niust have a  v e r y  s h o r t  
res idence  t i m e  i n  t h e  oceans. They a l s o  mean 
t h a t  phytoplankton,  which c o n t a i n s  t e n t h s  o f  
a  ppm o f  mercury, must c o n c e n t r a t e  t h e  mer- 
c u r y  f rom seawater by about  one m i l l i o n f o l d .  
T h i s  e f f i c i e n t  b ioaccuniu la t ion,  t o g e t h e r  w i t h  
t h e  u l t r a - l o w  l e v e l s  o f  mercury p resen t  i n  
t h e  oceans, emphasizes t h e  v u l n e r a b i l i t y  o f  
t h e  mar ine b iosphere t o  man-made contamina- 
t i o n  o f  t h e  oceans by t h i s  h i g h l y  t o x i c  heavy 
m e t a l .  

T race  Element D i s t r i b u t i o n s  a t  P a c i f i c  
GEOSECS S t a t i o n s  

I n s t r u m e n t a l  neu t ron  a c t i v a t i o n  a n a l y s i s  
o f  P a c i f i c  Ocean GEOSECS seawater samples a r e  
e s t a b l i s h i n g  t h e  geographica l  and v e r t i c a l  
d i s t r i b u t i o n s  o f  Zn, Co, Sb, U, Cs and Rb. 
I n  genera l  t h e  c o n c e n t r a t i o n s  and d i s t r i b u -  
t i o n s  o f  these  elements a r e  v e r y  s i m i l a r  t o  
those  observed i n  t h e  A t l a n t i c  Ocean. 
Ext remely l o w  c o b a l t  c o n c e n t r a t i o n s  averaging 
around 0.01 ug/R and r a n g i n g  f rom 0.006-0.096 
u~,la were observed. Considerable v a r i a b i l i t y  
i n  t h e  dep th  d i s t r i b u t i o n  o f  c o b a l t  was 
observed. Z inc  c o n c e n t r a t i o n s  ranged f rom 
0.36-1 1.3 ~ g / k ,  a:,d a;/eraged abou t  1.8 ; g/R. 
Z inc  c o n c e n t r a t i o n  maxima e x i s t e d  a t  d i s c r e t e  
depths a t  each s t a t i o n ,  b u t  d i d  n o t  systema- 
t i c a l  l y  c o r r e l a t e  w i t h  t h e  c o b a l t  maxima. 
The Sb, U, Cs and Rb d i s t r i b u t i o n s  were v e r y  
homogeneous, and averaged about 0.2, 3.5, 
0.30 and 120 u g l a ,  r e s p e c t i v e l y .  Preconcen- 
t r a t i o n  procedures f o r  measuring a r s e n i c  and 
s i l v e r  i n  these samples a r e  p r e s e n t l y  be ing 
conducted. 

We have r e d i r e c t e d  our  t r a c e  element p ro -  
gram towards t h e  c o n t i n e n t a l  s h e l f  r e g i o n s  o f  
t h e  P a c i f i c  Coast o f  t h e  U.S. Seawater 
samples f rom two c r u i s e s  i n  t h i s  area a r e  
be ing  r e a d i e d  f o r  t r a c e  element a n a l y s i s .  We 
have commenced t h e  a n a l y s i s  o f  vanadium, an 
element o f  cons iderab le  i n t e r e s t  i n  the 
mar ine environment because o f  i t s  p o t e n t i a l  
f o r  contani inat ion d u r i n g  o i l  s p i l l s .  Vana- 
dium i s  p r e s e n t  i n  crude o i l s  i n  r e l a t i v e l y  
h i g h  c o n c e n t r a t i o n s .  The vanadium concen- 
t r a t i o n  i n  P a c i f i c  c o a s t a l  waters o f f  Wash- 
i n g t o n  and Oregon i s  about 1.8 u g l a ,  and 
l i t t l e  v a r i a b i l i t y  i n  i t s  d i s t r i b u t i o n  i n  
these waters was observed. 

De te rmina t ion  o f  S o l u b l e  Aluminum i n  Seawater 

S o l u b l e  a1 uniinuni l e v e l s  i n  seawater a r e  
g e n e r a l l y  though t  t o  be on t h e  o r d e r  o f  1  
pg lR;  however, few measurenients have been 
made i n  t h e  pas t ,  p a r t i a l l y  due t o  1  i n i i t a -  
t i o n s  i n  s e n s i t i v i t y  and contani inat ion.  I t  
i s  i m p o r t a n t  t o  assess t h e  l e v e l s  and v a r i a -  
t i o n s  i n  s o l u b l e  aluminum, s i n c e  one expects  
p a r t i c u l a t e  aluminum and, thus,  p o s s i b l y  
s o l u b l e  aluminum, t o  v a r y  g r e a t l y  i n  c o a s t a l  
env i ronments due t o  n a t u r a l  processes. I t  i s  
a l s o  p o s s i b l e  t h a t  anthropogenic  a c t i v i t i e s  
i n f l u e n c e  these  l e v e l s  o v e r  smal l  areas 
p r e s e n t l y  and may be o f  g r e a t e r  i n f l u e n c e  i n  
t h e  f u t u r e .  

Toward t h i s  end, we have developed a  sen- 
s i  t i v e  and q u a n t i t a t i v e  procedure f o r  t h e  
d e t e r m i n a t i o n  o f  s o l u b l e  aluminum. We u t i l -  
i z e d  an i r o n  hydrox ide  c o p r e c i p i t a t o r  i o n  r e -  
p o r t e d  p r e v i o u s l y  f o r  d e t e r m i n a t i o n  o f  a r -  
sen ic ,  vanadium, and selenium. E v a l u a t i o n  
was conducted u s i n g  26A1 radiochemical  t r a c e r  
and p r e v i o u s l y  f i l t e r e d  and a c i d i f i e d  seawater.  

I r o n  c a r r i e r  ( 5  mg) and phenol r e d  i n d i c a -  
t o r  were added t o  s i x  100 ma a l i q u o t s  o f  
seawater.  Sodium hydrox ide  ( I N )  was then  
added dropwise d u r i n g  s t i r r i n g  u n t i l  t h e  
i n d i c a t o r  endpo in t  was reached. The p r e c i p i -  
t a t e  formed was a l lowed t o  age approx imate ly  
15 min .  I t  was then  c e n t r i f u g e d ,  t h e  super-  
n a t a n t  d iscarded ,  and t h e  p r e c i p i t a t e  then  
washed w i t h  0 .5  M ammonium a c e t a t e .  The 
samples were then  c e n t r i f u g e d ,  t h e  superna- 
t a n t  d i scarded  and t h e  f i n a l  p r e c i p i t a t e  
d i s s o l v e d  i n  a c i d  and b rough t  t o  70 ma. The 
samples and a p p r o p r i a t e  s tandards were then  y 
counted f o r  1000 min  u s i n g  NaI(T1)  m u l t i d i -  
mensional gamma r a y  spect rometers t o  d e t e r -  
mine e f f i c i e n c y  o f  recovery  d u r i n g  t h e  p r e c i -  
p i t a t i o n  procedure.  Recovery f o r  t h e  s i x  
samples was 99.7 + 2.0%, i n d i c a t i n g  t h e  proce-  
dure was q u a n t i t a t i v e  and e x h i b i t e d  excel  l e n t  
p r e c i s i o n .  

E f f i c i e n c y  E v a l u a t i o n  o f  t h e  B a t t e l l e  Large 
Vol ume Water Sampl e r  

The B a t t e l l e  Large Volume Water Sampler 
(BLVWS) has been used f o r  a  number o f  years  
f o r  c o n c e n t r a t i n g  r a d i o n u c l i d e s  f rom v e r y  
l a r g e  volumes o f  f r e s h  and ocean wate r  (e .g. ,  
up t o  4000 R )  . Prev ious  c a l i b r a t i o n s  o f  t h i s  
sampler have been conducted d u r i n g  f i e l d  
exper iments and i n  scaled-down l a b o r a t o r y  
t e s t s .  However, no e f f i c i e n c y  t e s t s  have 
e v e r  been performed i n  which l a r g e  volumes o f  
seawater have been e q u i l i b r a t e d  w i t h  r a d i o -  
a c t i v e  t r a c e r s  and then  processed through t h e  



BLVWS. T h i s  s tudy  was conducted t o  e v a l u a t e  
t h e  a d s o r p t i o n  e f f i c i e n c i e s  f o r  t h e  rad ionu-  
c l i d e s  on a c t i v a t e d  aluminum o x i d e  f rom 
l a r g e  volumes o f  seawater.  

S i x  200-R samples o f  seawater were pumped 
f rom Sequim Bay i n t o  p l a s t i c - l i n e d  p o l y e t h -  
y l e n e  drums and sp iked  w i t h  PCi amounts o f  
t h e  f o l l o w i n  r a d i o n u c l i d e s :  5 1 C r ,  54Mn, 
59Fe, j5Zn ,  g5Zr-Nb, lo6Ru,  I l omAg 
and 44Ce. The t r a c e r s  were a1 lowed t o  
e q u i l i b r a t e  i n  t h e  seawater f o r  2 days and 
t h e  seawater samples were then  pumped through 
s i x  BLVWS loaded  w i t h  a  s e r i e s  o f  e i g h t  
f i b e r g l a s s  f i l t e r s  (30  cm d i a )  and f i v e  beds 
of 0.7 cm t h i c k  by 30 cm d i a  a c t i v a t e d  a lumi -  
num o x i d e .  The 200 g a l  sp iked  seawater sam- 
p l e s  were d i l u t e d  w i t h  800 R o f  raw Sequim 
Bay seawater b e f o r e  e n t e r i n g  t h e  BLVWS by 
s imu l taneous ly  pumping f rom a  l a r g e  r e s e r -  
v o i r .  The combined seawater stream was 
pumped th rough  t h e  BLVWS a t  a  f l o w  r a t e  o f  
28 R/min and a  t o t a l  volume o f  1000 R o f  
seawater was processed through each sampler.  
A f t e r  each sampling, t h e  BLVWS was taken 
a p a r t  and t h e  f i l t e r s  combined f o r  a n a l y s i s .  
The f i v e  aluniinuni o x i d e  beds were s e p a r a t e l y  
packaged. The f i l t e r s ,  o x i d e  beds and p l a s -  
t i c  drum l i n e r s  were packaged i n  s tandard 
c o u n t i n g  geometr ies and counted on a  l a r g e  
~ e ( ~ i  ) gamma-ray spec t romete r .  

Dur ing  t h e  course o f  t h i s  exper iment  t h e  
amount o f  t r a c e r s  l o s t  by a d s o r p t i o n  on to  t h e  
p l a s t i c  drum l i n e r s  ranged f rom 0.05% f o r  
12'+Sb t o  16% f o r  5gFe. The amounts o f  p a r -  
t i c u l a t e  species and t h e  p e r c e n t  o f  t h e  t o t a l  
s o l u b l e  r a d i o a c t i v i t y  removed on each a1 umi - 
num o x i d e  bed a r e  shown i n  Tab le  7.2.  

TABLE 7.2. Efficiency Evaluation o f  the Battelle Large 
Vo lume Water  Sampler 

P a r t i c u l a t e  forms ( g r e a t e r  than 0 . 5 ~ )  ranged 
f rom il% f o r  12'+Sb t o  75.9% f o r  59Fe. The 
f i r s t  A1 O 3  bed was v e r y  e f f i c i e n t  i n  r e -  8 moving 4Ce, 65Zn, g5Zr ,  5gFe, 5 1 C r  and 
lo6Ru.  The 60Co, 5 4 ~ n ,  l lOmAg and 12'+Sb 
r e t e n t i o n  e f f i c i e n c i e s  decreased i n  t h a t  
o r d e r .  The f i r s t  A1203 bed appeared t o  be 
s l i g h t l y  more e f f i c i e n t  than  succeeding beds, 
i n d i c a t i n g  t h e  presence o f  p o s s i b l y  m i c r o -  
p a r t i c u l a t e s  o r  c o l l o i d s  which m i g h t  be 
t rapped on t h e  f i r s t  bed. The r e t e n t i o n  
e f f i c i e n c i e s  o f  t h e  second t o  f i f t h  beds 
decreased l i n e a r l y .  For  t h e  most p a r t  t h e  
r e s u l t s  o f  t h i s  t r a c e r  exper iment  were i n  
good agreement w i t h  p rev ious  scaled-down 
e f f i c i e n c y  t e s t s .  

j 5 r e  a ~ d  Stab1 e  I r o n  -Comparative Biogeochemi - 
c a l  Behavior  

S tud ies  o f  a tmospher ic  aeroso ls  have de- 
monstrated t h a t  much o f  t h e  55Fe assoc ia ted  
w i t h  t h e  aeroso l  i n p u t  t o  t h e  oceans i s  p r e -  
sen t  as e i t h e r  an amorphous o r  hydrous i r o n  
ox ide  o r  as v e r y  smal l  p a r t i c u l a t e  species 
a t tached  t o  the  su r faces  o f  t h e  l a r g e  aeroso l  
p a r t i c l e s .  By comparison, n e a r l y  a l l  o f  t h e  
s t a b l e  i r o n  i s  bound i n  t h e  m i n e r a l  phase o f  
ae roso l  p a r t i c l e s .  T h i s  d i f f e r e n c e  i n  t h e  
chemical and p h y s i c a l  forms o f  t h e  r a d i o a c -  
t i v e  and s t a b l e  i r o n  i s o t o p e s  r e s u l t s  i n  t h e  
5 5 ~ e  being more b i o l o g i c a l l y  a v a i l a b l e  than  
i s  t h e  s t a b l e  i r o n .  T h i s  d i f f e r e n c e  i n  
a v a i l a b i l i t y  i s  r e s p o n s i b l e  f o r  t h e  t r a n s f e r  
o f  a  much h i g h e r  s p e c i f i c  a c t i v i t y  55Fe t o  
c e r t a i n  ocean organisnis and man than t h a t  
p resen t  i n  aeroso l  p a r t i c l e s  o r  i n  seawater .  
T h i s  d i f f e r e n t i a l  b i o l o g i c a l  uptake o f  t h e  
r a d i o a c t i v e  i r o n  and i t s  s t a b l e  e lement  
c o u n t e r p a r t  i n d i c a t e s  the  problem o f  always 
r e l y i n g  on t h e  s t a b l e  elements i n  t h e  mar ine 
environment t o  e f f e c t i v e l y  d i l u t e  r a d i o e l e -  
ments o r  o t h e r  s t a b l e  elements o f  an th ropo-  
gen ic  sources.  The e f f e c t i v e n e s s  o f  d i l u t i o n  
by n a t u r a l  sources depends on t h e  chemical 
and p h y s i c a l  forms o f  t h e  m a t e r i a l s  i n  b o t h  
t h e  source terms and t h e  r e c e i v i n g  e n v i r o n -  
ments. The l a r  e  d i f f e r e n c e  i n  s p e c i f i c  9 .  a c t i v i t i e s  o f  Fe i n  aeroso ls  and seawater 
r e 1  a t i v e  t o  ocean o rgan i  snis r e f l e c t s  t h e  
independent behavior  o f  55Fe and stab1 e  i r o n .  
F u l l  d e t a i l s  o f  t h i s  work a r e  be ing  submi t ted  
f o r  p u b l i c a t i o n .  
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T h i s  program prov ides  f e a s i  b i l  i t y  e v a l u a t i o n ,  

technology f o r  t h e  i n  s i t u  a n a l y s i s  o f  t h e  wide 

c l i d e  species i n  ocean and f r e s h w a t e r  sediments. 

I n  S i  t u  X-ray Fluorescence System Development 

The i n  s i t u  x - r a y  f l uo rescence  ana lyzer  
developed by  t h i s  l a b o r a t o r y  has s u c c e s s f u l l y  
measured e lementa l  c o n c e n t r a t i o n s  i n  sediment 
su r faces  t o  wa te r  depths o f  100 m. Wi th  
m o d i f i c a t i o n s  now being incorpora ted ,  t h e  
equipment w i l l  a l s o  g i v e  accura te  measurements 
down t o  6 cm deep i n  t h e  o n s i t e  sediment and 
a l l o w  system use i n  wa te r  depths o f  300 m. 

Underwater measurements i n  Puget Sound, 
Washington were made w i t h  i n  s i t u  x - ray  
f l uo rescence  equipment mounted i n  a  frame- 
work which a1 1  owed t h e  probe t o  j u s t  c o n t a c t  
the  sediment su r face .  The r e s u l t i n g  nieasure- 
ments p rov ided  e lementa l  c o n c e n t r a t i o n s  f o r  
t h e  t o p  few m i l l i m e t e r s  o f  t h e  sedinient c o l -  
umn. Al though t h i s  p rov ided  i n f o r m a t i o n  on 
c u r r e n t  e lementa l  c o n c e n t r a t i o n s ,  g r e a t e r  
use cou ld  be d e r i v e d  i f  i t  were p o s s i b l e  t o  
nieasure e lementa l  c o n c e n t r a t i o n s  i n  succes- 
s i v e  l a y e r s  o f  t h e  sedinient column. The 
e x i s t i n g  i n  s i  t u  x - r a y  f l uo rescence  ana lyzer  
i s  c u r r e n t l y  be ing  m o d i f i e d  t o  p r o v i d e  a  
system w i t h  t h i s  c a p a b i l i t y .  Excavat ing 
nardware being added can remove a  few m i l l i -  
meters o f  sediment. Fol l o w i n g  sediment r e -  
moval t i l e  ana lyzer  sensor i s  lowered t o  t h e  
ilew s u r f a c e  and t h e  measurement made. T h i s  
process i s  repeated s u c c e s s i v e l y  t o  a  s e d i -  
ment depth o f  about  6 cm. Excavat ion o f  
sediment f rom under t h e  sensor i s  accomplished 
by a  s e r i e s  o f  b lades  a t t a c h e d  between r o l l e r  
cha ins  l o c a t e d  on each s i d e  o f  t h e  e x i s t i n g  
x - ray  f luorescence ana lyzer  as shown i n  F i g -  
u r e  7.4. 

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

spectrum o f  i n o r g a n i c ,  o rgan ic ,  and rad ionu-  
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FIGURE 7.4. In  Situ X-Ray Fluorescence Probe 
Modified to Allow Sediment Analysis with Depth. 

The p ressure  housing f o r  t h e  x - r a y  f l u o r -  
escence sensor has a l s o  been reduced t o  7 cm 
d iameter  t o  m in im ize  t h e  excava t ion  area r e -  
qu i red .  The p r e s e n t  p ressure  housing i s  
equipped w i t h  a  0.05 mrn t h i c k  5-cm diameter  
Be window a l l o w i n g  o p e r a t i o n  o f  t h e  system 
t o  wa te r  depths o f  100 m. By changing t o  a  
0.5 mm t h i c k  T i  window, sediments can be ana- 
l y z e d  i n  wa te r  depths o f  300 m. I n  t h e  l a t t e r  



case ,  241Am i s  used t o  exc i t e  the sediment 
elements instead of lo9Cd. The 241Am has 
a higher energy exci t ing  proton which pene- 
t r a t e s  the  window more e a s i l y .  The Ti win- 
dow does decrease the  transmission of low 
energy x-rays ( < I 5  keV), thus ,  the sens i t iv -  
i t y  f o r  Fe, Ba, and the intermediate Z e l e -  
ments a re  reduced by fac to r s  of from 3 t o  5. 

In a typical  operation,  the modified in 
s i t u  x-ray fluorescence system will  be low- 
ered from a surface vessel o r  submarine to  
the sediment region.  Following measurenent 
of surface po l lu t an t s ,  power i s  applied t o  
the excavation assemblies. Chain operation 
i s  liioni tored topside by detec t ion of blade 
material as i t  passes under the  detec tor .  
Shutdown of power re leases  a brake which 
allows the x-ray fluorescence system to  
lower to  the  new surface  and sediment analy- 
s i s  t o  begin. Use of the r~iodified in s i t u  
x-ray f l  uorzscence analyzer i s  providing 
knowledge not only of pol lu tants  on the  sedi -  
ment surface but a1 so the  changing concentra- 
t ions  of pol lu tants  a s  a function of sediment 
depth. 

Data Reduction Methods f o r  In Si tu  X-ray 
Fluor2scence Seabed Analyzer 

Continuing method development on data re-  
duction programs allows quan t i t a t ive  analy- 
s i s  of in s i t u  x-ray fluorescence data from 
the sea bed. Analyses a r e  complicated by 
the extreme va r i a t ions  in sample niatrix ( O -  
90% suspended sediment in water) ,  causing 
large potent ia l  e r r o r s  from sel f -absorpt ion,  
p a r t i c l e  s i z e  e f f e c t s ,  enhancenent e f f e c t s ,  
and the va r i ab le  mass and volume of sample 
being "viewed" by the analyzer.  A computer 
code has been developed to  r e l a t e  the  back- 
sca t tered  exci t ing  radia t ion to the mass and 
average atomic number Z of the  material being 
viewed by the  analyzer.  

The new1 y developed computer program es t i  - 
mates appropriate se l f -absorpt ion,  p a r t i c l e  
s i z e ,  and enhancement correc t ions .  The mea- 
surement of sample mass and average Z i s  
accompl ished by separa te  in tegra t ion of the 
coherent and incoherent backscatter  peaks 
and solut ion of simultaneous equations r e -  
l a t ing  the backscatter  i n t e n s i t i e s  to  masses 
of two representa t ive  l i k e  elements. These 
representa t ive  elements a r e  chosen by the 
incoherent-to-coherent in t ens i ty  r a t i o .  
Since elements Z grea ter  than 25 a r e  d i r e c t l y  
measured by fluorescence x-ray peaks, l i k e  

elements a re  chosen t o  represent  the  Z l e s s  
than 25 f r ac t ion  of tne  sample which comprises 
most of i t s  mass. Since a l l  mass est imates 
and correc t ions  a re  computed from fundamental 
parameters and an i n i t i a l  spectrometer cal i -  
bra t ion,  the analyses a re  independent of 
sample matrix.  The l i g h t  va r i a t ions  in  going 
from fresh  water t o  s a l t  water,  o r  from 
packed sediments to  colloidally-suspended 
organic matter ,  a r e  thus accounted f o r .  Pre- 
liminary t e s t s  with t h i s  method suggest a 
stro,ig corre la t ion  (R2 = 0 . 9 7 )  between the  
computed sample mass and i t s  water content 
( a s  determined from grab samples).  If  f u r -  
t he r  work confirms the r e l a t ionsh ip ,  the 
known water content will  permi t estimation 
of the  r e s u l t s  as part-per-mill ion in sed i -  
ment, part-per-mill ion in water,  or part-per-  
mill ion in combined suspension. 

X-ray Fluorescence Capab i l i t i e s  f o r  Uranium 
Ore Analysis 

A cor,lparison of various instrumental 
methods has been completed f o r  the  deter~iiina- 
t ion  of uranium in a var ie ty  of o r e s .  In- 
cluded in t h i s  comparison were energy disper-  
s ive  x-ray fluorescence ( X R F )  methods, wave- 
length d ispers ive  x-ray fluorescence methods, 
and several commonly used nonfluorescence 
photon analys is  methods. The XRF methods 
were exanlined f o r  both th in  and th ick  sam- 
ples .  Uranium s e n s i t i v i t i e s  and detec t ion 
l i m i t s  a re  compared in  Table 7 .3 .  Nearly 
a l l  of the XRF methods l i s t e d  provide s u i t -  
ab le  s e n s i t i v i t y  and detec t ion l i m i t s  f o r  
rapid assay of uranium in commercial-grade 
ores (g rea te r  than 0.01 % uranium). 

Part-per-mill ion uraiiium detect ion 1 imi t s  
can be rout inely  achieved using an isotope,  
secondary source,  o r  d i r e c t  tube exc i t a t ion  
with S i ( L i )  de tec to r s ,  o r  d i r e c t  tube exci -  
t a t i o n  with wavelength d ispers ive  de tec to r s .  
The lowest detection l imi t s  are  obtained with 
L x-rays f o r  energy dispers ive  XRF and with 
e i t h e r  L or  M x-rays f o r  wavelength d isper-  
s ive  X R F .  Even when uranium standards a re  
not r ead i ly  ava i l ab le ,  rapid quan t i t a t ive  
analyses niay be completed using mathematical 
methods to  conipute correc t ions  f o r  an unknown 
matrix.  The XRF c a p a b i l i t i e s  f o r  uranium ore 
analys is  exceed those of d i r e c t  gamma ray 
photon spectrometry, or of methods using 
252Cf neutron-inducecl f i ss io i i  ac t iva t ion  of 
the uranium. 



TABLE 7.3. Comparison of Bulk Sample XRF Analyses for  Uranium. 

Peak - 
U M a  

U M a p  

u La 

T 

U Ka 

Excitation Detection 

Count 
Rate 

(c/sec) 

Cr Tube, 2.5 kW 

V e ,  35 mCi 

Ti Secondary 
(1.5 kW W-Tube) 

M o  Tube, 2.5 kW 

Rh Tube, 12 W 

Rh Tube, 35 W (Pulsed) 

Ag Secondary 
(2.2 kW W-Tube) 

M o  Secondary 
(2.2 kW, W-Tube) 

Pet 

Si(Li) 

Nal(TI), Zr + Y 
Matched Filters 

Proportional Counter 

Intrinsic Ge 

Sensitivity 
( '35 . PPm) 

1.1 

0.0093 

0.15 

-4.4 

0.19 

0.38 

0.53 

1.14 

0.50 

0.56 

0.0057 

0.075 

0.0033 

0.00071 

60 sec 30 
Detection Limit 

(PPm) 

1.6 

46.0 

20.0 

2.3 

32.0 

25.0 

3.6 

2.8 

3.9 

20.0 

61.0 

-300.0 

-, 400.0 

670.0 

Sample 

71 mg/cm2 

63 mg/cm2 

63 mg/cm2 

510 mg/cm2 

63 mg/cm' 

63 mg/cm2 

63 mg/crnz 

63 mg/cm' 

63 mg/cm2 

In-Situ, 
Under Water 

63 mg/cm2 

Field or 
In-Situ 

Field or 
In-Situ 

1.5 g/cm2 
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HANFORD PROJECT SUPPORT 

0 Rockwell Support Studies 

o Decommissioning and Decontamination Studies 

0 Service Assessment Studies 

This section reports on ecological work conducted in support of a variety of 
industry-related operations on the Hanford Site. Past work has been directed toward 
establishing an ecological data base characterizing the environment. This provided 
documentation concerning present environmental quality necessary as baseline 
knowledge when considering possible, future energy technologies. 

Much of this year's Rockwell Hanford Operations supported studies centered 
on preparation of a "status document" summarizing past ecological work on the 
200 Area Plateau, assessing the existing data base and projecting future research 
needs. These studies draw heavily on ecological expertise developed during past 
years as a result of major program support by the Division of Biomedical and 
Environmental Research (DBER). In particular, the development of unique eco- 
systems measurement approaches, as used at the Rockwell sites, and the develop- 
ment of the literature files on radioecology were contributed from DBER's ROWMA 
and Terrestrial Ecology programs (see, respectively, Sections 2 and 1). 

A new effort, this year, involved studies supported under the Decommissioning 
and Decontamination Program. Environmental studies were designed to ascertain 
ecological hazards of 300 Area burial grounds in terms of transport of radioactive 
wastes away from managed areas and risk to biota. 

o Intercontractor Supported Studies 





o Rockwell Support Studies 

P r i n c i p a l  I n v e s t i g a t o r :  L .  E .  Rogers 

Other  I n v e s t i g a t o r s :  D. A. Cata ldo,  K. A. Gano, 
R. G. Schreckhise,  R. E.  F i t z n e r ,  D. Paine, R. E .  Wildung 
J. F.  C l i n e ,  D. W .  Uresk and R. H. Sauer 

Technica l  Ass is tance :  M. A. Combs, L .  F. Nelson, 
C. A. Lee, M. J. H a r r i s ,  V .  D. Char les and H .  A. Sweany 

The Rockwell Hanford Operat ions (RHO) suppor ted e c o l o g i c a l  s t u d i e s  a r e  designed t o  c l a r i f y  

ecosystem s t r u c t u r e  and f u n c t i o n i n g  as p e r t a i n i n g  t o  t h e  management o f  r a d i o a c t i v e  waste con- 

t r o l  areas.  To da te ,  emphasis has been p laced  on c h a r a c t e r i z i n g  the  a b i o t i c  and b i o t i c  com- 

ponents o f  these areas, r e s u l t i n g  i n  p u b l i c a t i o n  o f  over  20 PNL documents and severa l  s c i e n t i f i c  

a r t i c l e s  p e r t i n e n t  t o  t h e  200 Area Waste Management Program. F u t u r e  research  emphasis w i l l  

i n c l u d e  energy and minera l  c y c l i n g  mechanisms, r a d i o n u c l  i d e  t r a n s p o r t  by b i o t a  and model ing o f  

ecosystem f u n c t i o n i n g ,  the reby  i n t e g r a t i n g  p a s t  c h a r a c t e r i z a t i o n  and f u t u r e  e c o l o g i c a l  t r a n s -  

p o r t  s t u d i e s  f o r  a p p l i c a t i o n  t o  waste management o p e r a t i o n s .  

S ta tus  Document p o p u l a t i o n s  o r  t h e  d i e t s  o f  grasshoppers may 
seem e s o t e r i c  when considered independent l y ,  

Much o f  t h i s  p a s t  y e a r ' s  research  spon- b u t  a r e  e s s e n t i a l  when viewed as a  p a r t  o f  
sored by Rockwell  has cen te red  on p r e p a r a t i o n  a  complete program. 
o f  a  document summarizing p a s t  e c o l o g i c a l  
research  on t h e  200 Area P la teau  waste man- 
agement f a c i  1  i t i e s  (PNL-2253, Rogers and 
Rickard,  1977) .  T h i s  r e v i e w  p e r m i t t e d  an 
assessment o f  t h e  p r e s e n t  da ta  base and p ro -  
j e c t i o n  o f  f u t u r e  research  needs, Past and 
p r o j e c t e d  research  needs were i d e n t i f i e d  i n  
terms o f  s i x  research  c a t e g o r i e s :  1 )  char -  
a c t e r i z a t i o n ,  2 )  b i o t i c  p r o d u c t i o n ,  3 )  
t r a n s f e r  processes, 4 )  r a d i o n u c l  i d e  t r a n s -  
p o r t ,  5)  env i ronmenta l  assessment, and 6)  
management model ing.  

Fu tu re  research  t a s k s  scheduled f o r  par -  
t i c u l a r  c a t e g o r i e s  were presented i n  a  F i v e  
Year M i l e s t o n e  Char t  w i t h  Task I n t e r r e l a t i o n -  
sh ips  i l l u s t r a t e d  i n  a  f l o w  diagram. T h i s  
documents t h e  need t o  accompl ish a  v a r i e t y  
o f  seemingly u n r e l a t e d  research  t a s k s  i n  a  
t i m e l y  manner. S tud ies  concern ing  t h e  
impact  o f  r a d i a t i o n  dose on deer  mouse 

Ground-Dwell i n g  Bee t les  

D a r k l i n g  b e e t l e s  a re  an i m p o r t a n t  compo- 
nent  o f  most semi -a r id  ecosystems and a r e  
common i n h a b i t a n t s  o f  waste b u r i a l  s i t e s  a t  
Hanford.  The food h a b i t s  o f  dark1 i n g  b e e t l e s  
were determined as p a r t  o f  an o v e r a l l  program 
f o r  i d e n t i f y i n g  ma jo r  t r a n s p o r t  pathways 
w i t h i n  t h e  c o n f i n e s  o f  t h e  Hanford S i t e .  

The r e l a t i v e  f requency o f  food i t e m  con- 
sumption i s  shown i n  Table 8.1. There were 
52 d i f f e r e n t  food  i tems recorded :  8 grass 
species,  33 f o r b  species,  6  shrub species 
and 5  m isce l laneous  f o o d  types .  Cons ider ing  
a l l  d a r k l i n g  b e e t l e s  toge ther ,  t h e  most f r e -  
q u e n t l y  i n g e s t e d  food  i t e m  was western tansy -  
mustard (Descura in ia  p i n n a t a )  . T h i s  small  
p l a n t ,  w i t h  i t s  y e l l o w  f l o w e r s ,  i s  u b i q u i t o u s  



TABLE 8.1. Plant Taxa and Frequency of Ingestion by 
Darkling Beetles on  the Hanford Site(a) 

Taxon 

GRASSES 
Agropyron  sprcatum 
Bromus tectorum 
Frstuca octo l lora 
Poa cusrckrr 
Poa santibergrr 
Stipa comata 
Stipa thurberlaria 
U n k n o w n  grass 

FORBS 
A m b r m i a  acanthrcarpa 
Amcinckra spp. 
Antennar ia t l rmorpha 
Astragalus spp. 
Balsamorhrza careyarla 
Calochortus macrocarpus 
Ca,trlle/a sp. 
Chenopot l rum lcp tophy l lum 
Chenopot l rum sp. 
Crepis arrabarha 
Cryptantha spp. 
Cyrnopter t~s terehrrirhrnu, 
Dercurarnra prnnata 
Draha verna 
Errgrron lrlrlolrus 
Erysrmum asperurn 
HeIranthus sp. 
Lomat r t~m macrocarpum 
Luprnus spp. 
Micro,terrs gracil is 
Phacelra lrnearrs 
Plantago patagonrca 
Po lemonr t~m rnicranthum 
Psoralea lanceolata 
Salmla kal i  
Sisymbrrum alti,simurn 
Sphaeralcra munroana 
Taraxacum oificrnale 
Townsentfra l l o r i l e r  
Tragopogon tiubrus 
Cornpositae 
Liliaceae 
U n k n o w n  forbs 

SHRUBS 
Arterni5ia trrdentata 
Atr ip lex spinosa 
Chrysotharnnt~r  nauseosus 
Chrysorharnnur viscidifforus 
Eurotia lanara 
Sarcobatus verm~culatus 

MISCELLANEOUS 
Ar th ropod  parts 
Cryptogarns 
Hair 
Seeds 
Pollen 

Consurnpt lon 
Frequency, '%, 

1 
9 

< 1 
<1 
1 

.1 
1 
1 

- 1 
1 

.1 
<1 

1 
.1 
< 1 
3 

.1 
1 
1 
1 

15 
.1 
-1 
1 
1 

-1 
1 

.1 

.1 
.1 
.1 
.1 

2 
5 
3 

.1 
<1 
.1 
.1 
<1 

2 

13 
1 
2 

< 1 
8 
4 

5 
13 
< 1 
1 
2 

( a ) ~  = 959 slides; 19,180 observed fields. 

on t h e  Hanford S i t e  b u t  more common a t  lower  
e l e v a t i o n s .  I t  occur red  i n  t h e  d a r k l i n g  
b e e t l e  d i e t  w i t h  a  f requency o f  15%. Other  
common food  p l a n t s  i n c l u d e d  b i g  sagebrush 
(13%), mosses and 1  ichens (13%), cheatgrass 
(9%),  w i n t e r f a t  ( a % ) ,  J in i  H i1  1  mustard 
( S i s  br ium a l t i s s i m u m )  5%, and a r th ropod  
p* The rema in ing  45 food p l a n t s  
were consumed w i t h  a  f requency l e s s  than 5%. 

The l i s t  of food  p l a n t s  u t i l i z e d  i n d i c a t e s  
t h a t  d a r k l i n g  b e e t l e s  s e l e c t  a  wide range o f  
p l a n t  species.  But  t h i s  l i s t  r e p r e s e n t s  t h e  
f o o d  source o f  an e n t i r e  b e e t l e  f a m i l y .  
I n d i v i d u a l  species may be more s p e c i f i c  
feeders .  

Mule Deer D i e t s  

D i e t a r y  preferences of mule deer  (Odoco i l -  
eus hemionus) were determined.  Fecal p e l  l e t s  
were c o l l e c t e d  f rom t h r e e  d i v e r s e  areas and 
analyzed by m ic roscop ic  techn ique  t o  d e t e r -  
mine t h e i r  p l a n t  compos i t i on .  Three s tudy  
areas were c h a r a c t e r i z e d  f o r  p l a n t  f requency 
o f  occurrence and canopy cover .  Two s i t e s  
were ad jacen t  t o  man-made ponds w i t h  d i f f e r -  
i n g  amounts o f  r i p a r i a n  v e g e t a t i o n ,  w h i l e  t h e  
t h i r d  s i t e  was i n  a  sagebrush/cheatgrass-  
sandberg b luegrass  community. A t  a l l  s i t e s  
cheatgrass was t h e  most abundant u n d e r s t o r y  
spec ies .  Sagebrush was t h e  ma jo r  o v e r s t o r y  
species a t  B  Pond and a t  t h e  sagebrushlcheat-  
grass-sandberg b luegrass  s i t e .  However, a t  
Gable Pond hopsage p rov ided  most o f  t h e  over -  
s t o r y  canopy cover .  T o t a l  canopy cover  was 
42% a t  B  Pond, w h i l e  Gable Pond and t h e  
sagebrush/cheatgrass-sandberg b luegrass  s i t e  
p r o v i d e d  54% and 59% canopy cover ,  respec-  
t i v e l y .  The i m p o r t a n t  p l a n t  spec ies  i n  t h e  
deer f e c a l  p e l l e t s  v a r i e d  among t h e  t h r e e  
l o c a t i o n s .  A t  B  Pond 24 species occur red  i n  
t h e  d i e t  w i t h  t h e  most i m p o r t a n t  be ing  
Russian t h i s t l e  which p r o v i d e d  64% o f  t h e  
d i e t .  T h i r t y - s i x  species occur red  i n  p e l l e t s  
c o l l e c t e d  f rom t h e  Gable Pond s i t e  w i t h  t h e  
most abundant be ing  goldenrod,  which con- 
s t i t u t e d  32% o f  t h e  t o t a l  d i e t .  P e l l e t s  
c o l l e c t e d  f rom t h e  sagebrushlcheatgrass-  
sandberg b luegrass s i t e  had 13 p l a n t  species 
w i t h  t h e  major  species be ing  b i t t e r b r u s h .  
B i t t e r b r u s h  made up 69% o f  t n e  p l a n t s  found 
i n  t h e  p e l l e t s .  The s i m i l a r i t y  i n  d i e t s  
among s i t e s  was low, r a n g i n g  f rom 10% t o  16%. 
Preference i n d i c e s  among t h e  s i t e s  were n o t  
s i m i l a r  (6-18%) i n d i c a t i n g  t h a t  deer  a r e  
s e l e c t i n g  food p l a n t s  t h a t  a r e  s i t e  s p e c i f i c .  

Coot S tud ies  

The American c o o t  ( F u l i c a  americana) i s  a  
comnon i n h a b i t a n t  o f  a l l  ponds l o c a t e d  on t h e  
Hanford S i t e .  The b i o l o g y  and r a d i o e c o l o g y  
o f  t h e  c o o t  i s  p r e s e n t l y  under i n v e s t i g a t i o n  
s i n c e  t h e y  r e p r e s e n t  a  "worst -case"  example 
f o r  t h e  p o t e n t i a l  t r a n s p o r t  o f  waste m a t e r i a l s  
away f rom managed a reas .  T h i s  r e p o r t  con- 
ce rns  t h e  b i o l o g y  o f  t h e  American c o o t  i n  
s o u t h c e n t r a l  Washington. A  l a t e r  r e p o r t  wi 11 
sumniarize r e s u l t s  o f  t h e  r a d i o e c o l o g i c a l  
s t u d i e s .  F i v e  ponds o f  s i m i l a r  v e g e t a t i o n a l  
success ion and wate r  dep th  were s e l e c t e d  f o r  
t h e  i n v e s t i g a t i o n .  These were Gable Mounta in 



Pond, U Pond and B Pond on t h e  U.S. DOE 
Hanford Reservat ion,  and Royal Slough and 
Morgan Lake w i t h i n  t h e  Columbia N a t i o n a l  
W i l d l i f e  Refuge near  O t h e l l o ,  Washington. 
Gable Mountain, U and B Ponds d i f f e r e d  f rom 
t h e  o t h e r  two s tudy  s i t e s  i n  t h a t  t h e y  r e -  
ce ived  smal l  amounts o f  man-made r a d i o n u c l i d e s  
i n t r o d u c e d  a l o n g  w i t h  c o o l a n t  wa te r  f rom 
p r o d u c t i o n  chemical f a c i l i t i e s .  

0. 

The i n v e s t i g a t i o n  compared severa l  f a c e t s  
o f  coo t  n e s t i n g  b i o l o g y  on t h e  f i v e  ponds 
b u t  one o f  t h e  ma jo r  p o i n t s  o f  t h e  s t u d y  
d e a l t  w i t h  f o o d  h a b i t s .  Table 8 .2  p rov ides  
a  l i s t i n g  o f  t h e  food  eaten by  these b i r d s  
on t h e  s tudy  areas i n  sou theas te rn  Washing- 
t o n .  These d a t a  were s i m i l a r  t o  o t h e r  pub- 
l i s h e d  r e p o r t s  and r e v e a l  t h a t  t h e  c o o t  i s  
s t r o n g l y  v e g e t a r i a n  w i t h  s i m i l a r  food  h a b i t s  
f o r  s tudy  areas l o c a t e d  b o t h  on and remote 
t o  t h e  Hanford S i t e  (Tab le  8 .2 ) .  

S o i l  A f f i x a n t s  

Shal low b u r i a l  has been a  techn ique  l o n g  
employed f o r  1  ow-1 eve1 r a d i o a c t i v e  d r y  waste 
d i s p o s a l  a t  Hanford. T h i s  technique i n v o l v e s  
d i g g i n g  a  sha l low t rench ,  p l a c i n g  waste 
m a t e r i a l  on t h e  bot tom o f  t h e  t rench ,  and 
b a c k f i l l i n g  w i t h  e a r t h .  S ince many o f  t h e  
n a t u r a l  s o i l  p r o f i l e s  a t  b u r i a l  s i t e s  have 
a  l a y e r  o f  cobbles o v e r l a i n  by a  sandy t o p -  
s o i l ,  t h e y  a r e  s u b j e c t  t o  wind e r o s i o n .  

Never the less,  b u r i e d  wastes have remained 
s u c c e s s f u l l y  removed f rom b i o l o g i c a l  access i -  
b i l i t y  i n  a lmos t  a l l  i n s t a n c e s .  However, 
t h e r e  have been a  few ins tances  where deep- 
r o o t e d  p l a n t s  o r  bur row ing  animals  have 
b rough t  t h 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  t o  
t h e  s u r f a c e  where t h e y  can e n t e r  e c o l o g i c a l  
food  cha ins .  These i n c i d e n t s  have prompted 
usage o f  s o i l  a f f i x a n t s  f o r  s o i l  e r o s i o n  
c o n t r o l  and as b i o b a r r i e r s  t o  p r e v e n t  p l a n t  
r o o t s  and bur row ing  animals  access t o  b u r i e d  
wastes. 

T h i s  r e p o r t  desc r ibes  r e s u l t s  o f  a  s tudy  
concern ing p o s s i b l e  adverse envi ronmenta l  
e f f e c t s  assoc ia ted  w i t h  s o i l  a f f i x a n t  usage 
i n  terms o f  seed germina t ion ,  p l a n t  wa te r  
usage and y i e l d  (Tab le  8 . 3 ) .  Layers o f  
l a t e x  emuls ion and a s p h a l t  emuls ion m i x t u r e s  
a p p l i e d  t o  s o i l  su r faces  d i d  n o t  reduce seed 
germina t ion  s i g n i f i c a n t l y  n o r  was t h e r e  any 
ev idence o f  induced p l a n t  t o x i c i t y .  Aspha l t  
emuls ion and asphal t -neoprene a f f i x a n t s  
reduced t h e  l o s s  o f  s o i l  water ,  b u t  wa te r  
u t i l i z a t i o n  by p l a n t s  growing i n  l a t e x -  
t r e a t e d  p o t s  was n e a r l y  t h e  same as f o r  con- 
t r o l s .  T h i s  s tudy  suggests t h a t  these  
t rea tments  can be used as s o i l  s t a b i l i z e r s  
t o  c o n t r o l  t h e  m o i s t u r e  f l o w  f rom t h e  s o i l  
as r e q u i r e d  by t h e  b u r i a l  procedures and t o  
he1 p c o n t r o l  wind e ros ion .  

-- 

TABLE 8.2. Foods Eaten by the American Coot in Southeastern Washington. 

Study Areas 

Plants 

Thallophyta 
Algae 

Filamentous algae 
Chara sp. (muskgrass) 

Spermarophyta 
Najadaceae 

Potarnogeton sp. (pondweed) 
Potarnogeton pectinatus (Sago 

pondweed) 
Cyperaceae 

Scirpus sp. (Bulrush) 
Lemnaceae 

Lernna sp. (duckweed) 
Typhaceae 

Typha latifolia (cattail) 
Ranunculaceae 

Ranunculus aquatilis (white 
water crowfoot) 

Haloragidaceae 
Myriophyllurn sp. (watermilfoil) 

Animals 
l nverte brates 

Undetermined 
Vegetation 

Cable Mountain Pond 
% Frequency f S.E. 

N = 89 

U Pond 
% Frequency f S.E 

N = 14 

B Pond 
% Frequency f S.E. 

N = 25 

Morgan Lake and 
Ro.yal Slough 

% Frequency + S.E. 
N = 15 



TABLE 8.3. Effects of Soil Affixants on Plant Growth 

Seed Germina- Water Used 
tion (%) (ml/da/pot) Yield (g/pot) 

1st 2nd 1st 2nd 2nd 
Treatment Crop Crop Crop Crop Crop 
-- -- 

- - Cheatgrass - - - 

1-1/2% Latex 46 f 5 89 t 5 99 + 2 95 ? 1 0.31 f 0.02 
10% Latex 30 f 3 96?  1 89 f 4 95 i 1 0.33 f 0.01 
20% Latex 36f 3 92 f 3 98 f 2 87 f 3 0.36 f 0.01 
Asphalt 

Emulsion 49 f 9 90 + 3 39 f 3 26 t 1 0.54 f 0.03 
Asphalt- 

Neoprene 24 + 6 72 f 2 12 * 1 11 + 5 0.27 f 0.02 
Control 106 f 5 90 t 2 107 f 1 88 ? 1 0.35 f 0.02 

- - - Russian Thistle - - - 

1-1/2"/o Latex 30 f 8 83 + 2 91 + 2 64 + 2 0.65 f 0.04 
10X, Latex 18 f 7 56? 4 92 ? 1 52 f 1 0.35 f 0.04 
2O'K Latex 19 f 3 59 + 9 103 ? 1 61 f 1 0.27 * 0.04 
Asphalt 
Emulsion 46 i 5.0 53 f 9 40 * 2 13 f 1 0.29 + 0.03 

Asphalt- 
Neoprene 10 + 3 1.2 f 3 11 f 0.4 12 ? 2 0.02 f 0.02 

Control 3 6 t 1 3  8 6 t 6  1 1 0 t l  6 8 * 1  0.48f0.04 

U Pond Mammals 

The e f f e c t s  o f  r a d i a t i o n  dose t o  b i o t a  
i n h a b i t i n g  waste management areas a r e  o f  
i n c r e a s i n g  concern as d e t a i l e d  by t h e  r e c e n t  
Hanford Envi ronmenta l  Impact Statement. 
T h i s  s tudy  was designed t o  a s c e r t a i n  body 
burdens and dose f o r  a  p o p u l a t i o n  o f  smal l  
mammals i n h a b i t i n g  U pond env i rons ,  a  low 
l e v e l  r a d i o a c t i v e  waste pond. Four species 
o f  mice were t rapped :  t h e  Great  Basin pocke t  
mouse (Perognathus a r v u s )  , deer  mouse 
(Perom scus m a n i c u l h ;  house mouse (w 
m b a n d  t h e  Western h a r v e s t  mouse 
(Reithrodontomys n i e g a l o t i s )  . T issue  samples 
were c o l l e c t e d  th roughou t  t h e  s tudy f o r  gamma 
scan a n a l y s i s .  An a n a l y s i s  f o r  2 3 8 - 2 4 0 ~ ~  
and 241Am was a l s o  per formed.  The most 
abundant gamma e m i t t e r  was 137Cs w i t h  t h e  

h i g h e s t  l e v e l s  assoc ia ted  w i t h  Z-19 Trench 
and two areas a d j a c e n t  t o  t h e  pond. House 
mice f rom the  Z-19 Trench showed t h e  h i g h e s t  
l e v e l s  w i t h  1600 pCi 137Cs/gm d r y  we igh t  i n  
a  G I  t r a c t  sample. Radiochemical a n a l y s i s  
suggests t h a t  t h e  p o t e n t i a l  f o r  p l u t o n i u m  
uptake by mice i s  v e r y  low.  The h i g h e s t  
va lue  d e t e c t e d  f o r  e i t h e r  p lu ton iun i  o r  amer i -  
ciuni was 2.03 pCi 239Pu/gm d r y .  T h i s  sample 
came f rom house mice i n h a b i t i n g  t h e  meadow 
t r a n s e c t  near t h e  pond. Resu l t s  o f  r a d i o -  
chemical analyses i n d i c a t e  t h a t  o f  t h e  f o u r  
spec ies  o f  mice examined a l l  b u t  t h e  pocke t  
mouse show a p o t e n t i a l  f o r  r a d i o n u c l i d e  up- 
t a k e .  T h i s  i s  a t t r i b u t e d  t o  f o o d  and h a b i t a t  
p re fe rence .  Pocket mice, i n  genera l  , p r e f e r  
t h e  d r y  d e s e r t  A r t e m i s i a  t r i d e n t a t a  - Bromus 
t e c t o r u ~ n  h a b i t a t  over  t h e  m o i s t ,  r i p a r i a n  
h a b i t a t  assoc ia ted  w i t h  t h e  pond and t renches .  

Dosimeters were imp lan ted  beneath t h e  neck 
s k i n  o f  l i v i n g  mice.  Mice were r e l e a s e d  and 
subsequent ly  recap tu red ,  dos imeters removed 
and read .  The d a t a  show t h a t  mice a d j a c e n t  
t o  t h e  pond r e c e i v e d  t h e  h i g h e s t  doses. The 
h i g h e s t  l e v e l s  were a s s o c i a t e d  w i t h  house 
mice which had an average dose o f  54.9 R l y r  
(Table 8 .4 ) .  The d i s t r i b u t i o n  o f  r a d i o a c t i -  
v i t y  was a l s o  measured accord ing  t o  s o i l  
p r o f i l e  depth.  The s u r f a c e  and t o p  dec imete r  
of s o i l  f o r  the  meadow area showed t h e  h i g h -  
e s t  con tamina t ion  l e v e l s  w i t h  a  mean o f  75 
R l y r .  Neutron dose i n  t h e  s o i l  p r o f i l e  was 
a l s o  measured and was a l s o  h i g h e s t  near  t h e  
s u r f a c e  averag ing  74 m  reni /yr .  

TABLE 8.4. Mean Gamma Doses to U Pond Mice 
(Roentgens per year) 

Pocket Mouse Deer Mouse House Mouse 

R/y f S.E. R/y f S.E. R/y + S.E. 
-- 

R.S. 0.07 f 0.003 
C.P. Control 0.09 f 0.005 0.07 t 0.003 
Z-Trench 0.14 t 0.01 0.93 f 0.51 
U-Trench 0.35 f 0.11 
Forest 3.99 f 2.5 2.93 f 0.41 13.4 f 8.8 
Meadow 42.7 f 7.32 21.1 f 1.9 54.9 f 1.7 

(a)~attlesnake Springs Control 
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The decommiss ion ing o f  r e t i r e d  H a n f o r d  f a c i l i t i e s  r e q u i r e s  c a r e f u l  c o n s i d e r a t i o n  o f  e n v i -  

r onmen ta l  1  y - r e l a t e d  f a c t o r s .  A p p l i c a b l e  e c o l o g y  programs have been des igned  t o :  1  ) d e v e l o p  

t h e  techno1  ogy a s s o c i a t e d  w i t h  b u r i a l  g round s t a b i l i z a t i o n ,  t h e r e b y  m i n i m i z i n g  b i o t i c  access 

and t r a n s p o r t  o f  r a d i o a c t i v e  was tes  and, 2)  c h a r a c t e r i z e  p r e s e n t  300 Area b u r i a l  g rounds t o  

a s c e r t a i n  t h e  p o t e n t i a l  b i o t i c  t r a n s p o r t  o f  waste  m a t e r i a l s  away f r o m  managed f a c i l  i t i e s .  

B u r i a l  Ground S t a b i l i z a t i o n  

T h i s  t a s k  i s  d e s i g n e d  t o  t e s t  t h e  a b i l i t y  
o f  a  " b i o b a r r i e r "  ( a  r o c k - g r a v e l - s a n d - t o p s o i l  
c o v e r )  t o  p r e v e n t  p l a n t  and an ima l  p e n e t r a -  
t i o n  o f  c o n t a m i n a t e d  b u r i a l  g rounds .  An e f -  
f e c t i v e  b i o b a r r i e r  mus t  have t h e  f o l l o w i n g  
f e a t u r e s :  1 )  u n i f o r m  t h i c k n e s s  and c o n t i n u -  
ous o v e r  t h e  e n t i r e  a rea ;  2 )  enough e l a s t i -  
c i t y  t o  w i t h s t a n d  s o i l  s h i f t i n g  and h e a v i n g  
d u r i n g  c o n s t r u c t i o n ,  f r e e z i n g  and thaw ing ,  
e t c ;  3 )  mus t  p r e v e n t  r o o t s  f r o m  e n t e r i n g  t h e  
b u r i e d  m a t e r i a l ;  4 )  must  r e m a i n  e f f e c t i v e  f o r  
t h e  l i f e  o f  b u r i e d  r a d i o i s o t o p e s ;  and, 5 )  
s h o u l d  be a d a p t a b l e  t o  mechan i ca l  i n s t a l l a -  
t i o n  unde r  f i e l d  c o n d i t i o n s .  

D i f f e r e n t  b i o l o g i c a l  b a r r i e r s  a r e  p r e -  
s e n t l y  b e i n g  t e s t e d  i n  a  r e p 1  i c a t e d  p l o t  de- 
s i g n  u s i n g  s o i l  m ixed  w i t h  l i t h i u m  c h l o r i d e  
t o  s i m u l a t e  r a d i o a c t i v e  was tes .  A n t  c o l o n i e s  
and p o c k e t  m ice  have been i n t r o d u c e d  t o  t h e  
t e s t  a r e a .  A n t  ca rcasses  and s o i l  p a r t i c l e s  
c o l l e c t e d  f r o m  t h e  a n t  h i l l  w i l l  be a n a l y z e d  
f o r  1  i t h i u n i  c o n t e n t .  The m i c e  w i l l  be t r a p p e d  
and f e c e s  sampled f o r  l i t h i u m  c o n t e n t  t o  de- 
t e r m i n e  i f  b a r r i e r  p e n e t r a t i o n  has o c c u r r e d .  
Russ ian  t h i s t l e  p l a n t s  have been h a r v e s t e d  
and a n a l y z e d  f o r  l i t h i u m  c o n t e n t .  Two p l a n t s  
had s i g n i f i c a n t  q u a n t i t i e s  o f  l i t h i u m  i n  t h e  

aboveground p a r t s  i n d i c a t i n g  t h a t  t h e  r o o t s  
had reached  t h e  1  i t h i u m - s p i  ked s o i  1  be low  t h e  
c o b b l e  1  a y e r .  

A  p l a n t  g r o w t h  t e s t  f a c i l i t y  has been 
e s t a b l i s h e d  w i t h i n  200 West Area b o u n d a r i e s  
t o  a s c e r t a i n  t h e  a v a i l a b i l i t y  o f  was te  nu-  
c l  i d e s  t o  p l a n t s  c u l t i v a t e d  unde r  f i e l d  
c o n d i t i o n s .  S o i  1  p r o p e r t i e s  have been a n a l  y- 
zed and t h e  f o l l o w i n g  r a d i o n u c l i d e s  d e t e c t e d  
i n  q u a n t i t i e s  r a n  i n g  f r o m  50  t o  100 p C i / g  
d r y  s o i l :  235U, q41An~, l p 7 C s ,  li5Eu, and 
2 3 9 P ~ .  S e v e r a l  o t h e r  r a d i o e l  ements were  
obse rved  i n  v e r y  l o w  c o n c e n t r a t i o n s .  The 
p l o t  has been t i 1  l e d ,  f e r t i l i z e d ,  and p l a n t e d  
t o  beans, b a r l e y ,  and c a r r o t s .  P l a n t  t i s s u e s  
f r o m  t h e s e  c r o p s  w i l l  be a n a l y z e d  t h r o u g h o u t  
t h e  g r o w i n g  season.  

300 Area B u r i a l  Ground C h a r a c t e r i z a t i o n  

T h i s  s t u d y  was i n i t i a t e d  t o  g a t h e r  d a t a  
p e r t i n e n t  t o  t h e  q u e s t i o n  c o n c e r n i n g  p o t e n -  
t i a l  e n v i r o n m e n t a l  haza rds  a s s o c i a t e d  w i t h  
t h e  p r e s e n t  b u r i a l  g round t e c h n o l o g y  and 
i n c l u d e s  t a s k s  e v a l u a t i n g  t h e  r o l e  o f  p l a n t s ,  
s m a l l  mammals and i n v e r t e b r a t e s  as p o t e n t i a l  
t r a n s p o r t  v e c t o r s  o f  was te  m a t e r i a l s .  



V e g e t a t i o n  samples have been c o l l e c t e d  
f rom t h e  300 Area b u r i a l  grounds and f rom 
nearby c o n t r o l  areas f o r  r a d i o n u c l i d e  ana ly -  
ses. Radio isotopes o f  i n t e r e s t  i n c l u d e  
144Ce, lo6Ru,  1 3 7 C ~ ,  95Zr, 54Mn, 65Zn, 40K 
and 6OCo. S i g n i f i c a n t l y  g r e a t e r  a c t i v i t y  
1  eve l  s  were observed f o r  v e g e t a t i o n  growi ng 
i n  t h e  Wye and N o r t h  b u r i a l  grounds. Cerium- 
144 was a  f a c t o r  o f  %2 h i g h e r ,  l o6Ru a  f a c t o r  
o f  %6 g r e a t e r ,  and 137Cs a  f a c t o r  o f  a3 
g r e a t e r  f o r  t h e  N o r t h  b u r i a l  ground. How- 
ever ,  i t  shou ld  be no ted  t h a t  t h e  e l e v a t e d  
l e v e l s  observed f o r  p l a n t s  f rom t h e  N o r t h  
b u r i a l  ground r e s u l t e d  f r o m  a  s i n g l e ,  h i g h l y -  
contaminated p l a n t .  

The Wye b u r i a l  ground r e v e a l e d  mean con- 
c e n t r a t i o n  orders-of -magni tude g r e a t e r  than  
those observed f o r  c o n t r o l  areas,  f o r  a l l  
r a d i o i s o t o p e s  excep t  40K and 60Co. However, 
t h i s  observa t ion ,  again,  was h i g h l y  dependent 
on t h e  l a r g e  degree o f  s p a t i a l  h e t e r o g e n e i t y  
o f  h u c l  i d e  c o n c e n t r a t i o n s .  A1 1  e l e v a t e d  
l e v e l s  were a  r e s u l t  o f  a  s ing1  e  contaminated 
p l a n t .  I n  genera l ,  except  f o r  the  two con- 
taminated v e g e t a t i o n  samples o u t  o f  a  t o t a l  
o f  191, t h e  c o n c e n t r a t i o n s  (dpmlgm) o f  a1 1  
r a d i o i s o t o p e s  i n v e s t i g a t e d  were 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  f rom observed concen t ra t ions  
i n  v e g e t a t i o n  samples c o l l e c t e d  f r o m  c o n t r o l  
areas.  

Ant  Roles i n  Management o f  Rad ioac t i ve  Waste 
Storage Areas 

Ants have l o n g  been known t o  be i m p o r t a n t  
c o n t r i b u t o r s  t o  s o i l  f o r m a t i o n .  The a c t i v i t y  
o f  these animals  over  extended p e r i o d s  o f  
t i m e  r e s u l t s  i n  t h e  p u l v e r i z a t i o n ,  g ranu la -  
t i o n ,  and t r a n s f e r  o f  l a r g e  amounts o f  s o i l .  
The s o i l  t r a n s f e r  f u n c t i o n  may prove s i g n i -  
f i c a n t  i n  managing r a d i o a c t i v e  waste d i s p o s a l  
s i t e s .  

There a r e  o n l y  a  few es t imates  i n  the  
l i t e r a t u r e  concern ing  t h e  amount o f  s o i l  an ts  
move t o  t h e  su r face .  A  s t u d y  concern ing  t h e  
impor tance o f  an ts  i n  s o i l  genesis  i n  New 
England es t imated  t h a t  50 g/yd2 were b rough t  
t o  t h e  s u r f a c e  each y e a r .  The a n t  Las ius  
neoni e r  Emery was es t imated  t o  have b rough t  
&of s o i l  t o  t h e  s u r f a c e  i n  an o l d  
f i e l d  s tudy  i n  Mich igan.  A  h a r v e s t e r  a n t  
common i n  a r i d  areas o f  t h e  West (Pogonomyr- 
mex o c c i d e n t a l  i s)  was es t imated  t o  have 
excavated 2.8 kg o f  s o i l  d u r i n g  t h e  l i f e  o f  a  
co lony .  T h i s  species i s  c l o s e l y  r e l a t e d  t o  
t h e  l a r g e  r e d  h a r v e s t e r  a n t  conimon t o  t h e  
Hanford env i rons .  I n  waste management areas,  
h a r v e s t e r  a n t s  a r e  o f  p a r t i c u l a r  impor tance 
s i n c e  t h e y  tend  t o  invade d i s t u r b e d  areas and 
u s u a l l y  tunne l  t o  g r e a t  depths.  T h e i r  c o l o -  
n i e s  have been r e p o r t e d  t o  extend t o  depths 

o f  3  m t o  4.5 m i n  a r i d  r e g i o n s ,  b u t  depths 
o f  2  m t o  2.5 m a r e  p robab ly  more common. 

T h i s  i n i t i a l  i n v e s t i g a t i o n  was designed t o  
document co lony  d e n s i t y  f o r  t h e  common h a r -  
v e s t e r  a n t  (Pogonomyrmex owyheei) . T h i s  was 
accomplished by c o u n t i n g  c o l o n i e s  a c t u a l l y  
l o c a t e d  on 300 Area b u r i a l  grounds. Counts 
were a1 so made o f  c o l o n y  d e n s i t y  f rom a d j a -  
c e n t  c o n t r o l  areas t o  de te rmine  if the b u r i a l  
grounds p r o v i d e  p r e f e r r e d  n e s t i n g  areas 
(Tab le  8 .5 ) .  R e s u l t s  f rom these s t u d i e s  show 
t h a t  n e a r l y  a1 1  300 Area b u r i a l  ground sup- 
p o r t  s u b s t a n t i a l l y  g r e a t e r  co lony  d e n s i t i e s  
t h a n  nearby c o n t r o l  areas.  

TABLE 8.5. Ant Colony Density Counts, 300 Area 
and Adjacent Burial Grounds 

Burial Ground 

W Y ~  
300 North 

300 6 and 7 

300 West 

300 4 

Total 

(No. Colonies/ha) 

Treatment 
(Inside Exclosure) 

- 

Control 

L i t t l e  i s  c u r r e n t l y  known concern ing  t h e  
depths t h a t  these a n t s  tunne l  i n t o  t h e  s o i l .  
An i n i t i a l  excava t ion  on t h e  200 Area Plateau 
r e v e a l e d  t h e i r  n e s t  t o  extend more than  2.5 m 
i n t o  the  s o i l .  A d d i t i o n a l  i n f o r m a t i o n  i s  
needed concern ing co lony  depths and tunne l  
c o n s t r u c t i o n  p a t t e r n s  b e f o r e  e s t i m a t i n g  t h e  
amount o f  contaminated wastes these a n t s  
c o u l d  b r i n g  t o  t h e  su r face .  

Mammal S tud ies  

These s t u d i e s  a r e  designed t o  a s c e r t a i n  
r a d i o a c t i v e  exposure 1  evel  s  t o  n a t i v e  smal l  
mammals i n h a b i t i n g  300 Area waste management 
areas.  The technique i n v o l v e s  l i v e  t r a p p i n g  
b u r i a l  ground i n h a b i t a n t s  and s u r g i c a l l y  
i m p l a n t i n g  small  dos imeters.  The an ima ls  a r e  
then  re leased  and r e t r a p p e d  a t  a  l a t e r  t ime .  
E x t r a c t i o n  and a n a l y s i s  o f  dos imete rs  then  
p e r m i t s  a  d e t e r m i n a t i o n  o f  r a d i o a c t i v e  dose 
1  eve l  s  impac t ing  r e s i d e n t  smal l  mammal popu- 
l a t i o n s .  An i n i t i a l  comparison o f  exposure 
d a t a  i s  shown i n  Tab le  8.6. 



TABLE 8.6. Exposure to Pocket Mice in mR/Week 
During April 21, 22, 1977. 

T h i s  shows c l  ose s im i  1  a r i  t y  between expo- 
s u r e  l e v e l  s  f o r  b u r i a l  ground and c o n t r o l  
p o p u l a t i o n s  o f  pocke t  mice.  A d d i t i o n a l  d a t a  
a r e  c u r r e n t l y  under a n a l y s i s .  

Control 
Burial Ground Plot 





o Service Assessment Studies 

P r i n c i p a l  I n v e s t i g a t o r s :  W. H. R ickard  and 
D .  G. Watson 

Other  I n v e s t i g a t o r :  R .  E .  F i t z n e r  

Techn ica l  Ass is tance :  H. A .  Sweany 

S e r v i c e  Assessment s t u d i e s ,  suppor ted through the  Rich land Operat ions O f f i c e ,  a r e  r e l a t e d  

t o  long- term e c o l o g i c a l  m o n i t o r i n g  o f  i m p o r t a n t  anl'mals on t h e  Hanford S i t e .  T h i s  r e p o r t  

concerns t h e  Canada goose, t h e  g r e a t  b l u e  heron and ch inook salmon spawning. 

B i o l o g i c a l  M o n i t o r i n g :  Canada Goose Nes t ing  

B i o l o g i c a l  m o n i t o r i n g  has r e c e i v e d  i n -  
c r e a s i n g  amounts o f  a t t e n t i o n  and f u n d i n g  
s i n c e  t h e  advent  o f  t h e  N a t i o n a l  Environmen- 
t a l  P o l i c y  A c t  o f  1969. Some o f  t h e  most 
a d v e r t i s e d  b i o l o g i c a l  m o n i t o r i n g  s t u d i e s  a r e  
those assoc ia ted  w i t h  t h e  s i t i n g  and opera- 
t i o n  o f  commercial n u c l e a r  power s t a t i o n s .  
Such s t u d i e s  a r e  designed t o  o b t a i n  b i o l o g i -  
c a l  d a t a  f o r  1  o r  2  y r  p r i o r  t o  power s t a -  
t i o n  o p e r a t i o n s  t o  p r o v i d e  b a s e l i n e  in fo rma-  
t i o n  concern ing t h e  k inds ,  and an e s t i m a t e  
o f  abundance, o f  organisms most l i k e l y  t o  be 
a f f e c t e d  by e i t h e r  c o n s t r u c t i o n  a c t i v i t i e s  
o r  by extended s t a t i o n  o p e r a t i o n s .  

A1 though b i o l o g i c a l  m o n i t o r i n g  i s  gener- 
a l l y  accepted as  a  w o r t h w h i l e  p r a c t i c e ,  t h e r e  
i s  some concern t h a t  the  exper imenta l  des igns 
o f  sample- tak ing,  which r e l a t e  o p e r a t i o n a l  
f a c t o r s  t o  changes i n  w i l d  animal popula- 
t i o n s ,  a r e  m o s t l y  inadequate.  Another con- 
c e r n  i s  t h a t  m o n i t o r i n g  w i l l  need t o  be con- 
ducted o v e r  l o n g  p e r i o d s  o f  t ime ,  i .e., 30-40 
y r ,  n e c e s s i t a t i n g  a  long- te rm f u n d i n g  
commi tment . 

One o f  t h e  d i s t i n c t  advantages o f  survey- 
i n g  n e s t i n g  goose p o p u l a t i o n s  on t h e  Hanford 
S i t e  i s  t h a t  t h e  e n t i r e  n e s t i n g  p o p u l a t i o n  
can be censused r a t h e r  than  sampled, the reby  
e l i m i n a t i n g  some o f  t h e  s t a t i s t i c a l  uncer -  
t a i n t i e s  assoc ia ted  w i t h  sample- tak ing . 

Goose nes ts  a r e  r e l a t i v e l y  easy t o  l o c a t e  
s i n c e  they a r e  a lmost  always r e s t r i c t e d  t o  
i s l a n d s  t h a t  a r e  r e l a t i v e l y  smal l  and o n l y  
s p a r s e l y  covered w i t h  p l a n t s .  

There was a  genera l  l a c k  o f  i n f o r m a t i o n  
concern ing t h e  b i o l o g i c a l  f a t e  and e f f e c t s  o f  
r a d i o a c t i v i t y  re leased  i n t o  t h e  Columbia 
R i v e r  f rom o p e r a t i n g  p lu ton ium p r o d u c t i o n  
r e a c t o r s .  Thus, a  program t o  m o n i t o r  goose 
nes ts  was i n i t i a t e d  i n  1953 t o  determine i f  
t h e  h a t c h a b i l i t y  o f  goose eggs was d e l e t e r i -  
o u s l y  a f f e c t e d  by t h e  r a d i o a c t i v e  e f f l u e n t  
water  be ing r e l e a s e d  t o  t h e  r i v e r .  These 
s t u d i e s  showed t h a t  the  r e l e a s e  o f  r a d i o -  
nuc l  i d e s  t o  t h e  Columbia R i v e r  by Hanford ' s  
p r o d u c t i o n  r e a c t o r s  had no d e l e t e r i o u s  impact  
on the  ha tchab i  1  i t y  o f  goose eggs. 

The p r o d u c t i o n  r e a c t o r s  began t o  be phased 
o u t  i n  1964 and by 1971 e i g h t  o f  n i n e  reac-  
t o r s  were no 1  onger o p e r a t i n g .  Never the less,  
t h e  t o t a l  number o f  nes ts  found on t h e  i s l a n d s  
d im in ished  f rom more than 250 nes ts  i n  t h e  
1950's  t o  about  120 i n  t h e  1970's  ( F i g u r e  8 . 1 ) .  
A l though t h i s  i s  a  dramat ic  d e c l i n e ,  i t  i s  
n o t  n e a r l y  so severe as compared t o  t h e  v i r -  
t u a l  l o s s  o f  t h e  e n t i r e  i s l a n d  n e s t i n g  popu- 
l a t i o n  assoc ia ted  w i t h  t h e  nearby Snake 
R i v e r .  The d e c l i n e  of t h e  Snake R i v e r  popu- 
l a t i o n  i s  a t t r i b u t e d  t o  t h e  i n u n d a t i o n  o f  
n e s t i n g  i s l a n d s  by t h e  c o n s t r u c t i o n  o f  f o u r  
h y d r o e l e c t r i c  dams t h a t  have c r e a t e d  s l a c k  
water  f rom t h e  conf luence o f  t h e  Columbia 
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FIGURE 8.1. Total number of goose nests on 20 islands in  the Hanford Reach of the Columbia River from 1953-1977: 
the number of nests that successfully hatched (upper diagram) and the same data for Locke Island (lower diagram), 
an island that has been occupied by coyotes since 1970. 

R i v e r  t o  t h e  Idaho border .  I n  c o n t r a s t ,  the  
Columbia R i v e r  Reach o f  t h e  Hanford S i t e  has 
n o t  been dammed. 

The steady d e c l i n e  i n  goose nes ts  can be 
a t t r i b u t e d  t o  human i n t e r f e r e n c e s ,  s i n c e  the  
lower  reaches o f  t h e  Columbia R i v e r  have been 
sub jec ted  t o  r e c r e a t i o n a l  uses over  t h e  pas t  
decade. Coyote p r e d a t i o n  i s  a1 so an impor- 
t a n t  f a c t o r .  The most d r a m a t i c  example o f  
coyote p r e d a t i o n  occur red  on I s l a n d  6  (Locke 
I s l a n d ) ,  wh ich  i s  n o t  s u b j e c t  t o  human r e c r e -  
a t i o n .  A t  one t ime t h i s  i s l a n d  suppor ted 
more than  100 nes ts .  I n  autumn 1966, two 
coyotes swam t o  I s l a n d  6  and remained t h e r e  
u n t i l  t h e y  were sho t  i n  February 1968. The 
number o f  goose n e s t s  inc reased  i n  1969 b u t  
i n  1970 n e s t i n g  was a  complete f a i l u r e  as a  

coyote occupied the  i s l a n d  p r i o r  t o  t h e  
n e s t i n g  season. S ince 1970, coyo te  c o n t r o l  
has been abandoned a l t o g e t h e r  and i t s  d e s t r u c -  
t i v e  i n f l u e n c e  on goose n e s t i n g  i s  c l e a r l y  
shown i n  the  f o l l o w i n g  years  ( F i g u r e  8 .1 ) .  

The da ta  a r e  now v e r y  u s e f u l  because o f  
the  t i m e  span i n v o l v e d  and t h e i r  c o n t i n u i t y .  
They now serve as a  b a s e l i n e  f rom which t o  
judge the  impact  o f  f u t u r e  env i  ronmental 
p e r t u r b a t i o n s  a s s o c i a t e d  w i t h  t h e  development 
o f  t h e  Columbia R i v e r  as an energy source and 
as a  wa te r  t r a n s p o r t a t i o n  r o u t e .  A  r e s e a r c h  
o p p o r t u n i t y  i s  a l s o  p r e s e n t  t o  de te rmine  i f  
t h e  n e s t i n g  goose p o p u l a t i o n  can be r e s t o r e d  
t o  Locke I s l a n d  by s e l e c t i v e l y  c o n t r o l l i n g  an 
i m p o r t a n t  goose p reda to r ,  t h e  coyote.  



Rad ionuc l ide  Content  o f  Re jec ta  f r o m  Heron 
Nests: A  Colony Comparison 

One o f  t h e  env i ronmenta l  concerns assoc i -  
a t e d  w i t h  t h e  p r o l i f e r a t i o n  o f  n u c l e a r  reac-  
t o r s  and s e l e c t i o n  o f  new s i t e s  f o r  the  
chemical p rocess ing  o f  i r r a d i a t e d  f u e l  i s  the  
p o t e n t i a l  f o r  escapement o f  l o n g - l i v e d  r a d i o -  
n u c l i d e s  i n t o  t h e  ad jacen t  env i ronment .  Once 
r a d i o n u c l i d e s  e n t e r  t h e  b i o l o g i c a l  e n v i r o n -  
ment t h e y  may p a r t i c i p a t e  i n  food  cha ins .  
Food cha ins  l e a d i n g  t o  man a r e  u s u a l l y  w e l l  
d e f i n e d  and a r e  amenable t o  r a d i o l o g i c a l  
s u r v e i l l a n c e  procedures.  However, t h e  food 
cha ins  o f  h i g h e r  t r o p h i c  l e v e l  animals, o t h e r  
than man, have seldom been i n v e s t i g a t e d  i n  
terms o f  r a d i o l o g i c a l  s u r v e i l l a n c e .  

Convent ional  r a d i o l o g i c a l  s u r v e i l l a n c e  
techniques i n v o l v e  t h e  c o l l e c t i o n  o f  domestic 
meat, f r u i t s  and vegetables,  m i l k ,  eggs, the  
shoo t ing  o r  t r a p p i n g  o f  w i l d  an imals  f rom 
t i m e  t o  t i m e  and then s u b j e c t i n g  organs o r  
t i s s u e s  t o  rad iochemica l  a n a l y s i s .  T h i s  p r o -  
cedure i s  u s e f u l  f o r  sampling w i l d ,  g a l l i n a -  
ceous b i r d s  and wate r fow l  ( b i r d s  w i t h  h i g h  
r e p r o d u c t i v e  p o t e n t i a l )  b u t  i s  n o t  e n t i r e l y  
accep tab le  f o r  r a p t o r i a l  b i r d s  and c e r t a i n  
k i n d s  o f  wading b i r d s  w i t h  low r e p r o d u c t i v e  
p o t e n t i a l .  For  example, shoo t ing  f o r  r a d i o -  
l o g i c a l  s u r v e i l l a n c e  purposes c o u l d  s e r i o u s l y  
d e p l e t e  smal l  p o p u l a t i o n s  o f  ospreys and 
g r e a t  b l u e  herons, f i s h - e a t i n g  b i r d s  w i t h  low 
r e p r o d u c t i v e  p o t e n t i a l .  

The g r e a t  b l u e  heron, Ardea herodias,  i s  
a  l a r g e ,  f i s h - e a t i n g  b i r d  t h a t  c h a r a c t e r i s -  
t i c a l l y  n e s t s  i n  t h e  same grove o f  t r e e s  year  
a f t e r  y e a r .  Nes t ing  begins i n  e a r l y  s p r i n g  
w i t h  n e s t  r e f u r b i s h i n g  and egg- lay ing .  Two 
t o  f i v e  eggs a r e  l a i d  i n  each nes t .  When 
t h e  young b i r d s  hatch, p a r e n t  b i r d s  b r i n g  
food,  m o s t l y  f i s h ,  t o  t h e  n e s t  t o  feed t h e  
growing young. A l though d i f f e r e n t  paren ts  
may s e l e c t  d i f f e r e n t  f o r a g i n g  areas l o c a t e d  
a t  v a r i o u s  d i s t a n c e s  f rom t h e  co lony,  food 
i tems a r e  t r a n s p o r t e d  t o  t h e  co lony  t o  feed  
t h e  growing young. Food scraps and f e c a l  
m a t e r i a l  c o l l e c t i v e l y  c a l l e d  " r e j e c t a "  a r e  
c a s t  over  t h e  s i d e s  o f  t h e  n e s t s  and can be 
c o l l e c t e d  and c h e m i c a l l y  analyzed f o r  year -  
to -year  and s i  t e - t o - s i  t e  comparisons. 

Cheesecloth b l a n k e t s  spread on t h e  ground 
beneath heron nes ts  and beneath t r e e s  w i t h o u t  
heron nes ts  a t  C h a t c o l e t  Lake, Idaho, and a t  
t h e  Hanford S i t e ,  Washington, showed t h a t  
wor ldwide f a l l o u t  c o n t r i b u t e d  small  amounts 
o f  r a d i o n u c l i d e s  t o  cheesec lo th  th rough  
d i r e c t  a e r i a l  d e p o s i t i o n  (Tab le  8 .7 ) .  
Con t ro l  b lanke ts  on t h e  Hanford S i t e  accumu- 
l a t e d  more ash we igh t  than  b l a n k e t s  a t  Lake 
Chatco le t ,  l a r g e l y  because o f  wind-blown d u s t  
from t h e  s p a r s e l y  vege ta ted  ground a t  t h e  

TABLE 8.7. Average Ash Weight and Radionuclide 
Content (pCi/g ash) of Cheesecloth Blankets With 
and Without Accumulations of Heron Rejecta at 
Hanford, WA and Lake Chatcolet, ID. 

Location Ash wt. 13'Cs 60C0 40K 144Ce 
----- 

Blankets with Rejecta 

Hanford 290 4.7 0.55 29 7.1 

Chatcolet 106 1.2 0.28 16 15 

Control Blankets 

Hanford 66 3.2 1.2 37 20 

Chatcolet 6 26 8.7 123 224 

Hanford S i t e .  Lake C h a t c o l e t  i s  i n  a  c l i -  
m a t i c a l l y  m o i s t  and h e a v i l y  f o r e s t e d  r e g i o n  
w i t h  1  i t t l e  b low ing  d u s t .  When r a d i o n u c l  i d e  
c o n t e n t  i s  expressed as p c i l i n d i v i d u a l  con- 
t r o l  b l a n k e t  then  Hanford b l a n k e t s  accumu- 
l a t e d  more r a d i o a c t i v i t y  than  Chatco le t  
c o n t r o l  b l a n k e t s .  However, when expressed as 
pCi /g  ash weight ,  t h e  l e s s  dus ty  C h a t c o l e t  
c o n t r o l  b l a n k e t s  had h i g h e r  c o n c e n t r a t i o n s  o f  
1 3 7 C ~ ,  6 0 C ~ ,  '+OK and 14'+Ce. 

Cheesecloth b l a n k e t s  spread beneath heron 
nes ts  a t  Hanford accumulated more n e s t  r e -  
j e c t a  than  b l a n k e t s  o f  C h a t c o l e t  i . e . ,  289 g  
a t  Hanford as compared t o  o n l y  106 g  a t  
Cha tco le t .  Cheesecloth b l a n k e t s  w i t h  accu- 
mulated heron r e j e c t a  a t  Hanford a l s o  had 
g r e a t e r  c o n c e n t r a t i o n s  o f  37Cs, 6 0 C ~ ,  '+OK 
and 14'+Ce t h a n  C h a t c o l e t  b l a n k e t s .  When 
expressed as pCi /g  ash, Hanford b l a n k e t s  
w i t h  r e j e c t a  had g r e a t e r  c o n c e n t r a t i o n s  o f  
137Cs, 6 0 C ~  and '+OK, b u t  l e s s e r  amounts o f  
14'+Ce. 

The n a t u r a l  l y - o c c u r r i n g  r a d i o n u c l  i d e  '+OK 
d e r i v e d  f rom paren t  s o i l  and r o c k  was t h e  
most abundant r a d i o n u c l i d e  measured i n  heron 
r e j e c t a .  Cerium-144, a  s h o r t - l i v e d  f i s s i o n  
product ,  p robab ly  had i t s  o r i g i n  i n  wor ldwide 
f a l l o u t .  It i s  p o s s i b l e  t h a t  t h e  s l i g h t l y  
e l e v a t e d  l e v e l s  o f  137Cs and 6 0 C ~  i n  r e j e c t a  
o r i g i n a t e d  f rom p a s t  o p e r a t i o n s  a t  t h e  Han- 
f o r d  S i t e  b u t  t h e  l e v e l s  a r e  t o o  low t o  be 
o f  b i o l o g i c a l  s i g n i f i c a n c e .  

Radionucl i d e  (gamma e m i t t e r s )  con ten t  o f  
heron r e j e c t a  was v e r y  l o w  b u t  measurable a t  
Hanford, Washington, and a t  Lake Chatco le t ,  
Idaho, i n d i c a t i n g  t h a t  30 y r  o f  p rocess ing  
n u c l e a r  f u e l s  a t  t h e  Hanford S i t e  have con- 
tri buted 1  i t t l e ,  i f  any, r a d i o a c t i v i t y  t o  
p r e s e n t  day heron foods.  S u r v e i l l a n c e  o f  
heron r e j e c t a  appears t o  be a  s e n s i t i v e ,  
n o n d e s t r u c t i v e  way t o  survey r a d i o n u c l i d e  



l e v e l s  i n  t h e  foods o f  a  t o p  t r o p h i c  l e v e l  
animal d u r i n g  a  c r i t i c a l  phase o f  i t s  l i f e  
c y c l e .  The c o o p e r a t i o n  o f  Dr .  Don Johnson, 
l l n i v e r s i t y  o f  Idaho i n  l o c a t i n g  t h e  Lake 
C h a t c o l e t  heron co lony  and pero i i ss ion  of 
Heyburn S t a t e  Park t o  conduct  t h e  s tudy  a r e  
g r a t e f u l l y  acknowledged. 

F a l l  Chinook Salmon Spawning Near Hanford-  
1976 

Annual es t imates  o f  f a l l  ch inook salmon 
spawning i n  t h e  Hanford Reach o f  t h e  Columbia 
R i v e r ,  begun i n  1947, were con t inued  t h i s  
y e a r .  C o n t i n u a t i o n  o f  these s t u d i e s  p rov ides  
base1 i n e  e c o l o g i c a l  d a t a  t h a t  a r e  p o t e n t i a l l y  
u s e f u l  i n  t h e  e s t i m a t i o n  o f  impacts r e s u l t i n g  
f rom con t inued  development o f  t h e  n u c l e a r  
i n d u s t r y  i n  t h i s  a rea .  Resu l t s  o f  pas t  
y e a r ' s  surveys a r e  g i v e n  i n  p rev ious  Annual 
Repor ts .  

Counts o f  t h e  numbers o f  salmon redds 
(nes ts ) ,  th rough  a e r i a l  surveys o f  t h e  r i v e r ,  
se rve  as a  r e l a t i v e  index  o f  spawning popula- 
t i o n  s i z e ,  which i s  u s e f u l  f o r  comparing 
changes among and between y e a r s .  Because t h e  
e f f e c t i v e n e s s  o f  these  surveys i s  l a r g e l y  
dependent on h i g h l y  v a r i a b l e  weather and 
r i v e r  c o n d i t i o n s ,  t h e y  have l i m i t e d  use i n  
t h e  p r e c i s e  e s t i m a t e  o f  p o p u l a t i o n  s i z e  f o r  
any 1  y r .  

I n  1976, surveys were conduted on 12 and 
26 October and on 5  and 15 November. E s t i -  
mates o f  t h e  number o f  redds  were made f rom 
a  smal l  a i r c r a f t  o f  t h e  Columbia R i v e r  f rom 
r i v e r  m i l e  342, near  Rich land,  upstream t o  
P r i e s t  Rapids Dam a t  r i v e r  m i l e  396. Survey 

c o n d i t i o n s  ranged f rom poor  t o  good. The 
spawning area a t  Midway ( r i v e r  m i l e  393) 
con t inued  t o  be t h e  most d i f f i c u l t  t o  survey 
due t o  h i g h  r i v e r  e l e v a t i o n s  r e s u l t i n g  f rom 
dayt ime r e l e a s e  o f  wa te r  a t  P r i e s t  Rapids 
Dam. The s t a r t  o f  spawning i n  most areas was 
on o r  a f t e r  the  f i r s t  survey o f  12 October .  
The excep t ion  t o  t h i s  was i n  t h e  v i c i n i t y  o f  
R ingo ld  ( r i v e r  m i l e  354) where spawning was 
w e l l  underway a t  t h e  t ime o f  t h e  f i r s t  s u r -  
vey. There i s  a  p o s s i b i l i t y  t h a t  spawning i n  
t h i s  area o c c u r r e d  as e a r l y  as l a t e  September 
and t h a t  some o f  t h e  e a r l y  redds had l o s t  
t h e i r  d e f i n i t i o n  and were no l o n g e r  v i s i b l e  
a t  t h e  t i m e  o f  t h e  f i r s t  survey o f  12 October .  
The e a r l y  spawning i n  t h e  R i n g o l d  area may 
r e s u l t  f rom p a s t  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  chinook f rom t h e  Washington S t a t e  Depar t -  
ment o f  F i s h e r i e s  r e a r i n g  f a c i l i t y  a t  t h i s  
l o c a t i o n .  These r e l e a s e s  a r e  f rom Columbia 
R i v e r  salmon s tocks  o b t a i n e d  f r o m  t h e  r i v e r  
d ra inage  downstream o f  Hanford.  

On t h e  surveys o f  12 and 26 October and 5  
and 1 5  November, 26, 1305, 1868, and 1618 
redds were counted. T o t a l  f o r  t h e  season 
was 1951. T h i s  r e p r e s e n t s  about  16% o f  t h e  
a d u l t  f a l l  ch inook ascending l lcNary Dam, t h e  
n e a r e s t  dam downstream o f  Hanford; and about 
4% o f  t h e  f a l l  r u n  over  B o n n e v i l l e  Dam, t h e  
dani neares t  t h e  r i v e r  mouth (Table 8 . 8 ) .  
The 1976 f a l l  ch inook passage over  b o t h  
Bonnevi ll e and McNary Dams was t h e  h i g h e s t  
f o r  t h e  p a s t  10 y r .  T h i s  was n o t  r e f l e c t e d  
by h i g h  counts a t  e i t h e r  P r i e s t  Rapid o r  I c e  
Harbor Dams, upstream o f  McFlary, o r  by t h e  
es t imated  number o f  spawners i n  t h e  Hanford 
Reach o f  t h e  Columbia R i v e r .  I t  i s  p o s s i b l e  
t h a t  an underes t imat ion  o f  Hanford spawning 
c o n t r i b u t e d  t o  p a r t ,  b u t  c e r t a i n l y  n o t  a l l  
o f  t h i s  d isc repancy  . 

TABLE 8.8. Fall Chinook Salmon Passage Over River Dams and Spawning Near Hanford 1967-1976. 

Bonneville McNary Ice Harbor Priest Rapids Hanford as Hanford as ~ n a c c o u n t e d ( ~ )  
Year Dam Dam Dam Dam  anf ford(^)% Bonneville % McNary % 

1967 185,643 73,087 19,022 17,330 22,869 12 31 19 

1968 159,048 72,757 24,377 22,165 24,920 16 34 2 

1975 277,111 68,719 2,558 13,366 18,781 7 27 50 

1976 324,786 87,991 1,474 10,780 13,657 4 16 71 

( a ) ~ o .  redds x 7 
( b ) i ~ c ~ a r y - ( ~ a n f o r d  + Ice Harbor + Priest Rapids)] f McNary 
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Nuclear Regulatory Commission 

B i o c i d e  Byp roduc ts  i n  A q u a t i c  Env i ronmen ts  ( P r o j e c t  Manager: D. R. Anderson;  P r i n c i p a l  I n v e s -  
t i g a t o r s :  R. M. Bean and G. R o e s i j a d i ;  O t h e r  I n v e s t i g a t o r s :  R. G .  R i l e y ,  T .  0 .  T h a t c h e r ,  S. 
W .  L i ;  S p e c i a l i s t :  E .  W .  L u s t y  and C .  S.  A b e r n e t h y )  

More e l e c t r i c a l  g e n e r a t i n g  p l a n t s  a r e  b e i n g  b u i l t  each y e a r  t o  meet  t h e  a d d i t i o n a l  demands 
f o r  e l e c t r i c i t y .  Assuming t h e  c o n t i n u e d  use o f  c h l o r i n e  as  a  b i o c i d e  i n  power p l a n t s ,  t h e r e  
w i l l  be  a  s i g n i f i c a n t  i n c r e a s e  i n  t h e  volume o f  c h l o r i n a t e d  e f f l u e n t s  e n t e r i n g  a q u a t i c  e n v i -  
r onmen ts .  A s s o c i a t e d  w i t h  t h e s e  e f f l u e n t s  w i l l  be c h l o r i n a t e d  ( h a l o g e n a t e d )  o r g a n i c  b y p r o d u c t s .  

T h i s  program i s  des igned  t o  d e f i n e  an i n f o r m a t i o n  base t h a t  can be used  t o  g e n e r a t e  o r  
m o d i f y  r e g u l a t i o n s  c o n c e r n i n g  c h l o r i n a t i o n  b y p r o d u c t s .  The f i r s t  s t e p  i n  d e t e r m i n i n g  t h e  
magn i tude  o f  t h i s  p o t e n t i a l  p rob lem i s  t o  i d e n t i f y  t h e  c h l o r i n a t i o n  b y p r o d u c t s  and t h e i r  
e f f e c t s  and f a t e s  on b i o t a  and i n  a q u a t i c  ecosystems.  The s t u d y  has been d i v i d e d  i n t o  ana-  
l y t i c a l  c h e m i s t r y  and b i o l o g i c a l  s t u d i e s ,  w h i c h  i n c l u d e s  f r e s h w a t e r  and m a r i n e  s u b d i v i s i o n s .  
The o b j e c t i v e  o f  t h e  a n a l y t i c a l  phase i s  t o  i d e n t i f y  t h o s e  chemica l  compounds, o t h e r  t h a n  t h e  
" f r e e  and combined a v a i l a b l e  ha logen, "  wh i ch  r e s u l t  f r o m  t h e  a d d i t i o n  o f  c h l o r i n e  t o  f r e s h  o r  
s a l t w a t e r .  The o b j e c t i v e s  o f  t h e  b i o l o g i c a l  s t u d i e s  a r e  t o  i n v e s t i g a t e  t h e  immed ia te  and 
r e l a t i v e l y  l o n g - t e r m  t o x i c i t y  o f  s e v e r a l  c h l o r i n a t i o n  b y p r o d u c t s ;  t o  f o l l o w  t h e i r  pathways o f  
a c t i o n ;  t o  a n a l y z e  f o r  b i o a c c u m u l a t i o n  o r  b i o m a g n i f i c a t i o n ;  and  t o  e v a l u a t e  t h e s e  e f f e c t s  on 
r a i n b o w  t r o u t ,  (Salmo g a i r d n e r i  ) ,  and t h e  li t t l e n e c k  c lam ( P r o t o t h a c a  s tam inea )  . The program 
i s  expand ing  t o  encompass more f r e s h w a t e r  and m a r i n e  s p e c i e s  d u r i n g  t h e  second y e a r  o f  wo rk .  

A n a l y t i c a l  C h e m i s t r y  o f  C h l o r i n a t i o n  Byp roduc ts  

I n i t i a l  e x p e r i m e n t a t i o n  has been d i r e c t e d  toward  i s o l a t i n g  and i d e n t i f y i n g  ha logena ted  
components fo rmed i n  n a t u r a l  w a t e r s  unde r  c o n d i t i o n s  s i m i l a r  t o  t h o s e  used i n  c o o l i n g  w a t e r  
t r e a t m e n t ,  p a r t i c u l a r l y  t h o s e  ha logena ted  compounds t h a t  m i g h t  be expec ted  t o  be absorbed and 
b i o m a g n i f i e d  i n  t h e  l i p i d s  o f  a q u a t i c  b i o t a .  Thus, we i n v e s t i g a t e d  t h e  n o n p o l a r ,  p resumably  
l i p o p h y l i c  o rganoha logens  formed.  The p rocedu res  used t o  i s o l a t e  t h e s e  compounds wou ld  s p e c i -  
f i c a l  l y  e x c l u d e  more p o l a r  component t y p e s  such as h a l o g e n a t e d  pheno l s ,  amines, and n i t r o g e n  
h e t e r o c y c l e s  t h a t  a r e  b e i n g  i n v e s t i g a t e d  u s i n g  o t h e r  m e t h o d o l o g i e s .  

Samples o f  c h l o r i n a t e d  n a t u r a l  w a t e r s  were o b t a i n e d  f r o m  a  c o n t i n u o u s  f l o w  a p p a r a t u s  de-  
s i g n e d  t o  s i m u l a t e  c o n d i t i o n s  o f  c u r r e n t  power p l a n t  c o o l i n g  w a t e r  t r e a t m e n t  p r a c t i c e .  O r -  
g a n i c  components were c o n c e n t r a t e d  by  f o r c i n g  c h l o r i n a t e d  and u n c h l o r i n a t e d  w a t e r  t h r o u g h  
columns o f  XAD-2 r e s i n  u s i n g  a  p o s i t i v e  d i s p l a c e m e n t  pump. E t h e r  e x t r a c t s  o f  t h e  XAD-2 
columns were a n a l y z e d  f o r  h a l o f o r m s  by  gas chromatography,  u s i n g  a  30 m  w a l l - c o a t e d ,  open 
t u b u l a r  c a p i l  l a r y  co lumn.  An e l e c t r o n - c a p t u r e  gas chromatogram o b t a i n e d  f r o m  a  sample o f  
c h l o r i n a t e d  seawa te r  i s  g i v e n  i n  F i g u r e  9 .1 .  Bromoform was f o u n d  t o  be t h e  m a j o r  c o n s t i t u e n t  
i n  a l l  c h l o r i n a t e d  seawa te r  samples .  I n  c o n t r a s t ,  c h l o r o f o r m  was t h e  o n l y  h a l o f o r m  f o u n d  f r o m  
c h l o r i n a t e d  f r e s h w a t e r .  

The p rocedu res  used f o r  t h e  a n a l y s i s  o f  XAD-2 e x t r a c t s  f o r  components o t h e r  t h a n  h a l o f o r m s  
i n v o l v e d  a  number o f  p r e l i m i n a r y  s e p a r a t i o n  s t e p s  p r i o r  t o  gas c h r o m a t o g r a p h i c  a n a l y s i s .  Gel 
p e r m e a t i o n  chromatography was f i r s t  used t o  remove m a t e r i a l  h a v i n g  m o l e c u l a r  w e i g h t  g r e a t e r  
t h a n  800. S i l i c a  g e l  chromatography u s i n g  hexane, t h e n  hexane -e the r ,  was used t o  s e p a r a t e  t h e  
sample i n t o  two f r a c t i o n s .  F r a c t i o n  A c o n t a i n e d  n o n p o l a r  components ( e  .g. ,  hyd roca rbons  and 
ha1 oca rbons )  and F r a c t i o n  B  c o n t a i n e d  co~nponents  o f  i n t e r m e d i a t e  p o l a r i t y  ( e . g . ,  ke tones  and 
e s t e r s ) .  
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FIGURE 9.1. Above, Gas Chromatogram of Fraction A from XAD-2 Extract of Seawater Using Flame Ionization 
Detector; Below, Chromatogram of Fraction B. Chromatographic peaks denoted by an asterisk represent 
unidentified bromine-containing components (confirmed by G U M S  and electron capture). Peaks denoted by 
numbers have been identified and are listed by number on Table 9.1. 

C a p i l l a r y  chromatograms o b t a i n e d  f rom F r a c t i o n  A and B u s i n g  a f l ame i o n i z a t i o n  d e t e c t o r  a r e  
shown i n  F i g u r e  9.2. These two f r a c t i o n s  were d e r i v e d  f rom t h e  XAD-2 e x t r a c t  o f  over  600 R o f  
c h l o r i n a t e d  seawater.  F i n a l  volume o f  t h e  f r a c t i o n s  was a d j u s t e d  t o  l e s s  than  50 p 1  p r i o r  t o  
GC a n a l y s i s .  The chromatographic  peaks denoted by a s t e r i s k s  o r  numbers r e p r e s e n t  components 
t h a t  met two c r i t e r i a :  1 )  e x h i b i t e d  response f rom t h e  e l e c t r o n  c a p t u r e  d e t e c t o r ,  and 2) gave 
chemical i o n i z a t i o n  mass s p e c t r a  hav ing  peaks c h a r a c t e r i s t i c  o f  bromine i s o t o p e  r a t i o s .  A 
component was r e q u i r e d  t o  meet b o t h  o f  these c r i t e r i a  t o  p o s i t i v e l y  des igna te  i t  as bromine- 
c o n t a i n i n g .  The i d e n t i t i e s  o f  numbered peaks i n  F i g u r e  9 . 2  a r e  l i s t e d  on Table 9.1. 

Many o f  t h e  components i d e n t i f i e d  i n  F r a c t i o n  A a r e  a romat i c  hydrocarbons wh ich  were found 
i n  a l l  samples s t u d i e d .  Procedura l  b lanks  d i d  n o t  c o n t a i n  these  hydrocarbons. Our p r e s e n t  
b e l i e f  i s  t h a t  these  components a r e  i n i t i a l l y  p r e s e n t  i n  t h e  XAD-2 polymer m a t r i x  i n  an unex- 
t r a c t a b l e  f o r m  and a r e  r e l e a s e d  d u r i n g  t h e  sampl ing o p e r a t i o n ,  p o s s i b l y  t h e  r e s u l t  o f  f r a c -  
t u r i n g  o f  t h e  r e s i n  p a r t i c l e s  as t h e  bed i s  compacted. The brominated a r o m a t i c  coniponents i n  
F r a c t i o n  A a r e  p r o b a b l y  formed by r e a c t i o n  o f  bromine w i t h  t h e  hydrocarbon i m p u r i t i e s  d u r i n g  
sampl i ng . 

On t h e  b a s i s  o f  o u r  r e s u l t s  thus  fa r ,  t h e  c o n c e n t r a t i o n s  of nonpo la r  and presumably l i p o -  
p h y l i c  ha logenated components generated by  t h e  low l e v e l  c h l o r i n a t i o n  of r e l a t i v e l y  p r i s t i n e  
n a t u r a l  wa te rs  appear t o  be v e r y  low, i n  t h e  ng/R range, w i t h  t h e  e x c e p t i o n  o f  t h e  haloforms. 
A l though  d e s t r u c t i o n  o f  a c t i v e  c h l o r i n e  p r i o r  t o  XAD a d s o r p t i o n  shou ld  e l i m i n a t e  brominated 
a r t i f a c t s ,  con t inued  problems w i t h  contaminates can be expected s i n c e  many substances a r e  - 
u b i q u i t o u s  i n  t h e  env i ronment  a t  these  l e v e l s .  
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FIGURE 9.2. Electron Capture Capillary Chromatogram of XAD-2 Concentrate f rom Chlorinated Seawate~ 

TABLE 9.1. Components Identified by G U M S  in  
Fractions A and El Obtained from XAD-2 Extract of 
Seawateda) 

1. Bromoform 
2. Trimethylbenzene 
3. Naphthalene 
4. Bromotrimethylbenzene 
5.  2-Methylnaphthalene 
6. I-Methylnaphthalene 
7. Biphenyl 
8. Bromotetralin 
9. Brometetramethylbenzene 

10. Dimethylnaphthalenes 
11. Bromonaphthalene 
12. Bromomethylnaphthalenes 
13. Bromobiphenyls and 

Bromodimethylnaphthalenes 
14. Phenanthrene 
15. Bromotrimethylnaphthalene 
16. Phthalate Esters 
17. Pyrene 
18. Bromoacetal 

(a)~ydrocarbons were identified by comparison of spectra with 
authentic samples; identities of brominated components were 
assigned solely on the basis of spectral interpretation. 

B i o l o a i c a l  S tud ies  o f  C h l o r i n a t i o n  B v ~ r o d u c t s  

The o b j e c t i v e s  a r e  t o  i n v e s t i g a t e  t h e  immediate and r e l a t i v e l y  long- te rm t o x i c i t y  o f  severa l  
c h l o r i n a t i o n  byproducts ;  t o  analyze f o r  b ioaccumula t ion  o r  b i o m a g n i f i c a t i o n ;  and t o  e v a l u a t e  
these  e f f e c t s  on t h e  growth o f  ra inbow t r o u t ,  (Salmo g a i r d n e r i ) ,  and t h e  mar ine l i t t l e n e c k  clam 
(Pro to thaca  staminae) .  The b i o l o g i c a l  s t u d i e s  a r e  subd iv ided  i n t o  f reshwate r  and mar ine o r  
e s t u a r i n e  programs. 



I n  t h e  mar ine  s t u d i e s ,  clanis were exposed i n  a  c h r o n i c  b ioassay t o  c h l o r i n a t e d  seawater f o r  
6  months t o  examine t h e  uptdke o f  ha logenated o r g a n i c  compounds and t h e i r  e f f e c t  on growth and 
m o r t a l i t y  o f  P ro to thaca  starninea. C h l o r i n a t i o n  and d i l u t i o n  i n  a  c i - r lor ine c o n t a c t  chamber 
produced t o t a l  r e s i d u a l  o x i d a n t  (TRO) l e v e l s  r a n g i n g  f rom 0.01 t o  0.14 mg/l  . The r e s u l t a n t  
exposure chamber c o n c e n t r a t i o n s  ranged f rom unde tec tab le  t o  0.02 mg/l . T h i s  decrease i s  p re -  
sumably due t o  c h l o r i n e  demand o f  t h e  seawater.  Samples o f  exposed and c o n t r o l  clams were 
taken  a t  1, 2, 3  and 6  month i n t e r v a l s  and p reserved .  Specimens were f r o z e n  f o r  l a t e r  a n a l y s i s  
o f  t i s s u e s  f o r  ha logenated compounds, and o t h e r s  were preserved i n  an a p p r o p r i a t e  f i x a t i v e  f o r  
h i s t o l o g i c a l  examinat ion.  Growth o f  exposed clams, measured as inc rease  i n  l e n g t h  of s h e l l ,  
was a l s o  examined d u r i n g  t h e  6-month exposure. 

New exposure systems were r e c e n t l y  completed which supp ly  b o t h  r e l a t i v e l y  h i g h  concen t ra -  
t i o n s  necessary f o r  chemical c h a r a c t e r i z a t i o n  o f  c h l o r i n a t e d  seawater o r  f r e s h w a t e r  and t h e  low 
c o n c e n t r a t i o n s  r e q u i r e d  f o r  long- te rm f i s h  o r  c lam exposures. I n  o r d e r  t o  s i m u l a t e  power p l a n t  
c o n d i t i o n s ,  t h e  systems i n c o r p o r a t e  a  temperature inc rease  d u r i n g  passage th rough  t h e  c h l o r i n e  
c o n t a c t  ciiambers. The l e v e l  o f  c h l o r i n a t i o n  i n  t h e  c o n t a c t  chamber i s  approximately 1  .5 mg/l 
TRO. 

I n  t h e  upcoming y e a r ,  growth exper iments w i l l  be cont inued,  emphasizing an e n e r g e t i c s  ap- 
proach t o  measure c lam p r o d u c t i v i t y .  Samples f o r  b ioaccumula t ion  w i l l  c o n t i n u e  t o  be c o l l e c t e d  
and preserved f o r  a n a l y s i s .  Chronic  b ioassays a r e  be ing  conducted w i t h  j u v e n i l e  ra inbow t r o u t  
t o  determine t h e  long- te rm e f f e c t s  o f  c h l o r i n a t i o n  byproducts  . The t e s t  wa te r  i s  c h l o r i n a t e d  
i n  a  c h l o r i n e  c o n t a c t  chamber p r i o r  t o  e n t e r i n g  t h e  b ioassay system. F i s h  a r e  exposed i n  a  
n a t u r a l l y  f l u c t u a t i n g  temperature regime t o  c h l o r i n a t i o n  l e v e l s  o f  l e s s  than  0.04 mg/R t o t a l  
r e s i d u a l  c h l o r i n e  (TRC1). A1 though t h e  m o r t a l i t y  r a t e  th roughou t  t h e  exper iment  i s  low,  l e s s  
than  two f i s h l w e e k ,  t h e  t o t a l  number o f  m o r t a l i t i e s  a f t e r  6  months i n d i c a t e s  an i n t e r e s t i n g  
t r e n d  w i t h  m o r t a l i t y  and TRC1, o r  t h e  corresponding c o n c e n t r a t i o n  o f  c h l o r i n a t i o n  byproduc ts .  
P r e l i m i n a r y  i n d i c a t i o n s  a r e  t h a t  t rends  i n  m o r t a l i t y  have a  p o s i t i v e  c o r r e l a t i o n  w i t h  i n -  
c reas ing  l e v e l s  o f  c h l o r i n a t e d  o rgan ics .  Using Ful t o n ' s  c o e f f i c i e n t  o f  c o n d i t i o n  ~ = 4  as an 
i n d i c a t i o n  o f  t h e  genera l  h e a l t h  o f  the  f i s h ,  t h e r e  i s  a  s i g n i f i c a n t  d i f f e r e n c e  betwken con- 
t r o l s  and 50% o f  t h e  c o n t a c t  chamber l e v e l s  o f  c h l o r i n a t i o n  byproducts .  

Design and A n a l y s i s  o f  Aqua t i c  Floni t o r i n g  Programs ( P r i n c i p a l  I n v e s t i g a t o r s :  D.  H .  McKenzie, 
K. L. Gore and L .  D. Kannberg) 

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 devoted t o :  1 )  r e v i e w i n g  t h e  s t a t i s t i c a l  
methods used i n  impact  analyses,  2)  deve lop ing  what we have termed t h e  p a i r e d  s t a t i o n  a n a l y s i s  
o f  v a r i a n c e  approach and a p p l y i n g  t h e  technique t o  severa l  e x i s t i n g  d a t a  bases, 3 )  examin ing 
t h e  a p p r o p r i a t e  e r r o r  r a t e s ,  d e t e c t a b l e  d i f f e r e n c e s  and sample s i z e  requi rements f o r  t h i s  
technique,  4) r e v i e w i n g  t h e  s t a t e - o f - t h e - a r t  o f  h y d r o l o g i c a l  m o n i t o r i n g ,  model i n g  techniques 
and model v e r i f i c a t i o n  and 5) examining the  s e n s i t i v i t y  o f  a  h y d r o l o g i c a l  model t o  t h e  q u a l i t y  
and q u a n t i t y  o f  t h e  m o n i t o r i n g  da ta .  

The p r o j e c t  addressed some o f  t h e  problems o f  des ign ing ,  conduc t ing  and a n a l y z i n g  a q u a t i c  
env i ronmenta l  m o n i t o r i n g  programs f o r  impact  assessment. Our o b j e c t i v e  was t o  develop usab le  
g u i d e l i n e s  t h a t  would h o p e f u l l y  a v o i d  some o f  t h e  problems and p i t f a l l s  o f  e a r l i e r  m o n i t o r i n g  
programs. The r e p o r t s  f rom an e a r l i e r  " t h r e e  l a b o r a t o r y  s t u d y "  (ANL, PNL and ORNL) p rov ided  
t h e  impetus and da ta  bases f o r  t h i s  p r o j e c t .  

The concept o f  p a i r e d  c o n t r o l  and t rea tment  s t a t i o n  p a i r s  i s  t h e  fundamental b a s i s  f o r  t h e  
exper imenta l  method proposed i n  t h i s  r e p o r t .  T h i s  concept i s  based on t h e  hypo thes is  t h a t  t h e  
r e l a t i o n s h i p  between t h e  two s t a t i o n s  fo rm ing  t h e  p a i r  can be es t imated  f rom t h e  p r e o p e r a t i o n a l  
p e r i o d .  Any changes observed i n  t h i s  r e l a t i o n s h i p  d u r i n g  t h e  o p e r a t i o n a l  p e r i o d  a r e  assumed t o  
be t h e  r e s u l t  o f  t h e  power p l a n t  impacts.  Thus, i t  i s  i m p o r t a n t  t h a t  s t a t i o n  p a i r s  a r e  se- 
l e c t e d  so i t  can be assumed t h a t  t h e y  respond t o  n a t u r a l  env i ronmenta l  changes i n  a  manner t h a t  
m a i n t a i n s  t h i s  r e l a t i o n s h i p .  

The major  problem i n  e s t a b l i s h i n g  t h e  s t a t i o n  p a i r s  w i l l  be t h e  l o c a t i o n  o f  t h e  c o n t r o l  
s t a t i o n .  The u n i v e r s a l  h e t e r o g e n i t y  i n  t h e  env i ronment  w i l l  p reven t  t h e  e s t a b l i s h m e n t  o f  
i d e n t i c a l  s t a t i o n  p a i r s .  The requi rement  t h a t  t h e  c o n t r o l  s t a t i o n  remain u n a f f e c t e d  by t h e  
o p e r a t i o n  o f  t h e  power p l a n t  d i c t a t e s  a  s p a c i a l  s e p a r a t i o n  w i t h  i t s  assoc ia ted  d i f f e r e n c e s  i n  
h a b i t a t .  Thus, s e l e c t i o n  o f  t h e  c o n t r o l  s t a t i o n  w i l l  be based upon b a l a n c i n g  t h e  f o l l o w i n g  two 



c r i t e r i a :  1)  f a r  enough away f rom t h e  p l a n t  s i t e  t o  be beyond t h e  p l a n t  i n f l u e n c e ,  and 2 )  
c l o s e  enough t o  t h e  t rea tment  s t a t i o n  t h a t  t h e  b i o l o g i c a l  communities w i l l  respond c o n s i s t e n t l y  
t o  n a t u r a l  env i ronmenta l  changes. 

I t  appears t h a t  t h e  p a i r e d  s t a t i o n  requi rements can be achieved f o r  some components o f  t h e  
a q u a t i c  ecosystem, i .e., phytoplankton,  zooplankton, and benthos. The Z i o n  Nuclear  Power 
S t a t i o n  m o n i t o r i n g  program i s  a  good example o f  t h e  a p p l i c a t i o n  o f  t h i s  concept  t o  a  l a r g e  l a k e  
environment, Lake Michigan.  The a p p l i c a t i o n  o f  t h e  method t o  r i v e r i n e ,  e s t u a r i n e  and mar ine  
environments i s  comp l i ca ted  by v a r y i n g  hydrodynamic f a c t o r s  and envi ronmenta l  g r a d i e n t s .  
A d d i t i o n a l  s tudy  i s  r e q u i r e d  t o  e v a l u a t e  t h e  s t a t i o n  concept i n  these s i t u a t i o n s .  

The a p p l i c a t i o n  o f  t h e  s t a t i o n  p a i r i n g  concept t o  t h e  f i s h  p o p u l a t i o n  m o n i t o r i n g  program 
does n o t  appear p romis ing .  The concept o f  a  c o n t r o l  s t a t i o n  u n a f f e c t e d  by t h e  power p l a n t  i s  
u n l i k e l y  t o  be v a l i d .  The m o b i l i t y  and m i g r a t o r y  behav io r  o f  most f i s h  species tends t o  d i s -  
t r i b u t e  any p lan t - induced  impact  over  t h e  e n t i r e  p o p u l a t i o n .  Thus, t h e  d e n s i t y  a t  a  " c o n t r o l "  
s t a t i o n  would n o t  be independent o f  t h e  p lan t - induced  impacts.  Therefore,  t h e  assessment o f  
impact  on f i s h  p o p u l a t i o n s  must proceed a t  a  p o p u l a t i o n  l e v e l  and cannot  be s o l e l y  based on 
s t a t i o n  d i f f e r e n c e s .  A d d i t i o n a l  s tudy  i s  r e q u i r e d  t o  e v a l u a t e  t h e  r o l e  o f  t h e  f i s h  m o n i t o r i n g  
program i n  t h e  assessment o f  f i s h e r i e s  impacts.  

Another i m p o r t a n t  concept i n  t h e  des ign  o f  a q u a t i c  m o n i t o r i n g  programs i s  t h e  c o l l e c t i o n  o f  
balanced da ta  s e t s .  One should a v o i d  m o n i t o r i n g  schemes t h a t  produce d a t a  s e t s  which c o n t a i n  
m i s s i n g  observa t ions .  I n  a d d i t i o n ,  t h e  des ign  should be such t h a t  each o f  t h e  a n a l y s i s  o f  
v a r i a n c e  f a c t o r s  has equal numbers o f  observa t ions  a t  each l e v e l  o f  t h e  f a c t o r .  For  example, 
month e f f e c t s  a r e  u s u a l l y  i n c l u d e d  i n  t h e  a n a l y s i s  o f  v a r i a n c e  model and a  balanced d a t a  s e t  
would c o n t a i n  an equal number o f  samples c o l l e c t e d  each month. Other common f a c t o r s  f o r  which 
ba lanc ing  i s  d e s i r a b l e  i n c l u d e :  wa te r  depth, s u b s t r a t e  type,  c u r r e n t  v e l o c i t i e s ,  upstream- 
downstream d i r e c t i o n s ,  and p r e o p e r a t i o n a l  - o p e r a t i o n a l  pe r iods .  Balanced d a t a  s e t s  a r e  much 
e a s i e r  t o  ana lyze  and i n t e r p r e t ,  b o t h  b i o l o g i c a l l y  and s t a t i s t i c a l l y .  

The requi rements p laced  on t h e  da ta  c o l l e c t i o n  phase o f  t h e  m o n i t o r i n g  program can be sum- 
mar ized i n  one word: cons is tency !  T h i s  would seem t o  be i n t u i t i v e l y  obvious, b u t  n e a r l y  a l l  
o f  t h e  n i n e  m o n i t o r i n g  programs rev iewed by t h e  t h r e e  l a b o r a t o r i e s  con ta ined  des ign  changes 
t h a t  a f f e c t e d  t h e  use fu lness  and i n t e r p r e t a t i o n s  o f  t h e  da ta  base. Changes i n  c o l l e c t i n g  gear, 
s t a t i o n  l o c a t i o n s ,  and personnel  (usual  1  y  env i ronmenta l  m o n i t o r i n g  c o n t r a c t o r s )  can s e r i o u s l y  
confound t h e  i n t e r p r e t a t i o n  o f  nioni t o r i  ng da ta .  When changes a r e  unavoidable o r  f u l l y  j u s t i -  
f i e d ,  an o r d e r l y  t r a n s i t i o n  p e r i o d  i s  e s s e n t i a l  t o  p reserve  t h e  c o m p a r a b i l i t y  o f  t h e  d a t a  
bases. 

There i s  a  genera l  l a c k  o f  u n i f o r m i t y  between t h e  l e v e l  o f  d e t a i l  i n  the  d a t a  c o l l e c t i o n  
phase and t h e  a n a l y s i s  and i n t e r p r e t a t i o n  phases. The da ta  c o l l e c t i o n  phase g e n e r a l l y  measures 
and records  e v e r y t h i n g  i n  t h e  g r e a t e s t  d e t a i l  p r a c t i c a l .  Conversely, the  a n a l y s i s  and i n t e r -  
p r e t a t i o n  appears t o  proceed a t  t h e  l e a s t  l e v e l  o f  d e t a i l  p o s s i b l e .  For  example, phy top lank ton  
da ta  bases u s u a l l y  c o n t a i n  d e n s i t i e s  f o r  t h e  organisms i d e n t i f i e d  t o  t h e  genus o r  species 
l e v e l ,  b u t  t h e  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  change may o n l y  cons ider  t o t a l  d e n s i t i e s .  
Gu ide l ines  f o r  t h e  l e v e l  o f  d a t a  i d e n t i f i c a t i o n  and a n a l y s i s  a r e  presented i n  an a t tempt  t o  
r e s o l v e  t h e  l a c k  o f  u n i f o r m i t y  and inc rease  t h e  c o s t  e f f e c t i v e n e s s  o f  m o n i t o r i n g  programs. 

The proposed s t a t i s t i c a l  techniques have been a p p l i e d  t o  p o r t i o n s  o f  t h e  n i n e  power p l a n t  
d a t a  bases. Whi le  t h e  niethodology represen ts  an improvement o v e r  t h e  m a j o r i t y  o f  t h e  methods 
used by t h e  t h r e e  l a b o r a t o r i e s ,  a d d i t i o n a l  work i s  r e q u i r e d  t o  v e r i f y  t h e  gener i c  a p p l i c a b i l i t y  
o f  t h e  method and t h e  parameter es t imates .  Wi th  t h e  above caveat ,  t h e  proposed method i s  an 
improvement i n  t h e  a b i l i t y  t o  s t a t i s t i c a l l y  d e t e c t  changes i n  the  organism d e n s i t i e s .  Based on 
t h e  Z i o n  zooplankton data t h e  proposed method i s  f o u r  t o  seven t imes more e f f i c i e n t  than t h e  
commonly used, unpa i red  a n a l y s i s .  

Gu ide l ines  were a l s o  proposed f o r  some of t h e  problems encountered d u r i n g  t h e  s t a t i s t i c a l  
a n a l y s i s  o f  t h e  d a t a .  An exper imentwise e r r o r  r a t e  was suggested where the  lower  t r o p h i c  
l e v e l s  and economica l l y  i m p o r t a n t  species a r e  t r e a t e d  as t h e  exper imenta l  u n i t .  Levels  o f  t h e  
s t a t i s t i c a l  e r r o r  r a t e s  f o r  t e s t i n g  hypotheses were proposed. The t e s t i n g  o f  t h e  hypo thes is  
abou t  p lan t - induced  changes i n d i c a t e s  t h a t  t h e  sample s i z e s  p r e s e n t l y  be ing  c o l l e c t e d  permi t 
t h e  d e t e c t i o n  o f  approx imate ly  50% o r  s m a l l e r  changes a t  the  0.10 s i g n i f i c a n c e  l e v e l  and w i t h  a  
power o f  0.8. A d d i t i o n a l  s tudy  i s  needed t o  e s t a b l i s h  whether 50% changes a r e  a p p r o p r i a t e  t o  
t h e  i n t e r p r e t a t i o n  and e v a l u a t i o n  o f  impacts.  



Envi ronmenta l  Development Plans - Nuclear  ( P r i n c i p a l  I n v e s t i g a t o r :  R. F. F o s t e r )  

I n  December 1976, ERDA i s s u e d  Immediate A c t i o n  D i r e c t i v e  No. 0500-4 e s t a b l i s h i n g  t h e  r e -  
qu i rement  f o r  Envi ronmenta l  Development Plans (EDP1s) f o r  energy systems. One o f  t h e  purposes 
of EDP1s i s  " t o  p r o v i d e  t h e  A s s i s t a n t  A d m i n i s t r a t o r  f o r  Environment and S a f e t y  w i t h  t h e  b a s i s :  
1 )  f o r  p l a n n i n g  suppor t  o f  t e c h n i c a l  programs; 2)  f o r  de te rmin ing  comnion needs f o r  e n v i r o n -  
menta l ,  heal  t h y  and s a f e t y  research  and development c o n t r o l  technology;  and 3)  f o r  d i s c h a r g i n g  
r e s p o n s i b i l i t y  f o r  c o r r e c t i v e  env i ronmenta l  overv iew and assessment." 

PNL s t a f f  a s s i s t e d  ERDA i n  t h e  development o f  EDP's f o r  severa l  energy systems, b u t  t h e  
c o n t r i b u t i o n s  o f  the  Ecosystems Department were e s p e c i a l l y  g r e a t  on those managed by  Nuc lear  
Technology Overview Programs. These c o n t r i b u t i o n s  i n c l u d e d  i n p u t  t o  t h e  conceptual  des ign  f o r  
t h e  n u c l e a r  EDP1s and t h e  g e n e r a t i o n  o f  ma jo r  p o r t i o n s  o f  t h e  p lans  f o r :  1 )  Defense Waste 
Management, 2 )  Spec ia l  Nuc lear  M a t e r i a l s ,  and 3 )  Decommissioni~ig and Decontaminat ion.  Because 
o f  t h i s  p a r t i c i p a t i o n  and t h e  f u t u r e  - implementat ion o f  t h e  EDP1s, PNL w i l l  be a b l e  t o  focus  
even more s h a r p l y  on t h e  p r i o r i t y  problems i n  p l a n n i n g  f u t u r e  env i ronmenta l  research  work. 

Bonneville Power Administration 

B i o l o g i c a l  S t u d i e s  a t  t h e  S i t e  o f  an 1200-KV P r o t o t y p e  Tran-smission L i n e  ( P r i n c i p a l  I n v e s t i -  
g a t o r :  L .  E. Rogers) 

T h i s  s tudy ,  suppor ted by the  B o n n e v i l l e  Power A d m i n i s t r a t i o n ,  i s  designed t o  determine 
whether env i ron ienta l  e f f e c t s ,  d e t e c t a b l e  by c u r r e n t  f i e l d  sampling techniques,  e x i s t  which a r e  
assoc ia ted  w i t h  o p e r a t i o n  o f  a  1200-KV power l i n e .  

P r e l i m i n a r y  a n a l y s i s  i n  terms o f  o rgan ic  p r o d u c t i v i t y  and morphology o f  p l a n t  species,  
behav io ra l  d i s t u r b a n c e s  i n  c a t t l e  and honey bee p o p u l a t i o n s  and i n  t h e  p o p u l a t i o n  dynamics o f  
smal l  maninials i n d i c a t e s  a  l a c k  o f  s i g n i f i c a n t  impact .  Some d i s c o l o r a t i o n  o f  Douglas f i r  t r e e  
needles was no ted  f o r  branches near the  l i n e .  T h i s  i s  t h e  t ype  o f  e f f e c t  which has been asso- 
c i a t e d  w i t h  corona d ischarge  a l though  t h e  a c t u a l  mechanism accoun t ing  f o r  needle n e c r o s i s  i s  
n o t  c l e a r  a t  t h i s  t i m e .  Needle da~nage does n o t  n e c e s s a r i l y  imp ly  t h a t  adverse e f f e c t s  t o  t r e e  
g rowth  has occur red .  Data on annual t r e e  growth a r e  c u r r e n t l y  be ing  analyzed.  

Electric Power Research Institute 

Synthes is  and A n a l y s i s  o f  Cool i n g  Impoundment I i l f o r ~ l ~ a t i o ~ l  ( P r i n c i p a l  I n v e s t i g a t o r s  : C .  D. 
Becker, C .  E. Cushing and K .  L. Gore) 

T h i s  program was i n i t i a t e d  i n  January 1977 f o r  t h e  Envi ronmenta l  Assessment Department o f  
t h e  E l e c t r i c  Power Research I n s t i t u t e .  E l e c t r i c  u t i l i t i e s  a r e  p r e s e n t l y  e x p e r i e n c i n g  a  number 
o f  power p l a n t  s i t i n g  d i f f i c u l t i e s  as a  r e s u l t  o f :  1  ) l o c a l ,  s t a t e  and Federa l  env i ronmenta l  
p r o t e c t i o n  requ i rements ,  2 )  t h e  a c t i o n  o f  env i ronmenta l  i s t s ,  and 3 )  c o m u n i  t y  concern r e g a r d i n g  
s o c i e t a l  impac ts .  One s p e c i f i c  probleni area concerns t h e  d i s p o s a l  o f  waste hea t  added t o  
c i r c u l a t i n g  c o o l i n g  wa te r  d u r i n g  p l a n t  o p e r a t i o n .  For t h i s  purpose, t h e  use o f  semienclosed 
c o o l i n g  impoundments, as managed a q u a t i c  ecosystems, appears t o  be an economica l l y  and e n v i -  
ronmental l y  accep tab le  a1 t e r n a t i v e .  

We a r e  e v a l u a t i n g  t h e  e c o l o g i c a l  impact o f  power p l a n t  o p e r a t i o n  on c o o l i n g  impoundments 
w i t h  l o a d  r a t i o s  (pond sur face a c r e s l p l a n t  c a p a c i t y  i n  MWe) l e s s  than  t e n ,  which i m p a r t s  r e l a -  
t i v e l y  h i g h  thermal l o a d i n g .  We b e l i e v e  t h a t  adverse impacts on a q u a t i c  environnients c o u l d  be 
d e t e c t e d  and q u a n t i f i e d  most r e a d i l y  under such c o n d i t i o n s .  Consequently,  " m o n i t o r i n g "  data 
a v a i l a b l e  i n  t h e  p u b l i s h e d  and unpubl ished l i t e r a t u r e  i s  undergoing s y n t h e s i s  and a n a l y s i s  f o r  
t e c h n i c a l l y  sound conc lus ions  concern ing t h e  e f f e c t s  o f  power p l a n t  o p e r a t i o n s .  

T h i s  research  i s  i n t e g r a t e d  w i t h  and complements severa l  s t u d i e s  concern ing  envi ronmenta l  
impact  assessment suppor ted by t h e  U.S. DOE i n  t h e  Freshwater Sciences Sec t ion .  
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Mar ine D e t r i t i v o r e s  ( P r i n c i p a l  I n v e s t i g a t o r :  J .  M. Anderson) 

T h i s  research  complements t h a t  conducted under U.S. DOE fund ing ,  s i n c e  i t  r e l a t e s  t o  b i o a -  
v a i l a b i l i t y  o f  hydrocarbons f rom sediment. Whi le  t h e  techniques and organisms d i f f e r ,  t h e  
f i n d i n g s  w i l l  a i d  us i n  e v a l u a t i n g  t h e  f a t e  and e f f e c t s  o f  pet ro leuni  hydrocarbons i n  mar ine o r -  
ganisms and t h e  mar ine  env i ronment .  

Research on t h e  b i o a v a i l a b i l i t y  o f  hydrocarbons and t r a c e  meta ls  f ron i  o i l - i m p a c t e d  s e d i -  
ments d u r i n g  FY77 has r e s u l t e d  i n  p u b l i c a t i o n  o r  submission o f  t h e  f i v e  n ianuscr ip ts  l i s t e d  
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and Heavy Meta ls  t o  Mar ine  D e t r i t i v o r e s  f rom Oi l - Impac ted  Sediments. OCSEAP Program Review 
Report,  November, 1977. To be pub1 i s h e d  i n  I4OAA Technica l  Repor t  Ser ies .  
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f rom mar ine sediments a r t i f i c i a l l y  contaminated w i t h  Prudhoe Bay crude o i l .  Environmental 
Pol 1 u t i o n  ( i n  p r e s s ) .  

Roesi j a d i ,  G.,  J.  W .  Anderson, and J .  W .  B l a y l o c k .  1978. Uptake of hydrocarbons f ron i  
 marine sediments contaminated w i t h  Prudhoe Bav crude o i l :  In f luence  o f  f e e d i n q  t v p e  of t e s t  
species and a v a i l a b i l i t y  o f  p o l y c y c l i c  aromat ic  hydrocarbons. J .  F i s h .  Res. ~ i .  Canada ( i n  
p r e s s ) .  

R o e s i j a d i ,  G., and J. W .  Anderson. 1978. C o n d i t i o n  index  and f r e e  amino a c i d  c o n t e n t  o f  
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Academic Press, New York ( i n  p r e s s ) .  
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Fate  o f  Heavy Pletals and Heavy Pletal Coniplexes i n  S o i l s  and P l a n t s  ( ~ t i n c i p a l  I n v e s t i g a t o r :  
R. E .  Wildung) 

The program underway f o r  t h e  N a t i o n a l  I n s t i t u t e  o f  Environmental H e a l t h  Sciences i s  d i r e c t e d  
toward understanding t h e  i n f l u e n c e  o f  s o i l ,  m i c r o b i a l  and p l a n t  p h y s i o l o g i c a l  processes on the  
form and behavior  i n  s o i l s  and p l a n t s  o f  t r a c e  meta ls  a r i s i n g  f rom energy p r o d u c t i o n .  

Trace elements may e n t e r  t h e  environment as a r e s u l t  o f  e x t r a c t i o n ,  combustion, upgrading 
and r e f i n i n g  o f  f o s s i l  f u e l s ;  p r o d u c t i o n  o f  synfuels ;  and t h e  u t i l i z a t i o n  o f  geothermal en- 
e r g y .  L i t t l e  i s  known o f  t h e  e f f e c t s  on t h e  env i ronment  and on human h e a l t h  r e s u l t i n g  f r o m  
a l t e r a t i o n  o f  t h e  s e n s i t i v e  c o n c e n t r a t i o n  balance o f  t r a c e  meta ls  i n  t h e  environment, as 
i n v e s t i g a t i o n s  o f  these phenomena a r e  r e l a t i v e l y  r e c e n t .  However, a background o f  i n f o r n i a t i o n  
t o  p r e d i c t  t h e  behavior  o f  these elements i s  a v a i l a b l e  f rom s t u d i e s  o f  r a d i o n u c l i d e s .  F u r t h e r -  
more, use o f  r a d i o t r a c e r s  i s  e s s e n t i a l  t o  s t u d i e s  o f  t r a c e  meta ls  where problems o f  contamina- 
t i o n  and d e t e c t i o n  r e q u i r e  r a p i d ,  s e n s i t i v e ,  and s p e c i f i c  d e t e c t i o n  methods. 

The s t u d i e s  a r e  p r o v i d i n g  an i n t e g r a t e d  v iew o f  t h e  p o t e n t i a l  f o r  t r a c e  metal-organonietal  
complex f o r m a t i o n  i n  s o i l ,  uptake by p l a n t s ,  l o c a l i z a t i o n  i n  e d i b l e  t i s s u e s  and g a s t r o i n t e s t i -  
n a l  t r a n s f e r  i n  an ima ls .  T h i s  i n f o r n i a t i o n  has p rov ided  a b a s i s  f o r  assessnient o f  problems 



a s s o c i a t e d  w i t h  en t rance  o f  t r a c e  meta ls  i n t o  t h e  env i ronment  as a  r e s u l t  o f  energy p r o d u c t i o n  
and a  unique i n s i g h t  i n t o  t h e  e f f e c t  o f  s i m i l a r  t r a n s f o r n i a t i o n s  on t h e  long- te rm behav io r  o f  
r a d i o n u c l i d e s .  t j uc lear  sc ience  has, i n  t u r n ,  p r o v i d e d  t h e  t o o l s  and a  p a r t  o f  t h e  background 
necessary t o  conduct  exper iments a p p r o p r i a t e  t o  development o f  t h i s  unders tand ing .  
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