
Bull. Environ. Contam. Toxicol. (1987) 38:667-673 
�9 1987 Springer-Verlag New York Inc. 

E n v i r o n m e n t a l  
] C o n t a m i n a t i o n  
| a n d  Toxicology 

Effects of Lowered Dissolved Oxygen Concentration on 
the Toxicity of 1,2,4-Trichlorobenzene to 
Fathead Minnows 

Anthony R. Carlson 

U.S. Environmental Protection Agency, Environmental Research 
Laboratory-Duluth, 6201 Congdon Boulevard, Duluth, MI 55804 

L i t t l e  e x p e r i m e n t a l  i n f o r m a t i o n  i s  a v a i l a b l e  on the  combined  
e f f e c t s  of  l owered  DO c o n c e n t r a t i o n s  and t o x i c a n t s  on g rowth  and 
s u r v i v a l  d u r i n g  the  e a r l y  l i f e  s t a g e s  of  f i s h .  Such t o x i c i t y  
i n f o r m a t i o n  is  needed  f o r  p r e d i c t i n g  s a f e  c o n c e n t r a t i o n s  of  
c o n t a m i n a n t s  in  f i s h  h a b i t a t s  where d i e l  f l u c t u a t i o n s  in DO 
c o n c e n t r a t i o n s  a r e  normal or  a re  a f f e c t e d  by o r g a n i c  p o l l u t i o n .  

The p r i m a r y  o b j e c t i v e  of t h i s  s t u d y  was to  d e t e r m i n e  i f  t he  DO 
c o n c e n t r a t i o n  a f f e c t s  t he  t o x i c i t y  of  1 , 2 , 4 - t r i c h l o r o b e n z e n e  
( 1 , 2 , 4 - T C B )  to  f a t h e a d  minnows, P imeDhales  Drome la s ,  e x p o s e d  
d u r i n g  t h e  e m b r y o n i c - t o - l a r v a l - j u v e n i l e  d e v e l o p m e n t  s t a g e .  Th i s  
s t a g e  in  t h e  g rowth  of t h e  f a t h e a d  minnow and s e v e r a l  o t h e r  
s p e c i e s  of f i s h  has been  found to  be t he  most s e n s i t i v e ,  or  among 
the  most s e n s i t i v e ,  to  c h e m i c a l  p o l l u t a n t s  in  l i f e - c y c l e  t o x i c i t y  
t e s t s  (MeKim 1977) .  Brungs (1971) a l s o  found t h a t  t he  f a t h e a d  
minnow was most s e n s i t i v e  to  low DO c o n c e n t r a t i o n s  a t  t h i s  l i f e  
s t a g e .  

The c h e m i c a l  1 ,2 ,4 -TCB has been  i d e n t i f i e d  as a " p r i o r i t y  
p o l l u t a n t "  by the  U.S.  E n v i r o n m e n t a l  P r o t e c t i o n  Agency.  I t  i s  
used  as an i n t e r m e d i a t e  in t he  s y n t h e s i s  of a number of 
h e r b i c i d e s  and i n s e c t i c i d e s  and has been  found as a c o n t a m i n a n t  
in  f i s h  (Jan and M a l n e r i c  1960) .  I t  was s e l e c t e d  as t he  c h e m i c a l  
s t r e s s o r  in  t h i s  s t u d y  in  o r d e r  to  p r o v i d e  i n f o r m a t i o n  u s e f u l  to  
t h e  Agency in  d e r i v i n g  w a t e r  q u a l i t y  c r i t e r i a  f o r  t h e  p r o t e c t i o n  
of  a q u a t i c  l i f e .  

MATERIALS AND METHODS 

Each g l a s s  t e s t  chamber  was d i v i d e d  i n t o  two c o m p a r t m e n t s :  a 2-L 
compar tmen t  where w a t e r  f l o w s  c o n t a i n i n g  t o x i c a n t  and c o n t r o l l e d  
DO c o n c e n t r a t i o n s  were mixed and a 4 .8  L f i s h - e x p o s u r e  
c o m p a r t m e n t .  The chambers  were p o s i t i o n e d  in  two rows;  each  
chamber was randomly  a s s i g n e d  a DO c o n c e n t r a t i o n  and t o x i c a n t  
c o n c e n t r a t i o n .  

Three  mean DO c o n c e n t r a t i o n s  were m a i n t a i n e d :  8.1 ( 7 . 5 - 8 . 6 ) ,  
5 .6  ( 5 . 0 - 6 . 7 ) ,  and 4 .5  ( 4 . 2 - 5 . 2 )  mg/L. Degas sed w a t e r  (Mount 
1964) and s a t u r a t e d  w a t e r ,  f rom s e p a r a t e  h e a d b o x e s  t h a t  
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m a i n t a i n e d  constant hydrostatic heads ,  were mixed through v a l v e s  
in 4-L g l a s s  f l a s k s  t o  o b t a i n  t he  d e s i r e d  DO c o n c e n t r a t i o n  and 
t h e n  p a s s e d  t h r o u g h  s t a i n l e s s  s t e e l  c o i l s  in a w a t e r  b a t h  to  
p r o d u c e  the  d e s i r e d  t e m p e r a t u r e .  From the  c o i l s  the  w a t e r  f l o w e d  
i n t o  t h r e e  2 .54 -cm PVC 1 p i p e s  t h a t  were l o c a t e d  be tw een  and 
above the  chamber  rows.  Each p i p e  had 12 o u t l e t s  to  which  
c a p i l l a r y  t u b e s  of s i m i l a r  l e n g t h  and i n s i d e  d i a m e t e r  were 
a t t a c h e d  by Tygon t u b i n g  and used  t o  c o n t r o l  t h e  f l o w s ,  
a p p r o x i m a t e l y  48 mL/min . ,  i n t o  t he  m i x i n g  compar tmen t s  of t he  
chambers .  These  f l o w s  were m o n i t o r e d  d a i l y ,  and were measu red  
and a d j u s t e d  i f  needed  on a t  l e a s t  e v e r y  t h i r d  day of  t e s t .  

A c o n s t a n t - f l o w  t o x i c a n t  s e r i a l  d i l u t e r  and t o x i c a n t - g e n e r a t i n g  
sys t em s i m i l a r  to  t h a t  d e s c r i b e d  by B e n o i t  e t  a l .  (1982) were 
used  to  o b t a i n  f i v e  c o n c e n t r a t i o n s  of 1 ,2 ,4 -TCB and a c o n t r o l .  
Each f l o w  was s p l i t  s i x  ways, and each  t e s t  chamber m i x i n g  
compar tmen t  r e c e i v e d  a p p r o x i m a t e l y  12 mL/min. The 1 ,2 ,4 -TCB (97% 
p u r i t y )  used  t o  c h a r g e  the  s a t u r a t o r  was o b t a i n e d  from the  
A l d r i e h  Chemieal  Company, Mi lwaukee ,  W i s e o n s i n .  

Lake S u p e r i o r  w a t e r  was used  in t he  t e s t s  a f t e r  f i l t r a t i o n  
t h r o u g h  sand and 10# ( n o m i n a l )  c o t t o n  f i l t e r s .  T e s t  w a t e r  
t e m p e r a t u r e  measu remen t s  r anged  from 25.6  to  25 .9  w i t h  a mean of 
25.7 C. 

The t o t a l  a l k a l i n i t y ,  t o t a l  h a r d n e s s ,  and pH of t he  t e s t  w a t e r  
was measured  week ly  (Amer ican  P u b l i c  H e a l t h  A s s o c i a t i o n  e t  a l .  
1975) and r a n g e d  f rom 38 to  43 mg/L as CaC03, 43 to  46 mg/L as 
CaC03 and 7 .3  to  7 . 6 ,  r e s p e c t i v e l y .  D i s s o l v e d  oxygen  
c o n c e n t r a t i o n s  were measured  d a i l y  by the  u n m o d i f i e d  W i n k l e r  
method ( A m e r i c a n  P u b l i c  H e a l t h  A s s o c i a t i o n  e t  a l .  1975) a n d / o r  a 
p o l a r o g r a p h i c  oxygen  m e t e r .  

G a s - c h r o m a t o g r a p h i c  a n a l y s e s  of w a t e r  and f i s h  t i s s u e  samples  f o r  
1 ,2 ,4 -TCB were p e r f o r m e d  on a 5730A H e w l e t t - P a c k a r d  1 gas 
c h r o m a t o g r a p h  w i t h  an au to  s amp le r  and a H e w l e t t - P a c k a r d  3354B 
lab  a u t o m a t i o n  d a t a  sys tem.  Me thodo logy  used was the  same as 
r e p o r t e d  f o r  1 , 4 , - d i c h l o r o b e n z e n e  ( C a r l s o n  and Kos i an  1987) .  The 
d e t e c t i o n  l i m i t  was 5 #g/L. 

Water  samples  (50 mL) f o r  measurement  of 1 ,2 ,4 -TCB c o n c e n t r a t i o n  
were t a k e n  f rom the  chambers  a t  s i m i l a r  c o n c e n t r a t i o n s  a t  
a p p r o x i m a t e l y  t he  same t i m e .  Samples  were e x t r a c t e d  w i t h  hexane 
and d i l u t e d  i f  n e c e s s a r y  b e f o r e  a n a l y s i s .  Because  d a t a  f rom t e s t  
chambers  a t  s i m i l a r  c o n c e n t r a t i o n s  were not  d i f f e r e n t  (P > 0 .05)  
when a n a l y z e d  u s i n g  the  S t u d e n t  t t e s t  ( S t e e l  and T o r r i e  1960),  

The U.S. E n v i r o n m e n t a l  P r o t e c t i o n  Agency n e i t h e r  recommends 
nor endorses any commercial product; trade names are used for 
i d e n t i f i c a t i o n .  
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t he  d a t a  were combined .  The mean • s t a n d a r d  d e v i a t i o n ,  and 
r ange  ( i n  p a r e n t h e s i s )  of t h e s e  measu remen t s  were 920 .0  • 190 
( 6 2 5 - 1 , 2 1 0 ) ,  500 • 125 ( 3 0 7 - 7 1 2 ) ,  280 • 55 ( 1 8 5 - 4 2 5 ) ,  
140 • 20 ( 1 1 0 - 1 6 0 ) ,  75 • 10 (60 -90 )  and 15 #g /L  
( c o n t r o l ) ,  r e s p e c t i v e l y .  The number of m easu rem en t s  a t  each  
t r e a t m e n t  r a n g e d  from 33 to  38. The mean p e r c e n t a g e  r e c o v e r y  
from f o r t i f i e d  w a t e r  samples  was 99 p e r c e n t .  

Compos i t e  w h o l e - f i s h  samples  were homogen ized  w i t h  70 g of  c o l d  
a n h y d r o u s  Na2S04. The powdered  homogenate  was t r a n s f e r r e d  to  
a 300-mL. c h r o m a t o g r a p h i c  column and e l u t e d  w i t h  250-mL of 
r e d i s t i l l e d  hexane .  The e l u a t e  was a p p r o p r i a t e l y  d i l u t e d  and 
a n a l y z e d .  The mean r e c o v e r y  from f o r t i f i e d  samples  was 92 
p e r c e n t .  Al l  t i s s u e  samples  were c o r r e c t e d  f o r  p e r c e n t a g e  
r e c o v e r y .  

The t e s t  was begun by p l a c i n g  an i n c u b a t i o n  b a s k e t ,  c o n t a i n i n g  50 
embryos 14 to  26 h. o l d ,  i n t o  each  t e s t  chamber .  These embryos 
were o b t a i n e d  from p a r e n t a l  s t o c k  c u l t u r e d  in  Lake S u p e r i o r  w a t e r  
a t  t h e  U.S.  EPA E n v i r o n m e n t a l  R e s e a r c h  L a b o r a t o r y ,  D u lu th ,  MN. 
Water  f l o w s  from the  mix ing  compar tmen t s  were d i r e c t e d  t h r o u g h  
t h e  i n c u b a t i o n  b a s k e t s  which  were p a r t i a l l y  emersed  in  t he  
e x p o s u r e  compa r tmen t s  of t he  t e s t  chambers .  La rvae  were removed 
from the  b a s k e t s  and c o u n t e d  on the  f i f t h  day of  t e s t i n g ,  and 30 
were r e t u r n e d  to  t h e i r  r e s p e c t i v e  chambers  and r e a r e d  to  t he  end 
of  t he  t e s t ,  38 days l a t e r .  La rvae  from t h r e e  b a s k e t s  t h a t  had 
e s c a p e d  i n t o  t he  chambers  were a l s o  r e a r e d  to  t he  end of  t he  
t e s t .  Data o b t a i n e d  from t h e s e  t h r e e  chambers  were used  o n l y  in  
t he  b i o c o n c e n t r a t i o n  c o m p a r i s o n s .  L ive  b r i n e  shr imp n a u p l i i ,  
A r t e m i a  s a l i n a ,  were fed  to  t he  f i s h  two or t h r e e  t i m e s  d a i l y .  
S i m i l a r  amounts  by volume were p l a c e d  in  each  chamber  a t  each  
f e e d i n g .  The f i s h  were i n i t i a l l y  o f f e r e d  food on the  f o u r t h  day 
of  t he  t e s t  and were not  f ed  the  l a s t  24 h. of t he  t e s t .  For 
d e t a i l s  of  r e a r i n g  p r o c e d u r e s  used  see B e n o i t  e t  a l .  ( 1982 ) .  The 
p e r c e n t a g e  of  normal  l a r v a e  h a t c h i n g ,  s u r v i v a l  of t h o s e  r e t u r n e d  
to  t he  t e s t  chambers ,  f i n a l  l i v e  w e i g h t ,  and b i o c o n c e n t r a t i o n  
( c o n t e n t  in  w a t e r  d i v i d e d  by c o n t e n t  in  f i s h )  were used as 
e n d p o i n t s  t o  a s s e s s  t o x i c i t y .  S u r v i v a l  and g rowth  d a t a  were 
a n a l y z e d  w i t h  b a l a n c e d  or  u n b a l a n c e d  a n a l y s i s  of v a r i a n c e  
p r o c e d u r e s .  D u n n e t t ' s  p r o c e d u r e  f o r  compar ing  a l l  t r e a t m e n t s  
w i t h  a c o n t r o l  (P = 0 .95 )  was used  t o  i d e n t i f y  s i g n i f i c a n t  
d i f f e r e n c e s  in  s u r v i v a l  and g rowth  a t  each  DO t r e a t m e n t .  
P e r c e n t a g e  s u r v i v a l  d a t a  were t r a n s f o r m e d  to  a r c s i n s  f o r  a n a l y s i s  
of  v a r i a n c e  t e s t s  ( S t e e l  and T o r r i e  1960) .  

A 96 h. f l o w - t h r o u g h  a c u t e  t o x i c i t y  t e s t ,  e x p o s i n g  3 0 - d a y - o l d  
f a t h e a d  minnow (mean w e i g h t  110 mg), was c o m p l e t e d .  S t a n d a r d  
p r o c e d u r e s  as d e s c r i b e d  by t h e  Commit tee  f o r  T o x i c i t y  T e s t s  w i t h  
A q u a t i c  Organisms  (1975) were f o l l o w e d .  A 96-h .  LCS0 ( e s t i m a t e  
of  t he  c o n c e n t r a t i o n  l e t h a l  t o  50% of t he  t e s t  o r g a n i s m s )  was 
e s t i m a t e d  by u s i n g  the  t r immed S p e a r m a n - K a r b e r  Method ( t t a m i l t o n  
e t  a l .  1977) .  
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RESULTS AND DISCUSSION 

For f i s h  c h r o n i c a l l y  exposed  to  the  mean 1 ,2 ,4 -TCB c o n c e n t r a t i o n  
of  920 #g /L  a t  8.1 mg/L DO, mean s u r v i v a l  was 37.5% l e s s  and 
mean w e i g h t  was 28.7% l e s s  when compared t o  the  8.1 mg/L DO 
e o n t r o l  ( T a b l e  1).  At t he  compa rab l e  t o x i c a n t  c o n c e n t r a t i o n  a t  
5 .6  mg/L DO, t h e  mean p e r c e n t a g e  s u r v i v a l  and mean w e i g h t  of  t e s t  
f i s h  were no t  s t a t i s t i c a l l y  d i f f e r e n t  (P = 0 .95 )  when compared  to  
t he  5 .6  mg/L DO c o n t r o l .  At t he  e o m p a r a b l e  mean 1 ,2 ,4 -TCB 
c o n c e n t r a t i o n  of  920 #g /L  a t  4 .5  mg/L DO, more marked e f f e c t s  
on s u r v i v a l  and g rowth  o c c u r r e d ;  mean s u r v i v a l  was r e d u c e d  by 
88.5% and mean w e i g h t  by 60.5% when compared  to  the  4 .5  mg/L DO 
c o n t r o l .  No e f f e c t s  of  1 ,g ,4 -TCB on s u r v i v a l ,  g rowth ,  and 
b i o e o n e e n t r a t i o n  were e v i d e n t  a t  mean c o n c e n t r a t i o n s  of  
500 #g /L  or  l ower .  A l so ,  no d i r e c t  e f f e c t s  of l ow ered  DO 
c o n c e n t r a t i o n s  were e v i d e n t .  

E f f e c t s  on f a t h e a d  minnow s u r v i v a l  and g rowth  were not  e v i d e n t  a t  
t he  920 pg/L 1 .2 .4 -TCB c o n c e n t r a t i o n  and 5 .6  mg/L DO b e c a u s e  
of h i g h  v a r i a b i l i t y  be tween  some r e p l i c a t e s ;  however ,  a t  t h i s  
t r e a t m e n t  means of s u r v i v a l  and w e i g h t  m easu rem en t s  were a t  l e a s t  
18% l e s s  when compared  t o  t he  c o n t r o l .  A l t h o u g h  t h e s e  r e d u c t i o n s  
a r e  no t  s t a t i s t i c a l l y  d i f f e r e n t ,  s i g n i f i c a n t  e f f e c t s  on s u r v i v a l  
and g rowth  o b t a i n e d  a t  t he  920 #g /L  1 ,2 ,4 -TCB e x p o s u r e s  a t  the  
h i g h e r  and lower  DO c o n c e n t r a t i o n s  i n d i c a t e  t h a t  e x p o s u r e  under  
n a t u r a l  c o n d i t i o n s  a t  t h i s  1 ,2 ,4 -TCB c o n c e n t r a t i o n  may have 
s i g n i f i c a n t  b i o l o g i c a l  i m p l i c a t i o n s .  

The r e s u l t s  show t h a t  e x p o s u r e  to  the  mean c o n c e n t r a t i o n  of  
920 pg /L  1 ,2 ,4 -TCB a t  t he  4 .5  mg/L DO c o n c e n t r a t i o n  r e s u l t e d  
in  i n c r e a s e d  s u s c e p t i b i l i t y  of  the  f i s h  t o  the  t o x i c a n t .  Chapman 
and Shumway (1978) found s i m i l a r  i n c r e a s e d  s u s c e p t i b i l i t y  to  
p e n t a c h l o r o p h e n a t e  f o r  t r o u t  l a r v a e  r e a r e d  a t  low DO 
c o n c e n t r a t i o n s .  Such i n c r e a s e d  s u s c e p t i b i l i t y  to  t o x i c  s t r e s s  
i n d i c a t e s  t h a t  t he  DO c o n c e n t r a t i o n s  in  n a t u r a l  h a b i t a t s  of 
l a r v a l  f i s h  s h o u l d  be r e l a t i v e l y  h i g h  when t o x i c a n t  
c o n c e n t r a t i o n s  a re  n e a r  e f f e c t  l e v e l s .  

The e s t i m a t e d  1 ,2 ,4 -TCB 96-h .  LCS0 f o r  j u v e n i l e  f a t h e a d  minnows 
was 2 ,760  #g/L. N i n e t e e n  of  t he  t w e n t y  t e s t  f i s h  d i e d  a t  the  
4 ,340  #g /L  c o n c e n t r a t i o n  d u r i n g  the  96-h .  t e s t  p e r i o d .  Al l  
f i s h  s u r v i v e d  a t  c o n c e n t r a t i o n s  of 1 ,670 ~g /L  or  l e s s .  These 
d a t a  i n d i c a t e  t h a t  t h e  e a r l y  l i f e  s t a g e  t e s t  c o n c e n t r a t i o n  of  
920 #g /L ,  where s u b t l e  e f f e c t s  of 1 ,2 ,4 -TCB on growth  and 
s u r v i v a l  were e v i d e n t ,  i s  n e a r  the  l e t h a l  t h r e s h o l d  f o r  t h i s  
s p e c i e s .  

D i s s o l v e d  oxygen  c o n c e n t r a t i o n  d id  no t  d e m o n s t r a b l y  a f f e c t  u p t a k e  
of  1 ,2 ,4 -TCB by the  f i s h .  The range  of  t he  b i o c o n c e n t r a t i o n  
f a c t o r s  be tween  n o - e f f e c t  t o x i c a n t  t r e a t m e n t s  a t  the  t h r e e  DO 
c o n c e n t r a t i o n s  were s i m i l a r  ( T a b l e  i ) .  Whole t i s s u e  
c o n c e n t r a t i o n s  o f  1 ,2 ,4 -TCB a t  the  h i g h e s t  n o - e f f e c t  
c o n c e n t r a t i o n  (500 #g /L )  r anged  from 140 to  180 # g / g .  At 
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the  e f f e c t  c o n c e n t r a t i o n  (920 pg/L)  t i s s u e  c o n c e n t r a t i o n s  
r anged  from 270 to  490 #g /g .  These t i s s u e  r e s i d u e s  are  
s e v e r a l  o r d e r s  of magn i tude  h i g h e r  t h a n  r e s i d u e s  r e p o r t e d  f o r  
f i s h  t a k e n  from n a t u r a l  h a b i t a t s .  For example ,  t he  h i g h e s t  mean 
n o - e f f e c t  t i s s u e  r e s i d u e ,  c o n v e r t e d  to  a #g /g  of l i p i d  based  
on mean l i p i d  c o n t e n t  of 3.1% f o r  f a t h e a d  minnows of s i m i l a r  
we igh t  and r e a r e d  unde r  s i m i l a r  c o n d i t i o n s ,  ( C a r l s o n  and Kos ian ,  
1987) i s  5200 pg/g, whereas ,  s e v e r a l  s p e c i e s  of f i s h  t a k e n  
from r i v e r s  i n  a h i g h l y  p o p u l a t e d  r e g i o n  of Y u g o s l a v i a  ( J a n  and 
M a l n e r i c  1980) c o n t a i n e d  o n l y  0 .005 #g/g  on a l i p i d  b a s i s  f o r  
e d i b l e  t i s s u e s .  These low b a c k g r o u n d  r e s i d u e s  may be r e f l e c t i v e  
of exposu re  to  h i g h  wa te r  c o n c e n t r a t i o n s  from chemica l  s p i l l s  and 
r a p i d  m e t a b o l i s m  of 1 ,2 ,4-TCB (Barrows et  a l .  1980, r e p o r t e d  an 
equa l  to  or l e s s  t h a n  t h r e e  day h a l f - l i f e  f o r  1,2,4-TCB i n  f i s h  
t i s s u e )  or a more c o n s t a n t  exposu re  to  r e l a t i v e l y  low 
c o n c e n t r a t i o n s  of 1 ,2 ,4-TCB in  food a n d / o r  i n  the  wa te r  column 
r e s u l t i n g  from m u l t i p l e  i n p u t s  from a i r  and wa te r  s o u r c e s .  
Assuming t h a t  m o n i t o r i n g  da t a  a re  r e f l e c t i v e  of t h i s  l a t t e r  
sou rce  of 1 ,2 , r  c o n t a m i n a t i o n  of a q u a t i c  e n v i r o n m e n t s ,  the  
h igh  c o n c e n t r a t i o n s  in  the  wa te r  and t i s s u e s  t h a t  were needed  to  
produce  s u b t l e  e f f e c t s  on s u r v i v a l  and growth in  t h i s  s t u d y  
i n d i c a t e d  t h a t  s i m i l a r  d i r e c t  e f f e c t s  of 1 ,2 ,4-TCB on f i s h e s  in  
n a t u r a l  h a b i t a t s  are  remote p o s s i b i l i t i e s  a s s o c i a t e d  w i th  s l u g  
doses  from i n d u s t r y  d i s c h a r g e s  or s p i l l s .  

The p r e s e n c e  of d e t e c t a b l e  (5 ~g/g  whole t i s s u e )  1 ,2 ,4-TCB 
t i s s u e  r e s i d u e  in  the  c o n t r o l  f i s h  i n d i c a t e  s l i g h t  c o n t a m i n a t i o n  
from v o l a t i l i z a t i o n .  Th i s  exposu re  is  t h o u g h t  no t  s u f f i c i e n t  to  
a f f e c t  the  r e s u l t s  of t h i s  e x p e r i m e n t  b e c a use  t o t a l  we igh t  and 
p e r c e n t a g e  s u r v i v a l  of the  c o n t r o l  f i s h  a t  8.1 mg/L were s i m i l a r  
to  f i s h  r e a r e d  unde r  s i m i l a r  c o n d i t i o n s  as c o n t r o l s  i n  many o t h e r  
e x p e r i m e n t s  a t  t h i s  l a b o r a t o r y .  
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