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The t o x i c  r o l e  o f  heavy  m e t a l s  i n  l a k e s ,  r i v e r s  and ma- 
r i n e  e c o s y s t e m s  has been v e r y  o f t e n  i n v e s t i g a t e d  d u r i n g  
r e c e n t  y e a r s  ( A s h r a f  and J a f f a r ,  1988; Graham e t  a l . ,  
1986; Z a m o j s k i  e t  a l . ,  1986 ) .  The t o x i c i t y  o f  t h e  i n d i -  
v i d u a l  m e t a l s  and t h e i r  a b i l i t y  t o  p r o m o t e  v a r i o u s  me- 
t a b o l i c  changes  o f  f i s h  o r g a n i s m s  a r e  d e t e c t e d  ( V e r b o s t  
e t  a l . ,  1989; B a b i c h  eL a ] . ,  1986 ) .  I t  has been s u g g e -  
s t e d  t h a t  heavy  me ta l  i o n s  s t i m u l a t e  l i p i d  p e r o x i d a t i o n  
and OF-dependent  f o r m a t i o n  o f  "OH f r e e  r a d i c a l s  ( Su- 
derman,  1986 ) .  P e r o x i d a t i o n  o f  p h o s p h o l i p i d  u n s a t u r a t e d  
f a t t y  a c i d  r e s i d u e s  l e d  t o  f u n c t i o n a l  changes  o f  membra- 
nes ( D i a z - M u n o z ,  1985 ) .  An i m p o r t a n t  a s p e c t  o f  f r e e  
r a d i c a l  - m e d i a t e d  t o x i c i t y  i s  t h a t  i t  i s  m o d e r a t e d  by 
s e v e r a l  c e l l u l a r  d e f e n c e  mechan isms i n c l u d i n g  e n z y m a t i c  
( s u p e r o x i d e  d i s m u t a s e  - SOD; EC 1 . 1 5 . 1 . 1 ,  c a t a l a s e ;  EC 
1 . 1 1 . 1 . 6 ,  g l u t a t h i o n e  p e r o x i d a s e ;  EC 1 . 1 1 . 1 . 9  ) and non-  
e n z y m a t i c  ( v i t a m i n  E, B - c a r o t e n e ,  a s c o r b a t e ,  g l u t a t h i o -  
ne,  e t c .  ) s y s t e m s  ( O b e r l e y ,  1985 ) .  The aim o f  p r e s e n t  
work  was t o  i n v e s t i g a t e  t h e  e f f e c t  o f  s e a s o n a l  v a r i a t i o n s  
o f  e r y t h r o c y t e  SOD, l i p i d  p e r o x i d a t i o n  ( LP ) as w e l l  as 
w a t e r  heavy  m e t a l s  and e n v i r o n m e n t a l  c o n d i t i o n s  on bream 
f i s h e s  f r o m  two d i f f e r e n t  l a k e s .  

MATERIALS AND METHODS 

S e x u a l l y  ma tu re  bream f i s h e s  ( A b r a m i s  brama L. ) 
w e i g h t i n g  800 -1200  g were  n e t t e d  i n  two d i f f e r e n t  l a k e s  
( S p i e r e w n i k  l a k e  and G r o c h o w s k i e  l a k e  ) ,  d u r i n g  t h e  
p e r i o d  o f  S p r i n g ,  Summer and Autumn o f  1989. Venous hepa -  
r i n i z e d  b l o o d  was draw f r om  l i v i n g  f i s h e s  i m m e d i a t e l y  
a f t e r  c a t c h i n g .  The b l o o d  was c e n t r i f u g e d  f o r  10 min a t  
3000 g ( 4~ ) .  B l ood  f r o m  one f i s h  was used f o r  one 
samp le .  A f t e r  t h e  remova l  o f  p l asma ,  e r y t h r o c y t e s  were 
washed t h r e e  t i m e s  w i t h  0.6% NaC] and t h e n  l y s e d  by t h e  

Send r e p r i n t s  r e q u e s t  t o  T e r e s a  G a b r y e l a k  a t  t h e  above 
a d d r e s s .  
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a d d i t i o n  o f  t h e  e q u a l  v o l u m e  o f  d i s t i l l e d  w a t e r .  D e o x y -  
r i b o n u c l e a s e  I - DNase I ( 50 #g/mL ) was added  t o  t h e  
l y s a t e ,  w h i c h  was t h e n  i n c u b a t e d  f o r  2 h r  a t  room t e m p e -  
r a t u r e  and s u b s e q u e n t l y  f r o z e n  o v e r n i g h t  a t - 2 0 ~  A f t e r  
t h e  c e n t r i f u g a t i o n  h a e m o g l o b i n  c o n t e n t  was e s t i m a t e d  by 
t h e  me thod  o f  D r a b k i n  ( 1946 ) .  The SOD a c t i v i t y  was mea- 
s u r e d  i n  t h e  h e m o l y s a t e  by t h e  s t a n d a r d  ( x a n t h i n e  o x i d a -  
s e / N i t r o  B l u e  T e t r a z o l i u m  ( N B T ) )  me thod  o f  Beuchamp and 
F r i d o v i c h  ( 1971 ) a t  25~ I n h i b i t i o n  o f  t h e  r a t e  o f  NBT 
r e d u c t i o n  ( e x p r e s s e d  i n  % ) r e c o r d e d  a t  540 nm was p r e -  
s e n t e d  i n  t h e  f u n c t i o n  o f  SOD c o n c e n t r a t i o n .  One U n i t  o f  
SOD a c t i v i t y  was d e f i n e d  as t h e  amount  o f  t h e  enzyme 
w h i c h  i s  n e c e s s a r y  t o  i n h i b i t  t h e  r a t e  o f  r e a c t i o n  by 
50%. The me thod  o f  P l a c e r  e t  a l .  ( 1966 ) ,  based  on a c o -  
l o r i m e t r i c  t h i o b a r b i t u r i c  a c i d  ( TBA ) t e s t ,  was used  t o  
e v a l u a t e  t h e  l e v e l  o f  t h e  t i s s u e  l i p i d  p e r o x i d a t i o n  and 
t h e  amount  o f  T B A - r e a c t i v e  s u b s t a n c e s  was g i v e n  as t h e  
i n d i c a t o r  o f  l i p i d  p e r o x i d a t i o n  p r o c e s .  The r e s u l t s  o f  
enzyme a c t i v i t i e s  a r e  e x p r e s s e d  as U n i t s  p e r  mg o f  haemo-  
g l o b i n .  The d e t e r m i n a t i o n  o f  m e t a l s  ( Cu, Zn,  Cd, Pb ) i n  
w a t e r  w e r e  c a r r i e d  o u t  by a t o m i c  a b s o r p t i o n  s p e c t r o s c o p y .  
The a b s o r p t i o n  was r e c o r d e d  t h e  w a v e l e n g t h s  o f  2 2 8 . 8 ,  
2 1 3 . 9 ,  3 2 4 . 8  and 2 1 7 . 0  nm f o r  Cu, Zn,  Cd and Pb r e s p e c t i -  
v e l y ,  u s i n g  t h e  C a r l  Z e i s s  Jena  s p e c t r o p h o t o m e t e r  AAS- I  
( P i n t a ,  1971 ) .  A l l  t h e  m e a s u r e m e n t s  w e r e  p e r f o r m e d  i n  
t r i p l i c a t e .  I n d i v i d u a l  means o f  g i v e n  s a m p l e s  w e r e  a v e r a -  
ged and t h e  r e s u l t s  w e r e  e x p r e s s e d  as t h e  mean • S .D .  The 
n o r m a l  d i s t r i b u t i o n  o f  t h e  d a t a  was c h e c k e d  o u t  by means 
o f  S h a p i r o - W i l k  t e s t .  The d a t a  w e r e  a n a l y z e d  u s i n g  t h e  
t w o - w a y  a n a l y s i s  o f  v a r i a n c e  model  I i n  o r d e r  t o  a s s i g n  
i n t e r v a r i a b l e  d i f f e r e n c e s  t h e  m u l t i p l e  c o m p a r i s o n  a n a l y -  
s i s  o f  v a r i a n c e  a c c o r d i n g  t o  N e w m a n - K e u l s  was p e r f o r m e d  
( Z a r ,  1984 ) .  

RESULTS AND DISCUSSION 

F i s h e s  we re  n e t t e d  i n  two  d i f f e r e n t  l a k e s  i n  T u c h o l a  Fo -  
r e s t  d i s t r i c t .  S p i e r e w n i k  l a k e  i s  l a r g e r  and d e e p e r  t h a n  
G r o c h o w s k i e  l a k e  and t h e  c h a r a c t e r i s t i c  o f  t h e  l a k e s  i s  
g i v e n  i n  T a b l e  I .  The l a k e s  d i f f e r  i n  t h e  t h e r m a l  s t r a t i -  
f i c a t i o n  o f  t h e  w a t e r  c o l u m n  d u r i n g  S p r i n g  and Summer. 
The t h e r m a l  s t r u c t u r e  i s  c o m p l e t e l y  d i f f e r e n t  i n  s m a l l  
l a k e s ,  i n  w h i c h  w a t e r  e x c h a n g e s  and m i x e s  d u r i n g  S p r i n g ,  
Summer and Au tumn.  The m i x i n g  o f  w a t e r  i n  a l a k e  has a 
f u n d a m e n t a l  i n f l u e n c e  on t h e  p h y s i c a l ,  c h e m i c a l  and b i o -  
l o g i c a l  p r o c e s s e s  t h a t  t a k e  p l a c e  i n  t h e  w a t e r  c o l u m n  
( Mazumder  e t  a l . ,  1990 ) .  B o t h  l a k e s  a r e  e u t r o p h i c  b u t  
G r o c h o w s k i e  l a k e  has  much h i g h e r  l e v e l  o f  d e g r a d a t i o n .  

The a q u a t i c  e n v i r o n m e n t  has n u m e r o u s  p a r a m e t e r s  t h a t  may 
i n f l u e n c e  t h e  p h y s i o l o g i c a l  and c h e m i c a l  t o x i c i t y  o f  
f r e s h  w a t e r  o r g a n i s m s  ( O i k a r i ,  1987 ) .  The t o x i c  e f f e c t  
o f  p o l l u t a n t s  may be d e c r e a s e d  o r  i n c r e a s e d  by v a r i o u s  
w a t e r  q u a l i t y  f a c t o r s .  Fo r  i n s t a n c e  pH, t e m p e r a t u r e ,  
h a r d n e s s  and s a t u r a t i o n  o f  w a t e r  w i t h  o x y g e n  ( Cai  and 
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Ade lman,  1990 ) a re  o f  t h e  u t m o s t  i m p o r t a n c e .  T e m p e r a t u r e  
has a marked i n f l u e n c e  on meta l  i on  t o x i c i t y  t o  f i s h e s  
and m i c r o i n v e r t e b r a t e s  ( C a r r i e r  and B e t t i n g e r ,  1988 ) .  
Seasona l  changes  o f  w a t e r  t e m p e r a t u r e  ( 10-20~ ) o f  t h e  
two l a k e s  a r e  p r e s e n t e d  in  T a b l e  1. A l l  m e t a l s  i n v e s t i -  
g a t e d  were g e n e r a l l y  equa l  t o ,  o r  l e s s  t h a n  t h e  most  
c h r o n i c  v a l u e s  r e p o r t e d  f o r  f i s h e s  ( G i a t t i n a  and Ga r -  
t o n ,  1983 ) .  I t  s h o u l d  be remembered t h a t  t h e  t o x i c  
e f f e c t s  o f  m e t a l s  depend on f i s h  s p e c i e s  and w a t e r  h a r d -  
n e s s .  Heavy meta l  t o x i c i t y  i s  known t o  be i n v e r s e l y  r e -  
l a t e d  t o  w a t e r  h a r d n e s s  ( C a r r i e r  and B e t t i n g e r ,  1988 ) .  
T h e r e f o r e ,  t h e  t o x i c  e f f e c t s  o f  heavy  m e t a l s  i n  S p i e -  
r e w n i k  l a k e  ( w a t e r  h a r d n e s s  - 210 .0  ) m i g h t  be e x p e c t e d  
t o  exceed  t h o s e  o c c u r r i n g  in  G r o c h o w s k i e  l a k e  ( w a t e r  
h a r d n e s s  - 2 9 0 . 0 - 3 1 0 . 0  ) .  

The r e s u l t s  o f  o u r  a n a l y s e s  d e m o n s t r a t e d  s i g n i f i c a n t  s e a -  
sona l  and i n t e r - l a k e  d i f f e r e n c e s  ( ANOVA, P < 0 .001 ) i n  
SOD a c t i v i t i e s  and t h e  e x t e n t  o f  l i p i d  p e r o x i d a t i o n  in  
t h e  e r y t h r o c y t e s  o f  breams ( T a b l e  2 ) .  The t o x i c  e f f e c t  
o f  heavy  m e t a l s  was e x p r e s s e d ,  i n  o u r  s t u d i e s ,  by t h e  
i n c r e a s e  i n  t h e  l e v e l  o f  m a l o n y l  d i a l d e h y d e  ( MDA ) ,  
wh i ch  i s  c o n s i d e r e d  one o f  t h e  main d e g r a d a t i o n  p r o d u c t s  
o f  p o l y u n s a t u r a t e d  f a t t y  a c i d s .  We a l s o  f ound  t h e  i n c r e -  
ase in  t h e  a c t i v i t y  o f  s u p e r o x i d e  d i s m u t a s e .  The enzyme 
p l a y s  an i m p o r t a n t  p r o t e c t i v e  r o l e  i n  t h e  f i s h  e r y t h r o c y -  
t e s .  The d a t a  o b t a i n e d  f o r  d i f f e r e n t  seasons  o f  t h e  y e a r  
c o n f i r m  t h e  r e g u l a r  i n c r e a s e  o f  SOD a c t i v i t y  i n  f i s h  e r y -  
t h r o c y t e s  f r o m ,  Autumn t h r o u g h  Summer and S p r i n g  i n  b o t h  
l a k e s .  The MDA l e v e l  i n c r e a s e d  p r o g r e s s i v e l y  f r o m  S p r i n g  
t o  Autumn,  b u t  i t  o c c u r r e d  o n l y  i n  S p i e r e w n i k  l a k e .  I n  
t h e  second l a k e ,  MDA l e v e l  d e c r e a s e d  v e r y  c l e a r l y  i n  
Autumn.  P o s s i b l y ,  t h e  c o n d i t i o n s  in  Autumn c r e a t e  i n  f i s h  
o r g a n i s m  v e r y  s t r o n g  p r o t e c t i v e  e n z y m a t i c  mechan isms 
a g a i n s t  f r e e  r a d i c a l s .  Autumn i s  t h e  season  when f i s h e s  
a c t i v i t y  i s  s t i l l  e l e v a t e d .  Breams f e e d  w i t h  a n i m a l  o r g a -  
n i sms  l i v i n g  a t  t h e  b o t t o m  o f  t h e  l a k e .  N o t e w o r t h y ,  t h e  
c o n t a m i n a t i o n  o f  t h e  s e d i m e n t s  may be h i g h e r  t h a n  t h a t  o f  
w a t e r  d e p t h .  The re  i s  a s c a r c i t y  o f  l i t e r a t u r e  d a t a  on 
t h e  e f f e c t  o f  heavy  m e t a l s  on t h e  p e r o x i d e  m e t a b o l i s m  
enzymes i n  e r y t h r o c y t e s  o f  f i s h  s p e c i e s  l i v i n g  i n  d i f f e -  
r e n t  l a k e  e c o s y s t e m s .  T h e r e f o r e ,  t h e  mechanism o f  t h i s  
e f f e c t ,  unde r  c o n d i t i o n s  s t u d i e d ,  i s  ha rd  t o  e x p l a i n  a t  
p r e s e n t .  
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