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M u n i c i p a l sewage s l u d g e s have been a d v o c a t e d  b y s e v e r a l
i n v e s t i g a t o r s  ( T a c o n  a n d  F e r n s  1 9 7 6 ;  Y i p  a n d  W o n g  1 9 7 7 ;  G h o s h
e t  a l . 1985) as a s u i t a b l e  d i e t a r y  s u p p l e m e n t in aquacul tu re
b e c a u s e  o f  t h e  p r o t e i n  c o n t a i n e d  i n  i t .  O t h e r  r e s e a r c h e r s  ( W o n g
e t  a l . 1982 ; G a i g h e r  a n d  T o e r i e n  1 9 8 5 ;  O ’ G r a d y  a n d  S p i l l e t
1 9 8 7 )  d i s c o u r a g e  t h e i r  u s a g e  f o r  a  v a r i e t y  o f  r e a s o n s ,  t h e  m o s t
c o m m o n  b e i n g  t h e  p r e s e n c e o f  h e a v y  m e t a l s  a n d  p e s t i c i d e s  t h a t
accumulate in v a r i o u s o r g a n s , t h e r e b y h a m p e r i n g  g r o w t h in
f i s h . S e t t l e d  s e w a g e , i f  p a l a t a b l e  h o w e v e r , w o u l d  p r o v e  t o  b e
an e x c e l l e n t  l o w - c o s t  n u t r i e n t  i n  i n t e n s i v e  a q u a c u l t u r e  f a r m s .
S l u d g e s m a y  b e  a d m i n i s t e r e d in t h e  a q u e o u s o r  d e h y d r a t e d
c o n d i t i o n , a n d  i n  e i t h e r  c a s e  w o u l d  b e  s u i t a b l e  f o r  e v e n  f r y
a n d  f i n g e r l i n g s , i f  c o n s u m e d  s o o n  a f t e r  a p p l i c a t i o n  b e c a u s e  o f
t h e  s m a l l  p a r t i c l e  s i z e .

T h e  a b s e n c e  o f  r e p o r t s  o n t h e  e f f e c t  o f  s e w a g e  s l u d g e s  f r o m
t h e wastewater t reatment p l a n t  o n animals prompted t h i s
inves t igat ion, though heavy metal a n a l y s i s revealed t h e
presence o f  a p p r e c i a b l e  q u a n t i t i e s  o f  Z n ,  C u .  P b  a n d  m o d e r a t e
a m o u n t s  o f  N i ,  C r , C d  i n  a q u e o u s  a c t i v a t e d  s l u d g e  ( C o u t i n h o
1 9 8 9 ) . I n  t h i s  s t u d y  t h e  e f f e c t  o f  a c t i v a t e d  s l u d g e  ( A c S ) ,  r a w
s l u d g e  ( K S )  i n  a c u t e  a n d  c h r o n i c  b i o a s s a y s  a n d  h y d r a t e d
digested sludge (DS) and dehydrated ( s u n - d r i e d ) digested
sludge ( K S ) in chron ic feeding e x p e r i m e n t  o n s u r v i v a l ,
b e h a v i o r  a n d  w h o l e  b o d y  a c e t y l c h o l i n e s t e r a s e  ( A c h E )  a c t i v i t y
o f  C i r r h i n a  m r i g a l a  ( C a r p ) ,  a  f r e s h w a t e r  e d i b l e  f i s h , were
inves t igated.

MATERIALS AND METHODS

O n e  h u n d r e d  C i r r h i n a  m r i g a l a  f i n g e r l i n g s  m e a s u r i n g  4 - 5  c m  w e r e
obtained f r o m  C e n t r a l I n s t i t u t e o f  F i s h e r i e s , G o v e r n m e n t  o f
Ind ia , a n d  w e r e  m a i n t a i n e d  i n  a e r a t e d  g l a s s  a q u a r i a  m e a s u r i n g
2 f t  X  1 f t  X  1 f t  i n  t r i p l i c a t e  f o r  e a c h  a c u t e  f e e d i n g  t r i a l  w i t h
5 %  o f  t h e  b o d y  w e i g h t  n e a t  a c t i v a t e d  s l u d g e  a n d  r a w  s l u d g e ,
a n d  f o r  c h r o n i c  s t u d i e s  w i t h  2 %  b o d y  w e i g h t  A c S ,  K S ,  D S  a n d
K S ,  s u p p l e m e n t e d  w i t h  2 % b o d y  w e i g h t  d r i e d  p r a w n  f i s h  m e a l .
C o n t r o l  s e t s  w e r e  m a i n t a i n e d  s i m u l t a n e o u s l y ,  t h e  f i s h  b e i n g  f e d
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o n  a p p r o p r i a t e quant i t ies ( 2 %  b o d y  w e i g h t )  o f  f i s h  m e a l .
S l u d g e s  w e r e  o b t a i n e d  f r o m  a  l o c a l  m u n i c i p a l  s e w a g e  t r e a t m e n t
p l a n t .

Dur ing t h e  a c u t e inves t igat ion, m o r t a l i t y , b e h a v i o r a l  c h a n g e s ,
and whole body a c e t y l c h o l i n e s t e r a s e  ( A c h E )  a c t i v i t y  w e r e
studied and t h e enzyme a c t i v i t y and m o r t a l i t y  a t t h e
t e r m i n a t i o n  o f  t h e  2 1 - d  c h r o n i c  d i e t a r y  s u b s t i t u t i o n  s t u d y .  T e n
f i s h  w e r e  k i l l e d  f r o m  e a c h  a q u a r i u m  b y  c o l d  n a c r o s i s  o n  5 ,  7 ,
9, 10 days of treatment and on 21st day of the long term
s t u d y . I n d i v i d u a l w h o l e  b o d y h o m o g e n a t e s  ( 1 0 % )  w e r e  p a s s e d
t h r o u g h  t h e  g l a s s w o o l  t o  r e m o v e  b o n e , s k i n , s c a l e  a n d  f a t
d e b r i s . T h e  f i l t r a t e  w a s  p a s s e d  t h r o u g h  W h a t m a n  4 2  a t  4 ° C ;
T h e f i l t r a t e t h u s obtained was used f o r est imat ing AchE
a c t i v i t y  b y  H e s t r i n  ( 1 9 4 9 )  m e t h o d  w i t h  s l i g h t  m o d i f i c a t i o n  a s
f o l l o w s : T h e  a s s a y  m e d i u m  c o n t a i n e d  1  m L  e a c h  o f  0 . 1 M  N a C I ,
0 . 2 M  M g C 12 a n d  0 . 1 M  P h o s p h a t e b u f f e r  p H  7 . 0  0 . 5  m l  e a c h  o f
0.01% gelat in , 5 0  X  1 0  M acetylchol ine a n d  g l a s s  d i s t i l l e d
w a t e r . T o  t h i s  a s s a y  m i x t u r e  0 . 5  m L  o f  w h o l e  b o d y  h o m o g e n a t e
w a s  a d d e d  a n d  t h e  t u b e s  w e r e i n c u b a t e d  a t  3 7 ° C  f o r  3 0  m i n .
T h e  b l a n k  w a s prepared b y  a d d i n g  0 . 5  m L  o f  d i s t i l l e d  w a t e r
i n s t e a d  o f  5 0  X  1 0 acety lchol ine. At the end of 30 min, 2 mL
o f  2 M  a l k a l i n e  h y d r o x y l a m i n e  w a s  a d d e d  t o  e a c h  t u b e . A f t e r
1  m i n ,
added.

2  m L  o f  H C I  a n d  1  m L  o f  F e C L3 ( 0 . 2 7 M  i n  0 , 1 N  H C I )  w e r e
T h e  t u b e s  w e r e  s h a k e n  a n d  o p t i c a l  d e n s i t y  w a s  r e a d  a t

540 nm. O n e  u n i t  o f  a c e t y l c h o l i n e s t e r a s e  i s  d e f i n e d  a s  µ m o l  o f
a c e t y l c h o l i n e  c o n v e r t e d  p e r  3 0  m i n  u n d e r  a s s a y  c o n d i t i o n s . F o r
t h e  a n a l y s i s  o f  h e a v y  m e t a l s , a n  e x t r a c t  f r o m  t h e  d e h y d r a t e d
sludge was prepared according t o  t h e  m e t h o d  d e s c r i b e d in
s t a n d a r d  m e t h o d s  f o r  t h e  e x a m i n a t i o n  o f  w a t e r  a n d  w a s t e  w a t e r
( B u p p  1 9 8 9 ) w i t h s l i g h t m o d i f i c a t i o n  a s follows: 1 g of
dehydrated act ivated sludge was t r a n s f e r r e d  t o  a round
b o t t o m e d  f l a s k , 50 mL of glass distilled water and 5 mL of
n i t r i c acid was a d d e d  t o i t . T h i s  m i x t u r e  w a s  a l l o w e d  t o
evaporate t o  d r y n e s s in a w a t e r  b a t h  m a i n t a i n e d  a t  9 0 ° C .
S u b s e q u e n t l y  t h e r o u n d  b o t t o m  f l a s k  w a s  r e m o v e d  f r o m  t h e
w a t e r b a t h  a n d  g l a s s  d i s t i l l e d  w a t e r  w a s  a d d e d  t o  r e s u s p e n d
t h e  a c i d i f i e d  s l u d g e . T h e  e x t r a c t  w a s  t h e n  f i l t e r e d  t h r o u g h
W h a t m a n  N o . 1 filter paper to obtain a clear filtrate. T h e
f i l t e r  p a p e r  w a s w a s h e d  t e n  t i m e s w i t h s m a l l  q u a n t i t i e s  o f
g l a s s  d i s t i l l e d  w a t e r  t o  r e m o v e  a l l  t r a c e s  o f  m e t a l s . T h e
volume of clear filtrate was made upto 100 mL with glass
d i s t i l l e d  w a t e r . A n  a c i d  b l a n k  w a s  p r e p a r e d  b y  u s i n g  5  m L  o f
f u m i n g  n i t r i c  a c i d  a n d  t h e  a b o v e  p r o c e d u r e  f o l l o w e d .  T h e  a c i d
e x t r a c t  w a s  a n a l y s e d  f o r  h e a v y  m e t a l s  s u c h  a s  z i n c ,  c o p p e r ,
lead, n i c k e l , c a d m i u m  a n d  c h r o m i u m  o n  a u t o m i c  a b s o r p t i o n / f l a m e
emiss ion spectrophotometer AA-630-12. T h e  Q A / Q C  p r o c e d u r e
used f o r heavy metal a n a l y s i s  b y atomic absorpt ion
s p e c t r o s c o p y  i s  a s  f o l l o w s :  D u r i n g  t h e  a n a l y s i s ,  a  b l a n k  w a s
analysed between each sample a n a l y s i s  t o v e r i f y base l ine
s t a b i l i t y . T h e  b a s e l i n e  w a s  r e z e r o e d  w h e n e v e r  n e c e s s a r y .  S i n c e
o n l y  f i v e  a n a l y s i s w e r e  c a r r i e d  o u t  f o r  t h e  s l u d g e  s a m p l e ,  a
k n o w n  a m o u n t  o f  c o p p e r  a n d  n i c k e l  w e r e  a d d e d  t o  t h e  b l a n k
a n d  a n a l y s e d  f o r  r e c o v e r y .  T h e  a m o u n t  o f  m e t a l  w a s  a l m o s t
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e q u a l  t o  t h e  a m o u n t  f o u n d  i n  t h e  s a m p l e s  a n a l y s e d .  R e c o v e r y
was found to be 90 to 92%. T o  f u r t h e r  a s s u r e  o u r s e l v e s  a n d  t o
conf i rm t h e t e s t was in c o n t r o l ,  a s tandard sample was
a n a l y s e d  f o r  e a c h  s a m p l e  a n a l y s i s .

S t a t i s t i c a l a n a l y s i s  o f t h e r e s u I t s was d o n e  b y using
N e w m a n - K e u l s  t e s t  ( H a s s a r d  1 9 9 1 ) .

RESULTS AND DISCUSSION

A t  t h e  o n s e t  o f  t h e  e x p e r i m e n t  t h e  f i s h e s  w e r e  v e r y  a c t i v e ;
behavioral changes indicating t h e i n i t i a t i o n  o f phys io log ical
d e t e r i o r a t i o n  w e r e  m a n i f e s t  o n l y  a f t e r  t h e  f o u r t h  d a y . F rom
T a b l e  1  i t  i s  e v i d e n t  t h a t  m o r t a l i t y  w a s  s i g n i f i c a n t l y  i n c r e a s e d
a m o n g  a c t i v a t e d  s l u d g e - f e d  f i s h  ( A c S )  t h a n  t h o s e  m a i n t a i n e d  o n
r a w  s l u d g e  ( K S ) .

M o r t a l i t y  i n  a l l  e x p e r i m e n t a l  g r o u p s  o f  f i s h  w a s  a  s l o w  p r o c e s s
extending o v e r  a period of 3 to 4 hr and associated w i t h
c h a r a c t e r i s t i c behavioral changes in a l l t h e affected f i sh.
i n i t i a l l y  t h e  f i s h  w e r e  a g i t a t e d ,  s u r f a c i n g  a n d  h o l d i n g  t h e i r
h e a d s  p e r p e n d i c u l a r  t o  t h e  s u r f a c e  o f  t h e  w a t e r ,  s p i r a l l i n g  f o r
5 0 - 9 0  s e c  a t  t h e  s u r f a c e  o f  t h e  w a t e r ,  a f t e r  w h i c h  t h e y  s w a m
o b l i q u e l y , d i v i n g t o  t h e  b o t t o m o f  t h e  a q u a r i a w h e r e  t h e y
r e m a i n e d  f o r  1  t o  3  m i n . L a t e r  t h e y  l a y  o n  t h e i r  s i d e s , the
pos tu re being numb and j e r k y when prodded, indicating
p a r a l y s i s .

A l though, t h e AchE a c t i v i t y  ( T a b l e  1 ) i n i t i a l l y s h o w e d  a
s t a t i s t i c a l l y s i g n i f i c a n t i n c r e a s e  a s compared t o  t h e  c o n t r o l ,
l a t e r  a  d e c r e a s i n g  t r e n d  w a s  n o t a b l e .  W h i l e  e l e v a t e d  l e v e l s  o f
upto 44.71% and 49.15% w i t h r e s p e c t  t o t h e control in
h y p e r a c t i v e  A c S  a n d  K S - f e d  f i s h  w e r e  o b s e r v e d  o n  d a y  5 ,  t h e
A c h E  l e v e l s  p l u m m e t t e d  t o  v e r y l o w  v a l u e s  w i t h  u p t o  5 4 . 5 4 %
and 14.78% i n h i b i t i o n in c o m p a r i s o n  t o t h e c o n t r o l  a t t h e
t e r m i n a t i o n  o f  t h e  a c u t e  s t u d y i n  t h e  t w o  r e s p e c t i v e  g r o u p s  o f
f i s h . T h i s  i s  c o n s i s t e n t  w i t h  t h e  b e h a v i o r a l  c h a n g e s  m e n t i o n e d
e a r l i e r .

C h r o n i c  f e e d i n g  s t u d i e s  w i t h  d i f f e r e n t  s e w a g e  s l u d g e s  s h o w e d
maximum s u r v i v a l  ( 9 6 % )  w i t h  s t a b i l i s e d  d e h y d r a t e d  d i g e s t e d
s l u d g e  w h i l e  i t s  n a t i v e  f o r m  w h e n  u s e d  a s  a  d i e t a r y  a d d i t i v e
c a u s e d  m a x i m u m  m o r t a l i t y  ( 2 8 % )  ( T a b l e  2 ) .  I n  s h a r p  c o n t r a s t  t o
t h i s , w h i l e  a  s i g n i f i c a n t  a n d  c o n s i s t e n t  i n h i b i t i o n  o f  A c h E  w a s
recorded in a l l  g r o u p s  o f  s l u d g e - f e d  f i s h  o f  t h e  l o n g  t e r m
s t u d y , g r e a t e s t  i n h i b i t i o n  o f  A c h E  w a s  o b s e r v e d  i n  K S - f e d  f i s h
and leas t i n  h y d r a t e d  d i g e s t e d  s l u d g e - f e d i n d i v i d u a l s . T h e
f o r m e r  g r o u p  o f  a n i m a l s  w e r e  m o r e  l e t h a r g i c .

T h e  r e s u l t s  o f  a n a l y s i s  o f  h e a v y  m e t a l s  i n  a c t i v a t e d  s l u d g e  a r e
given i n  T a b l e  3 . I t  i s  e v i d e n t  f r o m  t h i s  a n a l y s i s  t h a t  t h e
sludge was contaminated w i t h heavy metals and i t would
i n c r e a s e  t h e  b o d y  b u r d e n  o f  f i s h  w h i c h may lead to their
d e a t h  ( F o u l k e s  1 9 9 0  ; N i i m i  a n d  K i s s o o n  1 9 9 4 ) .  T h e  o t h e r  c a u s e
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T a b l e  1 . M o r t a l i t y  a n d  a c e t y l c h o l i n e s t e r a s e  a c t i v i t y  µ m o l o f  a c e t y l c h o l i n e  c o n v e r t e d / g  w e t  w e i g h t  o f
t i s s u e s / m i n  ±  S . D . o f  w h o l e  b o d y  h o m o g e n a t e  o f  C . m r i g a l a  u n d e r  c o n t r o l  a n d  t r e a t e d  c o n d i t i o n s  d u r i n g
a c u t e  b i o a s s a y .  M e a n  o f  1 0  i n d i v i d u a l  s a m p l e s .

S i g n i f i c a n c e  i s  g i v e n  a t  *  P <  0 . 0 1 , ** P ≤ ≤ 0 . 0 5 .

A c S  =  A c t i v a t e d  S l u d g e  ;  R S  =  R a w  S l u d g e



Table 2. Mor ta l i t y  and  AchE  ac t iv i t y  µmol of  acetylchol ine converted/g of  wet  weight  of  t issue/min ±
S .D .  o f  C .  mr iga la  under  con t ro l and treated condit ion at  the terminat ion of  chronic bioassay on the
2 1 s t  d a y  

Groups of Fish Mortal i ty AchE activity % inhibition

Signif icance is  given at  *  P ≤ ≤ 0 . 0 5 . % inhibition compared with control

AcS = Activated Sludge ; RS = Raw Sludge ; DS = hydrated digested sludge ;
KS = Dehydrated digested sludge.



c o u l d  b e  d u e  t o  t h e  p r e s e n c e  o f  p e s t i c i d e  r e s i d u e s  a n d  o t h e r
organic contaminants, w h i c h  w e r e  n o t  a n a l y s e d  i n  t h i s  s t u d y .

T a b l e  3 .  R e s u l t s  o f  h e a v y  m e t a l s  a n a l y s e d  i n  a c t i v a t e d
s l u d g e  ( 5  a n a l y s i s )  ± S D

S e v e r a l  i n v e s t i g a t o r s  h a v e  r e p o r t e d  c h a n g e s  i n  A c h E  a c t i v i t y  a s
a n  i d e a l  t o o l  t o  e x a m i n e  n e u r o p h y s i o l o g i c a l  c h a n g e s  i n  r e s p o n s e
to toxicants ( C o p p a g e  a n d  B r a i d e c h  1 9 7 6 ; Nemcsok e t  a l .
1985a). A n  e n i g m a t i c  i n c r e a s e  i n  A c h E  a c t i v i t y  i n  b o t h  s e t s  o f
sludge-fed fish on the 5th and 7th days of the acute study
indicate neuromuscular imbalances p o s s i b l y due to t h e
p e n e t r a t i o n  o f  t h e  b l o o d  b r a i n  b a r r i e r  b y  x e n o b i o t i c s . I t  m a y
r e s u l t in elevated de novo s y n t h e s i s  o f t h e e n z y m e  a s
s u g g e s t e d  b y Szabo e t  a l . ( 1 9 9 2 ) , who recorded s i m i l a r
elevat ion in t h e l e v e l s  o f A c h E  ( 1 3 0 % ) fol lowing 2 wk of
chron ic t r e a t m e n t  o f C y p r i n u s  c a r p i o w i t h sub le tha l
c o n c e n t r a t i o n s  o f  h e r b i c i d e  p a r a q u a t  a n d  f u n g i c i d e  c o p p e r s u l f a t e
independent ly .

A  d e c r e a s e  i n A c h E  a c t i v i t y  d u r i n g  t h e  l a t t e r  p h a s e  o f  t h e
a c u t e  b i o a s s a y a n d  a t  t h e  t e r m i n a t i o n  o f  c h r o n i c  e x p o s u r e ,  o n
t h e  o t h e r  h a n d , i n f e r  a  p l a u s i b l e i r r e v e r s i b l e  d a m a g e  t o  t h e
cent ra l nervous sys tem a n d  t h e  n e u r o m u s c u l a r  j u n c t i o n i n  t h e
f i s h f i n g e r l i n g s . V i jayalakshmi (1980) reported depressed
l e v e l s  o f AchE in b r a i n , g i l l , I i v e r and m u s c l e  o f
E t r o p l u s  m a c u l a t u s fol lowing e x p o s u r e  t o Sumi th ion. Nemcsok
e t  a l .  ( 1 9 8 5 b )  a l s o o b s e r v e d  r e d u c e d l e v e l s  o f  A c h E  i n  c a r p
w i t h  e x p o s u r e  t o  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  c o p p e r  ( 1 0 - 5 0  p p m )
a n d  a t t r i b u t e d  t h i s  d i s c r e p a n c y  t o  a c c u m u l a t i o n  o f  t h e  i o n s  i n
v i t a l  o r g a n s . I n  a  s t u d y  c o n d u c t e d  b y  R a d h a k r i s h n i a h  ( 1 9 8 8 )  o n
L a b e o  r o h i t a  t r e a t e d w i t h sub le tha l q u a n t i t i e s of Cu as a
xenoblot ic , t h e  m e t a l  w a s  f o u n d  t o  a c c u m u l a t e  r a p i d l y  i n  t h e
b r a i n under acute condi t ions causing m u s c u l a r  d y s t r o p h y  a n d
uncoordinated movements, both features s i m i l a r  t o those
observed i n  t h e  p r e s e n t  s t u d y  o n  C i r r h i n a  m r i g a l a , sustained
on sewage s ludge supplemented d ie ts .
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M o r e o v e r , h i g h  r a t e  o f  m o r t a l i t y  o b s e r v e d  i n  a c t i v a t e d  s l u d g e
t r e a t e d  g r o u p  c o m p a r e d  w i t h  r a w s l u d g e  t r e a t e d  g r o u p  c o u l d  b e
e x p l a i n e d  o n  t h e  b a s i s  o f  a c t i v a t e d  s l u d g e  b e i n g  a  c o n c e n t r a t e d
suspension o f  a e r o b i c  m i c r o o r g a n i s m s . T h e s e  m i c r o o r g a n i s m s  a r e
r e s p o n s i b l e f o r decomposing sewage w i t h c o n s u m p t i o n  o f
a p p r e c i a b l e  o x y g e n , t h e r e b y  c a u s i n g  a  d e p l e t i o n  i n  d i s s o l v e d
oxygen i n  t h e  a e r a t e d  a q u a r i a  a n d  h i g h  m o r t a l i t y  o f  f i s h  u n d e r
s t u d y . O n  t h e  o t h e r  h a n d ,  r a w  s l u d g e  w a s  n i t r o g e n - r i c h ,  l o w
m i c r o b e  m e d i u m  t h a t  w o u l d  u n d e r g o  d e c a y  i f  a l l o w e d  t o  r e m a i n
unconsumed in t h e aquar ia . T h e h i g h m o r t a l i t y and
neuromuscular aberrat ion brought a b o u t  b y t h e s y n e r g i s t i c
a c t i o n  o f  x e n o b i o t i c s  i n  t h e  s l u d g e s  f e d  t o  j u v e n i l e  C .  m r i g a l a
p r o m p t  f u r t h e r  i n v e s t i g a t i o n  a n d  c a u t i o n  i n  t h e i r  u s a g e  a s  a
nutri t ive substitute in pisciculture.
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