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ABSTRACT 

Sugar  and  d i s t i l l e r y  i n d u s t r i e s  r a n k  among t h e  major i n d u s t r -  
ies i n  I n d i a .  T h e r e  are more t h a n  215 s u g a r  m i l l s  and a b o u t  100  
d i s t i l l e r i e s .  Extreme p o l l u t i o n  o f  r i v e r s  and  f o u l  s m e l l  i n  t h e  
v i c i n i t y  o f  s u g a r  m i l l s  and  d i s t i l l e r i e s  are  commonly e x p e r i e n c e d .  
I t  is e s t i m a t e d  t h a t  500 m i l l i o n  l i t res  o f  e f f l u e n t  p e r  day  are 
d i s c h a r g e d  i n t o  R i v e r  Cauvery  f rom v a r i o u s  i n d u s t r i e s .  Of t h e s e ,  
6.75 l a k h s  l i t res  o f  e f f l u e n t  p e r  day  are d i s c h a r g e d  from o n e  o f  
t h e  d i s t i l l e r i e s  i n t o  t h e  Uyyakondon Channe l ,  a b r a n c h  o f  R i v e r  
Cauvery .  The d i s t a n c e  be tween t h e  p o i n t  o f  d i s c h a r g e  and  e f f l u e n t  
m i x e s  i n  r i v e r  waters is a b o u t  20  km. The impact  o f  e f f l u e n t  on t h e  
phys ico -chemica l  n a t u r e  o f  water b o d i e s  and b i o l o g i c a l  communi t ies  
h a s  been  s t u d i e d .  The s t u d y  area i n c l u d e s  13 t a n k s ,  20 l a k e s ,  20 km 
o f  t h e  Uyyakondon Channel  l e n g t h  and  t h e  R i v e r  Cauvery waters a t  
Grand A n i c u t ,  Than javur  D i s t r i c t ,  I n d i a .  Among p h y t o p l a n k t o n ,  Cyano- 
p h y t a  w a s  t h e  t o l e r a n t  g r o u p .  Zooplankton  d e n s i t y  i n  t h e  c h a n n e l  and 
r i v e r  waters w a s  r e c o r d e d .  Water mites and s t o n e  f l i e s  are common 
i n  r i v e r  waters b u t  are a b s e n t  i n  t h e  c h a n n e l  water. However, 
l a r v a l  g a s t r o p o d s  were found  t o  be more abundan t  i n  o r g a n i c a l l y  r i c h  
areas. T u b i f e x  t u b i f e x  w a s  r e c o r d e d  and somet imes  f o r m s  a " red -  
c a r p e t "  on t h e  stream bottom, m i n g l e d  w i t h  o r g a n i c  d e b r i s .  

D u r i n g  summer months ,  t h e  l o w  f l o w  o f  water m a g n i f i e d  t h e  e f f e c t  
of e f f l u e n t s  and  t h e r e  w a s  a d e p r e s s i o n  i n  t h e  b i o l o g i c a l  communi t ies .  
I n  t h e  p o l l u t e d  z o n e s ,  t h e  b i o l o g i c a l  communi t i e s  are r e d u c e d  numeri-  
c a l l y  and  so are t h e  number o f  s p e c i e s .  T h e r e  w a s  no s i g n  o f  re- 
p lacemen t  community o b s e r v e d .  

Dur ing  t h e  mongoon s e a s o n  t h e r e  is d i l u t i o n  o f  d i s t i l l e r y  e f -  
f l u e n t ,  c o n s e q u e n t l y  t h e  phys ico -chemica l  and  b i o l o g i c a l  c o n d i t i o n s  
showed a marked improvement.  The b r e e d i n g  p e r i o d i c i t y  of t h e  c a r p  
C i r r h i n a  reba w a s  a lso s t u d i e d .  
o f  a " l i v i n g  f i l t e r "  mechanism f o r  t h e  t r e a t m e n t  of waste, which  
c o u l d  be u t i l i z e d  f o r  aqua  c u l t u r e  s t u d i e s .  

INTRODUCTION 

The s t u d y  s u g g e s t e d  t h e  p o s s i b i l i t y  

R i v e r s ,  r e s e r v o i r s ,  l a k e s  and  t a n k s  are e c o l o g i c a l l y  d e t e r i o -  
r a t i n g  due  t o  u n a b a t e d  d i s c h a r g e  o f  e f f l u e n t s  from v a r i o u s  indus -  
tries. I n d u s t r i e s  are g e n e r a l l y  l o c a t e d  i n  t h e  p r o x i m i t y  of t h e  
r i v e r s .  I t  is t h e r e f o r e  common t o  see foam,  f l o a t i n g  debris and 
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marked t u r b i d i t y  a r o u n d  t h e  d i s c h a r g e  end  o f  t h e  i n d u s t r i e s .  The 
r e s u l t  is d i m i n u t i o n  o r  a l t e r a t i o n  o f  a q u a t i c  l i f e .  

The e f f l u e n t  g e n e r a t e d  i n  d i s t i l l e r y  i n d u s t r i e s  v a r i e s  v a s t l y  
i n  c o m p o s i t i o n  and p o l l u t i o n  loads. A l l  e f f l u e n t s  c a n n o t  be clas- 
s i f i e d  a s  p o l l u t a n t s  and  w i l l  depend on c o n s t i t u e n t s  and  t h e i r  
c o n c e n t r a t i o n .  The s p e n t  wash t h a t  is s e n t  o u t  f rom t h e  d i s t i l l e r y  
is h i g h l y  c o l o u r e d  and  a c i d i c  c o n t a i n i n g  a h i g h  p e r c e n t a g e  o f  d i s -  
s o l v e d  i n o r g a n i c  and  o r g a n i c  materials.  The d i s s o l v e d  o r g a n i c  m a t -  
t e r  is  r e s p o n s i b l e  f o r  t h e  h i g h  b i o c h e m i c a l  oxygen demand and  p o l -  
l u t i n g  n a t u r e  o f  t h e  waste. I n  g e n e r a l ,  t h e  s p e n t  wash c o n t a i n  
a h i g h e r  amount o f  p o t a s h ,  which  r a n g e s  f rom 7% t o  15% o f  t h e  
t o t a l  s o l i d s .  

Owing t o  t h e  h i g h  t e m p e r a t u r e  and  h i g h  BOD, t h e  e f f l u e n t  is 
c o l l e c t e d  i n  t h e  l a g o o n s .  Thus t h e  wastes are b i o l o g i c a l l y  
t r e a t e d  and  t h e  p r o c e s s e s  are  a n a e r o b i c ,  w i t h  a n a e r o b i c  d i g e s t i o n  
and  a n a e r o b i c  l a g o o n i n g .  A t  t h e  end  o f  t h e  t r e a t m e n t  o f  t h e  waste, 
t h e  c o l o u r  y e t  p e r s i s t s  and  t h e  BOD is r e d u c e d  from 33,000 ppm t o  
2 , 5 0 0  ppm. The e f f l u e n t  is d i l u t e d  and  u s e d  f o r  i r r i g a t i o n  i n  t h e  
d r y  l a n d  areas f o r  s u g a r  c a n e  c u l t i v a t i o n .  The s l u d g e  is r e c o v e r e d  
from t h e  l agoon  and  is u s e d  as  manure .  

e f f l u e n t  d i s p o s a l  is d i f f e r e n t .  The t r e a t e d  e f f l u e n t  is d i l u t e d  
and  mixed a t  t h e  c l o s e  p r o x i m i t y  o f  t h e  r i v e r  c h a n n e l .  

c h a n n e l  is p o l l u t e d ,  f a c t  which  a f f e c t s  t h e  p r o d u c t i v i t y  o f  t h e  
water. Dur ing  t h e  c o u r s e  o f  i ts r u n o f f  it a l so  p o l l u t e s  t h e  R i v e r  
Cauvery and  R number o f  t a n k s  and  l a k e s  also ( F i g .  1 ) .  

R e c e n t l y  Tami l  Nadu Water P o l l u t i o n  Board  h a s  drawn t h e  a t -  
t e n t i o n  o f  i n d u s t r i e s  t o  t h e  p r e v e n t i o n  and  c o n t r o l  o f  p o l l u t i o n  
A c t  1974. A c c o r d i n g l y ,  any  i n d u s t r y  which  p o l l u t e s  t h e  w a t e r  
b o d i e s  is p u n i s h a b l e .  Hence, e f f l u e n t s  are b e i n g  t r e a t e d  w i t h  t h e  
a v a i l a b l e  b i o t e c h n o l o g y  methods .  

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

However, f o r  an  i n d u s t r y  l o c a t e d  n e a r  t h e  w e t  l a n d  areas t h e  

Due t o  t h e  c o l o u r ,  h i g h  BOD and  suspended  s o l i d s ,  t h e  r i v e r  

d i s t i l l e r y  wastes on  t h e  water q u a l i t y  and  p h y t o  z o o p l a n k t o n  
d i s t r i b u t i o n  a l o n g  t h e  l e n g t h  o f  Uyyakondon c h a n n e l ,  t a n k s  and  
l a k e s  and  t h e  R i v e r  Cauvery  waters. The p r e s e n t  s t u d y  r e p o r t s  on 
t h e  m i c r o f a u n a  o f  i n v e r t e b r a t e s  collected from v a r i o u s  s t a t i o n s  
and  a l s o  on t h e  impact of waste on  t h e  i n t r a - o v a r i a n  development  
o f  c a r p  C i r r h i n a  e. 
MATERIALS AND METHODS 

The p r e s e n t  s t u d y  w a s  c o n d u c t e d  i n  f o u r  major water s a m p l i n g  
s t a t i o n s  a l o n g  t h e  Uyyakondon c h a n n e l  and  t h e  r i v e r  Cauvery .  The 
Uyyakonhon channel i n  which the h i s t i l l e rg  effluent is disckarged 
r u n s  u p  t o  a d i s t a n c e  o f  4 5  k m f e e d i n g  a number o f  r a i n - f e d  t a n k s  
and  l a k e s .  The p r e s e n t  i n v e s t i g a t i o n  w a s  made f rom f o u r  major 
s a m p l i n g  p o i n t s  a l o n g  t h e  Uyyakondon c h a n n e l  and  R i v e r  Cauvery ,  
and  33 sampl ing  p o i n t s  c o m p r i s i n g  13 t a n k s  and  20  l a k e s .  The 
s a m p l i n g  p o i n t s  were f i x e d  t o  c o v e r  t h e  e f f l u e n t  o u t f a l l  and t h e  
t r i b u t a r i e s  a n d  d i s t r i b u t a r i e s  o f  t h e  c h a n n e l .  I n  t h e  f i r s t  p h a s e  
f o u r  major s a m p l i n g  p o i n t s ,  and  f o r  t h e  s e c o n d  p h a s e  33 p o i n t s  
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( t a n k s  and  l a k e s )  were t a k e n  f o r  s t u d y .  

S t a t i o n  I is f i x e d  above  t h e  p o i n t  o f  d i s c h a r g e  o f  e f f l u e n t  
from t h e  d i s t i l l e r y  f a c t o r y ,  S t a t i o n  I1 b e i n g  t h e  z o n e  o f  d i s c h a r g e  
of e f f l u e n t ,  S t a t i o n  111 b e i n g  t h e  z o n e  of a d m i x t u r e  o f  e f f l u e n t  
w i t h  R i v e r  Cauvery  waters. S t a t i o n  I V  is a z o n e  o f  par t ia l  r e c o v e r y  
which i n c l u d e s  t a n k s .  S t a t i o n  V is t h e  z o n e  o f  c o m p l e t e  r e c o v e r y  
of e f f l u e n t  a l o n g  t h e  Uyyakondon c h a n n e l ,  wh ich  c o m p r i s e s  l a k e s .  
S t a t i o n  V I  is  t h e  z o n e  o f  c l e a n  water i n  R i v e r  Cauvery .  

TABLE I 

N a m e  o f  t h e  s a m p l i n g  p o i n t s  and  s t a t i o n  numbers a l o n g  t h e  
Uyyakondon c h a n n e l  i n  t h e  Cauvery  r i v e r  s y s t e m ,  and  t h e  names o f  
t h e  t a n k s  and  l a k e s  ( E r i )  t a k e n  u p  f o r  s t u d y  i n  1976 and  1981-'83. 

S t a t i o n  I :  

S t a t i o n  11: 

S t a t i o n  111: 

S t a t i o n  I V :  

S t a t i o n  V :  

S t a t i o n  V I :  

Above Uyyakondon c h a n n e l  

Below Uyyakondon c h a n n e l  

Admixture  o f  e f f l u e n t  i n  t h e  Uyyakondon c h a n n e l  i n  
R i v e r  Cauvery  

13 t a n k s  i n  F i g .  ( 1 )  2 .  S e v e n t h a  kulam 4 .  Navar 
kulam 5. Thondaman p a t t i  t a n k  6. Kot t ra  p a t t i  t a n k  
9 .  P i l l y a r k u l a m  10. Vi l angu lam 11. K i l l i y u r  kulam 
12 .  P a t h a l a p a t t i  mela kulam 13. P a t h a l a p a t t i  Kela 
k i l a m  1 4 .  Va lan than  k o t t a i  t a n k  15. Th i runedu  kulam 
16. Manganam t a n k  and  18. N a v a l u r  t a n k  

2 0  l a k e s  ( E r i )  i n  F i g .  ( 1 )  1. K u t a p a r  peria e r i  
3. K r i s h n a  samudram &. Kamath e r i  8. Kuthugudi  
1 7 .  Devarayan  e r i  19. S o r a k k u d i  p a t t i  er i  
20 .  Olamutu e r i  21 .  M a r u t h i  e r i  22 .  Nepp ika i  e r i  
23. Vendayan p a t t i  e r i  24 .  Sandan e r i  25 .  O d a i  e r i  
26 .  Verri e r i  25 .  Kamathi e r i  29 .  S a l i p i d i  e r i  
28 .  Kamathi p u d i  e r i  30 .  Velamaduram er i  31. Saya  
d u k i  e r i  32 .  Alaga p a t t i  e r i  and  33. S e r a n d i  e r i  

R i v e r  Cauvery  water 

The measured  q u a n t i t y  o f  water w a s  f i l t e r e d  f rom a l l  t h e  
s t a t i o n s  f o r  chemica l  a n a l y s i s  (APHA, 1 9 7 5 ) .  L i k e w i s e ,  t h e  
p l a n k t o n s  were c o l l e c t e d  u s i n g  b o l t i n g  s i l k  number 1 0 ,  and  were 
p r e s e r v e d  i n  5% f o r m a l i n .  They were c l a s s i f i e d  and i d e n t i f i e d  
up  t o  g e n e r i c  l e v e l  and are e x p r e s s e d  i n  number o f  o r g a n i s m s  .pe r  
m l .  Macrofauna  are e x p r e s s e d  i n  number p e r  s q u a r e  meter. Owing 
t o  t h e  abundance  o f  p h y t o p l a n k t o n  i n  t h e  waters of River Cauvery ,  
a t t e n t i o n  w a s  f o c u s s e d  o n l y  on  t h e  s t u d y  of t h e  dominant  fo rms .  The 
p r e s e n t  s t u d y  a i m s  t o  u n d e r s t a n d  t h e  impac t  o f  d i s t i l l e r y  e f f l u e n t  
i n  t h e  c h a n n e l ,  r i v e r  waters and a lso t a n k s  and  l a k e s .  

RESULTS AND DISCUSSIONS 

Unchecked release o f  waste t o  the  s t r e a m  o f  r i v e r s ,  e i t h e r  i n  
s m a l l  or  l a r g e  q u a n t i t i e s  deteriorates t h e  ecosys t em c a u s i n g  
h e a l t h  h a z a r d s  t h r o u g h  t h e  f o o d  c h a i n .  River p o l l u t i o n  c a u s e d  
f i s h  m o r t a l i t y  w a s  s t u d i e d  (Malden ,  1 9 4 3 ) .  Hawkes 1957 states t h a t  
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r i v e *  p o l l u t i o n  c a u s e d  f i s h  m o r t a l i t y  w a s  m e d i a t e d  by p h y s i c o -  
chemica l  agenci 'es b u t  it is e s s e n t t a l l y  a biological phenomenon. 
P o l l u t a n t s  i n  t h e  waste c a u s e  an  immediate and  l o n g  t e r m  e f f e c t .  
The d i s t i l l e r y  e f f l u e n t  r e l e a s q d ' i n t o  t h e  Uyyakondon c h a n n e l  and  
R i v e r  Cauvery  water, and  a few t a n k s  and  l a k e s ,  were found  t o  have  
a f f e c t e d  t h e i r  waters q u a l i t y  a n d  t h e  d i s t r i b u t i o n  o f  o r g a n i s m s .  
The wastes are d a r k  brown i n  c o l o u r  and  t h e  c h a n n e l  water g e t s  
c o l o u r e d  t o  a d i s t a n c e  o f  u p  t o  20 km. The t a n k s  and l a k e s  which  
are located a t  t h e  p r o x i m i t y  o f  Uyyakondon Channel  are a l s o  co- 
l o u r e d .  A p p a r e n t l y ,  t h e  l i g h t  p e n e t r a t i o n  w a s  a f f e c t e d  and t h e r e b y  
t h e  p r o d u c t i v i t y  o f  t h e  water bodies is b e i n g  i n t e r f e r e d  w i t h .  
B a r t s c h  1960 s ta tes  t h a t  c o l o u r i n g  materials d i s c h a r g e d  by indus -  
t r i es  led t o  d e c r e a s i n g  p h o t o s y n t h e t i c  a c t i v i t y  and a l so  d e p l e t i o n  
of oxygen.  Such phenomenon is clear i n  S t a t i o n  I1 and  I11 o f  t h e  
p r e s e n t  s t u d y .  

m i n i n g  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  c o n d i t i o n s  o f  t h e  r i v e r .  
Dur ing  t h e  summer ( A p r i l - J u n e )  t h e  l o w  f l o w  o f  water i n  t h e  
Uyyakondon c h a n n e l  m a g n i f i e d  t h e  e f f e c t  o f  d i s t i l l e r y  wastes. The 
impact  o f  t h i s  c o u l d  be s e e n  i n  a few t a n k s .  However, d u r i n g  t h e  
monsoon s e a s o n  (September-December) t h e  e f f l u e n t s  g e t  d i l u t e d  and 
a number o f  r a i n  f e d  t a n k s  and  l a k e s  are r e a c h e d .  

The f l o w  and  volume o f  water is a n  i m p o r t a n t  f a c t o r  i n  deter-  

The t a n k s  wh ich  form n u r s e r y  g round  f o r  r e a r i n g  f i n g e r l i n g s  
are a p p a r e n t l y  a f f e c t e d  due  t o  want o f  d i s s o l v e d  oxygen.  The h igh  
f l o w  r a t e  o f  water i n  t h e  Uyyakondon c h a n n e l  and  i n  R i v e r  Cauvery 
d i l u t e d  t h e  e f f l u e n t  t o  a maximum e x t e n t  p o s s i b l e ,  t h e r e b y  an  i m -  
p rovement  i n  t h e  b i o l o g i c a l  community w a s  o b s e r v e d  i n  t h e  down 
stream. Due t o  t h e  s e e p a g e ,  a number o f  t a n k s  became c o l o u r e d .  
Accord ing  t o  T a r z w e l l  1957 ,  t h e  s e d i m e n t s  are t h e  r e s u l t  o f  e r o s i o n  
and  t h e  s o l i d s  and  t u r b i d i t y  p r e v e n t  l i g h t  p e n e t r a t i o n  and photo-  
s y n t h e s i s .  I n  t h e  p r e s e n t  s t u d y ,  even  when t h e  d i s t i l l e r y  e f f l u e n t  
is d i l u t e d  t h e  c o l o u r  p e r s i s t s  and  t h e  waste  c o n t a i n s  an  e x c e s s  o f  
d i s s o l v e d  s o l i d s  which  are above  t h e  p e r m i s s i b l e  l e v e l ,  hence  t h e  
b i o t i c  p o p u l a t i o n  is a t  a minimum. I n  t h e  Uyyakondon c h a n n e l  t h e  
maximum f l o w  o f  water is o n l y  368 c u s e c .  The d i s c h a r g e  of waste is 
c o n s i d e r e d  d e p e n d e n t  upon t h e  f l o w  o f  water i n  t h e  c h a n n e l .  Dur ing  
t h e  d i e 1  c y c l e ,  s t u d i e s  o f  t h e  oxygen r e c o v e r y  cound not be d e t e r m i n e d  
even  a t  a d i s t a n c e  o f  30 km i n  r i v e r s  or  t a n k s .  The waste mater ia l  
g e t s  s t a g n a t e d  i n  t h e  c h a n n e l  d u e  t o  l o w  volume, and g e t s  washed 
d u r h g  maximum f l o w  o f  water. 

The s u r f a c e  t e m p e r a t u r e  w a s  found  t o  be un i fo rm i n  t h e  c h a n n e l ,  
t a n k s ,  and l a k e s .  However, d u r i n g  t h e  monsoon s e a s o n ,  c h a n g e s  i n  
t h e  s u r f a c e  t e m p e r a t u r e  were n o t i c e d .  I n  S t a t i o n  I1 t h e r e  w a s  
a p p a r e n t l y  no  d i s s o l v e d  oxygen p r e s e n t .  The a b s e n c e  o f  oxygen is 
a l s o  r e c o r d e d  i n  S t a t i o n  111. However, when t h e  s t u d y  was e x t e n d e d  
t o  13 t a n k s  and  2 0  l a k e s  it w a s  found  t h a t  t a n k s  N o .  2 ,  4 and 14 
w e r e  d i r e c t l y  a f f e c t e d  by t h e  waste, whereas  t a n k s  N o .  15. 16 and 
18 w e r e  u n a f f e c t e d  ( F i g .  1 )  f o r m i n g  t h e  c o n t r o l  f o r  t h e  o t h e r s  ( 2 ,  
4 ,  5 ,  6 ,  9 ,  1 0 ,  1 1 ,  1 2 ,  13 and  1 4 ) .  The water q u a l i t y  a l t e r e d  
s i g n i f i c a n t l y  d e p e n d i n g  upon t h e  d i s c h a r g e  o f  t h e  waste materials.  
I n  t h e  case of l a k e s  24 t h r o u g h  33 w e r e  u n a f f e c t e d  by t h e  d i s c h a r g e  
o f  waste material .  A compar i son  be tween t h e s e  w i t h  t h a t  o f  p o l l u t e d  
l a k e s  number ing  1, 3 ,  7, 8,  1 7 ,  19 ,  20 t h r o u g h  23  were found  t o  be  
a f f e c t e d  by  t h e  d i s c h a r g e  o f  waste. The i n t e n s i t y  o f  t h e  e f f e c t  
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c o u l d  be s e e n  i n  l a k e s  1, 7 ,  8 .  Due t o  t h e  large f l o w  o f  water 
t h e r e  is d i l u t i o n  o f  wastes .  However, t h e  water q u a l i t y  is a f f e c t e d .  
B u t c h e r  1940 states t h a t  d i s s o l v e d  oxygen c o n t e n t  i n  a stream f a l l s  
due  t o  t h e  a c t i v i t y  o f  bacteria.  I n  t h e  P r e s e n t  o b s e r v a t i o n  i n  t h e  
Uyyakondon Channel  and  i n  t h e  R i v e r  Cauvery  waters,  t h e  r e s u l t s  
f a v o u r a b l y  compare w i t h  t h e  above  o b s e r v a t i o n .  

In  t h e  recovery  zone i n  t a n k s  I V  B and l a k e  V B t h e r e  w a s  g r a d u a l  
b u i l d  u p  o f  d i s s o l v e d  oxygen.  Hynes 1963 i n  h i s  s t u d i e s  found  a 
d e c l i n e  i n  t h e  o r g a n i c  mat ter  i n  t h e  r e c o v e r y  z o n e ,  wh ich  r e s u l t s  
i n  t h e  u p t a k e  o f  oxygen f rom t h e  a t m o s p h e r e ,  and  may be compared wi th  
t h e  p r e s e n t  s t u d y .  

I n  a l l  t h e  s t a t i o n s  t h e  pH w a s  a l k a l i n e .  A l k a l i n e  pH is be- 
l i e v e d  t o  p r o v i d e  o p t i m a l  c o n d i t i o n s  f o r  f a v o u r a b l e  g rowth  o f  p l ank-  
t o n  ( V i l l a d o l i d  e t  a t  1 9 5 4 ) .  The o p t i m a l  pH i n  t h e  r i v e r  h a s  r e s u l t e d  
i n  a bloom or  abundancy o f  p h y t o p l a n k t o n  o r g a n i s m s .  

K l e i n  1957 r e p o r t e d  t h a t  t h e  c h l o r i d e  c o n t e n t  depends  o n  t h e  
p r e s e n c e  o f  i n d u s t r i a l  wastes. C h l o r i d e  c o n t e n t  i n c r e a s e s  t h e  
i n t e n s i t y  o f  p o l l u t i o n .  I n  t h e  p r e s e n t  s t u d y ,  S t a t i o n  I1 r e c o r d e d  
h i g h  C h l o r i d e  c o n t e n t .  

The micro n u t r i e n t s  s u c h  a s  s i l i c a t e s ,  n i t r a t e s  and  p h o s p h a t e  
are  i m p o r t a n t  f o r  t h e  p h y t o p l a n k t o n i c  o r g a n i s m s .  They are p r e s e n t  
i n  o r g a n i c a l l y  e n r i c h e d  waters r a t h e r  t h a n  i n  c l e a n  waters. T h e r e  
is an  i n c r e a s e  i n  p h o s p h a t e s  i n  t h e  p o i n t  o f  d i s c h a r g e  and  less 
p h o s p h a t e  i n  S t a t i o n  I11 i n d i c a t e s  t h a t  p h o s p h a t e s  have  been  con- 
sumed by t h e  m i c r o b i a l  p o p u l a t i o n .  

S i l i c a t e s  are  r e l a t e d  w i t h  t h e  bloom o f  d i a t o m s  (Round 1 9 7 2 ) .  
A d e c r e a s e  i n  t h e  s i l i c a t e s  s u g g e s t s  u t i l i z a t i o n  by t h e  d i a t o m s .  

Ni t ra tes  are  u t i l i z e d  by d i f f e r e n t  s p e c i e s  o f  algae. The 
o r g a n i c  s o u r c e  which  is decomposed by microbes i n f l u e n c e s  t h e  a l g a l  
g rowth .  D e n s i t y  o f  t h e  algae is r e l a t e d  t o  t h e  amounts  o f  n i t r a t e s  

Dur ing  t h e  p e r i o d  o f  i n v e s t i g a t i o n ,  a l g a e ' b e l o n g i n g  t o  t h e  4 
major d i v i s i o n s ,  s u c h  as  B a c i l l a r i o p h y t a ,  C h l o r o p h y t a ,  Cyanophyta 
and Eug lenophy ta  w e r e  r e c o r d e d .  T o t a l l y ,  63 g e n e r a  o f  algae, com- 
p r i s i n g  27  g e n e r a  o f  B a c i l l a r i o p h y c e a e ,  22 g e n e r a  o f  Ch lo rophyceae ,  
1 2  g e n e r a  o f  Cyanophyceae,  and 2 g e n e r a  o f  Eug lenophyceae  were 
e n c o u n t e r e d .  Dur ing  t h e  c o u r s e  o f  s t u d y  o n l y  t h o s e  g e n e r a  which  
were i n  bloom, abundan t  o r  common w e r e  r e c o r d e d .  The d e n s i t y  o f  
t h e  p o p u l a t i o n s  v a r i e d  i n  d i f f e r e n t  s t a t i o n s  d u r i n g  t h e  d i f f e r e n t  
p e r i o d s  o f  s t u d y .  However, a g e n e r a l  t r e n d  i n  t h e  p h y t o p l a n k t o n i c  
p o p u l a t i o n  is t h a t  t h e  B a c i l l a r i o p h y c e a e  and  Ch lo rophyceae  were 
r e c o r d e d  i n  g r o s s l y  p o l l u t e d  r e g i o n s ,  however ,  i n  c l e a n  waters, 
Ch lo rophyceae  c o n t r i b u t e d  t o  t h e  t o t a l  b u l k  o f  p h y t o p l a n k t o n .  

e i t h e r  i n  bloom or  abundan t  i n  S t a t i o n  11, t h e  zone  o f  d i s c h a r g e  
of e f f l u e n t  f r o m  t h e  d i s t i l l e r y .  Among Ch lo rophyceae ,  Chea to  h o r a  
w e r e  abundan t .  
w e r e  found t o  be  i n  bloom and c o n s i d e r e d  as  p o l l u t i o n  t o l e r a n t  
g e n e r a .  They a re  a l so  i n  bloom o r  abundan t  i n  S t a t i o n  111, which  
is t h e  z o n e  o f  a d m i x t u r e  o f  waste i n t o  t h e  R i v e r  Cauvery .  The 

Among p h y t o p l a n k t o n ,  Cyanophyceae and  B a c i l l a r i o p h y c e a e  were 

I n  i n  g r o u p  B a c i l l a r i o p h y c e a e ,  N i t z s c h i d i a  
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Cyanophyceae Osc i l la tor ia ,  M i c r o c y s t i s  and  S p i r u l i n a  were f o u n d  i n  
bloom i n  S t a t i o n  I1  s u g g e s t i n g  p o l l u t i o n  t o l e r a n t  g e n e r a  of algae 
( T a b l e  1 1 ) .  

Among Ch lo rophyceae ,  S p i r o g y r a  e x c l u s i v e l y  w a s  p r e s e n t  abun- 
d a n t l y  i n  t h e  p u r e  waters  i n  t a n k s  and  a l so  i n  t h e  waters o f  t h e  
r i v e r  Cauvery .  b o n g  B a c i l l a r i o p h y c e a e ,  N i t z s c h i a  and C c lo t e l l a  
were e i t h e r  abundan t  o r  i n  bloom i n  p u r e  water b o d i e s .  b 
Cauvery waters, N i t z c h i a  and  F r a g i l a r i a  were abundan t .  Among t h e  
Cyanophyceae,  Osc i l la tor ia  and  M i c r o c y s t i s  were found t o  be abundant  
i n  p o l l u t e d  t a n k s  and  p o l l u t e d  l a k e s .  But  t h e y  w e r e  a lso r e p r e s e n t e d  
i n  t h e  c l e a n  water bodies o f  River Cauvery .  

The s t u d y  i n d i c a t e d  c l e a r l y  t h a t  6 g e n e r a  o f  p h y t o p l a n k t o n  
to le ra te  t h e  i n t e n s i t y  of p o l l u t i o n  below t h e  p o i n t  o f  d i s c h a r g e  o f  
waste by  t h e  d i s t i l l e r y  i n d u s t r y  ( S t a t i o n  1 1 ) .  They are a l so  found 
i n  t h e  m i l d l y  p o l l u t e d  water ( S t a t i o n  1 1 1 ) .  T h i s  i n d i c a t e s  u t i l i -  
z a t i o n  o f  t h e  i n o r g a n i c  s o u r c e s  of n i t r o g e n  or p h o s p h a t e  which is 
found i n  d e c r e a s e d  q u a n t i t i e s  i n  S t a t i o n  111. 

Algae a re  r e c o g n i z e d  a s  i n d i c a t o r s  o f  p o l l u t i o n  by v a r i o u s  
w o r k e r s .  I t  w a s  Ko lkwi t z  and  Mareson 1908, t h a t  f i r s t  c l a s s i f i e d  
s p e c i e s  o f  a l g a e  on  t h e  b a s i s  o f  t h e i r  t o l e r a n c e  t o  p o l l u t i o n  and  
p o i n t e d  o u t  t h a t  t h e  p r e s e n c e  o f  c e r t a i n  s p e c i e s  o f  a l g a e  c o u l d  h e l p  
t o  d e f i n e  d i f f e r e n t  z o n e s  o f  d e g r a d a t i o n  i n  t h e  r i v e r .  A c c o r d i n g l y ,  
t h e y  r e c o g n i z e d  f i v e  s u c h  z o n e s .  

1. The p o l y s a p r o b i c  zone  - c h a r a c t e r i z e d  by a h i g h  c o n t e n t  

2. The Gamma m e s o s a p r o b i c  z o n e  - t h e  f i r s t  stage i n  t h e  

3 .  The Beta m e s o s a p r o b i c  z o n e ,  where  most o f  t h e  o r g a n i c  

of p u r i f y i n g  o r g a n i c  matter.  

r e c o v e r y  f rom p o l l u t i o n .  

matter had been  m i n e r a l i z e d .  

4 .  The o l i g o s a p r o b i c  z o n e ,  an  area i n  which  m i n e r a l i z a t i o n  is 
c o m p l e t e .  

5.  The K a t h a r o b i c  z o n e ,  c h a r a c t e r i z e d  by c l e a n  water, a zone  
comparab le  t o  moun ta in  streams. 

I n  t h e  p r e s e n t  s t u d y ,  S t a t i o n  I1 is c o n s i d e r e d  as a p o l y s a p r o b i c  
z o n e  where  a h i g h  d e g r e e  o f  p o l l u t i o n  is p r e s e n t .  Cyanophyceae are 
found  t o  to le ra te  d i s t i l l e r y  waste. 

S t a t i o n  I11 c o u l d  be compared t o  t h e  m e s o s a p r o b i c  zone ,  where 
p o l l u t i o n  t o l e r a n t  Ch lo rophyceae ,  s u c h  as  Closterium and Chae tophora  
are commonly p r e s e n t .  

S t a t i o n  I V  and  V c o u l d  be compared t o  t h e  o l i g o s a p r o b i c  zone  
and  i t  is t h e  z o n e  o f  p a r t i a l  and  comple t e  r e c o v e r y .  T h i s  is clear 
f rom t h e  c h e m i c a l  a n a l v s i s  o f  water and  a l so  from t h e  DhvtoDlankton 
s a m p l e s  wh ich  c o n s i s t  o f  S p i r o g y r a ,  N i t z s c h i a ,  C y c l o t e i l a ,  ' F r a g i l a r i a ,  
O s c i l l a t o r i a  and  M i c r o c y s t i s .  S t a t i o n  I V  B ,  V B and  V I  c o u l d  be 
compared w i t h  t h e  K a t h a r o b i c  z o n e  c h a r a c t e r i z e d  by p u r e  water. I n  
t h i s  z o n e  S p i r o g y r a ,  N i t z s c h i a ,  F r a g i l a r i a ,  O s c i l l a t o r i a  and 
M i c r o c y s t  is w e r e  r e c o r d e d .  
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RESULTS 

TABLE I1 

CHLOROPHYCEAE 

Volvox 

Ch 1 ore1 la 

Ankistorodesmus 

Pediastrum 

Spirog y ra 

Chaetophora 

BACILLARIOPWCEAE 

Nitzschia 

Synedra 

Gyrosigma 

Pleurosigma 

Fragilaria 

Navicula 

Cyclotella 

Melosira 

S t aurones 

Amphors 

CYANOPHYCEAE 

Oscillatoria 

Sp iru 1 ina 

Microcyst is 

Lyngbya 
Nostoc 

Mer ismopedia 

EUGLENOPHYCEAE 

Eug 1 en a 

STATION I1 PROTOZOANS 

B 

R 

R 

R 

A 

R 

R 

R 

R 

R 

STATION 11 

Co lopodium R 

Ep i s t y 1 is c 
Vorticella C 

ROTIFERS 

Rotaria Motatoria A 

Kera t e 11 a A 

Brachonus A 

Filinia A 
Diurel la A 
Mutilina A 

Thilodina A 
Plant ias A 

ANNELIDA 

Tubifex tubifex A 

CLADOCERANS 

Moina R 

COPEYODS 

Mesocyclops R 
B 

B 
B Cyclops R 

C Cletocimptus R 

R 

R 
INSECTS 

Er istal is C 

Chi ro n om ids 
(Tendipes) R 

R Stonefly Nymphs R 

B = BLOOM (above 1000) 

A = ABUNDANT (below 1000) 

C = COMMON (50-100) 

R = RARE (1-50) 



445 

P a t r i c k  1965 came t o  t h e  c o n c l u s i o n  t h a t  Eug lena  and @ci . l la tor ia  
are h i g h l y  p o l l u t i o n  t o l e r a n t  g e n e r a  and  t h e r e f o r e  r e l i ab le  i n d i c a -  
t o r s  o f  e u t r o p h i c a t i o n .  R a n j i t h a  1 9 8 3 ,  w h i l e  s t u d y i n g  t h e  t a n n e r y  
e f f l u e n t s  on  p h y t o p l a n k t o n  s ta ted  t h a t  Osc i l l a to r i a  fo rmosa ,  N a v i c u l a  
l a n c e o l a t a  and  N i t z s c h i a  sca la r i s  are t h e  p o l l u t i o n  t o l e r a n t  s p e c i e s .  

R a t h n a s a p a p a t h y ,  1975 h a s  r e p o r t e d  t h a t  O s c i l l a t o r i a ,  E u g l e n a ,  
C h l o r e l l a  and  Ank i s t rodesmus  are t y p i c a l  i n h a b i t a n t s  of h e a v i l y  p o l -  
l u t e d  waters. P a l m e r ,  1969 viewed t h a t  Cyanophyceae are v e r y  to le -  
r a n t  t o  p o l l u t i o n .  Rana, 1977 s t u d i e s  a l g a l  f l o r a  o f  a stream i n  
U.P. I n d i a  p o l l u t e d  by s u g a r  f a c t o r y  waste. The p o l l u t e d  stream 
water had  h i g h  p l a n k t o n  t u r b i d i t y  ( S e c c h i  d i s c  v a l u e  0 .5  f t )  and  
had a f l o r a  domina ted  by  f i l a m e n t o u s  Cyanophyceae and E u g l e n o i d s .  
The diatoms w e r e  r e p r e s e n t e d  by a u n i q u e  species o f  N a v i c u l a .  

e x c l u s i v e l y  b looming i n  t h e  d i s t i l l e r y  wastes b t  r e p r e s e n t e d  
i n  o t h e r  waters, s u g g e s t s  i ts t o l e r a n c e  t o  t h e  i n t e n s i t y  o f  w a s t e .  

b u t  a n  abundan t  p o p u l a t i o n  o f  r o t i f e r s  were s e e n .  They i n c l u d e  

I n  t h e  p r e s e n t  s t u d y  i t  may b e  s a i d  t h a t  S i r u l i n a ,  which  is 

Among Z o o p l a n k t e r s ,  no p r o t o z o a n s  were r e c o r d e d  i n  S t a t i o n  11, 

Rotaria ro t a to r i a ,  Keretella, B r a n c h i o n u s ,  F i l i n i a ,  D i u r e l l a ,  
M u t i l i n a  ~ T h i l o d i n a  and  P l a n t i a s .  Among t h e s e ,  none  are r e p r e s e n t e d  
i n  S t a t i o n  I ,  b u t  M u t i l i n a ,  T h i l o d i n a  and  P l a n t i a s  are abundan t  i n  
t h e  DoDula t ion  i n  S t a t i o n  111. I n  S t a t i o n  I V  A and I V  B were re- 
corded-  Rotaria r o t a t o r i a ,  Asp lanchna ,  Keratella and  B r a c h i o n u s ,  
s u g g e s t i n g  r i c h  i n o r g a n i c  n u t r i e n t s  t o  which  t h e i r  abundance  is due .  

An i n t e r e s t i n g  f e a t u r e  n o t e d  is t h a t  t h e  a n n e l i d  s l u d g e  worm 
T u b i f c x  t u b i f e x  are i n  bloom i n  S t a t i o n  11. They are a lways  p r e s e n t  
d u r i n g  t h e  summer s e a s o n  and  r a r e l y  p r e s e n t  d u r i n g  t h e  monsoon 
p e r i o d s .  

a l o n g  t h e  s u s p e n d e d  o r g a n i c  materials.  I t  is n o t  p r e s e n t  i n  any  
o f  t h e  o t h e r  s t a t i o n s  a t  any  t i m e  d u r i n g  t h e  p e r i o d  o f  s t u d y .  

Among ostracods,  C y p r i s  are found  i n  abundance  i n  c l e a n  waters 
o f  t a n k s  I V  B and  l a k e s  V B. However, copepods  s u c h  as Mesocyclops  
and  Cyc lops  are abundan t  i n  S t a t i o n  111, t h e  m i l d l y  p o l l u t e d  water 
r e g i o n .  Mesocyclops  are a l so  f o u n d  i n  abundance  i n  t h e  m i l d l y  p o l -  
l u t e d  t a n k s  o f  S t a t i o n  I V  A and  l a k e s  V A .  The copepod Clectocimotes 
h a s  been  recorded i n  abundance  i n  t h e  waters o f  R i v e r  Cauvery .  

T u b i f e x  t u b i f e x  f o r m s  a "red carpet" i n  S t a t i o n  I1 and  m i n g l e s  

I n s e c t s  are t h e  major i n v e r t e b r a t e s  which  c o n t r i b u t e  t o  t h e  
b u l k  o f  t h e  b i o t i c  community. C o r i x a  are abundan t  i n  S t a t i o n  V I  
a l t h o u g h  o t h e r  i n s g c t s  were r e p r e s e n t e d  i n  o t h e r  S t a t i o n s .  
s u c h  as  S t o n e  f l y  nymphs and  May f l y  nymphs are abundan t  i n  S t a t i o n  
v B. 

Nymphs 

Gauf in  1957 i n d i c a t e s  t h a t  t h e  p r e s e n c e  o f  May f l i e s ,  S t o n e  
f l i e s ,  and  Caddies f l i e s  i n  a stream is i n d i c a t i v e  o f  c l e a n  water, 
a n d  t h e i r  a b s e n c e  means t h a t  r i c h  o r g a n i c  wastes and  l o w  d i s s o l v e d  
oxygen s u p p l y  are p r e s e n t .  The c u r r e n t  s t u d y  f a v o u r a b l y  compares  
w i t h  t h e  ea r l ie r  o l p e r v a t i o n  made by  G a u f i n  i n  1957. The Chironomid 
l a r v a e  b e l o n g i n g  t o  t h e  g e n e r a  T e n d i p e s  wererecorded f rom S t a t i o n  I1 
and  c a n  be c o n s i d e r e d  a p o l l u t i o n  t o l e r a n t  s p e c i e s .  A b e n t h i c  
s u r v e y  i n  t h e  Norveg ian  l a k e  i n d i c a t e d  Chironomid l a r v a e  predomi- 
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n a n t l y  p r e s e n t  i n  t h e  bottom, which  w a s  r i c h  i n  o r g a n i c  d e t r i t u s  
( S i v e r t s e n ,  1 9 7 4 ) .  M o l l u s e s  are r e p r e s e n t e d  b u t  are n e i t h e r  i n  
bloom n o r  abundan t .  

The i n t r a  o v a r i a n  development  o f  t h e  c a r p  C i r r h i n a  reba c o l l e c t e d  
i n  S t a t i o n  V I  and below t h e  a d m i x t u r e  o f  e f f l u e n t  i n  S t a t i o n  I11 
i n d i c a t e d  d i f f e r e n c e s  i n  t h e  stage o f  m a t u r i t y  o f  t h e  eggs. The 
m a t u r e  e g g s  o f  S t a t i o n  V I  had  a d i a m e t e r  of. 42-45 micrometers, w h i l e  
t h e  m a t u r e  e g g s  t a k e n  from t h e  m i l d l y  p o l l u t e d  r e g i o n  had  a d i a m e t e r  
o f  t h e  o v a r y  o f  36-39 micrometers. 

The morphometry s t u d y  i n d i c a t e d  less g rowth  i n  t h e  p o p u l a t i o n s  
which are a f f e c t e d  by t h e  d i l u t e  e f f l u e n t .  I t  c o u l d  be men t ioned  
t h a t  food  is t h e  main r e a s o n  f o r  t h e  g rowth  and  s u r v i v a l  o f  t h e  
c a r p ,  which i t  c o u l d  o b t a i n  i n  more c l e a n  waters. The b io t a  o f  t h e  
Uyyakondon c h a n n e l ,  R i v e r  Cauvery ,  t a n k s  and  l a k e s ,  p o s i t i v e l y  
r e f l e c t s  t h e  c o n d i t i o n s  e x i s t i n g  i n  t h e  e n v i r o n m e n t , a n d  t h e  d a t a  
c o l l e c t e d  are  b e i n g  u t i l i z e d  f o r  b i o l o g i c a l  m o n i t o r i n g  o f  water 
p o l l u t i o n  l e v e l s .  

The s t u d y  is now c o n t i n u e d  on  t h e  t r e a t m e n t  o f  d i s t i l l e r y  waste 
by c u l t u r i n g  t h e  m i c r o s c o p i c  o r g a n i s m s  which  are t o l e r a n t  t o  t h e  
d i s t i l l e r y  wastes. These  o r g a n i s m s  w i l l  form t h e  " l i v i n g  f i l t e r "  i n  
t r e a t i n g  t h e  d i s t i l l e r y  wastes a s  h a s  been  done  w i t h  ' t h e  beet s u g a r  
f a c t o r y  wastes (Shayegan and  S a n a i ,  1 9 8 0 ) .  Dur ing  t h e  p r o c e s s ,  
methane  can  be s a v e d  and  t h e  t reated waste w i l l  form a good medium 
f o r  t h e  aqua  c u l t u r e .  




