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Water po l lu t ion  is  a g loba l  p r o b l e m .  The pulp and p a p e r  mi l l s  
p roduce  tox ic  was tes  which  contain  l a rge  amounts of modi f ied  
l ignin and l ignin  d e r i v a t i v e s .  Pulp and p a p e r  mill  was tes  h a v e  
changed the  r i v e r  e cosys t em to a c o n s i d e r a b l e  e x t e n t .  Lignin 
is c h e m i c a l l y  a complex  wood p o l y m e r ,  r e s i s t a n t  to the ac t ion  
of many mic roo rgan i sms .  Lignin i s  a major  component of 
perennia l  p l a n t s ,  and is  common name for  he te rogenous  group 
of pheno l i c  p o l y m e r s  tha t  t o g e t h e r  wi th  (hemice l lu lo se  and 
pec t in )  f i l l  the  spaces  between ce l lu lose  f i b r i l s  in the  woody 
cel l  t i s s ue .  Such was tes  may be p a r t i a l l y  t r e a t e d  in 
convent ional  t rea tment  p lan t s  (Hoset t i  1987). C u r r e n t l y  most 
of the  mi l ls  in India  do not opt  for  r e c o v e r y  p l an t s ,  as t h e y  
add c o n s i d e r a b l e  tonnage of l ignin  waste  to the  ne ighbor ing  
d i lu t ion  s t r e a m s .  The r i v e r s  and s t r eams  r ece iv ing  pulp and 
p a p e r  mill  was tes  h a v e  los t  t h e i r  o r ig ina l  co lor  and a c q u i r e d  
a b l a c k i s h  or  coffee  co lor  wi th  c o n s i d e r a b l e  foaming on the  
s u r f a c e .  However ,  fungi belonging to the  B a s i d i o m y c e t e s  
Ascomyce te s ,  and few s p e c i e s  of b a c t e r i a  a re  c la imed to show 
deg rada t i on  a c t i v i t y  t owards  l ignin (Roy 1985). There  a re  
no r e p o r t s  on the  c y a n o b a c t e r i a  on l ignin d e g r a d a t i o n .  Hence 
the  p r e s en t  i n v e s t i g a t i o n  on l ignin  deg rada t i on  by  two s p e c i e s  
of c y a n o b a c t e r i a  i s  u n d e r t a k e n .  

MATERIALS AND METHODS 

The pulp and p a p e r  mill  waste  wa te r s  were co l l e c t ed  from the  
eff luent  channe ls  of Mysore  Pape r  Mil ls ,  B h a d r a v a t i  and West 
Coast Pape r  Mi l l s ,  Dandel i ,  Karna taka  Sta te ,  Ind ia  in the  month 
of August 1988. Samples  were co l l e c t ed  in a clean 5-L 
p o l y e t h e l e n e  can by  grab  method .  The co l l ec t ed  sample  was 
t r a n s p o r t e d  to l a b o r a t o r y  in Ice  box and s t o r e d  in r e f r i g e r a t o r  
at zl C unt i l  the  next  d a y .  

The raw was te  and i t s  s e r i a l  d i lu t ions  25%, 5090, 7590, with 
s t e r i l e  tap wate r  were t e s t ed  for  the  g rowth  of Phormidium 
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ambiguum and Chroococcus  minu tus .  The  2596 was t e  w i th  s t e r i l e  
tap  w a t e r  (1:3  r a t i o  b y  vo lume)  was s e l e c t e d  fo r  f u r t h e r  
s t u d i e s  as  i t  gave  g rowt h  of t e s t  o r g a n i s m s .  Chroococcus  
minutus  and P h o r m i d i u m  ambiguum were  c o l l e c t e d  f rom the  f r e s ~  
w a t e r  pond n e a r  K a r n a t a k  U n i v e r s i t y  campus  and i s o l a t e d  b y  
us ing  the  t e c h n i q u e  of Ste in  (1973) .  Both  t h e s e  a lgae  were  
ma in ta ined  in G o r h a m ' s  med ia  (N i rma la  Kumar i  1982).  

The raw w a s t e  h a s  co f f ee  b rown  co lo r  and con ta ins  0 . 4 - m g / L  
oxygen  and l a r g e  amounts  of  l i g n i n s .  2-L of g rowth  medium 
(2596 w a s t e  w i t h  t ap  w a t e r )  was  t aken  in 2 . 5 - L  c u l t u r e  f l a s k s  
p lugged  wi th  co t ton  and a u t o c l a v e d  in 15 lb  p r e s s u r e  fo r  15 
rain. The  f l a s k s  in d u p l i c a t e  in ca se  of  West Coas t  P a p e r  
Mi l l s  and t r i p l i c a t e  in ca se  of  Myso re  P a p e r  Mi l l s  we re  
i nocu l a t ed  s e p a r a t e l y  w i th  0 . 8 0 0 - g / L ,  0 . 9 3 0 - g / L  of 10-d old  
c u l t u r e s  of  Chroococcus  minutus  and 0 . 1 9 6 - g / L ,  0 . 2 0 7 - g / L  of 
Pho rmid ium ambiBuum to M y s o r e  P a p e r  Mil l  was t e  and West 
Coas~ P a p e r  Mil l  Waste u n d e r  a s e p t i c  cond i t i on  a t  30.00 -+ 
0.20vC unde r  d a y  l i g h t  c o n d i t i o n s .  T h i s  e x p e r i m e n t  was run 
fo r  30 -d .  About ,200-L of s a m p l e  was d r a w n  at  5 -d  i n t e r v a l s  
f rom each  f l a s k  and a n a l y s e d  fo r  l i gn in ,  d i s s o l v e d  o x y g e n ,  
b i o c h e m i c a l  o x y g e n  demand ,  i no rgan ic  p h o s p h o r u s ,  s u l f a t e s  
and n i t r a t e  n i t r o g e n .  The  c a t a l a s e  a c t i v i t y  was  m e a s u r e d  
a c c o r d i n g  to t he  p r o c e d u r e  of  E u l e r  and J o s e p h s o n  and as  
a d o p t e d  b y  S r i d h a r  and P i l l a i  ( 1974).  P h o t o c o l o r i m e t r i c  
e s t i m a t i o n  of l ign in  b y  us ing  t a n n i n - l i g n i n  r e a g e n t  and c a r b o n a t e -  
t a r t a r a t e  r e a g e n t  a t  700 nm was made .  D i s s o l v e d  o x y g e n  was  
e s t i m a t e d  b y  fo l lowing  the  Azide  m o d i f i c a t i o n  m e t h o d .  
B i o c h e m i c a l  oxygen  demand was d e t e r m i n e d  as  5 -d  BOD b y  
incuba t ing  the  s a m p l e  a t  20~ in BOD i n c u b a t o r .  I n o r g a n i c -  
p h o s p h o r u s  was a n a l y s e d  b y  s tannous  c h l o r i d e  m e t h o d ,  and 
s u l f a t e  e s t i m a t i o n  b y  t u r b i d i m e t r i c  me thod  (APHA 1980).  
N i t r a t e  n i t r o g e n  e s t i m a t i o n  was made b y  fo l lowing  t h e  
p h e n o l d i s u l p h o n i c  a c i d  me thod  (Allen 1974).  F r e s h  we igh t  
of a lgae  was e s t i m a t e d  b y  c e n t r i f u g a t i o n  t e c h n i q u e .  The  pH 
was m e a s u r e d  b y  pH m e t e r .  C o r r e l a t i o n  c o e f f i c i e n t  v a l u e s  
were  c a l c u l a t e d  to f ind  out t he  r e l a t i o n s h i p  be tween  a lga l  f r e s h  
we igh t  and p h y s i c o - c h e m i c a l  v a r i a b l e s  (Rao 1983).  

RESULTS AND DISCUSSION 

The  e f f e c t  of  two a lgae  on l ign in ,  d i s s o l v e d  o x y g e n  and 
n u t r i e n t  l e v e l s  of  t he  p u l p  and p a p e r  mi l l  w a s t e s  a r e  p r e s e n t e d  
in F igs  1 and 2. I t  i s  i n t e r e s t i n g  to note  t h a t  maximum 
growth  of  a lgae  was o b s e r v e d  on 5-d  and g rowth  was g r a d u a l  
t h e r e a f t e r  ( T a b l e  1) .  

The b i o m a s s  of  Chroococcus  minutus  was 13 .58 -g /L  1 4 . 6 6 - g / L  
in Mysore  P a p e r  Mil l  and West Coas t  P a p e r  Mi l l .  The  b i o m a s s  
of P h o r m i d i u m  ambiguum was 9 1 . 0 0 - g / L  and 2 4 . 0 0 - g / L  in MPM 
and WCP Mi l l .  The  c o n c e n t r a t i o n  of oxygen  on 5 -d  was 10 .2 -  
mg/L and 1 2 . 2 - m g / L  in t he  ca se  of  Chroococcus  minutus  and 
11 .0 -mg /L  and 12 .08 -mg/L  in t he  ca se  of  P h o r m i d i u m  ambiBuum 
in MPM and WCPM w a s t e  w a t e r s .  I t  i s  o b v i o u s  t h a t  t h e y  were  
most  a c t i v e  on t h e  s a id  d a t e .  The  maximum amount of  l ign in  

739 



Table  1. Cor r e l a t i on  coe f f i c i en t  va lues  of p h y s i c o - c h e m i c a l  
p a r a m e t e r s  and a lga l  f r e s h  we igh t .  

P h y s i c o -  
Chemical  
Pa rame te r s  

W.C.P.M M.P.M 

C. minutus P ,ambisuum C. minutus P .ambi~uum 
r r r r 

pH 0. 198 0.360 0. 122 0.297 
D.O 0.724" 0 .59"  0.843* 0. 540* 
Lignin -0 .372 0.32 0.396 -0 .225 
Sulfa tes  0.072 -0 .16  -0 .039 0.363 
Ni t ra t e s  0 .411 0.00 0.227 0.245 
i - P h o s p h o r u s  0 .442" 0.02 0 .424" -0 .635* 
C at a lase  -0 .  193 0.09 - - 
B. O. D 0.730" 0 .77"  - - 
C .0 .D 0.027 0.22 - - 

* S igni f icant  at  596 l eve l  W.C.P.M = West Coast P a p e r  Mi l l s .  
M.P.M -- Mysore  P a p e r  Mi l l s .  

was removed  on 5 - d .  Lignin l eve l  d r o p p e d  from 93.0-rag to 
29 .00-mg/L b y  Chroococcus  minutus and 25 .5 -mg/L  by  Phormid ium 
ambi~uum in Mysore  P a p e r  Mill waste  w a t e r s .  In West Coast  
Pape r  Mill waste  wa te r ,  i t s  l eve l  d r o p p e d  from 11 .0-mg/L to 
8 .8 -mg /L  b y  Chroococcus  minutu~ and 6 . 5 - m g / L  by  Phormid ium 
ambi~uum. The r a t e  of  r emova l  of l ignin  a f t e r  5-d was g radua l  
by  Chroococcus  minutus in bo th  wastes  which  s t o p p e d  a b r u p t l y  
on 20-d by  Phormid ium ambi~uum in MPM waste  w a t e r s .  At the  
c losu re  of  e x p e r i m e n t  on 30-d the  l ignin  l eve l  was 6 .6 -mg /L  
and 3 . 0 - m g / L  in case  of Chroococcus  minutus and 10 .0-mg/L 
and 4 . 0 - m g / L  in case  of Phormidium ambi~uum in MPM and WCPM 
waste  wa te r s  r e s p e c t i v e l y .  The pH va lues  i n c r e a s e d  wi th  the  
i n c r e a s e  in f r e s h  weight  and subsequen t  u t i l i z a t i o n  of nu t r i en t s  
and p r o d u c t i o n  of  d i s s o l v e d  oxygen  in the  medium. 

The two a lgae  t r e a t e d  i n d i v i d u a l l y  r educed  the  l ignin ,  s u l f a t e s ,  
p h o s p h a t e s  and n i t r a t e  l e v e l s  from the  pulp  and p a p e r  mil l  
was tes  d i l u t ed  with the  tap wate r  1:3 by  volume.  E a r l i e r  
r e p o r t s  r e v e a l  t ha t  members  of P h y c o m y c e t e s ,  Ascomyce te s  
(Molds,  Yeasts)  and Sch izomyce te s  (Bac te r i a )  can a f fec t  l ign ins ,  
e s p e c i a l l y  c a r b o h y d r a t e  f ree  l i gnosu l fona te s .  In the  p r e sen t  
s t udy  i t  i s  b e l i e v e d  tha t  algae might  be the  cause for  
b i o d e g r a d a t i o n  of s e l e c t i v e l y  d e g r a d a b l e  l i gn ins .  The most 
e f f i c i en t  b i o d e g r a d e r s  a re  B a s i d i o m y c e t e s  and Pseudomonadanaceae  
b a c t e r i a  p l a y  a s e c o n d a r y  r o l e  in b i o d e g r a d a t i o n  of l ign in .  
No r e p o r t s  a re  a v a i l a b l e  on c y a n o b a c t e r i a  tha t  can decompose  
the  l ign in .  In the  p r e sen t  s t u d y  on 5-d l ignin  r emova l  r a t e  
by  Phormid ium ambiguum was much f a s t e r  than Chroococcus  
minutus .  Along wi th  the  r e d u c t i o n  of  l ignin ,  the  n u t r i e n t s  l i k e  
p h o s p h a t e s ,  n i t r a t e s  and su l f a t e s  a r e  a lso  u t i l i z e d  in the  
p r o c e s s  of a lga l  p r o l i f e r a t i o n  (Hoset t i  and Pa t i l  1987). The 

740 



product ion  of l a rge  amount of d i s s o l v e d  oxygen and subsequent  
inc rease  in pH during ac t i v e  algal  growth a re  well  e s t a b l i s h e d  
(Rodgi 1974). Mara and Pearson (1987) r e p o r t e d  tha t  va r ious  
spec i f i c  chemical  complexes  a r e  s t a b l i z e d  in ponds through the  
p roce s s  involv ing  buffer ing and chela t ing  act ions  and mic rob ia l  
i n t e r ac t i ons .  Biochemical  oxygen demand and d i s s o l v e d  oxygen 
have  shown s igni f icant  nega t ive  and p o s i t i v e  inf luences  on 
p h y s i c o - c h e m i c a l  complexes  and a lgal  f r e sh  weight .  However ,  
a lgal  f r e sh  weight  i s  nega t ive ly  r e l a t e d  with l ignin 
concent ra t ions .  I t  shows tha t  the l ignin removal  and a lgal  
growth in waste  water  a re  inf luenced by in te rac t ions  of p h y s i c o -  
chemical  v a r i a b l e s .  

The l ignin removal  from the wastes  may be a t t r i b u t e d  to 
secre t ion  of e x t r a c e l l u l a r  enzymes l i ke  phenol  ox ida se s  (both  
p e r o x i d a s e s  and l accases )  by  the  growing algal  b iomass .  On 
the b a s i s  of p resen t  e x p e r i m e n t s ,  i t  i s  c l ea r  tha t  the  
e x t r a c e l l u l a r  enzymes produced by the algae and the  combined 
act ion of o t h e r  chemical  subs tances  in the  p resence  of l a rge  
amount of oxygen made l ignin l eve l  d e c r e a s e .  From the p resen t  
inves t iga t ion ,  i t  i s  concluded tha t  the c y a n o b a c t e r i a  have  a 
de f in i t e  ro le  in the  b iodegrada t ion  of p o l y m e r i c  l ignins .  
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