
ABSTRACT

A n aerob ic  m e th o d  o f  a w a s te w a te r  t rea tm en t  has  a n u m b e r  o f  d is t in c t  a d v a n ta g e s  
co m p a re d  to  e i the r  ch e m ic a l  o r  ae robic  b io log ica l  t re a tm e n t  te c h n iq u e s ,  for the  rem o v a l  
o f  h igh  o rg an ic ,  and  n itra te s  load ing . N itro g en eo u s  w as te  in fo rm  o f  n i t ra te  (N O ;  - N ) is 
b io lo g ica l ly  trea ted  u n d e r  anox ic  or  anae rob ic  cond it ion . T h e  p re s e n t  s tudy  w as  
unde r tak en  to in v es t ig a te  the  rem o v a l  o f  C O D  and N itra te  n i t ro g en  in a lab o ra to ry  sca le  
p acked  bed  an a e ro b ic  fixed  f i lm  reactor.

P o tass iu m  n itra te  ( K N O 3 ) A m m o n iu m  nitra te  (N H 4N O 3) in var ied  p ro p o r t io n  w ere  used  
as n itra te  so u rce  w h e re  as su c ro se  and p ep to n e  w ere  used as ca rb o n  s o u rc e  and  o rgan ic  
nu tr ien t so u rce  re sp e c t iv e ly  for p rep a ra t io n  o f  syn the tic  w a s te w a te r  feed.

A low' co s t  loca lly  ava i lab le  p o t t e r ’s clay w as  u t il ized  to p re p a re  b u rn t  c lay  cy lind r ica l  
r ings  to b e  u sed  as p a c k in g  m e d iu m  for the  reac to r .  A  bed p o ro s i ty  o f  0 .6 9  and spec if ic  
su rface  a re a  o f  3 2 8  m 2/m 3 o f  r e a c to r  w as  ach ie v e d  w ith  the  ab o v e  p a c k in g s  . T h e  reac to r  
w as  o p e ra ted  m o re  th an  tw o  y e a r s  w ith o u t  e x p e r ie n c in g  any  se r io u s  p ro b le m  o f  c lo g g in g .

T h e  reac to r  w as  in o cu la ted  w i th  a m ix ed  cu ltu re  o f  an ae ro b ic  m ic ro o rg a n is m  p re v io u s ly  
a cc l im a t ized  in la b o ra to ry  co n d i t io n s .  T h e  se e d  w a s  p re p a re d  by  m ix in g  m u n ic ip a l  
s e w a g e  t r e a tm e n t  s lu d g e ,  c o w d u n g  d ig e s te r  s lu d g e  and  the  so l id  r e s id u e  o f  a t re a tm e n t  
p lan t  o f  a d is ti l le ry .  T h e  start up p e r io d  w as  fo u n d  as 70 d a y s  w h e n  s tab il ized  C O D  
re m o v a l  a n d  m e th a n e  y ie ld  o c c u r re d  un d er  the  s a m e  e n v iro n m e n ta l  co n d i t io n s .

B a tch  re su lts  in d ica ted  that,  C O D  rem ova l w as  fa s te r  d u r in g  0.5 - 2 . 5  d a y s  b ey o n d  w h ic h  
re m o v a l  w a s  m a rg in a l  u s in g  th e  feed o f  in itia l C O D  ran g e  from  2 0 0 0 -5 0 0 0  m g /L .  D u r in g  
first 24 hrs ,  pH  leve l  w a s  p ro g re s s iv e ly  d ro p p e d  d u e  to  p ro d u c t io n  o f  V F A  a f te r  w h ic h  it 
s tead i ly  in c re a se d  a n d  in c re a se d  to 6.9 - 7 . 1 ,  w h e n  m e th a n e  fo rm a t io n  w as  m a x im u m . 
M e th a n e  c o n te n t  in the  b io g a s  w a s  found as 6 0 -7 5 %  on  an  a v e ra g e  . A  spec if ic  m e th a n e  
y ie ld  w as  found  0 .4 2  m 3/K g  C O D  re m o v a l  fo r  in itia l C O D  c o n c e n t ra t io n  o f  6 9 6 0  m g /L .

B a tch  s tu d ie s  o n  n i t ra te  r e m o v a l  rev ea led  tha t  w i th in  24 hrs, m o re  th a n  9 0 %  n it ra te  w a s  
r e m o v e d  at lo w e r  r a n g e  o f  n i t ra te  c o n c e n tra t io n  (6 0 -1 0 0  mg/1) w i th  in i t ia l  C O D  in p u t  as 
2 0 0 0 -3 0 0 0  m g /L  w h e n  the  in i t ia l  n itra te  level w a s  var ied  in the  ra n g e  2 0 0 -  2 0 0 0  mg/1 , 
the  re d u c t io n  p a t te rn  d e c re a s e d  s lowly.

T h e  s tu d y  re v e a le d  tha t  a t  3 5 ° C  ±  2°C  b e  the  o p t im u m  te m p e ra tu re  c o n d i t io n  fo r  b e s t  
re m o v a l  m e c h a n is m .
I t  has  b e e n  a lso  n o te d  fro m  b a t c h  stud ies  that w h e n  su lp h id e  level e x c e e d e d  3 0 0  m g /L  
,C O D  re m o v a l  w a s  in h ib i te d  . T h e  a lka l in i ty  level a lso  in c re a se d  d u r in g  d e n i t r i f ic a t io n  
studies . It has  b e e n  a lso  e x h ib i te d  that,  V F A  p ro d u c t io n  b e y o n d  5 0 0 0  m g /L  in h ib i ts  the  
C O D  re m o v a l  p e r fo rm a n c e .
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It w as  fu r the r  o b se rv ed  that n i tra te  rem oval  ra te  w as  grea tly  in f lu en ced  b y  initial ra tio  ol 
C O D  to n i tra te  ra th e r  than  n itra te  load ing  lo  the reac to r .  T h e  o p t im a l  r e m o v a l  of n i tra te  
w as  ach iev ed  at the  ra tio  o f  5 .0 . for c o n t in u o u s  sys tem . H o w e v e r ,  C O D  re m o v a l  ra te  w as  
d ep en d en t  on  initial C O D  c o n c e n tra t io n  and  o rg an ic  load ing  rate . B e y o n d  C O D  lo ad in g  
o f  6 .0  kg  n T .d . th e  re m o v a l  ra te  w as  s ign if ican tly  low. S pec if ic  m e th a n e  y ie ld  had  a1 so  a 
d e c re a s in g  trend.

D uring  den i t r i f ica t io n ,sp ec if ic  m e th a n e  y ie ld  w as  red u ced  to 0 .2  -  0 .2 6  L /g in  C O D  
rem ova l.  A t o p t im u m  reac to r  co n d i t io n s ,  n itra te  re m o v a l  w as  o b se rv e d  to be  b e tw een  S6 - 
39% , w h e re a s  C O D  re m o v a l  c o n cu rren t ly  w as  in the range  o f  u s in g  H R 7  o f  25 hours.

T h e  h y d rau l ic  s tu d y  that r e v e a le d  during  u n a t tach ed  film c o n d i t io n ,  the  reac to r  b e h a v e d  
as p lug  How w ith  ax ia l  d isp e rs io n .

E x p e r im en ta l  da ta  on  the  re m o v a l  o f  C O D  and n itra te  n i t ro g en  w e re  oDiained from  the  
p acked  b e d  laboratory ' reactor.

T h e  da ta  w e re  fitted w i th  k in e t ic  m o d e ls  p ro p o se d  b y  S to v e r  e ta l  (1 9 8 4 )  , V c n k a a r a m a n a  
etal (19 9 2 ) .  b a se d  on  M o n o d ’s re la t ionsh ip . T h e  p a ra m e te rs  o f  the  m o d e )  w e re  eva lua ted  
from  the L in e w e a v e r -B u rk  p lo t  a f te r  l ine r is in g  the  m ode ls .  A  su b s t ra te  re m o v a l  k ine tic  
m o d e l  w a s  a lso  d e v e lo p e d  in the  p resen t  s tu d y  and  the k ine tic  p a ra m e te r s  w e re  ev a lu a ted  
by  the  l inea r iza t io n  te c h n iq u e  o f  L in e w e a v e r  and B u rk  plot.

W ith  the e v a lu a te d  p a ra m e te rs ,  the  s im u la t io n  w as  d o n e  for the C O D  le m o v a l  d u r in g  the 
ra te  co n tro l l in g  s tag e  o f  m e th a n e  fo rm a tio n  a n d  a lso  for the  n i t ra te  rem ova l .  T h e  
s im u la te d  d a ta  sa t is fac to r i ly  c o r re sp o n d e d  to the  e x p e r im e n ta l  o n e s  in the m e ih a n e  
fo rm atio n  s tage. In the  la tte r  ca*e, the s im u la t io n  ind ica ted  a  la rg e r  d e v ia t io n  from  the  
e x p e r im e n ta l  d a ta , in d ic a t in g  th e  req u irem en t  o f  fu r the r  m o d if ic a t io n  o f  \he  basic  m o d e l ,  
f-roni the  da ta  an a ly s is ,  :he s c o p e  o f  fu ture  w ork  o n  the  sy s tem  h a s  b e e n  p re sen ted  at the 
end  o f  the  d isser ta t ion .
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