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ABSTRACT 

Bioregenerat ion of a c t i v a t e d  carbon was shown t o  occur  i n  bench-scale 

carbon columns through use  o f  p a r a l l e l  b a c t e r i a l l y  seeded and non-seeded, 

non-b ioac t ive  columns. Phenol degrading organisms were taken from an 

enrichment us ing  phenol a s  s o l e  carbon source .  Mass balance c a l c u l a t i o n s  

on phenol and d isso lved  oxygen were used t o  e s t ima te  amounts of pre-adsorbed 

phenol being biodegraded under d i f f e r e n t  cond i t i ons ,  with a check made on 

t h i s  amount through t h e  u s e  of adsorp t ion  isotherm a n a l y s i s .  The amount 

of b io regene ra t ion  was found t o  be r e l a t e d  t o  t h e  i n f l u e n t  d i s so lved  oxygen 

concent ra t ion .  Trans ien t  organic  load experiments showed t h a t  t h e  presence 

o f  a b a c t e r i a l  popula t ion  could a f f e c t  t h e  e f f l u e n t  concent ra t ions  r e s u l t i n g  

from such t r a n s i e n t  loadings p r imar i ly  through two mechanisms: increased  

carbon capac i ty  due t o  b ioregenera t ion ,  and r educ t ion  of  s o l u t i o n  con- 

c e n t r a t i o n  due t o  biodegradat ion of phenol i n  t h e  bulk s o l u t i o n .  End product  

ana lys i s  was performed v i a  carbon e x t r a c t i o n ,  gas chromatography, and mass 

spectroscopy.  Total  o rganic  carbon a n a l y s i s  o f  column e f f l u e n t s  was a l s o  

performed . 
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t h a t  oxygen use due t o  oxidation of ammonia and endogenous r e sp i r a t i on  

i s  neg l ig ib le .  I n  the  column experiments described here,, ammonia oxi- 

da t ion  w a s  measured by t e s t i n g  ammonia concentrat ions of the  columns' 

i n f l u e n t  and e f f l u e n t  v i a  the Phenate Method ( ~ m e r i c a n  Publ ic  Health 

Associat ion,  1975) . There w a s .  always l e s s  than 1% di f fe rence  between 

the.  values f o r  the  i n f l uen t  and e f f l u e n t ,  which could account f o r  a 

maximum of 0.1 mg/l d issolved oxygen used i n  a given column. Because 

of the  small amount of microbial mass i n  the  column e f f l uen t  (see  sec- 

t i o n  5.3.1) ,  endogenous r e sp i r a t i on  w a s  a l s o  considered t o  be neg l ig ib le .  

The biodegradation r a t e  based on oxygen consumption was cal -  

cula ted i n  a manner similar t o  the  method used t o  ca lcu la te  biodegrada- 

t i o n  r a t e s  based on phenol consumption, with the  assumption used 

e a r l i e r  i n  sec t ion  5.2.1 t o  ca lcu la te  bioregeneration amounts, i . e . ,  

bioregeneration approach 
r a t e  ve loc i t y  

i n  A g O2 m/hr 
0.42 mg/l @OH 

- - 
g @OH 

X X 

m3 so lu t ion  bed l eng th  m 
2 

mg/l  o2 
m' carbon o h r  

3 where A g 0 /m so lu t ion  w a s  the  i n f l u e n t  minus e f f l u e n t  DO l e v e l s .  I n  
2 

t he  case of the  var ied  i n f l uen t  DO experiments, these  values were cal -  

cula ted a t  d i f f e r e n t  times during each experiment. These r a t e s  a r e  

l i s t e d  i n  Table 3. These r a t e s  follow the same t rend  es tab l i shed  by 

the ca lcu la t ion  of M i n  sec t ion  5.2.1 and presented i n  Figure 12. A s  

i n  the  case of Figure 12,  the r a t e  ca lcu la t ions  i n  Table 3 i nd i ca t e  

t h a t  the lowest r a t e  of biodegradation occurred i n  the  4 m g / l  i n f l uen t  

DO experiment, with increas ing r a t e s  seen i n  the  9 ng/1 and 16 mg/1 

i n f l u e n t  DO experiments. In  the 16 ng/1 i n f l uen t  DO experiment, the 



Table 3 

Biodegradation Rates i n  t h e  Varied Oxygen In f luen t  Experiments 

Oxygen I n f l u e n t  

m g / ~  

Time Rate* 

h r  g  OH/^^ carbonghr 

*based on t h e  equation:  

A g o2 approach v e l o c i t y  m / h r  g / ~  @OH degraded 

r a t e  = x x 
m3 s o l u t i o n  bed l eng th  m g/R O2 used 

A g O2 0.68 m / h r  

r a t e  = x x 0.42 
m3 s o l u t i o n  0.161 m 



r a t e  of  biodegradat ion w a s  i n i t i a l l y  very  low, then  passed through a 

pe r iod  of high biodegradat ion r a t e ,  and then  dropped t o  a low r a t e  

aga in .  S ince  t h i s  method of c a l c u l a t i n g  r a t e s  t a k e s  i n t o  account flow 

r a t e s ,  it w a s  u s e f u l  i n  c a l c u l a t i o n  t h e  r a t e s  of biodegradat ion involved 

i n  t h e  t r a n s i e n t  loading experiments ( see  s e c t i o n  5.2 - 2 ) .  

5.2.2 Trans ien t  Loading Experiments 

I n  order  t o  al low e f f e c t s  of changes i n  i n f l u e n t  phenol l e v e l s  

t o  be observed i n  t h e  e f f l u e n t  w i t h i n  a reasonable  t ime,  3.1 g carbon 

p re -equ i l ib ra t ed  wi th  0.8 mg/l phenol w a s  used f o r  a l l  t r a n s i e n t  load- 

i n g  experiments ,  while t h e  flow r a t e  used w a s  10 ml/min (EBCT of 1.4 min , 

flow r a t e  of 0.95 mm/sec o r  1.4 gal/minm f t L )  . Other a s p e c t s  of the  

t r a n s i e n t  load ing  experiments ,  such as b a c t e r i a l  s eed  o r i g i n ,  were t h e  

same as i n  t h e  9 mg/l i n f l u e n t  DO experiment.  The t r a n s i e n t  l o a d  

s e l e c t e d  f o r  s tudy  w a s  a pulse  of  phenol of 150 m g / l  f o r  1 hr, a f t e r  

which t h e  i n f l u e n t  concent ra t ion  of 0.8 mg/l w a s  r e s t o r e d  f o r  t h e  r e m i n -  

d e r  of  t h e  experiment. Using t h e  F'reundlich isotherm of Figure  3 and 

the  o t h e r  c h a r a c t e r i s t i c s  known about  the  F i l t r a s o r b  400 used i n  t h i s  

s t u d y  as imput,  t he  computer model genera ted  e f f l u e n t  concent ra t ions  

f o r  t r a n s i e n t  loads .  Figure 16 shows t h e  e f f l u e n t  phenol measurement 

f o r  a s t e r i l e  column and t h e  computer genera ted  e f f l u e n t  concent ra t ion  

curve f o r  t h e  same cond i t ions .  The column was pulsed a t  ze ro  bed vol-  

umes. S ince  one bed volume w a s  14 m l  and t h e  flow r a t e  w a s  10 ml/min, 

3000 bed volumes r equ i red  approximately 100 h r .  The s t e r i l e  column 

e f f l u e n t  phenol concent ra t ion  peaked nea r  1000 bed volumes and then 

t a i l e d  o f f  g radua l ly .  The i n f l u e n t  concent ra t ion  was reached a f t e r  



mgl l phenol 



C olumn c ondi ti ons : 
3.1 g carbon p resa tu ra ted  wi th  
0.8 m g / l  phenol 
i n f l u e n t :  0.8 mg/1 phenol, 
9 mg/1 DO, pH 7.5 mineral  media 
pulse: 150 mg/1 f o r  1 hr 
flow r a t e :  10 m1/min 

Bed Volumes 
Figure 17. Ef f luen t  Phenol Data and Computer Generated Curve f o r  t h e  

Second S t e r i l e  Pulsed C o l m  Experiment 



8000 bed volumes. O f  the  85 mg phenol introduced i n t o  t h e  column i n  

the  pu l se ,  only 50 mg phenol came out ,  ind ica t ing  that t h e  column w a s  

not  r e a l l y  s a t u r a t e d  a t  a C of 0.8 mg/l  ( i  .e . ,  pre-equilibrium of t h e  
e 

carbon had not  been completed). A second smal ler  t r a n s i e n t  load  was 

then introduced i n t o  t h e  same column. A similar pulse  shape was seen 

f o r  this second s t e r i l e  pulse as f o r  t h e  first s t e r i l e  pulse (see  

Figure 17) .  O f  t h e  45 mg phenol introduced i n t o  t h e  column i n  this 

second pulse ,  a t o t a l  of 39 rg phenol had been e l u t e d  by 3000 bed vol- 

umes. This ind ica ted  t h a t  by t h e  end of  t h e  end of t h e  first s t e r i l e  

pulse ,  tk column had been s a t u r a t e d  wi th  phenol a t  a sur face  concentra- 

t i o n  corresponding t o  a C of 0 .8  mg/l. The same s t e r i l e  column was 
e 

then seeded (as i n  sec t ion  4 .1 .3) .  The flow r a t e  w a s  reduced t o  2 ml/min 

i n  order t o  reduce washout of b a c t e r i a  and thus enhance t h e  e s t a b l i s h -  

ment of a s t a b l e  b a c t e r i a l  population on the  column. The column w a s  

operated f o r  18 days under these  condi t ions ,  a t  which time the  Standard 

5 P l a t e  Count Tes t  r e s u l t s  showed a population of 6.6 X 10 bacteria/ml 

i n  t h e  column e f f l u e n t .  The e f f l u e n t  phenol concentra t ion w a s  zero  a t  

this time. The DO drop ac ross  t h e  column reached a maximum of 5.5 mg/l 

oxygen, and then decl ined t o  2.3 mg/l oxygen, i n d i c a t i n g  that most of 

the  a v a i l a b l e  pre-adsorbed phenol had been oxidized and that the  b a c t e r i a  

were using oxygen mainly t o  oxidize i n f l u e n t  phenol. A t  this point  the  

flow r a t e  was increased again  t o  10 ml/min, and a t h i r d  pulse of 

150 mg/l phenol was s e n t  i n t o  the  column f o r  1 hr. Figure 18 shows the  

e n t i r e  h i s t o r y  of t h i s  column. The e f f l u e n t  phenol concentrat ion a f t e r  

t h i s  first seeded pulse w a s  no longer zero ,  but  no d i s t i n c t  pulse shape 

w a s  seen e i t h e r .  This dramatic reduct ion of the  e f f l u e n t  concentra t ion,  












































































