
CHAPTER 1 
INTRODUCTION

1.1 Background

O rg an ic  co m p o u n d s  in  n a tu ra l w a te rs  are  b ro ad ly  c a te g o riz ed  in to  na tu ra l 
o rg an ic  m a tte r  (N O M ) an d  sy n th e tic  o rg an ic  m a tte r  b ased  on  th e ir  o rig in s . N O M  
co n sis ts  o f  th o se  o rg an ic  c o m p o u n d s  th a t n a tu ra lly  o rig in a te  fro m  d e c o m p o s in g  p lan ts  
and  an im a l tis su e s , co lle c tiv e ly  ca lled  h u m ic  su b stan ces . T h ey  g e n e ra lly  stay  in  the  
fo rm s o f  h ig h  m o le c u la r  w e ig h t h um ic  and  fu lv ic  ac ids. T h e  la tte r  g ro u p , sy n th e tic  
o rg an ic  m a tte r , n o rm a lly  reach es  aq u a tic  sy s tem s v ia  ag ricu ltu ra l ru n o ffs  o r  in d u stria l 
d isch arg es. D esp ite  a  trace  o f  th e  co n tam in a tio n , sev era l a re  c o n s id e re d  ex trem e ly  
h aza rd o u s  an d  re c a lc itra n t in  w ate r. O rg an ic  c o m p o u n d s  in  n a tu ra l w a te rs  lead  to  (1) 
tu rb id ity  an d  c o lo r fo rm a tio n , (2) d isso lv ed  o x y g en  re d u c tio n , (3 ) u n d e s ira b le  tas te  
and  o d o r, (4 ) in te rfe re n c e  w ith  w a te r tre a tm e n t p ro cesse s , and  (5 ) fo rm a tio n  o f  
d is in fe c tio n  b y p ro d u c ts  (D B P s) w h en  th ey  are  ch lo rin a te d  (Q as im  e t ah , 2 0 0 0 ).

T o q u a n tify  all o rg an ic  c o m p o u n d s  in  w ate r, to ta l o rg a n ic  c a rb o n  (T O C ) 
ty p ica lly  re p re se n ts  th e  u n sp ec if ied  te rm  o f  th em  and  d isso lv e d  o rg a n ic  c a rb o n  (D O C ) 
is f req u en tly  u se d  to  n a rro w  d o w n  to th e  d isso lv e d  sp e c ie s  (A P H A , 1998). 
B io d eg rad ab le  o rg an ic  m a tte r  (B O M ) and  n o n b io d e g ra d a b le  o rg an ic  m a tte r  (N B O M ) 
are c o m m o n ly  c h o se n  to  c la ss ify  o rg an ic  c o m p o u n d s  a c c o rd in g  to  th e ir  
b io d eg rad ab ility . D O C  v a lu e  is no t a  g o o d  in d ica to r o f  a v a ila b le  o rg a n ic s  fo r 
m ic ro o rg an ism s. T o  a sse ss  B O M  level in  w ate r, tw o  m e th o d s  a re  c o m m o n ly  
em p lo y ed : a ss im ila b le  o rg an ic  c a rb o n  (A O C ) and  b io d e g ra d a b le  d isso lv e d  o rg an ic  
ca rb o n  (B D O C ).

B D O C  v a lu e  can  be  d e fin ed  as a  p a rt o f  D O C , w h ic h  can  be  m in e ra liz e d  by  
h e te ro tro p h ic  m ic ro o rg a n ism s  w h e re  as A O C  is th a t p a rt o f  B D O C  w h ic h  can  be 
co n v erted  b y  m ic ro o rg a n ism s  to  ce ll m ass (van  d er K ooij e t ah , 1982 an d  S e rv a is  et 
ah , 1989). A n a ly z in g  A O C  co n te n t is b ased  on  th e  m e a su re m e n t o f  ce ll m ass  g ro w th  
w h ile  B D O C  is q u a n tif ie d  by  the  d iffe ren ce  b e tw een  D O C  b e fo re  an d  a fte r  in cu b a ted  
th e  sam p le  w ith  n a tu ra l m ic ro  f lo ra  (van  der K ooij e t ah , 1982; L e C h e v a llie r  et ah , 
1993). H en ce , A O C  m e th o d  is co n s id e red  m o re  su itab le  fo r th e  a s se s sm e n t o f  
b ac te ria l re g ro w th  p o te n tia l th an  B D O C  (H uck , 1990 as c ited  in  Y eh  e t ah , 1999).
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A lth o u g h  m o s t o f  T O C  is  rem o v ed  d u rin g  w a te r  tre a tm e n t p ro c e sse s  and  
ch lo rin e  is p ro v id e d  to  th e  f in ish ed  w a te r to  m ee t the  s tan d a rd  fo r  b io lo g ic a l w a te r  
q u a lity , th e  p ro b le m s  o f  u n d e s ira b le  co lo r, taste , odo r, and  m ic ro b ia l re g ro w th  are  still 
p rev a len t in  m a n y  w a te r  d is tr ib u tio n  sy stem s. T h e  c a u se s  o f  p o s t- tre a tm e n t 
d e te rio ra tio n  can  be a ttr ib u te d  to  (1) th e  in e ffec tiv e  d is in fe c tio n  b y  c h lo r in e  an d  (2) 
th e  p re sen ce  o f  a v a ila b le  o rg a n ic s  m e asu red  as A O C  th a t is d e riv e d  fro m  o rg an ic s  
p a ss in g  th ro u g h  tre a tm e n t p ro c e sse s  (v an  d e r K ooij 1992). In  ad d itio n , h ig h  ch lo rin e  
d em an d s fo r d is in fe c tio n  w ill lead  to  th e  fo rm a tio n  o f  c a rc in o g e n ic  ch lo rin a ted  
o rg an ic  c o m p o u n d s : T rih a lo m e th a n e s  (T H M s) and  5 h a lo a c e tic  ac id s  (H H A 5 ) (v an  
d e r K ooij 1992, Lylcins e t ah , 1994, and  Q asim  e t ah , 2 0 0 0 ). T h u s, to  av o id  th o se  
a fo rem en tio n ed  p ro b le m s  an d  ach iev e  h ig h  w a te r  q u a lity , g ro w th -p ro m o tin g  
su b stra te s  m u s t be e lim in a te d  b e fo re  en te rin g  d is tr ib u tio n  sy s tem s (v an  d e r K o o ij, 
1992 an d  H u ck  e t ah , 1991).

In  m o s t w a te r  en v iro n m e n t, th e  m a jo rity  o f  N O M  w ill s tay  in  th e  fo rm  o f  
N B O M  ra th e r  th a n  B O M  an d  th a t p a rt o f  N B O M  can  b e  o x id iz e d  in to  B O M  by 
d is in fe c tio n  re s id u a ls , e v e n tu a lly  g iv in g  rise  to  av a ilab le  g ro w th -p ro m o tin g  su b stra te s  
w ith in  th e  p ip e lin e s . S ev era l w a te r  tre a tm en t te ch n iq u es  h av e  b e e n  s tu d ied  and  
in tro d u ced  to  a d d re ss  th e se  co n ce rn s . A m o n g  th o se  te c h n iq u e s , a d v a n c e  o x id a tio n  
p ro cesse s  (A O P s) h a v e  sh o w n  a  g rea t p o ten tia l in  in c re a s in g  B O M , w h ic h  is 
su b seq u en tly  re m o v e d  by  b io filtra tio n . T he ro le  o f  A O P s is to  o x id iz e  o r  b re a k d o w n  
o rg an ic  c o m p o u n d s  le a d in g  to  p a rtia l f rag m en ta tio n  o r ev en  c o m p le te  m in e ra liz a tio n . 
W h en  w a te r  is p a s se d  to  su b se q u e n t b io filte rs , b a c te r ia  c o lo n iz e d  o n  th e  su rface  o f  
m ed ia , u su a lly  a c tiv a te d  ca rb o n , w ill m e tab o lize  th e  su b s tra te s ; as a  re su lt, the  
b io d eg rad ab le  f ra c tio n  w ill be rem o v e d  (S e rv a is  et a l., 1994 an d  G o el e t a l., 1995). 
T hus, se lec tin g  a  p o ten tia l o x id iz in g  ag en t and  o p tim iz in g  its e ff ic ie n cy  w ill g rea tly  
co n trib u te  to  h ig h  rem o v a l o f  B O M  w ith in  th e  su b seq u en t tre a tm e n t un it.
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1.2 Problem Statement

M an y  s tu d ie s  h a v e  d e m o n s tra te d  o zo n a tio n  as  a n  e ffe c tiv e  m ean s  fo r 
en h an c in g  b io d e g ra d a b ility  (V o lk  et ah , 1993 and  M a lle y  J r  e t ah , 1993). B D O C  
an d /o r A O C  in c rea se  a fte r  o z o n a tio n  has b een  w ell d o c u m e n te d . O n  th e  co n tra ry , 
o th e r A O P s h av e  b e e n  ra re ly  s tu d ied  fo r th e ir  c a p a b ilitie s  in  en h an c in g  
b io d e g ra d a b ility  o f  lo w -lev e l n a tu ra l and  sy n th e tic  o rg a n ic s  in  w ate r. A n o th e r 
p ro m is in g  A O P  is th e  a p p lic a tio n  o f  h y d ro g e n  p e ro x id e  (H 2O 2) c o m b in e d  w ith  iron  
sa lts, c o m m o n ly  k n o w n  as F e n to n ’s reag en t. F e n to n ’s re a c tio n  h as  lo n g  b e e n  u se d  to  
trea t a  v a r ie ty  o f  h a z a rd o u s  o rg an ic  c o m p o u n d s  in c lu d in g  la n d fill le ach a te , g ro u n d  
w a te r c o n ta m in a te d  w ith  ch lo rin a te d  a lip h a ltic s  and  a ro m a tic s , d ry  c le a n in g  so lv en ts , 
and  w as te  s tream s c o n ta in in g  p o ly ch lo rin a ted  b ip h en y ls  (P C B s) (M c k in z i and  
D ich ris tin a , 1999).

ffo w e v e r , th e  e ffe c t o f  F e n to n ’s reac tio n  on  A O C  has n e v e r  b e e n  in v estig a ted . 
F e n to n 's  re a g e n t sh o u ld  e n h an ce  A O C  in w a te r  sin ce  it p ro d u c e s  h y d ro x y l rad ica l 
(O H *), w h ic h  is a  n o n -se le c tiv e  s tro n g  o x id iz in g  agen t. In  th is  s tu d y , su rface  w a te r 
an d  2 ,4  d ic h lo ro p h e n o l (2 ,4 -D C P ) so lu tio n  w ere  u sed  to  in v e s tig a te  h o w  d iffe ren t 
v a riab les  in  F e n to n ’s rea c tio n , su ch  as pH , H 2O 2 and  iro n  sa lt d o se s , an d  reac tio n  
tim e , a ffec t th e  c o n c e n tra tio n  c h an g es  in  th ree  ty p e s  o f  A O C : A O C s d e te rm in e d  by  
u sin g  Pseudom onas fluorescence  s tra in  P 17  (A O C p n ) an d  Spirillum  s tra in  N O X  
(A O C nox) an d  to ta l A O C  (A O C p i7 +  A O C nox)-

1.3 Objectives

T h e  m a in  o b je c tiv e  o f  th is  s tu d y  w as to  id en tify  th e  e ffe c t o f  v a ria b le s  in 
F e n to n ’s re a c tio n  on  A O C  co n c e n tra tio n s  in w ater. T h e  sp ec if ic  o b je c tiv e s  w ere :

1.3.1 T o  in v es tig a te  th e  e ffec t o f  pH  o f  F e n to n ’s re a c tio n  o n  A O C  
c o n c e n tra tio n s  in  su rface  and  sy n th e tic  w ate r.

1.3 .2  T o  in v e s tig a te  th e  e ffec t o f  H 2O 2 and  fe rro u s  (F e 2+) d o se s  on  A O C  
c o n c e n tra tio n s  in  su rface  and  sy n th e tic  w ater.

1.3.3 T o  in v e s tig a te  th e  e ffec t o f  re a c tio n  tim e  (k in e tic s )  o n  A O C  
c o n c e n tra tio n s  in  su rface  an d  sy n th e tic  w ate r.
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