
CONCLUSION AND SUGGESTIONS 
FOR THE FUTURE WORK

C H A P T E R  8

In this chapter, the overall comparison of BaP biodegradation efficiency as well 
as the biotransformation pathway and products of the three promising fungi isolated from 
this study, A sp erg illu s n iger  N003, A sp erg illu s n iger  B002 and Fusarium  oxysporum  
E033, were described. Then, the overall conclusions and the suggestions regarding the 
useful information produced from this study to develop the remediation strategies for BaP 
contaminated sites were depicted. The suggestions for further studies were also stated.

8.1 Comparative biodegradation of the three promising fungi
The tolerance and ability of the three promising fungi isolated in this study, 

A sp erg illu s n iger  N003, A sperg illu s n iger  B002 and Fusarium  oxysporum  E033 to 
degrade 100-ppm BaP was investigated.

The total degradation after 30 day-incubation of A sperg illu s niger N003 and 
A sp erg illu s n iger  B002 were ranging from 70%-80%, while it was approximately 60% 
for F usarium  oxysporum  E033. Only slightly adsorption by cell mycelium of A sperg illu s  
n iger  N003, A sp erg illu s n iger  B002, and Fusarium  oxysporum  E033 at 3%, 8%, and 3%, 
respectively, were shown (Figure 8.1).

The significant BaP biodegradation by all three strains could be detected within 
the first five days of incubation at 32°c in liquid medium supplemented with 5-mM 
glucose as a carbon source. The degradation rates of A sperg illu s n iger  N003, B002 and 
Fusarium  oxysporum  E033 was found to be 38.4, 32.0, and 27.0 pmole BaP/day, 
respectively (calculated from the first five days of incubation). The BaP depletion kinetic 
illustrated in this study were similar to the classical pattern of BaP degradation in that the



degradation occurred rapidly only at the early stage previously reported by Fusarium  
so lan i (Veignie et al., 2004).
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Figure 8.1 Biodegradation of 100-ppm BaP of the fungi isolates in liquid medium. Loss 
of BaP from auto-degradation (x); Loss of BaP from adsorption (—); and Biodegradation 
(—). A sp erg illu s n iger  N003 ( A ) ,  A sperg illu s n iger  B002 (■ ), and Fusarium  oxysporum  
E033(*). (Mean of three replications +/- S.D.)

According to our results, among the three isolates, the endophytic A sperg illu s  sp. 
strain N003 is the most efficient strain to tolerate and degrade BaP. This result agrees 
with the pervious reports showing that of A sperg illu s  sp. has ability to degrade high 
molecular weight PAHs. The application of A sperg illu s  sp. for BaP degradation has also 
been reported in which 80 pinole of BaP could be degraded within 18 hours by 
A sp erg illu s och raceu s  (Ghosh et al., 1983) or 0.4 mmole of BaP was eliminated within 
48 hours (Datta & Samanta, 1988).



Two A sp erg illu s n iger  N003 and B002 isolated in this study exhibited 60-80% 
BaP biodegradation efficiency within the first 10 days (Figure 8.2.2 A, B). These results 
expressed the greater biodegradation efficiency than that of A sp erg illu s terreu s  of which 
27.5% of 25 ppm BaP was degraded after 9 days of culture (Capotorti et al., 2004).
These results suggested the relatively good BaP degradation abilities of our fungal 
isolates (A sp erg illu s n iger  N003, A sp erg illu s n iger  B002, and F usarium  oxysporum  
E033) when compared to those of other BaP-degrading fungi previously reported.

The factors affecting BaP degradation of these fungal isolates were illustrated as 
followed:

8.2 Factors affecting BaP degradation
8.2.1 Effect of aeration
The results showed that aeration was obviously affected the growth and 

biodegradation of three fungal isolates in that the faster the aeration, the higher the 
growth and the higher biodegradation rate as shown in Figure 8.2.1 A, B, c.

Since the fungal growth of each shaking conditions tested were different, the 
comparison of biodegradation of BaP was described as the specific degradation in which 
the amount of BaP degraded was calculated per weight (mg) of dry fungal mass. The 
result showed that the faster the shaking stroke, the more the aeration for the fungal 
growth and the more the biodegradation of BaP (Figure 8.2.1 A-C). This result agrees 
with the previous reports that the shaking condition for PAFI degradation not only 
increases the oxygen availability, but it also increases PAH solubility into aqueous phase 
for the organism uptake (Johnsen et al., 2005).
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F igu re 8 .2 .1  B iod eg ra d a tio n  o f  B aP  o f  the three fun gal iso la te s  w h en  g rew  w ith  d ifferen t 
rec ip ro ca tin g  sh a k in g  at 6 0  rpm (A ), 120 rpm (B ), and 180 rpm (C ). T h e b iodegrad ation  
o f  B aP  w a s  ex p r e sse d  as sp e c if ic  degrad ation  per c e ll dried w e ig h t at the tim e  indicated . 
A sperg illu s n iger  N 0 0 3  ( A ) ,  A sperg illu s n iger  B 0 0 2  (ฒ) and Fusarium  oxysporum  
E 0 3 3 (« ) . (M ean  o f  three rep lica tion s + /-  S .D .)



A c c o r d in g  to our resu lts, a m o n g  th e three fu n g i, the F u s a r i u m  o x y s p o r u m  E 0 33  
w a s the m o st  e f f ic ie n t  strain to  d egrad e B aP , fo llo w e d  b y  A s p e r g i l l u s  n i g e r  B 0 0 2  and 
A s p e r g i l l u s  n i g e r  N 0 0 3 , r e sp e c tiv e ly , o f  w h ich  the sp e c if ic  b io d eg rad a tio n  per unit 
b io m a ss  at th e  first 10 d ay s o f  in cu b ation  occu rred  at 2 7 0 , 2 2 0  and 150  p g  B aP  per m g  
b io m a ss , r e sp e c tiv e ly  (F igu re  8 .2 .1  C ).

8 .2 .2  E ffe c t  o f  in itia l B aP  con cen tration
T h e a b ility  o f  the three p ro m isin g  fu n g i to  su rv iv e  and d egrad e B aP  at variou s  

co n cen tra tio n s  (1 0 0 , 2 0 0 , and 3 0 0  p p m ) w ere  in v estig a ted .

In 100-p p m  B aP , the d egrad ation  rate o f  B aP  w a s rapid w ith in  th e  first f iv e  d ays  
o f  in cu b ation  in w h ic h  3 4  p g  B aP  w a s  d egrad ed  per d ay  per m g  the fu n ga l dry w e ig h t  in 
our three fu n ga l strains (F igu re 8 .2 .2  A ). H o w ev er , F u s a r i u m  o x y s p o r u m  E 0 33  
d em on stra ted  the greater b iod egrad ation  e f f ic ie n c y  than the tw o  A s p e r g i l l u s  n i g e r  N 0 0 3  
and B 0 0 2 . A ls o , F u s a r i u m  o x y s p o r u m  E 0 33  sh o w ed  the greater b io d eg rad a tio n  than that 
o f  F u s a r i u m  s o l a n i  o f  w h ich  6 .8%  B aP  w a s  degraded  w ith in  15 d a y s  o f  in cu b ation  
(V e ig n ie  et ah , 2 0 0 4 ) . M o reov er , th e  d egrad ation  rate b y F u s a r i u m  o x y s p o r u m  E 0 3 3  in 
th is  stu d y  w a s  greater d egrad ation  rate than that o f  F u s a r i u m  s o l a n i  p re v io u s ly  reported  
h a v in g  o n ly  17%  B aP  d egrad ation  p er un it b io m a ss  after 3 0  d a y s  o f  in cu b ation  (V érin  et 
a l., 2 0 0 4 b ).

T h e  resu lts  sh o w e d  that a ll three fu n gal iso la te s  w ere  cap a b le  o f  B aP  d egradation  
at e v e n  h igh er B aP  con cen tration . N o n e th e le s s , the b iod egrad ation  w ith  100 ppm  BaP  
w a s th e m o st  e f f ic ie n tly  occu rred . A m o n g  three fu n gal iso la te s  tested , F u s a r i u m  

o x y s p o r u m  E 0 3 3  ex h ib ited  re la tiv e ly  h ig h est b io d eg rad a b ility  w ith  3 5 0  p g  B aP  per m g  
b io m a ss  at 3 0  d a y s  o f  in cu b ation  (F igu re 8 .2 .2  A , B , C ).
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F igure 8 .2 .2  T h e b iod egrad ation  o f  B aP  o f  the three fungal iso la te s  ex p ressed  as sp e c if ic  
d egrad ation  per c e ll dried w e ig h t at th e  tim e  in d icated  in g lu c o se -c o n ta in in g  m ed iu m  in 
v a rio u s co n cen tra tio n s  o f  BaP: 100-p p m  (A ), 2 0 0 -p p m  (B ), and 3 0 0 -p p m  (C ). A sperg illu s  
n iger  N 0 0 3  ( A ) ,  A sperg illu s n iger  B 0 0 2  (■ ) and Fusarium  oxysporum  E 0 3 3 (» ) .(M e a n  o f  
three rep lica tio n s + /-  S .D .)
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8 .2 .3  E ffe c t  o f  g lu c o se  con cen tration
T h e p r o c e ss  o f  c o -o x id a tio n  has b een  p rop osed  to be a p o ten tia lly  im portant 

m ech a n ism  for th e  d iss ip a tio n  o f  reca lcitrant P A H s from  so il (Perry, 1 9 7 9 ). A lso , 
B e n g tsso n  and Z erh ou n i (2 0 0 3 )  stated  that the com p lem en tary  substrate w a s  n eed ed  to  
p rom ote d egra d ation  o f  P A H s in th e  so il (B e n g tsso n  &  Z erh ou n i, 2 0 0 3 ).

In th is  stu d y , the co n sid era b le  e ffo r t to  in d u ce the b iod egrad ation  o f  B aP  b y  c o ­
m eta b o lism  u s in g  g lu c o se  as a grow th  substrate w a s  p erform ed  w ith  con cen tration  o f  5 
m M  and 5 0  m M . T h e b io d eg rad a tio n  o f  B aP  w a s  ex p ec ted  to  b e  en h an ced  as grow th  o f  
th e  fu n g i w a s  ap p ro x im a te ly  5 -tim e  in creased . C ontrarily , the resu lts  sh o w e d  that the  
h igh er co n cen tra tion  o f  g lu c o se , the lo w er  b iod egrad ation  for a ll fu n gal strains (F igu re
8 .2 .3  C ), e sp e c ia lly , for Fusarium  oxysporum  E 0 3 3  that its b iod egrad ation  w a s  a lm ost  
c o m p le te ly  rep ressed  (F igu re  8 .2 .3  C ).

In th e  a b sen ce  o f  g lu c o se , it w a s  n o ticea b ly  that B aP  w a s  d egrad ed  at 
ap p ro x im a te ly  5 0  p g  B a P /m g  dried w e ig h t  w ith in  15 d ays o f  in v estig a tio n  (F igu re 8 .2 .3  
A ). A c c o r d in g  to  our resu lts , g lu c o se  at 5 m M  served  as a g o o d  grow th  substrate and it 
w a s re la tiv e ly  su ita b le  for th ese  three fu n g i g iv in g  h igh er s p e c if ic  b iod egrad ation  o f  B aP  
(F igu re  8 .2 .3  A , B , C ) than th o se  w h en  g lu c o se  at h igh er con cen tra tion , i.e . 5 0  m M , w a s  
p rov id ed  and th e  in h ib itio n  o f  b iod egrad ation  w a s  ob served .
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A

B

Figure 8 .2 .3  B iod egra d ation  a b ility  o f  the three p ro m isin g  fu n g i in the m ed iu m  w ith  
va rio u s con cen tra tio n s o f  G lu co se: 0 m M  (A ), 5 m M  (B ), and 5 0  m M  (C ). A sperg illu s  
n iger  N 0 0 3  ( À ) ,  A sp erg illu s n iger  B 0 0 2  (ฒ) and Fusarium  oxysporum  E 0 3 3 (« ) . (M ean  
o f  three rep lica tio n s + /-  S .D .)
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8 .2 .4  E ffe c t  o f  b io a v a ila b ility  o f  B aP
T h ere h a v e  b een  reports o f  the u tiliza tion  o f  su rfactan t(s) to  in crease  the  

b io a v a ila b ility  o f  P A H s o f  fu n g i (G aron  e t ah , 2 0 0 2 ; Z h en g  &  O bbard, 2 0 0 2 ) . H o w ev er , 
the to x ic ity  o f  h ig h  con cen tra tion  o f  surfactant to  fu n g i has b een  co n cern ed  as w e ll.

T h e co m p a riso n  resu lts o f  th e  a b ility  to  d egrad e B aP  o f  three p ro m isin g  fungi 
gro w n  in m e d ia  su p p lem en ted  w ith  e ith er  eth a n o l or m eth an ol is sh o w n  in F igure 8 .2 .4  
A , B . T h e b io d eg rad a tio n  ab ility  o f  fu n g i in eth an o l w a s  greater than in m eth an ol. T he  
A sp erg illu s n iger  B 0 0 2  g a v e  th e  re la tiv e ly  h ig h e st  sp e c if ic  b iod egrad ation  in ethan ol 
(F igu re  8 .2 .4  A ) , w h ile  th e  b io d eg ra d a b ility  o f  Fusarium  oxysporum  E 0 3 3  w a s  a lm ost  
c o m p le te ly  in h ib ited  w h e n  grow n  in m eth an ol c o n ta in in g  m ed ia  (F igu re  8 .2 .4  B ).
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F igure 8 .2 .4  B io d eg ra d a tio n  ab ility  o f  th e  three p ro m isin g  fu n g i in the m ed iu m  
su p p lem en ted  w ith  5 m M  ethan ol (A ) or 5 m M  m eth an ol (B ). A sperg illu s n iger  N 0 0 3  
( A ) ,  A sp erg illu s n iger  B 0 0 2  (■ ) and Fusarium  oxysporum  E 0 3 3 (» ) . (M ean  o f  three  
rep lica tion s + /-  S .D .)
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8 .3  B e n z o (a )p y r e n e  m e ta b o li te s

T h e a n a ly s is  o f  B aP  d egrad ation  and B aP  m eta b o lite s  w er e  p erform ed  b y  L C -M S . 
T h e L C -M S  resu lts  sh o w e d  that after 3 0  d a y s o f  in cu b ation , th e  in term ed ia tes p roduced  
du rin g th e b io d eg rad a tio n  p ro c e ss  w ere  from  th e ex tra -ce llu lar  fraction s and the  
in tracellu lar  fraction s. T h ere w a s  n o  d etec ta b le  m eta b o lite  w a s  d etec ted  from  liquid  
m ed ia . T h e  m ain  io n s  o f  B aP  m eta b o lite s  an a ly zed  b y e lec tro -sp ra y  m a ss  sp ectrom eter  
w er e  c o n c lu s iv e ly  su m m arized  in T a b le  8.1

T h e resu lts  o f  th e  p resen t in v estig a tio n  d em on strated  that our three p ro m isin g  
fu n g i (A s p e r g i l l u s  n i g e r  N 0 0 3  and B 0 0 2 , and F u s a r i u m  o x y s p o r u m  E 0 3 3 )  can  o x id iz e  
B aP  b y  d ifferen t p a th w a y s d ep en d in g  on  ty p e  o f  the fu n g i. S evera l ty p e s  o f  m eta b o lites  
w ere p rod u ced  and can  b e q u a lita tiv e ly  id en tified  and com p ared  to  th o se  p rev io u s ly  
reported.

T h e m a ss  sp ectru m  o f  m eta b o lites  revea led  from  A s p e r g i l l u s  n i g e r  N 0 0 3  and  
B 0 0 2  in d ica ted  th ese  fu n g i o x id iz e d  B aP  to  d ih y d ro x y -d ih y d ro d io l-B a P , w h ile  F u s a r i u m  

o x y s p o r u m  E 0 3 3  b io transform ed  B aP  to  B aP  q u in on e and B aP  d io l e p o x id e .

T w o  m eta b o lite s  ob ta in ed  from  th e  b iod egrad ation  o f  F u s a r i u m  o x y s p o r u m  E 0 33  
w a s s im ilar  to  th o se  reported  in C u n n i n g h a m e l l a  e l e g a n s  w h ich  m eta b o lized  B aP  to  7 ,8  
d ih y d ro x y  7 ,8  d ih y d ro d io l B aP  or 9 ,1 0 d ih y d r o x y  9 ,1 0  d ih yd ro d io l B aP  d er iv a tiv es  and  
a lso  1,6 B aP  q u in o n e  and 3 ,6  B aP  q u in on e  p rod u cts (C e m ig lia & G ib so n , 1 9 80 ).

M o reo v er , a sim ilar  report b y  A s p e r g i l l u s  o c h r a c e u s  (D atta  &  Sam anta in 1988 )  
stated  that th e  m eta b o lite s  fou n d  in its B aP  d egradation  w er e  7 ,8  d ih y d ro x y  7 ,8  
d ih y d ro d io l B aP  or 9 ,1 0 d ih y d r o x y  9 ,1 0  d ih yd ro d io l B aP  d er iv a tive  and 1,6 B aP  q u in on e  ,
3 ,6  B aP  q u in on e  (D atta& S am an ta , 19 88 ).



T a b le  8.1 L ist o f  th e  p o ss ib le  B aP  m eta b o lites  from  the three p ro m isin g  fu n g i 
a n a ly zed  b y  th e e lec tro -sp ra y  m a ss  sp ectrom eter .
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F u n gal iso la te s L o ca tio n  o f
extractab le
fraction

M ain  ion s  
(M H + )

S u g g e sted  th e  p o ss ib le  B aP  
m etab o lite

(stereo c h em istry  n ot im p lied )
A s p e r g i l l u s  n i g e r  

N 0 0 3
extra-ce llu lar 2 8 5 7 ,9 -d ih y d r o x y  7 ,9  d ih y d ro d io l B aP  

(m /z = 2 8 4 )
in tracellu lar 2 8 7 d ih y d ro x y - d ih y d ro d io l B aP  

d er iv a tiv es  (m /z = 2 8 6 )
A s p e r g i l l u s  n i g e r  

B 0 0 2
extra-ce llu lar 2 8 5 7 ,9 -d ih y d ro x y  7 ,9  d ih y d ro d io l B aP  

(m /z = 2 8 4 )

in tracellu lar 2 7 9 u n id en tified  prod u ct ( m /z = 2 7 8 )

F u s a r i u m  o x y s p o r u m  

E 0 33
extra-ce llu lar 28 3 B aP  1,6 q u in on e  (m /z = 2 8 2 )

in tracellu lar 28 5

301

7 ,9 -d ih y d ro x y  7 ,9  d ih y d ro d io l B aP  
(m /z = 2 8 4 )
B aP  d io l e p o x id e  (m /z = 3 0 0 )

8 .4  O v e r a ll  c o n c lu s io n
T h e fu n g i cap a b le  o f  B aP  b iod egrad ation  w ere screen ed  and iso la ted  from  lea v e s  

and barks o f  P t e r o c a r p u s  m a c r o c a r p u s  K urz. p lant located  a lo n g  the traffic  road o f  
B a n g k o k , T h ailan d . T hree e ff ic ie n t  strains w ere id en tified  m o r p h o lo g ic a lly  and 
g e n e t ic a lly  as A s p e r g i l l u s  n i g e r  N 0 0 3 , A s p e r g i l l u s  n i g e r  B 0 0 2  and F u s a r i u m  o x y s p o r u m  

E 0 33 . T h eir a b ilit ie s  to  d egrad e 100-p pm  B aP  are in the range o f  65 % -8 0%  w ith in  the 
3 0 -d a y  p eriod . A .  n i g e r  strains are the m o st e ffic ie n t  fungal iso la te s  a m o n g  the three 
fun gal strains to  d egrad e B aP  w ith  h ig h est tota l degradation . H o w e v e r , w h en  com p ared  
the b io d eg rad a tio n  as the sp e c if ic  b iod egrad ation  (p g  B a P /m g  dry w e ig h t), F u s a r i u m



o x y s p o r u m  E 0 3 3  is  th e  m ost e f fe c t iv e  and tolerant strain a m o n g  the th ree  iso la te s  
h a v in g  the re la tiv e ly  h ig h e st  sp e c if ic  B aP  b iodegrad ation .

T h e factors a ffe c tin g  th e  d egrad ation  o f  th e  three fu n gal iso la te s  w er e  e sta b lish ed . 
T h e fu n ga l b io m a ss  as w e ll as the b iod egrad ation  e f f ic ie n c y  for all o f  th e  three fungal 
strains w a s  in creased  at th e  r e la tiv e ly  h ig h  aeration . A t h igh  co n cen tra tion  o f  g lu c o se , the 
b io m a ss  p ro d u ctio n s w e r e  s ig n ific a n tly  in creased , but the o p p o s ite  resu lts w e r e  ob ta in ed  
in their  b io d eg rad a tio n . T h e attem p t to en h an ce  th e b io a v a ila b ility  o f  B aP  to  fu n g i by  
in crea sin g  th e so lu b ility  o f  substrate u s in g  a lc o h o ls  w a s  su c c e ss fu l to  in crea se  the  
b io m a ss  p rod u ction ; h o w ev er , th e  b iod egrad ation  ab ility  o f  fu n g i w a s  rep ressed .

T h e A s p e r g i l l u s  n i g e r  N 0 0 3  and A s p e r g i l l u s  n i g e r  B 0 0 2  ex p ressed  th e  ab ility  to  
tran sform  B aP  to  B aP  d ih yd ro d io l d er iv a tiv es , w h ile  the F u s a r i u m  o x y s p o r u m  E 0 3 3  w a s  
ab le  to  form  B aP  q u in o n e  and th e d io l e p o x id e  v ia  tw o  d ifferen t p ath w ays.

T h e n e w  p a th w a y  w a s  su g g e ste d  from  th e in tracellu lar b io d eg rad a tio n  by  
A s p e r g i l l u s  n i g e r  N 0 0 3  that B aP  w a s  d egrad ed  to the sm aller  P A H s co m p o u n d , ch rysen e . 
H o w e v e r , to  get th e  better u n d erstan d in g  o f  th is  fun gal b iod egrad ation  p ath w ay  and 
m ech a n ism , th e  e n z y m a tic  sy stem  in v o lv in g  th e b iod egrad ation  w o u ld  be n ecessa ry .

8 .5  S u g g e s t io n s  fo r  fu tu r e  w o r k
It is n e c e ssa r y  to  add ress so m e  issu e s  for future research  to  exp an d  our k n o w le d g e  

on  the p ractica l a p p lica tion  o f  B aP  and other P A H s rem ed ia tion . A  n um ber o f  ap p roach es  
m ay be ap p lied  to  b io rem ed ia tion  to  im p ro ve  m icrob ia l B aP  d egrad ation . T h e su g g e s tio n s  
on  further research  on  B aP  d egrad ation  are as fo llo w ed :

8 .5 .1  C o -m eta b o lism
A s  B aP  m igh t n ot b e  u tilized  as a carbon and en erg y  sou rce  for so m e  

m icro o rg a n ism s, a su ita b le  grow th  substrate m u st be su p p lied  to  in itia te grow th  o f  the  
org an ism  in order to in d u ce  the p rod u ction  o f  ca tab o lic  en z y m e s . T h e typ e  o f  grow th  
substrate can  m ark ed ly  in flu en ce  th e  ex ten t o f  B aP d egrad ation . T h e a p p lica tion  o f
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a n a lo g o u s  su b strates, su ch  as the lo w er  m o lecu lar  w e ig h t P A H  can  be su p p lied  to 
stim u la te  th e  in d u ction  o f  e n z y m e (s )  re sp o n sib le  for the b io d eg rad a tio n  o f  h igh  m olecu lar  
w e ig h t P A H s. T h e fu ll un derstan d in gs o f  the d egradation  p oten tia l o f  m icro o rg a n ism s as  
w e ll as th e  m ech a n ism  b y  w h ich  th ey  m e ta b o lize  are w orth y .

8 .5 .2  L im itin g  factors for B aP  degrad ation
A  n u m ber o f  p h y sica l, ch e m ic a l, b io lo g ic a l or en v iron m en ta l factors in c lu d in g  

tem perature or pH  m ay  in flu en ce  th e  rate and ex ten t o f  B aP  d egrad ation .

8 .5 .3  B io a v a ila b ility
T h e b io a v a ila b ility  o f  B aP  m ay  b e in creased  b y th e a p p lica tion  o f  surfactants. 

H o w e v e r , so m e  in h ib itory  e f fe c ts  and to x ic  to  m icro -o rg a n ism s h ave  b een  o b serv ed  
du rin g their  a p p lica tion . T h erefore , it is im portant to  c h o o se  an appropriate surfactant and 
co n cen tra tion  for the b io rem ed ia tion  strategy.

8 .5 .4  T h e en zy m a tic  and degrad ation  m ech an ism  k n o w le d g e
T h e u n d erstan d in g  o f  b iod egrad ation  p ath w ay , the m ech an ism  o f  P A H  

b io tran sform ation , the p rofile  o f  m eta b o lites  form ation  as w e ll as the to x ic ity  o f  the 
o x id a tio n  p rod u cts w h ich  m igh t b e  accu m u la ted  are n ecessary . T h e factors in v o lv in g  the  
regu la tion  o f  th e  b iod egrad ation  are aw aited  to b e  revealed .
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