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Biodegradation o f  Benzo(a)pyrene (BaP) by fungi w hich isolated from leaves 
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  Kurz. long exposed to the heavy traffic smoke. 
Fifty three fungi were obtained in total. The fungi isolated from leaves could be 
classified  as 40 epiphytic fungi and 7 endophytic fungi, w hile 6 fungal isolates were 
obtained from barks. These fungal isolates were tested for their ability to degrade 100 
ppm. BaP (0 .4  m M ) on solid medium. There were 13 fungal isolates which have the 
positive response towards BaP. These isolates were then tested in liquid medium in 
order to investigate BaP biodegradation ability. Three fungal isolates were finally 
obtained having relatively high BaP degradation ability when grown on glucose- 
containing m edium  supplemented with 100 ppm. BaP (0.4 mM ) at 3 2 °c , with 120 rpm- 
shaking conditions. These three fungal isolates were identified m orphologically and 
genetically to be A s p e r g i l l u s  n i g e r  N 003 , A s p e r g i l l u s  n i g e r  B 002 and F u s a r i u m  
o x y s p o r u m  E033.

Then, for each three isolates, BaP degradation kinetics, factors affecting the 
biodegradation as w ell as the biodegradation intermediates formed during the 
biodegradation process were investigated. A s p e r g i l l u s  n i g e r  N 003 , A s p e r g i l l u s  n i g e r  
B 002 and F u s a r i u m  o x y s p o r u m  E033 exhibited 80%, 70%  and 65% BaP 
biodegradation efficiency, respectively. To all fungal isolates, w hen the aeration rate 
was increased, the fungal biom ass w as increased as w ell as their biodegradation. 
Higher concentrations o f  BaP (up to 300 ppm) becom e toxic to cells; however, they 
maintained to have BaP biodegradability, although with less efficiency. Higher 
glucose concentration (50 m M ) promoted fungal biom ass, but the biodegradation was 
significantly repressed. Ethanol or methanol was supplem ented as an alternative 
carbon source and to enhance BaP bioavailability in liquid m edium . They were 
successfu lly  increased fungal biom ass, but had adverse effect to BaP biodegradation.

The intermediates from BaP biodegradation o f  each fungal isolate were 
revealed using liquid chromatography and m ass spectrometry. A s p e r g i l l u s  n i g e r  N 003  
and A s p e r g i l l u s  n i g e r  B 002 biotransformed BaP to dihydroxy-dihydrodiol, whereas 
F u s a r i u m  o x y s p o r u m  E033 biotransformed BaP via 2 different pathways forming 
different biodegradation intermediates. W hile the extra-cellular BaP biodegradation by 
F u s a r i u m  o x y s p o r u m  E033 yielded BaP quinone, BaP dihydrodiol and BaP diol 
epoxide w ere detected via intra-cellular BaP biodegradation.

Field o f  study Environmental M anagement 
A cadem ic year 2005

Student’s signature. . . พ ุ: : ร ิ.  
A dvisor’s signature...A avisor' ร signature...
C o-advisor’ ร signature f ( l i f t ! . ไ*ip (พ ่น ''.if.
C o-advisor’s signature



A C K N O W L E D G E M E N T S
V I

There are many people who without their help, their guidance and support, this thesis 
would not be possible.

I would like to express my profound gratitude to my advisory team, Assistant 
Professor Dr. A lisa Vangnai, Assistant Professor Dr. Polkit Sangvanich, and Professor Dr. 
Geoffery M. Gadd for their valuable guidance, extensive comments and discussion 
throughout this research work. Their kindness will always be remembered.

M y thankful appreciation goes to Associate Professor Dr. Prakitsin Sihanonth, who 
helped reviving again my research, also, for his valuable suggestions, as w ell as the 
participating in my committee.

My grateful appreciation is given to Assistant Professor Dr. Sutha Khaodhiar, 
Chairman o f  the committee, Dr. Ekawan Leupromchai, member o f  my thesis committee, who 
took effort in reading and providing me with valuable comments on earlier parts o f  this thesis.

Sincerely thanks to Dr. Achara Nuntagij for her un-conditioning contribution as the 
energetic thesis committee member and for her valuable comments.

I do greatly thank to Dr. Jittra Piapukiew for keeping full responsibility to help me in 
the microbial identification.

I’m please to use this opportunity to acknowledge the (former) Ministry o f  University 
Affairs for 3 years financial supporting and also to the National Research Center for 
Environmental and Hazardous Waste Management (NRC-EHWM) and the Graduated School, 
Chulalongkom University, for funding support in the remaining followed times throughout 
my research. A lso, special thanks to the laboratory staffs and officers o f  the NRC-EHWM for 
their help and materials supporting during my course o f  study.

Thanks also go to all members o f  my class mates for having shared many experiences 
and thoughts and for the valuable friendship.

Finally I feel proud to dedicate this thesis with due respect to my beloved father and 
my late marvelous mother who inspired me for pursuing this advance education. To my two 
sisters who always providing me the great emotion support and strength when in difficult 
time. To my husband, Warawut, who during the course o f  this study has virtually raised our 3 
children on his own. Last but not least, specially, to my lovely three children, Apirat, 
Rattaporn, and Pornpassorn, for their indefinitely love, their understanding and their powerful 
giving to me all the times. Without their constant moral supporting, I would not have been 
able to arrive this far.

Thank you from the deepest o f  my heart again to everyone involved.



CONTENTS

A B S T R A C T  (IN  T H A I)............................................................................................................  iv
A B S T R A C T  (IN  E N G L IS H ).......................................................................................................  V

A C K N O W L E D G E M E N T S .......................................................................................................  vi
C O N T E N T S .........................................................................................................................................  v ii
L IST  OF F IG U R E S .......................................................................................................................... x ii
L IST  OF T A B L E S ............................................................................................................................ xv i
LIST OF A B B R E V IA T IO N S .................................................................................................. xv ii

C H A P T E R  1 IN T R O D U C T IO N
1.1 State o f  p rob lem ...........................................................................................................  1
1.2 O b je c t iv e s ...................................................................................................................... 2
1.3 H y p o th eses ....................................................................................................................  2
1.4 S cop es o f  the stu d y ...................................................................................................  2
1.5 B en efit  from  this w o rk ............................................................................................  3

C H A P T E R  2 L IT E R A T U R E  R E V IE W S

2.1 P o ly cy c lic  A rom atic H ydrocarbons (P A H s)................................................... 4
2 .2  B en zo (a )p yren e............................................................................................................  6

2.2.1 P h ysicoch em ica l properties o f  B en z o (a )p y r e n e .............................. 6
2 .2 .2  B en zo(a)p yren e in  the environm ent.......................................................  6
2 .2 .3  Environm ental fate o f  b e n zo (a )p y ren e ................................................  8
2 .2 .4  T o x ic ity  o f  b e n z o (a )p y r e n e ......................................................................  9

2.3 R em ed iation  process o f  p o ly cy c lic  arom atic hydrocarbon ......................  10
2.3.1 B iorem ediation  o f  b en zo(a)pyren e.........................................................  11

2 .3 .2  B iodegradation  o f  BaP by fu n g i................................................................  12

2 .3 .2 .1  W hite Rot Fungi and BaP b iodegradation ...........................  13
2 .3 .2 .2  N o n  W hite R ot Fungi and BaP b io d eg ra d a tio n ................ 13

P ages



P ages
viii

2 .4  Fungal b io tra n sform a tio n ....................................................................................... 13
2.4 .1  Carbon sou rce ...................................................................................................  13
2 .4 .2  N itrogen  sou rce ................................................................................................  15
2 .4 .3  BaP concentration and biodegradation co n d itio n ...........................  15

2.5  Fungal m etab olism  o f  BaP and its m etabolic p ath w ay .............................. 16
2.5.1 E xtra-cellular en z y m e s ..................................................................................  17
2 .5 .2  Intracellular en z y m e s .....................................................................................  18

2 .6  A p p lication  o f  fungal b iorem ed iation ................................................................ 21

C H A P T E R  3 R E SE A R C H  M E T H O D O L O G Y

3.1 M eth od o log y  O u tlin e................................................................................................. 23
3 .2  C h em ical and M aterials...........................................................................................  25

3.2.1 C h em ica ls ............................................................................................................  25
3 .2 .2  Source o f  fu n g i................................................................................................  25

3.3 Experim ental p r o ced u res .......................................................................................  26
3.3.1 Fungal iso la tio n ...............................................................................................  26
3 .3 .2  Primary screen ing for fungi degraded b e n zo (a )p y ren e .................  27
3 .3 .3  M olecular fungal id e n tif ic a t io n ................................................................  28

3.3 .3 .1  M orphological a n a ly sis ..................................................................  28
3 .3 .3 .2  M olecular technique for fungal id en tifica tion ..................... 28

3 .3 .4  D eterm ination o f  the BaP b iodegradation k in etics in
liquid  m edia ...................................................................................................  31
3.3 .4 .1  Culture m edium  preparation.......................................................  31
3 .3 .4 .2  Experim ental con d ition s for BaP biodegradation

kinetic s tu d y .................................................................................... 31
3 .3 .5  Factor affectin g BaP b io d eg ra d a tio n ................................................. 33

3 .3 .5 .1  The aeration rate............................................................................. 33
3 .3 .5 .2  The in itial BaP co n cen tra tio n ................................................. 39
3 .3 .5 .3  The carbon sou rce ........................................................................ 34
3 .3 .5 .4  B ioavailab ility  o f  B a P ...............................................................  34



IX

3 .3 .6  D eterm ination o f  the biotransform ation product(s) to
propose the biodegradation pathw ay o f  B a P ...................................... 34

3 .4  A n alytica l M eth od s.................................................................................................. 34
3.4.1 B en zo(a)p yren e extraction from  liquid  s a m p le ...............................  34
3 .4 .2  Q uantitative analysis o f  BaP by liquid  ch rom a to grap h y .............  35
3 .4 .3  A n a lysis o f  b iotransform ation product(s) usin g Liquid

chrom atography -M ass spectrom etry a n a ly s is ..................................  36

C H A P T E R  4  ISO L A T IO N  SC R E E N IN G  A N D  ID E N T IF IC A T IO N  OF TH E  
F U N G A L  ISO L A T E S

4.1 Isolation , screening o f  fungi capable o f  BaP degradation .......................  37
4 .2  Prelim inary screen ing for fungal iso lates capable o f  BaP

degradation ..................................................................................................................  40
4.3  Identification  o f  fungal is o la t e s ......................................................................... 42

4 .3 .1  The m orphology o b se r v a t io n .................................................................... 42
4 .3 .2  T he m orphology observation  by Scanning E lectron

M icroscope (S E M )........................................................................................  42
4 .3 .3  M olecular identification  o f  se lected  fungi by u sin g  18s rD N A

seq u en ces com p arison ...............................................................................  42

C H A P T E R  5 B E N Z O (A )P Y R E N E  B IO D E G R A D A T IO N  B Y  A S P E R G I L L U S  

N I G E R  N 0 03

5.1 B iodegradation  k inetic  s tu d y ................................................................................. 46
5.2  Factors affectin g BaP degradation ......................................................................  48

5.2.1 E ffect o f  aeration ....................................................................................  48
5 .2 .2  E ffect o f  in itial B aP concentration ..................................................  48
5 .2 .3  E ffect o f  g lu cose  co n cen tra tio n ........................................................  51
5 .2 .4  E ffect o f  b ioavailab ility  o f  B a P .........................................................  52

5.3 Identification  o f  benzo(a)pyrene m etabolites and the proposed
degradation p ath w ays................................................................................................  56

P ages



X

5 .4  A n a lysis  o f  the m etabolites from  m ass spectrum  obtained from
A s p e r g i l l u s  n i g e r  N 0 0 3 ............................................................................................  58

5.5 C o n clu sio n ......................................................................................................................  62

C H A P T E R  6 B E N Z O (A )P Y R E N E  B IO D E G R A D A T IO N  B Y  A S P E R G I L L U S  

N I G E R  B 0 0 2
6.1 B iodegradation  k inetic s tu d y ...............................................................................  63
6 .2  Factors affectin g  BaP degradation......................................................................  65

6.2.1 E ffect o f  aeration ....................................................................................  65
6 .2 .2  E ffect o f  in itial BaP concentration ................................................... 65
6 .2 .3  E ffect o f  g lu cose  co n cen tra tio n ....................................................... 67
6 .2 .4  E ffect o f  b ioavailab ility  o f  B a P ........................................................  69

6.3 Identification  o f  benzo(a)pyrene m etabolites and the proposed
degradation p ath w ays...............................................................................................  73

6 .4  A n a lysis  o f  the m etabolites from  m ass spectrum  obtained from
A s p e r g i l l u s  n i g e r  B 0 0 2 ............................................................................................  75

6.5  C o n c lu sio n ......................................................................................................................  77
C H A P T E R  7 B E N Z O (A )P Y R E N E  B IO D E G R A D A T IO N  B Y  F U S A R I U M

O X Y S P O R U M  E 033
7.1 B iodegradation  k inetic s tu d y ...............................................................................  78
7 .2  Factors affectin g  BaP degradation .................................................................... 79

7.2.1 E ffect o f  aeration ............................................................................................  79
7 .2 .2  E ffect o f  in itial BaP concentration .........................................................  81

7 .2 .3  E ffect o f  g lu cose  co n cen tra tio n .................................................................  84
7 .2 .4  E ffect o f  b ioavailab ility  o f  B a P ..................................................................  86

7.3 Identification  o f  b enzo(a)pyrene m etabolites and the proposed
degradation p ath w ays...................................................................................................  88

7.4 A n a lysis o f  the m etabolites from  m ass spectrum  obtained from
F u s a r i u m  o x y s p o r u m  E 0 3 3 ......................................................................................... 90

7.5 C o n c lu s io n ........................................................................................................................ 93

P ages



XI

C H A P T E R  8 C O N C L U S IO N  A N D  S U G G E S T IO N S  F O R  TH E F U T U R E  
W O R K

8.1 C om parative biodegradation o f  the three prom ising fu n g i..........................  94
8 .2  Factors a ffectin g  BaP d egradation ..................................................................  96

8.2.1 E ffect o f  a e r a tio n ............................................................................................  96
8 .2 .2  E ffect o f  in itial BaP concentration .............................................................  98
8 .2 .3  E ffect o f  g lu cose  co n cen tra tio n ......................................................................  100
8 .2 .4  E ffect o f  b ioavailab ility  o f  B a P ....................................................................... 102

8.3 B en zo(a)p yren e m e ta b o lite s ..................................................................................... 104
8.4  O verall c o n c lu s io n ...............................................................................................................  105
8.5 S u ggestio n s for future w o rk ......................................................................................... 106

8.5.1 C o -m etab o lism ..................................................................................................... 106
8 .5 .2  L im iting factors for BaP degradation ............................................................. 107
8 .5 .3  B io a v a ila b ility .........................................................................................................  107
8 .5 .4  The enzym atic and degradation m echanism  k n o w le d g e ...................... 107

R E F E R E N C E S ...................................................................................................................................... 108
A P P E N D IC E S .......................................................................................................................................  121

A P P E N D IX  A .....................................................................................................................  122
A P P E N D IX  B ......................................................................................................................  123
A P P E N D IX  c ......................................................................................................................  124
A P P E N D IX  D ......................................................................................................................  125
A P P E N D IX  E .....................................................................................................................  126
A P P E N D IX  F ......................................................................................................................  128
A P P E N D IX  G ......................................................................................................................  130

B IO G R A P H Y .........................................................................................................................................  132

P ages



F ig u r e  P a g e s
2.1 Structures, so lu b ility  and carcin ogen icities o f  som e p o ly cy c lic  arom atic

hydrocarbons (P A H s ) .........................................................................................................................5

2 .2  C hem ical structure o f  b en zo(a)p yren e....................................................................................... 6

2 .3  C h em ical structure o f  the carcinogen  benzo(a)pyrene d io l e p o x id e ...........................9

2 .4  D egradation  p rocesses o f  p o ly cy c lic  arom atic hydrocarbon in  the

en viron m en ta l....................................................................................................................................... 11

2.5  P athw ays for the m icrobial catabolism  o f  p o ly cy c lic  arom atic h yd rocarb on s.. . . 1 8

2 .6  B en zo(a)p yren e qu inones produced from  the fungal ox id ation  o f  b en zo(a)-

p y r e n e ...................................................................................................................................................  19

2 .7  Fungal transform ation o f  b enzo(a)pyrene. The form ation o f  hydroxylated

b en zo(a)pyren es and benzo(a)pyrene d ihydrodiols occurs v ia  benzo(a)pyrene  

e p o x id e s ................................................................................................................................................. 20

3.1 S ch em e o f  the f lo w  chart experim ental p ro ced u res .......................................................  24

3 .2  L eaves 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 u r z ...................................................... 26

3.3 C om parison  o f  fungal grow th b y  m easuring co lon y  d iam eter...................................... 27

3 .4  The diagram  o f  protocol o f  the m olecu lar gen etic  process for fungal

id e n t if ic a t io n .......................................................................................................................................29

3.5  S ch em atic representation o f  the rD N A  region  o f  f u n g i ................................................. 30

3 .6  T he prim ers used  in  th is study .................................................................................................. 30

3 .7  Sum m arized  diagram  o f  the degradation k inetic stu d y .....................................................32

3.8 The H PLC chrom atogram  o f  b enzo(a)pyrene eluted  at 3 .9  (+ /-)0 .1  m i n ................ 35

4.1 G row th o f  the fungal iso lates on  m alt extract agar illustrated as the exten sion  o f

xii

LIST OF FIGURES

m yceliu m .3 9



4 .2  G row th o f  the fungal iso la tes illustrated as b iom ass grow n in l iq u id ..................41

4 .3 .1  C o lo n y  characteristic o f .............................................................................................................. 43

4 .3 .2  L ight m icrographs o f  structure and con id ia  o f ................................................................ 44

4 .3 .3  S canning E lectron M icroscope o f .........................................................................................45

5.1 B iodegradation  o f  100-ppm  BaP o f  the fungal iso late N 0 0 3  in liquid  m ed iu m ..47

5.2.1 G row th and biodegradation o f  A s p e r g i l l u s  n i g e r  N 0 0 3  in  g lu cose

contain ing m ed iu m ..........................................................................................................................49

5 .2 .2  G row th(A )and biodegradation a b ility (B )o f A s p e r g i l l u s  n i g e r  N 0 03

in g lu cose-con ta in in g  m edium  in various concentrations o f  B a P ............................ 50

5.2 .3  G row th (A ) and biodegradation ab ility  (B ) o f  A s p e r g i l l u s  n i g e r  N 0 03

in the m edium  w ith  various concentrations o f  G lu c o s e .............................................. 53

5 .2 .4  G row th (A ) and biodegradation ability  (B ) o f  A s p e r g i l l u s  n i g e r  N 0 03

in the m edium  supplem ented  w ith  5 m M  m ethan ol........................................................55

5.3.1 M ass spectrum  o f  the BaP interm ediate obtained at the end o f  incubation

from  the extra-cellu lar fraction o f  the A s p e r g i l l u s  n i g e r  N 0 0 3  ............................... 57

5 .3 .2  M ass spectrum  o f  the BaP interm ediate obtained at the end o f  incubation

from  the intracellular fraction o f  the A s p e r g i l l u s  n i g e r  N 0 0 3 ................................... 57

5.4.1 The proposed  BaP ox id ative  pathw ays o f  the extra-cellu lar and intracellular

o f  A s p e r g i l l u s  n i g e r  N 0 0 3 ......................................................................................................... 60

5 .4 .2  T he ox id ation  o f  BaP to chrysene v ia  4, 5-d ihydroxy 4 , 5 d ihydrodiol BaP

and d icarboxy lic  acid  chrysene generally  found in bacteria.....................................61

6.1 B iodegradation  o f  100-ppm  BaP o f  the fungal iso late B 0 02  in l iq u id ................64

xiii
F ig u re  P ages



X IV

6.2.1 G ro w th  an d  b io d e g ra d a tio n  o f  A sp erg illu s  n iger  B 0 0 2  in  g lu co se

c o n ta in in g  m e d iu m ........................................................................................................................66

6 .2 .2  G ro w th (A )a n d  b io d e g ra d a tio n  a b il i ty (B )o f  A sp e rg illu s  n ig er  B 002

■ in g lu c o se -c o n ta in in g  m e d iu m  in  v a rio u s  co n c e n tra tio n s  o f  B a P ........................ 68

6 .2 .3  G ro w th  (A ) an d  b io d e g ra d a tio n  a b ility  (B ) o f  A sp erg illu s  n ig er  B 0 0 2

in  th e  m e d iu m  w ith  v a rio u s  c o n c e n tra tio n s  o f  G lu c o s e ............................................ 70

6 .2 .4  G ro w th  (A ) an d  b io d e g ra d a tio n  a b ility  (B ) o f  A sp erg illu s  n iger  B 002

in  th e  m e d iu m  su p p le m e n te d  w ith  5 m M  m e th a n o l....................................................72

6.3 .1  M ass  sp e c tru m  o f  th e  B aP  in te rm e d ia te  o b ta in ed  a t th e  en d  o f  in c u b a tio n

fro m  th e  ex tra -c e llu la r  f ra c tio n  o f  th e  A sp erg illu s  n ig er  B 0 0 2 ..............................73

6 .3 .2  M a ss  sp e c tru m  o f  th e  B aP  in te rm e d ia te  o b ta in ed  a t th e  en d  o f  in c u b a tio n

fro m  th e  in tra c e llu la r  fra c tio n  o f  th e  A sp erg illu s  n ig er  B 0 0 2 .................................. 74

6 .4  T h e  p ro p o se d  B aP  o x id a tiv e  p a th w a y s  o f  th e  e x tra -c e llu la r  an d  in trace llu la r

o f  A sp erg illu s  n ig er  B 0 0 2 ............................................................................................................76

7.1 B io d e g ra d a tio n  o f  100 -p p m  B aP  o f  th e  fu n g a l iso la te  E 033  in  l i q u i d .....................79

7.2.1 G ro w th  an d  b io d e g ra d a tio n  o f  F usarium  oxysporu m  E 033  in  g lu co se

c o n ta in in g  m e d iu m ........................................................................................................................ 80

7 .2 .2  G ro w th (A )a n d  b io d e g ra d a tio n  a b il i ty (B )o f  F usarium  oxysporu m  E 033

.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  B a P ........................ 83

7.2 .3  G ro w th  (A ) an d  b io d e g ra d a tio n  ab ility  (B ) o f  F usarium  oxysporu m  E 033

in  th e  m e d iu m  w ith  v a rio u s  c o n c e n tra tio n s  o f  G lu c o s e ...............................................85

7 .2 .4  G ro w th  (A ) an d  b io d e g ra d a tio n  ab ility  (B ) o f  F usarium  oxysporu m  E 033

in  th e  m e d iu m  su p p le m e n te d  w ith  5 m M  m e th a n o l.........................................................87

Figure Pages



X V

7.3.1 M a ss  sp e c tru m  o f  th e  B aP  in te rm ed ia te  o b ta in ed  a t th e  en d  o f  in c u b a tio n
fro m  th e  e x tra -c e llu la r  frac tio n  o f  th e  F usarium  oxysporu m  E 0 3 3 ........................89

7 .3 .2  M ass  sp e c tru m  o f  th e  B aP  in te rm ed ia te  o b ta in ed  a t th e  en d  o f  in c u b a tio n

fro m  th e  in tra c e llu la r  frac tio n  o f  th e  F usarium  oxysporu m  E 0 3 3 .......................... 89

7 .4  T h e  p ro p o se d  B aP  o x id a tiv e  p a th w a y s  o f  th e  e x tra -c e llu la r  an d  in tra c e llu la r

o f  F u sariu m  oxysporu m  E 0 3 3 .................................................................................................. 92

8 .1 B io d e g ra d a tio n  o f  10 0 -p p m  B aP  o f  th e  fu n g i iso la te s  in  liq u id  m e d iu m ............95

8.2.1 B io d e g ra d a tio n  o f  B aP  o f  th e  th re e  fu n g a l iso la te s  w h e n  g re w  w ith

D iffe re n t re c ip ro c a tin g  sh ak in g  r a t e .....................................................................................97

8 .2 .2  B io d e g ra d a tio n  o f  B aP  o f  th e  th ree  fu n g a l iso la te s  e x p re ssed  as  sp ec if ic

d e g ra d a tio n  p e r  ce ll d ried  w e ig h t a t th e  tim e  in d ica ted  in  g lu c o se .......................... 99

8.2 .3  B io d e g ra d a tio n  a b ility  o f  th e  th re e  p ro m is in g  fung i in  th e  m e d iu m  w ith

v a rio u s  c o n c e n tra tio n s  o f  g lu c o se .........................................................................................101

8 .2 .4  B io d e g ra d a tio n  ab ility  o f  th e  th re e  p ro m is in g  fu n g i in  th e  m ed iu m

su p p le m e n te d  w ith  5 m M  m e th a n o l......................................................................................103

D - l  T h e  sc h e m e  o f  d ilu tio n  m e th o d  u sed  fo r p ro d u c in g  p u re  c o lo n y ............................. 125

E - l  C a lib ra tio n  cu rv e  o f  B a P ............................................................................................................. 126

E -2  T h e  H P L C  c h ro m a to g ra m  o f  re m a in in g  B aP  o b ta in ed  a t tim e  0 , 10, 20 ,

an d  30  d ay s  o f  in c u b a tio n  fro m  th e  A sp erg illu s  n iger  N 0 0 3 .................................... 127

E -3 T h e  H P L C  c h ro m a to g ra m  o f  re m a in in g  B aP  o b ta in ed  a t tim e  0 , 10, 20 ,

a n d  30 d ay s  o f  in c u b a tio n  from  th e  A sp erg illu s  n iger  B 0 0 2 .................................... 127

E -4  T h e  H P L C  c h ro m a to g ra m  o f  rem a in in g  B aP  o b ta in ed  a t tim e  0 , 10, 20 ,

an d  30  d ay s  o f  in c u b a tio n  fro m  the  F usarium  oxysporu m  E 0 3 3 ........................... 127

Figure Pages



2.1 T h e  re le v a n t p h y sic o -c h e m ic a l p ro p e rtie s  o f  B e n z o (a )p y ren e  .....................................7

2 .2  L is t o f  fu n g i c a n  d eg rad e  o f  b e n z o (a )p y re n e ......................................................................... 14

4.1 S u m m a riz e d  s tep s  o f  e x p e rim e n t.................................................................................................38

5.1 L ists  o f  th e  p o ss ib le  B aP  m e tab o lite s  fro m  th e  A sp e rg illu s  n ig er  N 0 0 3 .................. 58

6 .1 L is t o f  th e  p o ss ib le  th e  B aP  m e ta b o lite s  fro m  th e  A sp erg illu s  n ig er  B 0 0 2 ...........74

7.1 L is t o f  th e  p o ss ib le  B aP  m e ta b o lite s  fro m  th e  F usarium  o xysporu m  E 0 3 3 ...........90

8.1 L is t o f  th e  p o ss ib le  B aP  m e ta b o lite s  fro m  th e  th re e  p ro m is in g  fu n g i .....................105

A -l M a x im u m  a llo w ab le  c o n c e n tra tio n  o f  B aP  in  so il fo r d iffe re n ce  p u rp o s e s .......... 121

A-2 The c la ss if ie d  th e  P A H s-p o llu tin g  a re a ................................................................................... 121

B - l  T h e  e s tim a te d  c o s t (บ ร  d o lla rs )  fo r P A H s tre a tm e n t in  s o i l ....................................... 122

C - l  C o m p o s itio n  o f  M S M  u sed  fo r th is  s tu d y ............................................................................ 123

F -l C h a ra c te ris tic  o f  fu n g a l iso la te s  fro m  p rim ary  an d  se c o n d a ry  s c re e n in g ..............127

G -l The sequence o f some prim ers and prom oter used in the process o f  identification o f

F ungi........................................................................................................................................................130

G-2 T h e  se q u e n c in g  o f  b a se  fo r  th e  3 p ro m is in g  fu n g i.......................................................... 131

xvi

LIST OF TABLES
Table Pages



xv ii
LIST OF ABBREVIATIONS

A T S D R

B aP

B P D E

C E R C L A

D C M  

H P L C  

I A R C  

IT S

K  ow

L C -M S

m M  =

M E A

M S M

P A H s

P C R

p p m

U S E P A

A g e n c y  fo r T o x ic  S u b s tan ces  an d  D ise a se  R eg is try

B e n z o (a )p y ren e

B e n z o (a )p y ren e  D io l E p o x id e

T h e  C o m p re h e n s iv e  E n v iro n m e n ta l R e sp o n se , C o m p e n sa tio n  

an d  L iab ility  A c t 

d ic h lo ro m e th a n e

H ig h  P e rfo rm a n c e  liq u id  c h ro m a to g ra p h y

T h e  In te rn a tio n a l A g e n c y  fo r R e se a rc h  o n  C a n c e r

In te rn a l T ra n sc r ib e d  S p ace r

O c ta n o l-w a te r  p a r titio n  co e ffic ien ts

L iq u id  C h ro m a to g ra p h y -  M ass S p ec tro m e try

m illi-m o la r

M a lt E x tra c t A g a r

M in e ra l S a lts  M e d iu m

P o ly c y c lic  A ro m a tic  H y d ro ca rb o n s

P o ly m e ra se  C h a in  R e a c tio n

p a rt p e r  m illio n

U n ite d  S ta te  o f  th e  E n v iro n m en ta l P ro te c tio n  A g e n c y


	Cover (Thai)


	Cover (English)


	Accepted


	Abstract (Thai)


	Abstract (English)


	Acknowledgements


	Contents



