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M a x im u m  A l lo w a b le  C o n c e n tr a t io n  o f  B a P

T h e  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 se s  
a re  sh o w n  in  T ab leA -1  an d  th e  c la ss if ie d  th e  P A H s-p o llu tin g  a re a  is sh o w n  in  T ab le  
A -2

Table 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 se s
T h e  leg is la tio n  o f A rea M a x im u m  a l lo w a b le  (n g /g )

Catalonia, Spain N on industrial area 80
Industrial area 75 00

Canada A gricultural area 100
Residential area 700
Com m ercial area 700
Industrial area 700

Source: Nadal et al., 2004

T h e  c la ss if ic a tio n  c r ite r ia  o f  p o llu te d  o r u n p o llu ted  a re a  w as co u n te d  b ase  o n  
th e  to ta l a m o u n t o f  th ree  to  s ix  rin g  p a re n t p o ly cy c lic  a ro m a tic  h y d ro c a rb o n  (m /z  178, 
p h e n a n th re n e / an th racen e), (m /z  202 , p y re n e / flu o ran th ren e ), (m /z2 2 8  
b e n z o (a )a n th ra c e n e / ch ry sen e ), (m /z  2 5 2 , b en zo (a ) f lu o ra n th re n e / b e n z o (a )p y ren e / 
b en zo (e ) p y re n e ), (m /z  276 , in d e n o (l,2 ,3 -c d )p y re n e /b e n z o (g h i)p e ry le n e ) .

Table A-2 The c la ss if ie d  th e  P A H s-p o llu tin g  a rea
T o ta l c o n cen tra tio n  p er  gram  d ry  w e ig h t In d ica ted  as

< 100 ng/g Low pollution
>1000 ng/n Chronically polluted industrialized areas and 

harbors
Source: Baum ard et al., 1998
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T h e  a d v a n ta g e  o f  b io re m e d ia tio n  o v e r  th e  o th e r  m e d ia tio n  te c h n o lo g ie s  
a c c o rd in g  to  th e  re la tiv e ly  lo w  co st w h e n  c o m p a re d  to  th e  p h y s ica l an d  ch em ica l 
p ro c e sse s  (T ab le  B - l) .

T ab le  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  so il
Technologies Cost/cubic yard

In c in e ra tio n 250-800
L an d  f illin g 150-250
P h y s ic a l-c h e m ic a l * 80-120
B io re m e d ia tio n 40-100

* F ac ilita te  m a c h in e  n o t in c lu d e  
S o u rce : L e v in & G e a lt, 1993



The mineral salts medium (MSM)
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A  m in e ra l sa lt m e d iu m  (M S M ), liq u id  m ed iu m , u se d  fo r th e  iso la tio n  and  
d e g ra d a tio n  e x p e rim e n ts  w as  co n s is ted  o f  th e  fo llo w in g  c o m p o n e n ts  p e r  liter.

T a b le  C - l  C o m p o s itio n  o f  M S M  u sed  fo r th is  s tudy
Element g/1
KC1 0.25
N a 2H P 0 4.7 H 20 15.70
N a H 2P 0 4.2 H 20 6 .50
n h 4n o 3 1.0
M g S 0 4.7 H 20 0.5
F e S 0 4 .7H 20 0.1
M n C l2.4H 20 0.01
Z n S 0 4 7 H 20 0.1
C u S 0 4  ,5 H 20 0.05
C o C l2. 6 H 20 0.01
N a 2M o 0 4.2 H 20 0.03

T h e  fin a l p H  o f  m e d iu m  =  5 .5 , an d  5 m M  g lu co se  w as u se d  as  c a rb o n  sou rce  
su p p le m e n te d  fo r fu n g a l g ro w th . T h e  M S  m ed iu m  w as a u to c la v e d  a t 121 0 c  fo r 15 
m in  b e fo re  use .

Malt Extract Solid Agar Media (MEA)
M a lt E x tra c t M e d ia  (M E A ) is co n s is ted  o f
M a lt ex trac ts 20 g/1
P ep to n e 4 g/1
G lu co se 20 g/1
A g a r 20 g/1

M E A  w as a u to c la v e d  a t 121 ° c  fo r 15 m in  b efo re  use . T h e  0 .5 %  o f  s trep to m y c in  w as 
ad d ed  to  elim inate the growth o f  bacteria.



APPENDIX D 
The dilution method

T h e  p ro c e d u re  co n s is ted  o f  d ilu tio n  o f  th e  m ic ro b ia l w ith  a  se rie s  o f  s te rile  
w a te r. D ilu tio n s  w e re  g en e ra lly  p re p a re d  in  9 m l o f  s te rile  w a te r  w h e re  1 g ram  o f  
sam p le  w as a d d ed  to  c rea te  a  1:10 d ilu tio n . T h e  fu rth e r d ilu tio n s  w ere  n eed ed  by  
ad d in g  1 m l fro m  1:10 d ilu tio n  in  a  tu b e  co n ta in in g  to ta l o f  9 m l M S  m ed iu m  to 
p re c e d e  1 :100  d ilu tio n  o f  th e  o rig in a l m ic ro -o rg a n ism , th e  d ilu tio n s  as  1 :1000  o r m o re  
d ilu tio n  c o u ld  b e  u se d  i f  n e c e ssa ry  b y  th e  sam e  p ro ced u re s  in d ic a te d  h e re  (F ig u re  D -
1). G e n e ra lly  0.1 m l o f  th e  d ilu ted  sam p le  w as p ip e tte  o n to  th e  su rface  o f  a  so lid ified  
a g a r m e d iu m  c o m b in e d  w ith  0 .5 %  an tib io tic  in  a  P e tri d ish . T h e  liq u id  w as sp read ed  
o v e r  th e  m e d iu m  w ith  a  s te riliz ed , b en t, g lass  rod . A fte r  48  h o u rs  o f  in c u b a tio n , th e  
fu n g a l iso la te s  w e re  o b se rv e d  an d  p ro cessed . T o  im p ro v e  th e  a c c u ra cy  o f  th e  
m e th o d s , a t least, th e  tr ip lic a te  p la te s  o f  each  d ilu tio n  w ere  p rep a red .

1 :1000

เ

1:1000

F ig u re  D - l  T h e  sch em e  o f  d ilu tio n  m e th o d  used  fo r p ro d u c in g  p u re  co lony . 
S o u rce : h ttp ://w w w .a p sn e t.o rg /e d u c a tio n /Illu s tra te d G lo ssa rv

http://www.apsnet.org/education/IllustratedGlossarv


APPENDIX E
126

HPLC calibration curve of benzo(a)pyrene

A  c a lib ra tio n  cu rv e  w as d e v e lo p e d  fo r d e te rm in in g  th e  B aP  c o n c e n tra tio n  
e x tra c te d  fro m  liq u id  cu ltu res . T h e  s to ck  so lu tio n  o f  B e n z o (a )p y ren e  s ta n d a rd  in  
a c e to n itr ile  w a s  d ilu te d  to  o b ta in  th e  d e s ira b le  c o n c e n tra tio n  ( tr ip lic a te  p e r  each ). T he 
c a lib ra tio n  s ta n d a rd s  w ere  a n a ly z e d  s im ila r  to  th e  sam p le  p ro c e d u re s  b y  p a ss in g  
th ro u g h  th e  H e w le tte  P a c k a rd  H y p o s il C l 8 re v e rse  p h ase  c o lu m n  (2 5 0 m m  X  4 m m ) 
e q u ip p e d  w ith  u v  2 5 4  n m  d e te c to r  w ith  th e  f lo w  ra te  o f  1.0 m l/m in . C a lib ra tio n  
cu rv e  o f  B aP  w a s  sh o w n  in  F ig u re  G - l

F ig u re  E - l  C a lib ra tio n  cu rv e  o f  B aP
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Characterization of fungal isolates

T ab le  F - l  C h a ra c te ris tic  o f  funga l iso la te s  fro m  p rim a ry  an d  se co n d a ry  sc reen in g

Iso la te s M o rp h o lo g ic a l 
c la ss if ic a tio n  
(co lo r, sh ap e , e tc .)

P rim ary  sc reen in g  o n  so lid  ag a r at 
14 d ay s  (g ro w th  ra te  in  cm .)

D eg rad a tio n  
e ffic ien cy  in 
liq u id  m e d ia  
w ith  100 p p m  
B aPco n tro l

w ith  100 p p m  
B aP

E 001 w h ite , ro u n d  sh ap e 6 .50 D ea th N P
E 0 0 2 fad e  y e llo w 8.00 D ea th N P
E 003 d eep  g reen 5 .50 D ea th N P
E 0 0 4 g re e n + 4 .5 0 2 .00 N P
E 005 w h ite 8 .50 D ea th N P
E 0 0 6 g re e n + + 6 .20 D ea th N P
E 0 0 7 g re e n ish  b lu e 1.75 D ea th N P
E 008 w h ite  m y c e liu m 3.00 0 .80 N P
E 0 0 9 b ro w n + + 5.75 6 .50 2 0 .0 0 %
E 010 y e llo w , w h ite  b o rd e r 1.90 D ea th N P
E 0 1 1 w h ite , th in  m y ce liu m 1.50 D ea th N P
E 012 y e llo w  g reen 4 .30 1.20 N P
E 013 b ro w n + 2 .50 D ea th N P
E 0 1 4 o ran g e+ 8.50 D ea th N P
E 015 g rey , th ic k  m y ce liu m 5.50 6 .30 2 1 .8 0 %
E 016 g rey , ro u n d  sh ap e 4 .5 0 5 .20 18 .54%
E 0 1 7 g reen , y e llo w  b o rd e r 4 .50 1.55 N P
E 018 w h ite 8 .50 D ea th N P
E 019 b rig h t g reen 3 .00 D ea th N P
E 0 2 0 b ro w n  -H-+ 4 .30 3 .00 N P
E021 b rig h t y e llo w 6 .80 4 .15 N P
E 022 g reen , w h ite  b o rd e r 5 .60 3 .20 N P
E 023 w h ite  m y ce liu m , b ro w n  

sp o re
2 .50 D ea th N P

E 024 o ran g e , th ic k  m y ce liu m 4 .10 D ea th N P
E 025 g re e n ish  y e llo w 3.80 0 .80 N P
E 026 fad e  o ran g e , u n d e fin ed 6 .10 3 .50 N P
E 027 w h ite  m y ce liu m , g rey  

sp o re
4 .15 6 .00 3 2 .2 5 %

E 028 o ra n g e + + 7.20 D eath N P
E 029 w h ite , th in  m y ce liu m , 

f lo w e r sh ap e
7.30 D eath N P

E 030 b lack  spo re 2 .00 D eath N P
E031 w h ite  m y ce liu m , y e llo w  

sp o re
1.90 D eath N P
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Iso la te s M o rp h o lo g ic a l 

c la ss if ic a tio n  
(co lo r, sh ap e , e tc .)

P r im a ry  sc reen in g  o n  so lid  ag a r a t 
14 d ay s  (g ro w th  ra te  in  cm .)

D eg rad a tio n  
e ffic ie n cy  in  
liq u id  m ed ia  

w ith  100 p p m  
B aP

co n tro l w ith  100 p p m  
B aP

E 0 3 2 d eep  g rey 2 .4 0 D ea th N P
E 033 w h ite , th ic k  m y c e liu m 3 .00 6 .55 6 5 .4 0 %
E 0 3 4 w h ite  m y ce liu m , flo w er 

sh ap e
6 .40 3 .60 3 1 .1 5 %

E 035 y e llo w  m y c e liu m , b ro w n  
sp o re

2 .0 0 D ea th N P

E 0 3 6 d eep  g reen , f lo w e r sh ap e 3 .00 1.00 N P
E 0 3 7 fad e  o ra n g e 4 .8 0 3 .50 N P
E 038 y e llo w  th in  m y c e liu m 8.10 2 .2 0 N P
E 0 3 9 g re e n ish  b lu e 8 .00 D ea th N P
E 0 4 0 p in k 4 .0 0 D ea th N P
N 001 w h ite  m y c e liu m , b lack  

sp o re
2 .8 0 2 .2 0 + c le a r  zo n e 12 .15%

N 0 0 2 w h ite  m y c e liu m , b lack  
sp o re  in  m id d le

2 .50 2 .1 0 + c le a r  zo n e 2 3 .3 2 %

N 003 w h ite  m y c e liu m , b lack  
sp o re  in  m id d le

4 .5 0 8 .00 7 9 .8 5 %

N 0 0 4 fad e  p in k 3 .55 3 .60 2 1 .2 5 %
N 005 fad e  y e llo w  m y c e liu m 5.10 3 .2 0 + c le a r  zo n e 2 2 .4 5 %
N 0 0 6 b la c k  sp o re  f lo w e r sh ap e 4 .55 D ea th N P
N 0 0 7 w h ite  m y c e liu m 5.50 5 .0 0 + c lea r zo n e
B001 w h ite  m y c e liu m 2 .20 D ea th N P
B 002 w h ite  m y c e liu m , b lack  

sp o re
5 .50 8 .20 6 9 .9 5 %

B 003 w h ite , th ic k  m y ce liu m 7.50 2 .3 0 N P
B 004 w h ite , th ic k  ro u n d  sh ap e 3.55 D ea th N P
B 005 w h ite , b la c k  sp o re  in  

b o rd e r
6 .00 2 .50 N P

B 0 0 6 w h ite  th in  m y ce liu m 3 .10 2 .5 0 N P

N P =  N o t p e rfo rm e d
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Sequence of base of primers, promoter and sequence alignment 
of the three promising fungi

T a b le  G - l  T h e  sequences o f  p r im e rs  a n d  p ro m o te r  (as a  s e q u e n c in g  p r im e r )  used in  th e  

p ro ce ss  o f  id e n t if ic a t io n  o f  fu n g i

P r im ers  or  
p ro m o ters

B a se  seq u en ces (5 ’—> 3 ’)

IT S  1 p r im e r T C C G T  A G G T  G A A C C T G C G C

IT S  1F p r im e r C T T G G T C A T T T A G A G G A A G T A A

IT S  4 p r im e r T C C T C C G C T T A T T G A T A T G C

T 7  p ro m o te r T A A T A C G A C T C A C T A T A G G G C G A A T T G G G T A C C G C C C /G G G C T A

G A

F o r  b la s t in g  o f  D N A  a ch ie v e d  to  gene  b a n k  g o  to

URL-http://fungalgenomics.concordia.ca/fungi/ or at N C B I o r  a t D D B J
URL-http://ww\v.ddbj.nig.ac.jp

http://fungalgenomics.concordia.ca/fungi/
http://ww/v.ddbj.nig.ac.jp
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Table G-2 T h e  seq u e n c e s  o f  IT S  o f  th e  3 p ro m is in g  fung i
Fungal strains B a se  seq u en ce
Aspergillus 
niger strain 
N003

C T T G G T C A T T T A G A G G A A G T A A A A G C G T A A C A A G G T T T C C G T A G G T G A
A C C T G C G G A A G G A T C A T T A C C G A G T G C G G G C T G C C T C C G G C G C C C A A
C C T C C C A C C C T T G A A T A C T A A A C A C T G T T G C T T C G G C G G G G A G C C C C T
T C C G G G G G G C A A G C C G C C G G G G A C C A C T G A A C T T C A T G C C T G A G A G T

G A T G C A G T C T G A G T C T G A A T T A T A A A T C A G T C A A A A C T T T C A A C A A T G
G A T C T C T T G G T T C C G G C A T C G A T G A A G A A C G C A G C G A A C T G C G A T A A
G T A A T G T G A A T T G C A G A A T T C A G T G A A T C A T C G A G T C T T T G A A C G C A C

A T T G C G C C C C C T G G C A T T C C G G G G G G C A T G C C T G T C C G A G C G T C A T T G
C T G C C C T T C A A G C C C G G C T T G T G T G T T G G G T C G T C G T C C C C C C C G G G G
G A C G G G C C C G A A A G G C A G C G G C G G C A C C G T G T C C G G T C C T C G A G C G T
A T G G G G C T T T G T C A C C C G C T C G A T T A G G G C C G G C C G G G C G C C A G C C G
G C G T C A T C A A T C T A T T T T A C C A G G T T G A C C T C G G A T C A G G T A G G G A T A
C C C G C T G A A C T T A A G C A T A T C A A T A A G C G G A G G A

F usarium  
oxysporu m  
s tra in  E 033

C T T G G T C A T T T A G A G G A A G T A A A A G T C G T A A C A A G G T C T C C G T T G G T G
A A C C A G C G G A G G G A T C A T T A C C G A G T T A T A C A A C T C A T C A A C C C T G T G
A A C A T A C C T A T A A C G T T G C C T C G G C G G G A A C A G A C G G C C C C G T A A C A
C G G G C C G C C C C C G C C A G A G G A C C C C C T A A C T C T G T T T C T A T A A T G n T
C T T C T G T G T A A A C A A G C A A A T A A A T T A A A A C T T T C A A C A A C G G A T C T C
T T G G C T C T G G C A T C G A G T A A G A A C G C A G C G A A A C G C G A T A A G T A A T G
T G A A T T G C A G A A T T C A G T G A A T C A T C G A A T C T T T G A A C G C A C A T T G C G
C C C G C C A G T A T T C T G G C G G G C T G C C T G T T C G A G C G T C A T T A C A A C C C T
C A G G C C C C C G G G C C T G G C G T T G G G G A T C G G C G G A A G C C C C C T G C G G G
C A C A A C G C C G T C C C C C A A A T A C A G T G G C G G T C C C G C C G C A G C T T C C A T
T G C G T A G T A G C T A A C A C C T C G C A A C T G G A G A G C G G C G C G G C C A C G C C
G T A A A A C A C C C A A C T T C T G A A T G T T G A C C T C G A A T C A G G T A G G A A T A C
C C G C T G A A C T T A A G C A T A T C A A T A A G C G G A G G A

A sp e rg illu s  
n ig er  s tra in  
B 0 0 2

C T T G G T C A T T T A G A G G A A G T A A A A G T C G T A A C A A G G T T T C C G T A G G T G
A A C C T G C G G A A G G A T C A T T A C C G A G T G C G G G T C C T T T G G G C C C A A C C T
C C C A T C C G T G T C T A T T A T A C C C T G T T G C T T C G G C G G G C C C G C C G C T T G T
C G G C C G C C G G G G G G G C G C C T T T G C C C C C C G G G C C C G T G C C C G C C G G A
G A C C C C A A C A C G A A C A C T G T C T G A A A G C G T G C A G T C T G A G T T G A T T G A
A T G C A A T C A G T T A A A A C T T T C A A C A A T G G A T C T C T T G G T T C C G G C A T C
G A T fJ A  AG  A A G G G A G G G A  A A T G G G A T A  A G T A  A T G T G A  A T T f iC A G A  A T T

C A G T G A A T C A T C G A G T C T T T G A A C G C A C A T T G C G C C C C C T G G T A T T C C
G G G G G G C A T G C C T G T C C G A G C G T C A T T G C T G C C C T C A A G C C C G G C T T G
T G T G T T G G G T C G C C G T C C C C C T C T C C G G G G G G A C G G G C C C G A A A T T C A

G C G G C G G C A C C G C G T C C G A T C C T C G A G C G T A T G G G G C T T T G T C A C A T G
C T C T G T A G G A T T G G C C G G C G C C T G C C G A C G T T T T C C A A C C A T m T T C C
A G G T T G A C C T C G G A T C A G G T A G G G A T A C C C G C T G A A C T T A A G C A T A T C
A A T A A G C G G A G G A
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D ate  o f  b ir th  : 24  A p ril 1959 
P lace  o f  b irth : B an g k o k , T h a ilan d
E d u c a tio n  : 1982, B .S c. (C h em is try ), C h u la lo n g k o m  U n iv e rs ity , B an g k o k , 

T h a ilan d
: 1989, M .S c. (E n v iro n m en ta l S c ien ce), C h u la lo n g k o m  U n iv e rs ity , 

B an g k o k , T h a ilan d
: 1992, D .E .A  (M ic ro b io lo g y -B io te c h n o lo g y ) IN S A , T o u lo u se , F ran ce  

O ffice  ะ D e p a rtm e n t o f  C h em ica l E n g in ee rin g , F acu lty  o f  E n g in ee rin g , 
M ah id o l U n iv e rs ity , B an g k o k , T h a ilan d .
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