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Academic Year 2008

ABSTRACT

This study was conducted to evaluate the biodegradability of used lubricating oil
(ULO) in Mineral Salt Medium (MSM) using a pure and mixed bacterial culture and SC9
consortia of bacterial culture were isolated from oil contaminated soil. Four bacterial strains
including Chryseobacterium sp., Sphingobacterium multivorum, Bacillus cereus and
Agrobacterium tumefaciens were used as inoculum for ULO degradation in MSM medium in
comparison with their mixtures and SC9 consortia. After 7 days of incubation, SC9 consortia was
the most effective starter as evidenced by 44.5% degradation of ULO. Factors affecting ULO
degradation by SC9 consortia in soil slurry including soil concentration, inoculum size, initial pH
of soil slurry and nutrients source as well as with and without sterilization were studied. Maximal
degradation rate of ULO (61.2%) was obtained when SC9 consortia was incubated in MSM
medium at initial pH 8.0 supplemented with 10% (w/v) soil concentration, 15% (v/v) inoculum
size, 40 g/L (NH,),SO,, 1.8 g/L K,HPO, and 0.6 g/L KH,PO, for 7 days. It was found that the
maximum degradation up to 88.6% and aliphatic fraction and aromatic fraction of ULO was
degraded within 30 days of experiment was obtained from unsterilized soil slurry supplemented
with SC9 consortia and crude biosurfactant produced from Acinetobacter calcoaceticus subsp.
anitratus SM7. These results suggested that biosurfactant produced from A. calcoaceticus subsp.
anitratus SM7 and SC9 consortia have potential for apply in soil slurry bioremediation of ULO-

contaminated soil.
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Table 1. Components of car engine base oil.

Component Ratio (%)
Saturated fraction 90.9
Normal paraffin 15.5
Cyclic paraffin 75.4
Aromatic fraction 9.1
Naphthalene 1.7
Fluorene 1.2
Benzene 1.1
Dibenzofuran 1.0
Dinaphthenebenzene 0.8
Dibenzanthracene 0.6
Naphthobenzothiophene 0.3
Perylene 0.2
Benzothiophene 0.2
Chrysene 0.1
Unknown 1.9

111 : Koma tagaag (2001)
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Table 2. Properties of ULO.

Characteristic Values
Elemental (wt.%)
C 81.50
H 11.95
N 0.12
S 0.19
Ash 0.63
Dynamic viscosity (m’s ) 0.50
Density (20°C, g cm) 0.8797
Gravity (15.6/4) 0.8833
Paraffin (wt.%) 58
Naphtha (wt.%) 42

17 : Kim 1agaae (2003b)
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1Y

a

2.4 53823A1NDA (time of occurrence)
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a
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' . . I an o s = 1Y
NIYNIN 1YY soil vapor extraction L‘]J“L!’J‘ﬁfﬂﬁUWU@T@EJﬂﬁﬂﬂﬁ']ﬁUlﬁiﬂﬁﬂﬁll’f)uﬂigmﬂulﬂ@ﬂﬂ
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AWNTUNNANUNTUUAZ TOELANS 1IRBNALAAI 9 15U M3 THIMToIMAAINAUgIDn

o a § o a <3| .
adlusuauiesin l¥inasesd 1y Wudu (Hoier er al., 2009)

3.2 3smsmand (chemical method)

Y
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[
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Y
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3.2.1 msldsazanaail 1Huismsaeanssznenlalasasueusenuinnaumnse
Swﬁﬂmﬂyau L5 hydroxypropyl[B]cyclodextrin (HPCD) (Oleszczuk, 2009), n-butanol (Kelsey
etal., 1997) wazms A aaus IR UnI1zH (surfactant extraction) (Volkering et al., 1997)
1% Triton X-100, Brij 30 1482 Tween 80 (Kim ef al., 2001) udu

3.2.2 mﬂ%’ﬁ’a@ﬂcﬁ’uﬁ!ﬂmmuﬁe WhuitmsgadudumsiszneuleTasmsvouludu
wioihiluion W 35 solid phase extraction (Cuypers ez al., 2002) FUAVDIAIAATY 1951
silica sorbents, polymeric, carbon-based t41¢ Tenax TA (Cornelissen et al., 1998) L‘?Jus?fu

wonniifanms1#Te Taulumssisamatsznonlalasmivou (Javorska

et al., 2009) TaoToTsuiailuaiseonduaus (oxidant) #1549 Lﬁaazamaéﬁluﬂymmﬁﬂmi
unsidnlds@maz lugniuvesduilfinaniseond laduos PAHs ldaansdanats nie

a o s =R ] A~ o Jd v J aa
AARNUN “ﬁﬂ@fﬁlﬂlu?’ﬂﬂl’f)\ifﬂﬁﬂigﬂ@‘]JVIiJﬁﬂJV‘IQﬂ%’uﬂl’ﬂﬁﬂiﬂﬂTiU’ﬂﬂ%’ﬁﬂ phenyl, aldehyde
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Aa o S A <3 9 A & a o 4 1 dy ' [
Wa@]ﬂﬂl“'I/WINﬂluTﬂTNLaQaLaﬂﬁﬂllﬂWﬁ?ﬂ‘lﬂlﬂ"lﬁﬁ"ﬁWa@]ﬂﬂ!cﬂLﬁﬁ"luﬁ'lﬂ"liﬂﬂﬂﬂﬁﬁ"lﬂﬂﬂiﬂﬂ

M9FININ (Hong et al., 2008)
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3.3 35MIMITIMN (biological method)

ag dy I YA aaa ' a A = 4 ' 1

Ul 0TI 195U wuANSe 51 vaa uazavisielumsessaaiy

J Q' a
msdszneulalasasueu (Lindstom and Braddock, 2002; Gorda et al., 2007) Taedalain
1 dy 9 4 aR 4! Y 9 [}
wiataz ldasdszneulalasasueulunszurumauunusddusideqldnarlumsdos
1 o g A a a [ I~ (] 3 o &
aaneadUd Y aatiumaulszaninnlumsdesaarsldiiu lueg1asias 15 utlud o
a a Ao w ] o Y

AuANUUYL pnFIU 1o 1mIndnn wu lulaswu uazdearesaliimunzan Tae

Q U

A dAA o 1 4 ] Y ] o Aa
FAUNTY lJﬂ'JTJJFﬂ1&‘W1$§]'€]ﬁ'ﬁﬂi$ﬂf]ﬂllajﬂiﬂ'liﬂ0uﬂ3°ﬁ381ﬁﬂ15ﬂ@ﬂﬁﬁ?ﬂﬁ'?ﬂ1iﬂ@nuu1ﬂ

Q

a
Y [ <
1@0619590157 (Boopathy, 2000)
[ a I~ a A aa
Msdesaals1neF133 (bioremediation)  1HuITM T 1gaeuFIa Tagmniy
a A o w a A A [ A 9 1 A A & Y
gaunsdlumstivamsdsznoudunisiilusuasieludunadon vu aunduilouals
a S d =® 4 YA I a Y A o
msisznoudunid sauneasdsznevlalasamsueuldianuiunyiosas nsaduniie
) " o q & @ P H .
Yosad 5y Mldaaetumsueulasen lesd uaziin (Wilson and Jones, 1993)
Aas o Q‘ Y =
3.3.1 IEMsihiadunAaaumMeyINn
an o @ y A 9 9 = 09}1
Aamsiiaasduidleuluduiadonlasldnszuiunisniadininiiu
Uszneudig 2 35MINEN (Suthersan, 1999) AD

F
Y a a o A

. . . I~ 9 A LA 1 a =\
3.3.1.1 Biostimulation Lﬂumiﬂﬁzﬂuimauma uagiuﬂuuuummiﬂg Hagy

Q
4

anuasalunmsdesaareaisiylaavu 1dun niseuarseinis wu lulasau
[ Y a a d'd dy = a =S A 1
Woanesa msl¥eongsnuad luuTNANTNMTUWAou 5INDIMTIANTITAAUTIAIN VLB
A J o Y ~ A 1 Y1 d?} .
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USuaeondiau M ldmanisoremernia USuanizldimuizanasn1id1sa31auo

Y
a Y @

AAa = 09: o 1 J 9
NUBIAUTLIUUU f)ﬂVNﬂQG]ﬂﬂaﬂﬂ’JTJJﬁnHiﬂﬂlﬁNﬁﬁ‘ﬂi%ﬂ’f)‘UUl%Iﬂﬁﬂ"liﬂ’f)usluﬂﬁ!ﬂﬂ%ll
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o Y 4 A A Y 1 a Y Y a s J
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= )

Y
0 149 52 Tl 18590157 (Kastner and Mshro, 1996) tazmituilouvesaisni luau

4

v 2 v
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<3| o Y a =
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Y = [ A . .
hlﬂ‘lrﬁﬂll'i%ll‘ﬂﬂﬁﬁ]ﬂﬂ"li‘ﬂﬂ (Vidali, 2001)

i
agaAa 1

3 a A Aa A 1
3.3.1.2 Bioaugmentation (TUITN¥0duaTy Tonndseansanlunsdes

v
=
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darearsneNnduilenludunadon sullumsiaugaunisnianuawsolunsnlasu

a
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o @ 4 @ a
msUsvdgemenus laeldimaluladn1aWugInIngsu (genetically engineered

0o v R o

[ a { . < v A
microorganism, GEM) lumsdesaatsansluusnaiuniidaddniludeserdenanssuves

2

a

Jd A 4 a ]
AUNTIA DU (exogenous microorganisms) Lﬁ@ﬂizﬂuiﬁlﬂﬂﬂ’i$°}JQUﬂiiﬂﬂﬂﬁa1ﬂ

Q q

=KX o [

A Y o [ o W { o ) a I'd [
(Watanabe, 2001) Tag25n5iiiilasensadoiinanaismieadsdimsunsiingaunsdaana

1 a a
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T ludanadonaia 1dun yaunssnaziir 1l iuen hilsgaunidntegluusnui

Q Q

'
a o

Y o o A o qQ ¥ a I 1 a Al A A A o
ADINIINIVATITINY ‘Vlﬂmﬂﬂmflzm’iu"wﬂluizﬂ’lﬁﬁ;auﬂiﬂmmuﬂuﬂauﬂiﬂ‘ﬂ@ﬂﬂiziﬂ

'
a A o 9

a [ Y 09/' g A 1
01U (indigenous microorganisms) muuﬁ;auﬁslmmuﬁ]xé’fmmmimwummuuazagia@“l@
' 4
Tudaadeniiy ) (Vidali, 2001)
= Y S A . .
Straube HagAU (2003) ANYINT 1FUUANIS Y Pseudomonas aeruginosa strain
£ v A ] 1 4 1 o a
64 G]f\ilﬂuﬁ’]EJWu‘ljﬂ/]Ulll’ﬁ’]ll’liflfJ'fJﬂﬁa']ﬂﬁ’]iﬂﬁgﬂ@‘]J]’laiﬂﬁﬂ'ﬁU@uﬁﬂmﬂﬂﬂ’lil@]ﬂﬁ’liﬂ’lﬂ’lﬁ
§ 2 . . ;
(biostimulation/bioaugmentation)  teINNBAIINTEReaa1ea15YsenoU lalasA1s uoun
d!y a 1 4
Yudlouludu wui arstsenevlalasmsvenanas 87% 1ag benzo[alpyrene anad 67%
4 1 4
!Lﬁglﬁ@ﬂlﬂ'lﬂellu'lﬂﬂ']ﬁﬂﬂﬁﬂ\‘] WU ﬁ’liﬂﬁgﬂﬂﬂl‘l\ajﬂﬁﬂ'ﬁﬂﬂuaﬂaq 86% IUae
benzo[alpyrene AAAY 87% 1WA 16 1A0U
o v A Y g J
3.3.2 ﬂ15U1ﬂﬂﬂuﬁﬂu!ﬂ@‘Hﬁ1§ﬂ§$ﬂﬂﬂﬂaiﬂﬁﬂ]ﬁﬂf‘)u
1< o W ] 1 {
3321 In-situ  treatment 11 Un1511170 Tagn1syatio nqurIuaaaLuIn

dy Y ] A A 9 a ada 9 ]

Judoundinanuasazareniarsermsniongaunsdgnlslumsdesaarsaislszno

4 Y R ] 09.:‘ a L= o 1Y A o a Y =1

TaTasasvouldFuiiuauguau ualidesina Ao Kinsnrugugungd lde1n nazl
Y31 AITI¥TIAUBIAY (Boopathy, 2000)

. I o v Aa A ds’ 9 o A A Ay
3.3.2.2 Exssitu treatment 11015151090 uNUuouargnisiiaunluilov
o @ VoA dy 9 a A a A A 1
ponuIUIaNeNLaINlwou ANENISIANEITOIYIT NIBYAUNTINFINITDUDUT DY

Q

o
a151sznevlalasasuen’ld (Boopathy, 2000)
. I o v A A 3/ A dy A o A A 3’ A
3.3.23  Bioreactor 1Jumstitinaunsorinduilouaronisihaunien
§ o o [ a L4 . a J 1
Yutlousenuitiialudlfnsal (bioreactor)  TaedFHamwsndosaalsd1silszno
o U [] a 4 [l a 1
laTlasmsueulanadninmsgesaaislu@uuiia 11109910 slurry phase deduaiumMsvUaIy
a S J 9 = v a Yy 1 a 9
waaluana yaunidmmnsaldmsemsuaziiminszaeaiveseondion laaninluauuis
o 7 1 a I 1 an A I
Mleasimsdesaaeluauanmveanaltensuaz 195zevna1iosni1350u 9 (Shailaja
Y H

et al., 2007; Prasanna et al., 2008) NI INITOMAUATNIZ WL TUADNTIOITAY LU
o Y I A A AN 1A
fmualiiduaniizfliena (Pour ef al., 2005; Prasanna et al., 2008) ¥i30en12z N Lo 1me

lumsegosaals (Mohan er al, 2009; Morris et al, 2009) UALE@1NITONTNAUNNNTIAY
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UDITNA AD @]’l’)\iﬁlﬂfﬂflﬁﬁfﬂ'lﬂf,;f\iﬂ’ll'lﬁﬂﬂ?‘ﬁLliﬂllagﬁﬂﬁﬂjﬂﬂﬂqmﬁgﬂ ﬁWﬁiUﬂQﬂQﬂiﬁl‘ﬂi%
LU trickling filter reactor, upflow fixed-film reactor 8¢ fluidized bed reactor (Langwaldt and
Puhakka, 2000) e Niien 1% Ao 1Y slurry-phase drum ¥38 LU airlift (Pour ef al., 2005)

9 9
Kuyukinaa tagame (2003) Any1imstiaiduanluau wui luauiiiniu
9
ﬂuﬁ‘]auag 200 NSUABN 1aNTUUDY total recoverable petroleum hydrocarbons (TRPH) X
drulsznouves aliphatics 64%, aromatics 25%, heterocyclics 8% LLai¥ tars/asphaltenes 3%
o o o a da e Y ax . . Y.
wazsiimsihtiaauninmsdwioud1895 ex-siu bioremediation Taeldy bioslurry reactor 11

Y 1

9
a a 1 o v A Y LY
RUDINA LAZIANIFD Rhodococcus WU angatihiaauniualould 88% ndenin 2 thou

'
U=

1 Y Y
NM1MIneast 8As1IN1TAAAIVBNNTY AD 300-600 ppm ABIU  wazlSuave iU
d!y a = [ 1 A [ [ [ 4
Juiouluauanaunae 1.0-1.5 nSuaen lansuves TRPH  1a9910 5-7 dUa1vivednis
NARDY
Shailaja  UazAME (2007) ANHIANVLANAIUBIANUA VTV di-n-butyl
d' g a 1 1 9 . a
phthalate Audleuluauaennuamisalumsdesaarslnely bioslurry reactor UULLAN
Y Y Y
DIMALALIANITD Pseudomonas aeruginosa OAIIAIUTEHINAUADNT 1:10 (Hnnao
Usuas) lumsdeoaarvans di-n-butyl phthalate Wi luganisnaassninnududuves
Y
15 di-n-butyl phthalate 1 JaanSUADNTUAY ANIYD Pseudomonas aeruginosa Waz 13iimsai
Y [ v
o ludulionsimsdosaarogagaminy 99.31% naanin 72 42 Tuefihimsnaaa
Katemai (2008) Any1n1sgesaals ULO luauaamveuraditlen laaauau
~ dy [ [l 1 a 1 oy oy % 1 a 9y a I
Nnuieu ULO Tudasidiuseninauaeoi 1:10 (hinidneedsuias) uduay ULO 1u
v v
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4 1 Y] a 1
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Y v 1
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30 Juimsnaaed
Y Y 1
Biswal tazaue (2009) dAnvinsgesaateiiuluninaznoutiniuds
9 g} a A A k4 @ Aa a :j %
Usznouaieiil LO uazmnvoudedu q nlszneualelarzniin lasauauaznouiigu
Y v
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g‘ Y ' d o o { v ' g § [V 4
aznoutiuiu 2 nras Wekimanageuguiuie wul nguiie BS Uszneudieodeiug

Y Y
1 U 1Y) 4
Bacillus circulans \Wa% Ochrobactrum intermedium muﬂqm% MS Tineurso mﬂwumﬁm R
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) o A gy 3 o ! YA o 1w
Sphingomonas sp. WU adeInguye Inlesiudnisdesaarslnameanuminy 25-27%
1A 40-45% 109910 7 1AL 15 MWUMNMINAasInuaIaU
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9 TUNINITNADDY

v

v o A J a = J
4. ﬂ]iﬂlﬂﬂﬁﬁ]ﬂu'lN‘I—!T‘iﬁﬂf;T'l'i‘lJ'iZﬂ@‘Uulaiﬂﬁﬂ']'iUﬂuiﬂﬂﬂqa‘l—!"ﬂﬁﬂ

[ :} % J a 1 ;’f
ﬂh’El’é)fJE’fZﬂﬁJUﬁJH‘Vi?@iﬂiﬂﬁzﬂﬂﬂll‘éljﬂiﬂTiﬂ’E)usb’uﬂﬁN 9 Hunylu

a ad a 4 a 1
PAUNTINNNAN 1 UNSourUaevlauasolunisdesdaroairsiszney

a a

'
A A

4 Y A & A a =4 a =\
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Table 3. Microorganisms that have been reported to be able to use PAHs as their carbon and

energy source.

PAHs Microorganism References

Anthracene Sphingomonas paucimobilis, Cheung et al., (2007)
Pseudomonas aeruginosa

Phenanthrene Alteromonas sp., Alternaria tenuis, Avramova et al., 2008; Gomez
Aspergillus terrus, Corynebacterium et al., (2003); Herwijnen ef al.,
sp., Penicillium sp., Pseudomonas sp., ~ (2003); Hwang et al., (2002);
Pseudomonas aeruginosa, Syakti et al., (2004); Tao et
Pseudomonas cepacea, Ralstonia al., (2007); Zaidi and Imam,
pickettii, Sphingomonas sp., (1999); Providenti et al.,
Trichoderma viride (1999)

Fluorene Absidia cylindrospora Garon et al., (2004)

Fluoranthene Mycobacterium sp., Sphingomonas Herwijnen et al., (2003); Jones
sp., Bjerkandera adusta and Hunter, (1997); Valentin et

al., (2007)

Pyrene Mycobacterium sp., Mycobacterium Giessing and Johnsen, (2005);
PYR-1, Pseudomonas aeruginosa, Hwang et al., (2002); Jones
Bjerkandera adusta, Nereis and Hunter, (1997); Ramirez et
diversicolor al., 2001; Valentin et al.,

(2007)

Naphthalene Rhodococcus opacus, Pseudomonas Collina et al., (2005); Uz
putida et al., (2000)

Chrysene Bjerkandera adusta, Polyporus sp. Valentin et al., (2007);
S133 Hadibarata et al., (2009)

Benzolalpyrene*  Aspergillus niger, Zoogloea sp. Zang et al., (2007)

Dibenzothiophene  Bjerkandera adusta Valentin et al., (2007)

v a Qs}l I 1 J [
HUYLYR * LL‘]JﬂﬁﬁthhJﬁTN"lﬁﬂhl%} PAH %UAUU 9 L‘IJHLLWﬁ\?"’Uﬂ\iﬂ"l'i’]_lﬂullﬁxwaﬂxﬂulﬁﬂﬂ

9
me@m"lﬁ’ ﬂ?iEJ@EJﬁﬁWLﬂﬂﬁuTﬂEJﬂiS‘]J’Juﬂﬁ co-metabolism
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CH; —(CHp)n—CH, CH,

n-Alkane
(lJH
CH;—(CHy)n— CH; CH,OH CHs~—(CH;)p—CH—CH;
Primary alcohol Secondary alcohal
NAD" NAD
NADH @ NADH
Il
CH; -~ (CHz)n—CH, — CHO CH; — (CHy)n—CH—CH,
Aldehyde Methylketone
NAD™ NAD" 0
®H20 ‘
NADH NADH H,0

I
CH; —(CHy)n —CH; —COOH CH; —(CH;)p—0—CH—CH,

Fatly acid Acetyl ester
Diterminal /
HOOC~(CHy)n—CH,-COOH CH;— (CHy) 5—CH;0H
Dicarboxylic acid Pﬂmary alcohol Acetate
Fatty acid
A4 /

Acetyl-CoA

l

Intermediary metabolism

Figure 1. Peripheral pathways of alkane degradation. The main pathway is the terminal oxidation
to fatty acids catalyzed by I = n-alkane monoxygenase, @ = alcohol dehydrogenase
and @ = aldehyde dehydrogenase

117 : Fritsche 118 Hofrichter (2000)
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COOH
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® l" H,0
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o ] COOH
COOH C{}G
COQOH CI‘:-HZ
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& CHs
4-Hydroxy-2-oxo-valerate
COOH
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COQOH .
Succinate Acetyl-Coh cetaldehyde + Pyruvate

Figure 2. The two alternative pathways of aerobic degradation of aromatic compounds: o- and m-

cleavage, ¥ =

Isctonizing enzyme, @

benzene monoxygenase, @ = catechol 1,2-dioxygenase, @ = muconate

mucono lactone isomerase, ‘2 = oxoadipate enol-lactone

hydrolase, & = oxoadipate succinyl-CoA transferase, 7' = catechol 2,3-dioxygenase,

8 = hydroxymuconic semi-aldihyde hydrolase, @ = 2-oxopent-4-enoic acid hydrolase

and !¢ = 4-hydroxy-2-oxovalerate aldolase

17 : 9a1)aann Fritsche 1ag Hofrichter (2000)
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Pseudomonas, Sphingomonas Q% Variovorax memmwmmﬂﬁﬁamawuﬁ Actinobacteria
a qs: 4 [ ¥ 4
Taluaunanivas ludimsdualeuaisilsznoulaTasasueu
1 9
Kao uaganie (2008) aAnwinsdesaaisillasdenluusnaniinsdudleu
| P~ a 2 I a $
Taumsgoeaa1oa 1831381V Y n-situ bioremediation  1a837T biosparging  BuiuITA13h
1 a a dy o Q' Iy A Q' dgl [ a a d' a
dudaiumsnsgveurelszinuInilsmannuvrundinnnanisaadiunaauiemanis
9 Y Y
Yuilouvesa1stl Insiaouwiia benzene, toluene, ethylbenzene 11a¢ xylene (BTEX) Tutuii

a 4 o a 7 1 a A & a .
1dau iweihimsmanurainnatevesgaunsdniiogluninuniluilouTasds Denaturing

1 4 { a J
Gradient Gel Electrophoresis (DGGE) W1 Tuiiufl SB1 IA1uHa nvalgueqaunionin
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a

figa FeluTuusnvesmsnaaesiigdun3d 13 eeiug fie Uncultured bacterium (AJ133615),
Salfurihydrogenibium sp. (DQ906006), Boyliae praeputiale (AY1011388), Pseudomonas
saccharophila (AF368755), Variovorax paradoxus (AF451851), Uncultured bacterium
(AJ289998), Rubrivivax gelatinosus (AF487435), Methylobacterium sp. (AY436812), Sulphate
reducing bacterium (AJ300515), Green non-sulfer bacterium (AF027032), Rhodothermus
marinus (AF217499), Candidauts magnetobacterium bavaricum (X71838) WY Aquificales str.
(AF255597) Lm'Lﬁﬂﬁwmﬁduaé?umm?aﬂﬂfﬁ% biosparging W& 10 HouTitinsnaaes
WU TRAUNT SRR UNINRY 8 eVUT A0 Ensifer sp. (AF229863), Geidlerinema  sp.
(AF132780), Uncultured bacterium (AY917343), Uncultured bacterium (AB195911), Uncultured
green non-sulfur bacterium (AJ441228), B-Proteobacterium (U46748), Bacterium Ellin6089
(AY234741) 1@% Uncultured bacterium (AJ441230) wEanT UM AnEEiaves
Uncultured  bacterium  Laasd wﬁuﬁ WU Uncultured  bacterium  (AB195911) Ao
Flavobacteriales bacterium, Uncultured bacterium (AJ289998) 1® Bacteroidetes bacterium 831
Uncultured bacterium (AY917343), Uncultured bacterium (AB195911), Uncultured bacterium
(AJ133615), Uncultured green non-sulfur bacterium (AJ441228) 1421 Uncultured bacterium
(AJ441230) A0 Candidauts magnetobacterium @3Uszaninmlumsdesaarsarslszneu
BTEX vo19aun3dlu 10 ieuiiminsnaaseliszaninmmsdesaarsarslsznou
BTEX 110111 70%
5.3.3 QauNgN Lﬁﬁ]Qiu‘ﬂ{]ﬁaﬂﬁi1665@iTmiEi’f]EJ’dﬁﬂEli]%iWW%‘ﬂlliJlidJﬂﬁE]’fJEJﬁawlﬁﬂ"%u
(Lee et al., 2008) G’§461ﬂﬁmmuﬁnﬂmiaﬂawmﬁ%ﬂsimmmu"lcﬁﬁ QUKL 30 8N
waiFea 1Jugungifivnnzaudenisniyvesydunsdlumsdesaarsaisssnoy
laTa3A15U0U (Ashok and Saxena, 1995; Jin et al., 2006) mm?mﬂmﬁ;auw?&Tﬁfiyuﬁuﬂﬁf??m
MAATUBIMIAF (anabolism) LA AA1YAT (catabolism)
Antai (1992) ﬁﬂmqmwgﬁ‘ﬁmmzﬁmiamssiaaﬁmﬂ"laTmm{uauT@m%a

Y Y
J o o 4 a A ]
Pseudomonas  sp. Ws Bacillus sp. WU 1o 2 TINUT Tszansammsdosaary

o { a [ a A ]
laTasmsueugagangungil 36 eeruaaiFoa a1elunal 24 Ju uazilsz@niamnsdes

=

o g c; a
aaelalasarsuoulaese Pseudomonas sp. U Bacillus  sp. 3R TANYUNYY 44
DR UTALTOA 1AL 20 DIAUFATIT ATUA1AL

Perfumo  UaLAME (2007) ANMINITAUATUNTEDETAY hexadecane N

9 Y '
PuidlouluauTasmsnlisuiisusasinsdesdaisvouseilszi1ausznilegungil 60 o9
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aFed NURUUYNIN9 18 A usaIFod WU FANITNAADINLNITIANEIT01MI5Filn

v
a =

I = VoA = 9 S 3 4
TuTasiou veavesa waz Tnunaidon tungurnglged 60 osrusaidoa linlosiduans

QU U

[ 9 ]
§O8ANINIINAIEANITNAADINUMIANAITOINITNG 3 BilA LAz UNNQUHUNT 18 DIAN

QU

=

] 9 v
FAUTIE 1NN 65% ﬂ"JL!GIgﬂﬂﬁﬂﬂﬁ@ﬂﬁﬁﬂﬁmuﬁﬁﬂWﬁﬁﬁﬂ 3¥UA UASUUNYUNHY 18

q

S I o ] Y [ [ o
parraea TinlesiFudmsdosaaiaminy 41% Haa91n 40 TuiMInaaes
= ~ a 1 1 d? Y] 4 1 1 d'
5.3.4 WAY WOFUDIAUITNUDY 1Y 2.5-11 YupgNUDINTZNOULAZITTIAIN 9 N
og1uAY (Dibble and Bartha, 1979) AINEFNNANMHMITAUADNTNIYUALNITOIAAY

asdsznenlalasmsveuvesnuaiiGoazeglurreiilunars Mesfigunnmuliazild

v
a o

' s s { At
anuannsolumsdesaatslalasnisuouvesyaunidaadias esnianumuzanly
1 Y
AMsEBEEA1Y AD Mo 7.0 (Ashok and Saxena, 1995) lwinanuasalumsazaresiives
1 Y
phenanthrene 1a81%  rhamnolipid WUI1¥9910% 4.5-5.5 AIITOINNNITALA8Y VDS
A A A :I y= 1 oAA A 9
phenanthrene NWIDY 5.5 FINITDNNUNITASA1YUIVD phenanthrene 1aaniniies 7 1iely
rhamnolipid 240 ppm (Shin and Kim, 2004)
Rahman HazAe (2002) ANHIWAYRINDYNIMIIZANADNITEDEAANY

v
[

gj v A a A dA a a ~ zﬂy 3' A= @ 4 ==
WuanTaggaunidndanenainanluusnanludleominiudma 130 aewus ualiies 5
o P a A (] 9
arenugnNlszansninlumsdesaarsgalsznouais Micrococcus  sp.  GS2-22,
Corynebacterium sp. GS5-66, Flavobacterium sp. DS5-73, Bacillus sp. DS6-86 g
9 9 1 Y

Pseudomonas sp. DS10-129 1a#ideai¥e 1% 1481415 mineral salt medium NH1TUAD 1%
I 1 4 o o o 1 1T o o
duurasmsuey vazilsufiesdrevaamlaivives 1 Ta iy 6.5, 7.5 1az 8.5 audau

a A v

T Aa a 4 v Jq9 Y :1 v A 4
WU NNLDY 7.5 JAUNTINAY 5 ﬁ’”lflwu‘lj‘ul?i‘]J§$ﬁﬂﬁﬂiWﬂiiﬂ@ﬂﬁa18u1muﬂUUlﬂ 78%

a

1Y { o 1 1 4 4
Melural 20 Tunimsnaaee dauniey 8.5 YQUNTIAEWUT Flavobacterium sp. DS5-73
TlszanTammsdesaais 1@ 43% aelunai 20 Suiishnmsneaes
Zang U8¢ Lian (2008) ANYIHAVYDINOYTUADNTHOEEAY 2-naphthol 1Y
; v J . . A A [ 4 . . 3’ a A& A
WOINIIWUST Fusarium proliferatum UASUUANTITVWNUTY Bacillus subtilis Tudude G
A 9 Aqy A VoA A g Yo ' '
FuAuN1Y A0 6.6, 7.0 Hag 7.4 WU NNDHTUAY 6.6 1119A31N13808AA18 2-naphthol FnI
v 1 v [ 4
fomsuAuaou q Uszana 50% aolu 4 Juishininaass uailoiinsnanesaudugea
msnaaseluiui 10 wud Aensudu 7.0 19das1n15do8aa1e 2-naphthol gan1fitoy
A g A & A '
FUAUADY 9 FalmMsgesaatelszun 63%
a 1 4 a ‘3 9}3
5.3.5 99n%U nIzUIUMsEeedatea1slsznoy lalasas venansomadu lanlu

A =) a 1 A a ] a Y a3
ﬁmas‘wnmmmmzulma@ﬂmw meluﬁ’ﬂ133%11ﬂ@ﬂ“]f!ﬁﬂuﬂﬁ8‘]J’Ji!ﬂ1§‘c’lﬁ]ﬂﬁﬁ?ﬂ%$!ﬂﬂllmi’3
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d a a a g [ a a oy a {
wazauysaind Tasdsumesndnuluausziunuanuwguuesanuazlsinanihluduioeg

L1l

=& o Y a a 9 a a I v o w ~ ] A @
GHNEWEUGD'Qfﬂ%ﬂ?iﬁﬂﬂﬂ“ﬂ%uiuﬂuu@ﬂaﬁ mm‘maaﬂ%mmﬂu‘ﬂ%%ﬂmﬂtymzmmwmﬁﬁ

a

(] ] 1 A a o
MIPEAABIALFIVAUATUNITIIYUDIFAUNII Y Bioslurry reactor (Mohan et al., 2006)
Rhykerd tiazaaig (1999) An¥INAvBI00nGaUaonIsaasaaietl lnsae
o 1 a a A a
laTasasveoundudlonluau anududuiesaz 10 Tagldismsaushaazmslierne
aiineanFutazyesIemeluay nui maduvhadinms lawsiu maauvhadni
(Y ~ (=} [ a a a = 4
M3oA0INe tazagamsnaaosi iinmsdsvanwan Usmnuillasdeulslasmsivouanag
1w o w { [ 4
10U 82%, 50% Uaz 33% A1Na1aU N5zezial 12 dUa1v uag 90%, 90% uaz 77%
o A [ 4
AUAIAY Nszezan 30 g
Zinjarde 11@g Pant (2002) AnEINavesns 1N liemalasnswdinens
! . . :’ o A Y 4 o .
gosaa1wa13Usznoy  aliphatic hydrocarbon  Twiihtiuay Taslseaaaowus Yarrowia
lipolytica wagdidns 13 I oM ARuANAAY fiD 0, 50, 100, 150 LAY 200 5OUABUIA WU
o Y A I o ~ [ 1 . .
8751115 190101890 200 pm 1 udas 1 imNIzduaeN1sgosaa198151Us2NoY aliphatic
Y [l
hydrocarbon Tuiiuiu@ Fsawnsodesaaislagede 78%
Shailaja LAz (2007) ANYINANTE08EA1Y  di-n-butyl phthalate Tu
v Y
Bioslurry reactor NAMULANANUBIANUTUTUYDIOONFIUALA 0-1 HAANTUADANT WU
1 v Y
Anududuveteandaun 0.85 Jaaniuaeans lugan1inaaesMi@udo  Pseudomonas
v ' v
aeruginosa waz lisinFo ldons 1msdesaaegagainy 99.31% wann 72 42 Tueiiing
NARDY

4

Y
Hadibarata stazaaie (2009) AnyInsgosaaty chrysene Tﬂﬂi%ﬁ@iiﬁwﬁu‘ﬁ

-]

polyporus sp. 133 fFsuenszninams lemealasmsverny ladins Ieima wudi iile

1A 1 I 3 4 [l 1 '
Ifo1malaenisiug1n 120 souaeudl 1diosiduanisdesaas chrysene ganinlafins 1

v
=

' v [ o 2 4' = = [ 1 Y
91N 1NNV 65% el 30 IUNINITNADDY "]NLili’)L‘]J'iEJ?JLTIEJUﬂTJGIgﬂVI]'l?JNﬂ"I§11/i61ﬂ1ﬁ

1 Y S I 4 1 =\ 1 [ o
wu essuamsdesaaaieaun 24% Melu 30 IUNMNITNADDY

o Y A

H g a [ LA a a o A
5.3.6 ﬂ'J"IN‘I‘?‘H ﬂ’JWﬂJGABuGlUQHTHﬂUWILﬂHGl’JﬁQWTL.lﬁﬁﬁ)TViTi PONTFIIU LAZHAANUNN

Y 1
A A

lannmsdesaas Tasszauanuyuiiuzanlumsdosaaisanslsyneulalasmivou
voaaun3dedfitszinm 30-90% G?;qmm%?usluﬁuﬁqauﬂ?E‘fﬁﬂﬂi%’ﬂiﬂwﬁhlﬁ'ﬁmﬂu
50% voniTanua ludy (Baker and Diane, 1994)

Barahona LagAmz (2004) Anwnannziiminzanlumswiyuasdosdans

Y H
o A =

o P a A a A o A ° A a v a
iiuaanludlouluauvesdeyaunidlszirnu Tasdraosmstudlouludualsnaa
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Y
o v A

Y
[ 1A v A J a aa 1
umummamwm%’wﬁ’u 40 nsuaen lansuau Tunaranvuia 125 Jaaans wun L%’Oﬁ"ﬁﬂiﬂ
A o < @ { Y { oy v g‘ o
STERRITEAITRIAY, l.OXIO5 CFU/g Meluna 55 u ﬁizﬂ‘umméﬁu 20% (WU UNABDUINUN) LD

a

a o ! [ § a o § s A
IANTAQIABINGD 2% YZNTTAVANUTY 30% UazIAUTAIAYINDD 3% 1FOYAUNT DI Y

k4
o w

S 8 @ Qy Y o - ]
iy 1.6x10° CFU/g waznasanduganmisnaassiinaal 109 3u Usmanhdudman
9
Pudlouluduanauii 67%
Y v
Borresen (12 Rike (2007) ANYINAVINNVFUADNITEDETAY hexadecane 7
dy a = 1 491 d‘ 1 d' dy
Yudlouludu TagAny1nNuuANA19Y0IANUFUN 10%, 15% Uaz 20% WU NANUFY
10% 116A31M38088A10 hexadecane aNgAND 50-58 HAANTY hexadecane AoN laniuas Ju
eIy NH,Cl 50-200 §aaninwed NH,-N @0 lansy wadain 36 Juiiiminaaes diui
4
ANUFU 15% 1H8AI1NMTE08aa18 hexadecane 504833170 38-52 AANSTY hexadecane §19
[ Y ' v
nlaniuae Iy tazinudu 20% 1¥oA31N15600aA10 hexadecane ANNgARD 12-14 Haansu
hexadecane A90 1anNADIY HAIN 36 TUNTIMINAADY
a AdY A 9 v '
53.7 a15011s yaunsgdssmsmsomsier ) lFlumsaidiulsznevves
S A 9 [ Ao o aa A 3 1 o o A ] a Y
aansead undIunIulumsdswia msemistetludiudinynazdaasulnms
] d'd a a . a 1 [
dooaa1eNUUszANTNINGIga (Trindade er al., 2005) Fuavewnadlulasou Woawosd
o 1 1 4 o A 1 a a
AaEAILOATIEINTZHINMT VN TuTasou nazveanesainimzauaenisnsy Taslng
9 v
8ATIAIUVRINNNTUTUYDITSHA OGN 100:5:1 (Nikolopoulou ef al., 2007) 1HAZNTE0Y
4 dgl K o 4 a =4 1 a £ A 9
amedsilsznonlalasamsveudnediuaeiuiuogauns duaazwsia FuuaiizeanIns
9
BRI 1FIUVDI C:N:P A9it@ 100:3:0.6 D4 100:10:1 (Leys et al., 2005)
a a Y A = @ 1 ' J
AN AT (2551) AN IHaveIdRTIdIUTEHINMSUEY TuTasiou Az
[ 1 l a 1 dy 1 d’d g
Weaesadenisgesaars ULO  luaulasnguie SCO WU gansnaasInunslsy

[

dasraau C:N:P 1ilu 300:10:1 dsz@nammsdesaaogega it 98.02% n1elu 30
Suiivinmsnaaes

Zinjarde 182 Pant (2002) ANYINAVBIATOIMITABMIERETA1BATUTLNOL
aliphatic hydrocarbon Turhiiudy Tasfimaiuurda i Tasounazloaesa Ao 0.5%
(NH,),SO, (76 mM nitrogen) 18 0.001% K, HPO, (6.5 mM phosphorus) m“luqmmmi
enrichment ttaz Im3fnedamaslulasnuinnnzauaemsndyvedad Taoldumds
1 Tasiau 3 uvda fie (NH,),S0,, NaNO, e 8158 Wy (NH,),50, 1fuunaslulasouia
ﬁqw ausaiiuilseAninmmsdesaatoa1silszne aliphatic hydrocarbon Tusiuan 14

=
904 78%
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Barahona tazAE (2004) ANHINAVDIOATIAIUVDY C:N MU TUADNT
a 1 oy v A A zﬂy a dy a A Jd o A 9 o [l
wIguaznsgesaarstiniuaanuleouludnuveuregaunidlszidu Taslddasiaiu
Y99 C:N MY 100:10 118 100:30 WU FANITNAADINTDATIAIUYDI C:N 191111 100:10 1)
v v

9n31M5anavelsuianiiuama 67% 181910 109 TUNKINITNABDY

Borresen 1182 Rike (2006) ANHIWAY09 NH,Cl ADM35800ea18 hexadecane
Tagldanududunuana199u Ao 0 10 20 50 100 (A 200 Haansy Aen lansuAY il

a dy oA = I Y] 1 A Yy 9

YTNUANUFY 12%  UNN 5 e usaFae (Hual 73 Tu wud1 NH,Cl ANuaudy 100
A a o 1A v A Y ' Yo A = v 9y
Haansuaon laniuau ldwan15goeaa1s  hexadecane 1AANEA Faawsndooaalnla 738
Yaansuaen lansuau

Galvis tazAMy (2006) ANHINAVDIAIIDIMITABNTEDEAAIE PAHs N

9 ' 9
Yudlouluduniinnududuveuniogs s1aesmstuionluauTasnis@n phenanthrene,
anthracene 1182 benzo[alpyrene tazilsuuvaslulasiou woaresadis  (NH,),SO, uaz
o W [ 1 1 4 [ Y [

KH,PO, sy lddandiusgninmivou Tulasnu eawesamiiy 100:1.25:1 niu
Aon lanTuveIAY @1u150aA1Tu1 phenanthrene 110U 1.7% YN anthracene LAY
benzolalpyrene MTmM3asuuilag

Lee tazAsly (2007) ANMIANIIZNHUIZANUDIEAITOIHITADNITIIGYUDA

=

a a a dy a = = = @
gaunigluauniuilou ULO Tasmsaiuile Ao (NH,),SO, ag K,HPO, fSsumsunuyge
L:' 1A -+ a 1 2 U t:' o d' a +
aruaui luduileasludu wud naeen 105 Juihimsnaass gamsnaassiaui]easl

v 9 [
Tudunduilou ULO ensoandSuna ULO 16 42-51% Tugai laduils ULO anawiisa

18%

d
6. M3UszgnAlda15aansanamiITININ (biosurfactant)  Tumsdesaarsarsisznen

Jalasmsven

a

R a A I =R A A a Y =4 2
T;Tﬁﬁﬂll,‘iﬁﬁQN’J‘B’Jﬂ1WLﬂHﬁ1§ﬁﬂLL'§WNW’J‘Vlﬂﬂﬁhlﬂmﬂi]qauﬂiﬂ m“lugﬂsum

{ o 7 Aa " o ™ I a s
ﬁliﬁﬁaﬂ@@ﬂuluﬂﬂl“ﬁﬁﬁ (extracellular) uawmaﬂﬂuwmwaaqauw?ﬂ (cell-bounded)

U

o

(Mulligan, 2005) @15aau5IAIAIBINNG Taseasraifuuy  amphipatic  structure 9
v 2 v v

Usznoudiedruniiin nsodunvoutin (hydrophilic portion) dau v ldun TusAuuay

oy 2 I A [ 4 Aaa [l a 1 A 1 I 9

wanagazilu Tuanantvimivendan wy leasonda nyjezil Tu veama Wudu nay

[ { 1 QSJ} [ { 1 osl . . 3 o egj a

daui lufivamodiud lirvouiit (hydrophobic portion) 1iuTuanavesnsa luiiuirila

1A (saturated fatty acid) az hidudn (unsaturated fatty acid) garanaly Figure 3 Woansan
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9 [
usefsAnazateegludaiiazatowu 1 uagnininnududunga critical micelle
. <2 a ) A A 1 4 . o [ A 2’ vy
concentration ﬂﬂglﬂﬂiﬂiﬁﬁiN‘ﬂ 138NN ”lm«vaa (micelle) Tﬂwugmmum%auuﬂamuu’aﬂ

uazarunyov lviu Baulugsazi lilszansmmvesasaaussdardanaanuson 11

a =

| Y as.z‘ A A 4 a A
msamwmqmcmmwmmsnwa@"lﬂmmmmﬂmm Yaa UaIn Tﬂﬂlﬂwwﬁlulmﬂﬂliﬂ
Ao

a 9 [ g} 9 [ l I v 4
ﬁTNTiﬂL%iﬂlﬂUlﬂiu?ﬂTﬂi y llﬁWITVIhl?JagﬁTEJH"ILLag(lG]fﬁ"Iiﬂ\‘Iﬂﬁ??!ﬂﬂllﬁﬁ\iﬂ?iﬂﬂu (Healy

etal., 1996)

O NN

drunseui (hydrophilic portion) drud hiveuii (hydrophobic portion)

Figure 3. Structure of surfactant.

37 Fiechter (1992)

AIaAUITIRIRIFIN A ITa s munaududszneu Tassadanaail
a I~ A A 1 . .
(Banat, 1995) ?HiaﬂLli\iﬁ\iW’J%’meLﬂuﬁﬁamliﬁﬁﬂw’mqwﬁﬂizi} (non-ionic surfactants)

=2 A . . = 1A = A
!Lﬁ%ﬁﬁﬁﬂlli\i@l\iﬂi’)ﬂ‘i%ﬂﬁﬂ (anionic surfactants) ]liJll‘iTEJ\‘HU'ﬂiJﬁﬁﬂﬂLL‘NG]\?N’J‘VHJ“IJi%ﬂ“ﬂﬁlﬂ

(cationic surfactants) (Katemai, 2008)

6.1 MSTWUUNETITAAUTIAIRITIMN
KX a A o A Y
#15aausAEIF I maInIsasuun la 6 Uszianaiulnseasne (Banat,
1995; Catherine, 2005)
I a { 2
6.1.1 naladda (glycolipid) tuarsanussdamidinminydszneudlenis lu'lamsa
A A o o A 1A s R .. ..
wiothaayouny luduTasmsdounydimosiazioaimes 14U rhamnolipid, sophorolipid,
trehalolipid tt81% trisaccharide (Figure 4a, 4b (182 5)
J
6.1.2 lalnluIne (ipopeptides) uaz'lalnlus@in (ipoproteins) 1s¥AOUAIENIA
ori Tudouaeny luiu lichenysin, surfactin, subtilisin, serrawettin, arthrofactin g

streptofactin (Figure 6a, 6b)



35

CH3
? 0 CH
H CoOOH -3
HzC HjZl® 0
HO Ha-'&.
Q
H
HaC OH
HO s 0
HO ] B}
H 0/\,3 = C_AACHS
H
(a) (b)

Figure 4. Structure of rhamnolipid different pH by Pseudomonas BOP 100 (a) 7.35 and (b) 8.5.

CHzOR
oHs
O/CH

[ele) (CH2),45

nn Ishigami and Suzuki (1997)

Figure 5. Structure of sophorolipid.
31 : Casas and Ochoa (1999)

CO —L-Glu' —L-Leu™D-Lev’

L-Val
CH,—(CH)—C

X

0— L'~ D-Leu - L-Asp’
(a) (b)

Figure 6. Structure of lichenysin (a) and surfactin (b).

17 : Yakimov Hazaay (1999); Carrillo LagAME (2003)



6.1.3 n3aluiiv (fatty acid) naz iy (neutral lipids) 1% rubiwettin

ornithinelipids (Figure 7)

CH -COOH
“;:Hzln [t - 2)s
CH, CH,
(a)
CH:OH
(8]
O-QHCHMsz-l
OH “F»""z:' 10 “I:Hz:'s
HO CH; CH,
OoH
(b)

Figure 7. Structure of (a) rubiwettin R1 (b) rubiwettin RG1.

e Matsuyama UazaMe (1990)
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R1uag

6.1.4 WealWala (phospholipids) sznevdrerealaeunsiunsaluiu uas

NAOTOR LFU phosphatidylglycerol, phosphatidylinositol L8& phosphatidic acid (Figure 8)

a
/\/\/W\M/I\D

Figure 8. Structure of phosphatidylinositol.

111 : Ryan tazanig (1996)

*X A A P Y | a d . . <3
6.1.5 msaaussnsdITImunilassanaiunodues (polymeric biosurfactants) i1l

R A Ao = 1 "o % A = g .
asaausanerIni 1sAuneedny luiunso Inausan1 1@ 1¥U emulsan, liposan,  alasan,

L1l

mannoprotein L0 biodispersan (Figure 9)
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i, o
AcHH AchNH
NH n
: o
COo .

Figure 9. Structure of emulsan.

11 : Zhang tazame (1997)

v
(V.Y d

6.1.6 A15AAUIIAIAITIMNNAANUAIB AR (particulate biosurfactants) ‘]Jﬁzﬂf)‘ljifﬁﬂ

a

Tusdu WoaTvidtla uaz laTunedusnas 154 Hazaueguusaduoaqaunsd (extracellular

Q

H 1 o 4 1 4 1 . .
membrane vesicles) Nidulumsiiias laTasmsvoudngivad 191 vesicle 118 fimbriae

dycu o KR A A g‘ o Y I 1
uaﬂmﬂummuuﬂmiamﬁmqmmmwmuumuﬂTﬂJLaqa'lﬂzﬂu 2 nqu

4
v A

41 (Ron and Rosenberg, 2002)
9 v
-a15aansIAIRIFIn Ind v n Tuanadl (Low-molecular-weight
. cwad' o 1 dytﬂ =R A = 1 a 9
biosurfactant) faeNliANG AV Tunquiifio MIaalsIAIRIAZITIAITZHINHY 1A
9
1 a A a ' 1 an J
pg1ditszaninm arsaaussdsiaBanmlunguil 1un lnaledatle uaz laTwalina

Y
- @15aansIAIAIFIn W n Tuianagy (Hight-molecular-weight
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Table 4. Type and microbial origin of biosurfactants.
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Microorganism

Type of surfactant

Acinetobacter sp. HO1-N
Acinetobacter calcoaceticus
Acinetobacter calcoaceticus Rag-1
Acinetobacter calcoaceticus 2CAC
Acinetobacter radioresistaens
Alcanivorax borkumensis
Arthrobacter sp.
Arthrobacter paraffineus

Bacillus licheniformis

Bacillus subtilis

Candida lipolytic

Candida petrophilum

Candida tropicalis
Corynebacterium lepus
Corynebacterium salvonicum SFC
Corynebacterium hydrocarboclastus
Nocardia erythropolis
Pseudomonas aeruginosa
Pseudomonas flurescens
Pseudomonas rubescens
Pseudomonas sp. DMS 2847
Pseudomonas sp. MUB
Rhodococcus erythropolis
Serratia marcescens

Serratia rubidaea

Streptomyces tendae

Thiobacillus thioxidan

Fatty acids, mono-and diglycerides
Emulsan, biodispersan
Lipoheteropolysaccharide (Emulsan)
Whole cells (lipopeptide)

Alasan

Glycolipids

Anthrofactin

Sucrose and fructose glycolipids
Lipoprotein

Lipoprotein (surfactin)

liposan (mostly carbohydrate)
Peptidolipid

Polysaccharide-fatty acid complex
Corynomycolic acids

Neutral lipids
Polysaccharide-protein complex
Neutral lipids

Glycolipid (rhamnose lipid)
Rhamnose lipid

Ornithinelipids

Glycolipid (rhamnose lipid)
Rhamnose lipid

Trehalose dimycolates
Serrawettin

Rubiwettin R1

Streptofactin

Phosphatidylglycerol, phosphatidylinositol
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Table 4. (Continue)

Microorganism Type of surfactant
Torulopsis bombicola Glycolipid (sophorose lipid)
Torulopsis petrophilum Glycolipid and / or protein

31 : aau)aan1n Kosaric (2001)

a A o T 4
?ﬂiﬁmﬁ\iﬁ\iW’J’ﬁTJJﬁﬂL‘WlIE]G]iWﬂ'IiEJE]EJﬁ'f?ﬂEJGUfN’ﬁ"liﬂigﬂ@ﬂblaiﬂif’ﬂiﬂ@u

Y
a v )

A A
o o o J @ %
Taglin15M19U 2 Tunou muﬁﬂuilﬁﬂﬂau‘ﬂgEm$Ft]UﬂU@Hﬂ1ﬂGlJ@QUWNULEagﬁ%}'Nﬁ'lﬁaﬂlliq

Y
% <

=K A av A J o o ~ . Y o I o :I
@NW’J’E)@ﬂiﬂfJiJﬁGb'hlV‘lﬂ 161 WINUHNBUNMAVUIALNEAN (oil droplets) LL@%Wﬂ'iJ!"lﬂﬂu]lﬂﬂﬂ‘Uu1

4

@ Y a 4 o
NAaIINUUIAUNT IV
=

e e

C%

~ S Y s A Y ' o o
1 uiJlegﬂWﬂﬂluWﬂLﬂﬂHﬂq&“]fﬂﬂLW’Eﬂ“]ﬂﬂulLﬁﬁﬁWﬁ\NTL! ANLLE AN

ﬁo

a

a A o J a
TuFigure 10 MsaausIdeRmITIsANIATINMTazawvesassznon laTasms veuludu
9 1 9 A A KR o A Aa 4 Y o Y
18 azarelinuaiisedaimzdveymaauntiaisdszneulalasarsvould dldszes
1 4 o 4 QSJ}
numsunsvosasszneulalasms veunumaduuniizoduad (Tang e al., 1998; Pocton
A A 0 J Y 1 N Y =
et al, 1999) wuaRGeamsniiassznonlalasmsvomingwaa lddie uasl
Usezansamaunnniuuanisenoedlugioase (Bastieans ef al., 2000)

UIAa aI1NUIU (2547) °I/Iﬂa’fNLaiJLL‘]Jﬂﬁ!3ﬂﬁﬁ'li]'liﬂﬁ%ﬁ\iﬁﬁaﬂuiﬂﬁ\‘]W’J

9
TN A0 Pseudomonas aeruginosa A 41 Wa¥ Bacillus subtilis BBK1 Tumsdosaameriniuay

1 9
v A

Tuem5i1iad BH sea NHUNUAY 1% wazdl Brevundimonas sp. HU2 fieu1sngosaaiy

Y

Uuan'ld Wi P. aeruginosa A 41 1a¢ B. subtilis BBK1 @111350@8Ud3uNIRIYUAZNT
Y Y

goeaaet T UAVV NN Brevundimonas sp. HU2 ldnuaneluszeziiat 3 fu dmsums

v A

9
1A rhamnolipid 18  surfactin WUNTUsz@NFTM M lumsduasumsdesaarsriniuay
Y A [V = a a 1 :l v A 1 9 =K a
Tndmeany vazidszanininlumsdesaarsiiduaugeaniinisldaisaansaai
@ o o w
dUATIZHNIUAN AD TritonX-100 1Az Chemtech 307 MVAIAY
=~ 4 = A i’ 9 2K A A ~
Nau3 MFI39A (2550) ANIAUANTAILDIAUYDIAITAALIIAIRIFINING
a & . . . Ao v S 1
HWORAINIY® Acinetobacter calcoaceticus subsp. anitratus SM7 nausnlannnzaniuileu
v
AT WU WANNAIAIDE UMDY 6-12 TAsliA1 emulsification  activity 191111
63.26-67.37% 1azuAUAGI08 TUFIIQUN YT 30-80 DA UTAIFYT WA emulsification
H A
activity IMNY 65.50-68.28% A15AAUTIANAITIMNANAANINTO A. calcoaceticus subsp.

o 1 4 a 1 : o 1 .
anitratus ~ SM7 flﬂ’JUJﬁ]1LW1$GI’E)1181@§‘FH§‘]J§JHGD'H@@HQ il Gd]);ﬁﬁﬂ’ﬂiJ%H‘WWﬁfJ aromatic



40

1 Aov A 4 1
hydrocarbon 111131 aliphatic hydrocarbon 1A8e1115091a% 1A toluene 1@ANEA 090311

A9 xylene LAY benzene 1A83IA1 emulsification activity INAL 75%, 74% 1ag 71% A1NE1AU

s ¥
a o o

4 a J 1
uamﬁ@ma%ﬁaummmgm umuﬂimaqa L!a%ﬁﬂ‘kl']@\iﬂﬂﬁ$ﬂ@‘U‘UNﬁ'Ju‘lJ’E)\1ﬁ"I§aﬂLL§\1

y =

[ ] k4
AT MNFMIUMITIUTENFTUNEIN WU ATAAUTIANHITINNARAAIINITD A,

4
=

H s Y
calcoaceticus subsp. anitratus  SM7 NEIUMIMVTgNTUNAIUTANVVTNT Vrimdn
v N _ I3 % ¢ 1a
Tuanaminy 1.97x10° wazii Tsavnaz Induaams lsailuesnsznon dalsumTisau

=) = s
42.26% uazuﬂsmmiwauwmﬂiﬂ 57.74%

0
HO 4+——0 o—(;H—CHz—g-Dﬂ(I;H—cHE—COOH
CHs CH, CH,
G G
OH OH CHy CH;
CH, CH:  Emulsification
iy H — 0
CH, CH, 000
CH, CH, 02
Rhamnolipid
1‘ Formation of micelles
b
Biosurfactant O
production
Uptake

/
N\

Bacterial cell

™ Cell wall

Figure 10. Involvement of biosurfactants in hydrocarbons uptake.
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2.1 Mineral Salt Medium (MSM) (DANUIN N)
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2.3 Nutrient broth U5H% Himedia (Mumbai, India) (11AKNUIN N)

2.4 Nutrient agar U5HN Himedia (Mumbai, India) (A1ANWIN N)
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3. MsaN

3.1 Dichloromethane USH% Lab-Scan (Bangkok, Thailand)

3.2 Toluene 1/58% Lab-Scan (Bangkok, Thailand)

3.3 Methanol 1/5H% Lab-Scan (Bangkok, Thailand)

3.4 Ethanol 95% 158 Lab-Scan (Bangkok, Thailand)

3.5 Hexane 1J3H% Lab-Scan (Bangkok, Thailand)

3.6 Tween 80 UTHN Ajax finechem Ltd. (Auckland, Newzeland)

3.7 Sodium Dodecyl Sulfate (SDS) U5H% Bio-Red (California, USA)

3.8 n-hexadecane U3HMN Nacalai Tesque Inc. (Tokyo, Japan)

3.9 Anhydrous Na,SO, 1357 Ajax finechem Ltd. (Auckland, Newzeland)

3.10 Urea USH N Riedel-deHaén (Germany)

3.11 Ammonium sulphate USHN Merck (Darmstadt, Germany)
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3.15 Ammonium chloride UFHN Ajax finechem Ltd. (Auckland, Newzeland)

3.16 Sodium chloride U5H%N Lab-Scan (Bangkok, Thailand)
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3.18 Magnesium sulphate UTEN Carlo Erba (Italy)

3.19 Iron (II) sulphate 15N Riedel-deHaén (Germany)
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4.5 19959 4 KU 7 BP 210 s UTHN Sartorius
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4.6 1959994 2 FH 34 HF-1200 U5¥N A&D Company, Ltd
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Table 5. GC-MS conditions.

GC MS
Inlet temp : 240 °C, He carrier flow 1.0 ml/min, Ionization mode : Electron Ionization
splitless 0.8 min Acquisition mode : Scan, 35-500 amu
Oven initial temp : 50 °C 1.5 min Solvent delay time : 3.0 min
Ramp to 180°C at 15 °C/min Transfer line temp : 275 °C

Ramp to 275°C at 10 °C/min
Column : Rtx-5MS, 30m., film thickness 0.25 pm,

ID. 0.25 mm
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2. MIMNUIUYD Heterotrophic bacteria
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Table 6. Overview of microcosms set-up

No. Amendments Microcosm set-up
1 Sterilized soil with no amendments SS
2 Sterilized soil with SC9 consortia SS + SCI
3 Sterilized soil with crude biosurfactant SS +CB
4 Sterilized soil with all amendments SS + SCI+ CB
5 Non-sterilized soil, No amendments NSS
6 Non-sterilized soil, soil indigenous, SC9 consortia NSS + SCI
7 Non-sterilized soil, soil indigenous, crude biosurfactant ~ NSS + CB
8 Non-sterilized soil, all amendments NSS +SCI + CB

SS = sterile soil; NSS = non-sterile soil; SCI = SC9 consortia inoculum; CB = crude

biosurfactant. Sample were sterile in autoclaved at 121°C for 30 min.
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Table 7. Physical and chemical characteristics of soil sample

Soil property

Texture Loam

- clay (%) 17.32

- silt (%) 37.61

- sand (%) 45.06
pH 6.29
Moisture content (%) 20
Organic matter (%) 2.50
Total hydrocarbon (%) 0
Total N (%) 0.13
Available P (%) 0.054
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Figure 11. Degradation rate of ULO (1%) (A) and pH changes (B) with the addition of single,
mixed bacterial culture and SC9 consortia of bacterial culture in 50 mL MSM and
incubated at room temperature, 200 rpm for 7 days. Bars represent the standard
deviation from three determinations. Different letters indicate significant differences
(p <0.05).
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Table 8. Heterotrophic bacteria after 7 days of degradation of ULO (1%) with the addition of
single, mixed bacterial culture and SC9 consortia of bacterial culture in 50 mL MSM

and incubated at room temperature, 200 rpm for 7 days.

Treatment Heterotrophic bacteria (Log CFU/mL)
Control 0

A 8.2+0.03

B 8.4+0.07

C 8.8+0.04

D 8.4+0.01
SC9 10.1+0.04
AB 9.3+0.05
AC 9.9+0.04
AD 8.3+0.06
BC 8.4+0.02
BD 8.3+0.15
CD 9.94+0.02
ABC 9.2+0.07
ABD 8.5+0.01
ACD 8.4+0.04
BCD 8.9+0.07
ABCD 9.4+0.05

H 2
MINMSANEIVOITIAANT UAAT (2550) NTMsAaLenNguIFe SC 1NAL

A a 1 A A dy A o J dy Y a Q(
‘VI‘]JﬁL’Jﬂ‘!QG]f@ﬂJ‘iﬂﬂiJﬂﬁﬂulﬂﬂu"U@Q ULO waunquise SC9 NWLLEJﬂGlMU‘iQ"V]‘ﬁ qWTDLUYN



58

o 4 %

18 4 mﬂwuﬁﬁa Chryseobacterium sp., B. cereus, A. tumefaciens Q< S. multivorum 4

A A o J < A A = 1 <3| 1 1 2 v J g
HuaNLsy 2 fﬂﬂwuﬁL!iﬂ!ﬂullﬂﬂﬂﬁﬂl!ﬂﬁhﬂ?ﬂ M?jﬂi%‘lﬁjuwﬂ\‘] (rod) ®IUBN 2 m&wumﬂu

a A =1 [ 3 1 1 . o w A o tﬂy
UUANLIYLUNTNAY ‘JJETJ?N!‘]J’L!!WN (rod) uazgﬂﬁwﬂau (cocei) MUAAY LAIUDUUYD 4 T8
v d" A a I 1 4 1 @ 1T AaA
Wu‘ﬁqil%aﬂ\‘lﬁlu@TVi"lﬁ MSM NUMFAY ULO 1 Uiyains uoULaginaInasau wunies

[ 4 1 g { [] :J'
AWRUT A. tumefaciens UL S. multivorum \MNTUNEMNTAGOEEAW ULO 18 uafiiSens 2

£S
o

SR [l 1 [ z A v a dy dy
ﬁ'?lel!ﬁlﬁNﬂJ‘UTl‘]J"l‘Vﬂl!ﬂTifJ68@'?118114%3\1!&5ﬂ AN UUINDUTITAINATUNAVU LB FY
[ o {1 v 1
WUT, Chryseobacterium sp. 18z B. cereus 391wt Ngosaatoas 11 uaninnansnaaoues

dy J a S J v dAA ] A
NITINAADIU W‘]JTJ"Ii]‘ﬁuV]iEJﬁ"IﬂWUTj‘Vlllf"l’ﬂllﬁ"lll”liﬂcluﬂﬁﬂﬂﬂﬁﬁ”l&l@:\iﬂﬂ S. multivorum 140
1 a a I va
B. cereus HANANIINNITNAQDIVDIIAANN l,!,fg{’JL%"fN (2550) mmﬂmwmzﬁmmmmm ULO
1 o 2 a a Y A = J . .
UANANNU B3 ULO  UBIINAUT LINIUTDN (2550) N@Qﬂ‘ﬂigﬂﬂ‘ﬂﬂl@\i aromatic, resins LU
A a ¢y A . Aq v Sa o
asphaltenes IU®UATICVIAIYATOI TLC-FID @IU ULO w”l%iumwmmummﬂaxmu
. A a <Y A [ :ll 2L o Y Aa A di’ ]
IMNIE aromatic BDAUATIEHAIYLATOI TLC-FID @Nuui]\‘lﬂ'lcl,ﬁ‘ﬂig’(ffﬂ‘ﬁﬂ'l‘wGll'ﬂ\ilﬁlfﬁlsl,uﬂ'liﬂﬂfJ
AABUANA NN
] P
Usz@nTmmmsdesdals ULO Vou¥oNaNseiaaL¥e Chryseobacterium sp.

1 % 9 a A [ =) 1 da’ ~ Qa: @ 4
3IUNY B. cereus (AC) v lvdszansnimmsdesaals ULO ANILFOIAEING 2 TYNUT Gluﬂg'ﬂ

A
A Jd v @

o v o A & a 7 o
NITNAADY A Uay C AuaIay ﬂ\iﬁﬂ“]l:ﬂﬂlWi']gﬂau‘ﬂiﬂﬂq 2 ﬁ'lflwuﬁillﬂuhlcﬁllﬁﬁ']ll'ﬁﬂ

J

o 1 @ 1 a o 1 1 t4 v J @
MOUsWIULuuaaasunulunsgosaals ULO llﬁﬁﬂ’)%f]uﬂ“]filﬂlﬂiﬁﬁml.l‘b;ﬁlﬂﬁﬁlwu‘ﬁ

E]

] ] k4
wila uaiiol4ie Chryseobacterium sp. SANU S, multivorum Uag A. tumefaciens “lmmmﬁ
09 AB 118y AC awaay uagld B. cereus SINNY S, multivorum uaz A. umefaciens Tuaga

9
M3ases BC uaz D awday wuldlsz@ninmmsdesaats ULO Indifsanuganis

Y
A A [ 4

o ' os/' [ a ()
NAADINUBONTN 3 TYNUT uazmmﬂmgﬂmsmam AC YU TN 1ZNAN1IZUUITU

Q

A a

o Ao 1 [l (] o A a dg} 1 1 YR o Y
ﬂuﬁi’ﬂ%au'ﬂiEJ@NﬂaTJllllﬁTJJ']iﬂEJ’E)ﬂﬁ1'§@]'Jﬂa'N‘VI!ﬂﬂ‘l]uﬁluigﬁ'NQﬂ']ifJ’f)fJﬁﬁWﬂVlWﬂﬂvnslﬁ

q

a

dszaninmlumsdesaarodl 1Alis1891UY09  Syakti azaAme (2004) ANBINITHINY
FINNUVDI Chryseobacterium sp. Q& Sphingomonas sp. 2MPII Tumsdosaais n-ecosane 1AL
phenanthrene WU E1UT0808AA1Y n-ecosane 1A 58% LazdagEaY phenanthrene 18 64%

v Y 9 v Y
m3iFenauii 4 @eius (ABCD) 1dszd@ninmmsdosaats ULO @ ndinguide SC9

a ] a

S A ~ . L o o o4 v =
umﬂmwmzﬂqm% SC9 279 UYAUNTYDIN AN TUAUDNITINIFDN 4 ﬁ?ﬂwuﬁﬂllﬂﬂqﬂ N
1 A a A L] yda' 42’ 1 a A dAA 1 1

GIS’JEJ!WMﬂigﬁﬂ‘ﬁﬂ’lweluﬂﬁﬂ@ﬂﬁﬁ'lﬂ ULO ]lﬂ@ENGU‘L! I@]ﬂﬂquﬁ!ﬁu'ﬂiEJVliJE]Qt’fHﬂiﬂEJE]EJﬁ'aWEJ

=

4 1 a o Y Aav
ﬁ"liﬂ58ﬂ?)‘]JUl8Iﬂiﬂﬁﬂi’]ulmﬂﬁﬂlﬁiNﬂH G]f\iﬁ’f]ﬂﬂ%f)\iﬂﬂﬂ‘lﬂﬁ]ﬂﬂlﬂ\i Rosa (lagaAe (2009)

A= ] A dy a 9 ' dy a A d A A 4
nAnyIMsdosaals phenol NuwlonludulasldnguiregauniduazuuanFeamenug



59

v 9
Acinetobacter calcoaceticus var. anitratus NHauen laniminde Ts9ugaamnssu nu nqu

a

4 4 a 1 a Aa o 1 A 1
1 aUN3 oe1113003In0gNANUINTUUDI phenol 1,200 HadniuaoansIAZAINITNI00
ya3 [ d" v 7 . ) 9 [ tﬂy
9018 phenol "lmﬁamwwamﬂwuﬁ A. calcoaceticus var. anitratus Tﬂﬂmi%ﬂqmwammm
1 2
go8eant phenol 1 86.0% Tuvaizims191¥e 4. calcoaceticus var. anitratus 808818 phenol

Y
TAeq 48.5% 11az1151991UU99 Rahman LazAe (2002) Anyinsdesaateriniuay Taelsy

v J

NAUYAUNI IuazuUANIEoe8WUT Micrococcus sp. GS2-22, Corynebacterium sp. GS5-66,
Flavobacterium sp. DS5-73, Bacillus sp. DS6-86 Q& Pseudomonas sp. DS10-129 W‘]ij”lﬂ’cjiJ
@Su‘vﬁis‘fmmiaeiaaﬁmaﬁwﬁuﬁu"lﬁ’qqﬁqﬂﬁq 78% 50989WIA0 Pseudomonas sp. DS10-129
18 Bacillus sp. DS6-86 a1xnsagesaas Ay 66% uag 59% U9y uatis1enuve
M AULNA (2546) “ﬁﬁﬂ“ﬂ1ﬂ1§Ei’f]ﬂﬁtﬂﬂﬁ’ﬁﬂIﬁi!,a8N181ﬂ§ﬂ1§U®uIﬂﬂi%ﬂ@:NL“§ﬂ W3 uag
uuaRiSoaeWus Acinetobacter sp. e ALIP 34 WU LuARIS0e18WUT Acinetobacter sp.

o [} a a 4 g’ v A Y 1 1
e ALIP $34 amnsndosaaredsilszneuezavhan laTasmsveulniniuauldaniingy

Y
A

=& 1 a a 4 g’ v Aa 9 o
e W3 saansadesdatsaisisznovezavhanlalasasvouluihiuay laauyselly

'
v A

Y A
1 J @ 1 a a J
AUN 5 UDINITNADDY ﬁ’JuﬂQN&%@ W3 1.!1!Elﬁ)El?fﬁﬁlffnﬁﬂ3$ﬂ’l§]‘U@$ﬁ°V‘hﬁﬂ]l€lIﬂiﬂT§‘U@uﬁlu
v 1

o v A @ = a J :JI
lﬂiJ’L!ﬂ‘Uhlﬁ 94.1% Glmu‘ﬁ 5 VBINITNADDN LLﬁ$1151EJ\‘111!5\‘1ﬂ']13Jﬁ13J1'iﬂ"ll@\1i}lﬁu‘Vﬁﬂ‘Vlﬁ 4
v I w 1 4
mawuﬁﬁﬂmwﬂ”lﬁmﬂﬂqm% SC9 A Chryseobacterium sp., Sphingobacterium multivorum,
2
Bacillus cereus W& Agrobacterium tumefaciens Hulanuanso lumsdesaareasiszney
4 a v & o
laTasmsvouyiia aliphatic hydrocarbon 48 aromatic hydrocarbon (FUANA N“lu, 2528;
Cerniglia, 1993; Syakti et al., 2004; Adebusoye et al. 2006; Tao et al. 2007; Seo et al. 2009)
[l 7 Ao 9 o 9 o 9
ﬂ']ifJ’t‘]fJﬁ'ﬁ'l‘c’JﬁTﬁ‘]Jigﬂﬂﬂqajﬂiﬂ"ﬁ°]J’E)‘Ll‘1/]NIﬂSQﬁﬁN“BU“B’OﬂNﬂ@@QﬂW?f‘ﬂi

=) a

o 1 [ ' 4 v d J 4 v Jd 1 a
“I/]N']ui’JiJﬂui%ﬁﬁlNL‘dﬁ’OﬁaT&JﬁWEJW1!ﬁ‘iJ"Iﬂﬂ’NﬂﬁGlGIa)'IL%@ﬂTﬂWMﬁLﬂﬂ? gauw?mmaz%umzﬁ
(] 4 4 1o a a
ﬂ’JTJJﬁ'HJ13ﬂﬁluﬂ']iﬂ’f)ﬂﬁa'lEJﬁTi‘]JS%ﬂ’E)‘UulﬁiﬂﬁﬂWﬁU@uﬁuﬂgﬂﬂ%uﬂuﬁgﬂiu"lmﬂl@ﬁ
4 o 1 [ a A Jd o Y a a
msﬂszﬂau"laimmmau msmqmsmﬂummi;mmiﬂﬂzwﬂwﬂimmuawumm
L= = ] A a A [ [] 9 9 =
Lﬂullclillll‘ﬂ’NN‘Hﬁ1fWiﬁ"IEJG]N%3%38&1/‘!%1]58?1‘1/]‘55111/‘!%@4@@5WﬂﬁEJ@EJﬁﬁ"IEJ ﬂJ@]lﬂL‘]J'iEJ‘]J“II@Q
9 1 491 a A d A a A J a [ ] ~ =1 I a
mﬂ%ﬂqmmgaumﬂ ﬂf]i]‘ﬂu‘ﬂiEJ‘]JNGHuﬂﬁ"IiJ"ﬁﬂEJ’E’)EJﬁa"IEJﬁ"ﬁ@’Jﬂﬂ"lﬂ‘l/]’t’)ﬁ]ﬁ]m\lﬂ’ﬂmi_]uWH
a z:? ' YR o 9 I a o Y a ad a A A ]
Lﬂﬂﬂluiuﬂﬁ%ﬂ’!uﬂTiﬂ@ﬂﬁﬁ?ﬂhlﬂiN‘VHGlWﬂ’NlJLﬂuWHﬁﬂﬁﬂﬂTiWﬂﬁuﬂiEJGI)”L!QE’JL! il ‘Vlulll
1 a A o A o T 4
ﬁ'liﬂii]‘ﬂu@]’E'Jﬁ'li‘W'H’ﬁHﬂim‘W3Jﬁ]11!')‘11!&!?18!,‘1/‘!%E]G]iTﬂﬁEJE]EJ’(?fﬁ'IEJEﬂTJJSZﬂE]‘]JhlaIﬂiﬂ1i‘U’fJu
Y .
1a (Adebusoye et al., 2006; Ghazali et al., 2004)
= ~ 1 9 9 dy Y I 1 1 dy =\ a a
i]1ﬂNﬁﬂ1§ﬁﬂ‘kﬂ‘VlﬂﬁTJllWGUNGIH%GLWLWH’H‘T]QNLGH@ SC9 Nﬂi%ﬁﬂ‘ﬁﬂTWiuﬂWi

' 1 dy = dy @ g =2 A U dy 9 09: '
ﬂaﬂaawqqmmmmmgmzwawam ANUUIUADNNQNLTD SC9 1%1uﬂ1iﬂ@aﬂﬂﬂluﬂ®1ﬂ



60

% d‘d v | A" dlcu A a
3. ﬂ%ﬂﬂﬂuwaﬂﬂﬂ]1uﬁ1u1itﬂufﬂ‘éﬂi’]ﬂﬁ%ﬂﬂ ULO Sllﬁ)\‘i!‘lf@ﬂﬂﬂ!ﬁ@)ﬂﬂéﬂ“ﬂﬂﬁﬂﬂ‘ﬂlﬂﬁ!ﬂﬁ]

ien

3.1 mavealSunafunemsaesaals ULO luauamnveariadiean
A o 1 dy A ) [ A 9 o 1
Wethngude sco Alaninmsdadenlude 2 mhimsnageumsdesaais
Y '

ULO 1% luduammveauraditlenTagdsulviiidSinausesuduseuna 7.0 log CFU/mL Tu
4 Aa aa A A 1 4 [
Waasvuna 250 Haaans HaziMIANAY 0%, 5%, 10%, 15% Lag 20% 1Nie Iasive1die

< [ H A I o [V
A71M157 200 50UADUIA Ngangives 1iunar 7 Tu wamsnaaosdudaslu Figure 12
1 [ a -4 3 4 a a 1
WU ganuaNlinIsdesdaIsna TN I0eIle191NINANT LM EIAZINANTE0HA 18NS
2
MENTNHTON1AT (abiotic degradation) (Shabir et al., 2007) Tuszninamssiugo aauluyea
A Aa A Y J I 4 A A A
MINAABINUMIANAY 10% 111nlesIFUANITaAAIYeI ULO gaNga Av 50.5% 599031179
~ (= a a 9 I I 4 I a
gansnaaod luiimsauau (0%) lilesiduanisanaues ULO 40.0% orudlumwsizau
1 Y
fegranauad lihiuianseissiman lulasou 0.13%) vazieanosa (0.054%) (Table
1 dy a a A JdR o ~ 9
6) A1 IMTHANNILYNFLDDNUINDYNIAVRIAY JAUNITIVNNANTO1MITNGNBZU 19 1
M550y (Ramirez et al,, 2001) @1 luyganMInaaINTMSIAVAY 5%, 15% uag 20% 17
-4 "o o o i
nlosiFuansanaauos ULO Ny 22.3%, 17.1% uaz 16.9% awany uazluganiuaui l
= a U ; = Y] A Y =\ A Yy 9
UMIANNGUIFD SCY LUMIBATINTAANIVOI ULO AINLLIIINZUMIANAN NI UYD
a [~ 1 a Y] a a o a z
AunaalfiiuIIN5INZAA (sorption) U89 ULO NUBYNIAYDIAUNTOHITOUNT & IUAUTIY
Weeun (Figure 12)
A Aa a 9 S I 4 ¢; 1 d‘
msauauasll 5% ldlesisudnmsanasues ULO dinganisnaaeei
[] Aa a 3 I~ A 1 J g a a
TufimaAuau (0%) siverndumsizarsensniiogluemisideade MSM HansnIzan
Y
[ a a oL a o 1 ] o
(sorption) NUBYMIAUBIAUNTOEITOUNIOTUAY Mlnngude sco Tuaunsatharsemis
9 a v YR o Y Aa A 1 ° A A
s lumsniyuazmsgesaaslareilvlseansamlumsdesaais ULO 1 uaziiloriu
Y A & v s o = g
ANUANTIUYRIAMITY 10% vz l)esiFudnisanasves ULO gangalumsnaaoaiionn
3 a 1 1 o $ ] =y a
WUNTIZIAAANNANARTZHINETOIMITUAZURAINTUOY  FzduasuMTIyuazms
1 1 dy A A Y 9 a I o Y
8088 018YINGNIFD SCI AZINDINNANWIVTUVOIAWA Y 15% 1Az 20% x4
J 3 4 ° 3 I~ Aa a .
oS suUANSanaIued ULO M1iue 19l uims1inan1sinizaa (sorption) vova15lsznou
o g g o a o
laTasasueuiniuesnlsznoulu ULO AueynInuesdl (Okuda et al, 2007) ¥1ld
a = J ] 9 I 1 4 YR A ] a ::2} Y dy
paunidluanuniold uLo fuuvasmsveuldvelinmsdesaaranaiuilos uenviniily

9
v o J J

Aa = < a Y v a Yy .
UNATIAUGAAFAUNTYIDIND1VYNAAARA (adsorp) hl]ﬂﬂ@ialﬂiﬂﬂuhlﬂﬂ’sﬂ (Bai et al., 1997)



61

Degradation (%)

pH

10% 15% 20%

Soil (%,w/v)

B without inoculum B with inoculum

Figure 12. Effect of soil concentration on degradation of ULO (1%) (A) and pH changes (B) in
50 mL MSM by SC9 consortia after incubated at room temperature, 200 rpm for 7

days. Bars represent the standard deviation from three determinations.
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Table 9. Heterotrophic bacteria after 7 days of degradation of ULO (1%) with the addition of soil

in 50 mL MSM and incubated at room temperature, 200 rpm for 7 days.

Soil (%) Heterotrophic bacteria (Log CFU/mL)
0% 10.24+0.01
5% 9.9+0.01
10% 10.9+0.01
15% 9.6+0.01
20 % 9.4+0.01
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Table 10. Heterotrophic bacteria after 7 days of degradation of ULO (1%) with the addition of
various SC9 inoculum size in 50 mL MSM containing 10% soil and incubated at room

temperature, 200 rpm for 7 days.

Inoculum size (%) Heterotrophic bacteria (Log CFU/mL)
0% 0
5% 9.2+0.10
10% 10.94+0.06
15% 11.1+0.03
20% 12.24+0.08

25% 12.7+0.03
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Figure 13. Effect of SC9 consortia inoculum size on degradation of ULO (1%) (A) and pH
changes (B) in 50 mL MSM containing 10% soil after incubated at room temperature,
200 rpm for 7 days. Bars represent the standard deviation from three determinations.

Different letters indicate significant differences (p < 0.05).

o us.a} ' { a Jd a 4
HANMIMIIUIULLANITINIHNA WU FANIITNABOINTMIANTAAYAUNT D

2 0 b ' v A
Tugiuviuase 25%  HUsuangormuiuniigalu 7 Juihimineass Tasiisuiuie

a

[ 1 a 4 o
WU 127 log CFU/mL Fe4adi1foganinaaesnimsmuisaagaunsolugiluviuaey
Y

20% 1AL 15% U3 TUINFBININY 12.2 log CFU/mL 1ag 11.1 log CFU/mL AU&19U ALLaad

Tuaise A1 10 Feaeandesnunansanadved ULO uaziiennsanmiiteswunaiiie v

1 d' =) = [ dl = a 9 dy .

maaaslunnyanmsnaasuionlisufisuniuganisnaaeei bilims@unduie SC9 (Figure
A o dy a A dAA [ 4 d? =

13) mslifwureyaunsdniinnuansodesaareaislsznov laTasasvouuniuagd

o Y J A d%' 9
ma limsanasvesanstsenenlalasms e wHNUINUUAIY (Adebusoye ef al., 2006)

o Y a A 1 4 A d? .
LWiW%3%11ﬂﬂi$ﬁﬂ‘ﬁﬂ11ﬁlﬂﬁEJ’E)fJﬁﬁWﬁﬁﬂi%ﬂﬂ‘UVlﬁIﬂﬁﬂﬁUﬂulWMﬂlu (Regina et al..



65

Y v v Y
2006) Pathak tazAMe (2009) ANELTuNBFoNINaReNITER8EA1Y naphthalene N1uoulu
a 9 dy S A [ 4 1 A A a dy
au  Taeld¥ounniiiSoaowus Pseudomonas sp. HOBI Wi iloinlTunaueuie
v 4 [
Pseudomonas sp. HOB1 9¢%11¥19n3517158088a18 naphthalene #inUua1e Tasiio191/5ua

Y v v
i@ 1galuN1ITNAG0IAL 0.96 TadanT (A = 1.0) wlddaimsdesaarsdigamiiny

660 nm

o A o A A a dy I a aa
63% el 24 $r TuaniimMsnaaed tazilemulsuangerily 2.3 Uaaaas (A =1.0) 9

660 nm
Ioasimsgosaais 100% nelu 24 F1Tuaniimsnaana
= = A A S a A
NARAMIANEIHgANIINAaINIMSIFaagaunsdlugiuviuass 15%,
Y Ea~] 4 [ 1 o aa ] qﬂ// =
20% wag 25% 1A nesiFudn1sanadues ULO hiuana1aiunieana (p > 0.05) aauude

a

1 Y
oniaagaunsdlugiuviuasei 15% 19 lumsnaassiudeli/

3.3 wavastiewSuAUAeMstasaaly ULO Tuauamwvaauviadilan
d‘ o [ Q' 9 dy dy a Aa Aaa
Wor1mMsUSutewsuALU0IIMITIAeU¥D MSM 151195 50 Uaaans lae
A A A 9 - Y Aa a Ay A FY
PMNOWTUAUNINGY 5.0, 6.0, 7.0, 8.0, 8.5, 9.0 uaz 9.5 ud ANl aFeITUAUTZIU 7.0

a

[ 1 4 ' 1% a J a
log CFU/mL Ltazﬁ ULO 1% WUUNHEIS VD ULAZUHAINAIITY L!ﬁamuﬂmmzmaaﬁ;auﬂ

=
q

o W 14 a aa 1 <3
Tuginaavassasly 10% naz 15% awdray Turaraduuia 250 Hadaas werdien5)

v
a

1 A A a gy I @ 1 Aa 1A 9 1w
200 59UAOUIN NYUNHNNOI 1TUDA1 7 Tu WU FANITNAADINUAINDBTUAUNINY 8.5
sd o { ia A
Tinlesiduanmsanasuod ULO gafign Ao 59.3% e9asunegamsnaaosniimiitomsudu
[ Y S I 4 (] < [ PR
M1 8.0 191lesisudnsanadued ULO 58.9% o814 lsaaiuainsanasved ULO Nto
[ [ o ana . A A (= A 9 I
8.0 uae 8.5 liunnA 1N uUNeadn (p > 0.05) (Figure 14) tazilamumiitewsuawiu 9.0
A A (] I o o 8
uaz 9.5 sz llszansammsgesaats ULO anauily 47.1% tag 34.7% a1ud1ay $anans
NAABIADAAADINUNITNAABIVD Li HarAue (2008b) NANYINITHRUAANY
A a A A ¥ a A A J a
hexachlorobutadiene (HCBD) Taggaunidnuen ldanauniwilou HCBD uazaznoutinde
1 o Y a = 1 dy ] Y (]
3nteniaveelssnuillasnl wuluseaiusadesaalsalslszney HCBD 1a0814
4 [ { A 1 ] 1
awysainelu 7 u Afemindu 7.0, 7.5 uaz 8.0 daumsdesaatsaislsznon HCBD i
A A £ 9 I 4 ' Y o w
anaan ey 6.0 uaz 9.0 el FuanIsdesaaenINy 30.4% 1Az 54.4% AINAI9U LAY
NAMIANBIVOY Lee tazAniy (2008) AANEINTE08aA10815152n0Y cyclohexane NTAY

a =) a =)

1 ~ a qu 1 { 1 4
HANANUDINIOWTUAUAWA 4.7-8.0 NQMNY 30 DIAUTATHA WDIYAUNTINANNE WD
1 { { a [ 4 J 3 J [ %
Tumsdosdats cyclohexane gaiiganfitomsuduminy 8.0 ¥aldlosisuamsanauminy
A A A ¥ 1w ¥ 73 o o "
96.0% 09a91AD yaNTiemTuALMINY 7.0 THlesiFuanmsanauniny 93.0% uaed1als

1< 1 { 1 1 4 Qall 4 (K%
anllWﬂGUfN"U’ENﬂWWL?J‘lfﬁ!fl’ilﬂ%ﬁiJﬁf]ﬂTifl’t']Uﬁﬁ18ﬁ1§ﬂ33ﬂﬂﬂllaiﬂ'iﬂTiUfJuuui]ZﬁuﬂgﬂU



66

a a = J a 4 9 =
%uﬂmmi}aummmwuﬂmmmiﬂszﬂ@u"laimmiueuma Rahman agAUe (2002) ANYI
= ~ 1 1 2’ v A a AdA o a a ~
Na‘lJENWL’l’)Gb'VILﬁ‘JJ"Igﬁ‘JJﬁ’E’]ﬂ']ﬁEJ?Jﬂﬁ'ﬁ']flu'lilu@llIﬂﬂﬁ)‘auﬂﬁﬂﬂﬂﬂLLﬂﬂﬁ]TﬂﬂuiuUil’Jﬂ!ﬂ
9 9
Yulouriniudsalseneudle Micrococcus sp. GS2-22, Corynebacterium sp. GS5-66,
Flavobacterium sp. DS5-73, Bacillus sp. DS6-86 UQ& Pseudomonas sp. DS10-129 Taelsuney
) Y IJq YA 1 T v o o T oA a A J
ﬂiﬂﬂﬂﬁlﬂ@]ﬂ?\llﬂ@ﬁ1ﬁﬂﬂ1lﬂ1ﬂﬂ 6.5, 7.5 11ag 8.5 AMNAIAU WU NWOY 7.5 VA UNTINTN 5
A a a 1 3' v A [y { o 1
menug Inlszansnmmsdesaaeinniuay 1d 78% nelunal 20 Juiimsnaass dau

A A a ad o @ D) A A ' Y}
NNLOY 8.5 ﬁ]aumaﬁwwu‘q Flavobacterium sp. DS5-73 Glﬂﬂigﬁvl‘ﬁﬂ”IWﬂTiﬂ@ﬂﬁaTﬂllﬂ 43%

Q

[

nelunal 20 TuNiNInaang

Degradation (%)

pPH
O~ NWPOOONO®OO

Initial pH

B without inoculum B with inoculum

Figure 14. Effect of initial pH on degradation of ULO (1%) (A) and pH changes (B) in 50 mL
MSM containing 10% soil and 15% SC9 consortia inoculum size after incubated at
room temperature, 200 rpm for 7 days. Bars represent the standard deviation from

three determinations. Different letters indicate significant differences (p < 0.05).
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Table 11. Heterotrophic bacteria after 7 days of degradation of ULO (1%) with the various initial
pHs in 50 mL MSM containing 10% soil and 15% SC9 consortia inoculum size and

incubated at room temperature, 200 rpm for 7 days.

Initial pH Heterotrophic bacteria (Log CFU/mL)
5.0 10.2+0.12
6.0 10.4+0.08
7.0 11.3£0.12
8.0 11.4+0.03
8.5 11.5+0.01
9.0 9.3+0.06
9.5 9.1+0.12
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Figure 15. Effect of nitrogen source on degradation of ULO (1%) (A) and pH changes (B) in 50
mL MSM with initial pH 8.0 containing 10% soil and 15% SC9 consortia inoculum
size after incubated at room temperature, 200 rpm for 7 days. Bars represent the
standard deviation from three determinations. Different letters indicate significant

differences (p < 0.05).
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Table 12. Heterotrophic bacteria after 7 days of degradation of ULO (1%) with the various
nitrogen sources in 50 mL MSM with initial pH 8.0, containing 10% soil and 15% SC9

consortia inoculum size and incubated at room temperature, 200 rpm for 7 days.

Nitrogen source Heterotrophic bacteria (Log CFU/mL)
NH,Cl1 11.2+0.15
NH,NO, 11.0+0.03
(NH,),SO, 11.4+0.04
Urea 7.8+0.03
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Figure 16. Effect of ammonium sulphate concentration on degradation of ULO (1%) (A) and pH
changes (B) in 50 mL MSM with initial pH 8.0 containing 10% soil and 15% SC9
consortia inoculum size after incubated at room temperature, 200 rpm for 7 days. Bars
represent the standard deviation from three determinations. Different letters indicate

significant differences (P < 0.05).
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Tunnygamsnaasd (Figure 16)

Table 13. Heterotrophic bacteria after 7 days of degradation of ULO (1%) with the various
ammonium sulphate concentrations in 50 mL MSM with initial pH 8.0, containing

10% soil and 15% SC9 consortia inoculum size and incubated at room temperature,

200 rpm for 7 days.
Ammonium sulphate concentration (g/L) Heterotrophic bacteria (Log CFU/mL)
0 8.2+0.12
2 10.2+0.06
4 11.4+0.04
6 9.9+0.03
8 9.6:0.10
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Table 14. Heterotrophic bacteria after 7 days of degradation of ULO (1%) with the 4 g/L
ammonium sulphate and various potassium source ratio in 50 mL MSM with initial pH
8.0, containing 10% soil and 15% SC9 consortia inoculum size and incubated at room

temperature, 200 rpm for 7 days.

Ratio of dipotussium hydrogenphosphate : Heterotrophic bacteria (Log CFU/mL)

potussium dihydrogenphosphate (g/L)

0:0 9.2+0.11
0:1.2 10.9+0.01
1.8:0 10.94+0.06
0.9:1.2 11.2+0.08
1.8:0.6 11.5+0.01

1.8:1.2 11.8+0.13
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Dipotussium hydrogenphosphate : Potussium dihydrogenphosphate (g/L)
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Figure 17. Effect of phosphorus source ratio on degradation of ULO (1%) (A) and pH changes
(B) in 50 mL MSM with initial pH 8.0 containing 10% soil, 15% SC9 consortia
inoculum size and 4g/L ammonium sulphate after incubated at room temperature, 200
rpm for 7 days. Bars represent the standard deviation from three determinations.

Different letters indicate significant differences (P < 0.05).
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Figure 18. Effect of crude biosurfactant produced from A. calcoaceticus subsp. anitratus SM7 on

the degradation of ULO (1%) (A) and pH changes (B) in 50 mL MSM with initial pH

8.0 containing 10% soil, 15% SC9 consortia inoculum size, 4 g/L. ammonium sulphate,

1.8 g/L dipotussium hydrogenphosphate and 0.6 g/L potussium dihydrogenphosphate

in sterilized and non-sterilized conditions after incubated at room temperature, 200

rpm for 0, 7 and 30 days. Bars represent the standard deviation from three

determinations.
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Figure 19. Heterotrophic bacteria after 30 days of degradation of ULO (1%) with the 4 g/L
ammonium sulphate, 1.8 g/L dipotussium hydrogenphosphate and 0.6 g/L potussium
dihydrogenphosphate in 50 mL MSM with initial pH 8.0, containing 10% soil and
15% SC9 consortia inoculum size and incubated at room temperature, 200 rpm for 7

days.
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Figure 20. TLC-FID chromatogram of ULO extracted from ULO  (1%) contaminated soil slurry
sterilization and incubated at room temperature, 200 rpm for 30 days.
A =0 day of cultivation = B =7 days of cultivation C = 30 days of cultivation
Note: Aromatic hydrocarbon I (RT=0.210+0.004) and Aromatic hydrocarbon II
(RT=0.220+0.006) was analyzed by TLC-FID.

* Minus value means amount is increased.
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Figure 21. TLC-FID chromatogram of ULO extracted from ULO (1%) contaminated soil slurry

sterilization supplemented with SC9 consortia and crude biosurfactant and incubated at

room temperature, 200 rpm for 30 days.

A = 0 day of cultivation B =7 days of cultivation C = 30 days of cultivation

Note: Aromatic hydrocarbon 1 (RT=0.208+0.001) and Aromatic hydrocarbon

(RT=0.217+0.002) was analyzed by TLC-FID.

II
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Figure 22. TLC-FID chromatogram of ULO extracted from ULO (1%) contaminated soil slurry
without sterilization and incubated at room temperature, 200 rpm for 30 days.
A =0 day of cultivation =~ B =7 days of cultivation C =30 days of cultivation
Note: Aromatic hydrocarbon I (RT=0.211+0.004) and Aromatic hydrocarbon II
(RT=0.218+0.008) was analyzed by TLC-FID.

* Minus value means amount is increased.
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Figure 23. TLC-FID chromatogram of ULO extracted from ULO (1%) contaminated soil slurry
without sterilization supplemented with SC9 consortia and crude biosurfactant and
incubated at room temperature, 200 rpm for 30 days.

A = 0 day of cultivation B =7 days of cultivation C = 30 days of cultivation

Note: Aromatic hydrocarbon I (RT=0.209+0.004) and Aromatic hydrocarbon II

(RT=0.218+0.004) was analyzed by TLC-FID.
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Figure 24. GC-MS chromatogram of hydrocarbon fraction from ULO contaminated soil slurry

sterilization (A= day 0, B= day 30) and soil slurry sterilization supplemented with

SC9 consortia and crude biosurfactant produced from A. calcoaceticus subsp.

anitratus SM7 (C= day 0, D= day 30). Time scale in minute.
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Figure 25. GC-MS chromatogram of hydrocarbon fraction from ULO contaminated soil slurry

without sterilization (A= day 0, B= day 30) and soil slurry without sterilization
supplemented with SC9 consortia and crude biosurfactant produced from A.
calcoaceticus subsp. anitratus SM7 (C= day 0, D= day 30). Time scale in minute.

NC = No Classified.
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Table 15. Effect of SC9 consortia on the degradation of low molecular weight aromatic

hydrocarbon.

Type/Concentrations (%)

SC9 consortia

benzene
0.01
0.025
0.05
0.10
0.25

xylene
0.01
0.025
0.05
0.10
0.25

naphthalene
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1. Mineral Salt Medium (MSM) (ﬁﬂuﬂmmn Ijah and Upke, 1992)

K,HPO, 1.8 g/L
KH,PO, 1.2 g/L
NH,Cl1 4.0 g/L
MgSO, 7H,0 0.8 g/L
NaCl 1.7 g/L
FeSO,.7H,0 0.1 g/L
pH 7.0
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4. Minimal salt medium (#A1Ja321n Shabtai and Gutnick, 1985)

K,HPO,.3H,0 22 gL
KH,PO, 0.73 g/L
(NH,),SO, 1 g/L
NaCl 30 g/L
MgSO, 7H,0 02 gL
pH 7.0
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3. Nutrient broth

Nutrient broth 13.0 g/L
Usznoudiy

- Peptic digest of animal tissue 5.0¢g/L

- NaCl 5.0¢g/L
- Beef extract 1.5¢g/L
- Yeast extract 1.5¢g/L
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4. Nutrient agar

Nutrient broth 13.0 g/L
Uszneudie

- Peptic digest of animal tissue 5.0¢g/L

- NaCl 5.0 ¢g/L
- Beef extract 1.5 ¢g/L
- Yeast extract 1.5 g/L
Agar 1.5¢g/L
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