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Major Program Biotechnology

Academic year 2007

ABTRACT

Consortia of waste lubricating oil degrading microorganisms were isolated from
oil contaminated soil collected from garages and petrol stations in Nakhonsithammarat, Songkhla
and Suratthani Provinces. An enrichment culture technique was used for the isolation of
microorganisms responsible for the biodegradation of waste lubricating oil. One gram of soil
sample was added into mineral salt medium containing 1% waste lubricating oil as sole carbon
source. Waste lubricating oil degradation activity was measured by weight loss method. The most
active consortia in the assimilation of waste lubricating oil was SC-9. The SC-9 consortia showed
40.46% oil degrading activity within 5 days. The oil concentration had affected the degradation
of the SC-9 consortia. The degrading activity was decreased from 40.46% to 15.05% when waste
lubricating oil was increased from 1% to 10%. The SC-9 consortia contained four bacterial
isolates, two isolates were Gram-positive, rod shape and the other was Gram-negative, cocci and
rod shape. Determination of the nucleotide sequence of the gene encoding 16S rDNA of the four
bacterial strains was identified as Chryseobacterium sp., Bacillus cereus, Sphingobacterium
multivorum and Agrobacterium tumefaciens. The optimal conditions for degradation of waste
lubricating oil contaminated soil by SC-9 consortia were the addition of SC-9 consortia to
obtain about 10" CFU/g soil and adjusted moisture content of soil to 17%. In addition, C:N:P
ratio was adjusted to 300:10:1 gave the maximal biodegradation 98% and aromatic hydrocarbon

and asphaltene was decreased up to 64% and 70%, respectively.
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Table 1. Component of 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

11 : Koma tagaay (2001)



= 9 oy % VA I o 09}/
dszmalneiinisldiniuraedwiudurunnnilugaavnssunaznis
v 1 v v
auwan WUl 2540 Husunaniniuvaeaui19uda (used lubricating oil) 5343191 52IMA
a @ 1< a ] ]
Uszanam 329 dwdans  Teasauisadanulaiies 219 A 1udans Hiedesas 66 aIudnnN
a 1 v o Qy o { [l
100 A11aA5 H30308az 34 ManimIdanusTIn By TemivTomnaludnvasnlu
4 Y v Y v 1
mazaury Madluuvanil usnuiedeids Auiinbasnssy dene lRinauanydzan
A Y v [ g‘ % VA A
aodanadonluszezonn (wild “wnunIsIaL, 2545) TaemsUsulysnanminiurasaun
THud Ilaaauianawisori 1014 Tni'ldTaerunssuis 2 35ae

o = 9 v a A a 9
- msthianemenntazmunid Iaglénsagan5nludsunnsevas 10

Y]

a Jdad a 2’ o w
TavilSiasuaydaaesidsnludSuiadosar 10 Tasshmin  (HumsWenduazsiia
J 1 A 1A A A A &£ o 9109’ o A
pentlsznouaee i luadesaaenauduvetudus e lmhdudeugaunin
o w 9 @ 1 aan a I a Y 1T W v Aaaa
- mshiiaadelaTasu duselgasenldn 3 via ldun @nsealgnse

a A a A o a Ao o [ [ a [ 1 aan a A
WsH-Uina uma'e)'e)ﬂ"l,cmTzuamuu"lmaaﬂllwﬂuumsmsngum uazmssaﬂaﬂsmuma

Jd v s @ o a @ 1 aaa aa
i’]i’]ﬂll“]iﬂ‘ﬂ\‘lﬁmullﬁi@@ﬂllgﬁﬂﬂuﬁjiﬂﬂiﬂﬂzﬂNUT G]'Jﬁ\‘]']Jg(]ﬂ3fJ"ILLiﬁ-‘l!LﬂﬁﬁiTﬂ”lQﬂﬁﬁJ”liﬂ

U

9 o o 2’ Y Y 091 Y Y Y 9 o ] Aaaan ~
16]5‘1J”|‘1Jﬂu”mu"lﬂml,azTd”lmsaLwﬂﬂﬂﬂmﬂumullmm mmmmmmmmwﬂﬂgﬂiam

Y

o w A 9 o @ d' 9 ad o 1 = d'd a2 A
mivzaulumsiitanesosas 4 1!11Juﬂulﬂﬁ]1ﬂﬂiih’3‘ﬁﬂ\‘lﬂa13Nﬂmﬂ1WﬂﬂIﬂﬂNﬂiN1m
Y] 4 v A = g’ v A A d? a = = A o 4
Falosanasuazasianuniave i ula NIy GEY S aulng uazsse HIUIATIAY,
2551)

11AMIF1329nquA08 1Y TzIANA19  1ReINUUTuInLarN1TIanIs
Y

A A sq Y Y @ A A N T R
TN UNaeaUIATEIIUAN 1T N TeMANINEDIHUTAT UMM UIE N UiaoaY

d A a L4 B2 oy 7 J 4 {
@%@Nﬁﬂﬁ?@ﬁﬂﬂﬂiﬂWﬁ Iﬂﬁlﬁ&ﬂiWﬁ‘ﬁﬂﬂlﬁﬂJ‘UWV]1\‘1anJﬂTWLlﬁ$ﬂN&ﬂflﬂlfNunJuﬁa@ﬁuﬁal%

U

9 ] v
udaneuthtiatazrasmsithtia wuhguantiaswveniniunasaunldudinoumstiia

v A %

A a A A 9 g’ o dy a a oy o £
IﬂﬁltﬂaEIENNﬂﬂ!ﬁll‘ﬂ@IaluﬂTﬁ‘Via’E'Jﬁu‘ﬂﬂﬁ'ﬁﬂﬁ0Gl‘]ﬂﬂuuﬁJul‘B@LWﬁﬂ%uﬂu1Num%ﬂiﬂlﬂ BN

q

IAURaEANTOU (heating value) 158319 9,500 keal/ke UTwnasnzdu luinuiosaz 1 T
Y [

A o S A 9 = a 9 dy 1A
ez Tanzimannmsen mduazdnuse lulsnanissnnn wenniinunilavzuay
AsnnnnasnuguMauvaced lulSuaunsy zn, Ca, Pbuag Mg Han1sANEINY

Y Y Y
Nawnsnh I Fduhiusemamaunuiiumludugaamnssudaien 1diueded

% S o o A

Y ] H
drunaauiasmvesihiunasaunldudivdimsdnia danuauiadidyie A
A ' S 9 Y o A <3 = Il
wilaogluuasgruuatiuu Tdulumedudr venaniilimanuiunsaganndalumung

U

' o v o w v A A /s o @ A ' < " q Y a
9‘]@ﬂ151“[11J(161ﬂﬂUUTNUWQBQULﬂjﬂ\Tﬂu@]@ﬂﬂﬁQ 1/]\1HLWﬁ]xﬂ1ﬂ31NLﬂUﬂ5ﬂ§IQ@1§]ﬂ@‘lﬁlﬂﬂ

[ ' 4 4 o 1 o 3’ o 1 4
@1!9]518!,!'?1&?1%‘@\18“ﬁﬂ1ﬂﬂ1iﬂﬂﬂiﬂumﬂﬂﬂiﬂ msﬁi;m”m”lwmuazmmiﬁmmumuwaaﬁu



c; 1 ] Y] a o q 1 9
muﬁmmm%zmﬁmiazmﬁlauﬂ%mqﬂﬁxm‘nﬂuﬁlauag (WUT NUNUNITIU, 2545,

AINT UAUTEN, 2546)

dq’ : % VA A d
2.2 msdwileuveiniuviasaunsesaun

S o VA A s Y Y o A o o 1
UTNUWﬂ@aleiﬂﬂﬂu@]ﬂiﬂﬂla'Jilﬂlﬂuellﬂﬂlﬁflﬂu@]ihlﬂ HINNINIDWRWNLUAL

o w Il ad S @ VA Y v J A 4 ' A
ﬂ”lilﬂllllgﬂ'J‘ﬁ%3&ﬂu@u@§18ﬁﬂﬁﬂlmﬂaﬂu 0 WY UASHUBY (FU DITININIFUSUIIINGD
v

o o A A sHq Y Y o Y a v A Aa s 1
Ll”IEJLl“Viﬂ@ﬂumi@ﬂEJL!GWIGL‘MLQ’J‘Im‘l‘ﬁlﬂﬂlli’]LmgﬂUUWH%NOBﬂllGKﬂﬂJ@QIﬂW%ﬁQﬂi%iﬂﬂq

dy q'/ 2’ % U d‘ d‘ (d‘ Yy 9 a 1 1
UITYINA Ll9ﬂi]”lﬂuﬂ153’JllﬁﬂGIJ9\11!”IllLl‘Viﬂ’f)ale5@\1EJ‘L!@]‘V]1‘]5&Lﬂ?ﬂﬂﬂ1!i]$&t1/‘liﬂi$il1Elq

Yy Yy v
A A [

a A 9 = ' 3 o ddg’ (Y] k4 %
‘].IiL’JiLl‘]riS@W‘L!V]GIJNL?]EJQBEJ%‘]S’J@LS’JTNM"IJM’OEJﬂ‘]Jﬂ%%EJG]N“’] wanelsenmsaieny

U

o Y < v o ]
- ﬂimﬂ“ﬂﬂ13531ﬁﬁlla$ﬂﬁ51ﬂ1§ul“ri'a T UAINHUAMTUNTNTL OV
3’ % o ] 1 A o Y cy v A 1 < a 9
HWNHIQElfnii'Julfl"iﬁ'E'JEH\WIﬂluﬂﬂ%%‘ﬂWiﬁﬂﬁWUuWﬂqu@ﬂ1ﬁlLWiﬂi$%1ﬁllﬂuUil’Jﬂlﬂ'ﬂ\‘l
yo} <} 1 o 1 ] g’ o
u@ﬂ%1ﬂﬁﬂﬂi1ﬂ151ﬁﬁﬂﬁﬁ']ua’1ﬂﬂlu€5|@ﬂ1§LL‘Wiﬂi$ﬁ]Wﬂ@@ﬂtlﬂell@QﬂﬁTﬂuﬁJu

9 Y
- dszanveniniu uaviamwizdveuhiuuaazriai lnvuiaves

dy d'd' 1 T o Y = Q'J a d' 1w
wunfunsnszne lumnuudeglina g lvaludsinadimin
Y v Y [
- ANHUSVOIANINAUN dnvuzvoIanINNURIziOnTnad iAo

=

1 oy o I 1 1 A dy A A c?/‘ = o Y oy %
UNWINTZ10U09 10T ueE19u1n ﬂaWﬂﬂ@WHﬂ‘ﬂNﬂ’NNa1?’1%14‘1]%%71@11’111??141111!
' va A Ad g A
LL‘Wiﬂi$‘ﬂWElvlﬂlﬁ'Jﬂ’ﬂﬁluﬁﬂ1WWu“VI“VIL“lJ‘H‘WﬁTU

v 9 Y H
- szeznaiine mIunsnszaeveniiunseunquiiuinielnauinies
4

~ z A a o I [ dyw A Y d (]
LWElxi(lﬂuuigEJ$L'Jﬂ”I‘VILﬂﬂfﬂ5531%@%3LTJL!G]'JGH'J@IE’JEJ”NWINV]‘]f?]fl(lﬁﬂ”lﬂﬂ”limlﬂullﬂ@Eﬂ\i

v
ANAD

EY

E4 v Y
uaﬂil"mﬁﬂ15%7?'%’@%“3"!,14ammii"lﬁuaﬂuﬂu‘uNmuazfmwm%mmwm

a . A v Y ' = Yy 9 o
au (permeable soil) anJ!,LufJﬂQﬂ’JfJLﬁ\‘]TuuﬂfNIaﬂllagU1\1ﬁ?uﬁ]gcﬁuﬂ@ﬂﬂTQﬂTuGﬂ]QGﬂﬂﬂsﬁu

C=

Y Y I Y
AUANFDIININToIRILEN MT IMaFuvoniiuasdauazltioauua o 1T uE

U
]

] FY ] J qg/’ dli ] ] =1 ] = ] YA d' dy
mullﬂ“lummsﬂmmmmzmaizaznmmu"lﬂmmmﬁjzllmauiwwmu"lﬂamummmua

v Y Y E4 E4 A
Auiinsoudadrniduniilvzivegiuguantiaguanianianienimuesduiiug dae

v k4 H v
nanfeAUNlnIIANTeo N IAYINT e gUhTUIzE s FuR U udAaNgIn AU
= 3 a ~ d‘y 3’ @ A A sq Y Y =
voymauawmniies msduilewiiuvdedwaiessudnlsuainiearsdsznou

4 A 1T A 1 g’ v A Aa a c?/‘ 19 Y a
laTasmsveudua Tuundsdu wudhasihdunlnaquirausznulilieengounay
a Jd FUR~ o ] a [l = o dy a oy
ueroriadriiu ) Idiunisiiarsundsensludn wwderdumstuitleununning

% 1 a ' cy o o I @ 1 g’
GlJﬂGU’NQfﬂiﬂ1EJ!,°VI’E'JﬂﬂcﬂlﬂuﬁgT‘i’ﬂ\‘lfﬂﬂWﬁl!ﬁgUWWWGlﬁﬁ“MLagﬂ@I'J“ﬁ91?{811!1!??'61\‘11!15[]1@



E4 Y 9 v k4 9
ponFau  wonnniasuihiudidanuuasainsidesasngiuiouihiinanenszuiums
o L4 oy { 1 J o a 4
ﬁ\ilﬂinﬁl!ﬁ\‘lsUfNWdGIfUW Wﬁﬂ3$1’1'U“ﬁﬂaWﬂNWﬁ%gﬂfLﬁIﬁNﬂaﬂlﬂiigUUutﬂﬁullﬁ$ﬂ31uﬂ1u
NesIINIANYA 11
. = s &£
Pezeshki Hazauy (2000) ﬁﬂ‘]&lWJaEU'E'N?HTIJ3$ﬂﬂﬂllaiﬂﬁﬂ15‘ﬂﬂucﬁ\‘llﬂu
4 o w a o oA = 1A a 1 T A =3
@Qﬂﬂ3$ﬂﬂﬂﬁWﬂmmﬂﬂWﬁ@lﬂﬂ!cﬂﬂI@lﬁlaﬂﬂJ@I@W“HU?L'JQHJW“BWEJ@H NUNWFAINITOYATNET
4 a 1 @ < J g’ o ! v
"laTmmiuaumwuﬂmuwmwaa Lli’]ﬂﬁ]”lﬂﬁﬂi”lﬂu1Nuﬁlﬂ1$ﬁ1ﬂ‘lﬂﬁ‘]ﬁ]$ﬂ]ﬂﬂl31\1
9
o [ 4 1 a a
ﬂsxmumsmamuazﬁmimmswmmwmﬁ%mwa“lﬁ’mimiigmuTmmﬁ%aﬂm
3’ % A A s Y Y A Adaa 1
umuwaaaumsmaumﬂﬂmama’suﬂizﬂaummmsmumuwy LY U

151520V polycyclic aromatic hydrocarbon (PAH) wnsramelasuludTuna 0.23 - 48.9

[
]

1% v 1% = =3 ' < dyq/ 1 2’ % VoA A A
luTasnsurensy aligniilluaisnenziie wennnidanuinhiiuradedumsesoudniu
mslFnundlnziidSuaTanewinga 151 Pb, Zn, Ba uaz Mg (Rafacl, 1988) 11551

4 9 (L] A AAAa ] =< ] @ o
assznevlalasmsvonmdngsamevesdalizinaziiunsz uIumMsgadFuiIuHITuYad
Y] ] a y 4 g I a a
wsosurumsnuemsiianslalasasventuilewdnllIasase anuilufivezinan

a g‘ % 9 o A o Aa R A AAa = a
M5N11Tu T iaenTetavans T UIUNTINNMI Ve AT UVDIFINTINYTOIAAINATT
4 dy A 1 £ 1 Y a = Y
arauvesarslalasaisvenluiiiotoniag Feezdanaldinanisasuudainiediu
Y] 1 Y] a o 4 1
Tassahaazedoizanag minlasululsuamnneziarewadaelusranmela
=2 4 1 A
Newman tazaae (2000) Anvwavesansdsznevlalasmsveunounim
a a o Am dy oy v A 1 Yo 4 1
auyInaelanimstudleomiiuay wuunldsuaisdsznevlelasamsueuriums
a v W 3’ o A o o g’ % I ) Y a A
nuoMmsiazduAans iy WeduAaaswihwdunannuezi lvinamsuasundas
1 o 1 1 dy a A 4 dy F)
aeaterzanag lusieme wenniinmsnuermsiiansdsenevlalasasventuileudi
o a a . . 1 Jd o
11/ Tasnseazi1fiAa15aTafinv19 (anemia) taz 15AUAVIN (pneumonia) danaliiyaday
o 4 {
gnihaenazesnsznoumauniiveudsan)douuilaslil

[

. I a 3’ v Aa a
Orisakwe (tagaae (2004) ﬁﬂH13$ﬂUﬂ31NLUUW‘HGU@Qu13Juﬂ'U‘]fuﬂ Bonny

Yy 9
A A o v A

. ' A . AN Yo 3 @ 1A Yy 9
hght ﬁ@!uﬂ!ﬂﬂqﬁﬁﬂﬂﬁulﬂﬂﬂ (albino rat) m”lmuumuﬂmﬂunm 7 AU NUNNANULUNUU

Y ]
A

a Aa o TAa @ 3’ @ @ =} S a 1 2 d‘

800 uaaﬂimaﬂiaﬂimawmuﬂmwg mama“l@mmnﬂaauuﬂmamwmwma
= = o o A Jd a a o =) a dy A

L']JiEJTJmEJTJﬂ‘LIG];ﬂﬂ’J‘LIﬂll UUADLFAQUHNIUNANTTAIVDIUADALUASINANTITANYUDIUUDIIDLUAL

nquIsan



o dJ
2.3 mimi)ﬂtﬂﬁﬂizﬂ’é]ﬂulﬁliﬂﬁﬂﬁ‘ljﬂu
o w 4 { & ] t:l o
msmwmsﬂszﬂaﬂaTﬂsﬂﬁuauﬁﬂuﬁJauagiumumﬁ’aummmmﬂﬁ'
ad 1 di’ a a 9 ] I am v A
UAYITAIUANUN VT TUUDIUAAZNUN TﬂEJTJﬂG]LLa’J?(”IZJ”IiﬂLL’]N@@ﬂLﬂu 3351 NA
2.3.1 35MINWMENIN (Physical method)
I ax o 3 g’ v 9 an A 4
L‘]J‘L!’J‘ﬁﬂﬁﬂimﬂll N13A uazmummmmumumaﬂmﬁmaqﬂﬂim
A A 4 1 a A [ Aa A o 1 @
IATONUD Qﬂﬂsmgmamuﬂmwaﬂmmazﬂizfﬁnﬁmwiumimamummaﬂu uaﬂuun
di’ Ao & Y Y A A ] Aa a wa [ [ B Y
‘mmmmuﬁaﬂmmmmumﬂ’n 1 ¥UA ﬂgumm“luawmzwauwmum "b’ﬂﬂi%ﬂ’ﬂ‘ﬂ@l’m
Y
SR N RYSIE
. . I axl o o 4 A Y
- Soil vapor extraction L‘]Ju’J"ﬁ‘]J”I‘]JﬂIﬂEJﬂ”ﬁ@ﬂﬁﬁ]lajﬂiﬂﬁ‘]_l’ﬂuvli?.ﬁm&lllﬂ
a d! o @ 9 = a d‘d [ 09/’ a d’d o' A ] =3
29NIINAU Gmmi‘m‘umz"lﬂwaﬂ“luﬂummmw;uqq PANHUAUNUANNNIUATHIDUUUND
v Y
mmamwumquuuaziamgm%’nﬁwmﬂuﬂmm LB U mﬁ“l%'ﬂm?ammﬁmmﬁuqﬁﬂ
09/’ a A o Y a Y < 9
aﬂu«vuﬂumeﬂﬂmﬂmeﬂin L“IJ‘LWI‘LJ
3 Aax o o A o Y < o w g’ v A dy Y
- D13 L“IJ‘LJ’J‘E‘UTUﬂ‘nﬁ’mﬁﬂ‘ﬂﬂﬂi’mti? mmmmmumuwﬂmﬂeu‘lﬂ
=< 9 L Y a a (% a wvAa
NUADIIDEAE 98 Lmﬂ'e)“lvimﬂfﬂty,wmawqummﬁuazmmﬂaa@miumaﬂgumm
2.3.2 35MINMUAY (Chemical method)
Y
E’fﬁlﬂﬁm%ﬂﬂﬂUﬁWﬁu (oil dispersant) ﬁﬁﬂu‘ﬂi%ﬂ@ﬂﬂl@ﬂﬁﬁ’dm!ﬂﬁiﬂﬂ
(surfactant) uazﬁa‘ﬁmzmamwﬁﬂﬁu‘jdauNﬁmmmiﬁmmiaﬂwﬂummw'ﬂﬁxmmjm

a

Y v Y Y
asniniuiuandrluiin Tasasaimdansiuiingduszin1danuuana19uo s Inan

&%

Y Y Y Y Y
sermainuinitanauusstaiveniniulndifeaduii mahamseivdansiuiiniu
¥ a S v o q¥ae o a v & < 2 A ag
114 Taensaanuasuuaniuiiuiui lihdunansuanduiluveaang  ¥99aunsd

1 o I 1 4 ) [ a 1

annsadesaarouaziih ) ifdunvasmsveudmsumsniyld @uads Tauda, 2545
[ < A A o w 3’ % 9 2 A Ao o ~
a9 lsnauiioannaaaiiisansiuiiulsenoudleasaansIAHINFUATIZHN AT

v

=\ o I k4 £ I a I A Aaa
taziarmazaaueenilseneussdesaalsenias unyaeaIlaIa (Healy et al., 1996)

9y
[ o 4
wonantguns g To Taulumsmidaarsdsznoulalasasuou  Iae
[ YR~ a 4 . ~ A 1 g‘ a v 9 v Aa
ToToudalludisoonduaui (oxidant) Nuse Weazarwedluihnzinamsunsidn lugin
a o a a 4 . .
LLﬁ%1u§W§uﬂjﬂﬂﬂu%11ﬁ}Lﬂﬂﬂ1iﬂ’f)ﬂﬁlfnlﬂﬁ“llﬂﬂ polycyclic  aromatic  hydrocarbon &

. . A a o = A~ 1 Jd v 4 aa
intermediate ‘Vii’f]Na@ﬂmm%ﬂﬂﬂiugﬂﬂlﬂﬂZ‘T”Ii']Ji$ﬂ’rD‘]JT]EJ‘ViEqJJ‘WQﬂ%uﬂlﬂﬂﬂiﬂﬂﬁﬂﬂﬂ“}iaﬂ

Rl

2 a v A 4 = £ c?’ PIY ' . .
Wila  dadled uazdlay selianuaiwisalumsazarsiirlddnin polycyclic aromatic

a o J . . { a 4 1 J o aaa 1 4 @
hydrocarbon  HAZHAANMNNTO intermediate  NAATUMAIITINITDRUFAT01A0ITBINY



a 3 a o A A I Y A & a o 4 [ dy
Tolswnalluaswansusindvua luanaanas ldnaesiadeasnaasaaivariainisn
g98aa10A0 1AgN1IFININ

2.3.3 AEMINNTINN (Biological method)

BJQ aa

Y
a I~ [
Fidums1FFa0F sy vuanse 51 daduazairiielunisdesaaly

a1sdsznenlelasmiiuen TnedeissmmdinesdarsUsznonlalasnrfuouly

@

] Y v
ﬂig1J’J“L!ﬂ151,11‘1/]1U®ﬂ§u§ﬂﬁlﬂﬂ‘l%nﬂ”ﬂuﬂ”ﬁﬂﬂElﬁa”lflﬂﬂu"l’.ll”lﬂu1u AU UNITINY

a a l IS Il 3 o o a 2
Usganinmlumsdesaarsliiiulledrsiasidniudesniuqugungl sondiau 519

Y

'
A A

Ao ' o Y a
IMITNA N LT U lluT@]i!ﬁ]ﬂl!ﬁﬁ’.ﬁﬂ@ﬁﬂ@iﬁiﬁlﬁiﬂzfﬁJ Tﬂafgaumawmmmmmw R
J ' ] o a ' a3
fﬁiﬂi%ﬂ@ll]laTﬂ§ﬂ1iﬂﬂu%$%381ﬁ}ﬂ1iﬂﬂﬂﬁﬂ18?(13J1iﬂﬂ1luul1ﬂl1??])98”|\ﬁ]ﬂli’3 1N
= [l = ] I a A
MIANHINTLLIUMSIOsTAN T IMNLLIeamY 2 35 Ao (Jobson et al., 1972)
1 a =4 o A . a a A LA
- ﬂ”lif]’f)flﬁa181ﬂ8ﬂauﬂiﬂﬂ§$ﬂ1ﬂu (natural attenuation) NAVMIAUNTYINY

1 9
asﬂuaamﬁﬂmﬂauaaaﬁmamsﬂsvﬂaullaiﬂsm{uau TagnNIzUIUNITEREAABILING

'
A dAA

] 4
9819919 mmmﬂﬂaumamﬂ3111ﬁm1sa1uﬂ1iaaaﬁammiﬂsxﬂau"laTmmimuﬁ
o 1 1 A 7 = )
urudesuazanzuIndone19v: imuzay 1wy uralulaswunsevearesaii 1
=\ tﬂy =\ A a a 1 o o a a A dA A
Weane AuFY TewniedSuiseondou himuigdusunisnSyvesgaunionil
' s R % ' A ° Y
anwesolumsdesaarsaisilsznenlalasmsven 3543 lumuznazainleslums
o w 4 { & g’ o Aa
fanas lalasmsueulunsaindnmstudlouveainiulTunaunn (Forsyth et al., 1995)
] S an . .. 12 4 !
- M3U0aa181AeTIIT (bioremediation) 1Aun1TUSUANINLIAQON 1FU

A A

& A a Y o & @
AUNYY WY ANVFUNIDNITIANTITDING Vlﬂllﬂ "luTmmuuazW@ﬁWmﬁ G]N!,'IJH

A da

Ao o a dy a =4 a
msomsntudulumsniyveuieraunid aaeaaumsldraunidnlivlleaeiuiaie
MAUANNAUFIAINT TN iulse ﬁﬂﬁmwmiaaaamami"laimmiuau"lﬁu, 2w Taws

Y
ummmuﬂqmnq 00T exsii bioremediation  WiemaAunsoRTimatwilou

Y KX o

4 a A dy a o o v ag
ﬁ1iﬂi$ﬂf]‘Uhléﬂﬂiﬂﬁ‘ﬂE]‘L!’E]E]ﬂiﬂﬂ‘UiL’Jﬂl‘mJﬂﬁﬂulﬂﬂul!ﬁ’)‘ﬂﬁﬂWluuﬂﬁUWUﬂﬂ’Jﬂ’]‘ﬁﬂﬁ

F
0o AA

9
N9FIIBA9) 1AL in-situ bioremediation H30M 31 1TAAUNTo1IATMTUudlouansdseneu
TalasaduonTasihauniohesnanusnadinsuiion Mldeansoasdunulu
9 ' A ay 1 I A an
myvudenazanilyrinsuninszaeniodutloulusyniemsvuds n1s@enIslu
o @ dgl [ a a d‘ dly A 9 d' a d‘y
nszuIUMstavIUnustasazdsuaasnduilourseanmadsuintnanisluilou
Funaiandnauazienaentimn 14l 2 nundieiu fie (Iwanoto and Nasu, 2001)
a o [ ] o
Biostimulation 15umaiini 14dmsumsdosaarsansisznonlalasnaisven

A Ve A Yy Ao qa o o A v . a
nludlouludunadounidSnaaisemnsntanseanmuiadon imuzay Tagnsau



1 [Y] Q' a a cu dy A A
50115 1wy TuTasnuvazdearesa mamvlSuaeendiau msdsuanusursofitey
D, A ) Y A acda A &
Timingaumenszqunisdosaals Taggaunsontegluaaunnimsiuilou (Iwanoto and
Qddy o o a =4 o A
Nasu, 2001) A5Hazo1denstnuvegaunidlszinu
Y a . . . a a A A+ = ~
M3 14IMALA biostimulation TastANd1ToUUNTINT o ]eraliasluaniun
dy 1 a @ [ 4 =
Huleuazauisoduasudasinisgesaalsarslszney lalasaisuounaziuiasigay
1 [Y] 1 a 1 a Jd
WUNTEAVANWAT NI UVDIA1T01MITNAADNITITYLALNITIDOTAIOITVDIYAUNS O1FU
Braddock  tazAme (1997) WUNMs@ANa1seIsnszauaudududriannsonszqu
a a A X L] 3’ % di‘ a . d' dly a d! 9 [
NINTINVOIYAUNIT I TUM oA FOINAGI (fuel oil) N ouluAN Fiapanasany

1 a

3 1 1% v v 4
Atagana uagaue (2003) waaslimiunmsauuvaslulasnulusanadiuseninmsveu
1w Y a A 1 a 1 = 1 d‘ (%
waz lulasuminy 25: 1 Iddszaniamlunsduasunsdesaats creosote ANINTLAY
Yy 9 1
anududuvowras luTasougen
I a i a o 1
Bioaugmentation (Humalaiduasusnsinisdesdalsaislsenen
4 d' diy t:' 9 a Y di’ a do’d‘ ]
laTasmsvounulouludwiadony Tagnisi@unanyogaunidnaiuisodosdaly
¢ 42 9 &K dqw v A & 2 &
a15tdsenevlalasmsven Feanauyenldervvzuenuiannuvasniimstudleutiuense
U dy A A g dy Ay Yo @ o Y o
p1vvzuenuInuraslulouduniodluren lasumsaandasiugnssuldtanusumng
1 1 o 09/’ Y
aemsdesaarsaslseneulalasmsueutiveg uds
Dave LAazAME (1994) AnMIAISE08aaI8slop oil  laensl¥imadia
. . A a Y dy a S J 3 [ 4 a Aa dy .
bioaugmentation NUMIANNAUFOYAUNTINAUN 7 AW UT aaludaunumsdulou slop oil
@ o 1 Yy 9 dy a S J 1 . vy A
¥a991n 30 Tu nums lEnduderaunidanisndesdnis slop oil 18300a% 70 YaIzNg
[l [ a S J o A A 1 Aa A a A 1 = 9
gosaale lagordegaunidlscirnuned luauilszanimulunisdesaaraissiosay 40
¥Ia0AAA0INY Vasudevan 1A% Rajaram  (2001) An¥INITE08dA18815UTvNOY
J A dy a 9 a . . 1 a Y dy
laTasmsveuntuwieuluaulasnisl9nailn bioaugmentation  WUIIMITLANNALE D
a A Y a a (] Y [ o 1 [ Y A
nuanizere Inlseaninmmsdesaalsiosas 40 Ha191nHINsULTUIA1 90 U Az
a a ada [ a 9 dy 9 a a ] 9
ANE15011M15oHUNT ISR UMTIaNnduFe vz Indseansammlunisdesaarssovas 65
dy Y ~ = a A L]
uen1InH Bento  wazame (2003) lanfSeuisudsaniamnisdesaareaisldseney
s A A - S o a Y a . . . . .
laTasmsveuluaundudleutiniudsalaons 19matia bioaugmentation,  biostimulation
18 attenuation WUIUNANA bioaugmentation HUsza@NTa M lumsdesaalvAniunainoug
Tagamnsodosdateludiuves C - C,, 1A%esazr 75 wazdiwves C,- C,, 1d3o0az 73

&I 12 dlaniaueanisiy



10

G

a i a Y v 4
2.4 auUn ﬂﬂ!ﬂﬂ?’ﬂﬂxﬂuﬂ1§ﬂ®ﬂﬂﬁ1ﬂﬂ1§ﬂi$ﬂﬂ‘]J“laiﬂﬁﬂ1§1|@1!

1 4 a A dA = 9 Y]
ﬂ"lifJ@fJﬁaNJﬁ”liﬂigﬂ@‘U"l3Iﬂ5ﬂ1§ﬂ'E)‘Llsll'f)\iil‘ﬂu‘ﬂifliJﬂ'J”liJLﬂEJ’J"lJ@\iﬂUﬂ”li

o =) a

a =4 9 4 I U 4 1
1939y uuﬂmau‘nsammsa“hffmiﬂ52:ﬂa‘u"laTmmiuamﬂmmmms‘uauuazﬁgmm

Q

1

o £ A A 2 © s s s s
wasnuFzgnilasuniedosaas liliflumaaisuonlaoen lsauazosdilsznovvesaad
am A 9 2,’ 9 a S J v oA A A
Tagddaee  Tagludunadeuiuilszneualsyaunidvatsaisiugnainsonlasusilvie
[l 4 $ L] [ o 1 [
gosaareassznevlalasasueonld Fanszuiumsdesaarsdesordeonisinanusunuy
YDIPAUNITINAI0 @1eus vaeiugenzianudidylusiusaniesandinse
' o q ¥ A A a 2 Y} v A v
aseamsgosdats 1l lemalunmsnlasugiviedesamemanaiulauinnnduadon
A A aAd A @ = qg/’ 9 1 1 di‘ Y 4 qg/’
AlgaunsdiiesaeRuiRenNTIZUNATITN1IZIIAROND1Y iz duao Foa e U1 Y
o 9 A A 1 1A d?
mldmsulasuginiomsdosaaroans lumaiu
Y
Nakamura tazae (1996) tssumevulseansnnlumsdesaaroiniuay
@ P 1
Iﬂ&llmﬂﬁGﬁlﬁwwuﬁlaﬂ’ﬂﬁuﬂ Acinetobacter sp. T4, Rhodococcus sp. PR4, Sphigomonas sp.
o 1 4 c?/‘ @ 4 1 1 g
AJl Qg Pseudomonas putida PB4 HUNQUITOUUATIGONTUNS 4 A10WUT WUINGUITD
A A a A 1 oy v A P 1 Y] S A [
nuaiFellsza@niamlunmsdesameiniuanlaanaeiuginer Tasaunsndosaas
v Y
1#%0uaz 61 vauzN¥e Acinetobacter sp. T4, Rhodococcus sp. PR4, Sphigomo]efnas sp. AJl
Uae Pseudomonas putida PB4 d1usatesaatslasesas 54, 53, 7 way 2 mud1ay f
[ d! 9y Y] = = a A
52821701 10 U F9T0ANN09NY Rahman tazame (2002) wWssumevdsezanininlums
(] oy v A g o ¢ = 1
dovdatviniuay laglnyeaenugined laun Micrococcus sp. GS2-22, Corynebacterium sp.
GS5-66, Flavobacterium sp. DS5-73, Bacillus sp. DS6-86 Ll0¢ Pseudomonas sp. DS10-129 iy
Y Y Y Y [
nRUIFINANTY 5 @1wWus nuhnguienauiidszaniamlumsdesaarniniuauiinny
Wutudesaz 1 1aann Tagaunsadesaaeldiosas 78 vazilszaniamlunisdes
Y Y
ganeiiuau Taee Pseudomonas sp. DS10-129, Bacillus sp. DS6-86, Micrococcus sp. GS2-
1 Jyy
22, Corynebacterium sp. GS5-66 Uag Flavobacterium sp. DS5-73 ausatesaais lasouas

[

66, 60, 50, 43 LLaL 41 MURIAY NIZeZIa120 U

[

Jd a

@ A d a == dy
mmwmﬂwmammﬁmwumaumaiuﬂumumsﬂmﬂaumiﬂszﬂau
4 dg‘ L% 4 a [ 9 1 1 a a
"laTmmsuaumuagﬂummJszﬂammﬂuuazﬂﬁﬁmu’maaumm WY vianazdsuin
:3’ ~ a a I 9 == I 1
1391115 ANNUTY DY QUNYN ﬂ1§i$ﬂ1861ﬂ1ﬁﬂ181uﬂu Wuau Tﬂﬂl!ﬂﬂﬂtiﬂtﬂuﬂqu
a a A A I a A dy J £ v d 1
gaunsdnnuunigalunrasaunduiloussdsznovlalasamsuou Gemeiugiauq

Hanand lums1an 2



11

- aa A a 4 e ¢
a13199 2 vuanGennuluaunludleumsilszaeulalasamsusy

Table 2. Bacterial strain isolated from hydrocarbon contaminated soil.

Gram-negative bacteria Gram-positive bacteria
Pseudomonas spp. Nocardia ssp.
Acinetobacter spp. Mpycobacterium ssp.
Alcaligenes sp. Corynebacterium ssp.
Flavobacterium/ Cytophaga group Arthrobacter ssp.
Xanthomonas ssp. Bacillus ssp.

111 : Baker tazaale (1994)
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Figure 1. Biodegradation pathway of aliphatic hydrocarbon.
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Figure 2. Biodegradation pathway of aromatic hydrocarbon.

11 : Galvis Lazaae (2006)
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Yp99aunIdlumsaiuazdatsdisiiionuedioauaznsniyaniu lled19sias,
(Bragg et al., 1994; Venosa et al., 1996) wHavesuradlulasiau vearesa aasnau
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53.80 HaanTuAeNTUAY MAoie 43.13 HaanTudoniuau aalluiesar 7.4 melunm
41 1
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(potassium  dihydrogenphosphate) A& 191 1sasaiuszrinemsvon lulasnuuay
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v
Lee MazAy (2006) An¥1lszansmwmsgosaateiniudsannuduiu
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3.5 Hexane U5HN Lab-Scan (Bangkok, Thailand)

41 wideiiaiidedrsnnudilerh (autoclave) U $S-325 USHNM Tomy Seiko
Co., Ltd

4.2 é’@ummﬁ%’au (hot air oven) ’j:u MOV 212 U5HN Sanyo Electric Co., Ltd
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2.7 AMUFU (A.O0.A.C., 2000)

o A a ada ' ) 1A A g ¥ v
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Table 3. Collected samples details.

Source Code Soil texture Date
clay silt sand
Motorcycle garage, Hatyai, Songkhla SC-1 - + - 02/ 05/ 2006
Motorcycle garage, Hatyai, Songkhla SC-2 - - + 02/ 05/ 2006
Motorcycle garage, Hatyai, Songkhla SC-3 - - + 02/ 05/ 2006
Motorcycle garage, Hatyai, Songkhla SC-4 - + - 02/ 05/ 2006
Motorcycle garage, Hatyai, Songkhla SC-5 + - - 02/ 05/ 2006
Motorcycle garage, Hatyai, Songkhla SC-6 - + - 02/ 05/ 2006
Motorcycle garage, Hatyai, Songkhla SC-7 - + - 02/ 05/ 2006
Motorcycle garage, Hatyai, Songkhla SC-8 - + - 02/ 05/ 2006
Garage, Huasai, Nakhonsithammarat SC-9 + - - 25/ 06/ 2006
Motorcycle garage, Huasai, Nakhonsithammarat SC-10 - + - 04/ 06/ 2006
Motorcycle garage, Huasai, Nakhonsithammarat SC-11 - - + 04/ 06/ 2006
Motorcycle garage, Huasai, Nakhonsithammarat SC-12 - - + 04/ 06/ 2006
Motorcycle garage, Huasai, Nakhonsithammarat SC-13 - + - 04/ 06/ 2006
Motorcycle garage, Huasai, Nakhonsithammarat SC-14 - + - 04/ 06/ 2006

0¢
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Table 3. (Cont.)

Source Code Soil texture Date
clay silt sand
Motorcycle garage, Huasai, Nakhonsithammarat SC-15 + - - 02/ 05/ 2006
Garage, Huasai, Nakhonsithammarat SC-16 - + - 02/ 05/ 2006
Garage, Huasai, Nakhonsithammarat SC-17 - + - 02/ 05/ 2006
Garage, Huasai, Nakhonsithammarat SC-18 - + - 02/ 05/ 2006
Garage, Huasai, Nakhonsithammarat SC-19 - + - 02/ 05/ 2006
Garage, Huasai, Nakhonsithammarat SC-20 + - - 02/ 05/ 2006
Garage, Huasai, Nakhonsithammarat SC-21 - + - 02/ 05/ 2006
Garage, Huasai, Nakhonsithammarat SC-22 - + - 02/ 05/ 2006
Garage, Huasai, Nakhonsithammarat SC-23 + - - 25/ 06/ 2006
Garage, Hatyai, Songkhla SC-24 - + - 04/ 06/ 2006
Garage, Hatyai, Songkhla SC-25 - - + 04/ 06/ 2006
Garage, Hatyai, Songkhla SC-26 - - + 04/ 06/ 2006
Garage, Hatyai, Songkhla SC-27 - - + 04/ 06/ 2006
Garage, Hatyai, Songkhla SC-28 - - + 04/ 06/ 2006
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Table 3. (Cont.)

Source Code Soil texture Date
clay silt sand
Garage, Hatyai, Songkhla SC-29 - + - 22/ 07/ 2006
Garage, Hatyai, Songkhla SC-30 - + + 22/ 07/ 2006
Garage, Hatyai, Songkhla SC-31 - - + 22/ 07/ 2006
Garage, Hatyai, Songkhla SC-32 - - - 22/ 07/ 2006
Garage, Hatyai, SongKhla SC-33 + - - 22/ 07/ 2006
Garage, Hatyai, Songkhla SC-34 - + - 22/ 07/ 2006
Garage, Hatyai, Songkhla SC-35 + - + 22/ 07/ 2006
Bangchak petrol station, Hatyai, Songkhla SP-1 - - + 05/ 06/ 2006
Bangchak petrol station, Hatyai, Songkhla SP-2 - - + 05/ 06/ 2006
Petrol station, Thachana, Suratthani SP-3 - - + 05/ 06/ 2006
Petrol station, Thachana, Suratthani SP-4 - - + 05/ 06/ 2006
Petrol station, Thachana, Suratthani SP-5 - - - 05/ 06/ 2006
Biodeisel station, PSU, Hatyai, Songkhla SP-6 - + - 17/ 06/ 2006
Biodeisel station, PSU, Hatyai, Songkhla SP-7 - + - 17/ 06/ 2006
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Table 4. Bacterial morphology isolated from SC-9 consortia: (a) growth on nutrient agar, (b)

growth on mineral salt medium agar supplemented with 1% waste lubricating oil.

Isolates Cell morphology Colony morphology

SC9-1° gram positive, rod dark-yellow, circular, convex, smooth edge, opaque
SC9-2*" gram negative, cocci yellow, circular, flat, smooth edge, opaque

SC9-3" gram positive, rod off-white, circular, convex, erose edge, opaque
SC9-4"° gram negative, rod white, circular, flat, smooth edge, opaque
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Table 5. Identification of bacterial isolated from SC-9 consortia by 16S rDNA sequencing.

Isolates Closest strain Sequence homology (%)
SC9-1 Chryseobacterium sp. 98
SC9-2 Sphingobacterium multivorum 95
SC9-3 Bacillus cereus 100

SC9-4 Agrobacterium tumefaciens 100
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Figure 5. Phylogenetic tree of strain SC9-1, SC9-2, SC9-3 and SC9-4.
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Table 6.  Physical and chemical characteristics of soil sample.

Property Value
Texture Sandy loam
Clay (%) 19.04
Silt (%) 24.05
Sand (%) 56.92
pH 5.03
Moisture content (%) 3.85
Organic matter (%) 2.54
Total N (%) 0.13

Auvailable P (%) 0.00023
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Figure 6. TLC/FID chromatogram of initial hydrocarbon components in soil.
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Table 7. Experimental conditions of effect of SC-9 consortia on waste lubricating oil

degradation in soil.

Treatment Sterilized soil 1% Waste SC-9 consortia (CFU/g soil)
lubricating oil 10’ 10"
1 + + + -
2 + + - +
3 - + - -
4 - + - +
5 + + - -

Symbols : + using sterilized soils or addition of 1% waste lubricating oil or addition of SC-9
consortia.
- not using sterilized soils or no addition of 1% waste lubricating oil or no addition of

SC-9 consortia.
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Figure 7. Effects of SC-9 consortia on number of microorganisms presented in each treatment at

0, 15 and 30 day of degradation of 1% waste lubricating oil in soil; (A) heterotrophic
microorganism, (B) waste lubricating oil degrading bacteria. Bars represent the
standard deviation from three determinations.
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Table 8. Effect of SC-9 consortia on degradation of waste lubricating oil in soil after 30 days.

30

Treatments Weight loss Degradation of waste lubricating oil (%)
(%) Aromatics Resins Asphaltenes

1 34.06+0.05" 91.56 97.86 11.55

2 43.79+0.09" 96.55 97.74 53.37

3 20.48+0.25° 57.04 0 56.65

4 40.77+0.06" 93.13 100 70.07

5 24.48+0.12° 64.42 0 68.70

1 A AA o 1 [ 1 I 1 [ A o
*  aumasilonysaenuluuaazgaunuauLana 1919y

o w

o

a

HAUNNADA (p<0.01)

*  Different letters in the same column indicate significant differences (p<0.01).
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Table 9.

4
auTagnguido SC-9

pH and moisture content of soil in each treatments after degradation of waste

lubricating oil in soil at 30 days by SC-9 consortia.

Treatments pH Moisture content (%)
initial final initial final

1 5.26+0.14 5.35+0.13 17.60+0.20 15.77+0.15

2 5.04+0.10 5.15+0.03 17.63+0.64 15.87+0.57

3 5.26+0.06 5.06:£0.07 17.87+0.45 16.20+0.30

4 5.3340.15 5.17+0.09 17.47+0.49 16.43+0.67

5 5.1940.09 4.90+0.05 17.80+0.17 16.33+0.42
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Table 10.  Experimental conditions of effect of moisture content on waste lubricating oil

degradation in soil by SC-9 consortia.

Treatment Sterilized soil 1% Waste SC-9 consortia  Moisture content (%)
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1 - + + - -
2 - + + + -
3 - + + - +

Symbols : + using sterilized soils or addition of 1% waste lubricating oil or addition of SC-9
consortia or adjusted of moisture content.
- not using sterilized soils or no addition of 1% waste lubricating oil or no addition of

SC-9 consortia or adjusted of moisture content.
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Figure 9. Effects of moisture content on number of microorganisms presented in each treatment

at 0, 15 and 30 day of degradation of 1% waste lubricating oil in soil; (A) heterotrophic
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microorganism, (B) waste lubricating oil degrading bacteria. Bars represent the
standard deviation from three determinations.
treatment 1 nonsterilized soil + waste lubricating oil + SC-9 (104 CFU/g)
treatment 2 nonsterilized soil + waste lubricating oil + SC-9 (104 CFU/g) +
adjusted moisture content of soil to 17%
treatment 3 nonsterilized soil + waste lubricating oil + SC-9 (10" CFU/ 2) +

adjusted moisture content of soil to 27%
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A dy 1 1 2’ o A A Jaq Y Y a J dy
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Table 11.  Effect of moisture content of soil on degradation of waste lubricating oil by SC-9

consortia after 30 days.

Treatments Weight loss Degradation of waste
(%) lubricating oil (%)
Aromatics Asphaltenes
1 37.10+0.04° 41.31 67.54
2 43.20+0.15" 43.13 70.07
3 22.40+0.15° 53.55 100

o w a

1 A AA o 1 [ 1 I 1 [ A o a
*  aumasilonysannuluugazdaunlanuanaed wliednuneana (p<0.05)

o

*  Different letters in the same column indicate significant differences (p<0.05).

< L L 4o : Sow o A A sdq 9 9
ATNN 12 ATWDBUASAINYUN 30 JuvosmsgaeaarsiiuriaeanIoseuan ksl lu
Y
aulasngquiso SC-9
Table 12.  pH and moisture content of soil in each treatments after degradation of waste

lubricating oil in soil at 30 days by SC-9 consortia.

Treatments pH Moisture content (%)
initial final initial final

1 5.48+0.04 5.18+0.08 3.14+0.07 2.99+0.09

2 5.33+0.15 5.17+0.09 17.36+0.21 15.87+0.47

3 5.48+0.03 5.10+0.02 27.70+0.57 24.55+0.21
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Figure 10. TLC-FID chromatogram of waste lubricating oil after extracted from soil microcosm
in treatment 2 (nonsterilized soil + waste lubricating oil + 10* CFU/g of SC-9 +
adjusted moisture content of soil to 17%).
A =0 day of degradation
B =15 days of degradation
C = 30 days of degradation

Note: Aromatic hydrocarbon (RT = 0.182+0.03) and asphaltene (RT = 0.431+0.05)
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Table 13.  Experimental condition of effect of C:N:P on waste lubricating oil degradation in soil

by SC-9 consortia.

Treatment  Sterilized soil 1% Waste SC-9 consortia  17% Moisture  Nutrient ratio
lubricating oil ~ ( 10" CFU/g) content (C:N:P)
1 - + + + 100:10:1
2 - + + + 100:20:1
3 - + + + 100:10:5
4 - + + + 300:10:1
5 - + + + Non-fertilized

Symbols : + using sterilized soils or addition of 1% waste lubricating oil or addition of SC-9
consortia or adjusted of moisture content.
- not using sterilized soils or no addition of 1% waste lubricating oil or no addition of

SC-9 consortia or no adjusted of moisture content.
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Figure 11. Effects of C:N:P ratio on number of microorganisms presented in each
treatment at 0, 15 and 30 day of degradation of 1% waste lubricating oil in soil;
(A) heterotrophic microorganism, (B) waste lubricating oil degrading bacteria. Bars
represent the standard deviation from three determinations.
treatment 1 nonsterilized soil + waste lubricating oil + SC-9 (104 CFU/g) +
adjusted moisture content of soil to 17% + adjusted C:N:P ratio to
100:10:1
treatment 2 nonsterilized soil + waste lubricating oil + SC-9 (104 CFU/g) +
adjusted moisture content of soil to 17% + adjusted C:N:P ratio to
100:20:1
treatment 3 nonsterilized soil + waste lubricating oil + SC-9 (10° CFU/g) +
adjusted moisture content of soil to 17% + adjusted C:N:P ratio to
100:10:5
treatment 4 nonsterilized soil + waste lubricating oil + SC-9 (10° CFU/g) +
adjusted moisture content of soil to 17% + adjusted C:N:P ratio to
300:10:1
treatment 5 nonsterilized soil + waste lubricating oil + SC-9 (104 CFU/g) +
adjusted moisture content of soil to 17%
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Table 14.  Effect of C:N:P ratio on degradation of waste lubricating oil by SC-9 consortia after

30 days.
Treatments Weight loss Degradation of waste
(%) lubricating oil (%)
Aromatics Asphaltenes

1 92.31+0.24° 43.07
2 97.810.15" 66.17
3 93.20+0.28" 61.37 42.01
4 98.02+0.22" 66.61 69.99
5 40.77+0.06" 93.13 70.07

1 A Aao v v 1 I U v = o
*  aumasilonysanuluuaazdaunuanuana1ed1aiile

9

MAYNNADA (p<0.05)

a

*  Different letters in the same column indicate significant differences (p<0.05).
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Table 15. pH and moisture content of soil in each treatments after degradation of waste

lubricating oil in soil at 30 days.

Treatments pH Moisture content (%)
initial final initial final

1 5.15+0.07 4.92+0.09 17.55+0.07 15.15+0.49

2 7.92+0.17 6.60+0.23 17.45+0.21 15.80+0.14

3 6.77+0.02 5.99+0.21 17.70+0.42 15.60+0.28

4 5.6240.11 5.35+0.12 17.254+0.07 15.30+0.42

5 5.334+0.15 5.17+0.09 17.36+0.31 15.58+0.65
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Figure 12. TLC-FID chromatogram of waste lubricating oil when extracted from soil microcosm
in treatment 4 (nonsterilized soil + waste lubricating oil + SC-9 (10° CFU/g) +
adjusted moisture content of soil to 17% + adjusted C:N:P ratio to 300:10:1).
A =0 day of cultivation B =15 days of cultivation
C =30 days of cultivation

Note: Aromatic hydrocarbon (RT = 0.193+0.02) and asphaltene (RT = 0.399+0.08)
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a

an = a A A d
gAIvINIIUASITNITAIIND I8ty aUNIY

1. Mineral salt medium (A9111a2991n Ijah and Upke, 1992)

K,HPO, 1.8 n3y
KH,PO, 12 n3y
NH,CI 40  niY
MgSO,7H,0 02 N3V
NaCl 01 a5y
FeSO,-7H,0 0.01 N3

k4 Y v
avilsereunamuaviazateluiinaulsuas 1,000 daaaas Jsum
< < [ [ qu/ o 1 { : @ {
wemilu 7.0 duduermnsuduauwaiuacly 15 n5y snrdni llainde lundeiiannuaud

k2
A @ 1 a [
UNHY 121 i’)\if’nlcﬁﬁlﬁfﬂﬁ AIUAU 15 ﬂﬂuﬁﬁﬂminu’s wWuszeza 15 mﬁ

2. Nutrient broth
Beef extract 3.0 N5
Peptone 0.5 n3u
o 1 OBJ’ :’ Q'I =) a an 3
um’;uﬂizﬂaumwmmazmﬂiuumauﬂimm 1,000 waaans INUU
o [} dy 9 2 v A a = [ g Qs’ I~
u1“11Jmnﬁvaﬁluwmmmwmuﬂqmwgu 121 93ty ANUAU 15 ﬂauﬂmminm L‘IJL!

szaznal 15 U

3. Nutrient agar

Beef extract 3.0 N3
Peptone 0.5 EEY
Agar 150 03y
o ! 09.:’ 3’ o a a Aan 09.:
mmuﬂizﬂa‘umwmmaza181uu1ﬂauﬂimm 1,000 waaaas INUU
9
u

o ] ; 4 o A a = @ g ay I
uﬂﬂmu%aiuw DUIANUAUNYUNHY 121 DA KY T ANAU 15 “]JE]H@W]E]GH?N‘L!’J L“]J‘L!

szeznal 15 U
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1. Jaanuilunsa-ag (Aandasain Rayment and Higginson, 1992)
Aad
M
1. %9au 10 N34 1a1u centrifuge tube YW1 125 Hagans
Y 4
2. 171111 deionized 50 Haaans 1we1 30 Wi 1Nene 3 1iAuanazneullsz N
=)
50

[ (= a Y A = a 4
3. IAMNNDFUDINITACAYAU AYLATOINDFUINDT

a d 2 X Y a
2. ﬂ1§3!ﬂ§1$1’i1"l1ﬂ53~l1ﬂ!ﬂ313~1§u ﬂﬂllﬂﬁ\i%"lﬂ?%ﬂ"li"ﬂ@ﬂ AOAC. (2000)

a =

° A A ] v A 3
1. haruzegiieuniondh leuludeungumvgil 105 eeruaaiFeon idunal
A o Y3 a S @ g’ @ 9
30 110 M lmeuluasames ¥a11MInUeIn1wUE W our
v o L A @ [ Ao g} o 9
2. Fdrednlsma 10 asy ldlumwusRguihminuegs (W)
o 9 ~ a = I~ o
3. i hevludeunguugi 105 eerwaiBod Wunal 16 42 Tus
o 1 a 4 < M) g} o
4. hweenangou uazldluagiamesvwdu Fuimin (w,)
) 9 491 9
5. MuIUNTesazveInNIu laglygas

g — X
Fouazu0InNFU (W, = W,) x 100

W

1
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AHaN1INAa9N

X [y d o
wamsneuRsayauuaiiseluszavailid Taen1311 16S rDNA sequencing

1. wamsfeuisurenuaiidelussauailidvourelelsan SCO-1

emb|AJ534853.2 |CHR534853 Chryseobacterium sp. DW3 partial 16S rRNA gene,

isolate DW3
Length=1421

Score

= 990 bits (536), Expect 0.0

Identities = 550/557 (98%), Gaps = 0/557 (0%)
Strand=Plus/Plus

Query
Shject
Query
Sbjct
Query
Sbjct
Query
shject
Query
Sbjct
Query
Shjct
Query
Shjct
Query
Sbijct
Query
Shijct
Query

Shict

1 GCAACCTGCCTTTATCTGGGGGATAGCC 60

||||||||||||||IlH|l||||[||||I|||||HIIIIIIIIIIIIIi[ [T ]

26 GAGCGGCGC, GCAACCTGCCTTTATCTGGGAGATAGCC B85

61 TTTCGAAARGGAAGATTAATACCCCATAATATAAGARACGGCATCGTTTTTTATTGARAGC 120

COLLLLDEELTEL PR DR L e b r b e e e b i e ey

86 TTTCGAARGGAAGATTAATACCCCATAATATARGAAACGGCATCEGTTTTTTATTGAAAGC 145

121 CGCARGATT, 180
t||I|I|I|I|I|I|I|I|||[III|E||I|i||I|I|I|I|I|I|I|lfl||||||||

146 205

181 AGTCAATGA 240
1|I|||I|IIl|I|I|l|l1|I|I|II||||IIiIII|ll||1|l[|||||||I|1||H

206 265

241 AGGAATATTGGACAATGG 300
II|I|I|I|I|I|Illlll|||I|lllI||||I||l|I|I|I|I|Il|I|I|I||||||

266 325

301 TATGGGTTGTAAACTTCTTTTGTACAGGGATAA 360
|II|I|i|I||II|IlI]|l||Ill|IlI||I1|I|I|I|I|I|I|I|Il| NERRRR

326 CCTATGGGTTGTAAACTTCTTTTGTATAGGGATAR 385

361 ACCTACCCTCGTGAGGGTAGCTGAAGGTACTGTACGAATAAGCACCGGCTAACTCCGTGC 420

LELEEE E L L AP LR Ll

386 ACCTACTCACGTGTGAGTAGCTGAAGGTACTATACGAATAAGCACCGECTAACTCCGTGC 445

421 TATTGGGTTTARAGGGT 480
I|l||||I|llllll|||||I|l!|||||||l||||||l|l||||||Il||||||||||

446 TTATTGGGTTTARAGGGT 505

481 TGTAAGTCAGTGGTGAAATCTCACAGCTTAACTGTGARACTGCCATT 540
|ll|I|Ill!|I|I|I|I|IllI|Il|I|[i|||l]|l|||||!il||||||IlllllH

506 TGTAAGTCAGTGGTGAAATCTCACAGCTTAACTGTGARACTGCCATT 565

541 GATACTGCAGGTCTTGA 557

LLTELTELEEETTLLT ]
566 GATACTGCAGGTCTTGA 582
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4 o d v
2. wamsthaunaavenuanisaluszauaildveuralolsan SC9-2

gb|EF659317.1| Uncultured bacterium clone WET-E-0Oll 165 ribosomal RNA gene,
partial sequence

Length=664

Score = 688 bits (372), Expect = 0.0

Identities = 389/398 (97%), Gaps = 4/398 (1%)
Strand=Plus/Minus

Query 1 TTCCGGTACATTCAGCTCCCTACACCGTATTKAGCTTTATTCCCGGACAARAGCAGTTTAC 60

NN AN

Sbjct 417 TTCCGGTACATTCAGCTCCCTACACGTAAGGAGGTTTATTCCCGGACAAAAGCAGTTTAC 358

Query 61 AACCCATAGGGCAGTCATCCTGCACGCGGCATGGCTGETTCACGGCTTCCGCCCATTGACC 120

FEELERERECELEL L LR i

Sbjct 357 AARCCCATAGGGCAGTCATCCTGCACGCGGCATGGCTGETTCAGGCTTCCGCCCATTGACC 298

Query 121 AATATTCCTTACTGCTGCCTCCCGTAGGAGTCTGGTCCETGTCTCAGTACCAGTGTGGGE 180

FEVELETELTEEET R R e e e e e e e e ey

sbhjct 297 AATATTCCTTACTGCTGCCTCCCGTAGGAGTCTGGTCCGTGTCTCAGTACCAGTGTGGGE 238

Query 181 GATTCTCCTCTCAGAGCCCCTAGACATCGTCGCCTTGGTAAGCCATTACCCTACCAACTA 240

PEEEEEELL LY EEEEECEREEEREECEAELEE L LEET R LR LERR L

Sbjet 237 GATTCTCCTCTCAGAGCCCCTAGACATCGTCGCCTTGGTAAGCCGTTACCCTACCAACTA 178

Query 241 TCTCCATCCTATARATATTTAATCAACTGAACATGCNANA 300

IIlII||IIEIIIIIHIHIIIIHII||||IHHHIJIIIIIIIIIIJIIII |:]

Shjct 177 CCATCCTATAARTATTTAATCAACTGAACATGCGA-A 119

Query 301 -TGATG-ATGTTATGCGGTGTTAATCTCTCTTTCGAGAGGCTATCCCCCTGATGGAGGCA 358

5 ) 1 1 1 o T T T T T

Sbjct 118 CTG-TGGATGTTATGCGGTGTTAATCTCTCTTTCGAGAGGCTATCCCCOCTGATGGAGGTA 60

Query 359 GCGCCACTCTCAC 396

III||||||HIIIIIIIIIIIIIII|||||||IIII|

Sbjct 59 TGCTC. GTGCGCCACTCTCAC 22
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3. wamsdeuReaeuuaiiteluszduailiduourelolsian SC9-3

gb|ER503528.1| Bacillus cereus strain HPC1408 16S ribosomal RNA gene, partial
sequence
Length=762

Score = 900 bits (487), Expect = 0.0
Identities = 487/487 (100%), Gaps = 0/487 (0%)
Strand=Plus/Plus

Query 1 AGTARCACGTGGGTAAC ATAAGACTGGGATAACTCC &0

||||||||[I]||II]||||||!|||||||||IIIIJ|||FI|||II||II|||III|||

sbjct 70 129

Query 61 GGCAAACCGCGGCTAATACCGGATAACATTTTGAACCGCATGETTCGARATTCGAAAGGCE 120

LELCEDELELCELEL R P e e ey

Sbjct 130 GGGAAACCGGGGCTAATACCGGATAACATTTTGAACCGCATGETTCGAAATTGARAGECE 189

Query 121 CGGCTGTCACTTATGGATGGACCCGCUGTCGCATTAGCTAGTTGGTGAGGTAACGEC 180

II]|||IIl|||I||||[|IIII||||||||||IIIII|||II1||II||||||||lIII

Shject 190 CTTCGGCTGTCACTTATGGATGGACCCGCGTCGCATTAGCTAGTTAETGAGGTAACGEC 249

Query 181 TCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGCACTGAGA 240

FECT P L R R R EE LT R TR L]

Sbjct 250 TCACCARCGCGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTCGAGRA 309

Query 241 GCAGTAGGGAATCTTCCGCAATGGACGAAAGTCT 300
III1||l|||||III|||IIIIIJII||||||IIEIII||||||||II||II|||IIIiJ
sbjct 310 CGCAATGGACGAAAGTCT 369
Query 301 TGAAGGCTTTCGGGTCGTAAAACTCTGTTGTTAGGG 360
||1||||I||||lII||||||||1|||||||||ll||1|||||||||1||i||||[|||1
sbjct 370 ATGAAGGCTTTCGGGTCGTAAAACTCTGTTGTTAGGG 429
Query 361 AAGAACAAGTGCTAGTTGAATAAGCTGGCACCTTGACGGTACCTAACCAGAAAGCCACGG 420
|||||||||||[II||||l|||i||||||||||l|||J|||||l||||||l|i|||||||
Sbjct 430 AAGAACAAG TTGAATAAGCTGGCACCTTGACGGTACCTAACCAGAAAGCCACGG 489
Query 421 AGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGAATTATTG 480
|||||||]|||EII||||I|||I||||||||IIIIIII|||l|l||||||||||||f|||
sbjct 490 CAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGAATTATTG 549

Query 481 GGCGTAR 487

LTI

Sbjct 550 GGCGTAA 556



4. wamsieReavouuniiteluszauailidveurelolsan SC9-4

gb|DO383276.21

partial sequence

Length=1432
Score = 963 bits (521), Expect = 0.0
Identities = 521/521 (100%), Gaps = 0/521 (0%)

Strand=Plus/Plus

Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Shjct
Query
Sbijct
Query
Shjct
Query
Sbijct
Query
Sbjct
Query

Sbjct

1

55

61

115

121

175

181

235

241

295

355

361

415

478

481

535

AGTAACGC AATAGCTCCGGGAAACTGGAATT

IIII|||i|l||Hi|||I||l||||||IIIIIIII|||l|l||l|||||]||H|||||

GGAATAGCTCCGGGAAACTGGAATT

AATAC TACGCCCTACGEGGGAARGATTTATCCCGGAAGGATTEGCCCGCETTGGAT

EII!IIIIIIIIIIIIIlIIIJI||||||l|||||]|||l|||||||||||||II|||||

CCTACCCCCGAAAGATTTATCGGGGAAGGATTGGCCCGCGTTGGAT

CTAGTTGGTGGGGTAAAGGCCTACCAAGGCCGACGATCCATAGCTGGTCTGAGAGGAT

Il|||l|l||H1|||IIII||||||[|i||||11I||l||||||l||||||l|]||||i

TAGTTGGTGGGGTARAGGCCTACCARGGCGACGATCCATAGCTGGTCTGAGAGGAT

GAGACACGGCCCRAACTCCTACGGGAGGCAGCAGTGGGGAA

IlilllIIIIIIIIIII|||ll|||||!!l|l|||Il||l||||l||II||II]|||[II

CTGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTGEGGAA

GACRATGG AAGCCTGATCCAGCCATGCCGCGTGAGTGATGAAGGCCTTAGG

IIIIIIIII!IIlIl ||| IIII||||||||||IIII|||H|||II||i||||lI|II

TGATCCAGCCATCCCGCGTGAGTGATGAAGGCCTTAGG

GTTGTAARGCTCTTTCACCGATGAAGATAATGACCGTAGTCGGAGAAGAAGCCCCGGCTA

COLELELELLECEET LR P e e i e e e e ey

GTTGTAAARGCTCTTTCACCGATGAAGATARTCACCCTAGTCGGAGAAGARGCCCCGGCTA

CGCCGGTAATACCARGGEGGCTAGCGTTETTCGGAATTACTGGGC

IlIIIlll|||I1||||Ill|||||l||||||1||||l|||||||||||||||||||HI

CCGCGGTAATACGRAGECGCCTAGCCTTGTTCGGAATTACTGGGC

GCGGATATTTAAGTCAGGGGTGARATCCCGCAGCTCAACTGCGGA

ll||||IIII]||l||1|||lli||||1]1|||||[III||||I||||1|||I|||!III

CGTAGGCGGATATTTARGTCAGGGGTGARATCCCGCAGCTCAACTGCGGA

TGAGTATGGAAGAGGTAA 521

ll!llll|||l||l|||l|||||l||||||||l[|||l|||

GAGTATGGAAGAGGTAA 575

Agrobacterium tumefaciens strain 7406 168 ribosomal RNA gene,

240

294

300

354

360

414

420

474

480
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