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ABSTRACT

Pseudomonas sp. KM1 was separated from soil contaminated by petroleum and identified. The isolated strain is Gram-
positive, rod-shaped and immotile. In batch culture, the optimum cultivation temperature and pH was 35°C and 7,
respectively. Biodegradation of PAHs experiment with soil slurry system was performed using Pseudomonas sp. KM1.
Pseudomonas sp. KM1 could degrade 7 PAHs including naphthalene, acenaphthylene, acenaphthene, fluorene,
phenanthrene, pyrene, and fluoranthene. These mixed PAHs was easily degraded within one day except fluoranthene,
which was degraded much slowly, taking several days by this isolated bacteria. Pseudomonas sp. KM1 is good candidate
for bioremediation of PAHs contaminated soils. Biodegradation rates of naphthalene, phenanthrene and pyrene in soils
were different at each soil, and the rates were decreased as sorption capacity increased.

Key words : PAHs, Pseudomonas sp. KM1, contaminated soil, Bioremediation, Sorption, Desorption.
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T A FEE QR vt 299 SISt EYe)] oo
I It =id Bk ohlel Eis g Azl
Hlgo] AHEo] E34A90 o XA spto] HAls}
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o] TRIMRIE gsleae vAE o) & Bt 57
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PAHs 23lld £ 93] g sl 5 &
TE ESS A3l F BeljQos Agsian. 7 B
28 % PAHs £3l5 AFo| ALY vl (Mineral Salt

Medium)®} 24L& S75 &9 1L% KH,PO, 34¢g,
Na,HPO, 3.55g, (NH;)SO; 1g, Hutner mineral Base
10 mLe|t}. Hunter mineral Base® SF< &9 1L%
Nitrilotriacetic acid 10.0g, MgSO, 14.45g, (NH,)
6M0;0,44H,0 0.00925 g, CaCl,2H,0 3.335g, FeSO,
TH,O 0.099 g, Stock salts solution 50 mLOJICHGerhardi
et al. 1994). 9] FEPL thad 2t WA A3
3 B 1S yeast 1%(wv)S EFFH MSM ||
10mLell 3718 ZH2F 35°C, 150 ripmC2 FAE¢
PIANA dzrTe] 8 zlolE B3l 759 43S &
QAT o] BR1E 5L naphthalene2 €HAHO.
E she AAg HAguRlel 33] ol Alriuidsle] ¥F
© T8 BEstaAt sk wideE dojxl 9 2=
e A ghuliRol] 2Ea)H(streaking)3HO.ZM U
© 0FE ored A 9 e #g B 4
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2.3. oo i

A2 300 mL AZHEERAES] WiA] 100 mL, B4
Q1 naphthalene 0.1%(w/v)?} E2]8 strain KM1S& HZE
3lo] 35°C, 150mpmellA 297 371802 wjksigic &
ik A widst 2 2H0E ik 1%vmE Al
2 wjAel HEst wdstden, ¥ 4L Uv-
visible spectrophotometer= 33 600 nmoll4] =339}

2.4. PAHs 23l 24

2ol 93 PAHs®] £35S dolrr] {38 7%
F+(naphthalene, acenaphthylene, acenaphthene, fluorene,
phenanthrene, pyrene, fluoranthene) PAHsES AME-3}T}.
AIHe UL} 2o} 42 mL 23F ulo|del Hate]
PAHs Z7)1%5% "7} 902400 ug/IS ZEEE TCL
PAHs Mix(SUPELCO 4-9156) 10 plE 2& % A)7h
g eSS 2SRt @5 WY 15smLE

Journal of KoSSGE Vol. 12, No. 6, pp. 70~77, 2007



72 P

centrifuge tubed] 23, 3000 rpmollA] 1087+ YAlEe)
Stk 94 He] ¥ Aede W, o) B ik
A5(20mM. pH 7.0) &4 FAsl Egsin 94
FE3le #AE 33 HhEsle 7|dE ol &EHAUY
naphthalene A|As} #5E AlF s} A3E o5
T 0OD(600 nm)gke] 1.0 (5.7*10 CFU) olo] HEE
ZA5ln ks g9ilAs 29H 42ml vialol
0.1 mLA HTH syringeE o83l HE3IHH. o] &
25°C, 150 tpmollA 1€, 3 T 5Y7t widsla 94
£33 ¥ HPLC 4% ImL vialdl &4 59
PAHs®] 52 HPLC(YOUNG LIN M930, M 730D,
Supelcosil LC-PAH 15 ¢m x 4.6 mm(5um), acetonitrile :
water(90 : 10), UV/VIS 254 nm, flow rate 1.2 mL/min)
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phenanthrene pyrene)?] L3543S YotRr] 23l EdE
2] AJEERE o838l A3E 381Nt 42 mL viale]
718 g BAo) te YR EYS 47 048 1
g3 dad RSN 0 mM, pH 7.0) 4mLS WL,
%27) 8H49] F=7} Vel (naphthalene) 4 ppm, &
(pyrene)#} HIE= (phenanthreney 3ppm¢] HEE Z}z}
LGNZITE 299 vials £ 25°C, 150 rpmollA] 48217k
Bl FEZo] A ol2A & & dFE F
Yol L FGEH] BESH B3s P8t 0 F
Y oFF £ AT 9 EYol F2E PAHs 2N T
SE HPLCE ©l83l &30, 7] %= ¥ o5
| Fx2 HE| gl o #3iE PAHsY] S ARt
3l B3E(%)S T3lth 3R PAHsS] EY S
ol y) 93l AL AAHS &, methanol 4 mLE
FAU3KA olF Bt FH3I] FEAA G 0PEF

FTEE ARSI Eel £3F PAHse| F2 AW

2.6 MEIEY

BEFRAN A AHT 3FFY EFATE, A, B
) APl ALS3INT A B BHe Fx
718 & AAT F TEZ(0~15 cm)SE2RE A3}
o aEoA AXF F 2mm ANE FAHC FH E
&l shehE BEAE meksbr] 918 pHe 1:5%eE &
A3kt #71€4(Organic Carbon, OC) & TOC
analyzer (SSM-5000A, Shimadzu)Z o83} 2-A18}c}.
Table 1 A3l o] &8 Ee] 48 vehix giot
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Table 1. Properties of the soils used in this study

Soils pH (1:5) TOC % Sand % Silt %  Clay %
A% 6.1 1742 755 17.1 74
7} 63 0658 643 245 11.3
CE 59 0668  24.1 38.7 372

F

Fig. 1. The morphological observation of strains by SEM.
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T v Ao s Jast Ay Mxe] dert Fig 13
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Table 2. Morphological and physiological characteristics of
isolated strains

Characteristics strain
Morphology
Gram stain +
Shape Rod
Physiology
VP test +

Gelatin liquefaction -
Production of indole -
Utillization of citrate +
Urease -
Arginine dehydrase -
Ommithine decarboxylase -
Lysine decarboxylase -
Nitrate reduction -
Production of H,S -

Acid form

Glucose _
Mannitol -
Inositol -
Sorbitol -
Rhamnose -
Sucrose
Melibiose
Amygdalin
Arabinose

]

Yehd 235 Edz2 @49 ol8A4L AR Ay
Glucose, Mannitol, Sorbitol, Amygdalin,
Arabinose, Insitol 5~ ©]-83}x] &1t} o)Ake] Hej
9 AR EAS EdE B9 T=E Pseudomonas
sp. KMIZ 35t}

Sucrose,

32. 2% 9 pH o] Y&t

Fig. 2= Z7] wjulzle] 252 25°ColA] 35°C71R]
HBAA 257t ARl viRE gl gt 2%e
T8It TRV 30°Cek 35°CoA] H|SEh Sgol]
A el ot 25°colMe Aol 98] WAl UeRsit.
9 27 pHrt @Al HRlE dEke 2AWE) 9
3l pH 40lx 87kx1e] AN AES =303 Ak
Fig. 30X} 22o] pH 4ollMe= A2 o] 43 v
ke, pH 7elA #AA3ge] 7 =t
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759 BEAaYoZ o] 25UY naphthalene 552 4
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Fig. 2. The effect of temperature on cell growth of KM1 in LB
liquid medium.
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Fig. 3. The effect of pH on cell growth of KM1 in LB liquid
medium.

S POl Al control, 10 ppm, 100 ppm, 1000 ppm,
10000 ppm =2 =5 E2jele] 35°C, 150 rpmellA] £
72 AA54E ARSI Fig. 404 ER1E 4= 9l
%] Pseudomonas sp. KM1 2 1000 ppm ©Pde] E%
A A7go] Z o] FoIFE FRI 4= JAAAITE, 100 ppm
olgle] FRAME FHE A4S #AY 5 Q)

3.4. 20| 2|8t PAHs 23l

5 Pseudomonas sp. KM1°l 2]8+ 7-PAHs (naphthalene,
acenaphthylene, acenaphthene, fluorene, phenanthrene,
fluoranthene and pyrene)?] #a&EA1} Table 32t
Zo] 3}Fre] fluorantheneS A 93+ naphthalene,
acenaphthylene, acenaphthene, fluorene, phenanthrene
and pyrene ©] $3] E3llES B1E 4= ). A,
Azkol Apgol wet 27 E8i7F AH Y 389
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Fig. 4. The growth of isolated strain KM1 in LB liquid medium.

Table 3. Biodegradation percent of 7 mixed-PAHs in solution
with Pseudomonas sp. KM1 as incubation time

19 3d 59
Naphthalene 100 100 100
Acenaphthylene 100 100 100
Acenaphthene 100 100 100
Fluorene 100 100 100
Phenanthrene 100 100 100
Flouranthene 429 66.1 98.2
Pyrene 100 100 100

Napthalene. "
- Acenaphthylene:
- Acenapthiene

Fluorene' -

LRI &

(i‘olu

Bl obge mElg7t AL 289] naphthalene ©] UA
3=, 3% SIRHE Foll 83l=7} =2 phenanthrene,
fluoranthene®] &=x12 02 B, 481] pyreneo]| v}A]
oz Eifdchs IFEET 5, 20018k B 48
9] pyrene©] 38+9] fluoranthene Rt} £2] 5ol <3
Az Bajss 29S Ak Fig. ST vl 590] A
% 7-PAHs®| HPLC #4475 U= chromatogram
o fziel #FE ¥R 4 2AFEhst vlasiy o
WIS peak/t VERER] Witk o] HdE
Balg #5 Pseudomonas sp. KMIL 28k, 3% 4%
o] 23R g Eallse] e I 5 AT

3.5. EA0M 22|35 PAHs 254
Table 4= Eo] EA3h= Al89 EY] gle U&=
9] naphthalene, phenanthrene, pyreneol UIgF Ea18(%)

Table 4. Recovery and biodegradation percent of PAHs in soil
with Pseudomonas sp. KM as incubation time

Substrates Soils Biodegradation(%o)
AlEa} 87.90
Naphthalene A} 100
A5} 33.24
Phenanthrene 739 48.09
= 67.83
Al 5} 17.97
Pyrene 74wk 21.76
: e 60.28

Fig. 5. HPLC chromatogram of PAHs-solution without KM1(L) and with KM1(R) after 5 day incubation.
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Fig. 6. Sorption isotherm of napthalene, phenanthrene and pyrene used in three soils.
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& ArsHoE Pt 44 Qe @7 wwl g
(Cemiglia, 1992; Wilson and Jones, 1993; N. Chevron
Cottin and G. Merlin, 2007). 3Ex]¥t B AAtox 2 -
TAE TF KM 4859 pyrene Bt olz} 77 ot
& TFE 2= 289 naphthalene®}, 38+2] phenan-
threne & -S4l ek 2102 VeRdtt. 9 434
I} Table 4= “Fedoll A= PAHSE oFF Bt &
A AEE AT o 13 ARl Zojd A9 &
ol 524 PAHs®= AMA3] @& 3 Pseudomonas sp.
KMiell o8] Zaf=lele} ALt

3.6. PAHsC| EAFASH I} WEEIH x|

A3 EYol i3t naphthalene, phenanthrene, pyrene
o] FA524L Fig. 694 BT AMEE EoelA
F71SHES] FEGE A A¥olt). FH Edl

E f7IERMEEY §34E AnEReE T3 F3Ra)
AFKAe}t EY] Fr1eid3e 128k BalAlR(Koc)
£ Table Soll JERIITE. U=e=llo] 79 F2HulAl
(the distribution of coefficients, Kd) g2 1.91~ 7.79¢]
HFom, B5olx 7Y v A EYe] A =
A vttt SdE-S] 739 Kd gk 16.05~ 50.14 <]
Helgoen, walle] A9 A 17.11~34.282 AEH > 7
W >EBE o2 339 B 5 §U1ES o] Be 4l
SHelA Kd gtel 71 =4 Jeldth ole BEY 74
BEE, 53] A71EY T ArIEgEe F3) 2
FIFE MIAE A F9 s A7 Manilala and
Alexander, 1991; 3732 7A14, 2002; ol&= £ 2007,
N. Chevron Cottin and G Merlin, 20072} FAS 2
Folot. AR vt fUIeASES VR Ay B

FEAME Kd 3ol Aot e AL & 5= Ut o]
= F2 9L vR= 847 B 418 it
ohel EYTA HRES ERlsikd EAEYY a1
X 9 HEQ EA)9 0|7} naphthalene, phenanthrene,
pyrene®} EGEH| S vXe Aoz HAd"n
(Pusino ¢ 1992; Park et al., 2001).

Ee] vlRdite] 3l & 93RS wi)A] gkon,
Ef71Ede] F2 #ofsle 7 Fa3k f4wlw
THE A9, EUIERDY FREAS A1) 2ol
Koc & ViERd 4= QIth(Sharer et al, 2003; Huang ct
al., 1998).

Koc=Kd/0C(%) X 100 (1)

o] AA Kocol HHE YZEeA 2867~

Journal of KoSSGE Vol. 12, No. 6, pp. 70~77, 2007

Table 5. The Kd and Koc of the soils used in this study

Substrates Soils Kd (L/kg) Koc (L’kg)
A4 7.79 4473
Naphthalene 73w} 244 370.3
B 191 286.7
A1 =H) 50.15 2878.6
Phenanthrene 73u} 19.79 3011.1
ne 16.06 2405.5
AlZa}k 3429 1968.4
Pyrene 73} 20.49 3116.4
He 17.11 2563.3

Kd: Distribution coefficient
Koc: Organic carbon normalized distribution coeffient

4473, HGEANA 2405.5~3011.1, 2] T A
1968.4-31164% Eeo] 4712 3} 2 EA o)z
A3l HAF 224 Jelgth. g HdEdle] 7
T B5ollA K wgken, SRl fUIEEEC] VM =
2 Al 196842 7P A e R A
I 859 718 %)) vl 7 friskE
of oIt Koc 3ol Aol7t e A& & F Uk
McCall 59 &J3PH Koc 32 EY 7 LFEAY o5
A& skt o 8" S 1om, Koo 3ol 5000 oV
o EF Wl LHEHE] AY olFdA ¥, 2000~
3000 HH= olEAde] wrial ST EE 9 2004).
£ A3dA Koc #e] 1000 oJal9] vzgzle] 73 o
BA0] Slof w8l Tl o3 e A-EHL =3
Aok, Koc #e] 2000~3000 HJZ i o]FAe] &2
HAE odle] Hldle ffo] W A0E Ve
th Bl 0H€ f7108EAS 1 249 E8jslEhH
AR webA 3)(volatilization), 32F3Hphotooxida-
tion), ABIFES] o] Ex= EAEC] o3 RS
(biodegradation)’s ol 23] EJOZHE A|AHT
(Alexander 1981). LGEZ AAd 71F & 7|HE =
Aoz 43 AYEE3](biodegradation) LHEZS &
ks HAEo] EARITHE L @EZo| WAYEA o8
2 5 de JHE EARIEUE geksie Aol 7FE F
283 @4olch _uweElr] PAHsZE 29E B 3491
Aol - FAE FF KMIE o837 s A
B84 Ao B2 JIs "Xe LFEDT EYA0]
o] T B4, & A5 FosleAl Attt ske
LPEHY ARAEE dS3ka Agsiedl & TS

uRA 2 ARfaL AlsE
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FRZ e Bl Bol WHs: PaAHsE AE
7] olele e deid qir 2 Aroiae )

ol

i LEEYOIN PAHs Bel 752 Rolslgen, B
2" T Pseudomonas. sp= AT, KM1oE

i)

ST dF9] HA AgzALe 3R w4
35°C, pH 72 Yelgth. TS Pseudomonas sp.
KM19] £]3k 7-PAHs(naphthalene, acenaphthylene, acena-
phthene, fluorene, phenanthrene, fluoranthene and pyrenc)
o EdAA7 ik 19 Wl fluoranthene #)9l3}
naphthalene, acenaphthylene, acenaphthene, fluorene, phe-
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o o3 MR (%] Wt Bl 0d® 71815
=9 PEAT EF Ul 71580l 298 BEY
o] A2 AYael] FFL e 2o A A
o= yeisith

AL M

o] E=HE 2005d% AMAAYR V)xAEATYY
A(R-2005-7-049-01)0]) oJ&l] A7 L.

3

m
o
rae

1
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