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Table 1. The results of screen test for kerosene degradation by bacteria
after 6 days (initial substrate concentration : 1,000 mg/L)

Strain name Residual conc. (mg/L) Rem. (%)
Blank 993.9(£22.0)
K14 166.6(£22.0) 833
K6 228.7(126.0) 77.1
K12 249.1(£1.4) 75.1
K31 249.2(x16.7) 75.1
K17 294.6(x1.9) 70.5
K8 331.8(+58.6) 66.8
K9 483.3(x124) 51.7
K24 509.6(+41.9) 49.0
K29 578.9(£18.8) 42.1
K4 584.0(x£142.4) 41.6
K18 597.7(x7.1) 40.2
K7 625.8(x£13.6) 374
K19 667.4(142.7) 333
K26 773.9(1£75.8) 22.6
K10 788.5(x0.1) 212
K5 816.6(193.2) 18.3
K20 821.5(£115.2) 17.8
K22 826.3(x20.0) 174
K1 839.8(129.5) 16.0
K23 843.6(198.1) 15.6
K3 875.6(1£102.6) 124
K2 876.9(183.8) 123
K30 886.5(£58.3) 11.3

* REM. ; removal efficiency
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ZF ek uleF 3, 7] HAE TFE 05, 1.0, 20, 3019 =2
o7 A A}, 27] HEF 5% 10l 9 81.5%% 7V
E2 AASE RAFEAKTable 3). 579 ETo T AAA
FollMe pH 7, &% 30°C, 181 £7] F¥ 7%k 10glLE
FARBIGeH, 1 A 7247 & S 1,000 mg/LY o 81.0%,
5000 mg/LY W 57.4%, 10,000 mg/LY ™ 47.7%, 20,000 mg/L
A W 23.6%9] AAES 77 RAFAt AAH o2, K4
SR 1,000 mg/Loll A F2 AAEE Holi = A & 5 %
AL, FE7F EETE AAEC] oS & 5 UATHTable
4). Wi 259 Walel] 2 FRAAAGNAE pH 7, 27]
T TEE 1.0gL, 183 /% 1,000 mglE FX5d
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Table 2. The fatty acid composition of P. aeruginosa K14

Pseudomonas aeruginosa K145 0188 o] AESA &8l 159

Retention time Shorthand name Systematic name %
2.988 10:0 Decanoic acid 0.35
4.040 10:0 30H 3-Hydroxydecanoic acid 5.93
4.557 12:0 Dodecanoic acid 4.15
5.046 11:0 30H 3-Hydroxy-9-methyldecanoic acid 0.09
5.099 unknown 12.484 0.17
5912 12:020H 2-Hydroxydodecanoic acid 6.90
6.060 12:1 30H 3-Hdroxydodecenoic acid 047
6.284 12:0 30H 3-Hdroxydodecanoic acid 6.22
7.016 14:0 Tetradecanoic acid 0.70
8.530 15:0 Pentadecanoic acid 0.36
9.328 Sum in feature 2 0.10
9.870 Sum in feature 3 18.26
10.018 16:1 w5c cis-3-Hexadecenoic acid 0.11
10.171 16:0 Hexadecanoic acid 20.82
11.528 17:1 w8c cis-8-Heptadecenoic acid 0.27
11.689 17:0 CYCLO cis-Methylenehexadecanoic acid 0.31
11.879 17:0 Heptadecanoic acid 0.12
13.229 18:1 w9c cis-9-Octadecenoic acid 0.15
13.321 18:1 w7c cis-7-Octadecenoic acid 34.05
13.625 18:0 Octadecanoic acid 0.34
15.194 19:0 CYCLO w8c cis-8-Methyleneoctadecanoic acid 0.13

Table 3. Removal efficiencies of kerosene according to initial inoculated
cell concentration (temperature : 30°C, substrate concentration : 1,000
mg/L, pH 7)

Table 5. Characteristics of the effect of temperature on the kerosene
biodegradation activity of P. aeruginosa K14 (substrate concentration :
1,000 mg/L, pH 7, initial inoculated cell concentration : 1.0 g/L)

Cell conc. (g/l.)  Residual conc. (mg/L) Rem. (%)
05 205.9(£50.9) 79.8
1 188.5(+0.1) 81.5
2 193.4(£1.4) 81.0
3 216.6(+58.0) 78.7

* conc.; concentration, Rem.; removal efficiency

Table 4. Effects of substrate concentration in removal efficiencies of
Kerosene by P. aeruginosa K14 (temperature : 30°C, pH 7, initial

Temperature (°C) Residual conc. (mg/L) Rem. (%)
10 811.8(£32.2) 203
20 465.0(18.6) 543
30 189.8(x8.2) 81.4
40 225.7(33.1) 77.8

* conc.; concentration, Rem.; Removal efficiency

Table 6. Effect of pH in kerosene biodegradation by P. aeruginosa
K14 (temperature : 30°C, initial substrate concentration : 1,000 mg/L,
initial inoculated cell concentration : 1.0 g/L)

inoculated cell concentration : 1.0 g/L) pH Residual conc. (mg/L) Rem. (%)
Initial conc. (mg/L) Residual conc. (mg/L.) Rem. (%) 5 544.2(+48.0) 46.5
895.9(x52.3) 170.6(£8.0) 81.0 6 273.8(x14.4) 73.1
4643.1(x15.8) 1976.3(£225.9) 574 7 200.8(17.3) 80.3
9672.2(£51.2) 5057.1(£165.8) 4777 8 214.0(x10.7) 79.0
18569.4(x350.2) 14187.5(x172.1) 23.6 9 278.2(£35.0) 727

* conc.; concentration, Rem.; Removal efficiency

* conc.; concentration, Rem.; Removal efficiency



160 Jee-Young Kim and Sang-Seob Lee

o, 72A17E 3 odjeker 30°cY o, 81.4%9] 7 HS A
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Table 7. Kinetic parameters of P, aeruginosa K14 for kerosene biode-
gradation

Initial kerosene Growth % Degradation rate

concentration (mg/L) rate (h™) (g kerosene/g cell/day)
200 0.0004 0.0679 1.8911
500 0.0017 0.0632 2.3136
1000 0.0030 0.1390 8.3943
5000 0.0033 0.0404 6.9180

* Y, Growth yield
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Fig. 1. Biodegradatiop of Kerosene by Pseudomonas aeruginosa K14 strain. Cell concentration: 1.0 g/l (w/v), temperature: 30°C. pH 7, initial
substrate concentration: (A) 200 mg/L, (B) 500 mg/L, (C) 1,000 mg/L, (D) 5,000 mg/L { < ) control, ( [ ) biodegradation, ( A ) cell growth,
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Pseudomonas aeruginosa K142 0|83+ 52 A&t 23 161
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Fig. 2. Gas chromatographic profiles for medium extracts from P. aeruginosa K14 cultivated in presence of kerosene (A) 1,000 mg/L of kerosene,
(B) biodegradation of 1,000 mg/L. kerosene by K14, culture after 72 hr. The remaining kerosene was 198.7 mg/L and (C) bioidegradation of

200 mg/L kerosene after 48 hr. The remaining kerosene was 8.8 mg/L..

< BFsk] AR 7129 AAES Bole AoE ArdEnh

oF Bt}
7]%14 xﬂ baj} ZF 1,000, 200 mg/LOM dA J% ks
e kg B, 1EE 7129 o), F8 4%

AdheE s Koo Hﬂ oj2Rle SHUE AEFE Bl

AU A 714d o, 8 7= 9 wo]2 2RRIZA] A
AR B F UA0F 2. EF, 7149 27] Fro] e 7o
A 9 71 AA 58 T8I THTable 8). Kid4e &)
FolAE o AAELE EolAe A3S B T,

7129 Fzol| e F2] $58(cell yieldr2 Pseudomonas sp.

Table 8. Comparison of kerosene removal efficiencies by mixed
culture and K14 after 6 days (temperature : 30°C, initial substrate

concentration : 1,000 mg/L, initial inoculated cell concentration :
1.0g/L,pHT)
Inoculate Initial conc. Residual conc. Rem.
(mg/L) (mg/L) (%)
Mixed culture 902.0(£65.3) 101.4(£3.8) 88.8
K14 993(x15.6) 166.6(x£22.0) 83.3

* conc.; concentration, Rem.; removal efficiency

o e Fo] EEBS A% 7|AZ AT v} Blad wjr)
(5), A3 o= AL & 4 AN 712 AA Hre =
7155 1,000 mg/Lol A 7 % FXH9) 6092 g kerosene/g
cell/days LFERH L]
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A 2%9] T3 Pseudomonas sp.5 AFESH 2147l 89%E
AASE o, AFFEE 2,200 mg/LHA T Wongsa 5(2004)2
P aeruginosa WatGE o)-§3ld 10 /L9l 5-/E 1447l 70%
AASGT). AFEEE 3,000 mg/Lol T Saratale F(2007)
filamentous fungus®] Aspergillus ochraceus NCIM-1146S AR-&-
3lo] 2047 50~51 mg/mle] TS 77.5% AASIH. 4’4 A3
9] abiotic losse 20~21%Z VERGTH 9] 7745
£ P aeruginosa F1225 o183l 199 T/ % 75% S
o 0.15% HARBAHAE Hrste 3U AALRE 4
A}, 94.8%9] AALES BRIoW 75 A &2 iz
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A 68.8%7F e AL BT Ortega-Trejo 5(15)2 P
fluorescens®t Bacillus subtilis7} 515 Y @A2HOZ AN}
= AL USFFELH, P fluorscens TFE 02%2] 5H7E 7Y
wholl 84%, B. subtilist= 70%% A)ASIGC) o)y $R/7) e
TEAMET 423 71 7|7k B3)71zte] "asithe AL Hol
o, 74 39 AF FEE 320 mgLE YERTh 9 A7 YR
NN 7] BF BE 12%S 72197+ 7] B¢t 7090%
o AAEES BT} =3, A abiotic loss'= 20~60%
o2 Yehe AL ¢ 4 Ut ot vAE ] 93 S/2
A 317 FE AF daea B F don, vAEd o
A3 B8l 28-S YEsh] AsiMe L Rr1sES] §
g 9] 93 Alzdoe] o] AlsHoler & RAow B
At} A 20063 =7HA ] AHF AL AT 192237 AR
EAER AT e AA=loglen, A71AQ HALE B
Al Foide}. $elvele] B4, 20004 E SRFERF G
A QEE AN ARF9 TPHEAY F&E TET 800
mg/kg TITHe] 10,9797, 800~2,000 mg/kg®] 1517, 2,000 mg/kg
o]Ae] 2067084 1 LYFET 3,992 mygkg & VeI
2005959 B9= vRI7ER 800 mgkg P FE2857) 7F
A @o] Yyehton] H1 23174mgke® 2 VeI AR £
Aol B0 B Aol 200~5,000 mgkes FeolA ©
Aol 9%k BalE Aysigon], A8EPHAL abiotic losst
1% wgko 2 vehdtt, 747) 271 200, 500, 1,000 mgLe] B%
A A1 wlg ¥ 579 FEE 8.8, 81, 200mg/LOE Y
EHith #F2 299 B Saulds 58 5F AA #
FE B3 & 239 gl2EE ANl 1 A7 Pseudomonas
aeruginosa K145 E218190. K149 23 552 33 AA w)
& AAE, &% 30°C, pH 7, 7] BF TFE 1.0gLS 73
wiglen, 71de FE7F L,000mglol S u), 72412 Bt
80.0% oV} AARES BT 7149 AA 5= 6092¢
kerosene/g celiday2 M, JEle] 7] 712 & = 714 & A
A &58 Jeth B3 28 Trd o, £ FFE ol%
& AA AEA) FARE AATLES B 5 Q00 AsE F
 200mg/Lef] et 48217 B9t 95.8% o] AALES
RoFEglon AE AF FEE 88mylollth AA &5
1.891 g kerosene/g cell/day® VFEFSTE 500 mg/Le] 57l sk
of 2o wjdRAoE AP A, 2AIT B9t 83.8%E AA
AT AA £ 2314 g kerosene/g cell/day® VERIT) L
FE 7 5000myL (wiv)dll disted AAEEE S A,
4817 B 42.0%2] AASE HAFA AA 5= 6918
g kerosene/g cel/day= EPITE Ki4e 7189 27] 55271 =
obdSE 7o AYEEE BoAe AFE Btk a2 7)
A9 Fxo] e F9 F5& 2 7A AASEE 27)%E
1,000 mg/LAll A 247 713 =2 6.092 g kerosene/g cell/day, 0.139
2 Yehgon 1 ol FRoME RolNe 23S Bt
7149 HA W3} FFe A 5 1A F8 97
#Ar}y gHedhe A%e ol wolxekle EuiE A4S
Bk, 28y AFs 7149 W, 8 9= 2 wolx gzt
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ABSTRACT : Biodegradation of Kerosene by Pseudomonas aeruginosa K14
Jee-Young Kim and Sang-Seob Lee* (Department of Biological Engineering, Kyonggi Uni-
versity, Suwon 443-760, Republic of Korea)

In this study, we isolated 32 strains of kerosene degrading bacteria from oil contaminated soil by enrichment cul-
ture. Isolates were screened for kerosene degradation efficiencies and K14 were selected which had the highest
removal efficiency for 1,000 mg/L of kerosene. K14 were identified as Pseudomonas aeruginosa by mor-
phological, biochemical test and 16S rDNA analysis. The optimal culture condition were determined as initial
inoculated cell concentration, 1.0 g/L; substrate concentration, 1,000 mg/L; temperature 30°C; pH 7. When we
enforced batch test in this condition, K14 degraded 72% of kerosene with 1,000 mg/L during 72 hr. And, at low
concentration (200 mg/L), K14 degraded 95.8% of kerosene during 48 hr. As a result, kerosene biodegradation
by Pseudomonas aeruginosa K14 could be useful for clean up of groundwater and soil contaminated with crude

oil.



