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In-situ Bioremediation of Total Petroleum Hydrocarbons-Contaminated Soil by Pseudomonas Species.
Kim, Jee-young and Sang Seob Lee*. Department of Life Science, College of Natural Science, Kyonggi Uni-
versity, Suwon 443-760, Korea — We previously showed that five strains belonging to Pseudomonas could
remove TPH (Total Petroleum Hydrocarbons) efficiently when they are applied to TPH-contaminated soil. We
optimized the bioremediation condition using different hydrocarbons and nutrients conditions to improve the
efficiency. We setup lab-scale column bioreactor to monitor TPH and diesel removal efficiency. When we
applied five Pseudomonas sp. mixtures to 25,000 mg-kg' TPH-contaminated soil (diesel 10,000 mg-kg™',
kerosene 10,000 mg-kg™!, gasoline 5,000 mg-kg™') with the optimum condition, 76.3% of TPH removal effi-
ciency was shown for 25 days. Meanwhile, in the application of five Pseudomonas sp. mixtures to 20,000
mg-kg! diesel-contaminated soil with the optimum condition, 99.2% of diesel removal efficiency was shown
for 40 days. In the application to lab-scale bioreactor with five high efficiency bacteria, 88.5% of TPH
removal efficiency was shown for 45 days. Based on the results from this study, we confirmed that this mixed
Pseudomonas sp. consortium might improve the bioremediation of TPH in contaminated soil, the efficacy can
be controlled by improving the nutrients. We also confirmed that the nutrients and oxygen for biodegradation
of TPH could contribute on the management and control of applications of these strains for the study of biore-
mediation of TPH-contaminated soil.
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Pseudomonas putida KDil9(95.6%2] diesel A7 F&)
[16], Pseudomonas sp. K14(78.4%2] kerosene A7 &&)
[7], Pseudomonas putida BJ10(99.9%2] benzene, toluene,
xlyene A AEE), Pseudomonas putida E41(97.9%2] ethyl
benzene, xylene AAEE)[8]S AHEslie, B A5 &
3 RE 59.6%2 gasoline A|H LS ¥el Pseudomonas
putida G8= AHE31git}. AREE wilx]= MSM(Minimal salt
medium: KH,PO, 2.0 g-L"', K,HPO, 2.0 g-L”!, KNO;s
1.0 g-L', (NHy),804 2.0 g-L!, NaCl 04 g-L", MgSO,
TH,0 04 gL', CaCl,2H,O0 0.04 g-L', FeCl;7H,0
0.02 g-L!, trace element solution SL-6 1.0 mL, vitamin
solution 1.0 mL, distilled water 1.0 L, pH 7.0)2 XA]3}
ok, vk 712 28+2°C, 150 rpmo-2 45 Y7k %Iek uj
oFatdet. a8 wi] Al E A, fell o8t agar T A4
S K57 915k MSMel 1.8%2] agar powderS A4-3}
9321, autoclave Fol| diesel, kerosene, gasolineS 1,000
mg-L'9] FEZ 7 wiR|ol| o2} " F H7lsle] A2}
gt Ee2lEl BE 5= 28+2°CoA 37 wieksled).

EY /77 =U
2 Al AREE Eok2 ]l BFRA Sa &

Table 1. Chemical composition of the soil used in the study.

Asiglond 4.87%0] #7lE $719] B71ES HUE &
WA Bk f =] el A FA] dks AER g
7] $l3te] 15.5%2) % =S 2 Cr 34.7 mg-kg!, Mn
307.4 mg-kg! 522 FAEo 9 APE FE(Sandy
loam)Z AHE-3litH(Table 1). B EoF Al§-2 28+2°C2]
27 A pYEgen, e A A A AL
(20+5°Cell A Ag-S AAsITh Agell AR5l TPHE A
== diesel, kerosene, gasolineZ 1:1:0.5(viviv)2] B &
E33le] 25,000 mg-kg'o2 Eckol H-E3le] A
o}, Diesel?] ©UAIE A] 20,000 mg-kg'e] 7] F== A
3l
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3 A EEXM EAME ARGl 71 AlEE EXTE F
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A%e) A3 AEFUA L 3713 TS Flo0d, A
ZEke] 37)(5¢ TFALE 3 ml/min) TF2E nPE2] F
7 A7 428 E£xsaa) s,
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£ 7t 71" o] A7t MSMul A A 28 7E 7] wjoksted
AAEE F SF5E 23] washing F 83190 A4
F 5= 7 EoF & 0.1 g-kg'!, 05 g-kg!, 1.0 g-kg!,
323 2.0 g-kg'(cell wet weight/soil weight)Z =FF3}A]
A7¥ste] 1097F TPHAA &S SA 8. Tl A5d
BE Eo)ol= MSM #liX]el] 0.03% activator I(soybean &
corn AF 7HF #1715 )S A71sled TPH A1A 288 &
At T 5 o3k Aol mE A A4 47 T
7} ARE F o] 7] ARef|A aE dF0] AT T
o vg=2 EFsle] FHE 1.0 g-kg'l(cell wet weight/soil
weight)Z. 2833}

JekaT A7l W AlA i 242 MSM activator
I ZF 0.03%(viw)2 H713te] Agsisdt. odkdwel A&

Constituent Cr, Cy, Cd, Pb, Zn, Mn,

MgO, CaO, KO, Fey03,
mg-kg'mg-kg'mg-kg'mg-kg'mg-kg'mg-kg'mg-kg! % % % %

P,0s5, Organic Moisture

matter, % %water

Content 34.7 15.6 0.0 8.7 62.7 3074

096 024 154 576 0.12 4.87 15.5 7.5




g Rl gk At AFE $8 R 2= #0E)
%ict. TPHe} diesel®] A7 Bgol digt AHS A3k
. TPH #2] 93+ TPH 25,000 mg-kg!(diesel 10,000
mg-kg!, kerosene 10,000 mg-kg™!, gasoline 5,000 mg-kg™)
o2 o4 AFem Sl 1EE AA FFE E3sle] F
£ 5% 1.0 g-kg'(cell wet weight/soil weight)Z 2r3o]
Eoko|| A3t} Diesel A2 Q7= 7 20,000 mg kg

2 AAZ ¥, diesel ¥ IEE TF P putida KDil9
S TFF % 1.0 g-kg(cell wet weight/soil weight)Z &
2 E3tale] 83150 7] ‘:1'}'5 H7¥sE B Z(Case 1),

71-3} 18E vES HE3 A-$(Case 2), Case 2 -
7] 92X MSME AH7F8E 73-9-(Case 3), Case 2ol MSM
2 ZAAZA] activator 1S 718 7-9-(Case 4= o]
Al slsd.

AbA Fell i - odE EoFe] A= el A
75 $18 B Fol7t v 21 352 AH8siodnh. 23
1+ W7 0.10 m, Zo] 0.60 m& A =}3}4] 2w 0, 0.25,
0.50 m®] Feloll AL XES F3lom ZAH 2, 32 WA
022 m, =°| 1.00 m&E A zstg o] WEF FEE= (,
0.45, 0.90 mell $1x|3}e] A|zlsle] ARSE AT AH 2, 3
3715 F|3He air stones A3t AH 200% 3.0
mL-min!, 23 3¢ 74 mL-min'E 3715 A &
FAIAHEHFig. 1).
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Fig. 1. The Apparatus of Column 3 for TPH biodegradation
(50 kg volume). The column 3 was made of acrylic plastic mate-
rial which was 1.0 m in height, 0.22 m in diameter, 0.10 m in
width, and three sampling ports which were located in different
depth. Air stone and humidifier were set up for aerobic and mois-
ture conditions.
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Lab-scale reactordilAe] |5 Ise 2 oFE 0|26t
7 2YE EYo| WESH =l

TPHE ©41% Eoko] JEshd Hajo] A% A2 94
lab-scale®] EF HH-5715 A|2lsle] A7-3leh. EoF uks-
71 of=d &) 2AMLE(L 0.20 mx W 030 m x H
0.15 m)SZ 50 kg TPHi‘ﬁ E"H%ﬁ TPH 7,000
mg-kg Pl TEE A £ FHS A4 A2} 945
A Qe A$2 Vo] TPH 23t 29 Al e A5
oAt

AZe| MxE| ¥ =24 Y

E<F Y TPHE EAME& 93l FZEEv methylene
chlorideE- 1:2 VW] && A}4-3}o] 28°C°ﬂ 2] 150 rppmE 30
minZ} shakingdle] FE3190h FE5H 40 5 mL& 9L
T, 2.0 go] FFERERS o83l PES 11]713}5’— 2
59 0.2 um pore size syringe filter= 71 <+ 2 mL
sample vialell o} ACME 6000 Auto samplerS 7‘0}71]'5:}
gas chromatography(ACME 6000, younglin instrument,
Korea)s ©]-83}e] 5-43}9] 2, flame ionization detector
(FID)2} HP-5 column(30 mx0.32 mmx1 um)< /‘}3-3]-“
o} GCo YT} HE7] 5= 47 250°C, 290°CE
ASem, o8] £Ee 2] 40°CA 17 ] F
B 15°CH 290°C7H] S-&A1%2, 290°CoIA 5S¢zt tH
718k, A5 standard= Slgma-Aldnch/\]—/] A=
s)4ste] ALestelnh, MEE TS AER o ) o)A
= AEE2 PBSel| &35 AR —‘F— 10-fold serial dilution
5 AdE Al

A o o
TPH 4RerE mole] 55 2% HE T Y

A ‘:&7&71 =3 % ﬂl »PEP;M T 27 HE iE 2.0
Fo A= 1047 2ol 0.0 mollA 81.5%, 0.45m

oAl 78. 6%, 0.90 mell A 64.1%2] AAEZ F 74.7%=
7P 22 BEE vebisih 2Eiv 1.0 gkg! AdE Tl
AE Zlo] 0.0 mellA] 69.5%, 0.45 mellA] 51.1%, 0.90 mel]
A 44.0%2] AIANEEE B o Xd&%koﬂ e} A7 &

g4 welste] Zijelen), At 59 s3] 7
3 277} 27 vebgkeh(Table 2).
o) Astz el @Y AE A AEFFS FUFF AN

E7b welAw, 5] Abdeko] AL gle] A4 1 &HS
o) =7 & 4 glon), AR e v EgH oy, 23} &

A 7FsAdel sl7] widell A HE =5 10 g kg'2 A
Al duk oz | @ YA e] u|AE A $= AAH
<l A2 vl&g EoFat wlarste] ok 10%-10° cell-g' dry
soil A% Yo}, In-situ bioremediationdl| A )& F4 4],
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Table 2. TPH biodegradation by applying Pseudomonas mix-
ture with different concentration for 10 days.

Applied bacteria

conc. Depth  Rem. K R2 II{J?IfZ_
(cell wet weight/  (m) (%)  (day™") (day)
soil weight) o
0 468  0.063 0901 11.0
0.1g kg 045 461 0062 0945 112

0.90 357 0.044 0976 15.7

0 67.2 0.112  0.927 6.2
0.5g kg! 0.45 66.2  0.109 0.998 6.4
0.90 432  0.057 0.854 12.2

0 69.5 0.119  0.937 5.8
1.0 g kg 0.45 51.1 0.071  0.962 9.7
0.90 44.0  0.058 0.761 11.9

0 815  0.169 0998 4.1
2.0 g kg 045 786  0.154 0991 45
090 641 0103 0998 6.8

B3 nAE o Fx g A o ks F 4 g)om Ha
okt A 2 5o 221 Hel 2dde] A 4= Qo 12].
J8jeg  HAE v)AEL] F£YL2 bioremediation H-8-2] A
ol F83 A} €

ESL AdAddRel ME TPH H2&H X2

°JFETe] H7F TPH sflell ofwst ¢38kS n|x|=A]
k7] 9]l TPH 25,000 mg-kg'(diesel 10,000 mg-kg™,
kerosene 10,000 mg kg, gasoline 5,000 mg-kgH)e 2 &
4S9 AA 259 F<F AlgE Z3, MSM W activator
S T8 g (Case 4pIM 7 =2 A7 5E(76.3%)
9 AAEEAFF(K=0.711)F el A oH(Fig. 2, Table 3).
MSMS- 93 g (Case 3)0lME 59.2%2] AAZES
el diesel A7 AR R} i B2 S epiloh
T T8 5 A3 (Case 2] E3F 31.1%2] A|AE
5 Hyom, MSME F8t i 3wl A= w2 A A
222 vehloh, d27 (Case 10141 2597F 24.9%7} A
A= At

Diesel®] A|A A&e] 7%, activator 1] H71E ESF 1kg
o diesel 20,000 mg-kg' 2 2AAZ] F, diesel w3l IE
€ TF P putida KDil9Z 1.0 g-kg'(cell wet weight/
soil weight)>2 EgF3le] 7|74 A7 55 BRIt A3, 40
d F FZI9FMSM) 2 FRAE H7HeE A3 (Case 4)
oA 99.2%2] diesets A7 sted Bl ol Mldle] 7H &
<+ A5 HeRsiek(Fig. 3). AlA S= AK) =3 o
Z(Case 1)l v]sle] 8.4v) ¥ Fh& Ko 7P w2
A7 3R As Boddk 7719 FMSMyEES: A7ish Aldle
(Case 3= AAE 98.4%, AIAEE A 0.1042 ¥|
A 2 AAEES EGvKTable 4). & (Case 1) 3%,
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Fig. 2. Effects of nutrients on TPH biodegradation by
Pseudomonas sp. mixture in the column experiment. 1.0 g (wet
weight) of Pseudomonas sp. mixture was applied in 1 kg of soil
contaminated 25,000 mg-kg"' of TPH with the following cases.
Case 1 (@), TPH added soil; Case 2 ((J), TPH added and seeding
microorganism in soil; Case 3 (A), TPH, MSM, and seeding
microorganism in soil; Case 4 (O), TPH, MSM, 0.03% activator I,
and seeding microorganism in soil. In the cases of application of
nutrients, 59.2% of removal efficiency of TPH in case 3 was
shown for 25 days, and 76.3% of removal efficiency of TPH in
case 4 was shown for 25 days.

Table 3. Kinetic parameters of TPH biodegradation experi-
ments by Pseudomonas mixture for 25 days.

Case 1 Case 2 Case 3 Case 4
Rem. (%) 24.9 31.1 59.2 76.3
K (day'l) 0.008 0.010 0.037 0.065
R? 0.755 0.562 0.871 0.771
Half-life (day) 83.6 71.2 18.6 10.7

K: first order degradation rate constant, R: Coefficient of determination.
*Case 1, diesel added only soil; Case 2, diesel added and seeding
microorganism in soil; Case 3, diesel, MSM, and seeding microor-
ganism in soil; Case 4, diesel, MSM, 0.03% activator I, and seeding
microorganism in soil.

AAEE ol 42.6%=E el dl ol 3EE S &
oF W 2l EAfshs mAEe o5l Al AeR AlmEy.

Az oz FIHEMSMyS diesel @ TPHS| A)E3}
A BalE 2 SEE EHHOE Fol: HoE S
FAJA| activator [o] 1 EFH= oS Z2X3}= o2 g}
Wt ol A A7k ol AL, Q] AR o] 9]g
F71EA F 7[e} f71AE AdRe] rlAlEe] XS ol o
2 nx]7] o £ 2 A8 ¥c}h E=3), diesel @ TPH| 5
Azt AA 717 7] AA S diesel®] #8l &8 TPH
T3 EEHT g 27 Jelen, o] TPHel| &3}
= n-alkane ©]9]9] WIS wl3lpagiel gt ofgfow X
ol

Riser-Roberts[12]e]] w2 EoF ] 772 2 ofoF A5
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Fig. 3. Effects of nutrients on diesel biodegradation by
Pseudomonas putida KDi 19 in the column experiment. 1.0 g
(wet weight) of Pseudomonas putida KDi 19 was applied in 1kg of
soil contaminated 20,000 mgkg! of diesel with the following
cases. Case 1 (@), diesel added soil; Case 2 ([), diesel added and
seeding microorganism in soil; Case 3 (A), diesel, MSM, and
seeding microorganism in soil; Case 4 (QO), diesel, MSM, 0.03%
activator I, and seeding microorganism in soil. In the cases of
application of nutrients, 98.4% of removal efficiency of diesel in
case 3 was shown for 40 days, and 99.2% of removal efficiency of
diesel in case 4 was shown for 40 days.

Table 4. Kinetic parameters of diesel biodegradation experi-
ments by P. putida KDil9 for 40 days.

Case 1 Case 2 Case 3 Case 4
Rem. (%) 42.6 51.2 98.4 99.2
K(day™) 0.014 0.018 0.104 0.122
R? 0.846 0.874 0.962 0.958
Half-life (day) 49.9 38.7 6.7 5.7

K: first order degradation rate constant, R: Coefficient of determination.
*Case 1, diesel added only soil; Case 2, diesel added and seeding
microorganism in soil; Case 3, diesel, MSM, and seeding microor-
ganism in soil; Case 4, diesel, MSM, 0.03% activator I, and seeding
microorganism in soil.

= TPHe| HEsfloll #HAF vy Eo] A g2 F= A
2 dHx ik B9k W gkA, A ¢l ] B](C:N:Py] o}
2 v AEe edEA A7 o S vz dukd
22 CNP H|7} 300:15:1 & ®f, n]RE2] o] =2 7
072 oduiA g9lon) dnbHel EoF A AL, 9l
Hlgo] wl-¢- YA e, B3] o] A <o v
7} AlgFQIALR. 2488l o] & Hekslr| gt F7] k%
Fo] FHEA, ¢l 2 F7)1E2)0] bekal w2 o] Fo]
A2 9let. 2t FErEAS AAA R AHrsle W
Mg o] o3l v]go] Ar}el te| Q17| wiTell, A
dHeE A 7Fs3t vlAE AL o] B3] o) F
oA AL 9let.
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>

A 230| w2 TPH ME8H x{2|
oz B ] Abee] BRI} FEFF, £72) A
3 &w whebzloh12]. =3 AN 57 =
R =

r

3

< Al el ek mAES Hite] 3714 H

| 23t Zlolg} dixeh. EF Ul A4e] HEE Al
Az A 2 AR BoF ulAdEel 2 S vIA
w, BoFo| Zlolo| mhet AbAe| R FAEH e
olof] & m|AEL] B HA| F43] HeiA|A Hr}. o]
gt whsl| Bl sk FAA AAE AAE] 93k, ol
0.50 me] o}=& A Z=el] TPH 10,000 mg-kg' 22 <l
T LAAIZ F 3047 A BES SAHS A Zol o,
0.25, 0.50 mellA] “3fx71S Fegt 450 AP =7 A
i 5 Zol 0.0 mellA A7Eo] 7 T2 AR Yehsi
E3] HE o A AUYAFZE AUle] & AT Case 4994
Zo]l 0.0 mell A 99.2%, 0.45 mell A 78.5%, 0.90 mell A
503 me] TPHAIAEE-S Hed o3t Alo]7} F=]]7
YEPSTH(Table 5).

a2 HA 5 A AR AR Fol 1.0 me] 2
Y Ao AS FHHo= 050 me] AH AR HHF
oF 28% A4 U AAESES vepH Wizl =3t 2A
eldeH(Table 2).

B2 AHEH nAEY FREA A7 Al B Zel
Ak Il A7 S i 2 3¢S v As
vepdiet. o]t nAES o]-&st AL A B o4
Zolel] whE AA 717k A5, BF W TPH =34
wafloll o F= AkE HA-3] It Fo2A 1A
7 BEE ol ks i of & Aol

o2 4 M

Table 5. TPH biodegradation by Pseudomonas mixture for 30
days in various oxygen conditions of different depth.

Removal

Depth . 2 Half-life
efficiency 1 R
m g (@) (days)
0 82.5 0.058 0.980 11.9

Case 1 0.25 61.8 0.032 0.728 21.6
0.50 63.4 0.034 0.969 20.7

0 88.6 0.072 0.768 9.6
Case 2 0.25 69.3 0.039 0.823 17.6
0.50 52.6 0.025 0.683 27.9

0 80.4 0.054 0.920 12.7
Case 3 0.25 62.4 0.033 0.840 213
0.50 61.0 0.031 0.835 22.1

0 99.2 0.161 0.861 4.3
Case 4 0.25 78.5 0.051 0.912 13.5
0.50 50.3 0.023 0.887 29.7

*Case 1, TPH added only soil; Case 2, TPH added and seeding
microorganism in soil; Case 3, TPH, MSM, and seeding microor-
ganism in soil; Case 4, TPH, MSM, 0.03% activator I, and seeding
microorganism in soil.
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Fig. 4. The results of bioremediation of TPH-contaminated soil with five Pseudomonas sp. mixture at the different depths of soil in
the lab-scale reactor. The bioremediation of TPH-contaminated soil in lab-scale reactor (L 0.20 m W 0.30 m x H 0.15 m) by using five
Pseudomonas sp. mixture showed the 88.5% removal efficiency for 45 days. Regarding to removal efficiency in different depths of soil,
higher removal efficiency of TPH was shown in the shallow depth of soil due to oxygen requirement.

Table 6. Kinetic parameter of TPH biodegradation of Pseudomonas mixture in lab-scale reactor which was run for 45 days.

Rem. (%) K (day™) R? Half-life (days) Tso0 (days)
Soil bacteria 22.3 0.005 0.960 123.9 526.0
Soil bacteria + TPH degrading bacteria 88.5 0.044 0.924 14.4 60.7

Lab scale reactor2 0|23t £X =Z0M TPH 24 E
o]l 158 #F HES bioremediation test

A 2719] Aka g GRS AHUIsE Aol A 5%
o] f+f Hd & & &3 ¥F(KDil9, K14, G8, BJ10,
E41) A A E&S dolir] 913ke] 50 kg £ TPH &
d EoF A3 S o] 43t lab reactor AL AAF A3} E
2 n|AEvte] Eehs AR AF 459 A 717 Est
6,937.9 mg-kg'9] TPHZ 5,394.0 mg-kg ' 7}A] 22.3% A
sl e, i 8l L8E o AL B A 5
3k 71 7kell 7,209.9 mg-kg!'S 825.6 mg-kg!7HA] 88.5%
AAstA AE dF7F Wi =2 7 A7 S Bl
(Fig. 4, Table 6). A|7] &5 =3t v]AE AE A] 8l =7
velsiet. gz TPHY] 9 B<F 29 5] 7137 A1)
2 500 mg-kg'2E o] FE/A A} BI7|z7ke FE A
Z3A] kS 7% 526.09, TPH Alo] & HE A] 60.74
o] 28 Fe] IF AL A wi¢ &Moo= B VIS
53 Aoz Holth BEoF Feo| W AAEE AdHo=w A
F7F =2 AAES Bk 7IZPE AlA Sxe 2] 717
B SR AHlA o B2 Al SEE Helu AlA
A7 AL e FARE Al S2E Uesd.

7 AA vAEL A F2 TPH 2% (diesel, kerosene,
gasoline &3l )3} FAlol| AP}t iz 2 AT
27] Eeke] mAE £ 12x10° CFU - kg'22 v|$3t &
oFe] 71& HodFglon}, TPHY| Qe 2¥F 343 ¢

o]z 1.5x10% CFU-kg'o2 e} A7 Eofol| o3k
A7 2 ATFFE FF oF 1.0x10° CFU-kg''(1.0 g-kg™)
o] HF=K(Table 7). 50 wiF F vIAE AdTE o
+ Fo} Fro| vpepykom, F4st njAEo| H3l| Foll =
Zarol| vEle] T2 AEES FAIFHE AR et =
gt 7 7 ZFoA lab reactor®] £ Zlo|7} AejAaS
AFSE oz} o] TPH 23 24 A EF W 37
A mBEL] 2hel| o3l F7)e} AFe| At A &
Foll M= m|AEe] AAbo] ghe] deojyton], Abay ot
oz = EoF 3l TPH F3ll5e] Hloid 2714 w
AEe] AAre] AslEe] u|AEL] ApEF} FAl AAEE
el ol S B 4 glok. i £l mlAlES AlEs Ad
ol A gt wip R ¢ AFE £ 4 sl e, v EY
A7y gt el A ] Yephds B 4 glsih

o] 5 Mo} Eof Bl A, A T =z W =2 A7
&S veRH, s 1 B A7zEe] B ) gte] I
93 7o AR H) X3 lab reactor Y 3714 TPH £
e S flsle] 3718 SAH T Fido =
= I E FYA, BoF ARG i Sl o3t n]A
=90 B At Jebd 5 oo, 7 W A &
22| 3ol ofgt 2214 d7] oS 4o 4 9t Lab
reactorel] 8% E9F 1 kg®d 57] 52 0.15 mL-min’!
< A5 T FoEA mAEe] 2 FoldME B2 Al
HEE 1Y T UEF A=A




Table 7. Cell density of bacteria of lab-scale reactor in different
depth after S0 days.

Depth Soil bacteria Soil bacteria + TPH degrading
(m) (CFU -kg™) bacteria (CFU - kg™

0.05 7.7%107 3.2x10°

0.50 7.5%107 1.5x10°

1.00 7.2x107 2.8x10%

AEE A2 7)%L Gerat A Sale] 1 B
Aol w5 Aol ZA vehdet, 55
2o) 5714 AAsle Akk B 8 ookl
o] 2 oJahe wlA), Ak AWA B} Pl Aol A4
A, B Bl RS T A TR &
ofwet. ofel we} JgAAe] FF 1 &3k, BAA 2
AE AAA AEET glont, FAA FE P AR 5
WAL BE Aol TR fRE 28 B
549 B 3903 9lele] el W, AFH
279) A go] ohd tlefal QNS Ao BN T HLS
Yol x, Bl 2712 BRS¢ ol BIA, Sfabd )
o #%0e] e Ao A,

™

o o
p =

B Ao A KR} diesel H3] TEE FF Pseudo-
monas putida KDi 19, kerosene %3] I &E& 75 P aeru-

ginosa K14, gasoline ¥-3 TEE TF P putida GS,
BTEX %3] X &8 #F P putida BI10, P. putida E412]
NS 1EE FFE A¥ E k7)ol H-83le] TPH| A
3P4 23l Adel H&3tdet. dokdT E AL T, T
TE 5 HA A 5L Bl ] A= A
2] &8& TPHO| 7%, MSM ¥ activator k& 3] 25
o &3k 76.3%2] A BEF AAGELS K=0.T11E
el e, diesel] 737 409 E<F 99.2%°] A7 EEE H
ook, w3k, TPH 299 E2F2] lab-scale bioremediation A3
M LEE #FE AL A 459 A )7 F
7,209.9 mg-kg'& 825.6 mg-kg'7HA] 88.5% A A5}t
B dFox =23 TPHZ 2% E°Fo| bioremediation
< 3t 1EE 75 e} A 3 A =22 A
=g A A A7k B2 s A2e] #AE
sasl7] $13t 7124 A3 AREA 7]e4d Aoz Al
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