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Bioremediation Efficiency of Oil-Contaminated Soil using Microbial Agents. Hong, Sunhwa, Sang Min
Lee, and Eun Young Lee*. Department of Environmental and Energy Engineering, Suwon University, Gyeonggi
445-743, Korea — Oil pollution was world-wide prevalent treat to the environment, and the physic-chemical
remediation technology of the TPH (total petroleum hydrocarbon) contaminated soil had the weakness that its
rate was very slow and not economical. Bioremediation of the contaminated soil is a useful method if the con-
centrations are moderate and non-biological techniques are not economical. The aim of this research is to
investigate the influence of additives on TPH degradation in a diesel contaminated soil environment. Six
experimental conditions were conduced; (i) diesel contaminated soil, (ii) diesel contaminated soil treated with
microbial additives, (iii) diesel contaminated soil treated with microbial additives and the mixture was titrated
to the end point of pH 7 with NaOH, (iv) diesel contaminated soil treated with microbial additives and accel-
erating agents and (v) diesel contaminated soil treated with microbial additives and accelerating agents, and
the mixture was titrated to the end point of pH 7 with NaOH. After 10 days, significant TPH degradation
(67%) was observed in the DSP-1 soil sample. The removal of TPH in the soil sample where microbial addi-
tives were supplemented was 38% higher than the control soil sample during the first ten days. The microbial
additives were effective in both the initial removal rate and relative removal efficiency of TPH compared with
the control group. However, various environmental factors, such as pH and temperature, also affected the
activities of microbes lived in the additives, so the pH calibration of the oil-contaminated soil would help the
initial reduction efficiency in the early periods.

Key words: Bioremediation, denaturing gradient gel electophoresis (DGGE), microbial agents, oil-contami-
nated soil
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& A3 (biological indicator)® 282 4= Qlv}[14, 20]. 3
Ao vl AE A T2 FA (community level assay)
FTEA A 2F SAS W] Slg whe =
] community level physiological profile(CLPP)Z 2] #]
EH3, 4]. CLPPE= 3152] k3t 7] o] microplatedl] 71
25 AE HHA dem, 34 A8} 71 o] 8= w
o wsal A4 2 gRg 24se AR 21 54
Almahe wgold).

B QAo R odd Eol 452 AT Eo]
AR BRAAS) ol TP S Johusieh Sua A 3
ol FRR o9 B B BnlAE HAAS 4
Fhe ARTe) B E5L mwgsh shlet. wy Eopv]
AT BUAY) BRS FNG 5 oA AR FAAE A}
$3) wlAZo] A 1% Fas 2 pHE 1A
Fo=x HASA o2 273 A3EE vl sl
CLPP HR& ¥4302H f72 2de EofolH2] vy
B B4 ula 2ATA S,

MAEds ¥ 2y

EoFe ddstael A AF 3 EoF 30 kgD 2 mm A=
7 F Eoks d9Fe® 2d717] Sl8iA HAE 15,000
mg/kge]l H=F A7 F 3709 potell ZF 10 kg¥ 1hro]
. 10 kg HARE 9 10 kg HA B E
A2 5-20%(w/wyt E =S gel Fo YA 10 kg
2 Bk E BolA 5-20%(w/w)et ZX1A4] 500 mLE 4
o] Tk SAAE WA 2 porell = & 500 mLS ¥
Fol P ks 9 I FE 57} 10-20°C A =S
Aol A BAspaA] 317l shiA EokS $ o R Ao
FHA Bt

Eofu| Y5 E9AE F7]E(organic matter) 50-70%(w/
w)ell Si0, 19-40%(w/w), N 2-4%(w/iw), K20 1-2%(w/w),
MgO 0.3-1.0%(w/w), MnO 0.02-0.04%(w/w)2} B,05 0.008-
0.015(w/w) H Fr&u|AEZ o] Foizl T3]l A|A|e]ct.
ERA = HAE 53} 2+-2 biomassol| A FE3F FARS
T A8E 3 FRAS E3st dAe AlA o]

APz 720 295 EHDS), ESVAE
AL 20%(wiwyt =% A7kt 72 295 EHDSP),
EAE BYUAE Y& F pHE TALE HAZ f5
2 295 EoKDSP-1), EFAE BdAle} SAAE ¢
2 472 299 EOKDSP-2), BEoFu|AE B9lA e} 231
Ag 9 F pHE FTAHLE AT f7=E 2498 B
(DSP-3)S 7127 3lod AP z3s1dc). E4419 A
2ol A] L pH(pH 5.5)2 A|Z= o] EoF n| 52| &
Aol ed3ks & 4 vk 7ol 1 N9 NaOHe} HCH-
HE o] g3te] FA pHE HA3IIH.

Denaturing gradient gel electrophoresis(DGGE)?| &
0|88t EAD|YE SN2l S

A5 HAloA 23 genomic DNA A]ZE template
2 3l PCR(TaKaRa PCR thermal cycle, JAPAN)S <=3}
8}dc}. PCRoll AHE3F primer’= Br518f(5-ATT ACC GCG
GCT GCT GG-3")3 341fGC(5-CGC CCG CCG CGC
GCG GCG GGC GGG GCG GGG GCA CGG GGG
GCC TAC GGG AGG CAG CAG-3& AH&3}5it}. PCR
Z71-2& pre-denaturation< 95°Col| 4] 10%, denaturation->
96°Col| A1 302, Annealing= 56°Col| 4] 302, extension<
70°ColA 302 28 cycle A3 Fof] 72°Col|A 5E- F<3F
final extensions 3}91t}. PCR amplicon A] &5 Bio-Rad
(USA) decode A]2®l & o]8-3}e] DGGEE 43314t}
Gradient gel 9] == 27 35%~70%= 5= 797} 9
Hoz YAHI gels A=Fete] ARSI AlAHE gelell
PCR amplicong 20 uL + 6X loding buffer 20 uL =93}
o] TAE 1X buffer(Tris-Acetate 2 M, EDTA 50 mM, pH
8.0)ol1 A 60°Coll Al 200 VE 5 A7+ A7|dF 3o
DGGE fingerprint2 %€ &4 el band 971 & Zreld] o]
DNAZS 333t ¥, 341f, Br518 primerS A3 PCRS 4=
3P 3l el PCR AFES pGEM-T Vector System(Promega,
USA)S ©]83)] cloning 3t ¥ E. coli DH50el 3373 A 3ls}
Gt 1]. FAAZE 919 clone®E2HE plasmids 53
of @7IMEE EAEATH]. M E F714 92 Basic
Local Alignment Search Tool(Blast) algorithm< A}-8-3}oq
GenBank database®} B|23}93e}. A5 (Phylogenetic Tree)
£ 122)7] $18ke] Bioedit Z2 02 G7IMLES HH
gk o5, Clustal X Z2I102 {7IxdS ALl 7
B4 MEGA 4 238 ARgste] 53kt 1.
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Eoke] pHe B 33 S7TE 1:5(wiv)E E3eE $
3087 wHkstar 30%-7F A A8 ¥ pH meter(Thermo
Benchtop, USA)Z. =4 3lgch. B Ik EoF 508
110°C Z1Z27]ellA 3ol & w7k 2l F AxFod
&2 AAiad. BF o Ay dA 35 S5
28 2 2REellA AF3E B 5 g2 ATl Y31, hexane-
acetone solution(1:1, v/v)S 5mL ¥ ¥ 30%7F ukst
Foll 3087 AXsIoiT). s EE= AR5 (hexane-acetone
solutiony 3] 5}ed gas chromatography(5890 series, Hewlett
Packard, USA)S ©]8-3}e] 2 3}9dv}. o|uf gas chroma-
tography2] #4] X712 HP-5(30 mx0.32 mmx0.25 um)
column¥t E% ] 23} HE7|5 ARSI Oven 25+
320°C, inlet =X+ 280°C, detecter &= 250°CE A
st

ok F9] nAE g4 AR g 84 IX(DHA)
AW S ol &3l AHokE 71" dF TTC(2.3,5-
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triphenyl tetrazolium chloride)= H,¢} ¥H-$-3}e] TPF
(Triphenyl formazan)E 4 3tc}h. E9F 3 goll 3% TTC 1
mLe} Hd 2.5 mLe AH71eE F BEEE W) S8 2
A2 G F 37°C 7)ol ¥ 24417 wioF gt v
Aol wek-S A7} g F 1AZE HE 53 Al Shed 208t
o g Ax) E5o] AR FEI. FE3 vEkE 8
£29o] TPF9] ¥ 485nmell A spectrophotometer(Model
DR5000, Hach, USAYS AM-3ted SA 3140t}

Community-level physiological profiling(CLPP =44
Community level assayol|4] ©]-43}%= Biolog Ecoplate:x
31%2] tjeksl 712 o] 3 set® microplate 96 welldjol] 7=
= Az YA detElAe] o7 UA - 3 well 3
sets 23F). 72 wellell 34 Alw AglS AEs1aL vl
¥t 5, 7ol ik AL 9 BheE SA3] 713 o
| A EA 7 3 Al AR 3] SRS

Alg A= 204 0] At Fof] A F 3 55572](DS, DSP,
DSP-1, DSP-2, DSP-3) A|85 7}A|aL AfE F3Y3}3ic).
EoF A2e dFSE 110(w/w)e] HIEE 3A 3 F 200
rpm -2 107 ket F A AA|A A5HTt Eco plate
(Biolog, USA)2] ZHzFe] wellell 150 uL® AHZE3E ¥, 20°C
oA vk, 247 P02 7} welle] A WIZLE 595
nmI}p Aol A FA st BA F1gvl. FF = Multiskan
Ascent(Thermo Labsystems, Finland)S ©]-4-3le] A3 5
average well color development(AWCD)E- =59 Ao 2
A AFsFA T 4].

AWCD = ¥(C - Ry/n (1)

C: 7 well®] ODsospnfk

R: Control well®] ODsosnidk

n: 7122 $~(31)

Aefstell A & weFds el #1421 Shannon index
Qe et 22 Az AT

H=-3P;InP; ©)

H: Shannon Index
Pi: AA ODsospmttell 3t 22+e] 712 ODsosm@k

=3, wioF 293 8U 2] 7 welle] ODZE o] A&
o83l AlAF &+ ¥, SPSS 18.0 ko(SPSS Inc. Korea)s ©|
4-3}o principal components analysis(PCA)YS- 43} 3} o}
PCAY: 7]A e8| 71 2 J3FS vzl 291S Zohli=
7R E ATl rAEAA, SAA, e,
Z12]a pH HAe] 8gle® 2Rg3lsict.

(Cia—Rig)yAWCDyy 3

Cig: ¥1eF 194019 2+ well®] ODsospmfk
Rig: ¥ i9A2] control well®] ODsosnnidk
AWCDy: ¥lSF i94 AWCDZ:

21 o 0F
Eo| 22| - BN 54
vl e Bk TS Arlsle] 29A7) Bl 47t m|

AEEYLAE H7IsAY pHE BAZ F 209 §F B9
A sled pH, FE3=F 2 25 TPHES ZA315icH(Table

A A7 A T2 Eoke] pHrh aebe -2 w2l
pHE BAT A3} BAA| o2 AS vlwaisict. i+
o] ARE F71H = AF3l pHE SA A, B4
AE SIS ¥ B pH 32 524, EqrAE &
AAE P97 T FRLIESFS 6522 EdAE A7t
g 75 Eoke] pHrt welE As 1 4 sl pH
ol Bk AEA B8lel ole] Fast Algtasw
28317 = +=1], Betancur-Galvis(2006)E phenanthrene,
anthracene, benzo(a)pyrene® 2. 2 3% Eoke] A3l glo]
pH7}F B2 odekE dATsladuh2]. L A, FAe Eokll
A 1129 83 2o k3] AlAEE v, 9714

Table 1. Chemical and physical properties of soil samples after 20 days.

Experimental condition pH Moisture Content (%) Residual TPHs (mg/kg)

DS contaminated soil 7.46 (6.5)* 17.6 (21.1)* 8707.7+591.7° (13398.5+245.7)
DSP contaminated soil + microbial additives 5.24 23.5 4235.4+83.1
DSP-1 contamlr}ated.soﬂ + microbial additives 638 3.4 439634114

+ pH calibration
DSP-2 contamma{ed soil + microbial additives 492 15 500314492 4

+ accelerating agents
DSP-3 contaminated soil + microbial additives 6.28 191 4465.1464.4

+ accelerating agents + pH calibration

*Initial values pH, moisture content, TPHs were represented in parentheses.

"Values are means £SD of triplicate determinations.
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EoklM= 1129 8% skve]7} 7F A2 phenanthrene
= 100% AASA Eslgdeh. g, pH7F A Y A AE
o] AAde] b o] Fo2|A] F3}7] witol| A pHE A&
2 Bl 9le] Algtg 4w 283 2).

23tk DS, DSP, DSP-1, DSP-2, 18] 3 DSP-37}
Ztz} 17.6, 23.5, 23.4, 21.5, 18] 19.1%= Jeldo =
7] B¢kl 24 %S 15,000 mgkg HEE tAS H7le}
I S EAAIE 20%((w/w), A4 500 mLE A7}eka
pHE BA3F EoF59] TPHE 20 Foll SA3813ITH(Table
). Z A3}, 27] Eoke] TPHE: 13398.5+245.7 mg/kgR L,
DS, DSP, DSP-1, DSP-2, =8| 3 DSP-3%: 8707.7+591.7,
4235.4+83.1, 4396.3+11.4, 5903.1£492.4, 12|31 4465.1+
64.4 mg/kg 9t} 204 Foll= pHE HASH B 5
AL 92 F7E 295 BN TPH AZFEA7} 714
Holwt AL ol 4= et 108 A3t 2] HAAE A
HH, DSP-19] #A7H8-2 54.9%2 EoM|YE- BAS |
< f-fEF DSP(41.8%), pH BA 3t Eckn| & B4 9}
21 E 92 F-FEF DSP-3(37.9%), B4 E B3I
9} A4S Y& F-FECF DSP-2(28.7%), F-=xF 299
= DS(12.7%) B} A7hgo] 2 A& I 4= gl

DGGEEZ 0|E¢t n|dE5:M e 33

38319} (Fig. 1). DGGE fingerprints24€] &719] bandE
Alel3led (Fig. 1(a)) 43 23}, Clone 52 W82 E9F
A Vo= FOo2A] o}A uncultured bacteriume] -3
o]dtt. L Fol|AME Clone S2= Leptospirillum sp.2F 99%
9] & FAMMEE X S3 Clone carbon dioxide-
utilizing P15 95%2] FALES Holoh. S4= 534k
ol E2A81= Acidiphilium sp.2} 98%2] FAIES Hglom,
So= shslradA] f7)3RES FalEle rAEE 4
= Pseudomonas sp.2t 96%2] =2 FAIET} Q= e

= vepgttt

Egko| n|dE EMEY

4 B4 A (DHAS vIAES] 535 YA
o] glom, mAEe] 4 A T 4 = et
9] shto|vh[13]. & ATeM = 7 Ag 271 H wAE
XS vlaslr] 918 DHAE 34 3dch(Fig. 2). A3 ol
104 Aae ¥ &2ea 54 IS A A9 pHE B
Aol Bk AE BAIE Y- e 295 =H(DSP-
1, 894.2+174.3 pngke)e] A 3ol o 7150l vl3)
T =2 A& FIF 5 et =3 pHE BASE Bk
A BdA SAAE 92 72 295 EHDSP-3,
422.2+54.8 pg/kg)= DSP-19]] v]sl] A o] oha wA|qt
g2 275 vEiME =2 A #el & 4 9gidh pH
£ EA 3 DSP-13} DSP-39] EoF2 pHE R AR k-2

(2) (b)
32
S22 4{
uncultured Zeptospiriilum sp.
sS4
Acidiphiliumsp.
- Uncultured soil bacterium
S8
S6
S3I—> o
Cloning vector
5423 \
S5> uncultured soil fungus
Mycobacterium sp.
] I_ S9
L uncultured Pseudomonas sp.
S6 > 93
87> i
|: S
g(s) 3 Chitinophaga pinensis

: ; T il T T T :
035 030 025 020 015 0.10 0.05 0.00

Fig 1. Similarity analysis based on DGGE fingerprints. (a) DGGE band (b) Phylogenetic tree illustrating the relationships among the

closest relatives in the GenBank database and the clones.
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Fig. 2. Comparison of soil dehydrogenase activities according
to the additives (@, DS; O, DSP; v, DSP-1; A, DSP-2; A,
DSP-3).

Table 2. substrate utilization after 5 days in soil samples.

Substrate DS DSP DSP-1 DSP-2 DSP-3
Pyruvic Acid Methyl Ester ~ +++  +++  ++
Tween 40 +H+ ++ ot
Tween 80 S o S T o
a-Cyclodextrin ++ - A+ - NS
Glycogen +++ - 4t R e
D-Cellobiose +H+
a-D-Lactose -+ - -+
B-Methyl-DGlucoside =+ + +++ + 4
D-Xylose A _ .
i-Erythritol +H+ - + + 1+
D-Mannitol A A A A
N-Acetyl-DGlucosamine H+ A At A
D-Glucosaminic Acid +H+ R ++ At
Glucose-1-Phosphate R A s
D,L-a-Glycerol Phosphate - - + + +
D-Galactonic Acid y-Lactone +++  ++  +++ + o+
D-Galacturonic Acid e e e e
2-Hydroxy Benzoic Acid -+
4-Hydroxy Benzoic Acid +H+ A+ A
y-Hydroxybutyric Acid + - + - +
Itaconic Acid HHH =+ +
a-Ketobutyric Acid ++ + + + 4+
D-Malic Acid H+ A+ -+
L-Arginine -+ A A A
L-Asparagine e e e e S o o S o o o
L-Phenylalanine -+
L-Serine S S
L-Threonine H+ + 44t T 4t
Glycyl-L-Glutamic Acid +H++ - ++ - ++
Phenylethyl-amine o + +++
Putrescine +H+ ++ + ++
OD<0.5 : -, 0.5< OD <1.0 : +, 1.0<OD<1.5 : ++, 1.5<0D<2.0 :

+++, 0D>2.0 @ ++++,

A wlAEe] Be] AsEE AL o 4 alsleh A7
o] AE Yok Hd B kol WolH AL e}
Qe ol §RATT AT G wlAEe] whadl
nxoz o Aze g,

Community-level physiological profiling(CLPP) £44
2 L9AIZ] Bkl A7k EohmAE 594 2
SAAZE 2ok v E Al nAE e 2] S8
CLPP 248 $=3)3}13t}. Ecoplatedl|A] vk 717t & 592
71E2E 3171419 71408 %E Table 20 “ebfisict. DS
EoF2 polymer A4l p-mannitol 5 57FX]¢] 7|22] o] &
=7} 7} =931, DSP E8F-2 carbohydrate A%<l b-
37FA19] 7148 o857} 7H 3t DSP-1 &
oF-2 carbohydrate A% p-cellobiose 5 137}%]9] 7129]
o]-§X7} wi-$- FUAL, DSP-2 Bk thE Eokol| HlE 7]
28] o] -7} ek} DSP-3 B4 carboxylic acid A%
¢l pyruvic acid methyl ester 5 187}4]¢] 7]&e] o] 8&-x7}
w9 =9kvh A Eeag s -WMIAH ZA3}H(Table 1)2}
w7 A 2 pHE ¥ AS|E DSP-1, DSP-3 B4 €] =]
2749 714 o] 4%} =9kT, DSP-3 Eoke] u]AE7H
o] 7F #2714 o &= velith. =3t 919 AY =7

xylose

Average well color development(AWCD)

Shannon index
~

0 : s 6 s 10
Time(day)

Fig. 3. Development of average and comparison of Shannon

index with time (n=3) (@, DS; O, DSP; ¥, DSP-1; A, DSP-2;

H, DSP-3).
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Fig. 4. Principal component analysis of average well color development. (a) 2 day, (b) 6 day, (c) 8 day (@, DS; O, DSP; ¥, DSP-1; A,

DSP-2; W, DSP-3).

ol A& carbohydrate A%<l D,L-a-glycerol phosphate$}
carboxylic acid Al %4l y-hydroxybutyric acid®] 7]3-2 o]
L7t 2 A g gl

zhzke] Bok vjAllE A0 71A o] &=E 7 well?] H
& A = A = (average well color development; AWCD)
2 | 2A 3k Th(Fig. 3). AWCD %t =3 pHE RA 3
DSP-3(71& ol 4% 54 #Fd 99 7]FSE 2.35)9 DSP-
1(2.24y7} pHE BASHA] 92 DSP-2(1.79)2} DSP(1.88)°ll
vlsl 714 o] & 57 2 A Felsial, 7] Bk
AWCDZFEE 225902 72 29170 F A1 A2
3] 2 FFLUESKDS)S 1.7 firel 93 nAEY
71" o] &7} GrolA = RS g 4 . ol 7
o] 24 9 AR B0k Bk vAE #Ae] &F
=T FAAATE FAA 37 8edE o] g gl
AMAFE Aol AL, o] 5 B9lA AHtR 3EAAE 5 9l
= 9ujgict

=gk n|AEe] F U S ok S8l ecoplatet|419]
wjjoF npx]et F(9Y)S 7|E 22 7+ A|Z.2] Shannon index
£ AAbst A3 DSP, DSP-1, DSP-2, ¥ DSP-37} 747t
2.94, 3.05, 2.88, & 3.06°% AAFE A}

FAIEEA PCA(Principal component analysis)S
Ach(Fig. 4). PCAE YU 22 ME A3te] gl HFE
7L Qe ARES HUg gk {2 o A=
WS Al ARAS o538 5414 7Welw. PC
Al8F Abele] 3HA|E F&3 H 2R 7t A BF Aol
WA principal component(PC 1)2] ¥lo]= 27t 2, 8¢
A 27y 57%, 56%%3 3L, 5 WA principal component(PC
2)%] Weli= 27%, 34%= Vel BE Wol= PC 1¢] PC
28l =4 Pl PCA A3, 2 K€ pHE ¥AZ &
SF(DSP-1, DSP-3)7} BAJ5}A] ok EF(DSP, DSP-2)°] L
T3P T2 veRdTh(Fig. 4). o= vlAEe] 7]AE o]
S3l=d ole] pH7F B2 <38 WXL 938 HofFe

ZEBES

P Ho o

o OF
pe =

2 o9% EFE EE EIAE s o
oFat 2710M 209 F3e] FrRAR RS dobE ket ¥
712 RN 295 EKDS), EFUAE BAAE
20%((wiwyt F =S H71E 52 2595 EoRDSP), B
AE ELAE Y F pHE TSR BAS 72 &
A%l ESKDSP-1), EBE EdAI9} 2415 ¥ 57
2 995l ESKDSP-2), EhE BdAI9) EXA1E W
¥ pHE $AHE BA3 F72 295 EHDSP-3)S A
Aot A A} pHE A Eeh|AE E4E A
71 FRe R Eoke d4A B4 A3 TPH A 3telA€]
5ol sl Ade]10d AAEN S W s EA
o] 7P =2 DSP-1 ESfo] TPH HA] 714 2hiks] £
ok AR 27] 1049 w1zt B3t BN E
EAIE 718 BoFe ol vlsl| 38% 713ke] TPH A
RIS B 5 oloh BEvAE BAlL 7S S8l
27| A7EEE $8E 4 9o, HFHeE R v AV
o vlgl =2 AREES 71HE 4 ok EE 5
AL FFredEks S 27) e dE84S wiEA A
23 4= QAT mAYE FAL pH, &% §5 I <lxlol] @
2 oS o v g EoME EUAY] E&S s}
7] YsiME 33 QRS BAEe] o] & niEkeE ERIS =
g3y e JEA A3t &S A 5 S Aol

REFERENCES

1. An, Y. J., Y. H. Joo, I. Y. Hong, H. W. Ryu, and K. S. Cho.
2004. Microbial characterization of toluene-degrading deni-
trifying consortia obtained from terrestrial and marine
ecosystems. Appl. Environ. Microbiol. 65: 611-619.

2. Betancur-Galvis, L. A., D. Alvarez-Bernal, A. C. Ramos-
Valdivia, and L. Dendooven. 2006. Bioremediation of poly-
cyclic aromatic hydrocarbon-contaminated saline-alkaline



10.

11.

BIOREMEDIATION EFFICIENCY OF OIL-CONTAMINATED SOIL USING MICROBIAL AGENTS 307

soils of the former Lake Texcoco. Chemosphere 62: 1749-
1760.

. Garland, J. L. 1997. Analysis and interpretation of commu-

nity level physiological profiles in microbial ecology. FEMS
Microbiol. Ecol. 24: 289-300.

. Garland, J. L. and A. L. Mills. 1991. Classification and char-

acterization of heterotrophic microbial communities on the
basis of patterns of community level sole carbon source
utilization. Appl. Environ. Microbiol. 57: 2351-2359.

. Glick, B. R. 2003. Phytoremediation: synergistic use of

plants and bacteria to clean up the environment. Biotechnol.
Adv. 21: 383-393.

. Huang, X. D., Y. El-Alawi, J. Gurska, B. R. Glick, and B.M.

Greenberg. 2005. A multi-process phytoremediation system
for decontamination of persistent total petroleum hydrocarbons
(TPHs) from soils. Microchem. J. 81: 139-147.

. Ian, F. S. and J. F. Peter. 2003. A tribute to claude shannon

(1916~2001) and a plea for more rigorous use of species
richness, species diversity and the shannon-wiener index.
Global Ecol. Biogeogr. 12: 177-179.

. Imsande, J. 1998. Iron, sulfur, and chlorophyll deficiencies:

A need for an integrative approach in plant physiology.
Physiol. Plant. 103: 139-144.

. Macek, T. M. and J. Kas, 2000. Exploitation of plants for the

removal of organics in environmental remediation. Bio-
technol. Adv. 18: 23-34.

Margesin, R., D. Labbe, F. Schinner, C. W. Greer, and L. G
Whyte. 2003. Characterization of hydrocarbon-degrading
microbial populations in contaminated and pristine Alpine
soils. Appl. Environ. Microbiol. 6: 3085-3092.

Marques, A. V., S. C. Cunha des Santos, R. D. C. Casella, R.
L. Vital, C. V. Sebastin, and L. Seldin. 2008. Bioremedia-
tion potential of a tropical soil contaminated with a mixture
of crude oil and production water. J. Microbiol. Biotechnol.

12.

13.

14.

15.

16.

17.

18.

19.

20.

18: 1966-1974.

Medina-Bellver, J. 1., P. Marn, A. Delgado, A. Rodrguez-
Sanches, E. Reyes, J. L. Ramos, and S. Marqus. 2005. Evi-
dence for in situ crude oil biodegradation after the Prestige
oil spill. Environ. Microbiol. T: 773-779.

Mresi, W. and F. Schinner. 1991. An improved and accurate
method for determining the dehydrogenase activity of soils
with iodonitrotetrazilium chloride. Biol. Fertil. Soils. 11:
210-220.

Muhammad, A., J. Xu, Z. Li, H. Wang, and H. Yao. 2005.
Effects of lead and cadmium nitrate on biomass and
substrate utilization pattern of soil microbial communities.
Chemosphere 60: 508-514.

Nam, B. H., B. J. Park, and H. S. Yun. 2008. Biodegradation
of JP-8 by Rhodococcus fascians Isolated from Petroleum
Contaminated Soil. Kor. J. Microbiol. Biotechnol. 23: 819-
823.

Philp, J. C., S. M. Bamforth, I. Singleton, and R. M. Atlas.
2005. Environmental pollution and restoration: A role for
bioremediation, In R. M. Atlas, and J. Philp (eds.). Bioremedi-
ation. ASM Press, Washington, DC. U.S.A. 1-48.
Reichenauer, T. G. and J. J. Germida, 2008. Phytoremedi-
ation of organic contaminants in soil and groundwater.
Green Sust. Chem. 1: 708-717.

Valeria, P. A., R. B. Vieira, F. P. Franca, and V. L. Cardoso.
2007. Biodegradation of effluent contaminated with diesel
fuel and gasoline. J. Hazard. Mater. 140: 52-59.

Wei, Q. F., R. R. Mather, and A. F. Fotheringham. 2005. Oil
removal from used sorbents using a biosurfactant. Bioresour:
Technol. 96: 331-334.

Yao, H., Z. He, M. J. Wilson, and C. D. Campell. 2000.
Microbial biomass and community structure in a accumula-
tion in soils increasing fertility and changing land use.
Microb. Ecol. 40: 223-237.



