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Abstract: The bioremediation of corn, sunflower, Arthrobacter(DX-9 )—corn,(DX-9)- sunflower to the petroleum—contaminated soil were

studied by field trial, which was obtained by selective enrichment culture from the sludge in sewage of a oil refinery,the tests in shaking flasks

showed that it could degrade petroleum hydrocarbon well and the removal rates could reach 90.8% with initial concentration of 10 000 mg-kg™

at 20 d. The effect of bioremediation of DX-9—-corn and DX-9- sunflower was evaluated after the field experiment had been finished. The re—
sults showed that ,when the initial concentrtation of petroleum in soil were 10 000 mg-kg™, removal rate of petroleum in the soil of experiment—
ed field of corn and that of sunflower could reach 42.5% and 46.4%, increasing by 100.5%, 118.9% compared with controlled fields by 150

days operation. Adding DX -9 could increased the biodegradation rate of phytoremediation obviously, the dgradation rates of corn-DX-9,

sunflower-DX-9 section were higher than those of corn and sunflower with removal being 72.8% and 76.4%, increasing by 71.3%, 64.7% at 150
d. After 500 days of bioremediation,the degradation rates of petroleum hydrocarbon in corn, sunflower, corn-DX-9 and sunflower-DX-9 sec—

tion were up to 95.5%,96.1%,97.6% and 98.9% respecitvely. Petrolic content in the soil of experimented fields was lower than the govern—
ment-required standard (<500 mg-kg™). The properties, biome distribution and respiration intensity of the soils in experimented fields,

the residue of petroleum in various parts of plants were not significant different compared with controlled fields. It indicated that DX-9 combined

with plant could increase evidently the effect of bioremediation, contanminated soil could restore its health after two years of bioremediation.
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Figure 1 Degradation curve of petroleum in the soil
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Figure 2 Residue of petroleum after 500 d in the soil
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Table 1 Dynamic characters of oil degradation

WX BRSO RIRRE B Rud i
YOI y=13017¢°™*  R=0.8340  4.9x10° 141
YJOI  y=10 950"  R=0.9449  6.6x10° 105
X0l y=11455¢"%*  R=0.8753  54x10° 128
XJOI  y=10 887"  R=09432  7.9x107° 88
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Table 2 The residues of petroleum in different parts
of corn(mg-kg™)

Wl k(e THTBaP

R e

B

2005 4 YOO 24.63a 25.59a 27.15a 23.16a 25.84a ND
YJO1 29.40b 25.79a 27.35a 23.64a 29.66b 5.78
2006 4F YOO 24.72a 26.21a 28.24a 22.46a 24.95a ND
YJO1 26.72b 26.23a 28.76a 22.49a 24.98a 1.52
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Table 3 The residues of petroleum in different parts

of sunflower(mg-kg™)

F BaP/
pe-ke
2005 4F X00 3.46a 497a 8.63a 4.80a 4.82a 13.97a  ND
XJO1 9.82b 5.03a 8.73a 49la 4.86b 1834b  3.66
2006 4F X00 3.6la 5.2la 8.35a 498a 4.62a 1456a  ND
XJO1 3.78a 5.08a 8.59a 4.80a 4.76a 15.08 ND
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Table 4 The basic preperties of the soil used 500 days

RIEX ABk pH

CEC/mm()l'kg’1 BAE% BWE% B K0/%

Y00 THH 7T.la 326.7a 0.15a  0.12a 2.12a
YJOl J5H  6.8a 333.2a 0.14b  0.11b 2.13a
X00 JLSH 7.0a 312.7a 0.15a  0.13a 2.09
XJol JRHE  6.7a 318.4a 0.15a  0.12b 2.11a
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Table 5 The number of microorganisms

in experimental field (cfu-g™)

WX R HR RERE AARFEERE EARAN R
Y00  2.8x107a 6.2x10%a 4.7x10% 2.6x10% 3.4x10% 1.6x10a
YJOI  2.9x10%a 5.9x10% 4.9x10%a 2.4x10% 3.5x10% 1.7x10a
X00 5.4x107a 6.7x10°% 6.1x10% 3.6x10% 4.7x10% 2.9x10a
XJOI  5.7x10%a 6.4x10% 6.3x10%a 3.8x10% 4.9x10%a 3.1x10a

R AT S R A 8 A R 2 A
A OB SR T R R EEEH . RS ]
W BS54 X TR PR EVR o3 A S5 AR G R IX 3 TG
W E 2 RE RN B AR E LY RE Y
Joist B
2.5 TIERFIRGERE

REHETT 500 d J5 , #5150 X 4 8 A )
RN 6,

& 6 500 d i T PRI
Table 6 Respiration intensity of soils used 500 days
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e =N

CO. FERAL/ 224 229 227 220 224 1218

mg+20g™" dry soil

T IERGEIAE T, 245 LR CO, RIS Y
SR, B R R Y B TR PR RE AR, A
I HHAE S HIHEPRZ — o X3 6 Fh P Bl AT
Yo A B, B IX CO, Bl 5% B0 3 22 5%
R LAY T PE A IR

3 g

DL K] H 32 R A , 15 4 (DX-9) 4
HMIETA , R AG AR BE R 10 000 mg kg™ [R5 4L+
HEEAT O 2 a B H MBI 5T, TS 224518
wmr.

(1) KA H E X5 15 e e EAG 300 )
BENMER . 150 d FEARZR5 DA F] 42.5 %H1 46.4 %o
500 d BRI F) 95.5 %F1 96.1 % .,

(2) {3l R R T DX =9 BEhn e + 1 b e
KA R, XHE SR AR AT 2 s Ak T [ 4
Fo 500 d jife B a0 56 X A 398 v £ 3 RS A i 23 00 Ky
97.6 %11 98.9 %, 1Al IR IR T E At
L E PR 5 (<500 mg-kg™) .

(31512t 2 a Y- E DB A8, 3
AR T A A A 0 A A TR, 15 Y - 4k
SR AEROIRES

SHE

O XT3, B o, 5. 3 P78 43 P L S g i 4 it 7
BIEBISEL. +HE, 2007, 39(2):247-251.
LIU Wu—xing, LUO Yong-ming, TENG Ying, et al. A survey of petroleum
contamination in several chinese oil field soils[J]. Soils, 2007,39(2):
247-251.

[21 9% 7K WL, M NiE. PR ] - 075 YeaR AR AL B B v %S 58101 7€, 2006,



238 B R ATIG G IR A YME E WY

2009 4£2 H

38(5):505-508.
LUO Yong-ming, TENG Ying. Status of soil pollution degradation and
countermeasures in China[J]. Soils, 2006, 38(5):505-508.

(3] =, ik 7, B A1 iMTs Y LN A P AL B AR [T]. IR
14,2002, 29(10) : 62-64.

LI Kai-feng, WEN Qing, XIA Shu-mei. Biological treatment of oil-pol—
luted soil[J]. Applied Science and Technology, 2002,29(10) : 62-64.
[(414F &, BEEAK. AT g TR R R MBS BOR(]. 24 S AR,

2001, 1(2):50-54.
REN Lei, HUANG Ting-lin. The biological restoration of oil —polluted
soil[J]. Journal of Safety and Environment, 2001, 1(2):50-54.

[S] 1] K2, BRAEU, SR DR 3R W b B A TS B ORI SEL)]. #R95
RlikE, 1999, 7(3):110-115.

HE Liang—ju, WEI De-zhou, ZHANG Wei—qin. Research of microbial
treatment of petroleum contaminated soil[J]. Advances in Environmen—
tal Science, 1999, 7(3):110-115.

[6] Ogboghodo I A, Iruaga E K, Osemwota I O, et al. An assessment of the
effects of crude oil pollution on soil properties, germination and growth
of maize ( Zea mays )using two crude types—forcados light and escravos
light(J]. Environmental Monitoring and Assessment, 2004(96) : 143-152.

(7] 24 2R, £3CRL BRI, 55 s G e m A 8w ] Aol #hi5
BlZ244, 2007, 26(5) :1929-1932.

LI Chun-rong, WANG Wen-ke, CAO Yu—qing, et al. Ecological effects
of petroleum—contaminated soil[J]. Journal of A gro-Environment Science,
2007, 26(5):1929-1932.

[8] Odjegba V J, Sadiq A O. Effects of spent engine oil on the growth pa—
rameters, chlorophyll and protein levels of Amaranthus hybridus L.[]].
The Environmentalist, 2002(22):23-28.

O] 154, X %, FMERHT. FR TS 4 LB AT BRI A ). 2k
Ak, 2006, 25(12): 1544-1548.

LI Pei—jun, LIU Wan, SUN Tie-heng, et al. Remediation of contaminated
soil:its present research situation and prospect[J]. Chinese Journal Ecol—
0gy, 2006, 25(12):1544-15438.

[10] Gao Y Z, Zhu L Z. Phytoremediation and its models for organic contam—

inated soils[J]. Journal of Environmental Science,2003(15):302-310.

[11] 4 R, ZREAR, A AT 10 B0 EaE 5 A5 it

HISE A T EHIEMEYI 3], 2002, 24(1) :48-50.

CUI Liang—ji, LIANG Guo-zhan, WANG De —xing. Relationship be—
tween photosynthesis characteristic and yield of sunflower hybrid under
summer seeding[J]. Chinese Journal of Oil Crop Sciences, 2002, 24
(1):48-50.

[12] Z=365%, E3CR) R0, 55 AT Y 438xt ) B 2K 520 [T,
HiERPl22 5223, 2006, 28(4) :97-99.

LI Chun-rong, WANG Wen —ke, CAO Yu —qing, et al. Influences of
petroleum—contaminated soil on growth of sunflower(J]. Journal of Earth
Sciences and Environment, 2006, 28(4):97-99.

[13] A2, RifFH, 2 AN 1) H 2R MUK 2 14 5 5 K B iR R i ]
KHAMAELEL, 2002(4):7-8.

ZHENG Ai—jun, SONG Hai-tao, LI Jie. Reason and prevention mea—

surement for incremet of blighted grain of sunflower [J]. Science

and Technology of Tianjing A griculture and Forestry, 2002(4) . 7-8.

[14] =0, E3CRL &R, 5. il g Lm0 A 8800 5B EH A
WFFELI]. BRERLE 5 HR, 2007, 30(9) :4-6.
LI Chun-rong, WANG Wen-ke, CAO Yu—qing, et al. Ecologicol effect
and bioremediation of petroleum—contaminated siol[J]. Environmental
Science and Technology, 2007, 30(9 ) : 4-6.

[15) =775, E3CRE, & L3, 45 £l Y i Gl Y R A e o 1. b
BRRL2F SRR 2R ], 2007, 29(2) - 214-216.
LI Chun-rong, WANG Wen-ke, CAO Yu—qing, et al. Petroleum pollu—
tions degraded by microorganisms[J]. Journal of Earth Sciences and
Environment, 2007, 29(2):214-216.

[16] 3 ¥, JEFHA, 45 R AW LI b st M5 i,
2002.
SHEN Ping, FAN Xiu-rong, LI Guang—wu. Microbiology experiments[M].
Beijing: Higher Education Press, 2002.

(1717 sesi, KB, PMEHT, 5. frimis e 380 A= W R oF o2 0], A=
Bapgeili, 2001, 20(4):16-18.
DING Ke—-qiang, ZHENG Zhao—pei, SUN Tie—heng, et al. Biodegrada—
tion of petroleum polluted soil[J]. Chinese Journal of Ecology, 2001, 20
(4):16-18.

(18] [EI PG A Jm R R K i I 438 7578 D 22 2. 7RI K e )
SIMTITEEIML. S5 PURR. et . PR EER L AR, 2002:495.
State Environmental Protection Administration of China, Standard
Method for the Examination of Water and Wastewater Editorial Board.
Standard method for the examination of water and wastewater [M]
(4th). Beijing: Environmental Science Press of China, 2002: 495.

[19] SR F 4, Jp g, JH L 245, 55, TS BURURE i b Z B e A LTS 4
PO EWFEN. 5347, 2003, 22(2) : 113-120.
ZHANG Ling—jin, SU Jian—ru, ZHOU Li—jun, et al. Study on extraction
techniques of polynuclear aromatic hydrocarbons in spiked solid sam—
ples[]]. Rock and Mineral Analysis, 2003, 22(2):113-120

[20] BRI, UL, YK, S5, KRB A M 434 75 BE M. Jb st
FEIFREER A i i, 2002.
WEI Fu-sheng, KOU Hong—ru, HONG Shui—jie, et al. Method for the
examination of water and wastewater|M]. Beijing: Environmental Science
Press of China, 2002.

Q21 Trcsw, Ot 2, XUHss, 5. A0S g - SeEd S R A AT e (0]
I A A5 24], 2002, 13(9) : 1137-1140.
DING Ke —qiang, YIN Rui, LIU Shi-liang, et al. Bioremediation of
petroleum —contaminated siol by composting technology[J]. Chinese
Journal of Applied Ecology, 2002, 13(9):1137-1140.

[22] ) VYL A DI B, o R S B2 R Be i 779 B i 12
AERIESERR. GB 7104-1994, £ R IF (a) EBR 1 TLAEARHE(S]. b
50 P EARIE R R, 1994
Health and Epidemic Prevention Station, Guangxi Zhuang Autonomous
Region, Research Institute for Nu trition and Food of Health, China
Preventive Medicine Academy of Science. GB 7104—1994. Health
standards of B[a]P limiting quantity in food[S]. Beijing: Chinese Stan—
dard Press, 1994.



