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Diversity of Culturable Butane-oxidizing Bacteria in Oil and Gas Field Soil

ZHANG Ying',LI Bao-zhen', YANG Jin-shui' ,WANG Shuang-qing”, YUAN Hong-li'

(1. College of Biological Sciences, China Agricultural University, Beijing 100193 ,China; 2. National Research Center for Geoanalysis,
Beijing 100037, China)

Abstract: Butane-oxidizing bacteria in soil sample sites from Puguang gas field in Sichuan province and Jianghan oil field in Hubei
province were isolated and 16S rRNA gene sequence and phylogenetic analysis were applied. The differences of number and
phylogenetic position and population diversity of hydrocarbon-oxidizing bacteria in different environment were investigated. The results
show that 25 strains of butane-oxidizing bacteria were isolated. Based on sequencing of 16S rRNA gene, the species of bacteria in two
samples are classified into 3 phyla including Firmicutes, Actinobacteria and Proteobacteria. The community structure of butane-
oxidizing bacteria isolated from two oil samples is simple, both of them contain 4 genus including Bacillus, Pseudomonas, Rhodococcus
and Arthrobacter. Strains in the genus of Ochrobactrum and Mycobacterium were only isolated from Puguang gas field. The number and
population diversity of butane-oxidizing bacteria in Puguang gas field was more than those in Jianghan oil field.
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F1 UTHERAE—HRESBRENTRELERE 16S rRNA EEF 514 BLAST LE3T&E R

Table 1  Butane-oxidizing bacteria isolated using butane as the sole carbon source

Wk F A SE & 44 ( GenBank % 5%5) AEARLTE % BRI
3-1 Pseudomonas sp. VA-14(DQ984205. 1) 929 1,29
3-2 Arthrobacter sp. 1_0_28 (EF540461. 1) 99 1.2
3-3 Arthrobacter sp. TD3 ( EF468655. 1) 99 2
3-4 Bacillus simplex strain DJFZ57 ( GU969132. 1) 99 2
3-5 Mycobacterium fluoranthenivorans ( AJ617741. 1) 98 1
3-6 Rhodococcus aetherivorans ( AB546298. 1) 99 1
3-7 Bacillus sp. MHS038(DQ993299. 1) 99 1
3-8 Ochrobactrum sp. pl (HM004554. 1) 99 1
3-9 Bacillus sp. JYO1(EU798946. 1) 99 1
3-10 Pseudomonas sp. WH1 (FJ262366. 1) 99 1
3-11 Pseudomonas sp. RB5(GU232769. 2) 98 2
3-12 Bacillus megaterium strain ZFJ-14 (EU931553. 1) 99 1
3-13 Rhodococcus sp. TS1(EU073067. 1) 99 2
3-14 Pseudomonas sp. IMER-A2-6( FJ436426. 1) 99 2
3-15 Pseudomonas sp. 3C-6( AY689033. 1) 99 1
3-16 Rhodococcus globerulus strain AZ1-15( GU332596. 1) 99 1
3-17 Rhodococcus sp. 725 (F¥J752527.1) 99 1

1)1 F7R A 88 1 S R i 2 FORTAMR ST B FHVIDUH I 3R 5, T )

rRNA L 7515 Genbank % 511 5 e b X Fh &
(18 240 T (R AR R R T 98 %

1A 8 MAUTE A LM, A 2tk
ZI.BR B J& ( Rhodococeus ) . 2 tF 2 1 #T W /B
( Bacillus) . 1 ¥ FAFTFHE & ( Ochrobactrum) . 2 ¥R
B R ( Pseudomonas ) . 1 Kk 43 S AT B JE
( Mycobacterium ) . 5 ¥RAN 3 85 B {LIGH H, Hod 1 #E
AT W B (Arthrobacter ) . 1 ¥f Bacillus, 2 Ff
Pseudomonas . 1 ¥k Rhodococcus. 4 ¥RAE 2 R AE 5 AR
8 B, 4y Bl R Pseudomonas . Arthrobacter

Bacillus .Rhodococcus 4% 1 ¥k.

TE T e s e g E R, T b b i T 8¢
BRI T I TR O R A L) T R AL 2 A
BRI RS Al B A R AR AR T e
WA T B 3268 1, O Hadad S840 T BEAE i
AT AR T e AR s RE DT R T B
AT X R R | ] s DT O o — Bl IR AT T ¢
SEACR R B M RGER T b (IR 2) , H 168
rRNA P15 GenBank I fie AH I F g 1 AH L1 1
>99% .

T2 WUTEARESBHEETHRSEMLE 16S rRNA EEFFIA) BLAST thxt4 R

Table 2 Butane-oxidizing bacteria isolated using butanol as the sole carbon source

HE RS HAH SR 45 (GenBank 5 5¢'5) TR R IR AR % TEERIE %
5-2 Bacillus sp. NyZ43 (HQ231222.1) 2 99 0.5
5-3 Bacillus sp. SYW15(FR846533.1) 2 98 5
5-4 Bacillus sp. 210_20(GQ199722.1) 2 98 1
5-5 Bacillus sp. cp-h45( EU584544. 1) 1 98 10,5,0.5
5-6 Bacillus sp. B1408 ( GQ169805. 1) 1 99 5
5-6 Bacillus sp. B1408 ( GQ169805. 1) 2 99 0.5
5-7 Bacillus sp. B13(GU321095.1) 1,2 99 0.5
5-8 Bacillus megaterium strain TS-1(EU979528. 1) 1 99 0.5
5-9 Bacillus sp. Pc2T(GU391510. 1) 1 99 0.5
3-5 Mycobacterium sp. TH-2003 ( AY266138. 1) 1 98 10,5.2,.1,0.5
3-6 Rhodococcus aetherivorans ( AB546298. 1) 1.2 99 10,1.0.5
3-10 Pseudomonas sp. WHI1 ( FJ262366. 1) 1 99 0.5
3-12 Bacillus megaterium strain ZFJ-14(EU931553. 1) 1.2 99 2
3-13 Rhodococcus sp. TSI (EU073067. 1) 2 99 5.0.5

2 TS MRANE AU B H SRR H, K 3
¥R Bacillus . 1 ¥f Pseudomonas . 1 ¥ Mycobacterium. 4

MRAN 40 8 H LD B, Hod 3 #F Bacillus . 1 B
Rhodococcus. 4 ¥RTE 2 > RAE S EB 445 2], 50 5~
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Fig. 1
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Neighbor-joining phylogenetic tree of sequences of the 16S rRNA gene of butane-oxidizing bacteria
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1 T( Proteobacteria)6 £, Bk 3-1, 3-10, 3-11. 3-
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15, 3-14 5 -2 ¥ 1§ 49 ( Gamaproeobacteria ) F
Pseudomonas [8) IR 4 % 5, 3-8 5 o A1 B M
( Alphaproteobacteria) ) Ochrobactrum [F] P43 5.

PR 1 FIER 2, LT ot b i — ik U5 25 75 21
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P A BN R AR — 20, HOE LT Be A ik I8 7 25
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SAALTR IS 2 BAT — E MR Sk, 0T S —
TR Z R AR TG il - S R T b AR TR Y
ZREE W WA AR, B R AE Pseudomonas |
Rhodococcus ,  Arthrobacter . Bacillus . Mycobacterium |
Ochrobactrum. . I8 H M H 5 - 5857 B9 5 /Y
T ke AL F B P AE Mycobacterium W5 TG
J& ( Nocardiodes ) |, Pseudomonas . Rhodococcus % IR FT
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fift T BERE T BUAIRIE , X AT BE-5 05T B IR 44 R AT
X HAMIE 2 DR AR H & 3 4 B B Pseudomonas |
Rhodococcus . Arthrobacter . Bacillus 3X 4 ™ J& B BR
U 4 AR AT B A TG VLS H
PP AL P P A A5 14 A A 18 3 o7

3 g

(1) I B2 T ke WAL B 25 ¥k, 70 Js TR BE
] R T IRASTE T b 2 Ak BB dh 20 35
T B B AT LR 2 AT B ZUBK R
J& FT AR 4 A EB A, & EAT R R SR
B R A T 20 DL O B T
e A A0 T AR R 22 Rt YLD

(2) AT B 28 AT B A AT B 4 4
R T RelERRE ).

(3) TRy ME—Bc IR 73 B A T B A4k
AT hEFERRE S

(4) & 55 A B i T e AL R A A R g
R ZTREEMN IR
S 3k

[1] Klusman R W, Saeed M A. Comparison of light hydrocarbon

HAH

B

microseepage mechanisms [ A]. In: Schumacher D, Abrams M

(2]

[3]

[4]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

A, (eds.). Hydrocarbon migration and its near-surface
expression [ M]. AAPG Memoir, 1996. 157-168.

Saunders D F, Buraon K R, Thompson C K. Model for
hydrocarbon microseepage and related near-surface alterations
[J]. AAPG Bulletin, 1999, 83(1) . 170-185.

Thrasher J, Fleet A J, Hay S J, et al. Understanding geology as
the key to using seepage in exploration [ J]. AAPG Memoir,
1996, 66(1) . 223-241.

Mogilewskii G A. Microbiological investigations in connecting
with gas surveying [ J]. Razvedka Nedr, 1938, 8(1): 59-68.
Mogilewskii G A. The bacterial method of prospecting for oil and
natural gases [ J]. Razvedka Nedr, 1940, 12(1) . 32-43.
Hitzman D O. Prospecting for petroleum deposits [ P]. US
Patent: No2880142, 1959.

Lysnes K, Bgdtker G, Torsvik T, et al. Microbial response to
reinjection of produced water in an oil reservoir [ J]. Applied
Microbiology and Biotechnology, 2009, 83(6) . 1143-1157.
Kaster K M, Bonaunet K, Berland H, et al. Characterisation of
culture-independent and -dependent microbial communities in a
high-temperature offshore chalk petroleum reservoir [ J]. Antonie
Van Leeuwenhoek , 2009, 96(4) ; 423-439.

AREREL, skal, AL, A RUE LIS b K S S i AR
BTN ], BUEZR, 2005, 45(3) : 329-334.
EABAE. il A W2 A b E R B U W T T ) R
[J]. WEw2FidR, 2008, 35(12) ; 1851-1861.

AL, AREREL, FLIRB, 55, RAAUE L7 DIEBUE MR
Wh5e [1]. 2 5EY TR, 2010, 27(6) : 54-58.

Van Ginkel C G, Welten H G, Hartmants S, et al. Metabolism
of trans-2-butene and butane in Nocardia TB1 []J]. Journal of
General Microbiology, 1987, 133(7) . 1713-1720.

Hamamura N, Arp D J. Isolation and characterization of alkane-
utilizing Nocardioides sp. strain CF8 [ J]. FEMS Microbiology
Letters, 2000, 186(1) : 21-26.

Ginkel C G, Bont J] A M. Isolation and characterization of
alkane-utilizing Xanthobacter spp. [ J]. Archives Microbiology,
1986, 145(4) : 403-407.

Hamamura N, Storfa R T, Semprini L, et al. Diversity in butane
monooxygenases among butane-grown bacteria [ J ].
Environment Microbiology, 1999, 65(10) ; 4586-4593.
Di Cello F, Bevivino A, Chiarini L, et al. Biodiversity of a

Apply

Burkholderia cepacia population isolated from the maize

rhizosphere at different plant growth stages [ J ]. Apply
Environment Microbiology, 1997, 63(11) ; 4485-4493.
Rosenberg E. The hydrocarbon-oxidizing bacteria [ A ]. In;
Balows A, Truper H G, Dworkin M, et al. The prokaryotes: a
handbook on the biology of bacteria: ecophysiology, isolation,
identification, applications [ M ]. New York: Springer-Verlag,
2006. 446-459.

Wit Jo i, i, S5 BEAS R RUORIIA 1R ISR
WaE LR (1], BEY 8k, 2009, 36(4) : 544-550.
Arp D J. Butane metabolism by butane-grow ‘ Pseudomonas

Microbiology, 1999, 145(5) : 1173-1180.

butanovora’ [J].



304 woom B % 33 %

[20] Ashraf W, Mihdir A, Murrell J C. Bacterial oxidation of propane the soluble butane monooxygenase from * Pseudomonas
[J]. FEMS Microbiology Letter, 1994, 122(1-2); 1-6. butanovora’ [ J]. Microbiology, 2002, 148(11) : 3617-3629.
[21] MclLee A G, Kormendy A C, Wayman M. Isolation and [23] Padda R S, Pandey K K, Kaul S, et al. A novel gene encoding a
characterization of n-butane-utilizing microorganisms [ J J. 54kDa polypeptide is essential for butane utilization by
Canadian Journal Microbiology, 1972, 18(8) . 1191-1195. Pseudomonas sp. IMT37 [J]. Microbiology, 2001, 147 (9) .
[22] Sluis M K, Sayavedra-soto . A, Arp D J. Molecular analysis of 2479-2491.

(RERIE) BB EHSHR & 51 AT 5

2011 412 2 A, ERER A BRI h ERH S ORI R R A 2 LA T 2010 4F R
PHOB TR, Goita5i R WoR 2010 4 BE AR ) 2005 EFR bR @ R RLHFHOR (2Rl hioR 2
BHE BT HTS1.

LA B3 86. 5, HEA 5 — (HEA 1T =4 AR 3 2 R B R 22 ) 86. 5, (T EI A EE R 2% ) 77. 9, (36
BERb2E ) 77.3).

ST KRS 197, HEA 55— (HEZ BT = A BT A3 SR GRBERNE)S 197, CREERNA224]) 3 914, (4Rl
HEEREF )3 700) .

SR T 1. 125, HEA4 50 = (HEZ 1T =44 M )43 & (R R 5T ) 1. 531, (P E AR B 22) 1. 457,
(ABERFD1.125).

CEG VPO B RS T E R PIZR S 1PN R AR IR R | THR 2 TRl S 1 i 48 A (R 5 IR 5 0 [
T M5 KR SCH 5I3CRE)  RHZ R AT B AR AL , /3B AR P17 25 6 0F
FE T BRI ZE S TR B3 X IFEAR PR T 25 A 24 R 2 LB AT AR TS Sl 10 22 5, B RN 0 Rl v]
DLEATES 2E B L. AR R AT I GETT45 5 2010 4R B (A BERE: ) 6 TN B3 86. 5, 7R SR 111 1998 Fi%
D HIRITh 2505 27 £, ZERE ST 36 FhAEERL AR 2R H AR IR 2 5155 —.



HUANJING KEXUE Vol.33  No.1

Environmental Science ( monthly) Jan. 15, 2012

CONTENTS

Air Pollu[ant Emlssl()ns Of All(‘raft in Ch]na in Re(‘/ent 30 Yeal-s ...................................................................................................... N S ] )
Study on the in-situ Measurement of Atmospheric CH, and CO by GC-FID Method at the Shangdianzi GAW Regional Station
WANG Wei, ZHOU Ling-xi, FANG Shuang-xi, et al. ( 8 )

13 )
.......................................................................................................................................... WANG Yan, LI Jun, LIU Xiang, et al. ( 20 )
Metabolic Characteristics of Air Microbial Communities from Sandstorm Source Areas of the Taklamakan Desert -+ DUAN Wei-wei, LOU Kai, ZENG Jun, et al. ( 26 )
Mechanisms of UV Photodegradation on Performance of a Subsequent Biofilter Treating Gaseous Chlorobenzene -+ WANG Can,XI Jin-ying, HU Hong-ying, et al. ( 32 )
Distribution of Dissolved Organic Carbon in the Bohai Sea and Yellow Sea in Spring «««eeeeseeeeeeeees DING Yan-yan, ZHANG Chuan-song, SHI Xiao-yong, et al. ( 37 )
Research on the Mercury Species in Jiaozhou Bay in Spring — ----ssssssssesesessrsrrrrrrrernrrrrrreeeeeeeeeenn XU Liao-gi, LIU Ru-hai, WANG Jin-yu, et al. ( 42 )
Geochemistry of Surface and Ground Water in the Lijang Basin, Northwest Yunnan «cceeeoeeeeeeeeemeeeeesneeeeeeenen PU Tao, HE Yuan-qing, ZHU Guo-feng, et al. ( 48 )
Variations in Depth and Chemistry of Groundwater in Interval of Water Delivery at the Lower Tarim River -----: CHEN Yong-jin, LI Wei-hong, DONG Jie, et al. ( 55 )
Simulation on Contamination Forecast and Control of Groundwater in a Certain Hazardous Waste Landfill =~ ++++++-+- MA Zhi-fei, AN Da, JIANG Yong-hai, et al. ( 64 )
Research on Evaluation of Water Quality of Beijing Urban Stormwater Runoff «««««««veeeseeereeeemmmmeenneeeeee HOU Pei-qiang, REN Yu-fen, WANG Xiao-ke, et al. ( 71 )
Characterization and Source Apportionment of Pollutants in Urban Roadway Runoff in Chongqing +++++++* ZHANG Qian-gian, WANG Xiao-ke,HAO Li-ling, et al. ( 76 )
Applied Study of the Submerged Macrophytes Bed-Immobilized Bacteria in Drinking Water Restoration -++--- CHEN Qi-chun, LI Zheng-kui, WANG Yi-chao, et al. ( 83 )
Catalytic Hydrodechlorination of 2 ,4-Dichlorophenol over Pd/TiQ, =~ sosoveeereerrrrmrmrrmrmerrrrrreeeeeeeeeeenn ZHANG Yin,SHAO Yun,CHEN Huan, et al. ( 83 )
Effects of pH Value on the Adsorption and Degradation of 2,4-DCP by Nanoscale Zero-Valent Iron -+ FENG Li, GE Xiao-peng, WANG Dong-sheng, et al. ( 94 )
Inactivation of the Chlorine-resistant Bacteria Isolated from the Drinking Water Distribution System CHEN Yu-qiao, DUAN Xiao-di, LU Pin-pin, et al. ( 104 )
Risk Assessment of the Farmland and Water Contamination with the Livestock Manure in Anhui Province «:-+---+- SONG Da-ping, ZHUANG Da-fang, CHEN Wei ( 110 )
Analysis of Membrane Fouling Genesis in Nanofiltration Process for Advanced Treatment of Dyeing and Finishing Wastewater -+++eseeeererreesseeeeceremnmminineenee
....................................................................................................................................... CAO Xiao-bing, LI Tao, ZHOU Lii, et al. ( 117 )
Experimental Research on Combined Water and Air Backwashing Reactor Technology for Biological Activated Carbon «+erersreressesseermmmmmmemnsnnereneniirieeeee
.................................................................................................................................... XIE Zhi-gang, QIU Xue-min,ZHAO Yan-ling ( 124 )
Impacts of pH and Surfactants on Adsorption Behaviors of Norfloxacin on Marine Sediments «+++++++++++++ PANG Hui-ling, YANG Gui-peng, GAO Xian-chi, et al. ( 129 )
Adsorption Characteristic and Form Distribution of Silicate in Lakes Sediments «++reexreeereseeeeeermemremmsmeeeeeennens LU Chang-wei, CUI Meng, GAO Ji-mei, et al. ( 135 )
Adsorption of Methylene Blue from Water by the Biochars Generated from Crop Residues «+++eeeeeeeeee: XU Ren-kou, ZHAO An-zhen, XIAO Shuang-cheng, et al. ( 142 )
Adsorption and Desorption of Dyes by Waste-Polymer-Derived Activated Carbons ------eeesererrerremrmermerrerreererernenen. LIAN Fei,LIU Chang,LI Guo-guang, et al. ( 147 )
Study on the Sorption Behavior of Tetracycline onto Activated Sludge ««=++sseerrerrereesrererereemmmnnnii. CHEN Rui-ping, ZHANG Li, YU Jie, et al. ( 156 )
In situ Experimental Research on Natural Attenuation of Oil Pollutants in a Gas Station — «xreeesssseeeremrmreesseneeeeee JIA Hui, WU Xiao-feng, HU Li-ming, et al. ( 163 )
Influence and Assessment of Biochar on the Bioavailability of Chlorobenzenes in Soil =~ «r:eeeeseeeeeeeememeeneneeee SONG Yang, WANG Fang, YANG Xing-lun, et al. ( 169 )
Control for MUCT Process Operation Using Nitrate Concentration in the Secondary Anoxic Zone «++++srweessessseeeeeneeneenes WANG Xiao-ling, YIN Jun, GAO Shang ( 175 )
Modeling Formation of Aerobic Granule and Influence of Hydrodynamic Shear Forces on Granule Diameter «----- DONG Feng, ZHANG Han-min, YANG Feng-lin ( 181 )
Effect of Different Sludge Retention Time (SRT) on Municipal Sewage Sludge Bioleaching Continuous Plug Flow Reaction System — -veveerereerermermrrermereereeeeees
LIU Fen-wu, ZHOU Li-xiang, ZHOU Jun, et al. ( 191 )
Biological Phosphorus Removal in Intermittent Aerated Biological Filter «::esseeeeeeerrreeeseneeeeernnneees ZENG Long-yun, YANG Chun-ping, GUO Jun-yuan, et al. ( 197 )
Methane Production by Anaerobic Co-digestion of Chicken Manure and Spariina alterniflora Residue After Producing Methane
..................................................................................................................... CHEN Guang-yin, CHANG Zhi-zhou, YE Xiao-mei, et al. ( 203 )
Uncertainty Analysis for Evaluating Methane Emissions from Municipal Solid Waste Landfill in Beijing ++++++++++ CHEN Cao-cao, LIU Chun-lan, LI Zheng, et al. ( 208 )
Electricity Generation of Surplus Sludge Microbial Fuel Cells Enhanced by Additional Enzyme —«««-e-eeoeeeereeeeeeees YANG Hui,LIU Zhi-hua, LI Xiao-ming, et al. ( 216 )
Construction of Electrochemiluminescence System for Harmful Algae Detection — «eeseesererrrrsemesseneeeremimeenineerenennn. ZHU Xia, ZHEN Yu, MI Tie-zhu, et al. ( 222 )
Mechanism of the Inhibitory Action of Allelochemical Dibutyl Phthalate on Algae Gymnodinium breve ---++-++ BIE Cong-cong, LI Feng-min, WANG Yi-fei, et al. ( 228 )
Toxic Effects of Nano-TiO, on Gymnodinium brepe =++-++==+=====ssssrerrrsrrmmrmrrrnrrrrrririteseeetnnnne e LI Feng-min, ZHAO Wei, LI Yuan-yuan, et al. ( 233 )
Spatial Distribution of Three Endocrine Disrupting Chemicals in Sediments of the Suzhou Creek and Their Environmental Rigks «++eeeeererreeesseseeememeeemineeeee
....................................................................................................................................... LI Yang, HU Xue-feng, OH Kokyo, et al. ( 239 )
Level, Distribution, and Source Identification of Polychlorinated Naphthalenes in Surface Agricultural Soils from an Electronic Waste Recycling Area «--e=eveeeeee
........................................................................................................................... WANG Xue-tong, JIA Jin-pan, LI Yuan-cheng, et al. ( 247 )
Heavy Metal Pollution in Street Dusts from Different Functional Zones of Luoyang City and Its Potential Ecological Rigk «erxreeeeereeeeermmmmmmesnrrecemiminineee
......................................................................................................................... LIU De-hong, WANG Fa-yuan, ZHOU Wen-li, et al. ( 253 )
Soil Contamination and Assessment of Heavy Metals of Xiangjiang River Basin =~ =+seeeeerrrerensseeseernenneeennns LIU Chun-zao, HUANG Yi-zong, LEI Ming, et al. ( 260 )
Characteristics of Heavy Metals in Soil Profile and Pore Water Around Hechi Antimony-Lead Smelter, Guangxi, China «++seexeeeeeerseseermmmmmeemssnnecenmne.
""""""""" -+ XIANG Meng, ZHANG Guo-ping, LI Ling, et al. ( 266 )
Speciation Transformation and Behavior of Arsenic in Soils Under Anoxic Conditions —«««x«ssssseesrermemsmemsereeeennns WU Xi, XU Li-ying, ZHANG Xue-xia, et al. ( 273 )
Remediation of Chromium (V) Contaminated Soils Using Permeable Reactive Composite Electrodes Technology =~ +++++++: FU Rong-bing, LIU Fang, MA Jin, et al. ( 280 )
Determination and Characterization on the Capacity of Humic Acid for the Reduction of Divalent Mercury «+++++++ JIANG Tao, WEI Shi-qiang, LI Xue-mei, et al. ( 286 )
Effect of Zn ( II') on Microbial Activity in Anaerobic Acid Mine Drainage Treatment System with Biomass as Carbon Source «««++sssreessreessneesninesnnninnnenn
.............................................................................................................................. LI Shao-jie, CHEN Tian-hu, ZHOU Yue-fei, et al. ( 293 )
Diversity of Culturable Butane-oxidizing Bacteria in Oil and Gas Field Soil -essseeeerrerermmmmseeereenniene ZHANG Ying,LI Bao-zhen, YANG Jin-shui, et al. ( 299 )
Microbial Community Structure Analysis of Unexploited Oil and Gas Fields by PCR-DGGE = ---eeeeeeereereenseereeeeennen MAN Peng, QI Hong-yan,HU Qing, et al. ( 305 )
Community Diversity of Bacteria and Arbuscular Mycorrhizal Fungi in the Rhizosphere of Eight Plants in Liudaogou Watershed on the Loess Plateau China «+++++++
....................................................................................................................................... FENG Ye, TANG Ming, CHEN Hui, et al. ( 314 )
Dynamics of Degradation of Oxytetracycline of Pig and Chicken Manures in Soil and Mechanism Investigation ~ --=+++++++ ZHANG Jian, GUAN Lian-zhu, YAN Li ( 323 )

Influence of Impurities on Waste Plastics Pyrolysis: Products and Emissions «eeeeeeeeseeeeeeeemmmeennineeeennn ZHAO Lei, WANG Zhong-hui, CHEN De-zhen, et al. ( 329 )



£ %

CGRERIZEYE 6

IFH A izt

BlES. B BEU BN
& (FUEREEHT)

JTENT. EARER EIE
ﬂ%ﬂ( }‘(IJJLJ\ ¥£I{I~%l§’
RPHE I B 2 MK

N S

w# B 37

(HUANJING KEXUE)

TaEgs M
BT
R
W MR

BRREZERS
MW b

Jal Sl bR B
SKFE W&

ENVIRONMENTAL SCIENCE

(Monthly  Started in 1976)

(AT 1976 4£8 AAIT)
0124E1 HISH 33% %1 Vol.33 No.1 Jan. 15, 2012
F & P ERER Superintended by Chinese Academy of Sciences
* B P ERERE A SRR L Sponsored by Research Center for Eco-Environmental Sciences, Chinese
03 B (LSIneE NF) Academy of Sciences
b5 M4 171% PR 22 B 55 b Co-Sponsored by Beijing Municipal Research Institute of Environmental
AR 7 N Protection
* % ORI T School of Environment, Tsinghua University
P 3 (HHRE)YRBE RS Editor-in -Chief OUYANG Zi-yuan
e NN Edited by The Editorial Board of Environmental Science ( HUANJING
LT 2871 fE4H (V€ X XU
KEXUE
18 5, HBEC T :100085) ) N
H3E .010-62941102 .010-62849343 P. O. Box 2871, Beijing 100085 , China
1 .010-62849343 ’ Tel :010-62941102,010-62849343 ; Fax:010-62849343
E—r;;t;l-hjkx@ rcees. ac. cn E-mail : hjkx@ rcees. ac. en
http : //www. hjkx. ac. cn hitp://www. hjkx. ac. en
H BR 44 % " " m Published by Science Press
AL AR AR AL 16 2 16 Donghuangchenggen North Street ,
MBS AS . 100717 Beijing 100717, China
BRI 2= 3T dbEdbARERRI) Printed by Beijing Bei Lin Printing House
% 1T 4 % & 3 it Distributed by Science Press
1% :010-64017032 Tel :010-64017032
E-mail ; journal@ mail. sciencep. com E-mail ; journal @ mail. sciencep. com
T M & 2EAHERH R Domestic All Local Post Offices in China
EshE&RIT PEEREBES BN Foreign China International Book Trading Corporation ( Guoji
(dt=t 399 fH46) Shudian) , P. 0. Box 399, Beijing 100044 , China
— ISSN  0250-3301 N
BHE: o v ] 5 2-821
REAR TS, Do 0203301 ERE RS,
W E f:70.00 5T ESEITRS: M 205

BEHSRFET




	2012-01fm+ml-zw.pdf
	20120147.pdf
	ml-yw+fd.pdf



