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Comparative Analysis of the Bacterial Community on Anodic Biofilms in

Sediment Microbial Fuel Cell Under Open and Closed Circuits

WU Yi-cheng'?, DENG Quan-xin', WANG Ze-jie’, ZHENG Yue’, LI Dai-lin', ZHAO Feng’”

(1. School of Environment Science and Engineering, Xiamen University of Technology, Xiamen 361024 ,China; 2. Institute of Urban
Environment, Chinese Academy of Sciences, Xiamen 361021, China; 3. Qingdao Institute of Bioenergy and Bioprocess Technology,
Chinese Academy of Sciences, Qingdao 266101 ,China)

Abstract: To investigate the differences in microbial community of anodic biofilms under open and closed circuits, sediment microbial
fuel cell (SMFCs) reactors connecting with a 5 k() external resistance and open circuit during the start-up period were operated
individually. Anodic biofilms were collected and analyzed using Solexa high-throughput sequencing technology. A total of 3936 and
3930 operational taxonomic units (OTUs) were obtained from the anodic biofilms under open and closed circuits, respectively. After
97% similarity merging, 1581 and 1551 OTUs were finally determined from open and close circuit biofilms, respectively. The
analysis of a diversity showed that bacterial diversity of anodic biofilm under open circuit was higher than that under closed circuit. The
dominant bacterial were Proteobacteria, Firmicutes and Bacteroidetes for both open and closed circuits. They accounted for 59. 79% ,
12.54% and 9.02% under open circuit biofilm respectively; and these values were 63.02% ,10.01% and 3.60% in the closed
circuit biofilm respectively, and Geobacter accounted for 16. 55% in the closed circuit biofilm. The present study demonstrated that the
electron transfer process during start-up period affected the microbial community structure of the anodic biofilms.

Key words: sediment microbial fuel cell; open circuit; closed circuit; bacterial community diversity; high throughput sequencing
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Fig. 2 Relative abundance of bacterial community composition at phylum level under open and closed circuit conditions
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Table 2 Relative abundance of OTU composition above 0. 5% in the anode biofilm

H B i AR BE/ % ‘

I % P %
Desulfuromonadales Geobacteraceae Geobacter 2.31 16.55
Rhodospirillales Rhodospirillaceae Azospirillum 0. 20 10.27
Bacteroidales Porphyromonadaceae Dysgonomonas 0. 42 3.94
Rhodospirillales Rhodospirillaceae Magnetospirillum 0. 51 0.58
Bacillales Planococcaceae Sporosarcina 0. 78 0. 81
Clostridiales Symbiobacteriaceae Symbiobacterium 0.58 0. 80
Actinomycetales Dietziaceae Dietzia 0.02 0.76
Pseudomonadales Pseudomonadaceae Pseudomonas 1.32 0.67
Burkholderiales Oxalobacteraceae Massilia 0. 11 0.54
Burkholderiales Oxalobacteraceae Herbaspirillum 0. 63 0.33
Burkholderiales Comamonadaceae Hydrogenophaga 0. 08 0.52
Acidiferrobacterales Acidiferrobacteraceae Acidiferrobacter 0. 71 0.03
Gallionellales Gallionellaceae Gallionellaceae 4.87 0. 21
Bdellovibrionales Bdellovibrionaceae Bdellovibrio 1.41 0.02
Enterobacteriales Enterobacteriaceae Escherichia 0. 98 0. 16
Holophagales Holophagaceae Geothrix 0. 67 0. 47

AL S DCGE il v [ SC 1% £ A 25 fol A= W 1
PRI TR T B, e B HoR
FURPES, R A R v (5 S r , REAR I 21 1%
GERAARME K B | 2 B2 AR 0y v Al 2 T P B 2
Yy 5 AR T B | 4T M S IR F A B A
glﬂ:ﬁ:@[lsm] )

3 it

(1) SMFCs JF, P& T g a0 FHAR A= 9 s 4
WREEENTTEKRKFEWUEZERET
Proteobacteria . Firmicutes Fll Bacteroidetes 7F 4% H Bf
75 T o LB AN ).

(2) Chaol, Shannon 1 PD #§ % 43 ¥ 3 B
SMFCs JTi% T LB A5 ) JE oA R A 14 - B2 1 25
PEY R T P B IS AT BB A 5.

(3) SMFCs M1 5% F 247, HiFF i Geobacter
T AR AR WS rp 5 5 vy, U] DAL B 2 1 1 ML AT
Geobacter TE P R M EPEME B 4E.

SE Lk

[1] ZhaoJ, Li X F, Ren Y P, et al. Electricity generation from
Taihu Lake cyanobacteria by sediment microbial fuel cells[ J].
Journal of Chemical Technology and Biotechnology, 2012, 87
(11) ; 1567-1573.

[ 2] Donovan C, Dewan A, Peng H, et al. Power management system

for a 2.5 W remote sensor powered by a sediment microbial fuel
cell[ J]. Journal of Power Sources, 2011, 196(3) ; 1171-1177.

[ 3] Donovan C, Dewan A, Heo D, et al. Sediment microbial fuel
cell powering a submersible ultrasonic receiver: New approach to
remote monitoring[ J]. Journal of Power Sources, 2013, 233
79-85.

[4] Zhu XP, Yates M D, Logan B E. Set potential regulation reveals
additional oxidation peaks of Geobacter sulfurreducens anodic
biofilms[ J]. Electrochemistry Communications, 2012, 22, 116-
119.

[5] Goud K R, MohanS V. Prolonged applied potential to anode
facilitate selective enrichment of bio-electrochemically active
Proteobacteria for mediating electron transfer; Microbial dynamics
and bio-catalytic analysis [ J]. Bioresource Technology, 2013,
137. 160-170.

[6] XiaX, Sun Y M, Liang P, et al. Long-term effect of set
potential on biocathodes in microbial fuel cells; electrochemical
and phylogenetic characterization [ J]. Bioresource Technology,
2012, 120: 26-33.

[7] Wang X, Feng YJ, Ren N Q, et al. Accelerated start-up of two-
chambered microbial fuel cells: Effect of anodic positive poised
potential[ J |. Electrochimica Acta, 2009, 54(3); 1109-1114.

[ 8] Finkelstein D A, Tender L M, Zeikus J G. Effect of electrode
potential on electrode-reducing microbiota [ J ]. Environmental
Science & Technology, 2006, 40(22) : 6990-6995.

(9] Z5ME, JFiE. YL Sh v X oA MR b i iy 2 [0 ]
AR R (A ARBLSART) , 2013, 41(11) ¢ 32-36.
Lin H, Fang Z. Effect of External Circuits on Microbial Fuel Cell

during Acclimated Period[ J]. Journal of Huazhong University of



4772

woooH

2% 37 %

[10]

[11]

[12]

[14]

[17]

[18]

Science and Technology ( Nature Science Edition), 2013, 41
(11): 32-36.

Lefebvre O, Nguyen T T H, Al-mamun A, et al. T-RFLP reveals
high B-Proteobacteria diversity in microbial fuel cells enriched
with domestic wastewater[ J]. Journal of Applied Microbiology,
2010, 109(3) : 839-850.

Lee J, Phung N T, Chang I S, et al. Use of acetate for
enrichment of electrochemically active microorganisms and their
16S rDNA analyses[ J]. FEMS Microbiology Letters, 2003, 223
(2):185-191.

Choo Y F, Lee J, Chang I S, et al. Bacterial communities in
microbial fuel cells enriched with high concentrations of glucose
and glutamate[ J]. Journal of Microbiology and Biotechnology,
2006, 16(9) ; 1481-1484.

Logan B E, Murano C, Scott K, et al. Electricity generation from
cysteine in a microbial fuel cell[ J]. Water Research, 2005, 39
(5):942-952.

Kim J R, Jung S H, Regan J M, et al. Electricity generation and
microbial community analysis of alcohol powered microbial fuel
cells[ J]. Bioresource Technology, 2007, 98 (13 ). 2568-
25717.

Wang Z J, Zheng Y, Xiao Y, et al. Analysis of oxygen reduction
and microbial community of air-diffusion biocathode in microbial
fuel cells[ J]. Bioresource Technology, 2013, 144 74-79.

S SCH, BOGAE, AR, AF. BT a0 AT e Ak i B
XTIPRAT AR G WA S M [ 1], PREERLS, 2016, 37(6)
2271-2775.

WuY C, He G H, Zheng Y, et al. Influence of carbonization
temperature on bacterial community of the biological carbon
electrode based on high-throughput sequencing technology [ J].
Environmental Science, 2016, 37(6) : 270-274.

Tedersoo L, Nilsson R H, Abarenkov K

Pyrosequencing and Sanger sequencing of tropical mycorrhizal

, et al. 454
fungi provide similar results but reveal substantial methodological
biases[ J]. New Phytologist, 2010, 188(1) . 291-301.

Zhao Y G, Wang A J, Ren N Q. Effect of carbon sources on

[19]

[20]

[21]

[23]

[24]

[25]

[26]

[27]

sulfidogenic bacterial communities during the starting-up of

acidogenic  sulfate-reducing  bioreactors [ J ].  Bioresource
Technology, 2010, 101(9) : 2952-2959.

Newton G J, Mori S, Nakamura R, et al. Analyses of current-
generating mechanisms loihica PV- 4 and
Shewanella oneidensis MR-1 in microbial fuel cells[ J].
and Environmental Microbiology, 2009, 75(24) . 7674-7681.

Xu S, Liu H. New exoelectrogen Citrobacter sp. SX-1 isolated

of Shewanella

Applied

from a microbial fuel cell[ J]. Journal of Applied Microbiology,
2011, 111(5) . 1108-1115.

Chung K M, Okahe S. Characterization of electrochemical
activity of a strain 1SO2-3 phylogenetically related to Aeromonas
sp. isolated from a glucose-fed microbial fuel cell [ J ].
Biotechnology and Bioengineering, 2009, 104(5) : 901-910.
Xia X, Cao X X, Liang P, et al. Electricity generation from
glucose by a Klebsiella sp. in microbial fuel cells[ J]. Applied
Microbiology and Biotechnology, 2010, 87(1) ; 383-390.
Zhang C P, Chen S S, Liu G L, et al. Characterization of strain
Pseudomonas sp. Q1 in microbial fuel cell for treatment of
quinoline-contaminated water[ J]. Pedosphere, 2012, 22 (4) .
528-535.

Bond D R, Hoines D E, Lovley D R. Electrode-reducing
microorganisms that harvest energy from marine sediments [ J].
Science, 2002, 295(5554) ; 483-485.

Bond D R, Lovley D R. Electricity production by Geobacter
sulfurreducens attached to electrodes [ J ]. Applied and
Environmental Microbiology, 2003, 69(3) . 1548-1555.

Methe B A, Nelson K E, Eisen J A, et al. Genome of Geobacter
sulfurreducens ; Metal reduction in subsurface environments[ J].
Science, 2003, 302(5652) : 1967-1969.

5 SCH, MW, BB, 45 DGGE & T-RFLP 43-HrG i~ i
XTANG L RIS m (1], FREEREF, 2014, 35(6) : 2328-
2333.

WuY C, Deng H, Xiao Y, et al. Effect of the potential on
bacterial community under illumination by DGGE and T-RFLP
[J]. Environmental Science, 2014, 35(6) : 2328-2333.



HUANJING KEXUE Vol.37  No. 12

Environmental Science ( monthly) Dec. 15, 2016

CONTENTS

Transport Loss Estimation of Fine Particulate Matter in Sampling Tube Based on Numerical Computation ++++esseseeseersessseseneneinenne LUO Li-na, CHENG Zhen, ZHU Wen-fei, et al. (4457)
Sources Analysis of Heavy Metal Aerosol Particles in North Suburb of Nanjing —+«eoveveeeseeresnesssmsneninminiiiii e QIN Xin, ZHANG Ze-feng, LI Yan-wei, et al. (4467)
Distribution Characteristics of Water Soluble lons Under Different Weather Conditions During the Youth Olympic Games in Nanjing -+ SHI Yuan-zhe, AN Jun-lin, WANG Hong-lei, et al. (4475)
Seasonal Variation and Source Analysis of the Water-soluble Inorganic lons in Fine Particulate Matter in Suzhou — «+vesesseseesveeseeseens WANG Nian-fei, CHEN Yang, HAO Qing-ju, et al. (4482)
Characteristics of Elements and Potential Ecological Risk Assessment of Heavy Metals in PM, s at the Southwest Suburb of Chengdu in Spring +:+s+:ssesesesseesessiesieisniniiniiin
......................................................................................................................................................... YANG Huai-jin, YANG De-rong, YE Zhi-xiang, et al. (4490

)
Geochemical Characteristics and Source Apportionment of Rare Earth Elements in the Dustfall of Quanzhou City +-«+s«ssesseeeseseereenees ZHANG Zong-wei, YU Rui-lian, HU Gong-ren, et al. (4504)
XU Jia-ping, LI Xu-hui , XIAO Wei, et al. (4514)

HAN Bo, HUANG Jia-min, WEI Zhi-qiang (4524 )
)

)

1X-hased Sources Partitioning of Atmospheric CO, During Youth Olympic Games, Nanjing

Gaseous Emission Characterization of Civil Aviation Aircraft During Takeoff

Pollution Characteristics of Antibiotic Resistant Bacteria from Atmospheric Environment of Animal Feeding Operations ZHANG Lan-he, HE Yu-wei, CHEN Mo, et al. (4531

Removing Nano Particles by Filtration Using Materials with Ordered Mesoporous Structure — «+s+eseeseereeresssesssnnesnsnessnenneneenens + XING Yi, WANG Cong, LU Pei, et al. (4538
Emission Characteristics of Gaseous Pollutants from City Bus Fueled with Biodiesel Based on DOC + CDPF Technology in Real Road Conditions =~ «++seseeseereeressesesenssimenensiininennsn
......................................................................................................................................................... LOU Di-ming, ZHANG Yun-hua, TAN Pi-qiang, e al. (4545)
Characteristics of Methane Flux Across the Water-air Interface in Subtropical Shallow Ponds «+- +++ LONG Li, XIAO Shang-bin, ZHANG Cheng, et al. (4552)
Succession of Phytoplankton Assemblages and Its Influencing Factors in Tangpu Reservoir, Zhejiang Province MA Pei-ming, SHI Lian-dong, ZHANG Jun-fang, et al. (4560)
Responses of Physiological Indices of Typical Submerged Macrophytes to Water Quality in Taihu Lake ««+veseseereesrereserensennicncnennens GAO Min, HU Wei-ping, DENG Jian-cai, et al. (4570)
Optical Characteristics of Dissolved Organic Matter from Two Different Full Mixed Reservoirs in Winter Based on UV-vis and EEMs  +reeeerereereesseremiemenennnnns
................................................................................................................................................... HUANG Ting-lin, FANG Kai-kai, ZHANG Chun-hua, et al. (4577)
Hanfeng Pre-dam Commissioning Eutrophication Status and Control Evaluation in Three Gorges Reservoir —+«esseevesesessssrsisninninsinenennenns YANG Bing, HE Bing-hui, WANG De-bao (4586)
Occurrence,, Distribution and Ecological Risk of Aantibiotics in Surface Water of the Gonghu Bay, Taihu Lake ««+eseorerrereeresenenennincnens WU Xu-yue, ZOU Hua, ZHU Rong, et al. (4596)
Distribution Characteristics of n-alkanes in Sediment Core and Implication of Environment in Different Lakes of Dianchi +:«+xeseeeeeeseeseenes YU Li-yan, HAN Xiu-xiu, HUANG Xiao-hu, et al. (4605)
Vertical Distribution and Pollution Risk Assessment of Nitrogen, Phosphorus, and Organic Matter in Sediment of Inflowing Rivers of Erhai Lake Estuarine Wetland in Wet and Dry Seasons
.................................................................................................................................................................. WANG Shu-jin, LIU Yun-gen, WANG Yan, et al. (4615)
Variation of Nitrogen Forms in Sediments of Lihu Lake During Mineralization = ««+«+sssessesseresseemenenennenenenininnes s ZHAO Li, WANG Shu-hang, JIANG Xia, et al. (4626)
Temporal and Spatial Variation Characteristics of the Heavy Metals Content in the Surface Sediment and the Potential Ecological Risk Trends in the Three Gorges Reservoir Area ««+++-++++-+-
............................................................................................................................................................ ZHUO Hai-hua, SUN Zhi-wei, TAN Ling-zhi, et al. (4633)

Modeling the Environmental Behaviors and Ecological Risks of Permethrin in Chaohu Lake LIU Ya-li, WANG Ji-zhong, PENG Shu-chuan, et al. (4644 )

Simulation Experiment: Effect of Organic Colloid on Carbamazepine Transport in Porous Media «-«+++++esseveeeresueenenens ZHANG Si, HE Jiang-tao, ZHU Xiao-jing (4651 )
Grain Size Distribution Characteristics of Suspended Particulate Matter as Influenced by the Apparent Pollution in the Inorganic Type Urban Landscape Water; Taking the Canal of Suzhou

Section as Example «oreorersessemn et LI Qian-gian, PAN Yang, GONG Dan-yan, et al. (4662)
Rock Weathering Characteristics and the Atmospheric Carbon Sink in the Chemical Weathering Processes of Qingshuijiang River Basin -+ LU Jie-mei, AN Yan-ling, WU Qi-xin, et al. (4671)
Pollution Characteristics Analysis in Shallow Groundwater of Typical Farmland Area, Southern China «-«+«ssesserseseesenenmenninsnsnninnens GUO Hui, YU Min-da, HE Xiao-song, et al. (4680)
Identification of Sulfate Sources in the Groundwater System of Zaozhuang: Evidences from Isotopic and Hydrochemical Characteristics -+ MA Yan-hua, SU Chun-li, LIU Wei-jiang, et al. (4690)
Removal of Polycyclic Aromatic Hydrocarbons by Extensive Green Roofs «+««+eesseeesessenensessenensninininsiiinisssss s SHEN Qing-ran, HOU Juan, LI Tian (4700 )
Comparative Study on Pretreatment Process of Ultrafiltration; Chemical Coagulation and Electrocoagulation +-«+:+sseseteesessersereeenennens ZHAO Kai, YANG Chun-feng, SUN Jing-qiu, et al. (4706 )
Adsorption Mechanisms Analysis of EfOM on PVDF Ultrafiltration Membranes Modified by Si0, Using QCM-D and AFM -+ JIANG Jia-liang, WANG Lei, HUANG Dan-xi, et al. (4712)

Isolation of Quorum Quenching Bacteria and Their Function for Controlling Membrane Biofouling ZHAOQ Chang, WANG Wen-zhao, XU Qi-yong (4720)
Effects of Hydraulic Loading Rate on the Removal of Pollutants from an Integrated Biological Settling Tank «+«+:x+seseereeeeeserenenesiencnenns WANG Wen-dong, MA Cui, LIU Hui, et al. (4727)

Characteristics of Nitrobacteria in SBR with Trace N,H, Addition XIAO Peng-ying, ZHANG Dai-jun, LU Pei-li (4734)
Start-up of Partial Nitritation AGS-SBR and Analysis of Its Microbial Community Composition LU Hang, XIN Xin, GUAN Lei, et al. (4741)
(
(

Effects of PAHs Pollution on the Community Structure of Denitrifiers in a Typical Oilfield ««+vseeoeeeeereserenssiniiniiies YAO Yan-hong, WANG Ming-xia, ZUO Xiao-hu, et al. (4750)
Performance and Microbial Community Analysis of Bioaugmented Treatment of Diethyl Phthalate ( DEP) in Membrane Bioreactor «++++++++ ZHANG Ke, GUAN Yun, LUO Hong-bing, et al. (4760)
Comparative Analysis of the Bacterial Community on Anodic Biofilms in Sediment Microbial Fuel Cell Under Open and Closed Circuits +:«+seseeseesssreseserenemimeneniiininsnien
WU Yi-cheng, DENG Quan-xin, WANG Ze-jie, et al. (4768)
Anaerobic Biodegradability of Perfluorooctanoic Acid (PFOA) »erverereereeremenenmsinneinisiinecnes s+ LI Fei, CHEN Yi-dan, ZHOU Zhen-ming, et al. (4773)
Comprehensive Effects of the Application of Water and Fertilizer Amount on CO, Emission from Soils of Summer-maize Field -+ YANG Shuo-huan,ZHANG Bao-cheng, WANG Li,et al. (4780)
Spatial Heterogeneity of Soil Respiration in the Soil Erosion Area of West Mountains in Fujian Province, China YAO Xiong, YU Kun-yong, ZENG Qi,et al. (4789)
Comprehensive Risk Evaluation of Cadmium in Soil-rice System Based on Uncertainty Analysis - - YANG Yang, CHEN Wei-ping, LI Yan-ling, et al. (4800)
Fluorescence Properties of Glomalin and Its Relationship with Soil Physyicochemical Characteristics in Different Regions of Beijing ity ««+seseereessereseserenememenensenininennsininnensnen
............................................................................................................................................................... CHAI Li-wei, LIU Meng-jiao, JIANG Da-lin, ef al. (4806)
Spatial Distribution Characteristics of Heavy Metal Pollution and Health Risk in Soil Around the Coal Industrial Area of East Junggar Basin +«ereeseeesererenesienenennnnicnensininennnnens
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" LIU Fang, Tashpolat Tiyip, Ilyas Nurmamat, et al. (4815)

Characteristics of Microbial Nitrogen Degradation in Fluvo-aquic Soil of Hebei Plain ZHANG Can-can, PANG Hui-cong, GAO Tai-zhong, et al. (4830)

LIAO Xiao-yong, GONG Xue-gang, YAN Xiu-lan, et al. (4841)

Influence of Arsenate and Phenanthrene on Carbon-groups of Preris vittata L. Roots

Effect of Alkali Solids Amendment on Sewage Sludge Aerobic Composting and the Potential of Related Products on Infertile Soil Amelioration =~ «+e+sessesrereeesemenenenimenensnininensen
............................................................................................................................................................... CAI Han-zhen, NING Xi-cui, WANG Quan, et al. (4848

Adsorption and Influential Factors of Diuron on the Loess Soil by Adding Different Biochar Prepared at Varying Temperatures —««+veeseseeee SUN Hang, JIANG Yu-feng, SHI Lei-ping, et al. (4857

Characteristics of Heavy Metal Contents in Human Hairs of Mine Contaminated Areas in Nandan County «++++ TIAN Mei-ling, ZHONG Xue-mei, XIA De-shang, et al. (4867

Preparation of Mg-Al-Me(Me =La, Ce, Zr) Composite Oxides for Efficient Fluoride Uptake - WANG Ai-he, ZHOU Kang-gen, LIU Xing, et al. (4874
Fe-Mn Binary Oxide Impregnated Chitosan Bead (FMCB) ; An Environmental Friendly Sorbent for Phosphate Removal FU Jun, FAN Fang, LI Hai-ning, et al. (4882
Leaching Toxicity and Bioaccessibility of Heavy Metals in MSWI Fly Ash with Various Particle Sizes «+:eeseeeereressesesscienenes WANG Chun-feng, CHEN Guan-fei, ZHU Yan-chen, et al. (4891




CGIMERIZ)E 6 mAmEER

£ & BA
BIES: B RE BN

AN
=

%OE. (REREEHT)
3 \ uy -
TEVL EAR EUE EZZE HON B OoE LEE
= 2y Y7 3k ==y
FOKE KEE N s w0 RS ARE
RHEA B 2R R ORI Bk E W &
W N N> N V=3
BOW oMW R 4 W % B
-
w o a3 ENVIRONMENTAL SCIENCE
( H};J{AJ‘NJINC;;‘: KE)ﬁ(JLTJJE) (Monthly Started in 1976)
(HHl 1976 4% 8 UREID)
WI6E12HISH E37% B12 /ﬁﬁ(%é@) Vol.37 No.12 Dec. 15, 2016
+ & TEPER Superintended by Chinese Academy of Sciences
* i PEPB AR SR O Sponsored by Research Center for Eco-Environmental Sciences, Chinese
e B (UBHEENFE) Academy of Sciences
A6 50 T B 08 A5 P R 2R R 5Y B Co-Sponsored by Beijing Municipal Research Institute of Environmental
WOk o 2% IR OB 2% R Protection
* B OB School of Environment, Tsinghua University
. —;rﬁ (TR B %) G B2 Editor-in -Chief ~ ZHAO Jin-cai
. . s . Edited by The Editorial Board of Environmental Science ( HUANJING
BT 2871 (R4 (HUE DU 1
18 5, R4 : 100085 ) KEXUE) _
LT .010-62941102 .010-62849343 P. O. Box 2871, Beijing 100085 , China
1§E:010-62849343 ’ Tel :010-62941102,010-62849343 ; Fax:010-62849343
E-mail ;: hjkx@ rcees. ac. cn E-mail :hjkx@ ‘rcees. ac.en
hitp ://www. hikx. ac. cn http : //www. hjkx. ac. e¢n
H KR 44 3 " & m Published by Science Press
LBt 5 Mo AR AL i 16 = 16 Donghuangchenggen North Street,
WS . 100717 Beijing 100717, China
BN R 23T dvsdbAkenil)— Printed by Beijing Bei Lin Printing House
% 1T 4% 4 & K i Distributed by Science Press
FE 35 .010-64017032 Tel :010-64017032
E-mail ; journal @ mail. sciencep. com E-mail ; journal@ mail. sciencep. com
iT 1 & 2ELHARER)S Domestic All Local Post Offices in China
EShE&IT  HE EPRE A S E R RA T Foreign China International Book Trading Corporation ( Guoji
(b5t 399 f54) Shudian) ,P. 0. Box 399, Beijing 100044 , China
—erim  ISSN  0250-3301 s b O
nEHS ——————— X
RERETS: 1805 x EREZ RS 2-821
B A E fir:120.00 T ES&EITRS: M 205

BRSNS FET



	前
	页面提取自－环境科学2016年1-12期封面
	中目

	后
	英目
	页面提取自－hjkx1612封底




