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Transfer Characteristic and Source Identification of Soil Heavy Metals from
Water-Level-Fluctuating Zone Along Xiangxi River, Three-Gorges Reservoir

Area

XU Tao'?, WANG Fei’*, GUO Qiang’, NIE Xiao-qian®, HUANG Ying-ping’, CHEN Jun'

(1. College of Animal Science, Northwest A&F University, Yangling 712100, China; 2. Engineering Research Center of Eco-
environment in Three Gorges Reservoir Region, China Three Gorges University, Yichang 443002, China)

Abstract ; Transfer characteristics of heavy metals and their evaluation of potential risk were studied based on determining concentration
of heavy metal in soils from water-level-fluctuating zone (altitude;145-175 m) and bank (altitude;175-185 m) along Xiangxi River,
Three Gorges Reservoir area. Factor analysis-multiple linear regression (FA-MLR) was employed for heavy metal source identification
and source apportionment. Results demonstrate that, during exposing season, the concentration of soil heavy metals in water-level-
fluctuation zone and bank showed the variation, and the concentration of soil heavy metals reduced in shallow soil, but increased in
deep soil at water-level-fluctuation zone. However, the concentration of soil heavy metals reduced in both shallow and deep soil at bank
during the same period. According to the geoaccumulation index,the pollution extent of heavy metals followed the order; Cd >Pb > Cu
> Cr, Cd is the primary pollutant. FA and FA-MLR reveal that in soils from water-level-fluctuation zone, 75.60% of Pb originates
from traffic, 62.03% of Cd is from agriculture, 64. 71% of Cu and 75.36% of Cr are from natural rock. In soils from bank, 82.26%
of Pb originates from traffic, 68.63% of Cd is from agriculture, 65.72% of Cu and 69.33% of Cr are from natural rock. In
conclusion, FA-MLR can successfully identify source of heavy metal and compute source apportionment of heavy metals, meanwhile the
transfer characteristic is revealed. All these information can be a reference for heavy metal pollution control.

Key words : Three Gorges Reservoir area; water-level-fluctuating zone ; heavy metal ; transfer characteristic; FA-MLR
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Table 1  Consulted value of heavy metals/mg-kg "
WiH Pb cd Cu Cr

1
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Table 2 The I;S" and contamination grades of heavy metals
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Table 3 Comparison of heavy metal contents in the water-level-fluctuating zone of Xiangxi River/mg-kg ™'

; EEEGE
=3 e b= Pb Cd Cu Cr
6 )2 45.73 £16.00 0.82 +0.30 44.59 +9.55 104.53 £24.77
Wi Tz 47.76 £18.59™ 0.70 £0.17™ 41.39 £5.60™ 105.73 £7.32™
9 )2 38.90 £11.03™ 0.76 £0.19™ 32.59+£9.55" 131.19 £23.97 "
Tz 50.40 =13, 44 1.10 £0.41%* 46.33 +8.40™ 154.20 £30.23%* *
6 )2 73.41 £15.18 1.10 £0.25 37.47 £4.92 101.09 +30.58
P T2 14.48 £3.37% 0.84 +0.27™ 22.64 +4.93™ 152.68 +47.95™
9 L)z 36.50 £16.83 " " 0.97 +0.31" " 36.48 +6.70 " * 110.70 +49.15™
T2 7.46 £2.82%** 0,62 +0.16™* 24.69 £4.29™" " 125.93 £25.28"™"

1) B2 R, V359108 + AR 20 R v AR R RIS B R 2 R E S8 & BT A (ns 8 P >0.05, #3878 P <0.05,#K£7R P
<0. 01 ARic T T ZME L) 43 0% T 0 FVZE R W] 2R A R e T 4 8 & BT LR (ns AR P >0.05, # FI/R P <0.05, * * F/R P <
0.01,pRic M+ 9 AME )
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Fig. 1 Distribution of soil heavy metals at different elevations, soil depths and periods
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Table 4 The Igso and contamination grades of soil heavy metals

M B BT 1.,/ T3 R 2R

gk T +)2 o o o o
i L2 0.36/1 2.07/3 0.25/1 -0.16/0
Wi T2 0.41/1 1.84/2 0.14/1 -0.15/0
= L2 0.12/1 1.96/2 -0.20/0 0.16/1
T2 0.49/1 2.52/3 0.31/1 0.40/1
oI L2 1.04/2 2.49/3 0.00/0 -0.21/0
e T2 0.03/1 2.32/3 -0.04/0 -0.08/0
El L2 -1.31/0 2.10/3 -0.73/0 0.38/1
T2 -2.26/0 1.66/2 -0.60/0 0.11/1

TEW AR P, Cd BTSSP 2 ~3 9,1 N2 9 Jm P a5y, TRk 1 9%, )8~ -
FriFo i 4 PG m b s R R e R s ys P TS I vk TR R R BT ERACN 0 9, B
QR P TEk PRI L2 LIPS A5 g Ot TEIHTEAER D 1 9 IR Je-rh ST . R
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Table 5 Varimax rotated factor loading (PCA) and identified sources of heavy metals in soils

. i T
Factorl Factor2 Factor3 Factorl Factor2 Factor3

Pb 0.07 0. 83 0.92

Cd 0.74 0. 30 0.91 0.13 0.09

Cu 0.19 0.71 0.13 0. 81

Cr 0. 80 0.67

TP 0.12 0.94 0.12 0.12 0.91

TOC 0.98 0.08 0. 84

TN 0.91 0.15 0.93

BN 3.20 1.75 1.13 2.21 1.88 1.43

2 % 32.50 29.79 24.59 30. 60 26.16 22.01

SRR/ % 32.50 62.29 86. 88 30. 60 56.76 78.77
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Table 6  Source contribution and the estimation to observation ratios (£/0) of heavy metals using factor analysis-multiple linear regression ( R?)

v el % AL % ZE/ % Hoft E/0 R
Pb 6.32 12.69 75. 60 5. 39 1.00 0.83
Cd 62.03 8.70 22.35 6.92 1.01 0.95
Cu 15.21 64.71 11.20 8. 88 1.00 0.73
Cr 9.50 75.36 12.09 3.05 0.99 0.94
JE b/ % 33/ % KA % HAth E/0 R
Pb 3.17 82.26 10. 43 4.14 1.00 0.85
Cd 68. 63 23.51 6. 95 0.91 1.02 0.89
Cu 9.19 65.72 21.34 3.75 1.00 0.94
Cr 6.79 19. 81 69.33 4.07 0.99 0.94
. [ 5] Fernandes H M. Heavy metal distribution in sediments and
3 gﬁl/k’\ ecological risk assessment; the role of diagenetic processes in
E%g?ﬂiﬁbﬁ ’ Eé‘z_\)ﬁ. }AE:F}% I_EJ Zﬁ?é%ﬂ:iz , néj reduci.ng metal loxicily in bottom sediments[ J]. Environmental
i A - s s N Pollution, 1997, 97(3) : 317-325.
%WEJZE W‘F};i%{iﬁ ’ {ﬁ%?ﬁ'(@ﬂ(}aﬁf RE= [ 6 ] Facchinelli A, Sacchi E, Mallen L. Multivariate statistical and

BRI KR TS ETS Y. R0 HIE S S R is e
BB NEGICE A Cd, H 32 U5 A Rl T 5.
T AT -2 o4 AR B[] U5 ] DAAR 47 b 3 5] 45 ¥ 4
JE IR, ITREATALL 25 R Y TR L . TR T 7%
i S A A e ORI TR T IR | A8 E AN
H AR 41 XU, AS BIF 5 45 SR 45 75 15 Tl it k- 4
H4 w15 Y B IR SR A RS2

¢

(1] R, X025, Bhae . =4 X 9 9 i B 5 %3 SR o8
[J]. LR, 2006, 22(4) ; 378-381.

MR X02E, FAE. SR N T R HEAN R K A
HTFMEMNARSEWRAEBMT]. BRI 2E M,
2009, 29(9) ; 2003-2009.

IR TR X I A AR S IR A B S R [T ], K
RIS B BEdi, 2004, 21(2) ; 33-34.

Micé C, Recatald L, Peris M, et al. Assessing heavy metal

(2]

(3]

[4]
sources in agricultural soils of an European Mediterranean area by
Chemosphere, 2006, 65 (5) . 863-

multivariate analysis [ J].

872.

GIS-based approach to identify heavy metal sources in soils[ J].
Environmental Pollution, 2001, 114(3) ; 313-324.

Zhou F, Guo H C, Liu L. Quantitative identification and source
apportionment of anthropogenic heavy metals in marine sediment
of Hong Kong[ J]. Environmental Geology, 2007, 53(2): 295-
305.

Fv, T, =W, S =R X 5 R R KA e A
BT R R RS R [ 7], FRBERLE, 2012, 33(2)
612-616.

XUANEL, BT, TLEE.
TE B e R PP [J].
1211.

KT, ZRAESC, BT, SE. ST E I MK X E VR
T IEE RG]
(12): 3021-3029.

R, BEUIE, A, & ZWoKEREEW LK IR RS
FEEREBOIS (1] RBCRILR A, 2010, 38(20):
10783-10784.

=g PR X A S A e 4 A
FHEREERLE, 2011, 31(7) ; 1204-
iR
BEERL 4R, 2012, 32

[10]

[11]

[12] YeC, Li SY, Zhang Y L, et al. Assessing soil heavy metal

pollution in the water-level-fluctuation zone of the Three Gorges



1508 woom OB % 35 %
Reservoir, China[ J]. Journal of Hazardous Materials, 2011, [J]. ANREIT, 2012, 43(23): 57-61.
191(1-3) : 366-372. [22] &J5%, ERIER, W%, 55 =W X% XOKIETTRY)
[13] MR, W, MR, 45, =Wk B 2K Xl %7 L3 A BT BERAEL)]. R, 2009, 30(12) ; 3482-
SEEEm )], LA, 2011, 48(1) : 192-196. 3486.
[14] Zhang W G, Feng H, Chang J N, et al. Heavy metal [23] REMR, L%, MgAZR, 55 =W XAFRMHE X HEE S
contamination in surface sediments of Yangize River intertidal EE%‘SW@}WNJ] ﬂ:i‘%ﬂiﬁﬂ:%, 2011, 24(11) . 1318-
zone: an assessment from different indexes [ J]. Environmental 1324.
Pollution, 2009, 157(5) : 1533-1543. [24] EBEBH, MR, 855, 5. SRS 2 MK S -
(157 ZEJ5F. A IR DX Hh R K A4 1 43 5 YR i B At 2 I 1A ST G )R A A RIE R HSE R R [ 1], K R AR, 2010,
SE[D]. A SRR, 2012, 46-56. 17(6) . 267-271.
[16] 555A%. HHERMAHTFMIM]. Jbat: Rl iR, 1988. (251 #hwe2s, ARG, SOOI, 45 TG T A8 A AT
204-213, 229-275. MHFWHZE[T]. ESHEE¥W, 2009, 18 (4): 1266-
[17] Miiller G. Index of geoaccumulation in sediments of the Rhine 1273.
River[J]. Geojournal, 1969, 2(3): 108-118. [26] Jh/NE, HHEEA, SR, —WOKENE X AERTEE RS
(18] JE¥s, #him ¥, £J5. ZWefEX 5 H &R i s ErsE [ 1], FIRIXFSRBEFE [J]. K R FE2= 4, 2006, 20 (2): 165-
A AR AR, 2008, 16(4) ; 848 -852. 169.
(197 REutg, EBEZE, M0k, % =W XK K BRI 1 [27] #JCHR, Paterson E, Campbell C. 317 + b &4 @It £ 1
Hewy e B K S SR A IR (). K RO AR, 2009, 23 TR HAAE YIRS [ 1], 3REERL#, 2001, 22(3) : 44- 48.
(5): 156-161. [28] Z=hke, PRIEDGE, A, 458 dbntdlkii ) 3 Rome il & 4 (K
[20] Wiseman C L S, Zereini F, Piittmann W. Traffic-related trace Y4 JE K SRR (1], HERBESY, 2010, 29(6) -
element fate and uptake by plants cultivated in roadside soils in 989-996.
Toronto, Canadal J]. Science of the Total Environment, 2013, [29] Tam N F Y, Wong Y S. Spatial variation of heavy metals in

[21]

442 . 86-95.
ETV, L, PRAEAR. T BRI R AR o X

surface sediments of Hong Kong mangrove swamps [ J ].

Environmental Pollution, 2000, 110(2) : 195-205.



HUANJING KEXUE Vol.35  No.4

Environmental Science ( monthly) Apr. 15, 2014

CONTENTS

Analysis of Characteristics of Black Carbon Concentration in Shanghai from 2008 to 2012 «+eseereresresesessrsssnnsinisiinine WANG Hong-giang, HE Qian-shan,CHEN Yong-hang, et al. (1215)
Chemical Characteristics and Insoluble Particulates’ Surface Morphology of a Snowfall Process in the Southeastern Suburb of Urumgi ~ ++++++++-- LU Hui, WEI Wen-shou, CUI Cai-xia, et al. (1223)
Comparative Study of the Level and Distribution of Polybrominated Diphenyl Ethers and New Brominated Flame Retardants in the Atmosphere of Typical Urhan = «+seseeeeesesersenesiennennenen
........................................................................................................................................................................... WU Hui, JIN Jun, WANG Ying, et al. (1230)
Source and Health Risk Assessment of Heavy Metals in Ambient Air PM from One Coking Plant ««+s+esreerersrssresrsssrseicnnsninenenne DONG Ting, LI Tian-xin,ZHAO Xiu-ge, et al. (1238)
Estimation of Average Traffic Emission Factor Based on Synchronized Incremental Traffic Flow and Air Pollutant Concentration ~ +++++++sxsseseeseeses LI Run-kui,ZHAO Tong, LI Zhi-peng,et al. (1245)
Study on Critical Loads of Sulfur and Nitrogen in the Pearl River Delta «++sseseesrereeresremenensnmiininiiiiiii SUN Cheng-ling, XIE Shao-dong ( 1250 )
Hydrogen Sulfide Removal by the Combination of Non-Thermal Plasma and Biological Process ««+«+sssseseeseserersnsimncnsnnsinicnenes LI Hua-qin, HE Jue-cong, CHEN Zhou-yang, et al. (1256)
Spatial Distribution and Risk Assessment of Atrazine in Taizi River Basin, China «eeeoereereeressemenenmimeneneniinnens ZHENG Lei, ZHANG Yi-zhang, ZHANG Yuan, et al. (1263)
Development of a Method for Measuring Dissolved Reactive Phosphorus (DRP) and Dissolved Ferrous Iron in Large Batch in Pore Water Samples of Sediments with Micro-volumes +++++++++++
..................................................................................................................................................................... WANG Yan, ZHU Chun-gang, XU Di, et al. (1271)
Temporal and Spatial Variation of Water Nutrient Level After Exogenous Nutrient Input —-+eeeeeseesererssssssnennininiininsissienen FU Ling, ZHAO Kai, WANG Guo-xiang, et al. (1278)
Physical Process Based Risk Assessment of Groundwater Pollution in the Mining Area «««sessesesesesresesnnsinninniin SUN Fa-sheng, CHENG Pin, ZHANG Bo ( 1285)
Hydrogeochemical Characteristics of a Typical Karst Groundwater System in Chongqing YANG Ping-heng, LU Bing-qing, HE Qiu-fang, et al. (1290)
Investigation of Nitrogen, Phosphorus and Microbial Contamination in Laolongdong Underground River System of Chongging -++++++++++++- LAN Jia-cheng, YANG Ping-heng, REN Kun, et al. (1297
Effects on Phosphorus Fraction Distribution in Sediment by Roots of Vallisneria natans +++++++++++eeeessesnessssssseseninennininennne LI Zhen-guo, WANG Guo-xiang, ZHANG Jia, et al. (1304
Modeling Nitrogen Transformation in a Novel Circular-Flow Corridor Wetland — ++e-xeseeseeressssesmesnsnsnsmninsssneeen PENG Jian-feng, SONG Yong-hui, YUAN Peng, et al. (1311
Natural Attenuation of Tetracycline in the Water of Taihu Lake Under Different Environmental Conditions +++ DUAN Lun-chao, WANG Feng-he, JI Ying-xue, et al. (1318
Inactivation and Reactivation of Antibiotic-Resistant Bacteria During and After UV Disinfection in Reclaimed Water =~ «««+eeeseeeeeereeneess HUANG Jing-jing, TANG Fang, XI Jin-ying, et al. (1326
Photoreactivation of Escherichia coli and Enterococcus faecalis in the Secondary Effluent Disinfected by UV-Ti0,  +reereeeeresresivneeenenne WANG Xi-feng, GONG Xin, HU Xiao-lian, et al. (1332
Stability of Cg(, Nanoparticles in Aquatic Systems ««+«+tsssesessesrertosestnmi ittt FANG Hua, SHEN Bing-bing, JING Jie, et al. (1337
Fouling Behavior of Sodium Alginate During Microfiltration at Various lonic Compositions; XDLVO Approach — +«+-sssesseesesseseeeenes ZHAO Ying-xu, ZONG Rui-qiang, GAO Xin-yu, et al. (1343
Enhanced Remediation of 4-Chloronitrobenzene Contaminated Groundwater with Nanoscale Zero-valence Iron (nZVI) Catalyzed Hydrogen Peroxide (Hy0,)  +eoreeeeseesseseenees FU Rong-bing ( 1351
Effect of the Coexistence of Chlorobenzene Homologue on Anaerobic Degradation of Hexachlorobenzene «++:t-seseseeesessesvsesininsinisneneinienen WANG Qi, LIU Hui, JIANG Lin, et al. (1358

Research on Removal Efficiency of Cd( Il ) -bearing Wastewater by Sulfate-reducing Biological Filter «++- WU Xuan, TAN Ke-yan, HU Xi-jia, et al. (1366

Control Strategies of Nitrogen Removal Process in a Pilot Test of the Southern WWTP Based on the Nitrogen Balance ~ ++++++++++ * JIANG Ying-he, LIU Pei-ju, WANG Lei, et al. (1372
Effect of Simulated Inorganic Anion Leaching Solution of Electroplating Sludge on the Bioactivity of Acidithiobacillus ferrooxidans «++++++++++seesees CHEN Yan, HUANG Fang, XIE Xin-yuan ( 1377
Microbial Reduction of Cu®* Mediated by Electroactive Biofilms +++++++sveeesusessesisssiiniiiiiiii LIU Yi, ZHOU Shun-gui, YUAN Yong, et al. (1384
Copper Recovery from Artificial Bioleaching Lixivium of Waste Printed Circuit Boards «+:essessereereseremensssnenenninininninens CHENG Dan, ZHU Neng-wu, WU Ping-xiao, et al. (1391
Difference of Contaminant Composition Between Landfill Leachates and Groundwater and Iis Reasons «++reseseesessesnersenssenenenissneinennen HE Xiao-song, YU Hong, XI Bei-dou, et al. (1399
Photochemical Degradation of Landfill Leachate Facilitated by Combined Schwertmannite and Hy0, ««+xeresresrereeseresnsssiensiennneneenn WANG He-ru, SONG Yong-wei, XU Zhi-hui, et al. (1407
Effects of Operating Parameters on Organic Toxicity of Sludge Treating Synthetic Bisphenol A Wastewater -++:esseeesersesesesessnsnnnenee YANG Na, CHEN Xiu-rong, LIN Feng-kai, et al. (1414
Comparative Study on Biological Methane Potential and Methanogen Biodiversity in the Anaerobic Digestion of Excess Sludge «+«++xtsveeseesresnervsissenensininninennns DONG Hui-yu, JI Min ( 1421

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

Isolation and Identification of Mn Oxidizing Bacterium Aminobacter sp. Hl and lis Oxidation Mechanism =+ ** YAN Ping, JIANG Li-ying, CHEN Jian-meng, et al. (1428
Nitrate Removal by a Strain of Nitrate-Dependent Fe( Il ) -Oxidizing Bacteria «+++++++sssesesssesesssssimisimiiiiiiiis WANG Hong-yu, YANG Kai, ZHANG Qian, et al. (1437
Study on the Iopromide-Degrading Characteristics of Strain Pseudomonas sp. 1-24 via Co-Metabolism «+v+reeseesesrerereremienenenninineninnen XU Bing-jie, GAO Pin, XUE Gang, et al. (1443
Using Flow Cytometry to Explore the Changes of Sphingomonas sp. GY2B Bacterial Surface Characteristics in the Process of Degrading Phenanthrene —««+s+-sesesseseerseneenenenensnniinsnnn
ZHANG Meng-lu, DANG Zhi,WU Feng-ji, et al. (1449)
Research on Characteristic of Interrelationship Between Toxic Organic Compound BPA and Chlorella vulgaris ««+++++++seseereesessesereenees CHEN Shan-jia, CHEN Xiu-rong, YAN Long, et al. (1457)
Effect of Magnesium Deficiency on Photosynthetic Physiology and Triacylglyceride( TAG) Accumulation of Chlorella wlgaris «++++++++ WANG Shan, ZHAO Shu-xin, WEI Chang-long, et al. (1462)
Effects of Microcystins on Growth and Antioxidant System of Rice Roots «++++stssesresrssersssssmssneneinimncnsnininnesisn s WANG Wei-min, DENG Yu, ZOU Hua, et al. (1468)
Responses of Soybean Cultivar Dongsheng-1 to Different 04 Concentrations in Northeast China «+«exteeeseereseersssseneneenes ZHANG Wei-wei, WANG Guang-hua, WANG Mei-yu, et al. (1473)
Development and Succession of Biological Soil Crusts and the Changes of Microbial Biomasses -+ WU Li, ZHANG Gao-ke, CHEN Xiao-guo, et al. (1479)
Effects of Lead on the Growth and Reproduction of Eisenia fetida with Aged Soils — «+eseereereerseesemenenminensnninieeens CHEN Li-hong, LIU Zheng-tao, FANG Zheng, et al. (1486)
Soil Heavy Metal Cadmium Standard Limit and Range of Background Value Research «+«+eseeeeeerevsesemsnninsnenninnen ZHAO Xiao-jun, LU Si-jin, XU Ren-ji, et al. (1491)
Study on Soil Element Background Values of the Hoh Xil Area in North Tibet BAI Jian-kun, WANG Jian-li, LI Chao-liu, et al. (1498)
Transfer Characteristic and Source Identification of Soil Heavy Metals from Water-Level-Fluctuating Zone Along Xiangxi River, Three-Gorges Reservoir Area ««+seseeseesesersenseesiencneneens
........................................................................................................................................................................... XU Tao, WANG Fei, GUO Qiang, et al. (1502)
Heavy Metal Pollution Characteristics and Ecological Risk Analysis for Soil Around Haining Electroplating Industrial Park -+eesseereeeeeeees LI Jiong-hui, WENG Shan, FANG Jing, et al. (1509)
Sources and Spatial Distribution of Typical Heavy Metal Pollutants in Soils in Xihu Scenic Area ««+«eseseeseereess + ZHANG Hai-zhen, TANG Yu-li, LU Jun, et al. (1516)
Distribution and Assessment of Mercury in the Ambient Soil of a Municipal Solid Waste Incinerator - * XIE Hui-ting, ZHANG Cheng-zhong, XU Feng, et al. (1523)
Phosphorus Adsorption Characteristics of Soils and Sediments Surrounding Dishui Lake in Shanghai -+ ZHUGE Xiang-zhen ,BI Chun-juan,CHEN Zhen-lou, et al. (1531)
Tmpact of SDBS/Na * on Red Soil Colloidal Stability «++rssssrersssrsrsrssmmmmmmnmissiiiss e TANG Ying, LI Hang, ZHU Hua-ling, et al. (1540)
Effects of Stabilization Treatment on Migration and Transformation of Heavy Metals in Mineral Waste Residues — «++veeeeeseesveeeees ZHAO Shu-hua, CHEN Zhi-liang, ZHANG Tai-ping, et al. (1548)
Study on a New Method of Fast Monitoring Toxicity of Cd? * by Algal in Water —«+++eseeesesusesnsnnnsis DUAN Jing-ho, LIU Wen-qing, ZHANG Yu-jun, et al. (1555)
Immunosensor for Rapid Detection of 1,3-Dinitrobenzene ««+:«+sessesrerseesenenmssminensnsiniis e LONG Feng, SHI Han-chang, WANG Hong-chen, et al. (1561 )
Mg/ Al Layered Double Hydroxides Prepared by Microwave-Assisted Co-Precipitation Method for the Removal of Bromate — «+++sessesrerserseesenenenisinencnnsennes ZHONG Qiong, LI Huan ( 1566 )
Discussion on Several Key Points of Decision Support System for Remediation of Contaminated Sites ++:«++eseeesersserresiessnssnennenennen LIAO Xiao-yong, TAO Huan, YAN Xiu-lan, et al. (1576)
A Review of Multi-Scale Studies on Spatial Variation of the Lead (Ph) Concentration in Uthan Soils -+ *+ YANG Meng, LI Feng-ying, DIAO Yi-wei, et al. (1586)
Review on Characteristics and Detecting Assay of Bacterial Endotoxin Contamination in Water Environment ««+«+seseereerseesesenees ZHANG Can, LIU Wen-jun, ZHANG Ming-lu, et al. (1597)
Advances in Molecular Mechanism of Bacterial Reduction of Hexavalent Chromium «++«++ssssesseerssrinmnmsnimmmnmi LI Dou, ZHAO You-cai, SONG Li-yan, et al. (1602 )
Anaerobic Membrane Bioreactors for Treating Agricultural and Food Processing Wastewater at High Strength «+-«+««sxereereeererenenesienicnenniinicnens WEI Yuan-song, YU Da-wei, CAO Lei (1613)



E % K

(CAEMEFEYE 6 BREZERS

FH H i

BIES: B RE BN
wOE. (FHEREEHT)

JIEIL TR THLE
doAE  AEHE BT
BRFHAZ &5 %2 M

N OO G

w#H A7

(HUANJING KEXUE)

T2
s

TR

H W
i A
T
o AR

M siEZE
Jlssan R
K W OE

ENVIRONMENTAL SCIENCE

(Monthly Started in 1976)

(HT 1976 48 HAIT)
01444 B15H 35% 541 Vol.35 No.4 Apr. 15, 2014
F & 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
e % Bk A School of Environment, Tsinghua University
. —;rﬁ (TR BT %) 40 B2 Editor-in -Chief OUYANG Zi-yuan
JLEeT 2871 (4 ( (’fim&lZXX{*‘E% Edited by The Editorial Board of Environmental Science ( HUANJING
TN 5} H
. KEXUE
18 5, R4 : 100085 ) ) _
M1 .010-62941102 .010-62849343 P. 0. Box 2871, Beijing 100085 , China
B .010-62849343 ’ Tel :010-62941102,010-62849343 ; Fax:010-62849343
E-mail ; hjkx@ rcees. ac. cn Fi-mail : hjlx@ ‘rcees. ac.cn
http : //www. hjkx. ac. cn hitp . //swww. hjkx. ac. cn
H KR 44 3 " & m Published by Science Press
LBt 5 Mo AR AL i 16 i 16 Donghuangchenggen North Street,
ZIN N B
tﬂgﬁéﬁﬁ% 100717 Beijirlg 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
EsrB&EIT hEERERR S SA R Foreign China International Book Trading Corporation ( Guoji

(L5t 399 f546)

Shudian) ,P. O. Box 399, Beijing 100044 , China

ERRATIS
B E N

ISSN  0250-3301
CN  11-1895/X

90. 00 7T
B FEIT

ER ALK S 2-821
ESEITR S M 205



	封面.pdf
	20140444.pdf
	封底.pdf



