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Modeling and Dynamic Simulation of the Multimode Anaerobic/Anoxic/Aerobic

Wastewater Treatment Process

ZHOU Zhen', WU Zhi-chao’, WANG Zhi-wei’, DU Xing-zhi’, JIANG Ling-yan’, XING Can'

(1. College of Environmental and Chemical Engineering, Shanghai University of Electric Power, Shanghai 200090, China; 2. State
Key Laboratory of Pollution Control and Resource Reuse, College of Environmental Science and Engineering, Tongji University,
Shanghai 200092, China; 3. Shanghai Chentou Wastewater Treatment Limited Company, Shanghai 201203, China)

Abstract: Mathematical modeling is a useful tool for professional education, process development, design evaluation, operational
optimization and automatic control of the wastewater treatment system, and has been extensively applied in numerous full-scale
wastewater treatment plants. The ASM2d model was calibrated by the process data, and used to simulate 15 operational test runs of the
multimode anaerobic/anoxic/aerobic (AAQ) process. After calibration, the model was capable of simulating the sludge concentrations
and effluent data in 15 test runs of the multimode AAO system. The dynamic simulation results showed an overall good agreement
between the measured and simulated data, for both effluent data and sludge concentrations, with a good reproduction of dynamic
processes in AQ test runs.

Key words : wastewater treatment; simulation; activated sludge; mathematical model; anaerobic/anoxic/aerobic process
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Table 1  Operational parameters and influent pollutants of pilot-scale multimode AAO test runs
BT . n BITRE K SRT  f r R CoD S Sxo TN Spo TP Xoss
[ 5N 7 /d /C /d /% /% /% /mg-L7! /mg-L~" /mg-L~! /mg-L~! /mg-L~! /mg-L~! /mg-L"!
P1 25 19.5~23.5 15 100 — 100  243.2 23.07 0.92 32.94 1.48 3.39 123.3
P2 35 15.0~19.5 15 100 — 50 287.6 25.52 0. 65 35.39 1.48 3.55 108. 4
AO P3 25 11.9~14.2 15 100 — 25 292.2 27.52 0.74 35.69 1.31 3.41 184.0
P4 60 16.8~25.0 10 100 — 50 273.3 27.78 0.36 34.75 1.88 3.51 128.3
P5 60 24.2~30.0 20 100 — 50 234.1 26.34 0.54 31.35 1.67 2.75 119.7
R1 35 19.5~23.5 15 50 50 100 241.0 22.70 0.82 32.31 1.50 1. 60 112.0
R2 35 15.0~19.5 15 30 50 50 287.6 26.28 0.65 35.39 1.48 3.55 131. 4
F'E R3 25 11.9~14.2 15 30 25 25 292.2 28.39 0.74 35.69 1.31 3.41 140.0
AAO R4 55 16.8~24.0 10 30 25 25 276. 1 28.28 0.45 34.78 1.83 3.48 163.3
R5 85 24.0~30.0 20 30 25 25 234.7 24. 47 0.50 31.70 1.70 2.90 131.2
Cl1 35 19.5~23.5 10 100 100 60 253.0 24.99 0.51 31.65 2.16 3.71 130.6
c2 45 15.8~22.0 15 100 200 30 289.8 22.25 0.57 33.63 1.49 3.57 183.7
AAO (3 65 22.0~30.2 10 100 200 30 259.6 23.9 0.73 30. 68 1.82 3.11 154.9
C4 75 18.5~25.2 20 100 100 30 256.7 24.42 0.69 31.70 1.67 3.26 192.3
C5 45 17.6 ~25.4 15 100 200 60 289.8 26.77 0.42 33.63 1.49 3.57 183.7
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Table 2 Calibrated and default parameters of the process model
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ip,xs Xs B9 P & H[m(P)]/[m(COD) ] gog! 0.01 0. 005
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for 15 multimode AAO test runs
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Fig. 4 Measured and simulated sludge concentrations of test run P2

FS(a) Fiid T T80 P2 X B FULE AN S 0 {E
f7284k. T P2 B 16 d, SVI(49.8 mL-g™') T
Jai(41.3 mL-g ") @G K XBAK mT
K X R MR BE XL RERRE S 50y, 1972846+ 43
FA TR L Bh A AU R U B B E v,
Jitk 16 d EiJa y, 233580, 021 6 F10. 007 2.
FZ TG X ARD K 16. 8% iR 228 T UTRE
PEREIE BRI 14 d T 16 d, {EAED) 28 A 7] iz
W SS (AR k3.

K 5(b)XF e T T8 P2 HiK COD S AE A 3k
SHEPMERAE L. K IEJG ) T AR RE coD 1Y
ARD {7 11.3% , H %5 27 d 92 {4 (80.2
mg- L) BB, WHIKADKE, T S, 1ER



1446 ®

G PG R A th 3R TR R IR0 IR A
7K COD H iy i LUl /&7, 3 55 SCHR [ 16,22 ] HiRiE 45
WAL

K EEEPEFE bR TN F1 TP ] F T 2 48 sk i
RRBESCR N, B S (c) %, K TN #EE R
BUME 5 SCMME LA W) &, T00 P2 sh B
ARD 4 6. 12% . [fii TP ZhZBHUA9 ARD 4 14. 8%
TUREPERED SRRy 14 d F1 16 d DAKEE 27 d AR
ZEK. (HBhAS RN N 2 AR BEAS S TP A9 31k 3
HEF L H K SS P Eh X TP f B E M [ S
() ]. BLETH P2 &5 15 d TP HRIUE I =
FSLME, X AT REJE R T E 15 d SEPRIBE RS
15. 0°C, MR 43R E 17.3C. T X, )8
FHEE AN > >, DI S sl i i B ik R 23 ik
i TR,

Arss Imng']

COD/mg-L™!

TN/mg-L™!

TP/mg-L™!

0
0 5 10 15 20 25 30 35
I i)/d
BE5 T P2 KHAGREEEREUES S SERER XL
Fig. 5 Measured and simulated effluent composite

variables of test run P2

B 34 %
3 i

DIMEE AAO B BB X ASM2d B A3 A 7
KEIE , FFR e IEAL R T 28050 AAO R4 3 A1
15 ASTH BB 15 A4S T80 75 P & Al H 7k K
J I RRALL 48 SRR B A% IE S A Y i R S L A
FRAESTIE 95% MBS IX T . X A0 BEX A 32
RIADL 25 R I BRI IE 5 ARSI AR 26 5 7K X s
COD ., TN #1 TP VL KI5 Be i 4 15 Ve i A8 Ak #a HAH
— B, WAL S LA R ) M
C eS¢
[1] Gernaey K V, Van Loosdrecht M C M, Henze M, et al.

Activated sludge wastewater treatment plant modelling and

simulation; State of the art[J].
Software, 2004, 19(9) ; 763-783.

Environmental Modelling &

[ 2] Makinia J, Rosenwinkel K H, Spering V. Long-term simulation
of the activated sludge process at the Hanover-Giimmerwald pilot
WWTP[J]. Water Research, 2005, 39(3) ; 1489-1502.

[ 3] Henze M, Gujer W, Mino T, et al. Activated sludge models
ASM1, ASM2, ASM2d and ASM3 [ R]. London: TAW
Publishing, 2000.

(47 JA¥, &8, BIEYgE. ST 08 R 50 S n T 5T ik e
[J]. PEZKHK, 2010, 26(4) : 1-5.

[ 5] Salem S, Berends D, Heijnen J J, et al. Model-based evaluation
of a new upgrading concept for N-removal[ J]. Water Science and
Technology, 2002, 45(6) : 169-176.

[ 6] Morgenroth E, Arvin E, Vanrolleghem P. The use of
mathematical models in teaching wastewater treatment engineering
[J]. Water Science and Technology, 2002, 45(6) ; 229-233.

[7] Hao XD, Van Loosdrecht M C M, Van Meijer S C F, et al.
Model based evaluation of two BNR processes-UCT and A, N[ J].
Water Research, 2001, 35(12) ;. 2851-2860.

[ 8] b, PATE, TKEF, 5. RHECH B AR TR 0E
ZHEE KT ALY, P ESKHEEK, 2007, 23(16) ; 25-
29.

(9] AR, BRI, BRPEEE, 45 MGG MET5 R COD £BR M
JRR G B[ )], FREERL £ 224, 2002, 22 (4) : 448-
453.

[10] NiB]J, Xie W M, Liu S G, et al. Modeling and simulation of
the sequencing batch reactor at a full-scale municipal wastewater
treatment plant[ J]. AIChE Journal, 2009, 55(8) : 2186-2196.

[11] Xie WM, Zhang R, Li W W, et al. Simulation and optimization
of a full-scale Carrousel oxidation ditch plant for municipal
wastewater treatment [ J ]. Biochemical Engineering Journal,
2011, 56(1-2) . 9-16.

[12] Shen W H, Chen X Q, Corriou J P. Application of model
predictive control to the BSM1 benchmark of wastewater treatment
process[ J]. Computers and Chemical Engineering, 2008, 32
(12) . 2849-2856.

[13]  Ja¥, R, E&fh, & BT TS VB B 5K



4 34

JAPRAS . AR A SR A A T5 KA B T 2 A 5 5 sh S

1447

[14]

[15]

[16]

[17]

[18]

COD 4347y I O5EL)]. B, 2010, 31(6) : 1478-
1482.

Zhou Z, Wu Z C, Wang Z W, et al. Simulation and performance
evaluation of the anoxic/anaerobic/aerobic process for biological

nutrient removal[ J]. Korean Journal of Chemical Engineering,

2011, 28(5) : 1233-1240.

Zhou Z, Wu Z C, Gu G W, et al. Parameter estimation protocol
for secondary clarifier models based on sludge volume index and
operational parameters [ J ]. Asia-Pacific Journal of Chemical
Engineering, 2011, 6(3) : 266-273.

Nuhoglu A, Keskinler B, Yildiz E. Mathematical modelling of
the activated sludge process-the Erzincan case [ J]. Process
Biochemistry, 2005, 40(7) : 2467-2473.

Kargi F, Uygur A. Nutrient removal performance of a sequencing
batch reactor as a function of the sludge age[ J]. Enzyme and
Microbial Technology, 2002, 31(6) ; 842-847.

Lee J K, Choi C K, Lee K H, et al. Mass balance of nitrogen,
and estimates of COD, nitrogen and phosphorus used in microbial
synthesis as a function of sludge retention time in a sequencing
batch reactor system [ J ]. Bioresource Technology, 2008, 99
(16) ; 7788-7796.

Verdickt L, Smets I, Van Impe J. Sensitivity analysis of a one-

[20]

[21]

[22]

(23]

[24]

dimensional convection-diffusion model for secondary settling
tanks[ J ]. Chemical Engineering Communications, 2005, 192
(12): 1567-1585.

JaPe, Rk, FiMA, & TRk A
COD AR5 [ ], FEERLEE, 2009, 30(1) : 75-79.

JdR, R, EEM, & EAK T EREE A LY AR
FRI 5 T ik S et e (1] Tk 4L, 2010, 30(10)
17-20.

Roeleveld P J, Van Loosdrecht M C M. Experience with
guidelines for wastewater characterisation in the Netherlands[ J].
Water Science and Technology, 2002, 45(6) . 77-87.

Panswad T, Doungchai A, Anotai J. Temperature effect on
microbial community of enhanced biological phosphorus removal
system[ J]. Water Research, 2003, 37(2) ; 409-415.

Panswad T, Tongkhammak N, Anotai J. Estimation of

intracellular phosphorus content of phosphorus-accumulating

organisms at different P; COD feeding ratios [ J]. Journal of
Environmental Management, 2007, 84(2) ; 141-145.
Lopez-Vazquez C M, Oehmen A, Hooijmans C M, et al.
Modeling the PAO-GAO competition; Effects of carbon source,
pH and temperature[ J]. Water Research, 2009, 43(2); 450-
462.



HUANJING KEXUE Vol.34  No.4

Environmental Science ( monthly) Apr. 15, 2013

CONTENTS

Water-soluble Inorganic Salts in Ambient Aerosol Particles in Tangshan —«+eseereeseereremenenenmnii e MIAO Hong-yan, WEN Tian-xue, WANG Li, et al. (1225)
Characterization of Water-soluble ions in PM, 5 at Dinghu Mount +-«esveseersesssesnersssennsenniinses + ZHAO Ya-nan, WANG Yue-si, WEN Tian-xue, et al. (1232)
HUANG Yi-min, LIU Zi-rui, CHEN Hong, et al. ( 1236)
)
)

Characteristics of Mass Size Distributions of Water-Soluble Inorganic Tons During Summer and Winter Haze Days of Beijing -

Characterising Seasonal Variation and Spatial Distribution of PM, s Species in Shenzhen +* YUN Hui, HE Ling-yan, HUANG Xiao-feng, et al. (1245
Y1 Zhi-gang, HUANG Xing-ran, BI Jun-qi, e al. (1252
Seasonal Variation and Spatial Distribution of Typical Organochlorine Pesticides in the Atmosphere of Hexi Corridor and Lanzhou, Northwest China «eseeseereeseseserenenmeneniininennn

......................................................................................................................................................... DING Zhong-yuan, MAO Xiao-xuan, MA Zi-long, ef al.
XUE Wen-ho, WANG Jin-nan, YANG Jin-lian, et al.
HUANG Wen-min, ZHU Kong-xian, ZHAO Wei, et al.
ZHAO Wei, LIN Jian, WANG Shu-fang, et al.

Characteristics of PAHs in the Atmosphere in Winter and Summer in the Urban and Suburban of Fuzhou -

1258
1264
1270
1277

Simulation of Air Pollution Characteristics and Estimates of Environmental Capacity in Zibo City

(1258)
(1264)
Diurnal Changes in Greenhouse Gases at Water-Air Interface of Xiangxi River in Autumn and Their Influencing Factors - ( )
Influence of Human Activities on Groundwater Environment Based on Coefficient Variation Method ( )
Nitrogen Non-Point Source Pollution Identification Based on ArcSWAT in Changle River «+:+-ssveeereeseeeeenne DENG Ou-ping, SUN Si-yang, LU Jun ( 1284)
GUO Wei, LI Xiang-zhong, LIU Wei-guo ( 1291 )

*+ GUO Huai-cheng, XIANG Nan, ZHOU Feng, et al. (1298 )
(1308)

(1315)

(1324)

(1333)

(1340)

(1345)

Study on the Content and Carbon Isotopic Composition of Water Dissolved Inorganic Carbon from Rivers Around Xi'an City
First Flush Effects of Storm Events of Baoxiang River in Lake Dianchi Watershed —«+«eseeseeeresessersimenennninineninenens -
Estimation of Releasing Fluxes of Sediment Phosphorous in the Three Gorges Reservoir During Late Autumn and Early Winter — +++++ NIU Feng-xia, XIAO Shang-hin, WANG Yu-chun, et al. ( 1308
Distributions and Pollution Status of Heavy Metals in the Suspended Particles of the Estuaries and Coastal Area of Eastern Hainan -++ XIN Cheng-lin, REN Jing-ling, ZHANG Gui-ling, et al. ( 1315
Environmental Characteristics of Heavy Metals in Surface Sediments from the Huanghe Estuary «+-eseserereesvevsenenes WU Bin, SONG Jin-ming, LI Xue-gang ( 1324
Distribution and Potential Ecological Risk Assessment of Heavy Metals in Sediments of Zhalong Wetland YE Hua-xiang, ZANG Shu-ying, ZHANG Li-juan, et al. (1333
Ecological Risk Evaluation of Heavy Metals of the Typical Dredged Mud in Shanghai = +«+xeeeeeeresesssssensimnmnenennneens TANG Qing-li, CHENG Jin-ping, GAO Hao-min, et al. ( 1340
-+ ZHANG Can, CHEN Hong, YU Yi-xuan, et al. ( 1345
ty of Organic Compounds in Source Water and Finished Water from the Yangtze River and Taihu Lake in Certain Areas of Jiangsu Province ««+se+seseereeeeee

""""" seeeesenes JIN Tao, LU Xue-min, ZENG Yi-fan, et al. (1351)
Occurrence and Fate of Phthalates in Wastewater Treatment Plants in Beijing, China B L L L LR LRSI ZHOU Yi-qi, LIU Yun=ia (1357 )
Research on Sludge Toxicity Caused by DMF Biodegradation and Toxicity Spatial Distribution in Sludge Flocs -+ HU Yuan-yuan, YANG Na, DING Y1, et al. (1363)

Pollution Characteristics of Heavy Metals in Sludge from Wastewater Treatment Plants and Sludge Disposal in Chinese Coastal Areas

Comparison of the Estrogenic Ac

Study on the Ecological Risk of Wild Veined Rapa Whelk ( Rapana venosa) Exposured to Organotin Compuunds in Bohai Bay Chlnd

LIU Xi-yao, YUAN Dong-xing, CHEN Yao-jin ( 1374 )
HUANG Ruo-nan, FAN Jun-jie, TU Hong-zhi, et al. (1380 )
*+ CHEN Gui-xia, HU Cheng-zhi, ZHU Ling-feng, et al. (1386)
LIU Bing, YU Guo-zhong, GU Li, et al. (1392)
WANG Jia-yu, DAI Qi-zhou, YU Jie, et al. (1402)
-+ PENG Yun-xia, HE Shi-jun, GONG Wen-qi, et al. ( 1411)
YUAN Yi, HUANG Yong, DENG Hui-ping, et al. (1416)
)
)
)
)
)
)
)

Effects of Imidazolium Chloride lonic Liquids on the Acute Toxicity and Weight of Earthworm

Influencing Factors and Mechanism of Arsenic Removal During the Aluminum Coagulation Process
Removal of DON in Micro-polluted Raw Water by Coagulation and Adsorption Using Activated Carbon
Mechanism of Catalytic Ozonation for the Degradation of Paracetamol by Activated Carbon

Reductive Degradation of Chlorophenols in Aqueous Solution by Gamma Irradiation

Effect of C/N Ratio on Nitrite Accumulation During Denitrification Process

Nitrous Oxide Emission During Denitrification for Activated Sludge Acclimated with Methanol as the Organic Carbon ZHAI Xiao-feng, JIANG Cheng-ai, WU Guang-xue, et al. ( 1421

Comparison and Optimization of Cellulose Carbon Source for Denitrification Filler ««+«+essteresssesserssiiniiniiiiininii LI Bin,HAO Rui-xia ( 1428
A Novel Municipal Wastewater Treating Process for Energy Production and Autotrophic Nitrogen Removal Based on ANAMMOX «++eeveeseeeesneseens LU Jian-cong, GAO Da-wen, SUN Xue-ying ( 1435

(

(

(
Modeling and Dynamic Simulation of the Multimode Anaerobic/ Anoxic/ Aerobic Wastewater Treatment Process ++ ZHOU Zhen, WU Zhi-chao, WANG Zhi-wei, et al. ( 1442

(

(

(

Comparing Microbial Community of High Ammonia Wastewater and Municipal Sewage in a Partial Nitrification System ZHAO Zhi-rui, MA Bin, ZHANG Shu-jun, et al. ( 1448
Analysis of the Fractal Structure of Activated Sludge Flogs «+eesetoreerersemerssnrssnensimininiii s RUAN Xiao-dong, LIU Jun-xin ( 1457
Rapid Cultivation of Aerobic Nitrifying Granular Sludge with Alternate Loading Method -+ SHEN Na, YANG Chang-zhu,PU Wen-hong, et al. ( 1464

Acceleration of the Formation of Aerobic Granules in SBR by Inoculating Different Proportions and Different Diameters of Mature Aerobic Granules ««+s+ssteseessessesssmsenenennsineneenns

......................................................................................................................................................... XIONG Guang-cheng, PU Wen-hong, YANG Chang-zhu ( 1472)
Mechanisms of the Improvement in Dewaterability of Alkaline Fermented Sludge by Simultaneous Ammonium and Phosphate Recovery — «+++++ ZHANG Chao, CHEN Yin-guang, GU Guo-wei ( 1479)
Use of Flow Cytometric Sorting to Assess the Diversity of Eukaryotic Picophytoplankton of Lakes ««+-«+:+++e+++ + XIE Wei-wei, GONG Yi, WANG Zhi-wei, et al. ( 1485)
Allelopathy Effects of Ferulic Acid and Coumarin on Microcystis aerugingsa «++«+«++=esseseseereeesesees »+ GUO Ya-li, FU Hai-yan, HUANG Guo-he, et al. ( 1492)

Spatiotemporal Characteristics of Zooplankton Community Structure and Diversity in the Strong Temperature Increment Seawaters near Guohua Power Plant in Xiangshan Bay -+

B 7HU Yi-feng, HUANG Jian-yi, LIN Xia, et al. ( 1498
Screening of Epoxy-degrading Halophiles and Their Application in High-salt Wastewater Treatment -+ WANG Jin, XU Zhen, PENG Shu-chuan, et al. ( 1510
Biodegradation of Decabromodiphenyl Ether by Intracellular Enzyme Obtained from Pseudomonas aeruginosa =«++++++s+sseseesesssssenesnensnnenees SHI Guang-yu, YIN Hua, YE Jin-shao, et al. (1517
-+ HUANG Xiang-feng, WANG Kai, LI Mingia, et al. ( 1524
QIAO Jiang-tao, GUO Rong-bo, YUAN Xian-zheng, et al. ( 1531
LIU Zi-xu, SUN Li-ping, LI Yu-you, et al. ( 1540
YANG Bin, LI Hui-ying, WU Bin, et al. (1545
YAO Lin-lin, ZHANG Cai-xiang, LI Jia-le, et al. (1553
GUO Wei, SUN Wen-hui, ZHAO Ren-xin, et al. (1561
++ LI Miao-miao, NIE San-an, CHEN Xiao-juan, et al. ( 1568

)

)

)

Influence of Yeast Extract on the Fermentation of Glucose by the Demulsifying Strain Alcaligenes sp. S-XJ-1 - )
)

)

)

)

)

)

SHENG Hao, ZHOU Ping, YUAN Hong, et al. ( 1576)
)

)

)

)

)

)

)

)

)

Phylogenetic Analysis of Methanogenic Corn Stalk Degrading Microbial Communities

Inhibition of Methanogenium by Erythromycin and Tts Domestation

Sand Box Study on Fingering Front Morphology for NAPLs Infilirated in Homogeneous Porous Media

Vertical Distribution and Possible Sources of Polycyclic Aromatic Hydrocarbon in Sewage Area Soil

Characteristic and Evaluation of Soil Pollution by Heavy Metal in Different Functional Zones of Hohhot

Distribution Characteristics of Rice Photosynthesized Carbon in Soil Aggregates of Different Size and Density

Profile of Soil Microbial Biomass Carbon in Different Types of Subtropical Paddy Soils

Effect of Composting Organic Fertilizer Supplies on Hexachlorobenzene Dechlorination in Paddy Soils LIU Cui-ying, JIANG Xin ( 1583
Remediation of Cu-Pb-Contaminated Loess Soil by Leaching with Chelating Agent and Biosurfactant LIU Xia, WANG Jian-tao, ZHANG Meng, et al. (1590
Effects of Different Temperatures Biochar on Adsorption of Ph( 1) on Variable Charge Soils +++++++sssessssesssseniisnsniiiinniniiniins JIANG Tian-yu, JIANG Jun, XU Ren-kou, et al. (1598
Preparation and Performance Investigation of Trichoderma viride-Modified Corn Stalk as Sorbent Materials for Oil Spills  +«eseseeseesrereereenes LAN Zhou-lin, PENG Dan, GUO Chu-ling, et al. ( 1605
Removal of PO} ~ from Solution, Wastewater and Seawater by Modification and Granulation Magnesium and Aluminium Layered Double Hydroxide ++++++++e+ee: XING Kun, WANG Hai-zeng ( 1611
Influence of Carboxylic Carbon Nanotube Supported Platinum Catalyst on Cathode Oxygen Reduction Performance of MFC ««+svesvesereeeeeees TU Li-xing, ZHU Neng-wu, WU Ping-xiao, et al. ( 1617
Flue Gas Desulfurization by a Novel Biomass Activated Carbon LIU Jie-ling, TANG Zheng-guang, CHEN Jie, et al. ( 1623
Method for Grading Industrial Sectors in Energy Consumption and lis Application MAO Jian-su, MA Lan ( 1628
Dynamics and Environmental Load of Food Carbon Consumption During Urbanization; A Case Study of Xiamen City, China «:wreeseeoeeeseereenees YAN Zhen, CUI Sheng-hui, LI Gui-lin,et al. (1636



(AERIZEYE 6 RREZRS

E & KHAZ

B4 BEAE EH | N

B OF. (FUEREEH)
THENL AR FEIAE EZigr HON B O# L%
AOKE KSR aEE BRET & Al MRE
BRFHAZ BFAE 2 Ak R S BkdE | &
WO o5k Wk N W W BER

“ ﬁg ﬂ g ENVIRONMENTAL SCIENCE

( HUANJING KEXUE) (Monthly Started in 1976)
(AT 1976 418 AAIT))
2 5 ol. 0. T.
20134E4 H15 H 34% 4l Vol.34 No.4 Apr. 15, 2013
£ ""E”'k EP?F:{-%[‘;’% Superintended by Chinese Academy of Sciences
* B PEPB AR SR O Sponsored by Research Center for Eco-Environmental Sciences, Chinese
1 7 (LiBIeiE N Academy of Sciences
AL 5T I 45 A5 30 Bl 22 B 5T Co-Sponsored by Beijing Municipal Research Institute of Environmental
MR = 7 S 4 Protection
* ORI I School of Environment, Tsinghua University
i B (HE P = ) 4 & B = Ejim;-in o b '(I?EYE[?dNG Zil-}]l:and f E I S (HUANJING
. . o . ite y e Editorial Board of Environmental Science 5
JemtHi 2871 {54 (1UE X 3UH
i} fE# O TE it KEXUE)

18 &, BB 415 . 100085 )
H13% .010-62941102 ,010-62849343
f£1.010-62849343

E-mail ; hjkx@ rcees. ac. cn

P. O. Box 2871, Beijing 100085 , China
Tel :010-62941102 ,010-62849343 ; Fax:010-62849343
E-mail ; hjkx@ rcees. ac. cn

http://www. hjkx. ac. en http : //www. hjkx. ac. e¢n

H BR 44 % " ™ i Published by Science Press
Jb s R 16 & 16 Donghuangchenggen North Street,
MR B 4t . 100717 Beijing 100717, China
ED Rl 2 3T dtatdbakEpi— Printed by Beijing Bei Lin Printing House
) 1T 4% i * K ib 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 & 2ELHIERE)S Domestic All Local Post Offices in China
B EE1T PEERREAE S BN Foreign China International Book Trading Corporation ( Guoji
(b3 399 f54H) Shudian) ,P. 0. Box 399, Beijing 100044 , China
RIS o EIR LS 2-821
B A ZE fir:90.000€ EsS&ITRS: M 205

BERSMRFEIT




	01.pdf
	fm.pdf
	zml.pdf

	20130433.pdf
	03.pdf
	yml.pdf
	fd.pdf




