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Removal Congo Red from Aqueous Solution Using Poly ( AM-co-DVB)

ZHANG Luan-luan"*, LIAO Yun-wen''>* | GAO He-jun'"** |, WANG Zhong-zhi' , SHUAI Chao'
(1. Chemical Synthesis and Pollution Control Key Laboratory of Sichuan Province, Nanchong 637009, China; 2. Institute of Applied
Chemistry, China West Normal University, Nanchong 637009, China)

Abstract: Poly (AM-co-DVB) was synthesized by acrylamide (AM) and divinylbenzene (DVB) via the crosslinking reaction. The
microscope structure and thermal stability of Poly (AM-co-DVB) were characterized by FT-IR, SEM and TG. Congo red (CR) was
used to measure the adsorptive capacity of Poly ( AM-co-DVB). The effects of initial pH, contact time and temperature on the
adsorption of CR on Poly ( AM-co-DVB) were investigated in this work. The kinetics, equilibrium, and thermodynamics of the
adsorption process were also discussed. The results showed that the maximum adsorption capacities were 319. 1 mg+g~' at pH =7. 25
and contact time =3 h. The adsorption kinetics was well fitted by a pseudo-second-order model and the adsorption isotherms agreed well

with the Langmuir model. The adsorption process was spontaneous process. Above all, the adsorption capacity of Poly( AM-co-DVB)

on Congo red is significant.
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Fig. 5 Adsorption kinetics of Poly( AM-co-DVB)
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Table 1 Kinetic parameters for the adsorption of two models
AM: DVB B—Brah 12 i 1B B 3 2y
K, /min "' q./mg-g”" R K,/g: (g-min) "' q./mg-g”" R e/ Mg 8"
4:1 0.0225 105.0 0.8962 0.003 3 140. 8 0.997 136. 6
6:1 0.0231 79.7 0.9053 0.0011 114.0 0.998 113.6
8:1 0.016 4 78.6 0.9930 0.001 8 109.0 0.998 105. 4
R2 BFHRBYBERUSH
Table 2 Particle diffusion model parameters
AM: DVB Ky/mg+ (g-min'?) 7! C/mg-g"" R2
4:1 11.4 18.4 0.924
6:1 9.61 19.6 0.903
8:1 7.90 17.9 0. 859
%3 Langmuir iR W HHEE S
Table 3 Langmuir adsorption isotherm parameters
AM: DVB =4:1 AM: DVB =6: 1 AM: DVB =8:1
IREE/C K, /Lemg"! I 1 e Ky I R Ky ' e
/mg-g” /Lemg~! /mg-g ! /Lemg~! /mg-g !
25 3.58 x10 72 312.5 0.993 4.55 x10 72 191.5 0.994 4.55x10 72 166. 4 0.999
40 3.43 %1072 326.8 0.990 3.63 x10 72 245.7 0. 990 7.53 x10 72 174. 8 0.99%4
55 3.70 x 10 72 354.6 0.992 6.50 x 10 =2 265.3 0.993 9.63 x10 2 239.2 0.997
%4 Freundlich %R RE S
Table 4  Freundlich adsorption isotherm parameters
N AM: DVB =4:1 AM: DVB =6:1 AM: DVB =8:1
i BE/C
Ky 1/n R Ky 1/n R Ky 1/n R
25 46.9 0.339 0. 831 54.6 0.219 0.872 64.6 0. 159 0.613
40 38.4 0. 387 0.772 41.1 0.318 0. 847 51.4 0. 244 0.732
55 56.9 0.329 0.811 70.0 0.243 0.729 69.0 0.231 0. 706

H1¢ 3 14 WA : Langmuir 25 ¥ )7 FE 4 PR &
PLE RZEU(RY) S8 KT Freundlich 25 i3 W Fff 7 #&
XU Poly ( AM-co-DVB) it WIS 21 1) i jff 5 4 &
Langmuir ST AR TR | 3 B By 1 2 1) 450 50 W Bf
e i 3k R ke ) 32 A L SR G N AR
EEE R, HE— 0T Langmuir 55 I W FFF A Y.
HAERA T

1

Ay (1)

X, ¢ WNEPREFR BB HRSE (mg-L7") K, A
Langmuir 55 J 85 8 5 20 AR R, MY R /h v

Langmuir F7 530 4 B2 .0 <R, <1, B H T
W RHEAT Ry > 1, B ANBESEAT, R, =1, W2 2
PEICF R, =0, AN ] 3 Mg BAE L AR A S 96 B
FEEMFN TR 5. NIRRT LU B R, 1%L
{HE4/NF 1, UL Poly ( AM-co-DVB) X Wil 5 21 i1 %
B2 5 FiEAT Y.

SN2 3 FRASTR] LA fe W 5 50 X6 SR 21 R A AR
UF (W I RE (HBE B AM HE 9] B S B 38 K, Poly
(AM-co-DVB) Xt W SR 2T (%) W B A2 72 B B a3, iX 5
TS5 AR, 3K P fg & B TRl AM LG 3] A AS
K, R AW m T8 %R B (PAM) ,
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Fig. 8 Freundlich adsorption isotherm
®5 R, iTEE
Table 5 Calculated valves of R K6 R R SR LT M1 Be B bL 3%
TELEE/C AM: DVB =4: 1 AM: DVB =6: 1 AM: DVB =8: 1 Table 6 CR adsorption capacities of different adsorbents
7 Bt 551 8% o gl k
25 0.289 0.242 0.242 B Wbt g/ me-g Bl
40 0.299 0. 286 0. 166 el 1900 [1]
' ' ' PO S = BB A1 146.0 [19]
55 0.282 0.183 0. 131 Z R L% 446.9 [20]
Poly( AM-co-DVB) 319.1 PN

DVB 443 (1 FEAR, T PAM X6 Wi 50 21 35 A B b 114 1%
ligyeS

%6 N Poly (AM-co-DVB) I E % 18 13 14 1% B 551
P W SR 20 1) B T B 5. PR BT DU Y Poly
(AM-DVB) XJ RIS 21 4 1R 47 i W B 1 RE , o1 LAAE N
— T A R 5 551

2.7 MR
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A B AL B A kA R 5 A T Al e AR
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AG® = AH® - TAS® (11)

K, T AL B (K). e, AR B s ISR 215
WeBE (mg-L7"). g, A W SR 21 0% BfF P i e 0 B o
(mg-g™"). R IS4 %0 (8.314 kJ-mol ') K AW

B(Log). ]IS RSO T AL G T3 7. ]
1.3 RO FLIEY Poly (AM-co-DVB) FifiZs PRI REE [t
BIRABIE R R AR Y A A A R, F R — He il
W BRI R T AG® BRI, DA RETR T
W R AR S 1) T [ & 0647 AH® FOBUEI KT 0 il
HH Poly ( AM-co-DVB ) X RIIERZT (4 I Bt R 2 — S W B
TR X S B TR () T R, W B TR
PA—2 AS® MEE AT 0, IR B A Hh i
TRALBEAERS N, A TR 2.

x71 BAOESH
Table 7 Thermodynamic parameters of the adsorption
AM: DVB /K AG® /K] +mol ~! AH® /K] -mol ! AS®/J-(mol-K) ™!
298 -2.89
4:1 313 -3.21 3.9 22.9
328 -3.58
298 -1.66
6:1 313 -2.41 13.3 50.2
328 -3.16
298 -1.51
8:1 313 -2.22 12.6 47.2
328 -2.93
. extraction using reverse micelles [ J |. Environmental Science
3 gé':l/b\ Technology, 2004, 38(8) . 2435- 2442.
[ 5] Marechal A M L, Slokar Y M, Taufer T. Decoloration of

(1) Poly( AM-co-DVB) X NIRRT H A 5 1
R PERE , 7575 %2 04 Tt 2 70 R H s R B ik 3 T
319.1 mg-g ™"

(2) Poly ( AM-co-DVB ) % Wil 5 21 %) W j 4% &
Langmuir 55 15 W% i} 5 F2 R — B sh 124 5 72, ki F
DAL S ™ FAOAS FR E S HX TI SR 21 g o o)  32 2E aZ 3
7~ AR PRI 2 T BT 2507 ) 4

(3) TR 2= B B R M R R — A A R

(4) A 525645 FAESE Poly ( AM-co-DVB) X ]
RLT ELA DL PR RE , X X DL S8 B SR A W
R iR it 5% B A E Y R

Bt B S = A2 B S B
[ 1] farush, MRt S SER At ke bR SR2T A W W10 P B 5

[J]. EERI2E, 2013, 34(8) : 3144-3150.

[2] LiXG, MaXL, Sun J, et al. Powerful reactive sorption of

silver(1) and mercury ( Il ) onto poly ( o-phenylenediamine )
microparticles[ J]. Langmuir, 2009, 25(3) ; 16 75-1684.

Cai J G, Li AM, Shi HY, et al. Adsorption characteristics of
aniline and 4-methylaniline onto bifunctional polymeric adsorbent
modified by sulfonic groups [ J]. Journal of Hazardous Materials,
2005, 124(1-3) . 173-180.

[4]

Pandit P, Basu S. Removal of ionic dyes from water by solvent

chlorotriazine reactive azo dyes with H, 0,/UV[]].
Pigments, 1997, 33(4) . 281-298.

Dyes and

Li T, Guthrie J T. Colour removal from aqueous solutions of
metal- complex azo dyes using bacterial cells of Shewanella strain
J18 143[ J]. Bioresource Technology, 2010, 101 (12); 4291-
4295.

Daas A, Hamdaoui O. Extraction of anionic dye from aqueous
[J].
Hazardous Materials, 2010, 178(1-3) : 973-981.

solutions by emulsion liquid membrane Journal  of
Fernandez J, Kiwi J, Lizama C, et al. Factorial experimental
design of orange II photocatalytic discolouration[ J]. Journal of
Photochemistry and Photobiology A: Chemistry, 2002, 151 (1-
3): 213-219.

RS, Fit, BRT, 5. B2 AR XA HLYOR 0 B
PIJERIFE (], HAT Y%Ak, 2009, 28(6) : 661-664.
U, XhH, BN, S5, BB BE R KW A X MR ALY
e AERERETE )], TAk K 5K, 2009, 40(6) : 78-81.
Mahmoodi N M, Sadeghi U, Maleki A, et al. Synthesis of

[10]

[11]
cationic polymeric adsorbent and dye removal isotherm, Kkinetic
and thermodynamic [ J]. Journal of Industrial and Engineering
Chemistry, 2014, 20(5) ; 2745-2753.

[12] XueTS, Gao Y S, Umar A, et al. Adsorption of acid red from

dye wastewater by Zn,Al-NO; LDHs and the resource of

adsorbent sludge as nanofiller for polypropylene[ J]. Journal of

Alloys and Compounds, 2014, 587 . 99-104.

He X Y, Male K B, Nesterenko P N, et al. Adsorption and



2202

® b

B

2% 36 &

[14]

[17]

desorption of methylene blue on porous carbon monoliths and
nanocrystalline cellulose [ J ]. ACS Applied Materials &
Interfaces, 2013, 5(17) . 8796-8804.

Kousha M, Daneshvar E, Sohrabi M'S, et al. Adsorption of acid
orange Il dye by raw and chemically modified brown macroalga
Stoechospermum marginatum[ J]. Chemical Engineering Journal
2012, 192(2) : 67-76.

hAS, BEHREE, S, S5, POEmR AR IR AA R i I B
JEIERPEREDTIE ()], BREEALS7, 2012, 31(5) : 646-652.
Feng X, You W, Zhan H B. Mildly alkaline preparation and
methylene blue adsorption capacity of hierarchical flower-like
sodium titanate [ J]. ACS Apply Materials & Interfaces, 2013,
5(23): 12654-12662.

Long R Q, Yang R T. Carbon nanotubes as superior sorbent for

dioxin removal [J]. Journal of the American Chemical Society,

[18]

[20]

[21]

2001, 123(9) : 2053-2057.

Sari A, Tuzen M, Gitak T, et al. Equilibrium, kinetic and
thermodynamic studies of adsorption Pb ( I ) from aqueous
solution onto Turkish kaolinite clay [ J]. Journal of Hazardous
Materials, 2007, 149(2) . 283-291.

MR, EUTA, AHIE, 5. PHES 2005 1 70 ot a4
=T AR K P RER LA S BRPE R[], BRI
TR2EHR, 2014, 8-12(2) ; 2725-2732.

TR, WG, WA, 55 2P FLRRKT NI SR AT Yok g
PERERIBESEL)]. K&K, 2012, 2(150) ; 8-12.

Zhou J B, Cheng Y, Yu J G, et al. Hierarchically porous
calcined lithium/aluminum layered double hydroxides: Facile
synthesis and enhanced adsorption towards fluoride in water [ J].
Journal of Materials Chemistry, 2011, 21 (48 ). 19353-

19361.



HUANJING KEXUE Vol.36  No.6

Environmental Science ( monthly) Jun. 15, 2015

CONTENTS

Hygroscopic Propetties of Aerosol Particles in North Suburb of Nanjing in Spring «+«seseereereeresrenenennininiiiin XU Bin, ZHANG Ze-feng, LI Yan-wei, et al. (1911)
Effects of Relative Humidity and Aerosol Physicochemical Properties on Atmospheric Visibility in Northern Suburb of Nanjing — «+eseesrereeresesnenens YU Xing-na, MA Jia, ZHU Bin, et al. (1919)
Pollution Characteristics and Light Extinction Effects of Water-soluble lons in PM,, 5 During Winter Hazy Days at North Suburban Nanjing  +-+ ZHOU Yao-yao, MA Yan, ZHENG Jun, et al. (1926)
Characteristics of Winter Atmospheric Mixing Layer Height in Beijing-Tianjin-Hebei Region and Their Relationship with the Atmospheric Pollution = ««+ssseeseeseseserenenmeniniisiinenenn

..................................................................................................................................................................... LI Meng, TANG Gui-gian, HUANG Jun, et al. (1935)
Process-based Emission Characteristics of Volatile Organic Compounds( VOCs) from Paint Industry in the Yangize River Delta, China ««+seeoereeeeres MO Zi-wei, NIU He, LU Si-hua, et al. (1944)
Concentrations and Speciation of Dissolved Heavy Metal in Rainwater in Guiyang, China «-«e-«sessereerserssemeneneenenenesesi e ZHU Zhao-zhou, LI Jun, WANG Zhi-ru (1952)
Situation and Characteristics of Air Pollutants Emission from Crematories in Beijing, China XUE Yi-feng, YAN Jing, TIAN He-zhong, et al. (1959)
Emission Characteristics of Water-Soluble lons in Fumes of Coal Fired Boilers in Beijing HU Yue-qi,MA Zhao-hui, FENG Ya-jun,et al. (1966 )
Analysis on Mechanism of Rainout Carried by Wet Stack of Thermal Power Plant ««+x«-xereeessesrerersseneneneinininniniecens OUYANG Li-hua,ZHUANG Ye,LIU Ke-wei et al. (1975)
Removal Characteristics of Elemental Mercury by Mn-Ce/molecular Sieve ««+essesrersereeresenienenniinininininiien TAN Zeng-qiang, NIU Guo-ping, CHEN Xiao-wen, et al. (1983)
Indoor Exposure to Particle-Bound BFRs via Inhalation = «+«ssesserserseresensensenenenenenininiein s LI Xiu-wen,ZENG Hui, NI Hong-gang ( 1989 )
Organic Carbon and Elemental Carbon in Forest Biomass Burning Smoke HUANG Ke, LIU Gang, ZHOU Li-min, et al. (1998)
Atmospheric Particle Retaining Function of Common Deciduous Tree Species Leaves in Beijing -+ WANG Bing, WANG Xiao-yan, NIU Xiang, et al. (2005)
Photonic Efficiency of Ethyl Acetate Photolysis in Gas Phase; Dependence on Wavelength and Catalyst «++-+++-- FANG Xue-hui, ZHAO Jie, SHU Li, et al. (2010)
Phytoplankton Light Absorption Properties During the Blooms in Adjacent Waters of the Changjiang Estuary -+ LIU Yang-yang, SHEN Fang, LI Xiu-zhen (2019 )
Pollution Characteristics of Perfluorinated Compounds in Offshore Marine Area of Shenzhen »+ LIU Bao-lin, ZHANG Hong, XIE Liu-wei, et al. (2028)
Composition and Environmental Effects of LFOM and HFOM in “Incense-Ash” Sediments of West Lake, Hangzhou, China »w+s+eseeseeeees LI Jing, ZHU Guang-wei, ZHU Meng-yuan, et al. (2038)
Speciation and Risk Assessment of Heavy Metals in Surface Sediments from the Heavily Polluted Area of Xiaoging River HUANG Ying, LI Yong-xia, GAO Fu-we, et al. (2046)
Response of Algae to Nitrogen and Phosphorus Concentration and Quantity of Pumping Water in Pumped Storage Reservoir * WAN You-peng, YIN Kui-hao, PENG Sheng-hua ( 2054 )

Temporal and Spatial Variation of Nutrients and Chlorophyll a, and Their Relationship in Pengxi River Backwater Area, Three Gorges Reservoir +veeeeeeereeresssessssnninininsinsninnenns
ZHANG Lei, WEI Jian-jun, FU Li, et al.
BAO Xian-ming, GU Dong-xiang, WU Ting-ting, et al.

)
Environmental Effects of Algae Bloom Cluster; Impact on the Floating Plant Water Hyacinth Photosynthesis ««++++++++- )
In Situ High-Resolution Analysis of Labile Phosphorus in Sediments of Lake Chaoliu — +eveeeeeesrersssssesensinniiiiisniie LI Chao, WANG Dan, YANG Jin-yan, et al. )
XIAO Shi-zhen, LAN Jia-cheng, YUAN Dao-xian, et al. )
LI Guang, ZHANG Xin-ping, ZHANG Li-feng, et al. (2094)

)
)
)

Hydrochemistry and Dissolved Inorganic Carbon Stable Isotope of Shibing Dolomite Karst Area in Guizhou Province

Stable Isotope Characteristics in Different Water Bodies in Changsha and Implications for the Water Cycle
Characteristics of Hydrogen and Oxygen Isotopes of Soil Water in the Water Source Area of Yuanyang Terrace »«+:+ereeeeeereeeesseeees ZHANG Xiao-juan, SONG Wei-feng, WU Jin-kui, et al.

Performance of Grass Swales for Controlling Pollution of Roadway Runoff in Field Experiments ««+«+esseseereesees HUANG Jun-jie, SHEN Qing-ran, LI Tian
Performance Study of Bromochloracetonitrile Degradation in Drinking Water by Fe/Cu Catalytic Reduction DING Chun-sheng, MA Hai-long, FU Yang-ping, et al.
Catalytic Degradation of Diclofenac Sodium over the Catalyst of 3D Flower-like a-FeOOH Synergized with H,0, Under Visible Light Irradiation —+++esveseresreessesnesnsscnneiniscinenee
* XU Jun-ge, LI Yun-gin, HUANG Hua-shan, et al. (2122
FENG Xin-xin, DU Er-deng, GUO Ying-qing, et al. (2129
LIU Qing, YU Ze-bin,ZHANG Rui-han et al. (2138
-+ WU Peng, WU Jun, GAO Shi-xiang, et al. (2147
SUN Zheng-nan, YANG Qi, JI Dong-li,et al. (2154
FAN Wen-jing, CHENG Yue, YU Shu-zhen, et al. (2161
- QI Wen-zhi, WANG Fan, WANG Hui, et al. (2168
XIAO Shao-dan, LIU Lu, JIANG Li-ying, et al. (
Adsorption Characteristics of Nitrate and Phosphate from Aqueous Solution on Zirconium-Hexadecyltrimethylammonium Chloride Modified Activated Carbon «+«+sessessesseseserenenencncnenes
+++ ZHENG Wen-jing, LIN Jian-wei, ZHAN Yan-hui, et al. (2185)
Removal Congo Red from Aqueous Solution Using Poly( AM-co-DVB) »+++ ZHANG Luan-luan, LIAO Yun-wen, GAO He-jun, et al. (2195)
Energy Consumption Comparison and Energy Saving Approaches for Different Wastewater Treatment Processes in a Large-scale Reclaimed Water Plant ««+«++eeseeereerenenesicnienenninicnenn
.................................................................................................................................................................. YANG Min, LI Ya-ming, WEI Yuan-song, et al. (2203)
Transformation Regularity of Nitrogen in Aqueous Product Derived from Hydrothermal Liquefaction of Sewage Sludge in Suberitical Water «+-+++++ SUN Yan-qing, SUN Zhen, ZHANG Jing-lai ( 2210)
Start-up Performance of ANAMMOX Enrichment with Different Inoculated Sludge in Anaerobic Baffled Reactor = «+«e-eeseeseseeseereeeeees ZHANG Hai-qin, WANG Fan-fan, LI Yue-han, et al. (2216)
(2222)
(2232)

—_~ e~ —~
=)
—
(=)
=

Degradation of Organic Sunscreens 2-hydroxy-4-methoxybenzophenone by UV/H,0, Process: Kinetics and Factors
Photocatalytic Degradation of Perfluorooctanoic Acid by Pd-Ti0, Photocatalyst
Efficient Photolysis of Acid Orange 7 Using Low-frequency Electrodeless Lamp

Degradation of 3 ,4-Dichlorobenzotrifluoride by Fe;0,/Ce0,-H,0, Heterogeneous Fenton-Like Systems -+
Preparation of Coated CMC-Fe® Using Rheological Phase Reaction Method and Research on Degradation of TCE in Water
Degradation Mechanism of 4-Chlorophenol on a Pd-Fe/graphene Multifunctional Catalytic Cathode

Removal Kinetics and Mechanism of Aniline by Manganese-oxide-modified Diatomite

Influencing Factors for Hydrolysis of Sewage Sludge Pretreated by Microwave-H,0,-OH Progess ««+eeeeeeeereereeensssnsnnnsnniiineens JIA Rui-lai, WEI Yuan-song, LIU Ji-bao (2222
Enrichment and Characterization of A Denitrifying Bacteria Consortium from Lihe River's Sediment —«+«+stseessereeserensenmssnsnsnsinsnsnnneene YONG Jia-jun, CHENG Xiao-ying (2232
Investigation for Filamentous Bacteria Community Diversity in Activated Sludge Under Various Kinds and Concentration Conditions of Antibiotics «+eeseeseeseesessserenenemienineininienene
............................................................................................................................................................ WANG Run-fang, WANG Qin, ZHANG Hong, et al. (2239)
Isolation and Identification of Petroleum Degradation Bacteria and Interspecific Interactions Among Four Bacillus Strains «+++++++++++++++ WANG Jia-nan, SHI Yan-yun, ZHENG Li-yan, et al. (2245)
Effects of Dissimilatory Reduction of Goethite on Mercury Methylation by Shewanella oneidensis MR-1 + SI You-bin,SUN Lin, WANG Hui (2252)
Effect of Root Iron Plaque on Norfloxacin Uptake by Rice «reersesessersersenenenenensininesinin e MA Wei, BAO Yan-yu (2259)
)
)
)

LU Xing-li, LIAO Yun-cheng ( 2266
+ LI Xiao-yan, ZHANG Shu-ting ( 2274
LI Bin, WU Shan, LIANG Jin-ming, et al. (2283
Variations and Influencing Factors of Oral Bioaccessibility of Polybrominated Diphenyl Ethers in Soils Using an In-vitro Gastrointestinal Model «+«tsesseseereeressesienenennienininniinenenen
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" ZHANG Yun-hui, LIU Wei-jian, CHENG Fang-fang, et al. (2292)
Impacts of Biochar Input on Mineralization of Native Soil Organic Carhon —«+seeesrerrersesesemienennimininii e CHEN Wei, HU Xue-yu,LU Hai-nan (2300 )
Effects of Remedies on the Remediation of Typical Pb and Zn-contaminated soil in Huanjiang , Guangxi ZENG Wei-quan, SONG Bo, YUAN Li-zhu, et al. (2306)
)
)

Effects of Tillage on Soil Respiration and Root Respiration Under Rain-Fed Summer Corn Field

Seasonal Provincial Characteristics of Vertical Distribution of Dust Loadings and Heavy Metals near Surface in City

Characteristics of Phthalic Acid Esters in Agricultural Soils and Products in Areas of Zhongshan City, South China

Mechanism Study of the Smectite-OR-SH Compound for Reducing Cadmium Uptake by Plants in Contaminated Soils ZENG Yan-jun, ZHOU Zhi-jun,ZHAO Qiu-xiang ( 2314
Land Use Pattern Change and Regional Sustainability Evaluation of Wetland in Jiaogang Lake —«+eereeeevrerereeresisninensinienienennenne YANG Yang, CAI Yi-min, BAI Yan-ying, et al. (2320




F &K
BlE%Hm. &

CGMEFRZFE)FE 6 RmEE

EREpr
S OMGEI B I

% F. (RUEKREIHET)

Ji

YL EARIE EULE
KE O XEER X B
AT Bt %2 A
OO S

w w #E

(HUANJING KEXUE)

T W Nl
Wi
B i B
WV B

=
A

AN
=

HE @ %
JEI Sl A
KFE WOE

ENVIRONMENTAL SCIENCE

(Monthly  Started in 1976)

(HTI 1976 4 8 HAIH)
201546 H15H %36% FoeW Vol.36 No.6 Jun. 15, 2015
+ & P EPER Superintended by Chinese Academy of Sciences
* B P EBERE A S ETEE 0 Sponsored by Research Center for Eco-Environmental Sciences, Chinese
i g (LABINSeE ) Academy of Sciences
U BT 3 85 5 B B 2 WF 5T B Co-Sponsored by Beijing Municipal Research Institute of Environmental
WOk o 2% FROME 22 B Protection
* % ORI [ i School of Environment, Tsinghua University
% B O(IRBE R ) A E R A Editor-in -Chief OUYANG Zi-yuan
£ 1=
. e Sy N Edited by The Editorial Board of Environmental Science ( HUANJING
JLHCTT 2871 {5 A (T3UE DX XU ’
KEXUE
18 5, HBIBL T : 100085 ) ) _
LT .010-62941102 .010-62849343 P. 0. Box 2871, Beijing 100085 , China
1 .010—62849343 ’ Tel ;:010-62941102,010-62849343 ; Fax:010-62849343
E-mail ; hjkx@ rcees. ac. cn E-mail : hjlx@ 'rcees. ac. cn
http:/www. hikx. ac. en http : //www. hjkx. ac. ecn
i BR 44 3 " & i Published by Science Press
bR AR AL 1 6= 16 Donghuangchenggen North Street,
ZIN N B
MR B S . 100717 Beijing 100717, China
BRI 2 3T  dtatdbakepiin— Printed by Beijing Bei Lin Printing House
* 1T 4 4 & K ik Distributed by Science Press
135 .010-64017032 Tel:010-64017032
E-mail : journal @ mail. sciencep. com E-mail ; journal @ mail. sciencep. com
iT W & 2ELHIHEE Domestic All Local Post Offices in China
EsE&RIT TEREFRERES BN Foreign China International Book Trading Corporation (Guoji
(db5E 399 f54) Shudian) ,P. O. Box 399, Beijing 100044 , China
= ISSN  0250-3301 N
EAS. 2 2. 2-821
RERRATIS, Do o030 EAE RS,
E M E fi:120.00 ESRITRS: M 205

EMWSRFET





