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Adsorption Characteristics of Ciprofloxacin in Ustic Cambosols
CUI Hao, WANG Shu-ping

(College of Resources and Environment, Graduate University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract; In order to understand the adsorption characteristics of ciprofloxacin in ustic cambosols, static adsorption experiments were
used to investigate dynamic and isothermal adsorption characteristics of ciprofloxacin in ustic cambosols, influence of pH on the
adsorption process. Results showed that the absorption process of ciprofloxacin can be divided into two stages: fast adsorption and slow
balance. The adsorption processes followed the pseudo-second-order kinetics, with adsorption rate of 1.138 x 10 7>-2.849 x 10 ~?
kg+ (min-mg) ~'. Adsorption isotherms of ciprofloxacin in ustic cambosols were well described by the Freundlich and Langmuir
equation, Freundlich equation is more applicable than Langmuir equation, with the adsorption capacity (1gK,) of 2. 725. Moreover, at
the tested pH interval of 4-9, 1gK values of ciprofloxacin increased and then decreased with the increase of pH in ustic cambosols; the
maximum adsorption of ciprofloxacin in ustic cambosols can be obtained when the pH value was 5 with 1gK value was 3. 11; strong acid
or alkali conditions were unfavorable to ciprofloxacin adsorption. It could be deduced that cationic adsorptions was one of the significant
sorption mechanisms for ciprofloxacin in ustic cambosols.
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Table 1  Physiochemical properties of the tested soils
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Fig. 1  Absorption kinetic curves of ciprofloxacin to ustic cambosols
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Table 2 Kinetic parameters for ciprofloxacin adsorption
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Fig. 2 Intraparticle diffusion model plots for ciprofloxacin adsorption
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Fig. 3 Elovich equation plots for ciprofloxacin adsorption
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Table 3 Parameters of the adsorption models for ciprofloxacin to ustic cambosols

T Freundlich J5 & Langmuir iy
1gK, 1/n R? K, Q,./mg kg™ R P
i 2.725 1.264 0.984 <0.01 -0. 604 -436. 631 0.944 <0.01
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Fig. 4 Adsorption isotherms of ciprofloxacin to ustic cambosols

RS R B AR A R RN 22— ik
VIR PRI VD B R B A T R LR B b £ A il 2 1
X SABEE T 3l )R e A G

M P AE R R E AR R R T
Wy, AP, BRER AL AR N - R AR Y K/
WA R AR R . W P g &
B, SN R IR VD B Y W BEERE T B 3 K T e
FVRER A . FR1E 25 G B ] R 2R 1D B Bl ik
ER A B R ) Wang A1 5 30 B
BT A4 G R A X BTN U S W ) AL 2
—. [, SRV B4 T W R L AN 2 0 ) 4 i 4
S22 () AT DAY B Uk, DA A 4 26+
MR 27
2.3 VIR pH (EXT ] R ER T VD 2 A5

TE pH{EN 4 ~9 551 IR U0 B 1 W B 24
XTEAH 1K, SEBE pH A3 IS8 n 5 B AR ) a2
WNE 5 Fis, 24 pH By 5 B 5 b X B0 P9 0 B il i
WS 2850 R B g, W BE R A 240. 66 mg-kg ', 1gK, N
3. 11, SRR AR R 25 4 B AR F 8 X 3R
Th B AW I, pH (EAE 5 ~ 9 JEF I BRI TR AL I
S50 (1K, ) Bl pH {8 /T m i T R, BR8 1D B IR
Bt S8 1K, 1 pH {H 52 FUAH G (R =0.83,P <
0.05). Mifik pH &5/ Fat 20 H* DL A A7 FH
B3 A Pk A ) BT 23 R AR A T U L 1 R R R
ST DR AR, BH S W B T BB A R R v
SR R ) =B 22—

- S R R R ) 32 R pR R TR T e,
RN FESREOBEAAE AN ESA
—NH, Fl—COOH ( pK, {573} 6. 18 F18.76) ",
AL SRR R 0 OH - 454, I L H e s
WHRELABHE | etk s 1 BB B I B AETE. R

32
3.0 +
g 2s T
26 + .\
4 3 4 5 6 : 8 9 10

B 5 AE¥% pH E TR E R A RE
Fig. 5 Distribution coefficients of ciprofloxacin to ustic

cambosols at different initial pH

PEANT & pK, EHITRARBIRE pH B & TN
VR 3 MBS LG, WK 6. 7E pH {E/N T pK,, T,
WV ER—NH, 5 H 454 M % CIPH, 5,4
Tk e 1hi 4 7R far A9 BB {H 24 pH < 5 B,
20 H Y UL HAD AR B B 5 S B S
B s 57, DT R AR 1 9 X JHL R B3R SR 24 pHL f
KT pK, I, RN TP A—COOH 5 OH ~ 4541 LA
CIPH* B¢ CIP ™ JEASAATE N 3, AT SO W f &
I/ )N

CIPH*
1000
80
§
§ 60 -
i
e
A 40
Z
%
20 -
ok
4 6 8 10 12
pH
E6 AEpHETHRADESFES
Fig. 6 Speciation of ciprofloxacin at different pH
3 &

(1) 1 L XS BR U0 B ) IR B R D DR W
ARG - 2 4B Be. — 28 J1 % 05 B T DAAR 4 4
P W BRI 72 W B 20 ) 2 B0 1,138 x 107° ~
2.849 x 10 ~* kg+ (min-mg) ~'.

(2) PR E AT LA Z 0 450 W B, e
=+ B R T BRI . Freundlich 7 FEXT RN TS



2900

#

i

Bl

2 33 %

ETE 1 AR AR B R AR A AL
R (1gK,) M 2. 725.

(3) pH {HAY7E AT BR P 0 B2 7 ) L v A % ff

A B, pH HET 5 B, RNV B AW -
HP BRI B 3k SR B A 1gK, oA 3. 11, pH {HFE 5 ~9 7
FEL I, BRTR U B R R 2288 1K, RN pHL B 52 B A G
PE(R*=0.83,P <0.05). KL, PHES ¥ W Fff & 8 +
X ER P 0 B R B ) S AL 2 —

BE

(1]

[4]

[8]

[10]

[11]

Sassman S A, Lee L' S. Sorption of three tetracyclines by several
soils; Assessing the role of pH and cation exchange [ J].
Environmental Science & Technology, 2005, 39 (19). 7452-
7459.

Tolls J. Sorption of veterinary pharmaceuticals in soils: A review
[J]. Environmental Science & Technology, 2001, 35 (17):
3397-3406.

Halling-Sgrensen B, Nors Nielsen S, Lanzky P F, et al.
Occurrence, fate and effects of pharmaceutical substances in the
environment-A review[ J ]. Chemosphere, 1998, 36 (2) . 357-
393.

Jjemba P K. The potential impact of veterinary and human
therapeutic agents in manure and biosolids on plants grown on
arable land: a review [ J ].

Environment, 2002, 93(1-3) ; 267-278.

Agriculture  Ecosystems &
Kumar K, Gupta S C, Chander Y, et al. Antibiotic use in
agriculture and its impact on the terrestrial environment [ J ].
Advances in Agronomy, 2005, 87 1-54.

Morales-Muiiz S

, Luque-Garcia J L, de Castro M D L.

Continuous  microwave-assisted  extraction  coupled  with
derivatization and fluorimetric monitoring for the determination of
fluoroquinolone antibacterial agents from soil samples [ J ].
Journal of Chromatography A, 2004, 1059(1-2) . 25-31.
Rabglle M, Spliid N H. Sorption and mobility of metronidazole
olaquindox, oxytetracycline and tylosin in soil [ J ].
Chemosphere, 2000, 40(7) . 715-722.

Avisar D, Primor O, Gozlan I, et al. Sorption of sulfonamides
and tetracyclines to montmorillonite Clay[ J]. Water, Air, & Soil
Pollution, 2010, 209(1-4) : 439-450.

Vasudevan D, Bruland G L, Torrance B S, et al. pH-dependent
ciprofloxacin sorption to soils: Interaction mechanisms and soil
factors influencing sorption[ J]. Geoderma, 2009, 151(3-4) .
68-76.

Knapp C W, Cardoza L A, Hawes J N, ez al. Fate and effects of
enrofloxacin in aquatic systems under different light conditions
[J]. Environmental Science & Technology, 2005, 39 (23) .
9140-9146.
Zhang H C,

Huang C H. Oxidative transformation of

fluoroquinolone antibacterial agents and structurally related

[12]

[13]

[14]

[15]

[17]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

amines by manganese oxide [ J]. Environmental Science &
Technology, 2005, 39(12) . 4474-4483.

OECD. OECD guidelines for testing of chemicals, test guideline
106; adsorption/desorption using a batch equilibrium method
[M]. Revised Draft Document. Paris; OECD, 2000. 1-45.
Rakhshaee R, Khosravi M, Ganji M T. Kinetic modeling and
thermodynamic study to remove Ph( 1), Cd( 1), Ni( II ) and
Zn( I ) from aqueous solution using dead and living Azolla
filiculoides[ J]. Journal of Hazardous Materials, 2006, 134 (1-
3): 120-129.

G, BN, ZREESC, AF. R U o X v T AR S AR R
FRPERIAIEBITE[J]. BREERR, 2011, 32(6) : 1740-1744.
LiZ H, Hong H L, Liao L B, et al. A mechanistic study of
ciprofloxacin removal by kaolinite[ J ]. Colloids and Surfaces B:
Biointerfaces, 2011, 88(1) . 339-344.

Unlii N, Ersoz M. Adsorption characteristics of heavy melal ions
onto a low cost biopolymeric sorbent from aqueous solutions[J].
Journal of Hazardous Materials, 2006, 136(2) . 272-280.
Wang S B, Soudi M, Li L, et al. Coal ash conversion into
effective adsorbents for removal of heavy metals and dyes from
wastewater [ J]. Journal of Hazardous Materials, 2006, 133 ( 1-
3):243-251.

Giindogan R, Acemioglu B, Alma M H. Copper ( Il ) adsorption
from aqueous solution by herbaceous peat[ J]. Journal of Colloid
and Interface Science, 2004, 269(2) : 303-309.

Calvet R. Adsorption of organic chemicals in soils [ J].
Environmental Health Perspectives, 1989, 83. 145-177.

Hinz C. Description of sorption data with isotherm equations[ J].
Geoderma, 2001, 99(3-4) . 225-243.

Sukul P, Lamshsft M, Ziihlke S, et al. Sorption and desorption
of sulfadiazine in soil and soil-manure
Chemosphere, 2008, 73(8) : 1344-1350.
BT, R R, AR, A 3 MU EREIUAE RS L B
B (0], R B SR BT RS, 2010, 30 (10): 1383-
1388.

FEEER, AICH, Jefl, 45, LHER ORI X £ 8 R LR
TR RRZ (D], BRERR, 2011, 32(2) : 589-595.

Wu Q F, LiZ H, Hong H L, et al. Adsorption and intercalation

systems [ J ].

of ciprofloxacin on montmorillonite[ J]. Applied Clay Science,
2010, 50(2) : 204-211.

Gu C, Karthikeyan K G. Sorption of the antimicrobial
ciprofloxacin to aluminum and iron hydrous oxides [ J ].
Environmental Science & Technology, 2005, 39 (23 ). 9166-
9173.

Wang C J, Li Z H, Jiang W T. Adsorption of ciprofloxacin on 2 ;
1 dioctahedral clay minerals[ J]. Applied Clay Science, 2011,
53(4): 723-728.

sk, HoTAE. WD AL 4 Bh 3 b Y W R A I RR AR
[1]. BRI, 2007, 28(9) : 2134-2140.



HUANJING KEXUE Vol.33  No.8

Environmental Science ( monthly) Aug. 15, 2012

CONTENTS

Levels and Sources of Gaseous Polybrominated Diphenyl Ethers in Air over the Northern South China Sea +«+sessereereeesererensienenisnsinincneenns LI Qi-lu, LI Jun, LIU Xiang, et al. (2533)
Observation and Analysis of Air Pollution in Zhangjiakou, Hebei ««+sesseseeereerenenenencnenenns SHAO Ping, WANG Li-li, AN Jun-lin, et al. (2538)
Smog Chamber Simulation of Ozone Formation from Atmospheric Photooxidation of Propane HUANG Li-hua, MO Chuang-rong, XU Yong-fu, et al. (2551 )
Mechanism and Performance of a Membrane Bioreactor for Treatment of Toluene Vapors YE Qi-hong, WEI Zai-shan, XIAQ Panet al. (2558 )
Analysis of Odor Pollutants in Kitchen Waste Composting ZHANG Hong-yu, ZOU Ke-hua, YANG Jin-bing, et al. (2563 )
Spatial Changes and Sources of Nitrate in Beijing Urban Ecosystem Surface Water ++«+«t-veesseseersesesmmeneneininininninnencens XU Zhi-wei, ZHANG Xin-yu, REN Yu-fen, et al. (2569)
Distribution Characteristics and Potential Risk of PCBs in Surface Water from Three Tributaries of Yangtze River in Different Periods -+ LI Kun, ZHAO Gao-feng, ZHOU Huai-dong, et al. (2574 )
Distribution Characteristics and Potential Risks of Phenols in the Rainy Season Surface Water from Three Gorges Reservoir — «++++ WU Zheng-yong, ZHAO Gao-feng, ZHOU Huai-dong, et al. (2580 )
Spatial Distribution of Perfluorooctanoic Acids and Perfluorinate Sulphonates in Surface Water of East Lake «++ecreerereserereeneneneenns CHEN Jing, WANG Lin-ling, ZHU Hu-di, e al. (2586)
Characteristics of Heavy Metal Pollution in Daninghe River and Modaoxi River of Three Gorges Reservoir Areas +«+eseeeresseeeeesees AN Li-hui, ZHANG Yan-qiang, ZHENG Bing-hui, et al. (2592)
Pollution Characteristics and Ecological Risk Assessment of Heavy Metals in the Surface Sediments of the Yangtze River «+:+eeseeerereeees WANG Lan, WANG Ya-ping, XU Chun-xue, e al. (2599 )

Analysis of the Source, Potential Biological Toxicity of Heavy Metals in the Surface Sediments from Shellfish Culture Mudflats of Rudong Country, Jiangsu Provinge —«+s«sseseeseeeeeseereeneenes
LI Lei, WANG Yun-long, JIANG Mei, et al. (2607)

Effect of Disturbance Intensity on Phosphorus Release and Tts Transformation in the Sediment from Taihu Lake
Effects of Intrusions from Three Gorges Reservoir on Nutrient Supply to Xiangxi Bay ««+vereereeeresiereresimeneneienenns
Influence of Perennial Flooding and Drought on Growth Restoration of Acorus calamus in Water-level-fluctuation Zone of the Three Gorges Reservoir «e+essereeeseserensnmiineniininennn

..................................................................................................................................................................... LI Qiang, GAO Xiang, DING Wu-quan, et al. (2628)
Pollution Load and the First Flush Effect of Phosphorus in Urban Runoff of Wenzhou City «+«+++seseereereeesesenensienieneneinenn ZHOU Dong, CHEN Zhen-lou, BI Chun-juan (2634 )
Output Characteristics of Rainfall Runoff Phosphorus Pollution from a Typical Small Watershed in Yimeng Mountainous Area +* YU Xing-xiu, LI Zhen-wei, LIU Qian-jin, et al. (2644 )
Influence of Land Use Structure on Nitrogen Output in the Watershed of Suburban Agriculture Regiong —«+eereeseeresesereesesnsenenn YANG Feng, WANG Peng-ju, YANG Shan-shan, et al. (2652)
Simulation of Nitrogen and Phosphorus Loss in Siling Reservoir Watershed with AnnAGNPS BIAN Jin-yun, WANG Fei-er, YANG Jia, et al. (2659)

GIS and L-THIA Based Analysis on Variations of Non-point Pollution in the Guanlan River Watershed, Shenzhen BAI Feng-jiao, LI Tian-hong (2667 )

Response of Sloping Water Erosion to Rainfall and Micro-earth Pattern in the Loess Hilly Area WEI Wei, JIA Fu-yan, CHEN Li-ding, et al. (2674)

Comparison Study of Enhanced Coagulation on Humic Acid and Fulvic Acid Removal ZHOU Ling-ling, ZHANG Yong-ji, YE He-xiu, et al. (2680 )

Real-time PCR Detection and Quantification of Emerging Waterhorne Pathogens (EWPs) and Antibiotic Resistance Genes ( ARGs) in the Downstream Area of Jiulong River +++«+essseeereesess

- *+ WANG Qing, LIN Hui-rong, ZHANG Shu-ting, et al. (2685

Quantitative and Qualitative Analysis of Total Bacteria and Ammonia-oxidizing Bacteria in Buji River in Wet Season SUN Hai-mei, BAI Jiao-jiao, SUN Wei-ling, e al. (2691
(
(

)
)
Study on the Nitrogen Removal Performance and the Characteristics of Denitrification Bacterial Community Structure of Biological Aerated Filter -+ PENG Xiao-lan,LIU Cong,CHEN Lii-jun ( 2701 )
Analysis of Microbial Community Structure at Full-scale Wastewater Treatment Plants by Oxidation Ditch =«+«eeesessersersenesienennennineneneinns GUO Yun, YANG Dian-hai, LU Wen-jian (2709 )
Performance and Microbial Community Dynamic Characteristics of an Internal Circulation Reactor Treating Brewery Wastewater *+* ZHU Wen-xiu, HUANG Zhen-xing, REN Hong-yan, et al. (2715)
Coupling AFM Fluid Imaging with Micro-Floceulation Filtration Process for the Technological Optimization -+ ZHENG Bei, GE Xiao-peng, YU Zhi-yong, et al. (2723 )
Study on Removal Effect of Different Organic Fractions from Bio-treated Effluent of Dye Wastewater by UV/H,0, Process — «wseesereeseeeseseeeeees LI Xin, LIU Yong-di, SUN Xian-bo, et al. (2728)
Optimization of Chlorella pyrenoidosa-15 Photoheterotrophic Culture and Its Use in Wastewater Treatment WANG Xiu-jin, LI Zhao-sheng, XING Guan-lan, et al. ( 2735)
Characteristics and Mechanism of 2,4,6-TCP Degradation by the “Fe®/Enriched-Bacteria” System DAI You-zhi, GUO Li-li,SHI Lei, et al. (2741 )
)
)
)
)
)
)
)

Immobilization of Crude Laccase onto Anion Exchange Resin and Its Application in Decoloration of Malachite Green QI Xu-liang, LIU Xiang, LIU Bo, et al. ( 2747

Low-Temperature Preparation of TiO,/PS/Fe;0, and lts Photocatalytic Activity and Magnetic Recovery =~ «+++-+- » WANG Xue-jiao, REN Xue-chang, NIAN Juan-ni, et al. (2752

ZHANG Yu-cai, BO Long-li, WANG Xiao-hui, et al. (2759

GAO Li-ying, TANG Bing, LIANG Ling-yan, et al. ( 2766

SU Kui-zu, DENG Xiu-kun, ZHENG Li, et al. (2773

YE Yun-di, SUN Shui-yu, ZHENG Li, et al. (2780

SONG Yong-wei, LIU Fen-wu, ZHOU Li-xiang (2786
Response of the Artificial Cyanobacterial Crusts to Low Temperature and Light Stress and the Micro-structure Changes Under Laboratory Conditions «++eessereesesssssersesssnmmenennsiniinenn

RAO Ben-giang, LI Hua, XIONG Ying, et al. (2793)

WU Yan, JIANG Chang-sheng, HAO Qing-ju ( 2804 )

YIN Chun-yan,LUO Yong-ming, TENG Ying, et al. (2810)

HU Bin, LIANG Dong-li, ZHAO Wen-long, et al. (2817)

ZHANG, Jing, LIN Xian-gui, LIU Wei-wei, et al. (2825)

+ ZHANG Zhi-yuan, WANG Cui-ping, LIU Hai-bin, et al. (2832)

(2840)

(2849)

(2855)

(2862)

Study on Catalytic Oxidation of Benzene by Microwave Heating

Synergistic Effects of Nano-sized Magnetic Particles and Uncoupler to the Characteristics of Activated Sludge

Experimental and Modeling Research on the Settlement of Aerobic Granular Sludge

Analysis of Hydrolytic Enzyme Activities on Sludge Aerobic/Anoxic Digestion After Ultrasonic Pretreatment

Effect of Microbial Nutrient Concentration on Improvement of Municipal Sewage Sludge Dewaterability Through Bioleaching

Seasonal Dynamics of Soil Active Carbon Pool in a Purple Paddy Soil in Southwest China

Pollution Characteristics and Accumulation of Antibiotics in Typical Protected Vegetable Soils ««+evesvseereevemeesenennsienens

Transformation and Influences of Copper and Selenium Fractions on Heavy Metals Bioavailability in Co-contaminated Soil

Response of Soil Microbial Community to the Bioremediation of Soil Contaminated with PAHs
Bioremediation of PAHs Contaminated Soil from Beijing Coking Plant by Lasiodiplodia theobromae

CAI Yong-bing, LI Ling, WEI Xiao-fei, et al. (2840
QI Jie, WANG Mei-e, WANG Zi-giang, et al. (2849
CHEN Chun, ZHOU Qi-xing, LIU Xiao-wei ( 2855
ZHU Jian-guo, et al. (2862

Leaching Experiments on the Release of Trace Elements from Tailings of Chashan Antimony Mine, Guangxi, China +-++-+++-

Accumulation Characteristics of Arsenic in Suburban Soils of Beijing

Antioxidant Enzyme Gene Expression as Molecular Biomarkers of Exposure to Polycyclic Musks «+
Effects of Ozone Pollution on the Accumulation and Distribution of Dry Matter and Biomass Carbon of Different Varieties of Wheat —++:++++veeeee KOU Tai-ji, YU Wei-wei
Influence of Reaction Time of Urea Hydrolysis-Based Co-precipitation on the Structure of ZnAl Layered Double Hydroxides and the Phosphate Adsorption +-++++++
........................................................................................................................................................................ LU Ying, CHENG Xiang, XING Bo, et al. (2868)
Competitive Adsorption Kinetics of Aqueous Ph?* and Cu® * on Nano-HAP Surfaces ++++++eeerrerememememensisininn HU Tian-tian, CANG Long, WANG Yu-jun, et al. (2875)
Effects of pH and Ni?* on Sorption Behavior of Phenanthrene on Engineered Nano-Silica LUO Pet, SUN Hong-wen, ZHANG Peng ( 2882 )
LIU Juan, CHEN Di-yun,ZHANG Jing, et al. (2889)
)

)

)

’

Adsorption Characteristics and Mechanism of Uranium on Attapulgite

CUI Hao, WANG Shu-ping ( 2895
Kinetic Mechanism and Characteristics Researches for Hydrazine-based NO, Removal at Moderate to High Temperatures HONG Liu, CHEN De-zhen, WANG Du, et al. (2901
Current Research Situation of H,S Selective Catalytic Oxidation Technologies and Catalysts +«+«»++srereeeerersenesmssenmesineenenne HAO Zheng-ping, DOU Guang-yu, ZHANG Xin, et al. (2909

Adsorption Characteristics of Ciprofloxacin in Ustic Cambosols -+




(MEMZEY)FE 6 BREZRS
* & WA

BIEM, BEEE AV W)

BB (BIEETHT)

TEYL EARRE EBIE EZZE WM HoE REE
AIK XER Hils BET o M Sl Ak
BRRH A B 2 Ak O RG] Bk | &

| HosR W 4 W W

w# B 37

(HUANJING KEXUE)

ENVIRONMENTAL SCIENCE

(Monthly  Started in 1976)

(AT 1976 4£8 AAIT)
201248 H15H 33% 8 Vol.33 No.8 Aug. 15, 2012
F & P ERERE Superintended by Chinese Academy of Sciences
* B P ERERE A SRR AL Sponsored by Research Center for Eco-Environmental Sciences, Chinese
03 B (LSIneE MR Academy of Sciences
LB T R 8 171‘% PRl 22 5T B Co-Sponsored by Beijing Municipal Research Institute of Environmental
AR 7 N Protection
* % ORI E School of Environment, Tsinghua University
P 3 (HHREYRBE RS Editor-in -Chief OUYANG Zi-yuan
e NN Edited by The Editorial Board of Environmental Science ( HUANJING
AE 5T 2871 {7 A (UFE OB
KEXUE
18 5, HBEC T :100085) ) N
35 .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 http://www. hjkx. ac. cn
H BR 44 % " " m Published by Science Press
b AR B I 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+ ] * K i Distributed by Science Press
.14 :010-64017032 Tel :010-64017032
E-mail ; journal@ mail. sciencep. com E-mail ; journal @ mail. sciencep. com
T M & 2EAHERHR Domestic All Local Post Offices in China
E5hR&EIT PEEREFER S BT Foreign China International Book Trading Corporation ( Guoji
(dt=t 399 fH4H) Shudian) , P. 0. Box 399, Beijing 100044 , China
ISSN 0250-3301 N
15 1 eos v H 5 2-821
HERETS ' N 1L.1895/X EHRH RS
W E f:70.00 5T ESEITRS: M 205

BEWShRFET




	01.pdf
	fm.pdf
	zml.pdf

	20120853.pdf
	03.pdf
	yml.pdf
	fd.pdf




