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Investigation on Emission Properties of Biogenic VOCs of Landscape Plants in

Shenzhen

HUANG Ai-kui', LI Nan’, Alex Guenther’,Jim Greenberg’ , Brad Baker'  Michael Graessli*, BAI Jian-hui’

(1. Shenzhen Guangming New District City Construction Bureau, Shenzhen 518107, China; 2. Shenzhen Fairy Lake Botanical Garden,
Chinese Academy of Sciences, Shenzhen 518004, China; 3. National Center for Atmospheric Research, Boston 80307, USA;
4. Department of Chemistry California State University, Los Angeles 95819, USA; 5. Institute of Atmospheric Physics, Chinese
Academy of Sciences, Beijing 100029, China)

Abstract : Isoprene and monoterpene emissions were characterized using flow and enclosure sampling method and GC-MS in USA for
158 species of plants growing in Shenzhen, China. This survey was designed to include all of the dominant plants within the Shenzhen
region as well as unique plants such as Cycads. These are the first measurements in a subtropical Asian metropolis. Substantial
isoprene emissions were observed from thirty-one species, including Caryota mitis, Adenanthera pavonina var. microsperma, Mangifera
indica and Excoecoria agalloch. Monoterpene emissions were observed from fifty-two species, including Passiflora edulis, Bambusa
glaucescens cv. silversiripe as well as some primitive and rare Cycadaceae and Cyatheaceae plants. For the first time some of red plants
have been measured, most of them have the ability of releasing terpene. These results will be used to develop biogenic emission model
estimates for Shenzhen and the surrounding region that can be used as inputs for regional air quality models.

Key words :landscape plant; volatile organic compounds; isoprene; terpene; release; subtropical region
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Table 1 ~ Species with isoprene emission among all sampled plants

GBS B S IR A ng- (g+h) 7
JREKBR Brainea insignis B EBEFl Blechnaceae 2.81
LWL IRAER Bowenia spectabilis JEFl Cycadaceae 4.27
B KAT Nandina domestica /NBER} Berberidaceae 3.27
¥riEME Eucalypius citrodora BE4IRAL Myrtaceae 17.10
T2 Melaleuca leucadendra e 4Bl Myrtaceae 12. 80
558 Syzygium cumini BEE 1R B} Myrtaceae 9. 66
# A4 K Cratoxylum cochinchinenses FEHPl Guttiferae 5.15
KT“FE3E Elaeocarpus apiculatus FLIEEL Elacocarpaceae 13.48
JKAHE Elaeocarpus hainanensis F13F} Elaeocarpaceae 2.61
R Excoecoria Agalloch KiEF} Euphorbiaceae 29.90
28 Aporosa dioica KiFEl Euphorbiaceae 1.72
FEVEREL Albizzia falcataria TFl Leguminosae 8.58
KA Acacia mangium TAF Leguminosae 5.09
121 5 Adenanthera pavonina var. microsperma T8} Leguminosae 33.45
H i Castanopsis fissa 723 Bl Fagaceae 3.56
KIFREE Casuarina equisetifolia AR} Casuarinaceae 1.46
KA Ficus virens var. sublanceolata ZF} Moraceae 6.28
M Ficus microcarpa ‘ Golden Leaves’ ZEl Moraceae 5.39
58 I35 Koelreuteria bipinnata JCH# TF} Sapindaceae 2.10
2R Mangifera indica WAL Anacarabiaceae 57.74
WS HIA Schefflera octophylla TR} Araliaceae 7.50
JeAIHE Nerium. oleander FATHERE Araliaceae 4.88
HWURBZ% Chrysalidocarpus lutescenes FitE Rl Palmaceae 15.97
{BRAERS Archontophoenix alexandrae FAtEARL Palmaceae 17. 05
AL ZE Phoenix roebelenii KR Palmaceae 4.90
FEAT Rhapis excelsa FitERL Palmaceae 3.68
S a3 Caryotamitis FitEARL Palmaceae 147. 96
i 235 Caryota ochlandra ¥Rl Palmaceae 1.88
THERF Raphia vinifera FEAREL Palmaceae 1.40
W AT Bambusa textiles ARAF} Graminae 2.67
KA Bambusa vulgaris ARAR} Graminae 4.50

1, B TR S RHE Y ) 5/8. S FHE R 1 165 M
XA B9 LB ARAE ) JC IS 5% ( Sonneratia apetala) |
8 ¥ ( Avicennia marina ) . #i £ B ( Aegiceras
corniculatum ) . K ( Bruguiera gymnorrhiza ) | ¥ 3&
( Sonneratia caseolaris) . K7 ( Kandelia candel) ¥4
T, HET R R s o T e 2 A AR AR )
6/7. LIEXTHI YRR BVOCs BT Z 4 F AR
HA X A A PRI 5T 50 AR 9 rp AR A
(Rhoeo discolo) . A€t 111 22 (Alpinia zerumbet cv.
variegata ) . 3% 5 % £ ( Cuphea sp.) . /N5 2217
( Bambusa glaucescens cv. silverstripe) , A XS H5 R
( Passiflora edulis ) | ¥ 1% & 2% F} ( Lantana camara

var. flava) HERCE RS . A IE B R I I A
TR AT (I LL R AR AT 1 I 3 90 LR
R P, o HE 5 BL ( Verbenaceae ) | %6 4 F Bl
( Myrsinaceae) |16 2 BL 45 2L W AR 9, & B HE 5
FLA R A HE R S A% 19 RE . T 2 0 Ik
R K H K F 8k ( Dioon spinulosum ) | A 1L 75 2k
( Cycas miquelii) & T % i 8k ( Bowenia spectabilis ) |
ML B K ( Zamia forfuracea ) , Bk 25 A5 Y1 JE KD A%
( Gymnosphaera podophylla ) . 75 2k BR ( Brainea
12 R B A H % ( Mikania micrantha ) WA — & & )
HEML.
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Table 2 Species with terpene emission among all sampled plants

eSS F B RHEGEE pg- (g-h) 7!
PR Gymnosphaera podophylla R EL Cyatheaceae 13.34
IERBR Brainea insignis 5 EHERF Blechnaceae 4.79
FETMN P IR R Bowenia spectabilis JEFl Cycadaceae 3.67
KIITF8K Dioon spinulosum JEFl Cycadaceae 15. 87
FIFRER Cycas miquelii FEAL Cycadaceae 5.56
BERLEK Zamia forfuracea IEFl Cycadaceae 1.42
Ly EHA Pinus massoniana #ABL Pinaceae 1.39
Y& BK2 Taxodium distichum F28} Taxodiaceae 1.05
INH-SERRTEE Gnetum parvifolium SEIRRIBEFR) Gnetaceae 5.14
WA F Litsea cubeba 8l Lauraceae 17.75
LEHEAY Cuphea sp. TJHZEF} Lythraceae 10. 92
W Z& Sonneratia caseolaris #F 3R} Sonneratiaceae 6.77
ToiRE 2 Sonneratia apetala W ZAl Sonneratiaceae 10.79
MR Passiflora edulis VEFEERL Passifloraceae 68.77
558 Syzygium cumini BE4 IR AL Myrtaceae 13.46
¥R Eucalyptus citrodora B4 IR Myrtaceae 2.90
BA[YTHEA" Terminalis arjuna fH FF Combretaceae 1.48
AME Bruguiera gymnorrhiza ZIHEL Rhizophoraceae 5.25
Bt Kandelia candel 2%} Rhizophoraceae 2.72
(PEYE Sterculia lanceolata TEHIR} Sterculiaceae 1.37
A4 38 Aleurites moluccana PG Euphorbiaceae 9.81
WHIEIR Cleidiocarpon cavaleriei K#F} Euphorbiaceae 5.7
212 Acalypha wilkesiana K#F} Euphorbiaceae 5.02
1144 Sapium discolor K#F} Euphorbiaceae 2.79
B Bischofia javanica KiEl Euphorbiaceae 1.98
A ERE Albizia falcataria TFl Leguminosae 13.37
W Cassia surattensis ISk Leguminosae 4.92
M B-ER Pithecellobium lucidum SR Leguminosae 1.90
XY SR Erythrina crista-galli TF} Leguminosae 1.51
T IRHE Ficus variegata var. chlorocarpa FFL Moraceae 1. 06
2 Castanopsis fissa 5Bl Fagaceae 2.78
AEVNBR Khaya senegalensis R Meliaceae 5.97
F58% Litchi chinensis JoB TRk Sapindaceae 15.32
P28 Koelreuteria bipinnata TeHFFl Sapindaceae 6.33
W5 Cerbera manghas BEM AL Anacarabiaceae 1.61
BRI Schefflera octophylla TLNF}L Araliaceae 7.74
F89 Rhodo dendron pulchrum FASAEFR} Ericaceae 2.78
HAAERS Aegiceras corniculatum 44 F Myrsinaceae 10. 88
W Allamanda schottii JeATHEE Araliaceae 2.21
T A F] Hamelia patens 75 5Bl Rubiaceae 1.74
FHSAE Ixora chinensis 745 5B} Rubiaceae 1.59
TREELS Carmona microphylla R} Boraginaceae 10. 64
7 H %4 Mikania micrantha 4%l Compositae 2.92
3 Avicennia marina DRIl Verbenaceae 12. 69
AL LB} Lantana camara var. flava ¥R R} Verbenaceae 8.51
UEAE Rhoeo discolor H5 B0 FRL Commelinaceae 2.44
AEMHa 11122 Alpinia zerumbet cv. variegata ZF} Zingiberaceae 4.21
EAERE Archontophoenix alexandrae FEREEL Palmaceae 3.53
T3 Phoenix dactylifere EitE Rl Palmaceae 3.26
BT Cocos nucifera FitE Rl Palmaceae 1.31
INBELLAT Bambusa glaucescens cv. silverstripe ARAEL Graminae 56.37
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(2) WFFE T YO At AT TR T R A 1Y) 20 A%
MAEY AT T 5, P LI R ERE | B R
( Verbenaceae) . %5 4 4l ( Myrsinaceae ) | 1 5 8l 4
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RE s, SR TH AR el b A v /2R T ESOAS SR %26
Y.
Sk
[1] Singh H B, Zimmerman P R. Atmospheric distribution and
sources of nonmethane hydrocarbons [ A]. In: Nriagu J O.
Gaseous pollutants: characterization and cyclingl M]. New York:
John Wiley and Sons, 1992.177-235.
[2] BEFERCE, KB, 5. & i s 5 0 G HEot 52
[J]. BBk, 1999, 18(2) : 21-27.
[3] &0, sk B8R, 55 JUati XA VOCs HERGE A /Y
MELI]. TR, 2003, 24(2) : 7-12.
[4] RoselleS]J, Pierce T E, Schere K L. The sensitivity of regional

ozone modeling to biogenic hydrocarbons [ J ]. Journal of

Geophysical Research, 1991, 96(D4) . 7371-7394.

[ 5] Guenther A, Hewitt C N, Erickson D, et al. A global model of
natural volatile organic compound emissions [ J ]. Journal of
Geophysical Research, 1995, 100(D5) . 8873-8892.

[ 6] Constable ] V H, Guenther A B, Schimel D S, et al. Modeling
changes in VOC emission in response to climate change in the
continental United States[ J]. Global Change Biology, 1999, 5
(7):791-806.

[ 7] Klinger LF, Li QJ, Guenther A B, et al. Assessment of volatile
organic compound emissions from ecosystems of China [ J].

Journal of Geophysical Research, 2002, 107 (D21) ; 4603.

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Lamb B, Pierce T, Baldocchi D, et al. Evaluation of forest
canopy models for estimating isoprene emissions[ J]. Journal of
Geophysical Research, 1996, 101(D17) . 22787-22797.
Peterson W. A survey of biogenic VOCs[ J].
Industry, 1999, 15(5) : 82-89.

Owen S M, Mackenzie A R, Stewart H, et al. Biogenic volatile

Paint & Coatings

organic compound (VOC) emission estimates from an urban tree
canopy[ J]. Ecological Applications, 2003, 13(4) . 927-938.
Centritto M, Liu S R, Loreto F. Biogenic emission of volatile
organic compounds by urban forests [ J ].
Science and Technology, 2005, 4(1) : 20-26.
R, AR VTR, AE. NO, F1 VOC H AR IEHE R Hoxt v [
Hiy DXL 22 01 A 2 R 5 o Y BB ST [T SR BE R
2%, 2007, 28(1) : 32-40.

Karlika J] F, McKaya A H, Welcha ] M, et al. A survey of

Chinese Forestry

California plant species with a portable VOC analyzer for biogenic
emission inventory development[ ] ].
2002, 36(33): 5221-5233.
RS R AR, X SR MY IR R TR R AR
[J]. M HAEZS2AR, 2002, 13(4) ; 505-509.

Fesenfeld F, Calvert J, Fall R, et al. Emission of volatile

Atmospheric Environment,

organic compounds from vegetation and the implications for
atmospheric chemistry [ J ]. Global Biogeochemical Cycles,
1992, 6(4) : 389-430.

Benjamin M T, Winer A M. Estimating the ozone-forming

potential of urban trees and shrubs [ J ].

Environment, 1998, 32(1) . 53-68.

Atmospheric

Karlik J] ¥, Winer A M. Plant species composition, calculated
leaf masses and estimated biogenic emissions of urban landscape
types from a field survey in Phoenix, Arizona[ J]. Landscape and
Urban Planning, 2001,53(1-4); 123-134.

BHANE , B8, Rl A A5 b T B ARk s A K A L
PIHEBCRAG AL D], h EFREERE, 2007, 27(4) : 498-502.
ERRE, R T BRSO R
HEBEFE ). YR, 2002, 19(2) : 224-230.

ZEPRZE  Klinger L F. 1 ER RIS g R R VL&D
WSS RGEB M KYEL)]. =R, 2001, 43
(10) : 1065-1071.

Guenther A, Zimmerman P, Harley P, et al. Isoprene and
monoterpene emission rate variability: Model evaluation and
esensitivity analyses [ J ]. Journal of Geophysical Research,

1993, 98(D7) ; 12609-12617.



HUANJING KEXUE Vol.32  No. 12

Environmental Science ( monthly) Dec. 15, 2011

CONTENTS

Preface +r+++rsrrsseereernnnnnnnaaeeetttttt e ettt e e e ee e et et e e e e et et e e e e e e e ee L e e e s e e e e e e e et e e e e e e e e et et e e e e e et eetat e e eeeaeeraranas HAO Zheng-ping(3461)

Study on Control and Management for Industrial Volatile Organic Compounds (VOCs) in China - e R LA
............................................................................................................. WANG Hai-lin, ZHANG Guo-ning, NEI Lei, et al. (3462)

Countermeasures for Priority Control of Toxic VOC Pollution — «xxxeeeeeseeeeeeemmreensneeeneenn - -+ CHEN Ying, LI Li-na, YANG Chang-qing, e al. (3469)

++= LUAN Zhi-giang, HAO Zheng-ping, WANG Xi-qin(3476)

Evaluation of Treatment Technology of Volatile Organic Compounds for Fixed Industrial Resources -

Emission Control Way of Volatile Organic Compounds in Industry — -sssseererrerreesmesseeremmmeee.. JIANG Mei, ZHANG Guo-ning, WEI Yu-xia, et al. (3487)
Regulations and Policies for Control of Volatile Organic Compounds and the Emission Standards in Taiwan «sssseererseereessssseerermmmeeens
..................................................................................................................... LUAN Zhi-giang, WANG Xi-qin, ZHENG Ya-nan, et al. (3491)
Study on Foreign Regulations and Standards of Stationary Sources VOCs Emission Control «««««-x==sseeee ZHANG Guo-ning, HAO Zheng-ping, JIANG Mei, et al. (3501)
VOCs Tax Policy on China’s Economy Development «x««xxeeeseseererrmrmrmenrrrerimmimiie LIU Chang-xin, WANG Yu-fei, WANG Hai-lin, et al. (3509)
Characteristics of Volatile Organic Compounds ( VOCs) Emitted from Biofuel Combustion in China «««««eeeeereereeeeees LI Xing-hua, WANG Shu-xiao, HAO Ji-ming(3515)
Spatial and Temporal Variations of Ambient Carbonyl Compounds in Beijing and Its Surrounding Areas —:eeeeseeeerrsrrssresrremmrmiiiiiees
....................................................................................................................................... WANG Qin, SHAO Min, WEI Qiang, et al. (3522)
Analysis on Status Pollution and Variation of BTEX in Beijing «++teerreeeeeseereererrrmreserrertrmmie. SUN Jie, WANG Yue-si, WU Fang-kun(3531)
Characteristics of Ambient VOCs and Their Role in O; Formation; A Typical Air Pollution Episode in Shanghai Urban Area «++++sererseeressssssssssenmmmenmmnmnnnnennee
................................................................................................................................. CUI Hu-xiong, WU Ya-ming, GAO Song, et al. (3537)
Observation and Study on Atmospheric VOCs in Changsha City ~— sseeeeerresrrssssneeesrmmm LIU Quan, WANG Yue-si, WU Fang-kun, et al. (3543)
Characteristics of Volatile Organic Compounds During Haze Episode in Foshan City «-++++++s+sssesessrsesssimsesssiems ettt

+ MA Yong-liang, TAN Ji-hua, HE Ke-bin, et al. (3549)

-+ ZHOU Yu-min, HAO Zheng-ping, WANG Hai-lin(3560)

Health Risk Assessment of Atmospheric Volatile Organic Compounds in Urban-rural Juncture Belt Area ZHOU Yu-min, HAO Zheng-ping, WANG Hai-lin(3566)

Source Emission Characteristics of Malodorous Volatile Organic Carbonyls from a Municipal Sewage Treatment Plant = oseseeeeeeerreessmseeerermmmennniiiinin
.............................................................................................................................. ZHOU Mi, WANG Bo-guang, ZHAO De-jun, et al. (3571)
Source Emission Characteristics and Impact Factors of Volatile Halogenated Organic Compounds from Wastewater Treatment Plant «««««eereeereeeeeeeeereerseenannnnnnnnens
.................................................................................................................................... HE Jie, WANG Bo-guang, LIU Shu-le, et al. (3577)
Quantification Assessment of the Relationship Between Chemical and Olfactory Concentrations for Malodorous Volatile Organic Compounds —++xxsxeeeessreeeeeesmeeeeenens
.................................................................................................................................... LIU Shu-le, WANG Bo-guang, HE Jie, et al. (3582)
Study on Transformation Mechanism of SOA from Biogenic VOC Under UV-B Condition = +++++essesserssrsssrssssssnennenneenes LI Ying-ying, LI Xiang, CHEN Jian-min(3588)
Kinetic Studies on the Gas-phase Reactions of NO; Radicals with Three Cyclic Ethers ««wwrerreerrerrerrereeereeeeeeeeeen. GAI Yan-bo, GE Mao-fa, WANG Wei-gang(3593)
Uptake of 3-methyl-3-buten-1-ol into Aqueous Mixed Solution of Sulfuric Acid and Hydrogen Peroxide =++«+=«xx=====++++ WANG Tian-he, LIU Ze, GE Mao-fa, et al. (3599)
An Overview on Analytical Method of Volatile Organic Compounds in Water «+++eeeerreeresreeseermmmmmeenintre. XU Xiu-yan, ZHU Qing, TAN Li, et al. (3606)
Determ Ination of Low Concentration VOCs in Air by a Newly Designed Needle Trap Device «+erreeeeereerreeerrsmmmmammsnssnennneeeeneeenees LI Xiang, CHEN Jian-min (3613)
Research on Determination of Total Volatile Organic Sulfur Compounds in the Atmosphere — =»sssseerrrrrssssrserrrrnrerirerrrii e
........................................................................................................................... WANG Yan-jun, ZHENG Xiao-ling, HE Ying, et al. (3617)
Automatic Continuous Monitoring of Volatile Organic Compounds Using Ton Mobility Spectrometer Array «:e-sseseerrerreesssseseserenmmmieeiieen
........................................................................................................................ ZHOU Qing-hua, CANG Huai-wen, JU Bang-yu, et al. (3623)
Development of a Membrane Inlet-Single Photon Ionization/Chemical lonization-Mass Spectrometer for Online Analysis of VOCs in Water
................................................................................................................................. HUA Lei, WU Qing-hao, HOU Ke-yong, et al. (3628)
Detection of TVOC and Odor in Industrial Park Using Electronic Nose » TIAN Xiu-ying, CAI Qiang, YE Zhao-xia, et al. (3635)
Applicability of an Electronic Nose for Detection of Volatile Chlorinated Hydrocarbons in Soil  +++eeererreessssseerremmmmiiinnrirrimuniiiiiiiirreiieenee
.............................................................................................................................. BU Fan-yang, WEN Xiao-gang, WAN Mei, et al. (3641)
Test and Analysis of Acrylic Acid Ester in Industry Pipelines ==sssssserrerreessrseeeerrmmmmmeenens WU Bin, ZHANG Hong-yan, LU Lin-guang (3647 )
Preparation of Honeycombed Monolithic Zeolite and Hydrophobic Modification with SiCl, =~ eeeeeeeereememmmmmmmemmeemeeneenee WANG Xi-qin, LI Kai, WEI Bing, et al. (3653)
Synthesis of Manganese Oxide Octahedral Molecular Sieve and Their Application in Catalytic Oxidation of Benzene ~ --++++ LI Dong-yan, LIU Hai-di, CHEN Yun-fa(3657)
Adsorption-Desorption Performance of Honeycomb-Shaped Activated Carbon ««eeeseeeeersmereemnresermmmmminnee. HAN Zhong-juan, LUO Fu-kun, LI Ze-qing(3662)
Process of Adsorption and Separating Recovery Solvents from Vapor Mixture Directly ««+++seeeeeesresserasrssssssssnneneeeeeennes WANG Hong-yu, QIANG Ning, HU Xia(3667)
BTF Performance Treating a Chlorobenzene-Contaminated Gas Stream =+++esseerreesssssserersmmmriennrirtieiiiie ZHOU Qing-wei, ZHU Run-ye, HU Jun, et al. (3673)
Purification of Complicated Industrial Organic Waste Gas by Complex Absorption =++++seeeereessereeeeees CHEN Ding-sheng, CEN Chao-ping, TANG Zhi-xiong, et al. (3680)
Analysis of the Treatment Technology Pathway of VOCs Released from Oven +++sssssssssssssssssmersmmmmmmmmimmn LI Ze-qing, LUO Fu-kun(3685)
Fabrication of Co;0, Nanorods and Its Catalytic Oxidation of Gaseous Toluene ++++++sssereeresssssrsssssneneeenes YAN Qing-yun, LI Xin-yong, ZHAO Qi-dong, et al. (3689)
Preparation, Characterization of Si Doped TiO, Nanotubes and lts Application in Photocatalytic Oxidation of VOCs «rrrrrerrrerrrrrerrrrrererrerrerrerenennrennnnees
............................................................................................................................ ZOU Xue-jun, LI Xin-yong, QU Zhen-ping, et al. (3694)
Research of the Natural Attenuation Capacity of Oil Pollutants Based on in-situ Experiment «-++eeeeeeeereeeseeeeeeeeenens JIA Hui, WU Xiao-feng, HU Li-ming, et al. (3699)

Experimental Research of Oil Vapor Pollution Control for Gas Station with Membrane Separation Technology




E M K
B E%H: &

(AEREI)E 6 EBREZERS

BH A iz
SAEOMEW OB NI

HOF. (RHEREEHT)

i

FYT EARER ERLAE
KE O XER i
Az B 2 MK
7 TR S

A

(HUANJING KEXUE)

T4
BT

TR

M R

HE #f SR

i sl bRz

o
% BIER

KT W OE

ENVIRONMENTAL SCIENCE

(Monthly Founded in 1976)

(AT 1976 4£8 HAIH])
2011412 A15H 32% # 12 HER) Vol.32 No.12 Dec. 15, 2011
+ & rhERERE Superintended by Chinese Academy of Sciences
* B PERERE ARSI O Sponsored by Research Center for Eco-Environmental Sciences, Chinese
e B (U 72%1][]5‘6}5%7}%) Academy of Sciences
b5 T B 8 L B S ST Co-Sponsored by Beijing Municipal Research Institute of Environmental
TR N7 R Protection
* % KK H o School of Environment, Tsinghua University
%5 ORI SR RS Editor-in -Chief OUYANG Zi-yuan
e 2871 (5 (T Xﬂfgﬂﬁ Edited by The Editorial Board of Environmental Science ( HUANJING
Ea =] 3 - H
. KEXUE
15 5 HEECETS £ 100085) T 4
T 010-62941102 01062849343 P. O. Box 2871, Beijing 100085 , China
B .010 62849343 ’ Tel:010-62941102,010-62849343 ; Fax:010-62849343
E—mai-l-hjkx@ Leees. ac. on E-mail ; hjkx@ rcees. ac. cn
http : //www. hjkx. ac. cn hitp://www. hjkx. ac. en
i BR 4+ P " I m Published by Science Press
b AR IR AL A 16 2 16 Donghuangchenggen North Street,
MR A5 . 100717 Beijing 100717, China
ED R 2 4T JbstduakERR]) Printed by Beijing Bei Lin Printing House
% 1T 44 4% & A ik Distributed by Science Press
FE 35 .010-64017032 Tel:010-64017032
E-mail ; journal @ mail. sciencep. com E-mail ; journal @ mail. sciencep. com
iT M & %E‘:‘%ﬂﬂ EHKEE)% Domestic All Local Post Offices in China
Elgl‘,éxﬁ?j_' ’:F' [E [ﬂ%l’«?{%iﬁ’%%&’& ﬁj Foreign China International Book Trading Corporation ( Guoji
(k5T 399 f54) Shudian) ,P. 0. Box 399, Beijing 100044 , China
- ISSN  0250-3301 .
ETS 5. 2-821
RERATIS o0 EAEBER S,
E A ZE fi:70.00C ESr&ITHS: M 205

EWShAFET




	2011-12fm+ml-zw.pdf
	20111215.pdf
	ml-yw+fd.pdf



