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Influence of Submerged Macrophytes on Phosphorus Transference Between

Sediment and Overlying Water in the Growth Period
WANG Li-zhi'*, WANG Guo-xiang' , YU Zhen-fei', ZHOU Bei-bei', CHEN Qiu-min', LI Zhen-guo’

(1. Jiangsu Key Laboratory of Environmental Change and Ecological Construction, College of Geographical Science, Nanjing Normal
University, Nanjing 210046, China; 2. Shandong Provincial Key Laboratory of Soil Conservation and Environmental Protection, Linyi
University, Linyi 276000, China; 3. School of Architecture and Urban Planning, Hunan University of Science and Technology,
Xiangtan 411201, China)

Abstract: In order to study the process of phosphorus transfer between sediment and overlying water, Hydrilla verticillata and
Vallisneria natans were cultured in spring, Potamogeton crispus was cultured in winter. Changes of environmental factors and
phosphorus concentrations in water and sediment were investigated. The results indicated that; submerged macrophytes could reduce all
phosphorus fractions in the overlying water. Phosphorus concentrations in overlying water maintained in a relative low level in the
growth period of submerged macrophytes. The concentrations of total phosphorus (TP) in overlying water of H. verticillata, V. natans
and P. crispus were 0. 03-0. 05,0. 04-0. 12,0. 02-0. 11 mg-L ™", respectively. All phosphorus fractions in sediment were reduced. The
maximum value between submerged macrophyte and control of H. verticillata, V. natans and P. crispus were 35. 34, 60. 67 and 25. 92
mg-kg ™", respectively. Dissolved oxygen (DO) , redox potential (Eh) and pH in overlying water increased (DO 10.0-14.0 mg-L™",
Eh 185-240 mV, pH 8.0-11.0) in the submerged macrophytes groups. Submerged macrophytes increased Eh( —140- =23 mV) and
maintained pH(7.2-8.0) in neutral range. The results indicated that submerged macrophytes affected phosphorus transferring between
sediment and overlying water through increasing DO, Eh and pH in overlying water, and Eh in sediment.

Key words : submerged macrophyte; phosphorus; transferring; overlying water; environmental factors
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Table 1  Physicochemical characteristics of sediment

and water (values are mean + SD,n =3)

i TiH ZFI HFEIR

BB mg- kg TP 771.19£9.25  775.10 £10. 10
TN 1845.36 +21.05 1864.36 +20. 12
TP 0.10 £0.01 0.04 +0.01
PP 0.07 +0.01 0.01 +0.00
DTP 0.02 £0.00 0.03 £0.00
SRP 0.01 +0.00 0.01 £0.00

7K /mg-L-'  DOP 0.01 £0.00 0.01 £0.00
TN 111 £0.12 1.25 £0.21
NH, -N 0.19 £0.02 0.21 +0.02
NO; -N 0.09 +0.00 0.12 +0.01
DO 9.57 +0.51 8.35+0.42
pH 7.62£0.22 7.51+0.21
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Fig.3 Changes in different phosphorus concentrations of H. verticillata, V. natans and P. crispus in sediment during the experiment
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Fig. 4 Biomass of submerged macrophytes H. verticillata, V. natans and P. crispus
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Fig. 6 Changes of pH and Eh of H. wverticillata, V. natans and V. natans in sediment during the experiment
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Table 2 Pearson correlation coefficient matrix among phosphorus in sediment, environmental factors and biomass of submerged macrophyte
DK TP NaOH-P HCI-P P op T pH Eh AR 7/ S
TP 1.00
NaOH-P 0.99 "~ 1.00
HCI-P 0.76 " * 0.80"* 1.00
P 0.99 "~ 0.98*~ 0.84"" 1.00
R op 0.75* 0.79* 0. 60 0.77" 1. 00
T -0.97** -0.98** -0.89"* -0.99** -0.73" 1.00
pH 0.73* 0.62 0.35 0.67 0.28 -0.58 1.00
Eh -0.46 -0.58 -0. 60 -0.52 -0.83"" 0.57 0.23 1.00
Y -0.94**  -0.96** -0.70" -0.97** -0.67 0.94** -0.79* 0.35 1.00
TP 1.00
NaOH-P 0.96 "~ 1.00
HCI-P 0.95"* 0.97** 1.00
P 0.98** 0.99** 0.98"" 1.00
iy oP 0.92** 0.92*" 0.82* 0.90** 1. 00
T -0.95°* -0.93** -0.89"* -0.96"* -0.95"" 1.00
pH 0.98"* 0.99** 0.98"* 0.98"* 0.89** -0.90"" 1. 00
Eh -0.95** -0.87" -0.81" -0.89** -0.97"" 0.93** -0.89** 1.00
ALY BTy -0.92**  -0.98** -0.96"* -0.97** -0.87" 0.92** -0.95** 0.80" 1.00
TP 1.00
NaOH-P 0.94*~ 1.00
HCI-P 0.85* 0.98*~ 1.00
P 0.92%* 0.97*" 0.98"" 1.00
T oP 0.92** 0.93*" 0.90* " 0.93** 1. 00
T -0.59 -0.34 -0.21 -0.31 -0.60" 1.00
pH 0.96 "~ 0.90** 0.79 " 0.87" 0.79" -0.43 1.00
Eh -0.79 -0.88" -0.89%* -0.88** -0.97"" 0.51 -0.63 1.00
ES%7/pe -0.86" -0.98**  -0.99** -0.99** -0.94 0.30 -0.78" 0.94"" 1.00

1) = FIRAHICHETE 0. 05 /K2 (RUIAGHR ) 5 + + RARASCHETE 0. 01 7Ktk 25 (XUAG 36 )

4 i

(1) PUKAEYAE ALK I A [ 72 B b A
IR 2 T80, BA e % BRI R 2] B K
TP 1 Fe R Ré AR MR B2 430 4 0,17, 0.10 A1 0. 11
mg- L~ TR TP 19 55 KRG R B2 43 31 ok 35. 34
60. 67 F125.92 mg-kg ™" LKA YN 1P 1452 K
T OP, %} NaOH-P A5 KT HCI-P.

(2) PiAKRE Y E AR K i 3 - K DO,
Eh #l pH, $2& & U0 Eh, 50T pH IR 477E
rhE R 7P LA 8 D7 AR TR vt BB
(R BAEBE g, DT 5 e B8 /K RTT AR 4 22 () g 1) 3
AL
B Sk
(1]

Carpenter S R, Lodge D M. Effects of submersed macrophytes on
ecosystem processes [ J]. Aquatic Botany, 1986, 26 (3): 341-
370.

[2] Jiang X, Jin X C, Yao Y, et al. Effects of biological activity,

light, temperature and oxygen on phosphorus release processes at

[5]

(7]

the sediment and water interface of Taihu Lake, China [J].
Water Research, 2008, 42(8-9) ; 2251-2259.

Wen Q X, Chen Z Q, Tian T, et al. Effects of phosphorus and
nitrogen limitation on PHA production in activated sludge [ J].
Journal of Environmental Sciences, 2010, 22(10) ; 1602-1607.
Zhong J C, Fan C X, Liu G F, et al. Seasonal variation of
potential denitrification rates of surface sediment from Meiliang
Bay, Taihu Lake, China [ J].
Sciences, 2010, 22(7) : 961-967.
Ruban V, Lépez-Sanchez J F, Pardo P, et al.

Journal of Environmental

Harmonized
protocol and certified reference material for the determination of
extractable contents of phosphorus in freshwater sediments—A
synthesis of recent works [ J]. Fresenius’ Journal of Analytical
Chemistry, 2001, 370(2-3) : 224-228.

X, WA R B AR [M]. CBBZRR) . dba.
el PR AL HH A, 1990. 239-275.

Jin X C, Wang SR, Pang Y, et al. Phosphorus fractions and the

i

effect of pH on the phosphorus release of the sediments from
different trophic areas in Taihu Lake, China [ J]. Environmental
Pollution, 2006, 139(2) . 288-295.

Wang S R, Jin X C, Zhao H C, et al. Phosphorus fractions and

its release in the sediments from the shallow lakes in the middle



392 woom B 33 %
and lower reaches of Yangtze River area in China [ J]. Colloids [14] Barlow K, Nash D, Turral H, et al. Phosphorus uptake and
and Surfaces A: Physicochemical and Engineering Aspects, release in surface drains [ J]. Agricultural Water Management,
2006, 273(1-3) . 109-116. 2003, 63(2) : 109-123.

[9] SunS]J, Huang S L, Sun X M, et al. Phosphorus fractions and [15] Kaiserli A, Voutsa D, Samara C. Phosphorus fractionation in
its release in the sediments of Haihe River, China [J]. Journal lake sediments-Lakes Volvi and Koronia. N. Greece [ J].
of Environmental Sciences, 2009, 21(3); 291-295. Chemosphere, 2002, 46(8) . 1147-1155.

[10] Sorrell B K, Dromgoole F I. Oxygen transport in the submerged [16] Turner B L, Cade-Menun B J, Condron L M, et al. Extraction of
freshwater macrophyte Egeria densa planch. 1.  Oxygen soil organic phosphorus [ J]. Talanta, 2005, 66(2) : 294-306.
production, storage and release [ J]. Aquatic Botany, 1987, 28 [17] Turner B L. Organic phosphorus in Madagascan rice soils [ J].
(1): 63-80. Geoderma, 2006, 136(1-2) . 279-288.

[11] Gahoonia T S, Asmar F, Giese H, et al. Root-released organic [18] Zhang RY, Wu F C, Liu C Q, et al. Characteristics of organic
acids and phosphorus uptake of two barley cultivars in laboratory phosphorus fractions in different trophic sediments of lakes from
and field experiments [ J]. FEuropean Journal of Agronomy, the middle and lower reaches of Yangtze River region and
2000, 12(3-4) . 281-289. Southwestern Plateau, China [ J ]. Environmental Pollution,

[12] Rooney N, Kalff J. Inter-annual variation in submerged 2008, 152(2) : 366-372.
macrophyte community biomass and distribution; the influence of [19] Horppila J, Nurminen L. Effects of submerged macrophytes on
temperature and lake morphometry [J]. Aquatic Botany, 2000, sediment resuspension and internal phosphorus loading in Lake
68(4): 321-335. Hiidenvesi ( southern Finland) [J]. Water Research, 2003, 37

[13] Wang S G, Jin X C, Pang Y, et al. Phosphorus fractions and (18); 4468-4474.
phosphate sorption characteristics in relation to the sediment [20] Benitez-Nelson C R, O’Neill Madden L P, Styles R M, et al.

compositions of shallow lakes in the middle and lower reaches of
Yangtze River region, China [ J]. Journal of Colloid and
Interface Science, 2005, 289(2) : 339-346.

Inorganic and organic sinking particulate phosphorus fluxes across
the oxic/anoxic water column of Cariaco Basin, Venezuela [ J].

Marine Chemistry, 2007, 105(1-2) ; 90-100.



HUANJING KEXUE Vol.33  No.2

Environmental Science ( monthly) Feb. 15, 2012

CONTENTS

Safety Value of Contaminant in Water Pollution Accident Based on Human Health Risk «rreeereerreeeereeereeeeees ZHENG Bing-hui, LUO Jin-hong, FU Qing, et al. ( 337 )
Safety Concentration of Genotoxic Carcinogens in Water Pollution Accident Based on Human Health Risk ++***+ LUO Jin-hong, ZHENG Bing-hui, FU Qing, et al. ( 342 )
A Quantitative Method and Case Analysis for Assessing Water Health — +++eererrreeresseeseeremmmmmnneiieneenn. LI Yu-feng, LIU Hong-yu, HAO Jing-feng, et al. ( 346 )
Temporal and Spatial Variation of Nitrogen and Phosphorus and Eutrophication Assessment in Downstream River Network Areas of North Canal River Watershed ---
.................................................................................................................. SHAN Bao-ging, JIAN Yu-xiang, TANG Wen-zhong, et al. ( 352 )
Spatiotemporal Variation Analysis and Identification of Water Pollution Sources in the Zhangweinan River Basin = «-sseseererrreressrseseermmmmmmnnnnerirenirieenee
........................................................................................................................ XU Hua-shan, XU Zong-xue, TANG Fang-fang, et al. ( 359 )
Hydrochemical Characteristics and Formation Mechanism of Shallow Groundwater in the Yellow River Delta «+++++ssesserssreersssssssrsnemmmmmmmnmnmennninnennennenneenee
........................................................................................................................... AN Le-sheng, ZHAO Quan-sheng, YE Si-yuan, et al. ( 370 )
Impacts of Sediment Disturbance Time on the Distribution of Phosphorus Forms in Suspended Solids — «--=+eeeeeeeeeees LI Da-peng, HUANG Yong, LI Yong, et al. ( 379 )
Influence of Submerged Macrophytes on Phosphorus Transference Between Sediment and Overlying Water in the Growth Period =+++seeeeeereresseseeeeemmmmeeienieeeee
........................................................................................................................ WANG Li-zhi, WANG Guo-xiang, YU Zhen-fei, et al. ( 385 )
Pollution Characteristics and Evaluation of Nitrogen, Phosphorus and Organic Matter in Surface Sediments of Lake Changshouhu in Chongqing, China -----
........................................................................................................................ LU Shao-yong, XU Meng-shuang, JIN Xiang-can, et al. ( 393 )
Vertical Distribution Characteristics of Nutrients and Heavy Metals in Sediments of Lake Hongze «::::eoeeeeeereemmeeemmnneenemmminnes ZHANG Wen-bin, YU Hui ( 399 )
Effects of Rainfall on Nitrogen and Phosphorus Loss from Courtyard Compost and Its Risk of Nonpoint Source Pollution = «+«««esesssseseerrmmmeremmmnereneniemieeeee
.............................................................................................................................. PENG Li, WANG Li-wei, YANG Zhi-min, et al. ( 407 )
Effects of Hydrodynamic Process on Bio-optical Properties in Algal-Dominated Lake Region of Shallow Lake — +++seeeeerssrsssrsssssssssmmmmmmmmmimmiiiiiinine
..................................................................................................................... LIU Xiao-han, FENG Long-qing, ZHANG Yun-lin, et al. ( 412 )
Estimation and Remote Sensing Inversion of Diffuse Attenuation Coefficient K;(490) in Lake Taihu in Spring Based on Semi-analytical Model
................................................................................................................................. LIU Zhong-hua, LI Yun-mei, LI Rui-yun, et al. ( 421 )
Monitoring the Total Suspended Matter of Lake Chaohu Based on Quasi-Analytical Algorithm - ZHANG Hong, HUANG Jia-zhu, LI Yun-mei, et al. ( 429 )
Optimization of Aerobic/Anaerobic Subsurface Flow Constructed Wetlands «+seeeeererrreemssereeeemmmmenerennee. LI Feng-min, SHAN Shi, LI Yuan-yuan, et al. ( 436 )
Effects of Allelochemical Dibutyl Phthalate on Gymnodinium breve Reactive Oxygen Species - BIE Cong-cong, LI Feng-min, LI Yuan-yuan, et al. ( 442 )
Toxicity Effects of Rac-and S-Metolachlor on Two Algaes «-ssssererrrrrrsesseseerrermmmminertiiii CAI Wei-dan, LIU Hui-jun, FANG Zhi-guo ( 448 )
Studies for Killing the Oceanic Harmful Organisms in Ship’s Ballast Water Using Hydroxyl Rad + BAI Min-dong, ZHANG Na-hui, ZHANG Zhi-tao, et al. ( 454 )
Modification of Natural Siderite and Enhanced Adsorption of Arsenic =++seeserereesrsrseerermmmmnn, ZHAO Kai, GUO Hua-ming, LI Yuan, et al. ( 459 )
Kinetic Study of 4-Chloronitrobenzene Degradation by Zero-Valent Iron «--esssseererrressemrsereeeemmmmimninreienniiniiee LIAO Di-jie, YANG Qi, LEE Chun-chi ( 469 )
Photochemical Degradation of Ofloxacin in Aqueous Solution «-====++++++= -+ SHAO Meng, YANG Gui-peng, ZHANG Hong-hai ( 476 )
Photodegradation of Atenolol in Aqueous Nitrate Solution ++ssexweeeesssseerermrmresnnnrerrir e JT Yue-fei, ZENG Chao, MENG Cui, et al. ( 481 )
Biodegradation of Pyridine Under UV Irradiation — ===ssesererrsrsesssseerermmmemnnerttreniiiiii et FANG Miao-miao, YAN Ning, ZHANG Yong-ming ( 488 )
Optimization on Decoloration Conditions of Anthraquinone Dyes by Laccase from Amillariella mellea ZHU Xian-feng, QIN Ren-bing, YU Chen-chen, et al. ( 495 )
Biosorption of Chromium( VI) by Waste Biomass of &-Poly-L-lysine Fermentation CAO Yu-juan,ZHANG Yang,XIA Jun,et al. ( 499 )
Investigation on Enhanced Conditions for the Densification of Filamentous Sludge =+++++++eexrersmsrerererremmeemmereeeenee. LI Zhi-hua, SUN Wei,JI Xiao-qin,et al. ( 505 )
Effect of Temperature on the Response Characteristics of Shortcut Nitrification Granular Sludge —««++----- LUO Yuan-ling, YANG Zhao-hui, XU Zheng-yong, et al. ( 511 )
Fuel Consumption and Emission Inventory of Typical Construction Equipments in China =++seeereereesesereeeeeemmeeenneee LI Dong-ling, WU Ye, ZHOU Yu, et al. ( 518 )

Optimization of PM,, Monitoring Network in Beijing =~ «eeeeeeeeerrereererrrremecre. -+ QI Ling, ZHAO Yue, XIE Shao-dong ( 525 )
Effect of Greenbelt on Pollutant Dispersion in Street Canyon = +esesessesessseesererrrsessretttetrmniritttiiii sttt XU Wei-jia,XING Hong, YU Zhi ( 532 )
Investigation of Effect and Process of Nitric Oxide Removal in Rotating Drum Biofilier Coupled with Absorption by Fe I (EDTA)  coeeerrrmmmmnnnnnniniis
................................................................................................................................. CHEN Jun, YANG Xuan, YU Jian-ming, et al. (1539)
Effect of UV-B Radiation on Release of Nitrogen and Phosphorus from Leaf Litter in Subtropical Region in China = »+eseereerreresrsereermmmmnnen
..................................................................................................................... SONG Xin—zhang, ZHANG Hui—ling, JIANG Hong, el (ll. ( 545 )
Characteristics of Carbon Sequestration and Apparent Stability of New Sequestered Carbon in Forested Torrid Red Soil at Dry-Hot Valley = «-eeeeeeeeeerreeeenereeeeee
................................................................................................................................. TANG Guo-yong, LI Kun, SUN Yong-yu, et al. ( 551 )
Spatial Distribution of Methane in Surface Water and Sediment of Jiulongjiang Estuary and the Effect Environment factors of Tt =+ssseereeesessmmsrserememeemmnnneeeee.
................................................................................................................................. GUO Ying-ying, CHEN Jian, YIN Xi-jie, et al. ( 558 )

..................................................................................................................... JIANG Huan-huan, SUN Zhi-gao, WANG Ling-ling, et al. ( 565 )
Study on Dioxin Emission for Typical Non-Wood Pulp Making in China = «xeeeseeeeerermmreesneeeeennnineeen. WANG Zhi-fang, DING Qiong, WANG Kai-xiang, et al. ( 574 )
Horizontal and Vertical Distribution of Polybrominated Diphenyl Ethers (PBDEs) in River Sediment from a Typical Electrical Equipment Industrial Area — «+++++++

........................................................................................................................... QIU Meng-de, DENG Dai-yong, YU Le-huan, et al. ( 580
Characteristics of Polychlorinated Biphenyls in Soils from an Electronic Waste Recycling Area «+:-+---+++: WANG Xue-tong, LI Yuan-cheng, ZHANG Yuan, et al. ( 587
Characterization and Potential Risks of Polycyclic Aromatic Hydrocarbons in Green Space Soils of Educational Areas in Beijing «++++sereerreesnsseserememremninneeeeee

........................................................................................................................... PENG Chi, WANG Mei-e, OUYANG Zhi-yun, et al. ( 592 )
Spatial Variability and Evaluation of Soil Heavy Metal Contamination in the Urban-transect of Shanghai ----+- LIU Yun-long, ZHANG Li-jia, HAN Xiao-fei, et al. ( 599 )
Assessment of Heavy Metal Pollution in Surface Sediments of Rivers in Northern Area of Haihe River Basin, China = ««ereeserseerrrrrsmmmmmmenerreeiiinneneennees

.................................................................................................................. SHANG Lin-yuan, SUN Ran-hao, WANG Zhao-ming, et al. ( 606 )
Concentrations and Pollution Assessment of Soil Heavy Metals at Different Water-level Altitudes in the Draw-down Areas of the Three Gorges Reservoir -+++++++++

.............................................................................................................................. WANG Ye-chun, LEI Bo, YANG San—ming, etal (612)
Analysis of Community Structure on Sludge Aerobic/anoxic Digestion After Ultrasonic Pretreatment — +e«««xv==esseeeee YE Yun-di, SUN Shui-yu, ZHENG Li, et al. ( 618 )
Research on Population Structure and Distribution Characteristic of Indigenous Microorganism in Post-polymer-Flooding Oil Reservoir «««««x«xesseseeerereermenereeeeees

................................................................................................................................. ZHAO Ling-xia, GAO Pei-ke,CAO Mei-na, et al. ( 625 )
Study on Degradation of Polycyclic Aromatic Hydrocarbons ( PAHs) with Different Additional Carbon Sources in Aged Contaminated Soil

................................................................................................................................. YIN Chun-gin, JIANG Xin, WANG Fang, et al. ( 633 )
Detection of Prorocentrum minimum (Pavillard) Schiller with the Electrochemiluminescence-Molecular Probe —+++«++=+eer ZHU Xia, ZHEN Yu, MI Tie-zhu, et al. ( 640 )
Development of Direct Competitive Enzyme-Linked Immunosorbent Assay for the Determination of Domoic Acid ssereererrrrresersereermmmmmnerieeeee
WANG Qian, CHENG Jin-ping, GAO Li-li, et al. ( 647 )
Simultaneous Determination of 10 Sulfonamide Antibiotics in Water by Solid-phase Extraction and High Performance Liquid Chromatography ««++++stxeeeeeeesereeeeees

................................................................................................................................. HONG Lei-jie, SHI Lu, ZHANG YA-lei, et al. ( 652 )
Effects of Pentachlorophenol on DNA Damage and Cytotoxicity of HeLa Cells — wrreeeeeeeeeremmmmeeeneneeeniennee JIN Bang-ming, WANG Fu-ming, XIONG Li, et al. ( 658 )
Modeling of Carbon Dioxide Measurement and Optimization on Building Ceramic Industry = «e«eeeeeeeseeereeeeeeees PENG Jun-xia, ZHAO Yu-bo, JIAO Li-hua, et al. ( 665 )

——




£

B E%H .

w .

CGMERIZEYE 6 [

WRBH F I
e s T UE I I
(FEUE R IR )

HENT EARRE EULE
AKE XSRS HE
R HIE BomtE 2 AR
| HosE 3 4

A
(HUANJING KEXUE)

(HT 1976 4E 8 HAIT)
20124E2 H15H 33% 2

B
Bt T
RSP
oW MR

WEERS

HI #F Si%E
JElol Mg
BKF W OE

ENVIRONMENTAL SCIENCE

(Monthly  Started in 1976)
Vol.33 No.2 Feb. 15, 2012

F & hERPERE Superintended by Chinese Academy of Sciences
+ B P EBERE A S IHEIR 0 Sponsored by Research Center for Eco-Environmental Sciences, Chinese
vl B ( e JIE AR ) Academy of Sciences
Jbat T M i 1% PRl 22 B 53 I Co-Sponsored by Beijing Municipal Research Institute of Environmental
I =7 N Protection
v School of Environment, Tsinghua Universit;
£ & WK A T 8 Y
% B (R HER L)Y HEE RS Editor-in -Chief OUYANG Zi-yuan
s 2871 £ ( (ﬁﬁf[ZXX{j;Eﬁ Edited by The Editorial Board of Environmental Science ( HUANJING
P =] H
. KEXUE
18 5, B 4 i : 100085 ) ) ‘
M. 010462941102 .010-62849343 P. 0. Box 2871, Beijing 100085 , China
. .010-62849343 ’ Tel :010-62941102,010-62849343 ; Fax:010-62849343
E—mai'l-hjkx@ reees. ac. cn E-mail : hjkx@ rcees. ac. cn
http : //www. hjkx. ac. cn hitp: //www. hjkx. ac. en
n BR 44 2 " "1 a Published by Science Press
b st AR EIAR AL A 16 2 16 Donghuangchenggen North Street,
AANZINER
MR B 45 . 100717 Beijing 100717, China
EQ ORI 3£ T dtscdbAkEnRl Printed by Beijing Bei Lin Printing House
% 1T 4 4 & K ik Distributed by Science Press
35 .010-64017032 Tel:010-64017032
E-mail ; journal@ mail. sciencep. com E-mail ; journal @ mail. sciencep. com
iT M & SEZHIREE Domestic All Local Post Offices in China
EsvBg1T HEERE RS EAF Foreign China International Book Trading Corporation ( Guoji
(bt 399 f54) Shudian) , P. O. Box 399, Beijing 100044 , China
ISSN 0250-3301 N
VETS —————————— = 2-821
RERATIS, DO 030 EA R RS,
E m E fi:70.005C ESRITRS: M 205

BEWNSRFET




	2012-02fm+ml-zw.pdf
	20120208.pdf
	ml-yw+fd.pdf



