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Degradation of Medroxyprogesterone in Drinking Water by Ozone Oxidation

YUE Chan-yuan, MIAO Heng-feng, REN Hong-yan, RUAN Wen-quan
(School of Environment and Civil Engineering, Jiangnan University, Wuxi 214122, China)

Abstract: Kinetics on degradation efficiency of medroxyprogesterone ( MPA) by ozonation was investigated in this paper. And the
operating parameters such as MPA initial concentration, ozone dosage, pH and radicals scavenger (HCO, ) were further discussed.
Results showed that MPA could be degraded effectively by ozonation, with a first-order kinetics in continuous ozone aeration system and
a second-order kinetics in semibatch ozone aeration system, when the initial concentrations of MPA were 3,5,10 mg-L™". The
increases of pH and the addition of HCO; would bring negative effects to the degradation of MPA. The degradation efficiency of MPA
decreased from 89.8% to 54.8% with pH increase from 3.10 to 9.02, and the rate constant k decreased from 0.1463
L+(mg-min) ~' 10 0.0495 L+ (mg-min) "' and the degradation efficiency decreased 22.2 percentage points with the addition of

HCO; , in semibatch aeration system.

Key words : medroxyprogesterone ; ozone oxidation; kinetics; degradation rate; degradation efficiency
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Fig. 1 Schematic diagram of experiment system
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Fig. 4 Simulation of reaction kinetics of MPA degradation with the first-order model
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Fig. 5 Simulation of reaction kinetics of MPA degradation with the second-order model
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Table 1 Difference of MPA degradation efficiency
by two oxidation methods
MPA BGEVRE/mg- L~
3 3 5 5 10 10
SV B[]/ min 5 10 5 10 5 10

Pt A BB % 67.0 78.4 79.4 86.6 81.6 90.9
H LA R BRE/ % 96.0 99.5 94.5 99.3 88.3 98.8
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S
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R pH = 9. 02 BHY 74. 6% (W3 2). #iE |- %t F
LY B A BN, PR 25 F T 0 R A s 3
B TAERRYE R T HIE AW 5 45 R L AR PE
AFT RAEO MPA (1) B M 25O 5047 3] MPA 1Y
RAAEARR AR O, MBS TRV E £ 5
7. AT e S5 R R AE R A LA WL R, Sk
] 7= %t B LR 5 4 738 T MPA | i a] ™= ) Kt
THFE 1 2 TR0 MPA 59 22 BRRCR. [RI s, 7655
PR BEE I HEAT , B 7 Wy IR 6 AVl iR
AW R IS0 MPA 1) K BRACR.



1232 7N 5 g 2 33 %
> - L+ (mg-min) ~' &7 FEERZE M 200 mg- L™ Ak R
4+ = pH3.10,R*=09927 _ D o
----- ® pH 5.08, R2=0.9827 : HMAY0.049 5 L+ (mg-min) ~', LBRFH 78. 4% T
12k H 7.12, R* = 0.990 2 . " e
Ly PHO02 R2=0.984 7 7 56.2% (W3 3). WFoEas Bk — Ui T RA A
1.0k (] - gy ST e S
T - b MPA 77 7E R4 1 BLEEAAL R B i R A AL
E o8l i A \ . N
2 2 AN igAe, IF H A w FENE BRI A AN BELAS 1 F ek
T1206r - AR, RN REAS JN, MPA Y 23 BRAICE, FEAR T
0.4 F %I}/{ﬁ%
02t 22
—— = OmgL™ HCOy, R2=0.987 5
0l— x : . L m 201 e S0mgL™ HCOs, R=0.9964
- i 18k A 100 mg'L™! HCO5 , R=0.9819
moe T ¥ 200mgL™! HCO5, R?=0.997 6
1.6
6 pH Xt MPA FEfEI 250 T, 14
Fig. 6 Effects of pH on degradation of MPA E 12 L ‘*
-2 10} ot
%2 R pH IR MPA B RE N ERMBE S 08 L v
Table 2 Parameters of second-order kinetics models on degradation 0.6 -
of MPA under different pH values 04 |
SRR k .
=] 2 % 0.2 L Il 1 1 1 1
75 pH /L+(mg+min) ! R LBRE/ % 0 2 4 . 6 8 10
#fmin
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2 5.08 0.0821 0.9827 80.5 E7 BHREZFRF(HCO; )Xt MPA BEEIEMNIME
3 7.12 0.0066 8 0.9902 71.6 Fig. 7 Effect of HCO; on degradation of MPA
4 9.02 0.0435 0.984 7 74.6
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Table 3  Parameters of the second-order kinetics models on

degradation of MPA under the addition of HCO; in existence
HCO; ¥ k

75 /gLl /L+ (mgemin) - R? KR/ %
1 0 0.1463  0.9875 78.4
2 50 0.0894  0.9964 68.3
3 100 0.0691  0.9819 65.4
4 200 0.0495  0.9976 56.2
3 g

(1) WAAE R 3.5, 10 mg-L™"# MPA R
WeFE A 10 mg- L' Y B AR A7 3% 22 0 A AL A, e fig
ﬁﬁ%?—ﬂ@ﬁ%ﬁﬂm%%f—hwﬁ%
0.98, [% fif 2 2 8 £ 7 5 o 0.4755, 0.5091,
0.4456 min~". R F MR E T R @ MPA I},

pg A ol e L1
F%ﬁ@ﬁ%ﬂwé.\gé&zjmzﬂéﬁh[m M,
>0.98, WGV 3.5, 10 mg-L ™" MPA [ %
A H K4y W 0.1463 . 0.1372 1 0.1039
L+ (mg-min) -

(2) pH BT AT HCO; FBR IR 23 % B i 3k
= A S TR . FE AR R B 254 T R &R pH M
3.10 EFFE1 9. 02, MPA (Y EBRECR FRET 15.2% 5
ININF3E [ B 2255 BR A HCO, 200 mg-L™", MPA

=kt ,R®



4 1]

RS . K b HY R 2R B ) R SR SR R AT 5

1233

EBRR TR T 22.2 AN E 43 5. Ul B 7E B A A
MPA 2 B4 1 B B AL 5 TR KT
L] R R Y TR

a8

(1]

(3]

[4]

[5]

[10]

[11]

Nioka C L, Laura P P, Melissa A Y, et al. Effects of long-term
treatment with 17 B-estradiol and medroxyprogesterone acetate on
water maze performance in middle aged female rats [ J].
Hormones and Behavior, 2010, 58(2) ; 200-207.

Gai L, Zhang J L, Zhang H Z, et al. Effect of depot
medroxyprogesterone acetate (DMPA) on bone mineral density in
women of reproductive age [ J]. Journal of Reproduction and
Contraception, 2009, 20(1) ; 51-56.

Ternes T A, Meisenheimer M, McDowell D, et al. Removal of
R
Environmental Science and Technology, 2002, 36 (17) : 3855-
3863.

Westerhoff P, Yoon Y, Snyder S, et al. Fate of endocrine-

pharmaceuticals  during drinking water  treatment

disruptor, pharmaceutical, and personal care product chemicals
during simulated drinking water treatment processes [ J ].
Environmental Science and Technology, 2005, 39 (17) : 6649-
6663.

Snyder S A, Adham S, Redding A M, et al. Role of membranes
and activated carbon in the removal of endocrine disruptors and
pharmaceuticals [ J]. Desalination, 2007, 202(1-3) ; 156-181.
Ikehata K, Naghashkar N J, El-Din M G. Degradation of
aqueous pharmaceuticals by ozonation and advanced oxidation
processes: a review [ J]. Ozone Science and Engineering, 2006,
28(6) : 353-414.

Hua W, Bennett E R, Letcher R J. Ozone treatment and the
depletion of detectable pharmaceuticals and atrazine herbicide in
drinking water sourced from the upper Detroit River, Ontario,
Canada [ J]. Water Research, 2006, 40(12) . 2259-2266.
Vieno N M, Harkki H, Tuhkanen T, et al. Occurrence of
pharmaceuticals in river water and their elimination in a pilot-
scale drinking water treatment plant [ J]. Environmental Science
and Technology, 2007, 41(14) . 5077-5084.

Gagnon C, Lajeunesse P, Cejka F, et al. Degradation of selected
acidic and neutral pharmaceutical products in a primary-treated
wastewater by disinfection processes [ J]. Ozone Science and
Engineering, 2008, 30(5) : 387-392.

Huber M M, Gobel A, Joss A, et al. Oxidation of

pharmaceuticals during ozonation of municipal wastewater

effluents;: a pilot study [ J]. Environmental Science and

Technology, 2005, 39(11) . 4290-4299.

Huber M M, Canonica S, Park G Y, et al. Oxidation of

pharmaceuticals during ozonation and advanced oxidation

processes [ J]. Environmental Science and Technology, 2003,

[12]

[14]

[15]

[16]

[17]

[18]

[22]

[23]

[24]

[25]

[26]

37(5): 1016-1024.

Deborde M, Rabouan S, Duguet J P, et al. Kinetics of aqueous
ozone-induced oxidation of some endocrine disrupters [ J].
Environmental Science and Technology, 2005, 39 (16) : 6086-
6092.

Viglino L, Aboulfadl K, Prévost M, et al. Analysis of natural
and synthetic estrogenic endocrine disruptors in environmental
waters using online preconcentration coupled with LC-APPI-MS/
MS [J]. Talanta, 2008, 76(5) . 1088-1096.

Broséus R, Vincent S, Aboulfadl K, et al. Ozone oxidation of
pharmaceuticals, endocrine disruptors and pesticides during
drinking water treatment [ J]. Water Research, 2009, 43(18) .
4707-4717.

Barron E, Deborde M, Rabouan S, et al. Kinetic and
mechanistic investigations of progesterone reaction with ozone
[J]. Water Research, 2006, 40(11); 2181-2189.

RNERG, FIGeRs. B AR-ILAL B 5 A1 43 D6 6 BE W 1 2
HOKERERA [1]. P ETARRAGE, 2001, 11(3):
326-328.

Bader H, Hoigné J. Determination of ozone in water by the indigo
method [J]. Water Research, 1981, 15(4) ; 449-456.

Von Gunten U. Ozonation of drinking water: part I . oxidation
kinetics and product formation [ J]. Water Research, 2003, 37
(7): 1443.

KA, W, B, A5, RARIREM Mg BT R LR
MBS [T]. RFFREFM (ARFRAR) | 2009, 37
(7):919-924.

Ak, WO, TURE, . BB R LR B R A TR
[J]. 3REERL2%, 2009, 30(11) ; 3288-3292.

TREHT, BEghns, KRB, RASEAKTAIS RYERMR
BB EWF I [1]. WIEREE, 2010, 29(6) : 112-
117.

Al Momani F, Smith D W, EI-Din M G. Degradation of
cyanobacteria toxin by advanced oxidation processes [ J]. Journal
of Hazardous Materials, 2008, 150(2) ; 238-249.

Shawwa A R, Smith D W. Kinetics of microcystin-LR oxidation
by ozone [ J]. Ozone Science and Engineering, 2001, 23(2) .
161-170.

TRRTEE, BRI, WIS KRR R R I RA
AACRHGE MR R [T]. HEFERE, 2008, 28(10):
877-882.

Oguz E, Keskinler B. Removal of colour and COD from synthetic
textile wastewaters using O;, PAC, H,0, and HCO; [J].
Journal of Hazardous Materials, 2008, 151(2-3) : 753-760.
Alaton T A, Kornmuller A, Jekel M R. Ozonation of spent
reactive dye-baths; effect of HCO; /CO?~ alkalinity [ J].
Journal of Environmental Engineering-ASCE, 2002, 128 (8):
689-696.



HUANJING KEXUE Vol.33  No.4

Environmental Science ( monthly) Apr. 15, 2012

CONTENTS

Quantitative Estimation Source of Urban Atmospheric CO, by Carbon Isotope Composition =~ +++eseseseesessnersssssssnsisnsiiisineninees LIU Wei, WEI Nan-nan, WANG Guang-hua, et al. (
LIAO Cong-yun, ZHONG Wei, MA Qiao-hong, e al. ( 1050

** YU Xing-na, LI Xin-mei, DENG Zen-grandeng, et al. ( 1057

DAI Dong-jue, LI Li, LIU Zi-fang, et al. (1063

1041)

)

)

)

+ QIAO Yue-zhen, WANG Hong-li, HUANG Cheng, et al. (1071)
)

)

)

)

Moisture Sources of Guangzhou During the Freezing Disaster Period in 2008 Indicated by the Stable Isotopes of Precipitation

Optical Properties of Aerosol During Haze-Fog Episodes in Beijing

Secondary Organic Tracers in Summer PM, 5 Aerosols from Baima Spring Scenic Area, Yaan, Sichuan Province

Source Profile and Chemical Reactivity of Volatile Organic Compounds from Vehicle Exhaust -+

Platanus orientalis Foliar N% and §'>N Responses to Nitrogen of Atmospheric Wet Deposition in Urban Area WANG Yan-li, XIAO Hua-yun, XIAO Hong-wei ( 1080

Distribution and Controlling Factors of Nitric Oxide Concentrations in Surface Seawater of Jiaozhou Bay and Adjacent Waters +++++-++seesee+- XUE Chao, LIU Chun-ying, YANG Gui-peng, et al. ( 1086
Uncertainty Characterization Approaches for Ecological Risk Assessment of Polycyclic Aromatic Hydrocarhon in Taihu Lake ~«+++-+ GUO Guang-hui, WU Feng-chang, HE Hong-ping, e al. (1091
Preliminary Analysis of Spatiotemporal Variation of Water Quality and Its Influencing Factors in the Jiulong River Watershed -+ HUANG Jin-liang, HUANG Ya-ling, LI Qing-sheng, e al. ( 1098

Ecological Stoichiometric Relationships of Periphyton Community Elemental Composition and Variations of Water Quality in the Chaobai River -
..................................................................................................................................................................... CUI Jing-guo, SHAN Bao-ging, WANG Shuai ( 1108)
ZHANG Qian-gian, WANG Xiao-ke, HAO Li-ling, et al. (1114)
XIAO Qiong, SHEN Li-cheng, YANG Lei, et al. (1122)
Algal Community Structure and Water Quality Assessment on Drawdown Area of Kaixian Waters in Three Gorges Reservoir During Winter Storage Period +«+x«seereeresessserensinienienennienns
........................................................................................................................................................................... GUO Jing-song, XIE Dan, LI Zhe, et al. (1129)

Diurnal Variation and Evaluation of Water Quality of Panxi River in Spring

Weathering Seasonal Variations in Karst Valley in Southwest China

Characteristics of Phytoplankton Community Changes in Dianshan Lake During Peak Period of Algal Blooms — ++++ereeresresrrsescnenneneneneenens XU Chun-yan, YANG Jie, MA Ming-rui, et al. (1136)
Nitrogen and Phosphorus Release from Herbaceous Vegetation Under Simulated Inundation Experiment of Water-Level Fluctuation Zone in the Three Gorges Reservior Area «+«+:+weeeeereereseen
.................................................................................................................................................................. WANG Jian-chao, ZHU Bo, WANG Tao, et al. (1144)
Output Characteristics of Non-point Phosphorus from a Typical Small Watershed in Yimeng Mountainous Area Under the Special Rainfall -+ LI Zhen-wei, YU Xing-xiu, LIU Qian-jin, et al. (1152)
Distribution and Bioavailability of Nitrogen and Phosphorus Species in the Urban Dusts from Hefei City = +«+eeseseeseseessenesenennenssnennnns LI Ru-zhong, ZHOU Ai-jia, TONG Fang, et al. (1159)
Distribution and Pollution Characteristics of Nutrients and Heavy Metals in Sediments of Hedi Reservoir ««+ssesesserereeseereeneenene ZHANG Hua-jun, CHEN Xiu-kang, HAN Bo-ping, et al. (1167)
Heavy Metals Distribution and Risk Assessment of Sediments in the Riverine Wetland of Sanmenxia Reservoir +«««+«+sseseseereseeersnneenens AO Liang, SHAN Bao-qing, ZHANG Hong, et al. (1176)
LIU Zhi-jie, LI Pei-ying, ZHANG Xiao-long, et al. ( 1182)
Calculation of Environmental Dredging Depth of Heavy Metal Polluted Sediments in Zhushan Bay of Taihu Lake JIANG Xia, WANG Wen-wen, WANG Shu-hang, et al. (1189)
Characteristics of PAHs Pollution in Sediments from Leizhou Coastal Marine Area, Liusha Bay and Shenzhen Bay ««+«+eseereereeesercrennincneens ZHAO Li-rong, SUN Sheng-li, KE Sheng (1198 )
Distribution Characteristics of Polyeyclic Aromatic Hydrocarbons and Black Carbon in Road Dusts from Typical Cities of China and India PAN Su-hong, ZHANG Gan, SUN Ya-li, et al. (1204 )
Waterborne Iron Migration by Groundwater Irrigation Pumping in a Typical Irrigation District of Sanjiang Plain «++«+seseseereresesienereneenes 70U Yuan-chun, YU Xiao-fei, HUO Li-li, et al. (1209)
Research on Controlling Iron Release of Desalted Water Transmitted in Existing Water Distribution System «+seseseereesesesienensenienenesnnes TIAN Yi-mei, LIU Yang, ZHAO Peng, et al. (1216)
Exploration of Newly-Formed Ferric as the Coagulant «+«+«+sessesrersessesenenimnininiiiniiis s YANG Xue, ZHANG Jing-cheng, GUAN Xiao-hong ( 1221)
Degradation of Medroxyprogesterone in Drinking Water by Ozone Oxidation «+«+:+ssssessessssessensesssnennnninentnncnees YUE Chan-yuan, MIAO Heng-feng, REN Hong-yan, et al. (1227)
Synthesis of Core/Shell Structured Magnetic Carbon Nanoparticles and Its Adsorption Ability to Chlortetracycline in Aquatic Environment ««+seseesessseressissimeneininenennneene

WANG Yi-xuan, ZHANG Di, NIU Hong-yun, et al. (1234
QIN Shu, SHAO Jia-hui, HE Yi-liang, et al. (1241

Removal of Nickel from Aqueous Solutions Using Complexation-Ultrafiltration Process
Degradation of Organic Pollutants by Photo-Fenton-Like System with Hematite +-++«+«+eee- ZHANG Yu, GU Yan, YANG Hui, et al. (1247
Study on the Degradation of Atrazine in Photo-Fenton-Like System Under Visible Light Irradiation Promoted by N-doped Ta, 05+ ZHAO Lu, DENG Yi-rong, DU Ying-xun, et al. (1252
Degradation of Prometon by 0,/H,0, LI Shao-feng, SUN Chu ( 1260
Photoelectrocatalytic Degradation Kinetics of Malachite Green by Pr-N Co-doped TiO, Photocatalyst SHA Shuang, ZHOU Shao-qi, ZHANG Xiao-na, et al. ( 1267
Experimental Study on Acid Mine Drainage Treatment Using Mine Tailings of Xiangsi Valley, Tongling, China - +++ ZHANG Nan, CHEN Tian-hu, ZHOU Yue-fei, et al. (1272

WEN Qin-xue, LIU Ai-cui, CHEN Zhi-qiang, et al. (1278
ZHANG Ting-ting, ZHANG Jian, YANG Fang, et al. (1283
LI Xiang, HUANG Yong, ZHENG Yu-hui, et ol. ( 1288
WANG Shuo, YU Shui-li, SHI Wen-xin, et al. (1293
+ LI Zhi-hua, ZHANG Yu-rong, YANG Fan, e al. (1299

Effect of Polymeric Aluminum-iron on EPS and Bio-floceulation in A%/0 System

Effect of Temperature on Pollutant Removal and Nitrous Oxide Emission of Wastewater Nitrogen Removal System
Effect of Temperature on Stability of Nitrogen Removal in the ANAMMOX Reactor
Phosphorus Removal Characteristics by Aerobic Granules in Normal Molasses Wastewater After Anaerobic Treatment

)
)
)
)
)
)
)
)
)
)
)
Physicochemical Characteristics of Granules with Different Size in a Granular Sludge System for Phosphorus Removal )
Denitrifying Bacteria of Constructed Wetland System Based on Nitrous Oxide Reductase Gene (nosZ) w+reeeeereereesesesneneenens WANG Xiao-jun, CHEN Shao-hua, ZHANG Zhao-ji, et al. (1306)
YU Jia-jia, CHEN Jun, YANG Xuan, et al. (1313)
)
)
)
)
)
)
)
)
)
)
)
)
404)

Improving Degradation Ability of an Aerobic Denitrifer by Ultraviolet Mutagenesis

CHEN Zhe, ZHANG Bin, SEN Zhi-qiang, et al. ( 1318
WANG Zhi-jian, LU Zeng-hui, SHI Ping ( 1323
MENG De-long, YANG Yang, WU Yan-zheng, et al. (1331

Characteristics of the Extracellular Polymeric Substances of a Heterotrophic Nitrifying Bacterium Strain

Study on Toxic Effects of Ammonia on Embryonic and Yolk-sac Stage Larvae of Rare minnow »«+++-++++++

Effects of Continuous Cropping of Vegetables on Ammonia Oxidizers Community Structure

Impact of Biochar Amendment on the Sorption and Dissipation of Chlorantraniliprole in Soils «««+sseereerererrsrrsssenenmssinnnesnenee WANG ng ting, YU Xiang-yang, SHEN Yan, et al. (1339
Quantifying Rice (Oryza sativa L. ) Photo-assimilated Carbon Input into Soil Organic Carbon Pools Following Continuous "C Labeling * NIE San-an, ZHOU Ping, GE Ti-da, et al. ( 1346
Compositions and Diagnostic Ratios of Heavily Degraded Crude Oil Residues in Contaminated Soil in Oilfields «+«+xeeereeserrernermessenenseninennens WANG Jian, ZHANG Xu, LI Guang-he (1352
Study on Equilibrium Adsorption of Volatile Chlorinated Hydrocarbons on Humid Soils «+veeseeesesrernssssmineiensneneinininenenne MENG Fan-yong, LIU Rui, Kobayashi Takeshi, et al. ( 1361
Toxicity and Accumulation of Copper and Nickel in Wheat Plants Cropped on Alkaline and Acidic Field Soils +-«+veseesreeeresesereene HUANG Jin-sun, WEI Dong-pu, GUO Xue-yan, et al. (1369

Change Traits of Phosphorous Consumption Structure in China and Their Effects on Environmental Phosphorous Loads MA Dun-chao, HU Shan-ying, CHEN Ding-jiang, et al. (1376
Research Based on 3MRA Model About the Risk Assessment Methods and Applications of the Landfill Waste ««+«+eressererverrieresnesnneneeenes YUAN Ying, XI Bei-dou, HE Xiao-song, et al. ( 1383
Impacts of Initial Moisture Content of MSW Waste on Leachate Generation and Modified Formula for Predicting Leachate Generation -+ LAN Ji-wu, ZHAN Liang-tong, LI Yu-chao, et al. ( 1389
Transformation of Dibutyl Phthalate in Bioreactor Landfill FANG Cheng-ran, LONG Yu-yang, SHEN Dong-sheng ( 1397
Kriging Analysis of Vegetation Index Depression in Peak Cluster Karst Area YANG Qi-yong, JTANG Zhong-cheng, MA Zu-lu, et al. (1




£ % K

(MEREFNE 6 mERE

FH Az

B4 BEAE EH W N
BT (FUEREEH)

FTENL AR EULE 4%
AKE XSRS Bl BRET
BRFHAZ & 2 A R
oM BosR W 49 W W%

w w #E

(HUANJING KEXUE)

ER
i
I
WA RS

=
A

23

A
=

M
s I Y
BKE B

>N

==
ES3

ENVIRONMENTAL SCIENCE

(Monthly  Started in 1976)

(AT 1976 4F8 A AITI)
01244 B15H 33% 541 Vol.33 No.4 Apr. 15, 2012
+ & T EPER Superintended by Chinese Academy of Sciences
EE j]\ EF! ﬁ}'%l‘)%é'ﬁ?&ﬂ:ﬁﬁﬁ%qjlb Sponsored by Research Center for Eco-Environmental Sciences, Chinese
i 7 ( ugjﬂn%}ajﬂ%‘) Academy of Sciences
L BT T 8 AR PR 2R BT Co-Sponsored by Beijing Municipal Research Institute of Environmental
- N 7 N (- Protection
* % KK A School of Environment, Tsinghua University
gﬁ BOREASE) G E R & Ejim;'i" o b '(I?EYE[??G Zil-)]l;and f E I S (HUANJING
. . o . ite y e Editorial Board of Environmental Science 5
LT 2871 (A (HE X XL B
KEXUE
18 5, HREC 4% : 100085 ) ) _
LT .010-62941102 01062849343 P. O. Box 2871, Beijing 100085 , China
1 '010-62849343 ’ Tel :010-62941102,010-62849343 ; Fax:010-62849343
E-mail ; hjkx@ rcees. ac. cn E-mail :hjkx@ .rcees. ac.en
hitp ://www. hikx. ac. cn http : //www. hjkx. ac. e¢n
H BR 44 3 " " i Published by Science Press
b st AR EIRAR AL 16 2 16 Donghuangchenggen North Street,
ZIN N B
Hﬁﬁléﬁﬁ%.1007l7 Bel]mg 100717, China
EN R 23T dvsodbAkenil) Printed by Beijing Bei Lin Printing House
% 1T 4 % & K 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 & SEZHIRER Domestic All Local Post Offices in China
EsBEIT ThEERE RS SN Foreign China International Book Trading Corporation ( Guoji
(b5t 399 f54H) Shudian) ,P. O. Box 399, Beijing 100044 , China
— ISSN  0250-3301 N
ETIS, ———————— =5 2-821
RERETS CN 11.1895,X ERE RN S:
E ® E fir: 70.00 5T ESEITRS: M 205

BERMRFET




	2012-04fm+ml-zw.pdf
	20120427.pdf
	ml-yw+fd.pdf



