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Simultaneous Biotransformation of Ammonium and Nitrate via Zero-Valent Iron

on Anaerobic Conditions
ZHOU Jian ,HUANG Yong " ,YUAN Yi,LIU Xin, LI Xiang,SHEN Jie, YANG Peng-bing

(School of Environmental Science and Engineering, Suzhou University of Science and Technology, Suzhou 215009 , China)

Abstract: Zero-valent iron (ZVI) was used to improve the biological autotrophic denitrification process between nitrate and ammonia
by anaerobic ammonia oxidation (ANAMMOX) bacteria. With the addition of ZVI, the biological autotrophic denitrification process
could be reacted in the influent condition of pH was 7-8, at 35°C +0. 5°C , the concentration of ammonia was 50-100 mg-L ™" and the
concentration of nitrate was 50-100 mg+L~'. The highest conversion rate could be reached to 17.2 mg+ (L+h) ~'. With the change of
reaction time and the molar ratio of nitrate and ammonia in influent, the final molar conversion ratio of nitrate and ammonia in effluent
fluctuated between 1.2-3.5. The result showed that this autotrophic denitrification process was not belonged to elementary reaction.
The mechanism of this autotrophic denitrification process could be summarized that with the reduction of ZVI, the nitrate could be
reduced to nitrite. Hereafter, the ANAMMOX process reacted between the nitrite and ammonia.
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Fig. 1 Scheme of experimental reactor of the continuous flow
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Fig. 2 Variations of substrates of chemical reaction

between nitrate, ammonium and iron
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Fig. 3 Variations of substrates of biochemical reaction

between without iron added and with iron added
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Fig. 4 Variations of substrates in influent and effluent of the continuous flow reactor
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Fig. 6 Effects of reaction time and molar ratio( NH, : NO; ) on the simultaneous reaction between ammonium and nitrate
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Fig. 7 Molar ratio of transformed ammonium and nitrate under

the different reaction time and influent ammonium and nitrate

3 WHEBRBRSRRTHAL R S

L3 5 56 v RS A S A B R R ek
0.9, T2 22 i S N A BRRR S iy e il o 1.2 ~ 3.5
FAR SRR B L, HEE AR TR A E
AL T R HZE R R 5. /5
i b ) A5 A 5 R R G R A 2, D L
WA T REFE LA T AR, R E A At e
BSPR R AR B ik 8. 2 1%, o IR AL UE D)
W EA AR ER AL RE 1. SO K Bk
HEIE 150 mg- L', Hok B FEM A AL, 7Tk

NENW PN BT A S S5 . RN AT pH
7.0~8.0 FFFE 7.9 ~8.5 L RUEHEAE T3
SR PR Ak, SIS AT KO AS TR R 2R
HE/N <3.0 mg-L7") I HIE e B s AR
(2.5 mg-L™", H/KkHEEK1.67% ).

VIR, K 0 B S Ak o Bk
RN IR LT P FUR S 55 1 T 2T, BCHEBR R A
BT SR R B AR T REDS B kA A i
RN B T IB 4 IETRER (& 8 ).

Fe Fe?* Fe Fe?*

N

NO3~ NOy”

NH4*

8 HERESSERSRNEERNHREZLEESN
Fig. 8 Nitrate transforming pathway in the simultaneous nitrate

and ammonium transform reaction

BN AR 2R AR A 28 PR PR ARFR T, LA IR
TRZ R XIR IR ZUHe AL BTl 1 58 2 1 L 12
PSR AR R FIRCAFI 5 B I A . AR K9 i 4 8
mg- L' U AT S B/ A K 10,25 mg- L7 M
VAR 25. 6% MR N R R A FE AL T2 i
MRERG . B IEM " A TC ik S MR R B R
I TR R R Ak o R ER IS O e = R R
PREA = BB

F BRIk A PR ER SO R i R £ S5 #d IR
EAEFRER A, 15 T 1 3 — 20 B S 3 J32 BIR il



12 14 JEIESE . ANAMMOX B It k% AL = M IR £ 5 56 4551

BRI TR, S SR AR i EE IR K iR 4%
KT 0.9 (HIXFLEK R 0.9, LR P HA KT
1.2), 55K AAETE A S VAR 4
24 n I S A3 A i R R 7 A8 D 2 Y i R R s, B IR
AR TR, X 5F 085 i R = N R
[ B Ss E, J5 17 BE HrE AR S T ) R BR R i —
Ao RN 3 RN 12 AR R A B T BRI AR — B
(). 5340, FEAR SR, — 2 A R 6k vk Y5 LY
T JF RS R R Ak 27 S I R — G g Y R4,
AL B IS, R AH SRR R =4 (e
B PR AR (WA IE BLAR ORI ARV B ) AR B2 (PRI
LR FE R — 3 E 2, WIRE A 0, 50, 100 mg- L'k
JET , BMPGR IR ER A B 2257, KA &
T OAR . e BB Al Ak 2 S N Bl ) 2 TO T R R
INPRAR A AT T 5 i R h 4 T i 2 4 i 8.2 A%
(K2, B34, Bk, KA A
Al LR R EY . M BE SRS R AR IR HL
7 F DR 2 0 T 2 B DR A S A T A P R 9 A A
SR ERIE S T NarGH ff 5L (K| 5L 20 i T i 2k
PR IZ IR IR . e b IR R Ak A
YA N e E S 5 T R ER I FUN WA FR +h
NI NG T RS R AR ()38 J5E, (45 78 S g R £h
SR IL S SRR AR A R EIR A E A
fEROnE. DL g5 SRR, SR ik 5 A A R A ik
7w 9 prs.

) TR
Fe” Fe®*. Fe'

~—_ 7 ) ,
NO; NHa
*Mj?/
Nz

NOy ————>
B9 HBRIESSERSRMERPAERLERSHN
Fig. 9 Nitrogen transforming pathway in simultaneous

nitrate and ammonium transform reaction
N
A\
4 g

(1) THLEFRFMT , UAEFEF MRS, IR &
AL B RSB R AR R R B e A AL R B
35 17.2 mg- (Le-h) =", SO 7K A AE A /0 vl i 1k
SR (2.5 mg-L7", KRR 1. 67% ) FNIAERER
(<3.0mg-L7").

(2) HPE AR, M A 2 0 Tl i 3 R
70.56 mg- (L-h) ™" BN S & A AL TS TR A TS R
B FINE 2 4.59 mg- (L-h) ' RAREIG TR
A5 P AR P T ok R A R A 1 3 D

(3) fiFRER 5 &SN B BE R % LU BB 7K g 45
BRI 18] K ik 7K NH, -N: NO; -N2S Ak i A8 4k, 6 B 4
FIAH IR ER e AT AR T B4 22 S N, R B P A2 T
TR A 0 RN 1 A FRE B NH, -N: NO, -N i
K L.

B2k

[ 1] B, fRmfH, $52. B e R A SHEARM]. 4t
A Bl L, 2004, 3-7.

[2] van der Star W R L, Abma W R, Blommers D, et al. Startup of
reactors for anoxic ammonium oxidation: experiences from the
first full-scale ANAMMOX reactor in Rotterdam [ J ]. Water
Research, 2007, 41(18) : 4149-4163.

[ 3] Strous M, Heijnen J J, Kuenen J G, et al. The sequencing batch
reactor as a powerful tool for the study of slowly growing anaerobic
ammonium-oxidizing microorganisms [ J]. Applied Microbiology
and Biotechnology, 1998, 50(5) : 589-596.

[4] van Niftrik L, Jetten M 'S M. Anaerobic ammonium-oxidizing
bacteria; unique microorganisms with exceptional properties| J ].
Microbiology and Molecular Biology Reviews, 2012, 76 (3):
585-596.

[ 5] WakiM, Yasuda T, Fukumoto Y, et al. Effect of electron donors
on anammox coupling with nitrate reduction for removing nitrogen
from nitrate and ammonium[ J]. Bioresource Technology, 2013,
130 592-598.

[6] DuR, Peng Y Z, Cao S B, et al. Advanced nitrogen removal
with simultaneous anammox and denitrification in sequencing
batch reactor [ J ]. Bioresource Technology, 2014, 162, 316-
322.

[7] DuR, Peng Y Z, Cao S B, et al. Advanced nitrogen removal
from wastewater by combining anammox with  partial
denitrification[ J ]. Bioresource Technology, 2015, 179 497-
504.

[8] ChangD Y, Chen T H, Liu H B, et al. A new approach to
prepare ZVI and its application in removal of Cr( VI) from
aqueous solution [ J ]. Chemical Engineering Journal, 2014,
244 ; 264-272.

[9] Fan G P, Cang L, Qin W X, et al. Surfactants-enhanced
electrokinetic transport of xanthan gum stabilized nanoPd/Fe for
the remediation of PCBs contaminated soils[ J]. Separation and
Purification Technology, 2013, 114 64-72.

[10] Devi P, Saroha A K. Simultaneous adsorption and dechlorination
of pentachlorophenol from effluent by Ni-ZVI magnetic biochar
composites synthesized from paper mill sludge [ J]. Chemical
Engineering Journal, 2015, 271 195-203.

[11] Suzuki T, Moribe M, Oyama Y, et al. Mechanism of nitrate
reduction by zero-valent iron: equilibrium and kinetics studies
[J]. Chemical Engineering Journal, 2012, 183. 271-277.

[12] Mansell B O, Schroeder E D. Hydrogenotrophic denitrification in
a microporous membrane bioreactor[ J]. Water Research, 2002,
36(19) : 4683-4690.

[13] Biswas S, Bose P.

Zero-valent iron-assisted autotrophic



4552

® b

B

2% 36 &

[14]

[15]

[16]

[17]

[18]

denitrification[ J]. Journal of Environmental Engineering, 2005,
131(8) . 1212-1220.

Zhang ] X, Zhang Y B, Li Y, et al. Enhancement of nitrogen
removal in a novel anammox reactor packed with Fe electrode
[J]. Bioresource Technology, 2012, 114 102-108.

FE IS R AP SR KRB K W A3 B ik [ M. (381
Ji) . AERC: PEPREERR AL, 2002, 258-282.

Fan X M, Guan X H, Ma J, et al. Kinetics and corrosion
products of aqueous nitrate reduction by iron powder without
reaction conditions control [ J ]. Journal of Environmental
Sciences, 2009, 21(8); 1028-1035.

Hwang Y H, Kim D G, Shin H S. Mechanism study of nitrate
reduction by nano zero valent iron [ J]. Journal of Hazardous
Materials, 2011, 185(2-3) ;. 1513-1521.

Till B A, Weathers L J, Alvarez P J J. Fe (0 )-supported
autotrophic  denitrification [ J ]. Environmental Science &
Technology, 1998, 32(5) . 634-639.

Kartal B, Maalcke W J, de Almeida N M, et al. Molecular

mechanism of anaerobic ammonium oxidation[ J]. Nature, 2011,

[20]

[21]

[22]

(23]

[24]

479(7371) . 127-130.

LiuY, Li S B, Chen Z L, et al. Influence of zero-valent iron
nanoparticles on nitrate removal by Paracoccus sp. [ ]J].
Chemosphere, 2014, 108 426-432.

Choe S, Chang Y Y, Hwang K Y, et al. Kinetics of reductive
denitrification by nanoscale zero-valent iron[ J]. Chemosphere,
2000, 41(8): 1307-1311.

Oshiki M, Ishii S, Yoshida K, et al. Nitrate-dependent ferrous
iron oxidation by anaerobic ammonium oxidation ( Anammox )
bacteria[ J]. Applied and Environmental Microbiology, 2013, 79
(13) : 4087-4093.

Jetten M S M, van Niftrik L, Strous M, et al. Biochemistry and
molecular biology of anammox bacteria[ J]. Critical Reviews in
Biochemistry and Molecular Biology, 2009, 44 (2-3). 65-
84.

Kartal B, Kuypers M M M, Lavik G, et al. Anammox bacteria
disguised as denitrifiers; nitrate reduction to dinitrogen gas via

nitrite and ammonium|[ J]. Environmental Microbiology, 2007, 9

(3). 635-642.



HUANJING KEXUE Vol.36  No. 12

Environmental Science ( monthly) Dec. 15, 2015

CONTENTS

Characterislics and Resources of Fly Ash Particles in the Snowpack of Jinfo Mountain, Chongging «+++ssseseesreresesesnennsinninnenns YU Zheng-liang, YANG Ping-heng, JING Wei-li, et al. (4381
Removal of Mixed Waste Gases by a Biotrickling Filter Packed with a Novel Combined Packing Material =~ «+«+s«sseseereereeesensenseenenne MEI Yu, CHENG Zhuo-wei, WANG Jia-de, et al. (4389
Low-Concentration CO, Adsorption on Polyaniline/Zeolite Y Composites — «+ervererersseremresrssssnenetnnnseinen e LIU Feng-ling, LU Xia, ZHANG Hui, et al. (4396

Chemical Characteristics of Atmospheric Wet Deposition in Winter and Its Forestry Canopy Interception Mechanism in Red Soil Hilly Area

Characterization of Water-soluble lons in PM, s of Beijing During 2014 APEC  «+eeceereereeresenssnnimnninniinss YANG Dong-yan, LIU Bao-xian, ZHANG Da-wei, et al. (4325)
PM, 5 Background Concentration at Different Directions in Beijing in 2013 «+«+esveeeeereererssssnnniennsiiniiiiesens LI Yun-ting, CHENG Nian-liang, ZHANG Da-wei, et al. (4331)
Comparative Analysis on the Improvement of Air Quality in Beijing During APEC «+reesseeserserensenienensimininiinni s LI Wen-tao, GAO Qing-xian, LIU Jun-rong, et al. (4340)
Weekend Effect in Distributions of Particulate Matters, Main Gas Pollutants and Aerosol Size in Spring of Jiaxing =~ «+eeeeseeereeseeesnees SHEN Li-juan, WANG Hong-lei, LU Sheng, et al. (4348)
Influence of Burning Fireworks on Air Quality During the Spring Festival in the Pearl River Delta =++vsseeeereerersssssicnniiiiinn ZHAO Wei, FAN Shao-jia, XIE Wen-zhang, et al. (4358)
Characteristic of Mercury Emissions and Mass Balance of the Typical Iron and Steel Industry — ««+-esseseersereesesenenenenienenens ZHANG Ya-hui, ZHANG Cheng, WANG Ding-yong, et al. (4366)
Magnetic Response of Dust-loaded Leaves in Parks of Shanghai to Atmospheric Heavy Metal Pollution = ++«+s++sesessesessrssenssensnennnnnenennens LIU Fei, CHU Hui-min, ZHENG Xiang-min (4374 )

)

)

)

HAO Zhuo, GAO Yang, ZHANG Jin-zhong, et al. (4403 )
Dynamic Characteristics of Base Cations During Wet Deposition in Evergreen Broad-leafl Forest Ecosystem —««+eereereeresesesenesnemeneneninicnennnens AN Si-wei, SUN Tao, MA Ming, et al. (4414)
Estimation of Diffuse Attenuation Coefficient of Photosynthetically Active Radiation in Xin'anjiang Reservoir Based on Landsat 8 Data *+* ZHANG Yi-bo, ZHANG Yun-lin, ZHA Yong, et al. (4420)
Spatial Distribution of Stable Isotopes in Particle Organic Matters and Sediments from Baishi Reservoirs +-eseesvesresseresremenssninnensinnennens GUO Kai, ZHAO Wen, WANG Shan, et al. (4430)
Response of Phytoplankton Functional Groups to Eutrophication in Summer at Xiaoguan Reservoir ««-«+-«sessesseorereesennennsnsinsininninineeens LI Lei, LI Qiu-hua, JIAO Shu-lin, et al. (4436)
Environmental Effect of Substrate Amelioration on Lake: Effects on Phragmites communis Growth and Photosynthetic Fluorescence Characteristics =«+«+ssseeseeseseserenenmeniniininienenn
............................................................................................................................................................ YU Ju-hua, ZHONG Ji-cheng, FAN Cheng-xin, el al. (4444)
Variation Characteristics of Cave Water Hydrogeochemistry in Naduo Cave of Guizhou and Its Implications for Environment Research <<+ SHEN Wei, WANG Jian-li, WANG Jia-lu,et al. (4455)
Response Mechanism of Trace Metals in the Bishuiyan Subterranean River to the Rainfall and Their Source Analysis —+«+«sseseereeeeees 70U Yan-e, JIANG Ping-ping, ZHANG Qiang, et al. (4464 )
Residue Concentration and Distribution Characteristics of Perfluorinated Compounds in Surface Water from Qiantang River in Hangzhou Section »++eteseeseereesesiesienenieimniniininenen
............................................................................................................................................................ ZHANG Ming, TANG Fang-liang, YU Ya-yun, et al. (4471)
Pollution Characteristics and Risk Assessment of Polybrominated Diphenyl Ethers in the Surface Sediments from Middle Reaches of the Yangtze River ««+sereeseeererenenemicnienennicnicnenes
............................................................................................................................................................... TIAN Qi-chang, TANG Hong-bo, XIA Dan, et al. (4479)
Pollution Characteristics and Potential Ecological Risk of Heavy Metals in Urhan Surface Water Sediments from Yongkang «+«+e+eeeeseereeeeees QI Peng, YU Shu-quan, ZHANG Chao, et al. (4486)
Effects of Citric Acid on Activation and Methylation of Mercury in the Soils of Water-Level-Fluctuating Zone of the Three Gorges Reservoir — +++++ QIN Cai-qing, LIANG Li, YOU Rui, et al. (4494)
Impacts of Microorganisms on Degradation and Release Characteristics of Organic Phosphorus in Lake Sediments During Freezing Season - ZU0 Le, LU Chang-wei, HE Jiang, et al. (4501)
Sedimentary Phosphorus Forms Under Disturbances and Algae in Taihu Lake - *+ CHEN Jun, LI Da-peng, ZHU Pei-ying, et al. (4509)
Interception Effect of Vegetated Drainage Ditch on Nitrogen and Phosphorus from Drainage Ditches - » ZHANG Shu-nan, XIAO Run-lin, LIU Feng, et al. (4516)
Removal of Phosphate by Calcite in Open-System LI Zhen-xuan, DIAO Jia-yong, HUANG Li-dong, et al. (4523)
Adsorption of Cu on Core-shell Structured Magnetic Particles: Relationship Between Adsorption Performance and Surface Properties «+++++++++++ LI Qiu-mei, CHEN Jing, LI Hai-ning, et al. (4531)
Shorteut Nitrosation-Denitrifying Phosphorus Removal Based on High-quality Carbon Source in Combined Process of CAMBR ++++++++++ CHENG Ji-hui, WU Peng, CHENG Chao-yang, et al. (4539)
Simultaneous Biotransformation of Ammonium and Nitrate via Zero-Valent Tron on Anaerobic Conditions — «+«++reeersesrremsmnmsnsninsnninienene ZHOU Jian, HUANG Yong, YUAN Yi,et al. (4546)
Health Risk Assessment of Drinking Water Quality in Tianjin Based on GIS «eressererrsseenesenenmneenmsiinncnnins s FU Gang, ZENG Qiang, ZHAO Liang, et al. (4553)
Endotoxin Contamination and Correlation with Other Water Quality Parameters of Groundwater from Self-Contained Wells in Beijing ~«++++eereee ZHANG Can, LIU Wen-jun, AO Lu, et al. (4561)
Internal Exposure Levels of PAHs of Primary School Students in Guangzhou =~ +«+-xereeeereserersremienenenniniii e SU Hui, ZHAO Bo, ZHANG Su-kun, et al. (4567)
Construction of Three-Dimensional Isobologram for Ternary Pollutant Mixtures :++:toeeeseereessesssienenenmmmininn LIU Xue, LIU Shu-shen, LIU Hai-ling (4574)
Aging Law of PAHs in Contaminated Soil and Their Enrichment in Earthworms Characterized by Chemical Extraction Techniques —«+eeretsveeseereesssssssmenensinns
...................................................................................................................................................... ZHANG Ya-nan, YANG Xing-lun, BIAN Yong-rong, et al. (4582)
Spatial Heterogeneity of Soil Respiration in a Larch Plantation of North China at Different Sampling Scales ««+x++sesseeesessessemeerennens YAN Jun-xia, LIANG Ya-nan, LI Hong-jian, et al. (4591)
Mapping Critical Loads of Heavy Metals for Soil Based on Different Environmental Effects «+«sseeeveesesessssisnennnin. SHI Ya-xing, WU Shao-hua, ZHOU Sheng-lu, et al. (4600)
Stabilization Treatment of Ph and Zn in Contaminated Soils and Mechanism Studies ++«+r+sesrrerrenenisminsninnininnn XIE Wei-giang, LI Xiao-ming, CHEN Can, et al. (4609 )
Effects of ZnO Nanoparticles, ZnSO, and Arbuscular Mycorrhizal Fungus on the Growth of Maize ++ LI Shuat, LIU Xue-gin, WANG Fa-yuan, et al. (4615)
Occurrence Characteristics of Pyrene and Arsenate and Their Interaction in Pleris viflata L. «+-+++sstssesresssssmensenssensnsienieninnnnes ZHANG Yu-xiu, MA Xu, LIAO Xiao-yong, et al. (4623)
Effect of Nano Zeolite on Chemical Fractions of Cd in Soil and Its Uptake by Cabbage - XIONG Shi-juan, XU Wei-hong, XIE Wen-wen, et al. (4630)
Effect of Ryegrass and Arbuscular Mycorthizal on Cd Absorption by Varieties of Tomatoes and Cadmium Forms in Soil CHEN Yong-qin, JIANG Ling, XU Wei-hong, et al. (4642)

Degradation of Steroidal Hormones by Salt-tolerant Altererythrobacter Strain MH-BS ; Degradation Characteristics, Metabolites and Its Immobilization ««+seseeseeseseserenenmieninienninicnenn
.............................................................................................................................................................................. MA Cong, QIN Dan, SUN Qian, et al. (4651)
Distribution and Diversity of Ammonium-oxidizing Archaea and Ammonium-oxidizing Bacteria in Surface Sediments of Oujiang River =~ «+-+++++++ LI Hu, HUANG Fu-yi, SU Jian-giang, et al. (4639)
Effects of Different Altitudes on Soil Microbial PLFA and Enzyme Activity in Two Kinds of Forests ««eeeeseeereresessemessinsinninenns ZENG Qing-ping, HE Bing-hui, MAO Qiao-zhi, et al. (4667)
Effects of Cultivation Soil Properties on the Transport of Genetically Engineered Microorganism in Huabei Plain ««eeeeeeresresseesenensiniinennn ZHANG Jing, LIU Ping, LIU Chun, et al. (4676)
Assessment of Emission and Co-Reduction of PCDD/Fs and PCNs in the Secondary Copper Production Sector — «+++veseeeessesneveesnenees TIAN Ya-jing, JIANG Chen, WU Guang-long, et al. (4682)



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)

(HT) 1976 4E 8 A4l
2015412 H15 H 4536 % 45 12 BB Vol.36 No.12 Dec. 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
£ AN
. e Sy N Edited by The Editorial Board of Environmental Science ( HUANJING
JemtTT 2871 R4 (HERE DX U ’
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
H13% :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
VETIS 5. 2-821
RERRATIS, Do o030 EAE RS,
E M E fi:120.00 ESRITRS: M 205

EMWSRFET



	封面+中文目录.pdf
	fm.pdf
	中文目录.pdf

	20151229.pdf
	目录+封底.pdf
	英文目录.pdf
	编委会.pdf




