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Study on Transition Metals in Airborne Particulate Matter in Shanghai City’s

Subway

BAO Liang-man'?, LEI Qian-tao'”>, TAN Ming-guang', LI Xiao-lin'?*, ZHANG Gui-lin', LIU Wei""*, LI Yan'
(1. Shanghai Institute of Applied Physics, Chinese Academy of Sciences, Shanghai 201800, China; 2. Key Laboratory of Nuclear
Radiation and Nuclear Energy Technology, Chinese Academy of Sciences, Shanghai 201800, China)

Abstract: PM,; and PM, ; aerosol particle samples were collected at a subway station in Shanghai and their morphology, chemical
composition and transition metal species were studied. The mass concentrations of PM,;and PM, ; inside the subway station were
significantly higher than those measured in aboveground ambient air. The PM levels inside subway were much higher than the state
control limit. The aerosol composition in the metro station was quite different from that of the aboveground urban particles.
Concentrations of Fe, Mn and Cr were higher than the averages of aboveground urban air particles by factors of 8, 2, and 2,
respectively, showing a substantial enrichment in subway. Scanning electron microscope ( SEM ) analysis showed that the subway
particles had flat surfaces in combination with parallel scratches and sharp edges and looked like metal sheets or flakes. Furthermore,
analysis of the atomic composition of typical subway particles by energy dispersive X-Ray ( EDX) spectroscopy showed that oxygen and
iron dominated the mass of the particles. The X-ray absorption near-edge structure( XANES) spectroscopy results showed that a fraction
( >26% ) of the total iron in the PM,, was in the form of pure Fe, while in the street particles Fe( Il ) was shown to be a significant
fraction of the total iron. The work demonstrated that the underground subway stations in Shanghai were an important microenvironment
for exposure to transition metal aerosol for the people taking subway train for commuting every day and those who work in the subway
stations, and the metal particle exposure for people in the subway station should not be ignored.
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Table 1 Comparison of the PM,,, PM, 5 mass concentrations
in subway station and outdoor/pg-m ~3

TiH PM,, PM, 5
i Bl CIE RS e %) 360 273
iR G (3CHE E E) 457 352
A8 CRFESAE RIS A 41 ) 190 116
GB/T 18883-2002 150 —
GB 3095-2012( —%%) 150 75
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Table 2 Comparison of the PM,;,, PM, 5 mass concentrations for different subway systems/pg-m ~
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(el 500 ~ 1120 795 246
1100 ~ 1 500 270 ~480 —
SETGE — — 8 ~68 39
24 — — — 62
Wk — 320 93
A Rkt 10 ~210 103 — —
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Fig. 1 Typical SEM images of particles from subway station
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Fig. 2 SEM images and EDX spectrum of Fe-containing particles from subway station
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Fig. 3 SEM images and EDX spectrum of Ba-containing particles from subway station
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Table 3 Comparison of elemental concentrations in PM,, PM, 5 samples from Shanghai subway station and outdoor/ng+m ="

3

JLHE Hi Bk PM, HER PM,, I8 PM, 5 iH PM,,
Na 1227 1181 1968 2996
Mg 866 904 1341 2943
Al 2 696 2733 4 666 13 082
K 1 637 1541 3279 4732
Ca 7 839 8098 7125 13 508
Ti 216 232 451 655
Vv 15 15 20 25
Cr 77 61 35 48
Mn 405 362 190 229
Fe 40 179 38 840 5283 8 825
Co 6.8 6.9 4.0 4.8
Ni 17 32 15 27
Cu 97 86 66 67
Zn 1 246 1036 895 663
Ga 937 862 360 408
As 36 35 139 128
Se 5 7 14 8
Sr 48 49 52 73
Mo 28 31 3.5 3.2
Cd 4 3 14 12
Ba 749 688 76 109
La 1.7 2.0 4.5 7.0
Ce 3.5 4.1 8.4 13.0
Nd 1.2 1.4 3. 5.1
Pb 122 102 376 564
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Fig. 4 Fe/Mn, Fe/C rmass concentration ratios in PM,, and PM, 5 samples from subway station and outdoor
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Table 4  Percentages of Fe compound in PM,;, and PM, ssamples from subway station and outdoor

v H A/ %
)H‘—:HLI N ~
Fe FeO Fe, 04 Fe; 0, Fe, (S0,); Fe(NO;y) 4
ek PM,, 26.8 £0.9 15.0£0.8 24.4£3.0 14.0 £2.9 14.2 £2.2 5.5+5.0
A PM,, — 13.5+6.6 13.6 +0. 4 31.5+0.3 23.4%2.3 18 3.7




2058 AN 5%

F

2% 35 %

REHETE s B IR | IR a4 s R 3
PO T2 WURE AL SOV TR T3 oh. BT Bk

T HUER NAMECRLI Y Fe IR STAAEZE .

BEFLAE BT R BT MR N AR ) B 1 1 1
Ji5 Fe, Mn, Ni, Cu, Cr SF&B S EEA L. HEk
IR AUBORE )% DNA 8453 495 7 18 R AUORL I 1Y)
8 5, AL ER A5 2 A T K R 4 F5 5. b
BRI R AR ) TE vt s TS AR BAE  AE
FRIURE A2 A R R S 45 ok

4 Ja8 UKL ) 04 Ve T 5 A o XU 22 1] 14 R DG A
TEA kb Fe, Cr, Mn S50 K &7 25 4NFURL
P B2 100 4% 5 S 1 VA 41 29 Bk 3 R ASUWORE )
XHEERE R RE I, 43 B 1 MR TR N G I i A PR
PRl 4 J TR B i 5 S 1) S8 Ae v 405 . DNA . &
PR TAE N B2 1) DNA-ZE (A FAC BRI b Cr 11
WSS T AR BB 5 JRIETPRIPI IR R WL S
T bR AR B[R] i i 35 TE AR O, MLk AR N B R
W HTS R 2R MR B 5 T A S G Bl BRI A &
TAEAGY . — i T%  fE ksl G4 | 17k
3 11 sf [B) 3520 | A7 0 ) 5 5 1 R A it R 0
MR AR N G B e b 2k b i TR) 54 0k ) 2
Xof At B A A R XU

MRt 5 BA B A R A3 SO0 IE 32 B R R
MR UE = A 4 SR R 5 S EEETER R, AT
I8/ D AR PR A JIURE ) 1) VA B, S b K i T
3 XUIBE I, I b Bk ity 5 R ] Wl 2 i A 42 X1
G ZEIB AT 7 AR 1Y) 4 T UKL A T G | DT DR A b
w6 N TAEN GRS A fl . nsh [ 8 JR b gk
FEINZE T3k 5 BRI )5, PM,, BT W B T % T
16% ,PM, TR E R T 12977,

3 it

WL LSRR, bRk & T AF e UK ) 15
e FURLY) Jon i v TR A T N AR DG A RUBT B
HE. HiEkubk &5 N PM, o/PM B R WK L KT =
Hb. MRS G AT R HLAMURE 5 7 AR 1Y 42 R BURLY
TETCR AN, TESR LA Rk U6 6 Jas o 25 0y 1 R 3 A1t
KT 22 5. Mk Fe URLYIRIAR B,
FEARAS KN A et V- B 2 T, A7 9 A FIS B9 WR,
F&EEER, TAKZM Fe F Fe ALY, ki
Yt Fe, Cr. Mn, Cu. Zn. Ga_ Mo, Ba S EET
EANFRIY), H Fe, Cr, Mn =J0K & & 0 5. Higk
WRSBURY) Fe S50 4 8 & 9340, K 7 6t
KL FEE R A B ) 52 i) i 225 | AL

S 3k

(1]

(2]

[3]

[10]

[11]

[12]

[13]

[15]

Sahin U A, Onat B, Stakeeva B, et al. PM,, concentrations and
the size distribution of Cu and Fe-containing particles in
Istanbul’s subway system [ J]. Transportation Research Part D,
2012, 17(1) ; 48-53.

Nieuwenhuijsen M J, Gomez-Perales J E, Colvile R N. Levels of
particulate air pollution, its elemental composition, determinants
and health effects in metro systems [ J]. Atmospheric
Environment, 2007, 41(37) : 7995-8006.

Mugica-alvarez V, Figueroa-Lara J, Romero-Romo M, et al.
Concentrations and properties of airborne particles in the Mexico
city subway system [ J]. Atmospheric Environment, 2012, 49.
284-293.

Park D, Oh M, Yoon Y, et al. Source identification of PM,,
pollution in subway passenger cabins using positive matrix
factorization [ J]. Atmospheric Environment, 2012, 49. 180-
185.

Karlsson H L, Nilsson L, Moller L. Subway particles are more
genotoxic than street particles and induce oxidative stress in
[J].
Toxicology, 2005, 18(1) . 19-23.

cultured human lung cells Chemical Research in
Karlsson H L, Ljungman A G, Lindbom J, et al. Comparison of
genotoxic and inflammatory effects of particles generated by wood
combustion, a road simulator and collected from street and
subway [J]. Toxicology Letters, 2006, 165(3) . 203-211.

Midander K, Elihn K, Wallén A, et al. Characterisation of
nano- and micron-sized airborne and collected subway particles, a

[J]. Total
Environment, 2012, 427-428; 390-400.

multi-analytical —approach Science of the
Eom H J, Jung H J, Sobanska S, et al. Iron speciation of
airborne subway particles by the combined use of energy
dispersive electron probe X-ray microanalysis and Raman
microspectrometry [ J]. Analytical Chemistry, 2013, 85(21) .
10424-10431.

http://zh. wikipedia. org/wiki/% E4% B8% 8A% E6% B5%
B7% E5%9C% B0% E9%93% 81, 2013-10-19.

AICTE. P E BT R T AR (M. JEaT: B A,
2010. 153-173.

Feng Y, Mu C, Zhai J, et al. Characteristics and personal
exposures of carbonyl compounds in the subway stations and in-
subway trains of Shanghai, China [ J]. Journal of Hazardous
Materials, 2010, 183(1-3) ; 574-582.

WYL, B, PR, . RS A B R R AT
[J]. sRSAREE XA, 2009, 28(5) : 61-63.

Bao L M, Lin J, Liu W, et al. Investigation of sulfur speciation

boiler by XANES
Chinese Physics C, 2009, 33 (11). 1001-

in particles from small coal-burning
spectroscopy [ J 1.
1005.

Ravel B, Newville M. ATHENA, ARTEMIS, HEPHAESTUS:
data analysis for X-ray absorption spectroscopy using IFEFFIT
[J]. Journal of Synchrotron Radiat, 2005, 12(4) . 537-541.

Hester R E, Harrison R M. Air quality in urban environments



6

BG4S ;LA £ K VRV 5

2059

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[24]

[25]

[26]

[M]. London: The Royal Society of Chemistry, 2009. 65-84.
Chan L 'Y, Lau W L, Zou S C, et al. Exposure level of carbon
suspended particulate in public

monoxide and respirable

transportation modes  while in urban area of
Guangzhou, China [J].
(38) : 5831-5840.

Kim K'Y, Kim Y S, Roh Y M, et al. Spatial distribution of

commuting

Atmospheric Environment, 2002, 36

particulate matter ( PM,;; and PM, 5 ) in Seoul Metropolitan
Subway stations [ J]. Journal of Hazardous Materials, 2008 , 154
(1-3) : 440-443.

Oberdorster G. Pulmonary effects of inhaled ultrafine particles
[J]. International Archives of Occupational and Environmental
Health, 2001, 74(1): 1-8.

Sitzmann B, Kendall M, Watt J, et al. Characterization of
airborne particles in London by computer-controlled scanning
electron microscopy [ J]. Science of the Total Environment,
1999, 241(1-3) : 63-73.

Chillrud S N, Epstein D, Ross ] M, et al. Elevated airborne
exposures of teenagers to manganese, chromium, and iron from
New York [T].
Environmental Science and Technology, 2004, 38 (3). 732-
737.

steel dust and city’s subway system

Aarnio P, Yli-Tuomi T, Kousa A, et al. The concentrations and
composition of and exposure to fine particles (PM, 5) in the
Helsinki subway system [ J]. Atmospheric Environment, 2005,
39(28) : 5059-5066.

Furuya K, Kudo Y, Okinaga K, et al. Seasonal variation and
their characterization of suspended particulate matter in the air of
[J1
Techniques, 2001, 19(4) ; 469-485.

subway stations Journal of Trace and Microprobe

Salma I, Weidinger T, Maenhaut W. Time-resolved mass
concentration, composition and sources of aerosol particles in a
metropolitan underground railway station [ J ]. Atmospheric
Environment, 2007, 41(37) . 8391-8405.

Jung HJ, Kim B W, Ryu J Y, et al. Source identification of
particulate matter collected at underground subway stations in
Seoul, Korea using quantitative single-particle analysis [ J].
Atmospheric Environment, 2010, 44(19) . 2287-2293.

John Charles Adelmann. Less abrasive composition railroad brake
shoe material [ P]. U. S Patent 3959194A, 1976-5-25.

Chen ] M, Tan M G, Li Y L, et al. Characteristics of trace

(28]

[29]

[30]

[31]

[32]

[33]

elements and lead isotope ratios in PM, 5 from four sites in
Shanghai [ J]. Journal of Hazardous Materials, 2008, 156 ( 1-
3): 36-43.

Tan M G, Zhang G L, Li X L, et al. Comprehensive study of
lead pollution in Shanghai by multiple techniques[ J]. Analytical
Chemistry, 2006, 78(23) . 8044-8050.

Tong Y P, LiAG, Cai Y, et al. Mossbauer study of atmospheric
of Shanghai [ J ].
Technology, 2001, 35(7) . 1432-1436.

aerosols Environmental Science and
Salma I, Posfai M, Kovacs K, et al. Properties and sources of
individual particles and some chemical species in the aerosol of a
metropolitan underground railway station [ J ]. Atmospheric
Environment, 2009, 43(22-23) ; 3460-3466.

Kang S, Hwang H J, Park Y M, et al. Chemical compositions of
subway particles in Seoul, Korea determined by a quantitative
single particle analysis [ J ]. Environmental Science and
Technology, 2008, 42 (24) : 9051-9057.

FOEF, W, BSL T, S L X R A A I B R
WFFE[)]. PEBHEIRSC, 2013, 8(3) @ 255-259.

Yue W, Li Y, Li X, et al. Source identification of PM,,,
collected at a heavy-traffic roadside, by analyzing individual
particles using synchrotron radiation [ J]. Journal of Synchrotron
Radiation, 2004, 11(5) ; 428-31.

Li W, Wang T, Zhou S, et al. Microscopic observation of metal-
containing particles from Chinese continental outflow observed
from a non-industrial site [ J]. Environmental Science and
Technology, 2013, 47(16) ; 9124-9131.

RS, kim A, B, 4. RAMEHLFIM]. dbat. &%
HE ML, 2006. 641-706.

Karlsson H L, Holgersson A, Moller L. Mechanisms related to
the genotoxicity of particles in the subway and from other sources
[J]. Chemical Research in Toxicology, 2008, 21 (3): 726-
731.

Grass D S, Ross ] M, Family F, et al. Airborne particulate
metals in the New York city subway: A pilot study to assess the
potential for health impacts [ J]. Environmental Research,
2010, 110(1): 1-11.

Kim K H, Ho D X, Jeon J S, et al. A noticeable shift in
particulate matter levels after platform screen door installation in a
Atmospheric Environment, 2012,

Korean subway station [ J].

49 219-223.



HUANJING KEXUE Vol.35  No.6

Environmental Science ( monthly) Jun. 15, 2014

CONTENTS

Comparative Analysis on Meteorological Condition for Persistent Haze Cases in Summer and Winter in Beijing +:eoeeeeeereseeeeeee LIAO Xiao-nong, ZHANG Xiao-ling, WANG Ying-chun et al. (2031)
Size Distributions of Water-Soluble Inorganic lons in Atmospheric Aerosols in Fukang MIAO Hong-yan, WEN Tian-xue, WANG Yue-si, et al. (2045)
Study on Transition Metals in Airborne Particulate Matter in Shanghai City’s Subway »«+++-+++++: BAO Liang-man, LEI Qian-tao, TAN Ming-guang, et al. (2052)
Heavy Metal Concentrations in Mosses from Qiyi Glacier Region = +xteseseeresrersessssennstiiiieniniiiisi s MA Juan-juan, LI Zhen ( 2060)
Distributions of Dimethylsulfide and Dimethylsulfoniopropionate and Influencing Factors in the East China Sea and the Southern Yellow Sea During the Winter «+««+«+ssseeeseersesseeseneneenens
............................................................................................................................................................... SONG Yi-zhu, ZHANG Hong-hai, YANG Gui-peng (2067)

XU Shan-nan, LI Chun-hou, XU Jiao-jiao, et al. (2075)
-+ WANG Xin-xuan, ZHANG Hong, HE Long, et al. (2085)
SUN Yu-chuan, SHEN Li-cheng, YUAN Dao-xian (2091 )
-+ TANG Wen-kui, TAO Zhen, GAO Quan-zhou, et al. (2099)

Distribution of Perfluorinated Compounds in Surface Water of Shenzhen Reservoir Groups

Contamination and Source of Polycyclic Aromatic Hydrocarbons in Epikarst Spring Water

Biogeochemical Processes of the Major Tons and Dissolved Inorganic Carbon in the Guijiang River -

Hydrologic Processes of the Different Landscape Zones in Fenhe River Headwater Catchment YANG Yong-gang, LI Cai-mei, QIN Zuo-dong, et al. (2108)
Assessment of Groundwater Quality of Different Aquifers in Tongzhou Area in Beijing Plain and Its Chemical Characteristics An: * GUO Gao-xuan, JU Yi-wen, ZHAI Hang, et al. (2114)
Models for Quantification of Fluid Saturation in Two-Phase Flow System by Light Transmission Method and Its Application ««+sesxesvereeseseeenereens ZHANG Yan-hong, YE Shu-jun, WU Ji-chun ( 2120)
Nitrogen Leaching and Associated Environmental Health Effect in Sloping Cropland of Purple Soil «++++xtseeeresessesesnenvessiseinsienn CHEN Wei-liang, GAO Yang, LIN Yong-ming, et al. (2129)
Research on Land Use Structure Optimization Based on Nonpoint Source Dissolved Nitrogen Load Estimation in Shuaishui Watershed — «+«++++++:++ LU Yu-chao, BI Meng-fei, LI Ze-li, et al. (2139)
Nitrogen and Organic Matter Vertical Distribution Characteristics and Evaluation in Ancient Canal Sediments of Zhenjiang Old Town ~ «++++++ ZHOU Xiao-hong, LI Yi-min, ZHOU Yi, et al. (2148)
Effects of Two Submerged Macrophytes on Dissolved Inorganic Nitrogen in Overlying Water and Interstitial Water -ereseeereerenenenienicniennenne YANG Wen-bin, LI Yang, SUN Gong-xian ( 2156 )
Bioavailable Phosphorus on Suspended Solids of Lake Under Short-term and Repeated Sediment Disturhance «+exssereesessesesemenenisnenenininn WU Xiao-fei, LI Da-peng (2164 )
Influence of Different Disturbance Intensity on the Phosphorus Adsorption and Tmmobilization by the Sediments from an Inner City Heavily Polluted Canal = »++-+-- WANG Shang, LI Da-peng (2171
Effect of Feed Residues on the Release of Nitrogen and Phosphorus of Pond Sediment —+«seereeeeeesssemensimineniiiins LU Yuan-jiao, LI Rui-jiao, ZHANG Nian, et al. (2178
Delivery and Release of Sediment PAHs During Resuspension WANG Xiao-hui, BI Chun-juan, HAN Jing-chao (2185
Effects of Low Molecular Weight Organic Acids on Redox Reactions of Mercury «+«eeeseeeeseesseseeeees ZHAO Shi-bo, SUN Rong-guo, WANG Ding-yong, e al. (2193

)
)
)
)
Removal of Fluorescent Whitening Agent by Hydrogen Peroxide Oxidation Catalyzed by Activated Carbon »«+:«ssessereeressesnereesennenne LIU Hai-long, ZHANG Zhong-min, ZHAO Xia, et al. (2201 )
Kinetics of Alkylphenols Degradation in Aqueous Phase with Excilamp Irradiation LIU Yu-hai, YE Zhao-lian, WEN Ying-pin, et al. (2209)
AF + BAF for Treating Effluent in the Sewage Plant of the Resin and Chemical Industry Park TU Yong, LIU Wei-jing, ZHANG Yao-hui, et al. (2216)
Synthesis and Adsorption Property of Cd( Il ) -8-hydroxyquinoline Molecularly Imprinted Polymer Microspheres «++++++++ssseseseseusseieuenes YANG Chun-yan, CHEN Fu-bin, ZHAO Hui, et al. (2223)
)
)
)
)
)
)
)

Simultaneous Nitrification and Denitrification in a Microbubble-aerated Biofilm Reactor + ++++ LIU Chun, NIAN Yong-jia, ZHANG Jing, et al. (2230
TANG Dan-qi, WANG Juan, ZHENG Tian-long, et al. (2236
SHI Kuan, XUE Gang, GAO Pin, et al. (2241
++« ZHOU Zhen, HU Da-long, QIAO Wei-min, et al. (2249
GONG Xiao-feng, XIANG Hong-rui, CHEN Chun-li, et al. (2256
++ LIAO Zhi-heng, SUN Jia-ren, WU Dui, et al. (2264
-+ TAN Bing, WANG Tie-yu, LI Qi-feng, et al. (2272
Levels Distribution and Risk Assessment of the Indicator and Dioxin-Like Polychlorinated Biphenyls in Ten Different Species of Marine Fish of Bohai Bay, China «+«eeeeserrereererenennee

WANG Sha-sha, GAO Li-rong, TIAN Yi-ling, et al. (2281
Detection of Biohazardous Materials in Water upon the Characteristics of Fluorescent Sensor Frex ZHAO Wei, WANG Zhao, CAI Qiang, et al. (2287

Generation and Release of Microcystin-LR by Microcystis aeruginosa Under Hydroquinone Inhibition ««««+essesserserseneeenncnenens ZHANG Yuan-chun, LIANG Wen-yan, ZHAO Yuan, et al. (
ZHAO Feng-min, MEI Shuai, CAO You-fu, et al. (2300

LIU Ying, WANG Li-hua, HAO Chun-bo, et al. (
Effects of Corbicula fluminea Bioturbation on the Community Composition and Abundance of Ammonia-Oxidizing Archaea and Bacteria in Surface Sediments «+:++xessereeeeesenennsnsienennn
WANG Xue, ZHAO Da-yong, ZENG Jin, et al. ( )
Methanogenic Activity and Methanogen Diversity in Marine Gas Field Sediments TIAN Qi, WANG Jia, FAN Xiao-lei, et al. ( )
Effect of the Potential on Bacterial Community Under Illumination by DGGE and T-RFLP «+sxeseeeereesvenesssnnennemnensnsinneneninnenee WU Yi-cheng, DENG Huan, XIAO Yong, et al. (2328)
- (2334)
(2341)

Effect of PLA/Starch Slow-Release Carbon Source on Biological Denitrification

Impacts of Filamentous Bulking on Treatment Effect and Fouling Characteristics of Nonwoven Bioreactor

Optimization for Phosphorous Removal in Thickening and Dewatering Sludge Water by Polyaluminum Chloride

Simulation of Long-Range Transport Potential of POPs in Poyang Lake

Uncertainty Analysis of Ecological Risk Assessment Caused by Heavy-metals Deposition from MSWI Emission

Risk Assessment and Countermeasures of BTEX Contamination in Soils of Typical Pesticide Factory

Culture Medium Based on Biogas Slurry and Breeding of Oil Chlorella

Microbial Diversity and Ammonia-Oxidizing Microorganism of a Soil Sample Near an Acid Mine Drainage Lake

Isolation and Characterization of Two Bacteria with Heavy Metal Resistance and Phosphate Solubilizing Capability - TIAN Jiang, PENG Xia-wei, LI Xia, et al.
** WANG Zhao-yang, CHEN Guo-yao, JIANG Ke, et al.
Effects of Ryegrass and Arbuscular Mycorrhiza on Activities of Antioxidant Enzymes, Accumulation and Chemical Forms of Cadmium in Different Varieties of Tomato +-«+xessesveseeressesnensenees
JIANG Ling, YANG Yun, XU Wei-hong, e al. (2349)
LI Ling, QIU Shao-jun,CHEN Yin-ping,et al. (2358)
Variation of Soil Nitrogen During in situ Mineralization Process Under Different Grasslands in the Mountainous Area of Southern Ningxia,Northwest China —+vseeseeereressseessnsisinniiiennns
..................................................................................................................................................................... JIANG Yue-li, ZHAO Tong, YAN Hao, et al. (2365)
Effects of Long-Term Application of Pig Manure Containing Residual Tetracycline on the Formation of Drug-Resistant Bacteria and Resistance Genes ««+««+s+ssssessessensenssnemenennsniniinennnes
ZHANG Jun, YANG Xiao-hong,GE Feng, et al. (2374)
Long-Term Effects of Tillage Methods on Heavy Metal Accumulation and Availability in Purple Paddy Soil CHANG Tong-ju, CUI Xiao-giang, RUAN Zhen, et al. (2381)
Environmental Geochemical Baseline of Heavy Metals in Soils of the Ili River Basin and Pollution Evaluation «+:«+«+seeseeeeseerereeeeees ZHAO Xin-ru, Telajin Nasier, CHENG Yong-yi, et al. (2392)
Distribution Patterns and Pollution Assessments of Heavy Metals in the Spartina alterniflora Salt-Marsh Wetland of Rudong, Jiangsu Provinge — «eesseseersersenesemienensineninsininsnnen
...................................................................................................................................................... ZHANG Long-hui, DU Yong-fen, WANG Dan-dan, et al. (2401)
Temporal-Spatial Distribution of Agricultural Diffuse Nitrogen Pollution and Relationship with Soil Respiration and Nitrification =+ OUYANG Wei, CAI Guan-qing, HUANG Hao-bo, et al. (2411)
++ ZHANG Sai, WANG Long-chang, HUANG Zhao-cun, et al. (2419)
)
)

Identification and Denitrification Characteristics of a Psychrotolerant Facultative Basophilic Aerobic Denitrifier

Response of Active Nitrogen to Salinity in a Soil from the Yellow River Delta

Soil Respiration and Carhon Balance in Wheat Field Under Conservation Tillage -

WU Jun-jun, YANG Zhi-jie, WENG Fa-jin, et al. (2426
Influences of Hydraulic Retention Time on the Ethanol Type Fermentation Hydrogen Production System in a Hybrid Anaerobic Baffled Reactor  ++ LIU Xiao-ye, ZHANG Hong, LI Yong-feng (2433

Comparison of Soil Respiration in Natural Castanopsis carlesii Forest and Plantation Forest



E % K

(CAEMEFEYE 6 BREZERS

FH H i

BIES: B RE BN

o
%OE. (REREEHT)
3 N iy -
TTENT EARIR FILZE Fggs WONWl W #R o hiEEE
=1 N 7. AN RS — =z,
AoKE XEER BlE BET & B RS ke
— =g N N N -
PRFHAZT  BAE 22 Ak AR WEE Bokd &
ya ¥ Y o
WO 6 s O W W W MR
-
w o a3 ENVIRONMENTAL SCIENCE
( I;'JEJJ{?J‘N;J;;:C;: EETQ(ULT{E) (Monthly Started in 1976)
0I44FE6B15H #35% Hoell Vol.35 No.6 Jun. 15, 2014
e ESp 5 Superintended by Chinese Academy of Sciences
E & b
} s Rl 22 2 A ARIAIE TS s Sponsored by Research Center for Eco-Environmental Sciences, Chinese
£ B PERREBE SRR y
e 7 (USSR RF) Academy of Sciences
e 21 Tl 2 T A [0 Co-Sponsored by Beijing Municipal Research Institute of Environmental
Je s T B BT O A Bl 2 WF 5 B Yy beljing P
A = - - Protection
e % WK B T School of Environment, Tsinghua University
. BAREAE) G E RS Ej:o:;m o b %EJYE[?(TI(J 'le-}]l:and f Envi tal Sci (HUANJING
. e s s . ite y e Editorial Board of Environmental Science >
JEHTTT 2871 FA (HFE X B It
18 5, MR 4% : 100085 ) KEXUE) )
M1 .010-62941102 .010-62849343 P. 0. Box 2871, Beijing 100085 , China
1§E:010—62849343 ’ Tel :010-62941102,010-62849343 ; Fax:010-62849343
E-mail ; hjkx@ rcees. ac. cn Fi-mail : hjlx@ ‘rcees. ac.cn
http : //www. hjkx. ac. cn http://www. hjlex. ac. en
H KR 44 3 " " m Published by Science Press
It B A AR 7 16 = 16 Donghuangchenggen North Street,
WS . 100717 Beijing 100717, China
qE 3 =3 Printed by Beijing Bei Lin Printing House
BN R 3 4T JbntdeAkenml
% 1T 4 4 & K i Distributed by Science Press
35 .010-64017032 Tel :010-64017032
E-mail ; journal @ mail. sciencep. com E-mail ; journal@ mail. sciencep. com
iT 1 & 2ELHARER)S Domestic All Local Post Offices in China
EsEET PEERERRS BAF Foreign China International Book Trading Corporation ( Guoji

(L5t 399 f546)

Shudian) ,P. O. Box 399, Beijing 100044 , China

ERRATIS
B E N

ISSN 0250-3301 o

= ) B:2-
CN 11.1895/X ERBEZNKS: 2-821
90. 00 J© ES&EITRS: M 205

BRSNS FET



	封面.pdf
	封面.pdf
	中文目录.pdf

	20140603.pdf
	封底.pdf
	英文目录.pdf
	封底.pdf




