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Distribution Characteristics of Water-soluble Ions in Size-segregated Particulate

Matters in Taiyuan

CAO Run-fang', YAN Yu-long', GUO Li-li', GUO Wen-di', HE Qiu-sheng' ", WANG Xin-ming’

(1. School of Environment and Safety, Taiyuan University of Science and Technology, Taiyuan 030024, China; 2. State Key Laboratory
of Organic Geochemistry, Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou 510630, China)

Abstract: The distributions of size-segregated particles (PM,,) and water-soluble ions ( WSIs) in Taiyuan were studied from July 2014
to April 2015 by TE-235 aerosol sampling and ion chromatography analyzing. As the results shown, the daily PM,, level was 173.7
pg-m ™, which exceeded the Grade II limitation value in the Ambient Air Quality Standard (150 pg-m ™, GB 3095-2012). PM,,
levels varied seasonally, and its were 199. 1 and 194.2 pg-m ™ in winter and spring, respectively, which were much higher than those
in summer. The PM,, size-segregated was bimodal distribution for the range of 0-0. 95 and 3. 0-7. 2 pm. The concentration of WSIs was
the highest in winter, followed by summer and spring. SO;~, NO,; and NH, were the main water soluble ions and accounted for 66%
t0 80 % of the total WSIs. SO, K*, NH;" and Cl~ showed a unimodal distribution at <0.95 wm in all samples, while Ca’>* and
Mg’ * showed a bimodal distribution at <0.95 pm and 3.0-7.2 wm. NO, showed a unimodal size distribution at <0. 95 wm in winter
and spring, compared with a bimodal distribution at <0.95 pm and 3. 0-7.2 pwm in summer. By the correlation analysis, PM,, and
WSIs decreased with the increase of wind speed in summer and winter other than in spring for the road-dust re-suspension by strong
wind. Based on the ratio analysis of NO; /SO; ™ and Mg’ */Ca’* , coal combustion was the main source of NO; and SO. ™, while Mg *
and Ca’* were mainly from the dust and coal combustion.

Key words; Taiyuan; particle matter (PM,,) ; water-soluble ions( WSIs) ; size distribution; source analysis
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Fig. 1 Particle size distribution of atmospheric particulate matter
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Fig. 4 Composition of particulate matter and concentration of WSIs in PM, in Taiyuan during the sampling period
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Table 1  Correlation of main water-soluble ions and
meteorological parameters
WSIs S03~ NO; NH,f
5L -0.354**  -0.309* -0.262 -0.342*
R -0.188 0.403" " 0.383" " 0.124
L 0. 189 0. 148 0. 195 -0.233
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1) % = F/RAE0.01 AKF (M) b5 + FRLE0.05 KF
(R | 2 A



6

TR R R AUBORL RS R 1 B 1 20 A AR

2039

2.4 JKIEMHETORE

ANFEE A AR e 7= A2 1 NO, Fll SO, F77F 2%
5 ,NO; /S0; ™ MR /INTT LA WLk B AN AL 8 2 Xt
AR b K Vs T 2 2 1 AR X BTk, TR AL 3h
A FRIEHERL A NO /SO, it e J2 8: 1 ~ 13: 1Al
1:2 % HRAFORL ) H NOS /802 & He il s A
S T 388 T R ASUBORL ) 2 DAVR R RIS e i J2 LU
PRBE TS e oy 20 AR BF A, KIE T PM,,
NO; /S0;™ “FXJHAE M 0. 66, 3 B ks 4 Hh i A1
RIS F2 . A0 P At 3ok T A 9 45 R A
P AR Fdbat (1. )M B TR (0.42) 1 5

PE2E (0. 70) M40 3 5 LA 30T 9 RE TR 45 4 A
PR FEAR W) A BANELS iR, WZETT AR LR
FHEZ(0.97) >&ZF(0.57) > HZE(0.45). &
ZORL Y Y NOS /S0% T e E Sk T/ 2, 1l
AEZ T4 IO R T SR HE L NO, AT SO; -
T Y AR 2R R R R SR E R RN
NO, F1S0;” WETTHRIFE. H 2 NO, /S0,
(B fe/0N, T B 2 o T o 3R R SR Ol IR S R 5 A 1
B ORIRE K, KIS G 2 B A 32 5
B (ESEIML B 22 A 5 09 B SR T R A
(175 et AN 0, Z 0.

1.5 4 3. 2 : 030
0 NO3 /S04* ® Mg™/Ca® -
. o
o
1.0 |- . I'l : "
e o a a =
e . . g f 015 <
= : ] Y
S o ol i . L] : e? i ﬁ“
. ; . : e O
Z 05 DD T o 2. :;E l.. I.u . I:Il'l . . .. L
* egn,* Dnso ;aué 0l ® o . nju . n;
o ¢ o Og o oo a ,
f]"""""""""i""'""""""""i""""""'O
2014478 H 20144E12 0 ~20154E1 H 2015445

5 NO; /S02~ #1 Mg**/Ca’* Wtk EZH ik
Fig. 5 Seasonal variation of the ratios of NO; /SO3 and Mg?* /Ca®*

ARBFFEH, Ca®* A Mg™* M6 R B R (R =
0.69,P <0.01), 38 — & 0l 68 47 7 A1 [5] 2k .
Mgt /Ca’* it LT DAR R R 7~ HOR IR, AR5 R,
b7 Vb B 4 b Mgt /Ca’ i HfE S 0. 157
30T 2014 4 ~ 2015 AF KR E | £ FFERERKAH
Mg’ /Ca** i 433l J2: 0. 05, 0.06, F10.06, B &
ANT R VD EORT B A B REAEEL, 3R WO i bl X RS
PM, H0HIXT B4 Ca®* . ZETBFSE S8, JEAE IR
iR R S HER K R Y Ca R Mg AR
X AT B FEOZ LA AR TR A B AL PRI e i
Prrh Ca®* F1 Mg SR TERR T #2838 4 SR e HE ik
.

3 it

==

(1) KJETT PM,, H KR 173.7 pgem >
TR T > FE > T PM, ., W E N 110.7
pgem 5 PM, ) 64% . KR BURH 5 YL ™
AR R A R . KU R R K
R 475 pgem BN T > B > FE
SO;™ . NO; Al NH, 1Bk EZ KGR T, HKE
PEE 1Y BTt 700k 66% ~80% .

(2) JHORE ) 55 o B Mk B ) 5 L A3 AT DA
SPTE <0.95 pm 13.0~7.2 um &b, B & F
Z=80;" \NH; . K*, Cl- fii% | 7 NO; 7£ <0.95
pm AR RWESN T B A& FEE Mg, G R
Z=NO; 7E <0.95 pm F13.0 ~7.2 pm Ab 5 X4
G310,

(3) 5 Z=RE i AR v] LA S50 22 B s Ao s g
Yy WA T DA IS Y Py ke 30 76 B, AU AR
NSRS ERHRR,; S, &R, & 0, WEA
FIF RSB AR, BRI RIES 5
T ) R TS g, KR TR S EURT RE
WE TR EERE.

(4)i81d NO; /S0, 5 Mg’ " /Ca’ " i H s+
SRV, R R JF b X BERBEA )& NO; Fl SO; ™ FE
SRR, Ca®* H Mg+ BRI 2 R IR e HE L.

[1] Chen RJ, Kan HD, Chen B H, et al. Association of particulate

air pollution with daily mortality: the China air pollution and
health effects study [ J ]. American Journal of Epidemiology,
2012, 175(11); 1173-1781.

Cheng Z, Jiang J K, Fajardo O, et al. Characteristics and health

impacts of particulate matter pollution in China (2001-2011)



2040

woooH

2% 37 %

[3]

[4]

[5]

(7]

(8]

(9]

[11]

[12]

[13]

[J]. Atmospheric Environment, 2013, 65; 186-194.

Tiwari S, Srivastava A K, Chate D M, et al. Impacts of the high
loadings of primary and secondary aerosols on light extinction at
Delhi during wintertime [ J].
92. 60-68.

Atmospheric Environment, 2014,

Tao J, Zhang L M, Gao J, et al. Aerosol chemical composition
and light scattering during a winter season in Beijing [ J].
Atmospheric Environment, 2015, 110 36-44.

Zhao X J, Zhao P S, Xu J, et al. Analysis of a winter regional
haze event and its formation mechanism in the North China Plain
[J]. Atmospheric Chemistry and Physics, 2013, 13 (11):
5685-5696.

Li W, Wang C, Wang H Q, et al. Distribution of atmospheric
particulate matter (PM) in rural field, rural village and urban
areas of northern China[J].
185, 134-140.

Environmental Pollution, 2014,

Pennanen A S, Sillanpii M, Hillamo R, et al. Performance of a

high-volume  cascade impactor in six FEuropean urban
environments: mass measurement and chemical characterization
of size-segregated particulate samples[ J]. Science of the Total
Environment, 2007, 374(2-3) . 297-310.

Pordevic D, Mihajlidi-Zeli¢ A, Relie¢ D, et al. Size-segregated
mass concentration and water soluble inorganic ions in an urban
aerosol of the Central Balkans ( Belgrade) [ J]. Atmospheric
Environment, 2012, 46 ; 309-317.

Contini D, Cesari D, Genga A, et al. Source apportionment of
size-segregated atmospheric particles based on the major water-
soluble components in Lecce (Italy) [ J]. Science of the Total
Environment, 2014, 472, 248-261.

Liu S, Hu M, Slanina S, et al. Size distribution and source
analysis of ionic compositions of aerosols in polluted periods at
Xinken in Pearl River Delta (PRD) of China[ J]. Atmospheric
Environment, 2008 , 42(25) : 6284-6295.

Huang X J, Liu Z R, Zhang J K, et al. Seasonal variation and
secondary formation of size-segregated aerosol water-soluble
inorganic ions during pollution episodes in Beijing [ J ].
Atmospheric Research, 2016, 168 70-79.

Cheng S H, Yang L X, Zhou X H, et al. Size-fractionated water-
soluble ions, situ pH and water content in aerosol on hazy days
and the influences on visibility impairment in Jinan, China[J].
Atmospheric Environment, 2011, 45(27) . 4631-4640.

Wang G H, Zhou B H, Cheng C L, et al. Impact of Gobi desert
dust on aerosol chemistry of Xi’an, inland China during spring
2009 differences in composition and size distribution between

the urban ground surface and the mountain atmosphere [ J ].

[14]

[15]

[16]

[17]

[18]

[21]

[27]

Atmospheric Chemistry and Physics, 2013, 13(2) ; 819-835.
Wang H L, Zhu B, Shen L J, et al. Water-soluble ions in
atmospheric aerosols measured in five sites in the Yangtze River
Delta, China: size-fractionated, seasonal variations and sources
[J]. Atmospheric Environment, 2015, 123, 370-379.

HEE R, AMS, LG, AR AR A K RS
R BRAT[J]. FREIRLS:, 2014, 35(5) : 1633-
1643.

SO, R, REW, . HERINE R ERERK
WA TR AR AT ()], BRBERL A, 2013, 34(5) . 1973-
1981.

Zhao J P, Zhang F W, Xu Y, et al. Characterization of water-
soluble inorganic ions in size-segregated aerosols in coastal city,
Xiamen|[ J]. Atmospheric Research, 2011, 99(3-4) ; 546-562.
Li X R, Wang L L, Ji D S, et al. Characterization of the size-
segregated water-soluble inorganic ions in the Jing-Jin-Ji urban
agglomeration ; spatial/temporal variability, size distribution and
sources| J]. Atmospheric Environment, 2013, 77 250-259.
LiL, Yin Y, Kong S F, et al. Altitudinal effect to the size
distribution of water soluble inorganic ions in PM at Huangshan,
China[ J]. Atmospheric Environment, 2014, 98, 242-252.

Xu H M, Cao J J, Chow J C, et al. Inter-annual variability of
wintertime PM, 5 chemical composition in Xian, China:
evidences of changing source emissions[ J]. Science of the Total
Environment, 2016, 545-546; 546-555.

Shen Z X, Arimoto R, Cao J J, et al. Seasonal variations and
evidence for the effectiveness of pollution controls on water-
soluble inorganic species in total suspended particulates and fine
particulate matter from Xi’an, China[ J]. Journal of the Air &
Waste Management Association, 2008, 58(12) ; 1560-1570.
Em, WK, WL, 5F. PUE RSBUR K T IEAL
BT B B SR AR A (], BREERR RIS, 2013, 26
(5):516-521.

He Q S, Guo W D, Zhang G X, et al. Characteristics and
seasonal variations of carbonaceous species in PM, 5 in Taiyuan,
China[ J]. Atmosphere, 2015, 6(6) ; 850-862.

KIS, AR, MIRR, . RS ORAUMURLY) e R o3 A
FRAE(T]. DAEFST, 2008, 37(3) : 331-332.

GB 3095-2012, ¥FBEzs TR RtbrE[ S].

WHE, Pruffe, gk, ORI RSP PM,, 1Y M0 -5 43 4
(1. WOl ERE S M A4, 2002, 15(3) : 49-51.

Zhang X Y, Cao J J, Li L M, et al. Characterization of
atmospheric aerosol over Xi’an in the south margin of the loess

plateau, China[J]. Atmospheric Environment, 2002, 36(26) .
4189-4199.



HUANJING KEXUE Vol.37  No.6

Environmental Science ( monthly) Jun. 15, 2016

CONTENTS

Application of a Two-stage Virtual Impactor in Measuring of PM, and PM, 5 Emissions from Stationary Sources —+:e+eseeeeseseereseseeenenees JIANG Jing-kun, DENG Jian-guo, LI Zhen, et al. (2003
CHEN Hui, YANG Su-ying, LI Yan-wei, et al. (2008
MIAO Hong-yan, WEN Tian-xue, WANG Lu, et al. (2017

Hygroscopic Properties and Closure of Aerosol Chemical Composition in Mt. Huang in Summer -+

)
)
Characteristics of Water-soluble Inorganic lons in Atmospheric Aerosols in Shenyang )
Characteristics and Source Apportionment of Water-soluble Ions in Dry Deposition in the Summer and Autumn of Nanjing «+-«eeseeerereereseneneens QIN Yang, ZHU Bin, ZOU Jia-nan, et al. (2025)
CAO Run-fang, YAN Yu-long, GUO Li-li, et al. (2034)
)
)
)
)

Distribution Characteristics of Water-soluble lons in Size-segregated Particulate Matters in Taiyuan
Characteristics of Ozone over Standard and Its Relationships with Meteorological Conditions in Beijing City in 2014 CHENG Nian-liang, LI Yun-ting, ZHANG Da-wei, et al. (2041
Chemical Composition of Alkanes and Organic Acids in Vehicle Exhaust «+«sereessesesseremensimenenninii s YUAN Jia-wen, LIU Gang, LI Jiu-hai et al. (2052
Effect of DOC/CCRT Aging on Gaseous Emission Characteristics of an In-used Diesel Engine Bus «+++++- LOU Di-ming, HE Nan, TAN Pi-giang, et al. (2059
Studies of Dynamic Adsorption Behavior of VOCs on Biochar Modified by Ultraviolet Irradiation LI Qiao, YONG Yi,DING Wen-chuan, et al. (2065
Absorption Spectral Characteristic Dynamics of Dissolved Organic Matter (DOM) from a Typical Reservoir Lake in Inland of Three Gorges Reservoir Areas: Implications for Hg Species in Waters

-+ JIANG Tao, LU Song, WANG Qi-lei, et al. (2073)

SUN Zhe, YANG Yan, ZHANG Ping, et al. (2093)
Spatial Response of River Water Quality to Watershed Land Use Type and Pattern Under Different Rainfall Intensities ««+«eeseereerseneeenenenes JI Xiang, LIU Hong-yu, LI Yu-feng, et al. (2101)
Determination of Background Value and Potential Ecological Risk Assessment of Heavy Metals in Sediments of the Danjiangkou Reservoir +««ssesseseereserereremeniensniininenininns
.................................................................................................................................................................. ZHAO Li, WANG Wen-wen, JIANG Xia, et al. (2113)
Spatial Distribution Characteristics and Risk Assessment of Polychlorinated Biphenyls (PCBs) in Sediments and Soils from the Dishui Lake and lts River System ««+«teseeserersenessscnennnnens
......................................................................................................................................................... WANG Xue-ping, HUANG Xing, BI Chun-juan, et al. (2121)
Pollution Characteristics and Ecological Risk Assessment of Organochlorine Pesticides in Water Source Areas of Guangdong and Guangxi +++++eseeseesessessersersmmmenensinininiiniens
YANG Yu-xiang, LIU Xin-yu, ZHAN Zhi-wei, et al. (2131
LIU Xia, LIU Bao-gui, CHEN Yu-wei, et al. (2141

)
Responses of Nutrients and Chlorophyll a to Water Level Fluctuations in Poyang Lake - )
Influence of Periodic Temperature Disturbance on the Succession of Algal Community Structure ««=««+«+ssssessesserseesemenenneeninennenes GONG Dan-dan, LIU De-fu, ZHANG Jia-lei, et al. (2149)
WANG Zhi-wei, LIU Dong-mei, ZHANG Wen-juan, et al. (2158)
L1 Jie,ZHANG Si-fan, XIAO Lin (2164)

TANG Qian, LIU Bo, WANG Wen-lin, et al. (2171)

++« MENG Xiao-rong, LU Bing-xue, FU Dong-hui, et al. (2179)
XIE Jing-ru, CHEN Ben-shou, ZHANG Jin-zhong, et al. (2187)
)

)

)

)

)

)

Effects of Bromate on the Growth and Physiological Characteristics of Chlorella vulgaris

Effect of Water Bloom on the Nitrogen Transformation and the Relevant Bacteria

Effect of Carbon and Nitrogen Forms on Decomposition of Organic Matter in Sediments from Urban Polluted River
Interfacial Property of Amphiphilic Copolymer Blending PVDF UF Membrane and Protein Anti-fouling
Adsorption of Hg( 1) in Water hy Sulfydryl-Modified Sepiolite

Adsorption Behavior of Low Concentration Phosphorus from Water onto Modified Reed Biochar

TANG Deng-yong, HUANG Yue, XU Rui-chen, HU Jie-li, et al. (2195

Adsorption Characteristics of 2,4-D on Ui0-66 from Wastewater e ++++ REN Tian-hao, YANG Zhi-lin, GUO Lin, et al. (2202
Mechanism and Surface Fractal Characteristics for the Adsorption of p-nitrophenol on Water-quenched Blast Furnace Slag — «+«++++++++++ WANG Zhe, HUANG Guo-he, AN Chun-jiang, et al. (2211
Adsorption Characteristics for Humic Acid by Binary Systems Containing Kaolinite and Goethite NIU Peng-ju, WEI Shi-yong, FANG Dun, et al. (2220
Effects of Sulfur/sponge Iron Ratio for Deep Denitrification and Phosphorus Removal of Reclaimed Water ««+:«ssesseeesessessemenescnnens ZHOU Yan-qing, HAO Rui-xia, WANG Zhen, et al. (2229
Effect of Element Sulfur Particle Size and Type of the Reactor on Start-up of Sulfur-based Autotrophic Denitrification Reactor «w+:++seseeveeseereess MA Hang, ZHU Qiang, ZHU Liang, et al. (2235
Influencing Mechanism of Titanium Salt Coagulant Chemical Conditioning on the Physical and Chemical Properties of Activated Sludge Flogs +«++x+esseseerserseresenieneneininensiniinsnne
................................................................................................................................................... WANG Cai-xia, ZHANG Wei-jun, WANG Dong-sheng, et al. (2243 )
Distribution Characteristics of Methanogens in Urban Sewer System «+e«+sssessessesssssnsesnsnsnsnininninensinn et SUN Guang-xi, JIN Peng-kang, SONG Ji-na, et al. (2252)

Long-term Performance and Bacterial Community Composition Analysis of AGS-SBR Treating the Low COD/N Sewage at Low DO Concentration Condition =~ «++++seseeseeresesenmenssnesenenen
........................................................................................................................................................................ XIN Xin, GUAN Lei, YAO Yi-duo, et al. (2259)

Optimization for Microthrix parvicella Quantitative Processing of Fluorescence in situ Hybridization (FISH) ~+veereeeerereensivsscnennnens WANG Run-fang, ZHANG Hong, WANG Qin, et al. (2266)

Influence of Carbonization Temperature on Bacterial Community of the Biological Carbon Electrode Based on High-throughput Sequencing Technology —««+«eseseseessersesenemenennsninenennnnen

WU Yi-cheng, HE Guang-hua, ZHENG Yue, et al. (2271)
-+ HUANG Xue-jiao, YANG Chong, NI Jiu-pai, et al. (2276)
Variation Characteristics of Inorganic Phosphorus in Purple Soil Profile Under Different Conservation Tillage Treatments -+ HAN Xiao-fei, GAO Ming, XIE De-ti, et al. ( )
Effect of Different Organic Materials on Nitrogen Mineralization in Two Purple Soils ( )
Impacts of Biochar and Straw Application on Soil Organic Carbon Transformation ( )
Tracing Sources of Heavy Metals in the Soil Profiles of Drylands by Multivariate Statistical Analysis and Lead Isotope ++ SUN Jing-wei, HU Gong-ren, YU Rui-lian, et al. ( )
Landscape Patterns Characteristics of Soil Heavy Metal Pollution in a Town of Southern Jiangsu CHEN Xin, PAN Jian-jun, WANG Wen-yong, et al. (2313)
Assessment and Pollution Characteristics of Heavy Metals in Soil of Different Functional Areas in Luoyang LIU Ya-na, ZHU Shu-fa, WEI Xue-feng, et al. (2322)
Evaluation on Heavy Metal Pollution and Its Risk in Soils from Vegetable Bases of Hangzhou GONG Meng-dan,ZHU Wei-qin, GU Yan-qing, et al. (2329)
Fluorescence Spectroscopic Characteristics and Cu? * -complexing Ability of Soil Dissolved Organic Matter ++++ssvseesesesessisesininnnns TIAN Yu, WANG Xue-dong, CHEN Xiao-lin, et al. (2338)
Effect of Stabilizer Addition on Soil Arsenic Speciation and Investigation of Its Mechanism CHEN Zhi-liang, ZHAO Shu-hua, ZHONG Song-xiong, e al. (2345)
Effects of Human Gut Microbiota on Bioaccessibility of Soil Cd, Cr and Ni Using SHIME Model YIN Nai-yi, DU Hui-li, ZHANG Zhen-nan, et al. (2353)
Photosynthetic Characteristics and Ozone Dose-response Relationships for Different Genotypes of Poplar «+«+sesesrerseeeresenensniniinenenniinenens XIN Yue,GAO Feng, FENG Zhao-zhong ( 2359 )
Effects of Pyrene on Low Molecule Weight Organic Compounds in the Root Exudates of Five Species of Festucq +++«+r+sesreereeresnereneseseenees PAN Sheng-wang, YUAN Xin, LIU Can,et al. (2368)
N9% and S% in Leaves of Vascular Plants Cinnamomum camphora and Pinus massoniana Lamb. for Indicating the Spatial Variation of Atmospheric Nitrogen and Sulfur Deposition ~«++++++++
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" XU Yu, XIAO Hua-yun, ZHENG Neng-jian, et al. (2376)
Temporal and Spatial Dynamics of Greenhouse Gas Emissions and Its Controlling Factors in a Coastal Saline Wetland in North Jiangsu ~ +++++++* XU Xin-wanghao, ZOU Xin-qing, LIU Jing-ru (2383)
Preparation of Visible-light-induced g-C;N,/Bi,S; Photocatalysts for the Efficient Degradation of Methyl Orange ~«++++seeseereseereseeseeen ZHANG Zhi-bei, LI Xiao-ming, CHEN Fei, et al. (2393)
Estimation of Co-benefits from Pollution Emission Reduction by Eliminating Backward Production Capacities in Hainan Province «++++++++ GENG Jing, REN Bing-nan, LU Yong-long, et al. (2401)



(MEFRZFENFE 6 RmBEE

£ & BA
BIES: B RE BN

=
A

AN
=

%OE. (REREEHT)
3 \ uy -
TEVL EAR EUE EZZE HON B OoE LEE
= 2y Y7 3k ==y
FOKE KEE N s w0 RS ARE
RHEA B 2R R ORI Bk E W &
W ¥ N N V=3
BOW oMW R 4 W % B
-
w o a3 ENVIRONMENTAL SCIENCE
( HUANJING KEXUE) (Monthly Started in 1976)
(HT 1976 48 HAIT)
201646 H15 0 37% 6l Vol.37 No.6 Jun. 15, 2016
F & TEPER Superintended by Chinese Academy of Sciences
* i PEPB AR SR O Sponsored by Research Center for Eco-Environmental Sciences, Chinese
e B (UBHEENFE) Academy of Sciences
A6 50 T B 08 A5 P R 2R R 5Y B Co-Sponsored by Beijing Municipal Research Institute of Environmental
WOk o 2% IR OB 2% R Protection
* B OB School of Environment, Tsinghua University
. . Editor-in -Chief ~ ZHAO Jin-cai
i N N == Ay
= " ft{::ﬁj_ﬂzjjl ;:;; (ﬁf&%ﬂ?ﬂ%ﬁ Edited by The Editorial Board of Environmental Science ( HUANJING
TN 5} H
18 5, R4 : 100085 ) KEXUE) _
LT .010-62941102 .010-62849343 P. O. 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 hitp . //swww. hjkx. ac. cn
H KR 44 3 " & m Published by Science Press
LBt 5 Mo AR AL i 16 = 16 Donghuangchenggen North Street,
WS . 100717 Beijing 100717, China
BN R 23T dvsdbAkenil)— Printed by Beijing Bei Lin Printing House
% 1T 4% 4 & K i Distributed by Science Press
FE 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
EsBEIT PEERER S BAF Foreign China International Book Trading Corporation ( Guoji
(b5t 399 f54) Shudian) ,P. 0. Box 399, Beijing 100044 , China
—erim  ISSN  0250-3301 s b O
7N | . - = 2-
RERETS: 1805 x EREZ RS 2-821
B A E fir:120.00 T ESEZITRS: M 205

BRSNS FET





