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Pollution Level and Health Risk Assessment of Heavy Metals in Atmospheric

PM, . in Nanjing Before and After the Youth Olympic Games

ZHANG Heng, ZHOU Zi-qiang, ZHAO Hai-yan, XIONG Zheng-qin

(Jingsu Key Laboratory of Low Carbon Agriculture and GHGs Mitigation, College of Resources and Environmental Sciences, Nanjing
Agricultural University, Nanjing 210095, China)

Abstract: The influence of human activities on the atmospheric environment has attracted people’s attention. This study reported the
dynamic changes in PM, ; concentration, its heavy metal compositions and health risk assessment from April to September, 2014 in
Nanjing when the Youth Olympic Games ( YOG) was held. The results showed that the mass levels of PM,  ranged from 26.39 to
80.31 pg-m’ from April to September. The mass levels of PM, , met the level Il standard of ambient air quality in China (24 h
average concentration, 75 pg-m ) in months of April, May and July while met the level I standard (24 h average concentration, 35
pgem™) in August during the YOG. The average mass concentration of PM, ; reached 76.14 wg-m™' after the YOG, showing
resilience of air pollution. The variations of heavy metals were not consistent with each other throughout the observation period.
Principal component analysis indicated that emission sources significantly affected the variations of PM, 5 and its heavy metals. PM,
and all of the heavy metals decreased to their minimum values during the YOG, indicating the effectiveness of those temporary measures
for reducing atmospheric pollutant before and during the YOG. The health risks of Cd, Cu, Ni and Pb in PM, ; via breathing and
dermal contact exposure were all within the acceptable ranges, but potential carcinogenic risk existed for Cr in PM, ;. There was
potential non-carcinogenic health risk for adult males via breathing of Mn and greater non-carcinogenic health risk for children via
dermal contact exposures to all these 6 heavy metals.

Key words: Youth Olympic Games; PM, s ; heavy metal; pollution level; health risk assessment
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Fig. 2 Monthly variation of various heavy metal concentrations in PM, 5 from April to September, 2014 around the Youth Olympic Games
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Mn 39.80 +18.55 80.9 70 132 150
Ni 4.33+2.42 14.1 10 27 25
Pb 46.62 £24.66 180. 3 140 133 450 500
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Table 3 Carcinogenic and non-carcinogenic risks via breathing exposure

T AR 20 KUK (HQ) HoE X (R)

JLFE N L N JLE NP BN Lt
cd 1. 02E-02 1.25E-02 1. 07E-02 9.45E-07 1.93E-06 1. 65E-06
Cr 1. 13E-01 1. 38E-01 1.19E-01 3. 49E-05 7.13E-05 6. 11E-05
Cu 1. 93E-04 2.37E-04 2. 03E-04
Mn 6.22E-01 7. 63E-01 6. 54E-01
Ni 4.81E-05 5. 89E-05 5.05E-05 2.29E-07 4. 69E-07 4.02E-07
Ph 2.55E-03 3. 13E-03 2. 68E-03

BA 7. 48E-01 9. 18E-01 7. 86E-01 3. 60E-05 7.37E-05 6.31E-05
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Table 4 Carcinogenic and non-carcinogenic risks via dermal contact exposure

A Ao A (HQ) B AR (R)
JL# RN T M WA JL# LN L ALt
cd 2. 65E-01 2.20E-02 2.53E-02
Cr 1. 01E-01 8.43E-03 9. 67E-03 3.91E-06 5.39E-06 6. 21E-06
Cu 7. 15E-02 5. 94E-03 6. 81E-03
Mn 3.65E-02 3.03E-03 3. 48E-03
Ni 1. 59E-02 1.33E-03 1.52E-03
Pb 5.57E-01 4. 63E-02 5.31E-02
Sy 1. 05E +00 8. 70E-02 9. 98E-02 3.91E-06 5.39E-06 6.21E-06

] 3 LT kD BE R 6 LA S8 X AR 18

FHABREEX
3 #ig

(1) 7 B2 IR g 50T PM, 5 o7 R B ALy
26.39 pg-m 7 IAE|E K4S — S bR e, KT
WL Fa HCAb I 355 g 5T PM, 5 6 RiER < e ik
FETET W IR R4y o 22 e M, 5 LAt 3l i <6 s Wk
JERALE , WA T 8K A 75 Gk i 2 3 8oy o3
FW, R At PM, TR A Jm R A G IR HE
W, SR SAROC. AT UL B2 0 ] g et K
13 b X SR IR R i X B AT P, Vi B N 4
e R RIRBOR B B3

(2) KA PM, s 1Y 6 e <6 J oo 3R Ja aod 0 i 72

el T ST I e A R XU e A, LR AR 2,
JLZE P B e XIS B /0N 5 Min 38 e I A 5% 8 6 A
T3 3 AR A A B0 1 AU, 6 b i 4 Ja o o B2
PR )L it B I A O AU (. KT 1, 47
TEVRAE B AR SO S XU, 75 | F A
[ 1] Chan CK, Yao X H. Air pollution in mega cities in China[J].

Atmospheric Environment, 2008, 42(1) ; 1-42.

[ 2] van Donkelaar A, Martin R V, Brauer M, et al. Global estimates
of ambient fine particulate matter concentrations from satellite-

based aerosol optical depth; development and application [ J].

Environmental Health Perspectives, 2010, 118(6) ; 847-855.

[3] BUKSE, IMRES, XPE A, &5, BAERIK T anBikiy pM, 1Y
YRR D], BRERIEDIT, 2004, 17(2) : 71-73.

(4] FVH, 8FE, KR, ST RS b ORI i BIF 5T SR K
RGN ]. A EFREIHEI, 2005, 21(1) : 83-87.

[5] Pope Il CA, Dockery D W. Health effects of fine particulate air
pollution; lines that connect[J]. Journal of the Air & Waste
Management Association, 2006, 56(6) . 709-742.

[ 6 ] Zanobetti A, Franklin M, Koutrakis P, et al. Fine particulate air
pollution and its components in association with cause-specific
emergency admissions[ J]. Environmental Health, 2009, 8. 58.

[ 7] Jerrett M, Buzzelli M, Burnett R T,

et al. Particulate air

[9]

[10]

[11]

[12]

[14]

[15]

[17]

[18]

[19]

pollution, social confounders, and mortality in small areas of an
industrial city[ J]. Social Science & Medicine, 2005, 60(12) .
2845-2863.

EHFMG, BRI, 45, 5. T PREE#Y s Jext LR
FREAGREM[J]. FREERLSE | 2003, 24(5) ; 17-22.

XIZB, Ak, RWEE, 4. 38T X R AR 17 fi R sk
NFFELI]. FPEBRS I, 2012, 28(5) : 19-23.

Lim S S, Vos T, Flaxman A D, et al. A comparative risk
assessment of burden of disease and injury attributable to 67 risk
factors and risk factor clusters in 21 regions, 1990-2010: a
systematic analysis for the Global Burden of Disease Study 2010
[J]. The Lancet, 2013, 380(9859) . 2224-2260.

Waston J G, Chow J C, Houck J E. PM, 5 Chemical source
profiles for vehicle exhaust, vegetative burning, geological
materials, and coal burning in Northwestern Colorado during
1995[J]. Chemosphere, 2001, 43(8); 1141-1151.

Watson J G, Antony Chen L. W, Chow J C, et al. Source
apportionment ; findings from the US supersites program [ J ].
Journal of the Air & Waste Management Association, 2008, 58
(2):265-288.

Dockery D W, Pope C A, Xu X, et al. An association between
air pollution and mortality in six US cities[ J]. New England
Journal of Medicine, 1993, 329(24) . 1753-1759.

evidence from

and  Applied

Peters A. Particulate matter and heart disease:
[J].
Pharmacology, 2005, 207(2) : 477-482.
Zhang X, Zhuang G, Guo J,

epidemiological  studies Toxicology
et al. Characterization of aerosol
over the Northern South China Sea during two cruises in 2003
[J]. Atmospheric Environment, 2007, 41(36) ; 7821-7836.

Sun Y, Zhuang G, Wang Y, et al.

The air-borne particulate

pollution in Beijing—concentration, composition, distribution

and sources [ J ]. Atmospheric Environment, 2004, 38 (35) .
5991-6004.

WS, XVLTAR, NG, 2. R PM, s PB4 &
KUAEHTI] %1&5%#‘%}{?{, 2006, 11(6) : 713-722.

HJ 656-2013, A SMORLY) (PM, 5) FLUEM ik (F
k) &*ﬂm[s]»

Hsu S C, Liu S C, Huang Y T, et al. A criterion for identifying
Asian dust events based on Al concentration data collected from
northern Taiwan between 2002 and early 2007 [ J].

Geophysical Research, 2008, 113(D18) ; 1044.

Journal of



34 I R R %
[20] BN, REESEIEGE T i SO PR g B XU TE A v 1) quality over megacities in China: pollution characterization and
MM, dbmt. Bl2Ei et 2012, 174-177. source analysis in Shanghai before, during, and after the 2010

[21] CaoS Z, Duan X L, Zhao X G, et al. Health risks from the World Expo[ J]. Atmospheric Chemistry and Physics, 2013, 13
exposure of children to As, Se, Pb and other heavy metals near (12): 5927-5942.
the largest coking plant in China [ J]. Science of the Total [30] EHf#E, TRCE, 0B, 2. Jdbatii 2009 4F 8 A KA ks
Environment, 2014, 472 1001-1009. WSYURHIEL )], TR EREERIE, 2011, 31(4) : 553-560.

[22] Hu X, Zhang Y, Ding Z H, et al. Bioaccessibility and health [31] Lii SL, Zhang R, Yao Z K, et al. Size distribution of chemical
risk of arsenic and heavy metals (Cd, Co, Cr, Cu, Ni, Pb, Zn elements and their source apportionment in ambient coarse, fine,
and Mn) in TSP and PM, 5 in Nanjing, China[J]. Atmospheric and ultrafine particles in Shanghai urban summer atmosphere
Environment, 2012, 57 ; 146-152. [J]. Journal of Environmental Sciences, 2012, 24 (5) . 882-

[23] US EPA. Risk Assessment Guidance for Superfund; Volume [ 890.

(Part A; Human Health Evaluation Manual ; Part E, Supplement [32] Chow J C. Measurement methods to determine compliance with
Guidance for Dermal Risk Assessment; Part F, Supplemental ambient air quality standards for suspended particles[ J]. Journal
Guidance for Inhalation Risk Assessment) [ EB/OL]. http:// of the Air & Waste Management Association, 1995, 45(5) ;320-
www. epa. gov/superfund/programes/risk/ragse/index. htm, 382.

2004. (33] #IIF, ik, BER, % SR UTHA PM, s PEmTHR

[24] 1IRAC ( International Agency for Research on Cancer), 2011. @%%ﬂﬁ%{)ﬁé}’rﬁ[ﬂ [ PR B 2 , 2010, 30(1); 12-
Agents classified by the TARC monographs, vol. 1-102[ R]. 17.

2015. [34] Zhao PS, Dong F, He D, et al. Characteristics of concentrations

[25] US EPA. The Screening Levels ( RSL) Tables [ EB/OL ]. and chemical compositions for PM, 5 in the region of Beijing,
http://www. epa. gov/region9/superfund/prg/index. html, Tianjin, and Hebei, China [ J]. Atmospheric Chemistry and
2015-06. Physics, 2013, 13(9) : 4631-4644.

[26] Sun LY, LiB, MaY C, et al. Year-round atmospheric wet and [35] Wang J, Hu Z M, Chen Y Y, et al. Contamination
dry deposition of nitrogen and phosphorus on water and land characteristics and possible sources of PM;, and PM, s in
surfaces in Nanjing, China[J]. Water Environment Research, different functional areas of Shanghai, China[J]. Atmospheric
2013, 85(6) ; 514-521. Environment, 2013, 68 221-229.

[27] Wang J, Hu Z M, Chen Y Y, et al. Contamination [36] Yang F M, Tan J H, Zhao Q, et al. Characteristics of PM, 5
characteristics and possible sources of PM;, and PM, s in speciation in representative megacities and across China [ J ].
different functional areas of Shanghai, China[J]. Atmospheric Atmospheric Chemistry and Physics Discussions, 2011, 11(11) ;
Environment, 2013, 68 221-229. 5207-5219.

[28] MR, kb, mfd, %5 16 MIiE S WIRE) N X PM, [37] De Miguel E, TIribarren I, Chacon E, et al. Risk-based
ALF L] AR B o g8 R BYFE MW [ 1], BEERL2#, 2013, evaluation of the exposure of children to trace elements in
34(2): 409-415. playgrounds in Madrid ( Spain) [J]. Chemosphere, 2007, 66

[29] Huang K, Zhuang G S, Lin Y T, et al. How to improve the air (3):505-513.



HUANJING KEXUE Vol.37  No. 1

Environmental Science ( monthly) Jan. 15, 2016

CONTENTS

Investigation of Carbonaceous Airborne Particles by Scanning Proton Microprobe —«+stsssvesesssssessssmsimmsneisinininiinneens BAO Liang-man, LIU Jiang-feng, LEI Qian-tao, et al. ( 1 )
Atmospheric Polybrominated Diphenyl Ethers in Eight Cities of China; Pollution Characteristics and Human Exposure «+:«+«sseseeeeerenseneeeenes LIN Hai-tao, LI Qi-lu, ZHANG Gan, et al. ( 10 )
Light Absorption Properties of Water-Soluble Organic Carhon (WSOC) Associated with Particles in Autumn and Winter in the Urban Area of Guangzhou «++++s+esseseeeressenenensinnscninnnnens
.................................................................................................................................................................. HUANG Huan, BI Xin-hui, PENG Long, et al. ( 16 )
Investigations on Sulfur and Carbon Isotopic Compositions of Potential Polluted Sources in Atmospheric PM, 5 in Nanjing Region «+++++++ SHI Lei, GUO Zhao-bing, JIANG Wen-juan, et al. ( 22 )
Pollution Level and Health Risk Assessment of Heavy Metals in Atmospheric PM, 5 in Nanjing Before and After the Youth Olympic Games «+eseseeressersossesenenssinnsenniiinennnee
......................................................................................................................................................... ZHANG Heng, ZHOU Zi-qiang, ZHAO Hai-yan, et al. ( 28 )
Enrichment Characteristics and Source Analysis of Metal Elements in PM, 5 in Autumn in Nanchang City »e+eereeeseeeresesssseinnesnn LIN Xiao-hui, ZHAO Yang, FAN Xiao-jun, et al. ( 35 )
Contributions of Factors That Influenced the Visibility In North Suburb of Nanjing In Winter and Spring —«+«+essessessessesssnenensssnensnnienens MA Jia, YU Xing-na, AN Jun-lin, et al. ( 41 )
A Case Study on the Rapid Cleaned Away of PM, 5 Pollution in Beijing Related with BL Jet and Its Mechanism — «+eeeseereesessenesesnnenees LIAO Xiao-nong, SUN Zhao-bin, HE Na, et al. ( 51 )
Characteristics of Chemical Components in PM, s from the Coal Dust of Power Plants +++eseseseseereesesmensseiemieisinisniini WANG Yu-xiu, PENG Lin, WANG Yan, et al. ( 60 )
Improvement of Air Quality During APEC in Beijing in 2014 «eeeseseesresresstsinnenisntisinintisss s CHENG Nian-liang, LI Yun-ting, ZHANG Da-wei, et al. ( 66 )
Evaluation on the Effectiveness of Vehicle Exhaust Emission Control Measures During the APEC Conference in Beijing ««+++++sesee+: FAN Shou-bin, TIAN Ling-di, ZHANG Dong-xu, et al. ( 74 )
Chemical Compositions and Sources Apportionment of Re-suspended Dust in Jincheng —+«+eeeeererrersesssmsinsnnininsiininiee WANG Yan,PENG Lin, LI Li-juan, et al. ( 82 )
Characteristic of Particulate Emissions from Concrete Batching in Beijing —«-«+eeeseessessesseemensnmmniniininsnnis XUE Yi-feng, ZHOU Zhen, ZHONG Lian-hong, et al. ( 88 )
Anthropogenic Ammonia Emission Inventory and Its Spatial Distribution in Chang-Zhu-Tan Region «+«+esesrereeessesenenseinenennenes YOU Xiang-yu, LIU Zhan, ZHANG Qing-mei, et al. ( 94 )
Seasonal Variability of Greenhouse Gas Emissions in the Urban Lakes in Changchun, China «++stssseseereesenssimneninmineninnicnens WEN Zhi-dan, SONG Kai-shan, ZHAO Ying, et al. ( 102 )
Absorption Characteristics of Particulates and CDOM in Waters of Chagan Lake and Xinlicheng Reservoir in Autumn «++seseeveeeseeseneesneenne LI Si-jia, SONG Kai-shan, ZHAO Ying, et al. ( 112)
Hydrochemical Characteristics and Influencing Factors in Different Geological Background; A Case Study in Darongjiang and Lingqu Basin, Guangxi, China «+:eseerseeeesemensenenenennes
SUN Ping-an, YU Shi, MO Fu-zhen, et al. ( 123 )
Community Structure of Aquatic Community and Evaluation of Water Quality in Laoyingyan Section of Dadu River = »«+sereseeeeseeseeeens HUANG You-you, ZENG Yu, LIU Shou-jiang, et al. ( 132)
Characteristics of Nitrogen and Phosphorus Losses in Longhong Ravine Basin of Westlake in Rainstorm Runoff YANG Fan, JIANG Yi-feng, WANG Cui-cui, et al. ( 141 )
Soil Phosphorus Forms and Leaching Risk in a Typically Agricultural Catchment of Hefei Suburban -+ -+ FAN Hui-hui, LI Ru-zhong, PEI Ting-ting, et al. ( 148 )
Concentrations and Distribution of Metals in the Core Sediments from Estuary and City Section of Liaohe River —+eseserereesesesenenes WANG Wei-jie, ZHOU Jun-li, PEI Shu-wei, et al. ( 156 )
Distribution Characteristics and Pollution Status Evaluation of Sediments Nutrients in a Drinking Water Reservoir — «+«+«sseseesessessenseenenninnes HUANG Ting-lin, LIU Fei, SHI Jian-chao ( 166 )
Effect of Low Molecular Weight Organic Acids on the Chemical Speciation and Activity of Mercury in the Soils of the Water-Level-Fluctuating Zone of the Three Gorges Reservoir
........................................................................................................................................................................ YOU Rui, LIANG Li, QIN Cai-ging, et al. ( 173 )
Arsenic Content and Speciation in the Surficial Sediments of Liangshui River in Beijing WANG Xin-hui, SHAN Bao-ging, TANG Wen-zhong, et al. ( 180 )
Effect of UV Light Radiation on the Coagulation of Chlorella and Its Mechanism + WANG Wen-dong, ZHANG Ke, XU Hong-bin, et al. ( 187 )
Photocatalytic Oxidation of p-arsanilic Acid by Ti0, +«teeresreresesreresssnsnmennisie XU Wen-ze, YANG Chun-feng, LI Jing, et al. ( 193 )
Photodegradation of Ciprofloxacin Hydrochloride in the Aqueous Solution Under UV ++sssessessesssssssesmsnmmensnsnnincninsincnees DUAN Lun-chao, WANG Feng-he, ZHAO Bin, et al. ( 198 )
Adsorption of Phosphate by Lanthanum Hydroxide/Natural Zeolite Composites from Low Concentration Phosphate Solution - LIN Jian-wei, WANG Hong, ZHAN Yan-hui, et al. ( 208 )
Experimental Research of Hg( Il ) Removal from Aqueous Solutions of HgCl, with Nano-Ti0, «+++eeresessessssusssmsmssnsniniinians ZHOU Xiong, ZHANG Jin-yang, WANG Ding-yong, et al. ( 220 )
Development of Chemical Exposure Prediction Model for Aerobic Sewage Treatment Plant for Biochemical Wastewaters +-«+xesveeeeeresnesvenenes ZHOU Lin-jun, LIU Ji-ning, SHI Li-li, et al. ( 228 )
Degradation Characteristics of Three Aniline Compounds in Simulated Aerobic Sewage Treat System GU Wen, ZHOU Lin-jun,LIU Ji-ning, et al. ( 240 )
Advanced Treatment of Effluent from Industrial Park Wastewater Treatment Plant by Ferrous Ion Activated Sodium Persulfate «+-++++++++++ ZHU Song-mei, ZHOU Zhen, GU Ling-yun, et al. ( 247 )
Recent Distribution and Sources of Polyeyclic Aromatic Hydrocarbons in Surface Soils from Yangtze River Delta +«++xeeseeeereerseneeienieneneeienens LI Jing-ya, WU Di, XU Yun-song, et al. ( 253 )
Preliminary Study on Linear Alkylbenzenes as Indicator for Process of Urbanization seseneneess XU Te, ZENG Hui, NI Hong-gang ( 262 )
Pollution Assessment and Spatial Distribution Characteristics of Heavy Metals in Soils of Coal Mining Area in Longkou City «++++++xsseree2 LIU Shuo, WU Quan-yuan, CAO Xue-jiang, et al. ( 270 )
Effects of Reduced Water and Diurnal Warming on Winter-Wheat Biomass and Soil Respiration WU Yang-zhou, CHEN Jian, HU Zheng-hua, et al. ( 280 )
Effect of Recycled Water lrigation on Heavy Metal Pollution in Irigation Soil - -+ ZHOU Yi-qi, LIU Yun-xia, FU Hui-min ( 288 )
Effect of Biochar Application on Soil Aggregates Distribution and Moisture Retention in Orchard Soil «+:++steeeeerssessesnensseneneininieninnnns AN Yan, JI Qiang, ZHAO Shi-xiang, et al. ( 293 )
Effects of Three Industrial Organic Wastes as Amendments on Plant Growth and the Biochemical Properties of a Ph/Zn Mine Tailings «+«+«+«sesssessesessesenensnienienenininininsininsne
PENG Xi-zhu, YANG Sheng-xiang, LI Feng-mei, et al. ( 301 )
Effects of Arbuscular Mycorrhizal Fungi on the Growth and Ce Uptake of Maize Grown in Ce-contaminated Soils «+««+seeeseeeressenerssneeenenees WANG Fang, GUO Wei, MA Peng-kun, et al. ( 309 )
Distribution Characteristics and Risk Assessment of Phthalic Acid Esters in Agricultural Products Around the Pearl River Delta, South China — «eeesesesrereeresemeneneinenensininennse
........................................................................................................................................................................ LI Bin, WU Shan, LIANG Jin-ming, e al. ( 317)
Bioaccumulation and Biomagnification of Heavy Metals in Three Gorges Reservoir and Effect of Biological Factors «+weseeeesessesvervsereneenes WEI Li-li, ZHOU Qiong, XIE Cong-xin, et al. ( 325 )
Comparisons of Microbial Numbers, Biomasses and Soil Enzyme Activities Between Paddy Field and Dryland Origins in Karst Cave Wetland «««eseererrereeresenemesinsicnnesnsceneens
............................................................................................................................................................... JIN Zhen-jiang, ZENG Hong-hu, LI Qiang, et al. (335 )
Analysis on Diversity of Denitrifying Microorganisms in Sequential Batch Bioreactor Landfill = +«-vesererereererenensssienneinnsnneieens LI Wei-hua, SUN Ying-jie, LIU Zi-liang, et al. ( 342 )
Synthesis of Fe/nitrogen-doped Carbon Nanotube/Nanoparticle Composite and Its Catalytic Performance in Oxygen Reduction ++++sesseseeeees YANG Ting-ting, ZHU Neng-wu, LU Yu, et al. ( 350 )
Application of Microbial Fuel Cells in Reducing Methane Emission from Rice Paddy =~ +«+ereeereresrererrensienmennssinencnne DENG Huan, CAI Lii-cheng, JIANG Yun-bin, et al. ( 359 )
Effect of Aeration Strategies on Emissions of Nitrogenous Gases and Methane During Sludge Bio-Drying ««+etoveeeserseessesesessneneienienenns QI Lu, WEI Yuan-song, ZHANG Jun-ya, et al. ( 366 )
Treatment of Flue Gas from Sludge Drying Process by A Thermophilic Biofilter CHEN Wen-he, DENG Ming-jia, LUO Hui, et al. ( 377 )
Application of FCM-qPCR to Quantify the Common Water Pathogens ««+-++s+sstevesessssstsnssmssniminsiniiennn s WANG Ming-xing, BAI Yao-hui, LIANG Jin-song, et al. ( 384 )
Effect of Acetonitrile and n-hexane on the Immunoassay of Environmental Representative Pollutants —«+«+sxsseseeseseserensennnencnennenes LOU Xue-ning, ZHOU Li-ping, SONG Dan, et al. ( 391 )
Compositional Variation of Spent Mushroom Substrate During Cyclic Utilization and Its Environmental Tmpact — ++esvesveeeeeenesneneeeees LOU Zi-mo, WANG Zhuo-xing, ZHOU Xiao-xin, et al. ( 397 )



£ .

CGrER=ZNE 6

K FH H

BIES: B RE BN

EHREZERS

%OE. (REREEHT)
3 N iy -
TENL  FAERE FIE F44r H O N H O OF L
S, o == 2z
AOKE KEE X s w0 RS ARE
v N N N -
PREFEIE BmAE 2 AR RS Rl Fokd w B
B B9 W N W W BIEK
-
w3 ENVIRONMENTAL SCIENCE
( H};J{AJ‘NJINC;;‘: KE)ﬁ(JLTJJE) (Monthly Started in 1976)
(HHl 1976 4% 8 UREID)
2016461 B15H #37% H1 Vol.37 No.1 Jan. 15, 2016
e & TEPER Superintended by Chinese Academy of Sciences
F i PEPB AR SR O Sponsored by Research Center for Eco-Environmental Sciences, Chinese
e 7 (USSR RF) Academy of Sciences
A6 50 T B 08 A5 P R 2R R 5Y B Co-Sponsored by Beijing Municipal Research Institute of Environmental
A = - - Protection
e % KK [ School of Environment, Tsinghua University
i Editor-in -Chief ~ OUYANG Zi-yu:
. BAREAE) G E RS Ed;t:(: } ) by The Editori ll}]l:omd f Envi tal Sci (HUANJING
L0l 2871 {2548 ( T D DL B y e Editorial Board of Environmental Science >
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 F-mail :hjkx@ ‘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
EN Rl 3£ 4T dtmcdbAkEpRI Printed by Beijing Bei Lin Printing House
% 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 M l 4> [E 44 M B HR, S5y Domestic All Local Post Offices in China
Eih 2L r ] [ B 52 5 VA ) Foreign China International Book Trading Corporation ( Guoji
(b3 399 f54H) Shudian) ,P. O. Box 399, Beijing 100044 , China
—erim  ISSN  0250-3301 s f =
nEHS ——————— X
RERETS: 1805 x EREZ RS 2-821
B A E fir:120.00 T ESEZITRS: M 205

BRSNS FET





