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Evolutlon and Characterlstlcs Of Fl}l] process Vehlcula{' VOCs Emissions in Tlan:]ln

v J -
frmln 2000 to 2020 | " f / ‘ )
SUN Lu-na' | ZHQNG Chong-zhl , SUN Shi-da’ , AIU Yaﬁ'1 \ TONG_.H&T' , WU Ya-jun', SONG Peng-fei' , ZHANG Li-na*, HUANG Xu’, WU
Lin'*, MAO Hong-jun™ B
(1. Tianjin' Key Laboratory of Urban Transport Emission Research, State Environmental Protection Key Laboratory of Urban Ambient Air Particulate Matter Pollution Prevention
and Control, College of Environmental Science and Engineering, Nankai University, Tianjin 300071, China; 2. China Automotive Technology and Research Center Co., Lid.,
Tianjin 300300, China; 3. Ministry of Education Key Laboratory for Earth System Modeling, Department of Earth System Science, Tsinghua University, Beijing 100084,
China; 4. Tianjin Air Pollution Control Laboratory, Tianjin Academy of Eco-Environmental Sciences, Tianjin 300191, China; 5. School of Geography, Nanjing Normal
University, Nanjing 210023, China)
Abstract; Vehicle emissions are an important source of anthropogenic volatile organic compound (VOCs) emissions in urban areas and are commonly quantified using vehicle
emission inventories. However, most previous studies on vehicle emission inventories have incomplete emission factors and emission processes or insufficient consideration of
meteorological parameters. Based on the localized full-process emission factors attained from tested data and previous studies, a method to develop a monthly vehicular VOC
emission inventory of full process for the long-term was established, which covered exhaust and evaporative emissions ( including running loss, diurnal breathing loss, hot soak
loss, and refueling emission). Then, the method was used to develop a full-process vehicular VOC emission inventory in Tianjin from 2000 to 2020. The results showed that
the total vehicular VOC emissions in Tianjin rose slowly and then gradually decreased. In 2020, the total emissions were 21 400 tons. The light-duty passenger vehicles were
the dominant contributors and covered 75.00% of the total emissions. Unlike the continuous decline in exhaust emissions, evaporative emissions showed an inverted U-shaped
trend with an increasing contribution to total emissions yearly, accounting for 31. 69% in 2020. Monthly emissions were affected by both vehicle activity and emission factors.
VOC emissions were high in autumn and winter and low in spring and summer. During the COVID-19 epidemic in 2020, vehicle activity was limited by closure and control,
making VOC emissions significantly lower than those during the same period in previous years. The method and data in this study can provide technical reference and a
decision-making basis for air pollution prevention and control.

Key words: volatile organic compounds (VOCs) ; emission inventory; emission factors; evaporative emission; running loss; vehicle
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2013 5.50 5.29 [35]

AR S CH IR AR R A 138 HA 5
— M PRI T A 5 B A ST AR VR AR A D
BT R FH AR i vl S (R SIE R 504
WFRAFAE— 2 25 5, T AE 2 S At 45 5 A A0 430k 1Y)
AR TS E. SCBk[ 42 ] 71 2020 4ERYF BhTE VOCs HE
T B4 AT 0 2. 11 45, 3% 2 R 1% 52 4R
MR T T AL B ZE AR 1AL Sh LR 22 Fh IR 28T HE
W SCHRE7 T 2017 AR RIBLEI 4 VOCs HERLE: A
BIFFEY 1. 85 %, FrZE IR O Sl BOH A [+, AN T,
HJEVOCs Eﬁﬁ%ﬁkﬁﬂ? 151743ﬁ3ﬁj~jd\%“%3'$’£“
s fAE 1 %E?ﬂpﬁm 248 km ﬂ%ﬁﬂﬁ a}mtp
P IERE D %*&{M%%E’JWE( 17 436 k) /i T HER

$ﬁ@%ﬁmﬁMﬁﬁ%$Eﬁ'ﬁﬁﬁﬁLk‘

AFFER T TR, KR &
15 %ﬂﬁﬁﬁﬁﬁii%ﬂﬁm%%ﬂu&ﬁ”
GE A YT AE e 35 )y T TP R % T4 | DA
RIBCHE 7 AR 2 A,

3 g

() HLBh 4 VOCs HEUE i 2B e 2818 - F+

B TR H, 2009 AFHE RS & R, O 7. 93
ﬁt 2020 Ak, R 2. 14 J7 v /NRVE G X HE
S BT R I R A, STk IR 39. 30% ~ 75. 00% .
78 R HE RO S HE TR BT R R 2 R, DA 2000 4F Y
5. 46% 35 % 2020 4EHY 31. 69% . [ VIAR A 52 K
RN ™ T 2% S HETC 4 1 K- B s il B sh 4
REH G K HL, BRAIK 2 vOCs 1y F %
KA.

(2) Z& R HE 5 RS HEE VOCs 2 #a H A7
TEH R FES. 2000 ~2020 4, S, VOCs HERCE M
6.90 J7 t FFZE 1.46 J7 t,FFIRIL 78. 84%; 78 K HEMK
DS B T A oA B AR U AE B HECE: A 2000
AE[Y0.40 7 ¢ B9 FE 2013 4ERY 1.00 T 1, ZJE T
2020 R R 0. 68 J7 t. 2257 AR Y 3 R R HE K
BRI FE 05 78 Jk HE R 1) 4 il B A Jor 22031 4

ok, B THEREIRIZ AL WA | T 28 K HEC AR R — B

NS0T PNATS AERF 5 T E
(3) TR R 7 1 B A A A T — i 22 57

%‘(ﬁ@ﬁ%'ﬁﬁ?ﬁi.?ﬁﬁﬁ.?E’J?ﬁ”ﬂ. Plgh 4

VOCs EHF R A A g | BB RAR AL R

PR AR AR E’JﬁFﬁﬁZiﬁLm BT IR H S

T BKPAT G, I HE L L e Ta] HE R PR R

el I HETCR R 2020 4215 0 1) | 6 42 1 e £ 7%

B3l 4 193 s K- R 3l , HRBUE SR G0 -5 1 4F

HLCAFAERR 22 57

B2k

[1] SunL N, Zhong C Z, Peng J F, et al. Refueling emission of
volatile organic compounds from China 6 gasoline vehicles[]].
Science of the Total Environment, 2021, 789, doi: 10. 1016/]j.
scitotenv. 2021. 147883.

[2] LiuY, Zhong CZ, Peng J F, et al. Evaporative emrSmo-n from
China 5 and China 6 gasohne vehicles ; emission factprs proflles
and future per%pectlve[ J1: Journal of Cleaner PI'O(IH(’I]OH 2022,

331, doi: [1054016/]. jelepro. 2021. 129861.
[3] YangT, Llu B S, Yan% Y, et al Improved poqﬂfve malnx

factorization®. for _source! apportionment of volaule orgamc
cnmpounds in Vehlcular emissions during the Spring Festlvé‘l in
Tlan_]ln Chlna[ 1. Envm'mmental Pollution, 2022, 303 doi ;
10. 1016/} cnvpul 202} 119’122 ,

[4] Qin] J Wang X B, Yang Y R, et al. Sourc¢ appnrllonment of
VOCsin aﬁ‘ypmdl me(!lqm sized city in North “€hipa Plain and
implications jon; control policy [ J]. Journal of Environmental
Scien(:es, 2021+ 107 . 26-37.

[ 5] ZhangZN, Man HY, Qi L J; et al. Measurement and minutely-
resolved source apportionment of ambient VOCs in a corridor city
during 2019 China International Import Expo episode [ J].
Science of the Total Environment, 2021, 798, doi: 10.1016/]j.
scitotenv. 2021. 149375.

[6] SunSD, Jin] X, Xia M, et al. Vehicle emissions in a middle-
sized city of China; current status and future trends [ J].
Environment International, 2020, 137, doi; 10. 1016/]. envint.
2020. 105514.

(7] XUPE, FhILSK, FhERME, 5. K 2017 7 shil e i a8 43
PERAE B[], BRI, 2020, 41(10) ; 4470-4481.
Liu G, Sun S D, Sun L. N, et al. Mobile source emission
inventory with high spatiotemporal resolution in Tianjin in 2017
[J]. Environmental Science, 2020, 41(10) : 4470-4481.

[8] #Mits, &5k, B, & TR ALFE YT LR

SEHUVENZEHEOE B T] . T EEREERLE, 2020, 40(5) : 2018-
2029.
Sun S D, Jin J X, Lv J H, et al. Developing vehicle emission
inventory based on refined annual average vehicle kilometers
travelled[ J ]. China Environmental Science, 2020, 40 (5):
2018-2029.

[9] JiaT, Li Q, Shi W Z. Estimation and analysis of emissions from
on-road vehicles in Mainland China for the period 2011- 2015
[J]. Atmospheric Environment, 2018, 191; 500-512.

[10] Jiang PY, Zhong X, Li L Y. On-road vehicle emission inventory
and its spatio-temporal variations in North China Plain [ J].
Environmental Pollution, 2020, 267, doi: 10. 1016/j. envpol.
2020. 115639.

[11] Liu G, Sun S D, Zou C, et al. Air pollutant emissions from on-



1356 A 44 %
road vehicles and their control in Inner Mongolia, Chinal[ J]. Environmental Protection Agency, 2020.
Energy, 2022, 238 121724, doi; 10. 1016/j. energy. 2021. [31] BESPMg, MRS, 5KAJE. BT COPERT ALy dL st mii<il
121724. TR VOCs HERLIE [ 1]. 5 TRE2A 4R, 2016, 10(6)

[12] Sun S D, Sun L N, Liu G, et al. Developing a vehicle emission 3091-3096.
inventory with high temporal-spatial resolution in Tianjin, China Fan S B, Tian L D, Zhang D X. Emission inventory of gasoline
[J]. Science of the Total Environment, 2021, 776. 145873, evaporation from vehicles in Beijing based on COPERT model
doi; 10.1016/j. scitotenv. 2021. 145873. [J]. Chinese Journal of Environmental Engineering, 2016, 10

(13]  FREERBERIIR. T %A OO TR A TR 4 — IR HE (6) : 3091-3096.

WG AR FE R (A7) ) % 5 W R HE S 5 [ EB/ [32] Reddy S. Mathematical models for predicting vehicle refueling
OL ]. https://www. mee. gov. cn/gkml/hbb/bge/201501/ vapor generation[ R]. SAE Technical Paper 1279, 2010. 1-9.
20150107_293955. htm, 2022-04-11. [33] e NRILFE ERGEiTR. B %846 [ EB/OL]. hup.//

[14] DengF Y, Lv Z F, Qi L J, et al. A big data approach to data. stats. gov. cn/, 2022-04-28.
improving the vehicle emission inventory in China[ J]. Nature [34] by, E2E, BRAMA R, 2. REREAEEHELI].
Communications, 2020, 11(1): 2801, doi: 10. 1038/s41467- RERE. FARRIE:, 2011, 41(3) : 301-305.

020-16579-w. Hao H, Wang H W, Ouyang M G, et al. Vehicle survival

[15] Liu H, Man H Y, Tschantz M, et al. VOC from vehicular patterns in China[ J]. Science China ( Technological Sciences) ,
evaporation emissions; status and control strategy [ J ]. 2011, 54(3) . 625-629.

Environmental Science & Technology, 2015, 49 (24) ; 14424- [35] sk, Rk, BULE, & REWHLSI TS5 R W HEOE B %
14431. PFERIXTHEBITE )], BETFR 224 (A AR %), 2017, 50

[16] Liu H, Man H Y, Cui H Y, et al. An updated emission (1):90-96. = ™
inventory of vehicular VOCs and IVOCs in China [ ] ]. Zhang Y, Wu L, Mao H ], et al. Research on vgh-r{].é emission
Atmospheric Chemistry and Physics, 2017, 17 (20 )+-12709- inventory and its; management strategies in Tidn_]n;r [ J T Acta
12724. { *-..- Scientiarum Natura_hum lUanPr%ltath Nankal?nsii /}Dl—% 50

[17] GB 18352.6-2016, AN 435 G Wy HE R B S U e U7 i (i (1) : 90/96." 1M A
BB [S]. i [36] 1%, P, defirtii. JL ¥ RH Lﬁﬂ’m aﬁmwﬁ*

(18] Man H Y, Liu M, Xiao Q, et al. How gthanol and’gasefiiic", /mﬁta&ﬁﬁﬁm rh%lﬂ BBk, 2018, 38(8)% 2803 .2810.

~formula changéq evaporatlve emissions' of | the, Ve'nmlesll{ Jﬂ Yang W "Wang X, Lhang Q R. Vehicle pollution controf pthyll
Applied Enbrgy,|2018 222 . 584-594. L o study on Jthe Beijing- 'Fian]i'n Hebei region, ba,sed on_a hfgh-__,
[197= Gong M M Yln , Gu XK, et al. Rtﬂflned-‘z'on hased yehl,cle pre(‘l@lqn emission 1nven10ry[] China Env1ronmental Scienée,
| emission lnvemory and its spatial and tempgral, Ccharacteristics in 20184 38(5‘) 2803- 2810 & y
_+ Zhengzhou , China[ J]. Science of the Total Envmmmenﬂ 2017 [37] Sun$ D, Zhao G, Wang T, et al. Past and future tren":ls of
599—.600 114951159. vehicle/emissions in Tianjin, China, from 2000 to 2030 [ J].
2()] Huo H, ‘He'JK B, Wang™M, et al. Vehlcle technolf_gles fue'l— Atmospheric Environment, 20]..9, 209 182-191.
/ econgmy policies, and fuel-consumption rates’ of Chinese vehicl [38] Cai H, Xie S D. Tempo-spatial variation of emission inventories
[J]ﬂ [ Energy Policy, 2012, 43. 30-36. of speciated volatile organic compounds from on-road vehicles in
[21 GB 20952- 2007 , s K ASE Y HE bR HEL ST . China[ J]. Atmospheric Chemistry and Physics, 2009, 9(18) .
22] SRR, ALY, HATIE, AF. AV SO AR RS 6983-7002.
HONL[I]. thERRERL:, 2022, 42(4) ; 1545-1551. (39] RHEEM AL, RETA LR TR R B 2% 5 Tl
Zhang M Z, Hao C X, Ge Y S, et al. Environmental impacts of FEBEFE AR (F3@ AT DX B A 4 (FER ARG ) ) A TFAESR & L
gasoline and oxygenated fuels when used on light-duty vehicles BY3E %1 [ EB/OL]. http://ga. tj. gov. en/xxfh/tatg/202107/
[J]. China Environmental Science, 2022, 42(4) ; 1545-1551. £20210705_5496515. html, 2021-07-05.

[23] DaiPP, GeYS, Lin Y M, et al. Investigation on characteristics [40] A NRILFIE S S NREUN. 55 BT EN R (k2
of exhaust and evaporative emissions from passenger cars fueled N FIE K AR AL VR 3% 32 i 45 4 T4 )7 28 (2021 - 2025 4F) )
with gasoline/methanol blends[ J]. Fuel, 2013, 113 10-16. [EB/OL]. http://www. gov. cn/xinwen/2022-01/07/content _

4] PHEAZR. TEAGEEIM]. it TGN, 2020. 5666976. htm , 2022-01-07.

[25 KEEWigeit . KBgiHEEIM]. deat, PES T R, [41] Tong H, Peng J F, Zhang Y J, et al. Environmental benefit
2000. analysis of “road-to-rail” policy in China based on a railway

[26] AEZSEEE. P E s IE IS FRAE AR (2020 4F) [ EB/OL]. tunnel measurement| J ]. Journal of Cleaner Production, 2021,
http://www.  mee. gov. cn/hjzl/sthjzk/ydyhjgl/202008/ 316 128227, doi: 10.1016/j. jclepro. 2021. 128227.
P020200811521365906550. pdf, 2020-08-12. [42] Zheng B, Zhang Q, Geng G N, et al. Changes in China’s

[27] LiJ C, Ge Y S, Wang X, et al. Evaporative emission anthropogenic emissions and air quality during the COVID- 19
characteristics of high-mileage gasoline vehicles [ J ]. pandemic in 2020 [ J]. Earth System Science Data, 2021, 13
Environmental Pollution, 2022, 303, 119127, doi: 10.1016/]. (6):2895-2907.
envpol. 2022. 119127. [43] TomTom. TOMTOM Traffic Index [ EB/OL ]. https://www.

[28] GB 18352.5-2013, BB 4275 YWyl MR S e J7 ik (o tomtom. com/en_us/TrafficIndex/, 2020-04-10.

BB [S]. (44] REREL. VRIMZEV RS R AT ML HERL B A LB R B 5

[29] Haskew H, Eng K, Liberty T, et al. Running loss emissions from [D]. RHt. KRHEK2E, 2009.
in-use vehicles[ R]. SAE Technical Paper 1464, 1999. 1-25. [45] Suarez-Bertoa R, Pavlovic J, Trentadue G, et al. Effect of low

[30] U.S. EPA. Evaporative emissions from onroad vehicles in ambient temperature on emissions and electric range of plug-in

MOVES3 [ R J.
Division Office of Transportation and Air Quality U. S.

North Carolina; Assessment and Standards

hybrid electric vehicles[ J].
3168.

ACS Omega, 2019, 4(2): 3159-



HUANJING KEXUE Vol.44  No.3

Environmental Science (monthly) Mar. 15, 2023

CONTENTS

Research Progress of SOA Formation from Anthropogenic VOCs Under Complex Pollution Condition
Advances in Microbial Degradation and Transformation of Per- and Polyfluoroalkyl Substances( PFASs) SUN Hong-wen, FANG Bo, CHEN Hao, et al. (1214
Research Progress on Remote Sensing Monitoring of Lake Water Quality Parameters +++ WANG Si-meng, QIN Bo-giang ( 1228
Research Progress on Trojan-horse Effect of Microplastics and Heavy Metals in Freshwater Environment ~ «+++- - ZHAO Wei-gao, TIAN Yi-mei, ZHAO Peng, et al. (1244
Temporal and Spatial Characteristics of Net CO, Emissions and Decoupling Analvsi% in Yangize River Economic Belt - +++ WU Yi-fan, XU Yang, TANG Yang-bo, et al. (1258
Changes in Land Use Carbon Emissions and Coordmdled Zoning in China -+ LI Yuan-yuan, WEI Wei, ZHOU Jun-ju, et al. (1267

CHEN Tian-zeng, LIU Jun, MA Qing-xin, et al. (1201

Multi-dimensional Analysis of the Synergistic Effect of Pollution Reduction and Carbon Reduction in Tianjin Based on the STIRPAT Model ~ +++xeeesereesserseereneneieinensnsininsnnien
............................................................................................................................................................... LIU Mao-hui, YUE Ya-yun, LIU Sheng-nan, et al. (1277)
Railway Emission Trends in China Based on Fuel Life Cycle Analysis «+eserrerrereremessememesmmssnne s TONG Hui, FAN Zhao-yang, LIANG Xiao-yu, et al. (1287)
Pollution Characteristics of PM, 5 Chemical Composition in Zhejiang Province »+ ZHOU Jing-qing, YU Lei, CHEN Shu-xin, et al. (1297)
Seasonal Variations, Size Distributions, and Sources of Chemical Components of Submicron Particulate Matter in Nanjing XU Zhen-qi, SHANG Yue, DING Feng, et al. (1310)

Seasonal Variations and Source Apportionment of Carbonaceous Components in Luoyang: Implication for Brown Carbon Contribution ««+s«sssseessessereseneneninenenenisininensinnee

YAN Guang-xuan, HOU Ming-yang, ZHANG Pu-zhen, et al. (1319)

Establishment and Spatial Distribution of S/IVOCs Emission Inventory in Jiangsu Province in 2019 - - e ++ SONG Tong-ai, ZHANG Jia-ying, GUAN Lu, et al. (1328)
Compositional Characteristics of Volatile Organic Compounds in Typical Industrial Areas of the Pearl R Imporlance of Oxygenated Volatile Orgamc Compounds  +eeeeseseesnereeneenes
...................................................................................................................... SONG Xin, YUAN Bin, WANG Si-hang, et al. (1336)
Evolution and Characteristics of Full-process Vehicular VOCs Emissions in Tianjin from 2000 to 2020 - ++ SUN Lu-na, LHONG Chong- zhl SUN Shi-da, et al. (1346)
Port-owned Mobile Source Air Pollutant Emission Inventory «=«+«+ssssessessesessersenssienienenninncnenees ++ XU Xiao-fan, WANG Bao-qing, WU Jun—cheng, et al. (1357)
Simulation and Regulation of Sustainable Utilization of Water Resources in China Based on Improved Water Resources Ecological Footprint Model =«+x+xesseeerersesnenseeeenennennsininennnen
OUYANG Xing-tao, LIAO Hao-yu, JIANG Qiu-xiang, et al. (1368)
Occurrence Distribution and Risk Assessment of Organophosphate Esters in A Typical Area of the Estuary in the Yellow River Basin «-«+essesrerresesesreniensnnenenininininninenen
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" CAO Miao, GUO Chang-sheng, ZHANG Heng, et al. (1378)
Pollution Characteristics of Organochlorine Pesticides in Water and Sediments of Huixian Karst Wetland in Guilin =~ «seseereeseeseseesenennenne YU Yue, XING Xin-li, CHENG Cheng, et al. (1387)
Risk Assessment and Source Analysis of Heavy Metal Pollution in Surface Sediments from Major River Systems in Maoming City, Guangdong Provinge »«+esessessereeesemenensineneneinnes
- . B RRAILIN -+« CHEN Xiao-xia, ZHANG Min, LI Bei, et al. (1397)
Temporal-spatial Distribution and Ht:dlth Risk Assessment of Heavy Metals in the Surfdu: Water of Ningbo  +++++ ++++ XU Mei-juan, YANG Jia, REN Xiao-jing, et al. (1407)
Analysis of Water Chemistry Characteristics and Hydraulic Relationships of Different Water Bodies in Typical Mountain-oasis Systems in the Northwest Inland Area «+-«+seseereeeerererensenceees
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" ++ WANG Shi-yu, SUN Cong-jian, CHEN Wei, et al. (1416)
Hydrochemical Characteristics and Control Factors of Pore-water in the Middle and Upper Reaches of Muwen River -«eeereorereeesssnenesiennens LIU Yuan-qing, ZHOU Le, LU Lin, et al. (1429)
Spatial-temporal Variation in Groundwater Quality and the Contamination Source Analysis in Shihezi-Changji Area ««+esseoeseeresesescrenees DING Qi-zhen, ZHOU Jin-long, JI Yan-zhen, et al. (1440)
Analysis of Mechanism and Start-up Thresholds of Seasonal Algal Blooms in a Northern Eutrophic Stratified Reservoir <+« WEN Cheng-cheng, HUANG Ting-lin, KONG Chang-hao, et al. (1452)
Characteristics of Benthic Diatom Community Structure and Water Ecological Health Evaluation in the Lalin River Basin - s+« SHAN Tao, YUAN An-long, HUANG Zi-rui, et al. (1465)
Bacterioplankton Communities and Assembly Mechanisms in Wet Season of Lakes, Nanchang GAO Peng-fei, WANG Peng, HUANG Yi, et al. (1475)
)

Seasonal Variation and Influencing Factors of Bacterial Communities in Storage Reservoirs ««+s+=sessesesessesresssssencnnseninensenens DING Ning, YANG Ying-ying, WAN Nian-xin, et al. (1484

\ y Estimation of Reservoirs in Central Yunnan Plateau
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" GUO Yu-jing, LI Hong-hing, WANG Shu-ming, et al. (1508 )
Preparation of Narrow Pore Diameter Phosphorus Containing Cotton Stalk Carbon and Its Adsorption Mechanism for Tetracycline -+ ZENG Shao-yi, LI Kun-quan ( )
Preparation of High Specific Surface Thiourea Modified Peanut Shell Carbon and Adsorption of Tetracycline and Copper *+ MIN Bing-kun, LI Kun-quan (1528 )
Distribution Characteristics of Antibiotic Resistance Genes on Different Water Supply Pipes «+vereereeeeserenenseenenennnen LIU Chen-xu, BAI Xiao-hui ( )
Effects of Vegetation Restoration on Soil Organic Carbon Sequestration and Aggregate Stability in Water-Eroded Environment; A Meta-analysis »«eoeeesesrereeresemenenenmenennineen
YANG Rui-zhe, YANG Shi-long, WENG Xi-zhe, et al. (1542)
Effects of Warming and Fertilization on Soil Organic Carbon and Its Labile Components in Rice-wheat Rotation + DENG Xu-zhe, HAN Chen, XUE Li-xiang, et al. (1553)
Horizontal Variation Characteristics of Alpine Grassland Soil Function and Vertical Changes Along Soil Genetic Horizons in the Three-River Headwaters Region «+«eoeeeeeseserseneniennennsen

.......................................................................................................................................... LI Bo-jian, SHEN Cong-cong, LIU Si-yi, etal. (1562)
CH,4 Fluxes and Their Comprehensive Greenhouse Effects with CO, Fluxes in Direct-seeded Rice in Poyang Lake Plain ++ SHI Yuan-zhi, CUI Yuan-lai, CAI Shuo, et al. (1572)
Vertical Pollution Characteristics and Source Analysis of Soil PAHs in Different Land Use Types ««+eseeeveeseseenuesnsicneens ZHOU Zhi-yan, ZHANG Xiu-xiu, WANG Fei, et al. (1583)
Pollution Characteristics and Health Risk Assessment of Per- and Polyfluoroalkyl Substances and Emerging Alternatives in Road Dust, Shijiazhuang -««+eeseseererreresemsiennesinsicnnnneens

.................................................................................................................................................................. LI Peng-fei, WANG Yuan, YANG Chen, et al. (1593)
Spatial Distribution Characteristics and Assessment of Heavy Metal Pollution in Cultivated Soil of Agricultural Small Watershed in Typical Mining Area in South China ~+++++esseeeressesneeeee

.................................................................................................................................................................. YANG Yu, GUO Ting-ting, LIU Xiao-li, et al. (1602)
Pollution Characteristics and Source Apportionment of Heavy Metals in Vegetable Field in the Three Gorges Reservoir Area (Chongging Section) ++r+sssstseresssssssssisnsieninssinnneniinnene

SHI Yusjia, FANG Lina, FANG Biao, et al. (1611)
Accumulation Characteristics and Influencing Factors of Heavy Metals in Cultivated Land Surface Soil in Lanzhou -+ KANG Le, PENG Xin-bo, MA Yan-long, et al. (1620)
Enrichment Characteri Source Apportionment, and Risk Assessment of Heavy Metals in the Industrial and Mining Area of Northern Guangdong Provine «++s+sssesseesessesssnsensnnnenne

WANG Yue, MO Li, YU Xin-xiao, et al. (1636)
LU Xiao-hui, YU Fang-zhong, FAN Yi-ming, et al. (1646)
WANG Shi-yu, LI Chun, ZHAO Hong-wei, et al. (1657)

Spatial Distribution Characteristics and Source Analysis of Heavy Metals in Soil of a Lead Plant in Sanmenxia *
Distribution Characteristics and Pollution Assessment of Heavy Metals in Soils of a Testing Range

Effectiveness and Mechanisms of Chemical Leaching Combined with Electrokinetic Technology on the Remedlauon of Heavy Metal Contaminated Soil = ++++svseereesrevesssssnnsimninnineninnnns
.................................................................................................................................................................... MA Qiang, WEI Ze-hin, WU Qi-tang ( 1668 )
Emission Characteristics and Control of Heavy Metals in Secondary Copper Smelting Process : ++ LIN Bing-cheng, WU Guang-long, ZHENG Ming-hui, et al. (1678)
Heavy Metal Pollution Characteristics and Health Risk Assessment of Soil-crops System in Anhui Section of the Yangtze River Basin -w++++++++- LIU Hai, WEI Wei, HUANG Jian-min, et al. (1686)
In-situ Remediation Effect of Cadmium-polluted Agriculture Land Using Different Amendments Under Rice-wheat Rotation ««++++sssseseereseeene ZHANG Lu TANG Chan YU Hai-ying, et al. (1698)
Effect and Persistent Effect of Thiolated Montmorillonite on Safe Production in Cadmium-contaminated Cropland —««++«+esseseeseens FENG Xian-cui, LHEI\ Ya-gang JIAO Hong-| peng el al. (1706)
Effects of Earthworm, Straw, and Citric Acid on the Remediation of Zn, Ph, and Cd Contaminated Soil by Solanum photeinocarpum and P/erOC)psela indica :
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" - ++ CHEN Min-ni, NIE Xiao-qi, ZHANG Xing- feng, el al. (1714)
Availability of Se-rich Arable Land in High Geological Background Area and Suggestions for Zoning «+:++sessesressssemensisnsnsiinnn WANG Rui, LI Yu, YU Jing, et al. (1727)

Characteristics and Causes of Ge Enrichment in Vegetable Growing Areas of Beixintun Town, Zhangjiakou City -+ AN Yong-long, YIN Xiu—lan, JIN Aifang, et al. (1735)
Structural Diversity and Its Temporal Variation in the Soil Bacterial Community Under Plantations of Taxodium distichum in the Riparian Zone of the Three Gorges Reservoir Area ««+:++veeeee
--------------------------------------------------------------------------------------------------------------------------------------------------------------- TAN Xue, DONG Zhi, ZHANG Li-miao, et al. (1748)
Effect of the Process of Returning Farmland to Forest in the Loess Hilly Area on Soil Fungal Communities ~+++-seseeesessesnensenenennenens ZHANG Lei, WANG Qiang, YANG Xin-yue, et al. (1758)
Effects of Chemical Fertilizer Reduction Substitute with Organic Fertilizer on Soil Functional Microbes and Lemon 3
......................................................................................................................................................... WANG Ying-yan, XIONG Zi-yi, LUO Dong-hai, et al. (1768)
Dynamic Changes in Antibiotic Resistance Genes During Biological Fermentation of Chicken Manure and Pig Manure «+«+++eeeseeeeseese ZHANG Dan, PENG Shuang, WANG Dan-qing, et al. (1780)

Effects of Cow Manure Application on Soil Microbial Community in Farmland ««toveveeereeeresssiensmeninn ZHANG Ya-li, GUO Xiao-ming, HU Hui, et al. (1792)





