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Abstract; In order to’ study the pollution characteristics arid'sources of heavy .mefeﬂ; in urban atmospheric PM, 5, 21 elements in atmospheric PM, 5 in Zhengzhou City were
detected using an online metal analyzer during July and October 2017 and January and April 2018, and the changes in heavy metal concentrations were analyzed. Heavy metals
were traced by enrichment factors, principal component analysis, and potential source function. The US EPA risk assessment model was used to assess their health risks. The
results showed that: the concentrations of K, Zn, Mn, Pb, Cu, As, Cr, and Se increased with the increase in pollution level. The results of enrichment factors and principal
component analysis showed that the main sources of heavy metals were crust, mixed combustion, industry, and motor vehicles. The characteristic radar charts showed that the
pollution dominated by crustal sources mainly occurred in spring and winter, whereas the pollution dominated by mixed combustion sources mainly occurred in winter. Ph, As,
and Ni were greatly affected by the transport of a fen nutrient-laden plain, Beijing-Tianjin-Hebei, and southern Henan, whereas Cd was greatly affected by the northwest region
of the sampling site. As presented a significant carcinogenic risk in both adults and children, whereas Pb and Sh presented a significant non-carcinogenic risk in children.
Key words: pollution characterization; enrichment factors (EFs) ; potential source contribution function (PSCF) ; principal component analysis ( PCA) ; characteristic radar
chart
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Table 3 Principal component analysis results of elements

JLER ERY1 O FRSY2 FRSF3 EMr4
Al 0.94 0.16 0.05 0.12
Fe 0.93 0.22 0.10 0.01
v 0. 88 0.03 0.05 0.02
Ca 0.86 0.15 0. 06 0.03
Si 0.83 0.00 0.02 0.51
Ba 0. 83 0.22 0.04 0. 00
K 0.64 0.62 0.10 0.12
Ph 0.15 0.90 0.05 0.26
Se 0.06 0.87 0.09 0.18
Zn 0.17 0.79 0.07 0.10
As 0. 09 0.76 0.01 0.01
Cu 0.20 0.68 0. 06 0.39
Ag 0.03 0.09 0. 06 0.07
Ni 0.01 0.01 0.90 0.02
Cr 0.14 0.20 0.85 0.01
Sh 0.02 0.13 0. 00 0.96

FRIE(E 6.51 2.74 1.50 1.33
%/ % 40.71 17.10 9.36 8.29
BRI %/%  40.71 57.82 67.18 75.47
=
....... FRMEflL  -eeeeee FBR
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Fig. 4 Radar characteristics of elemental pollution in Zhengzhou City
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Fig. 6 PSCF spatial patterns of enrichment carcinogenic metals in Zhengzhou City

WP 5 5 T LA T R /D e R T B s R
HQ BYEUEAN A, i I 10 5 5 XU R A, (H L EE 1Y
- 28 28 XUES: (0. 907 ) ELEE T 1, i LA W 22 Z8 AT
RELEITET R AR W EEIRE, 55
YEFH T AN M3 B4 (e B S e AN 25 240

3 it

(1) FBM T HFRICR U e, H AL, K
Al Si, K fl Ca 5T HICEWER 80%. K, Zn,
Mn., Pb, Cu, As., Cr Fl Se 43 J& JC % 00 ¥ FF Bifi 15 Y4
SIS .

(2) 454 & SR T 0 3 o 43 B 3, 45 B M
T HE A R TR EEORIEA . Mhre IR AR A B IR
TR 4 IRAIHLED 42 J6. MR 95 3 T8 R AF A E T 3t
FRFE PGP ERR AL FWE; R
U5 3 FHTGYe F R A AR T

(3) MRS AEW 445 1 Pb | As Fl Ni 321378

P UM R e AR A AL S AR, Cd 2 AR
Hu SRR
(4) As XA N LB AR 25 A0 25000 KU A
TEAE BUE FE . Ph Al Sh X L B8 i B A7 A F S0
ARG
SE
[1] E&TC, BRI, MP3E, %GR P, oK iE M+ 1y 23
T KRBT (D], BRERL S, 2016, 37 (12): 4482-
4489.
Wang N F, Chen Y, Hao Q J, et al. Seasonal variation and
source analysis of the water-soluble inorganic ions in fine
particulate matter in Suzhou[ J]. Environmental Science, 2016,
37(12) ; 4482-4489.
[2] Bmpt, =i, B, & SHHL RS PM, s EHkie
AR AT )], BREERI:, 2019, 40(1) : 86-93.
Duan S G, Jiang N, Yang L M, et al. Transport pathways and
potential sources of PM, 5 during the winter in Zhengzhou[J].
Environmental Science, 2019, 40(1) ; 86-93.
[3] BB, Blade. KR PM, XHERSE AR T]. &
27k, 2013, 58(13): 1171-1177.



1714

w5

2 43 %

[4]

[10]

[11]

[12]

[13]

| functional‘areas of Haikou City[J].
/2018, 36(1) : 57-61. s
TR, o AT, 5. kﬂﬁﬁﬁums$%EE%g
ﬂmﬁ&N%J%ﬁ¢EH]HFﬂ””ﬁ2m
/ 80-85.

Guo X B, Wei H Y. Progress on the health effects of ambient
PM, 5 pollution[ J]. Chinese Science Bulletin, 2013, 58(13) :
1171-1177.

TreHE, R, RBIEZE, 4F. 2014 ~ 2017 bt rh RGHE
FN g HE O A % 25 S0 B B0 09 STRRITAN [J]. AR
2%,2019, 40(3) ; 1011-1023.

Yin X M, Li Z M, Xiong Y J, et al. Contribution assessment of
meteorology conditions and emission change for air quality
improvement in Beijing during 2014-2017 [ J]. Environmental
Science, 2019, 40(3) : 1011-1023.

ST, XU, WKL, S, 2017 4EJE ] AT ST R 5
HWRGER RN 2 R[], HRER 2R,
2018, 38(11): 4464-4471.

Zhang Z R, Liu Z, Dai L H,
meteorological factors and control measures on air quality during
the 2017 Xiamen BRICS summit [ J ].
Circumstantiae, 2018, 38(11) ; 4464-4471.
Zhang Y, Shuai C Y, Bian J,
PM, 5 concentrations in 152 Chinese cities:
analysis using LMDI[ J]. Journal of Cleaner Production, 2019,
218 96-107.

Liang C S, Duan F K, He K B, et al. Review on recentprogress

et al. The influence of

Acta Scientiae

et al. Socioeconomic factors of

decomposition

source identifications and countermeasures of
PM, 5:J]. Environment International, 2016, 86 150-170.
INET, B, R 1A R [ PRI 2 R R
Eé)ﬁ%%ﬁ%ﬁ&%/ﬁ%*ﬁm Iﬂ%T& 2018 36(1)

in observations,

~57-61. A fa A =
" Sun H F, ﬂuam L, Zhang X. Distributien a-fld ‘app 10nm‘éfll of

heavy meta}( 1n amblent air particles’ in -’Wlnter i d;ffel;enl

hnv1r0nmental Lnglneerfng,

Lei“:'j R, Yun L,"Su C P, et al. On-line measurement and source
characteristics of metals in PM, 5 urban Shenzhen [ J]. Acta

Scientiae Circumstantiae, 2019, 39(1) : 80-85.

HthsE, s, SEER, . M PM, o S E R I
TR R PR [ 1], FREERL 2%, 2019, 40 (2): 540-
547.

Dong S H, Xie Y, Huangfu Y Q, et al. Source apportionment
and heath risk quantification of heavy metals in PM, s in
Yangzhou, China[J]. Environmental Science, 2019, 40(2) .

540-547.

WFHE, A, AR, 5. [T PM, s E&E TS KT S
TEHERE PO [ 1], PR 2422, 2013, 33 (12) ¢ 3399-
3406.

Hu Z M, Wang J, Tao Z K, et al. Pollution level and health risk
assessment of heavy metals in PM, s, Shanghai [ J]. Acta
Scientiae Circumstantiae, 2013, 33(12) : 3399-3406.
O, el LI, . KOS SR b
4 R AR SRR R R [J ], T EBR R, 2013,

33(S1): 113-118.

Qi JY, Zhang H L, Fang J D, et al. Characterization of airborne
particulate metals in the surroundings of a municipal solid waste
incinerator ( MSWI) in the Nanshan Shenzhen and health risk
assessment via inhalation exposure [ J ].
Science, 2013, 33(S1) . 113-118.
WT, BT, HTEL RESRBHIRS PM, s PiE S & T
RGP BHAE SN [J]. P EFER S, 2013, 33
(9) : 1596-1600.

China Environmental

39(L-)‘J’?..f

[14]

[15]

[16]

[20]

[21]

[22]

[23]

[24]

[25]

Yao Q, Han S Q, Cai Z Y. The pollution characteristics and
potential ecological risk of heavy metals in PM, 5 during heating
season in Tianjin[ J]. China Environmental Science, 2013, 33
(9) : 1596-1600.

Wang W G, Lu MY, Wang T T,

dominated by manganese-catalyzed oxidation of SO, on aerosol

et al. Sulfate formation is

surfaces during haze events[ J]. Nature Communications, 2021,
12(1), doi: 10.1038/s41467-021-22091-6.
Kulshrestha A, P G, Masih J, et al. Metal

concentration of PM, 5 and PM,, particles and seasonal variations

Satsangi
in urban and rural environment of Agra, India[ J]. Science of the
Total Environment, 2009, 407 (24) : 6196-6204.

Kermani M, Farzadkia M, Kalantari R R, et al. Fine particulate
matter (PM, ) in a compost facility; heavy metal contaminations
Tehran, Iran[J]. Environmental
Science and Pollution Research, 2018, 25(16) ; 15715-15725.

Duan J C, Tan J H. Atmospheric heavy metals and Arsenic in

and health risk assessment,

China: situation, sources and control policies[ J].
Environment, 2013, 74 . 93-101.

FIHE, SRENE, TR, A OBMTIR B2 'ﬁﬂhﬁéﬁﬁfﬁﬁ PM,
o T e U % R I T O KL B A (). IT%-@?”?&
2019, 39(8) : 2811-2820.

Yan G X, Zhang PZ Wang C, et al. Source apporllo

Atmospheric

nt and

health risk assessment of] heavy metals of PMy's in -'healmg and

non- hedtlng p(:.nod' in.« Zhengzhou [ J ]! R‘(,td _’Sme;}hde

Clrrumstantlaf‘,‘ 2019 39(8) 2811-2820. r

Er-r R S 8 MRS £ F M e
A '?EZZH()?%U,&J SRRl 2019,.40(5); 2027-1,
2035. .,"' =
Yan ;G Xthang P ZI Huang H Y, et al.” Goncentration
characteristis and source' analysis of PM, 5 during w1ntert1'r'r!:e in
Zhengzhou-Xinxiang[ J]. Environmental Science, 2019, 40(5) :
2027-2035. .

R, DR, ExJ_UL 4. jt’—“ﬂaﬂﬁ%" B i A
Wt R[], fhezdtg, 2020, 32(1): 1
Chu B W, Ma Q X, Duan F K, et al. Atmnsphen'c “ haze

chemistry” : concept and research prospects [ J].
Chemistry, 2020, 32(1): 1-4
Tian Y Z, Xiao Z M, Wang H T, et al. Influence of the sampling

period and time resolution on the PM source apportionment ; study

Progress in

based on the high time-resolution data and long-term daily data
[J]. Atmospheric Environment, 2017, 165 301-309.
Furger M, Minguillon M C, Yadav V,

composition of ambient aerosols measured with high temporal

et al. Elemental

resolution using an online XRF spectrometer [ J ]. Atmospheric
Measurement Techniques, 2017, 10(6) . 2061-2076.

EHE, KT, BPR, S5 NPT R MRS TS i
FERCHE M T]. PEIRERY: 2018, 38(7) : 2425-2431.
Wang S B, Yu X, Zhao Q Y, et al. Analysis of the formation of
two typical atmospheric heavy pollution episodes in Zhengzhou,
China[ J]. China Environmental Science, 2018, 38(7) : 2425-
2431.

B R, Wi, WA, S5 RRMEE SRR AR R
TG RN SB[ J]. FERERESE, 2018, 31
(8): 1329-1336.

Duan J C, HuJ N, Tan J H, et al. Design of characteristic radar
chart and its application in air pollution analysis[ J]. Research of
Environmental Sciences, 2018, 31(8) : 1329-1336.

Hu X, Zhang Y, Ding Z H, Bioaccessibility and health
risk of arsenic and heavy metals (Cd, Co, Cr, Cu, Ni, Pb, Zn
and Mn) in TSP and PM, ;5 in Nanjing, China[J]. Atmospheric

et al.



4 34 HOEHEST ;. KM R PM, A G 75 QEARAE | ORISR e XU A - 2 T 0 e 1715
Environment, 2012, 57, 146-152. 223.

[26] United States Environmental Protection Agency. Regional [34] Hsu C Y, Chiang H C, Lin S L, et al. FElemental
screening levels (RSLs) - generic tables [ EB/OL]. https:// characterization and source apportionment of PM,;, and PM, 5 in
www. epa. gov/risk/regional-screening-levels-rsls-generic-tables- the western coastal area of central Taiwan[ J]. Science of the
june-2017, 2021-07-01. Total Environment, 2016, 541, 1139-1150.

[27] United States Environmental Protection Agency. Risk assessment [35] Zhang NN, Cao J J, Xu H M, et al. Elemental compositions of
guidance for superfund (RAGS): part A[ EB/OL]. https:// PM, 5 and TSP in Lijiang, southeastern edge of Tibetan Plateau
www. epa. gov/risk/risk-assessment-guidance-superfund-rags- during pre-monsoon period[ J]. Particuology, 2013, 11(1) ; 63-
part, 2021-07-01. 69.

[28] United States Environmental Protection Agency. Definition and [36] Duan F K, Liu XD, YuT, et al. Identification and estimate of
procedure for the determination of the method detection limit, biomass burning contribution to the urban aerosol organic carbon
revision 2[ EB/OL]. https://nepis. epa. gov/Exe/ZyNET. exe/ concentrations in Beijing[ J]. Atmospheric Environment, 2004,
P100QHM5. TXT? ZyActionD = ZyDocument&Client = 38(9): 1275-1282.

EPA&Index = 2016 + Thru + 2020&Docs = &Query = &Time = [37] WRIL, 255, ThEEmT, 45, MRS 5 3 A8 be R b 4l Bk 4
&EndTime = &SearchMethod = 1&TocRestrict = n&Toc = PM, sIE LB TRE X IEM[J]. + E# A, 2016, 22
&TocEntry = &QField = &QFieldYear = &QFieldMonth = (2): 104-107.

&QFieldDay = &IntQFieldOp = 0&ExtQFieldOp = 0&XmlQuery = Chen J, Fei Y, Ma X Y, et al. Risk assessment on heavy metal
&File = D% 3A% 5Czyfiles% 5ClIndex% 20Data% 5C16thru20% elements of fine particulate matter PM, 5 in fly ash origin from
5CTxt%  5C00000001% 5CP100QI45. txt&User = coal and waste incineration [ J ]. China Powder Scif‘:_nce and
ANONYMOUS&Password = anonymous&SortMethod = h% 7C- Technology, 2016, 22(2) ; 104-107. . -~
&MaximumDocuments = 1&FuzzyDegree = 0&ImageQuality = [38] Pan Y P, Wang Y S}, Sun Y, et al. Size- lesolve'd.,-aréfosol trace
175¢8/175¢8/x150y150g16/1425&Display = hpfr&DefSeekPage elements at a_yural mountainous site in NorE.hern “China.
= x&SearchBack = ZyActionL.&Back = ZyAPtionS&Ba(‘k“Déi(‘ = importance nf"‘.‘re.gional transport [ J . gcien(.’,_@-'ul Of: f:_}heaTotal
Results% 20page&MaximumPages = l&ZyEntry = 1&SeekPage = ILnVlronment; 2013, 461 '462 761-771. ‘:‘,
x&ZyPURL, 2021-07-01. [39] Fabretll ] F,"Sauret' N, Gal ] ¥, et al. Elemental aqaracterlzg}hon

[29] Jiang N, Liu X H Wang S, et al. Poﬂution (’hararlf'rizatidn and Sour(‘e ﬂentlflc tion | of | PM, 5 using *‘posilives matrix

_seurce ldenllfléallon, and health risks/ of almosphenc pﬂrtlg‘.l'é— factorlzatl'on. [he Malraux Road tunnel, Nice, Franc“e'u [l
" bound hea.vy me]!dls in PM,, and PM, g at .»-mulﬂ.pl e n_an Almospflerlc Research }2009 94. 320-329. . ) .-"-...
= emerging m'@g-a(’,lty in the central region-of Chl-rla[]] Aero‘snl and [40] LiuQY, Lin Y J,/ YingJ X, et al. Chemical charavterlstlc% an'(']
| Air Quahty Reseaich 2019, 19(2) : 247- 271 J sourcé ap}ﬁ{;tlonment of PM]O during Asian dust $torm and _fion-
Wang Y], Bao S W, Wang S X, et al. 'Local andjreglonal dust storf daysin Beijing[ J].! Atmospheric Environment Q614,

301/

"‘ han eplsbdcils J]. Sme‘nce of the total ILHV]I‘Cmmel’ll %_917 580-‘#/,/”

cont]‘lbutlon@ tolfihe particulate matter |in éel_]lng dunng heavy

| 283:296.% v -

[31]

[32]

[33]

fISJ‘HTﬁ)\EMUL flUllFﬁ)\ﬁﬂfﬁi?@kﬁ“”ﬁ?@ﬁ
AR A TS (2018 AREIT) B93E A1 EB/OL]. htlp.//pubh(,.
zhengzhou. gov. en/10EBT/217654. jhtml, 2018-10-23.
Cancio J L, Castellano A V, Hernandez M C, Metallic
species in atmospheric particulate matter in Las Palmas de Gran
Canaria[ J]. Journal of Hazardous Materials, 2008, 160(2-3) :
521-528.

Shah M H, Shaheen N.
composition of atmospheric aerosols collected in Islamabad,
Pakistan[ J ]. Atmospheric Research, 2010, 95 (2-3): 210-

et al.

Seasonal behaviours in elemental

[41]

[42]

=

91 85:94.

BHET, B2, WM, S 2017 SEUT A A AL
PP HASIEST BT[] IREERHERSE, 2020, 33(1) : 63-72.

LiY Y, Li J, Zeng S L, et al.
particulates in the eastern Fenwei Plain in 2017[ J]. Research of
Environmental Sciences, 2020, 33(1): 63-72.

Ffh, M, WS, B T ERT PM, I S Ay
AESMT 2 2015-2017 @[J]. IRl 2018, 38(10)
3816-3825.

Jiang L, Zhou H F, Lai Z Z, et al. Analysis of spatio-temporal
characteristic of PM, 5 concentrations of Chinese cities: 2015-
2017[J]. Acta Scientiae Circumstantiae, 2018, 38(10) : 3816-
3825.

Analysis of atmospheric



HUANJING KEXUE Vol.43  No.4

Environmental Science (monthly) Apr. 15, 2022

CONTENTS

Analysis on Spatial-temporal Characteristics and Driving Factors of PM, 5 in Henan Province from 2015 to 2019 «++reeeseererrsereeresseennsneenennenss GE Qixu, LIU Yan, YANG Hong, et al. (1697)
Pollution Characterization, Source Identification, and Health Risks of Atmospheric Particle-Bound Heavy Metals in PM, s in Zhengzhou City: Based on High-resolution Data ~ ++++++sesveeeeee

-+ QU Guang-hui, SUN Jun-ping, WANG Shen-bo, et al. (1706)
Source Analy51s and Composnwn Characteristics of Water-soluble lons During Spring Festival in ngbo * YANG Meng-rong, PAN Yong, HUANG Zhong-wen, et al. (1716)
Characteristics of Nitroaromatic Compounds in PM, 5 in Urban Area of Shanghai ««+«seeeeesesessensisennen: ZHUANG Min, MA Ying-ge, CHENG Yu-huang, et al. (1725)
Characteristics and Sources of Nitrated Phenols in Atmospheric Fine Particles of Northern Suburban Nanjing ««+:«+sesseseeeeeseseneenes CHEN Mei-juan, QIAN Zi-he, GU Chen-juan, et al. (1738)
Variely of the Composition and Sources of VOCs During the Spring Festival and Epidemic Prevention in the Pearl River Delta ++ JIANG Ming, YUAN Luan, WEN Li-rong, et al. (1747)
Speciated Emission Inventory of VOCs from Industrial Sources and Their Ozone Formation Potential in Chongging = +++«+seesresrsereeeerenneneeens LI Ling, LI Zhen-liang, FANG Wei-kai, et al. (1756)

Volatile Organic Compound Emission Characteristics and Influences Assessment of a Petrochemical Industrial Park in the Pearl River Delta Region +e«+eereeeeserserensmsiencnennincnenennes
ZHANG Xue-chi, SHA Qing-e, LU Meng-hua, et al. (1766)
LIU Xin-hui, ZHU Ren-cheng, JIN Bo-giang, et al. (1777)

WEI Xiao, ZHANG Yong-jie, WANG Pei-tao, et al. (1788)
Coordinated Control of PM, 5 and O in Hangzhou Based on SOA and 03 Formation Potential L LRI LIN Xu, YAN Ren-chang, JIN Jia-jia, et al. (1799)
Effect of WESP on Emission Characteristics of Condensable Particulate Matter from Ultra-low Emission Coal-fired Power Plants —«+xseereesesereresenenimenennnins
WANG Peng-cheng, YUAN Chang, LIANG Sheng-wen, et al. (1808 )
Measurement Analysis and Superposed Effect of Residential Indoor Air Pollutants in Xi’'an WANG Xiu-ru, FAN Hao, FAN Jie, et al. ( 1814)
Occurrence of Atmospheric ( Micro) plastics and the Characteristics of the Plastic Associated Biofilms in the Coastal Zone of Dalian in Summer and Autumn -+ :
........................................................................................................................................................................... TU Chen, TIAN Yuan, LIU Ying, et al. (1821)
Spatiotemporal Distribution of Ammonia Emissions from Poultry Farming in the Yangtze River Delta Based on Online Monitoring Derived Local Emission Factors «+esxeseeeseereresesissscnnsnens
GAO Zong-yuan, XU Chang, NI Yuan-zhi, et al. (1829)
Agricultural Ammonia Emission Inventory and Its Distribution in Xining City YANG Yi, JI Ya-qin, GAO Yu-zong, et al. (1844)
Analysis of the Urban Water Eco-environment Protection Strategy in the Beijing-Tianjin-Hebei Region from “Three Waters” Overall Planning -+ LIAO Ya, HOU Xiao-shu, REN Xiao-hong ( 1853)
Non-carcinogenic Risk Assessment of Cadmium Exposure Through Drinking Water in Chinese Residents Based on Age-stratification Weight —+«+reeeeresserrersenesemeniensnnicnensininennnens
......................................................................................................................................................... QIN Ning, Ayibota Tuersunbieke, LIU Yun-wei, ef al. (1863)
Hydrochemical Characteristics and Transformation Relationship of Surface Water and Groundwater in the Plain Area of Bortala River Basin, Xln]lang """"""""""""""""""""""""
o LEI Mi, ZHOU Jin-long, ZHANG Jie, et al. (1873)
Hydrochemical Composition Characteristics and Control Factors of Xiaohuangni River Basin in the Upper Pearl River TU Chun-lin, YIN Lin-hu, HE Cheng-zhong, et al. (1885)
Temporal and Spatial Variation Characteristics and Driving Factors of Nitrogen of Shallow Groundwater in Hetao Irrigation DiStrict ««+«+«ssesssssssressessneneniensnennnnsncnsinn s
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' ++++=+ YUAN Hong-ying, YANG Shu-qing, ZHANG Wan-feng, et al. (1898)
Provenance of Groundwater Solute and Its Controlling Factors in Yancheng Area -+ -+ WANG Jian, ZHANG Hua-bing, XU Jun-li, et al. (1908 )
Hydrogen and Oxygen Isotopic Characteristics of Different Water and Indicative Significance in Baiyangdian Lake -+ seweeees WANG Yu-shan, YIN De-chao, QI Xiao-fan, et al. (1920)
Optical Composition and Potential Driving Factors of Chromophoric Dissolved Organic Matter in Large Lakes and Reservoirs in the Eastern Region of China «+:eseeseereeeeresenensnnienennn
CHEN Li-li, XIAO Qi-tao, YU Xiao-gin, et al. (1930)
Fluorescence Spectral Characteristics of Dissolved Organic Matter in Songhua Lake Sediment CHENG Yun-xuan, ZHAO Ke, ZHANG Yue, et al. (1941)
Abundance and Fluorescent Components of Dissolved Organic Matter Affected by Land Use in a Drinking Water Source -+ » GAO Jing, PU Xiao, ZHANG Yu-hu, et al. (1950)
Emission of Methane from a Key Lake in the Eastern Route of the South-to-North Water Transfer Project and the Corresponding Driving Factors »«+«+seseeseereeesesenenseineneninninennn
..................................................................................................................................................................... ZHU Jun-yu, PENG Kai, LI Yu-yang, et al. (1958)
ic Acid Esters in Surface Water of Qiandao Lake, China ««+«esreserereesrenesseminenmnininsnnnins

MI Qixin, GUO Xiao-chun, LU Shao-yong, et al. (1966)
Phosphorus Adsorption Characteristics and Loss Risk in Sediments of Lake Bay During the Overwinter Period of Cyanobacteria ++ JIN Zheng-hai, TU Cheng-qi, WANG Shu-hang, et al. (1976)
Ecological Quality Assessment of the Wetlands in Beijing: Based on Plant Diversity «eesreoreresesemeseneninineninniniiin s LI Guo, SUN Guang, ZHAO Zi-yi, et al. (1988)
Effects of Pollution Control of Xiaoging River on Environment Factors and Phytoplankton Community in the Laizhou Bay seeeeeeens ZHANG Jing-jing, WANG Yu-jue, LI Fan, et al. (1997)
Effects of Different Aeration Treatments on Bacterial Diversity, Metabolic Activity, and Function in Constructed Wetlands -+ WANG Fei-peng, HUANG Ya-ling, ZHANG Rui-rui, et al. (2007)
Analysis on the Source Tracing and Pollution Characteristics of Rainfall Runoff in the Old Urban Area of Nanning City +++ YUE Zhen-wu, LI Yi-ping, ZHOU Yu-xuan, et al. (2018)
Effects of Aging on the Cd Adsorption by Microplastics and the Relevant Mechanisms ~ +++eereeeeereeneeenes WANG Jun-jie, CHEN Xiao-chen, LI Quan-da, et al. (2030)
Carbonized Foam Supported Co;0, Activated Peroxymonosulfate Towards Rhodamine B Degradation «+:+seesveseseseeserseinieinisineens WANG Yuan-yuan, YAN Xin, Al Tao, et al. (2039)
Promoting Nitrogen Removal in ANAMMOX Biofilm Reactor by Fe? * Under Low Nitrogen Concentration ZHENG Xu-wen, QIN Jia-fu, WANG Xiao-jun, et al. (2047)
Investigation on Oxygen Gas-liquid Mass Transfer in Sewage Pipelines Under Enhanced Ventilation ««+-+sseseeererseesesnennenmsinennennn YANG Zhou, ZHANG Zhi-qiang, YANG Jing, et al. (2055)
Characteristics and Assessment of Heavy Metal Contamination in Soils of Industrial Regions in the Yangtze River Economic Belt ZHANG Yi, ZHOU Xin-quan, ZENG Xiao-min, et al. (2062)
Distribution and Environmental Significance of Rare Earth Elements in Typical Protected Vegetable Soil, Northern China ++ WANG Zu-wei, LIU Ya-ming, WANG Zi-lu, et al. (2071)

Sources Identification, Ecological Risk Assessment, and Controlling Factors of Potentially Toxic Elements in Typical Lead-Zinc Mine Area, Guizhou Province, Southwest China ~ «+++++veeeeees
..................................................................................................................................................................... ZHANG FU'gUi, PENG MiH, HE Liﬂg, et ﬂ/l. <2081 )
Distribution Characteristics of Heavy Metals in Soils Affected by Different Land Use Types in a Superimposed Pollution Area with High Geological Background — «+«eveseesesresseseesennennsnen

................................................................................................................................... WANG Xue-wen, LIU Hong-yan, GU Xiaofeng, et al. (2094)
Distribution Characteristics of Heavy Metals in Farmland Soils Around Mining Areas and Pollution Assessment WANG Hai-yang, HAN Ling, XIE Dan-ni, et al. (2104)
Concentration Characteristics of Heavy Metals in Farmland-Sphagnum System and Ecological Risk Assessment ++ ZHU Di, ZHANG Zhao-hui, WANG Zhi-hui (2115)
Spatial Variation and Influencing Factors of Soil pH in Anshun City «++essesseresessssrenrsssssnsnsmnnntss e ++= CHEN Qing-xia, LU Xiao-hui, TU Cheng-long (2124 )
Synergistic Repair Effect of Calcite-Based Passivator and Low-Accumulation Maize ++++etsetoveeesesssnsssmsntnenmininisnnesne REN Chao, REN Yu-zhong, LI Jing-tian, et al. (2133)
Effects of Burkholderia sp. Y4 on Cadmium Damage and Uptake in Rice Seedlings + ZHANG Ya-hui, LIU Yue-min, WANG Chang-rong, et al. (2142)
Changing Characteristics of Carbon-Based Greenhouse Gas Fluxes in Paddy Field in the Middle-Lower Yangtze Plain in China +-esseoveoveeeeeeees LIU Shuo, ZHEN Xiao-jie, LIU Gang, et al. (2151)
Effects of Plastic Film Mulching and Biochar Application on N,0 Emission from a Vegetable Field - HU Jian, JIANG Chang-sheng, CHEN Xin-tong, et al. (2163)
Effects of Nitrogen Fertilizer Management on CH, and N, O Emissions in Paddy Field ZHENG Mei-qun, LIU Juan, JIANG Pei-kun, et al. (2171)

Structure and Functional Diversity of Bacterial Community in Rhizosphere Soil of Typical Vegetation in the Riparian Zone Along the Downstream of Songhua River

Effects of Cotton Stalk Returning on Soil Enzyme Activity and Bacterial Community Structure Diversity in Cotton Field with Long-term Saline Water Imvallon : :
ZHOU Yong-xue, CHEN Jing, LI Yuan, et al. (2192)
Effect of pH on the Abundance and Community Structure of Comammox Nitrospira in Paddy Soils -+ +++ MA Rui, ZHAO Yong-peng, WANG Zhi-hui, et al. (2204 )
Effects of Biochar on Soil Organic Carbon of Eroded Cultivated Layer of Slope Farmland in Purple Hilly Area ««+:esreosereseesennenen ZHANG Jian-le, ZENG Xiao-ying, SHI Dong-mei, et al. (2209)

Effects of Organic Fertilizer Replacing Chemical Fertilizer on Organic Carbon Mineralization and Active Organic Carbon in Dryland Yellow Soil +«+«sseseessereererereneneeiincnennsiiniinsnnes
............................................................................................................................................................ LIN Shi-fang, WANG Xiao-1i, DUAN Jian-jun, et al. (2219)

Soil Organic Carbon Storage, Active Component Contents, and Stability Along a Flooding Gradient in the Tidal Wetland of the Jiulong River Estuary = «eseereeeeseseressermenensnninennn
............................................................................................................................................................ HUANG Xiao-qing, TONG Chuan, LUO Min’ et ﬂ/l. <2226)

........................................................................................................................................................ . LIU Xiang-hong, YAN Y()Hg-jlll’l, LIL W’ei’ et (ll. (2237 )



