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Pollution Characterizations and Odeatlve Potentials Qf Water-Soluble Organic¢ Matters

at Different’ Polarlty Levels in, Wn}ter PM2 s Over Xi’ an
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Abstract Atmoqpheno fing_particulate matter (PM, 5) canl produoe reactive oxygen species (ROS) , whichthave adverse effects on health. Acidic, neutral, and hlghl\ polar
waterfgoluble organic matter (WSOM,).sis an important ‘component of ROS in organie aertl)solb PM, 5 samples were collected in winter2019 in Xi’an City to deeply explore the
pollutioil‘n cha.ractelistiqs'and health'risks of WSOM components with diﬁ"erent"p'bll:gl_ijgvlg;iels. The results showed that the concentration of WSOM in PM,  in Xi’an was (4. 62
+1. 89) ug"n; = , humic-like substances (HULIS) were an important part of WSOM (78.81% +10.50% ), and the proportion of HULIS was higher in haze days. The
concentrali(l)nu levels of three WSOM components with different polarities in haze and non-haze days were: neutral HULIS ( HULIS-n) > acidic HULIS ( HULIS-a) > highly-
polarity WSOM( HP-WSOM) and HULIS-n > HP-WSOM > HULIS-a. The oxidation potential (OP) was measured using the 2", 7’-dichlorodihydrofluorescein ( DCFH)
method. It was found that the law of OP  in haze and non-haze days was HP-WSOM > HULIS-a > HULIS-n, and the characteristic of OP, was HP-WSOM > HULIS-n >
HULIS-a. During the whole sampling period, OP, was negatively correlated with the concentrations of the three components of WSOM. The OP_ of HULIS-n (R* =0.8669)
and HP-WSOM (R® =0.8582) in haze days were highly correlated with their respective concentrations. The OP, of HULIS-n, HULIS-a, and HP-WSOM in non-haze days
were strongly dependem on their respective component concentrations.

Key words: water-soluble organic matter( WSOM) ; humic-like substances( HULIS) ; oxidation potential( OP) ; reactive oxygen species(ROS) ; carbon concentration
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Fig. 1 Distribution of PM, 5 concentration during sampling period
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Fig. 2 Proportion of each component in PM, 5
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[(1.96 + 1.06) pg-m™ Al (1.37 = 0.39) JRBEHE RO 15 e, HLVG 2 kb SC b 4, 5 g
pgem )PV X FE S ACRFE A ML B RIS MRS TV X Y5 e T L
TRASIEARRA . V9% D & R BRI e XE PR =

F1 PEHZA WSOM F1 HULIS B3R EEFALb X bk

Table 1~ Comparison of concentration and ratio of WSOM and HULIS in previous studies

WF5E X3k RAESEAY SRAE I H] P (WSOI\Q r (HULI:? p(HULIS)/p(WSOM)  CHk
/pg m /pgrm

M, T E PM, ; 2018 4F 12 H % 2019 4F 1 H 5.54 £3.44 2.61 £1.79 0.45+0.13 [35]
e, R E () PM, s 2017 411 ~12 A 10.03 +5. 05 5.75 £2.73 0.59 [36]
sk, P E () PM, s 2017 411 ~12 A 14.07 +7. 34 7.39 £3.35 0.55 [36]
WML, PECE) PM, 2017 41 ~3 A 7.94 £3.19 4.18 0.51 0. 05 [37]
HML P E () PM, ; 2017 41 ~3 A 7.31 £3.41 3.74 0.50 £0. 04 [37]
PN PM, 5 2014 412 A& 201541 A 5.8+2.6 3.5+1.6 0. 60 +0. 04 [30]
g, PM, 2013 4E4 HZE 2014 4E2 H 8.41 +4.65 3.51£2.20 0.38 [38]
g, hE TSP 2018 “FH % 2019 4EHZE 13.15 +1. 41 8.35 +2.06 0.63 0. 10 [39]
i, P E(FEX) PM, ; 2015 4E 11 ~12 H 7.05 +3.54 1.96 +1.06 0.27 +0.02 [31]
P E (AR5 ) PM, 20154E 11 ~12 A 4.86 +1.87 1.37 £0.39 0.29 £0. 05 [31]
)\E./J\ ERE () PM,, 2015 4E 12 A& 2016 4E 1 H 32.00 =8. 60 12.00 +3. 40 0.37 £0. 04 _F40]
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Fig. 3  Distribution of HULIS and WSOM concentration during sampling period
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Table 2 Proportion of HULIS and WSOM in PM, 5 during observation/%
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el
5K LE PN 5K LB TS EBN LE TN
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Fig. 4 Changes in carbon concentration of HULIS-a, HULIS-n, and HP-WSOM during the whole sampling period
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2.4 SHALEHSARMNE WSOM 1)K R 51T
AET5 Gk % N HULIS-a, HULIS-n il HP-
WSOM ik 5 OP,, WA PEE S FE 6 fF
NATDLE M, B R Rk EdEE K, 0P, 5
WSOM #5413 I 34 52 GO DG OC &%, S AT AR
G DO R L R B % 4 4 AN T

ARFEA ROS BT o FE RN, Lin 2875 & B2 HE A

R, BRIAMR iP%Ha%ﬂ@@aff?ﬁm%ﬂu? &‘7@_;

ROS' . E\e"%?ﬂﬁ\(ﬁfﬂ(%ﬂn {H%‘ 5 KOs
iﬁi?l‘ﬁ?éé/ﬂﬂ.ﬁtmﬂ?ﬁk lﬁt%ﬁié’jéﬂﬁdﬁﬁ =

K OP,_ 5 HULIS-n-C (R* =0.8669) Fll HP-
WSOC(R* =0. 858 2) HA B =M e Ui =5 PM,, |
VREETR , WSOM ) S A 44 32 %2 i HULIS-w 1 HP-
WSOC 5 k. 4k 46 K HULIS-a-C (R = ,0/9368)
HULIS-n-C ( Ri== 0.8662 ). HP- WSOC (R2 =
0.927 6) ¥ 55 0P, BRAIE, wﬁﬁﬂ{&mﬁ%éﬁ% o}
AL 53 vl JEE AT AR B B, B HULIS 4b HP-
WSOM X} (OP. W W rﬁk [F] i} 2 & % B %
PM“E’HJH% (HULIS-4) 560, 135, 0t HLBH
G Y ﬁHEKHULIS a 7 4 ROS H’J%ﬁlﬁﬂz

o

ﬁ%ﬁ%z%ﬁﬁiﬁ% oo« wE (g y
IH' i | J ‘.“ ! .
240 50 200
510 (a) HULIS-a-C (b) HULIS-n-C (¢) HP-WSOC
21 . .
40 + 160 L
_ 180 »=-80.49x + 135.85 - y=-6.89x + 5231 - y=-6571x+ 18188
% 150 R=03407 Eﬁ w0l R =0.8669 :j 120 R=0.8582
£ 120 s 2
£ £ 5
) o 20 o5 80
=] = =]
60
10} 40 .
30
0 0 0
0 0.5 1.0 1.5 2.0 0 2 4 6 8 ] 1 2 3
He e lug-m™ e /pugem He g ngm™
E5 EXEZAS OP, SASBREEXM
Fig. 5 Correlation between OP, and carbon concentration of each component in haze days
120 50 100
. (a) HULIS-a-C (b) HULIS-n-C (¢) HP-WSOC
100 1 a0 | 80}
T 20 3= -80.52¢ + 149.62 - = -6.84x + 5038 - y=-16.49x + 84.22
w 80| 2l £ 2 @ 2
_i._ R-=059368 230t R==0.8662 %._ 60 b N R-=0.9276
E 60 g E .
o o 20t o 40}
Z 40t = =}
20t 10} 20t
0 _ - 0 0
0 0.5 1.0 1.5 2.0 2.5 0 2 4 6 8 0 1 2 3 4
e JE/pugem HeJiE ng-m™ HeE lngem™

B 6 IEJXREZHS OP, SAENBIREHEXE

Fig. 6 Correlation between OP, and carbon concentration of each component in non-haze days



1888 7D 53

=2 14 %

3 i

(1) N30 300 ) sk 5 42 b AN JCHIL S T R P e & 2
PM, (#f i FE 5. i OC/EC >2, NO; /SO;~
>1 DR K FEBHE TR 7 L D0 P 22 4 27T X
PM, s HLBH ZEHEC . Wk TS G AN A= 49 o 498 e 3 [
=i

(2) HULIS /& WSOM [ 5 22 4l Wi & 43, 2 K
WSOM Ht HULIS 7 LB, 3 K FldfE 58 K HULIS-n
ek B 41 T HULIS-a F1 HP-WSOM.

(3) 4143721 ROS HYAE 75 HAH /0 e ik Bl g
PM, 75 YL K P-FF o280 IE AR OC 56 28, AR A 2H 43 Tk
W RE ST R & i B0, X EE R 441 2 5
PR E .

(4)BARFEWI ] OP, 5 WSOM Ay =
B B R UG R, T BEJE: T4 v B se ) i
JLF-J6 ROS AR A7, (HE L b He s K S5 R
WSOM F{4 A3 32 H HULIS-n Fl HP-WSOM 5t
ik, 9 G K Op, W HULIS-a, HULIS-n"“%ﬂ HP-

K4

m

WSOM Skl | V. |

suin. /4

[1 ] Tan J H, XlangP ZhouXM
| of humic- hke %ubstan(es (HULIS) in BM, s in‘Lanzhou, @hina
A [J]. Science of the Total Environment, 2016/, 57‘3 1481-1490.

o ey S .
et al. €hemical c! ardcerization

[2 ] Laslgm A, Laskin?], Nizkorodov S A. Chel’%nstry of# atmoSpherlc
" broﬁn carbon[ J]. Chemwal Reviews, 2015 115( IQ) 4335- &
4382 a =

[3] Faq X J, Song®] Z, Peng P A. Temporal variations of the
abundance and optical properties of water soluble humic-like
substances ( HULIS ) in PM, s at Guangzhou, China [ J].
Atmospheric Research, 2016, 172-173 . 8-15.

Fan X J, Wei S Y, Zhu M B,

characterization of humic-like substances in smoke PM, 5 emitted

et al. Comprehensive
from the combustion of biomass materials and fossil fuels[ J].
Atmospheric Chemistry and Physics, 2016, 16 (20) . 13321-
13340.

Ma Y Q, Cheng Y B, Qiu X H, et al. Optical properties, source
apportionment and redox activity of humic-like substances
(HULIS) in airborne fine particulates in Hong Kong [ J].
Environmental Pollution, 2019, 255, doi: 10. 1016/j. envpol.
2019.113087.

[ 6] Ghio AJ, Madden M C. Human lung injury following exposure to
humic substances and humic-like substances[ J]. Environmental

Geochemistry and Health, 2018, 40(2) ; 571-581.

[7] Huo Y Q, Wang Y, Qi W M, et al. Comprehensive
characterizations of HULIS in fresh and secondary emissions of
crop straw burning[ J]. Atmospheric Environment, 2021, 248,
doi;10. 1016/]. atmosenv. 2021. 118220.

[ 8] Zheng GJ, He K B, Duan F K, et al. Measurement of humic-

a review [ J ]. Environmental

Pollution, 2013, 181: 301-314.

like substances in aerosols:
[9] Gysel M, Weingartner E, Nyeki S, et al. Hygroscopic properties
of water-soluble matter and humic-like organics in atmospheric
2004, 4

fine aerosol [ J]. Atmospheric Chemistry and Physics,

[14]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

(1):35-50.
Zhou R C, Chen Q C, Chen J, et al. Distinctive sources govern
organic aerosol fractions with different degrees of oxygenation in

the urban atmosphere[ J]. Environmental Science & Technology ,

2021, 55(8) : 4494-4503.

Yan Y, Zhang Y, Zhang Y X. The advances of water-soluble
organic compounds in atmospheric particles [ J].
Environmental Sciences, 2019, 32(11) . 1800-1808.

XuX Y, Lu X H, Li X, ROS-generation potential of
Humic-like substances ( HULIS) in ambient PM, 5 in urban
Shanghai ;
absorbance [ J ].
chemosphere. 2020. 127050.

Lin P, Yu J Z. Generation of reactive oxygen species mediated by
[T
10362-

Research of
et al.

association with HULIS concentration and light

2020, 256, doi: 10. 1016/].

Chemosphere,,

atmospheric  aerosols
Environmental Science & Technology, 2011, 45(24) .
10368.

Page S E, Sander M, Arnold W A,
formation upon oxidation of reduced humic acids by oxygen in the
dark[J]. Environmental Science & Technology 201'2 46(3) :
1590-1597. | = "'_‘

Xiong Q S, Yu H.R, Wang R R, et al. Rethinking ld'ithioﬂlreitol—
based p§rlicf1-late

humic-like  substances in

et al. Hydroxyl radical

matter. oxidative potenti;af; aneasuring

dithiothreitol " conburﬁpuoln reactives oxxg.én
generdti&h[ 1. En‘Vlrdnmentdl Science & Technoldgy, .2017 51
(11) :/6507- 6514 ) F

Shan X I, Liu L LiG, et al “PM, 5 and the typical componenw

versus speues

cause organelle damagel,k apoplosw and necrosis ; role of reaoﬁve I

o
oxygen speues[]] Sclence of the Total Envmmment 202F,
782 ,+doi ; JffO 1016/j: scilolenv 2021.146785. J
Chen X €, Chuang H C, Ward T J, et al. Toxicological elfects

of personal exposure to fine particles in adult residents of Hong

Kong[J]. Environmental Pollﬁ.tion, 2021, 275, doi: 10. 1016/
j. envpol. 2021. 116633.
Sricharoenvech P, Lai A, Tefera W, et al. Reactive oxygen

species (ROS) activity of fine particulate matter health impacts
in Addis Ababa, Ethiopial J].
2021, 12(9), doi: 10.1016/j. apr. 2021. 101149.
Rao L F, Zhang L Y, Wang X Z,
induced by ambient particulate matters with acellular assays:

2020, 8 (11), doi: 10. 3390/

Atmospheric Pollution Research,

et al. Oxidative potential

areview [ J ]. Processes,
pr8111410.
Campbell SJ, Wolfer K,

conditions and composition that

Utinger B, et al. Atmospheric

influence PM, 5 oxidative
potential in Beijing, China[J]. Atmospheric Chemistry and
Physics, 2021, 21(7) : 5549-5573.

Pirhadi M, Mousavi A, Taghvaee S,
components of PM, 5 in an urban environment: volatility profiles
[J].
10. 1016/j. atmosenv. 2019.

et al. Semi-volatile

and  associated  oxidative

2020, 223, doi:

potential Atmospheric
Environment
117197.

Zhang T, Shen Z X, Zhang L M,
China
functional group, and source identification [ J ].
Research, 2020, 234, doi: 10. 1016/]. atmosres. 2019. 104784.

Turpin B J, Lim H J. Species contributions to PM, 5 mass

et al.

PM, 5 humic-like

substances over Xi’an, optical properties, chemical

Atmospheric

concentrations: revisiting common assumptions for estimating

organic mass [ J]. Aerosol Science and Technology, 2001, 35
(1): 602-610.
Tao J, Zhang L M, Zhang R J, et al. Uncertainty assessment of

source attribution of PM, 5 and its water-soluble organic carbon



4 34

BT LA TE PM, s HARER A PEA DL B 5 R Rl S R i 3

1889

[25]

[26]

[27]

307

I,.-Atmoqpherlc Pt)llutlon Research, 2021,
j- dpr. 2021 101992

content using different biomass burning tracers in positive matrix
factorization analysis-a case study in Beijing, China[ J]. Science
of the Total Environment, 2016, 543, 326-335.

Tao Y, Sun N, Li X D,
characteristics and sources of PM, 5 humic-like substances at
industrial and suburban sites in Changzhou, China [ J].
Atmosphere, 2021, 12(2), doi: 10.3390/atmos12020276.
IR, BORIE, T84, & KRIEHT ARG RERE T PM,
M2 THOCRFE BRA T (1], BRERLE, 2022, 43
(5):2317-2328.

Ren J, Zhao R R, Wang M, et al. Chemical compositions, light

extinction effect, and oxidative potential of PM, 5 under different

et al. Chemical and optical

pollution levels during winter in Taiyuan [ J]. Environmental
Science, 2022, 43(5) : 2317-2328.

Pk, Bl BiarakR, G5 ERUNEIRT PM, TS5 YLRRAE Kok
{ﬁﬁ?’rﬁ[ J]. BB TRER M ( HARBLARR) , 2022,
14(2) . 137-147.

Jiang B, Huang S, Mo L Z,

apportionment of PM, 5 in a South China coastal city[ J].

et al. Characteristics and source
Journal
of Nanjing University of Information Science & Technology
( Natural Science Edition) , 2022, 14(2); 137-147.

Cheng Y, Engling G, He K B, et al.

contribution to Beijing aerosol [ ] ].

Biomass*=“burning
Atmospheric Chem‘i‘-.sh'“y and
Physics, 2013, 13(15) . 7765-7781.

Yu G H, Pak S.
apportionment of PM;, 5 at an urban site m Gwangju , Korea[-J7"

12(6) dgi 101‘10;.6/'

Chemical characferization jand source

AT, AT Wik, % F‘Jllkémi@'ﬂi P/ S tﬁfﬁm
RS O P 1 5 S A B L4 o SR,
12019, 40(2) . 532-539. i i J

[31]

[32]

[34]

Fan‘X J, YuiX F, Cao T,

et al,

i
ﬂuorescence characterls‘tlcs of almospherlc water %oh}rb“le org 1{]/

/| compounds’and humlc like substances during the winter seasoi

Gga;'i.lgzhnu[ J ]. “Environmental Science, 2019, 40 (2). 532-
539.

Lu SL, Win M S, Zeng J Y, et al. A characterization of HULIS-
C and the oxidative potential of HULIS and HULIS-Fe ( I )

mixture in PM, 5 during hazy and non-hazy days in Shanghai[ J].

Atmospheric  Environment, 2019, 219, doi; 10. 1016/j.
atmosenv. 2019. 117058.
A, B8, WRMS, 55, s a4 0 G 22 i E s K05

i8] 2 é’é%ﬁfﬂﬁﬂcﬁﬁﬁfrﬁﬁ e[ T]. FREIRL
W5, 2020, 33(4) : 809-819.

Bai Y, Yang ], Chen P, et al. Spatiotemporal characteristics and
relationships of main air-pollutantsduring a typical heavy air
pollution in Xi’an city based on a spatial interpolation method
[J]. Research of Environmental Sciences, 2020, 33(4) : 809-
819.
e JEALE, FRER, AF. BKERBRIL M M DX RO 3T
FEAS TSP SZm [ T]. R ( HAREFARR) | 2008,
47(4): 114-117, 121.

LiM H, Fan S J, Wang B M,

pollution of city clusters in the Pearl River Delta in autumn[J].

et al. Effect of sea breeze on air

Acta Scientiarum Naturalium Universitatis Sunyatseni, 2008, 47
(4):114-117, 121.
Zhao M F, Huang Z S, Qiao T, et al. Chemical characterization,

the transport pathways and potential sources of PM, s in

L'Iight“ ab%'g)rptiol;l and J

[35]

[36]

[37]

[38]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

Shanghai ; seasonal variations[ J]. Atmospheric Research, 2015,
158-159: 66-78.

Bao M Y, Zhang Y L, Cao F, et al. Light absorption and source
apportionment of water soluble humic-like substances ( HULIS)
in PM, ; at Nanjing, China[ J]. Environmental Research, 2022,
206, doi: 10.1016/]. envres. 2021. 112554.

Sun H, Li X, Zhu C,
property of humic-like substances ( HULIS) in winter-time PM, s
in the rural area of North China Plain [ J].
2021, 252, doi: 10. 1016/j. atmosenv. 2021.

et al. Molecular composition and optical

Atmospheric
Environment,
118316.
JBE , 253, BEEAE, S WML PM, s AT BB R
RS AT D], BRERLAE, 2019, 40(3) - 1091-1100.

GuY, Li Q, Huang W Q, et al. Day-night characteristics of
humic-like substances in PM, 5 during winter in Changzhou[ J].
Environmental Science, 2019, 40(3) : 1091-1100.

MBI, BRI, BLERR, % J:“(@Tﬁ%m%ﬂl:f"ﬁ/k?ifﬁ
SRR S B Y RRAE [ D] BRI TOR A (A
KRBT ) , 2019, 45(3) : 440-448.
Sun Y Z, Xiu G L, Duan Y S, et al ..Charﬁé.t-eristic‘s of
carbonaceous- compogitions in atmosphen’é parupﬂ"a.l“:a ‘matters
during haze ddys in dianshan lake area, Shdnghkii[] 3 Journal of
East China Umverilty of Smen(‘e and Te(‘hnology, 2012_, 45(3) .
440-448 | ¥ \ '

Sun T M, Li R.?.»'Me'ng Y, Size-segregaté";l al_rpo"s.i)}_l_;é’ﬁc
humic.—.like subgtancesh ( HpLIS ) in Shanghai’
seasorial“{/driati(_);l, and soﬁlrcé- identification [ J ].
2021, fZ(S) doi 10)13390/atm0512050526 s .
Kumar ,V Goel /A, Rajput P. Compo%ltlonal and surface
chara(‘tend{mn of HULIS by|UV-Vis, FTIR, NMR, and XPS

et al.
abundance,

Atmgs“phere -

Wintertime 'stidy in  Northern India [ J ]. Almosphenc
Environment, 2017, 164 ; 468-475.
Chen Q C, Ikemori F, Mochida M. Light absorption and

excitation-emission  fluorescence of urban organic aerosol
components and their relationship to chemical structure [ J].
Environmental Science & 2016, 50. 10859-
10868.

Mukherjee A, Dey S, Rana A,
processing of brown carbon and HULIS in thelndo-Gangetic
Plain; insights from compositional analysis[ J ].
Pollution, 2020, 267, doi: 10.1016/j. envpol. 2020. 115440.
Zhao M F, Qiao T, Li Y L, et al.
apportionment of Hulis-C in PM, 5 in urban Shanghai [ J].
Science of the Total Environment, 2016, 571 18-26.

Trends in PM,
concentration in Nagoya, Japan, from 2003 to 2018 and impacts

Atmosphere, 2021, 12(5), doi:

Technology ,
et al. Sources and atmospheric
Environmental

Temporal variations and source

Yamagami M, lkemori F, Nakashima H, et al.

of PM, 5 countermeasures|[ J].
10. 3390/ atmos12050590.
Ning C P, Gao Y, Zhang H J, et al. Molecular chemodiversity of
water-soluble organic matter in atmospheric particulate matter and
their associations with atmospheric conditions[ J]. Science of the
Total Environment, 2022, 809, doi: 10. 1016/]. scitotenv.
2021. 151171.

Zhang T, Huang S S, Wang D W,

variation of PM, s HULIS over Xi’an in Northwest China: optical

et al. Seasonal and diurnal

properties, chemical functional group, and relationship with
reactive oxygen species ( ROS) [ J]. Atmospheric Environment,

2022, 268, doi: 10.1016/]. atmosenv. 2021. 118782.



HUANJING KEXUE Vol.44  No.4

Environmental Science (monthly) Apr. 15, 2023

CONTENTS

Impact of Climate Change on Summer Ozone in China ++«+s«ssessessessrsesemmsmstntnsstn s HU An-qi, XIE Xiao-dong, GONG Kang-jia, et al. (1801)
Spatial-temporal Variation and Driving Factors of Ozone in China from 2019 to 2021 Based on EOF Technique and KZ Filter -++++-- WANG Hd()-ql ZHANG Yu-fen, LUO Zhong-wei, et al. ( 1811)
Photochemical Mechanism and Control Strategy Optimization for Summertime Ozone Pollution in an Industrial City in the North China Plain = «+-++++++- BRI
-+ ZHENG Zhen-sen, DOU Jian-ping, ZHANG Guo-tao, et al. (1821)
Spatiotemporal Evolution Characteristics of PM, 5-05 Compound Pollution in Chinese Cities from 2015 to 2020 NIU Xiao-xiao, ZHONG Yan-mei, YANG Lu, et al. (1830)
Spatiotemporal Distribution Characteristics of Co-pollution of PM, 5 and Ozone over BTH with Surrounding Area from 2015 to 2021 «+eseeeeeeeeee SONG Xiao-han, YAN Li, LIU Wei, et al. (1841)
Spatio-temporal Variation in PM2 5 Concentration and Its Relationship with Vegetation Landscape Patterns in val(‘al Economic Zones in China from 2000 to 2020 «w+seseeereersesenssssensnees
*+ XU Yong, LI Xin-yi, HUANG Wen-ting, et al. (1852)
Characteristics and Source Apportlonmem of Atmospheric lon Deposition During Winter and Spring in the Core Area of Beijing ZHAO Yu, LI Bei-bei, HUANG Yu-hu, et al. (1865)
Input Characteristics of Dry Deposition of Atmospheric Particulates and Metals in Farmland in the Suburh of Nanjing «+s+ereereresrerseneeicnnnsneeneene LIU Cui-ying, JIN Hao, FAN Jian-ling ( 1873 )
Pollution Characterizations and Oxidative Potentials of Water-Soluble Organic Matters at Different Polarity Levels in Winter PM, 5 Over Xilan «oeeeereseeresrsesenemensnmnsiennnensnsncinneene
.................................................................................................................................................................. LUO Yu, HUANG Sha-sha, ZHANG Tian, et al. (1882)
WANG Hong-lei, LIU Si-han, SUN Jie-juan, et al. (1890)
Characteristics and Source Apportionment of PM, 5 in the Core Area of Ili River Valley in Spring GU Chao, XU Tao, MA Chao, et al. (1899)
Evaluation of Changes in PM, 5 Exposure Concentration and Health Risk for Urban Resident in Zhengzhou Based on High Spatial Resolution Grids «+++steresseresrsrsssssscnneiiiscnininen
..................................................................................................................................................................... LI Yuan, XU Yi-fei, YUAN Ming-hao, et al. (1911)
Emission Inventory of Building Material Industry in Henan Province Based on Multi-source Data Integration LIU Xiao, HU Jing-nan, WANG Hong-mei, et al. ( )
Pollution Characteristics and Source Apportionment of Atmospheric Volatile Organic Compounds in Winter in Kaifeng City SHI Yu-qi, ZHENG Kai-yun, DING Wei-ting, et al. (1933)
(1943)
(1954)

Changes in 05-VOCs-NO,, Sensitivity and VOCs Sources at an Urban Site of Nanjing Between 2020 and 2021 ««+v+eereeeererrersrsesneennensenes LU Xiao-bo, WANG Ming, DING Feng, et al.
Variation Characteristics and Ozone Formation Potential of Ambient VOCs in Urhan Beijing in Summer «+-«+-+ssesseseesessessensenenennsienens ZHANG Rui, SUN Xue-song, WANG Yu, et al.
Chemical Characteristics and Source Apportionment for VOCs During the Ozone Pollution Episodes and Non-ozone Pollution Periods in Qingdag »«+«+x++sessereerersesenensenenenennsininennsnen
JIA Zhi-hai, GU Yao, KONG Cui-li, et al. (1962

YU Hui, WEI Na-na, XU Xue-zhe, et al. (1974

)

Characteristics of 05 Production in the Western Suburb of Hefei in Summer Based on the Observation of Total Peroxy Radical )
Evaluation of Energy Saving and Carbon Reduction Effect of Air Pollution Prevention and Control Action Plan and Innovation Intermediary Effect - )
Scenario Simulation and Effects Assessment of Co-control on Pollution and Carbon Emission Reduction in Betjing YU Shan, ZHANG Shuang, ZHANG Zeng-jie, et al. (1998)
)

)

Simulation of Anthropogenic CO, Emissions in the Yangtze River Delta Based on Different Emission Inventories MA Xin-yi, HUANG Wen-jing, HU Ning, et al. (2009
Water Quality Change Trend and Risk Analysis of Wuhan Hanjiang River Water Source — +««+eessesessesserensensnienienennininsniincneee ZHUO Hai-hua, LOU Bao-feng, XU Jie, et al. (2022
Pollution Characteristics and Risk Assessment of Antibiotics and Resistance Genes in Different uhan Section of the Yanglze River =«+esereereereseesenenenenincnenenes

- R IR AL IL LT +++ LI Bo-lin, ZHANG He, WANG Jun, et al. (2032)
Occurrence Characteristics, Sources, and Tox \ pical Rivers of Northern Shaanxi Mining Area, China = «ooesesereereesesisnenenenees
.................................................................................................................................................................. WU Xi-jun, DONG Ying, ZHAO Jian, et al. (2040)
Spatio-temporal Characteristics of Organic Aggregates and the Driving Factors in Typical Lakes w+veeoeesrerreesesenenencnnes XIE Gui-juan, GONG Yi, ZHU Fu-cheng, et al. (2052)
Distribution Characteristics and Risk Assessment of Microplastics in Water of Different Functional Parks in Guilin - *+ LI Pei-zhao, WU Li, HUANG Fei-fei, et al. (2062)
Environmental Driving Factors and Assessment on the Aquatic Ecosystem of Periphytic Algae of Six Inflow Rivers in Yangtze River Basin +++++++ ZHANG Jing, HU Yu-in, HU Sheng, et al. (2072)
Influence and Driving of Environmental Heterogeneity on the Epilithic Diatom Community in Xiangxi River, a Tributary of the Three Gorges Reservoir Area «+sesseseeseeseeesenenseneninennsen
........................................................................................................................................................................ J1 Lulu, ZHAO Lu, OUYANG Tian, et al. (2083)
Characteristics of Phytoplankton Communities and Key Impact Factors in Three Types of Lakes in Wuhan ZHANG Hao-kun, MIN Fen-li, CUI Hui-rong, et al. (2093)
Effects of Heavy Metal Pollution on the Structure of Microbial Communities in Different Habitats ««+«+essessesserseesemenensssninensininennns HE Yi-fan, XIAO Xin-zong, WANG Jia-wen (2103)
Structure and Distribution Characteristics of Bacterial Community in Boging River Water -+ /ANG Sen, CHEN Jian-wen, ZHANG Hong, et al. (2113)
Effects of Microplastic Exposure on the Community Structure and Function of Symbiotic Bacteria in Sinularia microclavata -+ + LIU Min, CHE Wen-xue, ZENG Ying-xu, et al. (2122)
Distribution Characteristics and Health Risk Assessment of Emerging Contaminants from Raw Water to Drinking Water in Shanghai -+ YAN Qi (2136)
Adsorption Characteristics of Fluoride in Low-Concentration Water by Aluminum and Zirconium-Modified Biochar LIU Yan-fang, GAO Wei, LIU Rui, et al. (2147)
Sorption Characteristics and Site Energy Distribution Theory of Typical Estrogens on Microplastics «+-«+s=+seseeseee- - LIU Jiang-yan, ZHENG Mi-mi, HU Jia-wu, et al. (2158)
Selection and Evaluation of Model Pollutants for Performance Assessment of Advanced Treatment of Industrial Park Wastewater by Ozonation -+ XIN Bo, SHAN Chao, LU Lu (2168)

Identifying Driving Factors and Their Interacting Effects on Sources of Heavy Metal in Farmland Soils with Geodetector and Multi-source Data
......................................................................................................................................................... ZHANG Hong-ze, CUI Wen-gang, LIU Suihua, et al. (2177)
Pollution Characteristics and Source Apportionment of Heavy Metals in Farmland Soils Around the Gangue Heap of Coal Mine Based on APCS-MLR and PMF Receptor Model =~ ++«+««+s+eesee-

MA Jie, SHEN Zhi-jie, ZHANG Ping-ping, et al. (2192)
Contamination and Probabilistic Health Risk Assessment of Heavy Metals in Agricultural Soils Around a Lead-Zine Smelter HUANG Jian-bo, JIANG Deng-deng, WEN Bing, et al. (2204)
Prediction of PAHs Content in Soil Around Gas Stations in Beijing Based on BP Neural Network —«eeeeereseeeseesienenennineniiiiinnn MA Sai-yan, WEI Hai-ying, MA Jin, et al. (2215)
Spatial-temporal Distribution and Risk Assessment of Quinolones Antibiotics in Soil of Shijiazhuang City +++ ZHAO Xin-yu, CHEN Hui, ZHAO Bo, et al. (2223)
Accumulation and Pollution Risks of Heavy Metals in Soils and Agricultural Products from a Typical Black Shale Region with ngh Geological Background ++e+eveeeesevesessensinsinniinennns
............................................................................................................................................... DENG Shuai, DUAN Jia-hui, NING Mo-huan, et al. (2234)
Geochemical Characteristics of Cd in Different Parent Soils in Karst Area and Prediction of Cd Content in Maize - -+ DAI Liang-liﬂng, XU Hong-gen, GONG Hao, et al. (2243)
Pollution Risk and Contribution Analysis of Ph, Cd, and As in Soils and Crops Under Different Land Use Types in Longyan City ««+veseereeseeeeseereens WANG Rui, CHEN Nan, ZHANG Er-xi (2252)
Influencing Factors of Cadmium Content in Wheat Grain; A Meta-analysis and Decision Tree Analysis *+ LIU Na, ZHANG Shao-bin, GUO Xin-yu, et al. (2265)
Response Characteristics of Soil Organic Carbon Pool and Tts Chemical Composition During Secondary Forest Succession in the Loess Plateau »«+-«+«+seseessereeresesenenseinenensnininsnne

i, ZHANG Qi, et al. (2275)

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" JIANG Yuan, GAN Xiao-ling, CAO Feng-feng, et al. (2283)
Response of Soil Microbial Diversity to Long-term Enclosure in Degraded Patches of Alpine Meadow in the Source Zone of the Yellow River «:ereeseeeseererermienienieniiininiiinennn

................................................................................................................................................................. /ANG Peng-nian, L1 Xi-lai, LI Cheng-yi, etal. (2293)

Diversity and Predictive Functional of Caragana jubata Bacterial Community in Rhizosphere and Non-thizosphere Soil at Different Altitude: (2304)

LI Yuan-yuan, XU Ting-ting, Al Zhe, et al.

Effects of Simulated Acid Rain and Nitrogen Deposition on Soil Bacterial Community Structure and Diversity in the Masson Pine Forest - -

*+ WANG Nan, QIAN Shao-yu, PAN Xiao-cheng, et al. (2315)

Effects of Phosphogypsum and Suaeda salsa on the Soil Moisture, Salt, and Bacterial Community Structure of Salinized Soil +++ LIU Yue, YANG Shu-ging, ZHANG Wan-feng, et al. (2325)

Effects of Combined Application of Fungal Residue and Chemical Fertilizer on Soil Microbial Community Composition and Diversity in Paddy Soil =«+«+eeseereeererenensenmenensnniinsnne

++ GENG He-tian, WANG Xu-dong, SHI Si-bo, et al. (2338
+++ HU Jin-hui, XUE Li-hong, QIAN Cong, et al. (2348

)
Effects of Aeration on Surface Water Nutrient Dynamics and Greenhouse Gas Emission in Different Straw Returning Paddy Fields )
Effects of Exogenous Melatonin Treatment on the Growth and Antioxidant System of Rice Seedlings Under Antimony Stress «++ CHU Yu-tan, LI Yan, HUANG Yi-zong, et al. (2356)
Life Cycle Prediction Assessment of Energy Saving and New Energy Vehicles for 2035 «+rvereeerrerererssemeneniininns FU Pei, LAN Li-bo, CHEN Ying, et al. (2365)
)
)
)

Distribution, Sources, and Behavioral Characteristics of Microplastics in Farmland Soil BO Lu-ji, LI Bing, ZHANG Kai, et al. (2375
Research Progress on the Remediation Technology of Herbicide Contamination in Agricultural Soils HU Fang-yu, AN Jing, WANG Bao-yu, et al. (2384
Research Progress and Prospect of Herbicide Residue Characteristics in Black Soil Region of China * LI Rui, WU Qiu-mei, ZHAO Gui-mei, et al. (2395



