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Chemlcal Characteristics and Source Apportlonment for VOCs Durlng the Ozone

Pollutlon Episodes and Non- ozone Pollutlgm Periods in Qingdao

JIA Zhl-hal, } CU Yao*; KONG Cui-li*, SONG Jiang-hang’ , MENG He* , SHI Lai-yuan*, WU Jian-hui* | LIU Bao-shuang” "

(1. Laoshan Branch of Qingdao Ecology and Environment Bureau, Qingdao 266061, China; 2. State Environmental Protection Key Laboratory of Urban Ambient Air Particulate
Matter Pollution Prevention and Control, College of Environmental Science and Engineering, Nankai University, Tianjin 300350, China; 3. Jiaozhou Branch of Qingdao Ecology
and Environment Bureau, Qingdao 266300, China; 4. Qingdao Eco-environment Monitoring Center of Shandong Province, Qingdao 266003, China)

Abstract; The ambient concentration of ozone is high in Qingdao, and ozone pollution episodes occur frequently in summer. The refined source apportionment of ambient
volatile organic compounds (VOCs) and their ozone formation potential ( OFP) during ozone pollution episodes and non-ozone pollution periods can play an important role in
effectively reducing air ozone pollution in coastal cities and continuously improving ambient air quality. Therefore, this study applied the online VOCs monitoring data with
hourly resolution in summer ( from June to August) in 2020 in Qingdao to analyze the chemical characteristics of ambient VOCs during the ozone pollution episodes and non-
ozone pollution periods and conducted the refined source apportionment of ambient VOCs and their OFP using a positive matrix factorization (PMF) model. The results showed

3, and compared with that during the non-ozone pollution period, the mass

that the average mass concentration of ambient VOCs in Qingdao in summer was 93.8 pg-m
concentration of ambient VOCs during the ozone pollution episodes increased by 49. 3%, and the mass concentration of aromatic hydrocarbons increased by 59. 7% . The total
OFP of ambient VOCs in summer was 246. 3 pg-m . Compared with that in the non-ozone pollution period, the total OFP of ambient VOCs in the ozone pollution episodes
increased by 43. 1% ; that of alkanes increased the most, reaching 58. 8% . M-ethyltoluene and 2 ,3-dimethylpentane were the species with the largest increase in OFP and its
proportion during the ozone pollution episodes. The main contributors of ambient VOCs in Qingdao in summer were diesel vehicles (11.2% ), solvent use (4.7% ) , liquefied
petroleum gas and natural gas (LPG/NG) (27.5% ), gasoline vehicles (8.9% ), gasoline volatilization (26.6% ), emissions of combustion- and petrochemical-related
enterprises (16.4% ), and plant emissions (4.8% ). Compared with that in the non-ozone pollution period, the contribution concentration of LPG/NG in the ozone pollution

3

episodes increased by 16.4 pg+m ™, which was the source category with the largest increase. The contribution concentration of plant emissions increased by 88.6% in the
ozone pollution episodes, which was the source category with the highest increase rate. In addition, emissions from combustion- and petrochemical-related enterprises were the
largest contributor to the OFP of ambient VOCs in summer in Qingdao, with its OFP and contribution proportion being 38. 0 pg+m ~* and 24. 5%, respectively, followed by that
of LPG/NG and gasoline volatilization. Compared with the non-ozone pollution period, the total contributions of LPG/NG, gasoline volatilization, and solvent use to the
increase in OFP for ambient VOCs in the ozone pollution episodes were 74. 1%, which were the main contribution source categories.

Key words; summer; ozone pollution episodes; volatile organic compounds( VOCs) ; positive matrix factorization( PMF) ; source apportionment

i B HA: 2022-05-05; 1&iT BHA: 2022-07-15
ESTE . W55 5 A e (DQGG2021301 ) ; K RHEZ 145 H (18PTZWHZ00120)
EE =AY SO (1981 ~ ), 5, FEFSE 7 ) IS M 5 S5 Y4B IA |, E-mail :126691788@ qq. com

= MIEVEH , E-mail ; Ibsnankai@ foxmail. com



41 CURNAE . TR RE B S5 ARE YR VOCs fhZE R R ROk IR AT 1963

UTAE i 25 Tl [ R 18 b7 vk B AT T e, 2
SFERREGE  HELE(0,) 15 YIS0 5L il
B HERVER WAL AP (VOCs ) S 5L I 5 i
Az —" @it 5 -0H, NO,» Bk &
JR A8 0 B A B B, i R A5 g ]
B, VOCs I8 BERI P T I G838 3 P I 38 JH Ak 38 A
B WA AR i AR S . R, W R4 VOCs
ARk 2 AR B LI TR, ot T8 5 B AR A B L 48
15 Y AR AT G e HA S AR .

Hr, B NN Z A VOCs Fe 5 g A7 7 1k
FEALSE Z AR | VR TR vk R Rk
o 2 PROBE AR A 1) 1 R B IR T 43 i ( PMIF)
PR AT Z B IR AT T 2R3 T 5o/
T ek i b B A A K B ] 51 H TS Gl W 2 A 1) AR
fh 2z S AR AL HE O A BTmk 7. ARk B
FELR W I B2 AR S AR ) AN W & R i B () 43 B R
(/NFEEET 1 h) 1) VOCs B s B b@z%)}zz‘”ﬁ“] ,
BRI PMF BURLEFT A UM BP0 5, REUS 3K 1

FF ] 3 B B PR A 45 2R Eﬁ%ﬂhﬁﬁﬁfi)ﬁl?ﬁ% iy

7S AR A GE. 1 izﬂﬁ%m%w\mwﬁ :
VOE€s jﬁuﬂ KA R PMF K578 f 7T 5 i

%nznzm;éﬁﬂﬂ%nrm%ﬂmm%’ﬂ Yoes Y
f%ﬁ#ﬂcﬁ;@& ij%%uttﬁjw‘*%(m?f*)ﬂ’]ﬁrﬁk

%‘%E%Iik&if”wﬂﬁ?ﬁimﬁﬁmﬁﬁﬂﬁﬂ'ﬁEEJ‘ -
R S 5 5 1 MO

15, fF'JFH PMF #1821l 5 R EREE VOCs T 1
SKURIRRTIRL , % BB 4 R S HE U 2 ek K
AR 25, Song %M I T[] 43 9 R O8 2f /N AY
VOCs W%t | il 5k PMF 4555 43 Br % BRI A 56
PEXF AL 5T PR B VOCs 1 5Tk 18 3] 52% . Wang
SR I Z N AELE VOCs MBI , 1 4 Fl g
fiE FUABL S BT 2 B BR A 2 0 R AR 5 R 2R 3 b
VOCs B TEZHRIR. 5541, Fan 2511 JE TN 35
(1) VOCs Py B2 25 , FIH PME 82815387 & AL
SR R ST RS VOCs B TTHkis 3] 23% . 7]

UL, T ) 3 BEAR AR E VOCs S H R A i

TSRS AR TR AR AT I 5T, X A R4 4 HL s
TR, et R BT L AR5 YR e R FE MR AL R
B, BRTEr T 5T YL R A B AR TS YL it RS 4
I VOCs R HTRIF AT SR S A PR 1.
TR TANTF IR R UTAESK PM, W BT
W fH R4S YR H T B 2021 4R RA H R 8
h e B W B B & T R AR 2L RR ME 100
pgem KRB 64 d, 5 AEEREN17.5% " kS
AL AT AR VOCs SR TEXT T 75 5 h R 4T Jeik
HEREE L 2012 ~2013 4FREEZE FIH VOCs 1
S WEIE A 45 5 AH G A% 43 B R AP RRAIE LU AE S5
W, RIS PR A Tl I 27 B T 4% VOCs 1)
FETTRIE. Zhou 51 FESL T 7 51 i i 25 43 B
RGN IR VOCs HEHORE 5, A BTk HERL, HL3h
R A HR B R R IR (2 Fiﬂé%
T b ) 43 W B 69 7 49 T VOCs ﬁéﬁ’éﬂ:ﬂéﬁ
ﬁ?ﬁﬁ’]ﬁﬁﬁﬁ%‘ﬂ%ﬁ FR. [FIA, %ﬂb%%w}? %#F%ﬂ
S R VO Cs &E%ai}if@é@
AT s e 4
ST gk DFGE 2 4512020 4 6 ~ 8 1 i
maﬂﬁw%ﬁxmmﬂ NOCs 1528 il K, é}ﬁf?f.l“
A i %Fﬁﬁé 0GCs %ﬁféﬂﬁk%ﬂ& %%Lﬁzﬁi
j%,“ FEFIFH BMF B VOCs &ﬁ;%%\ﬁiﬁiﬁk%l_
T%?lﬂftéﬁﬂé%ﬁﬁﬁﬁ?ﬁ [F) B, e 8 I LAl
E’Jj%”%:\‘?%‘ SRR 11 AR RIS R RGO
T VOCs B H G5 A il 35 0 K U S ok, LA
T 5 TP LG5 YL A Bl s B — s A B S

1 #B57EE

L1 WS e o SR AL I ]

W 5 AL T 5 BN T L A AR
(36.23°N,120. 04°E, [& 1) , &b T e JH 17 5 X B &8,
JARE A A TR B IX KPR Tl R 43 28 3l T
. AT A W A 2020 4F 6 ~8 H, ] &
FBATARME (B 2). (FREE 2 &b i) (GB
3095-2012) HRLE R4 1 h e P30 — HbrifE N

B1 Hl=RfRE
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Fig. 2 Wind roses in summer, ozone pollution episodes,

and non-ozone pollution period in Qingdao
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Table 1 Eight ozone pollution episodes and eleven non-ozone pollution period during the monitoring period
TG YT 3E 5L TS i 1]
o SRR A T st p(0)FHE i) (FE- A - T Fgnt p(03) PHI
Bl w l/h /pgem=? i Z /b pgem

1 2020-06-03 05:00 2020-06-05 00:00 44 140. 1 1 2020-06-01 00:00 2020-06-03 04.00 53 81.7
2 2020-06-07 09:00 2020-06-07 23.00 15 138.4 2 2020-06-05 01:00 2020-06-07 08:00 56 106. 5
3 2020-06-15 06:00 2020-06-17 01:00 44 107. 1 3 2020-06-08 00:00 2020-06-15 05:00 174 70.5
4 2020-06-19 06:00 2020-06-21 06:00 49 141.7 4 2020-06-17 02:00 2020-06-19 05:00 52 82.0
5 2020-07-01 05:00 2020-07-02 07.00 27 123 5 2020-06-21 07:00 2020-07-01 04.00 238 91.7
6 2020-08-10 04:00 2020-08-1021:00 18 85.6 6 2020-07-02 08:00 2020-07-14 04.00 285 88.3
7 2020-08-24 02:00 2020-08-24 20.00 19 95.9 7 2020-07-16 07:00 2020-07-22 19.00 157 80.7
8 2020-08-28 03:00 2020-08-28 21.00 19 96. 8 8 2020-07-25 02:00 2020-08-10 03.00 386 56.7

9 2020-08-10 22:00 2020-08-24 01:00 316 71.6

10 2020-08-24 21:00 2020-08-28 02:00 78 74.0

11 2020-08-28 22:00 2020-08-3123:00 74 68. 6
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Table 2 Meteorological parameters during the monitoring period
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Table 3 MIR values of different species
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1968

i

B =

44 %

2.3 VOCs B 55 B SRR b
2.3.1 Pt S R

ARG 5 E EPA PMF 5.0 % B Z=3H 55 %
& VOCs #EAT R IR AT. S5 SCIk[ 42,437, 4%
TVOCs 0 A PMF £k B8 & | Hf2EH 32 4~ VOC ¥
P ABEFISEAT 00T, B e bt hy . O BUEA
B IFHE P PR . Qe BCEA R R B )
Fofr s BEIUR Ak 27 B 07 3 4 4 X 265 55 114 40 ol
FRAE S BRHERC IR A A PME #5950 (1) 22 Y5 B )
LRI T AR FAE R A N R T is 5. AT
FARERN Q,,./0.,, 7 1.02, A1, 155 F1 520
VOC e EERAHOC R B (R ) 1551 0. 76, Ui 45 5L )2
A HRT.

PMF AR AR 1% K 6 s, W51 th
TE S HE 8 BT k8 d5 =, T AR R R/ % - R N L
B BIPAP RN, b IR bR S A R AR
PEPIFR | ] A S 3 2 2 HE R AN /% - o 2
el P 12 AT B UH D el . TR 2 o

T
A

NI TURA IR RG , JEr 2 A48~ A 5
k3 A5 8, /- AR A R R 15 L
XL B TR S5 e, B
T2 WAL T3 ke, ik, 5
THERIE T2 50k 5 Hdge i i 4 A9, 3
R AT TSR T TR A 0 T
THERIE TR0 A i O bk P R 2
it BT 3 BRI kA A R R AR BT 4
1 2,3 P PR T 2P T S R 5k 5
B T I BE A 4 L B . L L
2R IR I R R R ) T
2,3- RO B B FHLA A Rk
R 4L RS B T T YO A HE T B
AN T 4 g O AT A B (B 4 HE
) HUBRAE TR RN 2% e T4 LR 1%
7. T 5 Fh SIS RITE 1o o Sk L
RERHVRR, — N PG 25 T S
BRI, I8 6 1T S B LN Tk

20 — 100
E\T 15 - HF1: S ° . 'Y ;
210 e ik . o] e %%
TosE Nk °°, o b=
I eseeeeee® 0. . —ge00888q4e lllegl g0 —0e
40 - - 100 _
£ 30F T2 HRER . )
a2 20+ L 50 =
o0+ =
mAH**+++++éA$::+l+5+J====AH .H'ﬁ 0
80 e ® 100
2 60 o 3 AT O R B &
2 40 —m%
T o0 H ®e =
0 "_‘rl oooo® ..===.=====.=e=-==e=0

%

sk %

tilk/%

kR %

fi k%

kR %

7 HiHER

k%%

kR %

0 0
OOOOEEOEONIREBAROBOIAIRSVIBBOB O

DzHe, @2%t, OWFE, DT He, OIETHE, @IS, OIERSE, @2,3- "W HEkbs, O2-H ks, OIEC K, @3-FHECHK, @
TEBERE, GIEVkE, WIETAE, GIE%EE, OIE+—%5, OLM, GWNMHE, OI-2-TH, QR-2-TH, C1-1k, @M-2-14;, S5 —
i, @K, QWA B2, @il/x-"HHK, @RZK, Q9M-—HIZK, 61,3 ,5- =%, 6D1,2 ,4-= 2%, @21,2,3-= %
E6 BHEWEZPMF itERNETFIL
Fig. 6 Factor profiles calculated by PMF in Qingdao in summer



4 39 SRS . T Sy A TS R S ARG YLUIE] VOCs A2 Rk SR IR Bir 1969

AN Hes8 s , IR IE - —e . #54) C5 ek 2,
ISR RPN TTECR R . b SRR R R
YRR P 20 SRR TR 5E A iR B i AR Bl
AL A HERL ) TR 20 ) 3 B VR T A A
A HERC S BT 6 BRI AR KA1 A A Al
Hes. A IARLRAT AR R K, ELOWI 3 AR R 5 1) 43
MEANREX (E 1), iTREREH T 6 MIETE
IR, R 7 AR HE R B 2 v b S i ke
A BTHR AN 7 LB e s PRk, 32 DK 7 9 R0 D A
YT
2.3.2  VOCs JFIFf# AT

WA MR RAREEFEREZ KT
TVOCs 19 EZETTIRIRE (18] 7) , Mk B2 AN TR 3 57
FKE] 23.6 wgem M 27.5% 5 HIR R EOGMAE K
(22.8 pwg-m™ . 26.6% ) FIREE K AT LA Al HE

AR RIRA VI R FBR be e A Ak A 6 £
b HE R R T R A e B R S, R BE 4y ) Ry 38,3
33.3 Ml 14.2 pg-m >, 53wk K 2 59 N 31.2%.
27. 1% F111. 6% . AHEE T AE B & 15 G iy ], 5%
V5 Yt AR A PSS VR B X I kG b ik A
WAL KR RERIN T 16. 4 pg-m ™, JEH &=
RIS s AR P HE L WAk A il SRR
F R e 4> 038 0 T 88. 6% . 74. 8% F171. 1%,
SRR R IR S, X R i T R AT e R
R B 6 Sk 34 5, (S A5 A ) HE AR VOCs ¥R BE i 5
[F] i A ey P 90 o0 745 Y A A T AR B R R AR % )
i A2 %2 B9 VOCs 38 i i s . X5 T STk R
eV, BTG Gy ik 7 v B ST AR RV e M A A A
KAl HERI ) DTSR BEAR SN, B IR T 3
HBAG A IR TTTHR R I N T 4. 2%, H i

(14,1 pgem ™ 16.4% ). REB RS Wik & THEES | =/
48% 112% 57% 10% 4.6% 1_2.%
16.4% 4.7% 11.6% 5% 17.5% 4.4% .

& : S %

: : A3 LA vt

,,,,, N # 7L B AR
) %
27.5% NN r
27.1% 312% - B e M AU et A
26.6% 26.7% m FiH kR
8.9% 9.3% B.6%
() 4% (b) BAT5 Rt B (©) TESRACTT R 01
| 3 U B7 BEHES. FRESLRRTNR s TR VOCs BRITER

i = i — . . . . . .
Figi/7  Source.apportionment results of ambient VOCs i summer, non-ozone pollution period, and ozone pollution episodes in Qingdao

SRS Y BRI BLE TS Y IR BE VOCs TR
WP TTIR R A H AL AN & 8 Bk, A H TR AR
TG YLt R ARCTS Y i B A VR I BT MR I
K. BT Y B S0 4 TR RAE 0800 1A F] U6
{H,23 .00 TX A, HHR B AN DT R 32 34 R B0 L0 B i
V18 F G e DA AR I 3 ) P ok R T R R A i A
06:00 12000 HH FIEAE , H 7 B LRAEFR XA 5 1
K. AT 655 9 790 4 B4 4 56 Tl Al SR BRUR [
A PR, A IO B A S T A . AR T
B RIRA B TR H AR b 38 2%, 76 1900
~20.00 IEFWEME ; I V0 ZE R BEAE 2000 35 3] 04
B, VIR 1Y DTk R AR AR K, A BE B A Ak A
AR AR B2 FN BTHR R 53 07E 06 :00 F112:00 ik
P AEL.  AE Y HE M B N BT Rk 2R 4 S 7E 09,00 FI
13.00 iKFIE(H , Rl /5 B 2T %,

2.3.3  RUEA OB EORIE AR A

BB s 7 A b oot B AR I A Tk B K A DR
IR BE B A7 AL A 56 A b HE ik, H: OFP 5 %] 38. 0
pegem >, M OFP 14 24. 5% (&19) ; HUChRILA

AR KRS &, H OFP 43 518 31.6
pg-m 30,5 pgem AR5 AT AL OFP (1 20. 4% Fi1
19. 7% . AER A5 YrT B IR e 5 H A
FEA 3, T 5L AT e ok AR v U3 B i A 2 ).
WACATIH TR AR IR A IR R A TS G o 2 v Xt
OFP TTmkiR K A2, H OFP 157 ik 3 43 1] 3k 2]
51.4 wg-m 123, 7% ;5 FUR K1 & Ak be X
AR Ak HEBOR A U5, H otk iy OFP 43514
44.5 pg-m > M1 38.5 wg-m*, 495 B OFP 1
20.5% F1 17. 7% . AT HE R A TS e it ], 05
et FE R ER S ImZE OFP FEARAN, B I T
HA Y HE Y OFP T2, THR T 88.6% ; H
TR AT M AR SN R, L OFP 4371
T T 74.8% A1 71. 7% . A TR R A5 YL,
S5 Yy i 8 b & HEROIE 9 OFP 2755 T 69. 6
peem ~ HARAA I AR L IR TR R AN
FIEH OFP Tt i & 2 Hl i &, OFP FHimi &1 74. 1%,
YOI B AT B AT e o B b B AR R R B TR



1970 7D 53

B 44 %

I i [ e Bt R e fle bl [ i ) v I scdbs e e e (N vsnl ) D 26 %6

200

180

160
140 I

W piEpgem™

120 I
100 = II
gl
60 I. I

40
20

0
00:00  03:00 06:00 09:00 12:00 15:00 18:00 21:00

160

(©)

140 +
120
100
80

e g™

60 |

40

20

0
00:00  03:00 06:00  09:00 12:00 15:00 18:00 21:00

1 (o"clock)
[ LI @ et Kt
| - F BRI
5 HS BB BELE SR

Il M | i ?
{ ﬁg_ %}j}iurﬂ“al V%tions in source contn'l)ution of al bie:
iy | - |

J| | [ ﬁ y r ) A

53% 18% 65%  919%

ey
ol

24.5% 2L

o,

20.4% 20.5%

19.7%
8.2% 8.8%

(a) % (b) SL435 Heid 7

. .
s (b) SRR T |
5 - =k ¥
W s (d) AR SURTE e A I T ~
NSRS RITIE VOCs Tk Bkt i B AL F

14.2% 17.7% & 15.6%

23.7%

-

| |
va non-ozone pollution period and ozonespollution episodes in Qingdao

5.1% 7.8%
& 13.4%

E 3 ES
[/ A shitg
WAL R RS
Hi%
DN v s

20%  RRRRY Mhbe A AR 3 il HE
B Ktk

26.1%

19.7%
7.9%

(c) A SLAT5 eI

9 BERETWEZE, FREFEMPMRATRIER VOCs HiMIRZET OFP HysTHkE

Fig. 9 Contribution percentages of VOCs sources to OFP in summer, non-ozone pollution period, and ozone pollution episodes in Qingdao

3 g

(1) F BT EZFIE p(TVOCs) “F I 93. 8
pgem P, AR BOE TS e R R OA TS G ot R
p(TVOCs) 7351 88. 4 wg-m > F1132.0 pg-m >, &
U5 Y BEAH SR TR R A5 Yo it TVOCs e
FT 49.3%, Horh 58 | Beld | B Fsg ke vk
S BT 59.7% . 52. 6%, 46. 1% Fl 32. 9%, []-
CHERZEAN 2,3 B I e v B T e K
.

(2) AR T L TS Ye it 3], BT Yead R

VOCs FE OFP 840 T 43. 1%, Hoh e % OFP 547
w2 BT 58. 8% , Hok R 35 & I Fp ez | 43 il 35
T 46.9% F1 46. 1% . [A]-Z FEHI 2R AT 2,3- 1 g
Pt OFP 38 fin i B e K i P .

(3) 8T 2 Z=3R 85 VOCs Y 32 5Tk U5 2 ¢
M4 (11.2% ) WHMERT (4. 7% ) . WAL
KRR (27.5%) . 1M % (8.9% ), KMk
(26.6% ), #kbe KA1 A AH S Aol HE K (16. 4% ) Al
FEIHERL (4. 8% ). AHHE TR S 4TS Yt i, RL4H(TS
i B B AT AR S R AR AR S N A R R
J5 A P HE O $8 n23 d5e v R 25.



4 39 BRS84S Y S ARG Q] VOCs A2 il SOk I A 1971

(4) BRJE B AT AR A HE R R 75 15 T B =20

5§ VOCs Xf OFP Bthkfe KIS, H Xt OFP B 5Tk

I 235 3k 2 38. 0 ug-m_3$ﬂ 24.5% . B TAE

BTG YL ], AR5 gt R i A A I R AR

A TRIHE R @FFJXTM OFP Jh iy fik (1 5Tk 5

Z IR E] 74. 1% , & e F 20 Tk TS

B2k

[ 1] Huang], Pan X C, Guo X B, et al. Health impact of China’s air
pollution prevention and control action plan: an analysis of
national air quality monitoring and mortality data[ J]. The Lancet
Planetary Health, 2018, 2(7) ; e313-e323.

(2] EB, X, sk, & wHTHRRE S P LAY
YURMIE SORIEAR BT J]. PRSI, 2021, 37(5) : 41-
52.

Wang N, Liu M, Lin H, et al. Pollution characteristic and
source apportionment of VOCs in Shenyang[ J]. Environmental
Monitoring in China, 2021, 37(5) . 41-52.

[ 3] Chameides W L, Fehsenfeld F, Rodgers M O, et al. Ozone
precursor relationships in the ambient atmosphere[ J]. Journal of
Geophysical Research, 1992, 97(D5) : 6037-6055.

[ 4] Atkinson R. Atmospheric chemistry of VOCs and NQ_”;'[“.] ]
Atmospheric Environment, 2000, 34(12-14) : 2063-2101.

[5] ZhouB, Zhao TY, Ma ], et al. Charactefi.zalion of \fOC% during
nonheating and heanng periods in the lyplcal suburban. ared of

~Beijing, Chlna soures and health ai%e%qmenl[ J] Atmo.il'f)he;fl, g
/ f 2022, 13(4:') dm 10 3390/ atmos] 3040560. &
[ 6 ¥ Kitayama K‘ Mnrmo Y, Yamaji K, efal. 'U;lcerla.mlles..‘m Qg

cobcentrafions sithulated by CMAQ over .]apan using Hour

— chemicall mechamsms [J]. Atmosphernic E-hvm)nment-‘ 2019

[ 198448-462.0

24 el w#jg i . KA T s &K J/,

[ BV, VS RLREAE ORISR D). FREIRIE , 2022, 43¢5
2284-2293. .
o X, Yang L X, Zhang W, et al. Characteristics and source
analysis of PM, 5 in Qingdao in winter under the action of sea-
land-atmosphere convergence [ J ]. Environmental Science,
2022, 43(5) : 2284-2293.

[8] akimiz, sk, 4oy, 55 JET AR PM, s 200 il 43

BN PMF JEAEMT BT ()], BREERL 244, 2022, 42
(2):308-317.
Zhang Y Y, Dai W, Hua N, et al. PMF source apportionment
based on high time-resolved measurements of PM, 5 components
during different observation periods [ J ]. Acta Scientiae
Circumstantiae,, 2022, 42(2) ; 308-317.

(9] EZghE, XX, R, 5. KETREEZ VOCs LA HFFHE

LR RDR AR AR IR AT [T ] BREER:, 2021, 42(12) .
5644-5655.
Wang Y X, Liu B S, Wu J H, et al. Chemical characteristics
and source apportionment with temporal refinement for VOCs in
Tianjin suburb in summer[ J]. Environmental Science, 2021, 42
(12) : 5644-5655.

[10] RHT, ®OSCE, BT, % Sl KEERIERES

BLITS B R IR SOR IR AT (1], RBERESE, 2022, 43(6)
2979-2986.
Wen X Y, Zhao W T, Luo S Z, et al. Pollution characteristics
and source apportionment of atmospheric volatile organic
compounds in summer in Yuncheng city [ J]. Environmental
Science, 2022, 43(6) : 2979-2986.

[11] Song Y, Shao M, Liu Y, et al. Source apportionment of ambient

[12]

[13]

[14]

[15]

[16]

[19]

[20]

[21]

[22]

(23]

[24]

volatile organic compounds in Beijing[ J]. Environmental Science
& Technology, 2007, 41(12) . 4348-4353.

Wang Z S, Wang HY, Zhang L, et al. Characteristics of volatile
organic compounds ( VOCs) based on multisite observations in
Hebei province in the warm season in 2019 [ J]. Atmospheric
Environment, 2021, 256, doi: 10. 1016/j. atmosenv. 2021.
118435.

Fan M Y, Zhang Y L, Lin Y C, et al. Source apportionments of
atmospheric volatile organic compounds in Nanjing, China during
high ozone pollution season[ J]. Chemosphere, 2021, 263, doi:
10. 1016/j. chemosphere. 2020. 128025.

Hh B O M . 2RO R AR 2 W 5 [ EB/OL].
https ;//www. aqistudy. cn/historydata/, 2022-01-08.

BRI, T, S, %%T%R’%ﬂﬁqﬂ VOCs 975 YAt
BAbZ RG], B P S8R 2015, 27(2) .
26-30.

Xue L, Wang J, Feng J, et al. Pollution characteristics and
chemical reactivity of ambient VOCs in Qingdao [ J]. The
Administration and Technique of Environmental Monitoring,
2015, 27(2) ; 26-30, " ol
Zhou M M ,~Jiang Wi, Gao W D, et al. A high Ja.t‘iloté.mporal
resolution dnthropogeniL VOC emission inventory‘for (jingd'ao City
in 2016 and its ozone formatlnn potential analys,}% [ J J==Process
Safety and Environmental Protecnon 2020, 139. 14'/ 160.]

Carter W P L. Develdpment of ozone reactivity scé‘les for* vola.tlle
organi¢ anpou-hd%[]]" Alr (& Waste, 1994, 44(7) : 8§1 899.
Venecek M. A,=Carter W P E, Kleeman M J. Updalmg the
SAPRC max1mum mcrjmemdl reactivity (MIR) scale for 'ffle_-’,
United States from 1988,t0 2010 [J]. Journal of the Air & Waste
Management, Assoclanon,l‘ 2018, 68(12) : 1301-1316.

EPA: PMF[ EB/OL]. hitps://nepis. epa. gov/Exe/ZypﬁRL.
cgi? Dockey = P100IW74. txt ,12022-01-08.

AEA, IR R, AR, . KRR L VOCs IR
Oy AT ], T EREERE, 2021, 41(6) ; 2515-
2525.

LiR M, Yan Y L, Wang C, et al. Source apportionment of
VOCs and its contribution to O5 production during summertime in
urban area of Taiyuan[ J]. China Environmental Science, 2021,
41(6): 2515—2525

S, B, G R P VOCs AYMRBE | e I K% fid i
oAt i EF*Iﬂﬂ”ﬁhﬁ%”ﬁh, 2019, 36(2): 169-
177.

Sang B, Wei F X. Investigation on the concentration, source,
and health risk assessment of atmospheric VOCs in urban Jinan
[J]. Journal of University of Chinese Academy of Sciences,
2019, 36(2): 169-1717.

Y, MR, AT, AF. 2019 AR RETTER A VLTS
PAFHE SRR T]. H5E ﬂ% 2021, 42(1): 55-64.

Gao J Y, Xiao Z M, Xu H, et al. Characterization and source
apportionment of atmospheric VOCs in Tianjin in 2019 [ J].
Environmental Science, 2021, 42(1): 55-64.

Ehib, EFH, B, F. WX BRI VOCs
RN SR IR ARAT ()], PRIERLE, 2022, 43(3): 1277-
1285.

Wang S, Wang X Y, Yang W, et al. Characteristics and source
analysis of VOCs pollution during the period of ozone exceeding
the standard in Zibo city[J]. Environmental Science, 2022, 43
(3):1277-1285.

Niu Z Z, Kong S F, Zheng H, et al. Temperature dependence of
source profiles for volatile organic compounds from typical volatile

emission sources[ J]. Science of the Total Environment, 2021,



1972 7S i) g o 44 3%
751, doi: 10.1016/j. scitotenv. 2020. 141741. Research Atmospheres, 2009, 114 ( D2 ), doi: 10. 1029/
[25] Song C B, LiuY, Sun L N, et al. Emissions of volatile organic 2008JD011190.

[27]

[28]

[29]

[30]

[31]

compounds ( VOCs ) from gasoline- and liquified natural gas
(LNG ) -fueled vehicles in tunnel studies [ J ].
2020, 234, doi: 10. 1016/j. atmosenv. 2020.

Atmospheric
Environment
117626.

Jia C H, Mao X X, Huang T, et al. Non-methane hydrocarbons
(NMHCs) and their contribution to ozone formation potential in a
petrochemical  industrialized northwest China [ J ].
Atmospheric Research, 2016, 169 . 225-236.

Wilde S E, Dominutti P A, Allen G, et al. Speciation of VOC
emissions related to offshore North Sea oil and gas production
[J]. Atmospheric Chemistry and Physics, 2021, 21(5) ; 3741-
3762.

McCarthy M C, Aklilu Y A, Brown S G,
apportionment of volatile
Edmonton, Alberta J].
504-516.

Yuan B, Shao M, Tu S H,
organic compounds associated with solvent use in Beijing, China

[J]. Atmospheric Environment, 2010, 44(15) : 1919-1926.
Deng C X, Jin Y J, Zhang M, et al. Emission characteristics of

city,

et al. Source
measured  in

2013, 81

organic compounds

Atmospheric Environment,

et al. Source profiles of volatile

VOCs from on-road vehicles in an urban tunnel in eastesn-China
and predictions for 2017-2026 [ J].

Research, 2018, 18(12) : 3025-3034.
Tsai W Y, Chan L, Y, Blake D R,

Aerosol and Air Quality

et al.

_~eemposition 3 aﬁd atmospheric emissions| in south Chma-l" Hpﬁg-

. Kong, Maéau

»

[32]

_+ ambient volatile orgamc compounds in Hong Kong[]

[33]

[ E FE A VOCs 1R IR A AT [ 77,

[34]

[36]

[37]

[38]

and Zhuhai o J1
Chemistry :f‘ﬁ'r'i Physm 2006, 6(11) 328153288, =

] Guangzhou

| Lau A K, Yuaﬂ Z B, YulZ, et al.|Source/ appomonmerlt of

S!:lence of
thP Tolal Envirdnment, 2010, 408(19)|. 4138~ 4149.
ﬂnﬁ’ﬁﬂg x'fﬁﬂ RPFR, 4. I@ﬁﬁﬁﬁ*ﬂﬁ
B2 , 20215742
(1) 75-87.

Lo R X, Liu B' S, Liang D N,
and source apportionment of the precursor VOCs in Tianjin
suburbs in summer[ J]. Environmental Science, 2021, 42(1):
75-87.
BIRK

et al. Characteristics of ozone

, VFUREE, VFOUA, 45, fE BT VOCs T5 R4 R IR
fitr 1] Wﬁﬂ' =2 T-EHQ, 2021, 41(11) : 4341-4352.

Cai LT, Xu X F, Xu C L, Characteristics and source
apportionment of ambient VOCs in Sugian, China [ J].
Scientiae Circumstantiae, 2021, 41(11) ; 4341-4352.
AR, XSEAE, X, 4. JOETTE 2 VOCs b i
PERORIRLI]. SRBERLE, 2022, 43(8) : 3944-3952.

Zhu KX, LiuL Z, Liu HW,
and sources apportionment of atmospheric VOCs in summer in
Dalian [ J]. 2022, 43 (8): 3944-
3952.

Zhu H L, Wang H L, Jing S G,

sources of atmospheric volatile organic compounds ( VOCs) along

et al.

Acta

et al. Chemical reaction activity

Environmental Science,

et al. Characteristics and
the mid-lower Yangtze River in China [ J ].
Environment, 2018, 190, 232-240.

Wang M, Qin W, Chen W T, et al. Seasonal variability of VOCs
in Nanjing, Yangtze River delta;

Atmospheric

implications for emission
sources and photochemistry [ J .
2020, 223, doi: 10. 1016/j. atmosenv. 2019. 117254.

Yuan Z B, Lau A K H, Shao M, et al. Source analysis of volatile

organic compounds by positive matrix factorization in urban and

Atmospheric Environment,

rural environments in Beijing [ J ]. Journal of Geophysical

Vehicular ftel ™

ki

[39]

[41]

[42]

[43]

[46]

[47]

[52]

Huang C, Wang H L, Li L, et al. VOC species and emission
inventory from vehicles and their SOA formation potentials
estimation in Shanghai, China[J]. Atmospheric Chemistry and
Physics, 2015, 15(19) ; 11081-11096.

ZWE, W, EER, S BTV B 2R VOCs 5 44y
TERBIETEL Y], BREERLF, 2022, 43(8) ; 3934-3943.
Qin T, Li LM, Wang X W, et al. Characteristics and reactivity
of VOCs in typical industrial city in summer[ J]. Environmental
Science, 2022, 43(8) : 3934-3943.

Ling Z H, Guo H. Contribution of VOC sources to photochemical
ozone formation and its control policy implication in Hong Kong
[J]. Environmental Science & Policy, 2014, 38 180-191.

Gu Y, Liu B S, Dai Q L, Multiply improved positive
matrix factorization for source apportionment of volatile organic
compounds during the COVID- 19 shutdown in Tianjin, China
2022, 158, doi: 10. 1016/j.

et al.

[J]. Environment International
envint. 2021. 106979.
GuY, Liu B S, LiYF,

Multi-scale volitile organic
compound (VOC ) Ssource apportionment in 'l‘ilg_;ij{:u", /China,

et al.
using a receptor model coupled with 1-hr resolutilpﬁl data]].
Environmental Po.llutlon 2020 265, doi: 10.
2020. 115023 ' 1 >

Lin Y, Sl’ldO M, FET'L, et al. Source profiles of volatlle orgamc
compoun(k ( YOC% ) mea%ured in  China; “Part I [ 1.
Atmospherlc hnv1r0nment 2008 42(25) . 6247- 6260

Liu Y 1:“ bong M DJL]U‘ X G, et al. (,hardctenzatwn -a‘nd_-_‘,
Gnur(’es\nf yolatile érganic compounds (VOC@) and their related

1-0.16/ j=“envpol,
&

changes during ozone po'llutlon days in 2016 in 'Bel]mb, China
[J]4 Efvironmental Pollution, 2020, 257, doi: 10. 16{6/}
envpols2019. 113599. u
Borbon A, Fontaine H, Locoée N, et al. Developing receptor-
oriented methods for non-methane hydrocarbon characterisation in
urban air—Part 1 : source identification [ J ]. Atmospheric
Environment, 2003, 37(29) . 4051-4064.

Hui L R, Liu X G, Tan Q W,

chemical reactivity and sources in urban Wuhan,

2020, 224, doi:

et al. VOC characteristics,
central China
[J]. Atmospheric Environment, 10. 1016/j.
atmosenv. 2020. 117340.

Song C B, Liu B S, Dai Q L,

and source apportionment of volatile organic compounds (VOCs)

et al. Temperature dependence

at an urban site on the north China plain [ J]. Atmospheric
Environment, 2019, 207 . 167-181.
Zhang Y L, Yang W Q, Simpson I,

emissions of volatile organic compounds ( VOCs) from on-road

et al. Decadal changes in

vehicles with intensified automobile pollution control; case study
in a busy urban tunnel in south China [ J]. Environmental
Pollution, 2018, 233 . 806-819.

Lyu X P, Chen N, Guo H,
compounds and their effect on ozone production in Wuhan,
central China[J]. 2016,
541 . 200-209.

Vinciguerra T, Yao S, Dadzie J,

et al. Ambient volatile organic

Science of the Total Environment,

et al. Regional air quality

impacts of hydraulic fracturing and shale natural gas activity:

evidence from ambient VOC observations [ J ]. Atmospheric
Environment, 2015, 110 144-150.
Hui L R, Liu X G, Tan Q W, et al. Characteristics, source

apportionment and contribution of VOCs to ozone formation in
Wuhan, central China[ J]. 2018,
192 55-71.

Atmospheric Environment,



4 39

SRS . T Sy A TS R S ARG YLUIE] VOCs A2 Rk SR IR Bir

1973

[53]

[54]

[55]

[56]

[57]

[58]

Yan Y L, Peng L, Li R M, et al.

formation potential and source analysis of volatile organic

Concentration, ozone

compounds (VOCs) in a thermal power station centralized area:
a study in Shuozhou, China[J]. Environmental Pollution, 2017,
223, 295-304.

Chiang H L, Hwu C S, Chen S'Y, et al. Emission factors and
characteristics  of criteria pollutants and volatile organic
compounds (VOCs) in a freeway tunnel study[ J]. Science of
the Total Environment,2007 , 381(1-3) : 200-211.

Brown S G, Frankel A, Hafner H R. Source apportionment of
VOCs in the Los Angeles area using positive matrix factorization
[J]. Atmospheric Environment, 2007, 41(2) ; 227-237.
Batterman S A, Peng C Y, Braun J. Levels and composition of
volatile organic compounds on commuting routes in Detroit,
Michigan[ J]. Atmospheric Environment, 2002, 36 (39-40) .
6015-6030.

Shin H J, Roh S A, Kim J C, et al. Temporal variation of
volatile organic compounds and their major emission sources in
Seoul, Korea [ J ].
Research, 2013, 20(12) ; 8717-8728.

Huang Y S, Hsieh C C. VOC characteristics and sources at nine

Environmental Science and Pollution

photochemical assessment monitoring stations in western-Taiwan

[J]. Atmospheric Environment, 2020, 240, doi: 10:?J.D16/j.

atmosenv. 2020. 117741.
LiJ,

ambient volatile organic compounds

Zhai C Z, Yu J Y, et al. Spatiotemporal variations of
and their sources in
Chongging, a mountainous megacity in China[ J]. Science of the
Total Environment, 2018, 627 1442-1452.

Watson J G, Chow J C, Fujita E M. Review of volatile organic
compound source apportionment by chemical mass balance[ J].
Atmospheric Environment, 2001, 35(9) ; 1567-1584.
Buzcu-Guven B, Fraser M P. Comparison of VOC emissions
inventory data with source apportionment results for Houston, TX
[J]. Atmospheric Environment, 2008, 42(20) ; 5032-5043.
Guo H, Zou S C, Tsai W Y, et al. Emission characteristics of
nonmethane hydrocarbons from private cars and taxis at different
driving speeds in Hong Kong [ J]. Atmospheric Environment,
2011, 45(16) : 2711-2721.

Kim S J, Kwon H O, Lee M I, et al. Spatial and temporal
variations of volatile organic compounds using passive air samplers
in the multi-industrial city of Ulsan, Korea[ J]. Environmental
Science and Pollution Research, 2019, 26(6) : 5831-5841.
Rantala P, Jarvi L, Taipale R, et al.. A.pth:soi;'g.)-genic;_-,and
biogenic influence on! VOC fluxes at an urban backé&fnd'.‘sile in
Helsinki, Finland [ J]. "Atmospheric Chemistfjr .‘md Physics,
2016, 16(12) . 5981-80?7. ! 8

I 1




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



