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Table 1 Concentrations and percentages of the top 10 species of VOCs in different pollution periods

5 YL Hif b Ll HY G
Pre-pollution During pollution Post-pollution
Eiﬁ 94 %z};:%/(xm*") di e/ % P mrg/(xm’*’) At/ % P ?Z%Eif/(xm*% /%
Species ‘ Loncemra;9 Percegr Species A (/oncentra;9 Percegr Species A Loncentra;9 Perce?*
tion/(X10 )  tage/% tion/(X 10 ¢)  tage/% tion/(X10 ) tage/%
1 Ethyne 5.77 17.6 Acetaldehyde 6.90 17.9 Acetaldehyde 5.08 19.0
2 Acetaldehyde 4.14 12.6 Ethyne 5.17 13.4 Propionaldehyde 4.25 15.9
3 Propionaldehyde 3.16 9.6 Propionaldehyde 4.14 10.7 Ethane 2.52 9.4
4 Ethane 2.37 7.2 Acetone 2.75 7.1 Acetone 2.19 8.2
5 Acetone 2.20 6.7 Isopentane 2. 30 6.0 Ethyne 2.06 7.7
6 Isopentane 2.06 6.3 Ethane 2.29 5.9 Dichloromethane 1.53 5.7
7 Butane 1.93 5.9 Butane 2.03 5.3 Ethene 1.43 5.4
8 Ethene 1. 60 4.9 Ethene 1.94 5.0 Propane 1.27 4.8
9 Dichloromethane 1.59 4.8 Dichloromethane 1.37 3.6 Butane 1.17 4.4
10 Propane 0. 96 2.9 Propane 0.91 2.4 Isopentane 0. 69 2.6
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A—C represent the source contributions to VOCs in the
pre-pollution, during-pollution, and post-pollution periods, re-
spectively; D— E represent the source contributions to VOCs
and OPF in the whole period, respectively.
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Fig. 5 Source apportionment of PMF during different
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(d) — (D) represent the distribution of CWT in the pre-pollution,during-pollution,and post-pollution periods,respectively.
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Fig. 6 PSCF and CWT distribution of VOCs during different periods
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Fig. 7 Top 10 species of VOCs contributing to OFP during different pollution periods
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Table 2 Contributions of different sources apportionment to PMF in different cities
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Zhengzhou 16.1 13.5 6.4 26.9 24.6 12.5 [42]
Shijiazhuang 15.2 16. 6 — 37.8 27.9 2.5 [43]
Chongging 17.0 17.0 12.0 24.0 14.0 16. 0 [5]
Jinan - 18.3 22.4 35.4 15.0 9.0 [30]
Yinchuan 20.7 19.2 9.1 32.3 12.7 6.0 [44]
Taiyuan 19.8 26.0 - 28.1 17.2 8.9 [45]

A G VEE PR BRI S R 6 T PR
Bl VOCs 82 WK A8 5V B A9 77 Ik 45 14 4 a5
AT

4 E®R

QAT B (2022 458 H 27 HE 9 H 25
FOVFE T VOCs W 35.6 X107, ZrBrE
e B AR YR A5 e B B (39. 9 X 10 7)) > 15 BL i
BBt (33.5X10 ) >{5 4L 5 B (28. 7 X10 %), #
KR53 BBy VOCs WREEEISH OVOCs (5 ik K, 3
PN BERE s OVOCs  J5 iR 5 kXt OFP 5Tk e k.
UL OVOCs. J5 & k& 54 I8 & 52 miF B i OFP 1
EE VOCs 57,

@ R U 3 Fr 45 R R 35 G R B By
BT VOCs il X, 75 44 7 o By Be b T i
X RHBFERHE VOCs 5 NO, 2 ¥ il B A5 31
BRGEE

Q@ FAWF I BEVF B T KA VOCs 171 R I8 N
Tolk P8 29,4 %) . BRBE VR (20.8%0) (I R HE K R
(20. 0%0) L3N % R CHE IR (29. 5 %6 Fis 7 4 H I
(10.3%0) . 153 By Be A T35 Je i L Ja B Be . Tl
P55 HE Ay BB AN 5. 1% A 5.5 %  BRBS IR 5 L 43 B i
8. 8% 8. 7% Xt F AR By B i 15 Y PR RRAE , 75 2
SRIBCER X 75 YR B . T FE AL 3h & R ARHE K
550 A R DR HE A A L TR T BRI Ak 52
B0 Tl 55 R 5 U5 AT R A HE T B R
IRARHER BT G B n 5 Tl HE S A R R AR
il o B v 7 M 00 A i DU RIS e )
HETL

@FE 5 G v By B 1T R 48 2R 30 55 04 b 30 30 T 6

B VOCs JZ Ml IR, 75 3 B #2280 75 22 5 0
7 s F) HE A B 30 IO A A DX 3] B P [ B A
T

Sk

[1] CHECA-GARCIA R,HEGGLIN M I,KINNISON D, et
al. Historical tropospheric and stratospheric ozone radia-
tive forcing using the CMIP6 database [ ]J]. Geophysical
Research Letters,2018,45(7) :3264-3273.

(2] e ARCILFNFE A A5 B8 3. 2023 A R PR 58 RO 4R
[EB/OLJ. [2024-06-29]. https://www. mee. gov. cn/
hjzl/sthjzk/zghjzkgh/202406 /P0202406045515
36165161. pdl.

[3] WANG T,XUE L, BRIMBLECOMBE P, et al. Ozone
pollution in China:a review of concentrations, meteoro-
logical influences,chemical precursors,and effects [J].
Science of the Total Environment, 2017, 575 1582 -
1596.

(4] FRALHE A G0, F SO, 55, 1 pg 1 G005 e i 28 43 AE
B A 73 A L) ). 7 AR W 24 41, 2022, 13 (4) : 404-409.

(5] ARgce, e, Z8 0%, 46, 3 BRVL O X B 7 5L 4005
I TR R VA LY R AE S ok IR O A [T H Bk A o
2021,50(5):503-512.

(6] REIMAL, TR BT AEBETN , 55, A 5 e B 28 LA T 05 e b
AEFN R R A BT LT/ OLJ. 3] 6 0 i K 2 2 ik (3 SR B 2
R :1-10[2024-06-29 1. https://doi. org/10. 13763/j.
cnki. jhebnu. nse. 202405021.

(7] BIHEAS X8R 0 Ak 45, S 3T U 2 VOCs FRAE Lk
% R U R (], SRBERL,2024,45(2) 1678~
688.

(8] Bhidim , 5 4& , F J, &5. F [ B 4 A g S0k 0F 5 3k e
[J/OL]. o E B R4 . 1-18[2024-06-29 1. https://doi.
org/10.19674/j. cnki. issn1000-6923. 20240618. 035.



(9]

(10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

I ARE,2024 5,31 %, 5 4 #] Guangxi Sciences,2024,Vol.31 No. 4

ILH, G T OF, . R HOLLE RS R A
A BBUBME DR 5]/ OL . db s K 2 i CA SRR MO
1-14[2024-06-29 7. https://doi. org/10. 13209/j. 0479-
8023.2024. 052.
GUO J,XU Q, YU S,et al. Investigation of atmospher-
ic VOCs sources and ozone formation sensitivity during
epidemic closure and control:a case study of Zhengzhou
[J]. Atmospheric Pollution Research, 2024, 15 (4):
102035.
A VR KRR IR E S PR PR SR T e AR K Y
wi DR 3 (). A A5 IR B 2 41, 2024, 33(1) 1 72-79.
LIU X,GUO H,ZENG L,et al. Photochemical ozone
pollution in five Chinese megacities in summer 2018
[J]. Science of the Total Environment, 2021, 801:
149603.
WEI J, LI Z, LI K, et al. Full-coverage mapping and
spatiotemporal variations of ground-level ozone (O,)
pollution from 2013 to 2020 across China [J]. Remote
Sensing of Environment,2022,270:112775.
ZHANG Y.XUE L.CARTER W P L.,et al. Develop-
ment of ozone reactivity scales for volatile organic com-
pounds in a Chinese megacity [J]. Atmospheric Chem-
istry and Physics,2021,21(14):11053-11068.
WANG J.ZHANG Y.WU Z.et al. Ozone episodes
during and after the 2018 Chinese National Day holi-
days in Guangzhou:implications for the control of pre-
cursor VOCs [ J]. Journal of Environmental Sciences,
2022,114:322-333.
WANG X, YIN S,ZHANG R, et al. Assessment of
summertime O, formation and the O,-NO_-VOC sen-
sitivity in Zhengzhou, China using an observation-based
model [ J]. Science of the Total Environment, 2022,
813:152449.
HE Z,WANG X, LING Z,et al. Contributions of dif-
ferent anthropogenic volatile organic compound sources
to ozone formation at a receptor site in the Pearl River
Delta region and its policy implications [J]. Atmos-
pheric Chemistry and Physics, 2019, 19 (13): 8801 -
8816.
TR Gk T P B Bl 1Y 54 A ML R AR S B X B 4 ke
KWW [D]. 7N AR R BT R %, 2020.
U. S. Environmental Protection Agency. EPA Positive
matrix factorization (PMF) 5. 0 fundamentals and user
guide [EB/OL]. [2024-06-29]. https://www. epa.
gov/sites/default/files/2015-02/documents/pmf_5. 0_
user_guide. pdf.
ZEBH WA FLIHEE L. O R R AU B0 1 5l X

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

V5 Y Y Ok e W AR X 4 o LT, R BE R A, 2024,
45(2) :626-634.

LIU Y,WANG H,JING S,et al. Strong regional trans-
port of volatile organic compounds (VOCs) during
wintertime in Shanghai megacity of China [J]. Atmos-
pheric Environment,2021,244:117940.

LI Y,LIU Y,HOU M,et al. Characteristics and sour-
ces of volatile organic compounds (VOCs) in Xinx-
iang, China, during the 2021 summer ozone pollution
control [J]. Science of the Total Environment, 2022,
842:156746.

LI P,CHEN C,LIU D,et al. Characteristics and source
apportionment of ambient volatile organic compounds
and ozone generation sensitivity in urban Jiaozuo,China
[J]. Journal of Environmental Sciences,2024,138(4)
607-625.

PAATERO P,EBERLY S.BROWN S G.et al. Meth-
ods for estimating uncertainty in factor analytic solu-
tions [ J]. Atmospheric Measurement Techniques,
2014,7(3):781-797.

LAU A K H.YUAN Z.YU J Z,et al. Source appor-
tionment of ambient volatile organic compounds in
Hong Kong [ J]. Science of the Total Environment,
2010,408(19) :4138-4149.

ZHENG H,KONG S,XING X,et al. Monitoring of
volatile organic compounds (VOCs) from an oil and
gas station in Northwest China for 1 year [J]. Atmos-
pheric Chemistry and Physics,2018,18(7) :4567-4595,
BORBON A,FONTAINE H, VEILLEROT M, et al.
An investigation into the traffic-related fraction of iso-
prene at an urban location [J]. Atmospheric Environ-
ment,2001,35(22) :3749-3760.

EES, B 2. % En s RIS
Y 1A 20 73 R A SR AR AT L. 3R BB 27, 2020,41(9)
3941-3950.

ARIRAR. B T IX 2019 4F Bk TR R 5L AUTS Y ik B 4 B
(1] et 2, 2021 (4) : 34-37.
PNGEHE X, AT TEAT L A U R TR X T 2 TS e
T RO ], FREERL 2. 2022,43(2) : 686-695.
T I ENR S KU T E AT VOCs FRE X 7E
R P AR BT ] M a0 B LR R %4
CH B ,2023,15(2) :137-147.
L XU M N . 28 22 T ORI BT R R M UK
PEA LT, BRBERL 2 ,2020,41(8) : 3539-3546.

AR BT MBI, TR R, B AT Tl XK 2R OR SR Rk
AHLY TS G R AR KOOk YR A AT [T . 3R 55 B 24, 2020,
41(6) :2565-2576.



BREGE ITEMHREFETRE VOCs SR FESRAERBRAERE

(341  SCREMM. mHESE DL A R A% DU T 3 X4 ke VA ALY CASRBLERRD 2023,15(2) :137-147.

TSYL AR K e [T ). B EE B 42, 2020, 41 (12) [41] CHENG N,LI R,XU C,et al. Ground ozone variations

5306-5315. at an urban and a rural station in Beijing from 2006 to
[35] WU ]JJ,WEBER B A,PARTRIDGE M D. Rural-urban 2017 trend, meteorological influences and formation

interdependence: a framework integrating regional, ur- regimes []]. Journal of Cleaner Production,2019,235;

ban,and environmental economic insights []J]. Ameri- 11-20.

can Journal of Agricultural Economics, 2017,99(2): [42] ZEsl, Tuk, TEEE. . T o220 i8N i 5 2

464-480. VOCs 15 B FFAE R IR K PR [T, SRBERL2: . 2024
[36] LIJ,DENG S,LI G.et al. VOCs characteristics and 45(9) :5157-5167.

their ozone and SOA formation potentials in autumn [43] ZHANG X,WANG J,ZHAO ]J,et al. Chemical charac-

and winter at Weinan, China [J]. Environmental Re- teristics and sources apportionment of volatile organic

search,2022,203:111821. compounds in the primary urban area of Shijiazhuang,
[37] YANG X,GAO L,ZHAO S.et al. Volatile organic North China Plain [ J]. Journal of Environmental Sci-

compounds in the North China plain: characteristics, ences,2015,149:465-475.

sources, and effects on ozone formation [J]. Atmos- [44] AWl V0 R34 RN T RR R & A s UM

phere.2023,14(2) :318. 5 VOCs R ML), AR, 2024,45(8) : 4419~
[38]  BKJEE T3, B i o L AR, 48 3% 1 T 9ol DX R ASHR A AT 4431.

L5 G Fe e O IRLT ], P E 55 Bl 2%, 2024, 44 (9) ¢ [45] LI R,YAN Y,PENG L,et al. Enhancement of ozone

4765-47717. formation by increased vehicles emission and reduced
[39] JEZ. )M 3R 58 & K9 & M ML 5 4 R 1 Bk R coal combustion emission in Taiyuan, a traditional in-

ST BB 5 R R ,2024,36(5) :53-59. dustrial city in northern China [J]. Atmospheric Envi-
[40]  THREIT R BG4 KT R BkZE VOCs FRHAE K 7E ronment,2021,267(3) ; 118759.

SRR WA TS )], B R R TR R A s il

Characteristics of VOCs and Ozone Formation Sensitivity during
Typical Pollution Days in Xuchang

XU Yuangian ,FU Guangyu,SUN Peng,LUO Yilin,CAO Jiahui, LAI Zichun,SUN Hanghang,
LU Jianxiang, WANG Jie,CAO Xia" "

(School of Materials and Chemical Engineering,Zhengzhou University of Light Industry,Zhengzhou, Henan,450000, China)

Abstract: To mitigate air pollution, prevent and control air pollution in a scientific and systematic manner,and
promote the continuous improvement of regional ambient air quality,real time monitoring of Volatile Organic
Compounds (VOCs) in Xuchang was conducted during three defined periods:pre-pollution, during-pollution,
and post-pollution. The pollution characteristics of VOCs and the ozone formation patterns were studied
based on the obtained data. The results showed that the average concentrations of VOCs in the pre-pollution,
during-pollution and post-pollution periods were 33.5X10 ”,39.9X10 ° and 28. 7X10 7, respectively. The
dominant component was Oxygenated Volatile Organic Compounds (OVOCs) ,followed by alkanes. The con-
centrations of acetaldehyde, propionaldehyde,and acetone during the pollution period were significantly high-
er than those during the non-pollution periods. During the pollution period, the Ozone Formation Potential

(OFP) was 313.72 pg/m®,which was 1.4 and 1. 6 times of that in the pre-pollution and post-pollution peri-
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ods,respectively. This indicated that the potential for ozone formation through photochemical reactions of
VOCs increased significantly during the ozone pollution period in Xuchang. The Relative Incremental Reactiv-
ity (RIR) indicated that Xuchang was in the limited regime of VOCs during the post-pollution period, while it
was in the transition regime in the pre-pollution and during-pollution periods. The source apportionment of
anthropogenic VOCs by the Positive Matrix Factorization (PMF) model showed that industrial and combus-
tion sources contributed 54. 4% to VOCs during the study period. The contributions of industrial sources
during the pollution period increased by 5.1% and 5. 5% compared with those in the pre-and post-pollution
periods,respectively, while the contributions of combustion sources increased by 8. 8% and 8. 7% ,respective-
ly. These findings indicated that industrial and combustion sources were key contributors to elevated concen-
trations of VOCs during the pollution period. The Potential Source Contribution Function (PSCF) and Con-
centration Weighted Trajectory (CWT) revealed that cities in eastern and northwestern Henan Province ex-
erted an intensified impact on the concentration of VOCs in Xuchang during the pollution period.

Key words: ozone pollution; Volatile Organic Compounds (VOCs) ; Ozone Formation Potential (OFP) ; Rela-

tive Incremental Reactivity (RIR); source apportionment

CRERTLEIP S-S

' MEAXRSKHEREEEE
s BRREIE:0771-2503923
o HBFE : gxkx@gxas. cn
L BB RS ML hitp://gxkx. ijournal. en/gxkx/ch




