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Analysis of Variation Characteristics and Source of Atmospheric Ozone Pollution
in the Yangtze River Delta Region

ZHAO Yue

Shanghai Environmental Monitoring Center, Shanghai 200235, China

Abstract: From May to October 2021, volatile organic compounds (VOCs) and conventional continuous online observation data were
monitored in typical cities such as Shanghai, Nanjing and Hefei in the Yangtze River Delta region to understand the characteristics and
sources of ozone (O;) pollution. The VOCs components that contribute significantly to O; production were identified, and the changes in
VOCs component concentrations were compared between ozone polluted and non-polluted days. The positive matrix decomposition model
was used to explore the source apportionment of VOCs. The results showed that: (1) The 90" percentile of daily maximum 8-hour average
ozone concentration in Shanghai, Nanjing, and Hefei was 163, 185 and 163 pg/m?, respectively. The number of days exceeding the
standard were 20 days, 42 days and 20 days, respectively. The average volume fraction of VOCs were 12.93x10°+8.61x10~,
14.45x107°+7.56x10"° and 15.60x107°+8.12x107, respectively. The VOCs in all three cities were dominated by alkanes, among which
aromatic hydrocarbons in Shanghai, olefins in Nanjing, and alkynes in Hefei account for prominent proportions. (2) The monthly
variations of ozone generation potential (OFP) in Nanjing and Hefei showed a trend of first decreasing and then increasing, while the
variation in Shanghai was not significant; aromatic hydrocarbons in VOCs in Shanghai and Hefei contributed the most to ozone
generation, accounting for above 40% each. Olefins and aromatic hydrocarbons in Nanjing made significant contributions to ozone
generation. (3) The daily variation of ozone in the three cities showed a unimodal distribution. The ozone generation rate and amount

before 12:00 on polluted days were significantly higher than those on non-polluted days. The precursors VOCs and NO, showed similar
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bimodal distributions. From the perspective of tracer components, Shanghai’s solvent coatings and industrial emissions, Nanjing’s motor

vehicle exhaust and solvent coatings, and Hefei's gasoline volatilization all increased on ozone pollution days. (4) Motor vehicle exhaust

and industrial emissions were the main sources of VOCs in the three cities. In addition, the contributions of Shanghai petrochemical and

chemical industry sources, Nanjing solvent use sources, and Hefei gasoline volatilization and combustion sources to VOCs in summer

cannot be ignored. The results show that higher precursor concentrations and faster precursor consumption rate are important reasons for

excessive ozone levels. The sources of atmospheric VOCs control in the Yangtze River Delta region should focus on vehicle exhaust and

industrial source emissions.

Keywords: Yangtze River Delta; ozone formation potential; tracer components; source analysis
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Table 2 Number of days of ozone exceeding standard in typical

cities of the Yangtze River Delta from May to October in 2021
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Fig.1 Volume fraction of VOCs and ambient air pollutant concentrations in typical cities of the Yangtze River Delta from
May to October in 2021
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Fig.2 Correlation between O, concentration and temperature, relative humidity, air pressure, and wind speed in typical cities

of the Yangtze River Delta from May to October in 2021
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Table 3 Average ozone concentration under different wind speed

conditions in typical cities of the Yangtze River Delta from May

to October in 2021
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Fig.4 OFP of VOCs in typical cities in the Yangtze River Delta from May to October in 2021
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Fig.5 Chemical composition of OFP in typical cities in the Yangtze River Delta region from

May to October in 2021

W HE— R Sk VOCs 443, 45 5 2 Al TR
VOCs 2 73 %t Oy 4 WA 52 ), AR BIF 58 3 sRE L T 3
AT X VOCs TTRRAT 10 037 A9 A TR 43 AR FR 3
¥, B 40 0L, 7 E T X VOCs AR B4 %0 o1 ik m
10 3 4143 AR B4 B8 5 1L (83.5%) fe i, LT
(82.9%) X, S BT (78.8%) fefik . b i i Al pg 52
X VOCs MR o BT ik 55 3 45 i 24 53 341 ok 2%
PE R 205, ST A VOCs B B stk A 3 719
o R LIt . TIBER R, Horh C AT B X 5 e

RS ETUMEEHER BT 10 A2 A4H 4 ke e B0 45
Z HARBU 0 H i, (H 2 i 1 A A 2 07 it
XF OFP 1 ik R ¥4 . %F b 3 4377 X+ OFP 53 ik
HI 10 057 2143 (1 BTk R 22 A0, AT 52 R T > B i T >
AT R a3, LI RS BT 55 B AR X OFP BifkR
B, 4351k 41.9% F129.2%(W35 5). F5EIERT OFP

TR m R, X — %R 5 AR fn e
R — B MR IEXT OFP Bk % (31.6%) fi
K, GG BN AEIRTT AL, AR 530k
A, TR A BT VR RO ] - R R AR
JF BRI VOCs 8HE, m =T VOCs JaiHE N 4 7
LI WIS IR 57 o
2.2.3 VOCs /REEZH Sy

XFL Oy V5 44 H AIAETG 4 H & B, 3 NI 7E TS
Ye H 12:00 Z T O A Bk 0 F0 A i 3 8 & & T
1HYH, HATRY) VOCs 7R L4 B0 NO, ¥ B 22 AH
LB S A REE (UL 6). AN O, MR BE H AR R,
YL H S5AET5 Y H O, W B34 2 B S A R AIE, B A
07:00 FFLAZE T, T 15:00 7 J5 5524 Hg(E, HARL
G EER—B, R s R R (75
Y 24 TR B W ACAE 5 W /DML %) 22 (BB DA 107 /N s

x4 2021 F5—10 BR=AKISHBET VOCs FHEZRT 10 IHI A HIEA S BEFR S5

Table 4 Volume fraction of the top ten anthropogenic source components in VOCs of typical cities in the Yangtze River Delta from May

to October in 2021
. g T Hhe
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7 VY S 1.01 VY53 1.03 kR 1.20
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9 Pk 225 s 2.52 ke 1.98
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the Yangtze River Delta with and without ozone pollution
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