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Table 1 Summary of field measurements of ozone and ozone precursors in four regions, China
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U R, dbs 20144E7H 1~31H il 104 115 15 48
ERE, dbat 201447 1~31H RBIX. 146 187 17 55
WINE, BN 20164E8 H20H ~9H 12H gt 96 114 11 46
BT, M 201648 H20H ~9H 12H 0] 106 117 15 62

K=/ i, L 20164F8 H20H ~9H 12H RBIX. 106 124 16 67
R, i 20164F8 H20H ~9H 12H il 90 111 8 33
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F2 DRI TRV S A B AL B AR
Table 2 Overview of observed parameters and instrumentation in four regions, China
28 DA Ry o ) B L) S 56

0; Thermo 49i +5% 0.5 ppb UL, K, B IX, Bk = A

NO Thermo 42i *10% 60 ppt UL, KM, AUHIX, K= A

NO, Thermo 42i *10% 300 ppt UL, KM, AUiHIX, K= A

VOCs GC-MS *15% 20~300 ppt UL, KM, AURHIX, K= A

CcO Thermo 48i *5% 4 ppb UL, KM, AUHIX, K= A

HONO GAC +20% 50 ppt EER, PR, M, i, KA
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a) 1 ppb=1x10~ g/g; 1 ppt=1x10""* g/g
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VAL REOC A E TG RGN R HE R —.
FI H] OBMAR B ] LUAG 33 R AT A ¥ Y RIR. ASAIF 5
OBMA AR FIRACM2HLER, LIS 05, NO,, CO,
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Figure 1 Average diurnal patterns of j(O'D), 7, RH, O3, NO,, NO, O,, VOC and kyoc at four cities during field measurements (Dongsi, Pudong,

Modiesha, Chaozhan)
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Yangtze River Delta; (c) Pearl River Delta; (d) Sichuan Basin
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s BR = AR bR A VR WF B VOCs I 4 DL o 42 5 ik
R AN, HoAh A 3k g 359 3 B 5 A I 0 M TR )
IR, HR AT R e s A i DX %) 30 T 3l A
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PETTRR TN, S sl s WD R A5 B ke sk o 2.
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Figure 3 Mean RIR values of ozone precursors at every sites during campaigns. (a) Beijing-Tianjin-Hebei; (b) Yangtze River Delta; (c) Pearl River

Delta; (d) Sichuan Basin
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Ozone formation and key VOC:s in typical Chinese city clusters
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China, especially Beijing-Tianjin-Hebei (BTH), Yangtze River Delta (YRD), Pearl River Delta (PRD), and Sichuan Basin
(SCB), suffers from severe ozone pollution problems during summer and autumn. Ground-level ozone is formed via a series of
complex photochemical reactions between nitrogen oxides (NO,) and volatile organic compounds (VOCs), which are one of the
most concerning pollutants in the four megacities and have adverse impacts on human health. In recent years, O; concentrations
that exceed the national ambient air quality standard have been frequently observed during summer and autumn. However, the
mechanism of O; formation and the key factors that regulate this mechanism have not been studied in detail.

To evaluate ozone pollution episodes in Chinese megacities, field observation data of O; and its precursors at 20 sites in the
four major urban regions during summer and autumn from 2014 to 2016 were collected in this study. We found that all the four
regions suffered from serious O; pollution. The daily maximum 8-hour average O; concentrations ranged from 59-146 10~
V/V). Moreover, the hourly maximum Oj; concentrations were in the range of 73-187 (107 V/V). High values of both these
parameters were measured at the same site, Dingling, which is a rural area of Beijing. Furthermore, O; concentrations in urban
areas were lower than those in suburban regions. Ozone non-attainment days occurred more frequently in BTH and YRD than
in the other regions. Although the concentrations of NO, and VOCs, which are ozone precursors, varied largely across different
sites, they were generally in ranges of ~4-22 (107 V/V) and 11-53 (107’ V/V), respectively. Additionally, isoprene reactivity
significantly contributed to total the VOC reactivity (kyoc) in rural sites. However, in urban sites, the reactivities of alkenes and
aromatics were significant contributors.

To evaluate the effectiveness of various ozone precursor control strategies in reducing ozone pollution, we combined the
observation-based model (OBM) with the relative incremental reactivity (RIR) method. The sensitivity of O; production was
studied by varying the emission of ozone precursors at each site and the key indicators that affect the local ozone production
rate were identified. The ozone precursors were divided into four groups: anthropogenic hydrocarbons (AHC), which consist of
alkanes, alkenes, and aromatics, natural hydrocarbons (NHC, only isoprene), NO,, and CO. It was found that most of the sites
in these four regions were in a VOC-limited regime or transition regime (VOC and NO, sensitive) and the key VOC precursors
were alkenes and aromatics. Additionally, an empirical kinetic modeling approach (EKMA) was used to determine the coopera-
tive control scheme for NO, and VOCs. Most of the urban sites were under VOC-limited conditions while the suburban site was
in a NO,-limited regime. These results are consistent with the results derived with the RIR method.

To further explore the role of anthropogenic emissions in ozone pollution, we used the positive matrix factorization (PMF)
model to identify the major sources contributing to VOCs. This model identified five to seven VOCs sources in different urban
sites. The major sources for these sites were vehicular exhaust and gasoline evaporation, accounting for 30%—-50% of the ob-
served VOCs. According to the source profile, a series of sensitivity tests were performed by reducing each source by 20% to
determine the RIR of the individual source. Vehicular exhaust and solvent utilization were the major contributors to O; for-
mation in Dongsi, Pudong, Modiesha, and Chaozhan, which are located in BTH, YRD, PRD, and SCB, respectively. In sum-
mary, by regulating VOCs emissions, especially vehicular emissions and emissions from solvent use, the O; concentration in
China can be efficiently regulated.

ozone, VOCs, sensitivity analysis, source apportionment, empirical kinetics modeling approach (EKMA)
doi: 10.1360/N972017-01241
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