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Abstract: To investigate the pollution characteristics and formation mechanisms of ozone episodes in the Guangdong-Hong
Kong-Macao Greater Bay Area (GBA) during autumn, ozone (Os3) concentrations and emission characteristics of volatile organic
compounds (VOCs) were analyzed during three ozone episodesin Hong Kong.Observational data combined withobservation-based
model(OBM) and the empirical kinetics modeling approach (EKMA) wasemployed to assess the impact of VOCs on O; formation
sensitivity mechanisms and contribution to O; formation. The peak O; values recorded during the three episodes were 382.65, 302.67,
and 301.76pg/m’, with corresponding concentrations of VOCs measuring 23.6x107, 25.4x107°, and 32.1x10°, respectively.
Oxygenated volatile organic compounds (OVOCs)were the most dominant of the observed species, with methanol, formaldehyde,
and acetone being the three most prevalent by volume fraction. EKMA curves confirmedthat the nonlinear relationship among
O;-nitrogen oxides (NO,)-VOCs depends ontheir instantaneous concentrations. The morning hours were characterized as
VOC-limited regimes, while the afternoon hourswerethe transitional regime. The photochemical initial concentration (PIC) was
8.2x10° higher than measured concentration, indicating that neglecting photochemically VOCs consumption may lead to an
underestimation of the contribution of local VOCs photochemical reactions to O3 formation. Furthermore, differences in the types
and concentrations of O; precursors and radicals resulted in varying O; formation and loss rates, confirming the promoting effect of

VOC:s as precursors on net O3 formation. Based on O3 formation potential (OFP) and OH loss rate (Loy) calculations, the VOCs with
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the highest contribution to the OFP were OVOCs (68.9%), alkenes (17.5%), and aromatics (13.6%). Formaldehyde and isoprene

were the dominant species driving O3 formation and hydroxyl radical (OH) consumption in the autumn in Hong Kong, respectively.

The OFP of formaldehyde ranged from 42.1 to 73.1pg/m’, and the Loy of isoprene varied from 1.35 to 2.12s™'. Backward trajectory

cluster analysis revealed that Hong Kong’s background site was primarily influenced by three air mass types driven by northeasterly

winds: long-range transport (52%), short-range transport (28%), and local sources (20%). Results reveal that the photochemical

reactions of VOCs, the response characteristics of different VOCs to the sensitivity of O; formation, and the synergistic effect of

regional transport and local emissions have a significant impact on the O; pollution in Hong Kong during autumn.

Key words: ozone; VOCs; pollution characteristics; Hong Kong; observation-based model (OBM)
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Fig.3 Time series of air pollutant gases, CO, SO,, NO, NO,, O; during autumn Oj; episodes in Hong Kong

1 FERRE O EHHEAREENBESKERTIL
Table 1 Comparison of meteorological parameters during O; episodes and clean period in Hong Kong

) L SPERREE RORIREE O MDARRE KBRS KU NO NOzﬁ SO, Co 05 )
(©) (©) (%) M) (m/s) (ug/m))  (ug/m’)  (ug/m’) (x10%) (ug/m’)

O; A 9 H11~12 H 27.7 323 72.4 213 1.80  2.09 9.27 7.11 031  167.24
O; F{F B 9 H 28~29 H 27.8 32.5 63.5 185 340  1.73 10.67 5.85 032 160.26
O3 FffC 10 A 4~5H 26.0 30.2 42.8 211 3.00  1.65 10.27 9.01 034  203.85
—IRGHFIME - 27.2 31.7 59.8 203 273 1.82 10.07 7.32 032  177.11
T ¥ I 9 2~3H 26.1 30.7 80.5 126 414 197 5.10 3.54 0.18 46.61

2.2 VOCs K% 541 /3R 1k

e 2 IR FE N BRI T SR A = ik
[ Oy FHAEANG T N 1K 14 Fh VOCs HIEF40 3,05
HHEME AL By C I VOCs W EIIE S 3N
23.6x107. 25.4x10° F1 32.1x10°. 3¢ C K VOCs
A T A A I O N BT 7 N -
(203.84pg/m’); 1 FL A ML VOCs W7 K 1 AF A
FIEEAE B XSV O W E 22 53R/, 730k 167.24 Al
160.26pg/m’ AR, OVOCs Mt tds K 7E i
ABLC IR EE 5 ELAY 34 85.4% 82.4% . 84.3%,

YT OVOCs 2540 VOCs A8k 1) 32 5 1 o He v e

T EFRE(T% 10.5%- 8.42%) il (4.56% 5.42%-
4.50%) R HABYIFN(2.63% 1.73%- 2.72%).5 0375
Ye I Ta) AH LE 35 W5 A VOCs 134 18 1 (16.26
10°), % 24150 A AR 40 B T :0VOCs (13.5%10°)>
Hi e (1.3x10°°)>75 75 12 (1.08x107°)>TL A4l (0.39
10°). 23K 05 H4k VOCs ({1 P83y 27.21x10°
eIV N T 67.3%. 7% S OCH B O H E . H
VR R DA I, BE AR — B B AN C K24 VOCs K
PR T A, 07 B i R R A 5
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P A IR K 0.49x10°, I {ESEE B FFif: C
43524 0.65x10 ° F10.72x10 °.3% 5 O, 78 3 R Frh

(K1~ 239 A S DA BL K 3, 33— 2B L] VOCs
WRIEXT O3 T5 YL E LN,

F2 BEIRE O BHMEERER 14 F VOCs MIKFURE
Table 2 Concentrations of 14 VOCs in O; episodes and clean period
O; i+t A SFEIE (<10 %) O; JiF B SR (<10 %) O Jiff C SERIE(x10 %) T SR (<10 %)
Gl 8.97+1.57 FH 9.19+1.53 Gl 11.41+1.18 FH 4.41+1.07
R 4.4240.80 R 3.9740.76 AR W 6.29+0.64 R 3.56+£0.45
] 2.96+1.01 VA 3.60£0.67 I 4.374+0.49 MEK 2.16+0.76
L 1.58+0.36 L 2.144+0.36 L 2.354+0.39 V' 1.17£0.31
MEK 0.7740.32 GiES 1.0940.58 GiES 1.0240.40 P 1.1240.13
PIMTEE 0.73£0.17 R 0.98£0.46 MEK 0.99+0.18 SR 0.74£0.36
GiES 0.71£0.28 MEK 0.93+0.24 R 0.9740.55 BRI 0.5610.05
i 0.62£0.06 SR 0.8810.50 o 0.8740.02 PIMTE 0.44+0.12
R 0.554+0.17 PIMTE 0.72£0.16 SR 0.861+0.36 i 0.3940.03
L) - 0.554+0.06 BN 0.65+0.09 A 0.72+0.13 Terpenes products  0.38+0.02
BRI 0.5340.03 BRI 0.5340.03 BN 0.72£0.11 FOR 0.37£0.15
P 0.49£0.07  Terpenes products  0.45+0.06 BRI 0.58£0.04 R 0.361+0.06
Terpenes products 0.39£0.06 N 0.4540.02 Terpenes products 0.5410.05 BN 0.354+0.03
MVK + MACR 0.3410.08 MVK + MACR 0.38+0.07 MVK + MACR 0.39+0.06 MVK + MACR 0.23+0.04
0,5t C O YR BE (ng/m)

2.3 VOCs et 2kt

JHERf R AL GBA Hi[X O5-NO,~VOCs 2 [a] {3k
L E R ARIFUR ] EKMA. 142 1 7 s 1 X 1)
O; EFEIX K 4 HFET HT uli SACK RGN 0575
Yok C IRIEHE 22 EKMA ik, o 2 5
JE A= £ T2 43 AR & b 4 (09:00~10:00) F1 F 4
(15:00~16:00)XL3 ] ¥) NO, 55 VOCs e i, W5 (055 5
Uk FH S B BE I Ak 25 0 4R R B (PIC)H.O5 S C
f) PIC M N 40.3x10°. PIC fE 4 VOCs Sl
J¥(OBS) it 8.2x10°, & W] 245 VOCs At ik ¥
RS O3 [ DTk 1] REARARAL.

BT SEEE 73 B, O A RAE A 223 VOCs
I PERFAE, N2 NO,-VOCs i lrl 4 il ik 3
AR AL S22 7 3L K 78 NO, 55 VOCs B M 09:00~
16:00 S B0, O A LI AH R A F 1 (1)
VOCs ##Hill X 378 4 R [ NO,~VOCs Al il IX
ZIL % 5 RUHERO X RIS AP 5L PIC
() 3 A 2 W G A R 2 3k), AP I BURR) O3 AR AL
MU X Y. [ VOCs #8 ill IX #64% ) NO,~VOCs
P X TR S T et 2= R VOCs J&,
B O AR il — 2 1 25 1l ) NO, 285 X A A8 3
S WA AR B KA VOCs IR AR R, AN
ASCHEIE SO0 O A AL IR 24, A 6 25 O5 V5 4By
TRRE I E RS PE.
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Fig.4 EKMA curve of O; episode Cduring autumnin Hong
Kong
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241 6tk O3 BB A TP I T
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AR O(O5+NO) A T A L0 O 1 2E Fli/ 4 FE
K LURLIE NO X O 193 2P0, 05 2E pliid FE 2k
J5F RO,+NO F HOL+NO P28 J Wi 72 A4 VOCs
B RE A AN AL AW SR RO, A HHEE Wi
PR L M OVOCs fiT2E = Fl, If s b 41
HO,P [ HH 2 28 ) 5 451 FE 38 42 U 49 & NO,+OH .
O;+OH/HO, . O3 Jtfi# DL K HoAth S b (VOCs+05
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Fig.5 Average photochemical budget of Os for O; episodesand clean period modelled by OBM
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R Loy AT T V15
Bl 6 Bon THE HT w5 M) 3 IREREE Os
FHAF 515 AN E VOCs 2511 OFP. 34+ C AR 1)
OFP #5H, 0 234ug/m’; Hk A 34 B(200pg/m’), 5
1 A FeA%, 4 187ug/m’.3 YA OFP {5 1 1
I OFP ~FME(171pg/m’).3 & O5 Fiffrh,
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P M2 R (o A FE AL 30 B R
C & OFP M 16.7%. 19.1%H1 16.6%)F175 & 15
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