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Abstract Haikou ranks first in air quality among 168 key cities in China and is a typical clean air
region. However, on December 31, 2023, a case of PM, s and O; combined pollution event occurred,
with the maximum daily 8-hour average concentration of ozone (O5) reaching 196.96 pug-m and the

daily average concentration of PM, s was 47.29 ug-m, both exceeded the pollution standard limits
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set by the World Health Organization. To investigate the causes of the O; and PM, 5 co-pollution
event, the hour-scale online pollutant observation and receptor model analysis were carried out. The
results showed that the decreased wind speed, enhanced solar radiation, and increased concentrations
of nitrogen oxides (NO,) and volatile organic compounds (VOCs) were the main drivers for the
simultaneous increase of O; and PM, 5 concentrations. The analysis of Ozone Formation Potential
(OFP) revealed that oxygenated volatile organic compounds were the main contributors to Os
production in this pollution case. The EKMA (Empirical Kinetics Modeling Approach) curve results
showed that O; pollution was mainly controlled by NO, concentrations. The SO,*, NO;~, and NH,*
(SNA) contribute 65.76% PM, s composition, were the most abundant components. The highest
nitrogen oxidation ratio (NOR) occurred during the pollution day, indicating the strong atmospheric
oxidation capacity. Our findings suggested that improving air quality requires prioritizing the control
of VOCs and NO, emissions in Haikou.

Keywords winter pollution, O3, VOCs, PM, s, water-soluble ions, Haikou City.
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Fig.1 Temporal changes in meteorological parameters (a) and PM, 5 and gaseous pollutant concentrations (b)
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Fig.2 Concentrations of VOCs, NO, and O; during the study period
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H LSRG YYE H 1.6 £5. 8 T SEEHEON O 15 YL i S 252 M.
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2.1.3  fEHxt O 5

SAE [ R A5 SRR W (& 6), 2023 45 12 H 30 F1 31 H 1< A& 4 42 32 2 A AR b 1v] 74 e Y 1A
FE AR F R0 1, 07 2024 4F 1 H 1 H ¥ B A2 205k B 3607 iR BN S2 . R 1 36k DX A 4 xof
O3 MsZ M, AT WCAE T 15 9% H A & s 423 v 0l =k« BRI BRI RN 1135 2 5 (K] Ta—c) il
O H/NIHF- YA R (K] 7d) . 280G 500 O Bt R A v [ P45 W00 5 ol 1) 4 ] kTl 228 <t S It
KA ¥ £ (https://air.cnemc.cn: 18007/) , &L EE . AH XS . U A1 R AU B0 B >k B 1 58S Ao B s oo
(http://cdc.cma.gov.cn).
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Fig.6 Backward trajectory analysis of air mass
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Fig.7 Temperature (a), humidity (b), wind speed (c), Os-hour concentrations (d) in Xiamen, Shantou, Shenzhen, Zhuhai,
and This study during the study period

(In Figures a—c, categories with the same letter indicate no significant difference, significance is set at 0.05)

2.1.4 EKMA H£k

O 2 I S WS I %5 FE O3 T8 %t H R A i AU, LR i W0 Ak 75 e 4042 o U/ IX B O B WA 3.
A HBE ST A T 3 T 000 A% 45 AU (observation-based model, OBM) A5 #8l T 18 1 & 16 3h fy ~F @ 5 7 1=
(EKMA) 3R 15 1 # £k ([l 8) . EKMA HH£8 J 7/ 1 Jmy i e K O3 Wk B2, F 4 I 4 e A~ IX 3, 22 1
(VOCs Rl F47 F (NO, FR il ) X385 5 o m A RIBR 6l 2544 F O3 BT B AL 8 rhml DL Y, Sk
B ARWRE Oy EEMGAEHE LN LT, MW Oy EENMMAEBL T (K 8), HMHFEWKE O, 2%
NO, K FR il
22 PM,s LA 4t
221 AEEMRSRMATT Y% PM, 5 B 500

SG A B R 23 R T5 Y TR, I DX R XL g 5 470 SO0 S0 ], ¥ 11 T %) IR R 221
F2ms, R K 0.93 mes™, 1554 H 1T B RGEFEACE 0.64 mes™ (B 1) WL ] B A1 19 AU, o8
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Fig.9 Correlation analysis of PM, s with (a) gas pollutants, relative humidity (RH) and temperature (T), and (b) water-
soluble ions

SARTG L Wy Rt i T PM, 5 A7 7R A5 B B L WL Rl YS e RT H o Vs Y H RS B S H O
NO, F-¥4% B 43 53K 5] 21.39 pg'm ™, 30.28 pg-m™ Fl 14.93 pg-m™, SO, HJ-F- ¥ B 4351 0 1.25 pgrm™,
3.34 ug'm” Ml 0.66 ngm>. HH, 75 4% H 1Y NO, Fl SO, ¥ FZ 73 il 24 3k 2 35 de i H A5 4L )5 H /Y
1.4—2.0 fi5F1 2.7—S5.1 fi5. 3F H., SO, il NO, 55 PM, 5 AR R B4 510 0.66 F1 0.54, 3 HAT i 24
etk (P<0.01, &1 9a). ULH] PM, 5 FO3E IS SO, Al NO, Jey i SR 45 WIAH 3G, I FL A 0K 25 % Rk A i i
HhHE SR AL T Z A TR

VOCs 1E0 SOA 1) H EEHIARY), Il ik 2 5 642 O 15 i KA S8 AL RE g, X PM, 5 1A i
W B A EE . 7275 e 1, WS S5 A LG ¥ (TVOCs) 19k B2 B & 7 (181 2), I B
TVOCs 5 PM, 5 &2 it 3 1IEAH3E 3 R (P<0.01, 7=0.90, 5] 92), $H] TVOCs 1y BBk SOA 4 4 fit 1
SR, TGN T PM, 5 R,



3 # T AR 1A R X 1142 05 Fil PM, 5 T3[R Y5 32 R 43 899

O3 5 PM, 5 MIAHOCHE, &4 I 5 R-0.36, KIT. =M YA 0.087L i AHFFE A 0.26(&] 9a). 5
T 4 B IX B B 75 YRR A L, ARBFSE R O5 15 PM, 5 BYIE M SEPER5R, 26 W R W B2 /Y O TR T R
AALRE S, SR UE T BRI TR B, XA F T PM, 5 BT L.
2.2.2 PM,; Hh R K B T

ABIFFE I 1 7R LR B T 3BT T PM, 5 FF S P A KU 1 B 70 B (1] 10). 25 R 368, V5 44 /i A
F KSR T H B R 11.57 pgem™, V552 Hik 3 33.14 pgm™, {5945 HFE 2 15.37 pgm™. H,
SO, NO; . NH, ¥R B 2 FI(SNA) ZEV5 YL iy H L 754 H A5 44 )5 H A9 B ¥ 2510 9.26 pgrm™,
31.51 pgrm™ Fl 14.46 pgm™, 7051 5 24 H BB F W FE 1) 80.07%. 95.08% Fl1 94.04%, il PM, 5 Jii & 1)
47.41%. 65.76% F 52.30%, [ i SO, NO; 1 NH, 5 PM, s B #H 56 M 2 304> % &y 0.84, 0.87 Fll
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3 4518 (Conclusion)

(D ARG YL B BT B, 244 T Kl T B, MR 7E 50% —70% ., A FH R 554 %) 531.06 W-m2,
H NO, 1 VOCs ¥ £ [F2E T it 2 e vEiE 10 05 154, H NO, & O A= iy FZ 4T K . PM, s B
I 57 %) (F% X33 1 75 4 SOR 5 NOR A SE I, — R Akt AR i

(2)7E 35 Y H AR AR T 82 R0 5 I I 4 S A R AR X 4 v R TR BE 2518, VOCs ¥R B L FHIE Bl T
O3 154+ & E. OFP T iR, &% VOCs 7R84 Fi i i & £ AR, AR JLni A L 544 A Fijg 4
Jii H BTk A B3 N 16.60x107°(V/V) . 27.87x10°(V/V) Fl 17.74x107°(V/v), Horb W5 R R HE i 1k
B S5RGBT B SO & B, BRI 9 SRS AT AR IR O3 15 YA B L 5.
EMKA £ Hr 2B, AR 05 154432 5] NO, B il

()R IRGHE A F T PMys BFRER, TR X 008 3 RN B X PM, 5 BV B85 84T B S 52 i) OGS SR T 44
) NO, Hl SO, 7E75 Y% H B BF FIH 3%, 12 9E T SO NO; 1IIE i, 75 SOR il NOR {HWF8 /% T K
AP R ARG A . TVOCs 1 Oy B BEAETS Y4 H e, X8 IR A WL IR A e it 7 2
MITRTARY AR T 59 H R EARE ST, AR T it — 2 IE L PM, s, 715 94 H, KPR+ SNA 5
BB R TR 1 95.08%, 15 PM, s TR 65.76%.

(4) K5 VOCs F1 NO, 1Y A 5 Ay F1HE OIS A5 4R A it 1 R0 i BAY kIR A2 H
HE IS FNA% fiy 5 AR, SRS 1 1 Sk A 4R 1, 4 3D O5 A PM, s RO DR [R] YA L, DA 430038 IX a2 K
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