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Figure S1. Location of sampling site and the surrounding environment (map data: © Google Earth,
TerraMetrics Maxar Technologies Data SIO, NOAA, U.S. Navy, NGA, GEBCO, Image Landsat/Copernicus
CNES/Airbus).

S1 The PM2s correction

The hourly PM, s concentrations measured by SHARP were biased, evidenced by the measured SHARP PM; s
concentrations consistently falling below the reconstructed speciation data (Figure S2a). The magnitude of bias was
determined by comparing the SHARP-measured PM,s with those 24-h offline filter measurements during the
campaign period. The SHARP PM, 5 showed similar temporal variations with the offline filter measurements (Figure
S2b). Strong correlations were observed between SHARP PM; s and filter-based PM. s, with R, values ranging from
0.74 to 0.98. The SHARP PM;;s levels were corrected using the linear relationships shown in Figure S2c.
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Figure S2. (a) Time series of hourly reconstructed PMz:s and SHARP measured PMzs. (b) Time series of daily
SHARP measured PM:zs and offline gravimetric mass (Teflon). (¢) Linear relationship between online and
offline filter-based PM: s fata during the campaign period.
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S2 Aerosol water content and pH verification

Figure S3 shows the comparisons of predicted and measured HNO3, NOs~, and ¢(HNO3), and NH3, NH4" and e(NH4")
for summer and winter episode cases. The gas-particle phase partitioning of HNO3, namely e(HNO3), is described as
gas-phase HNO; concentration divided by the sum of aerosol-phase NOs and gas-phase HNOs. Similarly, the e(NH4")
is calculated as aerosol-phase NH4" divided by the sum of aerosol-phase NH4" and gas-phase NHj.

The partitioning ratios for summer and winter episode cases were as follows: e(NH4") = 49 + 18% and 61 + 17% for
summer and winter, e(HNO3z) =28 + 9.2% and 17 + 8.0% for summer and winter, respectively. Good correlations were
observed between the predicted and measured gas-phase HNOs3, aerosol-phase NO3™ and ¢(HNO3), with R, ranging
from 0.56-0.86. Despite the good correlations, ISOROPPIA-II predicted gas-phase HNO; was systematically higher
than measured value, with regression slopes of larger than 2.0. This could be attributed to the underestimate of HNO3
measured by MARGA system (Makkonen et al., 2014). Regarding the aerosol-phase NOs, the ISOROPPIA-II
underpredicted the values with regression slope of 0.62 and 0.82 in summer and winter, respectively. This leads to a
regression slope of higher than 1 comparing predicted to measured ¢(HNO3). In contrast, predicted versus measured
gas-phase NH3, aerosol-phase NH,4" and &(NH4") is close to 1:1 and highly correlated (R,: 0.77-0.96). The overall good
correlations between the predicted and measured values of NH4", NOj3~, gas-phase NH3 and &(NH4") suggest the
precision and consistent utility of thermodynamic equilibrium model in the quantification of PM, s aerosol water
content and acidity.
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Figure S3. Comparisons of (a, b, ¢) predicted and measured HNO3, NO3", and £(NO3"); and (d, e, f) NHs, NH4*,
and ¢(NH4") for summer and winter episode cases.
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Figure S4. Time series of (a) upper wind direction at 15000 + 1000 m height, and (b) sea-level pressure and dew

45 point at Hong Kong Observatory station from 1 May 2021 to 31 December 2021.
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Table S1. Model performance evaluation metrics (Bayesian Inference Criterion, BIC)? for individual seasons
using sulfate, nitrate and ammonium as tracers for SOC.

Tracers / Period SO4* NOs NH4*
2020 summer 2247 3150 2713
2020-2021 winter 6266 6768 7065
2021 spring 10525 10731 13450
2021 summer 15951 16491 14511
2021 fall 2614 3793 4117
2021 winter 2445 2449 2600
Entire 40047 43382 44456

aNote: bold numbers are the minimum value, represents the most optimal model performance.
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Figure S6. (a) POC and (b) SOC estimations for the HKUST winter (24 November 2020 — 28 February 2021)
and spring (1 March -2 May 2021) data. Results comparison between PMF and BI with sulfate and ammonium

as tracers for SOC.
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Figure S7. Diurnal variations of (a) wind speed, (b) temperature, (c) RH, and (d) OC/EC ratio and (e) POC/SOC
ratio over the entire measurement period. The circles represent the hourly data averaged over weekdays
(Monday -Saturday, red) and Sunday (black). The yellow shades represent nighttime periods.

2.6 T T T T
B Urban Stations Shenzhen 7//\ \x
A New Town Stations T T O . ‘
@ Suburban Station MB e e fw!ﬁ%é% ° & 3
+  Suburban Station HKUS' ff o g > 4 ¢
225[—— — N N F @ IS
Lt A BN i
3 4 TQCCCM oy s
& J YL ) /“j:} e
= 22,41 { ﬁ/ Hong Kong i .
~ i)
P A P .
; S S
b= ’ 0 ? /15} ﬁK S ] L
= 2234 J A g o0 |
. A g I "
::’—/“/ TC C\\j o W EN 2L g
5 P N )
vl - g
£ s g3 n“é seak &
22k W a § 5 .
wﬁ}“ o AR
. . =, o
Longtitude (deg C) if}
] Q[}
2.1 L Lo 1 1 1 L
113.8 113.9 114.0 114.1 114.2 114.3 114.4 114.5

Figure S8. Geographical locations of the 15 HKEPD general air quality monitoring stations and the HKUST

supersite.

S-6



Year of 2021

_ Year of 2020

(a) 75 Summer‘ Fall ! Winter : Spring : Summer : Fall : Winter \
50 North (NH), é | | 1 1
28 E.E' d‘“ iO@éa*éﬁééEné é?q,..*!-i:.5ﬁ.a-éﬂna.ﬁga:.ﬂgga.ég*hon.igéq.i..éﬁé
1 I I 1
75 1 1 I 1
50 — ShaTin (ST) ! ! ! !
25 i9a*:,,='%E-éﬁEaé4!oéaée'ééé5-é,,iliagé:,.=4-.,-#,ga,5g!:.sggg-éaii..g.a.l?q-:,naéé#
I 1 1 I
75 1 1 1 |
Ta|Po(TP} '
g% is-él E'* 5.OEnEﬁﬁé'baﬁé*g'-!.'3!ii.&*.'!ﬂ@"‘iﬁ'DE.9¢E$-E§*ha==ﬂnﬁf:.-oﬂéééé §
I I I
— 75 1 1 1 1 —
: Yuen'Lon (YL ! ! ! ! Q
i g% ien ﬁﬂﬂ%.ﬁn eéﬂﬁEééeaaéééé@¢.a$§g@u.eaaggﬁ’-,.ﬂlaq.*Eas.égéknnaﬁn*qiﬁﬂééié% g
2 | | | |
100 | | I
@ Tuen Mun '(TM) , !
E 58 18.$ "*‘ éa‘é‘s?ééééﬂé?é,ﬁD.BESii:.aﬂ§.Qﬁﬂ‘Dtésq:.ﬂésg‘égﬂ'ﬂﬂa-*.*ﬁ:.ﬂ.ééié4
75 —{Tung!Chung (TC) | | : |
un ung I I I |
g% i ﬁﬂia EEné!Eéééngéééaﬁogan,ae:.-‘.giﬁﬂ-a.ﬁ..:.ﬁﬁagﬂﬂﬁl?EQn.*.*ﬁ:eé.EEﬁé#
I I I 1
75 | : : |
50 Tap Mun (N/IB)
28 iaia ﬂjﬂ Eggao e!s'éaééag'ﬁiaﬂ.ﬁﬂ ﬂmngi Q'.ﬁ*e Eég.ééé ?U‘oéﬂl..ﬁaééé
50 —_HKU$T supersite (HKUST) -
25 =7 é+*é;T?'$=53*595°ééé9=$¢8°*"'é*é'#é *od E‘ Bai- égé -ef ‘
0 = I I Il
&ssgﬁgggﬁssgc meHﬁmamﬁaﬁmm“ %gaggsseﬁgg NN“*Hﬁmmamﬁsﬁéagzagzg
5[50 S Sl ] ] e e e o e e e e B e e e e
_ Yearof2020 _ Year of 2021
(b) 75 bummér FallI Winter ! Spring i Summer I Fall | Winter
Tsu Wan (TW) X
g% sl eddl "ﬁ-éaégeéaaééééﬂqu..ﬁ-.p'.éag*-ﬁ-'-g.ﬁaol *é$Eié$# naneoéséﬁﬂts#ﬂé
| | \
5 Kwai Chung (KC) I : I '
50
28 ia-sl.-”'l.u¢!50$E¢ﬁgé-¢éﬁ§-gtnaaaa.'ﬁ-"‘é?‘ngﬁ-ai.gééE-ﬁﬁﬁ:.#--.-Eﬂ:.i-.EﬁEé
I
3 Sham ShuiPo (SP) E E E E
28 BBE?"Q%'*-ﬁaaééﬁoéﬂ$éé'.ﬂ.°EO'ﬁ.‘éa"ﬁg'iﬂﬁ-g;eaéaaﬁ?q.oa=99¢$.itggﬁ*ﬁ
I
- gg Kwur: TongI (KT) é ' X '
“?E 2(5) iéoa:g"‘:,'?‘%éa*éﬂ' éiﬂ-ggEo,aq phenal -aaﬁ-nl.gﬁgggééaa.a.-.ﬁa‘.._éaﬂﬁ‘ c
o I | | | I | o
S 3 Cen I’aI/We,stern (CW) ! %)
E(u: gg igga egdl -$.$-$Eéé.isé$é$g.ﬁIBeiy:.iéE!géu!‘.ﬁ.nL#Egﬁaéﬂﬁ:.ga...ﬁy:...nsﬁaé‘ =
o | l ! I
gg Eastelrn (EI‘}I) é : : : :
28 Qoegﬁ.éb'q‘éﬁﬁﬁééiéu éﬂi‘éaga,gi.:.,i?-=é,oaiﬁsa:.aEggaﬁEa',ggaE-ag'.,.,éﬁéé
- I | | I
I
50

25

75
50
25

0

Ge -1-“" ‘F%u*é-é-*éé*-n'*-'-.aﬂ-'a* '*'*--' BEE-aBt:e-?@B'éEi-"-é*é*‘

Soutlhern ($N) !
=
0

Tseung Kwan O (TKO)
aaﬁ-.&.a?u@ﬁﬁaﬁgqag éii.géaagc‘.‘ﬁi-qﬁ .nﬂﬂ.al.a

agg.ésae,g.--ahn.é**#‘

< [olols|elels)t

[« [].

5

ool o
3 [ R o R i |
o fafofofofafafo

co|o|
o
m

=
=

oo slajala

o
) ]

P4

13
o

<
nlc

] ] v ] ] Sl

12[Y]

o]

[
< =
5 IS
=

=

o
(]

P 50*

%
< o}
ojofolo]
i

B 46*

2|
o

EP
EP

Figure S9. The average concentrations of PM2s during individual episodes (solid pattern) and those during the
non-episode hours in the same season (blank pattern) in the 15 HKEPD general air quality monitoring stations
and the HKUST supersite in HK.
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Table S2. Statistical summary of PMzs at 15 Hong Kong EPD general air quality monitoring stations and the HKUST supersite during the 65 episodes
and the remaining non-episode hours for the period from 16 July 2020 to 31 December 2021. Meteorological parameters and gas pollutant data are from

the HKUST supersite. The NOx and O3 at MB station were used as reference during the missing period.

Episode Season Time period (date, time) Duration Wind T RH O3 NOx Mean PMa.s concentrations
(h) speed (°O) (%) (ppb) (ppb) City- Min Max  Max-to-
(ms™) wide min
EPO1 2020 summer 21 Aug, 09:00-22 Aug, 22:00 38 1.71 289 786 334 4.8 249 21.1 310 15
EP02 2020 summer 29 Aug, 10:00-31 Aug, 23:00 38 1.64 294 762 587 5.4 257 221 30.1 1.4
EPO03 2020 summer 01 Sep, 12:00-04 Sep, 23:00 84 1.36 295 792 602 7.1 36.0 309 417 13
Non-EP 2020 summer 16 July, 00:00-7 Oct, 23:00 1841 2.47 274 845 538 49 8.50 7.10 106 1.5
EP04 2020 fall 29 Oct, 19:00-30 Oct, 20:00 26 2.39 226 823 382 7.9 29.4 254 352 14
EP05 2020 fall 02 Nov, 09:00-04 Nov, 21:00 61 3.91 232 655 578 8.9 30.5 267 377 14
EP06 2020 fall 06 Nov, 11:00-10 Nov, 23:00 109 3.38 242 571 689 11 327 282 406 14
Non-EP 2020 fall 08 Oct, 00:00-23 Nov, 23:00 932 3.46 232 743 528 6.6 17.1 144 228 1.6
EPO7 2020-2021 winter 24 Nov, 08:00-19:00 11 3.24 235 732 485 14 29.4 232 383 1.7
EPO8 2020-2021 winter 26 Nov, 10:00-27 Nov, 03:00 18 2.01 232 79.1 59.8 8.0 27.7 202 388 1.9
EP09 2020-2021 winter 02 Dec, 19:00-03 Dec, 11:00 17 5.55 165 662 289 9.2 28.5 224 373 1.7
EP10 2020-2021 winter 05 Dec, 00:00-14 Dec 00:00 239 2.59 186 741 424 11 30.8 242 432 1.8
EP11 2020-2021 winter 17 Dec, 11:00-23:00 13 2.90 150 663  6.60 25 23.0 145 351 24
EP12 2020-2021 winter 19 Dec, 13:00-25 Dec 23:00 155 3.63 163 685 378 8.9 28.3 206 415 2.0
EP13 2020-2021 winter 27 Dec, 11:00-28 Dec, 11:00 25 1.89 205 580 615 5.1 29.3 156 658 42
EP14 2020-2021 winter 29 Dec, 00:00-30 Dec, 05:00 30 2.67 192 735 430 10 255 217 320 15
EP15 2020-2021 winter 03 Jan, 03:00-08 Jan, 23:00 141 3.44 144 640 456 8.1 29.1 226 422 19
EP16 2020-2021 winter 12 Jan, 00:00-23:00 24 5.52 114 220 404 10 25.1 172 415 24
EP17 2020-2021 winter 14 Jan, 05:00-23:00 19 1.81 150 457 647 12 30.5 204 478 23
EP18 2020-2021 winter 15 Jan, 15:00-16 Jan, 12:00 22 1.74 159 615 780 6.6 26.8 187 412 22
EP19 2020-2021 winter 16 Jan, 22:00-19 Jan, 11:00 62 3.57 140 567 546 7.7 39.2 331 492 15
EP20 2020-2021 winter 21 Jan, 22:00-24 Jan, 08:00 59 1.81 202 731 391 14 38.1 277 515 1.9
EP21 2020-2021 winter 25 Jan, 04:00-27 Jan, 21:00 66 1.76 176 785 562 9.3 30.9 227 441 1.9
EP22 2020-2021 winter 28 Jan, 08:00-23:00 16 3.16 203 551  60.0 7.9 31.7 252 411 1.6
EP23 2020-2021 winter 29 Jan, 21:00-30 Jan, 16:00 20 3.21 148  70.1 59.2 42 25.8 223 316 14
EP24 2020-2021 winter 02 Feb, 18:00-03 Feb, 11:00 18 3.78 163 782 578 3.7 22.4 128 285 22
EP25 2020-2021 winter 06 Feb, 10:00-08 Feb, 14:00 53 2.03 192 732 563 8.8 229 175 300 1.7
EP26 2020-2021 winter 09 Feb, 01:00-18:00 18 4.29 163 827 568 2.5 24.8 137 311 23
EP27 2020-2021 winter 14 Feb, 17:00-15 Feb, 13:00 21 1.51 206 609 518 9.5 25.9 197 321 1.6
EP28 2020-2021 winter 16 Feb, 20:00-17 Feb, 07:00 12 2.65 17.3 72.1 49.1 3.8 23.1 17.3 29.9 1.7
EP29 2020-2021 winter 17 Feb, 22:00-18 Feb, 23:00 26 3.06 16.6 68.6 49.5 3.7 24.8 21.7 29.9 1.4
EP30 2020-2021 winter 20 Feb, 12:00-22 Feb, 13:00 50 1.68 18.8 76.9 68.0 5.2 24.1 18.8 313 1.7
Non-EP 2020-2021 winter 24 Nov, 00:00-28 Feb, 23:00 1192 3.24 16.6 67.8 43.6 6.9 16.3 13.2 234 1.8
EP31 2021 spring 01 Mar, 20:00-02 Mar, 06:00 11 2.32 19.6 89.5 37.2 13 21.4 13.7 30.9 2.3
EP32 2021 spring 04 Mar, 20:00-05 Mar, 23:00 39 1.74 17.8 95.8 31.8 7.3 26.1 17.6 335 1.9
EP33 2021 spring 06 Mar, 09:00-20:00 12 1.34 18.9 99.9 34.5 5.5 22.6 9.60 34.1 3.6
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05 May, 14:00-23:00

05 June, 14:00-06 June, 23:00
23 July, 13:00-25 July, 16:00
27 July, 10:00-28 July, 17:00
06 Aug, 09:00-07 Aug, 13:00
11 Sep, 15:00-13 Sep, 18:00
17 Sep, 08:00-18 Sep, 03:00
27 Sep, 14:00-02 Oct, 03:00
03 May, 00:00-07 Oct, 23:00
23 Oct, 15:00-23:00

27 Oct, 12:00-22:00

28 Oct, 12:00-29 Oct, 21:00
30 Oct, 10:00-01 Nov, 20:00
03 Nov, 10:00-04 Nov, 09:00
15 Nov, 22:00-18 Nov, 04:00
18 Nov, 17:00-20 Nov, 07:00
08 Oct, 00:00-24 Nov, 23:00
24 Nov, 14:00-27 Nov, 06:00
27 Nov, 18:00-01 Dec, 04:00
09 Dec, 14:00-10 Dec, 11:00
11 Dec, 15:00-15 Dec, 02:00
18 Dec, 19:00-20 Dec, 16:00
23 Dec, 19:00-26 Dec, 19:00
27 Dec, 12:00-31 Dec, 23:00
25 Nov, 00:00-31 Dec, 23:00

14

80
14
32
13
12
30
15
13
1219
10
34
52
32
20
52
20
110
3462

11
34
59
24
55
39
897
65
83
21
84
64
73
108
414

2.11
4.57
2.60
2.64
2.31
4.07
1.80
4.67
1.91
1.26
2.52
2.18
1.65
1.50
1.15
1.49
1.35
1.67
1.43
2.16
3.44
2.40
3.16
2.95
3.01
2.67
2.15
4.23
2.56
3.82
2.34
2.45
443
3.08
2.72
3.63

19.2
20.3
19.0
21.7
213
19.2
21.1
20.9
28.1
25.1
215
26.0
27.2
29.7
304
28.0
31.0
28.9
28.7
27.8
19.8
242
23.8
23.2
23.8
21.7
21.5
22.5
19.9
20.5
18.6
19.4
15.9
17.0
15.9
18.1

85.3
74.0
64.6
97.5
85.2
76.7
933
72.2
69.0
78.4
85.5
81.5
733
78.2
78.6
87.7
76.5
83.5
81.2
85.0
75.6
79.7
81.6
79.1
80.5
73.9
79.1
74.1
61.8
61.6
75.8
72.5
58.0
81.2
753
63.2

67.7
18.6
45.7
46.1
67.9
50.6
534
80.1
48.7
46.0
40.9
70.3
81.4
71.3
439
26.5
514
79.6
553
28.0
204
66.1
66.2
58.5
63.6
39.2
43.1
35.1
38.9
39.9
36.3
449
34.6
224
24.5
36.2

5.7
12
14
5.8
5.4
5.1
73
5.5
32
13
7.6
19
18
17
19
25
16
7.7
11
9.9
21
10
6.6
9.7
6.1
8.7
6.5
5.6
10
8.5
7.3
8.4
8.4
11
13
7.2

254
25.8
31.7
21.1
27.7
243
22.6
31.6
24.1
23.0
14.0
23.0
32.8
24.0
23.1
21.1
21.6
28.8
26.7
8.40
22.8
21.9
234
27.5
23.6
28.3
243
13.2
24.0
23.0
224
36.6
293
36.9
32.7
15.0

15.0
20.8
25.8
13.9
23.0
21.2
18.0
26.8
17.9
16.6
12.0
15.2
253
19.6
18.6
16.0
134
21.8
16.1
6.60
16.0
18.2
19.7
17.2
19.5
20.8
17.4
11.3
19.1
16.6
15.0
30.0
233
26.6
23.6
11.9

325
325
41.9
30.8
339
28.1
293
39.1
32.1
294
18.0
31.0
44.5
293
272
26.9
29.8
36.5
31.8
10.2
35.6
28.2
29.1
335
30.0
39.8
345
18.0
35.1
32.7
39.5
46.4
37.9
544
48.2
21.7

2.2
1.6
1.6
2.2
1.5
1.3
1.6
1.5
1.8
1.8
1.5
2.0
1.8
1.5
1.5
1.7
2.2
1.7
2.0
1.6
2.2
1.5
1.5
1.9
1.5
1.9
2.0
1.6
1.8
2.0
2.6
1.6
1.6
2.0
2.0
1.8
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Figure S10. The provisional tropical cyclone tracks of (a) Chaiwan, (b) Infa, (¢) Lupit, (d) Chanthu and (e)
Mindule together with the corresponding atmospheric pressure (pascal) at the HKUST supersite. The episode
period is indicated by the grey area. The tropical cyclone tracks were obtained from Hong Kong Observatory
website (https://www.hko.gov.hk/en/publica/tc/tc2021/track.html, lass access: May 2023).
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Figure S11. Scatter plot of SOC with meteorological parameters (i.e., temperature and RH), and oxidants (i.e.,
Ox and NOy) during the episodic hours in (a) summer typhoon episodes and (b) winter haze episodes. The solid
red circle represents daytime hours, blank green circle represents nighttime hours.
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Table S3. Statistical summary of aerosol water content and [H*] during the summer typhoon episodes and
winter haze episodes during the daytime and nighttime, respectively.

Episodes Day/night AWC (ug m3) [H*] (mol m?)
Summer typhoon episodes Day 12.5+8.34 1.70 £ 1.20 E-10
Summer typhoon episodes Night 23.1+234 1.49 £1.00 E-10
Winter haze episodes Day 6.36 = 6.60 7.51 £1.80 E-11
Winter haze episodes Night 8.86 + 8.47 1.54+9.72 E-10
(a) 6 Daytime (b) 6 Daytime

O nighttime O nighttime

Figure S12. Scatter plot of SOC with (a) aerosol water contents (AWC) and (b) [H*] during the winter haze
episodes. The solid red circle represents daytime hours, blank green circle represents nighttime hours.



