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Table S1. Summary of average (standard deviation) values of meteorological parameters, trace gases,
aerosol liquid water content (ALWC), aerosol [H*], PM.s and components of PMs in four seasons and

throughout the year in 2015/2016 and 2018/2019.
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Table S2. Recoveries of OS standards spiked in the blank filter.

OS standard Spike concentration (ppm) Recovery
Limonaketone sulfate 2.50 88.5%
a-Pinene sulfate 2.86 88.7%
A-Carene sulfate 3.26 66.4%
B-Caryophyllene sulfate 1.82 84.2%
Octyl sulfate 1.94 82.6%
Methyl sulfate 1.92 88.0%
Phenyl sulfate 1.57 87.7%
Camphorsulfonate 2.27 94.3%
Lactic acid sulfate 5.05 72.5%
Glycolic acid sulfate 4.82 77.8%

Table S3. Dates and concentrations of major components of aerosol samples used for matrix effect
evaluation, as well as the ratios of the signal response of OS standards in different sample extracts to that
in pure solvent.

Exp. 1 Exp. 2 Exp. 3 Exp. 4
Date of sample 19/01/2019  19/01/2019 31/07/2019 01/08/2019
oM 22 22 4 4
NOsz 34 34 0.4 0.7
SO4* 15 15 2 2
Limonaketone sulfate 0.93 (1.3) 0.93 (7.8) 1.09 1.15
a-Pinene sulfate 0.90 (1.4) 0.98 (9.0) 1.02 1.06
A-Carene sulfate 0.81 (1.6) 0.91 (10.2) 1.02 1.08
B-Caryophyllene sulfate  0.96 (0.9) 1.08 (5.7) 1.07 1.10
(OF] Octyl sulfate 0.87 (1.0) 1.00 (6.1) 1.10 1.14
standard  Methyl sulfate 0.20 (1.0) 0.16 (6.0) 0.51 0.55
Phenyl sulfate 1.01 (0.8) 0.96 (4.9) 1.06 1.12
Camphorsulfonate 0.89 (1.1) 1.07 (7.1) 1.06 111
Lactic acid sulfate 0.93 (1.0 0.86 (6.3) 1.35 1.38
Glycolic acid sulfate 0.17 (1.0 0.31 (6.0) 0.45 0.53

Units: OM, NOs™ and SO4> (ug m). The values in parentheses are the concentrations (ppm) of the OS
standards added to the aerosol sample extracts. The OS standard concentrations in experiments 2-4 are
the same.



Table S4. Molecular formulas of high-molecular-weight CHOS species observed during the pollution
periods of winter and summer in 2019.

Winter in 2019 Summer in 2019
Formula m/z Formula m/z

ClsHsgosS' 409.1896 *C18H130882' 421.0052
Con3707S' 421.226 szH2107S' 429.1008
ClgH370sS' 425.2209 Cl4H13014S' 437.0026
szH43068' 435.278 ClsH15014S' 451.0183
*C16H23010S7 439.0733 Ci5H17014S 453.0339
C1gH31010S 439.1638 *C15H19012Sy 455.0318
CosH3708S" 485.2209 C15H150155 467.0132
C3oH270125 611.1223 Co4H3708S" 485.2209
C37H4907;S 637.3199 C34H4905S" 569.3301
C31H57014S 685.3469 C35H5306S" 601.3563
CgsH470sS' 607.3093

Cg7H4907S' 637.3199

Cg7H5907S' 647.3981

C43H63058' 691.4396

*The high-molecular-weight CHOS species with two sulfur atoms may be accretion products of smaller
CHOS species.



Table S5. Summary of individual organosulfate concentration (in ng m) in four seasons in 2015/2016
and 2018/2019.

Formula Spring Summer Autumn Winter
Category
[M-H] 2015 2019 2015 2019 2015 2018 2016 2019
C3Hs045" 0.53 0.35 0.67 0.82 0.59 0.28 0.67 0.48
C2H30sS 051 057 0.58 0.76 062 042 064 050
)/Cs OS CsHs0sS 129 115 4.56 3.77 150 092 135 093
C2H306S 258 255 3.79 3.19 243 180 258 133
CsH70sS 0.75 053 0.63 1.24 259 033 127 063
CsHs06S 225 232 2.06 1.97 215 174 249 172
C4H7045 2.29 2.18 231 1.30 1.75 1.23 1.77 2.33
CsH706S 0.85 0.63 0.79 1.14 0.69 0.48 0.95 0.69
Anthropogenic CeHoO6S" 0.86 0.46 143 147 1.24 0.34 2.20 0.25
oS CgH1704S 0.94 0.54 0.37 0.34 0.99 0.54 1.86 1.95
CeHs04S" 0.35 0.08 0.37 -- 0.41 0.13 0.34 0.12
C7H7048 033 011 0.32 0.28 043 011 033 0.16
Unknown C4Hs0sS 1.06  0.56 1.09 0.47 113 080 149 1.28
source OS CsHsNOsS 140  1.06 3.34 2.98 090 104 070 0.68
C4H70s55 1.05 1.41 1.02 191 1.09 0.97 1.35 1.50
C4H706S 1.51 1.96 6.35 4.19 1.68 1.14 141 1.06
CsHyO6S" 1.33 2.34 2.87 1.69 1.60 149 1.69 1.35
C4H/07S 1.62 2.16 4.57 4.49 1.03 1.84 1.26 1.16
CsH1106S 0.53 0.64 0.74 121 0.54 0.42 0.52 0.40
Isoprene OS CsH707S 289 396 1314 8.85 267 255 381 3.06
CsHqO7S 157  2.56 9.66 9.74 119 140 133 1.06
CsHuO7S 126 123 3580 3052 052 057 048 037
C7Hs0O7S 0.48 0.0 0.96 0.87 045 036 045 0.33
CsH10NOgS 0.82  0.60 2.64 6.82 -- 040 020 024
CsHsNO10S 057  0.59 2.14 7.39 -- 0.26 - --
C7H1106S 1.00 1.01 2.64 2.90 0.81 0.72 0.86 0.49
C7HuO7S 1.58 2.05 3.35 4.17 1.28 0.95 131 0.56
C10H17055" 0.32 0.04 0.29 0.14 0.31 0.10 0.37 0.27
CoH1506S 1.56 1.10 147 0.91 0.95 1.06 1.20 0.99
Monoterpene CsH1307S 11 2.24 2.20 3.90 1.01 1.10 1.07 0.61
oS C10H15078 279 437 3.35 6.45 177 312 372 357
C10H17078 031 022 0.45 0.20 031 020 029 -

C10H16NO7S 1120 6.57 6.50 4.92 3.00 5.52 3.04 5.39

C9H14NOsS 2.28 3.00 1.21 1.22 1.36 3.65 1.57 1.53

C10H16NO10S 1.70 2.06 1.24 1.60 1.13 1.59 111 111
SUM 51.04 5153 11413 102.09 38.15 37.98 4448 35.99
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Figure S1. MS? spectra of quantified OS species with S-containing fragments being labeled. The
collision energy was 6-10 eV for CsHgNOsS,, 12-25 eV for C3Hs04S", C;H30s5S, C4Hs05S, and
C10H16NO10S", 20-50 eV for C¢H50.S", and 10-35 eV for the rest.



