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Figure S1 (a) Number distribution of the total CHOS species sorted by the oxygen atom
number in the molecular formulas across the three field campaigns. (b) Formular number
percentages of each subgroup which were divided based on the DBE value and the length of
carbon skeleton in the CHOS formulas; (c) Formular number and (d) number percentages of
each subgroup which were divided based on the Xc value of formulas.
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Figure S2 (a) Number distribution of the total CHONS species sorted by the oxygen atom number
in the molecular formulas across the three field campaigns. (b) Formular number percentages of
each subgroup which were divided based on the (DBE—N) value and the length of carbon skeleton
in the CHONS formulas; (c) Formular number and (d) number percentages of each subgroup which
were divided based on the Xc value of formulas.
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Figure S3. Significant correlations of the sum-normalized peak areas of OSs classified into subgroup
B (with DBE<2, C>8, 3<0<7 for CHOS) with RH (a) and CI" (b).
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Figure S4 The relative abundance distribution of detected CHONS compounds in the suburban (a,
summer) and urban (b, summer; c, winter). The color bar denotes the DBE of CHONS compounds.
Note that the abundances of IS in each sample were set arbitrarily to 100%.



Table S1. The concentrations of PM»s, gaseous pollutants, and meteorological parameters in the suburban
(summer) and urban (summer, winter) of Shanghai. The involved abbreviations included temperature (T), relative
humidity (RH), and wind speed (WS).

Suburban Daytime  Nighttime Urban Daytime  Nighttime Urban

. Daytime  Nighttime
summer summer winter

I. PM, 5 and gaseous pollutants (ug m~)

PM; 5 14.6 £7.67 16.7+8.15 12.5+6.50 179+9.44  20.5+941 154+876 508+34.0 50.1+31.4 51.6+36.4
SO, 2.21+£0.61 2.05+0.60 2.16+0.60 456+ 1.15 505+1.37 4.06+090 8.08+2.18 834+229 7.81+2.03
NOx 17.7 £ 8.91 13.1+580 229+9.11 25.7+8.22 23.7+735 27.6+926 56.5+265 53.8+21.8 592+304
CO 456 + 88.7 477+70.7 435+£99.2 779 + 80.1 785+£762  774+833 1174+271  1108+£266 1239 +282

0O; 78.5+252  953+337 61.7+13.8 61.3+17.3 75.9+243 4677+11.7 4284225 509+21.4 346+232

ocC 2.51 +£5.59 349+2.82 1.52+1.87 3.46 £2.55 4.09+3.04 287+182 6.60+547 636+4.08 6.84+6.55

EC 049+0.48 0.66+0.54 0.31+0.32 1.03 £0.90 1.23+£1.07 0.83+0.62 2.77+1.77 273+131 280+2.13
II. Meteorological parameters

T (°C) 287+1.70 299+139 274+0.83 30.8 £ 1.54 3244138 29.1+£059 7.64+328 943+344 584+3.13

RH (%) 83.3+7.78 78.1£6.95 88.6+4.29 80.8 + 7.60 76.0+7.94 855+278 757+139 67.6+143 83.7+£7.26
WS(ms!) 245+1.14 285+098 2.05+1.16 470 £1.13 507121 433+£091 339+1.60 390+1.16 2.88+1.81
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Table S2. Summary of molecular characteristics of CHOS and CHONS compounds detected in suburban and urban PM, s samples from Shanghai.

Number of

% of total

% of total

% of formulas

% of formulas

Sample ID Group Subgroup S OrgS OrgS number with  intensity with MW,, H/C,, O/C, DBE,, Xcy
number Intensity (4s+3n)/lo <1 (4s+3n)/lo <1

Suburban CHOS: 418-688 58.4+3.33 64.8+16.0 88.2+3.80 86.1£13.9 300£16.2  1.87£0.06  0.58+0.15  2.05+0.46 0.37+0.24
Summer cHO Total 425-703 (1069) 59.8+3.41 65.2+16.1 86.6+3.71 86.2+13.8 300+16.0 1.88+0.06  0.58+0.14  2.06+0.46 0.37+0.24
Urban CHOS; 439-677 64.8+£3.36 76.7£12.4 84.4+2.38 85.3+11.6 301£16.4  1.8240.04  0.53£0.11  2.11£0.43  0.42+0.26
Summer cHOS Total 452—689 (1127)  66.4+3.56 77.1£12.6 83.2+2.53 85.2+11.5 302+16.5 1.81+0.04  0.53£0.11  2.18+0.44  0.43+0.27
Urban CHOS: 324-846 59.5+4.07 73.8+8.44 89.2+2.13 91.7+7.37 285+15.4  1.62+0.03  0.45+0.06  2.48+0.46 0.58+0.31
Winter cHo Total 330-949 (1412)  60.8+4.11 73.9+8.44 87.5+2.25 91.6+7.36 285+15.4  1.62+0.03  0.45+0.06  2.56+0.47 0.60+0.31
CHON;S: 139-438 29.0+4.30 31.9+£16.4 62.3+11.3 88.2+12.4 3214£10.2  1.71+0.06  0.83+0.09  3.20+0.50 0.17+0.21
S;:{E:::: CHONS  CHONS; 60—111 8.37+1.31 2.29+1.59 8.45+3.55 5.36+3.39 332429.4  0.76£0.15  0.374£0.09  12.6+2.41 2.50+0.17
Total 231-558 (895)  40.2+3.41 34.8+16.1 56.3+£9.21 73.0+£10.2 3254149  1.60+0.17  0.77+0.11  4.27+1.73  0.43+0.47
CHON;S: 132-359 23.1+4.38 18.4+13.6 74.2+9.76 93.5+9.36 336+30.2 1.67£0.06  0.74+0.06  3.59+1.56 0.29+0.47
SIHJ:I?:; CHONS  CHON,S; 53-114 9.67+1.84  4.30+3.81 3.85+3.53 8.13+3.03 335+16.5 0.75£0.13  0.32+0.15  13.6+3.47 2.59+0.61
Total 206—458 (787)  33.6+3.56 22.9+12.6 59.7+7.54 89.4+9.89 332+19.2 1.53+0.26  0.69+0.12  4.89+2.64 0.54+0.55
CHON; S, 54-578 29.247.24 23.2+9.81 68.8+4.50 94.4+3.18 31849.72  1.63+0.05  0.68+0.07  4.49+1.16 0.59+0.58
‘Ii:z:‘; CHONS  CHON:S; 37-87 7.41£2.91 1.99+£2.57 12.4+9.35 21.3+16.0 358+12.5 0.74+0.10  0.31+£0.09  12.1+1.09 2.49+0.13
Total 144-694 (1277)  39.2+4.11 26.1+8.44 56.5+6.70 92.0+6.54 32249.08 1.444+0.24  0.65+0.17  6.02+2.60 0.88+0.70




Table S3. Comparison of H/C,, and O/C,, ratios of CHOS compounds in this study and other studies.

Sample Location Season Extr:'ictlon H/C,, o/C, Instrument  References
solution
Shanghai Summer 1.88+0.06  0.58+0.14
(suburb) . .
PM; 5 Shanghai Summer Methanol 1.8120.04 0.53+0.11 Orbitrap MS ~ This study
(urban) Winter 1.62+0.03 0.45+0.06
PM Pearl River Water 1674031  0.55+0.17  OrbiwrapMs (cinetals
25 Delta O : : P 2012)
. winter Water and 1.47 0.47 . (Rincon et
PMa s Cambridge summer acetonitrile 1.50 0.66 Orbitrap MS al., 2012)
after midnight 1.7+0.05 0.87+0.09
o morning 1.8+0.1 0.93+0.1 . (O'Brien et
PMy 1s- Calif Orbitrap MS
ote-ts  LAllomia T Rernoon 184005  0.82+0.09 rottrap al., 2014)
before midnight 1.8+0.0 0.88+0.05
Water 1.46%0.35 0.47+0.23 "
TSP Virginia Pyridine  1.54:038 0494031  FT-ICR MS g‘g‘l"’;‘gi‘zy
Acetonitrile  1.424+0.36 0.49+0.32 N
Hazy 1.55+0.41 0.49+0.26
Clear beM 1.744+0.34 0.62+0.34 Ti t al
PM, < Beijing . . . . FT.ICR MS (Jiang et al.,
Hazy 1.64+0.37  0.65+0.28 2016)
Water
Clear 1.82+0.26 0.75+0.37
Winter 1.68+0.44 0.37+0.25
Wuhan
Summer 1.75+0.36 0.39+0.23 |
PM,s Nanjing Summer Methanol ~ 1.68+0.41  0.43+0.32 Orbitrap MS g\(’)\flag)g etal,
) Winter 1.68+0.46 0.40+0.29
Shanghai
Summer 1.68+0.42 0.47+0.31
Spring 1 0.2
S 1.1 0.6
PMy s Shanghai F:ﬁlmer Acetonitrile 2 04 Orbitrap MS g\(?)\/la;l)g ctal,
Winter 1.3 0.2
Mainz low-pollution il 1.66 0.78 |
PMa 5 Jow-pollution __ “xectonitrile =77 0.63 Orbitrap Ms ~ (vang etal,
Beijing - - /water 2018)
high-pollution 1.74 0.51
Changchun A - 1.56+0.11 1.17+0.13 W |
. cetonitrile . ang et al.,
PM; s Shanghai Iwater 1.85+0.04 1.41+0.19 Orbitrap MS 2021)
Guangzhou 1.85+0.02 1.48+0.05
(Jiang et al.,
PM; 5 Guangzhou Whole year Methanol 1.77+0.03 0.52+0.07 FT-ICR MS 2022)
Winter 1.17 0.76
Beijing
Summer 1.37 0.60
. Winter 1.20 0.73
Harbin
Summer 1.35 0.60
. Winter 1.29 0.74
Xian S 1.45 0.63 (Wang et al
ummer . . . ang et al.
PM Methanol Orbitrap MS ’
Y chened Winter I X 0.76 P 2024)
n
engdd Summer 133 0.60
G h Winter 1.27 0.74
ngz
Hangziol g mmer 1.43 0.65
Winter 1.16 0.77
Wuhan
Summer 1.40 0.63
PMa s Anshan Winter Water 142£0.07  045£0.05  FT-ICR MS %;@% ctal,




Table S4. Comparison of H/C,, and O/C,, ratios of CHONS compounds in this study and other studies.

Sample Location Season Extr?ctlon H/C,, o/C, Instrument  References
solution
(Ss?ﬁﬁi’;“ Summer 1.60+0.17  0.770.11
PMZ,S Shanghai Summer Methanol 1.53:|:0.26 0.69:&0.12 Orbitrap MS Thls Study
(urban) Winter 1.44£0.24  0.65+0.17
Pearl River . (Lin et al.,
PM, 5 Delta Water 1.73+0.29 0.81+0.22 Orbitrap MS 2012)
} Winter Water and 1.99 0.73 . (Rincén et
PMoas Cambridge Summer acetonitrile 1.65 0.80 Orbitrap MS al., 2012)
after midnight 1.7£0.0 0.99+0.02
morning 1.7+0.0 1.0+0.005 (O'Brien et
PMo.s-15  California afternoon 1.7+0.05 0.92+0.03 Orbitrap MS al., 2014)
before 1740.05  0.89+0.09
midnight
Water 1.65+0.20 0.71+0.21 )
TSP Virginia Pyridine 1.5240.28  0.64+0.23 FT-ICR MS S?;llu";g{‘f;’
Acetonitrile 1.27£0.29  0.45+0.25 )
Hazy DCM 1.57+0.37 0.69+0.31
Clear 1.75+0.31 0.76+0.27 (Jiang et al.
PM B FT-ICR MS ’
23 cying Hazy 1514037 0.70+0.32 2016)
Water
Clear - -
Winter 1.58+0.46 0.354+0.13
Wuhan
Summer 1.69+0.34 0.40+0.17
PM, s Nanjing Summer Methanol 1.69+0.35  0.44+0.21 Orbitrap MS Slvazn(;élzt)
Shanehai Winter 1.64+0.52  0.42+0.27 N
anghal Summer 1642047 0.5320.38
Spring 1.5 0.2
) Summer _ 1.5 0.4 . (Wang et
PM, 5 Shanghai Fall Acetonitrile 16 03 Orbitrap MS al., 2017)
Winter 1.5 0.4
Mainz Low pollution 1.54 0.91
PM, 5 Low pollution  Acetonitrile/water 1.57 0.81 Orbitrap MS (Wang et
Beijing P — al., 2018)
High pollution 1.56 0.59
Changchun 1.354+0.02 1.07+0.11
PM, s Shanghai Acetonitrile/water 1.56+0.03  1.00+0.13 Orbitrap MS gva;(%z‘?)
Guangzhou 1.56+0.04  0.82+0.03 N
(Jiang et al.,
PM, 5 Guangzhou Whole year Methanol 1.72+0.03 0.724+0.06 FT-ICR MS 2022)
Winter 1.15 1.02
Beijing
Summer 1.28 0.96
) Winter 1.30 1.08
Harbin
Summer 1.26 0.98
Xi° Winter 1.26 1.04
i’an
S 1.39 0.99
PM> 5 u.mmer Methanol Orbitrap MS (Wang et
Chened Winter 1.17 1.02 al., 2024)
n,
enect Summer 134 0.91
Winter 1.20 1.02
Guangzhou
Summer 1.51 0.82
Winter 1.12 1.06
Wuhan
Summer 1.49 1.00
PM, s Anshan Winter Water 1.430.09  0.55£0.07  FT-ICR MS %3‘2% ctal,




Table S5. Molecular information and their relative abundance of isoprene-derived
organosulfates detected at Shanghai. Noted the formulas in the Table S5—S10 were from the
summarization of recent studies and the reference in (Bruggemann et al., 2020; Wang et al.,
2019; Ye et al., 2020; Zhu et al., 2019).

Relative peak area (%)

Molecular mrs DBE Suburban Urban Urban
formula [M-H] .
Summer Summer Winter
C2HeOsS 140.9863 0 3.05 3.67 3.62
C3H40sS 198.9554 2 0.53 0.47 1.35
C3HeO6S 168.9812 1 6.93 5.14 12.58
CsHsO7S 184.9761 1 0.18 0.49 2.64
C3HeOsS 200.9711 1 0.74 0.25 1.07
C3H6O0S 216.9660 1 1.25 0.88 3.00
C3HsO6S 170.9969 0 0.08 0.02 0.21
C4HeOsS 164.9863 2 3.27 2.73 2.68
C4HeOsS 180.9812 2 3.32 1.53 3.80
C4Hs0s5S 167.0020 1 4.22 2.44 6.01
C4HsO6S 182.9969 1 16.51 11.79 12.95
C4H307S 198.9918 1 2.62 3.52 0.30
C4H30sS 214.9867 1 0.06 0.07 0.55
C4HgO9S 230.9816 1 0.21 0.13 0.82
CsHsO6S 194.9969 2 8.06 6.02 9.75
CsHgO7S 210.9918 2 4.48 1.14 6.63
CsHgOsS 226.9867 2 1.63 2.87 1.63
CsHsOn1S 274.9715 2 1.23 0.89 2.35
CsH1005S 181.0176 1 5.72 5.69 20.68
CsH1006S 197.0125 1 10.57 9.76 17.33
CsH;007S 213.0074 1 2.94 1.88 3.10
CsH100sS 229.0024 1 5.63 0.13 0.44
CsH1206S 199.0282 0 0.31 0.25 0.66
CsH1207S 215.0231 0 16.41 7.75 10.32
CsH120sS 231.0180 0 1.32 0.98 2.45
C7H1006S 221.0125 3 1.62 1.09 3.80
C7H10078 237.0074 3 5.42 3.17 5.66
CsH1206S 235.0282 3 0.56 0.46 2.36
CsH12078 251.0231 3 8.20 4.66 13.64
CsH1405S 221.0489 2 3.52 2.42 11.83
CsH1406S 237.0438 2 13.77 9.04 21.72
CsH14078 253.0387 2 33.92 17.88 20.05
CsH140sS 269.0337 2 6.85 1.49 6.20
CsH140108 301.0235 2 0.10 0.24 0.61
CoHi607S 267.0544 2 50.43 25.62 35.43

10



C10H20010S

C10H22010S
C12Hi150sS
C12H2006S
CisH320138
CsH11NOS
CsH11NOoS
CsHoNO1oS
CsHi1oN2011S
CsH13NO12S

331.0704
333.0861
321.0650
291.0908
451.1491
228.0183
244.0133
260.0082
273.9874
304.9933
346.0086

W NN === O W R O

0.04
0.23
3.48
1.96
0.49
6.49
1.22
15.82
29.00
0.43
0.18

0.05
0.14
2.60
1.58
0.23
3.88
0.81
9.21
11.79
0.09
0.11

0.05
0.19
2.80
5.50
1.76
13.11
3.78
2.20
0.96
0.78
1.32

11



Table S6. Molecular information and their relative abundance of monoterpene-derived
organosulfates detected at Shanghai.

Relative peak area (%)

Precursor Molecular m/z
eroup formula [M-H| DBE Suburban Urban Ur.ban
Summer  Summer Winter

Monoterpene  C3HeOsS 2009711 1 0.76 0.42 1.36
CsHgOsS 226.9867 2 1.63 2.87 1.63
CsH100sS 229.0024 1 0.27 0.13 0.44
CsHi1206S 199.0282 0 0.36 0.25 0.66
CsHi1207S 215.0231 0 0.27 0.18 0.72
CeH1204S 179.0384 1 1.77 2.05 18.69
CeH1206S 211.0282 1 20.30 14.53 45.85
CsH1208S 243.0180 1 0.66 0.67 0.28
C7HsOsS 250.9867 4 0.60 0.64 0.36
C7H100sS 253.0024 3 5.13 1.45 2.13
C7H1206S 223.0282 2 7.69 7.49 17.66
C7H1209S 271.0129 2 0.71 0.60 1.12
C7H1406S 225.0438 1 16.39 10.65 37.45
CsH100sS 265.0024 4 0.54 0.76 1.25
CsH12078 251.0231 3 8.20 4.66 13.64
CsH120sS 267.0180 3 14.90 11.52 3.32
CsH1406S 237.0438 2 13.77 9.04 21.72
CsH14078 253.0387 2 33.92 17.88 20.05
CsH1409S 285.0286 2 0.45 0.07 0.29
CsHi306S 241.0751 0 0.86 0.42 6.28
CsHis0sS 273.0650 0 0.85 0.57 3.42
CoHs07S 258.9918 6 0.66 0.42 5.70
CoH100s5S 229.0176 5 1.87 1.59 6.47
CoH1006S 245.0125 5 1.06 0.90 7.25
CoH 12078 263.0231 4 2.04 1.49 1.71
CoH1209S 295.0129 4 0.60 1.17 0.56
CoH1406S 249.0438 3 2.84 2.91 6.79
CoH1407S 265.0387 3 17.95 6.82 15.11
CoH140sS 281.0337 3 13.86 6.20 9.50
CoH1409S 297.0286 3 3.25 0.22 1.43
CoH1604S 219.0697 2 0.58 0.54 4.01
CoH1605S 235.0646 2 15.59 11.36 38.59
CoH1606S 251.0595 2 26.01 17.22 49.34
CoH1607S 267.0544 2 50.43 25.62 35.43
CoH1605S 283.0493 2 9.53 5.02 17.32
CoH1609S 299.0442 2 0.72 0.34 0.41
CoH1504S 221.0853 1 3.14 2.32 15.43
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Sesquiterpene

CoH1306S
CoH1507S
CoH2004S
Ci10H10058
C10H1007S
C10H1206S
Ci10H14048
CioH1406S
Ci10H14011S
C10H16045
C10H16058
CioH1606S
Ci10H1607S
C10H160sS
Ci10H1609S
C10H16010S
CioH1505S
C10H1506S
CioHi1507S
Ci10H150sS
CioH1309S
C10H20058
Ci1oH2006S
CioH2007S
C10H22048
C10H22058
CiHi607S
C1iHis0sS
C12H1206S
C14H2207S
C14H2208S
C14H24058
C14H24065
C14H24058
C15H24078
C15H2405S
C15H26058
C15H2606S
Ci16H2807S
C16H2505S
C20H32058
C20H34058

253.0751
269.0700
223.1010
241.0176
273.0074
259.0282
229.0540
261.0438
341.0184
231.0697
247.0646
263.0595
279.0544
295.0493
311.0442
327.0391
249.0802
265.0751
281.0700
297.0650
313.0599
251.0959
267.0908
283.0857
237.1166
253.1115
291.0544
309.0650
283.0282
333.1013
349.0963
303.1272
319.1221
351.1119
347.1170
363.1119
317.1428
333.1377
363.1483
379.1432
383.1898
385.2054

13

A U W LW W W DR b W W W B B 9 W B O O = M~ = N DD DN DN DD W W W W W W Wwh b p o O = —

20.61
10.32
8.85
0.52
0.64
2.24
2.60
2.03
0.02
441
6.46
12.82
47.47
14.38
5.90
2.37
11.99
17.15
52.91
13.43
5.11
56.42
11.76
6.66
4.85
0.89
1.23
7.95
0.34
2.74
1.85
2.09
3.10
3.15
7.90
1.62
1.33
1.93
2.28
6.96
3.66
0.67

15.06
3.59
15.47
0.43
0.63
1.77
1.36
1.06
0.01
2.37
4.07
6.54
23.30
4.44
0.87
2.09
8.76
9.58
25.09
5.27
2.04
29.99
6.89
2.38
7.18
0.77
1.21
2.27
0.21
1.63
1.77
0.84
1.59
2.78
3.96
1.17
0.34
0.84
1.28
2.19
1.48
0.23

36.02
13.60
24.86
2.51
7.89
3.61
2.74
1.93
0.07
7.80
16.45
18.43
67.24
13.00
1.02
1.34
25.14
31.55
31.85
14.93
1.52
118.32
23.91
13.58
24.18
7.12
1.80
8.40
0.39
241
2.12
4.99
3.43
6.31
4.85
3.38
6.19
3.48
2.86
4.10
1.96
1.06



Terpene

C20H3409S2
Ci10H17NO7S
CoH15sNOsS
Ci1oH17NOsS
CoH5sNOgS
C10H17NOoS
Ci10H19NOoS
CoH17NO10S
Ci10H17NO10S
C10H16N2010S
CisH2sNO7S
CioH1sN2011S
C14H25sNOoS
C10H1sN2012S

481.1571
294.0653
296.0446
310.0602
312.0395
326.0551
328.0708
330.0500
342.0500
355.0453
362.1279
373.0559
382.1177
389.0508

W W W kA~ B W N NN W W W W W b

0.14
352.88
24.04
28.79
8.53
59.04
10.60
22.12
54.93
1.03
34.29
1.15
2.88
1.03

0.01
158.71
19.32
13.28
4.14
19.53
5.05
9.87
18.18
0.67
12.63
0.64
2.01
0.23

0.23
531.63
55.92
30.43
12.81
21.00
17.91
6.22
42.47
2.14
37.31
1.73
6.77
1.45
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Table S7. Molecular information and their relative abundance of other biogenic VOCs-derived
organosulfates (2-Methyl-3-Buten-2-ol; 2-E-pentenal, 2-E-hexenal, 3-Z-hexenal, cis-3-hexen-1-ol,
and B-caryophyllene) detected at Shanghai.

Relative peak area (%)

?(/)[:Il::lcl;l:ar [I\Zifl] DBE Suburban  Urban Ur.ban
Summer Summer  Winter

C3HsO6S 168.9812 1 6.93 5.14 12.58
C3HeO7S 184.9761 1 0.18 0.49 2.64
C4H1005S 169.0176 0 3.84 5.57 4.77
CsHi1206S 199.0282 0 0.36 0.25 0.66
CsH1007S 213.0074 1 2.94 1.88 3.1
CsHio0sS 229.0024 1 0.23 0.13 0.44
CeH1006S 209.0125 2 11.25 5.78 14.19
CeH1206S 211.0282 1 20.3 14.53 45.85
CoH1606S 251.0595 2 26.01 17.22 49.34
CoH1307S 269.0700 1 10.32 3.59 13.6
Ci14H2405S 303.1272 3 2.09 0.84 4.99
C14H2406S 319.1221 3 3.1 1.59 3.43
C14H2»05S 333.1013 4 2.74 1.63 2.41
C14H220s8S 349.0963 4 1.85 1.77 2.12
Ci14H2408S 351.1119 3 3.15 2.78 6.31
Ci15H2605S 317.1428 3 1.33 0.34 6.19
Ci5H2606S 333.1377 3 1.93 0.84 3.48
Ci5H2407S 347.117 4 7.9 3.96 4.85
Ci5H2408S 363.1119 4 1.62 1.17 3.38
Ci6H2:07S 363.1483 3 2.28 1.28 2.86
Ci6H2808S 379.1432 3 6.96 2.19 4.1
C14H2sNOoS 382.1177 3 2.88 2.01 6.77
Ci15sHasNO7S 362.1279 4 34.29 12.63 37.31
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Table S8. Molecular information and their relative abundance of aromatic-derived
organosulfates detected at Shanghai.

Relative peak area (%)

?::I:Tl;l;ar [N’I’ffi] DBE Suburban Urban Ur.ban
Summer  Summer Winter

CsHeOs4S 1729914 4 0.56 0.31 1.18
C7HsO4S 1849914 5 0.23 0.28 1.18
C7H6OsS 200.9863 5 2.26 1.70 8.29
C7Hs04S 187.0071 4 0.55 0.71 3.01
CsHsO6S 2289812 6 0.51 0.35 5.74
CsHsO4S 199.0071 5 0.71 0.43 1.37
CsHgOsS 215.0020 5 3.22 2.61 7.46
CsH1004S 201.0227 4 1.01 2.73 4.73
CoHs0sS 227.0020 6 0.22 0.06 1.89
CoH1005S 229.0176 5 1.87 1.59 6.47
CoH1204S 215.0384 4 0.62 0.75 1.70
CoH 12058 231.0333 4 0.67 0.65 2.24
Ci10H1006S 257.0125 6 0.19 0.26 7.13
Ci0H1007S 273.0074 6 0.64 0.63 7.89
CioH1207S 275.0231 5 0.10 0.05 0.57
CiiH1205S 287.0231 6 1.04 0.58 3.75
C1H1405S 289.0387 5 0.13 0.19 0.28
CeHsNOsS 217.9765 5 0.07 0.13 0.45
CioHiNO;S  288.0183 6 0.54 0.59 3.30
CioHiiNOsS ~ 304.0133 6 0.01 0.07 0.38
CioHiiNOoS ~ 320.0082 6 0.17 #DIV/0!  0.59
CioHi7NOoS  326.0551 3 59.04 19.53 21.00
CiiHisNOsS  318.0289 6 0.08 0.09 0.23
CiiHisNOoS  334.0238 6 0.11 0.07 0.14
Ci2HisNOsS  332.0446 6 0.02 0.06 0.19
Ci2HisNO1oS  364.0344 6 0.04 0.09 0.18
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Table S9. Molecular information and their relative abundance of long-chain alkanes-derived
organosulfates detected at Shanghai.

Relative peak area (%)

ﬁ:ﬁﬁ;‘;ar [N,I'ifl] DBE Suburban  Urban Ur‘ban
Summer Summer  Winter
C7H1405S 209.0489 1 22.41 18.24 76.35
C7H1604S 195.0697 0 2.42 4.03 35.49
CsHi504S 209.0853 0 11.64 16.55 95.01
CoH1607S 267.0544 2 50.43 25.62 35.43
CoH5305S 237.0802 1 18.64 17.03 62.95
CoH1507S 269.0700 1 10.32 3.59 13.60
CoH150sS 285.0650 1 0.31 0.15 0.29
CoH2005S 287.0806 0 0.23 0.09 0.98
CioH1608S 295.0493 3 14.38 4.44 13.00
Ci1oH1806S 265.0751 2 17.15 9.58 31.55
CioH1807S 281.0700 2 5291 25.09 31.85
CioH150sS 297.0650 2 13.43 5.27 14.93
Ci10H2005S 251.0959 1 56.42 29.99 118.32
Ci10H2006S 267.0908 1 11.76 6.89 23.91
Ci1oH2008S 299.0806 1 0.32 0.15 0.33
C12H2007S 307.0857 3 6.37 1.44 10.26
C12H24058 279.1272 1 88.32 4793 201.25
Ci12H2604S 265.1479 0 64.32 98.49 59.52
C7H;sNOsS 272.0446 1 2.85 1.92 10.07
CsHsNOoS 300.0395 2 9.38 5.00 1591
CoH17NO7S 282.0653 2 1.49 1.36 9.15
CoH17NOsS 298.0602 2 7.46 3.68 24.95
CoH17NOoS 314.0551 2 10.14 5.80 19.40
CoH17NO1 S~ 330.0500 2 22.12 9.87 6.22
CioHioNOsS ~ 312.0759 2 22.81 8.72 47.88
CioHi9NOoS  328.0708 2 10.60 5.05 17.91
CioHi1oNO10S  344.0657 2 8.11 3.58 11.03
CioHioNO11S - 360.0606 2 0.79 0.45 1.81
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Table S10. Summary of molecular characteristics of CHOS compounds detected in our field samples
and source samples, as the MS data are obtained from Cui et al. (2019) and Tang et al. (2020).

Formula % of % of

Source samples MWw H/Cw O/Cw O/Sy DBE,

number Xc>2.5 (4st3m)lo <1
BBOA1(Musa) 444 360 1.52 047 621 476 43 88
BBOA2(Hevea) 174 396 1.35 040 597 7.68 59 86
CCOA 1 (Anthracite) 549 323 1.01 040 540 8.55 82 95
CCOA2(Bituminous coal) 463 340 099 031 464 9.90 94 85
Tunnel aerosol 635 325 1.74 0.59 6.79 275 23 96
Vehicle emission 112 441 1.31 025 447 9.54 71 75
Excavator-idling(diesel) 1004 353 1.61 038 581 4.18 58 96
Excavator-moving(diesel) 334 326 1.51 046 520 3.58 49 98
Excavator-working(diesel) 631 342 1.63 0.36 544 4.00 55 93
Diesel-vessel 334 306 1.66 040 514 347 50 95
Heavy-fuel-oil-vessel 1110 311 148 036 477 485 71 83
Suburban summer 1069 300 1.88 0.58 521 2.06 7 86
Urban summer 1127 302 1.81 0.53 512 2.18 10 85

Urban winter 1412 285 1.62  0.45 498 2.56 18 92
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Table S11. Summary of molecular characteristics of CHONS compounds detected in our field samples
and source samples, as the MS data are obtained from Cui et al. (2019) and Tang et al. (2020).

Formula % of % of

Source samples MWw H/Cw O/Cw O/Sy DBE

number Xc>2.5 (4st3m)lo <1

BBOA1(Musa) 371 379 1.55 050 721 4098 64 64
BBOA2(Hevea) 65 411 1.56 050 7.51 479 69 63
CCOA 1 (Anthracite) 767 340 098 052 649 899 97 47
CCOA2(Bituminous coal) 293 308 097 049 582 8.04 93 29
Tunnel aerosol 410 340 1.81 0.90 8.73 278 29 91
Vehicle emission 17 400 1.17 0.72 859 6.92 59 47
Excavator-idling(diesel) 310 325 1.47 0.41 559 5.8 65 42
Excavator-moving(diesel) 117 298 1.62 048 517 5.55 64 9

Excavator-working(diesel) 260 323 1.47 040 541 526 69 27
Diesel-vessel 13 461 1.50  0.36 6.74 9.38 38 46
Heavy-fuel-oil-vessel 398 343 1.35 0.39 5.68 6.35 86 28
Suburban summer 895 325 1.60 0.77 7.54 427 11 73
Urban summer 787 332 1.53 0.69 698 4.89 15 89
Urban winter 1277 322 1.44  0.65 6.44  6.02 21 92
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