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Figure S1. (a) Comparison between observed and ISORROPIA-II-simulated gaseous NHj;
concentrations at the urban site. (b, ¢) Comparisons of predicted aerosol pH and ALWC,
respectively, between simulations constrained by measured gaseous NH3 (Sim0) and simulations
in which gaseous NH; was estimated through six iterative runs (Sim6) at the urban site. (d—f)
Comparisons of predicted aerosol pH, ALWC, and particulate NH4", respectively, between the first

(Sim1) and sixth (Sim6) iterative runs at the suburban site.
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Figure S2. Comparison of OrgS-to-OM ratios between the summer and winter

urban site.
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Figure S3. Molecular corridors of molecular weight versus saturation mass concentration (Co) for
total OrgSs, CHOS, and CHONS detected in urban summer (a, c, €) and winter (b, d, f) samples.
The two edge dashed lines represent linear n-alkanes CnHaqr2 (purple with an O/C ratio = 0) and
sugar alcohols CyH20n (red with an O/C ratio = 1). The small markers represent individual
compounds identified in each data set color-coded by atomic O/C ratio. The numbers and
percentages shown to the left of each volatility-class label denote the total number of each volatility
subgroup and their relative peak area-weighted fractions, respectively.
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Figure S4. (a) CH,-based Kendrick mass defect (KMD) diagram of potential OSs. (b—1) MS/MS
fragmentation spectra of eight representative sulfur-containing ions. The parent ions chosen for
fragmentation were (b—d) CyH2:207S (n =5, 7, and 12) and (e—i) CxH2:0sS (n =5, 7, 11, 12, and
13).
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Figure S5. MS/MS fragmentation spectra of ten representative sulfur-containing ions. The parent
ions chosen for fragmentation were (a—e) C,H2,06S (n =4, 5, 7, 8, and 9), (f~h) CaH2,206S (n =
5, 9, and 12), (1) C9H16058, and (_]) C]onOsS.



DBE-N EE 0

01 2 3 4 5 >5
I mCH, NOJF— T———— 3 —& B - | g (e) CoH ;sNOGS
0.34 4 (a) “n 209 ¥ Wo—o CJIL, NOWE  Zi{~No, | sor
. —ao—aoaa CH, NO £ goloros 79.9574
C H, NO,S00900000009d 009 £ "
0.32 4 . . . H . .
C,H,, {NO,S . : . £ 604 CHNOS
] R nHao  NOQyS 2 40 26,0446
L) ) ) = 1
C H, .NOS—00099003009000 . . 5
ey I 9, o cH, R0 £ o, e
o . . p 2n-5 Vg = 96.9601 233.0490
5 1 C,H,, ;NO,S N g 0 1 Tt T e L T )
. B 90909090 —0—0—0 l 3
E 028 4 H, N0, a2 2002000 C, (225'7;1 07510 i 60 90 120 150 180 210 240 270 .?oo 330 360
S C,H,,_NO.S ng VB CALOS : 7
1 -5 g 299 o BT NOS £ 10 CyHNOS 1930175 €05 CigthiNOyS
0.26 C IL .NO.S n -1 TR ¢ 1001 HSO, 2630505 D10.0605
- 29—0090-9-9-0-9 “n'ln 3y H] 96.9601 i
| 2-9-0-0-9-90-9-0-00-0 o CnHZnﬂNOSS 3 801 50,
) 3 Z 60 _79.9574 Colly5055
0.24 o C,H,, ,NO;S £ 601 No, 247.0646
- & 404 61.9884
1 *3-0-9909090909909000—90 I o
CnHZnHVO'IS Y N P
=
022 T T T T T T T 2 0 doo b Lo
E] # T T i r T T r T r )
130 200 2350 300 330 400 430 500 330 60 9 120 150 180 210 240 270 300 330 360
Molecular weight (Da)
g N . 9 () CH NOyS
<100 (b’CIoH17“0;[$SO Cyyl1, NO,S = 100] -
g 3 2040655 g NOjy
3 80 26.9601 CyoH 0,8 5 80 1.9884
H NO, 231.0696 £
Fl I = ]
L] 601 1084 £ 50,
- - 50y
= 4 = 40 0,057 150, CHLOS 1 vos
2 S0, = 96,9601 197.0125 s
§ 20 vy £ 204 ' 260.0082
2 ol v . e T : 2 0l— : . : Ak . r T T )
60 920 120 150 180 210 240 270 300 330 360 60 20 120 150 180 210 240 270 300 330 360
- CisHyNOS™ - .
§100-(c) C,sH,sNO;S seiz7 S mu_(m CyH;NO,S
[ g HSO,
5 80 S0~ _§ 804 No, 96.9601
£ 60 noo 70,9574 ] 60 GLIER4
- o3 < " C g H  NO,S™
o 40l FF 2 101 S0, . - 3260553
= . = 79.9574 CyHys068
£ 20 Hso, z 204 263.0594
ﬁ 96.9603 ';
z ol— A . . . . — . . ERN . y — . . . r . : .
60 90 120 150 180 210 240 270 300 330 360 60 9 120 150 180 210 240 270 300 330 360
- - i s
2 (@C,HNOS 3. CHNO,S Culha0es
2 1004 O, 7 100 NO,
£ 804 61.9884 E g0l 61,9884
E ] S0,
2 604 2 60 79.9574
- M . €, H,:0,8
£ 404 £ 404 HSO, s .
-~ oy - . - 279.0544 C g H NO S
4 50, Cuolly: 058 C o gNOS” ¥ et lgazlf\m v
£ 201 79'”57“;:22:5 249.0803 312.0761 £ 201 [
60 20 120 150 180 210 240 270 300 330 360 60 90 120 150 180 210 240 270 300 330 360

Figure S6. (a) CH,-based Kendrick mass defect (KMD) diagram of potential NOSs. (b—i) MS/MS
fragmentation spectra of eight representative sulfur- and nitrogen-containing ions. The parent ions
chosen for fragmentation were (b) CioH17NO5S, (c) CisHasNO5S, (d) CioHi1oNOsS, (c, f) CoHon-

3NOgS (1’1 =9 and 10), (g) CsH]]NOgS, (h) C10H17N098, and (1) C10H17N01()S.
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Figure S7. (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; (¢) Formular number and (d) number percentages of

each subgroup which were divided based on the Xc value of formulas.
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Figure S9. The relative abundance distribution of detected CHONS compounds in the suburban (a,
summer) and urban (b, summer; ¢, winter). The color bar denotes the DBE of CHONS compounds.
Note that the abundances of IS in each sample were set arbitrarily to 100%.
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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

Urban

Urban

summer Daytime Nighttime summer Daytime Nighttime winter Daytime  Nighttime
I. PM, 5 and gaseous pollutants (ug m~)

PM; 5 14.6 +7.67 16.7+8.15 12.5+6.50 17.9 £9.44 20.5+9.41 154+876 508+34.0 50.1+£314 51.6+364
SO, 2.21 +0.61 2.05+0.60 2.16+0.60 456 +1.15 5.05+1.37 4.06+£090 8.08+2.18 834+229 7.81+2.03
NO« 17.7+ 891 13.1+5.80 229+9.11 25.7+£8.22 23.7+7.35 276+926 565+26.5 53.8+21.8 59.2+304
CO 456 + 88.7 477+70.7 435+99.2 779 + 80.1 785+76.2  774+83.3 1174 £271 1108 £266 1239 +282
0; 78.5+25.2 953+33.7 61.7+13.8 61.3+17.3 759+243 46.7+11.7 428+£225 509+214 34.6+232
ocC 2.51 £5.59 349+282 1.52+1.87 3.46 +£2.55 4.09+3.04 287+1.82 6.60£547 636+4.08 6.84+6.55
EC 0.49 +0.48 0.66 £0.54 0.31+0.32 1.03 £0.90 1.23+1.07 083+0.62 277+1.77 2.73+1.3l1 2.80+2.13

II. Meteorological parameters
T (°C) 28.7+1.70 299+1.39 274+0.83 30.8 £ 1.54 324+ 138 29.1+£0.59 7.64+328 9.43+344 584+3.13
RH (%) 83.3+7.78 78.1+6.95 88.6+4.29 80.8 +7.60 76.0+794 855+278 757+139 67.6+143 83.7+7.26
WS (ms™) 245+1.14 2.85+£098 2.05+1.16 470+1.13 5.07+121 433+091 339+1.60 390+1.16 2.88+1.81
Table S2. Summary of MS/MS analysis for potential OSs and NOSs.
Compound Number Of compc?unds Fraction of total signal ~ Major diagnostic Representative
category showing (ﬁagnos‘uc intensity (%) fragment ions spectra
fragment ions
Potential OSs 117 527 gz%“;’:l//zz %%g%%lz’ Fig. S4-S5
HSO4™ m/z 96.9601,
Potential NOSs 63 64.1 SOs3*™ m/z 79.9574, Figs. S6

NO3™ m/z 61.9884

Note: The fraction of total signal intensity was calculated as the summed signal intensity of compounds showing
diagnostic MS/MS fragment ions divided by the total signal intensity of all potential OSs or NOSs within the
corresponding category. Only representative MS/MS spectra are presented in Figs. S4—S6 because of the large

number of compounds examined.
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Table S3. 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,y, DBE,, Xeyw
number Intensity ds+t3n)/lo <1 ds+t3n)lo <1

Suburban CHOS, 418—-688 58.4+3.33 64.8+16.0 88.24+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 cHoS 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  1.82+0.04  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 89.242.13 91.7+7.37 285+£154  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+12.4 321+£10.2  1.71£0.06  0.83+0.09  3.20+0.50 0.17+0.21
S;:I:::: CHONS  CHONsS; 60—-111 8.37+1.31 2.29+1.59 8.4543.55 5.36+3.39 3324294  0.76+0.15  0.37+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 74.249.76 93.5+9.36 336+£30.2 1.67£0.06  0.74+0.06  3.59+1.56 0.29+0.47
Sﬁ:j::r CHONS  CHON:S; 53-114 9.67+1.84  4.30+3.81 3.854+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 206458 (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 29.2+7.24  23.249.81 68.844.50 94.4+3.18 31849.72  1.63£0.05  0.68+0.07  4.49+1.16 0.59+0.58
:;::; 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 1.44+0.24  0.65+£0.17  6.02+2.60 0.88+0.70
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Table S4. Comparison of H/C,, and O/C,, ratios of CHOS compounds in this study and other studies.

Sample Location Season EXtr?Ctlon H/Cw O/Cw Instrument  References
solution
Shanghai Summer 1.88+0.06  0.58+0.14
(suburb) ) ]
PM; 5 Shanghai Summer Methanol 1.810.04 0.53+0.11 Orbitrap MS  This study
(urban) Winter 1.62£0.03  0.45+0.06
PM Pearl River Water 1674031  055+0.17  OrbitrapMs  (cinetals
25 Delta ate DI ' : ap 2012)
. winter Water and 1.47 0.47 . (Rincén et
PMzs Cambridge summer acetonitrile 1,50 0.66 Orbitrap MS al., 2012)
after midnight 1.7+0.05 0.87+0.09
. . morning 1.8+0.1 0.93+0.1 . (O'brien et
PMy.1s- Calift Orbitrap MS
0.18-1.8 alirornia afternoon 1.820.05 0824009 ro1trap al., 2014)
before midnight 1.8+£0.0 0.88+0.05
Water 1.46+0.35 0.47+0.23 lloushb
TSP Virginia Pyridine 1.54+0.38  0.49+0.31 FT-ICR MS g‘xl ";6‘51 4)y
Acetonitrile  1.42+0.36  0.49+0.32 ’
Hazy 1.55+0.41 0.49+0.26
Cl beM 1.74+0.34 0.62+0.34 i 1
r . : . .
PM, < Beijing ea 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: 5 Nanjing Summer Methanol 1.68+0.41 0.43+0.32 Orbitrap MS g%vlaél)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
PMa 5 Shanghai F:I?mer Acetonitrile 12 04 Orbitrap MS g\();[la;l)g ctal,
Winter 1.3 0.2
Mainz low-pollution il 1.66 0.78 |
PM> 5 low-pollution Acetonitrile 1.81 0.63 Orbitrap MS (Wang et al.,
Beijing : - /water 2018)
high-pollution 1.74 0.51
Changchun A . 1.56+0.11 1.17+0.13 (W .
o cetonitrile . ang et al.,
PM, 5 _Shanghai water 1.85+0.04 1.41£0.19 Orbitrap MS 2021
Guangzhou 1.85+0.02 1.48+0.05
PM; s Guangzhou Whole year Methanol 1.77+0.03 0.52+0.07 FT-ICR MS gggg‘;; etal,
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 Summer 1.45 0.63 (Wang et al
u . . . ang et al.
PM Methanol Orbitrap MS ’
2 Winter FHAnet 03 0.76 roTap 2024)
Chengdu
Summer 1.33 0.60
G h Winter 1.27 0.74
HAREEION T S ummer 1.43 0.65
Winter 1.16 0.77
Wuhan
Summer 1.40 0.63
PM..s Anshan Winter Water 1.42£0.07  0.45£0.05  FT-ICR MS gg‘;g etal,
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Table S5. Comparison of H/C,, and O/C,, ratios of CHONS compounds in this study and other studies.

Sample Location Season i’;::;?g:on H/Cy O/Cy Instrument  References
Shanghai Summer 1.60+0.17  0.770.11
(suburb) ) )
PM2_5 Shanghai Summer Methanol 1.53+0.26 0.69+0.12 Orbltrap MS This Study
(urban) Winter 1.4440.24  0.65+0.17
Pearl River . (Lin et al.,
PM> s Delta Water 1.73+0.29 0.81+0.22 Orbitrap MS 2012)
. Winter Water and 1.99 0.73 . (Rincon et
PM; s Cambridge Summer acetonitrile L 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 m.2614)
before 1.740.05 0.89+0.09
midnight
Water 1.65+0.20 0.71£0.21 loueh
TSP Virginia Pyridine 1524028  0.644023  FTICRMS g‘;‘l Ogglf)y
Acetonitrile 1274029  0.45+0.25 ’
Hazy 1.57+0.37 0.69+0.31
Cl beM 1.75+0.31 0.76+0.27 i
ear . . . .
PM»s  Beijing FTICR Ms ~ (iangetal,
Hazy 1.51£0.37  0.70+0.32 2016)
Water
Clear - -
Winter 1.58+0.46 0.35+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 Slya;ogl?)
, Winter 1.64+0.52  0.42+0.27 N
Shanghai
Summer 1.64+0.47 0.53+0.38
Spring 1.5 0.2
) Summer _ 1.5 0.4 . (Wang et
PMy s Shanghai Fall Acetonitrile L6 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 —_— al., 2018)
High pollution 1.56 0.59
Changchun 1.35+0.02 1.07+0.11
PM, s Shanghai Acetonitrile/water 1.56£0.03  1.00+0.13 Orbitrap MS Slya;g;)
Guangzhou 1.56+0.04  0.82+0.03 N
PMys  Guangzhou  Wholeyear  Methanol 1.7240.03  0.7240.06 ~ FTICRMS g&;‘;“f ctal,
Winter 1.15 1.02
Beijing
Summer 1.28 0.96
) Winter 1.30 1.08
Harbin
Summer 1.26 0.98
. Winter 1.26 1.04
Xian Summer 139 0.99 (Wang et
u . . . ang e
PM> s croned Winter Methanol 17 Loo Orbitrap MS al., 2024)
enett Summer 134 0.91
G h Winter 1.20 1.02
n
vangzhou Summer 151 0.82
Winter 1.12 1.06
Wuhan
Summer 1.49 1.00
PMys  Anshan Winter Water 14320090  055£0.07  FTICRMs (\ngetal,

2025)
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Table S6. 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; Ye et al., 2020;
Zhu et al., 2019; Wang et al., 2019).

Relative peak area (%)

Molecular e DBE Suburban Urban Urban
formula [M-H]~ .
Summer Summer Winter
C2HsOsS 140.9863 0 3.05 3.67 3.62
C5H40sS 198.9554 2 0.53 0.47 1.35
C3H6O6S 168.9812 1 6.93 5.14 12.58
C3H604S 184.9761 1 0.18 0.49 2.64
C3HeOsS 200.9711 1 0.74 0.25 1.07
C3HeOoS 216.9660 1 1.25 0.88 3.00
C3Hs06S 170.9969 0 0.08 0.02 0.21
C4HsOsS 164.9863 2 3.27 2.73 2.68
C4HsO6S 180.9812 2 3.32 1.53 3.80
C4Hs0sS 167.0020 1 4.22 2.44 6.01
C4HsO6S 182.9969 1 16.51 11.79 12.95
C4Hs04S 198.9918 1 2.62 3.52 0.30
C4HsOsS 214.9867 1 0.06 0.07 0.55
C4HgOoS 230.9816 1 0.21 0.13 0.82
CsHsOsS 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
CsHsOnS 274.9715 2 1.23 0.89 2.35
CsH100s5S 181.0176 1 5.72 5.69 20.68
CsH1006S 197.0125 1 10.57 9.76 17.33
CsH10078 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
CsH12078 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
C7H1007S 237.0074 3 5.42 3.17 5.66
CsH1206S 235.0282 3 0.56 0.46 2.36
CsHi207S 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
CsH14010S 301.0235 2 0.10 0.24 0.61
CoH 16078 267.0544 2 50.43 25.62 35.43
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Ci0H20010S

C10H22010S
C12H150sS
C12H2006S
C15H320138
CsHi1INO7S
CsHi1NOsS
CsHi1NOoS
CsHoNO;0S
CsH10N2011S
CsHisNO12S

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 kR 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
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Table S7. Molecular information and their relative abundance of monoterpene-derived
organosulfates detected at Shanghai.

Relative peak area (%)

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

Monoterpene C3HeO3S 2009711 1 0.76 0.42 1.36
CsHsOsS 226.9867 2 1.63 2.87 1.63
CsH100sS 229.0024 1 0.27 0.13 0.44
CsH1206S 199.0282 0 0.36 0.25 0.66
CsHi1207S 215.0231 0 0.27 0.18 0.72
CsH 12048 179.0384 1 1.77 2.05 18.69
CsH1206S 211.0282 1 20.30 14.53 45.85
CeH120sS 243.0180 1 0.66 0.67 0.28
C7HsOsS 2509867 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
C7H 12008 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
CsHi207S 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
CsH1407S 253.0387 2 33.92 17.88 20.05
CsH1400S 285.0286 2 0.45 0.07 0.29
CsH1s06S 241.0751 O 0.86 0.42 6.28
CsH1s0sS 273.0650 O 0.85 0.57 342
CoHs04S 258.9918 6 0.66 0.42 5.70
CoH1005S 229.0176 5 1.87 1.59 6.47
CoH1006S 2450125 5 1.06 0.90 7.25
CoH 12078 263.0231 4 2.04 1.49 1.71
CoH1200S 295.0129 4 0.60 1.17 0.56
CoH1406S 249.0438 3 2.84 2.91 6.79
CoH 14078 265.0387 3 17.95 6.82 15.11
CoH1405S 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
CoH 16058 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
CoH160sS 283.0493 2 9.53 5.02 17.32
CoH1600S 299.0442 2 0.72 0.34 0.41
CoH1804S 221.0853 1 3.14 2.32 15.43
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Sesquiterpene

CoHi506S
CoH307S
CoH2004S
C10H1005S
C10H1007S
C10H1206S
C10H14048
C10H1406S
C10H14011S
C10H1604S
Ci0H1605S
Ci0H1606S
Ci10H1607S
C10H160sS
Ci10H1609S
C10H16010S
C10H1505S
C10H1506S
C10H1507S
C10H150sS
C10H1509S
C10H2005S
C10H2006S
C10H2007S
Ci10H2204S
C10H2205S
Ci1H1607S
C11H150sS
Ci12H1206S
C14H2205S
C14H2205S
C14H24058
C14H2406S
C14H2405S
Ci15sH2407S
C15sH240sS
C15H2605S
C15H2606S
Ci16H2s07S
C16H2s0sS
C20H3205S
C20H3405S

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
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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
5291
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
2391
13.58
24.18
7.12
1.80
8.40
0.39
241
2.12
4.99
343
6.31
4.85
3.38
6.19
3.48
2.86
4.10
1.96
1.06



Terpene

C20H34098S,
CioH17NO5S
CoH15sNOsS
Ci10H17NOsS
CoH5sNOoS
Ci10H17NOoS
Ci10H19NOoS
CoH17NO10S
C10H17NO10S
C10H16N2010S
Ci15H2sNOsS
C10H1sN2011S
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 A B W N N W W W W w s

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 S8. 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 fB-caryophyllene) detected at Shanghai.

Relative peak area (%)

?::Elcl:l;ar [N’ﬁ ;_ZI] 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
CsH1206S 199.0282 0 0.36 0.25 0.66
CsH1007S 213.0074 1 2.94 1.88 3.1
CsH100sS 229.0024 1 0.23 0.13 0.44
CsH1006S 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
C14H24058 303.1272 3 2.09 0.84 4.99
C14H2406S 319.1221 3 3.1 1.59 3.43
C14H2205S 333.1013 4 2.74 1.63 2.41
C14H20sS 349.0963 4 1.85 1.77 2.12
C14H2405S 351.1119 3 3.15 2.78 6.31
Ci5H2605S 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
Ci15H2408S 363.1119 4 1.62 1.17 3.38
Ci6H2307S 363.1483 3 2.28 1.28 2.86
Ci6H2308S 379.1432 3 6.96 2.19 4.1
Ci14H25NOoS 382.1177 3 2.88 2.01 6.77
Ci5H2sNO7S 362.1279 4 34.29 12.63 37.31
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Table S9. Molecular information and their relative abundance of aromatic-derived
organosulfates detected at Shanghai.

Relative peak area (%)

If\:)[:ll::lcl:l:ar [I\Zfi] DBE Suburban Urban Urban
Summer Summer Winter

CeHsO4S 172.9914 4 0.56 0.31 1.18
C7Hs04S 184.9914 5 0.23 0.28 1.18
C7HsOsS 200.9863 5 2.26 1.70 8.29
C7Hs04S 187.0071 4 0.55 0.71 3.01
CsHeO6S 2289812 6 0.51 0.35 5.74
CsHsO4S 199.0071 5 0.71 0.43 1.37
CsHsOsS 215.0020 5 3.22 2.61 7.46
CsH1004S 201.0227 4 1.01 2.73 4.73
CoHz05S 227.0020 6 0.22 0.06 1.89
CoH1005S 229.0176 5 1.87 1.59 6.47
CoH 12048 215.0384 4 0.62 0.75 1.70
CoH205S 231.0333 4 0.67 0.65 2.24
CioH1006S 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
CiiH1207S 287.0231 6 1.04 0.58 3.75
C11H1407S 289.0387 5 0.13 0.19 0.28
CsHsNOsS 217.9765 5 0.07 0.13 0.45
CioHiiNO7S  288.0183 6 0.54 0.59 3.30
CioHii1NOsS  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
CuHisNOsS  318.0289 6 0.08 0.09 0.23
CuHisNOoS  334.0238 6 0.11 0.07 0.14
Ci2HisNOgS  332.0446 6 0.02 0.06 0.19
Ci2HisNO oS 364.0344 6 0.04 0.09 0.18
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Table S10. Molecular information and their relative abundance of long-chain alkanes-derived
organosulfates detected at Shanghai.

Relative peak area (%)

If\::lﬁz;l:ar [N’I'ffl]‘ DBE Suburban  Urban Ur.ban
Summer Summer  Winter
C7H14058 209.0489 1 22.41 18.24 76.35
C7H1604S 195.0697 0 2.42 4.03 35.49
CsHi5048 209.0853 0 11.64 16.55 95.01
CoH1607S 267.0544 2 50.43 25.62 35.43
CoH 15058 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
CoH200sS 287.0806 0 0.23 0.09 0.98
Ci10H160sS 295.0493 3 14.38 4.44 13.00
Ci10H1806S 265.0751 2 17.15 9.58 31.55
CioH1507S 281.0700 2 5291 25.09 31.85
CioH1s0sS 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 2391
Ci10H200sS 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 47.93 201.25
C12H26048 265.1479 0 64.32 98.49 59.52
C7H1sNOsS 272.0446 1 2.85 1.92 10.07
CsHisNOoS 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
CoH17NOsS 314.0551 2 10.14 5.80 19.40
CoH17NO1S  330.0500 2 22.12 9.87 6.22
CioHioNOgS  312.0759 2 22.81 8.72 47.88
CioH19NOoS ~ 328.0708 2 10.60 5.05 17.91
CioH19NO1oS  344.0657 2 8.11 3.58 11.03
CioH1sNO;1S  360.0606 2 0.79 0.45 1.81
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Table S11. 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).

Source samples fl ‘l’lrI:l“b‘Ll:‘ MWw H/Cw O/Cw O/Sy DBE, x‘?z(z)fs ( 4s+‘?n;)/i¢; “
BBOA1(Musa) 444 360 1.52 047 621 476 43 88
BBOA2(Hevea) 174 396 1.35 040 597 7.68 59 86
CCOA1(Anthracite) 549 323 1.01 040 540 8.55 82 95
CCOA2(Bituminous coal) 463 340 0.99 031 4.64  9.90 94 85
Tunnel aerosol 635 325 1.74 059 679 275 23 96
Vehicle emission 112 441 1.31 0.25 447 9.54 71 75
Excavator-idling(diesel) 1004 353 1.61 0.38 5.81 4.18 58 96
Excavator-moving(diesel) 334 326 1.51 0.46 520 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 1.62 045 498 256 18 92
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Table S12. 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).

Source samples fl ‘l’lrI:l“b‘Ll:‘ MWw H/Cw O/Cw O/Sy DBE, x‘?z(z)fs ( 4s+‘?n;)/i¢; “
BBOA1(Musa) 371 379 1.55 050 7.21 498 64 64
BBOA2(Hevea) 65 411 1.56 050 7.51 4.79 69 63
CCOA1(Anthracite) 767 340 098 052 649 899 97 47
CCOAZ2(Bituminous coal) 293 308 097 049 582 8.04 93 29
Tunnel aerosol 410 340 1.81 0.90 873 2.78 29 91
Vehicle emission 17 400 1.17 0.72 8.59 692 59 47
Excavator-idling(diesel) 310 325 1.47 0.41 559 5.8 65 42
Excavator-moving(diesel) 117 298 1.62 0.48 5.17 5.55 64 9
Excavator-working(diesel) 260 323 1.47 0.40 541 5.26 69 27
Diesel-vessel 13 461 1.50 036 6.74 938 38 46
Heavy-fuel-oil-vessel 398 343 1.35 039 568 6.35 86 28
Suburban summer 895 325 1.60 077 754 427 11 73
Urban summer 787 332 1.53 0.69 698 4.89 15 89
Urban winter 1277 322 144  0.65 6.44  6.02 21 92
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