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The Supplementary Information includes:

S1. The UHPLC-HRMS? analysis

S2. PM2.s Source apportionment using PMF

S3. Calculations of ALWC, aerosol pH with thermodynamic modeling

Table S1. Details of collected samples.

Table S2. The monitoring instruments in different sites.

Table S3. CD workflow

Table S4. Overview of detected OS and NOS compounds in this work that were also
identified in previous studies.

Table S5 The formula, classification, and MS? fragments of Unknown OSs and NOSs
Table S6. The mass concentrations of PMz.s and its chemical composition, gaseous
pollutants concentrations, and the mean values of the meteorological parameters.
Figure S1. The geographical locations of the sample sites in this study.

Figure S2. Source profiles of precursor-constrained PMF model.

Figure S3. Residual matrix of precursor-constrained PMF model.

Figure S4. Time series of Ba, K, Fe and Mn concentrations in Changsha.

Figure S5. Time series of chemical components concentrations in Changsha.

Figure S6. Contribution of different sources to PM2.5 mass in three sites.

Figure S7. ALWC as a function of the RH.

Figure S8. The mass concentrations of Aliphatic OSs under different pH levels.

Figure S9. Diurnal variations of the distribution of NOz2, and O3 on Ox in (a) Changsha,
(b) Taiyuan, and (c) Beijing.
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S1. The UHPLC-HRMS? analysis

The UHPLC-HRMS system was used for sample extraction analysis with full scan and higher-
energy collisional dissociation (HCD). Chromatographic separation was performed on a reversed-
phase column (Accucore C18, 150x2.1 mm, 2.6 pm particle size, Thermo Scientific) with a flow
rate of 0.33 mL/min and an injection volume of 2.5 pL. Mobile phase A consisted of ultrapure water
with 0.05% acetic acid, while mobile phase B was a mixture of methanol and 0.05% acetic acid.
The HPLC gradient program was as follows: from 0 to 1.5 minutes, the composition was held at 5%
B; then, from 1.5 to 8 minutes, it linearly increased to 54% B; subsequently, from 8 to 11 minutes,
it linearly changed to 95% B; next, from 11 to 12 minutes, it linearly reached 100% B, holding for
2 minutes, and then, from 14 to 14.5 minutes, it linearly returned to 5% B with a 1.5 minutes hold
before the next injection. The settings were as follows: capillary voltage -3.5 kV, capillary
temperature 320 °C, vaporizer temperature 35 °C, and sheath, auxiliary, and sweep gas at 2, 1, and
1 arbitrary unit, respectively.

The HRMS operated in negative ESI mode, employing data-dependent acquisition (DDA). Full
scan (MS1, m/z = 70-700, resolving power 120000) and fragmentation scan (MS2) for the top ten
ions (m/z =50-500, resolving power 30,000, collision energies 30, 40, and 50 eV, intensity threshold
50000) were collected. The HRMS peaks with more than 2 charges were excluded. The other
settings were kept the same as in the full scan mode. An instrumental blank (methanol) was injected
every 10 samples to monitor any instrumental background.

S2. PMa2.s5 Source apportionment using PMF

USEPA-PMF 5.0 software was performed on PM; s for the entire sampling period. The input
data for the PMF consists of a concentration matrix and an uncertainty matrix for chemically
speciated concentrations of components of PM» s (carbonaceous fractions, WSIIs or the water-
soluble inorganic species, and trace elements), where the rows correspond to the time series, and
the columns to the species.

The chemical species included were carbonaceous fractions namely organic carbon, and
elemental carbon (EC); water-soluble inorganic species namely SO4>", NOs", CI', NH4*, K*, Ca*",
Na®, K; trace elements namely Al, Si, Ti, Cr, Mn, Fe, Se, Co, Ni, Cu, Zn, As, Br, Sr, Pb, V and K.
Species with a S/N ratio > 1 were designated as strong, while S/N ratios < 0.5 were designated as
bad. The best solution for the base run was obtained using seven factors: biomass burning, fireworks
and crackers, coal combustion, traffic emissions, road dust, secondary inorganics, industry
combustion.

S3. Calculations of ALWC, aerosol pH with thermodynamic modeling

The aerosol liquid water content (ALWC) was calculated using the ISORROPIA II
thermodynamic model. The model input data mainly include the mass concentration of water-
soluble ions (chloride, sulfate, nitrate, and ammonium, in pg/m?), temperature (in Kelvin), and
ambient RH (ranging from 0 to 1). We employed ISORROPIA-II in “forward” mode, and he model
assumes aerosol was in a “metastable” state with internally mixed and in thermodynamic
equilibrium with the gas phase. The calculated ALWC was lower than the actual ALWC because the
aerosol liquid water associated with water-soluble organic species was not included (Fountoukis
and Nenes, 2007). The pH was calculated by the using eq.(S1):

1000H7,
~ o8 e (51
where Hai" is H" loading per volume air (pg/m®).
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67  Table S1. Details of collected samples.

Sampling ID* Sampling period Average PM,s (ug/m®) Average RH (%)
TY1211H 23.0h 114.63 79.61
TY1212H 23.0h 59.89 79.88
TY1213H 23.0h 32.83 79.25
TY1214H 15.0h 22.63 91.07
TY1214M 8.0h 17.59 57.99
TY1217M 23.0h 46.82 45.81
TY1218H 6.8h 193.38 71.49
TY1218L 6.8h 35.74 30.34
TY1218M 9.4h 168.33 45,95
TY1220L 23.0h 10.58 31.34
TY1221L 9.2h 39.87 30.64
TY1221M 13.8h 28.70 47.44
TY1222H 6.6h 70.07 62.81
TY1222L 6.5h 86.49 36.99
TY1222M 9.9h 95.72 50.06
TY1223L 9.5h 40.97 37.64
TY1223M 135h 40.46 55.08
TY1224H 3.5h 60.89 62.27
TY1224L 6.5h 64.85 33.91
TY1224M 13.0h 66.47 52.43
TY1225H 9.0h 54.50 64.82
TY1225L 8.0h 48.57 31.30
TY1225M 6.0h 84.01 52.48
TY1226H 45h 64.47 65.85
TY1226L 6.4h 82.40 33.37
TY1226M 12.1h 48.49 50.49
TY1227H 105h 102.23 70.51
TY1227L 3.8h 80.45 36.76
TY1227M 8.7h 101.14 51.31
TY1228H 13.9h 137.82 70.13
TY1228L 3.4h 97.64 35.22
TY1228M 5.7h 155.63 48.82
TY1229H 16.6 h 246.03 76.81
TY1229M 6.4h 247.11 56.38
TY1230H 23.0h 34.05 67.95
TY1231M 16.4h 74.79 59.05
TY1231L 6.6h 20.37 36.19
TY0101H 13.6h 133.94 71.40
TY0101M 9.4h 138.30 51.48
TYO0102L 8.7h 23.80 32.56
TY0102M 14.3h 24.69 53.91
TYO0103H 6.0h 45.26 61.92
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68 Table S1 Continued

Sampling ID* Sampling period Average PM,s (ug/m®) Average RH (%)
TYO0103L 8.4h 39.07 32.81
TY0103M 8.6h 60.97 54.97
TY0104L 15.1h 38.52 30.19
TY0104M 7.9h 29.48 48.30
TYO0106L 16.2h 16.22 29.59
TY0106M 6.8h 17.94 43.27
TYO0107L 8.7h 36.26 22.63
TY0107M 14.3h 47.55 48.34
TY0108H 14.3h 109.21 61.37
TY0108L 6.2h 103.28 34.61
TY0108M 25h 76.61 49.75
TYO0109H 7.8h 44.57 65.18
TYO0109L 3.5h 48.94 38.17
TY0109M 11.7h 49.84 48.90
TYO0110H 8.3h 70.48 66.80
TYO0110L 5.1h 64.41 38.37
TY0110M 9.6h 69.07 4451
TYO111H 59h 95.34 63.55
TYO111L 6.9h 81.94 34.07
TY0111M 10.2 89.66 53.17
TYO0113L 8.9h 81.32 32.63
TY0113M 14.1h 68.30 45.10
BJ1203L 13.0h 41.97 26.06
BJ1203M 10.0h 52.61 45.80
BJ1208L 6.0h 90.98 23.39
BJ1208M 17.0h 59.02 42.40
BJ1209L 3.2h 36.43 27.27
BJ1209M 19.8h 28.11 43.65
BJ1210L 55h 31.61 37.28
BJ1210H 175h 24.17 82.23
BJ1211H 23.0h 28.44 82.41
BJ1212H 23.0h 59.76 85.39
BJ1213H 23.0h 82.85 84.82
BJ1215L 23.0h 6.15 33.01
BJ1216L 23.0h 7.65 28.00
BJ1217L 9.0h 16.99 27.52
BJ1217M 14.0h 30.27 56.72
BJ1218H 5.2h 79.38 63.45
BJ1218L 7.6h 33.86 29.21
BJ1218M 10.2h 74.80 53.15
BJ1222M 12.7h 29.53 48.35
BJ1222L 10.3h 19.87 25.09
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Table S1 Continued

Sampling ID* Sampling period Average PM,s (ug/m®) Average RH (%)
BJ1224H 6.6h 35.68 64.80
BJ1224L 5.9h 30.02 21.95
BJ1224M 105h 35.38 47.11
BJ1225H 3.7h 79.82 64.16
BJ1225L 6.7h 36.29 27.30
BJ1225M 12.6h 58.16 51.90
BJ1226H 8.3h 24.48 66.41
BJ1226L 2.8h 20.30 30.58
BJ1226M 11.9h 25.74 53.09
BJ1227H 115h 31.91 71.11
BJ1227L 5.8h 24.02 31.57
BJ1227M 5.7h 25.75 50.03
BJ1228H 11.9h 57.99 72.07
BJ1228L 5.6h 50.83 31.71
BJ1228M 55h 52.15 50.38
BJ1229H 15.2h 155.75 75.91
BJ1229L 5.3h 67.75 34.60
BJ1229M 25h 93.97 45.40
BJ1230L 7.3h 19.84 37.22
BJ1230M 15.7h 105.58 46.27
CS1211 23.0h 12.15 89.30
CS1212 23.0h 30.34 78.37
CS1213 23.0h 29.52 84.29
CS1214 23.0h 32.04 91.23
CS1215 23.0h 16.10 85.37
CS1216 23.0h 18.67 53.45
CS1217 23.0h 20.93 48.84
CS1218 23.0h 27.36 87.01
CS1219 23.0h 41.75 74.37
CS1220 23.0h 34.38 76.16
CS1221 23.0h 51.23 63.41
CS1222 23.0h 31.67 41.99
CS1223 23.0h 39.62 53.17
CS1224 23.0h 54.91 57.05
CS1225 23.0h 73.04 56.77
CS1226 23.0h 60.96 43.26
CS1227 23.0h 97.74 63.02
CS1228 23.0h 159.01 73.79
CS1229 23.0h 216.33 75.10
CS1230 23.0h 180.26 83.05
CS1231 23.0h 132.52 80.59
CS0101 23.0h 86.49 67.63
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70 Table S1 Continued

Sampling ID* Sampling period Average PM,s (ug/m®) Average RH (%)
CS0102 23.0h 80.91 85.15
CS0103 23.0h 45.99 76.24
CS0104 23.0h 57.02 70.55
CS0105 23.0h 56.16 71.98
CS0106 23.0h 61.91 72.81
CS0107 23.0h 82.71 75.75
CS0108 23.0h 74.73 83.14
CS0109 23.0h 75.18 80.60

71 * TY is short for Taiyuan, BJ for Beijing, and CS for Changsha. In the Beijing and Taiyuan samples,
72 the labels H, M, and L represent high (RH > 60 %), moderate (40 % <RH < 60 %), and low (RH
73 < 40 %) RH regimes, respectively.

74
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75  Table S2. The monitoring instruments in different sites.

Sample
i Instruments Measured Parameters
site
lon Chromatography (IC) (DIONEX 1CS2000) water-soluble inorganic ions
Gas Chromatography - Mass Spectrometry (GC-MS) VOC
S
(Agilent 7890B-5977A)
Changsha OC-EC aerosol analyzer (Sunset Lab Model 5L) EC, OC
Automatic gas analyzers
o S NOy, SO,, CO, O3
(Thermo scientific Model 42i, 43i, 48i, 49i)
X-ray Fluorescence (XRF) (Panalytical Zetium) trace elements
Monitor for AeRosols and Gases in ambient Air . L.
water-soluble inorganic ions
(MARGA) (Metrohm 2060)
GC-MS (Shimadzu QP2010SE) VOCs
Carbon Aerosol Speciation System (CASS) EC. OC
Taiyuan (Aerosol Magee Scientific) '
Three-arm impactor (Home-made) the particle rebound fraction
Automatic gas analyzers
. C NOy, SOz, CO, O3
(Thermo scientific Model 42i, 43i, 48i, 49i)
XRF (Panalytical Zetium) trace elements
MARGA (Metrohm 2060) water-soluble inorganic ions
Automatic gas analyzers
o S NOy, SO,, CO, O3
Beii (Thermo scientific Model 42i, 43i, 48i, 49i)
eijin
Jing GC-MS (Shimadzu QP2010SE) VOCs
OC-EC aerosol analyzer (Sunset Lab Model 5L) EC, OC

XRF (Panalytical Zetium)

trace elements

76
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77 Table S3. CD workflow

Select Spectra

Spectrum

Properties Filter
Scan Event Filters

Lower RT Limit
Upper RT Limit
Polarity Mode

0
0
Negative

Align Retention Times

General Settings

Detect Compounds

General Settings

Peak Detection

Isotope Pattern
Detection
Compound
Detection

Alignment Model
Maximum Shift [min]
Mass Tolerance

Mass Tolerance [ppm]
Min. Peak Intensity
Use Most Intense Isotope Only
Chromatographic S/N Threshold
Remove Baseline

Group Isotopes for

lons

Adaptive curve
2

5 ppm

5 ppm
10000
True
3
False

Br; Cl

[M-H]-1; [M-H-H,0]-1; [2M-H]-1

Group Compounds

General Settings

Mass Tolerance
RT Tolerance [min]
Align Peaks
Preferred lons
Area Integration

5 ppm
0.5
False
[M-H]-1; [M-H-H,0]-1; [2M-H]-1
Most Common lon

Area Contribution 3
CV Contribution 10
Peak Rating FWHM to Base Contribution 5
Contributions Jaggedness Contribution 5
Modality Contribution 5
Zig-Zag Index Contribution 5
. . Peak Rating Threshold 0
Peak Rating Filter .
Number of Files 0
Merge Features
Peak Mass Tolerance 5 ppm
Consolidation RT Tolerance [min] 0.5
Search mzCloud
Compound Classes All
General .
) Library Autoprocessed; Reference
Settings
Search MSn Tree False
78
79
80
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81 Table S3 Continued

Search mzCloud

Identity Search
Match Activation Type
Match Activation Energy
DDA Search Activation Energy Tolerance
Apply Intensity Threshold
Similarity Search

Cosine
False
Any
20
True
Confidence Reverse

Match Factor Threshold 30
Use DIA Scans for Search True
Max. Isolation Width [Da] 500
Match Activation Type False
DIA Search Match Activation Energy Any
Activation Energy Tolerance 100
Apply Intensity Threshold True
Match Factor Threshold 20
Predict Compositions
Mass Tolerance 5 ppm
Min. Element Counts CH
Max. Element Counts C90 H200 N5 020 S2
Prediction Min. RDBE 0
Settings Max. RDBE 40
Min. H/C 0.3
Max. H/C 35
Max. # Candidates 10
Intensity Tolerance [%] 30
) Intensity Threshold [%] 0.1
Pattern Matching
S/N Threshold 3
Use Dynamic Recalibration True
Use Fragments Matching True
Fragments
. Mass Tolerance 5 ppm
Matching
S/N Threshold 3
Assign Compound Annotations
Mass Tolerance 5 ppm
] Use mzLogic True
General Settings i
. Use Spectral Distance True
Scoring Rules .
SFit Threshold 20
SFit Range 20
Data Source #1 mzCloud Search
Data Source #2 mzVault Search
Data Sources ] .
Data Source #3 Predicted Compositions
Data Source #4 ChemSpider Search
Reprocessing Clear Names False
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82 Table S3 Continued

Search ChemSpider

Database(s)

Search Settings
Search Mode

ACTOR: Aggregated Computational
Toxicology Resource; DrugBank;
EAWAG Biocatalysis/Biodegradation
Database; EPA DSSTox; EPA Toxcast;
FDA UNII-NLM; Nature Chemistry;
Sigma-Aldrich
By Formula or Mass

Mass Tolerance 5 ppm
Max. # of results per compound 20
Max. # of Predicted Compositions 3
to be searched per Compound
Fill Gaps
. Mass Tolerance 5 ppm
General Settings
S/N Threshold 15
Mark Background Compounds
Max. Sample/Blank 5
General Settings Max. Blank/Sample 0
Hide Background True
Apply Spectral Distance
Mass Tolerance 5 ppm
Intensity Tolerance [%] 30
Pattern Matching Intensity Threshold [%] 0.1
S/N Threshold 3
Use Dynamic Recalibration True
Apply mzLogic
Max. # Compounds 0
. Max. # mzCloud Similarity Results
Search Settings . 10
to consider per Compound
Match Factor Threshold 30

83
84
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85  Table S4. Overview of detected OSs compounds in this work that were also identified in previous
86  studies.

Formula m/z ([M-H]") RT (min) Previous studies

Aromatic OSs

CsHs0sS 212.98532 0.88 (Yang et al., 2024)
CgH14010S 301.02349 0.99 (Yang et al., 2024)
CoH1,05S 231.03327 0.90 (Riva et al., 2015)
CoH1.07S 265.03875 1.01 (Yang et al., 2020)
CoH150s8S 285.06496 1.03 (Riva et al., 2016)
CoH1408S 281.03366 0.99 (Yang et al., 2020)
C10H1207S 275.02310 0.99 (Rivaetal., 2015)
C11H107S 287.02310 1.00 (Le Breton et al., 2018)
C11H20011S 359.06536 1.12 (Yang et al., 2024)
Ci10H1007S 273.00745 1.01 (Rivaetal., 2015)
C11H1407S 289.03875 1.04 (Rivaetal., 2015)
CoH1309NS 310.02383 0.94 (YYang et al., 2020)
Aliphatic OSs

CsH1504S 209.08530 10.06 (Huang et al., 2023)
CoH1804S 221.08530 10.62 (Yang et al., 2024)
CoH1805S 237.08022 10.65 (Rivaetal., 2016)
CoH2004S 223.10095 10.71 (Riva et al., 2016; Meade et al., 2016)
C10H2204S 237.11660 10.75 (Huang et al., 2023)
C11H2205S 265.11152 10.79 (Yang et al., 2024)
Ci13H2605S 293.14282 10.99 (Yang et al., 2024)
Ci14H2305S 308.16629 11.06 (Yang et al., 2024)

Monoterpene OSs

CsH1407S 253.03875 1.00 (Hettiyadura et al., 2019; Xu et al., 2015)
CoH1207S 263.02310 1.03 (Briggemann et al., 2019; Xu et al., 2021)
CgH1606S 251.05948 1.04 (Hettiyadura et al., 2019; Xu et al., 2015)
CoH1607S 267.05440 1.02 (Xu et al., 2015; Meade et al., 2016)
CoH160sS 283.04931 1.01 (Briggemann et al., 2019; Meade et al., 2016)
CoH1609S 299.04423 1.00 (Briggemann et al., 2019)
C10H1406S 309.02858 0.99 (Briggemann et al., 2019)
C10H1605S 247.06457 1.01 (Xu et al., 2015; Ma et al., 2014)

87

S11



88

89
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Table S4 Continued

CoH180+;S
C10H1606S

C10H1607S

C10H1608S

C10H1805S

C10H1806S
Ci10H1807S
C10H1508S
C10H2005S
C10H2006S
Ci10H2007S

CoH1508NS

C10H1707NS

C1oH1708NS
C10H1709NS

C10H17010NS

C10H1908NS
C1oH1009NS

Sesquiterpene OSs

C14H2606S
C14H2806S
C14H3004S
Ci5H2607S
C14H20+S
C15H2507NS

269.07005
263.05948

279.05440

295.04931

249.0806

265.07513
281.07005
297.06496
251.09587
267.09078
283.08570

296.04456

294.06530

310.06021
326.05513

342.05004

312.07586
328.07078

321.13773
323.15338
293.17920
349.13265
333.10135
362.12790

1.03
1.02

1.00

1.01

1.02

1.02
1.01
1.02
1.03
1.05
1.03

5.61

9.26

8.27
8.50

5.01

7.59
5.37

10.76
10.85
11.88
8.98
9.01
11.55

(Riva et al., 2016; Briggemann et al., 2019)

(Maetal., 2014)

(Maetal., 2014; Xu et al., 2015; Meade et al.,
2016; Hettiyadura et al., 2019)

(Riva et al., 2016; Briggemann et al., 2019)

(Xu et al., 2015; Ma et al., 2014; Xu et al.,
2021; Wang et al., 2017; Hansen et al., 2014)

(Briggemann et al., 2019; Ma et al., 2014)
(Hettiyadura et al., 2019; Ma et al., 2014)
(Xu et al., 2015; Meade et al., 2016)
(Riva et al., 2016; Briggemann et al., 2019)
(Briggemann et al., 2019)

(Briggemann et al., 2019; Ma et al., 2014)

(Hettiyadura et al., 2019; Xu et al., 2015; Xu et
al., 2021)
(Hettiyadura et al., 2019; Meade et al., 2016; Xu
et al., 2021; Le Breton et al., 2018)

(Xu et al., 2015; Ma et al., 2014)

(Xu et al., 2015; Meade et al., 2016)

(Xu et al., 2015; Meade et al., 2016; Hettiyadura
etal., 2019)

(Stone et al., 2012)
(Xu et al., 2015)

(Chan et al., 2011)
(Tao et al., 2014)
(Tao et al., 2014)

(Chan et al., 2011)

(Chan et al., 2011)

(Chan et al., 2011)
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91

Table S5 The formula, classification, and MS? fragments of Unknown OSs

Formula Classification miz MS fragments
(IM-HI)  [CoHone] [CoHanal  [CoHana]l”  [CeHsR-HT
C12H2604S 265.14790 \
Ci3H2604S 279.16355 \
CisH3,04S 307.19485 \
C16H3404S 321.21050 \
CisH304S 349.24180 \
CaoHa204S 377.27310 \
C22Ha604S 405.30440 \
C23Ha04S 417.30440 \
C23Hag04S 419.32005 \
C24Hs5004S 433.33570 \
CasHs204S 447.35135 \
CasHs5404S 461.36700 \
C12H2605S 281.14282 \
C13H2g0sS 295.15847 \
C14H3005S 309.17412 \
C16H3205S 335.18977 \
C16H3405S 337.20542 \
C1gH3605S 363.22107 \
C19H380sS 377.23672 x/
CaoHa00sS 391.25237 \
C1oH2:06S Aliphatic OSs  269.10643 \
C11H206S 281.10643 x/
C11H2406S 283.12208 \
C12H2406S 295.12208 \
C16H3206S 351.18468 x/
C17H3406S 365.20033 \
CisH3406S 377.20033 \
C1gH3606S 379.21598 x/
C24Ha406S 459.27858 \
CuH2007S 295.08570
C12H2007S 307.08570 N
C16H2207S 367.17960 x/
CisH3.07S 393.19525 \
C19H3807S 409.22655 x/
CaoH3807S 421.22655 x/
C21Ha007S 435.24220 \
CaH4207S 437.25785 \
CgH1608S 271.04931
C1sH3408S 409.19016 \
Ci9H308S 425.22146 \
CasHag0sS 507.29971 \
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Table S5 Continued

C1oH21NO7S 298.09660 \

C11H2sNO7S 312.11225 \

Ci2H2sNO7S 326.12790 \

Ci3H27NO/S 340.14355 \

C14H29NO/S 354.15920 \

CisHzNO7S 368.17485 \

Ci6HzNO7S 382.19050 \

C17H3sNO7S 396.20615 \

CigHz/NO/S . 410.22180 \

Aliphatic OSs

CioHz;NO/S 422.22180

CioH39NO/S 424.23745 \

C21H4NO7S 452.26875 \

CgH17NOsS 286.06021 \

CoH10NOsS 300.07586 \

C12H2sNOgS 342.12281 \

C1oH39NOsS 440.23236 \

C21HuNOgS 466.24801

CigH3sNOgS 440.19598
CsH1208S 267.01801
CgH1408S 269.03366
C10H1408S 293.03366
CsH1209S 283.01293
CsH1400S 285.02858
C10H1809S 313.05988
CoH12010S 311.00784

Monoterpene

CoH14010S 0s 313.02349

CgH1sNO;S 266.03400

CgH1sNO;S 280.04965

CgH13NOgS 282.02891

C1oH1sNOgS 308.04456

CgH1sNOgS 298.24255

C10H1sNO0S 344.06569

CgH13NO11S 330.01365
Ci10HgOsS 286.98671 N,
CgH1008S 265.00236 N
CgH1006S 280.99728 N
C10H1008S 289.00236 N
CioH1208S Aromatic OSs  291.01801 \
C11H1206S 271.02818 ~
C14H1205S 291.29755 \
C1sH2208S 374.10409 \
C21H32005S 393.17412 ~
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97

Table S5 Continued
C22H3,05S Aromatic OSs  407.18977 \
Cs0H4504S 503.32005 \
CgHuNO;S 265.02617 \
CgH1:NOgS 281.02109
CioH1NO;S 288.01835 \
Ci6H27NOgS 392.13846 \

*: common fragments, including [HSO4]" (m/z 96.96010) and [ONO-] (m/z 61.98837) were not

listed in Table S5
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98  Table S6. The mass concentrations of PM; 5 and its chemical composition, gaseous pollutants

99 concentrations, and the mean values of the meteorological parameters.

100

Species (unit) Beijing Taiyuan Changsha
PM2s (ng/m®) 46.65 +30.43 73.15 +49.73 66.05 +49.20
NOs™ (ug/m®) 11.96 £12.40 14.36 £9.75 34.86 +30.02
S04% (ug/md) 5.34 £5.91 11.50 +9.84 9.84 +6.00
NHs* (ng/m®) 5.66 +6.06 9.00 +6.75 10.68 +8.04
OC (ug/m®) 453 +2.40 9.05 +4.86 9.75 +5.46
SO2 (ug/m®) 3.10 +£1.19 18.23 +8.86 6.60 £2.07
NO (ng/m°) 44.98 +19.36 62.21 +23.85 46.60 +17.73
CO (mg/m?3) 0.73 +£0.32 1.34 +£0.59 1.08 +0.42
Os (ng/m°) 22.58 +15.80 24.71 +£19.69 26.12 +12.88
0S (ng/md) 41.11 £34.47 57.39 +39.23 102.06 +80.54
RH (%) 47.97 £19.04 50.73 +£15.62 71.45 +13.75
Temperature (°C) 0.62 +6.58 -2.58 +4.82 7.79 £3.52
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102 Figure S1. The geographical locations of the sample sites in this study. All photos were entirely
103 created by the authors, there are no copyright issues.
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Figure S2 The factor profile of the precursor-constrained PMF model
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