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S1. FT-ICR MS data processing 32 

        The molecular formulas assignment was performed using a custom software for the signals 33 

with a signal-to-noise ratio above 10 with a mass tolerance of ±1 ppm.  Each molecular formula 34 

(CcHhOoNnSs) contained certain elements where C, H, O, N, and S represented the element carbon, 35 

hydrogen, oxygen, nitrogen, and sulfur and c, h, o, n, and s corresponded to the number of C, H, 36 

O, N, and S atoms, respectively. Both the O/C and H/C ratios were limited to 0-3. The formulas 37 

identified which contained isotopomers (i.e., 13C, 18O, or 34S) were not discussed in this study. The 38 

maximum number of atoms for each formula was set as 60 for 12C, 60 for 1H, 20 for 16O, 2 for 14N, 39 

and 2 for 32S, respectively. The double bond equivalents (DBE) were calculated as follows to 40 

estimate the unsaturation degree of each formula: DBE= (2c+2-h+n)/2. The aromatic index (AI) 41 

which can reflect the degree of aromaticity were calculated following the equation: AI= (1+c-0.5o-42 

s-0.5h)/(c-0.5o-s-n) (Koch and Dittmar, 2006; Kroll et al., 2011). There may be aromatic ring 43 

structures in the compounds if AI >0.5 and condensed aromatic structures may exist if AI 0.67. 44 

The AI values were treated as zero if the calculated AI values were negative.  45 

The relative intensity weighted elemental ratios, DBE, AI, and molecular weight were 46 

calculated following the equations (Jiang et al., 2020; Song et al., 2018): 47 

O/Cw=Σ(Ini*O/Ci)/ΣIni 48 

H/Cw=Σ(Ini*H/Ci)/ΣIni 49 

O/Nw=Σ(Ini*O/Ni)/ΣIni 50 

O/Sw=Σ(Ini*O/Si)/ΣIni 51 

DBEw=Σ(Ini*DBEi)/ΣIni 52 

DBE/Cw=Σ(Ini*DBE/Ci)/ΣIni 53 

AIw=Σ(Ini*AIi)/ΣIni 54 

MWw=Σ(Ini*MWi)/ΣIni 55 

Where Ini represents the intensity for each individual molecular formula and O/Ci, H/Ci, O/Ni, 56 

O/Si, DBEi, DBE/Ci, AIi, and MWi represents the O/C, H/C, O/N, O/S, DBE, DBE/C, AI, and MW 57 

of the molecular formula i.   58 
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Table S1. Relative intensity weighted average values of number, molecular weight (MWw), 59 

elemental ratios (O/Cw, H/Cw), double-bond equivalent (DBEw), aromaticity index (AIw), and 60 

DBE/Cw of different elemental category of assigned formulas in summer. 61 

Samples 

(Sampling time) 

Elemental 

compositions 
Number of Formulas MWW O/CW H/CW DBEW AIw DBE/CW 

S1 (2017/8/20) 

Total 2369 354.83 0.72 1.39 6.01 0.28 0.41 

CHO 537 376.37 0.47 1.20 8.52 0.28 0.46 

CHON 958 382.72 0.64 1.28 7.86 0.26 0.48 

CHOS 454 314.61 0.78 1.52 3.77 0.12 0.34 

CHONS 420 344.90 0.99 1.59 3.81 0.49 0.37 

S2 (2017/8/21) 

Total 2151 336.51 0.80 1.46 4.92 0.28 0.39 

CHO 427 362.98 0.56 1.15 7.95 0.29 0.49 

CHON 598 353.76 0.71 1.23 7.38 0.33 0.52 

CHOS 566 314.26 0.76 1.53 3.73 0.13 0.34 

CHONS 560 337.01 0.98 1.65 3.49 0.39 0.35 

S3 (2017/8/22) 

Total 3781 365.72 0.63 1.43 5.65 0.20 0.38 

CHO 750 384.47 0.48 1.24 7.86 0.26 0.44 

CHON 1308 397.69 0.59 1.26 7.85 0.28 0.48 

CHOS 919 335.46 0.60 1.54 4.13 0.09 0.32 

CHONS 804 362.69 0.82 1.60 4.01 0.22 0.34 

S4 (2017/8/23) 

Total 4046 387.91 0.61 1.42 6.21 0.22 0.38 

CHO 889 396.83 0.45 1.30 7.72 0.23 0.40 

CHON 1722 424.46 0.57 1.32 7.87 0.23 0.44 

CHOS 785 352.12 0.60 1.53 4.30 0.08 0.31 

CHONS 650 362.31 0.88 1.60 3.96 0.34 0.35 

S5 (2017/8/24) 

Total 3210 360.04 0.74 1.42 5.56 0.25 0.40 

CHO 682 387.23 0.54 1.22 7.79 0.24 0.45 

CHON 1176 396.78 0.65 1.27 7.64 0.26 0.48 

CHOS 677 323.09 0.75 1.50 3.99 0.10 0.35 

CHONS 675 350.81 0.94 1.57 3.98 0.41 0.37 

S6 (2017/8/25) 

Total 1987 337.61 0.74 1.38 5.69 0.31 0.43 

CHO 528 368.39 0.54 1.17 8.07 0.28 0.48 

CHON 662 352.95 0.66 1.20 7.67 0.36 0.53 

CHOS 447 306.02 0.79 1.53 3.63 0.21 0.34 

CHONS 350 325.54 1.01 1.62 3.47 0.44 0.37 

  62 
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Table S2. Relative intensity weighted average values of number, molecular weight (MWw), 63 

elemental ratios (O/Cw, H/Cw), double-bond equivalent (DBEw), aromaticity index (AIw), and 64 

DBE/Cw of different elemental category of assigned formulas in winter. 65 

Samples 

 (Sampling time) 

Elemental 

compositions 

Number of 

Formulars 
MWW O/CW H/CW DBEW AIw DBE/CW 

W1 (2017/12/31 

daytinme) 

Total 1890 293.77 0.61 1.35 5.49 0.30 0.45 

CHO 299 291.00 0.43 0.91 9.01 0.51 0.62 

CHON 587 295.98 0.54 1.09 7.57 0.47 0.60 

CHOS 547 282.56 0.65 1.69 2.72 0.04 0.26 

CHONS 457 317.88 0.85 1.61 3.60 0.33 0.37 

W2 (2017/12/31 

nighttime) 

Total 2366 299.72 0.61 1.33 5.60 0.30 0.46 

CHO 428 293.97 0.46 0.90 8.92 0.51 0.62 

CHON 725 300.06 0.56 1.01 8.04 0.52 0.63 

CHOS 636 288.71 0.64 1.66 2.92 0.05 0.27 

CHONS 577 327.99 0.81 1.59 3.72 0.25 0.36 

W3 (2018/1/1 

daytime) 

Total 1598 289.67 0.59 1.31 5.82 0.34 0.47 

CHO 256 288.65 0.43 0.98 8.41 0.47 0.58 

CHON 477 291.02 0.54 1.11 7.36 0.47 0.59 

CHOS 520 276.16 0.64 1.72 2.52 0.03 0.25 

CHONS 345 314.40 0.89 1.66 3.30 0.36 0.35 

W4 (2018/1/1 

nighttime) 

Total 1949 310.34 0.66 1.41 5.24 0.29 0.42 

CHO 286 310.40 0.42 0.94 9.39 0.50 0.60 

CHON 630 310.82 0.56 1.09 8.10 0.52 0.60 

CHOS 512 292.69 0.56 1.53 3.88 0.11 0.33 

CHONS 521 324.66 0.86 1.64 3.51 0.25 0.35 

W5 (2018/1/8-

2018/1/9) 

Total 2989 294.64 0.67 1.40 5.14 0.31 0.43 

CHO 564 298.06 0.46 0.92 8.86 0.49 0.61 

CHON 1202 313.36 0.55 1.05 8.15 0.49 0.61 

CHOS 625 272.65 0.67 1.68 2.71 0.05 0.27 

CHONS 601 308.76 0.94 1.63 3.47 0.43 0.37 

W6 (2018/1/19-

2018/1/20) 

Total 4939 321.59 0.60 1.37 5.62 0.27 0.43 

CHO 878 313.54 0.48 1.02 8.13 0.42 0.56 

CHON 1497 331.31 0.52 1.00 8.74 0.51 0.62 

CHOS 1135 296.52 0.60 1.71 2.78 0.04 0.24 

CHONS 1429 345.52 0.76 1.58 4.08 0.19 0.36 

  66 
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Table S3. Classification basis of Van Krevelen diagram. 67 

Classes H/C O/C AI 

Lipids-like 1.7＜ H/C ≤2.2 0≤ O/C ≤0.2 - 

Protein-like 1.5＜ H/C ≤2.2 0.2＜ O/C ≤0.6 - 

Lignins-like 0.6＜ H/C ≤1.7 0.1≤ O/C ＜0.6 AI ＜0.67 

Carbohydrates-like 1.5＜ H/C ≤2.2 0.6＜ O/C ＜1.2 - 

Tannins-like 0.5＜ H/C ≤1.5 0.6＜ O/C ≤1.2 AI <0.67 

Unsaturated Hydrocarbons 0.7＜ H/C ≤1.5 0＜ O/C ＜0.1 - 

Condensed aromatic structure 0.2≤ H/C ≤0.6 0＜ O/C ＜0.6 AI ≥0.67 

  68 
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Table S4. Statistics on S-containing compounds based on O/S in summer. 69 

Samples Number O/CW H/CW DBEW Number O/CW H/CW DBEW 

 CHOS with O/S<4 CHOS with O/S≥4 

S1 13 0.61 1.15 9.74 441 0.78 1.53 3.68 

S2 11 0.66 1.58 4.37 555 0.76 1.53 3.72 

S3 34 0.34 1.61 5.54 885 0.60 1.53 4.11 

S4 73 0.24 1.58 7.24 712 0.61 1.53 4.19 

S5 28 0.45 1.30 7.63 649 0.75 1.51 3.94 

S6 13 0.36 1.56 6.26 434 0.65 1.69 2.69 

 
CHON1S with O/S<7 and 

CHON2S with O/S<10 

CHON1S with O/S≥7 and 

CHON2S with O/S≥10 

S1 47 0.70 1.25 4.74 373 1.00 1.60 3.77 

S2 56 0.72 1.39 3.76 504 0.99 1.66 3.48 

S3 138 0.63 1.34 4.42 666 0.84 1.63 3.98 

S4 83 0.71 1.28 4.35 567 0.89 1.61 3.94 

S5 99 0.71 1.35 4.28 576 0.96 1.59 3.96 

S6 41 0.77 1.28 4.11 309 1.03 1.64 3.43 

  70 
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Table S5. Statistics on S-containing compounds based on O/S in winter. 71 

Samples Number O/CW H/CW DBEW Number O/CW H/CW DBEW 

 CHOS with O/S<4 CHOS with O/S≥4 

W1 12 0.40 1.65 2.49 535 0.64 1.66 2.93 

W2 8 0.40 1.81 1.82 628 0.64 1.72 2.53 

W3 13 0.40 1.65 2.49 507 0.64 1.66 2.93 

W4 26 0.36 1.56 6.26 486 0.65 1.69 2.69 

W5 12 0.54 1.32 7.75 612 0.80 1.54 3.57 

W6 21 0.61 1.71 2.80 1114 0.40 1.91 1.49 

 
CHON1S with O/S<7 and 

CHON2S with O/S<10 

CHON1S with O/S≥7 and 

CHON2S with O/S≥10 

W1 121 0.64 1.32 4.54 336 0.90 1.68 3.37 

W2 134 0.65 1.26 4.80 443 0.83 1.65 3.53 

W3 79 0.64 1.31 4.56 266 0.93 1.72 3.08 

W4 110 0.61 1.30 4.71 411 0.89 1.68 3.36 

W5 131 0.65 1.31 4.49 469 0.98 1.68 3.32 

W6 386 0.63 1.30 4.95 1043 0.78 1.64 3.91 

  72 
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 73 

Figure S1. 48-h backward trajectories in summer (left) and winter (right). 74 

 75 

76 

77 

 78 

Figure S2. FT-ICR mass spectra of 6 samples in summer. 79 
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80 

81 

 82 

Figure S3. FT-ICR mass spectra of 6 samples in winter.  83 
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 84 

 85 

 86 

Figure S4. Number percentage of aliphatic (AI=0), olefinic (0< AI ≤0.5) and aromatic (AI >0.5) 87 

formulas in CHO, CHON, CHOS and CHONS compounds in summer.  88 
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 89 

 90 

 91 

Figure S5. Number percentage of aliphatic (AI =0), olefinic (0< AI ≤0.5) and aromatic (AI >0.5) 92 

formulas in CHO, CHON, CHOS and CHONS compounds in winter. 93 

 94 

 95 

 96 

Figure S6. Number percentage of formulas for different carbon atom numbers (a) and total relative 97 

intensity of formulas for different carbon atom numbers (b) in CHO compounds in summer and 98 

winter.  99 
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 100 

Figure S7. Time series of the relative intensities of typical CHO compounds in biomass burning 101 

organic aerosols (BBOA) ((a), (b), (c), (d) and (e)) and the mass concentrations of levoglucosan 102 

(f). 103 

 104 

 105 

 106 

Figure S8. Distruibution of the relative intensities of OSs from different precursors.  107 
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