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1.PMF Analysis 19 

The PMF diagnostic plots are illustrated in Fig. S1. We observed a substantial 20 

decrease in Q/Qexp as the number of factors increased gradually from 2 to 5. However, 21 

this decreasing trend became less pronounced when the number of factors exceeded 5. 22 

When we explored solutions with more than 6 factors, the Variation displayed notable 23 

variability across different fpeak values. Then based on the interpretability of the factors, 24 

we ultimately identified a solution comprising 5 factors, including one primary factor, 25 

one nitrogenous OA (NOA) factor, and three SOA factors, namely, less-oxidized 26 

oxygenated OA (LO-OOA), more-oxidized OOA (MO-OOA), and aqSOA. 27 

The mass spectra, time series and diurnal variations of these five factors are given 28 

in Fig. S2. Notably, when we examine the elemental ratios, including H:C, O:C, N:C, 29 

and OM:OC, for each factor (Fig. S2), a distinct pattern emerges. POA and NOA exhibit 30 

significantly higher H:C compared to LO-OOA and MO-OOA, while displaying 31 

markedly lower O:C than these secondary factors. AqSOA exhibits higher N:C than 32 

LO-OOA and MO-OOA.  33 

POA exhibits a notable predominance of CxHy+ fragments over CxHyO1+ and 34 

CxHyO>1+ fragments. The strong alignment in the time series between POA and BC (Fig. 35 

S2a) further corroborates the correlation between this factor and motor vehicle 36 

emissions. The diurnal variation in POA emissions exhibits a pronounced morning peak, 37 

coinciding with the timing of motor vehicle emissions during the morning rush hour. 38 

The mass spectra of LO-OOA and MO-OOA show a prominent feature is the 39 

predominant contribution from CxHyO1+ and CxHyO>1+ fragments, particularly in MO-40 



OOA. In the mass spectra of both LO-OOA and MO-OOA, the contribution of C2H3O+ 41 

(m/z 43) exceeds that of CO2+ (m/z 44). The contribution of CxHy+ fragments in the 42 

mass spectra of LO-OOA is relatively higher than that of MO-OOA. Regarding diurnal 43 

variations, LO-OOA exhibits no significant daily changes, whereas MO-OOA shows a 44 

slow upward trend during daylight hours, which may be attributed to photochemical 45 

reactions. 46 

AqSOA exhibited strong correlations with unique fragment ions that are widely 47 

recognized as markers of aqueous-phase secondary products, such as C2O2+ (m/z 56, r 48 

= 0.77) and CH3SO+ (m/z 63, r = 0.90) (Fig. S3). The aqSOA exhibits strong 49 

correlations with sulfate (r = 0.74), nitrate (r = 0.91), and ammonium (r = 0.93), 50 

indicating its strong correlation with aqueous-phase processes. 51 

Although both are highly oxidized factors, aqSOA exhibits stronger signals at m/z 52 

28 and 43. Its elemental ratios, including H/C, O/C, and N/C, are also significantly 53 

higher (Fig. S4). More importantly, their environmental behaviors are distinct: aqSOA 54 

shows strong correlations with both nitrate and ALW, whereas MO-OOA shows no 55 

significant correlation with either (Fig. S5).  56 
NOA is characterized with more evident contributions from CxHyNz+ fragments 57 

compared to other factors. Additionally, its N:C is significantly higher than that of the 58 

other factors (Fig. S2e). 59 

2. Date–type list 60 

The peak timing window for classification is 7:00–10:00 local time; double peaks 61 

are allowed (though only 4 days exhibited a secondary peak, occurring at 15:00, 22:00, 62 



23:00, and 23:00, respectively); and no smoothing was applied to the data. “Rainy days” 63 

are defined as those with recorded rainfall > 0 mm, based on measurements from the 64 

automatic weather station at the SORPES site. The “date–type” list has been shown in 65 

Table S1. 66 

3. Sensitivity test 67 

The pH threshold of 3 for aqSOA versus ALW was selected primarily to ensure a 68 

balanced distribution of data points across the two subgroups for meaningful statistical 69 

comparison. With this threshold, the subsets pH < 3 and pH ≥ 3 contained 772 and 320 70 

points, respectively, providing sufficiently large and comparable sample sizes. Other 71 

tested thresholds (e.g., pH = 2 or 3.5) resulted in highly uneven distributions (e.g., 43 72 

vs. 1049 points at pH = 2; 1058 vs. 34 points at pH = 3.5, Fig. S9), which would 73 

compromise the robustness of the comparison.  74 



 75 

Figure S1. A summary of PMF diagnostic plot: (a) Q/Qexp as a function of number of 76 

factors, (b) Q/Qexp as a function of fpeak, (c) mass fractions of OA factors as a function 77 

of fpeak, (d) scaled residual for each fragment ion, (e) a comparison of measured and 78 

PMF reconstructed mass, (f) time series of residual, and (g) time series of Q/Qexp. 79 

 80 



 81 

Figure S2. High resolution mass spectra (left), time series (medium) and diurnal mass 82 

profiles (right) of 5 OA factors via PMF analyses 83 
  84 



 85 
Figure S3. Scatter plot of aqSOA versus CH3SO⁺ (a), and C2O2⁺ (b). 86 
  87 



 88 
Figure S4. Comparison of mass spectra of aqSOA and MO-OOA. 89 
  90 



 91 

Figure S5. Scatter plots of MO-OOA versus nitrate and ALW. 92 
  93 



 94 

Figure S6. Time series of temperature and relative humidity (a), wind direction and 95 

wind speed (b), SO2 and O3 (c), NO2 and NO (d), and the fraction (e) and concentration 96 

(f) of aerosol components (organic matter, nitrate, sulfate, ammonium, chloride and 97 

black carbon). 98 
  99 



 100 
Figure S7. Box plots of aqSOA with RH(a) and ALW(b), the lines in the boxes indicate 101 

the median values, the upper and lower boundaries of the boxes indicate the 75th and 102 

25th percentiles, and the whiskers above and below the boxes indicate the 90th and 10th 103 

percentiles, the red dots indicate the mean value. (c) Fraction of 5 OA factors under 104 

different relative humidity conditions. 105 
  106 



 107 
Figure S8. Van Krevelen (VK) diagram of the elemental ratios of organic aerosol 108 

measured by AMS, colored by RH. 109 
  110 



 111 
Figure S9. Scatter plots of aqSOA versus ALW, (a) data divided at pH=2, (b) data 112 

divided at pH=3.5. 113 
  114 



Table S1. Date–type list 115 
UTC+8 Diurnal pattern UTC+8 Diurnal pattern 

2025/10/13 Incomplete data 2025/11/7 I 
2025/10/14 Incomplete data 2025/11/8 I 
2025/10/15 Rainy 2025/11/9 II 
2025/10/16 Rainy 2025/11/10 II 
2025/10/17 I 2025/11/11 II 
2025/10/18 I 2025/11/12 I 
2025/10/19 I 2025/11/13 I 
2025/10/20 I 2025/11/14 I 
2025/10/21 Rainy 2025/11/15 I 
2025/10/22 I 2025/11/16 I 
2025/10/23 I 2025/11/17 Rainy 
2025/10/24 II 2025/11/18 Rainy 
2025/10/25 II 2025/11/19 Rainy 
2025/10/26 II 2025/11/20 Rainy 
2025/10/27 I 2025/11/21 Rainy 
2025/10/28 Rainy 2025/11/22 Rainy 
2025/10/29 Rainy 2025/11/23 Rainy 
2025/10/30 I 2025/11/24 Rainy 
2025/10/31 I 2025/11/25 Rainy 
2025/11/1 II 2025/11/26 Rainy 
2025/11/2 I 2025/11/27 Rainy 
2025/11/3 II 2025/11/28 I 
2025/11/4 II 2025/11/29 I 
2025/11/5 I 2025/11/30 Incomplete data 
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