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Text S1. Online GC-MSD/FID analysis 

VOC species were measured using an online gas chromatography system equipped with both 

a mass spectrometric detector (MSD) and a flame ionization detector (FID). A Teflon filter 

was installed upstream of the sampling inlet to remove particles from the air stream. Ambient 

air was collected and concentrated using an electronically refrigerated pre-concentrator. The 

system operated through two parallel channels: one channel, equipped with a PLOT column 

(25 m × 0.32 mm × 8 μm, Agilent Technologies) and the FID, was dedicated to analyzing 

lower-molecular-weight non-methane hydrocarbons; the other channel, equipped with a 

DB-624 column (60 m × 0.25 mm × 1.4 μm, J&W Scientific) and the MSD, analyzed the 

remaining VOCs. In the FID channel, ambient air was trapped at −20 °C to remove most of 

the water vapor, and CO2 was subsequently removed using a CO2 adsorption tube. In the 

MSD channel, air was similarly trapped and dewatered at −20 °C. The VOCs from both 

channels were then transferred by helium and focused at −160 °C. Following this, the trap 

was rapidly heated to 120 °C to desorb the target compounds into the GC column. The GC 

oven temperature was programmed as follows: initial hold at 35 °C for 3 min, increased to 

150 °C at 5 °C min⁻¹, then further raised to 190 °C at 10 °C min⁻¹, and finally held at 190 °C 

for 8 min. The MSD was operated in selected ion monitoring (SIM) mode with electron 

impact ionization at 70 eV. 



Text S2. PMF model running process 

To determine the optimal number of factors, PMF model (USEPA PMF 5.0) was run with 

factor numbers ranging from 3 to 8. The stability of each solution was evaluated through 

bootstrap analysis (100 runs, R = 0.6). A stable model is indicated by the successful mapping 

of base run factors in 100 bootstrap runs. Moreover, the model output with a mapping rate 

above 80% suggests interpretable bootstrap uncertainties and an appropriate factor number. 

As shown in Table S1, we identified the solutions with three and four factors as the most 

stable. In lights of highly agreement between predicted and observed results (Figure S13), a 

four-factor resolution was finally selected. The values of Qrobust and Qtrue were equal for all the 

100 runs. The calculated R2 values of all species that input into the model were all greater 

than 0.69. Furthermore, we also applied K-means clustering to explore the predominant 

category of measured IVOCs. The mathematical details of K-means clustering are described 

elsewhere (Hartigan and Wong, 1979), and the relevant code is available at 

https://github.com/JayshKhan/KmeanVisualizing. Based on the elbow method, the optimal 

number of clusters was determined to be four (Figure S14), further supporting the four-factor 

resolution identified by the PMF model. 

Due to the absence of low-volatility IVOCs (e.g., nC18–nC20) in winter samples, a separate 

PMF analysis was performed for this season using 14 species as input (Figure S15). Factor 

identification, determination of factor number, and model evaluation followed the same 

procedures applied in other seasons. As shown in Figure S15, factor 1 was attributed to 

vehicle exhaust, characterized by high loadings of Nap, CO, NO₂ and nC12-nC14. Factor 2, 

with high moderate-volatility IVOCs but low CO and NO₂, was identified as evaporative 

emissions. Factor 3, distinguished by abundant low-volatility IVOCs alongside extremely 

high CO and NO₂, was associated with gas/particle partitioning. Factor 4, rich in SO₂, CO, 

and NO₂, was interpreted as industrial emission. The model reliably reproduced observed 

winter IVOC concentrations (slope = 0.95, R2 = 0.98). 
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Table S3. Concentrations of ambient long-chain normal alkanes in particle and gas phase 

reported in previous studies and this study. 

Phase Studied area Sampling period Range Concentration (ng m-3) References 

Particle 

Beijing 2020.11-2021.10 nC13−nC40 4.51−153 (32.7)* Yang et al., 2023 

Shanghai 2013 nC8−nC40 228 Lyu et al., 2016 

Guangzhou 

  

2012 winter nC14−nC40 103±74 Wang et al., 2016 

  2012 Summer nC14−nC40 26±7 

Nanjing 2014.11-2015.08 nC16−nC40 83.8±57.1 Hong et al., 2017 

Seoul 

2018.01-2018.02 

nC20−C36 

28.4±16.4 

Kang et al., 2020 
2018.03-2018.04 16.4±12.5 

2018.08-2018.09 6.4±2.5 

2018.11-2018.12 16.3±7.1 

Gas 

London 2017.01-2017.04 nC13−nC36 32.4−141.0 Xu et al.,  

Beijing 2018.02-2018.07 nC12−nC21 1168±361 Tang et al., 2022 

Guangzhou  2019.09-2019.10 nC12−nC22 1296.1±673.5 Fang et al., 2022 

Wuhu 

2024.04 

nC12−nC22 

1000.0±135.1 

This study 
2024.07 1857.7±283.5 

2024.10 878.3±120.3 

2024.12 377.6±42.9 

* 
average 



 

Figure S1. The geographical location of observation site. The map was created by the authors 

using MeteoInfo (http://www.meteothink.org), an open-source software developed by Wang et 

al. (2014). 

 

 



 

Figure S2. Correlation matrix of sixteen IVOC species measured during the sampling 

periods.  

 



 

Figure S3. Diurnal variations of measured IVOCs in four seasons. Error bar is 95% 

confidence interval.  

 



 

Figure S4. Seasonal difference of isopentane measured in this study. Error bar is 95% 

confidence intervals. Different letters denote statistically significant differences at p < 0.05. 

 

 



 

Figure S5. Relationship between C12-C13 concentration and temperature observed during the 

sampling. Gray scatters were the original data, and red pane was the average in three 

temperature intervals: < 15°C, 15−30°C and >30°C. Error bar represents 95% confidence 

interval.  

 



 

Figure S6. The correlations between IVOCs and temperature at three different temperature 

intervals (<15°C, 15°C−30°C, >30°C). Black denotes the missing value. When the 

temperature was below 15 °C, the measurement data of nC18-nC19 species was too sparse to 

analyze.  

 



 

Figure S7. Correlation between IVOCs apportioned in Factor 2 and isopentane. 

 

 



 

Figure S8. Correlations between IVOCs apportioned in Factor 2 and ambient temperature.  

 



 

Figure S9. Correlations between IVOCs apportioned in Factor 3 and ambient temperature. 

 



 

Figure S10. Correlation between IVOCs apportioned in Factor 4 and SO2. 

 



 

Figure S11. Relative contributions of PMF resolved sources in four seasons. 

 



 

Figure S12. Correlation between IVOCs apportioned in Factor 1 and ambient temperature. 

 



 

Figure S13. Comparison between observed IVOC concentrations and predictions from the 

PMF model. 

 

 



 

Figure S14. The optimal number of clusters based on elbow method (a) and four clustering 

analysis results for measured IVOCs (b). The asterisk represents cluster centroid. 

 



 

Figure S15. Factor profiles (% of the species) resolved by PMF for winter IVOC samples. 
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