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S1. OA source apportionment 

Positive matrix factorization (PMF) was used to interpret the number of factors in OA 

spectrum. The optimal number was selected by the discrimination of the tracers and the 

spectrum pattern of each source. 

HOA (hydrocarbon like OA) is characterized by alkyl fragment ion series, which are in the 

form of CnH2n-1 and CnH2n+1, and has dominated ion tracers such as m/z 41, 43, 55, 57, 69, 71, 

83 and 85 in the spectra.  

COA is also characterized by prominent hydrocarbon ion series, however, with higher signal 

at CnH2n−1 than CnH2n+1. The higher signal ratio of C4H7
+/C4H9

+ is the typical characteristic of 

COA profile according to the previous studies ( Ng et al., 2011). 

Free PMF runs from 2 to 8 factors were performed in this study. When N=4, two POAs and 

two OOAs were separated, which were more reasonable than the results of the other numbers 

of factors. However, HOA was slightly mixed with COA in the PMF results, therefore, we 

further constrained HOA by using HOA profiles in ME-2 for clearer profiles. 
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HOA was constrained by using the profile from Ng et al. (2011), which was the average of 15 

sites in the world including East Asia, Europe and North America. Previous study has 

discussed the HOA profile from US (dominated by gasoline) and Europe (dominated by diesel) 

through the means of cosine similarity analyses, and suggested that HOA profile from 

different types of cars were nearly equivalent (Elser et al., 2016).  

We performed a value of HOA which was ranged from 0 to 1 with a step of 0.1 based on the 

results of 4 factors PMF solutions. After HOA was constrained, the other unconstrained 

factors show good consistency with previously reported profiles when the a value ranged 

from 0 to 0.8. To optimize the results, 9 solutions from 11 a value results were retained 

through the similar pattern with previously reported profiles, and the average of these 9 

solutions were retained as final result (Figure S4). 

The final OA source apportionment results were presented in figure S4. HOA was correlated 

with BC (R2=0.48) and COA was well correlated with C6H10O+ (R2=0.81). Meanwhile, OOA 

was highly correlated with the oxygenated ions, which MO-OOA was highly correlated with 

CO2
+ (R2=0.89) and LO-OOA was highly correlated with C2H3O+ (R2=0.93). MO-OOA was 

the dominant pollutant in our result (55% or 3.7 μg m-3), followed by LO-OOA (23% or 1.6 

μg m-3), COA (15% or 1.0 μg m-3) and HOA (7% or 0.5 μg m-3). The time series of OOA, 

COA and HOA correlated well with the corresponding tracers and precursors.  

 

 
Figure S1. The schematic diagram of the topography of the GZB. 

 

Figure S2. Time series and relationship of sulphate, nitrate, ammonium and chloride from 



TOF-ACSM v.s. water soluble sulphate, nitrate, ammonium and chloride from IGAC. 

 

 

 
Figure S3. Five pollution episodes (EP1-EP5) and their corresponding (a) time series of wind 

speed and wind direction, (b) time series of PM2.5 mass, (c) backward trajectories, (d) mass 

concentrations of chemical compositions (left column) and OA factors (right column) and (e) 

percentage contribution of chemical compositions (left column) and OA factors (right column). 

EP1 and EP4 are the only two pollution episodes caused by continuous transport from the BTH 

transport and the urban GZB transport respectively and are further discussed in the main text of 

the manuscript. Therefore, they are renamed as EP1 and EP2 respectively in the main text to 

lessen confusion. 

 

 



 

 

Figure S4. Profiles and time series of four OA factors. The external trace species, including 

BC, C6H10O+, CO2
+, C2H3O+ are also shown for comparison. 
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