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Methods 

The size-resolved κ from the measured hygroscopic growth factor (κgf) is 

calculated according to κ-Köhler Theory (Petters and Kreidenweis, 2007),  
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exp(

𝐴

𝐷𝑑𝐺𝑓
)

𝑅𝐻
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where Gf is hygroscopic growth factor measured by the Hygroscopic Tandem 

Differential Mobility Analyzer (HTDMA) system, RH is the relative humidity in the 

HTDMA (90%), Dd is the dry diameter of the particles, σs/a is the surface tension of 

the solution/air (assumed to be the surface tension of pure water, σs/a = 0.0728 N m−2), 

R is the universal gas constant, T is the absolute temperature, Mw is the molecular 

weight of water, and ρw is the density of water. The bulk κ of particles can be obtained 

by averaging size-resolved κ.  

From the mixing rule of chemical volume fractions according to Petters and 

Kreidenweis (2007) (equation 3), the bulk κ of organic components, κorg (equation 4) is 

derived: 

𝜅𝑔𝑓 = 𝜅𝑐ℎ𝑒𝑚 =  ∑ 𝜀𝑖𝜅𝑖𝑖  ,                                (3) 

𝜅𝑜𝑟𝑔 = ( 𝜅𝑔𝑓 − 𝜀𝑖𝑛𝑜𝑟𝑔𝜅𝑖𝑛𝑜𝑟𝑔 − 𝜀BC𝜅BC)/𝜀𝑜𝑟𝑔 ,                       (4) 

where κi and εi are the hygroscopicity parameter and volume fraction for the individual 

(dry) component in the mixture, respectively. According to the measured mass 

concentration of inorganic ions combined with the ion pairing scheme (Gysel et al., 

2009), the molarity of main inorganic chemical components was obtained. The 



inorganic components mainly considered (NH4)2SO4 and NH4NO3 (Petters and 

Kreidenweis, 2007). The values of κ are 0.48 for (NH4)2SO4 and 0.58 for NH4NO3 

(Petters and Kreidenweis, 2007). We derived the volume fraction of each species by 

dividing mass concentration by the density. The density is 1.77 g cm-3 for (NH4)2SO4 

and 1.72 g cm-3 for NH4NO3. The volume of organic matter and black carbon (BC) in 

aerosols were calculated according to their mass concentration and density. The 

densities of primary organic aerosol and secondary organic aerosol were assumed to be 

1.0 g cm-3 and 1.4 g cm-3, respectively. The κ and density of BC were assumed to be 0 and 

1.7 g cm-3. 

 

 

Figure S1. Average size distributions of PM1 species, primary organic aerosol (POA), 

and secondary organic aerosol (SOA) measured in winter and summer. 

 

 



 

Figure S2. Bivariate polar plot of cooking organic aerosol (COA) concentrations (μg 

m-3) in winter and summer. Wind direction (WD) and wind speed (WS) measured 100 

m above the ground. 

 

Figure S3. Winter and summer time series of mass concentration of each organic 

aerosol (OA) factor. The pie charts represent the mean mass fraction of OA. COA = 

cooking OA; FFOA = fossil fuel‐related OA; BBOA = biomass burning OA; OOA= 

oxygenated OA; OPOA = oxidized primary OA; aq-OOA= aqueous-phase OOA; MO-

OOA = more-oxidized oxygenated OA; LO-OOA= less-oxidized oxygenated OA; 



HOA = hydrocarbon OA.  

 

Figure S4. Average distribution of particle number spectrum during dinner time (18:00-

21:00 local time) in winter and summer. 
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