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Sulfate (SO4

2-) is unambiguously an important chemical species, which directly influences climate 
changes, in the airborne aerosols. To date, its formation mechanism is still debated. To investigate the 
oxidation pathways of SO2 to sulfate aerosols, PM2.5 aerosol samples were collected in Beijing from 
November 13 to December 2, 2018. In addition to water-soluble inorganic ions (WSIIs), sulfur isotope in 
sulfate (G34S-SO4

2-) was also determined. During the sampling period, the sulfate concentrations varied 
from 0.4 to 33.5 Pg m-3 with a mean value of 11.1 r 9.3 Pg m-3, which accounted for 18 % of WSIIs. 
Specifically, its concentration in haze days (PM2.5 > 150 Pg m-3) was 14.8 times higher than that in the 
clean days (PM2.5 < 35 Pg m-3), elucidating that sulfate was a pivotal species to induce the haze formation. 
In terms of G34S-SO4

2-, its value ranged from 1.9 to 6.4 ‰ and averaged at 4.4 ± 1.4 ‰. Using Rayleigh 
distillation model, the isotope fractionation factor between SO2 and SO4

2- was estimated to be 4.0 ± 1.2 ‰. 
Considering this fractionation factor, the formation pathways of SO2 to SO4

2- were quantified through 
Bayesian isotope mixing model. Our results showed that the contributions of SO2 to sulfate via OH, 
H2O2/O3, NO2 and TMI oxidation were 21 %, 15 %, 29 % and 35 %, respectively. Note that the 
contributions of sulfate formation by NO2 and TMI on the haze days exceeded than that on the clean days 
by factors of 1.4-1.6, highlighting that NO2 and TMI played important roles of elevated sulfate aerosols in 
the haze events in Beijing. 
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