Resolving Systematic Errors in Sulfate Source
Apportionment: A Field-Validated Kinetic
Isotope Fractionation Framework

Zhaobing Guo®?, Xuexue Bai', Qiwei Ai', Zizheng Xu', Shangshun Ma', Jiayu Gu’>,

Pengxiang Qiu'* Qingjun Guo**

!Jiangsu Key Laboratory of Atmospheric Environment Monitoring and Pollution
Control (AEMPC), Collaborative Innovation Centre of Atmospheric Environment and
Equipment Technology (CIC-AEET), School of Environmental Science and
Engineering, Nanjing University of Information Science and Technology, Nanjing

210044, China
2Sugian University, Sugian 223800 China

3School of Chemical Engineering and Materials, Changzhou Institute of Technology,

Changzhou 213032, China

“Center for Environmental Remediation, Institute of Geographic Sciences and Natural

Resources Research, Chinese Academy of Sciences, Beijing 100101, China

Text S1.Estimation of primary sulfate and secondary sulfate
The primary sulfate (calculated by 0.18 x Ca?" +0.25 x Na") !contributed (2.65 =+
2.11% ) to total sulfate mass.

Tps = Tgs + Tis (1)



Tss = Topus + Tee + Tys + Tos (2)

where Tpss Tsss Tiss Tsss Tppuss Teer Tyss Tos are the primary sulfate (ps),
sea salt sulfate (ss), terrestrial sulfate (ts), secondary sulfate(SS),biomass burning
sulfate (bbus), coal combustion(cc), vehich sulfate(vs),oil sulfate(os).

Text S2. Calculation of 34S Fractionation.

Theoretical 6°*S-SO4* values can be calculated using the following equation

according to previous studies®*:
534S — SOZ‘theoretical = Y 093S —¢ xIn(1—SOR) x (1 —SOR)/SOR
A3)

where Y §34S is calculated using eq 4; &; is the 6°*S fractionation factor between

gas-phase SO, and particulate SO4* generatedthrough different SO4> formation

pathways ; and SOR is the ratio of SO4> to (SO4* + SO2), which ranges from 0 to 1.

T gsts = 1502 X 8950, +1S0F ] x 85 50k,

[SO,] +[SO{]
where [SO2] and [SO4%] are the concentrations of gas-phase SO» and particulate SO4>"
in the atmosphere, respectively; 3°*S-SO; is the gas-phase SO, value, and §**S-SO4*" is

the 6°*S-SO4*" value in PMz 5 in Nanjing.
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Figure S1. Map of atmospheric PM; s
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Figure S2. Correlation coefficients of water-soluble ions and stable isotopes in

PM2.5 in Nanjing (a: winter b: Summer).
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Figure S3. Scatter plot of SO4>" in PM, 5 in Nanjing.
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Figure S4. Scatter plot of °*S-SO4> values against SOR in Nanjing during the

sampling period.
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Figure S5. Scatter plot of a®*Sy_,, against the ambient temperature in Nanjing during
the sampling period.



Table S1. The 5**S-SO» values of various Chinese emission sources used in this study.

Source 034S(%o) Reference

Coal combustion 4.6+2.7 Zheng et al.’ Zhang et
al.'7 Wei et al.!®

Traffice emission 6.6£2.1 Wei et al.!® Feng et al.”
Biomass burning 7.2£1.5 Fan et al.! Wei et al.'®
Guo et al.?°
Oil combustion 6.5£2.4 Zheng et al.* Wei et al.!®
Guo et al.?°
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Figure S6. Scatter plot of SO4> versus Ca>" in PM2 s during the sampling periods in

Nanjing during the sampling period.
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Figure S7. Scatter plot of SO4> versus Na* in PM> 5 during the sampling periods in
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Nanjing during the sampling period.
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