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Effects of SO, Emission on SO, Concentration by District in Korea
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Abstract In this study, the relationship between sulphur oxides (SO,) emissions and sulfur dioxide (SO,) concentration
was intensively analyzed using a simple Eulerian box model based on hourly data by district in Korea. There was little
difference in the conversion rate of local SO, emission to the concentration of SO, in all districts. However, sensitivity of SO,
emission to the calculated concentration of SO, was different significantly district by district. SO, emission was the most
contributable factor in Ulsan, Chungnam, Busan, and Incheon, but the reaction term was more contributable factor in many
other districts. For example, in districts where emission is the most sensitive factor additional emission management is
required for managing the concentration of SO,. And it was found that differences between the monitored and the estimated
SO, concentrations in Korea was the smallest in summer and the largest in winter. There is a possibility that the difference in
seasonal external effects had an effect on these seasonal differences.
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Table 1. Used data in this study.

Unit Value Source
Monitored Hourly data® KECO, 2019
3
o Hom Estimated ;Ei:taig‘aittzz m;ggﬁ;ﬁes Calculated
0, pugm I-hour ex-monitored Hourly data® KECO, 2019
q ugm=2hr’ Base Hourly data® NIER, 2020
Leeetal, 2011;
Trso, hr Base 24 Fioletov etal., 2015; and
Heetal, 2016

Vdso, cms™! Base 0.365° Hertel et al., 1994
Heay” m Base 300 Seinfeld and Pandis, 2016
He & Hig m Base (Hday + Hnigh)/2 Calculated
Hpight® m Base 1000 Seinfeld and Pandis, 2016
Ko cm? molecule™ 5™ Base f(T) Calculated
k3% cm®s™! All 3.00%1073! Stockwell et al., 1997
n - All 33 Stockwell et al., 1997
k300 cm3s™! All 1.50% 1072 Stockwell et al., 1997
m - All 0 Stockwell et al., 1997
T K Monitored Hourly data® KMA, 2019
M molecule cm™3 All 246%10" Seinfeld and Pandis, 2016
[OH]max molecule cm™ Base” 107 Seinfeld and Pandis, 2016
[OH]daya’ molecule cm™ All [OH]max * sin[(t-6)/12] Calculated
[OHlight® molecule cm™ All 0 -
Adaytime: 6~18, nighttime: 0~6, 18~24
by 1+ k(1M

= {ko(T)[M] ,(L(T)W]

ko(T)

)} o6l

)l} 1 where: ko(T) = k3%°(T/300)™;

k(T)=k2%°(7/300)™™; and [M]; and [M] is the concentration of air (Stockwell et al., 1997)
9Average value of land (0.48cm s™') and sea (0.25cm s™")
YAverage value by district
®Calculated by district: Hourly emissions per area= Annual emissions per area/(365 days/year * 24 hours/day)

Tan et al.(2019) reported less values: 7+ 10° molecule cm™ in Beijing and Shanghai, 4 * 10° molecule cm™ in Chongqing, and 2 * 10°
molecule cm™ Guangzhou.
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Fig. 2. Monitored vs. estimated concentrations of sulfur dioxide (SO,) on (a) base case and (b) no emission case by district in

Korea in 2016 (raw data for monitored SO,: KECO, 2019).
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m Road transport
@ Other mobile sources and machinery

1 m Non-industrial combustion plants

O Production processes

407 @ Combustion in energy industries

@ Combustion in manufacturing industries
B Waste treatment and disposal

SO, emissions per area

Fig. 3. Sulphur oxides (SO,) emissions per area by sector and district in Korea in 2001 and 2016 (SO, emissions raw data: NIER,

2020; Area raw data: KOSTAT, 2020).
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Fig. 4. (a) Annual trend and (b) monthly variation of difference between the monitored and the estimated concentrations of
sulfur dioxide (SO,) by district and sum of each of them with consideration of area between 2008 and 2016 (raw data of moni-

tored SO,: KECO, 2019; Area raw data: KOSTAT, 2020).
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Fig. 5. Sensitivity by factor and district on the estimated concentration of sulfur dioxide (SO,) (average value between 2008
and 2016). E, R, D, T, and H denote emission, reaction, dry deposition, retention time, and mixing height, respectively.
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Fig. S1. Annual trends of monitored vs. estimated concentrations of sulfur dioxide (SO,) on base case by district between
2008 and 2016 in Korea (raw data of monitored SO,: KECO, 2019).
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Fig. S2. Monitored vs. estimated concentrations of sulfur dioxide (SO,) on (a) base case and (b) no emission case by district in
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