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Local Authority Level Source Apportionments of PM, ;
Concentrations based on the CAPSS 2016:(VII) Seoul
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Abstract The Comprehensive Air quality Model with eXtensions with Particulate Source Apportionment Technology (CAMx-
PSAT) was simulated to quantify the self- and neighboring provincial contributions to the concentrations of PM, 5 and its
compositions in Seoul during the whole year of 2016. The domestic and foreign contributions to the annual mean PM, 5
concentration in Seoul were 11.8 and 15.8 ug/m>, respectively during the year. The individual contribution of Seoul, Gyeonggi,
Incheon, and Chungnam were 4.5, 3.3, 1.1, and 1.5 pg/m>, respectively. While Seoul has the highest NO, emission density among
17 provinces in South Korea, its self-contribution to nitrate was 0.3 ug/m?, which is lower than the contributions of Gyeonggi (1.0
ug/m?) and Chungnam (0.5 ug/m3). The contribution of NO, emissions released from Seoul to nitrate over Yeoju and Guri in
Gyeonggi, the downwind areas of Seoul, was 0.4 ug/m? which was higher than the self-contribution. While sulfate in Seoul was
largely attributable to the emissions from the upwind foreign countries, the contribution of Chungnam was 0.4 ug/m?, which is
higher than the sum of the contributions of Seoul, Gyeonggi, and Incheon. In cases of ammonium and Primary PM, 5 (PPM, s),
the self-contributions were dominant and as high as 1.6 and 2.5 ug/m?, respectively. The results of this study imply that col-
laboration on air quality management among Seoul and the neighboring provinces is imperative to meet the national ambient
air quality standard for the annual mean PM, 5 (15 pg/m3).

Key words: PM, 5 contribution, Seoul, Inter-provincial contribution, Nitrate, Foreign and domestic contributions
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Fig. 1. Modeling domains at 27-, 9-, and 3-km horizontal resolutions. The blue dots depict locations of air quality measure-
ment stations. The orange triangle indicates the ASOS meteorology site in Seoul. The green and red stars show locations of

supersites in Baengnyeong and Seoul, respectively.
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Fig. 2. Spatial distributions of (a) SO,, (b) NO,, (c) NH;, and (d) PM, s emissions during the study period in 2016.
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Fig. 3. Time series and scatter of daily mean observated and simulated concentrations of PM, s and its composition at

Bulgwang supersite during study period in 2016.
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Fig. 5. Annual mean contributions of emissions released from Seoul, Gyeonggi, Incheon, and Chungnam to PM, s, nitrate, sul-
fate, ammonium, and primary PM, 5 during the simulation period of 2016.
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Table 1. Air pollutants emissions by provinces in the Clean Air Policy Support System (CAPSS) 2016.

(unit: tons/year)

co SO, PM,5 VOCs NH;
Seoul 56,275 (7) 73,042 (6) 4,039(1) 2,524(3) 63,098 (6) 3,946 (1)

Combustion in energy industries 363 304 2 6 49 12

Non-industrial combustion plants 10,028 20,273 3,730 157 672 278

Combustion in manufacturing industries 79 254 15 1 1 4

Production processes - - - - - 17

Energy storage and distribution - - - - 419 -

Solvent use - - - 51,170 -

Road transportation 37,686 38,071 22 530 7,690 573

Non-road transportation 6,853 13,419 100 618 1,687 4

Waste treatment and disposal 100 692 169 12 1,229 3

Agriculture - - - - - 572

Other sources & sinks 960 23 - 35 80 2,483

Fugitive dust - - - 1,065 -

Biological combustion 207 7 0 100 91 0
Gyeonggi 131,070(16)  203,655(16) 15,415 (4) 11,127 ( 185,131 (18) 46,428 (15)
Incheon 37,856 (5) 49,389 (4) 12,368 (3) 2,247 ( 52,014 (5) 6,958 (2)
Chungnam 64,146 (8) 134,889(11) 81,843(23) 18,822( 73,310(7) 49,585 (16)
Rest of South Korea 505,696 (64) 787,335(63) 245,285(68) 65,528( 650,475 (64) 194,384 (65)
Total 795,044 1,248,309 358,951 100,247 1,024,029 301,301

Each provincial emission’s relative ratio to South Korean total emissions is in parentheses (unit: %).
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Fig. 8. The out-going contributions of the emissions released from Seoul to the annual mean (a) PM, s, (b) sulfate, (c) nitrate,
(d) ammonium, and (e) PPM, 5 concentrations in the surrounding local authorities during the simulation period of 2016.
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Supplementary Materials

Table S1. Air pollutants emission densities by provinces in the CAPSS 2016.

(unit: tons/year/kmz)

co NO, SO, PM, 5 VOCs NH;
Seoul 92.99 120.69 6.67 417 104.26 6.52
Incheon 35.63 46.48 11.64 2.1 48.95 6.55
Gyeonggi 12.87 20.00 1.51 1.09 18.18 4.56
Gangwon 2.65 4.96 1.06 0.23 1.53 0.76
Chungnam 7.80 16.40 9.95 2.29 8.91 6.03
Chungbuk 6.47 9.86 1.22 0.53 5.42 225
Sejong 11.71 13.43 0.32 0.95 14.49 6.99
Daejeon 21.32 29.15 1.58 1.12 28.82 1.54
Jeonnam 5.15 8.59 5.05 1.1 7.08 3.33
Jeonbuk 5.27 5.06 0.83 0.43 8.84 4.04
Gwangju 18.16 25.84 0.70 1.23 33.05 1.95
Daegu 22.62 34.08 4.74 1.60 35.38 2.01
Busan 30.38 64.25 14.00 3.30 53.12 227
Ulsan 29.84 48.29 46.39 2.36 91.25 14.27
Gyeongnam 5.28 9.68 293 0.53 10.23 241
Gyeongbuk 4.87 5.77 2.07 1.19 4.47 1.80
Jeju 7.03 10.11 1.14 0.66 5.83 434
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Fig. S1. Time series of observed and simulated daily mean of 10-m wind speed, and 2-m temperature at Seoul ASOS station,
and concentrations of PM, 5, SO,, and NO, concentration over South Korea during 2016. Dotted line and red solid line indicate

observed and simulated data, respectively.
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Fig. S2. Windrose based on hourly meteorology simulation result at Seoul ASOS station for (a) Annual, (b) Spring (Feb-
ruary~April), (c) Summer (May~July), (d) Autumn (August~October), and (e) Winter (November~January).
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Fig. S3. Simulated annual mean PM, 5 concentration (left), domestic contribution (middle), and foreign relative contribution
(right) during the simulation period of 2016.
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