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Abstract
source sectors and regional contributions to PM, 5 concentrations using the latest air pollutant emissions data. The contributions
were estimated using the Comprehensive Air Quality Model with Extensions (CAMx) and the Particulate Source Apportionment
Technology (PSAT) for 17 provinces and 13 Source Classification Code (SCC) source categories. In 2021, the domestic
contributions to the nationwide annual mean PM,s concentrations by source sector and province were as follows; Road
Transport (4.6%), Agriculture (4.0%) in Gyeonggi, and Industrial Processes (3.9%) in Chungnam. The top 21 emissions source
sectors accounted for half of the domestic contributions, with 11 of them located in the Seoul Metropolitan Area and
Chungnam. For a more detailed analysis, the same methodology was applied to each province (Seoul, Incheon, Gyeonggi).
Representatively, in Seoul, the source sectoral contributions to the Seoul PM, s concentrations were the highest compared to
other provinces (15% for Fugitive Dust, 12% for Non-road Transport, and 10% for Others), which lead to large self-contribution.
On the other hand, the contributions to PM, 5 concentrations in Seoul from surrounding regions were most significant from

In order to efficiently establishment PM, ; management policies in Korea, we conducted an analysis of emission

Road Transport in Gyeonggi (6%), Industrial Processes in Chungnam (3%), and Non-road Transport in Incheon (3%). This study
presents the major emission sources and regions contributing to PM, 5 concentrations at the national and regional levels. The
results of this study can be equally applied to other regions. It is expected that by conducting future analyses that consider
emission reduction technologies, costs, and exposure levels, efficient PM, s management policies can be established.
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Fig. 1. Modeling domains with horizontal resolutions of 27

km (d01), 9 km (d02) and 3 km (d03).
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St | AYZ2 SAPRC99 (1999 version of the Statewide
Air Pollution Research Center chemistry; Carter, 2000),
ofo]2ZF R-EL CF (Coarse/fine; ENVIRON Interna-
tional Corporation, 2014)& ©]-85t59tt. 717, vl&sF
T8 a g7 2Ee] AEAQ1 H4e 3 10f] A4
shtck

Table 1. Summary of WRF and CAMx modeling configurations.
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Model configurations

WRF

Version 3.9.1
Initial condition
Microphysics

NCEP GDAS/FNL analysis (6-hourly, 0.25° X 0.25°)
WSM 6-class graupel scheme (Hong et al., 2004)

PBL scheme YSU scheme (Hong et al., 2006)
CAMx
Version 6.2

Horizontal advection solver
Gas-phase chemical solver
Gas-phase chemical mechanism
Particulate Matter chemistry

Piecewise Parabolic Method (Colella and Woodward, 1984)

Euler-Backward lterative (Hertel et al., 1993)

1999 version of the Statewide Air Pollution Research Center chemistry (Carter, 2000)
Inorganic aqueous chemistry (Chang et al., 1987)

Inorganic gas-aerosol partitioning (Nenes et al., 1998)
Organic gas-aerosol partitioning and oxidation (Strader et al., 1999)
Static two-mode coarse/fine (CF) scheme (ENVIRON International Corporation, 2014)
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Table 2. Improvements made in the 2019 CAPSS emissions to estimate 2021 provisional emissions.

Improvements

Improve the activity data of anthracite used for iron industry

Newly develop emission factors for diesel and freight cars, van (small-scale)

Newly develop emission factors for petrol and LPG cars (starting from 2016)

Newly develop emission factors applied to PM emitted from CNG buses and cargo vehicles (Euro 5~6 standards)
Newly develop emission factors for diesel cars (Euro6d-TEMP), which are subject to regulations

Response to new emission standards (Euro4) and the current status of emission factors for domestic two-wheeled vehicles
Correct errors of emission factors due to speed level misapplication

Apply the changed basic data on the operation hours of construction machinery

Improve the year of the dump trucks and concrete mixer trucks

Correct errors in emission factors applied to energy transport and storage sector and gas stations

Improve emission factors applied to NH; from agriculture, manure management, pig, and growing pigs

Change the activity data on fugitive dust and vacant land

Change activity data on biomass burning, meat and fish grilling

gokr). EQh AFRFA H29] v &2 Sh=2bg g Table 3. Source Classification Code (SCC) by emission source
A AZH= 20219 AA7F TMS (Tele-Monitoring of 2021 provisional emissions.

System) =% HiE% A= 5 Z-g-5t0] FYPstch SCC Emission Source
20219 ZAuE=2 20199 CAPSS vj&=F tH] 01 Energy Production
. 0 0 02 Non-Industry
PPM, s (Primary PM,s) -30.3%, NOx 29.2%, SOx 03 Manufacturing Industry
-25.0%, VOCs —0. 5%, NH; -15.3%2] Hs}E 2ot 04 Industrial Processes
= 05 Energy Transport and Storage
1=:]
A= EFE Hlashy, PPMZ-SQ]- NOx #iE 06 Solvent Use
=3 ]Oﬂoﬂ/q Y7} 61.3%, 21.7% = 7} e 7¢ 07 Road Transport
08 Non-road Ti t
488 HAT, SOx HIEERS ZEo|A 558%, NH, 0 o 26 APt
&S AEoA 25.6% 2 7F e A8 HY 10 Agriculture
HE 13z 1 Other
S 1) 12 Fugitive Dust
SCC (Source Classification Code) tEHF (& 3)Z 13 Biomass Burning
TE3ste] 20219 AAEETFT 2019 CAPSS HiE
FS Huel HorS o (5 2 FX), PPM, 52} NOx,
H A
SOx HlEHe A% A4olA 727 24,639 ton, 23 7I0E =4
- - H L=RE:| HALo 95
43,298 ton, 37,141 ton ZA5FAT, NH3 HEF2 F AAE, Mg R Tl E4E 915 CAMx &
| 4] 48,345 ton, VOCs HIZSFe o] 2 @l 1 D] PSAT (Particulate Source Apportionment Tech-

2ol A 3,927 ton ZHAsHeTh 53] Az o140l  nology; Yarwood et al, 2007)2 -85} PSAT-S
PPM, 5 H1E252 2019\ CAPSS tH] 90.9% 7Hasty =it she 1*1 &2 SR MHETl
Ly, ol2l3t HjEE ftal 22 AAe Roete) g AE FoI5te] o) B =d]-sfehhe2 A A nAH
557} AAEAAN 7Hast Aog Holth w3k = A7F EH7I7A9] 3 o% FA5tY, LAEH FLo
By pte] 284 E 9 0[S0 NH, HiEAlS 7191eke Bhs AFH R 24T 5 Qe 74k
7H** o %9 BRo| NH, Hj&go] 7HAastqa, o w4 R oItk (Bae et al., 2021a; You et al., 2020).

£l
=)

U7 4% W AR-F8A0 HEAS 07 £ 50 & Aol s =l BE B A2 1770 A=+
= VOCs HiEZo] Zrastalth vieh 3 EE SCC 2 (1370)& WA 22 CAMx-
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Fig. 2. Daily time series (left) of simulated (red solid line) and observed (black dotted line with circle mark) 2 m Temperature
(a) and 10 m Wind speed (b), and scatter plots (right) between observation and simulation in 2021.
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U= 2SI 4= Aok BAFE 2021d A= <
B 52291 m/s2 WEH F5(1.91 m/s) tH] 1
m/s T LAFSEATH(LH 2(b)). T4 A 2A=
Eﬂﬂia‘nz‘ olfF 9 Zito] JFE Fol T=Y
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5 9 A 459 Hdt Aot I0A= 22t
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o] ZAEA A= hEE Emery et al. (2001)°A4] A
ARt BF 45 (7]-2: IOA>0.7, Bias< +0.5°C; F5:
I0A>0.6, RMSE<2.0 m/s, Bias< 0.5 m/s)& T
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2 AT A viEdE 7o E AgERE £
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A Eg 2R Skt 729 Ao 4
AR, AE, I, A7) BE TS BHAL 754«1
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A, A(0.18 m/s)T+ 771 (0.90 m/s)of| A Tl A
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HAE HAA 2 m 7127 10 m F50f tisl A
A Aib= & 40 AAoFATH

71 mALe] B9, W= 50470 EAIH 7] Y 2b

£ olgsto 7|4 d71LHEES] PM, ;5 NO,,
S0,°| HZ Lot AN E H|WSFATH (http://www.

g o

rEJ;

FSE
<,
ﬁﬁr{u: X

=
0

airkorea.or.kr). 20219 7|5 A=t B4 PM, ; ZA
Ll 1458 pg/m’ o2 PE5T (18.05 pg/m ) o
H] 3.47 pg/m® ¥4 BARSIATH Y 3(a). TE5E
2} BARS 9] R, IOA, NME (Normalized mean error),
FE (Fractional error)+= Z}Z} 0.83, 0.88, 25%, 31%=
Huang et al. (2021)°14] AAgt PM, 5 5E=2] BAF A
4% (R>0.7, I0A > 0.8, NME < 35%, FE < 40%)-<
= Dha} Aot A= AP NO, BAFEE (15.63
ppb)= T (14.91 ppb) HH] 0.72 ppb ol A}
stlom, ohE Aldol vsl o} 54 Tl mAP FE
AT (L™ 3(b)). A ARESEAL Q= 71 2 7]
A ndof= % (Meneveau, 2010), 753 4242
A G 28 (Tao et al., 2012) 59 B2 Qlaf] A
73| BT 7t 22 5H (Cuo et al., 2011; Pielke
and Downton, 2000), °]= 952 NO, 7 E/\P}
ohE Ao vl F3iskA Yehd olf F st
Stk whH A= A% SO, BAMsEE 2.53 ppbi,
T=Z55(2.93 ppb)©ll HISH 0.40 ppb T4 HAFSHATH
(2% 3(c)). PM, 5, NO,, SO, thet =3} Ate] &
AlA Ak 2 50 Feskaich
A s AmEH, g, I3, F7] 299 PM,;
IAMEEE IEF5E thH] 2.19~3.60 ug/m® T4 HA
590w, 7] 29 9] FB (Fractional Bias)S A 2|5}
I 55 54 Aiof A Huang et al. (2021)2] 2A
P oS WSSt A o2 RISkt (R 6). 1
9] NO,, SO, BARsE = BT of 1|5 6.04, 0.14
ppb Tl EAFSI O H, A&t 7719 NO, RAME
L= T BAF(10.15, 1.65 ppb), SO, BAFE E= T4
HAFSHIEE (1,58, 1.13 ppb). ©]eF Zo] =io] -2,

Table 4. Model Performance Evaluation (MPE) results for 2 m Temperature and 10 m Wind speed in South Korea and Seoul

Metropolitan area.

2 m Temperature (°C)

10 m Wind speed (m/s)

Region
R RMSE I0A Bias R RMSE I0A Bias
South Korea 1.00 0.70 1.00 -0.28 0.96 1.05 0.70 1.00
Seoul 1.00 112 1.00 0.24 0.89 0.52 0.89 0.18
Incheon 1.00 1.04 1.00 -0.17 0.89 0.62 091 -0.36
Gyeonggi 1.00 0.95 1.00 0.29 0.93 0.97 0.68 0.90
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Fig. 3. Daily time series (left) of simulated (red solid line) and observed (black dotted line with circle mark) surface PM, 5 concen-
tration (a), NO, concentration (b) and SO, concentration (c), and scatter plots (right) between observation and simulation in 2021.

Table 5. MPE results for PM, 5, NO,, SO, concentration in South Korea.

Pollutants 0BS MOD R I0A NME FB FE
PM, 5 (ug/m3) 18.05 14,58 0.83 0.88 25% -25% 31%
NO, (ppb) 1491 15.63 0.75 0.83 25% 9% 26%
SO, (ppb) 293 253 0.72 0.62 21% -19% 25%
Aoliz @A ASEst AolalA s AL 8 o} PM,, BARSEE P& Hle] RE 7ol 4
Ak, ofef] 7 AFolM = Ae, I, A71E £ A BAPF UERD, A =11~27% (1.68~5.10
et 177] 39 A O] gt SARAE 5k pg/m?)Q] MYE Btk N0, SO, BARs o] 7

=7 EstEIX| M 39 # M 5 &
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Table 6. MPE results for PM, 5, NO,, SO, concentration in Seoul (SO), Incheon (IN), Gyeonggi (GG) and Baengneung-do (BN).

Region Pollutant OBS MOD R I10A NME FB FE
PM, s (ug/m?) 19.77 17.59 0.83 0.90 25% -12% 29%
S0 NO, (ppb) 23.50 33.65 0.68 0.69 46% 40% 42%
S0, (ppb) 3.09 151 0.73 0.40 52% -79% 79%
PM, 5 (g/m?) 20.19 17.96 0.80 0.89 25% -13% 27%
IN NO, (ppb) 2022 26.26 0.69 075 37% 30% 36%
SO, (ppb) 3.29 343 0.74 071 25% -3% 26%
PM, s (ug/m?) 20.64 17.04 0.81 0.87 28% -21% 33%
GG NO, (ppb) 19.10 20.75 0.77 0.84 26% 14% 28%
S0, (ppb) 2,97 1.84 0.60 0.39 41% -55% 57%
PM, 5 (Hg/m?) 20.68 11.46 0.80 0.75 46% -68% 70%
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Appendix 1. Comparison of emissions in 2019 and provisional emissions in 2021 by province.

PPM, 5 (ton/year) NOXx (ton/year) SOx (ton/year) NH; (ton/year) VOCs (ton/year)
Region

° 2019 2021 Change 2019 2021 Change 2019 2021  Change 2019 2021  Change 2019 2021 Change
South Korea (KR) 87,618 61,083 -30.3% 1,086,862 987,090 -9.2% 272,859 204,551 -25.0% 316,299 267,950 -153% 1,020,216 1,015374 -0.5%
Seoul (SO) 2,732 2,714 -0.7% 71,009 69,067 -2.7% 998 780 -21.8% 3,547 3,547 0.0% 63,690 63,923 0.4%
Incheon (IN) 2,548 2470 -3.1% 52,899 49,998 -55% 11,301 8,727 -22.8% 6,676 6518 -2.4% 52,915 53,005 0.2%
Gyeonggi-do (GG) 9,880 9,699 -1.8% 170,701 163,162 -4.4% 9,027 8,145 -9.8% 47,434 39909 -159% 188412 187,488 -0.5%
Gangwon-do (GW) 4,153 4,042 -27% 74973 60,721 -19.0% 13,159 12,095 -8.1% 15024 13,063 -13.1% 29,312 28,877 -1.5%
Chungcheongbuk-do (CB) 3,469 3,378 -2.6% 55624 52,682 -53% 7,181 6,781 -56% 16,568 13,466 -18.7% 39,872 39,541 -0.8%
Chungcheongnam-do(CN) 15,314 5932 -61.3% 96,950 75938 -217% 62,332 37,536 -39.8% 53,469 44,023 -17.7% 74,724 74,044  -0.9%
Daejeon (DJ) 569 558 -2.1% 14,593 13,875 -4.9% 284 230 -18.9% 742 734 -1.1% 15,706 15,564  -0.9%
Sejong (SJ) 306 306 -0.1% 4,768 4,794 0.5% 81 79 -15% 2,836 2,579  -91% 5,165 5106 -1.1%
Jeollabuk-do (JB) 3,627 3,398 -6.3% 37,705 35786 -5.1% 4,849 3,677 -242% 35,167 26,178 -25.6% 77,927 77,569  -0.5%
Jeollanam-do (JN) 11,205 6,422 -42.7% 98,254 86,259 -122% 48,938 38,672 -21.0% 44,230 38,147 -13.8% 97,641 97,316  -0.3%
Gwangju (GJ) 604 586  -2.9% 12,588 11,842 -59% 135 132 -27% 964 909 -5.8% 16,791 16,605 -1.1%
Gyeongsangbuk-do(GB) 18,560 7,712 -58.5% 98,051 80,009 -184% 33,111 14649 -558% 36811 31,308 -14.9% 85,515 84,520 -1.2%
Gyeongsangnam-do (GN) 4331 3,864 -10.8% 65,023 57425 -117% 16,624 10393 -375% 27,304 23474 -14.0% 90,865 90,260 -0.7%
Daegu (DG) 1,335 1,314 -1.5% 27,681 26,590 -3.9% 2,292 2,302 0.4% 1,651 1,629 -1.4% 33,251 33,280 0.1%
Ulsan (US) 2,185 2,043 -6.5% 50,650 46,304 -86% 40,654 38,682 -49% 14,540 14449 -0.6% 89,002 88,958 0.0%
Busan (BS) 2,523 2457 -2.6% 48,553 47,371 -2.4% 9,113 9,022 -1.0% 1,603 1,575 -1.8% 35,719 35,781 0.2%
Jeju-do (JJ) 991 899 -9.3% 17,027 15454 -9.2% 1,619 1486 -8.2% 7,724 6,437 -16.7% 8,243 8,073 -2.1%
Sea 3,288 3,288 0.0% 89,812 89,812 0.0% 11,162 11,162 0.0% 8 8 0.0% 15,465 15,465 0.0%
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Appendix 2. Comparison of emissions in 2019 and provisional emissions in 2021 by source sectors.

PPM, 5 (ton/year) NOXx (ton/year) SOx (ton/year) NHj3 (ton/year) VOCs (ton/year)
SCC
2019 2021 Change 2019 2021 Change 2019 2021 Change 2019 2021 Change 2019 2021 Change
01 2,813 2,521 -10.4% 75,513 51,462 -31.9% 45,297 30,489 -32.7% 1,422 1,422 0.0% 8,434 8,434 0.0%
02 857 856 -0.1% 85,814 85,698 -0.1% 15,869 15,794 -0.5% 1,350 1,350 0.0% 2,828 2,828 0.0%
03 27,118 2,479 -90.9% 169,221 125,923 -25.6% 65,730 28,589 -56.5% 717 715 -0.3% 3,404 2,895 -14.9%
04 5,139 4,885 -4.9% 51,705 39,936 -22.8% 105,699 90,419 -14.5% 44,630 44,630 0.0% 186,292 186,292 0.0%
05 - - - - - - - - - - - - 29,062 25,135 -13.5%
06 - - - - - - - - - - - - 545,244 545,244 0.0%
07 6,182 5,811 -6.0% 371,851 352,775 -5.1% 308 308 0.0% 2,615 2,615 0.0% 36,663 36,062 -1.6%
08 15,989 16,045 0.3% 311,748 311,760 0.0% 37,555 37,552 0.0% 122 121 -1.3% 63,951 64,119 0.3%
09 228 257 12.7% 12,332 10,854 -12.0% 2,326 1,324 -43.1% 22 22 0.0% 59,537 59,537 0.0%
10 - - - - - - - - - 252,444 204,099 -19.2% - - -
11 539 539 0.0% 271 271 0.0% - - - 12,962 12,962 0.0% 1,281 1,281 0.0%
12 17,272 16,102 -6.8% - - - - - - - - - - - -
13 11,482 11,587 0.9% 8,407 8,409 0.0% 75 76 0.6% 15 15 0.0% 83,521 83,549 0.0%
Appendix 3. Simulated model performance evaluation criteria and goal value presented in Emery et al. (2001) and Huang et al. (2021).
R I0A NME (%) FB (%) FE (%)
RMSE Bias
Goal Criteria Goal Criteria Goal Criteria Goal Criteria Goal Criteria
Wind speed (m/s) <zx05 - - >0.6 - - - - - -
Temperature (°C) <zx0.5 - - >0.8 - - - - - -
PM, 5 (Hg/m?) - >0.7 >04 >038 >0.7 <35 <45 <+15 <425 <40 <55
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Appendix 4. Model Performance Evaluation (MPE) results for PM, 5, NO,, SO, concentration by province.
Region Pollutant OBS MOD R I10A NME FB FE
PM, s (Hg/m?) 19.77 17.59 0.83 0.90 25% -0.12 0.29
Seoul NO, (ppb) 23.50 33.65 0.68 0.69 46% 0.40 0.42
SO, (ppb) 3.09 1.51 0.73 0.40 52% -0.79 0.79
PM, 5 (ug/m?) 20.19 17.96 0.80 0.89 25% -0.13 0.27
Incheon NO, (ppb) 20.84 27.30 0.69 0.75 38% 0.31 0.36
SO, (ppb) 3.29 343 0.74 0.71 25% -0.03 0.26
PM, 5 (g/m?) 20.64 17.04 0.81 0.87 28% -0.21 0.33
Gyeonggi-do NO, (ppb) 19.10 20.75 0.77 0.84 26% 0.14 0.28
SO, (ppb) 297 1.84 0.60 0.39 41% -0.55 0.57
PM, 5 (ug/m?) 14.59 11.38 0.80 0.86 29% -0.33 0.40
Gangwon-do NO, (ppb) 9.38 6.36 0.79 0.71 34% -0.35 0.38
SO, (ppb) 242 1.16 0.71 0.37 52% -0.77 0.77
PM, 5 (ng/m°) 19.56 14.46 0.77 0.84 34% -0.37 0.44
Chungcheongbuk-do NO, (ppb) 13.57 8.84 0.72 0.69 37% -0.43 0.45
SO, (ppb) 235 135 0.58 0.46 44% -0.60 0.61
PM, 5 (ug/m?) 21.03 16.09 0.80 0.85 31% -0.31 0.38
Chungcheongnam-do NO, (ppb) 12.47 9.71 0.75 0.79 29% -0.24 0.33
SO, (ppb) 3.76 2.63 0.46 0.36 38% -0.44 0.51
PM, 5 (ug/m?) 16.25 14.11 0.75 0.85 31% -0.24 0.39
Daejeon NO, (ppb) 16.96 16.19 0.81 0.88 24% 0.00 0.26
SO, (ppb) 3.06 1.05 0.56 0.28 66% -1.05 1.05
PM, 5 (ug/m?) 17.96 15.60 0.76 0.86 34% -0.19 0.40
Sejong NO, (ppb) 16.12 10.22 0.75 0.70 39% -0.44 0.48
SO, (ppb) 3.38 1.03 0.27 0.22 70% -1.14 1.14
PM, 5 (g/m?) 19.26 14.70 0.77 0.84 31% -031 0.39
Jeollabuk-do NO, (ppb) 10.61 7.64 0.71 0.71 32% -0.30 0.37
S0, (ppb) 2,69 1.20 0.61 0.27 55% -0.83 0.83
PM, s (Hg/m?) 14.76 12.97 0.74 0.85 27% -0.18 0.31
Jeollanam-do NO, (ppb) 9.34 10.92 0.58 0.71 35% 0.21 0.34
SO, (ppb) 2.85 4.81 0.69 0.34 71% 0.44 0.47
PM, 5 (ug/m?) 18.03 13.12 0.75 0.81 34% -0.36 0.44
Gwangju NO, (ppb) 13.85 14.13 0.71 0.80 32% 0.09 0.34
S0, (ppb) 2,94 0.93 0.25 0.23 69% -1.10 1.1
PM, s (Hg/m?) 16.56 12.13 0.80 0.84 31% -0.38 0.42
Gyeongsangbuk-do NO, (ppb) 10.52 8.92 0.67 0.75 26% -0.14 0.27
SO, (ppb) 3.17 224 0.44 0.43 31% -0.37 0.39
PM, 5 (g/m?) 15.10 11.91 0.75 0.83 30% -0.32 0.39
Gyeongsangnam-do NO, (ppb) 13.37 9.61 0.70 0.66 33% -0.28 0.35
SO, (ppb) 3.05 1.93 0.61 0.39 38% -0.51 0.52
PM, s (Hg/m?) 17.66 13.90 0.82 0.87 29% -0.27 0.36
Daegu NO, (ppb) 16.04 2148 0.78 0.79 41% 0.37 0.42
SO, (ppb) 1.96 3.30 0.58 0.42 73% 0.41 0.47
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Appendix 4. Continued.
Region Pollutant OBS MOD R I0A NME FB FE
PM, 5 (ug/m?) 15.22 13.54 0.72 0.84 30% -0.16 0.34
Ulsan NO, (ppb) 17.28 23.69 0.57 0.64 41% 0.33 0.36
S0, (ppb) 332 5.96 0.51 0.36 81% 0.50 0.52
PM, 5 (g/m?) 15.26 13.06 0.73 0.83 28% -0.20 0.33
Busan NO, (ppb) 15.39 22.89 0.70 0.66 50% 043 0.44
SO, (ppb) 2.84 6.66 0.36 0.19 135% 0.75 0.76
PM, 5 (ug/m?) 13.53 8.54 0.75 0.77 41% -0.57 0.60
Jeju-do NO, (ppb) 7.40 6.37 0.67 0.78 24% -0.17 0.28
SO, (ppb) 143 1.01 061 0.58 34% -0.41 0.45
Appendix 5. Emissions by source sectors in nationwide and Seoul metropolitan area.
SCC PPM, 5 (ton/yr) NOXx (ton/yr) SOx (ton/yr) NH; (ton/yr) VOCs (ton/yr)
01 2,521 51,462 30,489 1,422 8,434
02 856 85,698 15,794 1,350 2,828
03 2,479 125,923 28,589 715 2,895
04 4,885 39,936 90,419 44,630 186,292
05 - - - - 25,135
06 - - - - 545,244
07 5,811 352,775 308 2,615 36,062
South Korea 08 16,045 311,760 37,552 121 64,119
09 257 10,854 1,324 22 59,537
10 - - - 204,099 -
1 539 271 - 12,962 1,281
12 16,102 - - - -
13 11,587 8,409 76 15 83,549
Total 61,083 987,090 204,551 267,950 1,015,374
01 1 401 3 17 65
02 135 19,315 564 248 664
03 1 308 2 3 9
04 - - - 36 -
05 - - - - 671
06 - - - - 53,177
07 307 28,789 27 274 5,956
Seoul 08 940 19,683 132 8 2,467
09 9 544 51 3 753
10 - - - 526 -
11 32 21 - 2,432 73
12 1,149 - - - -
13 130 6 1 0 89
Total 2,714 69,067 780 3,547 63,923
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Appendix 5. Continued.
SCC PPM, 5 (ton/yr) NOx (ton/yr) SOx (ton/yr) NH;3 (ton/yr) VOCs (ton/yr)
01 280 6,027 3,763 209 1,265
02 31 4,385 1,017 65 160
03 13 1,591 63 31 103
04 63 641 1,016 3,978 13,898
05 - - - - 1,402
06 - - - - 26,897
07 206 17,792 17 140 2,430
Incheon 08 862 19,126 2,801 4 3,499
09 7 336 49 1 2,770
10 - - - 1,351 -
11 9 5 - 739 19
12 888 - - - -
13 111 93 1 0 562
Total 2,470 49,998 8,727 6,518 53,005
01 410 7,037 771 597 2,419
02 146 18,161 2,706 272 647
03 288 7,161 2,674 109 324
04 21 855 986 1,310 7,999
05 - - - - 5,549
06 - - - - 133,570
07 1,432 89,388 77 653 8,539
Gyeonggi 08 2,260 37,972 698 19 10,494
09 32 1,777 223 6 11,779
10 - - - 33,631 -
11 56 35 - 3,310 126
12 3,462 - - - -
13 1,592 776 9 1 6,044
Total 9,699 163,162 8,145 39,909 187,488
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