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Impact of Emissions from Major Point Sources in
Chungcheongnam-do on Surface Fine Particulate
Matter Concentration in the Surrounding Area

ARE* - A=Y - YY) BH
obTstE S FeT, uF A ok F Y

7
(20179 2¢ 3¢ <4=,20174¢ 3¥ 16¥Y =74,2017d 3¢ 18Y A &)

4>

Soontae Kim*, Okgil Kim, Byeong-Uk Kim" and Hyun Cheol Kim?”
Department of Environment & Safety Engineering, Ajou University
YGeorgia Environmental Protection Division, Atlanta, GA, USA
?NOAA /Air Resources Laboratory, College Park, MD, USA
YUMD / Cooperative Institute for Climate and Satellites, College Park, MD, USA

(Received 3 February 2017, revised 16 March 2017, accepted 18 March 2017)

Abstract

The Weather Research and Forecast (WRF) - Community Multiscale Air Quality (CMAQ) system was applied to
investigate the influence of major point sources located in Chungcheongnam-do (CN) on surface PM, s (Particulate
Matter of which diameter is 2.5 um or less) concentrations in its surrounding areas. Uncertainties associated with
contribution estimations were examined through cross-comparison of modeling results using various combinations
of model inputs and setups; two meteorological datasets developed with WRF for 2010 and 2014, and two
domestic emission inventories for 2010 and 2013 were used to estimate contributions of major point sources in CN.
The results show that contributions of major point sources in CN to annual PM, 5 concentrations over Seoul,
Incheon, Gyeonggi, and CN ranged 0.51~1.63 ug/m’, 0.71~1.62 pg/m’, 0.63~1.66 pg/m’, and 1.04~1.86 pg/m’,
respectively, depending on meteorology and emission inventory choice. It indicates that the contributions over the
surrounding areas can be affected by model inputs significantly. Nitrate was the most dominant PM, ; component
that was increased by major point sources in CN followed by sulfate, ammonium, and others. Based on the model
simulations, it was estimated that primary PM, ; (PPM)-to-PM, ; conversion rates were 41.3~50.7 (107 ug/m*/TPY)
for CN, and 12.4~18.3 (107 ug/m’/TPY) for Seoul, Incheon, and Gyeonggi, respectively. In addition, spatial
gradients of PPM contributions show very steep trends. NOy-to-nitrate conversion rates were 7.61~12.3 (107 ug/

*Corresponding author.
Tel : +82-(0)31-219-2511, E-mail : soontackim@ajou.ac .kr

J. Korean Soc. Atmos. Environ., Vol. 33, No. 2, 2017



160 ZPed 49D WS AAE

m/TPY) for CN, and 3.94~11.3 (10° ug/m*/TPY) for the sub-regions in the SMA. SO,-to-sulfate conversion rates
were 4.04~5.28 (10 ug/m*/TPY) for CN, and 3.73~4 .43 (10 ug/m*/TPY) for the SMA, respectively.
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u) M| ®H Z| (Particulate Matter)= 7] Zof £A)|3}
YA 2EPM )& 257 ATS F8dt= 5 Qlx
of thgt FFol AN Har ek £, 22 A7 2.
pm oJs} Zu|AHA] (PM, )9 i5 @Al et
W59 B4 o] wopglol whah HAgAd 4 2 5
Az et A Fol EdstA o]FojAal glth(Kim
et al., 2015; Leem et al., 2015; Anderson et al., 2012;
Ristovski et al., 2012). ZU|AHA = =2, Ak 2 g
AAAE oA A igsHe 12 L9284 AFE
Hol tf7] FollA WHgste] A E= 24 edEH]
elo] "ok (Kim, 2006).
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Fig. 1. CMAQ modeling domains at horizontal resolutions of 27 km and 9 km, and the locations of large point sources

in Chungcheongnam-do (CN).
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714 AR wAE 943 NCEP (The National
Center for Environmental Prediction)o]|A] A &3s}=
FNL (Final Operational Global Analysis data) 5422
0]-835}o] 7|AF malel WRF (Weather Research and
Forecast; Skamarock et al., 2008) version 3.4.12 3|
7137 =S vhsAT & Aol M ARSSE Al
A& E 19 At B3 =2H 23S o712
ZALe] A9 73R RE AEsty] §s MCIP
(Meteorology-Chemistry Interface Processor) version
3.6& o833t
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A jEgon . 914 WEge) Aol

Y iz =) Wz vagos 7R & 91
t}. A uj&5-E& MEGAN (Model of Emissions of
Gases and Aerosols from Nature; Guenther et al., 2006)
< &3 AEstden, S Ad91A e 20104
I} 2013 CAPSS (Clean Air Policy Support System)
Hl&E-E2 SMOKE (Sparse Matric Operator Kernel
Emissions; Benjey et al., 2001) 22|15 S| Al &7t &
g 2 gatae wulsiel Zulsielnh. 2ol AAH W)
E7F2] 79, MICS-Asia (The Model Inter-Comparison
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Table 1. WRF and CMAQ configurations used in the study.

WRF CMAQ
Version 34.1 Version 4.7.1
Micro physics WSM 6-class Chemical mechanism SAPRC99
Cumulus scheme Kain-Fritsch Aerosol module AEROS
Long wave radiation RRTM Boundary condition Default profile for the 27 km domain
Short wave Goddard Advection scheme YAMO
PBL scheme YSU Horizontal diffusion Multiscale
LSM scheme NOAH Land Vertical diffusion Eddy

Cloud scheme

RADM

Table 2. Descriptions of meteorology, emissions, and target years used for WRF-CMAQ simulations.

Case 1 Case 2 Case 3
Meteorology (Initial data) WRF w/ FNL & MCIP
Emissions Domestic CAPSS 2010 CAPSS 2010 CAPSS 2013
Foreign MICS-Asia 2010 MICS-Asia 2010 CREATE 2010
Simulation year 2010 2014 2014

2.4 H7|& 2A}

ZH HE a9 9FE £467] At g7
BAL 3349 B33t mdel CMAQ (Community
Multiscale Air Quality; Byun and Ching. 1999) version
4718 B9 +AAOn, 18T AATHE E 1]
Bk 7FAA) HES-& SAPRCY9 (Statewide Air Pollu-
tion Research Center, Version 99; Carter, 2000) 3}3} o
AUSS ARt en ooj2F &S AEROS (fifth
generation CMAQ aerosol module)S ©]-&3tAth 3]
el Agole Eddy® sty 78 §4E
RADM (Regional Acid Deposition Model)2 41745}
HALS S35Hget 27-km ARG Ao gt FA=A
<& Z23HY (profile)& &8k Lm, 9-km RALF Y
o] dhsfrl= TAAANEE T8 FAXALS &3t
o} ZF 2Abdnit) 1099 23 Y (spin-up) 7|7HE &
7FsH3iTt.

2.5 7|0{= &4

AR G71d mape] ZuE ol8F JlodE BHL
Brute Force Method (BFM), Decoupled Direct Method
(DDM), High-order Decoupled Direct Method
(HDDM), Particulate Source Apportionment Technolo-
gy (PSAT) 59 bt Yo F3o] 7h53irt
(Kim et al., 2016a, ¢c; ENVIRON International Corpo-
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ration, 2014; Kim, 2011; Cohan, 2004). ©] = BFM<X
Qe oz AL Vo B Yo 9o o
QatAt she shhe] MeE A, 2ste] iAol
HE e g sks HH 2 & The European
Monitoring and Evaluation Programme (EMEP)o]| 4 &=
BFMo] tfsto] W &2 A|AISHETh(Bartnicki, 1999).
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HiESF O 2 CAPSS 2010 HiEH55 A8 en, =
2] QYA HjEFOE MICS-Asia 2010 ARE-35}o]
20109 St ti7]d HARE 3% Aol T, Case
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Table 3. Emissions of target large point sources in CN (Unit: TPY).
NOy SO, NH, PM,, PM,; CO
2010 71,051 39217 6,490 1,868 1,091 14,168
2013 78,776 52,605 7,534 3,203 2,281 17,100
Changes +7,725 + 13,387 + 1,044 +1,335 +1,189 +2931
(2013~2010) (110.8%) (134.1%) (116.1%) (171.5%) (1109%) (120.7%)
Table 4. Modeled performance statistics of observed and simulated 2-m temperature in the 9-km resolved domain.
January April July October
2010 2014 2010 2014 2010 2014 2010 2014

Mean observed temp (°C) -1.65 0.42 9.62 13.01 25.07 24.72 14.41 14.77
Mean modeled temp (°C) -1.79 0.41 8.88 12.40 23.76 23.46 13.93 14.59
R 0.97 0.96 097 0.98 0.93 0.94 0.98 0.97
Bias (°C) -0.14 -0.01 -0.75 -0.69 -1.31 -1.26 -0.47 -0.18
RMSE (°C) 1.24 1.35 1.30 1.28 1.64 1.58 097 0.98
I0A 0.98 0.97 097 0.98 0.90 0.93 0.99 0.99

2= FYQlo] tidte] Caseld} L3 HiEE=2L A}
&35to] 2014 BAME 33T Algolth. Case 32
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¥ H3lE By SO, 13,.387&/d, NO, 7,725&/4,
NH; 1,044E/d 92 CO 2,931&8/¥d Fo| F7lst4T).
| AH ] wiETFe] 7, PM,, 1,335E/4, PM,; 1,189
E/do= 20130 5715 PM,, W& 5 oF 89%7}
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oL
H 4

3.2 7|&x=

71 mALATRe] AlE|E SRS $j3) 714 B
< o] 83t 2-m 2= 9 10-m F&of gt mAF =3
B7HE sto] & 49 59 FAME BT 2-m 25
AEE Zo|7t F8HA Ut e Rgke] 0.93~0.98
Ao| 2, BAPA o] et Xpol= 193t 449 20149
o] 2010 M3 w2 227t #S, ZAE ST
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Table 5. Modeled performance statistics of observed and simulated 10-m wind speed in the 9-km resolved domain.

January April July October

2010 2014 2010 2014 2010 2014 2010 2014
Mean observed temp (m/s) 243 2.10 2.64 221 2.05 201 1.91 1.97
Mean modeled temp (m/s) 4.28 3.71 4.07 3.30 2.98 2.83 3.34 344
R 0.94 0.89 091 0.83 0.89 0.90 0.84 0.86
Bias (m/s) 1.85 1.61 1.43 1.09 0.94 0.82 1.43 1.47
RMSE (m/s) 1.95 1.77 1.73 1.34 1.08 1.01 1.61 1.72
I0A 0.63 0.64 0.75 0.71 0.72 0.78 0.65 0.64

Wind speed (m/s)

=1 0.0~0.5
=0.5~1.0
= 10~15 10.0%
= 1.5~20 5.0%

= 20~25
= 25~30
== 30~35
== 35~40
- 40~4.5
- >45

Wind speed (m/s) N-W
= 0.0~0.5
= 0.5~1.0
= 10~1.5
= 1.5~2.0
= 20~25
= 25~30 w
== 30~35
= 35~40
== 40~4.5
- >45

10.2%
6.8%
3.5%

Fig. 2. Wind roses at Suwon for the modeled months; (a) January, (b) April, (c) July, and (d) October in 2010.
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Fig. 3. Wind roses at Suwon for the modeled months; (a) January, (b) April, (c) July, and (d) October in 2014.
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A AE~BAF] 32 oL W, 0144 5
F Ade] FFOE Holwl, JF AL AF~2A
Fol UnAE AT BRI Holx gigront
A& 714Y BAARE SAHE AD MEHE Belt
9718 mAbe] SABAE Sls) BEg Bakgtel
xolg 7 Adlel thate] & 6o Attt & AT
of B4 B8 PM, o] Thstel thAIE B S5
oA ol & T BEGE mAGT wLae
201099 Z9ol 2%, 79, 19, A=, A3, 54,

Bl 9 75t Aol YA Bt 242 AR

w35t vlwstgnh 201492 £ A5 4 B5A
&7} o]-& 7Hsste] o] & RAMgEI} vk

F 6014 PM,s ZARGES BS54} Blaste] kA
o7 B BARIE AFS Bilow, ZE Al o
sto] 109 73 fAksHA vrebgtch 193t 4of o}
& wiE FEHAL ol Aol SHR A7l
TEES} e, 412 ol 5ol ofat daol S7kst
7] o2 woEh olgt A-E HAEALLS A
PATLA A= AZE o] QITh(Kim er al., 2017). RMSE
(Root Mean Square Error) € A] 10€0]| 2.45 ug/m’(Case
1), 2.48 ug/m’ (Case 2) & 2.68 pg/m’ (Case 3)Z 7}%
ZA YERgTE I0A (Index of Agreement)= Case 13}
Case 29] 7% 1099] Z+Z+ 0.93,0.89%1 21, Case 3-&
19] 0905 =Yt

Case 2= Case 13} Case 30| tfsf] v sj=H Ayt
Ao 2 Case 2= YT & 0|88 Case 1HTH
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Table 6. Modeled performance statistics of observed and simulated surface PM,; concentrations.

Month

January

April July October

Case 1 Case2 Case3 Case 1

Case2 Case3 Casel Case2 Case3 Casel Case2 Case3

Mean observed PM, 5 (ug/m") 4455 4840 4840 32.06
Mean modeled PM, 5 (ug/m’) 30.61 39.71 4486 2421
Normalized mean bias (%) =31 -18 -7 -24
Gross error (ug/m”) 033 022 023 025
Root mean square error (ug/m’) 600 475 432 301
Coefficient of determination 048 077 071 0.79
Index of agreement 072 088 090 0.82

4590 4590 30.82 3533 3533 3216 2268 22.68
29.15 29.87 18.66 3088 29.56 27.76 23.67 21.36
-36 -35 -39 -12 -16 -14 4 -6
037 037 043 030 033 020 032 032
726 694 536 458 494 245 258 2.68
075 075 042 059 055 084 065 0.60
073 076 068 084 083 093 089 087

2o ARE o] §8 Case 33} Mk fAHG 2
e Wolld), ol BAMIZ F4 WjEFRCE 7]

29 o] 2uAHA] EARsEo| A -85t
ZAoZ ®HQlt)

Case 22} Case 39] 742 2014 of 3+ ZALZ 2010
ol wia) 195} 490) He FHoT A WA
508 7|oEr E3 2713 A0 R Helt} Case 39
7% Case 2] H|3] 19 PM,; BAFs =7} 5 pg/m’ 7h
F A ZAHET o= U viEF Hste] o3 FF
uoh 29| wag skl oJg Yoz sjetEn,
71EHTA 189S ARt AL 9] g3l 2
A Z7Vt= Aoz Btk (Lee and Kim, 2007;
He et al., 2003). AAE] 0|5 Hgko] ZrAst=
A GHAE SA BARSES melt 10%4
739 Case 19| Case 22} Case 3] H|3l| PM,.& =4
HAsEET, o= € wiE HEh 29 91,4
£ ol 5 W& S4o] ¥gE Ao wkHn,

3.3 7|6{z &4
a7 4o ZF A PM, s €8 7|05 =Y ¥
HExE Holu, A PM,; 98+ 9 A¥H 7]
£ 3 79 Akt ohik & 79] 9 2 40)4
At L@l gt FFe] A Uett= 3
3 =g Ao AT F 7o Bl HAF 7o
T 2 AHE BEARsE diH] g e dYe] S
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2 4 Ut} viEFY ¢ Case 1 thH] Case 2004

Of
ofr =
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NOy 10.8%, SO, 34.1%, PM, s 109% Z7}7} 919l
(3 372, 714 19 29 30 A vk} 2ol 10
Hof| sl F3F Zpol7t FE= 2

7195k E3F U 7|YARE o]83t Case 29k
Case 394 1€ ALt FASHA ZAE G CH,
2 AFolA dide] H &Y PM,; 7|0l s = Hl
S HstEtE 7R E Ht] o vt ZolE
Hol= Aoz HAEIY. 53], s=do| tfste] A
B 7]odE = Case 19] H|3}| Case 204 3v] 7}
7 deRte, 340l dalME 50% A= A BA
itk ol= 7olEE Aol 71 23l o 2A
WSS HojFn, BATE Aol 7]owE A
Sl 2 & 92 Anla,

ZHFA 9] PM, 5 7] 9% == Case 3> Case 2> Case 1
w202 RALEH, Case 19]A= FEA| ol tigt 7]o]
57b g2 2E Aol v 20 A EA AAE
+ HHH, Case 29} Case 39] A¢ A9d 7|oses
2 Ajo] & wolx gher.

A9 7|os=E AT EH Case 17} Case 39 7
¢ FuRdolNe ABF TolsErt 42 104y
m', 186 pg/m'2 A F 7Hg A Uepde)
Case 29] A%, gl&X g2l old A7) FofA 1.53
ngm’e 2 7Hg 2 7|5 g Holed, ol PM25
oF o] 221 o] FaF Y| dEd Y H Y
24 9 sjAgrel afele Ysias 1A wiEeF ﬂoﬂ
F40) e TofR 4 Y= A W20 B
Holth Hop FA|Ho2 mAME FIHEEE W
Ao SEA S Z3et A7) ER, F

A Ho A FHEE o] Uehtm, ol #F

I
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Fig. 4. Spatial distributions of monthly averaged contributions of CN large point sources on monthly PM,; concentra-

tions for (a) Case 1, (b) Case 2, and (c) Case 3.

.35 5 A9t d71E e =2 -
NEe oottt
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4 B Vs Ee e BZAREY Bl 2A yEh
o, o= $bA gl vhel o] A2Eel 149 A+
W2 7202 Q3 B HiEdel 2%t PM,; 231 A
4 ¥l %7 o= detdnt. ok, 1499 PM,;

=7t BA BAEE AL S5 5 AYRREY A
A olF FFe] A Uehtr] fEe AlmH
39 2004 19 BAR A9 F F BEAFE w2t
HEEoR WEYoRRE 2ulAWz] FgFo] HA
e E 4 Utk =AY gig 19 B 7|E
EE 0.51~1.66 pg/m’olm, Zof gt 7joizi
1.04~1.86 ug/m’2 £=goj v|8) A ehdth.
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Table 7. Monthly and annual average contributions of PM,; from CN large point sources for (a) Case 1, (b) Case 2, and

(c) Case 3 (Unit: pg/m°).

Receptor
Month Case #
Seoul Incheon Gyeonggi CN

1 0.12(0.3%) 0.14(0.4%) 0.15(0.4%) 0.40(1.3%)

January 2 0.48(1.1%) 0.40(1.1%) 0.51(1.3%) 0.76(2.2%)

3 0.77 (1.7%) 0.62(1.5%) 0.83 (1.9%) 1.64 (4.2%)

1 0.47 (1.8%) 0.66(2.5%) 0.68 (2.8%) 1.47 (7.1%)

April 2 1.01(3.4%) 0.99 (3.8%) 1.40(4.9%) 2.21(9.6%)

3 1.15(3.8%) 1.04 (4.0%) 1.45(4.8%) 2.61(9.8%)

1 1.09(5.5%) 1.66 (7.9%) 1.31(6.9%) 1.20(9.8%)

July 2 2.42(8.6%) 2.43(9.0%) 2.23(8.5%) 1.37(7.2%)

3 2.48(9.2%) 2.43(9.5%) 2.26(8.8%) 1.50(7.7%)

1 0.35(1.2%) 0.36(1.2%) 0.39 (1.3%) 1.08 (4.3%)

October 2 2.00(8.2%) 2.28(9.7%) 2.00(8.7%) 1.59(9.4%)
3 2.11(9.7%) 241(11.5%) 2.09(10.1%) 1.70 (10.2%)

1 0.51(1.8%) 0.71(2.5%) 0.63 (2.3%) 1.04 (4.7%)

Annual 2 1.48 (4.8%) 1.52(5.4%) 1.53(5.2%) 1.48(6.3%)

3 1.63(5.3%) 1.62(5.7%) 1.66 (5.6%) 1.86(7.3%)
492 S, TE E AE AE 4R A7) dRellA  old A AFEE S H7] SOl AkskE o] w4
1~2 pg/m® o]4ke] ggko] et S=of tigt 7] WA FASHA "t o] 23} B HiE, 71,
AEE 047~145pg/m’, Zgell digt 7| = 147~ FH 2o wh getd £ gleng, 74 AEd
261 pg/m’2 190] Hl3] @AHA F7ehe Belot PM,; 7| =S BAstAt I3 5ol g3l 2 F
79oe SEE B FFE 1.09~248 pgm’'2 F FEAY FAFAY PM,; €3 7)o E o

4gof Hg F7tste, SEol etk FFE 1.20~1.50
ug/m’2 4o Hg| Zashe Aoz BAESI o]
= 79 B¢ F=FFol BT L7l 93 S
12} MiEE4E ot ALEAE SEHlR oF
StHA 23 PM, 5 A5 dleez E4E0 &
3, Aqgdoz & o, 3ol i3t 7ol ¢=
Hofl 3t 71 =7} o 2A et

Case 29} Case 39] ¢ 10€ ZAFA PM,; 7|9
= 37 FRAG7HA] 2 pgm’ oA #A UehtEs
Wk, Case 19] 3¢ F2 F9 A3 dutrto] F3F
He7t glen f=go ik S ohE Akl
"3 AgtH o2 vepdtt. o] 201093} 201439
109o]] gt 7| FHAL Zfolof Q13 ZuE HHEHT
olglgt A= 7ol BA A] o §H= 71AE
et A e At 34 HE 4 Qe AR A
717koll 23 71o& Ao daydE Holgh

Ao oA vigs= EE2 12 nAHA e 2
248, AR 22 A e dEd] jloH,

a7 A 33 A A2 &

PM, s AJ2HE Fsto] 24T

a9 5904 PM,; 1448E =9 A9, AEE
Zpol7k Holu, tiA|A ez AAY 9| Hlgo] 7HE =
A BALEH, I &Jof] FAFET} 13 2R AHA], ele-
mental carbon, organic carbon 5= F¢ Ed HeF
Qo] oJ3) Z7HeHe B 5 YTk B8 RE ARSE
Eo Qs G Bk WA SHe R
% SIch. Thek, hmre] A9 oAr ool A )
25} 7|5 ES FINZT IR R}
=7b SR Aol A (Kim er al., 2017) 4324 F7F
of wte} zojAwA R Ak Ao 2yEt

3.4 HHEH-s& Fets

SHAY W FeddY wiEF o] 2 sf 71
5= PM,; 7195 =5 HE 2z HiEgd-vk A
= APgstaL, AL A Aol BTt & 82
NOy, SO,, 283 Primary PM, s (PPM) v &3S th4r
S PM, B9 AZES AP 2AE F8 viEgE
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Fig. 5. Monthly averaged contributions of CN emissions to the total PM,; concentrations and PM,; components for

jurisdictions in the Seoul Metropolitan Area and CN; (a) Case 1, (b) Case 2, and (c) Case 3. Sizes of pie charts
represent relative monthly average PM, ; contributions among Seoul, Incheon, Gyeonggi, and CN.
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S ANA W2 HlEFe Hole T #71EdY AolE Eole 222 PPMolH, FHA| o] £EHA|

J. Korean Soc. Atmos. Environ., Vol. 33, No. 2,2017



170 e WS - WS - UAd

Table 8. Summary of emissions from CN large point sources, PM,; contributions, and emission-to-PM,; conversion

rates for (a) Case 1, (b) Case 2, and (c) Case 3.

(a) Case 1 emissions

PM, 5 contributions (Unit: pg/m”)

Emissions-to-PM, 5 conversion rates
(Unit: 10 pg/m*/TPY)

(Unit: TPY)

SMA CN SMA CN
NOy 71,051 Nitrate 0.280 (3.1%) 0.541(6.3%) NOy-to-Nitrate 394 7.61
SO, 39,217 Sulfate 0.174(6.7%) 0.207 (15.2%) SO,-to-Sulfate 443 528
Primary PM, 5 1,091 Primary PM, 5 0.014(1.0%) 0.045(2.5%) Primary PM, s-to-PM, 5 124 413
o S . 3 Emissions-to-PM, 5 conversion rates
(b) Case 2 emissions PM, 5 contributions (Unit: pg/m’) (Unit: 10 pg/m*/TPY)
(Unit: TPY)
SMA CN SMA CN
NOy 71,051 Nitrate 0.801(9.3%) 0.765(9.4%) NO-to-Nitrate 11.3 10.8
SO, 39,217 Sulfate 0.167 (15.4%) 0.184 (17.2%) SO,-to-Sulfate 4.26 4.68
Primary PM, 5 1,091 Primary PM, 5 0.014(2.7%) 0.050(3.3%) Primary PM, 5-to-PM, 5 13.0 459
S .. 3 Emissions-to-PM, 5 conversion rates
(c) Case 3 emissions PM, ; contributions (Unit: pg/m’) (Unit: 10 ug/m*/TPY)
(Unit: TPY)
SMA CN SMA CN
NO 78,776 Nitrate 0.856(11.0%) 0.969 (12.8%) NOy-to-Nitrate 109 123
SO, 52,605 Sulfate 0.196 (14.6%) 0.213(18.9%) SO,-to-Sulfate 3.73 4.04
Primary PM, 5 2,281 Primary PM, 5 0.042(2.9%) 0.116 (3.8%) Primary PM, s-to-PM, s 18.3 50.7

HETh oF 3u] H& 2 g2 HAh PPM] H 9,2
Aoz AWYE= B0 ofUt eHdoemRE I
AE= 12 L F4EZ0]7] ol i viEdol $A
g FEAYNA Tl s=rt A UEua, HEkg
A o2 B2 vjwste] £A vehdth A PPM-
to-PM, 5 28 (0]5} PPM AgH8)L dilution factor &
+= dispersion factoro] 712t}

SO,-to-sulfate AZHE-(0]3} SO, AZE)> 2E A}
ol sl A e, 2o wE & Aol=
Holz] grort &R HQl SEolA =d A Hof H]
3 10~20%7FF =& 7h= Eeltt

NO,-to-nitrate AZH-& (0]} NOy AZE)L Case 2
9} Case 39 4= SO, AgHgol| Hal| 2~3u) = w2
™, A HAQl Aol 10% FEZ Yepdtt. o] H|3)
Case 19] 4% F9 AHoA= NOy A& 7.61
(107 pg/m*/TPY) 2 & oh2 mALS} FARE 2291 vt
A, = A G AE 3.94 (107 pg/m/TPY) 2 ThE
ALY 1/3 & HQth o] 2 v EH Case 19]4]
1099] PM,; 7|95 %7t R olf& 18 5994 &
& Qo] PM,: 7|ol5E 5 BE BES A5 A
A 710 B2t ThE AL Hlg| W] fjZoz o]
= 39 29 3AA™E F& 5 7RIS et S

a7 A 33 A A2 &

99 godd MEF F NO, EE A8E Aidel
SEAOE o]Fo] Wolily] HhEo s waH) Yol

ahel FHol4 9 NO, HEHE-E THE BASL §A15)
Uehrou el FHTE e w59 ol
27 WE} Fa% B8 A0 SEdAE 7|4
ool ¢ UE oAU Vo D HHg 2
Boll JHe FE Ao Halt
£ Aol AR el mE Bt H3)
HE, 7)ol e kol ¥ UEhid, o
Qo] A9 Fo AR 5 R cddony
g o] 2 vhi, Biele Aeg olgsis WA 5
B HegUoRRH Y iE HFo] ¥/ BEO
goEt B8 sl 5 ge dedd WE
PPMO] 21l 7)o &e TheE 27 WA EA
H3) BX Hee B 4 ek
wAA A 13 ulAEA g ] NOy e
28 o) gl v R H 4.12:1~542:1 HYE,
2z AL 1.15: 1~3.14: 19] B8-S Bt}
ol Fa=o| o5 A7t Wol A4S NO, B WE
o Aol T PM,, AZRT7E PPM ©9] EF A
At AR 202 e 4 glthe A& ottt

=, HiEY F2olA= PPM dego] 52 vhd, & 8

2 (i oo




SHAY W Hedde] FHAY 2ulhWA] FrEof WA= FF 171

ofxet o] S=AAY o] FAY T BojFApE wot
2)7] Q222 4=}t Bolyan and Kim (2012)= A&
7F "olgof w2l PPM thu] NOye}F SO, A gk H|7}
WobdS H itk PPM H3ks tiH] SO, AgE2 S
oA 7.82:1~1254:1, =P 4] 2.79:1~4.90: 12]
HIS Hon, SEAAYE 44 A o] S5k
oA S HE HeddY FFE NO, % SO, 4 7F

&4 LS wlE 24 B0l TS B 3Tk

4. &

T

2 dFoMe SEAE dE Hedde wiEol
1=}

A % FSAY PV, w0 vl AE G 24
2 913 39 Yokt mAL ol 7| A mAE

Sasich Sal, AR W) G dFe Aw
27] 98 WjEEZoaL 2010 CAPSSS} 2013
CAPSSE o|-&33lom, BAL7|7te)] Ao we 714
H3lE 18sl7] Ya 201083 2014 e =
Al 7HA] Aol thgt ZARS $=3)5kgiTt

Al 742 BZAF Aol s SRS dE HdeEd
HEFo PM,s 9%+ 7|oses =4 Fat 062
ug/m’~1.64 ug/m* WA Uepton, 27 & 3u) A
= ztolg Bk SEA el st 1.04 ug/m’~
1.86 ug/m’e] HHE B o, o]e PM,; 7ol 5=
+= 20164 6.3t]2 (Ministry of Environment, 2016)9]|
A RS LA PM,; BE AZHERE (23 pg/miol| A
20 ug/m’2 AZHE s H3He®E (3 ug/m’) diH]
30~50%%5 A 4= oH, BRFE jH] ~10%0]
TWHE AR Fa% 7|22 goE

FH &9 HEEE v HIE F& EAY
BEAEE B AFA oz grtsty] flsf AEES A
Aotgich A9 AgE Aol o, 3d HE A
2 AN FFE SO,ETh= NO, HiEoll o3t FaFol
A Yeten, SO, AEE-E NOy Aghsof H|3|
2~38) A= A UebEe.

SH A% Jedd viEe] =d AH 2nAHA|
of thgt F3FE 20109 109 HARHE o]Fo] Aty
£ A5 Aokl s Ao r BAE e, SO, g 2
T NOy g0l A gt 2tol& B, ol &
Yo HiESATE Aol & AR AREHH A

2l 1
YA WiEe dgo] w2 W, ==AAE IA
Ag] o]Ake] F3tA| o A= NOy & SO, gt <]t
22} /o] Bt FasHA BAHE Ao woEr)
mAge] met ijEA 9 SRt £EE A
oA Ht} 2 7|9EE Hole AR HAEE
o, ol 71 9 &2 oJgt dFge s dotE
E3], € T AEYE 71HEE 2o o 28F o
2 1st7] feiAe A7l 23X FF BAol #F
*ga% ZoR godn.
2 dtoA 2" E4E 7o 2 AT
5 i &Hel oigk T 9 &
F AT AU e 9 AL At st wjETol
714 ol ulxle FF F=o gt 24 w
2 o]8d £ QS Ao qiErt B = ¥
SEAG9 g71d M-S A% A =9 Al T o
o] Faw 2 LAe9] AAl oA 1 B8=st
ES A0 ofAsich obgt 3bA AF3E Hiel Zol ¢
gl wet 7jolsE 2 AghE o] gk 4

Jz A0l S A9 13 AU} 2ol

4 & A% ol U WiEYU 97 5 O Bekwo|
dat AE L A4l Yastc

FF A AN SEaY A4S By
Aoz st FHel ga 9ol X gonz
FAUE 5L Mo YA L AR HY AE L &
g So| WaT RO BTk EF WAAY A2
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AR ok 27HE9 B7] 9GS BT 5 G A
Sgol wag Aol

Al 2
2 =2 Y “2uAHUA] qEE 97T =P

712 ZAF A AE e (NRF-2014M3C8A5030624)
o] A1 el 93] AFE R olof A =Pt

References

Anderson, J.O., J.G. Thundiyil, and A. Stolbach (2012) Clear-

J. Korean Soc. Atmos. Environ., Vol. 33, No. 2, 2017



172 Aed - WS PHe - Pad
ing the air: a review of the effects of particulate mat-
ter air pollution on human health, Journal of Medi-
cal Toxicology, 8(2), 166-175.

Bartnicki, J. (1999) Computing source-receptor matrices with
the EMEP Eulerian Acid Deposition Model. EMEP
MSC-W Note, 5, 99.

Benjey, W., M. Houyoux, and J. Susick (2001) Implementa-
tion of the SMOKE emissions data processor and
SMOKE tool input data processor in Models-3.
U.S.EPA.

Board of Audit and Inspection of Korea (2016) Audit Report:
Air Quality Improvement Project Status over Seoul
Metropolitan Area. https://www.bai.go.kr/bai/cop/
bbs (accessed December 5, 2016)

Boylan, J. and B.U. Kim (2012) Development of PM, s inter-
pollutant trading ratio. Presented at 2012 Commu-
nity Modeling & Analysis System (CMAS) Confer-
ence, Chapel Hill, NC, October 16,2012.

Byun, D.W. and J.K.S. Ching (1999) Science algorithms of
the EPA Models-3 community multiscale air quali-
ty (CMAQ) modeling system. Washington, DC,
USA: US Environmental Protection Agency, Office
of Research and Development.

Carter, W.P.L. (2000) Implementation of the SAPRC-99
chemical mechanism in the models-3 framework.

Cohan, D.S. (2004) Applicability of CMAQ-DDM to Source
Apportionment and Control Strategy Development.
In 3rd Annual CMAS Models-3 Users’ Conference,
RTP, NC.

ENVIRON International Corporation (2014) User’s guide to
the Comprehensive Air Quality Model with Exten-
sions Version 6.1. http://www.camx.com/files/
camxusersguide_v6-10.pdf (accessed 2016.12.07.)

GREENPEACE (2016) Silent Killer Fine Particulate Matter -
The health impacts of current and planned coal-
fired power generation in South Korea and related
current policy.

Guenther, A., T. Karl, P. Harley, C. Wiedinmyer, P.I. Palmer,
and C. Geron (2006) Estimates of global terrestrial
isoprene emissions using MEGAN (Model of Emis-
sions of Gases and Aerosols from Nature), Atmo-
spheric Chemistry and Physics Discussions, 6(1),
107-173.

He, Z.,YJ. Kim, K.O. Ogunjobi, and C.S. Hong (2003) Char-
acteristics of PM, 5 species and long-range transport
of air masses at Taean background station, South
Korea, Atmospheric Environment, 37(2), 219-230.

Kim, B.U., O. Kim, H.C. Kim, and S. Kim (2016a) Influence

a7 A 33 A A2 &

of fossil-fuel power plant emissions on the surface
fine particulate matter in the Seoul Capital Area,
South Korea, Journal of the Air and Waste Manage-
ment Association, 66(9), 863-873.

Kim, J.H., D.R. Choi, Y.S. Koo, J.B. Lee, and H.J. Park
(2016c) Analysis of Domestic and Foreign Contri-
butions using DDM in CMAQ during Particulate
Matter Episode Period of February 2014 in Seoul,
Journal of Korean Society for Atmospheric Envi-
ronment, 32(1), 82-99. (in Korean with English
abstract)

Kim, K.H., E. Kabir, and S. Kabir (2015) A review on the
human health impact of airborne particulate matter,
Environment international, 74, 136-143.

Kim, S.(2011) Ozone simulations over the Seoul Metropoli-
tan Area for a 2007 June episode, Part I: evaluating
volatile organic compounds emissions speciated for
the SAPRC99 chemical mechanism, Journal of
Korean Society for Atmospheric Environment, 27
(5), 580-602. (in Korean with English abstract)

Kim, S., C.H. Bae, H.C. Kim, and B.U. Kim (2017) PM,
Simulations in the Seoul Metropolitan Area: (I)
Model Contributions of Precursor Emissions in the
CAPSS Emissions Inventory. Journal of Korean
Society for Atmospheric Environment, In Press. (in
Korean with English abstract)

Kim, S., H.C. Kim, B.U. Kim, C.H. Bae, E.H. Kim, S .H. You,
M.A. Bae, O.G. Kim, and C.W. Park (2016b) CMAQ
Simulation Study to Analyze the Long-term Varia-
tions of Criteria Air Pollutants in the Seoul Metro-
politan Area during 2004~2015, 17th [IUAPPA
World Clean Air Congress and 9th CAA Better Air
Quality Conference Clean Air for Cities Perspec-
tives and Solutions.

Kim, Y.P. (2006) Air Pollution in Seoul Caused by Aerosols,
Journal of Korean Society for Atmospheric Envi-
ronment, 22(5), 535-553. (In Korean with English
abstract)

Lee, J.Y. and Y.P. Kim (2007) Source apportionment of the
particulate PAHs at Seoul, Korea: impact of long
range transport to a megacity, Atmospheric Chem-
istry and Physics, 7(13), 3587-3596.

Leem, J.H., S. Kim, and H.C. Kim (2015) Public-health
impact of outdoor air pollution for 2nd air pollution
management policy in Seoul metropolitan area,
Korea, Annals of occupational and environmental
medicine, 27(1), 1.

Ministry of Environment (2016) Fine dust countermeasure



SHAY HE Hedde] FHAY 2uHEA] Frof w]Xe 9F 173

plan. http://www.me.go kr/issue/finedust2 (accessed Skamarock, W.C., J.B. Klemp, J. Dudhia, D.O. Gill, D.M.

December 5, 2016). Barker, M.G. Duda, X. Huang, W. Wang, and J.G.

Ristovski, Z.D., B. Miljevic, N.C. Surawski, L. Morawska, Powers (2008) A description of the advanced research
K.M. Fong, F. Goh, and I.A. Yang (2012) Respira- WREF version 3. NCAR Tech. Note NCAR/TN-475+
tory health effects of diesel particulate matter, Res- STR, National Center for Atmospheric Research,
pirology, 17(2), 201-212. Boulder, CO, 125 pp.

J. Korean Soc. Atmos. Environ., Vol. 33, No. 2, 2017





