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Abstract In this study, source-contributions on PM, s concentrations in five regions of Busan and eighteen local
authorities of Gyeongnam was estimated with the Comprehensive Air quality Model with eXtensions with Particulate Source
Apportionment Technology (CAMx-PSAT) for the whole year of 2016. The domestic contributions to the annual mean PM, 5
concentrations in Busan and Gyeongnam were 8.5 ug/m?® and 7.5 pg/m?, respectively. In Gyeongnam, the provincial self-
contribution to the annual mean PM, s was the higher (2.8 ug/m®) than that from the individual neighboring province. The
contribution of Jeonnam, Gyeongbuk, Chungnam, and Ulsan to the annual mean PM, 5 in Gyeongnam were 1.2, 0.8, 0.6, 0.5
ug/m?3, respectively. In Namhae-si and Hadong-gun, locating in the western part of Gyeongnam and adjacent to Jeonnam,
the contributions of Jeonnam to the PM, 5 concentrations were higher than the provincial self-contribution. In Busan, the
provincial self-contribution to the annual mean PM, s was 3.4 ug/m?. In particular, the self-contribution in the central western
region, where Busan port is located, was highest among the five regions in Busan. However, the over-predicted NO, and SO,
concentrations in this region can be in part due to the overestimations of NO, and SO, emissions used in this study (i.e., Clean
Air Policy Support System 2016). Among the neighboring provinces, the contribution of Gyeongnam showed the highest to
annual mean PM, 5 in Busan for the year, followed by Ulsan, Gyeongbuk, and Chungnam. In Busan, the control measures on
the Primary PM, s emissions are recommended to mitigate the PM, s concentrations due to the high emission-to-
concentration conversion rate and the self-contribution.

Key words: PM, 5, Busan, Gyeongnam, Coastal region, Self-contribution, Neighboring provincial contributions
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Fig. 1. The location of eighteen local authorities in Gyeongnam and five regions in Busan. Busan_E, Busan_CE, Busan_CN,
Busan_CW, and Busan_W indicate eastern, central eastern, central northern, central western, and western regions in Busan.
The blue circles and orange lines represent the urban air quality monitoring network and major expressways in Gyeongnam

and Busan, respectively.
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Fig. 2. National air pollutant emissions for SO, and NO, in (a) Busan and (b) Gyeongnam during the study period of 2016.
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Fig. 3. Spatial plots of the simulated (a) annual mean PM, 5 concentrations, and (b) the domestic contributions in and around

Gyeongnam and Busan during the simulation period of 2016.
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Fig. 7. Monthly dominant neighboring provinces that have
the greatest contributions to PM, s concentrations in (a)
Gyeongnam and (b) Busan during the simulation period of
2016.
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Fig. 8. Annual simulated PM, 5 concentrations and ratio of
nitrate, sulfate, ammonium, and primary PM, s in (a) Gyeong-
nam and (b) Busan during the simulation period of 2016. Bar
graphs indicate the self-, the rest domestic, and foreign con-
tributions for nitrate, sulfate, ammonium, and primary PM, 5
concentrations.
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Fig. 9. The self- and neighboring provincial contributions to annual mean (a) nitrate, (b) sulfate, (c) ammonium, and (d) primary PM, 5 concentrations in eighteen local author-
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Fig. 10. The self- and neighboring provincial contributions
to annual mean (a) nitrate, (b) sulfate, (c) ammonium, and
(d) primary PM, 5 concentrations in five regions of Busan
during the simulation period of 2016.
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Fig. 12. Comparison of observed and simulated daily mean (a) PM, 5, (b) NO,, and (c) SO, concentrations at fourteen urban air
quality monitoring stations in Gyeongnam during 2016.
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Fig. 13. Comparison of observed and simulated daily mean (a) PM, s, (b) NO,, and (c) SO, concentrations at nighteen urban

air quality monitoring stations in Busan during 2016.

FH AL 7]9d% 5 20161 CAPSS HIEHS ¢
23t CAMx-PSAT RAMEYE Ediz AFA o= A
Alstoict. et Fake gyt EiEdol $1xIste
ST} vl wete] =g ESE e WiE o] P
FoA o2 Aot =i vl AlelM= FotA Y
of sidEo] theket W AAA R RE wfEol ot
PM, 5 &%= 7117k SRIE QI 7 4t ZHzof of
gt PM, 5 711 B7F ATHE @ okobd ohEat Aok

73'e2] 2016 St PM, 5 HAFEIE (19.5 pg/m?)

of tigt =] 7ol s T 7.5 pg/m’ &2 ARSI A
HO| A 7ol sk 71x AAA| B 2.8 pg/m’0]
AL, B Al FollAe HaliAe] ZA| 719 E e
7} 44 pg/m’E 7Y =0kTh AEe] PM, s Fkol o
St FH AL Z|olsEs A (1.2 pg/m?), F5(0.8
pg/m?), (0.6 pg/m’), 24F(0.5 pg/m’) =02 J7F
o] A yeptor, Wit g3t dolt ) ohe-
o= 9] 7ol s &7t 27 3.4, 4.0 pg/m’ 2 AHA]
71 et A Yehd o & Ao tigt PM, s

Sh=i7 | EstE|X| M 37 H H 6 2



2016\ Z7HIESZE 7|dt 7

ofr
H
r -]
)
rlr
ra
%
1o

ol
1%
)
ofy
o
et
sl
|o
u
)
ri
i,

= =
Aol Aid, A, 12 PM, 5 5= PM, s &
50] 747} 27.3%, 26.3%, 27.1% S AFA|5HACh &
o] 73-%, PM, s BAFEEC] ek H&-2 17.1% %
wrot 2] 715 e 1.4 pg/m*2 7H =94
71 RARE 7O A= HiFE o] 712 A& oA A
=4 NO, 5L/} HARALE LA, 53] A9 2
FA A= NO, RAFs =7t T3 o] At +F0
2 AtE] o] o] AHS FH SR I7F HiE 5=
W3t viE ARHEHAle] it AEZF Bas)
Helck

AL AT PM, 5 BAREE (19.5 ug/m®) F =]
PO 8.5 pg/m’ 2 ARTEI ALk, BAke] 57 A
T PM, 5 A 719157t 7MY w2 A2 7
o] fIA|RF FAFHH (5.8 ug/m’) 0 L, el AHt
A gl ShEapol ot thige] e A=A HiEol
Ao w AtmHe) SRR ti7]d HAREZE 5 At
T AT 78T SHa0ME NOSY S0, A2
T RAF AFS B, A2 Qe AdtaiEe] 9f
g PM, 5 7195 B7HE floiAl= ARt =7t vy
ST AT s gl Ee] 21 AHA] 2ol Al Eofof
Aotk FA4F PM, 5 s=ofl tigh T A &9] 7)o
T A (14 pg/m’), &4F(1.2 pg/m?), A5 (0.6
ug/m) ] .02 ok, H41 ol gl Feo
PP TS 0.4 pg/m’E 27] Shleh, Bkl
A, 121 PM, 5, FREC] BAMEEE PM, 5 A}
59] 247t 23.5%, 25.6%, 33.4%, 15.6%S AFA|5H3
1, 0] % A F1els o} TP Eo WA, HiE-
AHEE Ao 7 AW 13} M, 0 e
HlEHel7t 440 2 B aghe shlstdr,

3407} Zgo] JHAT Qe BT SeHT} EA
29, A2 To AL AT =2AF (=
T8 Ao r A-} AHof wpet HR4Rt

FAE FAsta Uit ol= s FA A E ]

of ngk

ru
18 o

|= XIXHE Z0[MHX] 7|0 24 (Vill) F44, A 887

A PM,; % NO,, 50, 559 BAISHE BotE
S5 718 BARY B QAR BAHE Al
740 w4+ qlolh B ATolA EEE 4
3} Al PM,; 7191E Bkeh BAESIE B}
e ok Gael S 2rARA A5
Wed 2712 889 4 U1 Aot

u

1o md r of

axre 2

2 APL A R E o} B AT
ALY (A AR GG B 918 2D
=HEH PIAT) Y AP0 S Gl

References

Bae, M., Kim, B.U., Kim, H.C., Kim, J.,, Kim, S. (2021a) Role of emis-
sions and meteorology in the recent PM, 5 changes
in China and South Korea from 2015 to 2018, Envi-
ronmental Pollution, 270, 116233. https://doi.org/10.
1016/j.envpol.2020.116233

Bae, M., Kim, E., You, S., Son, K., Kang, Y.-H., Kim, S. (2021b)
Municipality-Level Source Apportionment of PM, 5
Concentrations based on the CAPSS 2016: (VII) Seoul,
Journal of Korean Society for Atmospheric Environ-
ment, 37(3), 466-486, (in Korean with English abs-
tract). https://doi.org/10.5572/kosae.2021.37.3.466

Corbett, J.J.,, Winebrake, J.J., Green, E.H,, Kasibhatla, P, Eyring, V.,
Lauer, A.(2007) Mortality from ship emissions: a
global assessment, Environmental Science & Tech-
nology, 41(24), 8512-8518. https://doi.org/10.1021/
es071686z

Jeon, B-1.(2020a) Characteristics of Summertime High PM, 5 Epi-
sodes and Meteorological Relevance in Busan, Jour-
nal of Environmental Science International, 29(7),
761-772. https://doi.org/10.5322/jesi.2020.29.7.761

Jeon, B.-l. (2020b) Spaciotemporal Variation of PM;, and PM, 5
Concentration for 2015 to 2018 in Busan, Journal of
Environmental Science International, 29(7), 749-760.
https://doi.org/10.5322/jesi.2020.29.7.749

Jeong, J.-H,, Song, S.-K., Lee, H.W., Kim, Y.-K. (2012) Effects of
high-resolution land cover and topography on local
circulations in two different coastal regions of Korea:

J. Korean Soc. Atmos. Environ., Vol. 37, No. 6, December 2021, pp.871-890



a numerical modeling study, Meteorology and
Atmospheric Physics, 118(1), 1-20. https://doi.org/10.
1007/s00703-012-0211-y

Ju, H,, Bae, C,, Kim, B.-U., Kim, H.C,, Yoo, C,, Kim, S. (2018) PM, 5
Source Apportionment Analysis to Investigate Con-
tributions of the Major Source Areas in the South-
eastern Region of South Korea, Journal of Korean
Society for Atmospheric Environment, 34(4), 517-
533. https://doi.org/10.5572/kosae.2018.34.4.517

Kang, Y-H., You, S., Son, K., Kim, E., Bae, M., Kim, S.(2021a) Munic-
ipality-Level Source Apportionment of PM, s Concen-
trations based on the CAPSS 2016: (V) Ulsan, Journal
of Korean Society for Atmospheric Environment,
37(3), 206-230, (in Korean with English abstract).
https://doi.org/10.5572/kosae.2021.37.2.206

Kang, Y-H., Kim, E,, You, S., Bae, M., Son, K., Kim, B.-U,, Kim, H.C,,
Kim, S.(2021b) Source sectoral impacts on provincial
PM, 5 concnetrations based on the CAPSS 2016 using
the CMAQ model, Journal of Korean Society for
Atmospheric Environment, 37(1), 17-44. https://doi.
org/10.5572/KOSAE.2021.37.1.017

Kim, E., You, S., Bae, M., Kang, Y.-H., Son, K., Kim, S. (2021b)
Municipality-Level Source Apportionment of PM, 5
Concentrations based on the CAPSS 2016: (IV) Jeolla-
buk-do, Journal of Korean Society for Atmospheric
Environment, 37 (2), 292-309, (in Korean with English
abstract). https://doi.org/10.5572/kosae.2021.37.
2.292

Kim, J-M., Jo, Y-J,, Yang, G.-H., Heo, G., Kim, C.-H.(2020a) Analysis
of Recent Trends of Particulate Matter Observed in
Busan - Comparative Study on Busan vs. Seoul Metro-
politan Area (l), Journal of Environmental Science
International, 29(2), 177-189. https://doi.org/10.5322/
jesi.2020.29.2.177

Kim, S., You, S., Kim, E., Kang, Y.-H., Bae, M., Son, K. (2021a) Munic-
ipality-Level Source Apportionment of PM, 5 Concen-
trations based on the CAPSS 2016: () Jeollanamdo,
Journal of Korean Society for Atmospheric Environ-
ment, 37(2), 206-230, (in Korean with English abs-
tract). https://doi.org/10.5572/kosae.2021.37.2.206

Kim, S., You, S., Kang, Y.-H., Kim, E., Bae, M,, Son, K., Kim, Y., Kim,
B-U., Kim, H.C. (2021c) Municipality-Level Source
Apportionment of PM, s Concentrations based on
the CAPSS 2016: (Il) Incheon, Journal of Korean Soci-
ety for Atmospheric Environment, 37(1), 144-168, (in
Korean with English abstract). https://doi.org/10.
5572/kosae.2021.37.1.144

Koo, B., Wilson, G.M., Morris, R.E., Dunker, A.M., Yarwood, G.
(2009) Comparison of source apportionment and

sensitivity analysis in a particulate matter air quality
model, Environmental Science & Technology, 43(17),
6669-6675. https://doi.org/10.1021/es9008129

Korean Statistical Information Service (KOSIS) (2021) https://
kosis.kr/index/index.do (accessed in June 16, 2021).

Lee, Y., Song, M., Kim, E,, Oh, S.-H., Park, C., Choi, W., Lee, T,, Shon,
Z-H., Bae, M.-S. (2020) Source Identification of PM, 5
Major Elemental Components at the Harbor Indust-
rial Area in Busan: Comparison of Trace Elemental
Concentrations Using Two XRFs, Journal of Korean
Society for Atmospheric Environment, 36(2), 216-227.
https://doi.org/10.5572/kosae.2020.36.2.216

Ministry of Environment (MOE) (2020) Annual report of air quality
in Korea 2019, (in Korean).

Ramboll-Environ (2021) Comprehensive Air Quality Model with
Extensions. http://www.camx.com/ (Accessed in Feb-
ruary 10,2021).

Skamarock, W.C., Klemp, J.B., Dudhia, J., Gill, D.O., Barker, D.M,,
Duda, M.G., Huang, X.-Y., Wang, W., Powers, J.G. (2008)
A Description of the Advanced Research WRF Version
3, NCAR Tech. Note NCAR/TN-475+STR, 113 pp.

Son, K., Kang, Y.-H., You, S., Kim, E., Bae, M., Kim, S.(2021) Munici-
pality-Level Source Apportionment of PM, 5 Concen-
trations based on the CAPSS 2016: (VI) Chungcheon-
gbuk-do, Journal of Korean Society for Atmospheric
Environment, 37(3), 429-455, (in Korean with English
abstract). https://doi.org/10.5572/KOSAE.2021.37.3.
429

Yarwood, G., Morris, R.E., Wilson, G.M. (2007) Particulate matter
source apportionment technology (PSAT) in the
CAMx photochemical grid model Air Pollution Mod-
eling and Its Application XVII (pp. 478-492): Springer.

You, S., Bae, C., Kim, H., Yoo, C., Kim, S.(2020) Municipality-Level
Source Apportionment of PM, s Concentrations
based on the CAPSS 2016: (I) Gyeonggi Province,
Journal of Korean Society for Atmospheric Environ-
ment, 36(6), 785-805. https://doi.org/10.5572/kosae.
2020.36.6.785

Authors Information

7-6:8) (PSR4 AFE LS

#3] (P ST SpAg)

sl (oFETohL S AT 4 A7, A AL g A
WA AR

Hlot (ot e ot S g atat whatg)

£ (PRI S B A1)

el (oFETiotaL S ot 55




2016 FHHESE 7l 71% KR ZolMeIR| Tlols BAE (ViR Ze | 889

Supplementary Materials

(@) 2-m temperature
- Observed -AFNLv20e_K03B AFNLv20e_K03B

40

n =366

mean_x = 1443
30fmean_y = 13.87
Y=0.98X+-028

g
2 g
H § R =099
g s 20
2 &
@
© 2 10
g ©
- g o
E:
& 1ok
-10 o] 10 20 30 40
2016 Date Temperature , Observed [°C]
(b) 10-m wind speed
- Observed -AFNLv20e_K03B ez AFNLv20e_K03B
0w
. 0 E ] P
0 = mean_x =148
£ B 8fmeany=270 .
= ko] Y=184X+027
s it R=0.87
o = ar ]
2 s
LA
: 1
E w 2F
= T )
H 0 N N
0 2 4 6 8 10
Wind Speed ,,,, Observed [m/s]
AFNLv20e_K03B
100 100566
mean_x = 68.24
80 — 80fmean y=6882 1
& Y=091X+654
< 60 3 0 IR=089 ]
2 9
A
o 40 2 40} 1
] T
20F i % 20f ]
0 0 N N
Jan Apr Jul Oct 0 20 40 60 80 100
2016 Date RH Observed [%]

Fig. S1. Comparison of observed and simulated daily mean (a) 2-m temperature, (b) 10-m wind speed, and (c) 2-m relative
humidity at the ASOS in Gyeongnam during 2016.

J. Korean Soc. Atmos. Environ., Vol. 37, No. 6, December 2021, pp.871-890



oy
H0
ﬂ
40
o>
=lo_h
o
rjo
&
g
2
Tk
4
rio
Y
H>
dul

(@) 2-m temperature
- Observed -AFNLv20e K03B AFNLv20e_K03B
n =366
mean_x = 15.73
30Fmean_y = 14.98
Y=1.05 X +-1.50

40

)
E 3
E 8
& S R=1.00
2 = 20
=] &
<}
] 2 10
g ©
o g o
E
2 -10ks
Jan Apr Jul Oct 10 0 10 20 30 4C
2016 Date Temperature , Observed [°C]
(b) 10-m wind speed
- Observed -AFNLv20e_KO03B o AFNLv20e_K03B
0
_10 £ 10 o
© = mean_x = 3.12
£ 8f 1 B 8fmean_y=341 - A 1
= 3 Y =1.07 X + 0.06 ;
£ B R =066
o 6F s S ]
g il I I |
o 1 ]
& T o 3. A YRR hais ! §4
E oF te VIV | A 1 ] » 2 ]
s °
0 £ 5
Jan Apr Jul Oct = 0 2 4 6 8 10
2016 Date Wind Speed ,,,, Observed [m/s]
(c) 2-m relative humidity
- Observed -AFNLv20e K03B AFNLv20e_K03B
100 T I 7 100
. T . e . n =366
oy e 1 1 1 A mean_x = 66.02
80F I i g " { ; H - 80 fmean_y = 67.85
h : j AN < VAR L & }’f%gﬁ“s‘“ .
x ’lv i A 1 B eof 1
[y o . - v [}
as i i
o 40 LAl ‘ g 40
. I
20fF ] T 0
0 0 N
Jan Apr Jul Oct 0 20 40 60 80 100
2016 Date RH Observed [%]

Fig. S2. Comparison of observed and simulated daily mean (a) 2-m temperature, (b) 10-m wind speed, and (c) 2-m relative
humidity at the ASOS in Busan during 2016.
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