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This study investigated the characteristics of CO, NOy, SOy, PM;,, VOCs and NH; by year and substance using

CAPSS emissions (Version 6) data for six years from 2016 to 2021 in Yeosu. It also compared the characteristics of air pollutant
emissions in other port areas (Suyeong-gu, Busan, Gunsan). Yearly changes in emissions by CO, PM,, and NH; did not show
significant. But NOx and SOy showed a decreasing trend and VOCs showed an increase in emissions. The emission source
characteristics of six air pollutants in Yeosu were investigated mainly from non-road transportation sources and production
processes for CO, non-road transportation sources for PM;, and production processes for fugitive dust and NH;. The sources
of NOy were investigated from non-road transportation sources and energy industry combustion, and the sources of SOy
were investigated mainly from production processes and energy industry combustion. The sources of VOCg were investigated
in the production process. In the case of the proportion of emission sources by air pollutant, CO was 32.83% from non-road
transportation source and 26.87% from production processes and PM;, was 39.95% from non-road transportation source and
26.95% from fugitive dust. In the case of NH;, the ratio of petroleum product processing in the production process was
83.55%. In the case of NOy, non-road transportation source was 38.81% and energy industry combustion was 22.35%. And in
the case of SOy, production processes was 55.45% and energy industry combustion was 25.01%. And in the case of VOC;,
organic chemicals was 56.40% and petroleum products was 24.94%.
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CAPSS (Clean Air Policy Support System)+= ™ 7].2
AEA-& HjEE-= (Air Pollutant Emission Inventory)
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sion 5 CAPSS B&%1} Version 6 HlE5S H| W
AT} Version 5 CAPSS E4 9 vHE&ZFH T} Version 6
CAPSS =8¢ W& A% CO 39.76%, PM,,
9.98%, VOCg 5.53%, NH; 9.24% 2 7+45HH, NOy 2}
SOxE= 217} 2.86%2} 1.97% 57 FoF AT (Park and Kim,
2023).
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Zo|tt(Park et al., 2023).
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Fig. 1. Yearly changes in CO, NOy, SOy, PM;o, VOCs and NH3
air pollutant emissions in Yeosu from 2016 to 2021.
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HAFAZ] ol A ADFAHFAAE) BilEe] 20181
21 ton/yrollA] 201918 144 ton/yr2 F7}F5tal 2020
11 ton/yr= G4 SHA Attt ol= =7Fe At
oA o2]e] T8 HgEo] & 13 Zo] 20161
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NH;9| ¢ 201795 E 2018 A7kA] F7FotaL
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ton/yr2 ZHAstt) ol A7 7| LG ED wiEw
AP A o2 NH = AlE A4t ol A
SRR E HiEEe dRYol HiERS A
StEE, NH; HiEZdo] 9FE « 222 A=dd
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ol =7t AR RAA o521 F-5-8 ML
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Table 1. Factors contributing to air pollutant emissions sources highly in at Yeosu 2016 to 2021.

Year
Factors

2016 2017 2018 2019 2020 2021
Non-transportation
(ship leisure) 15,091 14,775 14,465 14,132 16,770 18,983
Put in, depart (A ship)
Non-transportation
(ship cargo) 139,024 146,124 150,126 311,033 275,370 148,849
ocean marine cargo (Ton)
Combustion in energy production
(public, private power) 14,359,276 15,295,606 15,177,227 14,164,154 13,870,805 14,992,246
power usage (MWh)
Production process
(petroleum, organic chemistry) 72 73 80 78 87 89
chemical manufacturing (Num.)
Fugitive dust (dust scattering on roasd) 123,860 127,301 133,334 133,810 137,340 139,041
a car registration (Car)
Fugitive dust (construction work) 101.6 103.1 103.2 103.1 102.9 105.5

housing supply rate (%)




AFE] 91T} NOy = 190,434 ton/yro] =H], vl 20l
QAY o] AMurskRoll A 65,719 ton/yr (34.51%), U]
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oFA1e] 6 A7t EHE HEUO] WIS B (R
1), | 20|52 G oA Aute#] (CO)et Autala
(NOx, PM,p) 9] HiETo] =T, 1 o= ol
o] Avt ¢} 23 sekE 5] YFCE AR
Hoh E3F o] 7]7F Fet 12 HiAbH ] oA 2 Y
HjAtAZ|9F AAFAH(PM,) ISl =T, 1
olfi= At RS I FHEFY] JFo R
At} oUqA A dae 3t e
A (NOy) 9] HlE%e] &8he=dl, 1 o+ 49}
Ao FFo = Atm ek Aede =
(CO, SOx, NH;)# 11712}t (VOCy) o] HiE
E3=t, 1 olfe A AR AAILE AR

Ax=AA7E 71 o= Atad.

T

i}

o

2

7%
-
=

e

=
Qs
o
[e]

rO]l

3.2 OAe L7 |2EERE HiE
2016FHE 2021 E71A] oJ=A]9] 7| L @EZAEH
&S 212 Set gho = mEdd EAS vehy
Ah (19 2, 3). oA @
o3|
)=

energy production: Ciep), H|4t

1o

o

M 124 (Non industrial
combustion: Nic), A|Z 94 (Combustion in manu-
facturing industry: Cimi), ~§4t57 (Production pro-
cess: Pp), olHA|¢E B A% (Energy storage and
transport: Est), 7-7]-8A4] A& (Solvent utilization: Su),
L2052 ¥ (Road transportation: Rt), H| =205
2 A9 (Non road transportation: Nrt), H|7]& 4] 2]
(Waste disposal: Wd), ‘&< (Agriculture: Ag), 7€} H
2 A (Other sources: Os), HIAFTHZ] (Fugitive dust:

Fd), "J=4d <14 (Biological combustion: Bc)2 0]

OfxI2j2] CAPSS &2 S40f

e
£

faon 449

=g

71 A= miEd ST vlE&S BY, CO9Y
A9 v 2o]lF52H Y 32.83%2t YAHEA 26.87%0]
o, HE 2ol F A FollA Aufe#] o] Hl&-2
65.43%, Bt ol A AFAEAD-AGAE
O] H]-8-2 90.15% & FALE] QT PM,, 0] AL HIE &
o]5 2 A Y 39.75%2F HIAIHZ] 26.95%°]%1.0H, H]
TRolFedY FolAl AUrehEo] Hle2 81.44%,
HIAAZ] ol A AdSALY] &2 37.23%, T2 A
HAFAZ] 0] H]-&-& 25.98% 2 FAMEQITE NH,;9| 7
T A FollA A-RAIE7RSOl a2 83.55% =
ZAFE|ITE NOx©] 749 HlE 2ol 52 A 38.81%2F
ofzAtYg A4 22.35%01%1.0H, HIE2OlFHH
ZollA AerehEo] Hl-&-2 88.91%, oA A4
FolA FaEdy 9zhA o] &2 45.37%2
32.84% % ZAME QI SO A9 AAFEA 55.45%
o} o x4k A4 25.01%010.0H, AAFEA Zof
A AGAEA -0 HlE2 93.01%2F ol
24 A FolA ARRAet S Hle2
49.39%2} 31.57% % A=t VOCg Q| 79 AAts
g FollA F71eFAIES] &2 56.40%, A-HA1E

O] W82 24.94% 2 ZAFE|ict.

-

3.3 OfAl B4 £F7, FA Q|
7 I2E=H HHEE &

A9 ti7] e FEE wiET B4 Blsh] ¢
A KAl 424, XAl CAPSS HIES SA (A - 2
T e g4 T d24) Version 6.0 AFEE ©]
Botadeh oAl (YS), FAF B (BS), w4H (GS)
o 7| e AEH WiEHS H 20 YePfgIch

2016 @5 202113742] oA19] H)7] @ F24 Y
Z%F W)= CO 13,979~13,751 ton/yr (16.53~16.26%),
NOy 33,344~29,221 ton/yr (17.51~15.34%), SOx
33,072~14,707 ton/yr (21.81~9.70%), PM,, 1,962~1,816
ton/yr (17.00~15.73%), VOCg 44,632~52,741 ton/yr
(15.76~18.63%), NH; 8,545~8,126 ton/yr (16.80~
15.97%)2 ZAE It BAF 4= CO 2,087~
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Fig. 2. Characteristics of air pollutant emissions sources in Yeosu from 2016 to 2021 (CO, PM;, NH5).
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Fig. 3. Characteristics of air pollutant emissions sources in Yeosu from 2016 to 2021 (NOy, SOy, VOCs).
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Table 2. The comparison of emissions (ton/yr) of air pollutant in Yeosu, Suyeong-gu, Busan and Gunsan from 2016 to 2021.

Species
Year

co NOy SOy PMio VOCs NH;

YS 13,979 33,344 33,072 1,962 44,632 8,545

2016 GS 5,012 10,345 4,352 971 33,599 1,375
BS 2,087 1,122 7.39 198 1,617 64.35

YS 14,448 33,299 31,716 1,920 45,544 8,723

2017 GS 4,353 8,976 4,030 871 26,472 1,429
BS 2,452 1,671 5.90 327 2,193 63.86

YS 14,589 32,293 30,507 1,928 44,970 8,953

2018 GS 4,393 8,855 2,491 856 23,566 1,597
BS 2,271 1,130 4.58 230 1,814 58.64

YS 14,257 32,516 24,405 2,089 47,380 8,526

2019 GS 4,454 8,875 3,764 952 31,334 1,814
BS 2,311 1171 5.03 221 1,858 54.20

YS 13,534 29,761 17,259 1,829 47,850 8.004

2020 GS 3,860 7,479 3,328 862 27,624 1,857
BS 2,429 1,168 4.11 264 1,981 52.31

YS 13,751 29,221 14,707 1,816 52,741 8,126

2021 GS 3,965 7,701 2,357 902 29,646 1,931
BS 2,452 1,019 3.66 254 1,909 50.91

*YS: Yeosu, BS: Busan Suyeong-gu, GS: Gunsan

2,452 (14.91~17.51%), NOy 1,122~1,019 (15.41~
13.99%), SOy 7.39~3.66 (24.10~11.94%), PM;, 198~
254 (13.26~17.00%), VOCg 1,617~1,909 (14.22~
16.79%), NH; 64.35~50.91 (18.69~14.79%) & A= %L
o}, #4HAE CO 5,012~3,965 (19.25~15.23%), NOy
10,345~7,701 (19.81~14.74%), SOy 4,352~2,357
(21.41~11.60%), PM;, 971~902 (17.94~16.66%), VOCs
33,599~29,646 (19.51~17.21%), NH; 1,375~1,931
(13.75~19.31%) & ZAFE| Q1T

7l edEd wiEde] 271 AAlE VOCs>
NOy > SOy > CO> NH; > PM,, A= VOCs >
NOy> CO> SOx> NH;> PM,,, FAF =927}
CO>VOCs>NOy >PM,,>NH;>SOx £=°] 3]t} o]
23t tf7] @ A=A viETE] 2ol 7t UrEhd o] =

ety fﬂr—E— }Oli QIR FFo g Afm et of
=) 0] Z7}AE ©5}sto] ;AL H]-S 0]

1, A= ﬁ:’oﬁ%}‘ﬂl a7, —3— =0 it Bleol

7 ZAFEI ST, Hho] At S ARAsh
ZA 0] QA ghong, 5|9} FAtA o] ]S H
ZFo] AAH o2 ke Avg Atz Hct

20204 71208 Ao 7] HELS Huda
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Table 3. Correlation coefficient between air quality concentrations and emissions in Yeosu, Suyeong-gu, Busan and Gunsan

from 2016 to 2021.
Species
vear YS GS BS
co NO, SO, PM,, co NO, S0, PM,o co NO, SO, PM,,
(ppb)  (ppb)  (ppb)  (ug/m®)  (ppb)  (ppb)  (ppb)  (ug/m®)  (ppb)  (ppb)  (ppb)  (ug/m?)

2016 600 19 7 34 510 15.7 5.1 46 400 21 5 44
2017 500 18 6 33 470 145 45 43 400 20 5 44
2018 500 16 6 32 530 128 40 42 400 19 5 41
2019 500 13 5 32 480 1.7 44 46 400 19 5 36
2020 500 13 4 26 390 10.1 3.7 34 400 16 4 30
2021 500 12 3 29 360 106 34 36 300 15 3 32

R -0.13 082 0.97 0.65 0.80 0.93 0.87 0.62 -041 0.44 0.69 0.01
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