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Abstract

This study analyzed emission inventories and air quality monitoring data for the Gwangyang Bay Area, including
Gwangyang-si, Yeosu-si, Hadong-gun, and Namhae-gun, using the Clean Air Policy Support System (CAPSS). Annual
trends and correlations were examined over the period 2011-2021. 1) The annual average increase rate of change in total
emissions (2011-2021) showed a decrease -8 to -9% for PM10, PM2.5, and SOx and -2% for NOx, but an increase +3% for
VOCs and CO. The contribution rates of Yeosu and Gwangyang were very high, at 78-96%. 2) The concentrations of SO2,
NO2, CO, PM10, and PM2.5 showed a decreasing trend. In Gwangyang and Yeosu, SO2 and NO2 concentrations began to
decrease gradually from 2000 onward. O3 concentrations showed an increasing trend, and as of 2023, were highest in the
following order: NH and GS sites (36 ppb) » HD site (35 ppb) » WN site (32 ppb) » TI site (27 ppb). 3) Very high correlations
were found between SOx and NOx emissions, and SO2 and NO2 concentrations. O3 concentrations were found to be
highly correlated with increasing VOCs emissions and decreasing NOx emissions. The influence of overseas inflow may
have contributed more to the decrease in PM10 and PM2.5 concentration than the reduction in emissions alone.

key words : Gwangyang Bay Area, CAPSS emission, Air quality monitoring station data
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Fig. 1. Gwangyang bay area and wind rose (2011~2020).
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Table 1. Air emission source categories and major modifications of calculation method

Calculation
Code Source category Year method Changes

01 Energy production % Recalculation of emissions from 2016 to 2019
02 Non-industry (01,02,03) Improvement of solid fuel emission coefficient

2020 Ver. 6.0
03 Manufacturing industry (05) Improvement of gas station emission coefficient
04 Industrial process (07) Euro 5~6 emission factor applied
05 Energy transport and storage 2019 (05) Apply sales volume by gas station
06 Solvent use 2018 (07) Applies to individual vehicle years from 10 to 15 years
07 Road transport 2017 -

Ver. 5.0

08 Non-road transport 2016 (07) Motorcycle PM emission factor application
09 Waste disposal 2015 (12,13) Emission formula calculation
10 Agriculture 2014 * BC(Black carbon) emissions calculation
11 Other surface-pollutant source 2013 * LPG sulfur content change (0.00082%—0.00042%)
12 Fugitive dust 2012 Ver. 5.0 (01,02,03) Change in emission coefficient of low NOx boiler
13 Biomass burning 2011 * PM2.5 emissions calculation

* Source: NAEIR (2023b)
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Table 2. Regional emission trends by emission calculation method from 2011 to 2021 (ton/yr)
Ver. 4.0 Ver. 5.0 Ver. 6.0 Ver. 6.0-5.0
M 01 2002 2003 | 04 05 [ 006 07 018 209 | 006 207 08 200 | 00 2021 | 5(16-19)
GY 9575 11866 13605 ] 21415 20165 16247 11362 15368 11502| 2741 2795 2831 2916 27% 2849 | 43,194 (9%
YS 3397 1608 1377| L077 L1646 1814 1962 1957 217 1962 1920 1928 2090 1829 1816 |+50(+1%)
12/%0 HD 515 6 51| 38 04 6 M9 7 7| 69 M7 79 T 67 600-11(04%
MOOOB 0% R 6 W B 0 23 58| 28 298 B 299 28 305| BN
3 13513 14131 1555 | 22000 3761 18975 1433 18370 14588| 5652 5760 5841 6012 555 5590 | 43001 (-65%)
GY 5087 7205 7826| 11830 160 0038 6427 8501 6455 | 1940 1988 199 2007 1911 1992 | 22,482 (74%
SN 209 195 L177| 89 98 102 LIS LISL 124 1287 1266 1265 129 Lis LI77 [+52611%
Ty @ s® | N6 X 3 ¥ a1 3| W R a2 % 3037|660
MOoR o % n| % 8 8 9 % &7 1 18 19 18 17 133|500
I 8651 9030 9424|1308 12077 10451 8075 10156 8120| 3675 3762 3780 3776 3539 3,619 | 21807 (59%)
Y 36603 38164 8477|3030 32832 28348 22880 26037 2,188 | 16666 16349 16440 15622 15250 11825 | 34376(35%)
YS 3771 31619 32428 | 29947 29302 31317 31315 30345 24406 | 33072 31717 30507 24406 17259 14708 | 42,321 (+2%)
(St(/);; HD 8150 9517 11708|10520 928 707 7796 7777 5508| 7080 7795 7780 5508 309 3764 | +7(+0.03%
NH 12 9 9 2 3 3 3 2 3 3 3 2 3 3 2| +0.0(+0.02%)
379575 79308 72622 | 70800 71304 66744 61991 64161 52105| 56821 55864 54729 45539 35605 30299 | -32048 (-13%)
GY 35217 38707 35426 | 45637 46957 44331 31675 41281 32395 | 34159 33553 35132 28061 15463 23739 | 24776 16%
¥ 27398 27595 2009 | 26098 26549 27326 31293 30382 32580 | 3345 33300 32004 32517 29761 29221 | 49,874 (+8%)
I(% HD 11303 1255 1479 | 15126 14321 11495 10047 8218 5406|1156 10092 8246 5375 4207 4364 | +101(+03%)
NH 64 63 S| 4 614 69 TS 687 65| 683 756 0 6B 633 665 +93(3%
3 74563 79481 79888 | 87387 88441 83801 79731 80569 71056 | 79742 77701 76380 66625 60.064 57.990 | ~14708 (-5%
GY 066 10390 10278] 11062 11323 10989 11172 11480 11840 | 10700 11072 11325 11735 11117 11,282 | 649 (1%
¥S 37676 39799 30419 | 38,126 41330 43456 4204 43500 45873 | 463 45544 IO 47381 47850 52742 | 45,464 (+3%)
\Zto/gf HD LI66 1138 o5 | 875 2008 1264 1248 1220 1201| 1261 124 1215 1192 1142 1072 | -20(04%)
NH 488 45 48| 362 60 615 662 60 685| 1215 1312 1391 1430 1457 1,642 | +2696 (+102%)
T 48976 51802 SLI14| 50425 55322 56324 57086 56919 59600 57808 50173 8901 61738 61566 66737 | +7.491 (+3%)
GY 5791 6152 58| 7789 9712 9597 9345 9964 10049| 8941 9158 9668 9819 9257 9303 | -1369 (4%
YS 11515 10875 9763 | 9312 10690 10982 11617 11557 11139 | 13980 14449 14589 14357 13563 13751 | +11.979(+26%
(f/% HD 4188 4105 4113 | 3675 4710 4728 4667 4530 4198| 4811 4726 4555 428 3464 3,604 | +184(+1%)
NH 556 56 s47| 33 L6 LI% LI L2 1087| 2383 2522 2618 262 2705 2832|5600 4139
3 2051 2667 0313|2129 26268 26440 2679 27225 26474 | 30115 30852 3L441 30918 28970 29491 | +16304 (+15%)

* Source data : CAPSS (https://www.air.go.kr/capss/emission/)

20214 713 95(YS) 29,221 E/E(50%) » FHGY)
23,739 &/9(41%) ) SF&(HD) 4,364 =/9(8%) ) ‘&
SH(NH) 665 =/d(1%)°] 22 7]o] E4Jo] ekt
o} wiEPERE 2018E7HA] 7]ol& 30% HME=Z A
Ao 2 =9k U AA4(01)] FS 55

AA-BdE(FAaehe] A Ao =2 Trend 7%
TAa7F Yepgon], HZ2o]F5 o AU(08)S] ¢ A

i1l

= 7]oleR UepdH. 591, GY9| ¢
2-(01) FzollAl 20161 9,239 =/A7}
S7Fste7t o1 20219 1,155 E/do=w
°f -90%4 FdstAEt, ole WEHAE-7IAH
HI(ING)OIA 2 &% A4ae] 23tz yehe



280

30,000

20,000

PMI10 (t1)

10,000

4,000

2

PMI10 (tyr)
H

-

15,000

10,000

PM2.5 (tyr)

5.000

40,000

30,000

SOx (t/yr)

20,000

10,000

40,000

30,000

20,000

SOx (t/yr)

10,000

40,000

30,000

t/yr)

o 20000

10,000

60,000

40,000
30,000

20,000

NOx (t/yr)

10,000

I:-!_]—

Code : m01 m02

2011 2012 2013 2014 2015

2016 2017 2018 2019

o000
GY (ver. 4,5) GY (ver. 6)
- - 3,000
P o = =
03 03 03 04 [ 04 [ 04 [l 04
03 03 03 03
2011 2012 2013 2014 2015 2016 2017 2018 2019 2016 2017 2018 2019 2020 2021
4,000
YS (ver. 4, 5) YS (ver. 6)
2,000
i 5 B B B B B B B | o
2011 2012 2013 2015 2015 2016 2017 2018 2019 2016 2017 2018 2019 2020 2031
3,000
GY (ver 4,5) GY (ver. 6)
m
0. 1500
04
03 03 m m 04 04 [ 04 04
@ 03 03
03 03 03 03
e e o b o B
2011 2012 2015 2014 2015 2016 2017 2018 2019 2016 2017 2018 2019 2020 2021
0,000
GY (ver. 4,5) GY (ver. 6)
04
04 e 04 20,000
04 04
04 04 M 04 M os
03 03 g3
03 o3 03 03 03 g3 @I
-
2011 2012 2013 2014 2015 2016 2017 2018 2019 2016 2017 2018 2019 2020 2021
40,000
GY (ver. 4,5) GY (ver. 6)
0
04 | 04 o4 04 04 20,000
04 04
04 04 M o4
03 03 43
. 03 9B o 04
|- |
2011 2012 2015 2014 2015 2016 2017 2013 2019 2016 2017 2018 2019 2020 2021
40,000
YS (ver. 4, 5) YS (ver. 6)
09 03
08
y 04 20,000
o8 04 04 04 v4 04 ).
04 W04 04
o 01
01 01 (1 01 o1
2011 2012 2013 2014 2015 2016 2017 2018 2019 2016 2017 2018 2019 2020 2021
60,000
GY (ver. 4,5) GY (ver. 6)
T HH 04 30,000
04 €3 = =
04 03 03 o3 03 04
03 03 03 03 04
03
03 03 03 03 03 g3
2011 2012 2013 2014 2015 2016 2017 2018 2019 2016 2017 2018 2019 2020 2021
40,000
YS (ver. 4, 5) YS (ver. 6)
08
ﬁ ﬁ s
03 03 03 03 03 03 03 03 o3
03 03 03 03 03 =
0101 o1 ol|lol ol ol o1lor Y Y L 0% Y
o

2016 2017 2018 2019 2020 2021

*Ver.4.0 : 2011~2013, Ver.5.0 : 2014~2019, Ver. 6.0 : 2016~2021
** GY : Gwangyang-si, YS : Yeosu-si, HD : Hadong-gun, NH : Namhae-gun

for

%

NOx (ty1) SOx (t/yr) SOX (thyn) PM2.5 (thy1) PM2.5 (tyr) PMI10 (t/y1) PMI0 (tiy7)

NOx (t/yr)

1.000

H

20,000

20

20,000

03 W04 m05 W06 W07 W08 W09 W10 W]l m12 W13

HD (ver: 4, 5)

2011

2012 2013 2014 2015 2016 2017 2018 2019

2016 2017 2018 2019 2020 2021

NH (ver. 4, 5)

2011 2012 2013 2014 2015 2016 2017 201 2019

100
NH (ver. 6)

2016 2017 2018

HD (ver. 4, 5)

2011 2012 2013 2014 2015 2016 2017 2018 2019

HD (ver. 6)

2016 2017 2018 2019 2020

NH (ver. 4, 5)

2012 2013 2014 2015 2016 2017 2018 2019

NH (ver. 6)

2016 2017 2018 2019 2020 2021

HD (ver. 4, 5)

2011 2012 2013 2014 2015 2016 2017 2018 2019

20,000
HD (ver. 6)

10,000

2016 2017 2018 2019 2020 2021

NH (ver. 4, 5)

NH (ver: 6)

2011 2012 2015 2014 2015 2016 2017 2018 2019 2006 2007 2018 2008 2020 2021
20,000
HD (ver. 4, 5) HD (ver. 6)
10,000
)
2011 2012 2013 2014 2015 2016 2017 2008 2019 2016 2017 2012 2019 2020 2021

NH (ver. 4, 5)

2011

2012 2013 2014 2015 2016 2017 2018 2019

2016 2017 2018

2019 2020 2021



20,000

VOCs (t/yr)
=
]
g

60,000

2,000

NHS (tyr)

15,000

15,000

210,000

Co (51

5,000

20,000

10,000

co @y

o 2 o
Fgntd dizled=4d 9
Code : m01 m02
20,000
GY (ver. 4,5) GY (ver. 6)
10,000
os | 04 [ 04 04 | 04 04 04 | 04 | 04 W 4 [ 04
04
L 5 B _B—S—8-8-8-0 i8-8 8 B8 I
2011 2012 2013 2014 2015 2016 2017 2018 2019 2016 2017 2018 2019 200 2021
60,000

YS (ver 4,5)

2011 2012 2013 2014 2015 2016 2017 2018 2019

YS (ver. 6)

2016 2017 2018 2019 2020 2021

GY (ver. 4,5)

(
os % o
04 04 [l 04
L1 N B8 B 0N N |

2011 2012 2013 2014 2015 2016 2017 2018 2019

GY (ver. 6)

o I os o4 o4 I

2016 2017 2018 2019 2020 2021

YS (ver 4, 5)

2011 2012 2013 2014 2015 2016 2017 2018 2019

YS (ver. 6)

2016 2017 2018 2019 2020 2021

GY (ver. 4,5)

2011 2012 2013 2014 2015 2016 2017 2013 2019

01 01§01 01
P 01

GY (ver. 6)
afoBoofoRafjn

2016 2017 2013 2019 2020 2021

YS (ver. 4,5)

I!!H!I!I!

2011 2012 2013 2014 2015 2016 2017 2018 2019

YS (ver 6)

2016 2017 2018 2019 2020 2021

08
e E 05 8 os [ 08
04
© i [ [
o o) o o o o,

30,000

1,000

13,000

10,000

15,000

10,000

20,000

10,000

*Ver.4.0 : 2011~2013, Ver.5.0 : 2014~2019, Ver. 6.0 : 2016~2021
** GY : Gwangyang-si, YS : Yeosu-si, HD : Hadong-gun, NH : Namhae-gun

vl &S

CoO (tiyr) NH3 (t/yr) NH3 (tyr) VOCs (t/y1) VOCs (tyr)

Co (51

3,000

2,000

1500

4,000

1,000

6,000

3,000

2,000

=i
=

LPL Folet B4

03 W04 m05 W06 W07 WO WQ9 W10 W1l m12 W13

HD (ver. 4, 5)

2011 2012 2013 2014 2015 2016 2017 2018 2019

HD (ver. 6)

2016 2017 2018

2019 2020 2021

NH (ver. 4,5)

2011 2012 2013 2014 2015 2016 2017 2018 2019

NH (ver. 6)

2016 2017 2018

2019 2020 2021

HD (ver. 4, 5)

2011 2012 2013 2014 2015

2016 2017 2018 2019

HD (ver. 6)

2016 2017 2018

2019 2020 2021

NH (ver. 4,5)

2011 2012 2013 2014 2015 2016 2017 2013 2019

NH (ver. 6)

2016 2017 2018

2019 2020 2021

HD (ver. 4, 5)

2011 2012 2015 2014 2015 2016 2017 2018 2019

HD (ver. 6)

2016 2017 2018

2019

200

201

NH (ver. 4, 5)

2011 2012 2013 2014 2015 2016 2017 2018 2019

Fig. 2. Emissions by 13 source category from 2011 to 2021 (CAPSS).

NH (ver. 6)

2016

2017 2018

2019

2020

281

1,000

6,000

3.000



282

VOCs EH1E3-2 20114 48,976 =/delA 2021
| 66,737 E/9o2 Z719t HE] Trend +3%2] 5
7} 1931 2021 71 A9(YS) 52,742 E/A(79%) »
FHGY) 11,282 E/A(17%) » Fall(NH) 1,642 =/
W(Q2%) » 3Fs(HD) 1,072 E/9(Q2%)2] <22 7|9 &
AJol Yttt B3], YS9 Axd HiE=F2 20119
37,676 E/4lA 2021 52,742 E/do=E F7tet
Trend +3%°] A&4 S7p7F yepgon, APag7d
(04)2] 75 71918 80% HF= E3], f7|5stA1& A
Z9J-Z2LAMDPE) 1831 A-5AFAT A -4-5A
FAGLAF T8 A/AIEHS 5 FRolA =2
710 £49-& Hepfiar 1Sl

CO &L 20119 22,051 £/l 20218
29,491 E/do2 Z7tet Eo] Trend +3%2] 57t
1213 202148 715 o4=(YS) 13,751 E/9(47%) >
HGY) 9,303 =/9(32%) > sFs(HD) 3,604 &=/
(12%) > '&3l(NH) 2,832 £/W(10%)2] £2.2 7] &
AJo] ettt £4, YS| 4% 20119 11,515 &/4
oA 20219 13,751 E/92 2 3718t Trend +2%2]
3717F debgt o, Hz=2o]E .90 AAU(08)-44-H A
&) 5 F2oA 10~40% Atol, BAHE(04)-4
FABAAG-ARAETE 5 F2olA 20~30% Aol

o] 71of S48 epf 3 St

3.1.2. HEE ALHE(2016~20199)

202095-E CAPSSE= et vi&sF A4S
FE viEd E, =538 viEAS A, A
g AN FE R 5 1770 wiEE AR
B Ver. 6.0 712 AAstal 9], 1A
(2016~20199)°ll oA = AHatdstact. &=
4tg A3t 20169 tHH] 2020 =7} th7| L FEHL
ST vAHA] T SEAEY di7] A A
O] X 5O 2 PM2.5 19 13E(16.1%), SOx 1353
HAE(42.5%), NOx 335 O E(26.8%) HAgt Aoz
R =3 QItHNAEIR, 2023b).

ole], FFutA ik 2016~2019% HiE=F
iAol w2 Hlw EAS A7) 95te], Table 2
olli= 2016~2019¢ Afol&] HlEF-S Ver. 5.0 E A4t
A3t Ver. 6.09] B o2 747 A Axd dat o
497 FuEF] S ZFol(=Ver. 6.0-Ver. 5.0)5 1
B 2iot.

AR 0 2 Ver. 5.0014] Ver. 6.02.2 A4 2

re o m do

1o 2 b1 oo oo 9

=
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fol

T, 470 Al-2e] FEiEE2 PM10 —65%, PM2.5 -
59%, SOx —13%, NOx —-5% T4AZ UEhgoL}
VOCst +3%, COE +15% 5712 A4 =] 3t

A 2= FHGY)2 7% PM10-79%, PM2.5 —
74%, SOx —35%, NOx -16% 5 & #47F Yehds=
o, ol ARG A03)-71E-AN1AEEAY el
A vl 48 FAgt ujAbge] w2 PM10 ¥ PM2.5 -
98%, PM2.5 —74%, SOx —78%, NOx —42% 5 & %
A AR gt v, of4=(YS)<] - CO +26%,
PM2.5 +11%, NOx +8%=% &7t £d, ol& Hl&
20]F 2 AA08) - A @) 2ol AEA At
J=|o] CO +203%, PM2.5 +27%, NOx +14%4 57}
S Avtg ghE sH5(HD) ) A-$ NH; +10%H 5
7¥etged, ol AAHE78(04)- R Y oFAH]-SCR #
oA Ver. 5.02 4799 201792 ¢4k oF 1/32
4" ARgFo] 2lolg oIt Avtz wETh
(NH)°] 7% CO +123%, VOCs +102%, PM2.5
+42%2 3A Z7FEIQET, ol ofgAlet fAleHA
H| = 2 0]5.9 AA(08)- - A AR E-H) 7ol e
A F7F AR E oA S/ AvtE mekEc

SHH, HAte] Ad Aol A & CO
-39.8%, PM10 -10.0%, VOCs -5.5%, NH; -9.2% #
4 7183 NOx +2.9%, SOx +2.0% 717} Yehge
o, 53] CO, PM10, VOCs9] A% H|E2ol52oaY
(08)-Aur- A (F ) Fo] HA EtelA A4
Al vl xSl HAE A2 yepyith, v, FAF 5
G, &%, A5, TY, A, Fall SollAE A mlE
Srof| A At Al EFtE] o] ARt A4S Bkl ¢
tHPark and Kim, 2023). 4vH 22 th3 viEA]
Aol tt A5t SEA= Ver. 5.0 HH] Ver.
6.0 WiETFe] o & HAast A HETE AT 0 AE
Ao fa Zo| o & 02 20161 5E 2020197
21441 A FA1E YEPHTHYL fHck(Hwang et. al.,
2023).
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3.2.1. BRI A
PRIl 19 Wt Fol Aw ] gfsto],
Table 301 FFua 474 A-29] 57428 7145
240 F5AN AE(1991~2021 Ae])Re
202397H) ABF H5 WIS e,



Fgntd dizled=4d 9
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£ 217 A1 7] 98], Table 301 94 7H49] &
£ oA Ao g Uepdgld] 5 ti7]1 &340
7t QA2 A AR0] BHFEE(TAve)S 71502
(@TAvex150% == w3, (a)ol5telA]
(b)TAvex120% OIS “Wah(_ ), (b)u|atolA]
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™, 71 9] 55 HD #1394 201549 PM2.5 18] et
ot £39], o4 WL A3 9] 39 19964 7|33
4ol 7HsIHAl o]FHE SO, ¥ NO, sE&
TAvex 125% o1} =2 X2 2| =th7} 20004 ©]
T A2 QRS AL Bk 03 BEE BE AH
ol A TAve x75% ©1F 18]l 515 GS, HD, NH A
ol S TI, WL ARG g oz w2 HFe
Kol Ql3ltt.
S SE T A1 2] - 19969 thH]
20239 O3 59 4% 3.6%(1 ppb) &A= Z W3S}
7} gl ¥, SO, CO, NO; 5=E ZH2F 61.5%(8
ppb), 69.2%(0.9 ppm), 21.4%(3 ppb)2l & L7t
UeRdth.  PMI0E 19999 tiH]  20234dellE
37.3%(19 pg/m?) T4 183 PM2.5% 20169 iH]
20239l= 45.8%(11 pg/m?) Aottt =3 WN
274 2] 74 53] 19968 thH] 20239 0552 7%
60.0%(12 ppb)tt F7F5tl 24, SO, NO; sk 2t
Zt 60.0%09 ppb), 20.0%(4 ppb) FT4A 11
PM10E 2000 thH] 2023WolE 50.0%(35 u
g/m?), PM2.5+ 2017 tiH] 2023l 19.0%(4
pg/m?) Aokt

Fd B35k HD AHe A% 20079 diE]
202349 035 %2] 4% 52.2%(12 ppb) & 71 CO
o] A9 7] Wbt gl WA, SO, 40.0%(2
ppb), NO2 10.0%(1 ppb), PM10 25.0%(9 pg/m>) 2
20} PM2.5% 20159 4] 2023 A0l 53.3%(16 4
g/mA)ut Zaskach E3 NH A9 49 20194
4] 202349 CO 52 - 25.0%(0.1 ppb) S7H=
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A

e o SO, 25.0%(1 ppb), NO, 20.0%(2 ppb),
03 7.7%3 ppb), PM10 25.0%(9 rg/m®, PM2.5
15.8%(3 pg/m’)= FHAstct B2 SA7HA A%
7} &S GS A1) A% 20219 tiE] 20238 HEE
05 33.3%(3 ppb), PM10 23.8%(5 ug/m®), PM2.5
15.4%Q2 pg/m’) S7Fst9.oH, SO, CO, 032] 3%
& s sl

At L= 2 -oflA 12+ L AEHRI SO, NO,, CO
9 AzpAF 24 PM10, PM2.5= A=W #4 A
Hol3 Qldt ¥H, 22 L AEZ 0; FhE iR
B ARl AxE 7 AT BT, 59 FF
TI A5 O ‘ol & ¥shrt veht#] ekgtet, 33t
g HhS-2 5ol A EE 0 Bt A B 714
201 WAt ATE 70, MFEA Y NOxeH VOCs
o] vi&=F 9 At A vlg3 WS A}tk 0, A
42 NOx & F7tel vl=IsEAYHNOx-limited), gt
Hg5ta VOCs kol H#5H1(VOCs-limited) ™
2ol 5L A G A o]mgt 270] O; AL Fa}
2] $EsH7] o Pk EFH VOCs/NOx Hl-&©] 8:1
ogtd wf VOCs-limited #1922 VOCs Hi&% 74
05 & AR o]ojZ AT NOx HlEH {hes @
2 0; 8 S/ $ ol ok (Park et
al., 2022; Choe et al., 2023). &4 A< vj=3F
oA VOCs/NOx &= Hl-&2 20214¢ 7|+ FF
(GY) 1:0.5 E oI4(YS) 2:10]2, VOCs HI&EH2 YS
52,742 BE/E o2 GY 11,282 E/dXT}t 58] oL}
NOx Hl&3S vS 29,221 £/4d 9 GY 23,739 &£/4
5 29 7F 2 Aol gt o]ofl NOx Hi&%¢] VOCs
vl ETFE O} oF 28 W ok TI A1 ] 44 05 527t
Z A7 ARt ¥ 2 NOZF 059} §Hg-sted]
NO,& Higt=E= vhgoz JjEoz 73S o]Fo]
0; 5o FA% T3 st A = e Ao
2 s|AstaAt ebeh Eoh 05 e 20234 7l E
8l NH 213 9 s GS #1% 36 ppb » 5Fs HD A4
35 ppb > ¥4 WN 213 32 ppb » 3% TI A3 27
ppbl & FITH A F TS FIL FES =
2 21749 F EA4o] UeRgEd], o ofgattte] 4
Ao A T B E == VOCs 18] 3 g4 2 33
Stk o 2 QI5| FolE 2199 0, 5k TV
I Buetr 84S Aoz wmdEtPark et al.,
2022).
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Table 3. Annual trends of PM10, PM2.5, SO,, NO2, O3 and CO from 1996 to 2023

(unit ; PM10/PM2.5 gg/m>, SO2/NO,/O3 ppb, CO ppm)
TI site WL site GS site HD site NH site

Year

PMjoPMzs SO; NO; 03 CO PMjoPMzs SO, NO; O3 CO PMioPMas SO; NO, O3 CO  PMjpPMzs SO, NO; O3 CO  PMjPM;: SO, NO, O3 CO
1996 20 2
1997

1998
1999
2000 |
2001
2002
2003
2004
2005
2006
2007
2008
2009
010
2011
012
2013
2014
015
2016
2017
2018
2019
020
2021
02
2003

Ave. 21
Slope  -0.9 -1.6 -0.2 -0.2 0.01 -%0 -1.5-08 -0.2 -0.1 0.2 -%0 25 10 00 15 05 00 -11-18-0.1-0107 00 -23-0.8-0.2-0.4-0.6 0.0
R(;Dt)e -19 -84 -35-09 -0.1 -4.3 --3.(--3.5-3.3-08 1.8 00 113 74 0.0 155 1.4 00 -1.8-9.1-3.1-07 2.7 00 -6.9-42-69 -5.4-2.0 5.7

*Color; [l > @TAvex150%, | < (2) ~ = (0)TAvex125% B : ¢ (b) ~ ) (OTAvex75%. | < () ~ = (d)TAvex50%. [ ]: ((d)

** TAve. = Average concentration of all data for each pollutant at 4 sites.
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714 AR Az w2, 1998~2023F Ato]
A= Gt 7] AL 9] FIk st FAA 059 F$-
199849 20.0 ppb ©Hl 2023¥ 33.0 ppb=E
63.5%(13.0 ppb) S7FtaL 9o, SO, NO,, CO,
PM109] 7% 19984 9 ppb, 20 ppb, 1.0 ppm, 55
ug/m® 12|31 PM2.59] 74 20159 26 ug/m>°lAl
20234 3 ppb, 14 ppb, 0.4 ppm, 37 ug/m> 19
ug/m’2 22} 72.2%(6.5 ppb), 32.5%(6.5 ppb),
61.0%(0.6 ppm), 32.7%(18.0 ug/m?), 26.9%(7.0
ug/m’) ZASFATHNIER, 2024). E3H 7] e d&32
o] AP H& WS A9 975t Ats: Heke
< Atstd, wid SO,-0.3 ppb, NO,-0.3 ppb, CO
-0.02 ppm, PM10, -0.7 ug/m?, PM2.5 -0.9 ug/m?
747} 24542 ¥HA, O3 +0.5 ppb S71skaL Utk

ShH, 3geF TI 219l A 2793t vid SO, 0.3
ppb, NO,-0.1 ppb, CO —0.03 ppm, 247+ PM10,
-0.8 ug/m?, 747k PM2.5 -1.6 ug/m> 242} 245kl
I 03 HEHE-2 79 gl o4 WN #He] 3¢
SO, -0.3 ppb, NO; 0.1 ppb, PM10, -1.5 ug/m>,
PM2.5 -0.7 ug/m’2 ZtZr f4stgo, 05 +12.0
ppb 571 € CO ¥Wghe-2 719 ¢loltt. 55 HD A1
o] 7% 1747k wid SO, 9 NO, -0.1 ppb, PM10,
-0.6 ug/m?’, 9A7F PM2.5 -2.0 ug/m?> 242} ZAstsl
3 03 +0.8 ppb &7F ¥ CO #Wak&-e 9litt. dsf
NH #32] 7% 517 vfid SO, 0.3 ppb, NO,—0.5
ppb, 03-0.8 ppb, PM10, -2.3 ug/m>, PM2.5 -0.8
ng/m> 22 48kl o Wake-S 719 igich

HA, 2T 2016~20229 Afo] A= 7] G =9]
ST WSt FAA, NO, v TAa8(23%) 7Hd =
Q] gl ot AAE 2% oWl 22|11 = wiEFF
4 7|4 24 Hgtz B Qlth E3H S0,9F CO 5=
Ay A sl &G TR of e}, F=to] viEsF
H3lo] ofal 14%9} 21% AT Ao = ByEw gk
(Kim et. al., 2024; Park et. al., 2024).
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1o

] SO, F=7F HAFTH= K19} || vjEo] =
]l PM10 % GA =th= Bl 5 2|9 9%
7] iEgate] dideze AHE Havt
I THHwang et al., 2021; Song et al., 2024).
ole], Fig. 3¢+ Ver. 6.022 j&sFo] AXtH

2016~2021'a Atolo] FIRtd 47 Alto] FuiE
(YSO+GY®)+HD()+NH() 133 4784 tf~7]
Z7%4(WL, TL, HD, NH A3 9] F& % BE 239
ZHH(Ave.) T o5 LR

FHEF 9 TP T AlY A=
SOx(t)-SO; 0.94, NOx(t)-NO, 0.91, VOCs(t)-03
0.63, PM2.5()-PM2.5 0.49, CO()-CO 0.40,
PM10(t)-PM10 0.349] <=2 Yefon E3t O;
o] AAEHQ! NOx() HiIEZ = NOx(1)-0s5 -
0.74= Yergit

12 2 4E4 SOx ¥ NOx9| Z¢ wid vi&
Ha FA= W71 F SO, 9 NO;, &&= Ao} ¢
2 Ao s Ueiton Ccog A4 A= HiE
9 5 B Z Ho= oA

22 LEEAR] 05 5k 37 FAe ATEEY
VOCs(t) BiE% 371 FA19F -2 o] 43H4(0.63)2
2 Yebged, 4 A3 NOx() iEeddtes =2
=9] 4E(-0.74)= Herlt oA 71&% vk 2
o], 7] F 05 T AT=4 < NOx2 VOCs®| Hi
5 2 Add ulexn 9T AV gleH,
VOCs-limited A9 2] 7% 03 5% 57H= VOCs Hi
S5t A 283 NOx #i&2a [l Ao
2 A= (Park et al., 2022; Choe et al., 2023).
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Fig. 3. Trends between air pollutant emissions and concentrations from 2016 to 2021.
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