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Ambient Fine Particles in Korea: Past, Present, and Future
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Abstract Policy and research activities during last 4 decades for ambient particulate matter (PM) management in Korea
are reviewed. Before the 2000s, the relation between the policy action and the level of primary air pollutants was evident.
However, the relation has not been clear for PM with an aerodynamic diameter equal to or less than 2.5 um (PM,5). It was one
of the major reasons for the ineffective government response to the public concern on fine PM. Ineffective government
response, ineffective experts response, and media agenda setting on the fine PM caused sharp increase of public concern on
fine PM since 2013, though, in general, the levels and the number of high concentration days of fine PM have been
decreasing. Since 2016 numerous policies have been announced and executed to reduce the public concern and the levels of
fine PM. The concentrations of fine PM have decreased following the policy actions. Still, the efficacy of each policy is not well
evaluated. Important factors that should be addressed to develop effective and efficient PM management policy for future
are suggested.
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Fig. 1. Trends in population-weighted PM, 5 concentrations
in Korea and other countries (OECD, 2024b).
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Fig. 2. Trends in PM, 5 and PM;, concentration in Korea
(2013~2023) and Seoul (2015~2023) (NIER, 2024).
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Table 1. Evolution of the ambient air quality standard of the criteria air pollutants in Korea (NIER, 2024).

Year 1983 1993 2001 2007 2012 2018
Sulfur Dioxide 0.05/year! 0.03/)(/jear 0.02/)(/jear
(SO,, ppm) 0.15/day"™ 0.14/day 0.05/day S S S
” 0.25/hour 0.15/hour
Carbon Monoxide 8/month 9/8hours S S S S
(CO, ppm) 20/8hour 25/hour
Nitrogen Dioxide 0.05/year 0.05/year 0.03/year
(NO,, ppm) 0.15/hour 0.08/day S 0.06/day S S
z ) 0.15/hour 0.1/hour
150/year _ _ _
TSP 300/day S R
P?\;‘ta::tﬂ fste PM _ 80/year’ 70/year 50/year S S
10 1 3 1 1
(ug/m?) 50/day 50/day 00/day
PM _ _ _ _ 25/year® 15/year
25 50/day® 35/day
Ozone 0.02/year 0.06/8hours S S S S
(O3, ppm) 0.1/hour 0.1/hour
Lead (Pb, ug/m?) 1.5/3months? S 0.5/year S S S
Benzene (ug/m3) - - - 5/year* S S
Total hydrocarbon 3/year R _ _ _ _
(ppm) 10/hour

"From 1978; 2From 1991; 3Implemented at 1995; “implemented at 2010; *Implemented at 2015. ‘S’ means the same as the existing value, “R"

means removed, and-’means no standard.
* Standards for hour base values: 99.9 percentile value of one-hour average value should not exceed the standard value and 99 percentile value

of 8-hour or 24-hour (day) value would not exceed the standard value.
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Fig. 3. Long-term trends in primary air pollutant concentrations in Seoul between 1981 and 2023.
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Table 2. Reduction targets of the air pollutant emissions to meet the goals for NO, and PM;, concentrations in 2014 (1%

stage Special Plan) (MOE, 2013, 2005).

SO, NO, PMio VOCs
Emission amount in 2001 (t) 70,188 309,387 14,681 262,479
Reduction (%) 38.7 53.0 38.7 387
Estimated Emission amount in 2014 (t) 43,025 145,412 8,999 160,900

Table 3. Investment plan and actual execution amount during the 1% stage Special Plan (Million Won) (MOE, 2013).
Percentages in parentheses indicate the proportion of each category relative to the total actual investment.

Introduction of Improvement of

Management of

Efficient management  Reduction of road

Total low emission vehicles in-use vehicles places of business system re-suspended dust
Plan 4,002,775 232,480 3,457,602 225,323 77,056 10,314
Actual 3,081,914 589,007 2,300,417 114,017 71,558 6,915
(100%) (19.11%) (74.64%) (3.70%) (2.32%) (0.22%)
A 7| e Qe TR FaskA Ak ARold A YA & 33 Zok
= d71ed=4 viE S YAE SR F A o qiF2 PM,,, F&4t8HE (NO,), Bitet=
A& 718, Agstt (S0y), A EF7Iekt=E 5 d7l1ed =4 viEgs
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et 1] At A7 AL Sl a=de t7]1e th ol sl (1) 28 ARkl nIAIHA] A7
= Aol 9ol o1, AE Ager £l A (DPF) #2F 59 AFat Agolets Eehet 2
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Fig. 4. Long-term trends in PM;, and PM, 5 in Seoul bet-
ween 1986 and 2023.
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Fig. 5. Long-term trends of the number of days with high
PM;, (=100 pug/m?) and PM, s (> 35 ug/m?) concentration in
Seoul between 2001 and 2023.
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Fig. 6. Long-term trends in visibility in Seoul. The harmonic
mean is more sensitive to low visibility, making it better
suited for representing atmospheric extinction.

T eyt tiFEe] A eflA STtk FAo1H
(Yeo et al., 2025), o= ZUE9] 0|AHZA] A|sx
F7tol FFE FUE 4 Qo o, A=y dgY
O = 20209 o] LA SFof AoFo] F7]v]
PM,y™ PM, 5 E =7} A A5, o] 9ol & 2+
& FOlF o]of7kAl 9o (1 4) sk dF:
HASHAIL (1™ 5), A7 S F7F F0]E ©]°f7t
1 QT (1 6).

Azt 71 2AL L] F2 As a=d t71E A
0] A1 utAgith= Holth PM, T =7F A3
on, AaAteET ek viEE e o5l
HjE A EYS ol AFdA AT A0 0 ¢

=4 WiEg2 atHor Hesidlon, A= U
T A Ayl 23] 9 A A7 (Compressed
Natural Gas, CNG) H{& SIS E3) 15 Hofo] @
@ A o=ty W) Tet 14 4
A 7128 a7t o] HERIA]= of
Z] 8+A15}2] ¢E31 (Han et al., 2017), S} A| 3] 1
o B3 Tt olafe] HaHa o] s A4
2 2iQITtH(BAL, 2015, 2008).

}11

waba ol 4Tk ARaziel olajA ol
1917}o] thslAd ek Qg ol o) 4 wah
U7 kel F4o] Wtk BAH 02 At
o AALT 23} k9] ATkAo] 2183,
ko] aike 245 Sla) Tl A
gath o) 1 3 MR AL 5 7175
2o] Aol 2|ofo] o] AHE]7] ghe Ao
) gl Quhvt grjHom e e
5t Zolck webA ulARA] ) uEe
o A%olE AATIE Totelr] e FE
Jejolxle] 17} 71 2AE Aay o] Az} o]Fe] Ho]
o vl&E Aol 4] 2L 7|7t 2ol u]wsto]
ofF gt} o] gt BAIE 118ist7] 8l Han et al.
(2022, 2017)2 A7 PO A AHGL 54
517] I3l ZFo]e] Z}o] (Difference-in-Differences,
DID) 8412 4-3f5lo] AW A5 A& 9 AW A5y
A3} w] g 2] 7t 2ol 2 ] WatATt. AFAT}
of 2w +=do nAHA sEe G AL
FEo g garglon AU wiEE A A
Alg) ol ARt} ZHA T QT ST o] 7t = A
7F 17 71 2A1gle] Rt AAtte] oJjt A1
£ 94s] Bositt =g vl He| k2ol
LddezRH | HiEF HA52] Apol7t FEs| =
2] 7] fiZoltt. =& siE weieh vkt
S0 A= ol 74 AAE oA st A
T, HEE o]2fRl o]f = Hrh @2 A7t Hasitt
I AAE 4= Qlth(Han et al., 2022, 2017; Cheong
and Kim, 2021).
olo} g th797 AAo) Ty AFE e
oleti she S44u nAHA] dFe ulAE
@ wido] BA0) olelgon JAnNE
o= Wats) AZshed A5 74 % 9
T 2ok, AR e HFH A B e} E}
A0l 370 Lol mHAA] FEE HAEHE 4
o|agle, ol5 H7ish= W W Ay o
| 55| AFE I Tk (Bae et al., 2022; Kang,
2022; Lee and Ham, 2020; Kim et al., 2018).

]

31>‘\1

2 ool g
o

O

)
d

uy

ol

I

i 2 S oE oo N Hr X
(o]
O

ok
ol

(¢}

N

[d o 4> ot

o rSL ot ol &2
2 _124, rlo

0%
o]

o

~
FE

SO IstEx| M a1 E M 25



St HEstojof & 22 Algd A Eo] AE
1219 =]7]
3 = T2
T 7HAY Aol At 7|23 e nl= A
2| LYo} FE7]|#2]= (South Coast Air Quality
Management District, SCAQMD)©¢]| o2} 7}-2E] 9]
715 S ste A4S WAnet Aol 1
U =AY 718E -2 scAQMDe Hal HA A
2oyt A Aol mlgstal, A 1= EE v
- ulEste] A4 Fo oi7] Bl aa o £
SkA] Fotal Stk 3 HiE SAe] MY Sact
il HiEA A A= Yeo and Kim (2012)4F Park
and Kim (2019)0114] ¥Fg520], o] A%} WA]a}7g
SCAQMD®] Regional Clean Air Incentives Market
(RECLAIM) 9| Ht3lzoly daitelz 7 7H4
of vlsl =4 HiEd AA 7H-2 1/600 ©lst 4
FolaL, A G wie Asdrh ol HEdIE=
vt wigRt 2o 7P 2 ol = E]lvh 1 Hiel=
Sag WFo AR vocs Tk A iEwF
Aol Fakwke] n| x| 2] Fafl, IohA] AdEA ol ¢
ITHMOE, 2013).
apAjsto 2 Mg 1L Biie} A ko] F 4
Qo] qli=tolct. thA] W e
257} GAEA Qo] SYEIE g
o 5% A7 BE 2AL PM, AaAlshZol g
U cllake] o0% o A5 A geelel FIwe
o AEACIH MEHE WAL F2 PM, HTEE
S} 2o WA, B AFAE A F
o] E2 AHF At HiE RIS Eole Hloll= a7
Holglou, Z# PM,, BFsEE &0l tole
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Folu|gh xfolE HojFx] ZIUT (Han et al., 2022;
Cheong and Kim, 2021). & 1%} 7|2A| 0| 2&H
ofg] ZA 74| ol AAo] aupAo]gl=A]of o
g g atEA o] gl o]%-o] thE Sl A 7
o] gapEAlo] giok Tt 12f 7] AE ZA|7}

ZH
a
=30} ko] A4l Wol A, ATe] 74 g
EX

TEHONA PM, 59 @E0 &2 HEE]= 7 o]t
85}, ololli= HMF-EA} PM, 5 SHt2A mleto]
"ot I8y 7 704 HEo] pM,; AELS
2012\ FEJof A 7o) AJZE| e o] = 20134
e AJZHE wlAaz] o] oigh = Rle] Ete]] thA ot
7ol ARl A7 v gt A2 o] gk

a9 72 o7 shex] E0A AAE 1980
HE 9| PM, s sIeHdR &t SR AN A
Aol ZA3 2012~2023' AHT PM, 5 SFSHAIE
skoltt. AAH o2 FAaste FAIE Hola Sl
o, 1 Fx= FpsPEaitt th2c) gt o
AYElZ (Elemental Carbon, EC) == A3l
A5hal glo, A4 RS 20009 SH7E
A= S7Ftt7t Hashe FA1E Bl Stk /7]
g4 (Organic Carbon, OC)+ 2000 ol E T4,
20109 = A, 20208 = ol ARE ST} S0
£ Kol gt

S AAMA/AEE, OC/EC HlE % Z7)ska
ULHH 8). o= FAHAT EC 5 A A7 A
AFATF OC 4 FAETE 37] giolct. o= ¢
vretet 0] GMtskE uiE A7 o] aitA o]
Uth= AT, f-2uhete] AFsat viEA 7 tiFo] &
Aol rks A2 on|dteh 53] OC/EC H| 9| 57}
Fo|7F AArArgte Hle] S FolHth & A2
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Fig. 7. Long-term trends of PM, ; chemical component concentrations in Seoul. (a) sulfate, (b) nitrate, (c) ammonium, (d) EC,
and (e) OC. Previous studies data are from Han and Kim (2015) and NIER data are from NIER (2025a).
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Fig. 8. Trends of the nitrate/sulfate and OC/EC ratio in Seoul.
Previous studies data are from Han and Kim (2015) and NIER
data are from NIER (2025a).
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Fig. 9. Trend of the article frequency among 5 major news papers between 2011 and 2014 and major issues during the peri-

od. (reconstructed based on Kim et al. (2015a)).
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Oo|UARE, o]ZTte & ALS]O] TS FA &Y
RE ASR HAth FA| 7 AHEl] A
Fo 72 mA A7t Saoll A & Aolghe e
T2l Ao 2 HRItH(Kim et al., 2015a, 2015b).
FEluete otAlot Hig kA el 7] diEell
HFolu AE A vige] & o =, 35, B3
Aot A LEjutEtE 7] HEH o] o] FSHA |
o} ol A Seutet mAHA] Skl duh 9
= "X =] of dofA= B A7 AU, 11
F Are oy ¥, 5] 71l wet 24
gt 7|zt A3 JFE AES o T B
TolAe F=u=t PM, s sol S=0] PR+
o] 20104 28.0%°114 20179¢ 15.7% 2 S5
I B E QT (Han et al,, 2021). 318 S-2]uato]
3 g A7 BEE Aol A= 2010~2017
| Ato] F=ro] f-Eutet PM, s kol A= 9
0] 40~65%=F11 B 15} T (Bae et al., 2020). A2+
Soll tet FETT hE ol AR HlET T 7]
A Am, B, JFE G E] thE Aol
AT e 202 TLSHAIR FFE oL
WS o2A st PM,; w2 =]
7ker A3} 20179 19 B+t F WHL =l 35%, =
9] 65%°1, T -2 U 18%, =<] 42%, =3
40%= YEFGTH(KEL 2018).
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o, o7]o 23t 7| L dE=ES E017] A=
FA A ZFetotofof spaut AU A o= 9

AEIL FoA o] FSt= HAHAE FEH o R
AR & e A 2 gt oA =
20137 A= = G&o] Jlemg

A= &S ¢ Eoo A
(MOE, 2014). 12t} 2014 5 B = Z=Lato] g
Bt AR JF= 70*56}1, o] E°]7] 9t A
T FQ A podog H
2016).

20139 7= A% 57 ANEARS] ZIAF =E+= 2013
| 712 ool mlAH 2] A S BlAbE R 9F 2}
AT Ao BiETEA, S AR AR 5 Y
AAQ Ao F= A7 7P Beka, 1 AW =
B t-8-2 A AFEA] ATk TLevt
S o] Foll= mAHA] Aol ANS T
S7F ot AL, olo] FAlEEE T8 d
Foraitt. 1eju miAs R Ty o
E% 80%7]' Jolg] H]-D:] u}

v AT

t}. Q120] "qHA] EAZ QA& T+ %@'(agenda
setting) A1 T} PIAHZ] F W3} Afo]ofl= A
7F EASERIT. &, $-2] TRl AESA]TE Q1A] =] 7]
A9 fiedo] pohA AR} FstA A
HEA R A= o] L4k 4= QL
MRS H o]0 (Kim et al., 2015a).

oj# gt A= 7|Atel 7 Wol Z-8H AR A
BIFE 6087 (39.6%) ©]%1T, o]o] AE 9 1 7]
o] 24271 (15.8%), AlF10] 19571 (12.7%), 71 0]
15371 (10.0%), A= 31-8-0] 1267 (8.2%), =] 7] 30|
9871 (6.4%) £<=° 2 LEFHTH(Kim et al., 2015a). A&
oo AR JAte] ARY, AR 1} 59 A4S
st ot mAHA] o tigh 7 7lo] B9 Fol= o
ol = At

o gt A7t

Ry

=

ke nlAAE Al AsH

S, o] BUASHE Ao 473 S 2
27k ol AR 0GR HEL A% Fol
2 94 o 20139 Zo] HARA ) o1

e Aol A2 wHlo] loH
QI ZAE AAIsHA] Z37] e
= 11 A7) 71748810 Vﬂ”ﬁl T F7tel A
7137 f2o0]9l 2 (Kim et al., 2017), 153t A
Yot AE 7| G viE A S 7
ojd Zlo] AR I Aol A2 17|, th7] 2
d=d vlES A6l nAEA] st Stk

ojd o] W ZIAE et oz A 4 9l
o] B3k vix|ero 2 HE7L Sy ae] 4
Ao Alﬁﬂé}ll ZEoloinh tHEA Y o7}
7b mlAE 2] FR e Ui-g-olth (SCPM,
2024). o]=|gt =71e] %OJ oA ARE = W=
A& ZFzokd oA o S 8ot HO
= 291717k B Aot (Kang, 2019).
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Table 4. Major Policies Related to Fine Particulate Management (Reorganized and updated based on Shim (2021).

Period Major Policies Remarks
. . . Metropolitan Area
st
2003 1°* Metropolitan Air Quality Management Master Plan (2005~2014)
2005 15t Comprehensive National Air Quality Improvement Plan 2006~2015
2011 Revision of the Basic Environmental Policy Act
2013 Comprehensive Plan for Fine Dust
. . . Metropolitan Area
nd
2013 2"% Metropolitan Air Quality Management Master Plan (2015~2024)
2015 2"¢ Comprehensive National Air Quality Improvement Plan 2016~2025
2016 Special Measures for Fine Dust Management
2017 Comprehensive Fine Dust Management Measures
2017 Metropolitan Fine Dust Seasonal Control Measures Metropolitan Area
The revised plan
2017 Revision Plan for the 2" Metropolitan Air Quality Management Master Plan period is 5 years
(2020~2024)
2017 Implementation of Emergency Fine Dust Reduction Measures in the Metropolitan Area Metropolitan Area
2018 Strengthening Fine Dust Air Quality Standards
2018 Enactment of the Special Act on Fine Dust
2019 Enforcement of the Special Act on Fine Dust
2019 Implementation of Emergency Fine Dust Reduction Measures in High-Pollution Areas Nationwide
2019 15t Comprehensive Fine Dust Management Plan 2020~2024
2019 Establishment of Seasonal Fine Dust Management System Nationwide
2020 Implementation of the Regional Air Quality Management Master Plan
2022 3" Comprehensive National Air Quality Improvement Plan 2023~2032
2024 2" Comprehensive Fine Dust Management Plan 2025~2029
; . . Metropolitan Area
2025 Metropolitan Air Quality Management Master Plan (2025~2029)
et el gile & 4= vAHA s d o FA-FY 5 LdedAgS LRt
de ot or Aisrlols S ol ofy A Fx AR % dAE - Zobd dide AAskAL
Atk o] T FEd e S Y7 7124 ¢
aoFetd 2013 “= H71eHd AR 7keh @R (2005.11)& FE5HL M, st Al gefitel] o
£ 201349 S50 Aol tiet Ay A2 vex] Sside e=d dizledde 71249 22 74
2o, 1 A FUE0] £3% 4 Qe BAe A /1A AL AL AL st ol 9]
AIAIBIHA] E3HAT” (SCPM, 2024). S =, st A, FIT 5 LFHAGE
Jo2 /1Y BEE sy, BAE. Fobd o
4.2 CIYsH M= A, 6t 712 AR, 27704 AIRA DS el
nl @A) gRIstol A B 44 B 5 o] theF ok ERh, 2A7kA 4TS SR BRgHoR A
o AR HEo] AL AT AliAt ti7] DS AR 47k HiA, 7o 7] AR 19

SN 1070d FEAE (2006~2015)2 71 7HA] AEAEE o)

.

HAdwol ot #|x9 di7]ZoF WA FeAge= d71edEd S ARl HEet divlde] 4

107k (2006 ~2015) =7} th7]& R4, 7] St
o o] g2 kS Tttt (MOE, 2006). 12} th7]8 BE 2AZ O 2 WY

Ao ul A7} AFS] A o] 1 Q2 20134 o] F

ATt

A FRAIEAA 71 B2 =d 5 20139 129 = AR SRS st
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ST (KLRL, 2015). ©] WA (1) A A] o 2A4] 2
ol 2 BEA AAL ) L =AEE Ak (3) *
DA B g, A2 vl E5-871E DA4

WEFe Y A3k (4) A HiES 81
ek 71 e gl FEe 4ok No, vl B

SF A71of R 22} At 7]EA
i} 540t A 02 HSITH(KLRI, 2015).

Azt 4-=d d 71 7)Ao olo] £ A
22 S H718R3 Ao = PM, BRAE
712 40 pg/m*oll A 30 uyg/m*E W¥F1, PM, ; ZHE
AEAl 71 20 pg/m’E AEA A5k E£3 A

o}

12} g2t &) 25 & (Hot-spot) =& S172] A
B35 9 QIA| fleiA Tejo] S Fom, A
QAN A MEA ZFE UTHMOE, 2014).
Ty =wlo] AlRtele nlAHA] @ o] o 5tE]
A, AH= 2016 6¥ TARA Fo= nlAH
2] P S-S YHESHITHMAC, 2016). ©] T
71 EAGANA AT

A A7]S 2024 E A

1l

T2 B B, 9% A= wEw o)nel, o
AR o o] ey B ALY P 5o BA
£ WgE A% e St ol wet 53
demte) B ABYS fAGD F4 242 AA
2o ol 915h 27 = i eAUe 7]

F2o| 2 vjE AHES |
H o 2109 0 A5 ER ujEFFo] 2 EUch
A2xt 7123704 E3HAIR (2016~2025)2 2030

AEER 94 2 7199st s AsE 5E=
“27F 1004 AlHHE ol ¥ 371, Alde A+
(Clean Air Cool Earth)”& H|H 2 AA5t9}. o]
£ v o R d7|187 FRollAe uAEs]. o 9
E 50% o’d A=, 715 ¥ 3} FiZol A= 2030d BAU
oiH] 247EA 37% dE5e HRE SFYlon, ol F
got7] Q1ol 4t 712 A=kt 10t A Eopd 4778
9 YAIE nFAsHITHMOE, 2015).

o]F 2017 5¢ EAHQ] HHE7F SHotHA m]A|
2] 24 S 2e4d A2 AFstaa, 22
o 99 PARA FF o= uAH] T T
2 THESHR o] Aol A= 20221 7HA] BIAHA]

2 30% WESHe BHES AL 4 HA 2

(A, A4, 5, Aol it AF A5 A 5
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Al A i AE 2361 TH(MOE, 2018).
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qE2E2 AT QTH(MOE, 2022). ©]2 A3 9
off a7pA 1 A - A Le B = A=, s
AR 2 A =29 A7; BS 73S} Sofr]o} gl&-
AA A=2tE T8 =9 Y AdS 7|2 HFoe=
ARstom, st s Akt 267 T 3 A
E AA oA TH(Shim et al., 2023).

FES =0l Bob A4S $15) 2019 0] mlAHA] A
9 Teof Tt Sl ot nAH A S oA
A3, Ty 7S 3018 Aot %
Sholet. n AR A S E A 93] = v A %j
Z2 A& WEts 71?"]‘:} 2018L4 89’1 1117‘451
2019 29 Al A 2] A7 2 o] wit %
Ao EAekar miA o] tigh 5Rlo] Eeto]
AEEZ, nAHAE Fol7] ol BRI otal
Uth= AS AHAH R Holr] 9 571758
7321015 2018 4 AT =717 S 275 2] 9
= ‘:HEFJ 24 Qs X}E%QEE =7 oA
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Helr}
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Table 5. Trends of PM, 5 mass and chemical components’ concentration in 6 Atmospheric Environment Research Centers

between 2012 and 2023 (NIER, 2025a).

Component Location* p-value Trend Sen’s slope (ug/m?/y)
MSA <2.2e-16 Down (¥) -1.45
BN 2.675e-10 Down (¥) -0.67
JJ <2.2e-16 Down (¥) -1.92
PM, 5

JB <2.2e-16 Down (¥) -1.87
HN <2.2e-16 Down (¥) -1.20
YN <2.2e-16 Down (¥) -1.47
MSA <2.2e-16 Down (¥) -0.41
BN 1.102e-12 Down (¥) -0.17
0. J) <2.2e-16 Down (Vv) -0.28
JB <2.2e-16 Down (¥) -0.23
HN <2.2e-16 Down (¥) -0.24
YN <2.2e-16 Down (¥) -0.32
MSA <2.2e-16 Down (¥) -0.30
BN <2.2e-16 Up (A) 0.14
NO,- JJ 0.04801 Up (A) 0.01
JB 0.0004743 Down (¥) -0.07
HN 2.02e-06 Down (¥) -0.06
YN <2.2e-16 Down (v¥) -0.17
MSA <2.2e-16 Down (¥) -0.25

BN 0.6015 No trend =
NH,* JJ 0.0001122 Down (¥) -0.05
JB <2.2e-16 Down (¥) -0.14
HN <2.2e-16 Down (¥) -0.15
YN <2.2e-16 Down (¥) -0.24
MSA <2.2e-16 Down (¥) -0.12
BN <2.2e-16 Down (¥) -0.04
EC JJ <2.2e-16 Down (¥) -0.11
JB <2.2e-16 Down (¥) -0.16
HN <2.2e-16 Down (¥) -0.06
YN <2.2e-16 Down (¥) -0.06

MSA 0.4152 No trend -
BN 2.273e-16 Down (¥) -0.13
oc JJ <2.2e-16 Down (¥) -0.33
JB <2.2e-16 Down (¥) -0.28
HN <2.2e-16 Down (¥) -0.12
YN <2.2e-16 Down (¥) -0.18

*MSA: Metropolitan Seoul Area (located in Seoul), BN: Baengnyeong, JJ: Jeju, JB: Jungbu (located in Daejeon), HN: Honam (located in Gwangju),

YN: Yeongnam (locatd in Unsan)
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Table 6. Trends of gaseous species concentration in 7
Atmospheric Environment Research Centers between 2012
and 2023 (NIER, 2025a).

Table 7. Variation of the average PM,s concentrations
before and after seasonal PM management in ug/m? (NIER,
2025a).

Species  Location* p-value Trend S(Zg;:]l?/sf

MSA <2.2e-16  Down(v¥) -0.67

BN <2.2e-16  Down(V) -0.26

50, JJ <2.2e-16 Up(4) 0.15
JB <2.2e-16  Down(V) -0.10

HN <2.2e-16 Down (V¥) -0.14

YN <2.2e-16 Down(v¥) -0.20

MSA <2.2e-16 Down (V¥) -2.33

BN <2.2e-16 Up (A) 0.18

NO, JJ) <2.2e-16 Down (V¥) -0.29
JB <2.2e-16 Down (V¥) -1.36

HN <2.2e-16 Up (A) 0.34

YN <2.2e-16  Down(V¥) -2.40

MSA <2.2e-16 Down (V) -36.8

BN <2.2e-16 Up(a) 16.7

o JJ <2.2e-16 Down (v¥) -17.2
JB <2.2e-16 Down (¥) -11.7

HN <2.2e-16 Down (¥) -14.6

YN <2.2e-16 Down (¥) -11.1

MSA <2.2e-16 Up(A) 1.44

BN <2.2e-16 Up(4) 1.31

0 JJ 7.075e-09 Down (V) -1.28
3 JB <2.2e-16 Up(a) 1.95
HN 2.197e-07 Down(V¥) -0.37

YN <2.2e-16 Up(a) 2.62

*MSA: Metropolitan Seoul Area (located in Seoul), BN: Baengnyeong,
JJ: Jeju, JB: Jungbu (located in Daejeon), HN: Honam (located in
Gwangju), YN: Yeongnam (locatd in Unsan)
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. 53] 20243 R0 AN ofit Aol )

Difference between two periods?

Before normalizing
meteorology

After normalizing
meteorology

Nov~Mar -8.1 -11.3
SMA
Apr~Oct -4.6 -5.9
~ -6.5 -5.6
BN Nov~Mar
Apr~Oct -14 -1.8
1 Nov~Mar -4.3 -4.1
Apr~Oct -43 -3.8
B Nov~Mar -9.6 -11.1
Apr~Oct -6.3 -5.8
Nov~Mar -5.8 -7.2
HN
Apr~Oct -5.6 -5.8
YN Nov~Mar -7.0 -8.6
Apr~Oct -6.0 -6.7

%(2021~2023 average) - (2015~2019 average)

*MSA: Metropolitan Seoul Area (located in Seoul), BN: Baengnyeong,
JJ: Jeju, JB: Jungbu (located in Daejeon), HN: Honam (located in
Gwangju), YN: Yeongnam (locatd in Unsan)
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Table 8. Comparison of the PM,5 and PM,, ambient air
quality standards in the world (ug/m3). The number in the
parenthesis is the year the standard was set.

PM; 5 PM;o

Day or Day or
Year 24-hour vear 24-hour
Korea 15(2018) 35(2018) 50(2007) (2007)
WHO 5(2021) 15(2021) 15(2021) 45(2021)
USA 9(2024) 35(2024) - (2012)

Japan 15(2009) 35(2009) - -
Taiwan 12(2024) 30(2024) 50(2020) 100(2020)
EU 10(2024) 25(2024) 20(2024) 45(2024)
UK 20(2010) - 40(2010) 50(2010)
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Table 9. Comparison of the average PM, 5 concentrations and mortality rate per 100,000 population in some countries

(WHO, 2022).

South Korea North Korea China Japan USA Germany
PM, 5 concentration (ug/m>) 24.04 41.46 38.15 10.84 7.18 10.73
Mortality rate attributed to ambient air pollution 38 103 81 48 29 45
Age—istand_ardlzed_mortallty rate attributed to 19 36 64 12 14 15
ambient air pollution
Age-standardized mortality rate attributed to 19 213 95 12 14 15

household and ambient air pollution
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Fig. 12. Proposed air quality management scheme. (a) Current process, (b) Proposes process (NCCA, 2020).
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Fig. 13. Proposed schematics of minimizing human exposure from air pollutants.
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715 sto] et HH 7F FOJ A (Intergovernmen-
tal Panel on Climate Change, IPCC)+= Al62 B71E
ILA] (Sixth Assessment Report, AR6)Ol|A] W€, S
I, i 7d LF 5 SLCP7} 7|5 WSt n]x]&= o
Fol AB=, CO%t 22 A 2471 (Long-
Lived Greenhouse Gas, LLGHG)%} $H EgH# o2
Tesfof ghtal 7F=39 ) (Szopa et al., 2021). 31,
Zy=9] 27t~ &% 55 (emissions inventory)
oA SLCPE ZEFSH viET Aol FastH, =7t
= =3 (Nationally Determined Contribution,
NDCs) % =4 7% FofolA L SLCP ¥ 5 Kot
AAA o2 wrgdsfof gttty =242 %, CO, A=l
7141 719 b sto]] D42 o2t SLCP A5
D71AR1 7% FFE S0l S7AY A - A1H
SE-Z Algot= Q
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71 wejet 7193} ehste] Fot HEe =2
shal Qlrk. B AE ©@7]14Q1 7] e dA g2 2] 9f
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A=A @At weh Zfol7h Qlovt At JgF
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th S A= 201349 9¥ t7] LA YA L
<, 20184 7¢¥ FHHE L (Beat Air Pollution, FE
Shs& 918 AA) WAL YHESE PM, 5 A4
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Fig. S1. Trends in google trends for search volume and big kinds for new reports cases search interest for ‘fine particles’
(2004~2024). Represents relative values with the maximum value set to 100 within the given period (KPF, 2025; Google, 2025).
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