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ABSTRACT

Climate change is a critical determinant of long-term health outcomes for individuals and chronic disease burdens for
society. However, domestic research in the Republic of Korea has been limited in scope, with studies primarily focused on
specific diseases or selected exposure factors. This study conducted a scoping review to systematically map research trends
and structural characteristics related to climate change and chronic diseases in the Republic of Korea. We identified 92 original
studies published between 2005 and 2025 using domestic academic databases. The included studies were analyzed according
to exposure factors, disease categories, study designs, data sources, and target populations. Using a Sankey diagram and a
mapping table, 153 exposure-disease linkages were identified. Air quality factors predominated (n = 112), followed by
temperature and weather factors (n = 26). Respiratory diseases were the most frequently examined outcomes (n = 76), followed
by cardiovascular diseases (n = 30). In contrast, musculoskeletal, neurologic and sensory, ocular and auditory, and
genitourinary diseases were each examined in only a few studies, and no studies addressing gastrointestinal diseases were
identified. Domestic climate-health research in the Republic of Korea has been heavily concentrated on air pollution and
respiratory outcomes. By identifying patterns of research concentration and evidence gaps, this scoping review provides a
foundational framework for diversifying future research and informing health policies aimed at mitigating the impacts of

climate change on chronic diseases.
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1. M
A AAAoR 7|5HS7E AZbsiR| oL Ut 7] Hs)
of g FEIE FYA(Intergovernmental
Climate Change, IPCC) A6} B7}X 1A (AR6, The Sixth
Assessment Report)o] W2, A4S} o)A ] 9F 1.1T
A AT Bt 7122 £, o, The, &4, HE

e I A% Ay vEet g S04 gt

Panel on

ol WPt AAY Beld GAPH FAo) A% 5
92 Ui, 29, 34, BB e T drsln

AL A4, A= 3¢
A AotATt. MAXRZA7]FE(World Health Organization,
WHO)~7} 2E7FSE COP26 Special Report on Climate Change
and Healtho A& 715 Q910 gt X424 wgo] THg
ZA%to] WAy} ofs), AP Hu STt #EE £ S
B35kt § Yo7} Lancet Countdown 20253 H 1A
= GAEA, S k&, A A o] A Al
AR = &S AAstTh o3 FF 7]
TR A R AV|HoR FEATE R
A A7 aRlew L5kl QS-S AlARRIT

TAH A= g ARlA B 5% 3 E 7
o} 7|3 A ZA BIF S Tk 715917 HrhE AL
Al 20250 2, 7] THBLY] JTF HY= S FHS
ol s|F JI7HA] S et o]t 4 WHIl=
715 8}of| HoRjt IS A% FES S7HAIE 7t
S W=t 20259E 7|02 fEyels 2118
Aol YT Ao = A= (KDCA, 2024), o]k
T TR W= 4T 195k} wEe 7| E st FHek
gt RHgAS QI H|SE HEA FTHAZIAL Qlth o|=
Qs 7|=®ist= gAY WAL ofs}, AP YES
FRA R A 74l St

AA R BAHY 2024 AFFAAFA TH=H
A {9, =AY gy 5 v
A AFRQ] 4d FEZ Ak 20249 7]+ <
E& QIgt AL 88,9337(24.8%)0. & 71 &2 H
Holow, AT} 33,53975(9.4%), HE 30,103 (8.4%),
HETAZL 24,612%H(6.9%), Gt 11,0647(3.1%) &0
2 HIEQth o&H] A& SHANE THES Rk
A vepdth 20224 71 S BgAd A A A
FH|= oF 83% o g YA SH, o] AA F=H]|9
80.9%0] SFIFHKDCA, 2024). 0|23t AFH] JLRE
1F QA F7te @A Fole A&HoR gid 7ts
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(2025)0] 7|83k} S B A Ho| gt A
9T} Shin et al. (2023)2 7]3£221S 7|2, A
7199, A4, 71 RSt Q149 bRl RIFR FEo,
AT AEE FHLE FY A4S FE st Oh
et al. (2023)2 ZQI} 7|2 A5, H71Y, 7I=2H
717378 & Yl 7HA] 71F890E SAE AFIFS
Fotal, 7t 71% 810 wt AghE RSt 3
25k h Kim (2025)2 2014WRE 2024 A71A 9] =
Aot FE 9 FA7H HuAE SHH R 1Fsto],
AR 7| 385k AT AAF R HEstn
ol HIF R FAA AAE A

J2u o3 AR ATES JiE 7158%l B
IS FHOE A+ ZE Aot o = 234
Aol AU 7|FHske} T AE A Ayt A
A+ Exot Ad HE FFE AAZLRE 4
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oz AUT AAE A0 Wgsty, 71 Fe s A
B 7 9 725 BAste] A7 Rxo B PuS &
QUskiA} giek. ol Fa) B 71 FMsler A% AT 9l
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£ 574 Q7 Ropo) a4 vz 2alo) Wy 2 54
AAH oz HegozH, A7 2] Aty AP =
Woii g AAES Helsis ] 24g £ ol
(Peters et al., 2015). £3] 7|THslz st A7 I o

ToF o] k=Z 211, t A9, A7 GA ¥ A% A%
7} olgHol3 ByAQ HopolAs, AT ATe] HI}
75 Fote AAH BERuEETD AT A9 H2
whale] BEE 247 volshs 233 Rt Agsitt.
S AT FHe 7T BE BE 23S ZgHes
57 9 2o ofd A7 Joo] YFHOZ
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o WAL S K sfersi o oo
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AFE0
2 280l G Sl theel A% @7 A

GHoR APt REG ABES Folel}
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Aok dold 282 EA4
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9A, 71 Aol Sl AT FHE ofre] &
Ast, olg oz FF ALt BAT PFLS 7ol

ol7}.
2.2, &3 AT =l

AN 20259 89 4 HE 202549 99 10971R]
200595 202574 2147 39 o
71?‘%}9} A HEAgS AEE =82
2 ST 200592 LEJFA 7L F4] TEH Al
7|FHE7E 244 A A= Aw=stE A7)
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Sharing Service (RISS), Korean Medical Database
(KMBASE), KoreaMedE& Al&-5}4t}.

24 A, Blole] ol 7k 54] BUS 943 (Climate
terms) AND (Chronic disease terms) +32] AAA1S 7
8ot wBHSE 75ad) Bal F19s, Avhast
AT B 79ES BEHATT nEES AYsE
Shin et al. (2023) FZ3}¥ct At 7|9 = A
A7QYEA 872019 ~2021) DA 0] 8 A AA Y
[(AFEAEZAL olgk AR HIAS FF1E 7|2
Qs £ d7e S oE AgEA AR A
B8 AAE Agdosn ARG Jude Fustn

A stglom, olo] uket s WRo] EgwA ke W
o A4 HelolA Ak Be A% FH] £7 9
g A8ste] Heht L PR i 2 8L
EYSHA] oleh obe T Ae] 2YS Foong,
9y % 1 B A ge B A9 P4
Aol AListeick. £A A4 A AgE F2 |9
Table 17} k. B3 5UT FAE ht 2L o
% mUHOR EF gIstel, A A o] L gol

2.3, 97 M

AT AL wAH 48 $4e B st @
A AAE 290 AR} 222 Belstel AT A0l
AL WAL, ol F A g3l

£ A7 s gustel vy ust go] By AgH
o BAW 94 =5 HYssrt
47 e 20059 o)% ¥k @;;qu, HER T

O (full-text)
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Table 1. Search terms for articles written in Korean, English

(@ Climate factors related search

terms (Korean)

@ Climate factor related search

terms (English)

(® Search terms related to chronic

disease (Korean)

@ Search terms related to chronic

disease (English)

N

T3}

159k, 7159071, A
g , 24,

24w, oY71%, 712, B
3k, AN, 5, BES,
wHeh JhE, A G,
G710, lAEA, Qaseis,
OJUBHIL, OF, oRHAIIA
RIS, et

Climate Change, Global Warming,
Greenhouse Effect,

Climatic Processes, Temperature,
Climate, Weather, Climate Crisis,
Extreme Weather,

Natural Disasters,

Natural Disaster, Flood, Floods,
Storm, Blizzard, Drought,

nESL, oY AEF, LABE,
1R AEEES, HEF FE,
NEANE, BAF 2HEY
Foke sy WA,
Foids BAY, BHRE

Droughts, Wildfire, Wildfires, Fo]8 2y gsAof,
Hurricane, Cyclonic, Storms, A SHESES,

Air Pollution, Particulate Matter, | $HESES T, AR
Carbon Monoxide, ABEA, b AAFRS

Nitrogen Dioxide, Ozone,
Sulfur Dioxide,
Volatile Organic Compounds,

Ecosystem Change

ohEm 73, ofEnly Hie,
g, ZHAA Ag syA
=0, 553, B9, FuhaA,
YTy, o, I FY,

1S

oHy AE, 2

gSAR =}

Hypertension, Dyslipidemias,
Hyperlipidemias,
Hypercholesterolemia, Stroke,
Myocardial Infarction,

Angina Pectoris, Osteoarthritis,
Rheumatoid Arthritis,
Osteoporosis, Gout, Tuberculosis,
tb, Asthma, Sinusitis,

Allergic Rhinitis, Pneumonia,
Depression,

Attention Deficit Disorder with
Hyperactivity, ADHD,

Sleep Apnea, Kidney Diseases,
Renal Insufficiency,

Atopic Dermatitis,

Diabetes Mellitus, dm,

Thyroid Diseases,
Hypothyroidism, Hyperthyroidism,
Cataract, Glaucoma, Sinusitis,
Otitis Media,

Macular Degeneration,

Diabetic Retinopathy, Neoplasm,
Neoplasms, Cancer, Malignancy,
Malignant, Neoplastic, Hepatitis,

Liver Cirrhosis

ol T =&, 2

7t A A=A ‘BJ%
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T o

2.4. 4ol 718

&%o] Mo SpF BoHo] o] o
o4 Aeistsict.

shu

E L‘d

QA% Ao 724 5
sterspy] 1% 5] ek
LH Aol ofm

e =& &

ole 7]& 1 7|4k @Ol tj7] A, Ay 34 9l YE3H

- 4 gQlog B 71 9 714} Q912 Hot ,
L': ‘L}ﬂh HX];Hﬂ JJ-EJEHO] Endnotee /\]-9-0]—01 Z]771-% Q2 ;]‘ftt- ]‘: :L—‘—] i ZyA2F gl l
sgsigon], AT, 22 RE sow tdon gr LA 71E HA S WY, 25T R ww
'5_]—0:1 A‘]Z{ 7‘Iz =z E]—O] 0]‘%1:]_ /K‘]?QQ Oﬂ —%’% 't/l:_\“(?_l‘tl— EH7]§“% U]/\ﬂ?l ](PMZS, PMIO) -9—"“(03)
EWﬂ;fM <iE zjéﬁﬂqxvpaLm@E_ o]4FeHE 4(NOy), BAFSHEEA(CO), °JAHSHRK(S0,), ™
i of| A= Microsoft Exce = o, T = 497\ SRFE(VOCS) % 9 g7ed 2 ousid.
SHeloh U WL A A R, AT A A @ T o
oz} 2=, g i W Ax) ZQ o3 A3 £9 El’Hl_ovg-?_T: ELHRQ:‘EI‘ Lﬂq']ﬂ—q-ngéo =2

T = 4T, =2 1_ ]41 5,_7];] Iy HaE _,]U]o]—tq ;\q o]—Zj' Qole 35_7],
A58 AAdos e, 2Us 2 ° 4w + erTE TR B At e
20 = wol A}l EYmoz Agstdon, sz ol TFO] EAL 5 715 Wste] met = gl
LH.‘S;_ ; oo 271 areyr A< 01?\_ /no:_ 1;_,];5 5 g 5 Qe e 8US uiRit A 42

T E= BR - < © *
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54E& 7H olgst B4 JE2 JfE A FAel &
I 271G FFEE Toke O 5HE FrEOE, =
W 71k a g A At Auke] Exel 25 o]5fs
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T F8 Y SHL FAHOE ANT - Y=S
B 199 FHE aopln A=E A7 Uy Bm
2 Fo) ARH 0| Blstglth. B S Hof, Uy
7k AT HA 99, AT A9, AT el 5 2 A

Records identified through
database searching
(n=2,594)

-KMBASE: 109 -RISS: 887
-KOREAMED: 1,598

Records after dupllcates removed

(n=1,452)

(Sankey Diagram) &-85f0] A|Zt5lstq] o, s tho]
o]1#e ¢4 7]dt A3 =79l SankeyMATICS ARES
At A tolol 19 B3 E-AS A AP Al
ndy A9 Ao & e A Ay 749 o
I 271 HEe] AAE Aol ot w&-de dF
Aol st HEo] k& Q913 AVARIYR

A% FES 7|E0 2 AFHR vjysto] A7t
AeH 93 Aoz A7t £53 49 34 Al

Els

P

B

% o299 T ot

B30, 201698 71H0R W AT0] Wgo] 7}
f

2). 20169 o]F AT 4= F7lol= FAA L A &4
Hah BRtd o 2 Ao & SiAEH WA, 20159
Aed st gAol 2016 119 F4] HHEHA 22
2A7MA 5 oy dAo] ZYSHIIL(UNFCCC, 2016),

Records excluded (Based on the title and abstract)

- Irrelevant to climate & chronic disease(n=1,158)

Records screened after the first
exclusion

(n=130)

(n=1,322)

- Non-original article(n=78)
- Non-human study(n=27)
- Non-Korean population(n=11)
- Full text unavailable(n=48)

Studies included in review (n=92)

Records excluded (Based on the full-text reading)

(n=38)

- Irrelevant to climate & chronic discase(n=17)
- Non-original article(n=12)
- Non-human study(n=1)
- Non-Korean population(n=1)
- Full text unavailable(n=7)

Fig. 1. PRISMA diagram for study search and selection
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Fig. 2. Annual distribution of studies on climate factors and NCD in Korea 2005 ~ 2025

ol A7|2 WHOE 7|$HstE +8 24| 355 9A|
2 A%otn 71gwstel A7 7 Aol gk EAIE Al
718FATHWHO, 2016). FWACEE ZHS A|7] ml&HA|
& Ago] R

e SEAY} Feb7]E 71HE vl HA]

Number of
Studies (%)

Study design

Time series / Panel 34(37)
HHA T A7 Eo] Z3EE itKorean Government, Cross sectional 30(32.6)
2016). oleiet 4B % AEA WE2016d ol F BA A con 665
gl = k1) ojo -]o] O]
.?_ E.'OO 07]-9]- cﬂi"\%ﬂld\e 7]‘?)‘3 ] }J\Tq- Modeling 5(54)
3.2. ¢i79| 7|= Eg Ecological 4(4.3)
Case control 4(4.3)
Table 2. Basic characteristics of the included studies Experimental / Intervention 1(1.1)
Number of Mixed Study Design 8(8.7)
Studies (%) Study area
Publication country Nationwide 27(29.3)
Domestic 88(95.7) Single region 44(47.8)
International 4@.3) Multiple regions 19(20.7)
Journal
Others 2(2.2)
Journal of Asthma, Allergy and Clinical
10(10.9) Study population
Immunology
Journal of the Korean Medical Association 9(9.8) Adult 33(359)
. . . All 31(33.7)
Journal of Preventive Medicine and Public Health 6(6.5)
Annals of Occupational and Environmental 443) Children / Adolescent 18(19.6)
Medicine ' Elderly 13(14.1)
Others (47 journals) 63(68.5) Others 6(6.5)
Sample size range (n) Exposure data source
1-99 6(65) Air Quality Monitoring Network (Air Korea) 52(56.5)
100-999 15(16.3)
Korea Meteorological Administration (KMA) 15(16.3)
1,000-9,999 23(25)
10,000-99.999 17(18.5) Direct Measurement 13(14.1)
n > 100,000 19(20.7) Modeling 6(6.5)
Others 12(13) Others 6(6.5)
Journal of Climate Change Research 2026, Vol. 17, No. 2



Number of
Studies (%)

QOutcome data source

National Health Insurance Service (NHIS) 23(25)
Hospital 22(23.9)
Surveys 10(10.9)
Statistics Korea (KOSTAT) 9(9.8)
Health Insurance Review and Assessment Service 9(9.8)
(HIRA)

Cohort 5(5.4)
Community Health Survey (CHS) 4(4.3)
Korea National Health and Nutrition Examination 333)
Survey (KNHANES)

Others 8(8.7)

Note: Figures may not match the total study count (n = 92) due

to duplicated cases analysis.
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Fig. 3. Mapping the scope of evidence distribution of exposure—outcome linkages in climate—health research

(Sankey diagram)
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Table 3. Exposure—disease mapping

Temperature / . . Indoor . .
Air Quality . Biological
Weather Environment
Hypertension 2 5 1 -
Dyslipidemias - - - -
Cardiovascular (30) Stroke 4 4 - -
Myocardial infarction 2 6 - -
Angina pectoris 1 5 - -
Osteoarthritis - - - -
Rheumatoid arthritis - - - -
Musculoskeletal (1)
Osteoporosis - - - -
Gout 1 - - -
Tuberculosis 2 - -
Asthma 4 34 1 3
Chronic obstructive pulmonary disease 1 4 - -
Respiratory (76)
Sinusitis - 1 - -
Allergic rhinitis 1 15 1 3
Pneumonia 2 4 - -
Depression - 2 - -
Neurologic / Sensory (2) | Attention deficit disorder with hyperactivity - - - -
Sleep apnea - - - -
Genitourinary (2) Kidney diseases - 2 - -
Dermatologic (14) Atopic dermatitis 1 9 2 2
Diabetes mellitus 3 5 1 -
Endocrine / Metabolic (9)
Thyroid diseases - - - -
Cataract - - - -
Glaucoma - 1 - -
Sinusitis - 1 1 -
Ocular / Auditory (3)
Otitis media - - - -
Macular degeneration - - - -
Diabetic retinopathy - - - -
Cancer (9) - 9 - -
Hepatitis - - - -
Gastrointestinal (0)
Liver cirrhosis - - - -
Others (7) 4 3 - -

Note: Counts reflect 153 linkages across 92 studies. The total exceeds the number of papers as individual studies may report multiple
exposure-outcome associations.

Disease categories were defined based on the chronic disease classification framework of the Korea National Health and Nutrition Examination
Survey (KNHANES), and conditions spanning multiple domains (e.g., sinusitis) were classified according to the exposure-outcome context of

each study.
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.3.1. M&®A (Cardiovascular)

o7 3%t

AL SelE ] RokrhTable 3).
P43 ATAE o 3L

EX ZolH AEEA 34U WE L 24 g 371

7t HiRA o WAEoH, 654 ol IFSolA HS

2020). E3F H17]L0lLt A7l 20| Fekaol AL A
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A7F & BolAe A HEEA A EAY o] Ayt
A o7 =715} tH(Jin et al., 2024; Lim et al., 2017; Shin
et al,, 2016). 7|2 Q1S EASH o= PM,, Y
PM,59] B7] o] A HATA Al L A2AN F5
T U719} #YE ZoE HIEQOH(Ha et al, 2011;
Park, Lee, et al., 2020), 7] PM,s =% =Y 4EHA
Z7] A Bk A9AdS B ch(Han et al, 2018; Kim,
Oh, et al., 2018). 1 ¢] 7] 49l o& F4Z
A folet WAool Q= ALE HIEItk(Jang et
al., 2006). AW 24 82 9 FESHY 820 EAT 4

T v ARt olglen, A AfolAs Ay uAd
Al =23 YA L8 o] el B2 EIEA

OFOFTH AN et al., 2024). Ao =
H40] FF o] glo], AU T4 &3 ZE 5 AE
3 =]

ot 290 2 U ES S AT

3.3.2. 2=2ZA(Musculoskeletal)

DBAA VL AT ATE F 190 FAHY
o S ATolAE B 2w st A b
A LR, R 2Ue] AmA 94 B Y
27 BREYT. B wE ALY 2D Aol9]

3 Ajolg B}
(Choi et al., 2020). tj7]& Q9l, AW &7 Q9 YES
A 821 Zgsto] TZAA HATE B4 A= g1l
A gttt =44 A% 1P 3olA HEES A
HEo] =A% 185E SHF R B4R A g1l
=R kottt. o3t Atz i 71 EHS-ATY Aol A
TEZAA Ago] A B =20 Bl FES] thFoiA|

A oSS HojE

F % M4 Be vEe st AL e
AT/} A0 J BT, A7) ML 202,
d2 o7, T A gu A 57, 292 24, FHlE
< 1722 gRIE Ut

et 7128 BErk BAO] £ Agoks Ad @
S84 018 5ol Zstglon, A4 A
JHAZC R QITE o7 7|H o]-&o] FTlek= Aol B
ZrE]9itkJo, Choi, et al., 2021; Kwon et al., 2016; Park
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et al., 2013, 2015). T3t PM,o, PM,s, O3, NO,, SO, =&
F7hs AA S E7] Hge B E S o3 9=
713 o]-& 7ot dHEA ATE o, Aofet 1P F
oA gL FIolA UEbGTHBae et al, 2008; Choi et
al., 2017; Kim et al., 2006; Kim, Lim, et al., 2022). 7]
o B4 A7 &2 Aoy} HH I o9 9 A
o 3 =719 #HAE A TH(Choi et al., 2016; Hwang et
al., 2014; Yu and Jun, 2021). AW &7 Q913 AHESHA
8212 A &A% A= Wi Aol e, H=
14 Q9L 72 TR w3 B4 Faso] +PEY
TH(Kang et al., 2016; Kim, Park, et al., 2016; Sung et al.,
2014). ol3iet A7 BEE g71og F40 BAvos
= AT U A &8 FE0] vtgsr] o"HuE

3.3.4. MA-ZZAH (Neurologic / Sensory)

AR A4A ASS gAte R 3 AfE & 240F,
T 2233 gi7]d g9l 79 AAdS EAh
PM,s 5% Aol AFsl= 654] oA =8l FetolA
£ 235 Ado] BAZLE |ostA S7Fst 2™ o,
Ryu, et al,, 2021), NO; le& 5 371 9A] &35 A9
3719t ¢ AT|AGS BT oA A2 1P FolA
H& FSSHA YEETHPark et al., 2024). 124 FA4]
A 2253 ti7]d 29l =3tE o] glof, 1] 7]
5 Aot A7 7|5 #gket &2 AFA 715 HEt 7]
T wEo| wgt oA FHEAY ostE =R TgEA|
A koktt. B3] Q1A W 7} 7|5 Wske 7] dAoA
HEoldg o2 yetd 4= 9o, 49 AR 7|Eo= 3t
A AE A7 WSt S8 E8uUA %S 7HsAgol
Act. o2t M4 1HFY AA -7 7|s HskE A
7 A AR ZIotE JLL2 71E BYE Bdshe

o =%°] 2 & At

o]

3.3.5. H|'=MAH|(Genitourinary)

Ml AA ARE BAS AT7E $ 2408, BE 4
FABY 914 89S FHoE SYHUt. AR

PMj, ¥ NO, 5%7 2 AHo = A7|s A&7 &
AX o7 {951 A TADHY S ™ (Kim, Min, et al., 2018),
CO & T7h= GAEA 9] AMY AF S71e A
HoZ Fo5t A¥/dS EYTH(Huh et al., 2022). H] Y
AA A 47|15 A7t A7l AA FAE= v

S g

=
sl whedalR] Eslqt
sjo} -2 7] 49 W} A
2~
T

EFHe], WYABS THH B4 WIT 5 9

B

3.3.6. I|27|(Dermatologic)

o52A 23S Ao R 3t AdFE BF olEr IRy
o A= AAeH, F 14719 FAlo] FIF ]l of
714 8R1Z 4% AtollA= PMy, NO,, SO,, CO &
T 37 ofEu R fE 7L T4 A%t 9=
713 ol-& 37t 49 A¥dE EUth(Kang and Lee,
2022; Kim et al., 2013; Kim, Lee, et al., 2016; Oh et al.,
2010). AW 24 821 EA AolA= AU 3714
ofgtel AUl 2k 50| 4ot ofEx iy F4 o5t
42 mR SEE ZRaeh HeE A3t TEE QI th(Jang et
al., 2020; Seo et al., 2015). ESHE Q1S EA3 A+
N T2 12 2719 TS ARY B8P} ok
AnRd o ol F79 BAW o= Fasign
(Kim, Park, et al., 2016; Sung et al., 2014). 18} 7]
T 55, A B, AT wgo] FAO] M 1
329 B4o] v ATE Fel=A Yok Aofeh 1
q3e W2 B )53 e Bg 28 5202 A
7 ¥sto] o e S 9lonz, dAYgd EA4LS 1
oS = w40 thEAof gt

o ot

3.3.7. W£H|-tA} =& Endocrine / Metabolic)

e 2 gt B YO FF AT BE Fie
¥e FHoE Y=o, F o71e] Bio| glxg)
 AA A% goR B AT HelEA ot

©,
N
il

o}
7123 BEste] A2 G e W2 VR 455
FE A (HbALe) A7 A YEFEI(Kim et al,
2014), o580l = G2 QI SFA HiE T4
o] Z7}5}9ItH(Cho et al., 2018). E3F YA G
ggog 3t AFolA= 712 Sl EA A Skt
ot TS HA, o3 AT shdr|o B
=354 UEFgth(Han et al,, 2023). 712 2912 B4
3t Aol A= PMo, PM,s, NO,, PAHs =Zo] Tty 4
A4 Fege] I AF 571 2 AL o5tet e
AoZ HIETHAhn et al., 2024; Kim, Kim, Choi, et
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al., 2018; Sa et al., 2020; Sohn, 2016). A4 &3 £+
gt LI W AR 2E SV GAl A4 Fi
1Y 33t fojst AT/ EATHAhn et al., 2024).
HH, BESH &0l 32X 7|5 ol oEA dZ
HEeAE BT Ae 86 SRIEA] gtk A
A%k BEHY =E22 T e B4 &

g9 2EE oyt TEE V] 4

A=A1E olsfist= o 583t

3.3.8. Qtut-0[H|Q1Z Z&HOcular / Auditory)

=
=% 2407 & 370] &9l
A, gy BESE tA

oh

AW T4 8%1Z BAS doA= AW FEAd 771

5 3 1,3-butadiene 527} 25 WA 2 9
7}t 0 (Lee, 2024), 714 W olAtatetd w%
oAM= =W EA Aol 7ok A
ZHe| TH(An, 2024). 12y bt 9 ofH|QIS 2%t
QoA §H Heo] & Ao E+5t
AT AR gi7]d 8]lo) gY=lo] Qlo] -
715 A7t &7 k2o whet of @A FRH o Y
A A3t =A= ABEA Zotelnh weba 11gSe
Azt 715 Asrr 4 &3 oj9A AZEHEAE A7
2 THOA AoRE FHo] 9 H.

o
w RIS HE =
flo ol

= ol

3.3.9. (Cancer)

A o R 3 At
HAHA] g B4 AdFoAEs HeS SHoZ 9
A AT AP 91 SV ERIEe, A7] PMyg
&2 oA Hd HYET AFTE TV BAHLS
2 Fost #HAPS EAtH(Hwang et al, 2007). E3JF
PM;o ¥ NO, 5% Z7H= H 24 A 7kt &9
A#AS YERH A (Lamichhane et al., 2017; Lee et al.,
2022; Park et al., 2016), PM;, 5= Z7}= 9o}, tj&k<t,
A3 23gt o ABE AMTE SUHRbE HEE
tH(Park et al., 2016). 7] PM,s =& =43 AolA
£ WS 2T & B 27| AP BEo] At £
© 2 H7}E]9) 0 H(Kim, Oh, et al., 2018), A|¥ 2 of
A PMys o] W H AMGA = AL 2l
oA 714 =7 et thHan et al., 2018). E3F o]AH

=

=]
iy
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A & A7to] 44E HgS 23T HES APYEC]
Z27V6}9. 2™ (Yu and Jun, 2021), AFGTHA] Q1

I Z2EAE FOR T AoAE o B Aol A
A0 g2 =4 HrtEQthJeon et al, 2025). J1#Y 7|&
Ate FE WA =& 2HES T o], 49 &
FE B4 gt g B0 wE 3 € AN 91
9] Ztol= FES| HrYEA okt ol A HE=
Ao FEHL =& EALL FESH] o T AFT A

2 Wlmsks 249 Baye AR,

3.3.10. 7|EKOthers)

Urgae

PN QG BHE Hg3gon, oo AYHOE e
A e A5 A Ex ol A AR AR A, FelA
sk QA 7% Wk A4H AE wskE A7
Sz 44% A7s Eset

I YPFL 5T BP- AL = F7H A
AFg, §88 B710h BRSO, oleiet ABAL 654
ol mHEFANA 7§ F5HA UrekethChoi et al.

2005; Kwon and Gal, 2025). T3St 7|2 A4 2712 7
g S7FeF TRAEHJL, 32 A F2 FE T
e ARA B W] Z1e Aol HRE ATk(Ha
et al., 2012; Yoon et al., 2011). tf7]2 Q91 EA3t A
TolA= AR keEo] AESHY 41754 X # ¥S}
of dAte AoE HuEch dAol Z2 mAHA
Z 37H= AotolA ARAEA A E A5 TAES]
O ™(Song et al., 2009), ARAoA= ¥ TR W3}, QX
715 Ao}, & $4 € Wd TASFE(WMH) £ F
719} A= ITH(Cho et al., 2023; Jang et al., 2021). Z4F
Hog 7g Juo] xFH A= g 44 o " dA
oA Uelt= A48 <

g3 At &4 gl ZZHQ A% A s
) 4 SlSS Holsm, A% 4 EATeEE gl

!

37 ofele A%

4, 4=
B o= 2005WEE 2025714 ZUjoA] EEE 7]
SH3le} uhg Al I B3 WS e s AT g
HE $3s513, & 153719 =523 dZ2L AAZoz
ujgstet. 1 A3}, S 7| SHs-rHdEs A= o



71 bE2S FAHCE £ A4t 7P gter, £
B4 i A3 SE7IAS AEEA dgo= g
R

A7 47 §3L AvuE AAG U 9d A7} 34
Hog 7 Wk 30H, ISE AFE=6
H, A A+ 19 2H ol =W A7t Qi
EHTE =528 7F AW B4 & 23S 7L
FPH o] F5Z Holeth B 9L AGS Yo o
AGE M4HOoR s o] AT Wol, E4 A &
9 B4 iAoz HSH AF AFE IRl 4+ AN
o} Hole €& SHolME & ¥R 7 di71d 2
Y AR7E 5T%E 7P wol ARGE, 23 WrRe
THUAZEASTE A=7F 26%E 7P B2 HSE AHA
sto] 33 HOlHE &-83% 23 Am £40] A9 F&
o]Fi YUt ¥ 7| £ =EE AYSHA IS
T e BdE A= &8-2 6% EXsH

ojgt AT Hxol IS HIF o R, FF I 7%
AT e AFolME vt &2 Al 7HA] 9ol
FTHACcR vd dart itk

AR, =& Mg SHoA AU &4 8113 AESH
8215 23t 249 g7t g H . AgAe] n=
A 7SS AU 259 $EE HIAIZ|AL, F30]
A% A 571 BAE A2 4 Qe 89008 HuEHS]
TH(Cao et al., 2021; Gradeci et al., 2020; Mansouri et al.,
2022). T2y 71E A= w7 712 SAT ARE &
&3 di71d =& EA40 YFHo] Ao, /A »&
9] =&Z FUstA wtgst= A= ARHE oIl o=
HZo] Boljt 35 24 2w &8 7ol €71 Wi
o7 M=, Holg FL/Ago] AF FAY s F
Shot= 24 9902 ZAEHPE 7= At ET
U BAom AgolA AFEH= 7Rl AFA HETE Al
T Ee Al 9] HREs S AFor s,
7Rl o] AUt e Brlo) 23 AT EA%E
. FF AFofA= olRt Am F29| AokS gt

"

7 AUE A e A, A LS5, Bgol, 2
A% 5 TRt F 2902 Eekt £4o] avEt

£A), A7 4A SUoIA AH g Bt P
sk gk F AFE AAY L B AT 84S F

N

o
2013} A% A3k 7 BAS FAsE © Jlojs) ek o
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