/ 2026 x)93) 734940 53 Eco-Health Foru\

D= o809 49297398

Fire and Public Health

94: 202649 29199 (F) 2324
ownline forum

33): $73 74945 (sco-Health), B2 AA Y3,
QAPATEFIY, NP EEIY, B3P EIY

AE): A5 P25 (A3 23=0EY)

L1: 32 ANAF N - o) Z2=) 35 (=) RPN}
P2: AL

- 20264 R 32 A): QAVFELY 3R

- 20254 33 T30l A): 3383539 427

- 2023Y/20269 VA NPVYEIAY 243
LA)=: FF3a08 g2} - 98T 34 (24) )
Pi)4: NN} IPVFY - 3 25 (39 o)
3¥xd

- 20254 33433 3937 FEPFLEIY A28

: ¥9): Holl§ o10-3458-7422 (R UVE)




i
o

e

PR
et

o} 0| M 2IX| Gl P 2kaj e M

 — —

e —

————
. —

—

——

2026.08



M =

01

X
Xz 40|

of what S ehe

ok

HE OHOj40 HE Az HE gl

I



22

HX[- = AL X

’

=%, Oo| S 4/FE 7tsd
=~
S|

PN
(=]

CRAE=

=1
—

-
K

HCI, NOx, A
= 7| = &t

b

IR
=z
=rel
K &r
w KO
N =
S H
e ol

~NH

NIST; UK HPA review




RO

100
80

@172t “A|ZHS70| Ch2C)

wrKF
K<+

_/O_._._

Py

& 00
o _, ol
O <}k
O ol -
Mlﬁ.A_u“_“__._._._

vl

oo
N K

- o[
= O
O wjo —

. il
up %2
JH _.7

SetAL

A “leE W870] 27t

I

g
[ =

III
=

7

Xt
o

O

(0] J
LS

X

}

Ms

KIr

Ki

<0
=
10



=
w
b
0%
g

CHehat 8 Al 8El

AZms At QA e nZdE &

HE3} X

IARC(2022/2023): “A B2 X e Z2 AFEHOA| 22/ AZ(Group 1)”

- GAMM S (PAHs, PM), AS KR (A H), A8 =
(PFAS), L2 BiE S %a.*i%

o X = “Tt=7E|/sH Ml (overhaul)” THAO E TR 2
8 “ts

+ PPEAEUCZ SEOHA| WOt NYE, =275, 428
SLEHZO A 2R

IARC Monographs Volume 132; IARC News 2022.



mr
od

r

et Al “8el

3
=

O|E7Q} FEH|

. 2= O
S -

Kt

10

SRE

1

=z
8r
oF

11 M A|

)

A X H

£ 2003-2004'4 Xt

WTC Health Registry



Kk

CHehat 8 Al 8El

sto| B 7| E8jj0F

cha ch 4 &

Al
-

HaXtz

|

ol

K

2
[S)

A2t 21K
=Ll M F
| 20|

Z=A}.O
S o

OLI
H Zo

PN

S < <0
ol

ol yr
31 ED
Rd OF =
IH=F gl
NEUL Y
Bl KO




At

06

ol 2] AbEl Bl

&0
-
~3
A
Kk
=3
3
JE
%

0|2 EPAZ}HF-PM & L|Ef

B L|E| 75

Moss Landing
HHE{2] 2t} (O]=, 2025)

K0 0
~ KIr
=< RO
<M Soi!

X0
B
il

Mo

AlL

H-01S 57 + 600K} 0|4 FeA

a

East Palestine
X} At (O]=, 2023)

7 e+ 2L

PN
o

Grenfell Tower
3 (H=, 2017)

o
=

oI+ 30| of 4

&

WTC Registry
9-11 X{ 'k (O] =, 2002)

ZX{: US EPA Moss Landing/East Palestine, RBKC Grenfell Public Health Programme, NYC WTC Health Registry.



|

-.

| EEaEa : f
Ik' 2|'XH = I E— lH B , || .

ﬂ“”ta

¥
B === !

._> _. ol:
i"‘um ; A-L




07 0-24h
HrE 8 @

x7| 24A|7t QUSRS «EK| K| L= H|A

o

o)

of

=0l |HS
x
T &7 Hix NERE F
S 2 =
CHE 7 A SH =
o AlL{CH |- CH )
o AMAZEH+ A7 I'%oul' =L Hx|.||:| H|:|-7|
q Slst= X &3 /5tE Hlu PAHs =22 oA 3 /& EE
AERY SR e “”Eﬁﬂ =7 OHmtE &tu-2 YA Vi&iwl @f{ FOFRTH @M EX]
FAX 2 HHHE“EDQ o IH+0|5 55X
ZhX| S A2t M =



-

K

K

IIE
uuuwi_.
MHr &I odo

o %

N Haiar

— TITF 0

N K- ZKo

1/

.

{10

il

Kl

~NOTl
Mo
<d=

IR
K™~
K-
~ o
K0o038r




=
0

e 09 AHuu~

EGA- X[ XA

M [

1 i I

\l‘
‘\

[ 4‘4‘“", ||

AKX H Ao “2 B2 MUK E S4 HiA| Z7|= & Xt 229 Fojof HI|=X|A FHH2 Q1M SRMIE S #2 713 chs|o'S JH[sta,
O USE] B ChS0) 0|2 U SFAIY SR B2 ST 23S SHRCtD 23 HHC

o
-
ne
N
o
RO
o
o
\'
no
&

(



AE

M3Aze

10

or
jo0

10

oA E

Al S0{710F & N3

n

off 2t

il
I

ISP L

|- AILHCHT-Op 2

I

-9

SYH7I=-BEHE A/ FAHKX|-o
| AT A

Q| 20| - e[ JEl /I EE

—_

oF H

F

-
o
-

AEE XMIi=-MSDS-H{E{2]- M EX|- B2t A El- 2}

HE HEo| HA| =

2=
= =

y|
=

of

@

t71& 371 /0|

ANz HdU-E

I

PM/CO 2 A|Zt + VOCs:

AZtE

- M=

®=

#"7} ofL|2t “4

= HF
= =2

7| & bt



e
E)

=2 SE A A

St
=1

|

)

(=]
=

Al XXy

[
[}

(@)

M k: RIXEM| 7 HA

Al 28H

2

My

ArE-Z=AILEE-FAQ

=]
= o

Aa=xH

10H -



=2
T

o

gie =

.

sHl=

],

(]
J s

s
(@]

1E1 8
=

=FAE ol A

Al 72 189 28 64] 54

A ST &R

T X o — -
Tty graEE  gsuzE ¥
- ol _
e ﬂ%%%ﬁﬂq o g RO KU W WNWW PR T RN S
(uy e e o AoﬂmM = o8 iof o . — W o) R KX e
ey ]]ﬂ. Jo my — o5 A e::&ﬂ o] ™ X
(ERENT ﬂMoJﬁo}ie U H o I ]meL ol x I T
TG ﬂlﬁ_.uue,7q_um_. o__._._ﬁoo_u_ro ) 3 quﬂHo]e_e
Raw Ko s P R ) oo <
T IR oo o o T G T
o ) — 2z =0 U w %_u_elnl T iR T 1o X
o K KQKL.,A]_AE o =] < B T (T p— — o
T CaRT: DB g o < A L T
<o B W%Mieﬂ%ol @%WW% w 4o D
=~ o = u_hﬁo.mﬂ_lw_n_eﬁx_' ;Hﬂ.e oo Hmmmeq \__I__KEL_LMML&qm
i T A
4 % e oo LR e A o % My o MATq mawot%wﬂ
ol o ‘ﬂ_Axﬁ -~ NI _’.ﬂ:ul,.q ,Om_xo_| [a's)
oo g Ep T LT 4w ﬂaﬁ_gwq W5 K o o w g
o XP L L_Lmﬁnﬂ o 5o W = = o-uq mMmu]Lt%ﬂ
Ql_“__.e,u| Hon‘A_H]Honmllﬁ = oF m._.e o ~ o oT k- mo o =y % B
7 A @ﬂﬂ% =) oF N K- Mo 4 gD _ﬂ%q%o.m
“H g N ass IMPTraw X g 2"
— o or 23 - yA.._ o e O_ — = ,_.__mu __A__| —_— Eu_ ‘M H__.‘_ o _._._._o
o Rl _nu._nu. oz Ujo or Mo of < K° DS o oo S
oo W o = | . A <F & [ iy
oy - _nu.mﬂ G ﬂ_ﬂﬁ/l_tﬂk ol i K mmﬂ.oS]ﬂ
gw®F wyZfaid Tekesww O w NG
T J] o g RN gy o __O_quo__/ﬁ_x g 9 « _uz_wrc._:_'mx
TP T = ?r % JJ OF (LR __gh_clleﬁﬂ_e._‘__._ = A% moﬂ”ioE.,&_E
— 040 - ﬂ Ul ,A_lm_m umO,OI v K,_ﬁ KO }gu ﬁo O_H - Q .M
. TaBERT g g T o S s
= _eﬂ_.ﬂ o T o RY gy i° o - o i il = ﬁﬂ LR e D gy
= g rUCHC VIR ) el S o’ gor R o &
yln_v.ﬂ_uT.l Ll._nuuw_Llo_‘_],mﬂn_.ﬂL ,__ ]}_._.c _ KO | . y J.H_m_._.:.m‘l
Aw < KL al®y PTG Keadwgy &8 &L
R o T mlﬂ%iﬂ Pmﬁﬂmeoé o %G S i ok T oo
ﬁ_n_ﬂ%M _m%axo_.__mn%mm x__k%wuuulot% Mmﬂme :._ﬂmﬂémc_o
8] —_ . = 0 3 — il N 0 XY W

W ome g U TR s o BN o X <D e <
B K- wo B2 5 < E o oor w00 D oy Ao L
S N TN o T e T of &% 2 &
. o oty L.O_ .q] ]lﬂu N K wr
AR CIRUNCIV oL T oo P X S W
= A 5 T o0 < njp K o+ B oMo =~ 7 o = mo KU~ 0 In
K = o8 T = o~ L ﬂAl A_l 1__11_ Gl =0 5 M < I n_.E <N O <
ceBF SriEgE LThERE Cfad g G.g
K K N 1] o Pk ) — © N © | =T
N Mo T H BV AT A W 225 5w
BJ o) I RO _UO._L,RLMH,A E.E.WJI,WLC._R qﬂlul‘_o._ﬂ_mo = ‘q__om.l
K gy Ko i %c_o e T R Wu_ W.I_JL._O ®o H R o ﬂe.__ @MAHH
_ A.._E] o) B of T Nﬂ < '~ 8o Oﬂx,ﬂ\o;_ou
o T ®) .A ' — = K
oA __o‘_a.maﬂc_oﬂ.&_m E,Flﬁl_otﬂ HLJUuotM R oT mMr 3T
i oW E NT q__ﬂé_%o T ol ~ o<
Moo B o Ap



AL Qick @A AAI7F ek e AR FRoA o] gt wFo] He Yo
Whe 22 To| opyck,

)

Y

Lot
r_E_‘ mlO

=9 s Alle oA i-sel HH7E oA7bA] GoiAMof steAlE HolErt. 20259 0=
7R3l Uol A viE2] AAAA sHx] o U]2 $§HESA L X|UAHo] QXS Hho} 3}
A A o obg 2o FYAES MA. viEl) shAlolA S8 fHE Belsae)

YRGB WE AL, 1 s pA2 BAVITI Koiatslo] 2oEUA, AL

of tjue} A7}WE RA| Als Wrio] 2o}y

20239 ©3l0] 0% o] AE ARl §52AL ML st SRRt DASUA T

T2 spiet 83 steleA 9EALLIL WA of W Abn @ga Aloirtsl gU1W W
1 ; = o)

ofUet 29l ZEl uka] £AF tjAto] e ojA], O
M

A U]

g
AT FUAPNE S SYAT. T SHBVYYSSHL Tyl FAl Axe 5, ©
R018S RARIE SISIEA wEWILE AU 5. B BYW XU AYEAS @A A

AHgt Zloltt.

2017 = TAWERY A ol oia] WYARE FH 71D AAGHL, 0% EY
| 3387 2273e @7 YU AR FFUAYL {IIET YEAR

Abet g7 =

ofyzt 7 ti-gxtet Alganle A2 A7IAez duos 92 2T S =A<
PFARLZY opet F7IRE el&=o] TR X|GAte] Afdez & Zlojot

7 WAL BodS 7P 2951 BoFe Atdle 911 AAIFAIAY Aol Al
oF o= SE=2AYSEYS 20028 AAFAAE AASSAAE HEdL, 2003 F7H
200497kA] fLxthd, =24 FRvp s 5 7RF1000% o9 &%= ohEth ol vhe
EALS & d A, : oo, &y 2ol o

ol Selw FARY sprtolold hY ERAL: %KJ WIEAE SO Ak 3 o 5
B A 239 S Tl :

A} [e}
Solot Tk Rolte &, StuolHol ol RYANE FHOE 0% ARIE WA
o Uigolnh DlA|RAl- LAetel A S S 718HER O] AAIZE ZhAlek A WAL 5 e g

124, ST L, 34, BRY 29 Co|SAY FULS BAY & Jr AUE
& Al2g sesfol gtk oy® obyet AXWA|, £ AUHAIS g 25 KA o]
EYE Btk B4, 59 dae Ged ‘ 2



wE

L

of. A2l GAJe] AFKeE YA],

ol

ot of™ol,

]_

f s

<)

floF

[9

FAROR oy

=

=2

1 94 o]

EC

.

—_—
1o

!

e

127]5: 7iIPE B s AA

A3t o] 2ol

=

o

5]
a-

[e5

o

7

Aot 7]

a

24

=}

]_

s

S

IFA1ZE, S o

R
AAT 2 glojo}

el
37}

=2

=2

Al

mr

A3} 2]

A= AL

IS

=
e

)

171 o

<]

],
o] 7]= 0]

g A oA
A AA ol =

=3

=

A7t wA
Ao
%

=]

115

4
o

x| R}

=}
=
N

floF <t

9

H

oA} 7]
S ERE

-
o
=
LA

]_

2
=2

=2

[}

gl

Jod
pS|
=

71 ©f

o

o

, BAa A9 o

Al o
AR BE, ZUSES} Atag)

AR} A2

=

],

o
jis

b &z Al717b

9

Joil &7

wE Zlo)A]
z7

=2

W 22 A2 =E&ak A Atojo] @ Ajto] AT

aek AR »7E EA

XA

of. WtE At

X
-

=

23
=}

olJ

=27t HojA s o "o
1 Q7 J=tt.

o 3

sl A1

],

=

(el

afioF

9]

sy

=

& A

yo| 7] Zolct.

o]

Aol A 7t

o
b

—

7

a1
At

st



(2 4
LU
>
@
o
-
o

OHH LI

3 Hg

=3
—_ -

= ot

210

2

SFRH Af

vl

X

od

o
e
0
<
©
AN
o
N
oll
&
ol

01/ 12



02 PROBLEM

118.04.13. 21X Olgigl=t oHIN

b
- o OISl GUAX|TH StStAF RN FOjIA], T
o Eatoeend = SPECH 2 W8 HBEE %
e o OIH 37| & AFLINO|EC=E =H &
s SN o SAJ|AIZ LM|SHHT} HA CHES Z{AHE|X|Ot
sfet2E S20| et FAL 23t A of2iS.

18.4.13 FAlA J2H% 2RI 2|} hokma@newsis. oo

[AZA] IHA| SFHE A IS HIA| DlH], M7 X2 HIES 22

At X} 2018 48 13Y 11A] 4TEZ(UTC+9)
AL R i
QA SHEtESEAIDCHEH|AH| OFAE|0] UX| 2230] Ol AfDE Sl =2
At X7 QIE Al M7 W 29102 49-6 Of2i|etEt 3 E
SEHQ ADCHS0HwE 2/35| OFEstD AFHE 8! Fu s TIA6H0F
= 1[71#]
sl 12 M7 S 7| XXX SHetETOIHT2| X2 FESID QI21nt ol FsHo}

- -4 — -]
i
-
- Dg. |_.




02 PROBLEM

118.04.13. 21 oIl

OIH SietEE sinl
139 9 11Al4727]

QI M7 7IEE SISHEE B
OF 12A28 0 S 3ciA| er '
AT L
b=
LA

=1t/

08
O
H1

18.4.13 FAlA J2H% 2RI 2|} hokma@newsis. oo

20184 42 13Y 11A] 4722 (UTC+9)

z
k=
k.|

it
kJ
0 e
1] 3

2t

AtD X H O|F 2hcd A| ML HitH 2910H2 49-6 O||gt=r 2 &t
B A} 1 ZIE]
o [71E]

o OHIH

o 20154 QIXIA| SjS2EIO| B0l BSH X2
/

MIE=[R}X| 2 0= 3EHZ TS | =& LILX]

oro
Lo [

o 0| 1X} (2019 ~ 2023)

2028) ITA| ehet= &

O}

2Xt (2024 ~

M2 A2 o

03/ 12



02 PROBLEM

]18.05.21. 2112} QEHHIIS SHHLLL!

=M - QEHHS SFAHALLL CHS HHA]

04/ 12



02 PROBLEM

]120.11.19. 91X L}

2020%A 118 19
RF 4A| 12E(UTC+9)

SHH

(
aL

9F

3E

s TS 685-THX| HSST A A SEE NMERM 5%

= O|5| 2 A

K 2012 Ol AAILIEZO|2H= A2 QT2

o}
J2L} O|SHE 7|2 /10| MELX| IfE 2 X|ZE|HAM $etE 20
==
A

SsSCH o8 = 53 ol

S N9 AFZ0|2 .

T T=2=—

st 0

CHR| 225 2K



02 PROBLEM

L"".q-i--

Het MEFE 22} Ol F&IH= A|Sh=XHE

202444 88 1Y

UHEHA M7 HEts

SHRH

B=3%

o114

124.08.01.

clOHIEE Tlol==XI& 1 JI1I oHH

o X[o} F=XIEOi|A F7| Kt 2FAY
o Xk 1400CH ™4, 9590 ==
O

o HIADAITHT} B7| S EFT, T Qo2 128 A
MEHZ 740l OF3F LTSI Lok SHRY AFZA0|X|2H 7
xbo| RISHEAIE RITSE SLEX|2 HISUA| CHEIE
THARA TIoHoll CH$E ZHE S8 O[O{ZIX|Bt O HIHX| 5
51 ool it i=oli= o] O|RUXIX| S

o Al MHO| HA HAJOLE, BIZHH| SHEK|= &=




02 PROBLEM

126.07.18. & 21X [l 32=FHE OHH Li1!

2026\ 28 91 H32SFME| 311 A2 o OIX MLt=0| Q|X|3t Ant 22 MIE{0]| A S
4
o £7|0f| ZASIH XSO = Qlol QIHI|SH= SAUX]
= OEXXIZER] 61A|ZE 2HEITIER] 2F 109412
| e
. CHI| Y2 116ME 0| Z
i
| 14 lazolA]l AjB)T Zi X|2026-1734%
il ' T L4 MUE 224-8 3B FEME oY Mo B
ﬂ’ﬂflm O3S 31
=
AYEHY AMTAAl Mol S 224-8 FYSHAE Sf2 A8 siY UAE

%3] ojgol wje} TR R QrRTR] e, A0EA Y] e oy

F0] oE Zo| LIHASE AU UH.

07/ 12



02 PROBLEM

} 218 Hl 32==4E oHIH 114!

5
a2t O
=
<
=
1
W
o
o
o
o
z
o
W
o
o
o
2
ok
X
ale

ATEAZREALEH. 175 TAL
o RHIPHIRE 2 SHHX[2E 7| &= X] O, LIHX|=

I = =21 3000] 24 mlsl H

| 14001 42 ‘7| EY' o|2H| 24

B i 2
" v 'I f i I.l' '| »
; | L I [ .
1 i [} - E [} -
I_1 & (5 ¥i E : | .'. ™ F | )
v g K
" - 1
] = 1aredl - it - s a1 ¥
e T o 6, W |2 a5 a8 o | o \
L b % X I ST = P y ' . - h
i3 . ey 2= = = y— | ITETEL v —
T 3 -, = 2 fan .: | |- L ] f - ain !
'| {3 ¥ i T ] ' -
; ¥ F [ - = el > m i TP
S e ; w— e e B V) SRS R, s
r - 5 - v - SIELE - ]
- § = + 1
| S

e
-
N,

1 .
— UM JIXt 2= 2026080419:08 202608052k 6%  HZ0 ( G PROIM ISR 7|IM EHW)| +




02 PROBLEM

126.07.18. & 21X [l 32=FHE OHH Li1!

o ISl HA X+ 2F
T =RAUE (498 228-4) Ol o — o
_10]| tof2f EH A

K78 182(E) 2t 4'es Y SFAME 212 2ol 2 =}
OlcHE H 2 Al 2 R2EN 22 #I=28l 25= EELICL

FE SRUEE 2B S0l 7Y SEHEMH|A FTRIAHCFS)|A
g Ijol &S 7HAIOHK Ok2l2t 20| ZEHEL| 2L Do+ SHAM=
Ojol &0l AF2 SIS AIZ HFEILICE,

' I
DISHRIQIME] (B4 AA| CHO|AE glAf2| =X| 28 FOUEC| HEX= XL 18 20| Lt MY S
- 20177t 2026 72 27Y() ~ O 30U (L) [ 2 ot SFMEF 232 300~400m A0l QUCH F2 2 RH(45)M = “Fu

- EHA  AISIQIALE H2AIAHE [HZEo AL 2
(QIMZUISIA| AT 7P 233582 3)
- S%A|Zt: QF QA ~ K BA| =0t
A

=4 | — = =
‘T'_-H|E- “.‘_l-.'_—E

oM TH
n
Q
=
ne
A
=)
N
A
it
- I

09/ 12




O3 INSIGHT

| 7PHd?
1. I3 £%0| & £|X| oH=L},
a. QIMA|H ASHAH T A0] A CH7| = DLIEJR 3t Q12K
T QoL LA 7|22 7| Bl
2. BLIE{ 7|25 B7| gSCt
a. 2H| QICt 2Hs A= B 2. AlA|ZH 20l of e

3. AlsHO} BH= 5l AL

10/ 12




-
L
=
72
=
™
o

0l
[

Al

' T

X110
g | -

=
2
—
M
[H
Ol
L0

al
| e

11/ 12



04 CLOSING

0= Cl

THANK YOU
= LI=LILE

17x| SHASH Z=AA] ZEAFSHLICY

wgxt | oz

O|H|& | inchon@kfem.or.kr

ezt | 010-3131-0302

12/ 12




2
(-]

}

At 72




1. AHd 7l 2

HEM Al ™ 4ot X1 ™ At1o| 44

20254 58 179(E) =2 EO[0] 2% EtO|O M ZESHO|A CHEFO|

Q™ 7A|Z4 25 HHzH Sofztst= 20| HASH oFXY
(T2 o SR A B} — Tk s*aHHE =

L

SA HE | WS Yot wa| FAWETLE Hof, 0| HAHT O{C|NHK| FHES OB

T 2EO|0] SHMAIL | 2HEEA EHet S -2



L=
o

2. Ak f{X|eF =7] Of

wa

K0
=X

K
Jo!

ol

Ho

K
oF
il
=
M_H
0
ljo
m KD
ol o
Z0
£ S
s H
o ._o._.
~ |
R o
nd o

i
-
= i
-
K _
T . <0 __
0 fo s Ol_
AH ﬂ§
Al L
00 +HA_H ME =
Bz i
0. = XN
_%I RO o Ty
o 1o g
o AR X AR
K moml = ol
H o< 00 o
— AN AN
< &t T S5
] I
B
i
ul ®
g &
=2y H RIRD !
s¥ m_m_ 3 A ¢
R o I 7
ioide 8558 L
SERSE Wzow &
Ry MA@ g
RAhWE o4 i
H . . L] . L] L] L]
~ #2R

-3

EtO|O] ShAjALLD | 2tEEH EX2t HE

=



3. At 0|2 L& =&

St
=1

2026/3/4

7/13

5/28

5/23

5/19

TF Ot 2|

AL-Of| '

|
~

RO
ol

5o
Z0

o
ut

5O
0

&

TR O
T RO
H 3
0 B!
Joil

CH

&}
LA 27

FA}

30380
o of
ul —e
ol

4

X

= of
LHo of
ol ™
mﬂ IR
SRR

o] + Z=I HCHS| Ak

2025519~ | &






TEE

A+ AR

SFAVH S3E010] ZF3F S0
e X %A 4 Faslolal 484
HSEet o 2l ‘A EA 71
S U-ISEER(TR) e 4, 84
7Fs0l S01zT.

19 ZFA0] m=E A 302 AlF
4:3]0] 0| A TIBRIESEEE (TF) 3]¢]
£ g0 Tof 713 TR} A TS
S JRIL 25 LAl it olde U
St

od 3olol= 2718 Alge HIES
SFA TARA, BFASUNESE,
A, ZFAI0IS], S2E0]0], J-FH
A, STt 50| AT,

S B+t g718H 2 Ao ol
Of et BFAlE A9 & 2 2R SH
A dgto] 01 mRgo) HRFCR the
517] 9I3h S&E (TF) & #Ith

Ol 3|9J0jIA A-FIREO| 3IA)
9| Hil, SSE1010] £0] ZXAR L 8

A A|, “2SEL0[0] BHAY’ CJS HOH OfBH}

A A ) UBRE S B JlE
54-0/3]- 34T, 53 the- =9

F A, 3FAT9 SAALLe] A
A &d FY L US A, i)+
F-HVE & &8 2o FIARITH TS
A8, AFAAESE 5 Z=2A A ¢
gl 2439 ASAIE 5 A
BIHIAF A, J=8A - de] Al
el ZHF AN AF A8 &
7| ¢d= Hil-ZRJ0

O]0JF =2l0lA SZEI0|0] -3
YA vl =R S OlSHAAAL Fol &
o, ALA7INY X flet & 43l
SEEA Al 2YEF HRIO) 2t 27}
Tj57} =S G 21A S0] AU

SFA:= &3, 8A, 118 S 2ord
ARQIA3IE 3l F7150 TRl 2+
51712 AT,

o SR (TF) a8l (& 23) &
BHCE AJHI0] AAE < A= 4AEH
g tigshal, A&Hoz 48e
Hgohl 7| 7 gge 2okl L2 A

20259 06E 02%
028 (BEH

4 i ’
: - — q :,-" "l
718 BFANEO| ALY 30 AlY 23|90l HEI S SE0|0] FFSE S0 ME ‘AIGEAN A7|THS Q- ASSEEE (TF) ' 1A 2l

ARIRIB=B7A|

Aolg Zofgey ™ “I8H g} X9 F
Al slEg 218 7HE e 42 S3E0]
0] A BY2 A QolT BFA A 2
e A 9ol 3= g9 -Ag st
N1AR -/ (B )
857! 7|At sky@gwangnam.co.kr
(29.5+16.8)cm

£ FA5Ial At

glojt.

3718 Age “old S2E10]0] A
& AT I3l S A1%2] ZA)-AS] - dEj
&4 & o 2ol s&ele UL
RIBBASTF= 0l0] tish AAIFOIAL &
2EQl TS Sl BERH ™ “Ie

SAAEHT, dHHE &, FUu5)
B2a-Ag Al 38 A BT &
AHOR =0|u] 1l HESHOF B AL B
2.

3 ANE2 538l “TFY 80| & 9]
£ 71312 Tgok= A3l E 4 =S



MIAl

L=
o

1} st
e HE

=

oR

oo

R

o0 o

M A

=

E}

3l

80

=

— O

K 3r

R0 =
LL
=
LHo
fol
n_.._
o.

K
ol =
K =
ol =
KF K-
100
50
~O
-
N -
H
RO =0
ol 1o

| 53]

A=

A-BHE TF 2129] 73] +

3

2
[ —



5. 84 | 3

| S

J|E 72 So HSOIAM =AL

@ Z=AL HS| =l
« EQF CHO|S A A}
« 6PPD-CZZn & ErOI
« TEAQAHASE 2274

ool- Q

X
= MA

Sikan

HPLA 2Kt Y 0|y MAS

@ =AY

: PFOA-PFO

 HRAS
— 7|&

- AoM)-wollotela S AI8HV|=E 4 7=
L7 2LHE EA

o S M| =t

Al

=
T

=1
[}

SERO|O] BfetE

SHALL | 2HEEH X TS -

5



‘OS2 oM Hi 2=

M7

=

=

Al

=
—

13H2l

i

=

Oh=

7t
O

DA ‘== 20| A

[

-
o

2 T AR}

=)
—

H
A rJ
2! T
oK 0
- o
= o
n_
x
o i
o o oy
0 = for
104
0 i :
0] == <
™~ L
Rl _, Mo i
EL w_ oT
s K
R — E
[ < 0
g x_”_ -
O S
H m A
0 - .
E) RO = N
ol o Kk
K RN
|_| .ﬂnn._vm 4 KO
_Iu-AI o el m —
< ol Egul
o 1o M7 1[0
S ol — 4o 3!
0 o <
o E ofl M <k
K KT
I_.l_ _ —_
m Pw = or™
= R 08"
<Hofu ° =FF
_LL .AO I e o o
— | —
— 104 1 =
] = , —
- S Klgr / =
o MR
-
— Il oH m
oot o2
nN fo ¢
S m ©
N~



olo K0
= =
o [V
=] <
K0 |
ol o<
T
o fh
M_._.__u_o Joll
glay  mur
=3 Kk KOOI
=0 EiumM #.u.._m.r
KT =W ®oEiRo
od =1 UWK-H
Kk c 118
of of
gr M0 A
Ele %
|_._AI7
ng MH
oKk Hom
WW =K
Koo B
H 10l <
on  Of M o
—Ao ._o._ o_n A_||_.Ar
= Hs R
10 © L Rl
T Hon w
.. Roop B
NO  Sumy K KO
M Tex Ot

OfL|Z} -

7}

-7

=Het S

!

7

H

4

To
foid

b

FRHAFLL |

10

ofu

E}OJ0] Bfet

=



20| =
| & SR 5}Ct

[—]
| 20| THE
12| CH

M4
Tl

01

jol



Mozl ZE A UME ZH

Bom Al QFRHQF ARl 44 Faf
CH™ 2023 SF=ELO| O 2FAHRE2026E AN S S E SAML 2
CH &

EGTMAA IR T 05y

o
o
Ofn
re
oo
Fl
k>
rA



¥ S

S 2EHA
= JtHA=0]

_I?I_
/b FLIA|TH ol

TEHA — 224 34 2 O

o
S
A
=X
a7 o

s
o
al

—
=

C
[

= EfO[01 T

12224109

j

F =0 X|
=9

of
Al: 2023 3¢
132 02:10CHE 3
/1

y
TH
7
—
=
@\
@\
oll
%
—
0

ol
=
Q_J
=
oF A7k ©F 58A

AH
O

2023.3.12

(=]
=

Xl

!




=N

Al), PM1O(OIM[ZIX]), NO2(O| =S4 ) SO2(0¢

10

Ct

o0

{oF

<
o

1

7
KIO

.

A 2F £ 300m A2[of] /[ X[5Ho thY| @

JUR=

H X
H o

f



EX
om

78471

LKA I o

B0

Kt @

1,219

ISIESERRIe,

O

=
>

SLTHE T SAl 7=

|

offl

*2023H 4

FEH

K o
1o

At=: ob= ¥ 2 (2023.4.6.), YTN(2023.4.6.)

JFX| I|SH

I <k
Ko KD
M

od <1

9211

7| EF

2 2H|2 ot

A

o 27} 7

AF
20

X~
A

| X
==

0j]o| A
L

Pl Al

O]



AF(3/16~17)

K]
NG

hE=9 £7| &t

a S22 Mg ok

I B AH S O] LIEFEE”

LHO
U
1

PNEES

A E2r G5 J[EX] oL HH”

O] AKX
x T =

" CH7|

KIr

PIES

(2023.3.17)

Sk —
Agtma

7
1
03

ol



0%
©
ol
ol
s
S
9
05
40
3
1>
O

2024 A AT 1. H2ES

[t = 1FLZ L EX[H(1.2km O|L) EEHE =3 2 FHK| (F)]

+20.6 3

Y71 2@

+8.5 5

£k R ke =52

5 gl ofgt HEe

AL ghAL 9l H|O|E + CH7| 2 =F-at + &
A S HIOIH + THY|2F S + 2 RIAZES BH0|HE Bgret XA &= (Natural Experiment) £4
=t ot =2l 2SI SAA

olof: ot A= 7| LESE(PM10 +125.2ug/m
o =i =g 2ug/m, NO2 +50.4ppb, S02 +32.0ppb) X2
o=z YSHE (International Journal EHP HxH) . 2 e

—_




Al

At

Al 2026 33 209 13A] 172 (HH

HFAH Ol
= =

E%g:x

)\‘)d

25

o
S

EAREESHEAC g

Q

of HOoHRel:

X
(I

o0
oF
=
10
O
T

oK
o0
oF
i
FHI

0|

o
rD.
©
N
o
~N
*




X

Of
S

BN

(=)
=)

L
O| M|cH=
Jé!

S 7F A

< 2ol
30~ K9 17 KA
< HorM-0OF -

—
L

;

K
o
IT|

of oH o 77
o% 1y 77 K
U = 1D 1o

| 9% =
AFA
oo
S O

SU==T|

@)
=
=)
S|
=

=

s 6
T AF K
O o

U PNe=EIZS IS PNE=E]
=]
H|

2023~2025'F XHA|



=EfO0[0{ vs 2026

ot

2023

2026. 3. 20 /CH

Rl

0

5
—

=2 ¢l

e s AF IS

Al

248l Kt %0t 2

2l/70 I/

Al

K0

N
8o

oH
oK

=N
nd

ol

0
foll

S 2=

o511 7

[=)
-

IO 7] 8F A}

=]
=l

AP TS /T

o

1|

_lx_

A7t OIRIX]

F

Ok
KU

<0
0



A SFRHQF AT AHZF HS

S R =3A 22 DX I, A TH| A|ZIC] AL w0t

1

g

S O
8= ¢

R

=)
L

=
L

caatile s

N

el

~

02. “7[&X] O[5t et

!

UZ Bl AtO]

XI|Ho2 T A}






=2 E0]0] =AY

2025.5.17. EQ Q S}AEA



3

M 7A

2179 (E) 2

H 5

d"h " 2025

h
=
LL
=
1
s
>




\ ) e
\ a
), N\ \ 2;%?%%'@ j
Ne. A
% 35 o
3 %5 e
m \\\ Q (‘_7‘]- — ygﬂ —
o, \puae : ez Pt ot
ol HUOE
= & o e
oo — Chrcrd )
W ki - o) 3 by HEOiEa ® Ba]
\_e \ - "‘zrxﬂu{vx R B e 1o |
spusiEe 7 2t : SFRHA T~ qrEaA
2 . ! S £33 O st
\ ~
247 2 25
_— I=g =308 — |
o © sz oz, e
o o Oy =G Sy
=4 AED|Y -/ X
@&& Z=aEy ng i 2=F qu\{ \QJ‘-‘E—'_‘S kg ,"
e —Owze _/OEfJHQ ;
© \Ggfiﬂlq @Jx "’:l"ﬁﬂ O
bennny =
|| ab
P, Y © =4z o
& i {aﬂ-a i :
9 1]
[+] \\Q ’
. T |
_J® SE Z44eTY P
AFUEA § |
U4 ;
oy E;Asua = i
'®) .. s
AZ N o e (i) LSeE
: < FchAb HFuEEH IE-"‘J s
. () =
/ : o 2 Jil ;
. . sareh 1 e =
202 :
ef 5 Qi £ (¥l i=3 i |




e

"d}.h.

At e

= -~
~ _h.‘-‘;
o e




=
==
]
)
£
o
o
N~

AT
Y
)
4

E

t

Tl

t

23X} 0

3%} 0

1S

N
H0

<10

t

10

t

E|O|E&+Lt0

Sl A
= —




= 2E0|0| = & OIItE

sz
HERy

pea
e, e
P

2K0HIE. &

o

ojj=.

Q as

.

“eEs® o
L a1t
P S

KBS NEWS




s
(=] ) [4]
SHIZ . LEF Zr=of
MExtEy| 301 =SSl
@ (=]
Hygt £E43)
mEEET ] axfopmtE
"
ABF ot caz|=
s Oosaiofy
- et ;
- 11
(=) .
0 gzizs 10 AEN s3uzs | 4
T Smad 2ABIE & :
s > . R Y07
3 L & Bl g
T Ao P o
,: & 113
S 2 5 ¥
\ ¥ : L 5]
Y AEMat NG L ‘e STy AR > =0l
= sof  VMIE e L P S “a05 o
) it - %100 ‘:&0 v o
LW % = :
53 = sofg | Uim
=] o A uu_@;;.‘ 1k s_!ﬁEﬂU|§
P Mo F AHOHIFE
Efojojaes H=OIEY AEEH f By
5 301 S i
i
) % @ 1l
%an} 'Z, Im
(i IE=S 3, oy
¥ 5 3 L14F 1
£/
HojH| AR
Aol
23 7H4E} et gt
Q auF
e = HIEH| k=it
e )
o 202
e ajopojcta
2. B Huztzaly OHotE o w ££0{2
®, 12 cu ' = I
% o _ﬁ_ﬂ o U 336D E0[E| T
HEEem et J e AN A SR
] ofzHatol o . A
2ol x| e E S ity |
OlmE =
= O 6 © s tha iy =
K = ]
Q
23




;!jr/-—.-ﬁ- % e S

7
£ 5
..fum.

el

:
-



H
A

o

=

#* A A4nT AR 7IEW0T, 08 = A4nT sElekEs Al E8ske A

# 7HaE o-ate] SH(Meld) 23 AT 7RE

© IFE Wt 7o) e Al e Wt g







AP

0
s
2
8




o] 040
W[ R R
TN RI
N3+ <



BI73el

T 6 5]
1081 (152

10 ke

20251 5319 Eey s

| ZSEL0]0]

BFSY s olSTholl &
17 FETA Bl 9 33
3 AR FuA @2 g
AT FHUE ASH dusp|=

“ofoh WAl mol viel7} ot ol &
ERLEE P LY

189 7 10A] BFA BAT £EF
vokI=ol A Bt 220 ZkR M "o}
B B2 4712 Hgu) oRol= A]
718 700) groleief . wek 2 st
Py FSEROlO) B FPOIM AR
= e By ohit= 96717 01
2 HORIST Yok A “ero] Aol
901 thujobR| FCk WA 2172 o]
Apzbcka ool 2 oleka ik 5 2
AHEHE5: SHEME O] AR 717
TgmNg Weish St ohite HEg

S =

Flsh-Z01 ‘UK A 25 29 |

etz

& «.3 Sl e L AUEAGHE B ANIU TR SRA S . Sl NZO R UROE /g 70 2 ol
F AU SRR ek =7 I0EE /1A AlSiE R oig 1eto] Qi) See) B SXS0| ke WAV KIS B, TR AL “9ele) e o) goz

ERRES

10 uzusaiva sy

nomse ZYHUE

[t |

A ANAAPLERA 5187 A9 713 F A 2ol
A QR G - 3 obd A A% A"

Sol=dedEs gl bl #
APt 5 B, N2
MEE s Eo BRI,
& FEOSE SARL IS
B QoI DSl R0l &

gl I S eef S0l T
A LT A 1000701 T

g Hiciol moiglol = 84
S A ek QR S 1
2}, VS AR ook

S Fdep A P 5
SILMANE RS EAY) o

S 20 o AT es
o ol - SR AT

‘M GIAF 7} AT

LRI

T Ul Rk AR
Edige GE| SUSE

IO AW LA A
SO AR B g

Aol %0l ELIEORE Al
82758 AUS O Y
A S A
USSR I5E atsl SUAR FATuEEIs
WASAL RSO 582 EA O3 KIS AR B 14 5
LSBT AT-AHEOIA IHEAE 5 TRV
10| 5T ERIE A9ISE, N AT dER 94T SaL
UESE S27IBA B0 Ak
B 7IBE0] S 18 A
ool EAlgIT,

TN USRS SR
S0l Al 19E] B4 B

0] /158 28 ol 4171
BRI AR S AV 0] 7]

FIEEOIE 71500 Alit 4 9Tk BHAITIE 0] 21 Dslofld
o) 4451 S} WAESHCTEL W HILOIHER o)A =y Hol
Lo A1 Ly AR S BT, AR 21 CHE A0 201
U3 g8 D TRieren & QS ANk AHENC0E A
Sz 6 EPORE SENY 10| 7|5 WETIN QO AR
Tlol AEl Qb S i S 1 I k= FlEl ol
Ik ek AA7l 221 @0l ol AIUSS 9l WOl @

b
PR
S

o

oy

5&; .

S

29509 e

T et st

i{

(o Aotey s

s

s 2ol et

o5& “Fiae 20] ot AlEH

ol HE QAR DS S
ovimEolEES dRIRN7el  Ee @Oz SopIx| BE Aol
o

TPILE 2 oz

0B S 0l M 2
ol AL 21 2w S0l Zoi itk

e peR

FUeNE defEe] UAy) 3
A AR S F2OA o

Bl 12939, ofFe e E
EoRgTRYE FHe st

]
A MR

<8 AgjEE0) otk Uel &
U ol ORI 2 BUR=

Ol £EE FEOPO] AT TS
A A2 HEGIC R 0] 334

olgsi
sz

NEE AP EUA O "TAR71Y
|dls  SheAlESo RAAR A S H

A2 VRV 1B Ol e
TebAl
sose 9

QRS G A ROR T TR0 S0l € Aol o

il T RS

SSElolof TF 33 S 2 OISRl 182 BFA FAT S BHIM 22 et moi2=n ok SBEI0(ok= BN & E UK BF T Mike T P e
Okl 2201 BAIE BER 4+ 91 OfLIz) iR

S| fck 12 7%} vistor@hani.cokr

74

e~
=
SEA| 2L

Lk ey R7ISECEARE ot @2 RN
TS MR A 75 TP L 52 i e ) moe & ol S T ENE s
ToWt7Im upst RO P Aoz Y )% Yk E 28 0)A] EhAlSE SR 12 olgg WE dAZMMe SR WR AR itk usch

S B RIS Ol A7 b b= W Sk
A2P7HA] S2 BORICY I WY A2 A
Z1oh 2zl =P kS ks QP 47H ot
S0 301 7H20] 10072 18530] 250
o Xi5-holl oiet AR 58 job )=
3k Ag =2 "Rl e ok o
A 2 Q2 P12 A =2 8T 71E
K ORtO.R BN AP LB
SR el 82 b gl Rl &
W 2 Ol 2% 241501 7190 SR
A7) 7lske 719 A=) AUTS BAIE L
SR Sk PG A oY AN &
A2 05 OF BIARMOR 2ol 18Y <
FAA] AR] ZHE-2 90~95% 4 FOI
LggTe it g ags Iy
s Bigoll 1ds BB ST 8 &
WARAIZR] 20 5 2] 1681, B 1108, 1
46285 Fel A5 Rty 4
G2 2l 219 EolA o) RE A
SR AFg 22 LU} S 7.

ETE SH

O WAIA QIS Beh S T30
aug=e “go) i TP fag Hos
O 8IRIEH 50~60%7 AAISH= MojlA] Bf
welE Sty i

22 A7 oR AL FEE]
o 27 237901 ACH A0 2o
2 UISHAT, 20| HtstHA Algs
O] HEACE ARG TL 0] T UK 20
E e X3k R 5 RARIZE
S #o] 2stol oiZ S AU SR
2 IR A20] AR FUA A AThe
S0| ApdhL @712 kS oozt

ShAf @Rl Bfolo] Atol Wast mR
S Selshs IPoIM A g 22 FAjol
Al B 20| HuiA Wk Zle = 2
Sl Yot FU=) F=Eojo] thEOjAbS
Ol SRl POl AR S RS
QNS 37 shotel o Yol KSR
LS AL S RS 2 2

8} 21831 713 dacha@hanicokr

219 4 B2 -3 89 ol mebt

ST 57 B 237 0% Ee
HE AR e Al

AL, 201993} o} 24
Aol 8oL $=97 9% 7%

Ak 17 23 St FEEL0I0] B
28 7kE0l Ha 471 SHE A0
<l olo] e FErolo]7t o 275
85 259 olslo] 17k BEA F
et

1891 FEfolo] % M oo, 21
20| LR SIS A2 120087 el
Ol AYAHR O] SIAFAIA| Alhtee) oF19%
2 Aiek ROl 9] sy 3

“gofl ojo] MR 2 ZFolct:

OlZ7IA| 7 570 2719 BF 23T
70%7} 201 T ALk SIAI7HA) ook 4
050 B B 70 Akl LS
FHo] Wrkmstty FEEROIO] BARHE
“CRES| 12792 OF AR, SR s
FARE yHofof shz Bfgt 2|4 34e 7
0| FEHd 202 WOy “Sug) the
TR AN B ORI 7HSHRI HE
ool gk

EROJO) HES Hhe QP A9 sl
ARSIk AR ez POk 352
ZUREAGOM) 2R B0l B
Z7hot eI 2ol WEc ATk

1) 80 23340 L= SO 2 BHIFiTk

ORI SHRYE SIARF 2019 RE] 2271 B
ABF FE oIl 7t 2SR T

i FeEolol 7 338 A7 W
AT MIER SR B2 §71TA 8
6, 123101410} o] == of MRS 1}
7] 9101 B 2 RIS SASAOIA
AUBKIE SEpiztiEich oIk &
=IO 2 wzlo] S =l ol g o)
S B¢k ol 1| o] 419177 w2
olck Tyt FSEjolo) BARHS SR 2
S mjo =77k 24011 Z 3 ol Beish
A Al 298 2 7 QIEF T 2k
BFN L T A 5 S=wS o)
oFSiAluh B2 OfEIBHACH 20t o]
AZ HO| 1 FAHE OlgSHA 7hs Folet
= BEE WiZHE oI350l Qlrkm o]
UBiger 159 FBEjolo] Fol o
A B QAOCF T Bk
HXI¥ Z83] 71Xt southih@hani.cokr

(35529 3hcr

TF FEEl 33 4
22 =54 1Y Y

BF R40] Zuriolol 2200
A wase szt oS olofRl
T AUESe A= S2EHE
Sk 12 S otk
B 2 e gork @il
T ge eI EoR el
B AIVISO| Tio}s SEHC
AUERS 18U 9F W02

o —— -

SIAZE R 2 ER FYA - FE 238 T 2 =

SORE
ojo] 4% B0l WA oIl )
S TS 1EA'Z sl A
CHTE O A1 01 U 3L
Aziof o] 2 2201 gRr)

ANTN SUSE SO
230l Al Bol S
SHistR RS AU 172 98

AFI] SAHL

LEEIE ANE 222 4
84 gl FEohAATEd
A s=gASE R o
HEASHUILOZRELOE
2omase 2gur. 2gd

104 27 2 E SR ol we 3z
ol 2w SO S0l SAs~3YBE S o))

£ 0 AT S000E M}

= olojdzez Beirt.
71, F=R 5 150010 Pzt

Ol SRl LAt 1801 B8

S FISLL 48 2RO UL oA
ANEH oA FUSE 2
WS A A2OHIE 967k
FU 17650) il jsict.
TSNS Ol FE B 54
BHEAIIEE AT

BT SOV WS
2 300006 S AT S
ZRugzge AT WIRS
AL, BHRO LR

AT R

A Y98 5
A SR YA o
s 43 vl 1

ELELE R TE
AT THES YA Fe

suseFR A4 HE0

K7 Fuge 7T Re A

xR ogel saemeol] | & Smsewmoz iR
HEsI g Ak W

SR, B2 F0M0) 2HS
e [

2-ofeik) A% g2k 5841
Ak, Sxi-oRI0TE 5
Bt pREe W Ao
olulEl Sl Lol
O] ehiol Wslol 28 Rl
olclel gglct.

PRS2 Ll 0 e
o2

L o4} ALFTER
27] oj@ Fz shel gelo]
R EEEERRERTEE

A AFYZ
o5 Al o) BAPLARICH
L sl =5

Ysljofgr), BsE

F=2028TH0l el viE
P} 10| 71EHTh= R%0]
Ues QushxE As
ThRbsry, o] S ALY

Hyasup.

AR O 0 HEY
fot ARG B, 7 FEEK
BlLearn)'s 50 4SS0

te el

SBANE OloNEK THE &

AmSH Rk sas
THO| KINJEIA AL S
1 ass

TAR R YORIS TSy | Ol4THoZ AN HOZ R
o weiotn iy o e elf | e 4ns
I 2BEOIO|CRROKFEOl L oty | A1 A BOlOTE U
Aeige Hot “Tiez ol Al | HEIK A=A E Uit
2RI S olel 2201 2) 182 0 2150 98 30

&Y, 9 Sro AsEN
sFSTIse e NEn

107 LS EEAZE oL

HEH 7 (Rajamkyunghyang ml

SIS, DA
401 2 RRIS] 2RARIOI 2R
25 10] =Wl 28T
A BRI

@l 7R

Susa ol e mok

ARTHAAEY TR
A2 E2FSFHUS URE Y
Algheiely| mhzol 22 o
O FZ FETSO RS 1
FFHILE 0] QI 31

@

e,

ER B



ol

rl"h «/\/&%%’W At (2) : SOIYEQL X

REBR
A12

5050 8 192
281 (D)

#A B AR
A10 z#ad 105 Al 20254 58 192 2o
EEN BN N BN NN BN SN NN SN NN BN SN SN SN BN SN NN SN SN SN SN SN NN SN NN SN BN BN S S

2= g51d X|ZI 2SEJ0[0] 2E: BHA7HE0 SAE |

T
109 G2

Atg]

ZSEI0[0] ST TLF QAHSH TE- “MEMHCL O Ho| oy’

@ H322505 202541 5% 19 ey EOrER

[=X =1

A2 5 B9 3LARHHe] st
=4 A 95421 5 94
FUE UY-8 53 L 32

BT, @71, AR OFSIE 0] ORgUL”
189 O 8% BT 28eolo} T3 920
AR 0I5 WEYE S5 B4 BT o
ol 37 &17I8 BOIBICR: o] AR TSt =
5 @l 20| OfECYT 448 BoBiT olo}
270 XS0 S 2 EFl0] wiglo} I
RIPIAIE =TT Sk S 24 B1ARE Bt
of 2 Bae RN, it 0] 3% Al
o WA FYIS0| 15 FASHT Itk
© {EHC} A0ILIX) B2 00}, BN B TS
169 29 g0 mER A OF A 112
2% By Foelolo] 2B Wk 3
0] OF 1A 402 W9 O OF 24 508
2 BT, sl S OF 34
7KE B 9506 $FOICE, 43 BR 939
U 0t SEpOES SRtk UET o
Q19| AR Bo| st Aoz 3
B 7IeH e Ale Aol
e 7, Eolo] sk 80| /13t B3
o o] Bt Hcket U3 BS Ut A T3
Q= B i Rk A Sk SR AL 52
w191 1791 97 TA) 168 ol =R Akl
£ 27| 0] A, A BT O 104
B SRS Uesk 208 4628, B
1680k F25Ek 0] T SO thuloted
o) TR} 120] SR SARER Aol
5T 52300 AU 7T 292 A9
o, QI ol B el 12850) cgick
19748 4RI 0] TS ejojote ezt 12008t
7 Butske 5 FEE0lo] Fuh 49 oF 45%
8 ek, ZE Efolo} AR 17 203} 21
5 SR 0] I9Ick. KO wEd Ejolo}
e 0] ARris o Be Qe

E{0I0] 3 StRit U & U= TR

o g
SHEE, WA S NFH Y
= SC27| W SU S MUY
HEE Y, QM o

7HAIT QIck. At 1kg 227200kIEE -
B B9 QolRlE, Eolofs 3TT600kI9]
BOLIRIE 7Y, olof wt o] B Elolofe
T30 Q719 %t & Uim 3K R oy
o 235 3 3 & [Pt 81AR o1 el
ojRc, olQF ZYUr) AUl = “Elo]
0] 277} HREOR Yo} thE SR ¥kl 270]
2o “Elold] gxfael 17 Y FER 52
71040] & BUR, A Al iR f571A0
7], o] WITH T AT

0 2U-557| 24 TISYE U BLUER UR”

SHjot Aol BolA Uk faf 2t oo
arj FUASL UFS FASHL Utk A9
1 6982 FE659), & 55(68), = 55
(23), 35T, 288 S 7IEH0T) A
£ T3ME| g2 AelofN AES Wolck ZA
A T8(Eeenhe saoi A7) JEe we
OIS 6170 23irt.

A7IES FUEY) 587 &4 5o et &
A P tgo| TRty NHHCk wBF
olFTIEe 5871 I W 1ra 58
271 Q8 & Q=S QRASHoF AT T Firt o
B3 dlotiad AQRASNL I WIS
oHl 38 2R} A2 FUSOA WeE 4
Sl 7280 Tl x4 o= Qhufsk 1 Kt

— —_— =
17U QH 7N N2 BT BT 25 SSE0I0| BTZHOM SAHLYHCE 0] 22 JSE010] X2 19634 A2 20| CHAT QI OIHE 474 X 34 21280] i
S7I= Ok A Y2 S0 YF F7IAUS S LR 18U7K] TSt XIS {0124t SH) ¥2 El0I0Sr NRE ENR A2 A7) SHSR RAT UL BF =21

S TIafor BTk AAHCE

S Ao Elolo] i Al e RatE
e It delg Uk A0% Uskit, 3
et Qo] ofrolEtmd $HEe WOl 20239
38 1290 W A=ENOI0] TR T S Ak

€ BM3 2 FUSY 7% 2, e, ®
5, FEeP) 9 S50 e i) 57t
. }7 AR SHEPA) ZA0) = HEl|
o] A It 7] @ E7H0] ¢, EA0], A
HE 718, AR ojofd k= gt $ o

SR BFFE 7150] W SEA FSEOl0]
£ RS AdY uiEs) i HTY 502 4
AWRIE AR 4= glol BE0l B 2AV} gk
YR ZF=01% peneyensedonga.con /

Oj-et- HEH-21FS 714t

(36:8:277c)

SiTH 32412t 2hoy| =2 Fst

“A7telolg iRE ANE SE9E
2.7 EA 22 AS A0 o 5
OI9k=C, Ol Eojl Rl 2hdsiE”

189 BFBAN] BT 2ES
Efolo] LS QoA Hht o2 (51)
A 3 912 SO e de ]
& Qe =2 vt AREe
RSS2 A SFoA BoIA L2 A
e Ere drpls, s e B
33 =nen Ackict 33
AT 1082 =2 Wolgk
Che 2GR 92
O 21w S4FahAIT, 2
E28 Rt Ago] Aokl ok

Thefok 7Rl T Adulef] B3
EAZM 574 36 2] efl
FE ALY Loy Y
ol & 53 2E 7 Wske

Sl Ghe e A7) Fige]
967117673 thwl A ¥ 2| A
FUE TP 2R 1 3
ol R B HY 34"

172 28 FFPA BA7 S2E
0l0] BT 230l LS
FH7HOF 324171 EHQ1 189 @5 24] 50!
& ZIsict o) A E 32 A9 181k
A 280 T 4 gEe
2 020 AE2 A 3520
Felshe E7oletal Rk

Sl 178 QA TA 1185 238 3
= ZU k) S0 L) B
0101 TH57] 18] Aol Sk H7k

2, 15 20t0) s
tojo} PARK: “Banet
S M= A8 QB dniolN
BRO|FTA B0l K= A3 DEg
IRy 3 Yk
o] ABe E718 17] HEQ! 4 7000mi
80| 38 7rag e T
A2 WRDA =4R710) 53] BiE0) 3
o OO Q1T A= Gk o)
2o W2 ni7x) F AR got 7
3 RE 71

AU ER2 17 O 10AFRE =
7iraEEe Uy a7 el tie
BEIAA2E S B=O| 20 ]

5} ORE:

168t I3 75t AeiE
) 0] RE3) ANSOIA TRE A
88 Al Hel il REshl, 24 &
S22 Tk Hlstol 271 5
CF 28 85 TR "2ol ¢ 7og
WIER 9N FEES 2|2 B
10t 38 544 78R
ATy 31 el

SO $-8imo] Eah= A2 A7)
ZHRIZ0HFISE OFS I Bt 8
ATk BFA- BT QA2 olntE T
A 4320 thal4: OlE5S QAL AR
967 17630] B0 ARk S
T2 oSl W AR

Ol T ZR|0JA] Wi A
8 ¥)siE HK] A nk0l
ECF Q8 Bt SSE0 BFZ
e 0| AGoIA 71 Qe o7l &
A% sHIR FeICL 19604 BF Al
off ‘HYEjolof Bh= OIFOR XS F
ol Bt 7oA FFTEe el
Q1 ‘ORAIOFARSAY HLHE 5 WA Ak2]
SR 19744 BUT Y K= B
o). FSE0l0] U9 33 8
2E M AP Ak B AR
“BEE019] 814 it 71x]2k= o]
B dolx g0l MlsE AEshe B
Q8 Fa"eh 017 =% ARATE
0| OfEA) BER= RES
AR SZ0] 2 e 2kl #)
074 5|21 220001 Bo] skt Ack

5 E 2w Tk @ 2ot
Ago] Lh2ct. 1ot siskedo] Bo
ERAA @719} 710] Q12 FEqt &7k
ASCR HA LIZE7| 2ol FFA]
£ A 58 dn eal AL /1E
| ola) 2tal WAL, T 2RI
FOR RIS “FAH = AsA A
O NAZA Wicy “2xo] 127k 4]
SQU=A], HOWRESS 258
P=o0] wzicy ke 2

‘2

| ot

O Tt FSE0k= ‘Tl B
2 ke MR S2 7S W Bt

S, BFAI- Bakro} @A Bao] L

A A okl Bk
Aol o SRS AR SSEj0]
O FFIF 0)F Aol HehEE

B a0 ojag 35
HSEI0] BFIF TARR=
3 72 =Q10] 490)7] afi2ol oFF) Z
7 ol wels) 2R WAL YrF 1
fe=3 BFYANTIU TR

i

M7FUA| EIHE B3, 7HS TH SE 162 05 IFVA| BT IBE(0[0 IFTH 4 Sizojid 2ciSol
210l 3 2| S0 R, OS2+ 0I0f SIIE o 2215000 720 2420] ol L1, Bt T2l 133 Akl 2

somETaER —

=W Z1A] Elo]o] 428 200050 F 12% AJAt

. N NN N BN N BN BN BN N B e e e e e

ol £ 3718 2] A2 9ol
FPrF NG R

BEEIOP] 73T SZ FU B
oo} Algoll Mz SaEhsAlEo) 20)
71 RN RRSA} Aol Akl
0] 2A] @2 Eict Eloo] Al S
B2 714 FE0IL Elojo] 25 A
50| dol 7hsde wRl Qe Aos
Hdsla glck

182 RFSA iAo mh= =) SA]

o — s
5] S2712 20 Lk 22 172 2 TA| 1S UM o 2412 B
30| ChAC, 912 F211700] 20| RSB CHulsl|= HCt.

SSE0I] BF3F2

YL BSEOOIBFBIY | ALY 1901 KPOUA] “AlREfOIOf 2 A%
2R3HIZS -0% HE BHE(L7000m) BA | 1974 AR H SR O
YA 2 TN S -S4 38(@% W1, 2 2)
TS A2 189 9% 24 502 [ ——
i 2zoj AR20R 1|

ol

el tie 38 23t 55 336
70, HEH- W= ) 38 ksE
& 50 27 IR0 ST JHS
I=jojct.

El0j0f= o) 2= = ATEIoh
oh2l 5ol Hh 37 A A7k ck
a1k @A) 19 Sr=efoloje] AR
S 70 38 7580 0% F-B0
QoI Btojo] A0IME 38 9
50] ORIGH AiE EElAl

Efojo] A& ¢ 200087 2Ck A
& Pl AlRjol 2k Eololo
71 Rfek0] EJO|OJE Bl A 4=
B 5 EFS 2ok

SEHO]0fi= SH=ELOj0jo] O] 2
912 =) BRE0] G 29%0l Sok= AiA-7I0HE PR 71AER 0
o ool ol ¢ FZFIM FU 2 S0l AR Elhs RHSA0] R
Aol SF5H= Elolof= Az %250 HEl=Eloloj] 2, 35 Qe 7]
TR Qrolct Ui WAIOIA BFES Folxl SEEE 4 Arka Bk =
AP RRIsh= HIg0] 12% B2 U S20| Q= SHEetolojLt YlalElo]

=0 siel Al Higol 8 ok Al
3} BSElolol: 22 thE0) 84%E
E3 SalololM 831, IFIB S
FUiolx &8 mEe B9 16%00
sk

g}, B30l AU 2018Y ol BE 9] Eolo] HUIE ST & 2] Akt £ R0l tiS8 2108 Byl
32 E10101 712101 HaAElol Tz R 01Tk SEIOI0] oA . olgpoIx:

(a2 50|




ArE]|

EETT

yrus 2055 190 4R

|

QTN BES A SO (I
BRASL O DR RASE § 000 4R
R 50U WA S 41 00 8 SR
i B 020 831 953,

el £ 8 43800 SUERDY S ol R
4 WA ST B 4 B o
T Q70 RA2) AR W29, 38
T ARV B R A
i) 053003 MBI TN SO
W A M ST e R S
o Bk Ra20)

159 200 {100 e Bowiciel 858
HE S\ e 103 T, 28 80, 89 0

£E-E-RE T B AV 19 A A
11 aheho.s ol 4 A §h A 3 Aol A

. 2 T e
R £ S0 A7k B R B0 4 U8 Bo
AT A5 40 %00 GR UG BT 2 SHIN MEOAR A TR » £

HRH N SAOL feH: NS DI

19744 41O BRIRE ok 5
BB T AIRDR. WL HE B
Y0 S R 9061 Habi 1
BOE DB UER 209 BONIE AR
A apgen.

o B e T SHGR 90} RE
HOE AR

=l 1} AL OV O
T AR AWK COS WA W4
B9 T A 1 D8 TSI AT

W

A7 B B BLT KTX SEER
T BOVERE S Bl 24, ¢l
B AR S OIS A O
2 5P WG

30 04 i} 190504 110K 1900 8L

= HORU T8 WG o S KR TN Kk
o ciul PSS el COF M AN 2
710 kg ol
ROFOHBTHER ML 87 87
AR ol ] L 380 ol
A U BNE AL O N R
ol 35 OH1A AT W2 2T
8933 Sz Aoae o genon A

R RGE o " e

AU QU T B2 W7
SR ) DRI RV B 1 A
G ﬂn 55-\. A WOE AN
of B,

7 4 v‘\lﬂmw van wa
AT S0, GPOPURAOT Wl W
SEWHH ERE TANR g N On =
SOVEMR WA RO i A T 8 B0

]

71O T 2B
] wo o
0] A i 2 6N LRSI
AR,

AT DA "FR SN B §
B2 0 18 B AR B N B0V
R B ! e B S ol

k=
STes -

50K H2 EAl £ 7{CH 2O AE2{0} it

a8

“FY
SEI EF3Y 23T BUO|Y SE - M ‘EF

17 0
AR NP AU AL
9 oy AAYA VN B
S e bR LR Rl R

o Bkl KN T

25 e A
¥ ol U
MBS SA0H

B B0 SHERRY bl B0 I
g A as 03 Ao 338
Basine s e

3 ne o
WL B UV O D0 VY T
O EREOL S AR SR A
B0V 20-BY B2 B Ak 0103 0
B ML L e 28
200 By

A AR DY AR S
anaueoaw =
o

SN M WA 2400 S A WA
LTy

YTUUNE

o 1O T GO, LT 19 o1

ES L3

EuEE

oyuy

TR 25 WU R

710 &=

“7-I

Boldd MR- 10840203
e 2 AL e 4 el
7 aleh 3 e 1y
FUF U 0 o ol

HE WV AL LY FEIL RS
ERM BT W URE

150 20 RE §F BU7 BTN
IO ARG, B A0 LR e
HOSHE U B8 AR olex R
5 WO ploLA WNOLT ST, e 5
THEE MRS Bolol $NA TV ni8
WA 20| /1% BT Bad Lk
42

HE FRHE B S 2o §
UG YA BEE
SO, "Ml e AL, ol
WO} 8ot

BUTH NRRD AT BUT
BE CASH g2, FOEES A7
7oA R

S O 205 GHECER W)

A 174 W 87 201 #7 HOTO] YT M = A}
A IO St e AR = ARe(s0) M THe o7 ANl
S W T E TS WA 2 31 A4 Lish SO0 80 U7iol Mot
e WEol Bo SN A M7 A cigich o Role B sl R

arsy

S2E0|0] 31y

CH

BT BREI00] FTOLM (1 S WA 7IRL 158 28 BT FUT FTANGNA MRDWOIRE UL BE T 71
A S TI0E CRDIBH AISHEO! OIOI7HE Lide 31 UCL

BOIL 4T T R
N2 A ARG Oht
282718 500wl Hojicl, Wil

'S0oret &Y

O BRI S CHE I
7 ol 250 ol il Mz
o 3 S0l YOI TE BRI

U ORI (3001 "ol @ o
7H L 0 @2l RIS b G0l B0
AV e olEe) 2o BRI
o @O HUSHIRICH BE BA Y
o HET R WA NN BN Y
HE 25ori' R Rl

Ol 29 14 758 Gk Q)

#AU

M AU W T N BT
HOERIO FRAM WU WAL 28
BRI RA 230 8 50% O 4T
08217 2UEL, 18N 29 24 SO

LBERE AN 34T 4094
¥ ol AOE00l BTER 0G 3
Tob Aol M AT AR 184
oY,

BT § BAYAR NLE 2k
172l SUMA @it ofEoin o]
o1 G B0 01 TN A
o a4t Ot B oHYE Atiol

W 6N O BN NE
TSGR FE W UR RYR &
= EEE 2 ok rim el ol )
o SREE LY WD AME RS
SHA Rl Wi 2 Q0 wel o) viE

Mgy

ol
‘S BOIE 2 87| 71558 80 &S0

1 P00 ATRLMACIENRE G2 718
FEelolol 533 84 912 2 20002 o]
269 e YA § Aol g 7 23

B WARA 2 O
L ]

AR AN MR A G
2 OB WAE 46 4 4 R
AR vl B T S

L
AL HRES W 6T
S 9%Eg

ARG TR
R NN B
R § GO N B

118 AR G NE2 Zome 90 X00e
e e ]

o BRSTIEL 98X 0 R &

o0 AT

2% g 12 slg--S7k A E g A"

U2 BGE-FY XA BUNY 2UGH 85

et ]
P 4O 2 028§
m-»wo«ww =

§

huay I8 W9aASRI B --mis“u«mm e
QR FEER T o @
e vsthmuw
92 7 peeparwn i

:u-wn-:q.wn

T
Y U R R A O O-GN) WEE W G E LA

HHPIE B LI GIAE R

93545 51 BTN B

wa%




‘m - BigKinds& 0| &%t w2 &M

BiG k) AR HIIOIX A AR HII0IX &g HIFIOIR AJH

04" ofl CHet 52 244 et 3,500 HYLICE

20250517 - 2025 11-23 7|

a4

BZE0|0] 2FZE SA...CHS 184 2, Tl o

178 o8 — L TS EH0(0 4

20250517 3

auriy QOI# jl )LI-QI- EE% 'EI-_EU-" il- 2 3Ei0l0] B SIXI..THS 26HAMIK] \ETHY

2440 9l

. HIFIoIX Q=0 (IR

2= ZTE0|o] SFM shl.. ALY, TS 22 HY

L HE STEOR SR0IA 0]

HUEe] Tk | FERITI IR E 202505117 EEIEH

2x ZoFlojo SFoiM .01 28t Ay

S=E

* 24 M ZrEEd lisE Mo P FIHEE 3 SHLUCL




o, 35S #2220 0ixE 9% AR BE

m 24 7|7k 20255.17(22EH0|0 ZHFESE ofxf 2 ~ 2025.11.20
B 7|Ab = = 35077, 797 HEAL

> T JIAOl Sl XIS + FI9IE + 2RSS ST XS UE §,
@ FU 71 G B
FuAgF + 77 TE, AR, £5 3F/171REH T WA, B4 A7 getzak
0, 44 2UBL, 334, 4H2D 59 dolt @A Sk T4
— “FW A FUO| A% NG Yo By
@ HEAM7I4+E 5)
7129, $U09, BHed, AY/BAND, AHEA, 97, o4, 094, SHEARSEFY,
FAGFFAZAL VOC TS24 59| dolrt SHH: 714
—~ ‘FHeFPAAN o2 Bg

m 7|AFRIE
» 0 A7 s P 370H (HAQ 2F 10.6%)
> FFA(M7-+A ) | 75721 (EHF 2] 2 21.6%)]
P = Qo] FAld A= AR+ EA): 2167
: (370+757) — 216 = 911 /3507 = 25.9%




o, 157 (7)) 58 waRE 5E o

m 2700 US| Z74AQ AF FA B, ] 2D 92U FAHOR,
Be A 20F A Bt F4
m o] 3 Z0 A% maf P 714 257A(16.6%) — AR TiEEo] BA] H5(5,17~5.200] W%

B B A= !
o FF aZEolo A, A2 47 M Ty %%“’ qz—“ fﬂu]”
« "TIEP|o] 3 HE A7 &9 iy FHE
o “FFE P, 20Ol B e FT 297
« “TIE|o] ‘T mof g BA-T

o T8 9o 'FE, & 55, £99, 287, A2 971, 97, dHA, w4, utaz, 89, A5

m 54 S8 T2
. 0'17]‘4&01?}% - B EZX. 358 B AP IS ©
o A2 AT, "= sl WAT 22 34F 20 AE - ;LEOH HIHsHA| 578,
o FU q0-o5A9E Bx% FAT 38T BT, diHd, A3 XY 52 Axse 7JAPT @53 0R HE
o BAAA ot 2¥E ‘FU I A, A T} AW, oof A FE/TA JAMeIA
‘A gsf glofor, “woEd wsf B BT T AR8A FH A4 BT ofo] iR 54

Z M

_|OF

b O|;CHEH XIS} 74 0| st}



7 XIS =
o, 455 s ue

sH T8 T 5€ 1785
OlEEY 18Y9] HEE =l s rmet
= Qe ARy FES Ast= o 35

- "Shes 7H A !

- "SR R

- RS AR HE A 22

AFH d=etele $o) Ao Azge Ant

¢ FUSOA ZZAY 1ES A5l
Azg s $Esie 344 A%

o BA] FAAY 5 Aol T FH FA=
A% BEE FENIE AT E

A FEI FFAE AIIARAE 55

(o]
P 91 o2 ALt
"SRR g2 AN 1F Ade A

S ¢17] Edo= it 34 5857
A3 85 AR 350 12 $£249
=

[&]
a4 $EE T A=

Z2orole] SRl Tt B3 A

=
i)
=

A

=
AoAgio] go] AL sk Adde




ol

2E 2= 27| =SAF-CHI| &

2 FRE A7) Fle) thel 22 - A Aol FEE ZEA

TN ol B T A 30009 =5AE 8- YF

SSEl0] SFoIA LIS T i} ol S
OIOIAH BFANEL S0 = FLE HUOFH
T+ 2 B2 TR S O1EM) OIOIAIHA T
1| FRIE # oLt A719} ni7Rst Elolo] ERs
HA S0 484 FUEL ZE8 Bl 48
OFsh= S T A

SSEP BT EEEJGSE 28 rele
A Sl A ORA] 28 5 FE1 QlT)

O BEE RATK 18 SA-FSEI0]
SAIZ BFA FAT T Ao uieie
FU TIAE 22 FUEL T5] 4AE 23
T Chula gl st Sk AFA| 230

B SR SN 17URE Alsdo]

S HEE A712 okl A1GY 6000 ACholl Al Th
1] 2AKE B3 188 2F 1A 7IE HE 12970
7} AR 69707 AT

OFS0] SZEI0I0] A 02 QITh= AFTH@81-

BFA BT AES K = T nresiEo]
Al EE AU TR 71AF = OIRE Aicks

1 7k SHTH E1 o] FFOT) Alsde B
SITh A= 17 Ek= WA S81A TiEl7E o

E F=A. @) 2o & waks 2] Bl
TEE P
38 AFE A A= o] 2 Bod

Yoh= ARES oA S=LF L Zl@‘ﬂ!\:} an
HAME “80] A Lt Goht s=Al ZEDL
HIE Qtoj] 9] Ql= 2= OjAGHY I WRICh
ol thulAof nhHE B4 AEAIY HA 0=
A7) BlOZ £F, AR, BUNE 58 S45H
£ A%RIS] B20] OlofAlL). Bi= o 2F
21 71 5080] Sl AES ¥k 2789 T
O] BIABEANIEOIA HEIXIH SEHe Bt
T YIE0 SRR (T6)WE “BA 7] ghed), 2
& oHELI7} o] Qb= AETR= © BolsI) T2
E 70| EEshal ol #A2 2 of 4 eIty
i =Ee B

2424

<% 010l 2051 HRE £ SOP-ThsHA e
RS0 BORIE HIZAC). Ol A58 92 A
o g FERE 30 o7lor YAE ols)
BEZA 8 4 YOI 9 BT AS0| BH
o 78 FRe 7 olol 20 Al B AN 3
20 W71 Sk,

2E50] Azske BT A oj2]
8 7 A0 9 ALRSE 299 27} 910
L] L% E0IRICE, 917 = 19, WA LH=E
4 Qlol ez 25l 9T WOl B s
4% AL S0, I00KC}AF0] SaEd
sleie T BAIE SR

e R Py Ty

7P E0ITA] OHIEE 9
3E NE Mt AIEAE
B EHORIA £80] GiT|
F3 BE HIZ Z2wo),
AP (61) W= O LK
el 71 ERE7} HOK
Tk A= 2087 ol 31
I SYEoA o Fst 2
S Y HiET} ATHE HY
WA} Al 2Ol I B
CBEHBFBE SR,
SRS 9B UEHE
SSEolo0) mEY &3
T 1600010l ESiT}. FH]
HEiQlo] opdl oSt E7
£ 1000302 FEFL}. 9
Biold & 3000098 72
SR @g 51E 9ol 214
50 ofFth= EolAl 183
2 2o ofgHrt. ool )
Sl Q= ZIAICE
SRS AlolofAls Fi
Qg4 Q= JFol gl ¢

sk

L7 1 o123t

ot A7 QUshg e AT 2000 5 mEolE B nlE
oltsbel: 25HIu] 25 YR §3 2ok ) gt A

L= NS & R

BBEr0l0] BT S AL B, Bl
59) oFE-r) L Dhelo] 2E70h= Aol L
23 k.

ABHRE OF A e, SridieiEy
S HOIZ ZT} LoF GRO| FAE HO2 &
BOIA Tht SRR Q18 27) RSO The:
O] DISFCK= HolAl Th71Q19] 43 1k oFd
210] Thet HiEo] S4elE AR= Bt

OfIRIE HXIQI), WIAH-HE l0f2-18Y
2HYS S0l MW Al 178 Q7 TA 10274
S S 3 A WA 238 B 1471925
Lo ol e 19l BRe 27 Wa IR0 4
TTE I AH B8 tolaR Q0] 4

el T8 o2 FFEII U

Sz 18233 E30|E PRER o= 9|
B0] Wi IR, LOlR= QIskyo] 8t A
20001 HIR 25 Q9ITh YURE e
B0 SIS AR, Y20l Uizgh=t] 8d
O] FolA| & Hefol A LAl S2H71A 877k
SRISCH= A SIA orES AT dgolc).

BIEI0] BARK= "SR 7] 718 TR
FEEO| ST ORIBIEHL ASHIHIE FEF
CFRIA 3Lt 82 B 4127 0j E3tT L
B Q1o] A1) FIsto] AmEIEA B 1190] A
FCHT AR

SAHHARR: 'CO. 4817k 8o W &l |

FAT O - A4

B0l 2717} XIh 91T T oI T Lol
B A SoImry 1 Ut

O] IH20] YSE QRS AV ARSI 48
OlCk. ojdteieke: 25HH] 8ol ALAIA 2ok
SIS AIREH| HRFOIGI= HE TIEs ok
SHT FAIZ ORI L ATk

L=REE A TEIA] B it Uk gst
He olo] ol SIE 71e 8 Aoz Ai=g
A

OALYZ, 7S ZHO| 2Lt o=
£ 7o MR AuS AT £7) W
o ofHEE E Q910F Fal1 ATk

2xS0| F¢ NS FolT SR 9
01 SR} 2R BRSOl Q=7 EE 2
Qo= glTk = A SIS GFoict.
27} EAIEIA) Glot shals At
RESICHL SR Tetoll 23 AlZo] 2 4+ 51
O]l 19ACH= Wo] LE2i= o]3Th.

SHA7H 3 HiEtolL} GHIS B St Zo]
ol Fg 9] QIR YIS BRI 5% 3E2
2 HEon gito] BilE B2 At HE d
S TOHH HEG 4 A e B4EOfH
A ¥A 7Lk

QBT TIRf B0 RIS MUHT EIL-ALYT
| stz Flgto] SO ol 23 1A/ SIAL 2
AS0] Y 59 ol% o) IH CHARE Efolo]
Sk 2HRBO] QI URESH A0 LT 44

STEP0] BTG SR 7
RETIAZ QI 188 SA5h=5

¥
=]
=0 Thlstal ke

Tt
02D1 (A

a1 ‘O[A B2 LAy

et &&

SHEIA 504 EA| =4 £50] FIXIS 1% ZFol o

ook BAZHHe 2T QI

7Hd, FUS0| KE7IAE 5] thulsh= S B

2l
o

5 AR o] WA

STEIOV BFZY PAE S=HES izt

2 = = N
SSEI0[0] HFFH S i 0 SO 18 AWEZ0| ZIBHHAS 5t UCE

8ol AES Bl SRR 37 U BololEs
2B o2 HACK= 7] AT % ZPAE 4
oItk Q1% 519 SIFO] =2 SN 28 &
9] 5J2 §lo] AT A8S SofTh wiui=
A EES 44 hEoleh= Ao THEt HITHE A7)

39l

A2 S 28 BA 37 U gsee
BOA| P FHET ZESHA) QU A
O] Lk 23} Th-0) A S0] 4715 HIAOF &
22 IR S8 B0l 271 thg thwol

s T
EERdE]

B BE. 5125t O i

/3148 71X} choi@kwangju.cokr

A FESISICH WIS QIT AR BARE
ES 0N, “HHI= ZEYAR S e T

G100 ARZOIITI A H S o= HY £

B 5g 4 olg®on
Al F712 g 4 QU
L 53] AHIeH A1 A3l
et Stels gaw

72 ESF U
ol L ATl 350l & ol
gaiAfE ¢HEnhH 3%
& 011 ATk

F= Al BRI (30) M=
[a5te 2t 5hs WA
ROIRICYT "= AR B
RId 870] 7158t L&
= A KA ESEIA @

B oFa #sh 3

FigHoF & Flio] WL
] 201 THE 37 old

I 3Tk

X} khn@kwangju.cokr

-0l MES2OF

3 A% A)7]

st

T 58 T
07 Al

.,

17 FFAI ZUT 225 SSE0I0| FFSH0| 20 Lt 510 &1 717+ 201227 Tk
/ZI3iH 7|Xt choi@kwangju.cokr
@820

AVHEQSICYE S Bt
/240t 71t jinggi@kwangju.cokr

(5520 e




A=Qld 5 20. 3l

K ma R

SR A 755
WCC APiE(e! FEcia AN

ZIAOITO

CHUNNAM TEGHNO UNIVERSITY.

. . ‘e B0l
e —
SINCE 1952 o2 e

2255 068 202
08 (&8

19524 42202 AZH 224975 1B CHEZISH(062)222-8111

kwangju.co.kr

2248232 20251 5% 202 312U

=2E0|0] 2 = THRX|2t - X|F

BEFH S 19 o) WE 51054 23008 A¥- 7227 92

A1 41¢) el ko] AT ehA - 33 e} B Ashor

BF UEAIZE7 Y SSE0l0] SFolA L s
THE ) ojulzt A% FAAIR Skloh= BA
T 38 7k80] 2ih 34 old §& Zloleh= o
TR LT 2RIA, 2300080] o2 LBk S8
BFAY 2ol YA Welol= {2t ElZo] £
=2 ol E7|A 62

O 4J2ist 2A= 2R 'SRk 70%7} 5k 7
LIS g3kl 71 BRIE HAok & 40-500]
7FE0IZR= Holtk. 0159 1180] [AIEA] &
S8 2E7RTHEA Q-0 VS T Qe
Glojah 4 QICR= Z 1% LF2Th

ololl wt Ao} FAA Solld ARRIEHRIeH g
Aol we Al The DS e7akal IR, I
Zold 53 Ak ZF9) 18 orgE gRE ot
£ W Y e HFeHol iTh= oS MAlSH
aQIck

199 BFARL Bi, SFEI0 BFIF 5
o = SR} st 3 SElolo] BFFFol=
715 ()% 18538, LEHA 4138 S & 2266
0] 255k QIT}. AP 200h 234, 30rH
4439, 40rh 557, 50CH 10328 EO2, 40-50
Uh 78 @A BR7} 70%0] Eoh= HIES RHAl

Efl Qlegion, JriE oz I 719 g
HigH “2ie} 20l TSt OJAIL} Q14j0] HolRIh=
AJEO] Lh211 917] mh2olTh.

AR SSEOI0] H2 Akl E QREALIZH
WIGHA| g5k SO St HolZ A

VA s AROIATLE, Th#2 SHAfof Thet =71 T
SIS, W2 £59) oredie] AL, Bas o

F i S Qrast ok ZF o= S 1lBHE 7]
SIChs HEE 21 QICh

O] &2 = A2l B AEKY mE] BFA]
SOl ) 15h SES BEOR 3 WIY=7t
dgreRo 37 ojAg A= Adeitiets, #A|
& johe TFEolA Eaoh= DTS 10l
F A8 ERS ] M2 7= ol2HE HE Tks
Hofl ishEorzo] St QI

ololl mz BFAl= FHol S5E0l0 F3E
Bl sl AQE 2aeiol Qo] 7HsS 189
7INGoR Asieetil QEGE 19U FF
B 285 AECh

AREY SOl et ARgAe] 1A ALRE 5
She B2 ASAR: 7Y 71 Z2A1007 B
B9 100291 70 0189] £ AFES = AR

aHoll ‘=& =Ct

AR} SR S43S ZAISED QUCE
/LHEZ 7| Rimjna@kwangju.cokr

(363-206)cm

Sl 2T WOjLI= &Rt

AR

E.‘gE}OIOi *a'-’-%"g S} L AFRHO! 192 2T A7 2SEIOIO] 12 E29 HEO| S |- XLS S
SE| T QUCk

JLIEZE7|XimjnaZ@ikwangju.cokr

Fawtolo] 237 B3 Sl Wk A

o v glo] Agst 75
QA rEA B ofeig]
3

717t 3% 7he ST £V

S b 35 SSEI0] 2380] 83 23
2 7 SAFC Elolo] AgQl 1Rt ¥} S
ol 5Bl ¥ MBI UIR| SBYAIE 3
A 201 Q07O isie 7Hs 8 ot &7
THA= Tha: Aol dE 2102 Fgw] 11 QI

A7k 37 7ks BHo] E7hls) Ak Ak,
TG EQM] TSt 2= AR 1 QT

199 BFFLE0) EH 2IERS o
RN B21ES 2T SR2AE STA
€Ol BE A & 4 QT B

53] 12-E-47 50 120 gg mFu 4
9 7]0) ZE SHIAE UHeHA B Rz 37
U0l S01A QU=E, A SAE S8 LR 80
m QAA] TolEE 4= QICHEL] SEsHA B
RIABIA 28k QITH= Al Adg= 4got.

AUGSe ZEY sz 17 Hol7HAI
e &hAoh HE5HH 313} ehe e QoA A
Sioh= 548 2 ol Al Sk I7HA] 2
A AIgo] A AR AT

BTN} ALGFS T 29 T A 20236
3¢9 SSE0I0] BFZF0) thet 237147
ot de) H@ge ANS i, Wekrd 2 oy
Ald S0l TS SolAke e WAEsHA Z3irka 4
Bk

YA Fde F=EL0I0] SHAj 1% FAAIA0)
Thet A2, BFA S YAl 4H T 7}

& BIRYF L UL

Aokt SRl Sl T |29t 0 M)
7450 o T 4 g Aol e A
s AIEt

257} BRI 78 ARIEAR oIl 85
HOISEAIGEIE Ol BB Ui ol At
o 71910 Aol ozt ASIALE] QR AAH
o] T el "B BFEAE AL
g TR Siekl, BEVI0 ARIAEIH
FoloH: e QYA L A 1 ohlo]
LPAOF SILF 3L SIS,

e, ZTe Ol BUBAO| LT BUTE
78 SERAAL 15014 o8 SR Al 1)
& ERTA,

SEE0l0] BT B 15 Bl AT 0]
U 554 71 962802, IS} 452,

(21.2:234)cr

ZMOYsR olyst Qe



5.23. 289¢Y

i EFT-E 4 - _ Pk
o FXI-E 4 BXSSHN7|QHE K|H, LT 2 ZHSHSHC)

195201 4N 200 B 225008 18

kwangju.co.kr

ZEAS B9 Wl VIGEX ith= e & MBS0, ), ORIBREA(NO, ), SMSIEk:  ETk ol A7) M misior 58 At 7t 327t
1 WOE 4% QO ASE Y, ARSHA 2 (CO) S IRE7IE R8T e/l 85e 58 WAl “Xjolo] The 7414 49 glo] 1A
7 gli= oPpke B oA ACk=AFol et & S7H3CE ‘OPRIBIY = WHE= A U0 FR S Q=

TS B FEAL

Al eefet 2 Ak ulseh S5 3e) Yo W 2.9 Tt CUOEEMI IS BRI N E  RUEY AN, SYAGe S DU N ATde P B
) v ors . 2O @Ol TNE 8O T2 U 179} 18U (71 8% BE IPISasleo] B SRERA/IEoRs TWA Ol 571
AR 2 FA I AF - £5-TE 5 T3 4131 3433 101 W7} e selgol A ASHE O Sh2 SEECL SR A ARSI SRR TP SIS S5 ATl TN Qi B I8
T3 795 ik X5 SR e Bele A= ST SUETO NS TR TR S 3710 ALERR Helo] it BarlE L
SO ATIIAR T T AL SSBUISN HITEIE 34 B 0 2 o 517, WU AEIZ S HURAA QRN 19 27900k

O] BRE FRE A ARISA R 71 2 0] FILE {7182 (VOCs) S 595 58 &t BFNE=BA 7158 Sl I7I8g7IE0] Yol (R)UINEA} 71ER] 018 dEd 2 $3Y SA=ALHRI7 ISR ONEE @Al #
EZERE UHSHY = RE QS B BES AU TIOIR F olghs ARV REE El@o}l:}_\_E S0k FAVL EFE IS 7] 2 UERT Y7IBErES B E6h= T 71E0] SUio)
2 5 = HoA E%—] Sxelhueth. SiCh= AHE QIAJGHL U SHARE BFA= E0 SEol: SIK, VOCs SFEIMA & BFAFe G QNP eeREH e UHIS 4okt B3k

50l SF7IMOIIRE 1Y +RIESE 018 BEARE S5 73T VOCsol thet ol o) A9Y] E0te ARy 918t A ofLke 58 AR Rio MO, BEAks uiaE JhgojA T 228 7IE BFA FiFol= S3El0
skl Fliche @A A8g Tl doEoz  7IfgTIE0l & XXHEW G0k, E7HIGHA 18Rl 21F0| Al |=h=Holct. ASCRTWANWL /IS B &7IF)EHE 3538 SilolA Eie &7] S22 Qls) 1jsh
7]5—% ZgohAl A3l ‘QEse BRI O ”ﬁi}%‘ 7iES = A FFAY 4gol A= SE0I0 BRI SRl B A0 SIS & QUCH= M1317} 60972 4Lk 0 B F5-

'L AlOE ofafEt 4 Qi ARIS0] mopsth W 179RE 21Y 2% A 5 A9 V& 45 FTSFLSAG ARIZL SN Y FE S AF 1js) Al 3433d0IH, EF Tls)

= HolAl HIEe] 8427} AR AL ALt O}ND} 3z 5@ 7101 FdF U Z2AE T FL(U)TSF AN 7 ISERRESH A F2 A7 1349_1_ YRAWESO] 71FA T 20093, 7]EH 6557 SOITE
22U IFAI LRI AY SO MEHA]  BOZ T 7|FECZ OF0 LA S YU AME XS DAHA (PM-2.5, PM-10), 2E(0s ),01  E, ONEEE S4F=0IE 7IEX njztolzt # /ZTIO 7|Rt jinggi@kwangju.cokr
(36.7+10.8)cm|

<yFHRAR e ’;ﬁ
‘SEL AN 0|2 O|MHXIM ‘B4 848 25 -I-'|'_|_7< ol
el Iy
: =E O|= OJ KIH K] A O5 o HO = E
RN IT QM BHA BT 228 FSEOK 87850 BOIL YR 20D 54 shell $5D X1 e o

SR EI7A) IS BRI Ol AR TR S
O] 0SB S YAE A0 St

et Ud-2E-359%

BTG LB RS IYe Barioldi sy g{;;{i.%li\.}'ig.ﬁ.@. §).§9g

20 190 BN 2417 3743 1d B ) Lolu Az BT SAR0| TBANE
= 7 NS M SEEllo] 2 o HUEH WA A olYsteaE 24 27} toLt, op EL==ti=]

2 E2 A7 o1 HOIK & 5= Q= B Al
FOIA TAZHE S Qg A0 BT
Ol} 1, FR7HER AFA HARAY
B BUILRASIIZONN S TN AR B
HEE S K7 SRIEEDE oo 8ET
OTA SR Ql) BT Ziofetal TS,
OlRIs} Z4retl SEeh g "Elo]

4 71% Aoz 4#%"” Wi
Algle] ‘grasicl ARE A%
SElolo] B3 sl ol iz )

S EA, AE AP LPA] 2 ECEA O R, TR B IR0 B2 el N9k A0l 3
L S Z51 50 20T LERILE. p2RT7IAHIR

“71A] olu] ‘LI ohp

24 I3V F3E S0 m2¢ Uy) njgd
A 5344 ngds 588 dsl sEd
W712¥EBEELE 2Yeta Atk

OFR0]41 ACa(Z#) APb() AMn(B7H)
ANi(L@) AZn(1?) AK(ZE) AS(E) A
Cu(F2)) ABr(HEY) § 958 FFoiLt

BRI RIS B S20lA 14 é‘Eﬁ
Qo] ALES th7lo] Yol & RESR=M
FALT

DIFAAE NS B8, 48 S 45| dot
TEEE %R;! PAlel RIIAH
A S5TCLOIEL Y 22 dae 9Egs
o ?JXVIOVV ABHOLE.

T FPYS F 570 e S
7AREREAV QU AR B 3
Wl 2N O, 19 ol5BRE S
21 9It}. Ol HIWGHH o 012 £ ¢
47t 0| AEE 2 VhsshE 4 Gl
2 el K16
AU G GBI ARTES FFge
2401, FeElS Aok BF 1 olsdwe

[elEtA

olo] g F5iiel 8] 42 G Mo wt
OFEHIZIA (80219} Olelatehd(CSA7} Uzl
Oy “olgskekin: 40| 47 BEoiH, & 7|
Ol BAN SO GRIH L RARICE

010} 0] I “0fit MIAEA] MR
QORI S HFOIA Lhpis BES oL
D ‘i S0 A 0 AIER) S 81
AT FoPHELSIF D BEt

S014 QHEITkIE 2

o] iz AlRo] £53%4 0jA]
S, 1 901 Wols A
0 “Z1217] Slahd Ol SR
Of F70] Lt FH=A) Helst, Fotol g

Ol FRRE 1 Ols B WO UhAl &
OVHOLHIS 27 2A) 18Ing/ 2 RILUTH

EOIAIA Ol B9| Pol ThY12 RESk=AI

SHRIBOFSILF T ALY o
22d A WRE @ WK S8 81ine/ui2 71S3CL O ) 19 O1SERO| 2 SHH O @250 /1= FSElol 25538t

216-222-318-267-200-180- 160ng/ i, 11 OIS5BZ g/ T S FAGHA ML ILEE AN QT il A1

egolAaadort. Sk 24 18
fof Z30] KFR= WO BA SRS ST LK VK hET SSEOO] BF3E AR met

A 0ng/niFOUHT QE 2N NOR= 22T SR 24 Ol e} A0l I R OF TN 22 sl 18I, 7 EFSBAOICE  /etme7int

SENONES 52 845k

SEPTB SRR FA

O 7F3 BRI LAl

(526419 e

o
ne



526 29¢Y

W\

ke

JI=x| 0]= = S7H

al

NoH]-]I,

i

LTS EEY=0] SSE0I0 I3 S
oy O1% T7]9] Rotied &854te AgEeR
S7H5H A E0IA 2 BEE RS TH= HiE
O] R71=|a1 QIck.

FHLZO| AEE 7|1ES 7IHOZ AMES| T
712H0] it AT E WE a7 Q= FEE
AZETAUL 5% 232 {-60H)51=7} 514, AL
EA IS IEOIME FE 71EX] OO Rk
2 IEEE HiE Adle FEoks S AlUE
oA =& BEE 821 Ak AF7IA L
0 QT

<Y BEBITITA - 7IFX| =t [ 24t
£ OEg&=g=FA S A 209 “FSER]
o BFE7 SR NIAER S AEZ0l ZFA
71 71ES 211 ALl Tt ak S el
Va1 LFAlo) Q73T

BFA| HASEAT0] DAHA, F, okt
38 5 /1A 7128 e e H58 2, A
199 27 6A] FE DINWA s=7H HE7 1718
(DIAIHA] 10042/ i, ZOIAHA] 35p/m) & =
Tt B 0]0] 20 A AAHA &= OIAHA] (B
20042/ f), ZOIAHA (16408/ i) 7V 71528 2B
11 Q= Fo | ERlE B e 27T

ZFAE T8 209 2F T HGAIA
'UE A T71E Bt e Ao UEREOLE
e VIZE71E olUR S8Et = E78
‘CHECHAEAY 2 Uéokhs Mg B ZAos

AR A7 SRR =712 oA At FAAIA T =

=20 T

P 238 4 Ugel a0 A “BAe ey dun
HEE AR OFH 99 2UE - AW SHIA] 7o F A

T 0 LAV EAQIA GRithY X
£ UESIA SR JiCE B A= T
A S W LFA BAA EE EkE JW6HA
el FrPaE Fck

o] TiEol] SSERIO] SR & Z & AT
AdSE A BA B 71288 d SFAL A
£2 Uige Ex01A Alsict

BZFAQ) B2 At 179 OF 8A] 1625 3}
Tl AE gl QPEChIERE B, &
24 24 9A] 34R0E ‘@71, 7kA 0] Wilsl
QIFIO] R3fiEt 4 Q1oL QI FHES FE
&, U2 Fg 5 R0 ROHIETY 1 Bt

Z2 3 U 2N0f= ‘qIEE TE o] T
St HUEZZEOICE TS ThHleh BHEA] oA
& EGoHA7] HIETY £ LSS B&olal 455 5
‘THAIZY SEET} EAAR ZAI7E lOLE 2A) g
AN S7H0IE Ol SPRCHIEANE Bt

TAIE 182 W1 2A] 8B ‘FAHZEE mjAIZH TR
718 4, @A oisieiEd ngE olgta
OFEICH AL Y&

SHAEE C71280] Alefzl 19¢ FoE 3=
Al T 3 29 QHEH HEAIE WESHA] IQtT.
2F 2N 3TE I ER HAAE RS &
F O G717 sl oIt 3RS Bl Q&
Al AT &R HIEY = L #oIQIC

ANE O AR BT E=E QHETEE A
o= ‘ERI7EA] QFRio] A7} GICE = LIg <) At

Fe 3 7] oG
P34 Qe TE

20261 (o 26
088 (AbZ])

209 EXjol= okge g
olrk.

ORBITHR OfRLI= 71
g7l AoEoE |
Sol7 HzstA BEs
ol sl Firhe Higo] LY

Fk mair

20254 e o6e]
08H (AFE])

‘7129 =4 23} =914 szl

BT, FFA 0 57

= BETHI7 1 SSEOIO Z5E4 SIA) Akl
ot g, tV1gEed 5 58 20E 5HeA 2
7ig Ag Ao F73ICt

LFEFLEAEe At 239 HEs U 2
F A= O AFIE SlEtAlal FHEOA Thastior 6t
], G4E SIEHER0] SRS U ] -2 eH
=7 FiltE SHoH Hslor St Il SRR

LFA7} F2 SSEl0] F5FEE S 01F
718 oY E38 £AIE F6IEA JHdeR
AEE AlStelal Q= 3 VEe 885 Y6t
WA ESE EAGLY = A2 FR QAeh=
1S ETghR= AREFUL 58 232 146
) o] AI7|=HAICE.

A, IFAE= A 219 GidaesEEel
FEHR7ISRIE(VOCs) 595 &8 2E s
SIHA] T18L-S57} Aiekaa AN mEt g
StEd @ Ed1F QRS LE71F oldh=s JAIZ
ABSAB71E8 AR TIOS F o2t ¥

o1 HE QI

O] TiEof| A7 H AT HAH S0 o)=Lt
= 71E AolEo= Has) Hlush= & AgkE
Hold g oz AWEs| th7] 2o the 22
Ag L6 THEYTH= HITo] A715

SN GLrZEAE0] ATl oHEE FeHe
2 5h= R4EQ] 4 7158 FHohHIulsh= A
2 AT F35 J5E Vee 7iHe=2
AUES IFLE | o=E siEg BHe
Q= FHE SFFPCH= Zo|ct

ST = BRARH SeaedEEEe AT
BIER(TWA) 7128 201 FILEs7IRIRE
(VOCs) S 595 7oiEd 58 a7t Suigolet
1 BISICP T “9HA 300001H AIRIS0] =5, ofA1E
Z, SE/1EE 59 B4e 548kl o Al 1]
fiet 712X olsleh= W 7H] 2] 7 ) e Alskal 91
O AJESICE olo] ‘i71ege Hige] gig, =
A Hralof ik} 71 HA | BEleh, Egh-rE o
WESFA7EQ A2 G st SEE 0 ELH
o] WS AFFICE.  /AT0L 7Rt jinggi@

O OFF ZAE EUIEL F2 71ER1E Zake 199, AFAE T 34 B
(14,7+11.3)em
zMretm o|atehst & igre



‘m - 5.26. 22

EERTC]
“SollEd ity ” gk ot 2 AZ80| 8 s A &=
= HA - | L-_O (] -1
THEET A PN 28R 5 XU PF MUY 4BE IS QBT W LB Ong/nd $FO  ORISHEMU BABA @4 EOl WA AKX, RSlEE faEg aw
A3 5)3) H4 547932 Elolo] FFoRA At 179) Wt b 18ng/ni7HA RISILE of AEQ) Y FREETO) ARE WAL 77 Aol TE T4] Welo] WIBICY
b = ol 2471 FAE Q1Y I Hat Ol SUA AW X1 Gng/nh) O Al Qldo] RSISHD, B4 misjtofLiz ek T BjEeCh
W o <t 3uf 18ng/nd # 5H79320ICE FNIBS TR WXL T wiol BEICE OIFOIT 914ng/ml $:70]  WPICR OlofE 4= QULID] "L BET  UAIE SSEI0J0] TR AZHAN00
VPSS 7A A ZAF Aol B RIVIS, D88, SH SR E0E AW LA B8 BRI (ng/m) 8 WS SY 0 QTR 48] TS 101 HEK: RelSiohEE Hashs 91
A 54811 A R 24ng/ni2 BEFCL 2004 OFPII T MSICH # AFgoITt 39 Mt ANQl 2016
“Hiol E WAR7} 7 VK] @019, 0] BIAI(PM2.5) 124ng/nl, IARAI(P  Olo] AIRICHIE ZI6HA WRISITL Tk, VA EJolo] D) S BhAIRH O 8 4 9l
= ISEIOI0) S0 Slaie O18) 250 S ZIA R0l HEA O M Z0] MI0Y= 180ne /i O: Z} TS | iRt NESPH O SOlEl e 0 Do e O 0 L 2] Aol Olax]o
(A B e = =
A=A 2SE0|0] A Lol ‘EHC)RHEF TS | (B4, 22E0[0f
o o O e —| = L= o

WA QAT e Tje
222} 2300008 A8 A1)
HelelA AR A R
STl ol 221X 4 Kjg)

SFELIN7L FSER0I0 BFEF 8
A= Qe ARl Wl5E 2l43l517] lsl
SHMEH(TF) € 76kl 24 thg
Ofl LIICH BFAl: BEH A e
ZAL FU 1lsl F4oll FS Ukl
¥, 18-85 53t Fols) 18 9171 th
SF%= IhAsHL QICt

LFEGA = O A2 2t mlsh
3189| Fxle= STE0] Ath=Te
5] SHAlE, Alel oSt R4 ZA]
£ esl RERle el e sl
LHAITL QACH 2590 B0

FFANONMEH A= S3E0]0] 35
BZ 230N SR U SA= 3T
7+s0] STl 11 27} Wleh7HRYEIAL &
AT AR N5, SSE0l0] S3t
B sEnEeke FEal 1& 1700
Ojg Jsthale nhd, 68RE =g
Agolct. thEKke SRR WlshE U
LF3F A2 F BYS 9l wslt

D8 WS It

BUTHE F0 W) BHE 9l &
BRARL 1501 §4AE Ueishl @
FOAIRE] 93 A7 29 FOILt. o]
o 154 713 18 4131 Q191 64883,
A3 A% o1 e 66102, B4 1)
1 336871, 7IEH 1041 A O & 17H019
Aow A

BRI AE HOE 145 SIsh
199l BUEZS AIZHESIZ AT
9100, ERHLE Zoishl 9314
U1 AR A4l QT Vg
T} 12 270 ool LIS SRS
2 245} BEA0) 48 AZolr.

ol s 318 BOMS AL Gl 2
SRR o 2350 O, BFAE 56
oloy} QHOR BT 4 YES =
NECLES AT FERBER
ek Ik,

DN BTN FEOEROIE SR
WA HEg SEARAE 2B,
AGEHONE WSV A A 31
SEANLZ A AL 1 Fi
FORRRE SR 522 S5
o ZaTol FEHOm sk wast
FEE0I0 BT 23T 92 Y

£ SURRIS T8 IR o HE
o A9Ig 4 QLES 0] Aol 7
o AT QI AR 4
TEI AZ0] BEBIoh S o218
B 58 K0I8 4 glom us A1 B
Tolte A B 4 9k,

aEAY) 93 UK 28 29 i
WANIS RS 2 00 AT 87
8 B3 AL TRt

Sl olal BeielR] 213301 2 <)
71E 9alE)3 gk S¥8 HESHE A
B YA 3R0= A o sl
o) W ke 9, WIS
s YRl 210802 Rl 7
Al s o 280219001k Olo] B
A= BEOIRIE0 BB WA 28
Sgoltiis dFVENBAAS A
Holtt.

BFEA FEEololo] MR
ol K3 RE oI

FEElolo} 38 0|7 AL
WITRISRIGIEA 1 EA] i) T2
ehtil 412 2HE HRHE AR 22,
BN B BUT I HA0 8T Y
35 W8 N9 B3 A5 A
2olrt.

SSENOIO= A 108 S=ERIF
EZAHLH)SH 116092 w20] 1T
A EX) i) Aok AR, 20299
THA| 28 e ofgolt.

AFARE 1& OV A AEA 512,
B3 ZAL-ul5] 0] Heg Tt
o "S5Et0lo] F3t Holsl 3 AHE
-O1H AZ0] 245] FUE =S AA

Aglroletal Bt

BHE A 179 @7 FSSE0J0] ZF
& U 238 (BASE) oA SRk
A5h 2@l 180] th] & AZ0l A F2ts)
SELE Ao, AT 28 S
S FAS A S 2839 Agt
OIAS Efa1 TAIZITHRI At 208 T
SIEICE.  HA0L 7|} sangajeong@inilbo.com

(4192

U 7% 8 A9 A H A S e Ty
FAL, FEE SH -t A L3l 2"

BF YU 9g B9 Ut
A3HQ Uigo FSE00] BFIY
OA g Th BiAlo] mE e Bt
3 i3} Silg EOl= U F=E e
sl gtk

SHA 23} AR, ol F R} | o] o
¢ kg Hasiohs Yo' 75 5
R 25 tARE v FuoA o
Al QRIS AT AAA Tl d 29,
AL AR S TslE 4ok FUS 9
o e wie s dg ZAIA & sie
TR} Sttt

E e o LS VE R
2P AAE Tkl A A uig2
o] SOzt

S A% goR deituig
TIYR A WP ol 209 Q74
A @ge in tige AEAFR.

B 24 180hE vl ARt
601 5 55 59, ae4 S 55
A Hste Kelohs Bhe, Asleol 8F
L@BHO JFN IR YBYo= &
QA=A oAl =I5k, oFd ohfl BAE
Sl SRl A 5 AlRIOIA Ft

55] uhdw Zge A A71oHdA
7t ) FE Aoz WAL 179
QBRE HAFOR FU QA HAE
2 FeIs0| ool ¥ w=A ts

. AATAE 1R @R RS
o, 199 29 38), 28 GHITRrEIA
H 2% 5)0 24 2gson, 318
Ak 3350] O gL,

ol ofsol FAHA 120k &
ot SF7E B 370742 AlAL A
o, SEAR, dZdE, 39 Se Bt
g eAdeh-Z gl g
T B (Gh3A), $8RA
Rao] ey Z7s 47, ¥d A
Al 28§ AHIAE AR,

ABHRS, NL2H- 2ot A

0] B BN S TS &
TelolA] AdlE oz 0 okl AR
Tt 27} joh BRIE Sish S BRE
X8 R ¥ OIE B, Bl 5& U
U] DRAS 5EH5707HE B RIAL, S
FYS e olE g 10704 80 @
BAire s d7 g dEE Y
a3 Age AAZ

A, THd a7 Azt 1 ofE.
Ol 715h= 506AIH 165389 FUS
A Zop} o) 228 wetshl, gy
€ A7 4530 E Adus ege
Slel 87, -5 B AR HES
e, A=A RS, TSR
O BXE Qo= & VAR TS EF
& Al &=0] ofE ATt

2E40[0} ZFT SN0 1 5

o IF BT At723

27 YA LS 2 20201 2
ZIRFS0] 14404THE: W, ORIGH T
g4 Qs Wa AR,

AFRIS LY 380 M

BUTE AL 2, Tis) 57 230)
A BIRIE ot &) A Fu vls) 2
A5 2 5= AV LS des
HIHO A2 3 2g FEFCE
2 8ol FolRH T Age 9l
Bhaents el #87 +F Y
ZARAE @Yot 37t Bi5) ofgo]
B B Tz} ool At E
Aot AL 53k R4 gt g Al
s} it

A 19%0)= SFRANL 1501 F
SRS sl F3E0|0let FE0R 1]
3 w#E Toksl] 918t sigk ZAlof 2
5, L5 R4S SIAEC

259 3 FoE vl Hgke & 18
1132 (62628) 0l 48 AR WAR
T FSEPOOR= 1712 Al 228 2700
©] Boj tich =4 Frlo] SR

B0 YYES B SIE0|
olofl Aist ulsha A ot R
B oje Hrson, 2120l 58
olojet HErS ZH Tis) AT T A
B w2k A2, A SHE 29 & B
HEle a6kl 38 g8t 5 At

/=
124 B} M3 2t FOITIAF B2 Al

il A

45 29 Yol =optt

uE TEEe SV A%EA S0l
ulE ge Fasiol] 95 dde &
2 3% PAR, BRA S0 SEAA
<, A8LINY A1 F & WER A
EOlU= l=Big Fajat AZoltt.

HE G “WUOR sjujo] 2
A AT AFBITTIGE Ao
e TR BEASOloFeE o[ 3R
ARLOJA] 9] 4B A7) GEE"0l
2m Bl F7HA A4 0 )
B70] Mg tisin FSE0l] Zysk
= A3 KohIn a YRt

S T jhdd15@gwangnam.cokr

(295721, e




5.27 3l

W\

EIT-E 8

S8 GAl 0=

‘SEFeP SN S St AFA|

TN FSElo] ZE A thST 3, &
A 2sgte 33014 Edul Qi

AIEO] SIA] 2 0] RE71ACH 7S A
712 158 B4R, ZLERI 29k 53
ol LIA71=AY, ‘Thiol GICk T Sha) 24 L}
& 5 el Aol Uiz Holokth? ] & B34
EH0l| LM ASZ HSAHACE

T GR-E0]0] 50| UhtEE HAiE 37 8
A Eol HiEE= o EFZ Hol= Chsr
FERlea (PAH), THO1S41 52 ol SE5HA]
Q= TAFEE TR o710 FYER71SH
BB (VOCs) 5958 RHFAT ATEY =2
o=, B 47} 5T Zloks R
HOFHA Qg TS 3% () ¥8E 203
Ch= o] Al71=4L QIck

OBl LS8 SE ZAL--2 TAT! F00F ZAL
=ZFA= SSEPI0] SR 2 (17Y) UE H
Q1 Al 20QdoloF R ASAATAS B3l 71 B
B34 Y (65) A& 0HE TARK] AFH
=3
SRl 24 o] Efo]o] 50] Eofl EFEA L=
mi7ict A2 V12 158 S4h=%, 48T
=0] 2 HNS T 20WH =5 BE 8
ZR}ORA] FQATH= 2ot

ol 3K 99l 1749 “‘Ralgiet th7 e
EE {E S AT S8 it SR eEEo)
A7 QICY = Alo] Rt bl BA1E [ AITE
A SR

FAE TR QOIAT, ‘S ZH 29 7
2ol oA Bl itk EESS aECE S Y

ot
oX,
Jo
N
5
it

>
5 Lo 2= = A - 1
£ oy

Pl e
N
N
®
i)
i
32

ofl 5] THSSHA] ZJUCH= 201tk

TN BESFATR PAR R 2098 5
so=el: EdoliEAt of 2 ZHIE HAlsh
DAEAIE 476k QTP Pt

CAAH = g=0--30 LASH ZJ2
Hiel ==ihe] AN SSERI0 3T S A1l
F-Eojo] 5 8 AATHHE AlMoA S
g3e v sHigd falVt w2 0Es 2282
PAH, Lol 50] 52l

ColSA2 NARA7ZISH(WHO) 15 U8
4, PAHE LIRHIA SoiEEE BREEH, &
TN & 84 g=2 ol SBER0I0] BHRjollA O
£ g5 S5 itk

B FA 5 G500 S011A got A
= ABFAR Qagedd dgoltt.

ARIE0] O 2R EH0] L=EE= A, OfE 1]
a7} LE=lE= A EE0H g5 il AkisH
Addsl] Bhhe A 9152 HAE 1t
=& 71edithe Aot

orEg R} FgEZ sl 1 8 ¥
e Ae)] a8 e T B Fefeial
HRIZl= RYO| BRI B34 B 7I5E
I35, 213 PAHE 2t 91giol eisE 8

262 BFA| BAT AZS ZSEI0(0 BFEA 2BMO| SIS 2EH 2T2IE S0} MGt S M MCIOZHSH AT, /A8 7%t choi@kwangju.cokr

JUZAZFIL2 SSTEOI0] SA) B 01F O
3 Aige 888 th7] B VOCs 5952 24
Ok Ez} A0l 37 g5t S8 R= olE
ASAOIE, Eolpa, OldsEA, WA 5 457
ofl Extsit.

SAIE SolEt g PRI S7IR= A S
A Aotk BFAZL AW 21 HEXIEZSE
Uin ‘Al ti7| 20l Th et 2 e] BEgE Qist =
AIE gIEs A S TeoHH AIS0] FA-A1EE]
HEEOR FHE AlZ6lal QIh= HIEO] Lk

2025 068 212
06 (AFED))

ZAE VIS AEOR Heps) e 5 i)
B 42 OlEHe Al0] HERIRE WS AT B
FBHA] $3TH= AlEo0] SA) k.
SRS TR oS 2R A
Tis) 27 ARE LDA SRt 26

ol 5T ST ol TAH Bz eB4e & ofd 53| Felsiosiiy a ggict. Al 2023 39 B=ElOl0] SR YAl EA7F T TPl it
RS 3oln Sl 4 7Izto) ohujEt A7) CUHE| BEGITA--APIE SUE S HE EZ0) WA, E3lea, ogsigts, oigd 53] BFAI] ofZ2 olkjo] #E HE & A JYTOL7IRt jinggi@kwangju.cokr
(35.8+19.6)cm|
ZMstE oltehs Koo



SSEH0[0] 3HAH7t & =

=2E010] IFFE IAE A7IZ TF A
Al S3EE ST #E ATEY &Hg Fol1
A5 =Y ARA-=7} Ao misde nrd
joF Sith= E42)71 =Lt

Ol SIAIZ BFAIS Gigeosrds, 2
SAETY B 71HE9] FAAET 2R, A5
HQl HE FWE7} 1AS] EHHTR= HolA Al
GrISo] ¥g 4 Q= RA1EE TUHE AAE
T AEEE 7150] Algaith= A15o] L2t

A, BFAE TR0 QIF O k7 U H
LI Hollol 534 A& 5E S&ch=7}olH,
S A% QEEE AS oRE HuE AgE
A EHEIA] Eol= & RATS AU TS S &
L) Higo] M7= HE QL.

279 IFA] B0 =Y IFAI GArE e
&aE 52 ol S5E0|0] SR &, thAl Tt
Aol 710 OE 71808 ti71egois

£7, UHolHA AUSHA EMg HEAth
AEE EiTh.

IFA HASFAT0] FL A st
[TYEH o4 SERIZ [Thg R3] ofgitz]
A, ORISHEA, OF, YASIERS, DINHA], 20|
HHA] 5 671 5 1A H9IZ AR EUH
2ot} QS T AYUREHEES4 52 5
SIHY VOCs 2182 45 28 dAlo = 11513
k.

dTae £E LN offIoE ETE0IS
Ao A= WA, qEdE, 2, AYH, AE
# & VOCs 553 ZELHBIIE & 65% 53
g1 19-262 Alolol= ‘245 =AY E LIAY 971

AFS0IM VOCSE HISH 237H 288 83

JABRAFFF: oFSIErL, UB0E,
W, g3kea & FLER718RNE (VOCs) 59
Fe 583

AT, SUFFO| T2 FLYR7ISRIES
A4z &8oke7tofd, gak Yoo i
¢ ¥ E835) S71RC

F gl T Tt A 20 9ict. ¢
SBFA ZHZ FI AN IEE7IE S HeN
EH, Sigggge g B ARz e+
fi= TWARRYISBELE71%) & AT

A2 TESOI8AIE AL IFE0l A= HE
glo] Y= e dug7|id Bl 7IE €4

27 AJAR THM AL

S5l LI

7I01EeKI0] gItt BU @F% F80] U2 &
g 9FE OIFAL, BEA 2 FA7} A #
Bl HEE oA R Ex0] AlsiEh= of
7t

0] FFgollA AlIEN 9f 1 78S HEJe
A GiFL 58 AE SAIE 187 B7F5H0k o=
Alof Thet 88 giglct. @613 71EAIS Hold
FALE AL Al SO SiAlsH S7icHA
9=¢ shads Edgt

BFA oM "SEAIE Hlwg Te 1A
CIOJEL} HE 71, T 0] SH4 101 THAIZ}
Ol S Zo 1 9l

U 3718, 354 S 0| S350 A
7} &l Flofor AlEE Ak Ui BRI of
A TR A| St LTSI =0F= Al
Fo| et 358Eesags EFA, 3
7 QBRAREE, FFue-sg s 47
O] HZSHA| gl 7NEE R tHSSHEAl Iy

20259 052 282
069 (A=)

Q= THE 710] off 2 AZ ol ZIESACH
TS olZe Fe SOl Uig s, 3t A
11 S0 thssl] <18 T g3 71Ee A
Aaor SitH= A8 Lisal 9k
olEZ} AU Ererg oJetbE e = TEEY)
ATAE TN} = ESANSHI0] IHA S AT SIHAR
I EA T Tle 24, B T, A 7
AFES HIECR NZe 718 Tl AS
F50] 7hsoltt ‘S g tigt F5E
A2 EAEEE B =R A HSE S
3 SR ZARA FHET SEHEE Q5 B
7} B! AZRA 2500 LEAok 8 AlE Ol TR
}.
LTSAL A2 ol dEe U "BEe
A7 IS ThE shajel siehEE &0 Chtlck=
SEE UISAA 752 et ANEAE F5310F
oHH, UsiAEE Fiet MAR 32 Q& FA:
ZI5HOF ST 11 RS
/ZEI0} 7R} jinggi@kwangju.cokr
(35.7+11.8)cm




5.29 2 9Y

W\

ENIE-4

rd,

A, HE AR

FAFEHEH VOCs 59% S84 = F=A 3A

23
2714 o138 T4 =2 {318 T7F 7he ol T oA X

PR Reled &3 A0 A

TN FuZReRFE0 A YAE
BESHTHA L Afojd o= Me, Z716] HiTke
B} Fi=A SSE0I0 353 S 2l ol
FT W18 =Y +XE J7h

E9] gt olgi= BFA B9 o= &
ToHEE|, SSE0]0] S| B O] E T B 4=
A7 70| 20| AEE 2oz ERIF
o
27FA] 01419 FINEEOC] BAIV REHS EP
FNE0] B7FE 5 UH= Al BE7FES] AIE 0]
2l= FHollA AWES] AZHAlE LESHA ke
Hjgo] LIt

TFA7E 289 27 9A] 302 Segaes
FF9| FILER7ISHEHE (VOCs) 59800 Thgt
&3 As TAIE 718 E1l, SSE0I0] S
2@y o5 B FdEER ol f7IssEEEo
AE R At 199 & 12A18 71F o2 GA5]
HEL7] AEFLCE

HQAE0 g M LI 54 3FtE o1 aE
I (0.030mm), HERS(0.031m), n-=H
(0.011pm), ¥ (0.041pm), ERZEEALIZE
ZMHEH0.016pm) , OTEHASAIOI=(0.012pm), A
AA+OIEEH (0.008m) . HEMNOISZHE
(0.010mm) SO] QUi SRIFACE, 1-34E, WolZ
25, HEo|ES 2R, o] AT, OIAIE, of
HEHSIE, g4, HEARRENE Sk 0]
AZtg 71RO AEE0| LT

O =a010] B¢ SFF0] YA HEOH 5§

2 9% 5 zhefel o whedsior

S3E TWANESEELE7E) 718
0.1puOf= DS AT 0] SEE SFHOo| Fot =
HLE7I0| ¥ (AEGL) S 15H41(0.03~
0.27) 0l SEFACH

AEGL:2 2Hiria, Sisbatal, B S0 ¢
il Gut CHEO] TAIZE s8] $3f SEHER
&8 & 710 Ao nkl= gEe olE
THSS17] Qi 71E0ICt

AEGL 1tHAl= ‘ol Edof thef Lt tiE
(TI48H A ZEBh o] B3, A= = A
Al gh= g 218 gaks 2R =3
71 & s=’TE A 28 S SAnEEe2
BHSH= SAILE REE 9 W9 S8R
B} |5180] TS 5012 4 U= A HA
Aot

I8LEHE TWA =E71F0 oigt JAZ
28 T 1 0] RaIIAE ERck= d<l
= Z Al &rHEgeR [aldo] 718
4 Q¥ 11 HASkL Ut

0 E28: SREd=dL-EIF e 83 =
7HA ol2j¢] slstE ol Aol B E, 87t
& (additive), A&E (synergistic), X
(antagonistic) ZH20] ¥gt 4= Q7] TR0, O]
23t AZolA AEGL 7S X 88 = zpast
Zo7} Y osity 11 wastkal Itk

LFA7IEEE] PEelLy, TInjgt & olet
a1 AIRISOIA SAGKE otee FAE o=t
= ACE S|4 4 = THFOITH

RIS E OIS 7IEL 0% ol Sl &
OlAI L7128 & E8ok= Tl 24 4 Q= AlHz2}

TWAE 21 8dg TR Z TEoA th712
O F7 SAHZ & 4O, AEGLE U=
Q1] ALARE 7IHo HE5Y] iz 8=
Q1] erjets 4 9 S & oF

S BRI QN RGREgS SANES
o= RIS ASE L, 1 YIFHo] A=
SRIEA &2 AZOIA A flo] TIojet &

20259 05 209
068 (AL2])

<YFMUME

=T

S A S0l A A3 A2
100-200g F 2.---38 Aol F
ATA AT w3 FU & 22
2% 98 SR E 259

SSE00] 353 SHIZ Y 50 #o
AU Fe A7T AR o 8 &4 501 Al
AI71E =X A S7EsalEh

B2 3F B0 MW SSELO] BFZF
i) e 010] OJFH O[S Al A ©F 3]
SRARE EA7R2 () A

a2 a71e Ay 2k johs AW 8
Stz EORIZAIE, WA Fej2 ol Y
A51H SRR Qla ofH EZo] Tt
Al efQlgt 5= Qlrk.

O] o] TR olFe= BFA| BASZA
T BUIRASBINA TEs 2 A
HOE o SR o 20] REIEA T
) QI ThZoILk
= SSEoP| 3537 FH £2et 0l
ZFA RGN TR olALL

Ut Ado) g BMe flaid 100-200e
o] ¥eghy, Iugo] g8 eug 5 Qo A
Fe st geiz stk

5t Eleie ‘Ae

B FARRS "SR Qlel AEo] Anik
UokEAl Slelehal HiS 2AEEY Je
L, B 320] oMM Ql= R Il wAB &
20 e AR 4 ol JEIRICED AV &
T AR ORI 11 AP S ottt

oo} o] ARK: “UEHOR 2Rloj L
QI 745 S AR Fo] Tist 21e10]
ORI IR T £ Bk AbRl B9101A ot
R Rl AR R BeE o
FE OlofL7}7] Ol 2 2T

1o} T, X1 SFEEA £2 “Fd RiFIZt
SR 24 LIl ol 212 & =2 Tix 2
TPPEAIE “AME ZFRIS0) gl 2191 Rilol Azt
ROl B YR B R AR AR Se B
SEjoH ESHOoR LA} ke 2 ORLE
ZAS AL
SHJOIIE Ak 1947FRITH

F 330 ko] #71E
A LIS A0 1oL 2
BATIOUZ HEBP FE,
E5essshe+ug TS0 dE 5
OIS dlehs 2t 202 Qs
Hye! 10] ek 4= QL= Eoltk,
ol AF7IES 44 24g 8% paled
g eKlo) g Aut a dgoid de g

|1

§E|.ol =% |:_|-

.‘ | SR Qe mls Alart 1T 196RIR8 10 ZHE BIRLOm LIHAL: 87 s 439

Ao FAH, He G¥2 AR Wsi7HTS 887, 7IEH U0 12 7I%t

250 o 2o
0631 (AFE))|

OSM

5 gA ok

st

ol £ EilE 37hol AUSoA HEe

QHEICE = QA

Hod Fh= Hite o

&3 FERde7Ied o el
Fol2dl SH6 58A & 2ot H|h
=4 &80 Oie Yeke e 4 Qo 328
Zol0]) SHAPH ALFHA] “ofH EZO] dFH S

2 QhL} =55ER), ol s Ilo] QL

ke UIRI= A TH2Lsi0k =01 Aol Ths o)
S UHAE 4 IOV AE 3
/24T0t 7| At jinggi@kwangju.co.kr

<YFmUNE

‘87132 59 F 262 AT FU |12 E

W AREE E A

SREOPR] BFSE SRl T, SR
HetgEo) £8% FTY RUEREE 95
B X508 A= I = A= 7IEA
7HlE ACE LIEKIT

JUIRASIIR2 SR LYLA R 172

A 2SEL0]0] BFIT AZL0A 01545
Age &9 NN AFoz 588 HLH 7
71228 5050 58S 88 SAUL

Ol B riEloR IS VhsetE = e

HIR ARV IS8 TWA, S=E7I01=4E A

2025 (58 298
063 (AtE])

ALy ol iRie mej 3t Lagit T a2
Ol The E AV HAEE IO RICEL TWARHAE
GLO 27T 7153 222 SO TWAT
7153 4 155, AEGLs:= 55011 LIHA] 65
0] F¢ 5 FA BT AR R, Ol
2} Faixlol ol 720 Qg BHE 4 9
E7IERAP TR Al Sekdge) dgorrt
SLREREE WARR: VIE0]
SiA RalGHAl 22 SRRk A ORILFH
“TWAS} AEGLsS Z1IX| 2 AL S 21 OFe]
SZoA =ERe mo) FE 71F0l gl i
ZOlZRa B /21 717t
(13.7+7.9)cm|

(33.6¢18. T)cm)|

ZMCystm o|atcj st XSt

=



BAVHATA AV 289 WA S B 71% QA"
AR 2o 48 o4 AE-NETE AP Frct 5 57

Y mluleh 42 W gl A

SFA7} SSE00 S A e (20Y)
olF HABEAFR (o)} HAM YT 5 F
a5 58 gis NEdiT 25 ¥A S715H
L A0E TH

IFA= AUS Edie At 555 5
ol LbA G Sl o1 B84 AEF0| 4AIE
OF F7I A Bl E, EkE F7H6HA
G0 o] HiEhE AfaL Q1Y

12¢ Had0| M2H A7E2 STE0I0 8
A A0 A F AdE 2097H
2T97A SE S B A2 T S 674 B
=5 289 sE §88 A AdE 8L &F
Aloll E3He Rl

HAATHY 55 Fil}, TE T Felo] o]
S 25%00= Hol nid 0.02530ug HEE A
OF it A9 58 71E A A B 4
& B 0.00648 207 HISH ZICH 441 Ol ST

ZHEE (0.00030z2), FE(0.001204g), 2]
(0.00850z2) , E(0.36340z), L1Z(0.000902)

W otolel 370 A &8st

5 As%h

AEE ZFA B 5501 Y 0.006484g, 71=
£ 0.00019g, TE 0.00066.e, 721 0.00505 18,
& 0.307164g, LA 0.00123pe HCT =2 4]
ct.
A 279 ojF0) FEs HeEEES:
4(PAHs) = 253}, PAHs= Sl Al &4
g p Q1= 271 OlAe] WA 1EIE THE 87 @
g ETR 0|5 Hx(a) TS EETH 1659 2
e FALA7]T416H] FAETA(IARC)
oA "4 ThHA o 28 2 Ads] #e150IH
HIRTAS QI7IA g (o= SHalsh gt
B2 2RI A0k

AL 27 717 HE(ghi) IS g
0.46ng0] A&EF=T, ol= SET 0.09ngofl H]
Sl 5H S7I8E $RIELE HE (k) EReTET
0.27ng &5 HE+(0.09ng) 9] 3djof Eok=
SRS BEO)

FEH VOCsk g X10] 87 &2 A

7H LY}, ES91% 3.117ppb (P 1.29ppb
), o€ A 1.772ppb (0.17ppb) , AFLH 0.689
ppb(0.19ppb) EE HET BEFHL} =0 &
Az 427 &S5

LFEAE o2 55 48 v IR
S7loHA 11 9Lt B84 58 gt 1, &
A gho] GuiLt IESHA] e 71%=0] gitke
Al H1Z70 AR

A, EFA= BEE S0 et AA23AE
71EE AeE oz FA-MEE] Hiwst § o]
8 & 0lgk= 419 HEXRE U ATISoA
‘OFslsiCt. QEel: EAIRILY = Alage Fo
EHES g2 8t QI

ATES] OIS gi4)7] 98t st AR
S7M0l= QASHAA AE R Tt 7IES U
gl AEE o= ARE J7i6k= oI5 HHIE
Hol 1 QIH= AlE0] Lhe+= OlRL

UZtollA= g2 AeE PHEHA 7] Sl8ll 2
7l IR E Agdsial Q= A olLh= 8 &
Lk2Ch

BFA AR “FhelHal EHIE oY
“TF SIAE0] AlYIS0] ofsial] =8 7AIE
Q1 24 58 BABIFER= 9J30] 21014 EHisl
=0 Aol SRt 1 E3icT.

[/EZI0L 7|A} jinggi@kwangju.co.kr

1 &4 23 B 0iS7H 247

2025 068 13
06 (AHE])

(34.6+ 14, Them|




Al

yeud

20254 068 178
09 (ZE

FE olmEl FF B E)
E=TC 2A LFC Ol H [CHE12SE0|0] BEBT o & 2. 45 2 8%
oV =ti—=
www.s-class.co.kr u I E I ?_IE' -61'*;! %ﬂ
ITE 717 - 2026. 6.15.18:22
2025 68 179 3422 (23 58 229) NAMDONEWS.COM H7228& ' :
© DG F S
<1 ¢ > ) —_—
FEH BFIY QUL QF QU HME o
= o < (= b %42 20300/ 3T 511 5 W 2
<@BHOI0> BT, 2FST A IS 6E S B
AT oL ¥ 87 58 Holol 501 WS SE eS| | 25 CSANY oE BE A9E 9B 5y
T 7PsAEE AARBICE X 2F MR EHE

B A5 & -] vlE AH A7)
RES SR -y

<&E>FISEL0] FFSE TIEeA
TGN IE AHE E 20 A2 S
B AR FE<2E 62 162AH1 - 3BD>
I A STE0I0] B9 HE] 48 =20]
EARL A

LY S A% ‘oK @S et
I ERISH A YA AR e - A
€ Xt w4 QA Stk S,
BT 2994 KE0 AE Sefud
A FIEA TEER & FSEolojo] ®
e Wiclels Hi=E 2ol =S AF
2A Bkl Tk

162 B FAE SPiohd At
14 SSEP0| BFIZ AL EEZ A
oA FeM fEF RS o EF
Ol YA SiY A =7 el
ST TZSA QZ0=, {5l EFo|
S Z< geA Ao SFe e
QUk= 227} AVIEC

QASES AFIE SUiGHH 30 718
ORI A RISl GR=5E 37
WA AOT SRS FUTF=EL T
o &38| AIEE AFIRNL, Hagga
2ol B4g =it JEtk 24 k=

M= 7tE BE 33

Z2 ISE0I0] B35S 22 §8L X7 SHI0IM H2M R

9 YEO| 29 SXO| L. Y AF2 271K

YL ST0l YEEX| 2O, 3l STO| SHAE Z YEA MEH) 4YES £ 4 Alts L247HAPIS

1 QUCk A2 2SE0|0 BFEZE 28,

O|2H old 2F, 20 1794 L o]
Folck.

A= ol 2¢o] BBt A7t oL
2R= FOICE S 21 KA A7)
e g 2d 7Hsdol Bst | 2
oI}

A ZIXR (BRI, Bt 1)<
ge old A9J3] Fs] 2319 5% A
Holg B3f “FSEol= ATt oF 41
900 t9] RoiBtEES AR8Sh= AE

o= E-stal ol SR ofF 2O
Uit 2R, T I ESS Bl
e tiE=Aol tist BE7H AR 3
TREIA Gl QIO “ofde ERESH T
S FU Qe T 7|9 EE B
QI 31 HRESHCE

ARG (45) N “Bol A] 8Fe 5
EHE 2HE0| IR & Elh=A
Ol HLPH ‘G e Eof oA H= E
B 77F R 1 SR

/AEH 7R

BT 2 IO “IF L HlE
Bl A RS ASh= B8 It
AFSOIAM 45 HER TelE AEfoAl A
7Ts& S B3] mEToletal HEs
T St ol 9] 270 ATHE ORIAIA]
FOWA] T A0t Rall 220 R
2 gl ggo] Eaidt Zoltt. Eo] g3
o B0l SSE00] Zigo] H M)
£ QIAIGHA] 23 FHol AAZ K=

LA “FY B g izt 25

SR S T2 A1 SR 09 93
= 918 2O BISIE ELECt At
€ g0l S5l Y sl 2 i 4
QICke Aol LHeLk.

SHEA TARKE Ol ARl e
TBHEE T80] OfL, W10l 5t
A 01 it FRBA 2 TislE ZAI
Sl THILLY Bl A2 R4 BLH
G SOl 2R T Sk A
e Wit HEE B 4 T
Tk

FZON FEEIOToR B ot 27
TS A, Bk s R A ]
B8 Allfek= Of MRS AV,

olga] Q94 90| FEEA 1]
2H= IS SIKIONA WS U1, ABEHA
ol U 71 ol Tt Aot ol
O2i0] AFSIHS B4PIE AR A

BT BARE ‘S O B kR
W §i0] B3 S OOl T
©7) o= BEo] HIEH) QL
OHEI e SpoIgaL, FSEfolol Z0]
B2 = Rl BYOP T ST ool
I HI0] AN 81T Wk &5
1 QIITHY o2 B} K] 2 Hol
T} OlZAVIN SHFl BE S B
AL Esi T B

/RN -TEH 7R

(1029 1)em

-









+HeY

H}
o

X]

s 27

W\

S2EI0I0] 2Pl ZHHE O /& &2 ¥
L &8ie
O A:2025 6 14(E) 07:2087
O & & SEERle] AS F7EEY TR Ay ASE 47&15
O U8/ ek Al AR 219TAFA W S e

- ZPA| B EHE AE BRelR SR FAIM SRR E ws
O 7 4 = 80nmm(6.13.(H)18:00~14.17(:507:0071])
o818 1799(A 6, FAEA 2, B 5, BFRATTH 4

(] &= 2 XA
[6.141E)]
O (07:20~8:50) AtAld] 2128k 2 ST 215845
- Bf fe20M 2RRElE f2 29 U RUE dA/ FHEH § e
= (09:30) @ SAM-EEEHY, ST
O (11:00) %7 olAE F2 2302 gl 9ld S} da|d=aizdgst 5)
O (12:00) 33 8l shalabAl & AR 33 e angasy)
- SHHAIRRIAE) ¢ ASE Y Hi4+E GHE/ B8R 5 19HE
- SRy ZMEOMAE) ¢ MR SHE H B 1S o2 8 By
O (12:00~) #7]& FAAFRFAZBY S22 47 =9]
- S EE0J0] AE st Y MM EF AY =7
O (21:00) v 59 33 FAzAE =4 ¢85
[6.15.R] HE7} olf Z7|9Aelald A4, w4 Al 8 oYl wa)
[6.13.(21-6.16[&)] >EHA
O AolE (G145, 6.16.(%) FEhAEw) 4 4 Al Sl gle
- (616) TOC 42mg/L, TP mmnyh DO 6dmg/L, 0 Fad BUE
O A A3}, W 7 A FUEE A ojg A §
FFEo R Ty
— 314 A3t FEElels] YT FAnE Hdieldla e 5 gl
[61?(§l]]
FEr 7209

Ak

22 f@e] m Az P assp)

{0 2% dul zHolo] AT G

O gao WgET
Fo AFANY £ 295
Lo ARig
FOEEELNES

............................................................................................................................

- X0ME AETS MYl -
S2E0|0] TERASE OREF WX Y

O 2R
Q FAWAE f5A1 - "25.6.140=) 012087 / 3 A TA@Ys g
- 5 ol YR oz AF — £F HE T U2 2EF2 M UF 23
O RAEsEAEE) - oj54de] A8 FEA A3 P T 9
- (7R3 D LSRIAR0RA-13) 12008, DOFMEM M) S00E
O =5 da435e: oF 65mm (6.20.(F) ~ 6.21.(E))
- 6.21.(E) BA| ~ 11A] BT ofl&H(AZIE 5~10mm)

XSMX F=TArg
fraflaletEa fEdn gAY FYadi—egaslelo)  6.16.
frefalehEal fE 5 Ees] ool adaarep) - 6.16,
FEElolo] BFEFA slEAl T HRTE whe A1) 617,
AAYA Wda} M7 2= FRUEAE ¢ 617
AAFAH 5 £ aA5eel gls B AX9EEEe0) ; 6,19,
- BRATOL100mxH2.5m) 4, D4 20 H2|HY ) Q@4 — TR 29
O FZElole] B -l Agamiel]) £.18.~6.19.
- QALY QY HISE U M0 ASE S 023 AHRIY(27) T2 170m)
O #An7I7t FalgtetEd f2un A8 A EEseep 619,

.........................................................................................................................

OOOOO

2 2UHd 73} 6.20.- :
— PSR, ED, PNBUSY AR, YPH-F-F /AR
- (#2327)) 187) ] — 277 BS

S, T, FEElolo]) : 6.20.~23,
AlZECEQ| 24ME) 201 D ATHs Y, HIAZAH 24, BAR, JEH
AT ofF mUEE : 62023
- ATA M4 s AHEME off o0l U WeA| SusME) ) i
TR, AT ANl B AEEEE A A, e
Bosglel BalHE] RIHsUwsa|, SEElele)

- (FEEAD 17

") RUIEY RE UK
0 FftEd Hida T 45 AANS 22

ax oy

[ X4




=2 E{0| O] 2FA AbaT
g2t 2|2

=AE

A2 QI A EA A
AAA ] BAA - BRH AL FololH]
A9 o B A -galof STt



[BFaz2sHY]

ERY 3051001 2212 SMiAD BFAFLETAY 018(06.24)
SSE0[0] SHAIL CHSS 218t TFEIC|(1X) S2EL0[0] EITHALL CHSS 918t TF2I2|(3%)

* eeolel I3 WY

- kA "4 1 2025. 05. 17.(8) 07:11

O YA : 25 5. 2% 2F4A E A BRI A oS 658 O YA : 2025, 9. 9.3H) % 124
O A NAAAALFAE -2 72 0 AUA 294,191.09ni(88,992.4%) 0 Ax - AAE A
o -CLOO o - ol ¢ . A A

2 | 57H/A4H83(28A) © 1984. 11. 14. / 1985. 03. 03. 24 .

-9 WP YA ¢ oF 33,0002(A 1,6008H2)
2299 : 2,500 (W4, v]g7A, 2H, 7]ED
)

- FEAA ¢ 21370 AA, 5,4000F(R-F, A7 714l 29, DF. EF
AR T2 N &= =3

ol

) SR 1P Bt

1z O Brgnescis TFES U

O AP LTAY Faet0lo] 91512 Sty O3W 74 2 59 : 5Y 29U
O A7)k - 25. 5. 17 ~ 5. 19(2F 77A1%E 24 = Z3Elolo] 35 Ed AT UL e 59U 220(), 62 243
O Aol AR AL - Fd AT NA AHSE AP o FA] oA %‘3(5}-7&) O FAYHLTAY YB(PIA) L2
A%H. DEAARS} okt Bk} © = oFpE - A9 2173, @7 wh s ZAh, oS oistet : 59 199() T — 5 5

CHE3H: 1FdA R} O 3t FE EFsE A, YLTFFNE W TR S EEEN § 5 W O 35874 .%%}‘!?J’ ‘H%‘(fé‘%}ﬁ) 5zHe] W

O FAZIE U - 23} B7us) o3 TSR] Ex]x] Wolof - 59 27A(zH - AR A7, 34 T8 A =S, o vhEsket o 5E 19 (&)
- Q12 kA RV 2499 o] | AEATS W R e AL TS dis - 58 239(3)

O S5Eolof F33% FPetE AT AUHAY 24 o : 69 5U(F)

- Aol A F15tle] 1A% kA FAGETAN-EUHE), (RI50002]E 3, 3ve|ER) - 22 @498 o TEE) FXA Zojof : 58 27YU(Eh
- F3Elolo] A Al 8 AT BB, B O 2zefolojulsizuldoiselde) 2rdsl : 62 9U() - NHEE = A8 Ay, F9 A B AATH : 78 22¥@H
ZQAAZAA L) T o)XY - T Rage] obd £, FRAEFRE waE : 78 25YU3)

vkl A Q12 1070 oRtE ©hA] 2 $4Y Q1 3RI30007) 39|, ARSI 247, HRT/(BA, L&, FHFRY, FUXY) 1< 67F 4
Bk

AL A9 £z, HEe] B4 o, ATE AT AR £ dist 18 < 59 ) A
- SRR HE 9 SRR A AR Asl, 28971Ae AR FACeER il e ——— SRl AR - B BEAE 18, MEAIE T »
T o M e ot s K SR RO ©oMSFRS BA A T8 7Y 1BU) 164, F 150099 FA
(28fAART AF 24 A st i . gEEelo] o FRA < 79 26U 94, FH 40099 FHAY)
- 28159 313 fYL ATl 9% 23], £ G 913 BUE (%) T —— F— C A HelET AR - 99 277 A8, AnHE T 29 g7
- 29U AEYS B ANEY mE0IR AFHANT) M i SO ¥2 5 w3 a9 Cwgnd 24 2 %
- TBHAG.20 B E - Sasolel RASIARAY ) - 2 Wkt 32 £ fANYEY 242 s
o U017 W3] 9297, B4 Wl 6707 5 18317 R R e R ”“j*"* ey SR O FF3A 7 - AFEFTF o
- gEEelo) 8 BE UrledE B N e ﬁ‘q;;}fjfifﬂ S s AN A, ANEAEA, 18, BARA, FUAD A 673 74
o WA Y| QUE 24 UAZ ZUEY - AUABTS RS AIA ok — shR o) chet A D AANE FUA AR & - 8- mAEst TR 9 63
o 199, ke ot g ulmA A2 o) A ilif; ‘;ﬁ‘j}:""nﬂj@;jijiijli- Sl il Bl il S £ 59 28U, 69 1A, 79 29, T2 1A, 89 64 / 69
o SWAAISIE 5 595 38 A, o) e G A F wead
ZMOyStm OByt X QerHol



aO|3a}s =)
At S ZARI A 119 /¢ (5. 22)

E)é o}‘ﬂ
qns g8 17
o] FHelE F7F mEct SEEE Agoddn T4
}l:.HDo =k

= 2=

A= 21%” HE 222 £z

Ho@ QHEE = =4l His
o HEE £X|7} 7|F:X =1 o 2SE

|=X| o|stirtn S2E0l0] SES AL, cus nad oo we e

0|- 2 StEXRARIAES 1M 2ol SR T ANtk nslhiEh wdie

) I e = ZEg LbAA ojE] = _— toAd nHs

= o l'EI-. Eajor B0k Fe] 2H A A %;;iaﬂ%iff H?‘ﬂlfﬁ&ix}% |

=°f ¥t FAHAZ 45T

HE= =1
_Efiﬂ:} Axbzro sl Aax TSk SjHbA o)
(<) 7i i
%ii(gﬁjgoﬁ 59% follEZo] EHES i R
] = e gejx] TR, A = AR
- 12t gt =gatA geiop 1, A29 sterEe) FRY ¥ R
- Aol Az 97 Ee ;
_ Be ot MY A= 92T 5 =} dg4 o
S0 5¢ - o1 2m-EF0] o)A 23 e Mgl b s e %5
= gt 54 229 71 ME &3 Iolls 22EY 012 2% BFs A BAT A% Las 812 4o 13 AR TE 4 G A s ot s
N o 5 3 a5 = = —= 1 =1 el
= 5,37771(3,202F)°] =25 = Lloli= % 270 702 $UT 242 B 4 AT ki o R o
S5t o ] 351, A7 oAk A S8 179 B3 LAY I3 g M e it N h e e el
- ]7‘:‘ 30487—1 HZ e s TEl & oo} T A EFT ofE A= TTAIRE 59 = FAT & 2A7 Eas) A9 23 FHLGE T 5 9
182674, 7 oo 5 =4 B fL Ga® 2T B4 oli% HUSL SE T it o -
]E} 5037‘1}0]1 L—} 1= -1 tes 7 B2l TR goly P LT EE BEAT 9, THA BHaa
=% ] LEQ- E5 Apaolch {3 Age] ATre = Az ZAe] a2y HH2Y F 7 stedE geEs s SEA
5 012] d= o57|As =9 = «3-15 =°l, 373 Eliﬁ',_‘r_ﬁ T30l e 29 SEGT G24E o c;ﬁié A £ gYTEE TRlaE AHE ;ﬂ;"’ MELY 12 TESE TCIHE
=3 O = L =, = 7 foo = W =5 = = 2 Fog, Z=A|s sietg =
sfal lct. o|2{st x 7k S ae 24 e = ATl SEAD Heds FRs e Shmiges Wd sl
2= i of H|Z -LI.|D'|2|' 7|=X| 0|5} 25 T w0l =esA 250 AL _:—Ea—ﬁ Ny Y
= wE 7ho| 12|g YSsy| ofHct g o 49 5 0n § SRR 4 2o, 25 A9 87 Bane
i 0 S & Tl BE s
L= :ét.zg; :»17.]1_ a o
LolHrh Fa3h i SO EEs, oy HAZ U8 A4S UHE FILD A
_(T =3 7’?2. o H’] AETT % g 57 e @=4 oig P e R S T
E ojojul =0 o B2 35 w6 T o 5 A FAHE AFE TAHT sojor 30, oA B3 A2 A9
D 0
H o] EA7} ohilz=t Jslnlo HzZba " 27 me £ 2 1826 15 o o 338 8 a b en,
2|'7=|i-|-[' 1z o} : . 5. ow.]@%. sEomm = =5y — S B
CEAO B i . 2713% 59 542 F453 9 TART 289 F2
- ojFlL WX 719 MAE Y 43817 9t o S e
-‘?-Ix-l Iitoleh= Q14 o A2 SCisE AL e e R 4 s o g33% L2Ee 25 30 s 4Ea Aueme gl
JL0 o 4] }ﬂ} —f}_l_-_}cfl/\] At } e A ke Mot sopda 0% - mbﬁ%}ﬁ = H_Eﬂﬂ A en & s
FRaSEE, 13eTE, JTA ] % $T3Y 243l wang - e e
= 3 =T - = o] L) 0 s fs] A 235 Fgg=E ¢ T & sEEE _=L% =2 B : :
s TAZIIC] oA sk o3 5 12]3] gsg-N-Hd- uqim"ﬁ e B9 = Besele Wil — o
OIQIBIE =7} 1Al = 0|.2 sk £ sHsEERe A Aor), Wrejor-o- Kol RIET e i e A
=i [‘H 2 52t 2astel AR5} 9oq e * #ANRERE 9D LowE HEHE SYIIC A9 91 0 el LR gt P
AL A AS 155 it = g, B olE 4x 3] oE HEE 19 g 44, #9 239 gm0 o5 g ey
SHAE F=5k= Aolrt S SeA FEoOlCl g f 1% 449 HFEPY FRG gL ¢ UES. BATIBY AL Y= BFE 7 Zfiﬂjlﬂm} Feh® =
5 oA B = s FAiEer i, gt = TR
M FEHRIIEE EM0CG) 7IEE 22X FURATHE €H “
m=olof, Yut A|Tio]| Ojst s P R R
= rul H&t maf 7= -7 z e
= 7 ojgg €
; 2025 59 229
BFFHELTIH

Z= M

1%

m o s s
1 O|njCHst Xl SHZ o



vl 00 W)
O okE TF AR 2l

X191 9171 (hmnj




L7128 F2 2l
B = o [ [ R ——— 3
2] gat

ssasssas

sasssa 5

[3] FB.Ero]o] me

T 7

(Ex=>
1 oA Fa4 24450
2, T8 A] AEHR7ISFENVOC) #4287
3. wlARA R85 (PAHs) 42
4. EFLAERFA EAEI1~2%, YRFE)
5. AR ARNE de A9E 2xRF
6. 34 M3 H5 @7 AE

=
=

U 74 ¥ |

SZEN0I0 BFIH o LNl ©E
2 E2420) DRSS ENIRIRIS] 27} S0z

e 3 8 s & 5 9 4 % E
1 z@E T A
2 HABREHAHY A
3 e R R g g AR
4 Al 2 F 2 9 Mz2dEHIENA
5 SoeENDL Y| Y
b I R
7 Az Ha |y
8 (Al el |BFZ YA LA 9| 2l
9 |FEM | SMTRYEEE | FEUT DT 4
L e R & TAEFHEILE G
1L |AHYE|2 2 B o Of|SHE? & © &0
12 Lrudesudg(d3 £ o ¥

(B
13 drgzesuy = By
i £ N o 8 @
wlagxd 53 0a %ol
| # 3 3 4 o

] (520 0IF) Al 8 FTA

Lo 211

O HHRZINEVOG 78 2 563 AHF AL 5.20.-5.27.
- (525 68 ek, Hrp, LEN), Ere), IS, 3500 / 2ME0 2o
- (VOCs) (713 B OjSA| Zakizt - (37 maszcing
- (RS B35 280 O|SXIEREH), VOCs : 35 MEY / 22w e

O F7 S CHEE RSl 2{PAMR) 16815 AL 5.27.-6.3.
- (RS 2F FEY 6.9 BHBRERHSHATY) SLEy 2oy
O BFojE4l(t7]) A 232 2k : 5.29.~5.30.

- (FFXE) 4745 HiS 25010, BEG7|SEY, sLS%y, Hexs90)
- (EHE 1Y 402 pEHY oY
O 7HE A dduy 48 e g9 ¢ mueg; 5.28.-60,
- H AR W4 o BUHAS A8 AISFENZ UK WEHET)
¥ OHAHEY TS SME M MET 0y
& 72 FHEAL487))
- U SRl 2A TE 2o " gUe
- % 3670 367 E 67] A2 HE F /6974 37| HARY 2E
- HEIB07)) SFHAT EAF F B0l JHs

[+ 4]
O i 2 e dutle] 75 ke UiE SRR 5.28.-6.9.

O A3 W 9= BE AN FEElolo] HAD c B2~
[ =9 ]
O BEgods ZaAHA &) 5.24./28,

- (1% ZEA) SZE0|0] BE 82X U 3X|F 227 SERHsHuTe)
- (2R ZAN STEOO] BT8R L 1A T8 OfE sAHEEA B 300m) /

171 SE(Cho|S/aRgdS), 27) BeeHaEAT)
- (EHEIN T LRSS B4 28) k07l YSSE saas) ;e ey

Z M

e

@ o3ty &

12
ot
oX
1o



EFO]Of A&

ol oIt S84 ELo|oi= Hust HHEE, Hol 2571X[2] MZ CHE 78 242 2 1271X| 2] M2 UHE D7 oSS T8 & AUsLChetd E Efo|
e P82 FA0 wef ZetRIX 2 30 M=HA o tet 34| ChEa 20] E7E + UAFUCE

S(HA Y M) SRR M2 0|2 FL 14 @42, S8 EH0|0] £H|2 of 41%E XX ELICLE CHE K20 [2H D] 315372 Eal
H2t 22, €5 B IF)0| EIO| & 582 80% 0|4 = 8% & ULt gLICE ~
2

: 7222, 2|7t 2R 22 B &= Ef0|0{9] of 30%E XXIFLICLAE S22 EI0|o9] 22t MdE ZFsi= o S| S8 Byl

BZH: Z2(EE % HE Z0{8) dR(S2I0|18 E0|2H, 2|02, UEE)= #=X FEJ S MSSHH E0|0] 22| 24 15%E F 8= UL ~

Zam(2Y A £X]): FHEL 2S4S W57 FloH =T, EHOj0] FAHS| <F 6%E XX L CLEAES, LEE, Diebl 20| HEHEHo 2 AFEE
LICE  ~

7h2HE SErEE: Zat Lslojant 22 BdNIE 1R E2H Afojof 7t ZES EHsts 23 - BHHYLICH YOS EF0]0O] OF 6%E X}
XIELCLEO[O0= RO 2 R 7| Z2= 9F 1%2| Rt 1%2] tst 0fH0| S REH AELICE -

LSRR S 71EL SHEMEE: MERIN|2t @ EYX|H = EIOIHE M40 2EOR QIS RZRE E25IH, EIO|0Q] Of 2%E AHX[ELICE -

47 DRt sl2EA| BYO| &1, T TR JIHH|L} CHU 97| 2 W HIHJL ZEE|of A A HEHOR SESID Y3 A7 YHES Al
ME o

LICh Z2(F= 2)1 otA (M=ot Ho M d8) it 22 =5 dE22 DIMEX|2E xHe| #elo] ELC



EFOJO] 1A Al A 7Hs B (1)

W\

OJMEHX]|(PM) c19u27 o) zaa 543 32 ars 24

C|2

=]

| -

FSSSERle2(PAH) / BHRIRd /7121

fljo
"
24
e
s
2
[
[~
n
B

EO|MHX|(PM25 - Zr|gay 273
O|MHX] PM10)

etojoje] EHE FIIEE2 AE FAsct=dl. o] foe LstEo 2 gra, 4islotd, oj4tseEEbE
odE a7t ZEEHA U=

Hj& A5 PM2.5 5.3g/kg, EC 2.37g/kg. 25 -F9UAHTSP. total suspended particle) 65~105g/kg
ET3d =4 274 : PAHS 7|El BHREd 771 =2 olF =4 4x ZH 4 EFH

H Fdzo] e FHE7] 4=

b
140
Wn
<
O
-

+ 7 ol&e] WH na7t 8FE 2 77| 8HEE A&uzZd 9269 o3, 394, 2
Fo8l, QtEZM, HFE, H1X(q)EP, ofNUZEH, EReHT)oR, tay T T 23

208, ohEA
saigo] g3t 24

23t PAH: Efojo] 315 1237 oM 1657kx] olate] chafgt PAHSE 7JEF HES siRtEo] 2l
5i3 A4 shiee] 71 YR wot & PAH s15%S PP 2L of2e

WA A7 A] 19718 PAHS| SU1E% Some/ke, AP @7 EPAHUIR| L YAt 3.4-5.3g/ke
Gx A7, £M PE L sie] ek PAH H9o| Hals shyg



ErO E_Jl\_k |'A 7%'='II2
‘mmflfﬂ | & ] (2)

71X 2 ==! .

25 =E o0l 94z I NE29) 4% 2EL gIT 549 € 44 sles 7

YULSHEEA (CO)QF O 4H3FERA: 293 a4 F4EQ dAsEA(CO)E dFes HiEFUh
Hl=F | CO9| "j&AS5 golo] A4 A F T1g/kg, CO2 2890g/ks.
LTS (S0x) © 32 0]4313HS02), 713 A2EE fEt 4 fesie L8 17 AP 24
&% | #EAS Tigkg ~ AT 28g/kg / A4 £57F 2252 J4AEEHSO)E EA
2ALTIE (NOX) ; NO/NO,& t7] 249} gojo] A7A o] ZA5Hs F4ARRH 12 A4 Fo A4
HEF | WEASE F 6.0g/kg
L E R = (VOC): T H9]9 VOCit H&
=% | 2 12-50g/kego = F4F
U S Efgle A @ dH S5 3 HH(EHESY BrX), AE|flo] fEH
Yoldl =t A= . oiaFd QU ZELMIBEL golo A #EENA 9" 44T A3 VOC.
7|E} VOC : b= E}%Hi@(ﬂPAJ% ANE 94 HEEANA ALF, 298 2
ot Ed g WFE A=, 1P P A&F SAQL, 4 2 goe =qste] 5071A o)F
29l 4 (H2S) 5'é O| =2 Er4(CS2) : 2 T3t goH, ojiAjofeuld, Hzrold 5 Haict §3F

1Rt | 29T SRR

o
u0||



=5 x —g.A _ y e . =
S| & 2L : 509 392 9% A= =2 2. 4, otdo] =%
o FARE 20| 24 TH Aot AF G oL HA FIER, IS, BS TS FHEYS 3FL0Z oy

2 4 glod, 1EE ola(islelddd FHE THE 4 98

Aol oY Y BRE

o EASR Fe eolo] AL AN WIS AT 1EY AAES B4

3] [F i ] o
e GHF ool HT’OC;E_:_ L}IE], J.q-? oo E[_ﬁ}ﬁ_ _Qi_@' = PAHZ} = 0}__?_ H|4, Fl=8 3 & L]j—_?_]_
AL a5k 2

» FAZ & etolo] 1009 A7 44F ot} oF 550002830 §E571 42 Aoz 57

i L== Rl =t
. Wo} gl T PRBS HEdez Aad sojol 27 ARk 445} ok, ojits ek, ol 7

.

= ?:]'D:l
o= T
« MEG HES e FE, 233 AR 94, A6, S IY%, PAHS ZTF b9 fE BgEE
24
SHME EI0jOjo] HAL 4D HESI CITHAHO 0¥ B WSS WS
A7] 715el SEe A2 A4, L Bho] SA0] ZAG] thEo, ol BaAS0] AgHe] Ag
oA Gl AE RS FFE T ARG | 2 5 9= HAEA AW = 45284 24 an



EFO|Of R

TAHIZ(NR)

« AADRE= Ffdof Bt ] A (Hevea brasiliensis) Y79 - (latex)of| A F-E3tch

o A" 42 33 HF F 498z AS5e HY FHiE e

« 35PF oz NR2 F= olaxd T FRAQ Efolazdloln], AF 7 Ado]AT H3E7] ot

gfolejo] dagt Fr, B4, W42 FRsE 7IFFE T2 o838 7Hw)o] DasiH, o] FgdlN HARTY AR
3j-do] d=Hrt.

o

Z

R

4 297} gole] Azo] AgEEd, AdA-Setjd LR(SBRIS BT TRPRR)F R,

ut 4

AEEI-SEH |l 15(SBR): sBR2 ~A8d 9 Red, £ o 4§ §HEE
o FlEETon} dejrlet e A THED §3T 72 HIAZE sHEEe THe] Tasic
+ SBRE UutHom 7l¢i4o] glon SBR FAL uje =AD W el ojxe Aoz gA rt

4o HEE WA pElE JIT 9lon, di 2o dEddEstslssPAH) 949 Fo AR

| >
A,
4
U
1Y
o
I
Sﬁ
5.
é.

« PBRE WA, ERA 94 5 32 971 §9e] S5 el fefslA gk,

+ PBRE 7lgoln, LarAS 332 C2 Huslo] 9lov], PRRE 44 Bt gA% 94F 4 glos

¢ @z A olitEEtA, ANFSHA(SS) e FY TN L ulds LS PIT

. ThEol} BEM(HAT Qe Gl AY SESE BT, ALAT A U o8 Mgt 4422 A4T 4 9ok






CH712E X &7 5|

=P 54Xl = 3 S| SHE =X AF
< YRR ALY ATISRIRONO) ZH A > I -
L 23012k 1 25.5.17. 1000 ~ 5.20. 24007131 (MAIE 2%) R A ol BT O I
> (ke o) FEF EF(m/s)
=
: T ux Azt | ojmapera | NEHSAMOIS [y [ gepnn il Azistd M 1 1 05 10 - -
uxt suaz |ommea | (SSGUNS | wm | meea | T80 i )
ST TEGHNO UNVERATY IS - ) TS SHM/s) Sk (|_1'|. ppm)
- S— : ’I‘nrl}'_;lsES—l-(TWA) 1 1 05 10 _ R 12:00 0002 0012 0.041 0.000
19520 ANROU M 22008 1B CREE kwangiju.co.kr (Er%l: ppm)
1000 0002 0000 0001 0,000 13:00 0003 0010 0032 0.000
11:00 0.000 0.000 0.000 0.000 1400 0.001 0.002 0.008 0.000
1200 0.000 0000 0000 0.000 1500 0.001 0.001 0.005 0.000
1400 0011 0004 0021 0.001 16:00 0000 0.000 0.003 0.000
* (=] 017 I -I-" }l— E—I o [[H 15:00 0.001 0.000 0.008 0.001 17:00 0.000 0.000 0.004 0.000
= = 1600 0000 0001 0013 ]| '0.000 18:00 0.000 0.000 0.001 0.000
517.(5) 1200 0.000 0001 90111 0000 | ey | g5uaz 19:00 0.000 0.000 0003|0000
1800 0,001 0001 0008 0.000
= A‘I ]I I OH E;I CHOoH [: 19:00 0.001 0,001 0004 | 0000 2000 0.000 0.000 0001 | 0000
T IX AA 2000 0.001 0,001 0005 | 0000 21:00 0.000 0.000 0000 | 0000
21:00 0.000 0001 0.006 0.000 22:00 0.000 0.000 0.002 0.000
22:00 0.000 0000 0000 0.000 23:00 0.000 0.000 0.001 0.000
2300 0.000 0000 0000 0.000 24:00 0000 0.000 0.001 0.000
2400 0.000 0000 0000 0.000 0700 0000 0.000 0000 0,000
0100 0.000 0000 0,000 0.000 02400 0000 0000 0007 0,000
02:00 0,000 0000 0000 0,000 T 0 G T 0
03:00 0.000 0000 0000 0.000
0400 0000 0000 0000 0,000 0469 0000 0,000 01000 b
05:00 0,000 0,000 0000 | 0000 05:00 0.000 0.000 0000 | 0000
06:00 0.000 0000 0.000 0.000 06:00 0.000 0.000 0.000 0.000
07:00 0.000 0.000 0.000 0.000 07:00 0.000 0.000 0.000 0.000
0800 0.000 0000 0,000 0.000 08:00 0000 0.000 0.000 0.000
09:00 0.000 0000 0000 0.000 09:00 0000 0,000 0.000 0,000
1000 0,000 0024 0000 0,000 7000 0,000 2,000 0,000 0,000
1100 0.000 0000 0000 0.000 00 5000 0000 0000 o0
- Qaa 9% 518() 1200 oom s 9000 0000 | =M | 0-09 520¢2h 1200 0.000 0000 0000 | 0000 i 13d
Xt gaejolel s QHEA WA 14:00 0,000 0,000 0001 0.000 1300 0000 000 0006 | 000
6 1500 0,000 0,000 0,000 0,000 1400 0.000 0.000 0.004 0.000
A AzEeE g 7| iR Al g e 16:00 0.000 0.000 0.000 0.000 15:00 0.000 0.000 0.001 0.000
Auie] ShHstTy A2E Al 17.00 0.000 0000 0000 0.000 16:00 0.000 0.000 0.000 0.000
1800 0.000 0000 0000 0.000 17:00 0002 0,001 0007 0.000
S A Ll 24 YA 19:00 0.000 0.000 0.000 0.000 1800 0000 0.000 0001 0.000
2000 0.000 0000 0000 0.000 1550 00 .50 Tooi 00
o035 wie 2100 0.000 0000 0000 0,000
22:00 0.000 0000 0000 0.000 2000 0000 L 0.000 0.000
23:00 0.000 0,000 0000 | 0000 2 a.ach 066 0000 | (600
2400 0.000 0.000 0000|0000 2200 0001 0,000 0001 0.000
01:00 0.000 0.000 0.000 0.000 23:00 0.000 0.000 0.000 0.000
o 10y 02:00 0.000 0000 0000 0.000 24:00 0000 0.000 0.000 0.000
00 | 0000 | o000 | oovo | o ¥ BBUATE L0SUSANIT BAA UE B8 HVI2HEE TNESE 29
0500 0.000 0000 0100 0:000 = o[ 2o FoI HFA FH U] RUHESR 712 BY 2%
519.8) 06:00 0.000 0000 0000 0000 | yyupng | 11-41 )
07:00 0.000 0.000 0.000 0.000 = Z22A} 8AIZ s EX SR wEEHSS M Ao BE ZEXo|A Ao LHY ogkS o)
0800 0,000 0000 0000 0.000 ) R
09:00 0.000 0000 0001 0.000 Al ofE ZoR ojass HAsE(REFDA ‘BEEE U S2H QX LE
1000 0.000 0001 0005 0.000 = 1T
L0 7 g manaiucoks 1100 0,001 0002 0012 0,000 e
-~ J|MAEE HD8oR SIAfLUA[SRE 2k 43m Hel $IlE 7|4 SHAE MY

ZMOYsR olyst Qe



" RA=E 58 A=

=231 IFNIESE

£3 Iis

i = ¥is .

O SA4%E - LA 773E=(V0Cs) 5 59F

O SAZAL : FZE(F 538 FHEM 2 A 80
= sa9= —

OlEsiE: | ORASA0E S EEEy
APIEER BN 5 05 o

T BARR* 7 (T & ppm) ;

SAETHER] 7—q=n EIE] o % . " i

oo e femr] 67~ 1% MR - 35 9 - 530 033~ 3
1% 00000011 0.000~0.008 0000-0021 0000-0.001

7. (1:1%) (04%) 42%) ©1%)
3 0D00~0.024 0.000~0001
5.12. 0.000~0.000 e B39 0.000-0.000
0000-0.003 0000-0012 0.000-0041 10000

5.10. Bad 2050 e 0.000~0.000
_ 0000~0.002 0500~0.001 0.000~0.007
5.20. D35 GELS oy 0.000~0.000
5.21. 0.000~0.000 0.000~0.000 0.000~0.000 0.000~0.000
5.22. 0.000~0.000 0 0.000~0000 0.000~0.000
5.23. 0.000~0.000 0.000~0,000 0.000~0.000 0.000~0.000
5.24. 0.000~0.000 0.000~0.000 0.000~0.000 0.000~0.000
5.25. 0.000~0.000 0.000~0.000 0.000~0.000 0.000~0.000
5.26. 0.000~0.000 0.000~0,000 0.000~0.000 0.000~0.000

« TWA(Time-weighted Average): SL2AFT 8AIE 91 EXE40] E5]%2 off Ao

2AMA A0 UE g3 tlAlA] ofUE Fle 2 qigs g+ -“‘-EE 2|

* AEGLs(Acute Exposure Guideline Levels): YHF cfi=2 93t 4 =& FHIE Lshj-

1084 M 8AI7IA] Bl o}=2 7] A& & 010134 HY =& £58 Jofet ofdo],
TEE £ oL of2 AR =3ishe] ZERIe] &g

# NR{Not recommended due to insufficient data): tfe]E] E=Eo= =M&A] 942

TWA
AEGLS

0U3s
0235
=0
02 oFue
@ RES
¢
0 xuE 0 448
L RS
0 us _
O A7)+ 071534 va  OkUE
@
@2
Ouz22



'l

golo] 3 A7l oF B4,
E35] PAH, 54 VOCHIA, A8jdl 5), 32404, 7I=8, 671 28 ¢ 5
PIHo2 A% 9T U S+ Gl 44T 18 29

wory

« HY (PAHs, Hla, 7I=gw, & VI, PM25
» TEo} (PAHSs, H|4)

o HIE3OF (PAHS, H]A).

« HEH(EFE HiFez Qe AML)

o ALOHFIEEY LE)

bl

r= ot o
oM Ojob ot
J

rik i

]
!

'&_‘I:E-II %I'éc'!: D dAElERA, AEE @ 4R PAH, C1XFEef, 7198, AR e R Al EsiA sl iy
Al ol diek ASE . g B pAH, TEREO|E, PAANG: AN, HAte] EA)
fol/obs WEHof: AMA|FoF 4L BT 2o A Fd)o| BAYH I
zMristm o|ajry st

B HE opqmne; o BT kA Gk MBS BESE A, 4R
e a4, A7 Ash B4, SR EH EEHCOPD) ) ot o}

o] 23HA 43 9o



H=FE mol XI=

M,

2025. 6. 10. 71&

O XISE o 8 £ 12,1234 [(24k 11,609 /29| - 464) ol eI Al
oEf HE
A | e | 2% | =ems |ases |smrwus|esze| du | 3y e Bl T i e sl &=z ek
— 1 | = ot | oz o5 olaf |&l = =
u_sﬂ;;g 3.619 1,988 884 855 270 1| 127|484 1[30| 3| 98 SE71E.7 1 eulo]E Adat SaF "est 2almls _
(%) | (62.9%) | (16.3%} | (7.3%)| (5.4%)| (22%)| (1.0%)](11%)] (3.8%) 2| W00 | A piE A DctE SEHEHEYE! AT =3
etk b Tk SR -
3| ojoo |t | OB R =R e =5
O X = 4 2t | 2 TR -
|98 ool =T sj00 | F3T | M FEFE S SEESHTE - -
5 | a0 [zt | 2m Sp—— E :
e 2t | sk = 0lsd ojolm AFSe =
:m%‘;'fmss 5| 20| B | BiE [FelEUsE EoloiEl EHE pEchE EE%E%:EL@ =
01%% I & g T =00 | 2| R |SolE 9l E Lojotoy HIME mE|okE _E
EHIC e =g _
S 2 [0z | % [=otm 2ee olraT Zua o :
. 270 /2.2% P T : - ,
7,6198/62.9% 9 |=00 | Ft e |SolE 21eE sololET Fu sijol| - -
. 10| 200 |32t | oz [Sgoiealy Fue vmaTEnE=sez - -
B ME i i s R i Agen ey | Vet
6558/5.4% 12| 700 | 2t | =t > e s £ - -
13( 00 | Ft | =ik 7@ oarscE - -
14| 700 | || =2 7R HAAE RS - -
/. ads EENESE: PR . :
16| =00 | TaH| L4 SojE 7] RO} LHAR
1,986 /16.3% B Py oy e e - -
EMEHE ! : 7| 500 | | 52 7l .7} - :
8848 /7.3% 21t 12721 1% 18] 200 | 3 | 972 718718 -
‘ 210 . . 5 . —_a - ¥
FHRI 4642 (3.8%) 19| #oo | | w2 3arolr] m= - s
20| o00 |23t | 24t o1, =oi= _ -




e -— —]
—r r — T —— ol
<l lxg &° =l B
_ _| al (o]
TR 0 = —<
< oll <1 ™ jol o<
— B mo U N S g R
| ERZwd 2 B o O
K N~ &l 1
ofd = 0 < ol — N 3 K-
< = ol | & Wl 7. —
o — & 3r " = jod
— o A HE AR = = & =
= *gcm_.a_no_..uﬁul
== fgp &5 0 ™ ® <| Ar
4 =0 m il 5 &
}L
[ ] ..._.._u
o4 g
= > 58
(=) I P
i L . ot
(=) m S B o g
.A_l MNM MW_M o3 .ﬂ_.._..m.._ Hol:O..._l )
o o  o& O o ¢ wat -
T dw L owm = X
- i - K o4 S ol i &
O_o 2 W m___._ o H u_.mo ol [} iy
L % IF 2z § Pas_ F oo
O a H O ZH @ B Al 5 o
s u_._u._ S 15 - %HW._o_m_\.m = o3 of
._o._ = o B gh I o= g o 7
ol TEooq o H = g &= M
~ ol = H £l oo ol Ujo = nO ot %
o - T == o _
_l_ﬂ KO Kk Hx}ﬂ MHMM_‘MH,@M K
= B |z B4k TEXSo .o -
< cre Siz@ TEsoat G
- B oo oi T 53¢ ul L IF 5 R I
AN o0 nE HEsd anrdza 2
T0 _|__=_._:| m B S g .M|_..:o|_wﬂmu = 2
° i 3 < o
N~ BT e R ﬁ%%mﬂ\m@a i
% By reir RlslE oa
s i~ {0 = = 50 X —
<0 I & ._xlmm_wm_r__m W gt = B
= o7 o = TR K et
= Ulm H0 — K g T H ﬁ ol o ol Ly ™~
— = = & © ol = T o - L Bl T -
- oo g = ®olh = Wy Ho
g R0 e w o B K0 =
B KOy sas WL BT MR 3
K i ) _AlﬂJOIE._ 40':1%'7; © o
. Kk o [T~ .x:..0|7_Aoo_,_4|1 aF il
S ol O_ | = ]
L nEDL ZBF W = =
] . o0 of = B ~N ™ W ._..mwO ._o._
. ™k ro
+ m




BEE0I0 TR VO] KA 10 g,
25040 CUN 00 01810 DWSF R15] W4 410) B
BEE),

| 0] A Mt Harg
SHHEZILC d

LT &tﬂ’ 2 1 EH9 ME :m
2 4MWE-aseR00E
(RE W AR §) 2. 8 A R S |
o A T MASY RS R MO S HESHO, 56,800 #
YSESHETE, GF HE0 NS SR YUN e S {iiﬂu{ a
i @l )
51 ApOl 01 O A YRAAI0| BOlNG
a2 s AL TS HIEELM
= xRS 7|
o AHEEIR O,
ZshareTypesUl -sasxﬂf';(:tiiaé i
k) e 3 AR-BIS = ;
HyaE
> b T S e e || | | emeix e 4
M B E KIS AL, S = glﬁl_'c.l._
e
EMCstR ol Xy olsta






dh " CHE of| X|&# : 2

i} T2 ME TEHT|E Ol Al
ot ElO|O] 2tXf Q12 ZEHS
N 12 &= km WA SEL 1~2702 PM/ | ST 2 PMItA 245, TH
=2 (Local) JtATF | ZHAIZE~12Y) 3 A |30 357 S OESAEE
St
M~ km HL0 A PM2.5, 0s S0 | AE O/= A=0] 217 F9
X| 2 (Regional) o SZT0M 7Izs ZaotAL | | PM2.5-0s 7| £t 0|
22 E CHH| 10-20 pg/m3 0|4 S 7} f2= At A=
CHY A|E/AHAO] =37t AHZH b & TFo =
= =/ _ < 2023 7HLICH A=0] ™ MA A
S 7l/Ci & (National/ | 2 % 0|4 = J7 WA/ W o p||\.|/|2|-5|-§ gltgo 17 ug/m?® 2
Continental) PM2.55 0.1-0.2 pg/m? O|& E2|= = | 5 Nature =2 £
A | - - L




~

<R0 | KF<IO + 3 | R

A | R | hg@ 2R

= AT |2

160 © Om | 8= |

5o T Ty | EqS |2T
T .*_A.ﬂmurg EM.A.Hm_.._ 1ol m____nmum ._domm__m
T @ s DS T 2D
— | ol S5 50 wd < =}
W WW_ Jx_.._.h_vMu_._ i o0 _._M_lﬁ_._"._ﬂ
— ] — P~ D|| O_HM i H m_.OLl
Rugl (ol T oRM |k Bl
N & ol | K =<0 o o7 il Jj0 | fof A O
_u_OA_m_.._Lo H_I._Hmﬂu._mo r.n_lbm.u.u.oq/ LI_._._|O_u
N18r~ | mo< W co 98 | TTUuKny
odFook | I Ho au M~ |=Hol

=) K
-3 | TR | EE
iy - e I s
oll K0 gl Dn_ - oOF
LM 70 BrE |
q kRO = WHVE W o, KF
— Ll -
@m A_I_./ TK <l n mh ,ﬁ nL.AﬂL_._._
55 | u g - H# .2 R > P
W g B0E | RIE g
g k50 O <Ko 1 < T c
. H <N M.T o
g I= UF I oy
€1 4 o3 o=
160 <}- 50 iz

=) =)

= KH

— 160 {F

o o 80 N

KR | 3T §= 702 "

ol Klo 3k z/o

KT 8r 30

K g




olmo | ~N =<l
R ANGY %l T
> ar =n —
<7 | °0© an M
ofl = Ju ol
N 10 "
X U = o ~JKH
A o] ~
o oju <1 -
rkl o KK 2 £
'R0 T ™~ o)
| AOR O m =
O olll — . Al
or | LW I Ny QF
M Zoo% _Hu.A_IW_/I o
ek O .| &=
L_M_Woé Tl :_QOR
< < mu =N M iy 5o
TEL | Zougm | MIP
S 9% |T_ | *3F
A Z ol _n_o_ll_uOr TN
ROST | ROy N | <IHE
K [ K3 f | o B0
oS | mas < | 8o
ol E | & iuoll | TR RO
Fe
T —_
= _ wl = <0<
o o | =S s S
Kl Wl + MTO o
= o S H S
A_I1 l n o
K0 ! w3 I R/l =
LN = AT.I A_| Al
al ~ ~
=
(el
ol | 3r u
m 8o <360 T 80
<] n S
1 ar <k
80 3

n

KE|] AKX
PN

=
()

| L2 A
)oi

o
AE

3 351

o] gt
)

>
=
g 40| 2 StLh(=

= A2E Y+ u S i
>
£

2y
N
= S0t

£ A 8}LtO]
;= 7L HA7F R

=3
e

54
S5

* PM2.
* PM2



o, 18 25 2IE XIE ol

- C{7|etg0f oo] = A= O[X|= A =21xl

« AR S~ E o] 5 At~ oA dAsty,

o QAT SAHGAA PM2.5 ¥ S FAAA diH] 30-50 pg/m’ ©J4,
= YA 71EE 29471,
A9 utzt siF A A7 PM2.5 HlEH9] 1-5% oA Hl&&
o A o] o= A F¢



| R e
on | IF ©
Th wo | O | &
L_ ] _x_H _u_._ _Alt
= =< |S D
= NO N 10
N L | K | 8o
Y ) N » -
Bl o/IF | om0 K| U0
or | o%KH L|,+oo 10l wl, N
o | 180 o O |
lzw O | © | T
Ho| rEgn | O fju | ol | o
W) gz | RER O H ) do O
AR T R
Bl | o = < < |0
gz | oo 8r K| H
B — . L =S - =2
of — | = | By | 8 | o
~K | HE | Kogo | s | ®
TRl ko | of |
© R0 | r <4 tox | RO | O
OFET | 08! | HT | ™ | <
0
g2l g2l | _-K
ol o S wo o | 71
= i r -
| o m o R
51| RO KU R 15 %0| o
oo o) g 3
N for ol | /il R
T o <1 |NMmo
wl
KO -
I
m : = . my
O B0 ||M =< Kl B0 or| K
|| BCRU ) BDO | 2B N
Kol oro | <dwr | TR0 Tr
— o ol

FEotss 14

o e

7

—~“d7l29 FH oY
FYR% EE A7)




124 : SA ES A7 O|W S H)

CIO|~A[OIHIO|E, BoiH| 2, 245X S

K
o
)
Tl
=0
3
100
oo 0 H
Q= g M <!
m._uow <0 i <0 mﬁ__ <0
s aogE 0 =
J Mo ™| LY
m..___m_v AU BN % = O
-AOZ m ~ H (a K
0 ] Ir S = __ ~ |_|_=___o
<~ | ujs ol Din < )
R ggr T 2ng Sy | i
W0 24 g N =% | H=<0
T |A_I_ Y ujo _.._”_”_._h (o]
Cluar o AR =T | @’
KH | ofue | = ™ | soon | gpRr
~ | orof- |[Romownd & | oo =K
so | T (TN X| zoH e N
S [goN @l U |
| B xSy Fo oW
| oFw qaaes| Vg | Rork
e o W_A| e o o OD H_Lol_
o ol
TH _ﬁn____ M_ﬂx._ el =3
Inp= =0 |~ KH oF P .




2THA| : =it 23 (24M 2t O] S &)

o
_ m
o
@ S
_”__._._._ ol -, ol
Kk <
= & H o KHu
o o._L_._o_ _b.w_-w
HO 1 o - KE | Qo |«
ol i~ S - <0
Hom a0z
o1 R E | =0
K ._Imﬂ._o_ﬁw .Alomw go
DRV G 8
[0 o © 50 .nw
180 g O
RE™ Wz
o™ | o - o
i3 ol 5 | i
HR0= | > | H
STV | NMHIR
o K{ B | kO
~ ny
=0 =
IH | Bl "
T | oo m_. H
/mlo no ©
M_u/u Khu K
K ud = KH | H




" LHSXId *ts 230
2SO0l ekAM (O
)

ofl
jol
=
KO
jod

27}C
HEERERE

ujo
or

or

ol

Bl
)
ol
Ir
IH
gl
Ok

10

oF

FLb X XA

I
1o

0f0
r

Kd
100
B0

ke

NO

rd
LHo
K



T, " Hm*
< IH | 300 .=o
: o " 100
m <X ;
S R :
S K =
@ W e 3
t =x__= Mo o &0
LHo 80 oy ww 5
gl of TR o
sl w2
K | N
Pl s
0 AE :
L & = | OF  KI 4|8
%0 | B o dE a
w0 of 4 B e c
KO = | & H o %
- m | H o M M._
W_u = m_:m " R 100
< ur o 1 _uLn s
: of | < =
o | <
31
g1 R
gl | @ n S
a 2 g ~BEL 3=
71 O™ ._u.._ = :
ol R :
@ % e g
oy g goar =
w oG =
jol " .ﬂro
i joil




1} | 2026.04.07.

E

100

Ch7|1 L FO
aaol ojd S

2025 2 SE}0jOof =




Al

ot 7l B mfsh i

=Lie| i 2 tS Akl

04

of edstx

o I

AL7F 2 Q35H71?

= Ao =AF 24

X HEH A[AHE



=X <X & e

‘3 164l 0]&f (B= HSE &)

A=
o]

of
tH

K
o
=
[=)
#
LN
A
>
(ol
(@)
>
o

EF0] 0] XY
AXIAE T

KO [V

Mo Q

_ B

5 s =

— o {F

O] S fo S
— — Sl Ao 1
o i

™ - L %0 E]
— — - M S Lo ~
=< ofll . K B0
el — < <1 0
1o X | < < Hn_ N
=gl FCRCH PN PR o
(e ol N K of K0 O ERR
. | ]




-
o
Z

zOl £Q QAL

718

or

|28/7719

T

(=]
=

Ejojoje

mads

[} 7}

| .
[Lm

Z ol Al Al

_
3z






03 =Liel tH3

H MA=

us O|=
9-11 MA 24
(2001)

of Al T 83

W=7k

ME S

71,4374 HZASE,
2013 FHZIZAL AR

OfX{- At =

s P2
I:|-|A.u-||: Mo Sixj
(2005)
CH7| EtirEE(NAME)
FA 71E + X|HALZ] ZA
KR Sty
¢t E0|0] CHE S 2}x|
(2023)
”?
HZ4EH Blhoje &M

o4 ff7] @ L E TP SHA



03 SHe| Atdl @ | Ol= 9-11 MAIFFHE S| (2001)

re
ri
A
ol
kel
o
A
M
o
[
fot
ot
N
ol
0z
N
N
=
HIF
njo

x4 =HBUHY I 5 SEI|AHNAY D)7t 2040 K|t HAY T X

i

1]
x0)
-?—I'
I
8
ol
fot
m
o
2
Iot
=
H
02
N
%
1A
10
rH
M
i
Ral
op
ra

Sof0f FLCt.



1
r
8o
Q)
i
<

ol
1
o
o

S HE (EPA)

AH7| i

2tx (H=, 2005)

rn

ulo
Kil =0
z  ow
_ 0
= LHo
i 5
n o
il o
3 1Ho
0\ i
IH od
3 K-
r B
H o
Klo H
R 5 =
0 mp wO O™
=
H s <X B
K a =< T
| ]
0 F
41 oy
oF ol
40 =3
0 S
m =
: =)
<0 &
I+ S

T0
E
g B
< —
C3 =
ol K
< [N
HO <
M T oo MU
e ®W o=z o
W AT T
< OF «Kr 2=

£lo

ol

K

EXHAS

o[

o

ojo
——

OHl
&

HIOlE| S7H

ol



30

#0

=

[E}

il

N

mj

= G

L.|_ Ho

< B

. =]

<4 5l

=_=_ Kk

Al

— od

u (o)

- !

=

& oo

~ <

K4 —
—_—
L
N’

== alo

i R

104 3

S E

(o)

— O

(@)

= = &

Ll = <

~ [

ir | S

- = el

Jo o g

— ) 5

m— ro <

o vl o

= = 5

—— =) ___mo

- = 20

H I

il © 2

% su L

MEESZAN M= =t

H= 7Hd
A AMHE

I-l-

—

0|

e

o

[ ==
i,
oi

£
|
2 7o

Z:

UZEHSTHNHIS) UH0|E HFXtz &
=

|
I

-

t

o
(=]

XY PM10-SO: sk CHEF CHH| F2|5HH| &5

HIOlE

=t

=]

7d7

= @ Xto|H
BH X2

IO



04 = Ao AL 24 — FHAM 7HR

CHo| &
k= Et

AirKorea S3Y AAE &2
A
A

-85 7|4 HiolH 28

PM10-PM2.5-SO: S 6

c

e 7|0 B8 Bt

shat By

(CALPUFF)

AERSCREEN 232|d 2

HYSPLIT 7| & &M Ht

AsE/F/MSE 79 X =
ot

S
=

%

ME

ok Ho
H'
M
|
o
Hr
1
N
M

T &+ 500~1,000F

CH=+ 300~500H

7|-1

u.
T

X

O -

Al

d

7
(=)

E3F B
o H - "
B A A

EX2E 39 - OR U=

|.|-
i
iz
0jo
i
=
=1
od

K| XtA O 2 7HAd A2t




04 @ CH7|2E =& E7I 4

AFE 712712 e 271

S H 7~14Y 52l 179 chel

® 7| A7|= 1 o5 B (PM10, PM2.5, SO2, NO2, CO, Os)
© HIEEDO|(Wind Rose) 24 - 2HEX F 0|5 Z& mt<}

O iiZE s oiH] 37H2 4HE (@3 71 HEkaeh
=
o

LYEFAY ER | ®0-700m 1= | @ 700m-2km FE | @ 2-6km ME



Kr
ﬂ
ptl
|
50 —~ i
ujr S ulo mm M__F.
<1 i3] ~ o
. o N 00 ofg =
Bl K0 j ~ i1 o
joln = b} - K x
_. of ofl a S -
I = T o
I <0 o > IHo tH I+
N R = - =] ol
e il . i Rl - ild
e _A_l —_ =l _.t ol Rr 0
joO0 T n R Ol 7o 1 Ko <q
u - ._O._ A, I_I p
o W& T 3l o8 D B M
e u == =~
K ur 3 = L Ko & 1k of RO = o ’
m.;ma%ﬂumﬂﬂ?ﬂﬂ._ﬂynmm_.
w SEeTiEbEIT oG
7n_§ﬂmuh_._momol_omﬂ

M
=

ul

o H

& &

< {0 -

g 0 u >

S 5 =

- 0 £

T2 % @3 0

T IR gl W i

S <o o 5
— ~ .. p— o
._ﬂ.ﬂu___ rkl oFl i S
W o P me
HJ H m_m ar M 0 3
K O O K

H  —




Klo

ol

10
E|

e

nNO

<

10{

™
<



Rir T g0
ro= o
e o~ ﬁ K o7
= =
31 e wh ol -
o th < . K
] = ok .
o &l = ~ <
< KA X mn NO

N0 &l -

o ny ol

1ol 2 =

ulr o =

3 Ujo S

fof - [0

70 = S

4 = |

gl U od

= )

| =]

= <

= oF ©

q 3 kB

o HO TN 1+

ar jol o I+ )

o o TR %
= T g
= w s ORI
Ho = Bign  EIH g0k
— r ot = ol KO == &3
v < 20 < jol O =

o =0 w1 31 o=
i ] 180 <N rf. H K
I—--AI —— -t -~ [ B

3 AN <D NO of
= B I T
5 [ >< I < B < I




06 =X CHE MA H® — 22|= ofCjof U

D

EPCRA / ofstAll Al FeF
EHX 4
25 oA WTC 74ZHH COMAH 117 SEMP 7| & | =Ab B 0= 8)
HZEZEA s 4= = =
:';*% } (DRI-ZOAEC%!) HPA FA| 742 EPA XIS & | A8 28 Al
SHAF Dol AERMOD / NAME 2% GFS+CSIRO s
oe = HYSPLIT &4l 29 A 78 HAIZE HE AT Alx)
x
=0l S8 WTCHR . . ol7=
T - ©™=
SHARER S5 Fire Registr H o7l ] ZHE
Al AH (ZEIc] =2 AtE) © ISty | xH_?_:r; I_;.t_|_;lt_ N



T = 274 (2026'd 3E ~ 98)

04 A

07| % HIo|E] $E-2

tH71& HIolH +=H--24

| (CALPUFF)

C
a2y

o

st
=t

F R (CALPUFF)

gHAl

<lo

<lo

i[

<M

Ki

ok
Il

K-

HIOIE] dH|

M
a1

HOlE BH X S4 =2




L/Cp

=] o N
- .|.._| MUy
S T
w_a B S
= = b
T o =2
) _ ru il <
= N o =T O
. _ ] R
n ol Hs X
K< O] =10 10 = S
o 1o = 8o on
2 = 8 g
» H s = X
[ — =) — 10
ru T S @l X
s o LN
2 olo Ik Kk |
G > o o =W
o . == ﬁh = = -
N 1o ﬂ_.._ e 1 .ﬂ E
50 o — — =u
w1 . K- KT »
= o W < oy
R < ol 3w w.,o
-— B < 0 0]
= K- S - o s
KI F 10 U S
5o ~ 8 N o R
T B w
£ IH Ar  for N RO Rr
= RM RO L
g 8 S o & m N
T Ok <0 R
= Kk XU Klo °c ™
IH =
i L] m
Ix S 7O
=] =




[11]
<
-
n
(]
<
1]
I

-t

0

—

10




HEADS LAB

A tire factory fire

Domestic

Massive Fire Occurs at Tire Factory in Daejeon * A factory fire event

S : A sudden fire at a tire manufacturing factory in Daejeon,
< 8

Korea, on March 12, 2023

: From 10PM March 12 to 8AM March 15 (58 hours)
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A tire factory fire
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A tire factory fire

* A factory fire event
: 2nd factory burnt down and 0.2 million tires burned

: Property loss of 140 million USD
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Toxicity of tire fire smoke

* Harmful pollutants in tire combustion

: Particulate matter; Carbon monoxide; Sulfur dioxide;

AIR EMISSIONS FROM
SCRAP TIRE COMBUSTION Polycyclic aromatic hydrocarbons; Volatile organic

compounds and others

Prepared for:
Office of Air Quality Planning and Standards
and

U.S. - Mexico Border Information Center on Air Pollution
Centro Informacion sobre Contaminacion de Aire

Downard et al,, 2015a; Nadal et al., 2016; Raudonyté-Svirbutaviciené et al., 2022; Singh et al,, 2015
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Previous studies reporting health effects of tire fire smoke

ymptoms:
“=2 most commeon symptoms complained about were
"ache, coughing and difficulty breathing.

* Westley tire fire in California 1999

able 2: Symptoms that callers complained about to

e nurse of the day, Stanislaus County. Some people
ad mare than one symptom.

: Headaches, coughing, difficulty breathing, and

. . . vmptoms | Freq Percent
burning eyes in exposed residents eadache | a1 47.7%
oughing i 30 34.9%
ifficulty Breathing | 25 29.1%
urning Eyes | 18 20.9%
ore Throat I 18 20.9%
/neezing | 17 . 19.8%
. .. , loody Nose 1 13 15.1%
e Tire cellar fire in Bogota 2014 ausea |11 128%
ose Discomfart | 6 1.2%
omiting l 5 5.8%
. . . . . . n i 2.39
: Eye and nose irritation in children exposed to tire rjﬁzh?;c;:;‘;?;s 'i 3 T
unny Nose | 2 2.3%
H int Pain [ 2 1.2%
cellar fire smoke later Eyes | 2 1.2%
Zzv | 2 1.29%

~smplaint of: Congestion, Tirad, Chills, Dry Throat,
n Ribs, Sinus Infection, Smell, Taste, Weak

California Environmental Protection Agency, 2002; Mufioz* et al., 2016
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Previous studies reporting health effects of tire fire smoke

* A tire fire in Amberley, New Zealand, 2021

: Difficulty breathing and throat irritation in residents

within 3 days of the initial fire

* Most of studies in case report format and

epidemiological evidences are still lacking

Institute of Environmental Science and Research, 2023 :Rovira et al., 2018; Sidhu et al., 2006

S S
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Residential areas exposed to tire factory fire smoke

Station 1
13-March-2023 13-March-2023 14-March-2023
T10:23:26 T10:57:15 T10:51:13
Satellite images 12 and 36 hours after the initial fire Map of Daejeon and tire factory fire plume exposed region
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2023 Tire factory fire in Daejeon
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Main research questions

* Did residents living closer to the factory experience an increase in air pollution exposure?

* If so, did this elevated exposure to air pollution result in a higher incidence of diseases?
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Defining area exposed to tire factory fire smoke

Daejeon city

* 11 Fixed air pollution monitoring stations in

.f,"‘/ \
J / )
/ - Daejeon city
\ : PM,o, PM, &, SO,, CO, NO,, and O,
J Station 3]\ Station 4 | 4 aad ¢« S . 1
‘*A“'\"}_/E VA ) tation
(/ . /‘l*f/ 4 ]
Statlon 5 {ﬁ tat'°" 7 g
- Located 500 m from the factory

N
(/A \ ‘ Statlon 6 ﬁ’ \




Defining area exposed to tire factory fire smoke

Daejeon city

,: /‘J
(Tire factory ] /

— Station 1
------ Station 2
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- - - Station 4
------ Station 5
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——- Slation 7
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Defining area exposed to tire factory fire smoke

Daejeon city
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Daejeon city
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Defining area exposed to tire factory fire smoke

SO,
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Residential area exposed to tire factory fire smoke

Station 1

<0.5ms

< “Statioh?3?

13-March-2023 14-March-2023 0se  ae m0e 139 @
T10:23:26 T10:57:15 T10:51:13




Residential area exposed to tire factory fire smoke

e 3 districts near the tire factory

: treated (fire plume exposed)

—_Tife factony bhtss
ot 7

< A\ O\ * 79 remaining districts of Daejeon
' 26X Stations
Statio 53tation3 5taﬁ°"4 PROA e : candidate controls

Station-6 $ X % dut
* i ""' s}th'\ﬁon 7 %5 o % i
Station 8 \6 N e
G \ NN ),

-5 2N
7 197 e

AL \;k/; \\ Wik A
.'St,athpz N\ | i

W) HEADS LAB
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Excess disease incidence estimation

Health (] .o o o L] o
examination * Definition of disease incidence

Personal
information (age, : Acquired the entire hospital use information of Daejeon
sex, income decile)

I T B city residents from Jan 2022 to Mar 2023.
~

: Incidence (new disease development) was defined by the

Death and birth
||| | Hospital use first hospital visits with specific disease diagnosis (using

Uil
primary diagnostic code) since Jan 2022.
- National Health Insurance Database (NHID) . If a person’s disease incidence date was 15-Mar-2023, a
person was never diagnosed with that specific disease from

: A single database contains all the medical use
January-2022 to 14-Mar-2023

Seong et al., 2016 ;Han, 2022; Han, 2023; Han et al, 2021

S S

information of each Korean
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Excess disease incidence estimation

* Evaluated specific diseases

: Diseases of the respiratory system (JO0-J99) * Treated - disease incidence in residents residing in

: Mental and behavioral disorders (FO0-F99) 3 smoke exposed districts

. Diseases of eye and ear (H00-H99) * Candidate controls - disease incidence in residents

residing in 79 districts of Daejeon
: Diseases of the skin and subcutaneous tissue (LO0-L99)

: Diseases of the nervous system (G00-G99)

An Han et al., 2020; California Environmental Protection Agency, 2002; Lipsett et al,, 1994, Muioz* et al, 2016

S
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Excess air pollution exposure estimation

e * Fixed air pollution monitoring stations
)
Station 15 Tire factory g . PM].O' PMZ.SI 502, CO, NOZ' and 03
Station’2 e
2 i hconihige _
' R it ‘o~ :Station 1
5 & (\ N5 A @ y : ki
Stationfsf’tj”t'°un‘3 Station 4 (> KN i e S
Stator & n‘" Sﬁﬁ\ﬁ()ﬂ \O%: S 221 - Located 500 m from the factory
* Station 8 Q‘% » & X Y e
RIS ¥4 j/ - Used to estimate the air pollution exposure levels of the
’J o residents near the factory
v
: Treated - air pollution levels monitored in Station 1
‘»<‘

: Candidate controls - air pollution levels monitored in

other 10 stations of Daejeon

—
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Statistical analysis

Generalized synthetic control method * Sensitivity analyses

Excess air pollution exposure - Analysis with age-standardized rates

(Station 1 vs other stations of Daejeon) . .
- Municipal level comparison

Excess disease incidence - Applying different pre-event period (40 days)

(3 exposed vs other 79 non-exposed districts)
- Falsification test (by setting event date 1 year

Pre-event period before the event)

: 01-Jan-2023 to 12-Mar-2023 (71 days)
* Post-event period

: 13-Mar-2023 to 22-Mar-2023 (10 days)
d



HEADS LAB

Results

PM; & NO, 0Oy
150 - Coe 20 v
— Exposed Exposed — Exposed
A Controls 6o e Controls | e Controls
[
1l
[
[
100 1l
! 40
© I 1 ¢
E | g
[=)] 1 (o} T
=+ 11 SN
0 ki
50 S 20 1
[ I
I
I
I I
1% I I
I I I
0 : 0 : :
-60 -40 -20 0 20 -60 -40 -20 0 20 -60 -40 -20 0 20
Days from initial fire event Days from initial fire event Days from initial fire event
PMiq S50, CcO
S Exposed J— Exposed Exposed
--------- Controls === Controls 1.00 e Controls
200 20 0.75
o 0 E
‘% Fon 2050
100 10
025 |
\
[
' |
I
0 l 0 0.00 !
) 40 20 0 20 -60 -40 -20 0 20 -60 -40 -20 0 20
Days from initial fire event Days from initial fire event Days from initial fire event

Figure 2. Air pollution monitoring results before and after the factory fire. The solid line represents the monitoring results of Station 1, and the dotted line represents the results of synthetic
control. The dotted vertical lines represent the tire factory fire period (2023-03-13 to 2023-03-15).

S



HEADS LAB

Excess air pollution exposure

Table 1. Monitored (A: —10 to —1 d from the factory fire) and estimated excess changes (B: 0-2 d of active fire, and C: 0-2 d of active fire plus 1 wk after
the fire extinction) in air pollution levels [particulate matter with aerodynamic diameters of <10 (PMjp) and 2.5 pm (PM; 5), nitrogen dioxide (NO»), ozone
(O3), sulfur dioxide (SO,), and carbon monoxide (CO)] at Station 1.

A: Monitored cumulative

pollutant levels at Station B: Estimated cumulative C: Estimated cumulative
1 before factory fire changes in air pollutant levels changes in air pollutant levels Percentage changes in air

Pollutants (=10to —14d) at Station 1 (0-2 d) at Station 1 (0-9 d) pollutant levels (C/A x 100)
PM, 5 (ug/m?) 370.0 29.8 (21.0,37.4) 54.9 (=27.5, 99.5) 14.8 (=7.4,26.9)
PM,o (ng/m?) 691.7 81.5(62.9, 94.9) 125.2 (44.9, 156.7) 18.1 (6.5, 22.7)
NO; (ppb) 264.3 12.6 (5.1, 34.6) 50.4 (12.7, 99.8) 19.1 (4.8, 37.8)
O; (ppb) 348.7 —13.2 (-26.6, 0.8) —27.4 (-56.8, —2.6) -7.9(-16.3, -0.7)
SO, (ppb) 23.6 223 (17.1,24.2) 32.0 (21.0, 35.9) 135.6 (89.0, 152.1)
CO (ppm) 3.8 0.5 (0.3, 0.7) 0.5 (0.1, 1.2) 13.2 (2.6, 31.6)

Note: The estimated excess changes describe the difference between the daily air pollution levels monitored at Station 1 and the synthetic control values. Cumulative values (95% ClIs)
are shown here for each period. The daily temporal air pollution patterns measured at Station 1 and synthetic control are presented in Figure 2. CI, confidence interval.
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Figure 3. Changes in disease incidence before and after the tire factory fire in exposed and synthetic control districts
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Excess disease incidence

Table 2. Observed (A: —10 to —1 d from the factory fire) and estimated excess changes (95% Cls) (B: 0-2 d of active fire, and C: 0-2 d of active fire plus 1
wk after the fire extinction) in disease incidence counts (n) for residents of the three exposed districts [persons (n): Moksang district 6,682; Deogam district:
13,596; Seokbong district: 16,414].

Average percentage

A: Average disease B: Average excess C: Average excess changes in disease
incidence counts () change in incidence change in incidence incidence counts in
in exposed districts counts (n) in exposed counts (n) in exposed exposed districts
Disease categories ICD-codes (=10to —1d) districts (0-2 d) districts (0-9 d) (C/A x 100)
Respiratory disease
Acute upper respiratory infections JOO-J06 71.0 0.1(-10.9,11.5) 21.2(-2.5,42.9) 29.9 (-3.5,604)
Influenza and pneumonia JO9-J18 4.7 —-2.3(-7.6,9.5) —3.7(-16.3,99.9) —78.7 (—346.8, 423 4)
Other acute lower respiratory 120122 76.0 4.6 (-3.9,15.0) -33(-16.7,21.7) —4.3(=22.0, 28.6)
infections
Other diseases of upper respiratory J30-139 58.0 11.7 (4.5, 21.0) 20.6 (6.2, 37.4) 35.5(10.7, 64.5)
tract
Chronic lower respiratory diseases 140147 8.3 —1.5(—-4.8,1.9) —4.1(-11.5,3.9) —49.4 (—138.6, 47.0)
Lung diseases due to external agents 160170 0.3 1.9 (1.6,2.4) 2.5(2.1,3.3) 833.3 (700.0, 1,100.0)
Other respiratory diseases principally J80-J84 0.0 —-0.2(-0.6,0.5) —-0.2(-0.9,0.6) —
affecting the interstitium
Other diseases of pleura J190-194 0.0 —0.1(-04,04) —0.2 (=0.8, 0.6) —
Other diseases of the respiratory J95-J199 1.7 1.8 (0.8, 2.7) 2.3(0.2,4.2) 135.3(11.8,247.1)
system
Psychological disease
Mood disorders F30-F39 3.0 1.3(-0.7,3.2) —-0.4 (-4.0, 3.0) —13.3(=133.3, 100.0)
Neurotic, stress-related, and F40-F48 5.3 —-0.7(-2.9,1.9) —1.1(=5.0,2.9) —20.8 (—94.3, 54.7)
somatoform disorders
Behavioral syndromes associated with F50-F59 2.0 —-1.0(-2.2,0.7) 0.2 (-2.0, 3.0) 10.0 (—100.0, 150.0)

physiological disturbances
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Excess disease incidence

Table 2. Observed (A: —10 to —1 d from the factory fire) and estimated excess changes (95% Cls) (B: 0-2 d of active fire, and C: 0-2 d of active fire plus 1

wk after the fire extinction) in disease incidence counts () for residents of the three exposed districts [persons (n): Moksang district 6,682; Deogam district:
13,596; Seokbong district: 16,414].

Average percentage

A: Average disease B: Average excess C: Average excess changes in disease
incidence counts (1) change in incidence change in incidence incidence counts in
in exposed districts counts (n) in exposed counts (n) in exposed exposed districts
Disease categories ICD-codes (—=10to—14d) districts (0-2 d) districts (0-9 d) (C/A % 100)
Dermatological disease
Infections of the skin and L0O0-LO8 14.0 0.8 (-3.3,5.2) 2.3(-4.0, 8.8) 16.4 (-28.6, 62.9)
subcutaneous tissue
Dermatitis and eczema L20-L30 33.3 1.4 (-2.5,6.0) —-1.3(-10.3,6.8) -3.9(-30.9,20.4)
Papulosquamous disorders L40-L45 0.3 -0.2(-1.0,09) 1.0 (=0.5,2.7) 333.3 (—166.7, 900.0)
Urticaria and erythema L50-L54 14.0 —1.1(-4.7,1.5) 5.9(-06,11.2) 42.1 (—4.3, 80.0)
Disease of eye, ear, and vertiginous syndrome
Disorders of eyelid, lacrimal system HO0-HO06 18.7 —-0.3(-5.2,4.3) -12(-11.2,7.2) —6.4(—59.9, 38.5)
and orbit
Diseases of middle ear and mastoid H65-H75 9.7 —1.9(-5.6,1.7) -34(-11.1,3.9) —35.1(—114.4, 40.2)
Diseases of inner ear H8(0-HS83 8.3 —1.7(=3.7,0.9) —0.9 (=5.0, 3.6) —10.8 (—60.2, 43.4)
Episodic and paroxysmal disorders G40-G47 12.7 3.1(0.5,5.7) 8.5(3.7,13.4) 66.9 (29.1, 105.5)
Disease for negative control analysis
Intestinal infectious diseases A00-A09 27.3 1.7 (-2.8,7.0) 1.9(=7.2,13.5) 7.0 (—26.4, 49.5)
Disecases of external ear H60-H62 93 —1.0(-4.5,2.7) —-0.3(-53,5.4) —-3.2(=57,58.1)
Diseases of esophagus, stomach, and K20-K31 10.7 -0.2(-24,25) 1.0(-3.2,5.2) 9.3 (—-29.9, 48.6)
duodenum

Injuries to the wrist and hand S60-S69 12.3 —-1.3(-5.0,2.8) —-0.6 (-9.2,7.5) —4.9 (-74.8, 61.0)
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Biological mechanisms

 Air pollution * Oxidative stress and inflammation mechanism
— Respiratory disease : . . .
: Deteriorated mechanical and immunological

— Skin disease : .
respiratory defense mechanism

— Episodic and paroxysmal disorders
: Direct damage from chemicals

: Oxidative stress, release of pro-inflammatory cytokine

after air pollution exposure

: Neurogenic inflammation and oxidative stress

World Health Organization, 2021; Huff et al,, 2019; Thurston et al., 2020; Kim et al., 2016; Block and Calderén-Garciduefias, 2009

S



Response after the disaster

* What local government have done
: Dust absorption and cleaning vehicles

: 3 Schools near the factory closed for 1 day

 What company have done
: Voluntary cleaning process near factory

: Received damage complaints from residents
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Response after the disaster

* What we don’t have * What other countries are doing

: Structured response protocols for massive urban fire  : Monitoring health of disaster affected personnel
disasters (911 World Trade Center Health Program; GuLFSTUDY)
: Research guides and health care programs for first  : Developing tools and protocols to assess public health

responders or residents of disaster affected needs and research on disaster response workers and

communities residents

(CASPER by CDC, RAPIDD by DR2 of NIEHS)

Azofeifa et al.,, 2021; Kwok et al., 2017; Schnall et al., 2017; Miller et al., 2016

S
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Limitations

Exposure misclassification

Evaluation of conventional air pollutants

* Focus on acute health effects

Did not evaluate population susceptible to tire fire smoke
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Estimating the Acute Health Effects of Smoke Exposure from an Urban Factory
Fire Accident: A Case Study of a Tire Factory Fire in Korea
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BACKGROUND: A major industrial fire accident occurred in a tire manufacturing factory in Daejeon, Korea, on 12 March 2023 and lasted for 3 d, gen-
erating air pollutant emissions. Although evidence regarding the health effects of urban fires is limited, residents near tire factory may have experi-
enced health hazards due to smoke exposure from fire plumes.

OBJECTIVES: Capitalizing on the timing of this fire incident as a natural experiment, we estimated the attributable excess air pollution exposure and
associated disease development among residents living near the tire factory.

METHODS: We used the generalized synthetic control method to estimate air pollution exposure and health burden attributable to the accident among
residents living in smoke-exposed districts. Based on satellite images and air pollution monitoring results, three administrative districts (within
1.2 km from the factory) were defined as smoke-exposed, and the other 79 districts of Daejeon were defined as controls. Among the 11 monitoring
stations in Daejeon, the station located 500 m from the factory was used to estimate excess air pollution exposure (PMjg, PM; 5, NO,, O3, SO,, and
CO) for residents in the exposed districts. The number of daily district-level disease-specific incidence cases were acquired from the National Health
Insurance Database and used to estimate excess health burden resulting from the fire.

REsSULTS: During the first week following the factory fire, residents of exposed districts had an estimated excess exposure to 125.2 [95% confidence
interval (CI): 44.9, 156.7] ug/m3 of PMyg, 50.4 (95% CI: 12.7, 99.8) ppb of NO,, and 32.0 (95% CI: 21.0, 35.9) ppb of SO,. We also found an aver-
age increase in the incidence cases of other diseases of upper respiratory tract [20.6 persons (95% CI: 6.2, 37.4)], lung disease due to external agents
[2.5 persons (95% CI: 2.1, 3.3)], urticaria and erythema [5.9 persons (95% CI: —0.6, 11.2)], and episodic and paroxysmal disorders [8.5 persons (95%
CI: 3.7, 13.4)] in exposed districts.

DiscussIoN: Excessive air pollution exposure and disease incidence were identified among residents living close to the tire factory. Preventive meas-
ures, such as a warning system, to avoid health impacts to people breathing fire-related pollution may be beneficial for communities impacted by such

events. https://doi.org/10.1289/EHP14115

Introduction
A sudden fire occurred at a tire manufacturing factory in Daejeon,
Korea, on 12 March 2023. The fire lasted for 58 h, burning 200,000
stored tires and causing a property loss of USD $140 million. Tire
combustion is known to produce harmful pollutants, including par-
ticulate matter (PM), elemental carbon (EC), carbon monoxide
(CO), sulfur dioxide (SO,), polycyclic aromatic hydrocarbons
(PAHSs), volatile organic compounds (VOCs), and heavy metals.'—
Previous studies on landfill tires and tire factory fires have reported
increases in the air concentrations of such substances.*~” Therefore,
communities residing near the tire factory in Daejeon may have
experienced adverse health effects due to the toxic pollutants that
originated from the tire fire.”

However, only a few studies have reported on the public health
effects of tire fire smoke. Residents exposed to the Westley tire fire
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in California in 1999 reported headaches, coughing, difficulty
breathing, and burning eyes.® The prevalence of eye and nose irri-
tation was higher in children exposed to smoke from a tire fire that
occurred in Bogota, Colombia, in 2014, compared with unexposed
children.® A tire fire in Amberley, New Zealand, in 2021, resulted
in reports of difficulty breathing and throat irritation in patients
within 3 d of the initial fire.'® Although several exposure assess-
ment studies have indicated possible links between tire fire plumes
and adverse health outcomes in residents near fire sites,' !> epide-
miological evidence is still lacking.

Few studies have documented the acute health effects of urban
fires on local residents.'® An increase in respiratory disease-related
hospital visits was reported in residents exposed to warehouse and
scrapyard fires.!*!> Residents exposed to a fireworks facility
explosion in Enschede, Netherlands, in 2000 reported acute respi-
ratory symptoms within a day after the first explosion and physical
and mental problems 2-3 wk after the incident.'® A pilot study
involving 13 residents reported an increase in respiratory and post-
traumatic stress symptoms after the Intercontinental Terminals
Company fire, which occurred in Deer Park, Texas, in 2019.'7
However, these previous studies on urban and industrial fires were
prone to multiple sources of bias related to the lack of information
on environmental exposure and health risks monitored before and
after the disastrous event.!> Most disaster studies used post-only
designs with a small number of convenience samples, without an
accurate assessment of baseline health status or environmental ex-
posure levels.'® On the other hand, the randomness of the timing of
disasters provides a unique opportunity to conduct quasi-
experimental studies by using data from such events as natural
experiments, %20

In our previous studies, nationwide health insurance data and
difference-in-differences analyses were applied to evaluate the
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mental health effects of major earthquakes in Korea.?!?? A

unique health insurance system with universal coverage tracks
the hospital usage information of each Korean.?* By using insur-
ance data, the baseline health status before the event and exact
timing of disease onset can be estimated. A difference-in-
differences analysis minimizes unmeasured confounding as long
as the parallel trend assumption between the exposed individuals
(e.g., a group living in an earthquake area) and control individu-
als (e.g., a group living in a region away from the earthquake
area) holds.?* Recent developments in this literature have offered
more flexible methods that provide weights across multiple con-
trol groups to generate a synthetic control, aiming to minimize
the difference between the exposed and control units.>> Building
on the difference-in-differences and synthetic control methods, a
generalized synthetic control method allows for the control of
time-varying confounders and has been shown to be suitable for
analyzing the acute health effects of disasters having multiple ex-
posure groups.?®

In this study, we aimed to estimate excess air pollution expo-
sure and health burden in residents living near the massive tire
factory fire in Daejeon using National Health Insurance and air
pollution monitoring data collected in Korea. Our objective was
to apply a generalized synthetic control approach to assess the
short-term temporal changes in both air pollution exposure and
factory fire—related disease incidence burden.

Methods
Study Location

Daejeon city comprises 5 municipalities and 82 small districts
(Figure 1; Figure S1). The tire factory is located in Moksang dis-
trict of Dae-deok municipality in the northern part of Daejeon.
Dae-deok municipality contains a high concentration of industrial
complexes (Figure 1, outlined buildings), but there are also resi-
dential areas located throughout Dae-deok municipality, includ-
ing near the tire factory site (Figure 1, shaded buildings).

' Stafi
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Figure S2 shows satellite images of the tire factory fire smoke
plume captured on 13 and 14 March, 2023. Satellite images were
obtained from PlanetScope-SuperDove (3-m resolution) and
through Skywatch. During the fire, the plume spread from the
factory in the southeast direction, consistent with wind direction
at the time of the event. The wind rose diagram for Daejeon
shows strong northwesterly winds during the 10 d following the
initial fire event (Figure S3).

There are 11 fixed governmental air pollution monitoring sta-
tions in Daejeon, operated by the Ministry of Environment. The
closest station to the tire factory, Munpyeong station (herein
“Station 1), is located only 500 m away (Figure 1).2% The hourly
air pollution levels [particulate matter with aerodynamic diame-
ters of <10 (PMjo) and 2.5 um (PM;5), nitrogen dioxide (NO,),
and ozone (0O3), SO,, CO] monitored at each governmental sta-
tion in Daejeon 10 d before and after the initial fire are summar-
ized in Table S1 and Figure S4. The number of high-pollution
hours (defined as hours over the World Health Organization 24-h
air pollution guidelines interim target 1) for PM increased at
Station 1 after the fire, but not at other stations in Daejeon (Table
S1). Station 1 showed a distinct increased hourly air pollution
concentration pattern after the fire event (Figure S4), which sug-
gests that air pollution exposure from the fire affected a localized
region near the tire factory.

Based on satellite images, wind patterns, and the monitoring
results (described above) from fixed air pollution stations in Daejeon
during the fire, three districts near the tire factory (Moksang-dong,
Deogam-dong, and Seokbong-dong) were defined as factory fire
plume—exposed regions (Figure 1). These three fire plume—exposed
districts are also where residential buildings are concentrated
near the factory (Figure S3). All 12 districts of Dae-deok were set
as exposed regions in the sensitivity analysis by applying differ-
ent exposure definitions, which included all the districts located
southeast of the factory (Figure S1).

Since the factory opened in 1979, it has produced tires for use
in passenger vehicles and small trucks. The factory manufactures
~40,000 to 45,000 units of tires per day, which represents

Figure 1. The map of Daejeon city with 82 districts and 11 air pollution monitoring stations. Shaded districts represent three smoke-exposed districts located
close to the tire factory. In the zoomed-in area, shaded buildings represent residential houses, and outlined buildings represent industrial facilities. The geo-

graphic information systems layers were acquired from the Ministry of Interior and Safety of the Korean governmen

Environmental Health Perspectives

087008-2

t.27

132(8) August 2024



~16.4% of the company’s daily production volume. Of the two
factory buildings, the second building burned down entirely, and
>200,000 tires were destroyed by the fire.

The fire started at 2200 hours on Sunday, 12 March 2023, and
lasted until 0800 hours on Wednesday, 15 March 2023. Because
the fire started late at night on 12 March, we assumed that the
health effects of air pollution from the fire may not have been
reflected by hospital visit information recorded on 12 March.
Therefore, we defined 13 March 2023, as the first day of treat-
ment (the effect of fire smoke on disease incidence), and the
study period was divided into pretreatment (1 January—12 March
2023: 71 d) and posttreatment (13-22 March 2023: 10 d,
3 d of active fire plus 1 wk after the fire’s extinction) periods.

Data Collection

Air pollution monitoring data. The concentrations of hourly
monitored air pollutants (PM;p, PM, 5, NO,, O3, SO;, and CO)
were gathered from the Airkorea website (https://www.airkorea.
or.kr). The missing hourly observations, attributed to mainte-
nance, quality control, and extremely high concentrations of air
pollution, were excluded when calculating the daily averages
(Table S1). PM levels (in micrograms per meter cubed) were
measured using the B-ray absorption method, NO; levels (in parts
per billion) were measured using chemiluminescent methods, O3
levels (in parts per billion) were measured using ultraviolet (UV)
photometric methods in fixed monitoring station in Korea,?® SO,
levels (in parts per billion) were measured via the pulse UV fluo-
rescence method, and CO levels (in parts per million) were meas-
ured using nondispersive infrared methods.

There are 11 fixed air pollution monitoring stations in Daejeon
operated by the Ministry of Environment, Korea. Data from the
Munpyeong station, located within 500 m of the factory (Station 1
in Figure 1), were used as the surrogate exposure levels represent-
ing the level of air pollution experienced by the residents in the fire
plume—exposed districts. To match the results of the exposure anal-
ysis with hospital-use data, the starting point of treatment (the
effect of fire smoke on air pollution) was defined as 0000 hours on
13 March 2023. The pretreatment (1 January—12 March 2023: 71
d) and posttreatment (13-22 March 2023: 10 d, 3 d of active fire
plus 1 wk after the fire’s extinction) periods are the same periods as
used for the hospital-use data.

Hospital-use data. National Health Insurance data were used
to define the daily disease incidence cases at the district level. In
Korea, the medical usage information of each individual within
the country’s single-payer universal health insurance system is
registered in a single database (the National Health Insurance
Database, or NHID).?> The NHID contains comprehensive infor-
mation on hospital usage, including types of use (inpatient, outpa-
tient, and emergency department visits), usage dates, diagnosis
codes, and details of prescriptions and treatments, as well as per-
sonal information such as birth year, sex, residential address, and
household insurance premiums. To objectively evaluate the
district-level health status before and after the factory fire, we
obtained access to the entire hospital usage information of all
Daejeon residents registered with NHID for the years 2022-2023
through collaboration with the National Health Insurance Service
(NHIS) of Korea.

The number of residents maintaining health insurance eligibil-
ity for each district of Daejeon in year 2023 is summarized in
Table S2. Previous work has demonstrated that nearly 100% of
the actual population is covered by NHIS.?*® The number of resi-
dents (n) with health insurance eligibility in the three exposed
districts were as follows: Moksang 6,682; Deogam 13,596; and
Seokbong 16,414.

Environmental Health Perspectives
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Based on previous studies,3%1>17 four disease categories—a)
respiratory disease, b) psychological disease, ¢) dermatological
disease, and d) disease of eye, ear, and vertiginous syndrome—
that might be related to acute tire fire smoke and urban fire disas-
ter exposure, were evaluated using the primary diagnosis infor-
mation of each hospital visit. The diseases and their International
Classification of Diseases, 10th Revision (ICD-10) codes?! are as
follows: for respiratory disease, acute upper respiratory infections
(codes JO0-J06), influenza and pneumonia (codes J09-J18), other
acute lower respiratory infections (codes J20-J22), other diseases
of upper respiratory tract (codes J30-J39), chronic lower respira-
tory diseases (codes J40-J47), lung diseases due to external
agents (codes J60-J70), other respiratory diseases principally
affecting the interstitium (codes J80-J84), other diseases of
pleura (codes J90-J94), and other diseases of the respiratory sys-
tem (codes J95-J99); for psychological disease, mood disorders
(codes F30-F39), neurotic, stress-related and somatoform disor-
ders (codes F40-F48), and behavioral syndromes associated with
physiological disturbances and physical factors (codes F50-F59);
for dermatological disease, infections of the skin and subcutane-
ous tissue (codes LO0O-L0S8), dermatitis and eczema (codes L20—
L30), papulosquamous disorders (codes L40-L45), and urticaria
and erythema (codes L50-L59); for disease of eye, ear, and ver-
tiginous syndrome, disorders of eyelid, lacrimal system and orbit
(codes HOO-HO6), diseases of middle ear and mastoid (codes
H65-H75), diseases of inner ear (codes H§0-HS83), and episodic
and paroxysmal disorders (codes G40-G47).

For the negative control analyses, four specific disease out-
comes [intestinal infectious diseases (codes A0O0-A09); diseases
of external ear (codes H60-H62); diseases of esophagus, stom-
ach, and duodenum (codes K20-K31); and injuries to the wrist
and hand (codes S60-S69)] that might be irrelevant to tire fire
smoke exposure were selected with expectation of null results.

The term “incidence case” in this study was used to define
new onsets of disease that had not been diagnosed in an individ-
ual for a year before the factory fire. From the NHID, we initially
extracted all hospital visits of Daejeon residents diagnosed with
the above disease categories from January 2022 to March 2023
by using the primary diagnostic code (total 9,246,119 hospital
visits extracted). Extracting all hospital visits results in data for
multiple visits from the same individual for the same disease.

To determine the “incident case,” we subsequently identified
the date of the first hospital visit for each individual and disease
category (which is unique for each individual and disease cate-
gory). Given that our study period spanned from January to
March 2023, if an individual’s first visit with a specific disease
diagnosis occurred between January and March 2023, it con-
firmed that the individual was not diagnosed with that disease for
at least 1 y prior to the study period.

For example, if a person’s initial hospital visit for “other dis-
eases of the upper respiratory tract” (J30-J39) was observed on
13 March 2023, this indicates that the person had not visited the
hospital for that specific disease from 1 January 2022 to 12
March 2023. This definition of disease incidence has been widely
used in epidemiological studies based on the National Health
Insurance data of Korea.?!*2-3? Daily times-series of incidence
cases of Dajeon for each disease category was generated based
on the incidence counts. This study was exempt from review by
the institutional review board of Chungnam National University
(IRB no. 202307-SB-096-01) because it used de-identified sec-
ondary data from the NHIS.

Statistical Analysis

In this study, we used the flexible and data-adaptive generalized
synthetic control (GSC) method to estimate the excess air
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pollution exposure and disease incidence of residents in the fire
plume—exposed districts (treated).>® The daily disease incidence
counts among the residents of the three fire plume—exposed dis-
tricts was compared with that of those in the other 79 districts in
the analysis.

Because the fire occurred late at night, the first day of treatment
was defined as 13 March 2023, and the study period was divided
into pretreatment (1 January—12 March 2023: 71 d) and posttreat-
ment (13-22 March 2023: 10 d, 3 d of active fire plus 1 wk after the
fire was extinguished) periods. The time point of 1 wk after the fire
extinguishment was selected based on the air pollution monitoring
results, which showed that the elevation in the levels of air pollu-
tants lasted for a week after the fire was extinguished (Figure S4).
The pretreatment period of 71 d was assumed to capture the disease
incidence trends before the factory fire.

The GSC model and analysis steps used in this study can be
summarized as follows:

Y =3uDit + Mifi + €y,

where Y, refers to daily disease incidence counts for district i at
date #; D;; represents treatment (if district i is exposed district and
date ¢ is within posttreatment period; D;; equals 1, otherwise it
equals 0); f; represents the vector of unobserved latent factor
(time-varying district-level parameter); A; represents the factor
loading of f;; and €; represents the idiosyncratic error. The treat-
ment effect (fire plume exposure) for district i at date ¢, can be
simplified as the difference between Y! (whenD;=1) and Y
(when D;, =0), which is represented by ;.. Although, Yg cannot
be observed for exposed district i for the posttreatment period, it
can be estimated using a synthetic control.

By using time-series data of disease incidence cases for 79 con-
trol districts, the interactive fixed effect model estimates f; with the
assumption that f; will be identical across fire plume—exposed and
control districts. A; is estimated to minimize the difference between
the mean squared prediction error for the pretreatment period for
fire plume—exposed district i. Based on the estimated parameters, a

synthetic control, IA/Z, is estimated.?>-3* If disease incidence counts
for fire plume—exposed district i and synthetic control are compara-
ble for the pretreatment period, synthetic control could be a good
approximation of YS for the posttreatment period.

We obtained the §;, for each of the three fire plume—exposed
districts (Yilt — Yiol) and estimated the average cumulative treat-

ment effect ((Z:j (Z:ﬁ 8,7)) / 3) from the initial fire to

extinction (¢1: 13 March 2023, r2: 15 March 2023) and from the
initial fire to 1 wk after extinction (¢1: 13 March 2023, 12: 22
March 2023). Parametric bootstrapping (n=1,000) was used to
estimate 95% confidence intervals (CIs). The GSC analyses were
implemented by using the R software package “gsynth”, and the
“Cumeff” function was used to estimate the cumulative treatment
effect.® We also computed the average percentage changes in
disease incidence counts for treated districts during the 10 d fol-
lowing the fire. This was calculated by dividing the average cu-
mulative treatment effect observed in exposed districts after the
factory fire by the observed average cumulative disease incidence
counts in those treated districts during the 10 d preceding the fire.

To estimate excess air pollution, the monitored level at
Station 1 (Munpyeong Station) was used as the surrogate expo-
sure level to represent the level of air pollution experienced by
the residents in the fire plume—exposed districts (Figure 1). The
remaining 10 fixed stations in Daejeon were used as controls and
the GSC method was applied. We calculated the percentage
changes in air pollution levels by comparing the cumulative treat-
ment effect monitored at Station 1 during the 10 d following the
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factory fire with the observed cumulative daily air pollution lev-
els recorded in the 10 d preceding the fire.

The following sensitivity analyses were conducted. First, we
conducted stratification analysis for different age groups (0-14,
15-64, and >65 y). Second, we applied different definitions of
exposed districts by including 12 districts in Dae-deok municipal-
ity (Figure S1). Third, we applied different definitions of the pre-
treatment period by considering a period of 40 d before the fire
event (from 1 February to 12 March 2023). Fourth, instead of
using disease incidence counts, we used counts of the total num-
ber of hospital visits for each disease category. Fifth, to evaluate
the chronic effect of smoke exposure, we conducted long-term
analyses using different definitions of posttreatment periods (30,
60, 90, and 120 d from 13 March 2023). Finally, we selected the
time point of 1 y before the fire event and ran an identical analy-
sis as a negative control, with the expectation of null results. SAS
(version 9.4; SAS Institute, Inc.) was used to analyze the NHID
data, and R software (version 4.2.1; R Development Core Team)
was used to apply the GSC method. Map figures were drawn
using QGIS software (version 3.28; QGIS Development Team).

Results

Table S3 shows the observed changes in average daily air pollution
levels at Station 1 and control stations (other stations in daejeon)
10 d before and after the factory fire. Compared with the period
before the fire, Station 1 showed smaller decreases in PM; s
(=59 ug/m3) and NO, (—2.0ppb) after the fire accident when
compared with other stations (controls: —11.3 pg/m? changes for
PM, 5; —5.0 ppb changes for NO,). There were increases in PM
(2.4 pg/m?*), SO, (3.4 ppb), and CO (0.02 ppm) at Station 1 after
the fire, whereas other stations showed decreases in these pollutant
levels (controls: —12.5pug/m? for PMjo, 0.1 ppb for SO,, and
—0.05 ppm for CO).

Figure 2 shows the daily air pollution monitoring trends at
Station 1 and the synthetic control generated based on the other
10 monitoring stations within Daejeon. Comparable patterns in
monitored air pollutant levels between Station 1 and the synthetic
control were observed before the fire, whereas there was an
increase in air pollution at Station 1 during and a week after the
fire. Table 1 presents the estimated excess air pollution exposure
at Station 1. During and a week after the fire, additional exposure
to 125.2 (95% CI: 44.9, 156.7) pg/m> of PMy, 50.4 (95% CIL:
12.7, 99.8) ppb of NO,, 32.0 (95% CI: 21.0, 35.9) ppb of SO,,
and 0.5 (95% CI: 0.1, 1.2) ppm of CO was estimated at Station 1,
representing 18.1%, 19.1%, 135.6%, and 13.2% increases in
PMjp, NO,, SO,, and CO exposure, respectively, compared with
that in the 10 d before the fire. During the 3 d while the fire was
burning, additional exposure to 29.8 (95% CI: 21.0, 37.4) ug/m?
of PM, 5 was estimated for the Station 1.

Table S4 shows the disease incidence counts in exposed and
control districts during the 10 d before and after the start of the
fire. The change in disease incidence counts between the two
10-d periods was similar for both exposed and control districts
for all disease categories except for lung diseases due to external
agents (a 0.2-person increase was observed in exposed districts
compared with no change in control districts).

Table 2 and Figure 3 and Figure S5 show the estimated excess
disease incidence counts among residents living in the exposed
districts when compared with synthetic controls. During the fire
period, an average increase of incidence counts for other diseases
of the upper respiratory tract (codes J30-J39) [11.7 persons (95%
CI: 4.5, 21.0)], lung disease due to external agents (codes J60—
J70) [1.9 persons (95% CI: 1.6, 2.4)], and other diseases of the re-
spiratory system (codes J95-J99) [1.8 persons (95% CI: 0.8, 2.7)]
was observed in each exposed district. From the initial fire to 1
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Figure 2. Daily air pollution levels [particulate matter with aerodynamic diameters of <10 (PMj¢) and 2.5 pm (PM;s), nitrogen dioxide (NO,), ozone (O3),
sulfur dioxide (SO;), and carbon monoxide (CO)] monitored at Station 1 and estimated as synthetic control values before and after the tire factory fire (=60 to
20 d from the fire). The solid line represents the monitored values at Station 1, and the dotted line represents the estimated synthetic control values. The dotted
vertical lines represent the duration of the tire factory fire (0-2 d from the fire). Summary data can be found in Tables 1 and S3.

Table 1. Monitored (A: —10 to —1 d from the factory fire) and estimated excess changes (B: 0-2 d of active fire, and C: 0-2 d of active fire plus 1 wk after
the fire extinction) in air pollution levels [particulate matter with aerodynamic diameters of <10 (PM;g) and 2.5 pm (PM; 5), nitrogen dioxide (NO,), ozone
(03), sulfur dioxide (SO,), and carbon monoxide (CO)] at Station 1.

A: Monitored cumulative

pollutant levels at Station B: Estimated cumulative C: Estimated cumulative
1 before factory fire changes in air pollutant levels changes in air pollutant levels Percentage changes in air

Pollutants (—=10to —14d) at Station 1 (0-2 d) at Station 1 (0-9 d) pollutant levels (C/A x 100)
PM, 5 (ng/m?) 370.0 29.8 (21.0, 37.4) 54.9 (-27.5,99.5) 14.8 (-7.4,26.9)
PM (ug/m?) 691.7 81.5(62.9,94.9) 125.2 (44.9, 156.7) 18.1 (6.5, 22.7)
NO; (ppb) 264.3 12.6 (5.1, 34.6) 50.4 (12.7,99.8) 19.1 (4.8, 37.8)
O3 (ppb) 348.7 —13.2 (-26.6, 0.8) —27.4 (-56.8, -2.6) -7.9 (-16.3, -0.7)
SO, (ppb) 23.6 22.3(17.1,24.2) 32.0 (21.0, 35.9) 135.6 (89.0, 152.1)
CO (ppm) 3.8 0.5(0.3,0.7) 0.5(0.1, 1.2) 13.2 (2.6, 31.6)

Note: The estimated excess changes describe the difference between the daily air pollution levels monitored at Station 1 and the synthetic control values. Cumulative values (95% CIs)
are shown here for each period. The daily temporal air pollution patterns measured at Station 1 and synthetic control are presented in Figure 2. CI, confidence interval.
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Table 2. Observed (A: —10 to —1 d from the factory fire) and estimated excess changes (95% ClIs) (B: 0-2 d of active fire, and C: 0-2 d of active fire plus 1
wk after the fire extinction) in disease incidence counts (1) for residents of the three exposed districts [persons (1): Moksang district 6,682; Deogam district:

13,596; Seokbong district: 16,414].

A: Average disease
incidence counts (n)
in exposed districts

B: Average excess

change in incidence
counts (n) in exposed

C: Average excess

change in incidence
counts () in exposed

Average percentage
changes in disease

incidence counts in
exposed districts

Disease categories ICD-codes (—=10to —14d) districts (0-2 d) districts (0-9 d) (C/A % 100)
Respiratory disease
Acute upper respiratory infections J00-JO6 71.0 0.1 (=109, 11.5) 21.2 (-2.5,42.9) 29.9 (-3.5, 60.4)
Influenza and pneumonia J09-J18 4.7 —-2.3(=7.6,9.5) —3.7(-=16.3,99.9) —78.7 (—-346.8,423.4)
Other acute lower respiratory J20-J22 76.0 4.6 (3.9, 15.0) -3.3(-16.7,21.7) —4.3 (-22.0, 28.6)
infections
Other diseases of upper respiratory J30-J39 58.0 11.7 (4.5, 21.0) 20.6 (6.2, 37.4) 35.5(10.7, 64.5)
tract
Chronic lower respiratory diseases J40-J47 8.3 -1.5(-4.8,1.9) —4.1(-11.5,3.9) —49.4 (—138.6, 47.0)
Lung diseases due to external agents J60-J70 0.3 1.9 (1.6,2.4) 2.5(2.1,3.3) 833.3 (700.0, 1,100.0)
Other respiratory diseases principally J80-J84 0.0 —0.2 (-0.6,0.5) —0.2 (-0.9, 0.6) —
affecting the interstitium
Other diseases of pleura J90-194 0.0 -0.1(-0.4,04) —0.2 (0.8, 0.6) —
Other diseases of the respiratory J95-J99 1.7 1.8 (0.8, 2.7) 2.3(0.2,4.2) 135.3(11.8,247.1)
system
Psychological disease
Mood disorders F30-F39 3.0 1.3(-0.7,3.2) —0.4 (-4.0, 3.0) —13.3 (—133.3, 100.0)
Neurotic, stress-related, and F40-F48 5.3 —-0.7 (=29, 1.9) —1.1(-5.0,2.9) —20.8 (=94.3, 54.7)
somatoform disorders
Behavioral syndromes associated with F50-F59 2.0 —-1.0(-2.2,0.7) 0.2 (-2.0, 3.0) 10.0 (-100.0, 150.0)
physiological disturbances
Dermatological disease
Infections of the skin and L00-L08 14.0 0.8(-3.3,5.2) 2.3(-4.0,8.8) 16.4 (-28.6, 62.9)
subcutaneous tissue
Dermatitis and eczema L20-L30 33.3 1.4 (-2.5,6.0) —1.3(-10.3, 6.8) -3.9(-30.9, 20.4)
Papulosquamous disorders L40-L45 0.3 —-0.2(-1.0,0.9) 1.0 (-0.5,2.7) 333.3 (—166.7, 900.0)
Urticaria and erythema L50-L54 14.0 —1.1 (4.7, 1.5) 5.9 (-0.6,11.2) 42.1 (—4.3, 80.0)
Disease of eye, ear, and vertiginous syndrome
Disorders of eyelid, lacrimal system HO0-HO06 18.7 —-0.3(-5.2,4.3) -12(-11.2,7.2) —6.4 (—59.9, 38.5)
and orbit
Diseases of middle ear and mastoid H65-H75 9.7 —-1.9(-5.6,1.7) -34(-11.1,3.9) —35.1(-114.4,40.2)
Diseases of inner ear H80-HS83 8.3 —-1.7(=3.7,0.9) —-0.9 (-5.0, 3.6) —10.8 (—=60.2,43.4)
Episodic and paroxysmal disorders G40-G47 12.7 3.1(0.5,5.7) 8.5(3.7,13.4) 66.9 (29.1, 105.5)
Disease for negative control analysis
Intestinal infectious diseases A00-A09 27.3 1.7 (-2.8,7.0) 1.9 (-7.2,13.5) 7.0 (=26.4,49.5)
Diseases of external ear H60-H62 9.3 —-1.0(—4.5,2.7) —-0.3(-5.3,54) —-3.2 (=57, 58.1)
Diseases of esophagus, stomach, and K20-K31 10.7 —-0.2(-24,2.5) 1.0(-3.2,5.2) 9.3 (-29.9, 48.6)
duodenum
Injuries to the wrist and hand S60-S69 12.3 —-1.3(-5.0,2.8) —-0.6 (—9.2,7.5) —4.9 (-74.8, 61.0)

Note: The estimated excess change was derived by first calculating the difference in the incidence counts of each exposed district and the corresponding synthetic control, then taking
the average of the three values. All values are cumulative values (95% Cls) for each period. The average disease-specific incidence counts of exposed districts are visualized in Figure

3 and Figure S5. —, Not applicable; CI, confidence interval; ICD-10, International Classification of Diseases, 10th Revision.

wk after extinguishment, there was an average increase of 20.6
persons (95% CI: 6.2, 37.4) diagnosed with other diseases of the
upper respiratory tract, 2.5 persons (95% CI: 2.1, 3.3) diagnosed
with lung disease due to external agents, and 2.3 persons (95%
CI: 0.2, 4.2) diagnosed with other diseases of the respiratory sys-
tem in each exposed district. Incidence counts for these three cat-
egories, increased by 35.5%, 833.3%, 135.3%, respectively, when
compared with the average incidence counts during the 10 d
before the fire.

We did not detect changes in the incidence of psychological
disorders, diseases of the eye and ear, and negative control out-
comes. However, incidence counts of urticaria and erythema
(codes L50-1.54) [5.9 persons (95% CI. —0.6, 11.2)] and episodic
and paroxysmal disorders (codes G40-G47) [8.5 persons (95%
CI: 3.7, 13.4)] increased during and 1 wk after the fire in each
exposed district (Table 2). Sensitivity analyses with different pre-
treatment period definitions (40 d) produced results similar to
those of the main analysis (Table S5).

Age group-stratified analysis (Table S6) showed increases in
disease incidence cases for lung disease due to external agents
[1.9 persons (95% CI: 1.7, 2.3)], other diseases of the respiratory
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system [1.6 persons (95% CI: 0.3, 3.1)], urticaria and erythema
[4.8 persons (95% CI: 0.0, 9.5)], and episodic and paroxysmal
disorder [7.6 persons (95% CI: 3.5, 11.4)] in residents 15-64
years of age living in each exposed district during the 10-d period
after the onset of the fire event. Meanwhile, the younger age
group (015 years of age) showed an increase in other diseases of
upper respiratory tract [5.3 persons (95% CI: 2.3, 10.9)].

The analysis in which 12 districts of Dae-deok municipality
were defined as exposed (Table S7) showed an increase in inci-
dence cases of lung disease due to external agents [0.6 persons
(95% CI: 0.3, 1.0)] and episodic and paroxysmal disorders [4.1
persons (95% CI: 1.3, 6.7)]. The analysis using counts of the total
number of hospital visits (as opposed to disease incidence counts)
showed an increase of 54.5 (95% CI: 19.4, 87.0) visits for other
diseases of the upper respiratory tract, 3.2 (95% CI: 2.1, 4.2) vis-
its for lung disease due to external agents, 3.0 (95% CI: 0.3, 6.1)
visits for other disease of the respiratory system, and 13.5 (95%
CI: 2.5, 25.3) visits for urticaria and erythema in each exposed
district 10 d after the factory fire (Table S8). The sensitivity anal-
ysis in which a hypothetical fire event was set 1 y before the
actual fire showed a null association, as expected (Table S9).
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Figure 3. Average daily disease incidence counts in exposed districts [persons (n): Moksang district 6,682; Deogam district: 13,596; Seokbong district:
16,414] and synthetic controls before and after the tire factory fire (—60 to 20 d from the fire). The solid line represents exposed districts, and the dotted line
represents the synthetic control. The dotted vertical lines represent the duration of the tire factory fire (0-2 d from the fire). The parentheses below the disease
categories indicate the corresponding disease code. Summary data can be found in Table 2.

When the analysis was extended for 90 d after the initial fac-
tory fire, a prolonged increase in incidence cases was observed in
residents of each exposed district for chronic lower respiratory
disease [69.4 persons (95% CI: 11.5, 118.7)], lung disease due to
external agents [3.0 persons (95% CI: 0.6, 5.6)], and urticaria and
erythema [42.4 persons (95% CI: 12.5, 72.6)] (Table S10 and
Figure S6).

Discussion

In this study, we found that residents of the three districts located
close to the tire factory experienced excess air pollution exposure
and disease incidence during and 1 wk after the factory fire.
Compared with the other 10 monitoring stations in Daejeon, the
air pollution monitoring station located 500 m from the factory
measured an excess of 125.2 pg/m?* of PM;g, 50.4 ppb of NO,,

Environmental Health Perspectives

087008-7

and 32.0 ppb of SO, during and 1 wk after the tire factory fire.
On average, in the three districts near the factory, there was a
20.6-person increase in the incidence of other diseases of the re-
spiratory system, a 2.5-person increase in the incidence of lung
disease due to external agents, a 2.3-person increase in the inci-
dence of other diseases of the respiratory system, and an 8.5-per-
son increase in the incidence of episodic and paroxysmal
disorders during and 1 wk after the tire factory fire when com-
pared with the incidences in the other districts of Daejeon.
Plumes generated from tire fires contain hazardous gaseous
substances. The outdoor concentrations of PM, 5, carbon oxides,
sulfur oxides, EC, VOCs, and PAHs were significantly increased
in air samples collected near an lowa landfill tire fire in 2012.%7
The concentrations of PAHs increased immediately after a
major landfill tire fire in Spain in 2016 and were six times higher
than those in the surrounding control regions.!! Laboratory
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experiments suggest that tire combustion produces 165 subtypes
of PAHs and other aromatic compounds, such as benzene, tolu-
ene, ethylbenzene, styrene, and other heterocyclic compounds.
In addition, incomplete combustion and the collapse of construc-
tion materials may release other toxicants, such as asbestos, lead,
and glass fibers.*® Therefore, in addition to the increase in air pol-
lutants observed in this study, there might have been an increase
in release of other hazardous airborne chemicals related to tire
fires during and after the Daejeon tire factory fire.

Epidemiological evidence regarding the impacts of tire fire
smoke remains limited. The fire at a tire pile site in Westley,
California, in 1999 lasted for 36 d and burned 5 million tires. On
analyzing 86 calls from county nurses during the fire period,
researchers found that the majority of complaints were regarding
symptoms of headache; coughing; difficulty breathing; eye, nose,
and throat irritation; wheezing; and nausea; and ~ 20% of calls
were from patients with a history of asthma.® In a residential
address-based comparison, children exposed to the smoke from a
tire cellar fire that occurred in Bogotd, Columbia, in 2014 showed
symptoms of red eyes and stuffy nose.®’ Fire plumes from
160,000 burning tires in Amberley, New Zealand, lasted for 7 d
and caused a transient increase in exposure to airborne irritants,
such as PM; 5 and SO», in individuals residing 1 km from the fire
site.!% During the first 3 d after the fire, there were reports of diffi-
culty breathing and throat irritation in residents.

It is well known that air pollution is associated with several
respiratory diseases, including acute infections, asthma, chronic
obstructive pulmonary disease, and lung cancer.?” Short-term ex-
posure to air pollution deteriorates respiratory defense mecha-
nisms, including mechanical (tight junction of epithelial cells and
fluid and mucous barrier) and immunological processes (innate
immune response and antioxidant mechanisms).*®-*° Similarly,
the skin can be damaged by exposure to air pollution and organic
compounds, such as PAHs. In addition to the direct damage from
the chemicals, the increased secretion of sebum, oxidative stress,
and release of pro-inflammatory cytokines after pollutant expo-
sure can cause atopic dermatitis, inflammatory diseases, psoriasis,
acne, and exacerbation of preexisting dermatological problems.*°

A series of epidemiological studies have reported that short-
term exposure to various air pollutants is positively associated
with hospital visits and symptom onset related to episodic and
paroxysmal disorders, including epilepsy and migraine.*'=*3 This
association may be explained by neurogenic inflammation and
oxidative stress induced by air pollution exposure.** Therefore,
the observed increase in the incidence of respiratory, skin, and
neurological diseases during and after the tire factory fire in our
study appears biologically plausible.

Several retrospective studies on urban fire disasters have ana-
lyzed hospital data. Medical records from two acute care hospi-
tals located near the site of an 8-d long warehouse fire in
California showed an increase in the incidence of lower respira-
tory diseases (asthma, bronchitis, and pneumonia) during the
fire.!> Based on medical records from a single pediatric emer-
gency department, there was an increase in asthma hospital visits
and admissions after a 10 h scrapyard fire in Philadelphia.'*
However, previous studies relied on temporal comparisons, and
proper controls were not used. In addition, only a subset of medi-
cal hospitals in the fire plume—exposed regions was involved.

Our study used district-level hospital-use information coupled
with state-of-the-art synthetic control methods to assess the
effects of the factory fire on disease development. This was made
possible by Korea’s universal health insurance system, which
records individual medical usage data and detailed residential in-
formation.?® The random nature of a disaster provides a unique
opportunity to study a fire as a natural experiment. The use of
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synthetic control methods makes both temporal and location-
based comparison available.>* Additional evaluation of the dose—
response relationship and replication of the association with inde-
pendent events might increase the possibility of a causal interpre-
tation of our study findings.?!

There have been several environmental shocks, such as indus-
trial accidents (as in this manuscript) or natural hazards (e.g.,
wildfires, extreme heat), that can be analyzed as natural experi-
ments. Considering such events as natural experiments is possible
if we can demonstrate that the timing of the event is independent
from the trends in the health outcomes of interest, which is a rea-
sonable assumption for such unexpected or sudden accidents. We
can then capitalize on the timing of such natural experiments and
use dedicated quasi-experimental methods to assess the effects of
such events on health outcomes of interest and deal with several
unmeasured confounders by design.*’

Different quasi-experimental methods that can be employed
to capitalize on the timing of such natural experiments have been
proposed and can be seen as extensions of difference-in-
differences methods when control groups are available.?® In a
recent paper with Nianogo et al.,>> we showed that data-adaptive
methods such as the generalized synthetic control method outper-
form canonical difference-in-differences and synthetic control
methods in considering complex time trends and minimizing the
difference between the treated units (i.e., affected by the natural
experiment, the factory fire accident) and estimated synthetic
control group that approximates the counterfactual trend (i.e., in
the absence of the event of interest). Briefly, the generalized syn-
thetic control method uses time-series data (for the outcome,
lagged outcomes and potential time-varying confounders) for the
treated unit (or multiple units if multiple units are considered)
and control units separately to understand the time-varying rela-
tionship between latent factors and outcomes of interest.>*> Then,
a weighting procedure is applied to build a synthetic control time
series that mimics the trends of the outcome before the occur-
rence of the event/natural experiment of interest to represent the
best approximation of the counterfactual trend.>* This approach
can also be seen as an extension of a two-way fixed effects model
where time-invariant unobserved confounders are also consid-
ered.?® In a recent paper by Sheridan et al.,>® we showed how
such an approach can be particularly suitable for environmental
epidemiological applications and provided a detailed explanation
of the implementation of this method and reproducible syntax.

Following the tire factory incident in Daejeon, 10 dust
absorption vehicles owned by the city and 4 road-cleaning
vehicles from the Dae-deok municipality were deployed to
remove airborne dust. The city’s Department of Education
assisted 17 schools near the incident site by performing hazard
assessments of school fields, evaluating indoor air quality, sup-
plying funds for the replacement of air purifier filters, and clean-
ing the affected schools. However, to the best of our knowledge,
structured response protocols for massive urban fire disasters and
research guides for residents of affected communities are not
available in Korea.

Disasters may affect physiological and psychological well-
being and cause property damage and displacement of inhabi-
tants.**~*? Under expected climate change scenarios, an increased
number of industrial fire disasters are expected.'?° Therefore, a
proper management plan for public response to a fire should be
proactively developed. If possible, the plan should be tailored to
manage specific types of disasters (wildfires, urban fires, and nat-
ural disasters) and should take into consideration the emergency
response capability of the region.

This study has several limitations that we would like to
acknowledge. First, exposure misclassification may have occurred
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when defining fire plume “affected” and “control” districts. The
distribution of fire smoke is affected by firefighting activities and
meteorological conditions, including temperature, wind direc-
tion, and dilution and emission rates.” Although we considered
satellite images and wind directions around the factory during
the fire period, detailed environmental exposure and meteoro-
logical assessments were not available, similar to previous disas-
ter studies.'? However, performing a sensitivity analysis using
different definitions of “exposed” districts did not change the
study results.

Second, only a limited number of air pollutants were eval-
uated, given that we were restricted to pollutants that are rou-
tinely monitored. Previous industrial fire disasters and tire fires
not only increased the levels of conventional air pollutants but
also those of organic and inorganic pollutants, including PAHs,
VOCs, and heavy metals, which were not measured in this
study.!'=53 In addition, tire factory plumes may affect not only air
pollution levels but also the surrounding water and soil quality.?
Therefore, in line with the first limitation, a prompt high-quality
environmental assessment of the surrounding environment during
and after a fire disaster is required to estimate the overall environ-
mental burden and to explicitly define exposed individuals.'® As
in previous disaster studies,'? accurate estimation of personal
environmental exposure was not available in this study. The air
pollution levels in the exposed district were estimated solely
from the monitoring results of a fixed station (Station 1) located
500 m from the factory. In addition, an increased number of
hourly observations for particulate matter at Station 1 were miss-
ing in the hours following the fire incident (Table S1 and Figure
S4). Although it is reasonable to assume that the missing values
in the monitoring results may be due to the extremely high con-
centration of pollutants after the fire event, detailed reasons for
the missing observations were not provided by the Ministry of
Environment. Furthermore, residents living near the factory pre-
sumably changed their daily routines (e.g., spending more time
indoors and increasing the use of masks or air purifiers with high-
efficiency particulate air filters) to minimize their exposure to the
fire plumes. However, such changes cannot be confirmed without
detailed assessment of personal activity patterns.

Third, because this study was based on hospital visit data,
minor symptoms and complaints occurring outside of the hospital
setting were neglected.! Therefore, this study may underestimate
the true health-related impact of the tire fire incident.

Fourth, this study did not evaluate the population susceptible
to tire fire smoke. This study aimed to outline the overall disease
burden resulting from the tire factory event. Owing to the small
populations and disease incidence counts available for district-
level comparisons, it was not possible to perform further stratified
analyses.

Conclusion

Despite the frequency of landfill tire fire accidents and abundance
of exposure assessment studies, few studies have reported on the
public health impact of tire fire smoke. We studied a major fire
event that occurred in a tire manufacturing factory in Daejeon,
Korea, on 12 March 2023 and lasted for 3 d, used state-of-art
quasi-experimental methods capitalizing on the timing of the fire,
and considered multiple disease categories. Tire fire plumes may
contain toxic pollutants that affect the health of individuals resid-
ing near factories. The residents in tire factory fire plume—
exposed districts show increased development of respiratory,
skin, and neurological disorders. Proper management plans for
public response to urban fire disasters and for epidemiological
assessment of affected residents after such disasters are needed.
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