KEI

MM
2019-16

*

|3

QIRSlH KOt Of2iS 93
JMIBR] TAARE Zizioist 17

Study on the Health Effects of PM2.5 Constituents
for Health Risk Reduction Management Plan

o1 -0|S T - L2 -2+ - AT -0 SH

KE | SR LY
Korea Environment Institute



ATAYR  HER @IV BAATY A7)

FolaTe  olsy @FIARH-YAATY RATAY)
qoe @IRAYH-BIATY RATHY)
o7 (@FVFYN- WAATY AT7Y)
AR @IV BAATY A7)
o (neefeti w5)

HTRZRY (i)

ARul F=EE48- g7t FAT91e)
7 @A H -7 A AT
933 (FHeEaetd AR

FolH (AEEA BATA AT 2hA})
P =884 7T A7)

wol 2K
UHH  SEEREE I

(30147) MEBSEXIXIAl AEMZ 370
NEBZHATHA| D5t Q1D 2ts
M3t 044-415-7777 TA 044-415-7799
http://www.kei.re.kr
Rl 20194 9¢ 25Y
e 20199 9% 30
= X 2015-000009% (19984 1€ 302)
ISBN 979-11-5980-325-3 93530
QIR HIYEHA 02-2275-6894

o] BIAE Q18 9 TG A ofet go] FNE HAS TAAL.
dl@ 91(2019), QASIN ARt TS 91 A TR
AT AT, BRVARA HAATY,

ot 7,000



A

B

L
L

55

2 S0 UMRAR gt AEHAYE SRRl ARt Areld ZAI= diFdol
ot} ajAEA| o] QI EAIZF ARRAE o0& FAEASUT e =Y AdESE
A3l vAEA] ZAIE siEstalAt 20191 114 viMRA] B SEAZS vidstal 202419

714 20169 thH] BIAIEA] ABA FE 35% old= AetAt AGFEU

Ol

Sq10] A3e Bk AR BE] FEAE DR ohlet TR
A79% Wk Bastd A2 vlEn 47 SolHE nlAwA] TR ARG

P BT SR 58 AL TGRS AT, AT 24
27 gt Bag AU, olo] wAEx]
Sl S AR A B 280 B8] AN AL
HAEA) ) ek AN B S AlolA stk & 4 AUt 2 97} oA
THHEE AT W7t A7 A% B ok WS AXS B ulAwAY
A7 pelo] glol 2% FH AR/t 2 R0% Ak
& ol 448 341 7| IQP e TR SISl TAl ujE
HA}9] 1310 ARSI, ATROE Holeh 4 of5ul WAL Hrke WAL, 979 A7,
AAR G, AL Ol A AR . S 94%0115 A8 9
At 2L B Aol £ FA YA 1)
AAT AR S ZS WA EFUT. B 97 %4 @%ﬂ] ML, S A,
S Hpke] AR HAE ERch

¢

M
b
e
re
[
_PJ
uie}






I.

fo
2

O OF

L —

AT B Y =X

=

0 97 W4 @ "y

o Sejueks 1990\t B ol FAT AALAI A, 12)T EAFR It
A9 o7 2 GB AL WEFol Z71
- YA ST ] Q0 QIS AT AU TA F7HAS] Aol

tlktt BAAAEL A

o MPHHAPM,s)e WA 271 2.5m oI5t oh- o} Wz Z4o] AR sto]
AA) Sl8o] L Ao By

o HJARA(PM, 59 AT TR0 wet Aol Mol o, 9IA
ofa] w0 BelE PoAE ATEAPM, )9 AR e A7l
Bete 247 da

=

0 A+5H

o TAHAI(PM,5) 429 B4 mefstaL, mAEAI(PM,s) T3-d2l whe 2
9% AgHez ¥t

o HIAHA|(PM,5) Td/30l e A7 FaFe] BAAE wetsto], Q1A flside] =2
A AR (PM,.s5) 3780 theh 44 BejgaS nfdd 4= Q=S nAHA|
(PMz 5) x1;<—1 _q—a]x%xﬂ H}O]- ;q]

o°"

o

II. OMEX|S] L8E8E H HBBS AtHEL

AR (PM2s)= 5071 o9 shehd] dio] &5 Edk==, WAL w2t vy



i | QIHIPE ARt OrES ffet DMK +8d

AT
g
r_\d
09l
re
-4

HAI(PMz5) 747322 A}l

o BIAAEUEC, OC), B&45AL Ba, Be, Ca™, Cd, Cr, Cu, Fe, Mg™ ), o|24%
(NO; , SO, NH', CI', Br , Na*, K" Ca*, Mg"") 5 thofst E2E58 114
o = HHA(PM,5)9] F83E-2 LAY, ALY, diE, f71E, A
Ueligon AR 7 Fa4REe] A WL ol
- Alg, AT FFY AL fUIEATE 7MY 2 HISS A, diA, AL
HE 59 ZAoAE FA HiFo] 7 & A0 YEhd
- HAAEA(PM, 5) LAY 7]of= EAof lo] Aoldt WHES A8t om 2dd

=2 10

TBE= AZolud 71dddel wet gEAle Jos Ued

e "415_} 44 gst 4 54 A+ 5 4719 ﬂ:rli T4
- AAE 24 23 oHA(PM25)2F 7% 24 49 AJE-2 v|AHA(PM..s)
A 5o} Zo| A7gago] T S B
o tl=r 2771377129 5875y 7HISA: Integrated Science Assessment)&=
A AR (PMzs) 8 82T AFLE TAC tigh HEOA wAHA(PM,s5) At
H| 1 5to] BlAEA(PM2s) 8748 &=t Bl&o] oJgt AFGER B4 gl
o 9 MED-PARTICLES 20109+ 20139712 R 13]2] 2| ¢S wo} 2|53
AR” A7 1471 =AY HIAHA] RS B4 Tfet
UM AR (PM,5) /87889 @7|keEo 93t 2438 A+

o TAIHA(PM,5) 382 A= Aol AFgel, ], AH 5o wth
gAe Ao® Hi

rufl



9o Iiii

II. OJMEX] Fg8=22 E8E4

O ASA| BAHAI(PM,s) 52 54 o

0 2015~20179d ALA] BAAR|(PM2.5)9] AHF B& FES 20164990 26.29ug/m'E
Y R %e

o AE&A] B&A 99 uAERA|(PM,5) =227t T2 AGETE W2 figlS Hlom
ARG vl HA(PM,s) =7F e A9ET =2 fdS 2

0O 201593} 2016499 wiE&dE A3 ASAI9 ulAHA(PM,5) i&EA Tt

o A= tMHA|(PM,s) SHIETFL 20159 98,806=014 20164 100,247=C2
Z7¥et vhd AeA9 AL 20158(2,5808)H T 20164(2,524E) m]AHXA|
(PMz5) Hi&ESFo] ohh A

0 201595 ¥ 201797HA] A=A| HAHR(PM,.5) 83 =(RA43%(0C, EC), 484
ol 24 E(NOs, SO, NHs), B&0l 245 (Ca™, K', Na', Mg™)9| &4 s}e}
o TNHA(PM,5)tHH] BlE&Z AT EH BA/dE9] OC HlEo| Bt 26%= 7MY =%
o o] 2429] NO;5 (20.54%)2} SO4*(16.57%)9] Hl&°] T 02 &7 Uepd
o OCY AZYE H3l= AL(7.89ug/m’) > E(6.36ug/m’) > 7H(6.62ug/m) > 3=
(5.13ug/m’) =02 YERE
o FAHA(PM25)2t Bl =2 ABH0.5018)= HQ AL o]2H =R F
NOs(0.57)3 CI(0.84°19om & ol2HdE F K'(0.79), Mg(0.65),
Na*(0.67)9

V. DX PAAEE 22008 1}

0 20159%¢ 2017970 ALAS IO uARAL(PM, et IAEACM, )
FHHRY ST F12 AT AFIFS Bt

o AR /gl wE AE] AFFIT ABEA AFITE o=



v | IMIPIGH Aot OIS SISt DMIPIX| R HYeE o

Ucoco

Brlelr] el AAY A7E He
- HAHA FPAHE  EC, OC, NOs, SO, NH', Ca®*, CI', K. Mg**. Na'
o FNHA(PM,5) FAE F ECSF OCE HA| A} 654 ol A -TolA AA|
A AFAPE BAHOR o8 &Y
- ECet OCY] HAHQA AFTA-Z wAHA(PM,.5)29] AFFATES =4 Uehd
o CI'# SO/ = 65A4] vlgt AFHTtol A AAL AFFdT AETA A
Eﬂ]x—l og 0_40}74] %o
o Mg A A 654 oMol HAIIl W HBTA RS lobA £
V. =28 SO DIMEHX] Z2H2 giot

—

a AAHNGol 715t v|qER] T =2 Al AE

o ul=r gi A LYo} 9L tf7| A YU 3](California Air Resources Board)&
Asto] 2pF} 7 |7EAE A4 BC 527t 19609 tf ©]%- 90% 7F7to] AshHA|
tfd oF 500089 27| AFGE A

o FEAYE ti7|ehg el ¢ tir]d LS sl 20019 =7PE viEsF A4St 23]
(National Emission Ceilings Directive)Z 51 w]HHA(PM,5) Hi&E A7

ZAE L 4 AZYHE oIske E7HE(Black Carbon) AES Al

O JAFAS G 7|t mAEA] Hel= sfrele] Hgk

o VA Belrt Sl 7&2@4’6112 SAVLL 3 B Aol o
B4 Y5 PN SAHO ARl ZurE oAEA] el et
Qo] A Ba

O JAsEN 71Nt wAR] #egere] =
o ARt LS 5 | HEAS



- SJRAPM, 5) FHHE SRS S5 FRIAL S AU B2 Qo]
BashAe, vAEA Bele] 7|2Hel 840l THYE RS setehy] e

TR E4o] WA Ba

1
-
o
oX,
e
o

N
mé
>
A
ol
fu)
=
2

-0,
>
i

o
9,
e
Fo
rolc
o
=2
£
)
o

r
ik
t1
1o

2
T

AZo] olFold 4 otk &
o HAlEAIS TS AREF Bt
- BJARAI(PM,) o T QA1) Telnt ofje) A WIS o) HAHA(PM,)
290 MEeQl, WEd, FANRE S S4o] BAsolo} st 0|2 B3
Q7T UAHA(PM, ) ET Fo= 24 TR
o QAL AL g v 2EY BelYA F3
- WA (PMy )9 TR m@ = 4
3ol Wi U] 9%, PR AT gL Tt ARA AL Testel Aoy
e 25Y B
- Sjoll BEE BAS 283kl thpet ulAA(PM, )9 HEY 7l =E
s

FAof : BAAA(PM2s) AR, ABDE, A A, wIAEA B3






FTEE MR et 1
. OITHHZE B IO oo 1
2 g__l_l_l:él-l_clg .................................................................................................................... 3
HI2& OJMHX|Q] FAME D HZIGISF ARY| GIFL e, 4
1. D|k||D._'IX|(PM25) —_r“é'ié'—f- %}g ................................................................................. 4
2. OIHHX|(PMys) PAMEOl HAZIAIEE OITL ARH| croeevrreessressesssesse 11
3. OJMEHX|(PMys) TAAAEO] ZIGISE GHTL o 19
HI3EH OJMHA| RAMEO| EA EAM wi s 29
1. OMHXIPM25) SE EA s 22
2. D|M|Dl_1x|(p|\/|2_5) HEE BAD corererereeresm e 26
3. D|k||D1x|(p|\/|25) _—l.ud -I_E_ gg ............................................................................ 32
HIAZ OJMHK| PAMELO| HZEGGF DT} oveeerernermrsenessssee s 36
1, A28 TIIO| B KtE D EA B e 36
2. TR RFROH| THBE ELAL oo 39
3. OJMEHX|(PM5)2t OIMEHX|(PMys) TAIAELOl APBEGISE «oovvvrreireremeininisicinis 42
H|5&H 22F| ZAIO| O|MTHA| B2 RIEHHIOE woree 59

1. QUMIIGHSON 7|85 DIMBR] BHRIZRY TQY AR v 59



3. OIH|IGHAIO] 7|EH5t DIMPIR| ZIRJBIOEO] T wrvvvrvesrrrvesssniriniesssrniiiss 65
4. QXPol MES PIeh HHEH SIFY HLIH FL oo 70
FIBEE ©OF QI Z4E wooerersseeressseeesss st 72
QO 72
2 724% ......................................................................................................................... 74
J'éII-J_]__E_%I_-] ......................................................................................................................... 77



AN AN AN AN AN AN AN AN

AN SN AN SN AN SN AN SN AN AN AN AN AN AN

T 2-1) OJMEX(PMyg) TEAIAE e 4
B 2-2) HEAIS| DMTRI(PMe) I FAHRO| B oo 5
B 2-3) U DIMBIXI(PMys) T2 TANEL] DIHBIR] 7|01 oo 7
B 2-4) OHPIRIPMe) SM01 CSH FLARO! BRI QIS wovvrrvvvv 9
H 2-5) OMPRIMEIS] DIHIPIRIO) Offt ARG QI v 12
H 2-6) OHRIRIPM,s) TALZU B7\mB0 O3t YT BT o 14
T 2-7) OJMEX|(PMys) TAAAEO| ZAZIGISE GITL wooreeineineisess 21
B 3-1) 2015~20178 MSA| T OJMBX|(PMys) 7IEEHTE -rveereeerereesmreesnnnei 23
E 3-2) 2015~20164 TR U HSA| LIS OIPIRIPM,2) HIEZ oo 27
E 3-3) 2015-20168 MSAl 7 DMTIRIPM,s) SHHEY L HIG - 28
B 3-4) 20162017 OMBRI(PMyc) TALEG] TIREHRE oo 33
E 3-5) 2015-20171 HEE OJHPIRI(PMys) TAARO] TIRSHR -rorrrsrsrn 34
T 3-6) 2015~2017E OJMEHX|(PMys) TAAAEZO] ARTERIH| wrerereeeesseseeeiccee, 35
T 4-1) 2015~20178 ZIAIKFRO| Z|ZEHZF reveerrerrmrmemmmsmssssisss s 39
T 4-2) 2015~20175 AFUKFRO] J[ZREHZF eeveerrereerrersessmmsmmsmmininsss 41
T 4-3) OJMEHX|(PM25)2Q] AFZFAOIE AFIIGAGE «oovevrrrieinicicisic 43
B A4 ECO| AFIERIOIE AFTIGIBE -rvvvvssreressssiessssssssisisssssess i 44
B 4-5) OCO| AFLRIOIE AFIIGIBE wrvvvvvvsssssrreeeeseeesssssssss i 46
T 4-6) Ca? Ol AFIERIOIE] APIIGIGE wooverrveriiiiiiiisiisi 47
T 4-7) CIrO AFIFOIE AFZIGIBE crvvevrrvrerseeeiesiese e 48
T 4-8) KO AFLFIOIEE AFQIGIBE «ovveevrevsesmseiimssiei 50
T 4-9) MG?" O] AFZFRIQIEE APQIGIEE evrvesssrrrssssscssssssssis 51
T 4-10) NaQ AFZERIOIE AFIIQIGE «ovveemeesresessisiei e 52
T 4-11) NHs Q) AFFRIOIE APIIQIEE «ovoveereeieseee 54



AN AN AN

2= = = e

P

4-12) NO3-O] AFIFLIOIE AFZIGIBE rrvvvrrssrrvesssirrsisssssinis s 55
4-13) SO47 Q] AFZERIOIE AFTIGIE crvvvevrersrniriiinissisisi s 57
5-1) 20055 CHH| XS 287HZO| 7 |QHBEL KZH|S v 62
5-2) K& 71 712K DMRIRIPM,s) F3 Al TAHE o 65



WACPR L

(IR T=1) GHTLO| S orvereeesees e 3
(O3 2-1) HIELYE OJMHX|] QUKF TFT|Q] HIE «everrerrerermereresmsiissiissssssss s 8
(03 2-2) HHEE DMHXI(PMys) €2 F 7HAY QUSHY factor loading - 13
(2 2-3) DIMBIRIPMys) 2 AR BRAY EBGIF oo 13
(Od8 2-4) “MED-PARTICLES” E2HE F0| K[ESH K| TA| oo 16
(Od8 2-5) “MED-PARTICLES” E2NHE [HMX|HSE O|MHX| FEEE Sk v 17
(T2 2-6) DIMBHK| FAIAEIO| AJDESTE «rverererresseesaressesisssiis it 18
(3% 2-7) OHBIRIPM )2 DIHIEIRIPMy 5) TAILEO] MUBTEG oo 19
(IZ 3-1) MEA| SAILYTZ|EEDE KF corereerreseeressesee s 22
(2 3-2) 2015~20174 MSA| 7 OJMHX(PMys) SE e 24
(3% 3-3) 2015~2017A MSA| OMEXI(PMy5) I EIL wovvrrssvvsersssssssvvsseess 25
(33 3-4) 20152016 %2 L MSA| HHSH OMHRI(PM,s) HHEZ Hl@ - 26
(2 3-5) 2015~20165 MSA| HIS S OJMTHR] HISZE oo 29
(28 3-6) 2015~2016F MSAl T OIMTR|(PMys) FBHEZE -woovveereeesrrmeesseeee 31
(I 4-1) DIMHX|(PM 5)Q] AFZFRIOIE] GIBE wvovereerceiiieiiieiiii s 42
(121 4-2) ECO| AFIERIOIEE QIBE wvvvrvurrresssiirnesssisssisssis s 44
(T2 4-3) OCO| AFLERIOIE GIBF rvverrerseisieiieeiiei 45
(T2 4-4) Ca?* O APTRIOIEE QIBF «vovvrevreiririsisis s 46
(T2 4-5) CITO| AFZFRIOIES QB wooovveuueesrriserissiissis i 48
(2 4-6) K'Q| Arargiols QB ereee e 49
(2 4-7) MG?' O] AFZFRIQIEE GIBF vrrvereessssssis 50
(22 4-8) Na™Q APLFRIOIEE OFBE wovrvrvriisesriiiiiiiiisii s 52
(2 4-9) NH2 Q| AFZEOIEE GHBE woveveiemeieiee e 53

(2 4-10) NO3 Q| AFZERIOIE QIS -rrrrrvrvveevsssssssseemssieissss i 54



(2 4-11) SO Q] AFIERIOIE GIBE woovveverereseinniiis 56

(2 4-12) OJMHX|(PMys), EC, OCO AFEQIE «orrvrvririiiiiiiiiiii 58
(d2 5-1) LEASI| |:||A-||D-|}:|(PM2 5) | Sa7H= H§(2030"=| 01|M) ............................. 63
(2 5-2) BAs == HiASE XAEE O|MHX|(PM25)2 EC S ereerrerrreienees 66

(72 5-3) QAN LS st DIMHE| ZAZSEE GITL oo, 68



g ME N

FEyzhs 190049H S5 o|F SATE BA AT 4l T1Eal mAISkR QIsh Q1914
71 A=A 9] viEsFo| SVl whet 20008 ZHHA] ti7]9 skt SVttt
7] A AAIFe] AWdE Atshe vl U] HotATES S5t 71 edT
A W AMGTE] Aol A& 02 ffEEA Hi7]ES iASHL di7|eg o QI
7R ES BHAAZIA Z7HA Q1 Aol A thefet s34 o] A= ]It A
(PMzsh= 9RQ] F717F 2.5m ofsk= Hi-S- Zol HZ7HA] Zl&o0] XFEste] QIA|9]sH/do]
2 02 HIEglom, ) wAHA|(PM,5) F=7F 2oMAH 2571419t AEuA B
Aol F7HE ohyzt 27AMg WARIRlol 71Tl B E QI

AR (PMz s} 507 o1de] sFeha] 29| 53t Tok=s, Tt L fdHdoA vis
He AT 22 FHo ©ASRHE(carbonaceous components), HNEEEZR
(trace metal), °]2 AE(ionic components) & TS EAZ FAE| QItd) =,
HAHA(PM25)E HiEths A9 20 w2t uAHA(PM.5)E 5k 4=
FX7F A3} At whet gebd 4= 9low, mAHA|(PM,5)9] /3R E AAITF B
7Fs &l B AEAI(PM, 5= QIgE ARl ulAEAI(PM,5) T8/8489] 7]0f&] wet
gkl 4= ks 7Hdo] A7lE T et

1) HEI(2013), pp.31-35.
2) U.S. EPA(2018), pp.11-43.
3) Krall et al.(2013), pp.1148-1153.



21 QINIPIEH Ao OIS S5t DMRIX| PR HYYs o

SIATRA(PM, ) AT TR wret Agstahel Kol GlonE Q1A|9ls)
279 BelE AL vARAPM,5)S] TR TE ARGl B Bt A7}
Y.

AR AAH T A B L Slslel 20179 TAEA] T S
wleisigom “Tetael ehpslut Aot TAHA) theol Al ke veiss
R P Y
Ul g3 Aol SIS AGA7)7] et FRFAL vAsl] AL v
(PMz5) F4/43%0] B3 T4 5] T2 A4S Hofdha, o]F Erjz 21 A%
HEZ 9ot 584 49 DAEAPM, ) BelPAL g 4 ek

5 Ao nAER(PM,s) TS B4 ekt nAHA|(PM,5) T4
TS AT FHAOE Blsle] vIAHAPM, ) THRE AT i wst
A vhishiAt ek g uARAMM, ) TP e B3R BAS s}
sfol, QA9 o TAHAPM, ) PR et S4H B PRS v 5
QS AP A4 BeAAIE AL S



Mg M2 13

2, 7L

£ 70 F22 nAHA(PM,s) T3/d82] 542 mtefstal, nAEA(PM,s) 473
ol mE AT AFH 2= FretH vHHA(PM,5) 73/320] TE 3T
TGS mefato], AA S AGAIZI7] A%t HAAA(PM,5) E2 T2 A3k
= Aolth. & A7 &2 (O¥ 1-DI gt

AT 1A P DA (PM,5)2] g2 A7 gl et A7 ARIE st
280N = AeAlE HeR vAAA(PM,s) &%=, MEF 542 mhefsta vjAHA|
(PMz5) 3429 B4 wtefsigict. 3gAINA 28404 153t AR (PM,s) 74
gl T AFURIE APTEERE AH o= BIsGIT). uhAEtol= 2, 3, 4 DA
A= 24 Y85 EHE 84 S AS A A%t vlAHA|(PM.s) &=
FEE AAISHAH.

mlo

= A

ey |

REIEESEE
OIH A A

O MIHX] -d/d=2]

= =
£y 2

ONEA 54 4 © OJMEAe] G20 mE
O[MHA LR AI7HA THR AT Bt
=N 24 + OMEE 2 EEE20 e

HEEH AU B}

o M=

g AR 2.

Qg 1-1) a79 S



4| QAP MLt OrES et DIMBA| LedmE HEge

OMEX2] A98E X 4T3
Al S

1. DIMHXI(PM,5) 8= E4

OAEA(PM2s)= 5071 o3l ofehs] o] e Staz, WA o] wet niAdA]
(PMos) TA43E0] 2|7} It ulA WX (PM, 5} A2 Q1 WA HTh= 191291 ¥y
oA HiEH ol FdEe LAFEEEC] B2 F= A AdgEo] FAtet=(S0x),
A28 (NOx), YEUOKNH;), 124 7718F=(VOCs) 529 A7=20] b7l $2
E4 2014 Whgste] 23 BAFETD vAHA(PM,5)2] HEAQ Sheh e (#

2-DI 2oy, dagtast fga 5o g YA, A S olR4EE E,
v, Zg 59 540! At

(E 2-1) OIMHX|(PM2s) +EME2

F2 a3 42

PM mass (Quartz)

B | [
ol | I

SAGE EC(Elemental carbon, ¥4&4), OC(Organic Carbon, &7]84)
o] A% NO; , SO# , NH4", CI', Br , Na', K" Ca®™, Mg*

Al, Ba, Be, Ca, Cd, Cr, Cu, Fe, Mg, Mn, Ni
Pb, V, Zn, As, Hg and Se

i
ox,
M

At&: Yang et al.(2018).

UAAA(PMzs)= A B 121 H7]| 983 22448 Aoz QIet 7]y

4) ofoj=Z2lo}, “dir]2¥g=E", AML: 2019.9.6.



H2E OMEXel 1882 & 2gde

EAZ Y 15T Alg AL 23 7| QgERe
L2 7haA]7]7] YIS nl A ER (PM,5)Q] HIESE ofUg} o]& A= ATLEA ]

HH%E A EofoF &5 Ffell A

5458 sprsieh sy
Vehton! B4, B4

Stal Qlot. 53] vjAd

5ol
A(PM,5) A&k 717H9] A2

é*év:g

ol 240l

ol5ozl Aol A&l B
A% Y 1° AP (2 209 2t 93] 910014999 g A2A)
m 3] B23 wmxl(PMzg h&g} e

H]%o] ot

Rk

= 0 OE"/] Ul‘o
© A}z ZAFo]

Al & 15

oA A (PMa.5)

AAA(PMz.5)2F 43

HE-E B4

# ‘::_}.’J\_AJEBE %Ji%ﬂ st vlgo] A
a9

I=R=NeN
T ==

Z}A

oA ‘3174 (PMz 5)

AFsrollA AAste vleo] T hET 9t HE9] 7|7t Sdde dadart

SRACM, ) Rl A vigo] 5 Liehiel, HEAGIA 1%
(PM:9) FHHE 29 7] WESole BT A7
29} RS TOIH F2 WASH BRI AbThAY] B9 o

r{

Avjo] whzw,

A

JEs

l:]

Vﬂ RA]

CRakA!

Ol &%t AlE SEHM(IAAR AR AlSE © 24|, FF HAE dA7tA BAZ
wA 9@ YA dfAXEEA] A 5)9] JF fid AoZ Kot
H 2-2) M2AI9| DIMHX|(PMys) & FEMEQ| HIE
(S /)
4E3| 2. Kang et al. 28 Kim et al.
(2014) (2006) (2006) (2007)
2014.2.24~27 2001 2001.4~2002.2 | 20033~20065 | 2003.3~2005.5
SO | 16.52(23.3%) | 6.46(13%) 6.42(13%) 8.16(19%) 7.5(18%)
NO; | 17.23(24.3%) 7.59(16%) 7.78(16%) 7.64(18%) 7.1(17%)
NH" | 10.89(15.4%) | 3.26(4.7%) 3.3(6.7%) 5.57(13%) 5.5(13%)
0OC 7.8911.1%) | 12.8(26.4%) 13.1(26.3%) 10.2(23.3%) 10.2(23.8%)
EC 2.73(3.9%) 5.98(12%) 5.95(12%) 4.29(9.6%) 4.1(9.6%)
PM;s 70.92 48.5 49.6 43.64 42.8

A& -8-H(2006), pp.535-553; Kang et al.(2006), pp.911-921; Kim et al.(2007), pp.6762-6770;
%3] 9)(2014), pp.82-99.

5) A-43#(2017), pp.191-204.
6) 4%3] 9(2014), pp.82-99.

7) 43|, 78H(2015), pp.143-156.
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Bt DIMIBIR] TALEY 21UE R

= HAEA] 3R] TR 71 E2 (R 2-3)3 2o, =] mqEA(PM,5)2
FRAES A, A, e, 7 EA, AR YEHAL A9ER 74 Fa4E
S°] A8k Hl&2 Aolstith. A&, - FFY A% F71gart 7 2 HISS
AR, HiA, Fal 5 9] AR e AR HISo] 7R & AR HERT.
A&0] 735 YAt RY B 1998~19999 17%01141 2003~2006 7%= FAscl=



H2E DMEXSl 1EdE H HZFS Al &7 |7

(B 2-3) I OMERI(PM,s) F2 FEER2 OMEX| 7|02

XS | PM | =AUt Fo8s &X 716k
NO; (13%). SO (17%). .
1998-1999 | NH'(10%), 0C(26%), EC(17%), | T2k a8 Kim
S(5%)
NO5(16%), SO4”", NH4", Na', | Han et al.
N 2002-2004 K, Ca?t (2008) .
2 NO3 (17%), SO+~ (18%), . dra
Ae 2003-2005 | NH4'(13%), OC(24%), EC(1%), Klgogg)al' oAt
Jtrace elements(11%) O]]i% ;52-
20032006 | O3 (169, SO (18%). Heo et al
NH,(12%), OC(24%), EC(7%) (2009)
NO5 (12%). SO+ (13%). _
PMo | 20062007 | NH{'9%), OC(15%), EC(%), | ' ¥l Hwang
Si(3%)
N NO; (11%), SO& (12%), Choi et al
" | PMas | 2009-2010 N :
: 0 NH,(8%), OC(19%), EC(4%) (2012)
ol | PMio | 2000-2002 | NO5'(8%).504 (11%), NHs'(6%) Ligoelto)al'
NO5 (10%), SO(20%), lee et al | o 1%
2 | PMys | 2001-2002 - | =8 oc
B 8 0C(30%), BC(11%) (2008) H]]%Ho] =
NOs(11%), SO (30%), Bt A9
5 | pMys 2013 v 5 (11%), SO4~(30%) Jeong et al. i) SO
NH,"(14%), OC(15%), EC(5%) (2017) HZo| =
a2 | oo | 1995-1996 NO; (8%). S04 (19%), Lee and Kang
e 0 NH,*(6%), OC(11%), EC(10%) (2001)
Total NO5(10%), SO (11%), Oh et al.
/\OJ -
T PM 2005-2007 NH4+(4%) (2011)
NO; (14%), SO (17%), A7 FHolz%
7:]0/‘\_]_’ s _ O Oy o L 1-
PM,s | 2010-2012 NH 0% 0015)

Z+&: Lee and Kang(2001), pp.739-746; Park and Kim(2005), pp.217-226; Kim et al.(2007), pp.6762
-6770; Lee et al.(2008), pp.199-211; Han et al.(2008), pp.4735-4746; Heo et al.(2009), pp.495
7-4971; Lim et al.(2010), pp.88-100; Oh et al.(2011), pp.247-264: Choi et al.(2012), pp.583-5
92; Yi and Hwang(2014), pp.115-125; HYA, &J2(2015), pp.508-519; Jeong et al.(2017),
pp.115-127.



8 | QUMY XMzt OfS A3 DIMEIX| FEERE HddY o7

oA SRS (Y 2-1)3 Zo] Heele] 7 MRS 97, B, 2% A=
A8 5AG, FAG vlo] |2 Aaet ARl 91, vloloxfie) BE e, YT o
AT T A5 g3 AT B AAE AR AEL BAEAPM,:) &l
oF 80% L & Wolglon], Meiste] WAL Hr) 40% 5%, AWE A9le] A9
) 35% A= $E DHAHACM, S HEDTED

1o

60% : - 40%
i a [ e ..\
/_; j b‘L:rr?i n 2
70% _30%
/ coal-fired coke
PM- 10 / cement™power station rusl&l)u.;: tial PMa.s.10
80%/ ( W20%
/ Slime\
/ / other iron-steel n.ﬁld..nua
/ industry,/ I ulsln' ] A iomass
90%{’ rick-Cg processés %«mruc\ pelransportatior ]0%
y wildhire \,\'cr 0 \
/ stations +" (#® ) agnculture
]000/0; .ll'ldllslr)' fuel % 0%
0% 10% 20%  30% 40% 50% 60% 70% 80% 90% 00%
> Jother tuels
in residence

PMazs
Z}&: Huang et al.(2014), pp.13834-13843.
(a8 2-1) HISYE DMTHX] UXt 2719| Hig

AAR(PMz.5) AL digt TRt 771 olFoiFen, ol o]Foixl

AAA(PM25)2] E54e T 719 BAo=Z 89e wolRt A7t 5
o]t TAIHAI(PM,s) T Tt AF=2 TS A /‘P‘*Oﬂ Aot gle, 7199
EA40] Qlo] Aol HES A-85I3itt vAIIA(PM,s) Aol gt =i el B A+
Y82 (E 2-H2 At 235 21(2011),9 ot ﬂ(2012)10)% IR (PM5) T8
T8 oo R Am ALTE 7 40%, 62%= 7HY =2 HleS ARl H skl

8) Huang et al.(2014), pp.13834-13843.
9) &3 9J(2011), pp.711-722.
10) Ado} £J(2012), pp.211-221.



H2E DMEXS] EdE H HZES Al &7 1 9

H 2-4) OIMHX|(PMys) L0 CHEH =LHQQI &E ATLHE

EX =AAIE =MX|H =2 QFEA
=g 2(2011) 201049 A& e R :; 01] ;;3230)(40%) e
Z1go} 9](2012) 20084 A= Az ﬁA(fzg;gj;? HHE3%).
A= 90012) 20114 2 ! ;}(;’éffé;i}/ég/)
A71F <)(2014) 2010~20119 | AFE A9H 0¥ > Y ¢ EF

27} A4 (20.6%), A 22H15.5%),

4971, FUx(2015) | 2010~2012¢ At X191(10.4%)
v H . 0,

A A(16.0%), AFe2H14.8%), A=
A2(5.3%)

T AEAILR) TAEA(PMs) T= %

S AMEAY A2 FoARRt 9%

=833 7e4(2013) | 2010~2012¢ S|

dheofl, A1@A(2017) | 2015~20164 G

A= Bieofl, AEA(2017), pp.227-248E EHE AR} 4.

o] Bx Adolt 714@40] wet getle Zo= vebdet slAAR|(PM,5)2t
714891 7+ A B 5] B of S| wAAA|(PM, )] FE7t HoX 1
A AR WS Edols uwwdxl(PMz.s)ﬂ BE7F FolE Zlo] HuErt
1213 A, A, A7, FF, AE A4 SoA FAIES mAHAA(PM,s) 24
ket Avte] wEd FA| F EF SALS hEsH= Mg™, Al Si, Ca™, Ti, Fe,
K" £39] ul AR (PMys) 710157t AR IRte] Hls] &oket. P B fap7iztel] 7t
S TAAES QYL 2 5 5RA Y nHAdeq FAE olEdle] 0k

J

2491 A0 FAEQICEY 234484 QB F PAIL B O] F Boshikg ol

g

11) Kim et al.(2007), pp.6762-6770.
12) Lee et al.(2008), pp.199-211.
13) Heo et al.(2009), pp.4957-4971.



10 | QIHIPIEH KZwor DRIS 9lst DIMBIX| TaM=e 742y o

Z7l2 Bt 27k, FARIS ALH e 210 0 S @ Q15 kA AlEle] ZAlo]
A7 Aefel AAgtmEo g Wslsly| 883 7o) ZHA BErt SUkeie A o® Ut
Wk AR T (smog) 717t 9] TAAA|(PM,5) 20l Bat B7R= AL Q1F A9
oA AFEoH, FEH s AnT Y7l Sk, AANY, T 22 2384
QFEAL] vlgo] HART 7|7te] H]F & Ao yehdth !V B35 AR 7|7H]
Z7I8ke TR (PM,5)Q] TAEES 2284 QPBAR, o= ZFdol5S B3 12
57] 412 Edolth. wehA 2284 LEEE 5] S7Hs A9 U LFUET= JA 2
oj5S E5 A9lE LHEHRE Yrel Aow FAHch!

»
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2. OIMIEXI(PM2s) TFEEES] HZFe A Al

7,

19999 =+ 23%4(U.S Environmental Protection Agency) FEufsha ojxjsio]
“EPA NYU PM Center: Health Risks of PM Components” AEIS A|A35}aL w]A|HZR] 9]
=92 ok 549 motat wiAwA] /gl me A7 9%E Aotk 14

A AR = 1999958 2005W7H] &QE UL Hhefet A7t M=o, 4

Hel meAEL the gt

* PROJECT 1. 917t 7|%= KK airway geometry)2] H3} B7k AR} A4 2 W
37t

* PROJECT 2. "AHA] =& &4

* PROJECT 3. "INHA] 549 AARIAEA A4 FA th7]9] E2istehd wj7fws:

* PROJECT 4. "lAIHA] & {73tz AZ8/A 0 A= IF

* PROJECT 5. 94 HES I37]= vINWA] T Hola<o] YAt 2719k 83139
9

® PROJECT 6. "]AHA]O] oJ5t 4] ik dof that A3k A+ - 9 v]A|HA] 74

U AR B of| A =383t A4t Z2AE= nNHARF TATE 7G| et 2ehE
AE AlFshe © 7lstalon, AAAA T} BRiste] ESAAYS So17] Y ARE
A Zstelet. ¥ 5] njzte] 717|184 7]2(NAAQS: National Ambient Air Quality
Standards)ollA] RIAHA|} THASHe] 7ol YIRS vIA|= HAIHA] 98] aato]
B3t Ao] o= Ao] FHL FAt?

14) U.S. Environmental Protection Agency, “NYU-EPA PM Center’, AXMY: 2019.9.6.



(E 2-5) OIMTXPHEL| OIMIHX|0f Qg HZFe 27

e Xl:f;”ﬁa 7z}
P A A A AR B AT e
Hols OMPARRH(GIMS ALEstol 2A
Maetal | olEEUF wHA | - wEa peAE v 23 SAels e B A
(2006) (1995-1997) 943 FHS EAIQR 16.0%).
CEoF 9 Hlo|Quls @ik Z7he olgk AR Belo]
glgle.
o)A o] T A A, AR Ao el
. Hols AFRAGLMS B9 4eld 275
i 51' “@gﬁggc _spatelo] ofat A7) A AFEEO] 6.7%(95% Cl < 1.70-
11.7)% eRd. Ajek el opeiA|e] A9k Saielnt ok
7HE 5.0%(95% CL: 1.0, 9.1)Z {-9u|st A3= HY,

Z&: Mar et al.(2006), pp.311-320; Ito et al.(2006), pp.300-310.

u)=+9] A7FGFATLA(HEL Health Effects Institute)= 2013 “National Particle
Component Toxicity (NPACT) Initiative: Integrated Epidemiologic and Toxicologic
Studies of the Health Effects of Particulate Matter Components E1A1S 27kt
o] Hilk= ulAHA] F~d ol ofgt 9Tl Hitt 5944 st 9 54 A7 5 4719
A= o] JoH, HAHA] FAR Rt AL T A= vIAHA] R
A E Y Gl Histel AIAE B4 AFE Yok

TARNPMy5) F-3/3%800 It RIS AT, Tro et al.(2013)7% vl 1507 EAIS
Vo= 2001878 2006974 Ak 718/dE 7o ti71e%, 71V, AFEE A=
TSI TR (PM,5)2] =8 /R0l tidt HUER ARIEZL Sh= =AE thdee &
S 59190, Zols RS E-85l0] 2 Ao tiste] GUARE 3U A7kA] mAH
A(PMzs) ‘559 AA AP, AEWA A, 38717 Yol digt D948 AZsi9iet

15) Ito et al.(2013), pp.95-125.
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Ito et al.(2013)9] A= 647 =AM BRJIEAS F319 671 2 HEd(E,
EY, Agda, 98, 55, T ADER vAEA(PM,5)9% 7HA L dEdS gelst
oK™ 2-2, 29 2-3 #2).% AAG B4 A3t vHRA(PMs)9 7 Q98
gE- HRR|(PM, 5) FeFs i} o] 77333k WA Qe Bt wet Ay
27398 A% 23, 32 AE(SO,, Cu, K, OC, SHET mEgt AE(NO,, SO,
EC, OC, Pb, Si & V)oll AFg#1glo] &9k, oje} vtz HEvA wa A <] 9=

2 52 AZA 49 fde] woker, #d 2LAEE2 PMas, NO, SO, CO,

Cu, EC, Fe, OC, SO4, Se, Si, Zno]ch."”

o

Mo
2

19

All Year Warm Season Cold Season
o0 S —— ——
NO, PMas i == —— et
80, = —E e —
oo Mo 55 — | ==
- e —a
Al S0, ;% = = — ¢
cold e || e
Br 4 As Dé 3 = —re—
Ca | o—| —— e ——
Cu 15 = % —t
o o o —— -
ol N = = | =
EC - Fe iy 3F =< =
4 F= —
Fe A = I = = =
M Na {5 % ittﬁ ST
i E.
M 4- R & * % i,;
Na NO, EE *-;*t = ‘?
Ni oc gf == == e
1 ~8 £ | B | =F
4 o]
Sl sos =2 = = |==
- ey ——
5i se i= == -
V] =5 2 = =
70 A= % E:i?. -
b= &+ .
] ‘ , ‘ ‘ =g 3 = E
Traffic Soil Metals  Coal ~ Salt  Residual OIl ' ! !
Gombustion Combustion t T T t T T t T
. —0.5 o 0s —0.5 o 0.5 —05 o 0.5
Source Categories < Excess Risk
At&: Ito et al.(2013), pp.95-125. At&: Ito et al.(2013), pp.95-125.

(a8 2-2) HHEHE DMHXI(PMzs) G2 (2 2-3) DIMBXI(PM.s) S2E AHEE

2 7IAY QBSEQ factor loading THAIY =02l

u]=9] 2717|134 7]2=(NAAQS: National Ambient Air Quality Standards)oll tigt
HEE 5ynjt} o]2ojRtt, AEIAL SHEAZ(RP: Integrated Review Plan),
E35tlshE7HISA: Integrated Science Assessment), Y8 =& H7HREA: Risk and
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ISy

Exposure Assessment), FZ3H7HPA: Policy Assessment), HA|(Rulemaking)2]
STHAIR ZgYEct.160 X 20184 HIAIEX(PM,5)°l tgt &8 HE7KISA: Integrated
Science Assessment)7} O]Fo1F oW, FHISHY 7o A= BIAHEAI(PM,s) T 29 ¢,
sk A, S HAHAI(PM.s) 34819 Autd E44S metsial, mlA|EA]
(PMz5) k== 4@ 2739 A+ AET} o]FoiXH. &3] uAHA(PM,s) 737340l

2 779l o3 Ao HEZF Jgos o|RojFt

FAAR(PM,s) 38w AFSE Ate]2] Al gt HE= dutdos = 714 /9
07 Y 4 duh” A A nHA(PM,5)9] £ F44480] AFEE Aol 4
B} QUEA] oFelal, F WA= AAA(PM,5) At Blwsto] mAHRI(PM,s) /3%
B0} Hlgo] 3t APFED UGS Elsks Aoltk” ulAHA|(PM, )2 S35
7holMe & WA Hol 23S B0l HET} o]FoiF k1N

H7HA FPE AR (PMzs) 8w B R A+s 9Y AR
TS SEol3itt. sHAIRE o] 2Rt B AR B RIAHA|(PM,s) AT T/38Ee
A ntadE Aohs Hl ARE 7RI it Al RA0A = tiERe] SRl
R Aol 793t Addol A Yehdt. tleg AR uAEA|(PM.s)
TR Bl gt AT AT AHEle < 2-6)3 £

>

H 2-6) OMHX|(PM2s) G20 SIS0 o5t g G+

oo
EX XIS HLHE THHE At
Al, Br, Ca™,
Ostro o= ] Cl, Cu, EC, Fe, | - PMas, EC, OC 9 NO; 9] H$- AR
ot ol | AEiEUelE | 4d¥dA | K, Mn, N, 8917k 14.6, 0.8, 4.6, 5.5 pg/m 2
(2007) 670 TA| A NOs; , OC, Pb, | 4% AETHA Agol 1.6%, 2.1%,
(2000-2003) S, Si, SO4, Ti, | 1.6% 1.5 % &7}
V, Zn

ol Ca™, CI' Cu, | - BF/US(), 32, 22D % %
Ostro A molx | AgsAg EC, Fe, K, (@58 &9 o)l ot AEs &
et al. oA =A *}‘;' NOs; , OC, S, 24
(2008) ° Si, SO4, - AE&pFo] W2 JdolA AETA A

(2000-2003)

Ti, Zn WEo| 3~5% 57t

16) U.S. Environmental Protection Agency, ‘Process of Reviewing the National Ambient Air Quality
Standards”, AA4Y: 2019.9.6.

17) U.S. EPA(2018), pp.11-43.



(B 2-7)9 A&

H2%

DIMRIRIS TS U 72

e AR e 115

RS e Zi}
- A4 APLY] AEEE NO; &
A AR SO4Xt} EC(RR=1.024(95% CI: 1.005-
i A&y = 0 : _
Kim | e co | 8| i o oc 1.043))9}ng 1.020](254] CL: 1.000
etal | ooo32007) | T8 SO L040)NN A Herd
(2015) 35714 ‘ - PMps B0l A4z 20| 224148
Arg AEAET 4d AMGEY TS 3
A4S B9
_ Eo].ég_ ﬂ:lq l:'._‘:“t% X%.Q_o}-o:‘l PMzs :[LH
Li Al, Br, Cr, Cu, AR S 7k0] AAakg Hvf
“é Houston. TX EC, Fe, K', Mn, | - NH(0.881ug/m), NOs (0.487ug/m),
s | 000 a01n) | A AR | Na', NHSNi | SO (2.2450/m)e) ARESRR w9l 571
(20"11%*% NOy, OC, Si, | AFFIAEIL 2 0.69%(95% CI: 0.26,
SO, V, Zn 1.12%), 0.38%(95% CI : 0.11, 0.66%),
0.61%(95% CI : 0.15, 1.06%)
- AETA AFY U S871A AR Al
Zhou | Detroit, MI AldsA | Al EC, Fe, K, *j ZX]-*” /}j 27} _,ELJa 22 ]é]’
et al. | Seattle, WA f}‘%]’ Na*, Ni, A JJ( ATHIS 1ol
(2011) | (2002-2004) E%Qﬁl S, S Vo Zn | ohmel i AEet b wgst o
ok A7} SIE ARe 2% Tl 4R A
Qlic} Peigt HEolgle.
- R A4GE-99) 2 32 A0
b BC Ne | E3RCl A9 AR FER
Ito et | New York, A N NO A 23} A B4
al. NY T OCL O, S | T HE AR e THLAE : SO o
(2011) | (2000-2006) oV 4’Zn © | 2o cVD AMFET #elo] gle
n - EC% NO»y= F A 27 *]’U]' 2“7]'9]’
AT B,

A= U.S. EPA(2018), pp.11-43.

4 8

“MED-PARTICLES” Z2AEL 201045 E 201387 &
ol AL=THAH IS 37 EA
TA]) 1470 =A19

ATE X

|

0

SR A4
et LR AEC|HIY 2-4 HX).19) 53

H91U319] 422 ot 7|

meg 0] 7] TA], oot 870 EAL, =] A9 27

y — O—

g2l 5782 mefstal mAEA| ko] ofet A

-kl

o] Z2AEE AF3) 771 o
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Ao Asletatate] wxoh Ao W 94 719t 249) A2 HolF metet
ulqExe] TR WE 34 AR9Fe BolstuAt seir 19

Milan
Turk n* *  Emilia Romagna
o

Marseille Bologna
*

Barcalona Roma*
*

Madrid Thessaloniki
* *

*Palermo Athens
Huelva
*

At Researchgate, “Urban Cities Involved in the MED-PARTICLES", AXY:
2019.9.6.

(Od8 2-4) “MED-PARTICLES" Z2HE 0 X|SaH X[ TA|

‘MED-PARTICLES = ZA 770 EHE 7IA1 Z2AEE o3} 20

o T3 1. YA Z7I(WAHA(PMio), BIAHAI(PM2s, PM2s-10) B F382(H4E 24,

EC, #71"t, OC, 24, 4kl 5L 55)9) A1=14 Ao] B7}
o 53k 2. AESl A=t AS) Atstet Apte] WA WUt A WY B }
© 53 3. A3 AT EAIA AlskE Atate] wlX] Q= /WA §le EIt At
T g9/4E g Y oA 719 244 v
4 AW A% 5 5F71A A%l dikt dE AFE 2 S ol o
ORI (PMio, PMas)9] B/ 39T 871

%0

4

18) MED-PARTICLES, “Particles Size and Composition in Mediterranean Countries: Geographical
Variability and Short-Term Health Effects”, HAY: 2019.9.6.

19) MED-PARTICLES, “MED-PARTICLES - Particles Size and Composition in Mediterranean
Countries: Geographical Variability and Short-Term Health Effects.”, ZAY: 2019.9.6.

20) MED-PARTICLES, “The Project”, A Y: 2019.9.6.
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o BE S, Asleblere] WA U AR AR G Blel UAie D AYE
% AERA 2% 2 55714 8] O S QY 79 By T
¢ 25 6. A BRo] 02 FY 27 ol T 9T 2A
« BH 7. 95 U 5 BAG B Lok WANE RSN Rt olsAR YA
W BA Y2 oh W A} o8 4 Yt FeHYR B

o
¢}
i3
e
0.
p=)
s

“MED-PARTICLES” Z2AHEoxf= AHI9] 37] EA(HIEZAZY, mleg|E, LAHh9}
olgEjo} 27 ZAZHL, EZU)E tido R ulAHA] J/d/gR tigt 55 ok, ARG
JFS BAsIQIE Y mRAE gAY nHA] FRE BEE (I 2-5)9 2o,
o] HEUE S8 IR R wE T AR YARANEC)T 2R, T2
HAJoll= H(Fe), WZHMn), EIERs(Ti)o], 23} QGE2 el iR oal 3hied(SOM)o],
A= 9 Af Ad A F8 vAER R == YANDO] ZFE 2D

Barcelona Madrid Huelva

Tatal carbon

Elemental carbon
Suffates.

Nitsates -

Silicon

Potassium —

Trtansum

ackel | E L

H j w0 oo + j w oo + .
{sgm™) pg/m?) (pgsm?

Rome Bologna

-, M,
(Unit: 10™pg/m™)

i
T |||

Manganese i
Vanadium
Mickal

1 ) H
(wg/m’} (]

A& The MED-PARTICLES Project(2013), p.8.
(13 2-5) “MED-PARTICLES” TZ2HE [{AX|YY D|MHA| THNE ST

21) The MED-PARTICLES Project(2013), p.8.
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=

HAEA TR AFETIRS (1Y 2-6)%
W5 EEBbER] o AEge
Vw1 ARl o] A o] A

“MED-PARTICLES” T2 EojA]
Zom, nAHA] A dEa 739 B71el A
Aol e A0 U2 &5 wE
5= S7F Al AFERIEC] 718k AR Ve om, EEHAFAR| ofgt A, ko] AR

S 37k A AFRSIE] 7KK Ao et

E

d
L

i

P

PM components**
Components from traffic:
Total carbon —a—
Elemental carbon (EC) ——
Components from road dust:
Potassium (K) —-—
Iron (Fe) —.—
Manganese (Mn) ——
Titanium (Ti) —=——

Percentincrease % (1C 95%)

* Effects per 10 pg/m? increase
*¥ Effects per IQR (inter-quartile range) increase

A& The MED-PARTICLES Project(2013), p.10.
(ad 2-6) OMTR TR MYS7tE

22) The MED-PARTICLES Project(2013), p.10.
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3. OIMEXI(PM.5) T8RS HZFe A7

Krall et al.(2013)23= 2000~2005E714] wl= 727 EAIE tO& HAHA(PM,5)
TR AFFS Aottt uAHA(PM,s) BE SolA HA Mo dirE
(79~85%) AA|5H= OCM, EC, Si, Na’, ZAHd, i, 34 5 5 7714 8-S
BAstglon, AdE, A%, 7R AT AG(EE, 5, G4 B4R, GAR,
BAR) E2 A4S BASIYTES ulHA (PM,5)2h BRI (PM,5) T4880] A
SRS (O™ 2-7)F Zoh AR ARG S Al AFESIEY S7Hs OCM
0.39%(95% PI: 0.08, 0.70), EC 0.22%, Si 0.17%, Na' 0.16%= vrebgeh? ap]gr
ol2fgl 84 F ojwgt Ao] HAAR|(PM,s) FFHTh AFYE] o & FFE F=A

ghet B7Hs ololxA ajdck

0.6

0.4 Fs

Percent increase in mortality for QR increase

AR ) L o e
s ﬁ{'}ﬂ'- = E;:.\N';:G&\‘:wﬁﬁ o ﬁaﬁ@“ﬁ& 5@%

A= Krall et al.(2013), pp.1148-1153.
(O 2-7) OJMEHX|(PM2s)2t OIMTHX|(PM25) MR AUS7HE

23) Krall et al.(2013), pp.1148-1153.
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Z7] HAAA(PM,5) 37380l oJ3t AFFF d7e vI=E SHOE Tl A&
gt A7F F& o]FolF oy HZols K4, S "= SolA HAIHAI(PM,s) 873
2ol ot NHAFF AFE ALH R st QU

Ito et al.(2013)", Krall et al.(2013)*)9] @A} o)A A EQH=o] mlato] HE
HIAHAN(PMs) /8w Gl AFTES] RS w43 A AMRe] Aide Hol=
T34 E0] A Go|ut AlFo whe} ohE o2 YEeRgth A Folut Ao uhE o] A4 9]
Ao = A9 QALY B4, PIMHAI(PM,5) 7/8734:9] 7101& Ao], A H QI+
2 EA49] AJo] Fo] JF= "R ALE FAEIH

2ol vl= B 7 AY 2ol S, Y2, 2 5 4R oRAof A HofA = mIAHA]|
(PMy5) 293 247393kl tigt A=o] XY=L it Lin, H. et al. (2016)292] A+
oA 3FA$-] B¢ 2384 2AEH(SO4”, NOs, NH4 )T} A4apgol|r] dhysl= 09
=491 OC, EC7F Ag¥A dgo=® QIgt AFg} Aol e A= HIESITh
Ueda, K. et al. (2016)252 Y& Lparofof| 4] Al Aol A w|AHA|(PM..s) 3735
A4t S AR ALY oA B LA 2284 L A=Ho] AFY

waol e Al® yehger, AAgedEs ot dwde Hole 28s0] e

R ol

SJAEA(PM,5) TR ET AFgTte) Avbge 24
AaTy, 244 @] At dvkol G Aoz Uehteh

<t
i)
)
oX
g
o,
s
fo
2
oft
re
Al
)

I
o, 7HE R e AHE, AATEqE, FFLAE, AR Sl wt FAl=
Aoz wdn. AEgds, Ay TS At P AR AT A= AaIFA
Bdehe LAEESE, AWM L9Edo] A7 ol 2 o= Wz d¥EA
Stal itk 53] AR A=A B vAHEAI(PM5)2] AFsE o8t F4E A

o) Q1B Heke THHES olgsle] 9T A IRt B 2 Uekt njgn]

B

24) Lin et al.(2016), pp.758-766.
25) Ueda et al.(2016), pp.249-257.
26) Heo et al.(2014), pp.379-388.
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§ #8384 7]ofske Aoz Yt ol nAHA(PM,5)2] AFsethe T"Hﬂ'@ = A
o= RO e SEI] HeslA] Xk Aueltt. FT olFold ulAHA(PM,s) 74

g AeE AT AElE ARt

A= (E 2-8)3 2t

H 2-8) DIMHX|(PM,5) PEMRO| ALESF AP
- EER
&5 = ezt
'PMZ.S __rLJ\%/\‘L\fL_g] 73"24;(4 7"~/\ﬂ HA—]
Chen et al. 5= - PMas HEAAEERE S871A AFEEE IQR 371
(2018) 2013-2015 w2} Potassium< 0.51%(095% CI : 0.17~0.85%), OC=
2.65%(95% CI : 0.18~5.18%) =4
- PMs TR 449G WKL 8 (S B
Atki t al. A AMA F8 TA g i} _ o
fnson et a A T8 241 g 50 Noy, BC, 0k 34, 58714 A1)
(2015) 2013 59 w9
9 57 A
HI2AIZ1H2003-2010), | - PMzs AR AR, A3 AHE, 33714 AR
Basagafia ul= 2 E(2007-2008), | 9d B4
et al.(2015) | 9A8H2003-2010), | - Fed} Tid FApo] Apgolale Lo ECO} Mg™=
F2uK2005-2007), AT #3 2% AFRES =9
E21H2011-2013)
- PMys SR, 32 94 #=(0C, EC) U 22 A&}
. = E"]'X (e}
Lin et 6a1' o, AL (SO, NOy, NH)= 884 ol 9% st
(2016) 2007~2011 o aThe wol,
-4 9 wEI} #AY SO, NOs, Cl, NH¢', EC
Ueda et al. AE 1}3lof ' o
OCE A B A3t 337174 Bl AE9IS
(2016) 2003.04~2007.12 | OCE HEWA M AR 371 2 AR
- PMys AR B A, 5871 AR B
~ - OC, EC, Pb2 AF}EY #3o] g,
He(;oi)al. 20‘?)1 (&(? iLzyofj%n - OFe HEF - S Rl HEDt A da)
303200711 | by Sore s A w AHEA A Re
ATAS H.

A& Heo et al.(2014), pp.379-388; Atkinson et al.(2015), pp.208-214; Basagafia et al.(2015), pp.15
1-158; Ueda et al.(2016), pp.249-257; Lin et al.(2016), pp.758-766; Chen et al.(2018), pp.113
78-11386.
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OJMIZX] AgE=2

1. OMIHX|(PM,5) S EM

& Aol M wAREAI(PM5)S] g/gel o
AE 4

SF 2.4

LS |

ot
wES

I

o7 Augon] THHE EAo|
HA(PM 9] AW 5= WS metelgit,

2 A=9| 718/43E 1ot A&
25719] ZAIG7|ESA Y-

295t

A 2015E 58 2017E71HA] A=Al WAl
JHAI(PMz5) 5= e Al HASEAF-HIA 2Fshs ZAIH7IS4 4004
ARE ol AAl HAYEATEE 20174 71 2570 72 VK &

O o]

Legend
12 Kilometers
Az AR 2.

@ MHEA SANIISZL
I usaezn

[ Jusazn

(O3 3-1) MSAl A7 IZEY XIE
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cor-— Fo ™=

O AAA|(PM25)9] SEEES wototal ALA] 8 RS F&517] 9ot F7E4
B2l S8 A8 (kriging) WHES -85ttt AA] 78 vl HA(PM, s
L= Zonal Statistics &85t o ol &3 A 3] HH O R i ARE FE5F
o A7 B4 ArcGIS 10.12 83519t

2015~2017E7FA] A2A] 2570 98 WIAHAI(PM,5) S8 FE310H 7|2 5AFS
GE 3-1>3 2ot 3% AZA] BAIHA(PM,5)2] A8+ sEgk-> 2016400 26.29ug/nf
oF 7p &okoH, 1 ulAHA(PM,5)9] & Xol= 201590] thE dAmkTh tha
A vebdtt. 3387 A2A19] uAEA(PM,5) o F3HT Mok YepR|E ittt

1
()

Ol

319,

H 3-1) 2015~20178 M3Al #E OMBXI(PM,5) 7I=2SAHZ

(291 © pg/m)
e s EEHX E=ES o}
2015 23.21 1.14 20.96 25.42
2016 20.29 0.58 25.08 27.09
2017 24.59 0.64 23.63 25.68
iriy 24.70 0.69 23.48 25.94

g AR 2,

2015958 20179714 AEAl 28 plAHR(PM,s) S 4= (T 3-2)9F Zth

Al 71EE ARGl A EQERe] AR AA| AA|E7F 201590 HIAHA(PM. )
St 7P ke, 20161300 HAHAI(PM,5) =7t 7H =34 2015E7H 201749
7HA] 257 T @A 733 mAREA(PM,s) A W718871E 15ug/ e BT 234
Sh= Ao2 Yeyt

201595 20179704 HIAHAI(PM,s) S%=7F 491 10%Q1 A[Fe] 7 Holeie 33k
AATE B, TR, FAT, GSET, TR B9 10%] &3 T 58T,
BEF, Ea, RUTE UERRTE S8 201597 2016d0] 2F HAEA|(PM, 5)
SE A9 10%0 ZEFH=| At

r°1‘



24| QNP KO OIS PI3t DINBIX| TN 21PYY o7

B PM2.5_2015 B PM2.5_2016 H PM2.5_2017
30.00

2500 -
pmzs 2000
(ug/m) 15.00 -
10.00 -
500 -

0.00 -

g AR 2,

(I3 3-2) 2015~2017F M2Al 72 OIMHXI(PM2s) S

2015958 2017970 A= AA19] AR (PMzs) 529 37H 25 4
SHATHE 3-3). HAHA(PMs) 6 F7HEE0] A, A 9E vuE $Jsto] 5314
o2 571 $7H20% °l3}, 20~40% wlqt, 40~60% HTE 60~80% HITh 80% oA o=
TE5H
201593} 201799] A% BIAAX(PMas) % H7F 80% ©1/43(26.21ug/m’ °1%
A go] gli= ¥HA 201692 A& BHE A3t A& H oA nAHUA|(PM,s) AB+
27t 26.21ug/ 1w OVFO R YEhTE 37 BEE AWEW AEA] H5A99 vl
HA(PMas) B& EEE 02 A gHETE W2 vhdd FA 2| 9] nHA|(PM,s) HEE
2 A9Et w2 fEHS B
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H3Y DIMER 8= S8 24 | 26

Legend

[ Jsenm
[ 28.63-24.2
[ 24.21-25.20

Legend

[Jeoas

[ 53-242
[ 2¢.21-2520
B 255262
I 22621

2016

Legend

[Js2s82
[ 20.53-24.2
I 22.21-2529
B 55262
I =262

(23 3-3) 2015~2017F MBAl OIMHX|(PM,5) S 22
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o

2. OMHX|(PM2s) IS EM

aAAA] (PM25)9] 49 et glof g astollA &9 S =717] . FEAH
EFAE A AL 2T g7 QAEAMET RS E8ste] 201593 201699 wiE
A A=t A9 HAHA(PM,s) HiE 58S melotqict. A=zt 42419 uiEdd
o AHA(PM,s) BiEFS (O™ 3-4)9F 2t

=9 uAHA(PM,s) SHIEHS 20159 98,806=C14] 20169 100,247E°2 5
7Fet Wk, AEA19] AL 20159(2,5808)EtF 2016(2,524F)0] WA HA|(PM,5) Hi&
o] tha At Ao g UETh AEAI9 BIAAA(PM, ) WIEHE HA=9] F 2.5%F

=0 mAHEAI(PM,5) BlEF2 ALY A, HAHA], H=2ol52 9 0= &7
UERgen, MEAle Hibd], He2oleedY, E2olsedd &2 A YELY
A= A A (PM,s) HiEEo] Aol7t Fee & 4 ATHIH 3-4 H=2).

T 2015 T 2016 MEA 2015  ——A|2A| 2016

600.00

7 (ton)

g AR A,

(38 3-4) 2015~2016E T= X MSA| HHEHE OIMTXI(PM.s) HIES Hlw



2015~20161 A3k A2 wjzLE
@ 322} 2k AGAOIA ARAPM, ) WEFe) 7FY 2 vl
AR S| ot wlabeAe]

A3HT. ofo] wh

42.19%= %

HlES ARt B,

et

O AHA(PM,5) Bl&FS
OAAA(PM,5) HiEZOIA = WAL Al AAZ 2
247174 Boll 23t v 20]5Q JUu} ARsAlof| o3t ERolE

M3 DMTR

AMEO

ST —

| Sy 24 | 27

UAEAI(PM,s) BlEe TAIH o AdmEd
S AR T2 AfH|AL

2 2015 43.92%°l14 20164

L HYoNA Y HIAHAI(PM,5) WSS 2015WET 20161800 B 71t A o= Leyit

(B 3-2) 2015~2016 Z= I MESA| HiE

HE DIMHXI(PM25) BHEZ

(91 EO)

s 20154 20164
= Mz MEA| = MEA|
3,606.74 7.34 3,252.69 6.44
1 914 ’ ’
At 2 (3.65) 0.28) (3.24) 0.26)
. 1,025.48 167.29 978.37 157.08
SR (1.04) (6.49) (0.98) (6.22)
A2 oa 36,317.32 1.15 36,784.53 0.72
v (36.76) (0.04) (36.69) (0.03)
e 5,131.81 0.00 5,191.42 0.00
°eTee (5.19) (0.00) (5.18) (0.00)
8,816.65 488.58 9,748.37 529.83
T 2oz
°l (8.92) (18.94) ©9.72) (20.99)
1o 14,106.27 604.81 14,354.27 617.92
HleRcleead (14.28) (23.49) (14.32) (24.48)
- 209.47 7.00 251.97 11.59
78 0.21) 0.27) 0.25) 0.46)
284.96 32.67 274.99 35.47
il
15 Hed 0.29) (1.27) 0.27) (1.41)
- 17,247.84 1,133.05 17,286.42 1,064.64
bl (17.46) (43.92) (17.24) (42.19)
A 12,059.94 137.76 12,124.31 100.03
eEe (12.21) (5.34) (12.09) (3.96)
- 98,806.48 2,579.66 100,247.34 2,523.72
(100.00) (100.00) (100.00) (100.00)

g A% 2.
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Zi2jos8s o

2015~20169 A2A] T8 UlAEAI(PM,5) SHIEDH HlE2 AWEH (E 3-3)3
2ot 2 BsiRE W 201599 FATH10.73%), S3HH9.21%), Z3EH8.15%)
=%oH, 20164ole ST+

£o2 HAEA|(PM,s) HIET WSOl HE FHEO

(11.23%), ZFdT-8.23%), 577.89%) &2 & u|HHX|(PM,5) Hi&H H|So0] =9ttt

Xo0}o

H 3-3) 2015~2016E M3Al 2 OIMEX|(PM,5) SHIEE X HIZ

(91 kg, %)

2s 20154 20164
= Hi =2 Hig HiS2t Hlg
= 82,040.40 3.18 57,375.38 2.27
T 117,997.30 4.57 199,060.52 7.89
BA 53,940.20 2.09 64,528.66 2.56
Choma 61,507.48 2.38 65,731.59 2.60
FRF 96,069.64 3.72 75,677.20 3.00
BUHEF 69,897.92 2.71 96,792.92 3.84
BT 72,626.02 2.82 79,657.18 3.16
AET 67,525.20 2.62 69,126.91 2.74
e 51,040.94 1.98 46,957.86 1.86
T 54,753.52 2.12 51,623.57 2.05
et 93,109.74 3.61 84,330.29 3.34
Sy 101,544.84 3.94 81,743.54 3.24
A& 58,239.96 2.26 52,153.24 2.07
e 126,468.15 4.90 89,952.33 3.56
FHT 82,420.48 3.20 78,047.91 3.09
AT 276,754.38 10.73 184,473.72 7.31
T2 82,431.59 3.20 130,954.02 5.19
AT 85,548.98 3.32 63,199.26 2.50
PsxL 141,391.33 5.48 113,654.39 4.50
B2 60,727.62 2.35 59,800.00 2.37
ot 81,250.52 3.15 82,518.60 3.27
Mz 125,553.19 4.87 120,001.66 4.75
e 210,131.36 8.15 207,586.84 8.23
ol 237,516.46 9.21 285,947.46 11.33
st 89,172.42 3.46 82,822.23 3.28
A4 2,579,659.6 100.00 2,523,717.3 100.00

g AR 2,
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2015~2016" A2A19] BIAHA(PM,5) HiETFS MiEUE= AnEd (O™ 3-59
2t 20159 B AIHA(PM.s) &2 103,1860kg 22 Hat oo R H|AHA]
(PMas)8 HiESH= e 3, TEET, AT, F8RT, AR, e, $3= et
2016119 Bt vlAHEA(PM,s) HIEHS 100,949k 02 Hat o} Bi&sh= A9 S,
AT, A2, FERA, AT, T, ST 201597} Hlete] whELe} 73A
T HAEA|e} HER2olE o do] o3t mAHUR|(PM,s) WAl EHA nlAHA|
(PM25) SHlEsgo] & ZO= A4St W& F1e} S| 9= HlAHA|e} H]
E20lF Ao ofgt HAHA|(PM,5) LAYl EHA] HIAHA|(PM,s) FHl&EH0] 37}
SHATT.

Hzlgxa| M EY A SOURLY A mdEY AL = H| Ay el
= H| AFHX] FHEROE2HE nER0|F2¥Y uZ|Et HeHE
300000
o
4 250000
]
x| 200000
™
ilm
I W@ A0|MHX| 8= 2(103,186.38kg)
&) 100000
0
-t rr "t - - - - - - *+- -+ - *- °- " "+ - +- +- - "+ +
M ke X o ! oo w0 mr o o W {0 ok B R OX M ® O R oo K 0 H up
Ko g0 X0 {0 T kKb X0 RO W H o FT T s RO r- fo U s A X R0 Ho RO
o = £
o =0 =
20159 AEA] HiEdd mlA|A] wiEg
5 300000
' 350000
M|
2 200000
x|
150000
oy w3 Zn|yEx| o2 (100,948 Tkg)
-]
L3

o
WooE
o

0 I

zoz VIR

+
of

=
=

20169 AM2Al EiEEE vAEA] &

57

EL
43

533

g
g g
s47 NN
4=7 I
zn7 NI
27 N
4g3 [N
[ 1 |
N
| 1 |
ez NN
Az N
oz [N
zu7 I
asz7 [N

283
583
L3R

527
5

M7

s=7 N

g AR A,
(1% 3-5) 2015~201611 ASA| SR OIMEX| HiEZ
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_‘\:._l(_‘

oPA MRE YR DA (PM,) RS AR 23k 424 257 FolA A,
HER0E0AY, EROAY, vAIAL, BB e120] tAEIA(PM, ) o] 1~5
2918 Aok T B ATolAE 20159} 201619] T BlARA(PM, o) EHE
T3 1~549) WS v1Ee AEsisigon Ans (19 3-6)3 2t

201549 HIAERIPM, 5) EHlEgo] 49] 20049 NS AT, FEHT, BhETL, T
ST AATE EZo] YH8) Yol FE] 1T vErolEL ] nAwA
(PMz) Hi&go] The 7o} vlmslo] 7] Uehdth $37% dmels 5 vlAkglels

Hlgo] The A TR Egton, thE the A 7et vlaste] 17]7o],
ot 424 4ol BAAA(PM,) W& BlFo] £t E2odele] AL AT,
AT, wQTOIA TE Freh vlFo] & ekt

20164 TIARA(PM, ) EHEF0] 49 20%3] ABL E7, BT, F2F, BT,
SIPT. 1% ST HIERQIA0) TIARA(PM,) HE 10| At Aol
FEFE WA, HER50dY, ERolEodY £02 nAHA(PM,s) HEZe]

HlEo] E30Th
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Legend

Al

|| <e0883.59

[ 60883.60 - 78691.62
[ 78691.63 - 87723.05
I 87723.06 - 126285.16

B = 126285.17

20159 A2A] 8 wAEA (PM2s) SHHEF

Legend

Bl

| | <6088359

[ ] 60883.60 - 78691.62
[ 78691.63 - 87723.05
I 87723.06 - 126285.16

B > 126285.17

[ ] =zoisesy
B us=ossmy
[ seen

| o

201649 A&A] 8 THEA(PM,s) SHiES

(d8 3-6) 2015~2016F MSA| 78 OJMTX|(PM2s) SHIEZ
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3. OMEHX|(PM,5) TEMEE EY

2015355 201797H] HAAR(PM, 5) /389 7128AR Ak (F 3-4)2F Zor
AREE, og, 7he AL) TAIHAI(PM, 5) /889 7|28 ARF Aik= (& 3-5)2 Zth.
OAAR](PM5) HH] S-S AT R BhA/3E0] OC Hlgo] Bt 26%E 7 =9k
o] 2AJE0] NOs (BY Bt 20.54%)2} SO (31 Bt 16.57%)2] H¥]€0] ThaO & =7 e
rh HAERA(PM,s) B 39 B 24.68ug/mf o2 ArERE 7R 7ol EXH
A HolA= ottt WAHEA|(PM, 5)9] 888 E4S AHEH OC 5%9 34

Bt BEE 6.49ug/mP O E 20159RE 2016W7HA] A& 0 E tha Z75h= FA1S
Aot NOs 9] B sk 5.07ug/mf 02 37t AEH 02 5hrt T7oks 415 ERrk
TR F o AHA(PM,5) 5 F8 584 0129 NOs, SO, NH;"9] 2015~20174
Bt B 27t 5.07ug/, 4.69ug/nf, 3.49ug/mol R 0H, Hugka} XA Sk Ao|7t
o2 2E £ FE0lAR(Ca™, K, Na', Mg™) & Ca” 7t HIAIARI(PM, 5) ThH]

Hlgo] 7P £34or, 31 Bt B Ca™'(0.30ug/m) > K'(0.24ug/m) > Na(0.16ug/m)
> Mg™*(0.06pg/ ) %02 YeRdch

A 545 AT EH vAHA(PM,5)Y] B se A=(28. 45ug/ ) > B(28.22
ug/m’) > 7h&21.04ug/ ) >15(21.01ug/m) =0l TA/GE 5 HIAIHA(PM,s) tHH]
Hl&o] £3E OCY AdE & HstE AuEH vA|HA(PM,5)2F vRI7HAZ AL
(7.89ug/m’) > E(6.36ug/m)) > 71(6.62ug/m’) > oE(5.13ug/m’) 02 YERFOH,
O HA(PM,5) TH] S-S 7120] 31.46%% 7FE &SIth 484 0|48 & =17}
7P =39 NOy 9 AFE #ake nAHR|(PM,s) 2 OC o] Ago] 7P &l ol Fo]
7P 2A Uehgton, uAHAI(PM,s) thH] HlE-2 #A-&0] 23.44%= 7P &9kt 484

AR F BRI SO Y] F9= A AR AR} g of2d w71 &9k
on, AE ¥/t 7P ¥ Fo= Ut F40l1248 F Ca¥'e Mgh'e B3
7t 282} 0.43ug/m, 0.09ug/m 22 A YERT) Cl'es ASE 1.22ug/m o2 5=t
7P £l ol ALH] Aol dskdent Aol s AoR wekEh



B 3-4) 2015~20174 O|MHX|(PMys)

dd=9| 7I=SAF

H3Y OMTA regRS §9 24 | 33

oo
L Sk (ug/m’)
7= | 8% | vin | 25% | Mean | SD | 75% | Mex | IOR EHE’l\"ZHf%
2015 485 | 1593 | 2310 | 1144 | 2852 7018 | 1259 -
e 2016 454 | 1813 | 2618 | 1147 | 3262 7063 | 1449 -
2 2017 3.92 14.69 24.65 14.14 31.41 94.83 16.72 -
A 392 | 1616 | 2468 | 1246 | 3072 | 9483 | 1456 -
2015 1.52 4.47 6.21 2.50 7.30 17.77 2.83 26.78%
oc 2016 2.21 4.57 6.22 2.33 7.32 14.41 2.75 23.76%
2017 1.33 5.23 7.01 2.51 8.38 17.11 3.15 28.44%
R 133|479 649 | 248 | 776 1777 | 297 26.30%
2015 0.00 1.10 1.72 0.93 2.01 5.22 0.91 7.42%
EC 2016 0.18 0.76 1.34 0.76 1.69 4.76 0.93 5.12%
2017 0.27 1.00 1.55 0.76 1.92 4.75 0.92 6.29%
A 000 | 097 153 084| 189| 522| 092 6.20%
2015 0.23 1.69 4.32 3.73 5.85 23.11 4.16 18.63%
NOs 2016 0.16 2.11 5.35 4.54 7.55 33.54 5.44 20.44%
3 2017 0.13 1.90 5.54 4.97 8.09 25.11 6.19 22.47%
A 0.13 1.87 5.07 4.47 7.07 33.54 5.2 20.54%
2015 0.06 1.99 4.20 3.49 5.28 24.22 3.29 18.11%
5042, 2016 0.33 2.47 4.30 2.64 5.56 16.60 3.09 16.42%
2017 0.03 1.83 3.77 2.59 5.01 14.57 3.18 15.29%
A 0.03 2.10 4.09 2.94 5.36 24.22 3.26 16.57%
2015 0.08 1.40 3.02 2.28 4.14 14.55 2.74 13.02%
NH4+ 2016 0.18 1.90 3.76 2.63 5.17 14.94 3.27 14.36%
2017 0.03 1.70 3.68 2.67 5.22 14.75 3.52 14.93%
A 0.03 1.62 3.49 2.55 4.89 14.94 3.27 14.14%
2015 0.01 0.17 0.38 0.52 0.38 6.84 0.21 1.64%
Caz+ 2016 0.01 0.07 0.17 0.16 0.21 1.18 0.14 0.65%
2017 0.02 0.20 0.34 0.22 0.44 2.43 0.24 1.38%
A 0.01 0.12 0.30 0.35 0.36 6.84 0.24 1.22%
2015 0.01 0.17 0.49 0.41 0.70 2.67 0.53 2.11%
or 2016 0.01 0.10 0.41 0.40 0.58 2.16 0.48 1.57%
2017 0.01 0.18 0.78 4.43 0.65 75.92 0.47 3.16%
A 0.01 0.15 0.56 2.58 0.64 75.92 0.49 2.27%
2015 0.01 0.12 0.23 0.14 0.32 0.78 0.2 0.99%
K 2016 0.01 0.08 0.21 0.17 0.29 1.57 0.21 0.80%
2017 0.01 0.05 0.29 0.52 0.32 5.71 0.27 1.18%
A 0.01 0.09 0.24 0.33 0.31 5.71 0.22 0.97%
2015 0.01 0.03 0.08 0.08 0.11 0.52 0.08 0.34%
Mg2+ 2016 0.01 0.01 0.05 0.06 0.06 0.58 0.05 0.19%
2017 0.01 0.02 0.06 0.05 0.09 0.25 0.07 0.24%
A 0.01 0.02 0.06 0.06 0.09 0.58 0.07 0.24%
2015 0.01 0.03 0.06 0.05 0.09 0.59 0.06 0.26%
Na* 2016 0.01 0.03 0.18 0.83 0.07 7.77 0.04 0.69%
2017 0.01 0.03 0.25 1.14 0.10 13.55 0.07 1.01%
A 001 | 003 0.6 | 0811 009 1355 | 006 0.65%

Arm AR A,
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otp

H 3-5) 2015~20173 AZY OMHXI(PM,s) FEHEO| 7|ZEAHZ
SE(ug/ )
=
e 85 Min | 25% | Mean SD 75% | Max | IQR PMas
CHH| HIZ
= 7.51 19.50 28.22 12.58 35.27 70.63 15.77 -
PMys 45 3.92 14.02 21.01 9.60 26.41 47.25 12.39 -
: s 4.64 12.04 21.04 11.65 26.86 70.18 14.82 -
AL 10.14 18.29 28.45 13.57 34.24 94.83 15.95 -
= 1.33 4.95 6.36 2.11 7.73 14.41 2.78 22.54%
oc o9& 1.52 4.06 5.13 1.71 5.95 13.54 1.89 24.42%
s 2.21 4.88 6.62 2.50 7.81 12.93 2.93 31.46%
AE 2.70 5.93 7.89 2.69 9.53 17.77 3.6 27.73%
& 0.27 1.05 1.44 0.58 1.78 3.68 0.73 5.10%
EC o9& 0.18 0.71 1.09 0.53 1.36 3.55 0.65 5.19%
s 0.00 1.01 1.71 0.99 2.08 5.22 1.07 8.13%
AL 0.51 1.25 1.90 0.92 2.37 4.76 1.12 6.68%
= 0.52 2.74 6.39 4.66 9.28 21.33 6.54 22.64%
NOy = 0.13 0.82 2.86 2.53 4.15 11.45 3.33 13.61%
s 0.24 1.31 4.39 4.14 6.25 23.11 4.94 20.87%
< 0.24 3.10 6.67 5.04 8.89 33.54 5.79 23.44%
= 0.51 2.79 4.62 2.73 6.05 16.60 3.26 16.37%
SO 45 0.18 2.38 4.66 3.40 6.32 18.55 3.94 22.18%
s 0.11 1.76 3.79 3.08 5.00 24.22 3.24 18.01%
< 0.03 1.95 3.26 2.18 3.98 13.05 2.03 11.46%
= 0.50 2.09 4.30 2.86 6.17 14.94 4.08 15.24%
NH o9& 0.03 1.20 2.76 2.07 3.93 10.44 2.73 13.14%
s 0.09 1.11 3.06 2.49 4.12 14.55 3.01 14.54%
< 0.08 2.11 3.83 2.44 5.12 14.75 3.01 13.46%
& 0.01 0.20 0.43 0.43 0.46 3.01 0.26 1.52%
Catt = 0.01 0.13 0.22 0.13 0.32 0.72 0.19 1.05%
s 0.01 0.08 0.25 0.20 0.37 1.29 0.29 1.19%
2 0.01 0.11 0.29 0.47 0.33 6.84 0.22 1.02%
= 0.02 0.22 0.48 0.31 0.67 2.36 0.45 1.70%
or 45 0.01 0.05 0.18 0.24 0.21 1.64 0.16 0.86%
s 0.01 0.14 0.36 0.30 0.52 1.64 0.38 1.71%
< 0.10 0.43 1.22 5.11 1.14 75.92 0.71 4.29%
= 0.01 0.12 0.21 0.12 0.28 0.72 0.16 0.74%
K o9& 0.01 0.02 0.17 0.48 0.13 5.71 0.11 0.81%
s 0.01 0.12 0.29 0.39 0.36 3.90 0.24 1.38%
< 0.01 0.20 0.30 0.16 0.38 1.57 0.18 1.05%
& 0.01 0.03 0.09 0.09 0.12 0.58 0.09 0.32%
Mg = 0.01 0.01 0.05 0.04 0.06 0.39 0.05 0.24%
s 0.01 0.02 0.05 0.05 0.07 0.25 0.05 0.24%
< 0.01 0.02 0.07 0.06 0.09 0.45 0.07 0.25%
& 0.01 0.04 0.18 0.74 0.10 7.66 0.06 0.64%
Na* = 0.01 0.02 0.16 0.69 0.06 5.00 0.04 0.76%
s 0.01 0.03 0.09 0.26 0.08 2.95 0.05 0.43%
< 0.01 0.03 0.23 1.25 0.10 13.55 0.07 0.81%

A A% A3, BARAPMLS) TR B4
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2015~20179 HIMRA(PM,5) 787382 oS 4o 2ie (& 3-603% &t
OATER (PM25)2F WA &2 ARF0.5 o1dE B A2 o282 F NO5(0.57)
2k CI(0.84)0191 28 F40l 45 5 K'(0.79), Mg*(0.65). Na'(0.67)7F =& 484 S

At

EtAdEOl OCet AHAlol H|TA =8 LAAHELS NH.(0.60)0]90™ ECeH=
Ca”(0.60)7F Aol &3ttt NOs & F40lA89 K'(0.57), Mg™(0.78)7F Aol
AT S50l 44w Tolls K-Mg(0.57), K-Na(0.53)°] A/dol Hlwa =3ich

T 3-6) 2015~2017H OJMHX|(PMys) MO AZEA|

PMis | OC | EC NOs | SO& | NH* | c&& | K| Mg® | N

PMzs | 100 | 0.03 | 0.04 | 0.57 0.16 | 0.06 | -0.01 | 0.84 | 0.79 | 0.65 | 0.67

oC 003 | 1.00 | 0.09 | -0.03 | 0.03 | 0.60 | 0.04 | -0.09 | -0.08 | -0.03 | -0.09

EC 004 | 0.09 | 1.00 | 0.09 | 0.04 | 0.09 | 0.60 | 0.02 | 0.05 | 0.12 | -0.04

NOs* 057 | -0.03| 0.09 | 1.00 | 0.24 | -0.01 | -0.02 | 0.48 | 0.57 | 0.78 | 0.30

SO/ | 016 | 0.03 | 0.04 | 0.24 1.00 | 0.04 | 0.00 | 0.11 | 0.17 | 0.27 | 0.04

NH; | 006 | 0.60 | 0.09 | -0.01 | 0.04 | 1.00 | 0.05 | -0.02 | -0.02 | 0.00 | -0.06

Ca™ | -001 | 0.04 | 0.60 | -0.02 | 0.00 | 0.05 | 1.00 | -0.01 | 0.05 | 0.00 | -0.05

Cl 084 | -0.09 | 0.02 | 0.48 0.11 | -0.02 | -0.01 | 1.00 | 0.86 | 0.49 | 0.77

K 079 | -0.08 | 0.05 | 0.57 | 0.17 | -0.02 | 0.05 | 0.86 | 1.00 | 0.57 | 0.53

Mg* | 065 |-0.03|012| 0.78 | 027 | 0.00 | 0.00 | 049 | 0.57 | 1.00 | 0.23

Na* 067 |-0.09 | -004 | 0.30 | 0.04 | -0.06 | -0.05 | 0.77 | 0.53 | 0.23 | 1.00

g A% 2.
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7k 24 #9349 ¥4

£ AFolM= 2015978 2017974 A2AE TR vATHA(PM,5)2F BIAHA]
(PM25) 82 5 712 AT AFFIFS B7ISHAH AFFIFS APglol wet
AL/} HEEA AU AFez 2510 Addde A6 24TV e
Agel meh AAAF, 654 wivt AFAT, 654 ol dB TR FEste] wlAHA|
(PM25)9] 3 dES H7HeIdt. Alme SARY 718 =t AFgAI=E ol8si3lem,
AR (PM2.5)2F BIMHAI(PM, 5) 737382 SAlme A2Al B ATH A=s

o]&3F AT

AFoIAE TATERI(PM25)2F HIAAAI(PM,5) T332 39 B71817] #13)
AAE FATHES A8 AAE e @RI aRle] AT vAe IF=
BAA 2490 A1 EAL ILsHA] YFeth2?)

ES AAIE A7 ARl HiRt ARol7] mizel 293 A 52 FEATE ©l851o]

27) Schwartz(1994), pp.36-52.
28) 7141%(2005), pp.16-17.
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A AHA|(PMy.5)2F BIAAA(PM,.s) 87322 AFFRF #4014, S58ss A A
WAolEg Hold: S|AHEYP(Poisson regression model)S ZA-83lATE TlA|HZA|
(PM25)2F BIAHAI(PM,5) T-8/822] AFG @3 B7Fst7| fIsto] Eoks 3AR Pl &
AdohHA B Agekret 40 9 € o e EHHSE v 3EkkeR

SABHAT. Zols JARFL o A(d-1)3 £

LHE(Y) = ﬂo + ﬂl (X1) + ﬁz(X2)+ﬂ3(X3)+ et ﬁZ(Xz) é}(4_1)
of7]A, E(Y) = S&%o] tigt 719k
Xi = dEHS

Bi = dSRs] Hiet SAA

HJAIEAI(PMe 5)2} BVHHAPM, ) FHAES] AGIF Bl IS F 5 Uk 9
B%, RS, 71490, AR, V149 FANE 5o EAAFES B

G345 Hg3le] vIAARI(PM,5)2 TARAPM, ) THHEE] AT B
7ol G F 5 Ax Tl djstel uAFHe AFS BT

= T
35 AZetel We H8sieeh)

)
H
)
2
o,
o
9,l',
)

il
N

4

A
AL @ JHSo] thigh B2 7PHS(dummy variable)2 485190t A<
tiste] A7)ZQl A4S BASI L, RYHS] tiste] 2 Yy FY 23S A5

Ln E( Daily death count) = B+ Bl(Pollutnat) + D(Dayof week) + D(Date) +
ns (Temperature, df =n) + ns (Humidity, df =n) + ns (Pressure at sealevel, df =n)

2(4-2)

71X, ns = 7t ¥ gk A 3aF ARl HEES
D = 999 43t 74 (Dummy variable)

29) ¥i#3(2014), pp.346-354.
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VEZ

MRS HPAFE(goodness of fin2] 7|& BAEFQ Akaike's information
criterion(AIC)& Z-8sto] A5t om, AIC #lo] 7P 22 HEg FARFO R A%
199T}.30)

ERE HAHA(PM25)2t HIATHA(PM,5) 37849 A3 FEE vIAHAI(PM,.5)7} &
A gl vtz A7dgFel Herd sk i, 44 Alkte] et o] 5o A g ol
Yerd i 9loB= AAgiHlag effec)S AT WAER(PM,5)9 WIATHA]
(PM25) /37322 AFg el digt A davte A39do] 8T FL7H 2 79 A
TS EAHELE sttt 242 2F Adand2 vAHR(PM25)2F AFES
T2 Aol 7HE w2 E= AFeRT A=S] == SAS 9.3 versions O8I,
ArE Zoks ARG AAA7l= A2 R 3.6.1 versiong 28I,

Eol DGO AAL Z4ET, UMHA|(PM25)2t HIAAAI(PM,5) 7-3/32] &
B S7PF AR viAlE Rl SHAB)IE ARSI, ofE ol85te] BIAEA|(PM, )2k
OATEA(PM2.5) T3322] APl tigk Adule?] JHHHHI(RR: Relative Risk)E
Chat o] Ak,

RR=exp(p) 2](4-3)

ERE HAIHA(PM25)2t WIAHA(PM,5) T/87382] AP A HIRR)E °1&
sto] WE-& WMSKpercentage change)= Thd Zo] AKXt

% change = (RR— 1) <100 21(4-4)

30) Akaike(1973), pp.267-281.
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2. 7|2 xt=0 st 24

B AT 201595 201797 AA] ARske AA] ARPRS o=
SARAPM,5) S5 71l TE AEee AR Wi Slskel AR 1%
Auet AYAES ol gtk

7t 714849 AAY Y

ot

20157 E 2017974 AA| A4t717F 5942 A=Al 48 723 9 F=of o
7|2E5AH ARE (E 4-1)3 2

201595 201797H4] 4 B 7122 13.43CE, 201592 T2 Axo Hlg)] &2
13.62C %A, 201792 Adidoz w2 13.07CAt ¥ B AiSs 58.89%=,
201592 ohE o] H]8) Tha 2 59.78% %L, 20179 56.90%Z 74 W4Tt

(B 4-1) 2015~20173 7|MXt2Q| 7|=SAH

7|
e = Min 25% | Mean le 75% | Max IOR
2015 898 | 4.08 | 13.62 | 10.13 | 23.04 | 3042 | 18.9
e 2016 1440 | 333 | 1359 | 11.04 | 2330 | 3120 | 19.97
(©) 2017 940 | 3.00 | 13.07 | 10.98 | 22.60 | 31.40 | 19.60
A 1440 | 339 | 13.43 | 1072 | 23.05 | 31.40 | 19.66
2015 2383 | 4954 | 5978 | 1472 | 70.21 | 98.17 | 20.67
a% 2016 2380 | 47.88 | 59.15 | 13.96 | 68.72 | 95.30 | 20.84
%) 2017 21.80 | 47.00 | 56.90 | 1454 | 67.60 | 96.50 | 20.60
A 21.80 | 47.60 | 58.80 | 14.42 | 68.96 | 98.17 | 21.36

g AR 2,
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. AFAR S AAE AR

2015A%E 20179714 AA G771 5] A2A] dE AAGARS] 7|2 5AFS
(E 4-2)%} 2t

A AT717E B AANA AFIARE A Qe AFARE 116,84570190h. AFHER
FEote] AmEH 654 o4t AR AFIRTE 90,035 0 A ALY 77.06%E
ZASFAIL, 654 Bl ARG AFFAGE 26,810 02 AA| AP 22.94%E 1A
ofich E9t AJEE Eote] AWEH B AFIAHE 63,7698 02 A9 54.58%F
AA5H4 T, o4 AFEARE 53,0762 45.42%5 AR5t

AFTARIEE Uiro] AT EH, AEA AFFAQl AFRS= 25,7958 08 A AFge]

22.08%% A5t AETA AFFAQ] AFIAL FolA 654 oV AT 20,8798
OF ABIA AR 80.94%F ARSI, ABTA AFTA AR 5 $AIL 13,3881,
o]/de 12,4079 22 E/d3t ool 27t 51.90%2t 48.10%E AHAISHIH:
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S

H 4-2) 2015~20174 MYK=2| 7|=ZSAHH

o Apat - UH ALK
2l Min 25% | Mean | SD | 75% | Max | IQR
2015 75 98 | 1063 | 1232 | 114 | 144 16
A7 | 2016 72 99 | 1072 | 1274 | 115 | 148 16
4% | 2017 76 98 | 1063 | 1149 | 114 | 142 16
A 72 98 | 1066 | 1219 | 115 | 148 17
2015 13 22 | 2528 | 476 | 28 40 6
o iﬁ‘ 2016 | 12 21 | 2476 | 538 | 28 | 43 7
A gy | 2017 | 9 20 | 2335 | 456 | 26 | 40 6
A 9 21 | 2446 | 498 | 28 43 7
2015 47 73 | 81.02 | 1088 | 88 118 15
i?fl 2016 53 74 | 8247 | 1110 | 90.75 | 113 | 16.75
gm | 2017 56 76 | 8295 | 1058 | 90 122 14
A 47 74 | 8215 | 1087 | 89.25 | 122 | 15.25
2015 9 19 | 2317 | 534 | 27 41 8
A7 | 2016 8 20 | 2338 | 516 | 27 40 7
4% | 2017 10 21 | 2405 | 540 | 27 42 6
A 8 20 | 2354 | 531 | 27 4 7
e 2015 0 3 461 | 220 6 11 3
g iﬁ‘ 2016 |0 3| 452 | 211 | 6 11 3
4% gy | 207 |0 3| 433 | 213 | 6 13 3
al A 0 3 4482 | 2.15 6 13 3
2015 6 15 | 1856 | 477 | 22 31 7
i?fl 2016 5 16 | 1887 | 476 | 22 35 6
gm | 2017 8 17 | 1972 | 477 | 23 35 6
A 5 16 | 1905 | 479 | 22 35 6

g AR 2,
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3. OIMHXI(PM25)2t DIMHXI(PM25) TEE=22| AHdFe

o

2 ATo)AE 201585 201797 A0 AFSHE WA IRULE o
218 TAEA(PM,) 55 S 9 Alge] v 4ge Ao Brksigen,
AT QLTS AFgUlat Aol utet TEstert AREele AR T A
jgelolos TRsgon, duxiee A, 6541 okt AR, 654] vt
o Lo} BAlstor

oA (PM, ) 5=} Ao} 279 e I (ag=0)5e] 7U(lag=7) H7H] Bl
HA(PM,5) B T PR S& Sl Agate] Beiio] 7k 2 Aow st
SRR (PM, 5) 529 TAARO] S R} oh Aolshm mAHAI(PM, )9k T4
20] 5 2710 mHE ARG o ATA] ARIIQR) BE 71 THE A
o Wt

S~
=)
e
o,
o

7} wAIAAI(PM,.5)2] AFE 9%

(E 4-3)3 2. vIAREA(PM,s) B 1ug/m' 5710l whe A Agee] dE Apgo
et LogCdtioidu=rE =43 (1 4-1)3 otk IHojA9f o] & o
(PM2s) &%= 5710 weh A9 A= ¥ Bdds YERIH.

0.2
i

N
=}

0.1
i

0.0
i

0.1
-0.1
|

-0.2
|
-0.2
|

SUTTRRTITITE N

10 20 30 40 50 60 10 20 30 40 50 60
PM2.5(ug/m3) PM2.5(ug/m3)

HAY] AP B AT
A A7 A,
(3 4-1) DMIHXI(PMo)Q) AjRRIOlE i3t



UIAAR(PM,5)9] s 7 e AL A F9ES (& 4-3)3 &t vAHA]
(PMzs) 5= ARERIH(IQR = 14.56ug/m) S7F Al, AAER1 AFgo] 3¢
65A] wet AFTelA AFgHIde] S71ske FY e HEow SAdcR &
OJSHA] kot BATHAI(PMz5) 5522 AREA(IQR = 14.56ug/m’) S7F Al, 6541 o1
AG oI AR AFTAAZ 2.08%(95% CI = 0.00 ~ 4.22%) S7F5tA o™, A
o2 {ooiqltt. AARTE 1EeIlS W, 654 ol A TIA HA L AFE-

M4y OMTR g2 ddge 87t

S

FL HAEA(PM,5) F=7F AFEAES Eole AR YEHH

toy ) S HSKper 14.56 ug/m’)
of AL X|HE}
= A 95% AlZ|2Zt
A A Lag 0 1.85 -0.17 ~ 3.92
A
olo] 65A4 gk A9 Lag 5 0.67 -0.78 ~ 2.14
t\_
654 ol A9 Lag 0 2.08 0.00 ~ 4.22
4 AAAH Lag 4 1.84 -1.17 ~ 5.52
A
oty 65A] Hlgk A Lag 3 2.62 -2.85 ~ 8.39
el
654 ol I Lag 3 4.68 0.42 ~ 9.12

Az A% A4,

. ECO) A%

2015355 2017974 AA A7-717E 59 A2A] EC =2 AMgFdFE

BASISIT. BC 5 1ug/m 71l
H)RE EASlehE (19 429 Pt TgolAer 2ol A BC SE Z7lo] mret 48
Agase gl BAe derigl,

=

R

A A

o g

APgoll gk Log(

A A
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0.2
0.2
i

0.1
1
0.1
i

0.0
|
0.0
L

0.1
-0.1
|

-0.2
-0.2

1 L . LM L0 LT L

r
0 2 4 6 0 2 4 6
EC EC

AAL A AP AR
g AR A,

(O8 4-2) ECO ArYRQIE Hg

EC 5% AREIS(IQR = 0.92ug/m) T7F Al AFGEQIE AFFERS (& 4-4)°F 2t
EC 5% AHERISIQR = 0.92ug/1) S7F Al, A A5yl AAL AP
3.83%(95% CI : 1.67~ 6.04%) Z7}55ich APFEE Wiro] AW EH, EC BEo] AR
f5=(IQR = 0.92ug/m’) 71 Al 654 ulFE AT A= AL AFFAES 2.03%
(95% CI : 0.45 ~ 3.64%) lﬂ%i.ﬂ 654 oY Aol = AAU] AFFIES 3.51%
(95% CI : 1.07 ~ 6.01%) & %, 05A] B9t AGHTHET 654 o AB oA
EC 5% 371 Al AFd<9]o 1 E2 208 eyt A8 AFTIEE EC 5% S710
et AFgRIRlo] S7oke ¥ e UEroH SAHCE ROfskA] gkglth

o HHE'_ ;
i ozyps X|tET ) i U i)
e 7 95% Mz|77t
HAA A Lag 1 3.83 1.67 ~ 6.04

bl
501 6541 HRE A Lag 3 2.03 0.45 ~ 3.64
=<

654 o4 ¥ Lag 1 3.51 1.07 ~ 6.01
A A A Lag 1 5.53 -0.52 ~ 11.94
A
APy 654 BlqE A - - -
o 65A4] o1 AH Lag 1 4.33 -0.51 ~ 9.44

Rpg: AR 2,
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o. OC AgE%

2015958 201797H4] A A7717 % A2A] OC =2 A EFES o=
H7IBIA. OC 5= lug/m' S710] T AA| Aol LE Abgol] Higt LogdHied
v EAStel (1Y 4-3)9F Zo. J”oAMeh o] € OC sk F71°l w2t
AR A 4] 9E G o] TS UEgith

0.2
i

N
o

0.1
i

0.0
i

-0.1
|
-0.1
1

-02
1
-02
I

Az AR 2,

(O3 4-3) OCol AHHQIE Hat

201595 2017971 AA At 717F 549 A4l OC &L AREAIS(IQR =
2.97ug/mf) 7+ Al AFTUAE AFFIFL (HF 4-5)9F 2t} OC 5o AHEYS(IQR
= 2.97ug/m) S7F Al AR AT NA FA L] AFFIE-Z 3.21% (95% CI : 0.44 ~ 6.05%)
3713, AETA AFERIES OC & S710) wet AFgIde] S716ke 4ol Aad<
Uehfigloy SAHoz qolst] 2okt



46 | QAo Afzrder O

tar o Hekper 2.97 pg/m)

(=1 - 95% Alzj7zt

AA A 0.44 ~ 6.05

Sa| e 323 ~ 1536

654] ©] 0.63 ~ 3.73

Alg AA AT -0.40 ~ 3.07
IR

A | 654 ol 0.10 ~ 3.89

g AR 24,

2} Ca*" 9] APgAEF

2015W%E 20179714 AA) A7717E 5ot A&A] Ca” 5= AFTIFS FHA

oz Ptk Ca™ B lug/m SVl W A o

EEER R

‘:l

FHcho] Y Apgo] o
=25}k (19 4-4)9F 2k 2FoIAQ} o] I Ca' Bk Z71o
ot A 9 AFSE o] TS Yehygid

i3t Log(

0.0 0.1 02
i L i

-0.1
|

-0.2
|

0.4
i

N
oA

A AR 24,

(32 4-4) Ca**9l



HAY OMTA 829 dgge 87t | 47

2015952 201797H4] AH Q7717 B2t LA Ca®™ BE=9] AFEYS(IQR = 0.24
ug/mf) Z7F Al AFFAQIE APTATES (E 4-6)T} 2t} Ca®t BE AHEQISIOR = 0.24
ug/m’) S7F Al A AolA AAAQ] AT 0.32% S715IR AL, ATTA AT
0.86% 271519t Ca”™* == Z710] ukeh AA| YA} ADHA AFgeidlo] 715k %9
A3 Hetfiloy BAF o |95k ottt

o°"

Ar _ BHE.S H5Hper 0.24 ug/m’)

S LERE RIt5 3}

el ek 95% AlZjzt

A A Lag 7 0.32 -0.11 ~ 0.77

Z1A|

o | 654 mI @ Lag 7 0.44 -0.37 ~ 1.25
6541 o] A Lag 7 0.26 -0.24 ~ 0.76

/\]—g ﬁiﬂﬁ%‘ Lag 3 086 ‘004 ~ 176

s

;};il 654 mRF A Lag 6 1.33 -0.45 ~ 3.15

AL 65 oy Ay Lag 7 1.05 0.62 ~ 2.74

g A% A,

ut. CI'9) APgget

201595 2017870 24 47710 5% ALA O 529 AGATFL FFH o=
AR CI 55 Lig/nt 5710 12 28 Aol et Logtdrh o) =4t
sl (19 4-5)9) 2k TSt 2ol Y CI 5= 1ol mhek WALt HBPA
Ul L AL GOl BN Yehpsic
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7717t 5
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0
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Cl
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20

e2k=13
oo

FAEA] Cl &%= AREASIQR = 0.49ug

4-7)3F Zek, 654 mlgk AP HoA CI 5=
AEA4IQR = 0.49ug/ ) S7F Al AL AFFIES

0.58%(95% CI : 0.50 ~ 1.18%)

2 0.46%(95% CI : 0.43 ~ 0.90%) Z7}5+93th. 654 b|gt

AgAHoIA Cl s 37 DAL ABEA AFFEES BAZCE RolotkA =
B 4-7) CI'el AlY2orE AlUESs
At ) WE2E Holper 0.49 pg/m)
° Y= Rk
2 o 95% AIZTZt
AA AB Lag 7 0.05 -0.02 ~ 0.16
A
201 654 IRt g Lag 5 0.58 0.50 ~ 1.18
654 ol A9 Lag 7 0.05 -0.04 ~ 0.17
A8 AAAH Lag 6 0.08 -0.08 ~ 0.31
T}
;}fj 654 vlgk A4 Lag 2 0.46 0.43 ~ 0.90
A | 654 o A Lag 6 0.12 -0.02 ~ 0.37

Az AR 2.
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20159%H 2017971 RA| 7712 59 A K I5120] AHSIIQR = 02218
/m) Z7h A ARNE AFFE (E 4-8)3 2k K 5% ASINIQR = 0.22u/
m) 7} A, AADHNH AALL AFIFE 0.36% F7IAL, ABTA AL
0.76% Z7V35ck. BAIAAI(PM, ) FAAER K 512 2710] nre} Aelso] S7kshe
%Fe) TS Uehfglont SAROE GolstA Yo
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(F 4-8) K'Q| AtYpIQlH AtUAE

Atat B HHE2 HoKper 0.22 wg/m’)

il SESC] X|HE

= tSrs 95% 4272t

AR A Lag 5 0.36 -0.09 ~ 0.81

A

‘%]_?_1 65*‘” U]El_]_- Lag 2 053 _059 ~ 1.26
654 o4t g Lag 5 0.33 -0.19 ~ 0.84

g A AP Lag 5 0.76 -0.18 ~ 1.71

oA

T | 65 e Lag 7 0.76 121 ~ 277

4 | 654 ol A Lag 5 1.08 0.04 ~ 2.12

g A% A,

A Mo AR

201595 201797k8] FA] A7717F B AA] Mg 512o] AFgdehe e o
B7IsHAT. Mg™ T 1yug/m’ S710l whe AA ARTe] 9F Abgol tigt Log(dthe]
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2015952E 20179714 A A7717E 59 AL Mg™ 522 ARA4(IQR = 0.07
ug/mf) Z7F Al Aol AFodgke (# 4-9)9F 2tk Mgt BE AHEQIS(IQR = 0.07
ug/m) 71 Al A Aol AAYA AFFAF2 1.35%(95% CI : 0.58 ~ 2.12%) 37}
Sl WA AFAFS 3.50%(05% CI : 1.92 ~ 5.10%) Z7Haieic

(B 4-9) Mg™'o| AFLeIolE MRS

tay RS H3Hper 0.07 g/m)
s ERE RItE 1t
22! m3 95% Alz|7t
AA| A5 Lag 7 1.35 0.58 ~ 2.12
A
%O} 654 gt A Lag 7 1.37 -0.01 ~ 2.77
654 ol A Lag 7 1.43 0.56 ~ 2.30
/}JE‘E“ @i‘"?ﬂ%‘ Lag 7 350 192 ~ 510
A
A 65A] gt A Lag 6 4.00 0.82 ~ 7.27
L1 Gsa ol A Lag 7 405 2.29 ~ 5.85

g AR 2,

oL. Na"9] APTg%

2015958 201797H] AA] A2717E Bt A2A] Na' 5] AFFEere Fgaos
B7FslAtt Na' B 1yg/m' S710l whe 4 Agol tigt Log( 3 u) g =4
Sobd (17 4-8)3 At T1gollAfet o] B Na™ Bk 7] w2t A4
A 99l 9E AT ol TS UElth
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g AR 2.
(O3 4-8) Na'9| Afbors st

201595E 201797H] HA A7 B2t A8A] Na' =2 AHEA4(IQR = 0.06
ug/m’) Z7F Al ARG AFdERS (I 4-10)7T 2tk Na™ B ARESSHIQR = 0.06
ug/m) F7F Al A AZoA HAILL AFFART HEHA LRI AFTIRe] S7koke FY
AL el ow BAHCE |osHA] otk

(E 4-10) Na'Q AtURI0IH Ajatisk
N _ HHE S HSKHper 0.06 wg/m’)
o SESC] X|HE 1}
o| L3 95% AlZ|717t
AAAH Lag 2 0.01 -0.04 ~ 0.06
A
oo | 6541 mIRE A Lag 5 0.04 -0.07 ~ 0.14
654 o4} 91 Lag 2 0.01 -0.04 ~ 0.07
A AR A Lag 5 0.03 -0.07 ~ 0.13
WA G5l i Lag 5 0.12 -0.10 ~ 0.35
AA | 654 ot A Lag 1 0.02 -0.09 ~ 0.12

g A% 2.
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2. NH¢'9) AP ge

2015958 201797H] A A77I%E B9t Al NHY B2 AFT3es Hg2os
B7Fetith NHy B 1ug/wf 571 w2 R Aol tigt Log(dt I HN 45 &4
Skobd (17 4-9)9F Zth. T1ollAlet o] A NHy' B S710l weh AUl HE
A 9 22 A g2 TEde YERH
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201595 20179712 HA] Q7717 B A2A] NHy B29] AHEHSIQR = 3.27
ug/m’) 74 Al AFFQoTE AR (E 4-11)F 2tk NHS 5% ARZYIS(IQR =
3.27ug/m) 7+ A HAAFONA HA AL AT T AEA L AT HEe] Sk
¥ AL Uehligl oy BAHE o5k gttt
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(E 4-11) NH, "9 A28 Ateiet
At BHE.S HSHper 3.27 ug/m')
2ol ABTE bakox
o 3 95% AIZjAZH
A A - - _
A
9o] 65A] TRt A% Lag 4 0.90 -0.70 ~ 2.52
05A| ol A% - - _
A A A - - i
s
T | o v Lag 6 160 2,10 ~ 5.45
| 654 ol - ] )

g A% A,

3. NOy'9l A g

201548 2017471 M) G771 B AA NOs 2] Agge union
WABETL NOy = Lig/nf 37100 T2 AF AFge] hat Logtdrh o@D EsE A
S5} (1Y 4-1007 2} Tt o] U NOy B B7iol wet dAUeln
deEA €9 98 Aast o) B4 et
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AA Y1 AP AlE T AJalolskE
o o E\_ﬂ] ]- [e o)
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(2% 4-10) NOs Q| Atatglols o5t
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20159%E] 201797HA] AA| A7717F B4 A=Al NO3 52 AHEAIGIQR = 5.2
ug/m’) Z7F Al AFFAQNE APTES (E 4-12)9F 2t} NO; 3% AREYL(QR = 5.2
ug/m) S7HA A Aol AA L AFTIET A A AFFIEo] STk F9
AL Uelilod BAHeR folstA] sttt

At _ H2E Halper 5.2¢/m)

oo CEE XItE 1}

== B 95% Al2[72t
A A - - -

A7)

oo 654wk A Lag 4 0.96 -0.55 ~ 2.49

el

654 o1 4% - - -

o AR A Lag 1 0.31 -1.35 ~ 2.00
@

| e e as Lag 6 138 212 ~ 499
B 65 ol a3 lag 1 0.33 "1.53 ~ 222

Az A 2,

7} S04 79 APggE

2015E%E 20179704 AA| A7 717t %] A2A] SO B =Y A Re A
o2 BBl SO B lug/m' Z710 T2 L Agol idt LogdHii g e+E
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3.26ug/m)) 27} A] APkl Apogake ¢

B A=A SO 9] AHRAS(IQR =
F 4-13)3 &t 654 wRt AF YA

SO =& AFRYS(QR = 3.26ug/m) Z7F Al AR LA AFFIAL 0.52%(95% CI :
1.95 ~ 3.12%) Z71e19a, AETA AFSIE-S 1.99%(05% CI = 5.39 ~ 8.73%) Z7Fst
Atk 6541 IRt A HdollA SO H S7H= AAYA AFBA ALHS A4

o= gofsi E4rt
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S

H 4-13) SO AlU2QIE Aty

Afat ) #EE HaKper 3.26 pg/m)
By Y= pNfukany
= ek 95% A7zt
AA A - - -

A
oJO} 65 et 247 Lag 6 0.52 1.95 ~ 3.12
t—I_

654 ol ¥ - - -
A8 A A - , _
:}j} 654 Tt A% Lag 3 1.99 5.39 ~ 8.73
L I I _ _ _

Rpg: AR 2,

_rr;

1 ATl 2015WRE 2017970 HEAIE tho= BAHAI(PM, 5)% pIAAA]
(PM5)9] AR AFIFE Ao BBkt AYIFS AAU At A
YA Agejsros FRAIT, Aol mtehs AAAY, 654 ol AYU, 654
vsk AR PHOR TR

\l

AT B B, vHREA(PM,s) B S71He AAIE AFgAEst AEaA AR

2 ¥eH, 53] 654 ol AFHDNA AFEAES BAXCE FASH &3t T
AHAI(PMes) 73738 S ECoF OCe AA A3 654 o A dolA AAdd AF

2 FARCE FoSH ATk mAIHA], EC, OCY AFEHdS Hlwet dyk=
(I9 4-12)°F gt 53] EC2F OCY| AA L AFFHE2 HAHAI(PM25)9] AFSHH
Hop g2 A0= LPE}‘% UWHXKPMz )2 At AAASHE A7 HAshA= A
(PM2s) &%= 7iAe] 2 d=jiEnt ofyzt A2 7t = ojof it

Cl'ZF SO 654 Dl‘i AZ AN A ARA AFFAR T AEEA ArTAEE E
2oz folstA &ch Mg™ e Al AT} 654 ol AF Tl AALAT} AEHA

—_—
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o

3 oip
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A8H| SAlo| D|MBX| THaszutor

1. Q|0 712kt DIMTHX] 223 =2 AL

7). w2 g A EopD

o= g A Eyot A9 19509 H] AFEA} HiZ7|7EAR QS| HA¥sks Folet An g
= 71290l A5ttt oo Aol olF’Rt AsAt 52
0|52 dYS FFHoz Feol= d7IALY LI (CARB: California Air Resources
Board)E 19679 Adsto] AF7H] TSl Qi wl=ollA 71 WA ARsAt #i7]7kA
&7 A8 AelxYolaE viw W sk AAAR] wi7I7tA viEreS A
Hslo] 9o, 7 7|FL HE o) 3FA Hol AdASHA AR At

CARB&= thZa} o] A1 oA, e 9A|, +A2A @A Al @AE S A1
S ulASHAT). WA A DA oA CARBE 1998W A9 Bt 29E EUE F5
Aol A dshs NS 54 tVed=ds AF "3—}93\‘3]'. S A3 IF HalA
Ae g8 wi717kA0] =28 AREES diZR2o] Hlg) 718AF EA 5ol S7IsteH,
471 =20l 7150l FAsAaL, A7IZE gA Hi7)7keol =EE 2RSS 45
H o T 40% F7Fol= A o= Harsitt32) &4, 1% ¥ dAlA CARB=
A AZslet 4719 R3S FHdste], I B7F 23 2AR e
AT ARAES WDt Y¥sls 8%, 35713, At HARL, edTAet Al

=)

lo
&,
%
i
4,
filo
rlj

31) California Air Resources Board, “History”, ZM: 2019.8.5; California Air Resources Board,
“California’s Diesel Risk Reduction Plan”, HMY: 2019.8.5.
32) CARB(1998), p.4.
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Bl

Ue HE 528 FAAHUT AEAYE] B2 ol CARB= A&} TeAH
NESIRALH, FAERA] DA AF= Ut
CARBZ} AAGH HAJA wiEF AAAEY S thaat Zth33)
*Plan 1. =2, H|=2 ¥ 74 tddzw A7 2 5 ZEe 4 HiEdol disto]
A oA HAJA HE] °F 90%7HA] A
e Plan 2. 7[&H 07 7Fs3t oA 71& tAARe}; A= x
e Plan 3. fAARO] & =F 4= 15ppm ©OJot=2 4H

o

9yc}39) ojoh 22 o] Az}, AR LA9] AWF uuﬂeixl(pMzs) BT 11~14ug/m
HEe g7]4 $o0] e FAHE QI3 ol2A) GikEl e gt Aol B4
olglololA| EeislA] Lebitth. Wit AejmyololA AAlE H7lde I8 oflole]
7150 EAA O SolujshA ZAEQLAL 30 ofelolo] WAl WA E3E 20% A
%t.37) E A Eote] Tl AZHBL 7] F BHW7RBlack Carbon) FEE 3}
How 73190}, BEHBlack Carbon) BE7F 19604 ©1% 90% 7o) ZhashaiA
Y oF 500089 ZAARS o 4 QA ETE9

patc)

33) CARB(2000), pp.1-2.

34) California Air Resources Board, ‘Programs’, A*1d: 2019.8.5.
35) CARB(2019), p.46.

36) Gauderman et al.(2015), pp.905-913.

37) Garcia et al.(2019), pp.1906-1915.

38) CARB(2016), p.21.
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R R

u]= A Zjo} JHoI7|EEH(SCAQMD: South Coast Air Quality Management
District)ollA= t71d BTG-S AHste] 7] & 5422 =5 Al Tl izt
A74MATES: Multiple Air Toxics Exposure Study)S 433} tt.39 MATES7F 3%
SCAQMDS] HZA| G2 Algo] Wil ul= ollA] QP 7 AR 52 EiA[9o=,
ool 7P £54% AR FHole F X9 ¥AE EISHL Ith40 SCAQMDOYA]
27k 2008 7198l H7RELA(MATES-IDO] w2, oA wi&7kAs A4 8iE
FollA ARz HlSol 15% Foll AuA] g W, AA| di7] 9182 84%F 71
BERE F5/d0] ZAstA Yehdth4D oS ti7] sl B/ IS EYE A&HoR
A HiE7IAE AFslks tidEo] 215 ]ln 20156 WHEE MATES-IV A2 3oA=
AddEe] axprt vhgE o] HukARl viEo] Ak, YA 5 T3t MATES-
Iofl Blsh °F 70% #AastRon, HAARS] TALIEE 719% FA| 68%= FHSH
A4 Aog Hseirh42)

o

FHATS di71e4 B 2 71 RS 98 2001 =71 eiEs AR
(National Emission Ceilings Directive)e Aest3T}. o] %2 2871 s]¥=2] tfj7| 2
A= viESTS AlRtelo] {4 ANt fi7]egE HElstaiAt ok HATY MA o
o= 200190 AH=E Aol olARlHSO,), AAARFE(NOY, A F7I3kdE
(NMVOCs), A=HoKNH3)9] Hi& A5%Z AAoIoArt43) mlAAA|(PM,s)oll <J3t &7

0 7] kgl o3 AAYYol A4H o HUEYT, AYINE %aAl1Y] Sftel

A%

Jo

39) South Coast Air Quality Management District, “Health Studies”, AXY: 2019.8.5.

40) South Coast Air Quality Management District, “Clean Port”, Z21d: 2019.8.5.

41) SCAQMD(2008), pp.2-10, pp.Appendix VI 6-16.

42) SCAQMD(2015), pp.2-10-2-11.

43) BUR-Lex, "Directive 2001/81/EC ot the European Parliament and of th Council of 23 October
2001 on National Emission Ceilings for Certain Atmospheric Pollutants’, ZA4<: 2019.9.6.
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2016900 7HgH Aol HAHA(PM,5)E EF6HA E=9Ach449) 7HgH A2 vlAHA|
(PM25)S E3I3t T4l 714 &40 disf] 202093 203092 BHE viE &3S 445
G 2712 AFoIHE uAAA(PM,5) & ALEAE T 1§ A Leuds
n A AZeE op7| A7l EH7HEBlack Carbon) Hl&S $AM0E HES S
BASIILE " ol B&71E(Black Carbon) 2] W& Aol it FAHQ] g2 glont
HA oA A Ed7R(Black Carbon)2 AAISH Ao|t}.45)

FHAT 287172 7| LGEA AFHIES (& 5-1)F 2t KA 202089714
2005 ] oJARRIEHSO,) 59%, AAABHENO,) 42%, PIAIHAI(PM.s) 22%, 4
7|SIRFE(NMVOCs) 40%, YEHOHNH;) 8%E 7=3sloiof giet.40 20174 Wz 2]
gt B7hE IAoME 20169 718 e AREAF0NA 203019] BIAIHA](PM, 5)2t
A Uoto] thgt viE=F Azto] 71& Aol Qg 7|t AETh A AA= o] et ol
e} thE L AEA T nAHA(PM,5)9F SR Uote] =7 & RIS 245
fJsto] = 71& Al TE 24| o] F7HHQl 2AE AFsfof dirt.47

53
0-0917 i
s

(& 5-1) 20064 CHH| RTSAY 2871229 7|LESHE MYHIE

2005 2012 | 2020NEC égﬁ% 2030 NEC I\fﬁfg@

UEBK) | BB | Soum | wam | xum | s

SOz 7710 -48% -59% -74% -79% -84%
NOx 11531 -27% -42% -63% -63% -73%
PMas 1414 -12% -22% -32% -49% -62%
NHs 3878 -5% -6% -8% -19% -35%
NMVOC 8775 -24% -28% -40% -40% -61%

2 1) Current Legislation(CLE),
2) Maximum Technically Feasible Reductions(MTFR)

Z+=: EEB(2017), p.14.

44) EEB(2017), pp.10-11.
45) EEB(2017), p.18.
46) BEB(2017), p.14.
47) EEB(2017), p.15.

A AA7E.

, 7H71E48
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=7PE viET ARIRIR Y] B7HEIA A= B HiETE A50] SR S8 Eof
Y 9, AR, Ody 7EY A g1 7% ASEE AXISIRAL, E5] nlAEA|
(PMz5) B0l 2lo] Hol] 2fgt viEo] 2030 41%E AFA[skal E7HA(Black Carbon)2]
A= 09%F AT AR JAFSHATHIE 5-1 x).49)

o% IR % 4%
13% Power
Domestic heating
PM:5 emissions ® Blacl_( clarbon
in 2030, EV 4% emissions
(baseline) ey in 2030, EU
(baseline)

Transport (incl. non road)

Waste

69%

Other

A+ EEB(2017), p.30.
(a8 5-1) REAE| OIMHX|(PM, )2t =271 HIE(2030E 0f14)

=7HE HiET AR B7IEAA A= sld=o] WY BT siese &0l
el AT 4 Y= ZAWLS theath ol AAsIt

* A QAE|HS AREsle] 7IE 7HEE daAlde o U2 8 1, € HE, HYL
Y, Mz SAES AR DAL A A7 iR de 7oz ot
Aqdgoz A

o FAA0A 78 AR A4E SA B AL w71 e AR

o 2BASOA AEHO] At A9t aEA AFHHe AS(EEET A=
&S] o mAEAI(PM,s) BiEFol 25081714] Eobd & 91=)

o F7IokQl AEH gl Hd2o] tis) auRioA de)r] et 2hd A

o GHES WS FAS 98 AR S

48) EEB(2017), p.30.
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2. QAxIlshgofl 712et DIMIHX] B2 THCieie] Hat

A3 201749 99 202247k S 9IS 30% 157 BEL WAEA B 5%

42 Sgstelct 20199 290l VAR 2 PR B g AR

T e A&HoR et nlAHAst Fuae] BXE ke oueka o)

AL Ay Tel naste] AT JBRAS 2ATH AL BHow EA Az

2 fo] Pk S 0] ARSI olo 2 A A 9ie chat Tl el

&g 455 A 141%% AT Qlek. et 9hA] 9] ARolA AbmRgkzol
A

Ao7, EALS FA] Yoae SAHo= AR sAdol 7Hlet ulAHA]

| Zasith. FA vAHA] s S Hs) thefRt Aol npE o] Fxw
Ao, AHA] viEF} ol tigt $FE Ao A e SHOE olFofA|AL itk
ZulAZS vl gabdo g B35l QsiAE nhHA] 2 olfQsiAdo] 2 AR
3l 242 ] 59] AF FHLo] ¥ix|ojo} 3}
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3. QUxIlsH0 7|2tet DIMIHX] BE|Aote] £

7t wAEAS TR 24 W ARAT

sl AAAQ nlAHA|F 34
et ot 7]EFQl @ Ao|d)

FHA APAL3)(European Commission)= 42 718 7H41E $Iste] 1996
718 712 A Z(AQFD: Air Quality Framework Directive)& U321, 2008
o+ The fifth Directive (2008/50/EC)= 71 718 T AX2 okl mA|HA|
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I Executive Summary

I. Study Background and Purpose

a Study Background

o In Korea, the emission of air pollutants has increased since the mid-1990s

due to rapid economic development, industrialization, and urbanization.

- In order to improve air quality and reduce the health burdens caused
by air pollution, various environmental policies are implemented at the

national level.

o PM;s has particle sizes smaller than 2.5um and was reported to cause

high risks in human health as it can penetrate deeply into the alveolar.

o There is a difference in health risks according to the source and
constituents of PMzs, so for the management of the human health risk,
scientific evidence for the effects on health according to the constituents
of PMzs is needed.

Q Study Purpose

o The characteristics of the constituents of PMzs were investigated and the

health effects of PM;s constituents were quantitatively evaluated.

o The qualitative management policy for PMzs was proposed to prepare
a prioritized management policy for the PM,5 constituents with high risks

on human health.
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II. Case Studies on PM25s constituents and Health Effects of PMa2s

constituents

O PM,s is a composite mixture of more than 50 chemical constituents, and

the constituents of PMzs vary according to the source.

o PMa; is composed of various chemicals such as carbonaceous components
(EC, OC), trace metal(Al, Ba, Be, Ca*’, Cd, Cr, Cu, Fe, Mg* etc.), and
ions components(NO3; ~, SO, NH', CI', Br, Na', K" Ca**, Mg*), etc.

o Major constituents of PM, 5 in South Korea were nitrate salt, sulfate salt,
ammonium, organic carbon, and elemental carbon, and the ratio of each
major constituent vary according to region.

- Organic carbon was the dominating constituent in Seoul, Incheon and
Gwangju, and sulfate salt was the dominating constituents in Daejeon,
Busan, and Cheongju.

- Different methodologies were applied for contribution analysis of PMzs
sources, and distribution of the PMz5 source varied according to seasons

or weather conditions.

O Case analysis of studies on health effects of PM,5 constituents in US and

Europe

o The Health Effects Institute in the United States conducted four studies
on health effects of PMzs constituents, including studies on integrated
epidemiology and toxicity.

- Time series analysis showed that the constituents of PM,s and gaseous
pollutants were closely related to health effects along with PM;s mass

concentration.
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o The Integrated Science Assessment of the US National Air Quality
Standards studied the relationship between PM,s constituents and
mortality, and confirmed a relationship between concentration and ratio
of PM;5 constituents and mortality through a comparison with the mass

of PMys.

o MED-PARTICLES in Europe, with support of the European Commission
from 2010 to 2013, identified the characteristics of PMz5 constituents in

14 cities in the Mediterranean countries.

Q Study of short-term exposure to PM,s and its constituents and health

o Health risk of PM;s constituents is different based on the region, the cause

of death or disease, and season, etc.

II. Characteristics of PM25 Constituents

0 Concentration characteristics of PMz5 in Seoul
o Between 2015-2017, the annual average PM,s concentration in Seoul was

the highest in 2016 with 26.29ug/'.

o In Seoul, the PMy5 concentration showed that northeastern area had the

lowest concentration and southwestern area had the highest concentration.

0 PM;5 emission characteristics in Seoul and South Korea according to
emission source during 2015 and 2016

o Total amount of PMzs emission in South Korea increased from 98,806
tons in 2015 to 100,247 tons in 2016, while the amount of PMzs emission
in Seoul slightly decreased in 2016(2,524 tons), compared to 2015(2,580

tons).
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O Characteristics of PMzs constituents in Seoul from 2015 to 2017

o A review on the constituents ratio in the PMzs showed that the ratio of
OC, a carbon constituents was the highest with 26% in average, followed
by the ratio of NO3(20.54%) and SO (16.57%).

o Seasonal change of OC was higher in the order of winter(7.89ug/m’) >
spring(6.36ug/m’) > fall(6.62ug/m’) > summer(5.13ug/my).

o The constituents showing relatively high correlations (0.5 and higher) with
PM,5 were NO3™ and Cl” among the ion constituents and K*, Mg** and

Na’" among the metal ion constituents.

IV. Assessment the Health Effects of PM.s Constituents

0 The mortality effects of PM,5 and its constituents in Seoul from 2015 to

2017 were assessed.

o Time series study was applied to quantitatively evaluate the total death

and cardiovascular death according to the composition of PM;s.

o EC and OC statistically significantly increased the total cause mortality

risk in the total age group and the age group over 65 years.

- The total mortality risk of EC and OC is higher than the mortality risk
of PM;s.

o Cl" and SO4* statistically significantly increased the risk of total death

risk and cardiovascular death in the age group of less th an 65years.

V. PM25 Management Policies focused on Receptor

O Case study of PMzs management policies based on human health risks

o The California Air Resources Board was established in southern
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California, USA, to regulate vehicle emissions. BC concentrations have
declined by nearly 90% since the 1960s, preventing approximately 5,000

premature deaths each year.

o The European Union implemented the National Emission Ceilings
Directive in 2001 to improve air quality and manage air environment and
enforced the review of the Black Carbon which causes health risks when

taking measures to reduce PM,s5 emissions.

QO Paradigm shift to PM,5 management based on human health risks

o The management of PM;5 is to reduce the health damage of the people
and to create a healthy environment. To achieve these objectives, there
should be a paradigm shift first to the management of PM;5 based on

human health risks.

O Implementation of PM;5s management plan based on human health risks

o Measurement of PMzs constituents and information

- Although measuring the concentration of PM;s constituents requires a
great deal of resources and professional personnel, PM,s constituent
measurement is essential because the constituents information is a basic
factor in the PM25 management.

- For items such as constituents that are subdivided and need scientific
analysis, there should be separate information provided.

o Health effect of PM2s and its constituents

- For qualitative management as well as quantitative management of PM;5s,

emission factors, emission amounts, and concentration characteristics

of PM,s emission sources should be analyzed, and we estimate the

association between PM;s and its constituents and health.
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o Implementing customized management measures for emission sources to
reduce human health risk

- First, the scope of the management measures needs to be confirmed

by considering the contribution of emission source to PM;s and

constituents. Then customized management measures for regional

emission sources need to be implemented, considering various limiting

factors such as the location of emission sources and emission pollutants.

- It is necessary to evaluate the contribution of various PMz5 emission

sources more accurately by applying a more adequate analysis method

for South Korea.

Keywords : PMzs and its constituents, Mortality, Health risk, PM,5 Management

Policy
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