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) 7] v M A] (Ambient Particulate Matter, PM) 2] PMys+= 7] ol =4
st= JAE 242 F 2.5pm ol AV|E e 2uAWA Y FHoln. UdRbH
o7 AZAo]l 10pm o]t PModt &3t o2 1%t T 571 g HF
dol =1 FaE st s st o] AFEI AEiAlY ofFFE |z

A AR ZA7] 7+ (Word Health Organization, WHO) 2] ZAFel olshd 2012 o
HAHA & t7|ed=E sk oF 700%F Wol x7] Agsialon o]
80%°l/dol BB Hobr|opx|e =TEEA ofrJo} XA Zu|AH
of =& AHE AEEC] M =4 dERT

Tt A e gt U]/‘ﬂ‘ﬂx]ﬂ ARA Agdr2e JAske HgFS vEASE
T AFZFFZANUAE FFFCEA ATV FAUA Aol FF
A doh HHcrs FESAYCEA FFY AN Y 191

= St whebA EHﬂ-ﬂ AR A AT RN 98 TS A
a8 th7]9] oyA] #¥ = dste 72 Wkl F23% 947 A
Aol A AAHoz H“ﬂﬂ# u] M| 4] (Particulate Matter, PM)+ EF
% (Elemental Carbon, EC), #7]%2 (Organic Carbon, OC), WX, 3}
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sk 7)€k (Secondary Organic Carbon, SOC)Z &3t
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Surface

Direct effect: Cloud albedo effect:

Scattering and Increase cloud droplet number

Absorption of radiation concentration and further increase
cloud albedo
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o] 3}st 9l FstA wgof & AAHEHE 23 dAZ EFRET d¥H FGoA 2
2 PM2.5% HAS dF 2~3A12F Fo @435 o] A 3717 s,
BlFEHAL old Ao 23 SO, & 3o Ao F3tst nkgow AxrE J4
ot ole] ME FEE 25 12A]-14A] Atele] Hdi7t =i F3}ehuk-gof 2s)
of AFHE JAELS ®F Y YAEE FH Uk olw A E HAAAG YA
= 2717 AT F Ue IAVIRUE FopA Flo] oy &3 o]Fe
SO, NOs, NHy 5 7]1A8 % AR dsto] dift2e AP A= SO29

F3pst vrgoT AME FAFoE FFH 9]

n AR ] FH AFEEe] st MARAYITY A% 7EXE PM2.59] A
- 25pg/m’, PM102 50ug/m’ ©|t}. o]l dist AbHATFEA FHT AN A%
FAE9] @l ok 550%2] PuneArlE i
A= w5, 27, FH 2 RS FA4 8 JJrE ARG T RS A
Ag 7 PM10e] disk PM2.5¢] H]& (PM2.5/PM10) < B3t 0.64031“4'. o] gt
S HARATEE AHE8s S 1%, A3 9 FHARS AFERo] F
Q7] wFEolth AAAHow PM10¥ PM2.59 X 543 69 Atolo] 713
oxth. PM2.5/PM109] Hl&o digt ALoxe] fAtst A= E7], 5, "5
soAAE AAEH I Hl&S Z2AY O @A YEtgon, dutdor ASHKE
o} o] 5H EO‘EOﬂH W EE = AEAZE B AeA s PM10 5271 Al
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]/‘ﬂ‘ﬂxlgl FAS Fotstr] fEllA FAFA AR (Scanning Electron
Microscopy, SEM) & A}g3le] PM103 PM2.5°9] 93 % (circularity) 2 31|
(aspect ratio)® XA A¥, AdFEE 0.72~0.75, THHE 1.69~1.760%
et mlAE A o] dEe -2 o] b L ofy 1l st TRk
T old Aoz g

oYX &EAF E347] (Energy Dispersive Spectrometer, EDS)Z PM10%
PM2.59] dA&AES 4% A3 Sivh 7H @ol & U I vSo] P ¥
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Al—silicate 3E4 WA (mineral dust), C} O €4
B9l F& R} (Tar ball particle), P2} S 94 &5

T 5 ek

Biomass Smoke
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Nucleation Aitken Accumulation Coarse

Volume

1 10 100 1000 1000
Particle Diameter, nm

a9 2. W] F vAEAY Bk A7) e sEEE

B2 AR ES HERe T8 72 5

AR Ao o)g BFFe] Fy At ARE et
(Effective Carbon Ratio, ECR)< ECR=SOC/(POC+EC) A2
=3 A3 PM2.59 A$ol= FH ECRo] 2.42, PM109 A%l ECR9 ¥
ol 1.742 yebgth PM2.5 vlAlH A= POCS EC A& C
O o} o]Z st PM109 A-¢, 71& Asadrt FasHL gfd A
7} E7ke Ao AdH

O

Q) =¥z KEMI vaemy

des:



06

| Direct effect

Scattering
Q\‘\ Sulfate
N\w |z L6802
-
20000
Cooling
7
Absorption
{‘Q‘- Black carbon
\\\ (BC)
- X
Heating ....
Coollng

T3, o|MEx|e| TiT[o] SAtE

At 22 AN AAY olwH = ZURAWA (PM10) = 71+ 9A4
Al (back trajectory analysis) 2% HW{EHS FH5to] A9 oA H=
A3 o] 7F=ENE A7Y olsd A FEE £ Qv wEbA mAIRA
BANES HudRe dzdd WEE Ang 5504 WEd Rol i
T2 Hlss AAEL e e ® yegt. 58] dF A9 mAwA AR
o+ Pb, Cu, Zn, Ba &3 Z<& #Fald 5% s i d3ta
(Polycyclic Aromatic Hydrocarbon, PAH) 59| 323t% o] vEST]
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*Mf% NAFOR B TR tY] FAH BLRGHANTS B3 A
Y57 BEsk S50 tehts 23 4o ol oAtk PM2.5E

%%7&01 2 g9e srldE 2/t A3 FARSE v sl o

AT Agre] B AojA @ @ MED o Feli F] % FHo] Ao}

7] Aells v Z71ZE 7] Seld MY e ¢ A olek 22 olFE A

O

gole] % ePEI b Bl wa) Ax 1 FFE At

MEd 49 SA) ATFNA 1@ FEA RAS Ages] AT e
Afole] e 1HBE B0 BRE nAAAPMY WEAS BE, A9,
e ARG, A RAY EFEAd HAYA ahn A BEe]
2EY 099 5 Fo o3 /4 WFE TR 44 ogHdY. 1gm
549 U710 B 43 AFAE olgatel oF o X wEd A
And s 53 YRIE AFAA 1 5YS A

Life cycle of particulate matter (PM, aerosols)

precursor gases ultra-fine fine cloud
(=0.01 pm) (0.01-1 um) {(1-100 pm)
nucleation coagulation , , CcYcling
_’ 5 Rl _b -. -

condensation T & e

Soup of chemical
" eactionss /f l

Coars
(1.10 LIJ'HJ scavenging

VOCs . *
ViOCs Vs e

Py XY oo T

Z
combustion agriculture wildfires soil dust
volcanoes biosphere combustion seg salt

a

oo

4. A AAX St o7 S 22| 2N He gl e AXe 22| AS

2
7HE =(Monks, et al., 2009).

2. W&o e PlAEAY F&
Al AFsks ARIEY &l 9 =54 wEdS FE olAYAd dA

<] 5k
(secondary particle) & X3t Qlom o
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A&-so] S7hsta 79 4k Ao] Fol ol wa} 7HA Aol FF
g ZrAHAR @Hste] %Al
A 1.0gm olsh) = ZPAMAZ Al
XA RAL] U]i]%} °§ ol 714 & HlES T Ut EA] uAHA 4
A (EPA) 9 #7771l =" st = (Nucleimode) 0.0001~0.
gm, AR E (Accumulation mode)0.1~2.5uxm, ZFUYXEE(Coarse particle
mode) 2.5~100pxm= skl Itk ol whet wAwx e SH77| = =2
AR ] A2 Ag BdEe 7t v o FE E/\] 719 m A A =
s W77 AZRE Y 2% ml Aot ARl vj7|7FAe) FE A
glojoju} Bo]a8 mE FolA WAAEH= 14 Vﬂ‘?ﬂﬂﬂ A A Y] NOx 5 8}
g4 v TtAZ Y SR 23 v A Mot

A7 mlAE X o] Yol o7 B u wF o] PM2.5oA Htt
PM10eA =A UetSt. =418 PM2.5 2u|AAXA Y AF+4 HlE&FsS BA
WEOEHE wEd o] 25%, A 5 AFAAEEFH wEE v AHA L
15%, AdWt7bg ol FHAF T oZRE 20%, <t S5 o2 FH wEd E5Q0E
ol 22% agl1 B U FozRE wEE AA7 18%0|t)

PM2.5¢] A4 dwjE¢ E7ollA QEoA vjEd o] dAe 37%E YER
RaL, FFotr[ofAH o] 36%, HAFHA G| 35%, otrlot EH-7t 34%, BehA
o] 33%, 7|t otHlg]7} X 9o] 30%E “EFHIAT

PM2.58] 7t &5 g mE=d ¢S d2olA 34%, FolrlotelA 27%,
E7]eA 30%, BetdoX 19%, +H SAAGAA 17%, sHotrotellA 18%
ol £o2 UEEH. 713 d54] TLERY WEHe 2 ofZ g tR g
A 34%, 9 T sFHEAYGAA 32%9] ¥WlE EEE BT of7]e ofH|
27t AEAFoA 25%, FAFHAHGAA 22%, ‘# R
Alotel Al 19%, 18]3l AEAFoA 16%2 &S Rtk Az %}Eoﬂ ol st
EE4 =<9 (Unspecified pollution sources of human origin)©l tjdt =7}
& BxE Fhrt 65%, vl=o] 46%, tietdl=o] 45%, §H Y €77t 47
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44%S} 42%= YERASIT A wAHA = By A dAelH. SUEE
T TF5AY°] 52%, d&o] 42%, TFAY 25%, 183 BAH oz gt
77y 22%% YER QAT

PM109 A+ 181 A9F FTo HE BlEEEE ZAXY uHH
A8 25%7F WEAAZTY HjEH Folil, 18%7F AAFAIEEZFE, 15%+ 7}
8 ABAME, 20%7F EEA JAEF, 22%7F EGHA L AFGYAS H]Ate
ZHE HiEE ol

PM2.59] A 94 wiEEe] wet 723tH ofdel7t ogkx| o] 38%, of=
7tk OJEOM 34%, ml=re] A5 30%, MArd Aol 28%, wmE Aol
25%° WES et o5 VAHATE ks B dUL ERUF
SERY HAE FA48 WA ol AYAEERE wiEd PMI0 vE=
E1717F 29%, ot obdlgFRAIge] 26%, AwHel 22% 1L FHO
21-22%% JEbsth 78 ARl AMSE ARAM 42 £ SHA T

H AGelX 45%, BAFHES 24%, otZ7t 21%, HFE=AYo] 1995 BN
o FHAYGAAE PM10Y AAdAo] wAHA S ¥ EE ¢ o573 ot

A 3ol o3 =54 viEdo] 7od wAwHA e wAe] ohst FIF
PM10°¢] PM2.50A Ht}y tha 9otk 1 olf= PM2.59 A 7t~ 4 =
o] ALoM 22 vAHA] S o]F7] ot PM109] A 7]ofdk F
=7k wl=o] 44%, N0l 43%, E717F 39%, FE ol 27%=E YEFRLTH
PM109] Ay FF5AHo]l 44%, EAATHCl 39%, HAAFHCl 33%, E%
=0] 27%, o}Z &7} 25%, o1&t ot|g]7t A o] 24% %A

ARA o7 EAF vHAUA| AN FHH QAE, HHopr|ol, ofZ It Y
PM2.5 EAE tlAdx9 FE7} 24, 281 F%, B8 53, A%, o=z}
e =AIE PM10o] A Wbtk 22 PM2.5%F PM10 Abo] 9] & =x}o]
© 10% wRte 2 9ot E¢ siAYAHAE PM10A, A= 1z &5
of 9%k 1012 PM2.54A 27 =7 YEFRLTH

BAALSo] FE F7e 2 F7HY Aole] WE mAWHA HiEde] AL
THE E uf 3.5-5 Afo]e] AolE YEpfal UA|RE =S HXREe] TF, JF
Utk & AAASe] =2 A7 E E78tal I 97 IA st St
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PM2.5 %2 TA wAHA e T8 wjEdd AFA= AAH(800cc °]38),
A28 x(800—1,500cc), A} o]4(1,500cc~) 2 TE3t= W3 533t 7
- 23 (1590 °lsh, 8 (15~2521 o3}, ¥ (254 o) o & FistH, 3t&
22 A 2P EAAF 1E/FFTH3E o3, T EAF 1~-58/FFF 3~10
E), dd@AF 58 oA, FFTH 108 o)) o7 Fit wEAFE 73
08 H] ER ol HlEYloEA Udr|EE FARe AEAH, 7], s714,

Adg 9 SO BHIH
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AR 7 QA AT EA]E] 7lb Fooll w X =

u, m AR S AR EElstetd A
TAL mA A e gt tiEA FALEA A

PuneAlE tiAa o2 2013d 5€45E 10€A}o

SH RS BA3 A3(2016)S BH %9 A%
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st =7 V1A Ve 2%t Aoz yeiwgt. wEbd AsA 5 s,
AAAA, stERAL, B B AMAAZY WA, HleleviA dAg, HYIE &
5ol A% FQo uHHA wjEdo] Ha th A% 13 FHAAA 3}
& A& (funeral pyres) S AHEste FAT vlAEA wlEdoz 283t )
om 8€3 9€° E<+(monsoon) 7 7|Ztell= R wAMHEA FEE B 7]
% eIt 2000 H-E

o
- =
8 FAEAEY vAHA sE7F A SIS

# 2
% A7te now et

O

PMys X0l 7]ojsl= vgkst visd =9 7|9 EE vluste] vl&E 48t
sl (source apportionment) < U]/H]”*X]J et B4 a8l dH A
ZF%]*S}‘—;— g wj-$ T2t AH7} @t (Liang, C. S., et al, 2016).

8l HL@OE“ ed ARG BASAHANAN SHE e

=

re

fo,

o

ok

| OXL

= S5 F43%+= 584 49 (receptor model),

e wEAA e HH%% Z*Eﬂ 718 E S HECE 2EEY olFEA 2d
+ E&¥ =24 (source model), 181

A A} (tracer) 2 ARgsto] W& 7|ol%

g Fqas FAA Y, 09U Aol 34 ZNES AHgse A4 54
S GBS SR, BAse] 245 WY Fol Ut

__,ia
o2t M= dIHHE FToA A FEA Edd %o FHJAAEA

jiR== o) 2
(PMF: Positive Matrix Factorization)©] 7} €2 F&H 1 ity F83 H
o} AMS BHo2 dojul 9@Ze] Tt vlolE 5L PMFe] #gatw nZ4
A% AR =Y 7 7] "Ee] te® ojyd WHE2 8o g

g Aoz ogHt

Aoz st AN stash AdEe CAEE
1 olEo] BEAFA =2y Aol Wyl FelA s WAL AN o)
Bol MEY YARRE B 5HS FFHOR BAA) ok
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PMFol 93 olg] yztel PM2.5 wiEd &34 3te osd S0,27, NO3~
22 27k ol25, AEA), Hpoluf Al AA Fo] PMys kol 7|ofskE H &
2 AoE Yeuton dHiEede dist 57pE o x Esh xpolrt At dE
£o], 42 20099 6¥€HE 201039 5¥€71x PM2.59 W& g F2HFA
A= 22k NOs o] 0] 25.4%, AF27F 23%, 23+ SO427 o]&°] 19% <=
o7 7loq=7t A dvEET 539 A¢ 20109 PMFERAF Ao & 23
S042" o] &o] 26.5%, WA 7} 23.1%, A=27F 17.1%, A7 Ax7t 16%
o7 7|97t =4 YElsth Liang, C S., et al, 2016).

TAY FE SoA olE7AHC,TC Y AN HiEY hEZHA AE
ALFAFARHE FE WG EHA(mM) >SFAAHC,) >ZEAHC,) S

o7 AW, wuI]FoloME oy ZAH(C) >HAA>FH ZACE) =07,
o] dRajFHAANNE C,7Cy, BALZTAN= FFALO|H7IAEC, T
XAV, w—SATIEEAAT oIt 2R S 747 WEEHo| A AT
(Kawamara, K. and Bikkina,S., 2016).
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Carbonaceous aerosol: Secondary and primary

ORGANICCARBON (OC) ELEMENTAL CARBON (EC)

OFossil fuel

s 22Tgyrt
30Ty OBiofuel

[Biomass burning

EVegetation

27Tyt 0.66Tg yr*

GLOBAL

UNITED
STATES

85, A X O|xt ElHO0l2E 2 X|HE HE| S At

SHOMAG S T A3 T A Sl wE tr] e vAwA e wAo]
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F7ksta, @@ 71Fustel & opAolF BN AxE VFELL FALY
AL oS Zety NAEHA Sk olo] met AAFUS $ee AL B
ZEo 7] Eqrg o7 mAHA o] 23t QA WolxHA 557 A g4
7}y E7VeE FAo) T
$$ O|MHx|el AZto| cEt Faknt 72| oS

olztel & 7|9 xS F7|RTF ZHS PM2.5= QA AdHo|)t $&7]

N
v
s
ofN
X
iy
o
52
rlo
e
4
(ih)
—\Tll
uly
o
off
:?L_',
of
=
i
el
X
\\]
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o
2Y

O
MAAE GG A (Global Burden of Disease Study) oA AH o] ¥ A%
2 A5 e Aojrm g AEWS (disability adjusted life years)E 7]Fo % &
o, Bl HAZ At 7] eE9S 79 A 4HAE Ay FEHo] =2 QAL

=7k Aol wet mAmA ] FAEAARE, ATHE 4 2 Y, A5FF
ol wEk Aol vA= dFol vE ¢ Ao ER, BAAYE YFoR nAd
2 s AyAye] 437 (concentration—response functions) & 8H3]u|
of A5l AFe HAKF G AN tridd Ve 2 = Aol v Ast

19999 FE 201397k S, &F, Wik AGoA A=
<9 PM103% PM2.5 w]ARA7F Ad# Ao} 557] ASkE oA Aol
U HANEE 23 Aol @3 9 2A A5 W EHEA] (meta analysis)
sttt AFd A9 PM103 PM2.59 AR HEE
397 177ug/m 02 SAEH MAARAZ| TS AHVIE 50ug/m' 3} 25 pg/m'E 4
2y st

EA A FAAY of-olo} 22 FHYAS
o AFhdA, 71zt ATAE, 9= 54, TEAE 5o AR Frole
The syl fste] 71 A2 Ak vk Fasisit PM10¥% PM2.5%
JAAZIE TR FdVIF =E2HUS AFE TESGIT 24" 24E A
AR FEF7FE A AFEE (mortality) 3 B A= 34 (morbidity) & &7}
2 F7#e 95% 41FF-7t(confidence intervals) & AF&E3ESIT)
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2018 =79 wmMHAE EZgst 7| AEHIE dA] vEste] FAMS 4
U= g5 2o
Hj o] & 2

bel Af At

AFe AR & FBE 9 CFF WA NES Fokel Aot Aol
U FA% A FASAAY ATl ol MBT st Wk AR Uy 87
A8 bed ABAE £ R Jhed shdelth aeu F¥o HZele

& 7FeAdol Tk 649 129 oFF o
Y A&° 5% 3 ppbolA WMHE &
Leto A wjER Zoltt,

PM10¥ PM2.5¢] 27|t =ZHU0S o
PM10° &%7} 10pg/m' S7bstd Add A
slal, 357] Aoz 3t AlYgEo] 0.42% S7Fstch T
10pg/m’ F718ta Ad8d Aoz Q3 ALEES] 0.63% = |
o7 3% AlLEO] 0.75% Z7}ske] PM2.57F PM10EY A7 o 473k o
g HXe ZAoeZ Yeut olEE ZAMEIZE 95%  AlF TN
0.35%~0.91%H < el

oA AZ o] AR = YA (nickel), vanadium, & A2AMEE (nitrate) 3 S
£ =49 55 TP AMRE Sl rAE HE7
Elrt, PM2.50A AA&AMSE $57F 10pe/m' S7hebd A 2l
o] 2.45%(95% ANHTFIF 1.10%~3.79%) =7} 3= ZA o2 Yelo

ATt mAAA e ZF71F =2 EHAS W A%l vAEe 9FS A8 37
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9] I3 E AT (cohort study)E= EF PM10S o= sto] ghth. thAlx] oo
et ATAd3A7F BE=2A URoy F=59 Shenyang A 9elA A% PM10]
FE=7F 10pg/m' S7kebd AdH AZo=r st AVGEC] 55%(95% Al %
51%~60%) <7teta, &7 AH3}o=R Qs AMFEC] 67%(95% A=
60%~74%) T7Fsh= AS® YERt(Feng Lu, et al.,, 2015).

A wAEA B AFE FE oy] T FESHo) Age] WAL
SR 24, Fo, Y427 BE, ol
]_

73, 715 2 A el m

It 9%e o FARAZIL BEHA ALARS FHS AT AT FA]
th BF FUGAE ALl Wl 255 W 5 /159 B30 Ask wet,
AGEF QYA BA, Fol@) wet vlAuAY 4L FIF Bt 9
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