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Summary

Particulate matter (PM) are the complicated mixtures of the chemical
materials which are directly emitted from the natural and anthropogenic
sources or formed as the secondary pollutants from the primary emissions
through chemical reactions. Thus, the chemical composition of PM provides
useful data for evaluating the sources of PM. In order to manage the air
quality in the local area, it is essential to understand the chemical
composition and source of PM. This study was conducted to understand
characteristics of chemical compositions and estimate sources affecting PM,
especially in the local living environment of Jeju City where is getting more
urbanized.

The mass concentration and chemical composition of PM were investigated
at the Jeju City. PMss samples were collected intensively from 2017 to 2018
at Yeongdong air pollution monitoring site in Jeju City, Korea. Since the
source and chemical composition of PM are different depending on size of
particles, PM,5 and PM;p must be investigated simultaneously in order to
effectively manage PM. Therefore, PM.s and PM;, samples were collected
simultaneously in January, April, August, and November 2018 and the
concentration of various species contained in PM was analyzed: 9 water—
soluble inorganic ions, OC (organic carbon), EC (elemental carbon), and 22
elements.

The average mass concentration of PM,s was 16.6119.38 pug/m’ for two
years, which is slightly higher than the National Annual Average Standard (15
ng/m’) for PMss. The PMss level became relatively higher when the northwest
wind blew. The average mass concentration of PM;y was 33.42+21.15 pg/m’,

and the PM.s/PM;y ratio was 047 in 2018. PM consisted mainly of ionic
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species, carbon species, and elements. Ions, carbon and elements contributed
56.7%, 18.0%, and 7.0% to PMsys mass, respectively and 45.4%, 11.0% and
13.8% to PMj, mass, respectively. Secondary ions (SO, NO;, NHy) were
the most abundant species in PMss5 accounting for 52.296 of PMss mass. In
PMs5, about two-thirds of total carbon were occupied by OC and the ratio of
OC/EC was 4.23. The elements contained in both PMys and PM;, were
mostly soil and sea salt origin components. The chemical composition of PM
showed that the contribution of secondary aerosol ions and carbon species in
PMs5 and that of natural origins such as soil and sea salt in PM;y were
significant.

The component materials that constitute PM,s and PM;, were investigated
using mass reconstruction methods. AMSUL (ammonium sulfate) in PM,5 and
CM (crustal materials) in PM;o showed the largest component ratio. When the
PMs5 showed high concentration, the concentrations of secondary aerosols
such as AMSUL and AMNIT (ammonium nitrate) also showed a distinct
increase. The concentration of CM, in particular, increased significantly when
PMio showed high concentration.

It can be found from the concentration ratio of NO;/SO4* that the PM in
the downtown area of Jeju City was more affected by mobile sources
compared with that in the background area of Jeju Island. According to the
enrichment factor, CI' and Mg were found to be originated from sea salt,
while Al, Ti, Ca, Sr, and Fe were highly likely to be crustal/soil origins.

From the results of the PMF analysis, it was found that nine types of
sources, named secondary sulfate, secondary nitrate, oil combustion, biomass
burning, vehicle, coal combustion, soil, sea salt, and industry, were affected
on the chemical composition of PM. Among these possible sources, the
contribution of secondary sulfate was the largest at 28.9% in PMss and the
soil source contribution was the highest at 30.5% in PMjy. Compared with the

possible sources in the other cities in Korea, the contribution of secondary



aerosol was found to be greater than that of sources for the combustion and
vehicle in Jeju City where there is little impact from primary emissions.

The major component and the dominant sources under the high PM
episodes were tried to be identified, based on data for chemical composition
of PM. Secondary ionic species (SO, NOs, NH;) and organic matter in
PMs5 were important contributors to the occurrence of the high concentration
of PMss, while CM was a substance that contributed greatly to the high
concentration of PMjy during the period of Asian Dust.

When episode with high concentration of PMs,5 occurred in Jeju City, the
effects of secondary aerosol sources were predominant. By specifying the
cases of pollution phenomena with the high concentration of specific chemical
species along with the high concentration of PM, the sources of PM that
could not be estimated using PMF analysis could be identified.

Despite the absence of distinct sources that affect the local air quality in
Jeju City, the high PM episodes are observed every year and various types
of sources are also being identified in this study.

Based on the results of this study, long-term and consistent observation
and multidisciplinary research should be carried out in order to clearly
interpret the pollution characteristics of PM that affect the local air quality of

Jeju City.
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FE AR ohleh v AWNAY] 24 stefat AL S Fash o2 9
gelHow dakd Ao nAuAel sed xy S4L 9

ARAS el g Be A7 o]Fo] X YrHCao et al, 2009; Lee et
al, 2010; Lim et al., 2012; Park, 2014; Lee and Hu, 2016; Saxena et al., 2017,
Xu et al., 2012).

i%)
12
ol
20
!
o

MARAE 2 o], B, QA4 eR oFolA glew oldd wAwA

Aol A PMy, PMzs, PMyoll e o] 717
AR B R o, AT 823%, 5.13%, 2.01%°] A tHGugamsetty et al., 2012).

olgelote] EAMAA AL PMyol BHE ole, i, Asyvel 747
30%, 22%, 2.1%°]0 31, PMysoll A= 2h2y 285%, 30%, 1.9%5 A strtal gtk
(Cesari et al., 2018). Q1% P& =X PMys9 PMpoll = o] ®o] z+z}

13.01%% 21.9%% A k= Aoz et Deshmukh et al, 2010). =W 770
T8 TZAA PMysE TASHE Adwel £AHE HH, oA Fo] oF 53%, &
2R ok 40%, YRS 5% AEH B E7] % FrHNIER, 2009a).
oledre vAWMAgN Be RES A e Fa PRI o
Na'¢} Cl'& sl dztel o8] #AAAx o=z A, SO, NOy, NHy ¢ 2
e oleqrse o] Fow wWEdE FasE, AaisEd e ey o9
EAdEo] Fstutgol o8 Wy 234 o2 YA ETHNIER, 2009a). wehA]
ooz AAEE o5 Al ARS 27 dojzE: oA RolguE @t} oA
H 7] T ARG Bl 1A YA el 23 dATE ol EFE o 9
53 9ol AL mADA Foli 22 Aol A W&ol wrhn muH g
oh m3 Ay AR go] 2xH o w A A dejrEe 5§57 A
2 a7b 9k
(Dockery et al., 1996). A% slQt7te]l At oAl wl Al Aol dfH 8
o] F wald 719 SO (nss-SO )¢ NOs, NH,” AEEE dAdoz
mAGA GG, BEF 7199 Ca® Ela dg 7199 Na', CI, Mg* & A4
o2 zudA dool wol Rxai v Aoz FAHAHLee et al, 2010).

FAA LN ZHE v AGAsE ZHAANAE 23 o] 2E o] &R0l

o

st I ES SIS 5 A A E FEd 9Fs MY B

P!
o,

1

~

Z}
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48.4%, 12.3%E kA8t 91 o™ (Oh et al, 2009), 1% HHE ZAX G A=
PM259] 9.09%, PMo8 16.26%7F 23 ool 22 o] R ox FAHo vt
I tH(Deshmukh et al., 2010). olgg|o} =AM} AR FAA] FHH 2
o] 24 F-2 PMys2 43%, PMas 02l 12%E AAst= Ao
(Cesari et al., 2018).

AR T o] 2AE Ueom B PlEs AASE AL BAA Rt

Lt
o
k
i
=
%0
o

(e
[
inSs
R
rlr
Ho

(NIER, 2009a). PM,sS G433t 7] €t A (organic carbon, OC)<}
Y a4 (elemental carbon, EC)Z & 4 th OCe AAH o2 wjEH 7=
shal 191FQl dAAAAHES FI dV] ToE AR wWiEH7E v agn
VOC stete ¢ 7t 243 123 JA7F O3 53 22 Abska)eke] Fshohyt
S5 B3te] 23A R AAEVIE vt ey ECE diFE AABAAA o
7l o' A WEHE 1A LdEdolH, JA9A MEdY 9T H=E HUtet
= AEZ AFEH L QU (Turpin and Huntzicker, 1991; Lin and Tai, 2001; Szidat
et al, 2009). 53] B¢ dAxd 93] AH wiE¥+= ECE Hd(soot) =+ A
et (black carbon, BC), #&5 ¥4 (light-absorbing carbon)gtxl &7 %= 3t}
(Han et al, 2013). BC= #5823 o= Agsta He & Faste] A72d33t
ol AA 7]osly, tAd AL AFEEHZE ALEHTH(Calvo et al, 2013). ©]
ggjol E=AMA A A A PMy 5 OCe] Hl &2 19.3%, ECE 2.7%°] 3L, PM2s
FolA OCe 269%, ECx 31%E AAste Ao=2 YERtH(Cesari et al,
2018). =79 Beijingdl Al S4%¥ PMys d=Fe] 245%7F TC(total carbon)©] 3l
3L, o] & OC7F 77.3% = tH-ES A A1 et al., 2016). -2yl &
FEIL = A9 dreddTSFE LN SAHT Blel oJsd, PMys ol A

OC7} #AAgh= Hl&2> 96~155%°1al, ECx 24~47%°]AtHLee et al,

o

o

i
Hr

MARAE FAST Qe 9adES AL Si Ca, Fe 53 2o A7 &



2k, Nidk V& 2 A4 Asé Sed A& dA4E FAs = diddd ARE4d=
2 A 9l th(Sternbeck et al., 2002; Querol et al., 2007; Cheng et al., 2014). &
A, Na, Al Si, S, K, Ca, Fe2 F5¢9 ZAA 92 Hangshouol Al PMy, Zol 7+
TS dAaE FJAHASH, PM, A=Y of 24%E AAch= BoE HIL
(Cao et al, 2009). ==l ZAIX G A& A PMys & Yo

e 747 72%9F 58%°1%laL, 53] wH A7 Ait(crustal material, CM)

R4
22
o

N

G 9l s WASEH, T2 A4F A9
Aol e.dgel o) MER eQgwA ojFn FHom s vEhte o=

aelx Arh(Park et al, 2012; Yu et al, 2015). o]t % wjAwW A ] DAY

A9 W7l e LEE Azt Ve A7l mAwAe] 5eE 54
22 5% O A7sb ol FojAok k. webA] wAMAS] =7]sh A
Q1 Aol®ut ofje} sl @4 FA, WEE Alde] H@ sehgRel waksh
HASA Fol $@ ATt Awe] gk Ko et al(015) b4 E RS
a7 AT AF makelel A J1Fe] ol EAE MR mANAY £HS v

=d, 7157 FEUEY IRy AFAdoezr F99 w nss-SO7,
NOs, NHy', nss-Ca” 7} =olxltha Hadl gtk Park et al.(2012)& A1-&A] o]
Al AR ARl Alell PMy & AZF ] s=7F vl EARA o] blE) 108 o) S
7tetdem, aEE wAHA AL AldlE PMys 5 St EFEI FAY R F
FE7E 2~ SUbeRaL, frrle sk dawa ada vE A =

39} ol F7HElta B gl Yu et al(2015)0] FFA GolA S 3 Aol A

= W2 TERPA vAmAL 23 o] FXE o] dgk Aol HERe

o, 2 dAEARE SO, NOs, 22 A F71e4 Solgba AlA .
9]

T, U&= 5 oprlol AFeM = MustE st 22 wjEA A 9% @
ded S7F aEa Ale] s Ay SAVIZE dtE B3Ee]l 5 547

)
i
>
o
ot
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X
-
oX,
oX,
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ATk A= MusHEd s Fl Fst SolA AFHE PMyy ol Cr, Mn,
Fe, Co, Ni, Cu, Zn, Cd, Pb, Se, Hg, As¢} Z& vz d2rAlF o H=7F w7 A
Aol wro H& AAEA Z7tstg et @ th(Jayasekher, 2009). 3ol A= uf
o] Qujx Ak o AZe 7oA AFE LS, violem s AA o

JLrE 7| Fd 53] PMs, K, ©2A A7 54384 F7rstcan o
(Cheng et al., 2014). &3t F=9] +=4(Spring Festival) 7|3t o] oA 3
S PMys 55 HW EXso7t AZEE AFSTEH wEA F7kedal &=

o7 T8H FoA%E 70X 2t 75 wg/m ol FETF AEHHJTA 3
(Ji et al, 2018). Ql%9] WAl FA tj&e #H2EgdHe YA+ &
= &l 343 PMy s=9 Aol 7|FHAL olnf 53] Ba, K, 5ré ¥k
2y 7y 26449, 184l, 158 S71st Ao2 FR1¥ 7% Furh(Sarkar et al., 2010).
oA mAHA = WAL whEkA veFek skt SAS AYA =W 71,
], AlZEe] W ste] wEtA = AFolE HQlth uk ofyEl dxte] A7,
steta 54 sol wek Aol Wgk fsivt vEA yEtdt. 58 dxke] A7)
Z AA o Fasty] wiEel] wAwAe] dig dEE A=
Aol B mAEA ] 54 g FEF AT Z

*8

T S ==
o D M

pla

N
-~

)
i)
)
do

N
)
o
4

2. 974 A% AT

TAEA e RS AAR S JH2 FAste] ety =4S Ay

st a7l 9t "5 IMPROVE (Interagency Monitoring of Protected Visual



Environments) networkoll A& PM,s¢] F& FAAEES da SA4Y =2
AR ol5S ATATFoEM wAwAe setxAS A etar vk 1Pl
H B ATolA PMpsol 3184 A S H7kstr] fa PMys 2% A4
3 ¢kth(Cao et al., 2009; Moon et al., 2011; Park et al., 2012; Park, 2014; Wu
et al, 2017; Xu et al, 2012). Chow et al.(2015)& 7] A olA Aoty Z =
A2 ¥ (mass reconstruction methods)S “d2lsle] Hx 37 %= Fo},

A A5/ (mass reconstruction)©] & mass closure %+ material balancez}
A% shedl, AT A ] A she S Alolo] EEAAS vtetstal A
= ATl f8l ol &He= tdsta F8&3 mgtoln, AR SAHE R )9
stetES o] &ste] SAHHA &S AES FAS] A ALAsE wolth
A2 EHE AR F(ammonium sulfate, AMSUL)¥ 22 E # (ammonium
nitrate, AMNIT)# o] Fa 714 ©]&(S0,”, NHy, NOs)ol AZH Hejo] 2
A} ol o] 2 Z(secondary aerosol), 7]1%& & (organic matter, OM), EC, A|Z} £+ &
4 A ¥ (crustal materials, CM), 3| (sea salt), "|ZF UAaAF(trace materials,
T™), 12l 7]et A& (others) &2 A= o] Utk weba dxpel A=F A4l
RoJA = olefet AEES Edste] HAT thdd 2= (mass reconstruction
equations)< ©] &3ttt W2 AolA &8 A= WHSES vsol AASR L

aL
™ (Chow et al, 2015), ¥ AFIA = 0|5 &85}

2L

PMs5 mass

= AMSUL + AMNIT + OM + EC + Sea salt + CM + TM + Others (1)

o]l A EE F SO, NHy', NO3y &= ammonium sulfate ((NH)»SO,) ¢} ammonium
bisulfate (NH,HSO,) 12|31 ammonium nitrate (NHNO;) FEHIZ A3 sle] tf7]
= 22 F7] o o] 22(SIA; secondary inorganic aerosols)S Al Ao® &
A 9tk 7] T NHzE sulfuric acidel WHS-3Fe] (NH,).SO,2F NHHSO,2] A
e S8t whg - F2 3] NHz= nitric acidet ¥F-8-8Fo] NHUNOsS &
A3kt (Pathak et al., 2009; Meng et al, 2011). 34k, A4k, oF
(NH4)2SO49F NH,NO; e 29k EAjgtttal 74 sta o A& o]



(2)
(3)

AMSUL = 1.375%[S0,*]
AMNIT = 1.29%[NO; |
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OM = f x OC
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<3 (Sea salt) 2]

3

Fo|th(Willison et al., 1989). m] A x| of k-5

(5)

Sea salt = 254 x [Na']
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, Al, Fe, Ti, Ca, K
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fledede 1 AT wae] A AFnden Egein
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Fat7] o

s Fl FEAGAM AEETE I wEk trje el oM 24

mdo A=z 2dl(mass balance models), & Ej2l2] 2l (pattern recognition
models), 7|EtR a2 R 5= v} A ndo = 8Fshd @42 (chemical
mass balance, CMB), &=74<% (enrichment factor, EF), tWs41& 3749

(multiple linear regression, MLR), <1A}&21 9 (factor analysis, FA), 3= 2=}

il

3219 (positive matrix factorization, PMF), UNMIX =9 So] dt} dHejela
do = A W (cluster analysis), 217 324 ¥ (neural network), Al Al &4
(time series analysis), & 7A€ &A1 (spatial series analysis) S°] At} 18 1L
718t FgRd = I 4 EA(back trajectory analysis), CPF (conditional
probability function) 4], NPR (nonparametric regression) 4] &°] <t}
(Hwang and Kim, 2013).

tpokal =872 d = PMF (positive matrix factorization) 22 Paatero and
Tapper (1993, 1994)e] <&l 7l W o=z QxEA o st FiFoltt AAHEA

e Aol A BAH FYRE Aol FUAS Heldku FAE ABE nol

s
)
£
o,
Mo
ully
o
I
el
o
ofh
o,
ol
9
re
r&i
1-0
2
(o,
ftlo
Ao
o
et
-
facs
)
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Ir
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o

A3t oA HEHubHolw, Al E(speciated sample) d @S 29 EF E(factor

profiles)9} 291 7]¢] %= (factor contributions)®] F+ 7§ AR E&st= vl



29l B4 =Ftolt} dlolE I F(speciated data set)> i, j A2l dlolg FH
x®2A, e AlRFelAL ju $A49 SetES et =, 348 x¢] P row)S A
A" Ao, Alcolumn)S strte] Algel tigh s8tFE=o] sh® FAEH
PMFE o] &3 tpi=f F8rde] H12 92l ()9 7k a1 Z=u(p)
g i Az diel Zb gl Vloske AR (ge &Syl $1% Aotk
PMF 2d& =AHw 3stEe] sl o9 HFE(source profiles) Aol 3}

St @F=X](chemical mass balance)E & ZA3st7] s tS 2oz AHowHrt}

p
xzy - kz gzkfkj + eij 9)
=1

e 2 AE/38EE] g expddoeltt, Rdlo Aye= o9 ERESY oF
4 71dE7 S e 7HE ¢ gloke Az stel d& 4 Stk PMFE @
HE 059 Ed%wel] A% &4 (objective function) Q& #4388t

71 o] tHEPA, 2014).

szn]f} — (10)
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H47E 3 A E(rotational freedom)E Alold & = 9GS drh HE
Fpeak 7 -1.0914 1.07hA 0.19] @92 WEA7AA 2dS S35 =4
Fpeakdll W& Qgkol S7tal7] AIAE wjo] Fpeaks A sk Aol Yybzofn}
A Fpeak 7% ¥ 583 Aol 9= Aeo] ofyel A= AP
of &l AAstA FrHEPA, 2014).

HEHoz St ndo] Aijox gy a9l Bk (factor profiles)= £

ol

A HF3E(source profiles)®}t W& 5 3 (discharge inventory)S ©]-&3te] Alw
g

F oot o999 FHE FaAsts) s Asael od HaE Bast

L
Ao AAFAETG IR o s F2 odd EREV EEAA g AY
2 A85¥ 3 dri(lestari and Mauliadi, 2009). 28y =& 24

=< I Ed AAZE 7EA A s 7Pg ear el wE Aol Aok ALY

Abdol & skersr H a7t vk (Jeong, 2014).

Yo M= A Fel, PMF R o ERE7F vhdEo] A & A
oA 7l F PMpeltk PMpsel @l tigh A=A 7l=s F4st=d
AAAo 2 de AE% 1 At (Hwang et al,, 2008; Lestari and Mauliadi, 2009;
Mooibroek et al., 2011, Gugamsetty et al., 2012; Jeong, 2014, Nakatsubo et al.,
2014; Park, 2014; Lee, 2015; Yao et al., 2016; Sung et al., 2017). =3 PMF +#

e QAEAny Azdel ¥x 29 Zendd U BFE o I 53



o] 91tHQin et al.,, 2002).
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Fig. 1. Sampling site.

2 AF7|7E Foto

Table 13} Fig. 2°] YERHAT. & dATolM= 39 ~58L &, 69 ~-892 &

a8 a 129, 19, 298 ALR FEs.
2 3C A=

D
©
—t
X
ol
dp
rlo
w
2
-
32
=
)

~
a1
X
B
©
(=]
X
By
It
(o)1)
X
(@)
=
oo
X
Bt
2
o
-
o
N
N
ol
R
rfo
o
oy
ot
N
o
BN
Y
tlo



< Aol s sl 3 Ao yEuth Fig. 3ol= Al A7 &k
AMY s v (windrose) 2 YEMHAT &, A5, 7t Eds 55
Aol migro]l AL, Aadel= 53] HAFHAM Eolex= 43 nvig

Table 1. Meteorological conditions during the sampling periods

Average Spring Summer Autumn Winter
T(‘ircnf' 163482  148+44 269437  195+47  6.1+30
WS
d£1. 29+1.2 2.7%0. 2.8%0. 9=£1.
(m/s) 3 3 9 7+0.9 8+0.8 3.9£1.7
RH
(%) 69.1+12.1 6751135 79.0+£7.8 70.5+10.9 61.8+8.7
PRS
(hPa) 1015.3176 10145+45 10055+£3.8 1015259 1023.5%£4.5
Solar
HET. 17.5+7. 19.1£7. 11.1+£5. 9+4.
(MJ/m) 13.5+7.6 7575 9.1£7.0 5.8 7.9+45
Precipitation o7 5 1927 240.7 4476 933
(mm)
No. of days
with 157 33 27 57 40
precipitation

Temp.: temperature (C), WS: wind speed (m/s), RH: relative humidity (%), PRS: pressure (hPa)
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Fig. 2. Monthly variation of meterological conditions during the sampling periods.
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Fig. 3. Windrose during the sampling periods.
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Table 2. Number of samples for PMss and PMjy in this study

PM,5 PM;o
Month

2017 2018 2018
January 15 13 13
February 16 19 -
March 10 21 -
April 14 21 12
May 16 11 -
Jun 12 7 -
July 14 7 -
August 10 17 17
September 21 20 -
October 21 13 -
November 19 14 10
December 14 12 -
Total 182 175 92
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Table 3. Analytical conditions of ion chromatography

Anion Cation
Tons Cl, NOs, SO, C0% Ca¥, K', Mg*, Na’, NH,
IonPac AG 19(Analytical), IonPac CS 12A(Analytical),
Column
AS 19(Guard) CS 16(Guard)
Eluent 20 mM KOH 20 mM Methanesulfonic Acid
Flow rate 1.0 mL/min 1.0 mL/min
Suppressor ASRS 300 mm CSRS 300 mm
Injection
100 pL 100 pL
volume
Detector Conductivity Conductivity

Table 4. MDL and RSD for ion analysis

Specics Average SD MDL RSD
(pg/mL) (pg/mL) (pg/m’) (%)

Cl 0.023 0.001 0.001 3.91
NO3z 0.046 0.002 0.002 4.13
SO 0.104 0.004 0.005 3.75
Co04% 0.049 0.002 0.003 4.29
Ca*' 0.023 0.001 0.002 5.65
K" 0.022 0.001 0.001 2.27
Mg 0.021 0.001 0.001 2.86
Na' 0.023 0.001 0.001 3.48
NH, 0.053 0.002 0.002 2.83
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Table 5. Analytical conditions of carbon analyzer

Program activity Carrier gas Ramp time(s) Program temp.(C)
Oven Purge He 10 ambient
1st Ramp He 60 315
2nd Ramp He 60 475
3rd Ramp He 60 615
4th Ramp He 90 870
Cool for EC He 30 -
Stabilize Temp. He 45 550
He/Ox 1st Ramp He/Ox 45 625
2nd Ramp He/Ox 45 700
3rd Ramp He/Ox 45 775
4th Ramp He/Ox 45 850
5th Ramp He/Ox 120 910
External Std. Calibration Cal. gas + 120 ambient
& cool down He/Ox

Table 6. Analytical conditions of ICP-MS

Variables Conditions

RF power 1,350 W
Plasma gas flow 18.0 L/min
Auxiliary gas flow 1.3 L/min
Nebulizer gas flow 0.9 L/min

Replicates 3 times




T A ® _ —
O A B AT
- 0 T Moo
o ko — = oodo of o W T E
@ﬁaﬂwww_hﬂwmu %ur«ﬂ%%%Lw i B o
%ﬂz_o@Dﬂ_zﬂ Hﬂ%ﬂmﬁ@@_g oW oy T E
cIERFT R st 23R D E I TR
M ol @ =W o W TR S 4 4 Pon
zo 0 OE - ,Ul Dol A — ~ Hﬁ mma = O d.ﬂ oF ) o o =
Voo R0 mo B K LS = e N0M = x 2 N g g X
o) RS - & S R LS o WM \
— ™ a T 75 X Gl _ é. N H Ll = o_a T T
5 om i S N M o MoHe g T R o T =
zh T W‘_ TR P = M o o Nr < T 7 Wm M2 BR Tor mﬁ =
= _zezT "= LT g 0T SR 2o oo By P
W o= _wﬁ H H.ru _L ) ~ w il WL E % _ ‘91 | M \ﬁ o ﬂou ‘.uwwo =
G T . o2 owm o o W X o o w <8 o NE ~ =
—_ EL Jﬂ 1% _~— K 5 N m ™ o ﬂﬁ — ,mﬂ a,
T e Cow o ow R ) x .2 M
5 t~ 4 e xR Y < X w
= T o» W B I X m ' <
S © o S " o T X w o o N B ob ~o
2N W =] o do M — ooy o X
. S 9 - TN IS l i o
o E T T oy . ol o M ®our - 3 = MoX m oz
w0 | =y M N RS Y Nk BH o ~ X or Y of = ,)A|
< N U TR ~ 3 W T w =T
o BT w o Mo R AF o @ = gjo m g = e~
S my 5 ol T ) M A (= F° ﬂw yx.,_ 5 < oo o o
Mo T g T Ay - p = =T S w9 T oM
-~ w0 8 o~ ol do : AIARN -
o X T T % ooy Hox N TS = ® H X
o o N © © 0 0 = 5 X n = T @
F T X ~ T . IR s z < iy S 5oz
= ak AU = T X s op = BN N 2 ¥ om0 Mo of
o = ) B o 1 3 WO W E o OB o
-~ X o T M %o T A_l ) B ~ = = ~ T o= = o oF
< _i [op) oﬁe — AT Gy o) :i e ~ ~ R = N ~ M =1
il Y o — ™ o alo 0 o |y — A o =
Z woE o < X ° Moo g B ~ Ar =5 = <« o
£ o ) = R (R S BT &y - RO
plx oo TR ol n KR T W o & T _
I oy ~ ©° W/ /O o} — X ,.;1_ — 64| < ;Iryl file)
0 SIS M D R a 5 S £} o S or = B
A = R R .w,%aqé
o 0 | B A = M T N rmu M xr ° o B D o K B! s ° oo R T ,Ul
o TN R OXO® ~ Yo of M ) R
R . S I =~ XK W9 el o) ofy o] S X A o
2B B oM 3 o W T F W ER S P RN T g
O o ;= o TR = g e o 1
o fils) o ﬂ ﬂ OT & J J., ,um_l H:I ﬂ \EE
@ om T W o

gy

floF ¢

I

Q.
[S)

sl
&

o] PMF R 4o

- 29 —

7F o] 7] wiEol dle]H <



Table 7. MDL and RSD for element analysis

Specics Average SD MDL RSD
(ng/mL) (ng/mL) (ng/m’) (%)

Al 5.351 0.165 0.691 3.08
As 5.029 0.065 0.171 1.29
Ba 5.044 0.103 0.270 2.04
Ca 10.424 0.496 1.295 4.76
Cd 4.720 0.045 0.354 0.95
Co 4.819 0.118 0.309 245
Cr 5.053 0.072 0.189 1.42
Cu 5.129 0.113 0.295 2.20
Fe 4.617 0.085 0.224 1.84
K 10.569 0.576 2.022 5.45
Mg 9.634 0.191 0.500 1.98
Mn 4.859 0.089 0.232 1.83
Mo 5.114 0.105 0.379 2.05
Na 10.502 0.516 1.500 491
Ni 5.125 0.080 0.210 1.56
Pb 4.963 0.055 0.170 1.11
Sb 5.133 0.067 0.202 1.31
Se 5.398 0.279 1.277 517
Sr 5.041 0.073 0.193 1.45
Ti 4.796 0.125 0.979 2.61
Vv 4.872 0.059 0.258 1.21
Zn 5.363 0.139 0.388 2.59
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Table 8. Comparison of PMsys concentration in domestic and overseas

Sites PMo5(rg/m’) Region Periods Sample No. References
Jeju, Korea 16.61+9.38 Urban 2017.1 - 2018.12 357 This study
Gosan, Korea 18.7+13.3 Background 2013.1 - 2014.1 109 Ko et al., 2015
Seoul, Korea 29.5+19.8 Urban
Daejeon, Korea 28.8+17.8 Urban
Gwangju, Korea 23.1+£14.4 Urban L1 =12 sung et al, 2017
Baengnyeongdo, Korea 23.3£16.8 Background
YRDNNR, China 78.9 Background 2011.1 - 11 Yao et al., 2016
Cabauw, Netherlands 185+12.3 Rural 65
Hellendoorn, Netherlands 14.0+6.9 Rural 65
Vredepeel, Netherlands 175+9.2 Rural 2007.8 - 2008.9 65 Mooibroek et al., 2011
Schiedam, Netherlands 17.2+11.6 Urban 76
Rotterdam, Netherlands 19.5+11.1 Kerbside 85
Himeji city, Japan 159 Industrial 2010.7-2012.11 198 Nakatsubo et al., 2014
China 41.62+19.45 2017 1,568
. Yang et al., 2018
United State 7.94+2.50 2017 706"

“Number of air monitoring stations
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Table 9. Seasonal mean concentration (zg/m') of PMss

2017 2018 2017~2018

(n=182) (n=175) (n=357)
Spring 22.11+9.19 15.30£8.19 18.23£9.23
Summer 21.00+8.73 15.49+6.59 18.45+8.24
Autumn 15.59+8.89 11.09+6.30 13.63£8.15
Winter 17.47+10.80 16.80+11.09 17.14+10.89
Average 18.56+9.73 14.58+8.56 16.61+9.38
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Table 10. Mass concentration (zg/m’) of PMjy and PMys5 in 2018

Average Spring Summer Autumn Winter
(n=52) (Apr,, n=12) (Aug., n=17) (Nov., n=10) (Jan., n=13)

PMio 33.42+21.15 44.94+34.37  26.93+5.27 23.44£8.89  38.95£20.33

PMzs 14.68£9.10  12.67+5.82 13.50+3.35 1045561  21.35+14.62

PM:5/PMij 0.47 0.34 0.51 0.43 0.56

PM;o2t PMys7F A0l S 713F Bt PMjpd PMos7t s =2 B34 Al
dE AT PMpol 24A17F t 71874 71 = (100 pg/m')S 29435 G2 490 13
18] 38 PMys7) 244170 o) 7] 87

HATh 53] PMpo]l &471S 233 20189 4¢ 15¥ & 20159 b7

BRAZE A B o] F AFA M= AFor FAte] JFoR s PMy 73

71235 pg/m)e 23E Ee 14 2371 =

B7E BT o] Yol PMy, FEE 14235 pg/mE v$- E& wtd PMys=
16.65 pg/m o3, PMys/PM)e H&= 0122 wj$- vk -5 yehiQleh. o] ob 2
o AL FAEW wAYART 2o gAte] HlEo] E7] wEel PMys/PMi
Hl7b A wrolAl= Ao R R il dtk(Jeon, 2010; Kim et al., 2019). RbwHo|
W G Al ofgk wiFo] B2 ALHY FsEukge ok 234 o] 2 &9

Aol kst of FHoll= PMys/PMy Hl7F iAo 2 =& 7

(

e wele

O
2
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2. MAAR Y FFaH = EA

2.1. PM259] 834 x4

2.1.1. o] 2B &

o7|M = PMpsE TG Sl ARE T 7H B H&S AA s o=

&2 ZI(NIER, 2009a) o]=d&9 % 54 dia] Avr izt sioy, PMaysel 3

fre T84 2R s=E AdERE Aol Table 11 Wb AT 2017

ARE 201897 AFA A PMysol G Fol 4o B

H
[

1

9.75£6.84 pg/m'S.2 PMys A=l 56.7%E #A|stal Yo, o] & F 4ol
Fool Awe A vEe 247 261175 pg/m', 7144512 pg/m' o2 YEF
t} o]l 5 AR FToA 23 oo} EZ(secondary aerosol) S TFAGE T8 ol
52 SO, NHy, NOy 9 #its = Zh7b 4984339 pe/m, 2.20+1.71 pg/m,

8l pg/moler 1 9 HAEES dAdsrts EF 02 ug/m °lstE 23

o
k)

(¢}

o,

o ZAE 7 oleARES FEUAE Urhd Aot PMLE THsT sl
ol EAEE T 53] 23 ooj2E o] 2R E(SOS, NOs, NHy)¥} Hle] o
M Aie] AxeEde 4z K, 9 719 A Na, Cleh 22 o] 24 %
52 75" MELG ol FEHSA RS FEXE By F94 oA E
T #EHAT 2 Aol A 2441 PMys th71 84 71535 peg/m')<
T 53] SO, NOs, NHy', K'elAl o] dx&5 Hole 497 tiiitelqlrt. oA
H oldAE Bl aE=E B Atddd gaiM = vhe Aol AR vFT
2 ogn 2 aTA B FoledRe BEd HE 7 oledrEe Aon

tllo
B
&
rob
e
2

E AW EY, S04 (511%) > NHy (226%) > NOs (19.7%) > Na' (2.1%) >
K' (1.3%) > G0 (1.3%) > CI' (1.1%) > Ca® (05%) > Mg” (0.3%) +=<o&

JehdTh ol eARE FolME 53 23 ooj2E o] 2ARo] FoleRo

934% = ¥ A8t Jde= AS B 5 AdAHFig. 10). o5 PMys 5%
of tet 7]oq7t A3, 7] Fo2 wEE SO, NO,, NHzeb 722 7k~ o d&E4



o] Ao w WM3Kgas-to—particle conversion)® ] (NH4)-SO, NHHSO, NHNO;
5o YHzE At Aoz ¢dHA Atk (Meng et al, 2011, Satsangi et al.,

2013). 1&]ar s 719 o] A<l Na'¢t Cl' & 32%, vo] vl AAie] A%
229 Kt 13%8 A48 202 tehgrh o 4o4 PMys % B H2E

=, 7FS, AEHEo zZHz 1058+6.67 pg/m', 12.30+7.33 pg/m', 7.33+541 pg/m’,
9911736 pg/m=ZAH A5, &, AL, 7S To=2 ol = HAIS HA(Table
11). AFA EAA G PMysoll sHrd Fol&Ad o] of5He 7B =2 A

o BEsh o] BUH ALY 54 WEoR A4Hth JEAE W] F B

(Pathak et al., 2009).
Ao FolAdwEe A WL PMys A5 Wskel AR
FHE BAoy, 7} o2 v AdWE FE vE2A yEds & F
l(x):_

AATH 23} o] ZZE o] 2AE F JHF =& HES A s dE SO 9

al, 2013). ¥ oA SO~ X AEWE FHL AT witgddM =4
nss-SO 9] AdWsets FAE AFE B HLee et al, 2010).

NO; &= SOF sb 2de] Aol 7H &2 RS Holu odd v Fk
E YERldTh ol gk AARStE Hol= A NOs = 53] 7|20 25 o
NOyo] wh&-o 2 AAE HNO; 7F27F gHE NHNOs9 22 dAapgoz &4

5]

shA k7] 0] =S ujiE NHNOz2| AH o] i 7|4 g olFsr] Wi
o] tH(Squizzato et al., 2013). g+A, A5 itE]dA SAHEH NOs o v+ B3

of 714 =& = Yl om(Lee et al, 2010), ¥ AFoxE ALH the

oz AL AL M2 $+EOR L FEE wolVE ST



Table 11. Seasonal mean concentration (xg/m’) of ionic species in PMs5

Average Spring Summer Autumn Winter
Mass 16.61+9.38  18.23+9.23  18.45+8.24 13.63t8.15 17.14+10.89

Ions 9.75£6.84  1058+6.67 12.30+7.33  7.33+5.41 9.91+7.36
>Cation 261175  280+1.60  3.32+1.86  2.02+1.53  2.59+1.86
Ca®' 0.05+0.04  0.06+0.05  0.05+0.05  0.03+0.03  0.05+0.03
K’ 0.13+0.13  0.13+0.08  0.07+0.05  0.12+0.12  0.19+0.19
Mg* 0.03£0.02  0.02+0.02 0.03+0.02  0.02+0.01 0.03+0.02
Na’ 0.20+0.16  0.17+0.15  0.28+0.21 0.18+0.14  0.21+0.13
NH," 2.20+1.71 241+£157  290+1.94 1.66+1.48  2.11+1.72
>Anion 714512  7.78#5.09  8.98+5.51 5.31+3.91 7.31£5.51
Cr 0.11+£0.17  0.11£0.15  0.09+0.17  0.08+0.17  0.17+0.18
NOs 1.92+2.81 2.38+3.00 1.70+3.35 1.05¢1.63  2.68+3.01
SO 498+3.39  515+2.775 707413  4.07+3.21 4.36£2.93
Co04* 0.12£0.08  0.14%¥0.08  0.13#0.07  0.11x0.09  0.10+0.07

Ton/Mass 96.73% 56.53% 64.96% 52.56% 55.82%
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Table 12. Seasonal mean concentration (zg/m’) of carbon species in PMss

Average Spring Summer Autumn Winter

Mass 16.61+9.38  18.23+9.23  18456+8.24 13.63+8.15 17.14+10.89

TC 2.82+1.61 3.45+1.49 2.28+1.28 2.56+1.75 2.88+1.55
OoC 2.24+1.36 276+1.23 1.83£1.08 1.99+1.54 2.29+1.29
EC 0.58+0.32 0.69+0.33 0.46%0.26 0.56+0.31 0.59+0.33
OC/EC 4.23 4.35 4.87 3.66 4.33
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Fig. 12. Box plot of concentration data for carbon species in PMas.



Table 13°= 7713 &t SAH G LS =5 7IE9 AFZ239 v
aste] YERAT AFA BAA G S48 OCet ECY sks =i eldllA
THE VIS Aadel wlske] Ao w2 sEollal, 53] sl v d A
Al MPF oM S AdERTE ¥ FXE YEhod WEEs £
AR wiEdol glo] T & NN FdE= AAY ols Wrleded
o] FAe] A3 otk (Sung et al, 2017). ¢+ AFAFLS A di7]de] &
W EA Aol Aol glew, =l B A el Hlste] ]

2
Fow A4 WEHE BaARY WEde] ofF Atk 20160 Fu U edR
=9

&

Ao m yetgth HlE SA7| AN Aol JARE 2 AT 53
® OCe ECO srv AF= AZ afictzke] aikglel Hls) OCe tha £l
ECE 92 FF5 Hioy Faadie] HdsEs A v s th(Han et
al., 2013).

Table 1214 E™, A7k &t SAHE OCe ECO Hiskev A=
2 Aol= iAoy FHo]l vA Fa o5 Ho W
al.(2017)el Jstd, =l F8 EA 9 wiA Lol
st HAHoR AEHd A yeut 28a euete S50l fAE
F 9] 3ot AlQl Qingdaool A =3 &
< Aoz YEPYTHWu et al, 2017). &3 F=2] Fuzhoudld =4%¥ OC 5%
= dFEH B AL FH oF 28 Ak A #5HYE R oM (Xu et al,
2012), 2549 TAAFAME ALH =2 & HIH(Custodio et al.,

2016). ot o] wuielolA s E 7[E AFolM s B EErt gAA R A

i Aa Tol o7 ol AHstal vk 2y B A7 ke &

AFEE ALARTY B B FEE Yol /& Ao ta e )



Table 13. Comparison of OC and EC concentration in PMas

Sites Periods OC(ug/m’) EC(ug/m') OC/EC Region References
Yeondong, Jeju 2017.1.-2018.12. 2.24+1.36 0.58+0.32 4.23 urban This study
Seoul, Korea 2013 4.78 1.78 2.68 urban Sung et al.(2017)
Daejeon, Korea 2013 4.89 2.18 2.24 urban Sung et al.(2017)
Gwangju, Korea 2013 472 1.66 2.84 urban Sung et al.(2017)
Busan, Korea 2008-2013 3.31£2.03 1.49+1.09 2.99 urban Park(2014)
Qingdao, China 2006.3.-2007.2. 12.4 2.02 6.14 urban Wu et al.(2017)
Fuzhou, China 2007.4.-2008.1. 8.50 2.17 3.9 urban Xu et al.(2012)
Oporto, Portugal 2013.1.-2014.1. 6.2+4.8 5.0+3.1 1.28 urban Custodio et al(2016)
Baengnyeong, Korea 2013 3.08 0.69 4.46 rural Sung et al.(2017)
Gosan, Jeju 2009.10.-2010.6. 21+14 0.7+0.6 ¥ . rural Han et al.(2013)
(4.2+69)

x*Averaged ratio of 1 hour data.
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HE 12 A4 0Ce 23 44 OCE Ao g st FE7] vl EC
2 123 A4 0Ce AAAZ AFE3sH, OCS EC Atolo] A#Ado]l =4 ey
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et Aaz 5 ) AFA =EAA A= SOC A o g

al
QAT AGW] P VARG 5P 24N FeAske A ojel ek

r
rl

® drAsiels e, £ Beijingol A= A= OCs EC Abole] ApA
o] FF Aol HYLH, 53 o]FANE FAL oF Ei FAHA SOC

QS T e wEYe] JFgo A8 e AAHR*=039)S HIaL
Agde= A Wiy AFa wj7|7bse] od o

(R?=0.87)< 29tha 39 uh(Ji et al, 2016).

Fig. 15+ PMysell &% OCe ECel tigh polar plot #3325 WEH Zo|t),
o7 FA~5A Ade niFhe]

g
= W 2o FEo] HuA ofdd wo] w2 FFS B & Aol OCet

["O
:‘?L_',
o
r |
o0
i
oX

of Ao ol VEhe How FAHUL AW, 0CY AFolE Fxo 7
# W sE Frbee 4@ wel BC w447 o5 o7 9% §99)

g Aok 22 A et 24 43S W=t (Lin et al, 2009). 53] of

o] e 27 oA OC HX7F oA (Ji et
al., 2016), F<°] 05 m/slA 5 m/s oo =2 F718 uf OC¢ EC w%+ W=
A #Fastga olek o] upge] wE oo ZF F=(wind-dependent aerosol

concentration)®] W3} $AS FE B Ao BAL7|E s tHLin et al, 2009).
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Table 14. Seasonal mean concentration (ng/m') of 22 elements in PMy5

Average

Spring

Summer

Autumn

Winter

Elements 979.5+414.3 1,153.5£483.8 1,096.0+306.2 869.7+360.3 843.0+381.4

Al

As

Ba

Ca

Cd

Co

Cr

Cu

Fe

Na

Ni

Pb

Sb

Se

Sr

/n

90.2+86.9

1.6+1.1

4.2+44

51.5+30.2

0.3+04

0.1+0.2

6.0£10.9

45+11.8

115.7£85.9

171.4%178.3

73.8£34.7

5.7+4.3

0.4+0.3

394.1+187.7

5.1£8.8

9.5£11.7

1.2+26

1.1+£09

0.8+1.0

55+3.9

6.0£4.0

30.7+21.1

129.0+128.9

1.7£1.2

5.2+3.1

59.3+24.8

0.4+0.7

0.1+0.2

6.4+12.5

35+3.8

148.7+111.1

235.8+237.9

87.5+39.4

6.1+4.2

0.4+0.2

406.8+170.7

3.5£1.9

11.0£185

1.7+4.6

0.7+0.6

0.9+0.6

77+£5.6

6.2+3.2

30.8+£22.9

88.4+85.2

1.1+0.8

4.0+2.3

70.0£37.6

0.2+0.2

0.2+0.2

7.2%+12.3

3.4+25

119.5+87.5

134.2£134.5

82.1+£26.8

5.946.5

0.5+0.3

513.7+194.9

7.1£8.6

6.0+6.3

0.8+0.5

0.9+0.7

0.8+0.4

56+3.1

8.6+5.5

36.1+22.7

66.0+40.5

1.6+1.1

3.3+1.6

48.9+24.5

0.3+0.3

0.2£0.1

72+11.4

3.1+25

107.4£71.7

80.5£58.0

1.7+1.2

4.4+77

32.7£23.6

0.3+0.3

0.1+0.1

3.5%6.1

1.9+22.7

88.3+54.1

138.7£134.0 171.8£165.0

62.9+29.8

57+3.3

0.5+0.3

66.4+34.4

5.0+3.1

0.3+0.2

361.9+178.4 330.0+£168.8

7.1+13.7

8.9+6.1

1.2+1.4

1.4+1.0

0.6+0.3

4.6+2.7

55+3.7

32.6+18.8

28+35

11.3£10.1

1.1+1.0

1.1+1.0

1.0+1.9

41+25

43+2.4

24.3+19.4
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Tk Na, Mg¥ 22 sl 719 A247F 47.77%, Fe, Al, Ca®} 22 A7} 719

7h 32.83% % B2 s ARAStaL JQATE EF AZF oA wlo]emj s A
2o AREHEE YA e Ke 1750%= vlwy & v&S Yepgglen, o
F9o.2 7Zno] 3.14%E AR YA Ph, Cr, V, Mn, Ti, Ni, Cu, Ba, As, Sb,
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A 71 A ER] Na2 o548 7HE =skoen, A7 71 A2 Fedt
Al = vE Ao vlal EEFAAY] ol B2 FHA =

AE, A, 35 2 BEE Ao S48 A7 7Y RAEEY FE 9



BHo| =& SAS ¥ (Sung et al, 2015 Sung et al., 2017), A5 3-apako

a}
A& EBEQ 5 A7t 7Y dAdEEe] 73 sES7FE UER A tHLee

and Hu, 2016). ¥ d7olA s, A2t e B¢ 22 2 71d A28 Es
Al UE W K2 w8

d

gk 19 7Y dAE TolA B2 HES AASH L
¥, Zne qd5EHo A ¥ FEE YEAT K3 Zne A7l X
A71% AR Ko 74 vlo]en]x A4 A v]E% ™ (Cheng et al., 2014),
Zne Asakel $rEste] Blolo] wpR wj7|7t: FolA QiAo R wEEE o
ARE 4y A dtH(Sternbeck et al., 2002; Gugamsetty et al., 2012). Pb<2 94

et
i)
2

AEE T FdsHA aEve d7184 7o = Ao d= L9Ed Y, A
FA BAAGNA SAE Pbe] s AW 71+ 05 pg/mt Bh B FF
o% A&EFEH} FHol vdi Ei oFd M W A¥dES B Pbe FE
Abs2rel st vlEH e Ao®m e o (Sternbeck et al, 2002), A

B A4} AN EAME wlEH = EZol7|= dtH(Calvo et al, 2013). Nid}
Ve AMFel 28 di dAiro xixE 9y AHedH 1 oW (Querol et al.,
2007; Mooibroek et al., 2011), F & 1 ALH @& =5 Yt
Mn< Fedt A AlsdA9 zbs Ao st JAele EAets slew &
A o™ (Yang et al, 2013), o}~FE X FEZ FoA BAE JAE Aol A
As, Pby} 22 A Fo] 57| % g%t (Canepari et al., 2008). As9} Se
ek Axro AxEZHH, Cu, Ba, She AlsdA2] vliol 9& mEx7|= g
tH(Sternbeck et al., 2002). &3+ Cr, Cd, Mo, Se, Co 59 dAaAEL A7 A
A Ad FAH 5 A FAY AdE Y= BRarF ltHQuerol et al., 2007). ©] &

P g AAARES A Adde FEEE} g2 JEun Qen], PMss

&40z st Bast Ak



Average

Spring
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Fig. 18. Contribution ratio of 22 elements in PMo5.



2.1.4. PMzs59 74 €3

AF7HA AHE PMps9] 3184 AEe5s AR A 2804 due A%
ATAHHE ol &3t PMys fxtel AAl EXsts FAEde s FHsA
ow, PMys®] TAEA et w25 At ete] Table 1501 Yeb AT A5
Al EAASY PMys soll= AMSUL¥Y AMNIT® %7} ZHZF 6.83+4.68 pug/m',
249364 pg/m= 22k doj2Fo] 7 W FS AAsta AT o2 & o
PMys & 23 ooj2&e) giRi2 NH, ¢ SOf 7t A FAdRFe FHE
EAE s Ao w A"t (Wang et al, 2005 Xu et al, 2012; Custédio et al.,
2016). ™71 % NH;& sulfuric acid¢t WH§-3Fo] (NHy)2SO49F NHHSO.2 22

Faere el 448

_l}l'

=13t ¥ & J8 319l o] NHy:E nitric acid®t ¥HS-3}
o NH,NO; e AN EFsS FAdsh(Pathak et al, 2009; Meng et al.,
2011). NHy ¢ #%+ t7] & NH; s=¢ H53 #eol
Ao (Meng et al, 2011), AlFA A= t7] 5 NHzoll digt SHXE7F §l
of A9 W edrEs HoF = Ao 1Yy $EvEke 20161 %= NH;3
W& zAsd ma2d, AFA9 w &3 (8,021.72 ton)> Ul FulETFe 2.7%

AAsEA o™, Mg, FAbE FFet 22 S Fo gEAY wEEdRTg B A
o2 YERTHNIER, 2019). 53] #5494 NH; &% & 2ok =,
H 5 5)olA 2pA k= vl &o] ol 35 o9k NHy o] dAvt/dol df
Al A E 2a7F 98 Aotk AMSULY AMNIT thgo = @e &S #A3)
= A2 OM (3.13+1.91 pg/m)eldar, CM (1.14£091 ug/m’), EC (0.58+0.32 ug/
m'), Sea salt (0.52+0.41 wg/m'), TM (0.08+0.04 pg/m') =S = YERST 18 a1
oAFolA BAFA g FR 5& XFe 7|eH(Others) A9 H ks
2.08+2.20 pug/m'E At JATh Fig. 19+ PMosE& 78S 229 H&S
ERA Aotk Frd oz AMSUL 40.69%, OM 1852%, AMNIT 14.75% 3} %

& 22k dojE2Ed Aol Jde AEEC] B HES AAsden, goR

32,
rlr

o
i

2
r:)
2

ol
2
jas)
[

m{n
o

CM 6.76%, EC 3.45%, Sea salt 3.06%, TM 0.46% =22 eyt & A5
A FAEHA B2 7E AR PMys ol 1231% A= EAskdth =, PMasol

= Ftsts, dadtstes, dEYol T #Ulste e Tol dehutes FeiA



=
& vluA f@ol W= Row oyl FHo 7 =%kal, Sea salte] w9
TN &S AFH & BFEES Bt TM2 A-EE & Aol& HolA &
*th. 53] AMSUL¥ AMNIT A&, F4F4 22 diZ=Alol A e PMys 4 &5
T9 50% ol A e on, AMSULS o3 AMNITS ALH =& 7
FE Hol B AZAe) v =t (Moon et al., 2011; Park, 2014).

Table 15. The predicted concentration (zg/m') of component material for PMas

mass

Average Spring Summer Autumn Winter

PM:5 16.6149.38 18234923 1845+824 13.63£8.15 17.14+10.89
AMSUL 6.88+4.68  7.10£3.80  9.75£5.70  562+4.43 6.01+4.04
AMNIT 249+364  3.09+3.89  2.20+4.34 1.36£2.12 3.47+3.91

OM 3.13+1.91 3.87+1.72 2.56+1.52 2.19£2.16 3.21+1.81
EC 0.58+0.32  0.69+0.33 0.46+0.26  0.56+0.31 0.59+0.33
Sea salt 0.52+0.41 0.44+0.38  0.71x054  0.45%0.36 0.53+0.34
CM 1.14£0.91 1.57+1.36 1.17+0.81 0.91+0.48 0.96+0.58
™ 0.08+0.04  0.08+0.05  0.08+0.04  0.08+0.04 0.07£0.04

Others 2.08+2.20 1.68+1.87 2.30+2.15 2.03+2.30 2.39+2.38
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Fig. 19. Contribution ratio of component material in PMs5 mass.
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A3 7] 5 55 skl o7 @S L] wiel AgHer ada A

AHow WE 540 =24 vehves 54 Holi tk(Calvo et al, 2013).

7129849 SO2 NOx (NO+NO») 2| Ut
th SO~ 9 AdE HisEE o95d B ALH di =3td, AeH
A% mAEA e A AAE F713 SOL Y FE7F ALH SOf 9 HEEE
Skl 71d Aoz ®WRlv W3 ojAY aEk: AR 7E g 22018

ki
Ll
&)
ije}
S
=
&
2
iy
iu)
2 =
3

19 189)dlE= SOL Y FHX7F 713 Wb SO, 3%+ FEld F7lE Holx
kokt). oluf o]l SO4 Y FEE FAZHQ AEFgHTE R ERE o]Fd 23
o 2 Foz FAddr, JFHE PMpd PMosoll A 50427-‘2 =5t =

A deton, SO0 BEE g Add e mad kA gehtd, s d
= S0 e Agel HEld s mAom Qs stadeld PAdozs A

Lo

o
e
o

(gas—to—particle conversion)e] A °o]FAXES Aoz FHAY. NO; 9 45
S 1Y, A s57F =1 AFH 7P dolA= A

o 7bzd ATFHA NOxdl 5% A AgHel Ex o FHoIE ol 7

ot

S HATH NOs o AP 7t AFEA v 259 % 5 714324,
g &

SOl AEE AASEFEE 20T oA e sAdste] vA] Aas e,
ofggh T2 7] FTolA H2 MEY HAHANAME dojur] wiZel AHo
= HYHS AEH = HS UEE 54 S (Calvo et al, 2013). 3l

EN
1157
olo

o] A &3kt



Table 16. Concentration (yg/m’) of ionic species in PMjo in 2018

Average Spring Summer Autumn Winter

(n=52) (Apr.,, n=12) (Aug., n=17) (Nov., n=10) (Jan., n=13)

Mass 33.42+21.15 44.94+34.37 2693527  23.44+8.89  38.95+20.33

Ions 14.31+7.81  13.60+5.62 1255226  11.89+5.75 19.14+12.79
>Cation  4.07+2.07 4.28+1.78 3.51+0.74 3.17+1.36 5.29+3.23
Ca* 0.49+0.55 0.94+0.79 0.18+0.08 0.26£0.15 0.67+0.50
K" 0.15£0.09 0.17£0.08 0.08+0.03 0.14+0.05 0.23+0.12
Mg* 0.17£0.10 0.19+0.10 0.18+0.10 0.12+0.06 0.17£0.11
Na' 1.29+0.76 1.38+0.68 1.65+0.91 1.08+0.61 0.89+0.49
NH, 1.97+1.79 1.59+0.70 1.43+0.65 1.56+1.19 3.33+£2.96
>Anion  10.25¥580  9.32+391 9.03+1.66 8.72+4.41 13.85+9.58
Cl 1.22+1.20 1.61+1.16 1.34+1.64 0.96+0.83 0.91+0.72
NO3 3.88+3.69 3.79+2.23 1.89+0.69 3.72+2.51 6.68+5.83
SO 5.01£2.73 3.78+1.63 5.68+2.18 3.90+2.23 6.10+3.82
Co04 0.14+0.08 0.14+0.06 0.12+0.04 0.14+0.06 0.16£0.13
Ton/Mass 45.43% 35.68% 47.22% 49.33% 49.09%
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Fig. 21. Variation of SO, and NOx (NO+NO.) concentration at Yeondong air

monitoring site in 2018.
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Table 17. Concentration (zg/m') of carbon species in PMj in 2018

Average Spring Summer Autumn Winter
(n=52) (Apr., n=12) (Aug., n=17) (Nov., n=10) (Jan., n=13)

Mass 33.42+21.15 44.94+34.37  26.93+£5.27 23444889  38.95+£20.33

TC 3.32%1.65 3.79+1.31 1.97+0.57 3.36+0.92 4.62%2.08

oC 2.72+1.25 3.08+1.19 1.65+0.50 2.79+0.75 3.72+1.32

EC 0.60+0.48 0.70£0.28 0.32£0.13 0.57£0.20 0.90£0.81
TC/Mass 11.00% 10.47%% 7.39% 15.32% 12.90%
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Fig. 22. Mass fraction of various chemical species in PMs5-190 and PMss.
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2ol YEEEE 247 Table 189 Uehl Atk PMy % 924259 Fits

X 4254290 pg/mE, PMy A% 13.8%Z2 AA|edth A, E o Lo A

Fo] 12.8%, PMys & (Ko, 2015), PMas

U= PMpollA 92484 #57F 52 Hle® EA4sts Aoz 44 dv
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(Gugamsetty et al., 2012; Liu et al, 2014). =377k &< PMol *3td =Y
A AAE AdwsEe o\, AF, 7hs, A A7 749+4.00 peg/n,

7)
3.03+1.06 pg/m’, 2.24£0.60 pg/m’, 4.39+1.79 pg/molR o Al T ELFY A

ool B wHo MY =8 wiE UEth & Aol PMasell #
W AaAdE oA Al P wgen, A wnt ofyet Sl vhe A eelA
FHE 71E AT AR PMigT PMzs & 92489 g7t Tt SRS
garel 9] dFeor FHA w2 Aom Hudu ltk(Lee, 2009; Kim,

2010; Lee and Hu, 2016).

K
= und 4d 719 QaPRse 2o 797t 23, As, Cd, Pb 5 F

R R H
= Q9] 7Y AaAdEES MAYA 9l =2 HER EA%ts Ae® UE
Stk 71 AN E 25l tE PMas/PMy Hl&< B9, Al Ca, Fe,
Mg, Na3} 22 A4 e gdelA MEs = AEE2 PMas/PMyp7t 0.35 ©] 8k

2]
S gem 2 2ddA g Bol £xss AR YELaL, Se, V, Cd,

Pb, As, Ni 52 05 o] o= PMysoll AA]sk= Hl&o] =%thHKo, 2015).



Table 18. Concentration (ng/m') of elements in PMj, in 2018

Average Spring Summer Autumn Winter
(n=52) (Apr., n=12) (Aug., n=17) (Nov.,, n=10) (Jan., n=13)
Al 664.4+888.3 1402.1+1446.8 227.1+1288  285.3t1645  846.9+649.3
As 1.65+1.36 1.94+1.32 0.76+0.42 1.70+0.74 2.49+1.90
Ba 13.94+9.92  21.92+14.99 6.46+1.78 13.80+2.60 16.48+7.28
Ca 211.5+181.8  431.1#230.0  104.2+30.21 91.4+32.0 241.8+111.7
Cd 0.27+0.26 0.26+0.18 0.11+0.08 0.35+0.17 0.45+0.38
Co 0.49+0.67 0.45+0.44 0.82+1.05 0.28+0.09 0.27+0.17
Cr 22.70%49.00 5.81+9.70 58.34+74.56 5.66+3.25 4.71+3.77
Cu 6.45+3.10 5.45+3.13 5.05+2.01 7.44+1.29 8.44+4.06
Fe 678.4+663.8 1083.0+1152.9 558.1+366.1  318.0+128.7  739.5+408.2
K 415.0+355.1  674.8+369.8  115.8+274 190.4+76.1 739.3+234.2
Mg 484.1+532.7  1131.6£790.3  252.1+109.8  197.5+65.0 410.3+£210.7
Mn 17.98+15.93  26.39+25.88  15.38+11.78  11.29+5.54 18.79+11.78
Mo 0.60+0.57 0.44+0.17 0.87£0.89 0.56£0.32 0.44+0.25
Na 16202411964 2572.1+1936.3 1588.2+843.7 1030.6+506.9 1236.8+385.1
Ni 14.84+29.90 4.22+3.93 35.89+46.18 6.51£2.48 3.51+0.95
Pb 9.19+7.89 9.28+3.43 2.82+1.33 12.55+6.40 14.84+10.90
Sb 1.58+1.95 1.06£0.66 0.81+0.54 3.35+3.75 1.72£1.03
Se 2.00+0.94 1.73+£0.53 1.65+0.41 2.23+0.71 2.52+1.53
Sr 3.76+3.38 6.42+5.22 1.94+0.59 2.45%0.90 4.70+2.90
Ti 30.00£36.86  59.28+66.60  23.11+£12.774  21.55%8.15 38.69+22.09
\Y% 7.47+3.21 8.59+3.20 8.62+3.49 3.87+1.71 7.69+1.40
Zn 34.41+2720  40.34£17.63  19.22+796  30.62+11.46 51.7+44.47
E/M"* 13.82% 22.04% 11.47% 10.22% 12.06%

* E/M : concentration ratio of Elements/Mass
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2.2.4. PMp3 PMys59 A EZ vl

Table 199} 202> 2018l Al SAH 7|3t &< PMo¥t PMys9] st &
o] TE AA EAsks duH2 AabAste] ekl Aotk PMel A= ol
e s =s AYEA, CMo] 82241007 pg/m= 7H¢ =1 th3 22 AMSUL

<

6.91£3.76 pg/m', AMNIT 5.03+4.79 pg/m’, OM 3.80+1.75 pg/m', Sea salt
3.27£1.92 pg/m', EC 0.60£0.48 pg/m’', TM 0.14+0.09 pg/m’ =S =2 YEST, 3
H, PMys9] A4 HisEs AMSUL 566+3.29 pg/m', OM 2.68+1.31 g/
m’, AMNIT 2484354 pg/m’, CM 1.02+0.76 pg/m’, Sea salt 0.65£0.48 ug/m’, EC
0.39+0.33 wg/m’, TM 0.06+0.04 pg/m o= PMpel +AEZYAE T8 s&F
XEs B4
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PM;o] 7+AEZ FollA CM3¥} Sea salt’} PMys BHtf T8 A =2 H &S B
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al., 2010).
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Table 19. Concentration (gg/m’) of component material in PM;o mass

Average Spring Summer Autumn Winter
(n=52) (Apr., n=12) (Aug.,, n=17) (Nov., n=10) (Jan., n=13)
PMio 33.42+21.15 44.94+34.37 26.93+5.27  23.44+889  38.95%20.33
AMSUL  6.91£3.76 5.22+2.25 7.84+3.00 5.38+3.08 8.42+5.27
AMNIT  5.03+4.79 4.92+2.89 2.46+0.90 4.83+3.26 8.66+7.56
oM 3.80+1.75 4.31+1.67 2.31£0.69 3.90+1.05 5.21+1.85
EC 0.60+0.48 0.70+0.28 0.32+0.13 0.57+0.20 0.90+0.81
Sea salt  3.27+1.92 3.51+1.72 4.18+2.32 2.75%£1.54 2.27+1.23
CM 8.22+10.07 16.45+16.66  3.67+1.62 3.61+1.89 10.12+7.20
™ 0.14+0.09 0.13+0.07 0.16+0.12 0.10+0.03 0.14£0.08

Table 20. Concentration (zg/m’) of component material in PMs5 mass

Average Spring Summer Autumn Winter
(n=52) (Apr.,, n=12) (Aug., n=17) (Nov., n=10) (Jan., n=13)
PM;5 14.68£9.1  12.67+5.82 13.5+£3.35 10.45£561  21.35%£14.62
AMSUL  5.66+3.29 4.44+2.26 6.37+2.69 411+£2.29 7.03+4.64
AMNIT 2.48+3.54 2.17£1.32 0.71+0.43 1.73+1.51 5.68+5.80
OM 2.68+1.31 2.85%1.40 1.70+0.56 2.88+0.82 3.66+1.46
EC 0.39+0.33 0.46+0.19 0.21£0.12 0.44+0.16 0.53£0.55
Sea salt  0.65+0.48 0.56+0.28 1.15+0.48 0.33£0.13 0.34£0.16
CM 1.02+0.76 1.44+1.14 1.02+0.58 0.47+0.21 1.06+0.59
™ 0.06+0.04 0.06+0.03 0.06+0.04 0.06+0.03 0.08+0.04
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3.1 2A7YE H/MA R

3.1.1. NO3 /SO = %EH]

7] Fo2 wEd 72d LAEZEQ] SO9 NOx= HlEdo] A= thay
o5& 77} S04 9 N AGEdolt), wpeha] we Ao A AU of

o)
3 NO3 /SO HlE AR T2 F2 297 %59 7drs Austs A=

] AFEE I Tk dWH o R NO; /SO HI7E AW Asakeh 2 olF e
domRee mjze] 7dsh= NOy o 7lel7k o avs e v,
NO; /SOs” M7} #towl Asanthe 288 44 @53 22 n4gesddl

o dFol Al SO 9 7167k o AtkE A e m @ rh(Arimoto et al,
1996; Satsangi et al., 2013; Ko et al., 2015; Lee and Hu, 2016).

201778 2018d7b4] 48 PMasoll ek NO; /SO Ml 71 dd7dtst
Hlalsto]l  Table 21 WeEFWATH AFA =AA A FHE PMysol A 2
NOs /SO M= 0420190t o] &g Arte #7hf B A g AF= sjetrte] 9
2%k arhkel el ghebak FE O bAoA SAHE gl 013 By AA =& #
1S &4 & ArH(Ko et al, 2015, Lee and Hu, 2016). z8]a ¥ <ol A
NOs /SO W& FxolM® 53] A5k wjEol oe 71997} 2 Beijingol Al &
AE 071 Bop gkon} Foro] tE ZA A9l Fuzhou(0.41)9 Qingdao(0.48)

ob= v 523 otk T ool A NO; /SO HI7F 03~059 HM= v e
FS T3 ek B AbE wFEolgta A Hsa JTtHWu et al, 2017).
AR AFA AL SOx wlEHe] ] SOx FMEH] 06% A== 53] 4
& Ao B Z(NIER, 2019) T=A7 AU SOx wlZEol s Jgolgtuyt &
= glvh

BodFo A NOy/SOf HE Aurd ALHdE 061248 F39

Fuzhou®} Qingdaodl Al A&dd SHE FX¢ v 502 =7 YEST
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Table 21. NO; /SO concentration ratio in PMss

NO3 /SOs*
Sites Periods Region References
Average Spring Summer  Autumn Winter

Yeondong, Jeju 0.42 0.44 0.34 0.29 0.61 2017-2018 urban This study

Yeondong, Jeju 0.27 2013.10-2015.2 urban Ko, 2015
Gosan, Jeju 0.13 2013 rural Ko et al, 2015
Hallasan, Jeju 0.13 0.18% 0.01” 0.03° 0.30Y 2013-2014 forest Lee and Hu, 2016
Beijing, China 0.71 0.84 0.63 0.93 0.49 2001-2003 urban Wang et al., 2005
Fuzhou, China 0.41 0.45 0.17 0.27 0.59 2007.4-2008.1 urban Xu et al, 2012
Qingdao, China 0.48" 0.64" 0.21" 0.37" 0.65" 2006.3-2007.2 urban Wu et al., 2017

a) Spring (May), b) Summer (August), c¢) Autumn (October), d) Winter (January)
* Ratio of NOs /nss-S0,2



3.1.2. OC/EC 5%xH|

OC/EC Hl& A2 dojz2F9] 12 299 (primary sources)Z t7] & W33}
A (atmospheric transformation processes)S TH3}7] 3t A EZ o]&HT. HEF
OC/EC H|7} 2 =& 22 Hu & 45 223802 AAPH SOC7 L3 7|o3t=
Ao g Ferstal AT Turpin and Huntzicker, 1991; Li and Bai, 2009; Wu et al.,
2017). Table 129 A|A|SF vle} o] I A7 &<t PMysel dlgt OC/EC vl &
Wit 423082 YEgom, o2 & w 1z wiEdel 9% FEFo] AL AF =A4A
Fe A= OC s&=e gk SOCe] 7|47t vlud & Ao =w ot 1y
o] AFtA¥el vas] R (Table 13), AFA =41A9 2] OC/EC Hl&= AF LAl
oA 1A @92 SHE FEARE ol &

1 348 98 AxE NEs g7 oAl FTS4 00 A

F oguael 4%

rO

5}

#(4.46) 7= A oW A 2(2.68), F4H299) 5 Hdl 2 o
H #FETE =dt(Han et al, 2013; Sung et al, 2017). 3 T & o ¢
g AbE A Y aQtEAI9l Qingdao (6.14) Btk Wi T @ A 1A% =
ARl Fuzhou (3.9)¢+= Wls=dt o] tH(Wu et al, 2017; Xu et al, 2012). A,
Ry g7t A dow A g Ese] &g mA Y mRHA S
AE OC/EC & 1282 v Fx& Y7 % 319 tH(Custodio et al., 2016).
Table 1214 B, Ad¥E OC/EC W= &, 945, 7H, Aedel 747 4.35, 4.87,
366, 4.330.%, oJ5Hdo] ozt =} FFeHE VPE U @S UEAT AT

ol o Aol WAHAL Ao wuHEny W, AFAAL € Adun) v
ARl e £FS wolm ¢lou(Table 13), AFALNE BFe| Jgoz
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o] 55 F3 7] FoAE FdH 5 A7) wWEol OC/EC Hl= A3 Ao
A g2} w3 OC/EC Hl&= t7] & SOCe Aol #3 Frs dAvdd

T s W ofy g AlRAAA FHe WEd FES &

43 A E7F IH(Cesari et al, 2018). ol & E9o, dA3} 71&EH 252k 8=

25~50, Ae dziolA 25~105, Hko] 2

Wi E el gk OC/EC v7F ®al @ vp 9low OC/ECe w7} 2 oy & A2 24}

rO
o

ko EEE 2146 AAsEIe], OCe= A, Y, da WE, 22 A4 & 1 2

wEol A% #E AP Fal olefd GBS BaketAl vers) ool @ 4
o]t

3.1.3. ¥FAF

AAMAE FASD E AREe wAsde 48] AF PHoR B3

1l
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N
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o
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N
rlr
glj
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1o,
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o
—d

“(enrichment factor, EF)E ©]&3}7] %=
Al = lorp= sl o3 Al I Aes Hrtd devF Aok sS4

o o% P AEE FYe7] A AA FHLY Na'§ /|FOE b Ao

o]&) & %% = A 4=(marine enrichment factor, EFmaine) S 233} Th
EF, N o 1
marine +
(X/Na )seawater

o714 (X/Na )= PIAIRA ] ¥ Na'oll et 574 o2&l sX=Hol1
(X/Na)seawater= 3 T Na'ol o3k o]24Z9] sxnlolth s T F2 o4

ol 3t FEH|+= Parmar et al.(2001)o] #NAlH S st sids=A+



of ek H7b= EFmaine #°1 10 7MAE55 dld7]doln, 180 245 & <
Aol o3 7]elst Ao R |45t YrH(Parmar et al., 2010; Park et al., 2019).
BoAFoA PMysol d4¥ ol 2R 50 the EFmunes A48l Table 2291
UERAE PMosol S8 o] LA 59 EF e W ClgF Mg 10 o}F
W S JERdaL, Ca¥, K, SO & 1RTE #4 2 3S Yehdth o224
Cl'sl Mg*e F2 199 93 wa 9o, Ca”, K, SO &= dgol obd o}
2 ol JFS A e Aorw #Add 5 vk AdEER Cl 9 Mghe
o 7I7he #E& Ca*, K, SO&/ & 18t & & yehiled, Ca, K'e B3,
SO = JEH 53] =2 g 1ol o] AHe] Edoly 23 dozE: A4 T
FLFE AA e Ao FFT L k. Al &akx] o) A

ks
AR A mAEA 9AER AEE A A E Cl e MgT e dld 719 ol &

o,

Fog FA3% v 9JtH(Park et al, 2019).

Table 22. Enrichment factor for ionic species contained in PMss

Marine enrichment factor

Average Spring Summer Autumn Winter
Ca** 9.75 16.15 8.24 7.34 7.14
K" 28.32 34.89 15.19 21.78 31.98
Mg** 1.26 1.39 1.04 1.17 1.39
Cl 0.35 0.37 0.25 0.27 0.50
SO 166.27 195.66 226.19 149.65 110.62
Table 232> PMol &3 ol2AEE0 Nt EFnaines YEFH Aotk PMipol

M= PMysell A ¢k 2ol Cl et Mg%b EE AA EFgtel 1ol 747t
om, Ca¥, K, SO/ & & 18t 433 2 g 29S¢ F dAych z2eu
PMlOoﬂ 81:]"?1‘% K+0ﬂ EH?J’ EFmarine% PMZSOﬂ/\i Eq% }?)]-DO]—_S] 17%‘1% %}\-% ]/}H'LHQ}]\
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Su)
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onl B3] oJgddE 1o 77te e Btk wEbd PMyel @68 K= &g

of ol AP FAT £ 9le Ao BVHT EF PMyssh PMyl A Ca’ol

Table 23. Enrichment factor for ionic species contained in PM;jq

Marine enrichment factor

Spring Summer Autumn Winter
Average
(Apr.) (Aug.) (Nov.) (Jan.)
Ca* 12.91 20.43 3.50 8.70 21.53
K’ 4.40 3.99 1.69 4.38 8.33
Mg*' 1.18 1.23 0.91 1.02 1.59
ClI 0.48 0.63 0.36 0.44 0.52
SO, 22.31 14.20 20.75 19.15 34.27
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et al.,, 2007, Cao et al, 2009, Gugamsetty et al., 2012; Xu et al., 2012; Sung et
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AZNA Ceement= 58 B2 §E0l3L, Crfarence= 715 948 F=oltt 7|+
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|tk Al HlwA b Aol
ol 7|E Y942 g AFgdvH(Gugamsetty et al, 2012; Wu et al, 2017).
EFcnst®l AlAtoll ARg¥ x7be] 4422 Wedepohl(1995)0] A Al gk A Z4Ad & 2}

Axg el N AdEZAFe Brhe QWA R gtol 1088 He 7
Tt NEG JROE AFF] ANH egdd s A% Aow N @

(Sung et al., 2015). Sung et al.(2015)3} Wu et al.(2017)¢] Aol A= EFqus %4°]
Lol 7b7b1 slld dAe 719 EYG 71 wiEdo] AujAolar, 10 o]/ &+

BN
filo

HA5E B 7)4o] ohd 91H WA Qo] 2 Ao BEEY

I8 3 Gugamsetty et al.(2012)2 YA EY EFquw #°l 5 °l3k 49 Ei

2

do] =i, 5~100 Atele] #e HolW Edd WEY cddorzRy wiadn
AL ovstr, 100 ool gt WEhE Q1914 wiEel o7 gl & AL

rr

2 AT B AFA EAA PMygel FE AR R 5] B E T3]
Table 249} Fig. 26°] YEFHATH EFcg #°l 1~59 ®M9E AW Al Ti, Ca, Sr,
Fedl e AEL tiy-E EY 7199 7FsAdel 23, EFqug #k°] 5~1009 ® ¢
Fk HES wjEdol gt
Aoz dodt. W V, Cr, Cu, Mo, Ni, Pb, Zn& 100 ©]*}¢]

il
°
ful
£
vy
R
=
=
~
=
B
@)
o
Z,
QO
B
N
rlo
oX,
Sh
flo
3

I dem  As, Cd, Sh, Se?} 2 ¥4+ 1000 ©]49 EFcust
Hol o5 Q52 BF AYAS wiEol ofgh F3Fo] A ujA

A AR FFF F Ak o] T V& Nith 3 2 dx9] F8 AxE

H A 93, Pb¥} Zne AsAk &3 o] glow, As9t Sed AME A4 wjEz

#do] g Aow A ArHQuerol et al, 2007; Tian et al, 2010; Mooibroek

et al, 2011; Xu et al, 2012). AlIA¥E 2% Al Ti, Ca, Sr, Fe¥} 2 EY4 7]¥ &

[*3

—/‘\—}\é%% 151{% EFcrust L% L}E]"Ho] Eo]:"] 4 6;31:01 5——?—, i ﬂ %i*é%%% E%‘

Aol L EFeus #he 2ol 914 wiEo] 93] & Aoz YEs



Table 24. Enrichment factor (EF..s) for elements contained in PMos

Average Spring Summer Autumn Winter
Al 1 1 1 1 1
Ti 19 2.3 2.3 1.8 1.5
Ca 2.8 3.4 4.2 2.5 1.7
Sr 3.0 2.9 4.1 2.8 2.8
Fe 4.9 4.8 5.8 5.1 3.9
Ba 7.4 8.5 8.5 6.7 6.3
Mg 8.2 9.1 12.7 6.5 6.2
K 9.1 10.6 14.7 6.1 7.0
Mn 13.6 13.2 13.1 149 12.6
Co 14.8 6.7 14.1 21.6 155
Na 26.7 28.5 46.1 21.5 17.4
\% 159.7 174.8 209.6 1459 125.7
Cr 293.4 247.8 255.4 437.7 192.5
Cu 344.6 256.9 283.7 334.1 491.1
Mo 381.2 314.0 427.1 516.7 253.7
Ni 437.1 293.7 491.1 633.7 308.7
Pb 673.4 682.2 393.2 712.6 814.9
Zn 7575 699.4 821.3 866.5 640.0
As 1045.3 1252.0 599.8 1086.5 1097.0
Cd 3689.6 4586.8 1701.6 3651.0 4216.2
Sh 5031.1 5664.1 3173.7 6057.7 4445.8
Se 18561.2 13912.6 13583.7 24544.3 19629.6
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PM,59] A#&5xE NHy, SO, C:0O4, NOs, K', OC, EC 3o A#A7}t
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Table 25. Correlation coefficient of ionic and carbon species in PMsj;

PM,5 Ca®' K' Mg?* Na’ NH," Cl NO; S04 CO& oC EC
PM5 1
Ca” 298 1
K' 605k 205 1
Mg*' 107 279%x 369 1
Na"  -.147#x 0023  -0.083 .75l 1
NH," 900  234%x  434#x 0011  —.214sx 1
Cl 170%%  0.037  244xx  564=x  560%x  0.081 1
NO;  672%x 0063  481sx  140%x  -0.090  .667+x 292 1
SO 805#x  264%x  317xx 0005  -.141sx 895k -0.034 314 1
C.02  737#x 225k 5l15kx 0019 178k 650%x  0.068  A8lkx 572 1
ocC T29%x  240%%  680%x  —0.02  -259%x  535kx 0055  A63kx  422%x 730wk 1
EC 653k 34Txx B5EGkx 0037  -.350%x  590%x 0062  AlOxx  A496wx 592wk TOTxx 1

#%, correlation coefficient is significant at the level of 0.01

*, correlation coefficient is significant at the level of 0.05



Table 26. Correlation

coefficient of elements in PM,s

PM,s; Al As Ba Ca Cd Co Cr Cu Fe K Mg Mn Mo Na Ni Pb Shb Se Sr Ti \% Zn

PMzs 1

Al 293 1

As 661wk 265%x ]

Ba  .362%x 382k 267+x 1

Ca  0.018 .300#x -0.070 175 1

Cd 433 14T 422%x 314 -0.073 1

Co  .160#=x .191#+ 113+ 0.101 0.033 0.075 1

Cr -0.010 0.068 -0.056 -0.019 .163**x -0.003 .477** 1

Cu 0077 0102 0.044 176+« 0.071 0.062 0.052 0.032 1

Fe 331w 627w 254w 217w 283w 171k 424sx 6124 (0.083 1

K 539 227#x 517+x A431*+x 0.045 284+ 0.016 -0.050 0.040 .195#x 1

Mg 194k 675%x 189k 460+x 570+x 0.077 132+« 0.042 172 A67+x 297*xx 1

Mn 447 356%x 4004 206%+ 0.093 .266%+ 387+ 234+x 0.064 .617+x 245kx 233#x 1

Mo 420%* 193%x 339%x 204 208x 224xx 310%x 290%x 0.080 .411%x 0.086 .161=x 357+x 1

Na -0.021 .199#%x -0.025 .139** .556%x -109*% -0.046 -0.010 0.096 0.085 .118+ .721=x -0.022 0.039 1

Ni  -0.028 0.002 -0.061 -0.011 .107+ -0.030 .530%* .467*x -0.003 .368+* -0.095 -0.005 .245%* .166%*x 0.001 1

Pb  416%x 188w 412#x 269%* -0.010 .441%*+ 0.093 -0.002 0.096 .213#* 329+x 0.097 .321#x .186#x -.119% -0.033 1

Sb 154=x 0.077 0.098 .157** 0.021 .187=x 0.017 -0.003 0.042 0.088 .135% 0.082 0.097 0.080 -0.044 0.015 .231=* 1

Se 499k 0.056 487k 0.093 -0.060 .307+x 0.073 -0.021 -0.028 .174%x 275%x -0.064 416%*x 341#* - 154%x -0.012 .309%* 0.100 1

Sr 331#x 387wk 203#x 913k 222+« 201k 144xx  0.044 165+x 228k 394wk 48wk 221 190%x 174 -0.020 .229%x 136« .127x 1

Ti  374#x 719k 303+ 388« 405k 211#x 253#+ 169%x 203k 683#x 255#k 669w« 498k 407+ 217*x 0.055 247+ 0.098 0.062 .355+x 1

Vo 402 183k 208+« 131x 0.081 .137xx .105% 0.070 -0.016 244 145+x 117+ 269+x 437xx 0.004 0.078 .104% .114% 228+ 0.067 .307** 1
Zn 536w 224w 405k 316%x  134% 604k 241%x 157wk 0.048 359wk 262 161k 480wk 498k —-0.029 0.098 422+ 148k A430%x 2104k 390%x 435kx 1

*#, correlation
*. correlation coefficient is significant at the level of 0.05

coefficient is significant at the level of 0.01
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Table 27

. Correlation coefficient of ionic and carbon species in PM;jg

PM, Ca®' K' Mg?* Na’ NH," Cl NO; S04 CO& oC EC
PMo 1
Ca® 901 1
K' 70255 629 1
Mg A481xx  504xx  297x 1
Na' 0157 0076  -0.053 813 1
NH,"  455%x 0272 743+«  -0054  -.314% 1
Cl 0185 0150  0.067  754%x 882k - 289 1
NO;  615%x 506+  843+x 0174  -0.171  9ld=x  -0.144 1
SO A404=x 0143  504%x  -0.074 0211  86lxx  —363kx (93 1
Co02  630%x  A08xx  750%x 0081  -0.134  876%x  -0.168  .859*x 782 1
ocC 646%%  B45xx 890%x 0189  -0214  661kx  -0108  782x  A410%x 704w 1
EC 538k 526wk T46%x 0131  -291x  817#x  -0222  879xx  576wx  T5dwx  [68xx 1

#%, correlation coefficient is significant at the level of 0.01

*, correlation coefficient is significant at the level of 0.05



Table 28. Correlation

coefficient of elements in PM;g

PMio Al As Ba Ca Cd Co Cr Cu Fe K Mg Mn Mo Na Ni Pb Sbh Se Sr Ti \ n
PM,o 1
Al 907=x 1
As 762k 628%x 1
Ba  .849%x 943k 676%x 1
Ca  .832#x 900#* 520%x .850%* 1
Cd  530#x 359k 784xx 522k 300 1
Co 0225 0193 -0.029 0.079 0108 -0.143 1
Cr -0.099 -0.164 -.275% -285+ -0.221 -.306% .890:** 1
Cu  Al7#x 328+ .615%% 501#x (0180 .794#+ 0.215 0.051 1
Fe  866##x 920w 531#x 823k 775%x (0.251 513+ 0198 .360%x 1
K 750%x [749%x 679%x [TAT*x 8AT+x 531#* -0.051 -.322% 357+x 598x 1
Mg 383k 402+x 0.169 347« .716%x -0.003 -0.002 -0.151 -0.196 .275% .624*x 1
Mn 843k 866%x 5Bk 803+x 753k 341k A412+x  0.078 403k 900%x 602+ 286% 1
Mo 0.037 -0.047 -0.011 -0.112 -0.139 -0.033 .597==* 715+« (0.157 0.250 -0.166 -0.101 0.083 1
Na 0107 0.051 -0.095 -0.040 .377%*x -0.246 0.047 0.055 -.396+* -0.002 .304% .859+x -0.012 -0.031 1
Ni  -0.103 -0.164 -0.263 -0.269 -0.219 -.286% .931#x 970*x 0.093 0.190 -.321% -0.156 0.097 .629+* 0.030 1
Pb 541 A15%x 793#x 564k 373#x 930k -0.134 -.327% 743+ 289+ 616+x 0.110 .376%x -0.061 -0.176 -.302% 1
Sb -0.002 0.020 0.134 0.163 -0.072 .443**x -0.111 -0.133 .435++ -0.040 0  -0.165 -0.007 -0.086 -0.261 -0.131 457+ 1
Se 382k 0.168 .661%x 285« 0100 .766%+ -0.118 -0.213 621+ 0.090 .310% -0.131 0.174 0.009 -0.249 -0.190 .680#* 0.149 1
Sr 925k 974k 652+« 931k 922+x  415kx  0.179 -0.172 358+x 877+ 80Llxx 461*x 847+x -0.064 0.138 -0.172 484=+ 0.022 0.232 1
Ti  .830#x .935#x 588w+ 879« 736+ 330« 0.224 -0.106 368+ 898+x 557+ (.158 825+ -0.011 -0.161 -0.102 345+« 0.042 0.154 .863+x 1
Vo 392#x 312% 0151 0.229 .360++ 0.117 0.039 -0.105 0.050 .308+ .283* 0.227 .334% -0.035 0.068 -0.058 0.036 -0.195 0.036 0.272 .321* 1
Zn  520%x  315%  T4Twx A20%% 381w 823%x -0.099 -0.207 640+ 0.224 605+ 0.237 298+ -0.040 0.056 -0.210 785+ 0.192 .707+x 396+ 0.248 0.130 1

*#, correlation

coefficient is significant at the level of 0.01

*. correlation coefficient is significant at the level of 0.05
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Fig. 30. The relationship between the measured and predicted concentrations

Of PM2,5 and PM1().
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Table 29. Inorganic marker elements associated with various emission sources or processes (Calvo et al., 2013)

Secondary aerosols

SO, NO;3, NH,

Sea salt

Cl, Na, Na', Cl', Br, I, Mg and Mg*'

Crustal or geological tracers

Elements associated with feldspars, quartz, micas and their
weathering products(mostly clay minerals), i.e. Si, Al, K, Na, Ca,
Fe and associated trace elements such as Ba, Sr, Rb, and Li. In
addition, there will be accessory silicates(notably zircon, titanite
and epidote), and representatives from the minority non-silicate
mineral groups, namely carbonates, sulphates, oxides, hydroxides
and phosphates.

Technogenic tracers

Steel industry

Copper metallurgy

Ceramic industries

Heavy industry

(refinery, coal mine, power stations)
Petrochemical industry

Oil burning

Coal burning

Iron and steel industries
Non—ferrous metal industries
Cement industry

Refuse incineration

Biomass burning

Firework combustion

Vehicle tailpipe

Automobile gasoline
Automobile diesel

Mechanical abrasion of tyres
Mechanical abrasion of brakes

Cr, Ni and Mo
Cu and As
Ce, Zr and Pb

Ti, V, Cr, Co, Ni, Zn, As and Sb

Ni and V

V, Ni, Mn, Fe, Cr, As, S and SO

Al, Sc, Se, Co, As, Ti, Th, S, Pb and Sb
Mn, Cr, Fe, Zn, W and Rb

7Zn, Cu, As, Sb, Pb and Al

Ca

K, Zn, Pb and Sb

K and Br

K, Pb, Ba, Sb and Sr

Platinum group elements, Ce, Mo and Zn
Ce, La, Pt, SO, and NO;3

S, 50427 and NO3~

7n

Ba, Cu and Sb
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Table 30. Chemicals from particles in different emissions sources (Chow, 1995)

Source type

Dominant
particle Size

Chemical Abundances in Percent Mass

<0.1%

0.1 to 1%

1 to 10

>10%

Paved Road Dust

Unpaved Road Dust
Construction
Agriculture Soil
Natural Soil

Motor Vehicle

Vegetative Burning

Residual Oil combustion

Incinerator

Coal-Fired Boiler

Oil Fired Power Plant
Smelter Fine

Antimony Roaster

Marine

Coarse
(2.5 to 10 zm)

Coarse
Coarse
Coarse

Coarse
Fine
(0 to 25 m)

Fine

Fine

Fine

Fine
Fine
Fine
Fine

Fine and
Coarse

Cr, Sr, Pb, Zr
NOQ;, NH4+, P, Zl’l,
Sr, Ba
Cr, Mn, Zn, Sr, Ba

NO;{, NH4+, CI', Zn, Sr
Cr, Mn, Sr, Zn, Ba
Cr, Ni, Y, Sr, Ba

Ca, Mn, Fe, Zn,
Br, Rb, Pb

K', OC, Cl, Ti,
Cr, Co, Ga, Se

V, Mn, Cu, Ag, Sn

Cl, Cr, Mn, Ga, As,
Se, Br, Rb, Zr
V, Ni, Se, As, Br, Ba
V, Mn, Sb, Cr, Ti
V, Cl, Ni, Mn

Ti, V, Ni, Sr, Zr, Pd,
Ag, Sn, Sb, Pb

S0/2, Na', K', P,
S, Cl, Mn, Zn, Ba, Ti
S0/, Na', K', P, S
Cl, Mn, Ba
S0/, K', S, Ti

S0&, Na', K', S,
Cl, Mn, Ba, Ti

CI', Na', EC, P, S, Cl, Ti

Si, Cl, Al, Si, P, Ca,
Mn, Fe, Zn, Br, Pb

NOs3, SO, NHy', Na’, S
NH,', Na’, Zn, Fe, Si

K+, Al Ti, Zn, Hg

NH,, P, K, Ti, V, Ni
Zn, Sr, Ba, Pb
Al, Si, P, K, Zn
Cd, Zn, Mg, Na, Ca, K, Se
SO, Sh, Pb

Al Si, K, Ca, Fe,
Cu, Zn, Ba, La

EC, Al K, Ca, Fe

OC, Al K, Ca, Fe

OC, Al, K, Ca, Fe

OC, Al K, Ca, Fe
OC, Al, Mg, K, Ca, Fe

Cl', NOs, SO, NHy', S
ClI, K, Cl, K

V, OC, EC, Ni

NOs, Na’, EC, Si,
S, Ca, Fe, Br, La, Pb

S04, OC, EC, Al
S, Ca, Fe
NH,', OC, EC, Na, Ca, Pb
Fe, Cu, As, Pb
S

NOs, SO/, OC, EC

OC, Si

Si
Si
Si
Si

OC, EC
OC, EC
S, SO&

SO, NHY,
OC, Cl

Si

S, SO
Si
None reported

CI', Na', Na, Cl
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AFA ZAAG e PMysoll @3S A= L9dS 4387 &l PMFE ©]
f3lo] ndgS 533 AyfoA Fole Q9 E5FHE(factor profiles)E Fig. 31
of YElATE PMysel disiAle F 971 Sl (factor) o2 /5 Now, 7+t
Q9o FEH+= 29Y9S A (Industry), 22+ 2 AF (Secondary nitrate), 22F 3
2+ (Secondary sulfate), EY(Soil), A& A4 % 25 (Coal combustion and
Vehicle), & 4 (Fresh sea salt), Alo] 2~ A4 2 2}52H(Biomass burning and
Vehicle), ¥ (Aged sea salt), 244 (0il combustion)® 34 3}%t}.

A HA 2 (factor 1)< Cr, Fe, Ni¢] 7|97} =& Ao g yYElyton o]5&
A (Industry) &3 @] e Aoz FHHY. = AFoA Cr2 Fe, Ni
o] AAAAFTE ZH2E 0612, 04672 froln gk Add (p<o.0D)s HERH A AR
t}. Fe, Pb, Zn¥ 22 Y4253 &35 Ni, Cr, Co, Sceo 37} ¥ 24
A wEd el 4 vk 9lai(Yang et al, 2013), Cr, Fe, Ni 59 &

L9207 B NEE EASHE 299L FEARANN 2 A edve

HU

7371 %= v (Gugamsetty et al.,, 2012).

F WA 29 (factor 2) NO3 ¢ NHy' 9 719d=7F =4 vebstth 22ja A
HA @<l (factor 3)S NHy & SO 9 71 %7} =4 Yebytth 7] Fo] w3
# SOz NOy= A8t o] NHz9b whg-st¥ (NHy)2S0, NHUNOz¢F #22 4k,
A el 22k A cofR2ER PMpsoll =AY 5 vk 2 Aol A NHY

ke AAAGFTE 0895% WS- 2 TS B, NOy 9% 0.667%
Hgo] AAdEs Uetd AoR & u o]Yg HEE0] A2 ZAddste] 23 oo
2% JUlE AT 7HsAdS AAbsta A B2 Aol A ol gk 22 &k

()

(secondary sulfate)®} 2%} A4 (secondary nitrate) 2G4 o] 1% AL PMys
LAY Fadk veS AAgtaL AT Kim and Hopke, 2008; Lestari and
Mauliadi, 2009; Gugamsetty et al., 2012; Mooibroek et al., 2011; Yang et al,
2013; Yao et al.,, 2016; Sung et al., 2017).
Ul WA Q8 <A(factor 4)2 Al, Fe, Ca, Ti, Sr, Ba®} 2 Aite] AA 7|8t
Ao 2 UEYI o]l EY(Sol) ¥ oddoer FHTE + drh
%2 EFeua”b 10 ©]3F2 vrER 2™, Al Fe, Ca, Ti Akele] 375 E 0283~
719 (p<O.0D = Fem et Adads BAh
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oAl HA 22l (factor 5)2 As, Cd, Mn, Pb, Se, Mo, Zn¥ #& Al 7o

2 YEebsa ol AE A4 9 25 3H(Coal combustion and

k
)
H
rlo
poy
o

Vehicle)9} #=#o] = Aoz FAHHT. As, Se2 et A4 F8 FHAZ
defx glom, MerstE s FR A Ni, Pb, Cd, Se, As 5°] A e
= 2o 2 By vlE Qlth(Jayasekher, 2009). ¥ Aol A= 2k Hgo]l= w}

2ol AR EHQ ZnY 7 xE7t =i, 7tEY Ao FujAlel #HHE Fekx ¢
a5 9 th(Zhao and Hopke, 2004; Jeong and Hwang, 2015). & <17-of A]

ol AEE Alolole EF foud ko] AuA(p<o.0)s Bolal AL,

Jlm

3] As®} Se Atole HIAG= 0487, ZnF As, Cd, Mn, Mo, Pb2 0.422~
0.604, Fe?} Mn< 06172 H-E° A#AdES YeElH AT Yao et al.(2016)2> Zn,

Pb, Mn 59 #3l7F =2 249 E AsA &2 E7stL Aok o] 5 Zn
Pb= A& 2ol 54 Al (brake wear)9t = #H& & ™ (Sternbeck et al., 2002),

Mn# Fed AlsdAe] 2 Alo] BAst= Jatd= A8t Aoz 4
AH(Yang et al, 2013). 3k o} A~FE FHLE=E FoA TAHE YAEZH A
As, Pba} 22 Aol g7 % k9 tHCanepari et al.,, 2008).

AX WA &< (factor 6)2 Cl o] 71A%=7t =4 YEtwtew, o5 & ¢ (Fresh
sea salt) o2 EFaach slde FAEES Na', Cl, Mg¥, K, Ca®’ 5oz <&
HA e, & QRldAE ojdt AEES wE7F dF FEHAT. A o]
LR FEAST HIAE C, Mg” & dld 719 Aoz FAHA A
T et o] Fo odYd EEo thdt 2 AgelA g ddd
ool FaEA eld v A vHKim and Hopke, 2008; Lestari and Mauliadi,
2009; Mooibroek et al.,, 2011, Gugamsetty et al., 2012; Nakatsubo et al., 2014,
Sung et al., 2017).

A WAl 8<A(factor 7)< K'Z OC, EC, Cd, Pb, Sbe] 717} A YERY:
2~ A% 2 2F = ¥lE(Biomass burning and Vehicle)¥} &
Ao ® FAY F Utk oA AW viel o] K'= OC, ECeoe] aAl+

0.680, 0.565 °|la OCE EC®F 0.707= Wy Lzt 34 (p<0.01)

nolm glgol met ol RS FAT edUelA Qe Aol Ak

R
N0,
Ll

jus)
=
9,

to

o

N
N
LS
N

o
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K #po]oua Axo giasded AuxEdz 484 Jdom 0Ce ECE d4
Ao A wjEE = A Eolth Cheng et al.(2014)2 wlo]omj~ Ak oy A= V)
7+ 59k PMys 57kek €A K, OC, EC7F A <3sts Ae st ad3d 7|&
ATl A ECS OC7F =4 71oste 29ds Asat WiEE% 73}
w, 53] 7t&E" Asatd s OC7F EC Bvh =74 wiEH™, ECE +
s zfo| A ol wlEE vty By Ith(Kim et al, 2004; Lee et al., 2005).
SkAI Rt Shah et al.(2004)2> H& A-sake] Ffoe FFEH=7F =gy AA
TS WESE Afde 0Co F%7F EC ®Huh i, dAEE(0 km/hr ©]
AE YT W= EC7F OC Bt #=A wiEdva 3tk ¢9, Jeong and
Hwang(2015)2] dFelA = ol Aol =4 Yetvdes eddEs bga 254

AHEH = Aot T Adel 9T

U U8 4B 299 el % FD AL ANHNE ek g

|

u
ol
%
2
H

NS
o
o
o
o%
ojfl
filo
do
[o;

rl

T8 AxEFHol7| = sFtH(Calvo et al, 2013).

o] 5 WA 29 (factor 8)91 = Na'3 Mg®' 9 719J%=7} A yeyt) o &

RS AbololE 07512 o APAL wolm gtk o 89 Lz uheldA
Clel 71e17) e ghe A agzhed o8 Cl 7k A8(ashHE A7) oE

e}
2

o7 FdFEHKim and Hopke, 2008). sl 4# A #<l NaCle 724t 3
(HoSO9) 7o) REZ-el 93] Na,SO.2 ¥ Cl 2 7|Astg oz atel A=
Clo] aztu7] wjiol 71995 YelAl " tH(Seinfeld and Pandis, 1998).
PR o] 298 A (Aged sea salt) YA HHo] Z1e Aow AW

ol WAl f<l(factor 9 Ni, VO 7|oJ=7F & A= Yewt & A+
ANM= o F AR e B HolA FAARE, B ATolA Nidk Vel 7]
A7l EA YeElds 29ld ddsts 2d¥9ez 2d A4(0il combustion)E
FEI on, olE AEES v LA, AFstst T4 oA Akl 9
d T2 HEHe Aoz gdEA drHQuerol et al, 2007, Kim and Hopke,
2008; Mooibroek et al., 2011; Lim, 2014).
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Fig. 31. Factor profiles resolved from PM:5 in the Jeju City.



71l 59 EEE Table 310 YENQATE EelA BWA, PMysol 9GFS v A=
oA Vo= 22 Ak 289%, LA A4 14.1%, 22 AAFA 18.1%, H}o]
Sujx dAx H AEAF wE 16.0%, AE dix 2 AEaF 7.1%, EY 39%, Y

10.6%, 2Hd B e el 1.2% 5 AAetar Atk Kim et al.(2018)°] & A+

S BAT AN AT AFNA oL} AR 0FL WPOm HH

299 JlelEE wu, volovia i 9 AEA WE 310% 24 G 2

29 Ak 304%, 22k AAA 167%, HF 10.1%, EF 7.9%, 214 #H 244
o3}

37% ol9lth olHel AFeh: @y B AjeMt By U AL4RS
Fohw wggons wrh dadd eddel md 4ol sk

= F 5719 f<l(factor)o] FEH o}

A WA @9 (factor 1) Ca”, Al, Fe, Sr¥} & A ¥ 7=} 22 Ao
2 yeigth 2 Aol PMyy A=t ol8d BEY V) AREY =& A
$73(0.832~0.925)2 YEIHSATE o] AFATol= ATV Fdel AIEAFHA
A QoA AyE =23 FAR A3 vAEA e JIFE AR 7L A
o= perdr)

T WA @9l (factor 2)9lA= 53] Cl, Na', Mg ¢l 7]oJ=7t & Aoz
WSk PMoo] FAARE FoAE 59 22 dd Vg AEE 1Y 4aA
o] =& o7 EbLTH

Al WA @<l (factor 3)& K', NH,, NO;, As, Ba, Cd, Cu, Pb, Sh, Se, Zn,
OC, EC$t 22 A&9 7o=7F £8H. o5 A&E2 PMy 235 =% BE

o] A#AL Bt A HA 2l M= vlo] e~ A4 (Biomass burning), 23+
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22k (Secondary nitrate), A& 914 (Coal combustion), ~L&] 1l A}%52FH(Vehicle)

o

S #EE AREAEY #yo] 7 Aoz Hl

vl WA 29l (factor 42 Cr, Ni, Co, Mo 53 22 AwEE9 7|owr) £& 3
o7 Yeytt} o] 58 53] H A (steel industry) ¥ 22 A3 Al A (Industry) 2
#do] e Ao FAHE. B AT = PMps TAsHE dadEs SolA
53] Ni, Co, Cr Ale]®] -9 =& 4aAdS BAh

mpx ko 2 opAl WA 29 (factor 5)& NHy', SOy, V| 79%7 =& Ao
et o B Aol A= ol & 23 A 2 A4 (Secondary sulfate and

ﬁ
lo
m

i

oil combustion)® &3}t

523 44 olo2E, g A dea AEA B F Q94 o] o
865%% AN, A, EF} 2 AAH odAe 145% AE ofshn
9tk ek PMoel M= PMysol sl £ o dgle] 305%% 713 @ v
£2 AL, Pel AT HLE FASHA 2RAR 23 o o] 3}
91 e PeEE S AU 544%2 PMysol vla) AiHow A vgs
AA = Aow vhehath,
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Table 31. Average source concentration and contribution for PMss and PMyj.

PM>5 PM;
) ) 2018
Sampling periods 2017-2018
(Jan., Apr., Aug., Nov.)
Input data matrix 344 %27 49%29
Number of sources 9 5

Source concentration (ug/m’)
(Contribution)

Secondary sulfate

Oil combustion

4.64 (28.9%)

2.26 (14.1%)

6.01 (20.2%)

Secondary nitrate
Biomass burning and Vehicle

Coal combustion and Vehicle

2.90 (18.1%)
2.57 (16.0%)

1.14 (7.1%)

8.64 (29.0%)

Soil

0.62 (3.9%)

9.10 (30.5%)

Fresh sea salt

Aged sea salt

0.35 (2.2%)

1.35 (8.4%)

448 (15.0%)

Industry

0.20 (1.2%)

1.56 (5.2%)

Total

16.04 (100%)

29.80 (100%)
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Table 32. Comparison of PMs5 sources predicted by PMF analysis for various urbanized area in Korea

Site sampling Source Reference
period 1 2 3 4 5 6 7 8 9 10 11 12
Jeju City 2017-2018 Yes Yes Yes Yes Yes Yes - Yes - Yes  Yes - This study
Seoul 20085-2010.12 Yes Yes Yes Yes Yes Yes - - Yes Yes Yes - Jeon et al.(2015)
Seoul 2010 Yes Yes Yes Yes Yes Yes - - Yes - Yes - Moon et al.(2011)
Seoul 2013 Yes Yes Yes Yes Yes Yes - Yes - - Yes Yes Sung et al.(2017)
Seoul 2013-2014 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes - Yes Park et al.(2019)
Daejeon 2013 Yes Yes Yes Yes Yes Yes - Yes - - Yes Yes Sung et al.(2017)
Gwangju 2013 Yes Yes Yes Yes Yes Yes - Yes - - Yes Yes Sung et al.(2017)
Gyeongsan 2010.9-2012.12 Yes Yes Yes - - Yes - Yes Yes - Yes - Jeong and Hwang(2015)
Busan 20085-20136 Yes Yes Yes Yes Yes Yes - Yes - Yes  Yes - Park(2014)
Busan 2013 Yes Yes - Yes? - Yes - Yes - - Yes - Jeong et al.(2017)
Incheon 2009.6-2010.5 Yes Yes Yes - Yes  Yes - Yes - Yes  Yes - Choi et al.(2013)
Yongin 20075-20084 Yes Yes Yes Yes Yes Yes - Yes - Yes Yes - Lee(2009)
Mokpo 2017.3-20185 Yes Yes Yes Yes - Yes - Yes - - Yes - Oh et al.(2019)
Suncheon  2017.3-20185 Yes Yes Yes Yes - Yes - Yes - - Yes - Oh et al.(2019)
Chuncheon  2006.3-2009.8 Yes Yes Yes - Yes - - Yes” - Yes - Kim(2010)

*1 1; Secondary sulfate, 2; Secondary nitrate, 3; Biomass burning, 4; Oil combustion/YShip emission,

wear, 8 Industry/”’Smelter, 9; Incineration, 10; Sea salt, 11; Soil, 12; Roadway emission
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Table 33. Comparison of PMjy sources predicted by PMF analysis for various urbanized area in Korea

Source”
Site sampling Reference
period 12 3 4 5 6 7T 8 9 10
Jeju 2018.1,4,8,11 Yes Yes Yes Yes Yes Yes Yes Yes Yes - This study
Hwasung 2007.4-2007.5 Yes Yes Yes Yes - Yes Yes Yes Yes - Lee et al.(2009)
Paju 2007.4-2007.5 Yes Yes Yes Yes - Yes Yes Yes Yes - Lee et al.(2009)
Icheon 2007.4-2007.5 Yes Yes Yes  Yes - Yes Yes Yes Yes - Lee et al.(2009)
Yongin 2007.5-2008.4 Yes Yes Yes Yes Yes Yes Yes Yes Yes - Lee(2009)
Seoul 2006.8-2007.11 Yes Yes Yes - - Yes Yes Yes Yes Yes Yi and Hwang(2014)

* 1 1; Secondary sulfate, 2; Secondary nitrate, 3; Biomass burning, 4; Oil combustion, 5; Coal combustion, 6; Vehicle, 7; Industry, 8; Sea salt, 9; Soil

and Road dust, 10; Road salt.
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T :
stolf AH Aol 7)ol weh e qde] FEeh Y]okmolA ApolE KoY

= bk zelste] 7 Al disiA FAE 2ddEY VdrE AR Has)
FEdE A

7] 9131 Table 34 A|AIS vl o] fAMeE S o] e
=
[e)

A3t =AA G deiM = o] e ATA AL

oje} Z Wow AEE Il =AA G gk vAmAe] Fa e ddl
gk 7o =5 =235t Fig. 333 34¢l YeRlAth =Wl Z=AIA G oA PMas
o YFE WA= 29l v Fo aFS B, AGEE b Zole Ao
U d=dor da 5 Abeal LA Vo) 42.3%(24.1~55.0%) 2 7HE =
A vErstow, AlFA = 372% 2 A R v =Roy Me, 53X
oA, BT S UFEY EAAGRYE 71ol2E et A4 % A

oo VoEE dAdoer Qo] AAIMoY FAAAL Fo] 9%
A3 nE£=27F A8 Qo] AFEdo] B AgdA & VA RE HE
T Atk A=AoE B 27 ooj2F 99U HTRE & Ao

2 Uehytth 23 doj2E o9 Vs HAIFF o Wik 37.7%(20.3~
486%)010om, &9, A, tA, 35 53 2 WNFE =A vl AFAlelA]
T 47.0%% =4 yetwrh =g agdA AgHor HH AFE v R FA4L
53X 5 fEvE FRAgel A mAEA 23 do2E o d9e] 7]t
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Hla A #=e Row yewt EY 2 E=Edr odde deHor W
110%(39-21.0%)¢] 712 Bz, AFANA] 7o 5t 39%2 7P o
Rkl M, tid, FF 5 AAAF Aol nEE=2TF A& e AGelA=
T2 L2 wEd g% gFgo] F Ao eyt EY 7Y 4 s A
MAPA B 2R A =2 Aoz dHA o (Gugamsetty et al., 2012),
PMysoll dist B 299 719 %7t 10% olde] vus & &S zA 8=
AAE AA A 9P H 6.7%(1.2~135%)Z PMysoll 7|osts= Ao
=2 yeped, A9 el diEd A Aol gl AFAdAAE Y W Vo=
(1.2%)5 Heola UAATH A 29 7l AMAAF ATl AFA Aol
SAAE T diHiE Al el fAlE A= A GolA Bl F V| RE HO
T Ao® Yegth dd 299 Hit 24%(0~106%) Ve EE BEd,
Abdo] afdom EEAe] Sl AFAGY TAA=Tt 7HE =4 dEust st

o AT EANAE AP Aol FEHA @ FFE Ao, AFAE

PMpel F&FS mA= F8 299 259 FHE dund, 23 o2&, o
A2 9 AEA 299 71 mT) 51.5%(48.1~62.7%)5 A s AR e
th PMooll A= PMasoll Al AR 2ol FA Aol FASHA &75A %7
el 23k dol2 &3 Ax F AEa LHYe R FojA AT 7t
AEE onkel o]l PMpsoll 9SS W= 23 doE2E o9
37.7%010 L, A4 B AEa Qe VoEs 423%EMA o] =9 7|o=Tt
% 80.0% oS st PMpel tigh o] 299 719 == PMysol vla] =
S & F Adrk AFAIANA PMpoll tigh 23} oo 2E3 Ax B A
A L dHhe Vs gE EA%E & AolE HolA Fskou, FHo] kg
Aol AbAlE] QA aEHERTE YAG SAAJA ] Vo ERTE e Ao
= Yebsth(Lee, 2009). PMell tiaf + HARZ =2 7|d=s B 29U
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Table 34. Reclassification of the possible sources predicted by PMF analysis for urbanized area in Korea

Reclassification of sources

Sources based on PMF model
PM2,5 PMlO

Secondary sulfate
Secondary aerosol
Secondary nitrate

Biomass burning

Oil combustion / Ship emission
Secondary aerosol + Combustion + Vehicle
Coal combustion
Combustion and vehicle
Vehicle

Break and tire wear

Incineration
Industry / Smelter Industry Industry
Sea salt Sea salt Sea salt
Soil

Soil and road dust Soil and road dust
Road dust / Roadway emission
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Industry related B Sea salt

= Soil and road dust

Fig. 33. Contribution of the possible sources for PMss at the urbanized area

in Korea.
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Fig. 34. Contribution of the possible sources for PM;, at the urbanized area

in Korea.
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NOAA HYSPLIT MODEL
Backward trajectories ending at 2200 UTC 18 Jan 17

NOAA HYSPLIT MODEL
Backward trajectories ending at 1000 UTC 18 Jan 18
GDAS Meteorological Data

GDAS Meteorological Data
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Source & at 3349 N 12650E

Meters AGL
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0117
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aii1a 0117 e

Job 10 142485 Job Start Wed Jun 5 23:74:45 UTC 2010
Source 11at: 33480086 lon.: 120.500788 hgts: 100, 500, 1000 m AGL

gdna{)weebm Backward  Duration:
\fa*mal obon Calculation Method: Mcde{ \l'erbca] Velocity
Meteorology: D000Z 15 Jan 2017 - GDAST
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Source 1 lat; 33 420086 lon.: 12\3.500?88 hgts: 100, 500, 1000 m AGL

Direction: Backward  Duration: 72 hi
e e o ot Mndel \iecscal Velaity

Meteorology: D000Z 15 Jan 2058 - GOAS]

Fig. 36. Transport pathway of air mass arriving at Jeju City on (a) January
19, 2017 and (b) January 18, 2018. Red, blue, green lines on air mass

trajectories indicate heights of 100, 500, and 1000 m above ground

level, respectively.

Biomass burning 0il combustion

and vehicle 0.7%

153

Seasalt
3.4%

Coal
combustion
and vehicle

10.9%

(a)

Fig. 37. Contribution of sources
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Fig. 38. Transport pathway of air mass arriving at the Jeju City on
November 4, 2017.
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Fig. 39. Daily variation of Ba, Sr, K, K', and PM»5 concentration on Feb. 2017.
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Fig. 41. Transport pathway of air mass arriving at the Jeju City on (a)
February 14, 2017 and (b) February 20, 2018, respectively.
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Table 36. Concentration (zg/m’) of chemical compositions in PM;y during

Asian dust, episode and ordinary periods from 2017 to 2018 in

Jeju City
Asian dust Episode Ordinary
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