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ABSTRACT

The collection of atmospheric PM;y and PMss particles were made at Gosan
site of Jeju Island, which is one of the background sites in Kkorea, during
2016-2018. Their ionic and elemental species were analyzed, in order to
examine the chemical composition and emission characteristics in accordance
with the various meteorological phenomena.

The mass concentrations of PMjy and PMs were 21.0+9.2 and 11.946.6 ng/m®
respectively during non—-event days. Concentrations of the secondary pollutants
such as nss-SO.%, NOs, and NH," were 4.86, 2.79, 2.01 ug/m® for PM,o, and
418, 0.81, 1.68 ug/m® for PMss, respectively. The composition ratios of
anthropogenic (S, Zn, Pb, Ni), soil (Al, Fe, Ca) and marine (Na, Mg) sources
were 44.4%, 21.9%, 23.4% and 61.1%, 19.9%, 7.3% in PMjy, and PMy5,
respectively. From the study of particle size distribution, the concentration
ratios of PMss/PMyo for nss-SO,> and NH,  were equally 0.9, indicating that
those species were existed mainly in PMss particles. On the other hand, NOs ,
Na', Cl and nss-Ca®" were relatively rich in PM; particles.

Based on the study of source origins by the principal component analysis,
the major components of PMjy particles were originated from marine sources,
followed by anthropogenic sources and soil sources. On the other hand, the
compositions of PMss particles were influenced mainly by anthropogenic
sources, next by marine sources and soil sources.

During the Asian dust periods, the concentrations of nss-Ca® and NOs
increased highly as 7.2 and 2.4 times in PMjo, compared to non-event days.
Especially, concentrations of the major crustal species such as Al, Fe, Ca, K,
Mn, Ba, and Sr showed a noticeable increase in this periods. For the haze
days, concentrations of the secondary air pollutants increased 0.8~1.6 and 0.8

~19 times in PMj, and PMa25, respectively. In addtion, the concentrations of
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anthropogenic elemental species such as S, Zn, Pb showed a noticeable
increase during the haze periods.

The neutralization factors by ammonia were 0.75, 050, 0.79, and 0.84,
respectively, for non-event, Asian dust, haze and mist days in PMjy particles,
besides they were 0.92, 0.71, 095, and 0.96, respectively, in PMass particles.
Meanwhile, those by calcium carbonate were 0.09, 0.49, 0.09, and 0.07 in PMjo
particles, and 0.02, 0.13, 0.03, and 0.01 in PMs5 particles, respectively.

The clustered backward trajectory analysis showed that the concentrations of
secondary pollutants such as NOs, nss-SO,%, and NH, increased remarkably,
when the airflow moved from China continent. On the other hands, they
decreased when the airflow moved from the Northern Pacific Ocean. Likewise,
in back trajectory analysis, the concentrations of secondary pollutants in both

PMiyy and PMa25 particles were higher when the airflow moved from China

continent to Jeju Island.



I.A &

7] ol A e AR EA5 = BHUAE 7] ol o] & (Atmospheric
acrosol)olgtal &t f-Elygte = ol & t)7] v A A (Particulate matter, PM)
gt Aata ok 7] M AHA= A nmell A A nm7bA WS W9l e] A=
7] HEE B 2ga wEd Be 7] FolA e udd -3kt wsE

Ukt 242 dErdn ol gid ] dAES Aol weEt 5o a2
Wbsh 7HA E Ast 1Al Aol = of g S v R v e A9, 2011).

7] v AH A= F7198H4 A 7 (aerodynamic particle diameter, D)ol wheh
AA TSP (FHFf%1), PMy (10 um ©]3}), PMas (25 um ©]3h), PM;, (1.0 um
ols}) Fow Firetal o, fElytol A= o] T PM= VIAIWA, PMasE
Zr| AR A 2 et dokl AT, 2014). PAIHA = 1990 el Eo] ofd 4,
TEFNS} 2 S5 A v V|8Ad, Hrls &4 5 A Slaldol =
U= AR o] grsl A WA yhelo] H ool s 53] Htol Aty A=
ZHARA ] A we] Hedol HZE L Jvh(&lx. 2019; Russell and
Brunekreef, 2009).

PMp A= ES sl9 7199 A& el vl 1 dgizor A7 o]
il Ew Aol Zof th7] AlFAlLHo

wol iz w4E ARe ATl

W

A BAEE oA d=dS o wol x¥etn Advh. e =77 FAa i

A gatEol A olFE =

Aukx o2 25 um °]ge A7|E 2t ZU A (coarse particles, 2.5 < D, <
10 im)= T2 AFHeAM e 7AA A4S AH AHddd. 2 FaE Aol
et FAHAde]l A AR FAEAS W 7 oA gt AARHY] uw
of fajdol Audoez v} z#v; 25 pum ©l3ke] " A AH(fine particles, D,

<25 umt WY 3O AR PBAY $%, S B H4H WsE AH A
e oo dBd Fdel Bx, F5 5 4F FAEAL EFAL oA AA



Aafdol ¥ Ak oA F mAHA 7L 1Al AZbe dEE PAE o
U AARAZ]HWHO) oASA 1+ 2TARC) A= 20130l o] & 17 2t
=R AASAT (3], 2015).

EA oz dEARE NHY, SO, NO3 3 28 84 4 o]Lo] HA 9
30% o|AS A TIH(H-F2, 2019; Kang et al, 2006). 53] PMasi= AFAAIA
SolA ulEE NHs, SO NOx 59 Abstel ol AAdE A4 Sdde] 93¢
w7l wjiEe] Akl vls) o H53s sietxd s JEhdti(dsd 2014
McMurry et al, 2004). 12]31 =Z7]o] wef W7 R 3stxAd 5 1 540
t27] wZol] JxpAT]el wel A e =AY JAE BEE gold dg
7} ot

FHATHEU)ANAM = PMyy, PMos vIAIA A 7158 Adw 2h2h 40, 25 pg/m’=
FAs L glon, AARAZTFWHONAE ol 7EXE dF+t 50, 25 ng/m’,
AWt 20, 10 ng/m’? FAste] pYsEs Agsa ok E, 2009). @A
o] bl = PMyy =5 PMysol th7|$H475s AAste] desta 9l

$-2ubebs 19839 TSPl thdt 71Fe] =9 E%la, 19950 PMyy Pl Al¥ A
3k @3 71Fol F3HLH 150 ug/m’, A 80ug/m’)E ATk 20013 2007
doll = A9+t 100 ug/m’sF A9+ 50 ng/m® 7158 MAske] QA& ko e
U H 2ujAlA o] fsde] - E I e AAIA FAlel wE 2011d el =

PMys 347154 493 50 pg/m°, A 25 pg/m’= AAsr. 183 2015

031

u

11

p—)

k
m

Te wESEH A, 20189 3¥€ 27YHEH PMys ¥ FEE 50 ug/m3
35 ng/m’E, BT FEE 25 ng/milA 15 ng/m’E B 7ES 9L 33t
AATHH ] 5, 2018).

A oldd 2R AWUAE Aztsty] flske] 20199 1190 "M A
el FEAF(2020~2024); ¥ "W ARA 2FEE A7) RS SEgE, & A
Ak Ea 20223744 S Wi E R HE bESE HRE oldnd ER A
§t rE A E Aldsta ATHEA - 2019).

o
o2l
ofs
-

,d
i



- N Aoz F}xa k(Ko et al.,
2016; Park et al, 2012). 53] &5 FTH559d HWezas AR A= FA}
(Asian dust)®t T &% FAEAY} HEAl A LA St= A5 (Haze)7F o 2] &
AXFe JdFgor FF IVNER F=H] ti7lds AA7IL AT
2019; o] Al, 2014; NIER, 2011).

FAE FF FRPG WEE AR BEeei, 94, QBEs WE g

79 &
o2 HAH3~6 km)EHo] AEVIFE B R FUEH Ko et al, 2016;
Ghim 2011). A} A= &

=
o
S
N
o
=
&
3
3
1o,
N
)
o
ft
o
e
A
fu
—
o
S
N
S
S
T
o,

H ouabsel ANEL B olEdth 277k 20 mmutk & A5 4 AFE >
Qo A7 Ae AAE o) FOE sl AFAA Ferh St
N #EHE FAYAE 277 1~10 um GEoln, 3

-

B2 Aow yeida dolx PMydt PMas HA]
(Kim et al., 2006)

[‘E
>
off
o2
o
=)
=l
3o
)

o
2011; Zhang et al, 2010). d¥tx o2 3} Ao = YR F
AR = Zd ARl vs) ZA FrheA] @ Ao ® vEha vhk(Park et
al, 2012; Choi et al, 2003). 53] -tz Fol=& P %

ol A me wel = FPAG Yt BAAGAAN AF e AEHS THT A
2 AMFTE B ol sty] Wil 1 FaE thekstAl YEvar gltk(Lee et al,
2014).

AFE PAEAE g

M
o
v
ro
2
-
[ﬁ
0%
o
o

st A3 A ol 54
ol soprlotel M MEfH G A FEE e k(Ko et al, 2016; UNEP,

2002). #H<rel AZFE A = Sl A5 FA i SOl A EA A, =

=



TE QAR FY 5, 2017; Kang et al, 2004; Chun et al, 2003). #+¢] dF+=

2 FE #FE = gaber gy AlAA Aolzt A glo] MAstaL qloj A wj
FUAEZE AEH R gofd a7t dvhKo et al., 2016).

U= 7RI 7 10 km vl Rbol L ATt 75% o]}l AElE 25 um o]

ato] wAgE EEoltt AN, Aabd s 2 F54 8o byl Tl w9l

= #AAolt(Song et al., 2016; Choi et al., 2003). BFFi= Fdho|u} LA A4 9

AMAE ofEATIaL, ZIAY = de AR 2R E e A (gas to

¢

l

particle conversion) % < x}<F (particle coagulation) ™#A Y] J&FS Fr}
(Lee et al,. 2013). wetA tf7] wAlA o] &84 547 3etxgde JFE&
XY (dA 59, 2014)

w ATl E Sl FAAGR] AFE ANE E Ao kS PMy

MARA S PMos 2VIARAE ARkl 584 o & R Ak YRS 245
vk gm0 AnERE vAuAe] SPEHe RASL, A, AT, 9T
5ol 714 AgEe oyl MAnAe Setxg e vastdth £ 717 §97%

H
zuw nANAe) 24 WEE vt FRA F9HE 4AY oF o9E

Aol AFAYG 7] v ARA 2ol WAL FFS stefsu sk



L th7] wARA A5 A S

11 A® A3 A

PMo# PMs 7] wlAliA) Ay 24 2447504245 A
W omale] S9%, 3320°N,127.16°B) A Ak @
m g Ao 9Askel, AWM o 20 km o4 HolH Qo] AAA 9.Flo]
ofolth, wak ol Aol Hol A A
7}

300 m "ojx Utk

1.2 5747171

1.2.1 PM;y Air Sampler

PMyy th7] ool & Algys 14 ZH Ao PMy Sequential Air Sampler
(APM Engineering, Model PMS-103, 104, Korea)Z XA 3sto] E 3ttt Air
Sampler®] &7] %< MFC (Mass Flow Controller)”} ¥#3¥ A5 Al~=H-S

AbgEte] 27| RE EFR A7FA AEA O ® 167 L/ming A8t

1.2.2 PMys Air Sampler
PMos Al&+%F Inlet S7F F#o PMss; WINS Impactor7b F2HE PMos
Sequential Air Sampler (APM Engineering, Model PMS-103, 104, Korea)& A}
&3t ¥R, &7 F45S MFC (Mass Flow Controller)7} 25 A5 A

2ES ALL3) 71RE TR ARA ALHoR 167 L/ming 4383}

1

e
B

ol

1.2.3 Ton Chromatograph
AR ] 84 o] AEEL Ton Chromatograph (Metrohm, Model Modula IC,



Switzerland) & AHg-3te] EAFATE o] W F& Fol&(NHy, Na', K, Ca”, Mg*) +
Aolli= Metrohm 818 IC Pump®} 819 IC Detector® AR5} 31 Metrohm Metrosep
Cation6-150 #&]#, ol(Cl, NOs, SO, F, CHSO;) % 712HHCOO,
CH;COO ) #4ol+= 881 Compact IC Pro%} 819 IC Detector, Metrohm Metrosep
A-SUPP-16-250 #&]¥& AH8-8Fith

1.2.4 Inductively Coupled Plasma/Optical Emission Spectrophotometer

n] A =] o] A (Al Fe, Ca, Na, K, Mg, Ti, Mn, Ba, Sr, Zn, V, Cr, Pb,
Cu, Ni, Co, Mo, Cd)<= ICP-OES (Perkin Elmer, Model OPTIMA 7300DV,
USA)E Abgste] EA359t. ICP-OESE  simultaneous mode, radial/axial
plasma A ¥3&, 40.0 MHz RF power, Segmented-array CCD (Charge-Coupled

device) Detector {2+ & o]t}

1.2.5 Inductively Coupled Plasma-Mass Spectrometer

FolA Ao oer FLevt vk v FE(Ti, Mn, Ba, Sr, V, Cr,
Cu, Ni, Co, Mo, Cd &)< ICP -MS (Perkin Elmer, Model ELAN DRC-e, USA)
Z AFESle] EAegth. o] ICP-MS+E 40 MHz RF power, DRC (Dynamic

o
32
1t

)

2B

Reaction Cell), Quadrupole Mass Spectrometer -2 & o]t}
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1.2.7 pH meter
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Co., Zeflour™, 47 mm, 2.0 um, USA)E A}&-3lo] 2016 1€%H 2018 1297t
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o9 Bulg A (ng/m’) o kel
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PMyy, PMs59] =84 o] 2AEE2L Jon chromatography (IC)WHo& F23%
th. Yol NH,, Na', K', Ca®, Mg”2 IC (Metrohm Modula IC, 818 IC
pump/819 IC detector)E AF83te] Metrohm Metrosep C6-150 w2 &, 0.9
mL/min <, 25 uL FYH3, 3.6 mM HNO; &#9dle] 2o s 433l &

FAATHAS NH,, Na', K', Ca¥, Mg ¢ 4<% AccustandrdA}¢] 1000 ppm ¥&
goE ARESte] 0.1, 05, 1.0, 5.0 ng/mL F=2 3|45 &S o] g3t 2HAdst

=5
ol (Cl, NO*, SO, F, CHzSO03 ) 3 #712HHCOO , CH,COO ) w52
IC (Metrohm 881 Compact IC Pro)E A}83te] Metrohm Metrosep
A-SUPP-16-250 &%, 0.8 mL/min <, 100 uL 4], 7.5 mM Na,COs &
gl 200 mM HoSO, Suppressor £9e] Aoz A3, 2 So](Cl,
NO*, SO/)e F&EAATAHEe 14 FFEZ(Aldrichrt 99.99% KoSOs 99.9%
KNOs, 99.999% NaCl)
ng/mL FEZ 3T
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F71*HHCOO , CH3COO ) AFE9] =444 10, 50, 100, 500 pg/mL2]
Hel = g s
IC 24 Al 7171 %34 (Instrumental Detection Limit)y= F&=73 434 24 o

ARERE HAase RS 73] v A% $ 253 Ak] Student-t (98% A

73] HbE-SE dglolg o] EEHARe} WE Al (CV, coefficient of variation)E Al 4Fs}h
of et ol&A FI IC ¥ 7|71HAEIAUIDL)Y} WEAF(CV)E
Table 13} #t}.

322 % ot Z(xz‘_})z
F A 2}H(standard deviation) S = R T
W %5 A 9= (coefficient of variation) CV = —% x 100 %

IDL = S x 3.14 (98%, confidence level, n=7)

Table 1. Instrument detection limit (IDL) and coefficient of variation (CV) for

IC analysis (n=7).

Species NH,' Na' K' Ca” Mg? SO

IDL(ng/L) 13~37 13~30 18~34 24~33 34~55 04~08
CV(%) 09~24 09~20 11~24 15~24 22~35 03~05

Species NO3 Cl F HCOO  CH3COO  CH3SO3

IDL(pg/L) 22~29 02~05 01~02 03~07 03~07 03~14
CV(%) 14~17 02~03 04~11 18~34 17~34 18~53




Algel A
Sholl A wkow Akt PMy ZE S PMys BE = violaz9 Abisijes A
A & A2 EE wAEAT. dAE #AHLS US EPAC Compendium of
Methods for the Determination of Inorganic Compounds in Ambient Air
(Method 10-3)" "ol we} mpolamat A4 AHES &F3sHAtt (Mainey and
William, 1999). A 52 HE ZA A2 & HEIZE(PFA, polyfluoroalkoxy) -8 7]l
23l of7]e] 555% HNOs/ 16.75% HCl £34F 10 mLE 7tg & wlolaA =9 &
FZAbse] faAdEs SEAIAT vhelAR = 1000 W RF powerE AL}
SEE 158 F¢F 180CTE AEA7]a o] 2&=oA 1587 §AAZ F A3
Waretsity, mpelama EalE vl &2 FA17] Z¥(Whatman, PVDF

& ¥, 2e5E b gyEeaa
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P2 FL ICP-OESE E+= ICP-MSE AF&3te] Al Fe, Ca, Na, K, Mg, S,
Ti, Mn, Ba, Sr, Zn, V, Cr, Pb, Cu, Ni, Co, Mo, Cd A% % 20%<& 43
ICP-OES #+4A 244 o2 AccuStandardAle] ICP-§ 1000
ng/mL &4 10¥] #3 100 ng/mL &% A&E&qS s 5 o]E 001 ~ 100
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ICP-MS XA 25474

1

X XLH%

i 71 O

=}

=8N Perkin ElmerAte] 10 pg/mL
Multi-Element Solution 3 (Ag, Al, As, Ba, Be, Bi, Ca, Cd, Co, Cr, Cs, Cu, Fe,
Ga, In, K, Li, Mg, Mn, Na, Ni, Pb, Rb, Se, Sr, T1, U, V, Zn)¥ 10 ng/mL
Multi-Element Solution 5 (B, Ge, Mo, Nb, P, Re, S, Si, Ta, Ti, W, Zr) 9%
FARe R 33 § 1~500 ng/L M9l = 3|4 sto] ARE-aFit.

olgfgt W o R 20F 9 YA ES ICP-OESS ICP-MS® #4138 7717
71717 % ¢ A1= Table 2,37 #t}.

B

Table 2. Instrumental conditions and detection limit (IDL) for ICP-OES analysis.

Instrument: Perkin Elmer, Model OPTIMA 7300DV

Plasma conditions: RF Frequency = 40 MHz,
RF power = 1.40 Kw

Gas Flow rate: Carrier gas = Ar 0.65L/min,

Auxiliary gas = 0.2 L/min

Coolant gas = 15.0 L/min
sampling conditions: Pump Rate = 1.5mL/min
Nebulizer: Ultrasonic (CETAC Tech., U-5000AT)
Detector: Segmented—array Charge-Coupled device Detector

Wavelength Detection Limit Wavelength Detection Limit
Element Element
(nm) (ng/L) (nm) (ng/L)
Al 396.153 ~0.92 Fe 259.939 ~1.08
Ca 396.847 ~0.82 Na 589.592 ~0.79
K 766.490 ~0.86 Mg 279.077 ~2.54
S 181.975 ~5.15




Table 3. Instrumental conditions and detection limit (IDL) for ICP-MS analysis.

Instrument: Perkin Elmer, Model ELAN DRC-e

Plasma conditions: RF Frequency = 40 MHz,
RF power = 1.60 kW
Gas Flow rate: Carrier gas = 0.9 ~ 1.05 L/min,
Auxiliary gas = Ar 1.2 L/min,
Coolant gas = 15.0 L/min
DRC parameters: NHj reaction gas flow = 0.6 L/min
Sampling conditions: Sampling depth = 7 mm from work coil,

Sampling cone = Nickel, 1.1 mm orifice diameter

Skimmer cone = Nickel, 0.9 mm orifice diameter

Nebulizer = Concentric nebulizer
Sampling uptake rate = 0.4 mL/min
Detector: Electron multiplier tube (EMT)

Element Mass  Detection Limit Element Mass  Detection Limit

(amu) (ng/L) (amu) (ng/L)

Ti 48 ~88.0 Mn 55 ~534

Ba 138 ~15.7 Sr 88 ~94

Zn 64 ~207.4 \% 51 ~66.0

Cr 52 ~37.7 Pb 208 ~22.0

Cu 63 ~72.3 Ni 58 ~116.3

Co 59 ~47.1 Mo 98 ~94

Cd 114 ~189
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s AASAT RS 5, 2015).

o] ¥ =l PMys $H4d7IEe]l WHOZ|Eolu W=, Aol Hsf stk A 2 o]
AAIL, AARAZIT AFet =4 GATATARC)ZE PIAIEAIE 17 EHEHER
A4 gt ot A= 2018 3¥ 279 A7) 25 pm o]kl E1 Al A (PMas)
AANES v dEI} LA AWt 35 ng/m’ 2 AW 15 ng/m’ F A
shek ‘@G A EN AR S AR sEATHEHE -, 2018).

2 ATl A = 2016 19 3YFH 20189 129 3097HA] AlFE AL4EA] & o A
ANF 3 PMio?t PMosAl 825 2H2E 32270, 30070 2 # st A& s=s SAsA
A sEs 7o S48l et vAaAE dEel Egste] £4 -

Fo #I) Aolsh /1 FHORVE obdsh g 4 AEdte] MAMAL] A
o

Mass Concentration = %X 10° (ng/m?)

Mass Concentration : "4l 2} A& % (ug/m’)

We @ x23 5 dge FA(g)

Wi 28 d FHe] ()
\Y% 9 ¥ f#F (m?)
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AG717re] PMyd PMes A5 % 7H2F 27.8 + 202 nug/m’ (n=332)¢} 139 +
105 pg/m® (n=300)2.& U] o713 7] 2 (PMye:50 ng/m’, PM2.5:15 ng/m’) 1.
S AR 2AE AT 2 a 20179 B9 AFEe] AR F sl 3
Zhak 1100274 ol A 343 PMyy (225 ng/m’), PMas (11.8 ng/m®)ell wls) tha
SEE RAY(HFY, 2019). 19 w9 B A9H AFsEE v & 4
, AFAge] AEaeEe T wARY F sl dElelAle Aol vlE

=
PMys7F oF 458) skgka A Faol A% ez 12 A M & 7=

rlo
i

%

T3 ATAAN T FAY, A5, Y, AL G mm ol )S Al9F v

grolst A3 PMy
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o
ne
e
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A#gEE= 236, + 133 ug/m® , PMaseE 116 + 6.9 pug/m*o 2 ZALE 9 tH(Figure

1, Table 4).

Table 4. Mass concentrations of PMjy and PMgys particles at Gosan

site during non-event days.

PM Mean SD Median Max Min
PMyy (n=166) 23.6 13.3 20.5 88.2 5.0
PM:5 (n=166) 11.6 6.9 9.4 44.4 1.2

,14,



Table 5. Comparison of average mass concentrations of PM;yp and PMs5

particles at Gosan and other sites

.. Sampling Concentration (1g/m®) PM.s/PMio
Site Country . .
time PMio PMys Ratio

Gosan Korea 2016~2018 27.8 13.9 0.50
Mt. Halla-1100” Korea 2017 225 11.8 0.52
Idodong® Korea 2016 457 23.02 0.52
Beihuangcheng )

9 China 2014-2015 - 63.1 -
Island
Malta? Gharb 2008-2017 24.4 11.7 0.48

¥ Kim et al. (2019), ” Kim et al. (2019), © Zhnag et al. (2018), ¥ Guo et al. (2017)

160

—-=PM10 ——PM2.5

n)

Concentration (ug/m®)

Figure 1. Variations of PMj;; and PM2:5 mass concentrations at Gosan site

during the study.
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1.200

¥ =0.9965x - 13.806
R2=0.9838 (r=0.992)

0 ” T T T

0 300 600 900 1,200

2. [Cation],,

Figure 2. Correlations of X[Cationle, versus X[Anionle, for the analytical

data of PM;y particles at Gosan site.
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Figure 3. Correlations of X[Cationle, versus X[Anionle, for the analytical

data of PMy5 particles at Gosan site.
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3. 7l wAIwA st =4

3.1 PMy 3}3} =4

311 PM o]+4+ 5% 2 =4

AFE iAo A 20161 1¥€ 39HH 20184 12¢9 30¥7kA] AHA T PMy

AR F 3320, PMys AR F 30070E digem +84 oledre wAsd.

etk 9714 nss-SOZ 9F nss-Ca?'s= Hl8]A(non-sea salt) FE=E,
‘[nss-SO£ 1 = [SOST - [Na'l x 0.251'¢] A3} ‘[nss-Ca”] = [Ca®] - [Na'] x
0.04’e] 2ol eJs] AT (Ho et al, 2003; Savoie et al., 1987).

PMp9l ©o]&A%<& nss-SO& > NO3; > NHy > Cl > Na' > nss—Ca” >
Mg® > K' > CH;COO > HCOO > CH3;SO; > F #£o% & ¥EE ®erh
o] & 9197 719 AES nss-SOS NOs;, NH,' o] z+7} 4.86, 2.79, 2.01 ug/m’
L FEE e Ati(Table 6). ol nss-SO& AR SOF AAQ FkLe

lo
it
o
.
K
O
e
_E
(z
olo

st H,SO7F g4 7% 811, SO0 A SO2 2o W
< 433t Abst REgRUTE SO0 B Abst whgS B3 U @Wol o]FojA=
Aow dHAAh(fra &, 2018 A S 2008 wiFoF S, 2003). NOz &
NOF Absta8& Ax AAE o|xo dEdolt), oluf AALs)

o] ¥ F2 NO% NO&E HlZ HW, £8& AeodAs NO3 = Wt
- ARSI Fhdo]l Aa ApEAbe] Ak AR wiEell ofste] Ho] A
(A 93} 2015, Geng et al., 2013; Aardenne et al., 1999). H3+ NH," A&
gryole] oF 90%= 7] Fo FAHHRSO), EAHHNO), HAHHCI
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S wkgste]l RFH(NH,) o2 Hww, ikt (NHHSO), HAMEREH
(NHiNO3), 93Fetu(NHLCD 59 oAk 7| dEdS At oF 10% A=
T OH #jZra sk vh(o] A&, 2017).
I v Cl, Na' A¥o] 247t 175, 161 ng/m’® =& 5522 Jeuyde. o &

e Bk e ol M0t Aeste s QY WEel AG W

B 719 %9 nss-Ca’e 025 pg/m® K'& 020 ng/m’ez thE AR S
:__I.L

H 3] vl g e v E Brl nss-Ca’, K'e A 2ddE9 Fa

-
oo
X,
~
o
rfo
rlo
N
M

1 Al AR 10% AE=wE EdoA fe
U A= F2 AA2ZHbiomass burning) 5 A0 29l & HAs = A
¥ Ao (FEEH, 2014).

PMj2l A4S TA7|9ER Zals) B Az A9 7Y AF(nss-SO4,
NO;, NHy)o] 696%% 7H¢ w2 24< dehldth 1 geezes id 714
AE(Na', Cl, Mg®)o] 25.8%, E% 710 A¥-(nss-Ca®) 1.8%2 A& AA 33
thoolelg AR Hel Al PMy 24 A9H 7o 9FS MY B

o] a1, gow Y 7Y, EY 719 o8 249 o

e ol Wi fow

O
o

¥ o (Figure 5).
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Table 6. Concentrations of ionic species in PM;q particles.

Concentrations (1g/m®)

Species

Mean SD Median Max Min
NH,' 2.01 1.58 1.54 8.31 0.23
Na’ 1.61 1.41 1.19 7.02 0.003
K’ 0.20 0.18 0.13 1.47 0.05
nss—Ca*’ 0.52 0.32 0.13 1.82 0.00
Mg*’ 0.22 0.19 0.16 1.09 0.00:
nss-S0,* 5.26 3.96 3.82 22.79 0.30
NO3 2.79 3.30 1.74 21.57 0.18
Cl 1.75 2.03 0.92 10.32 0.08
F 0.006 0.007 0.003 0.04 0.0001
HCOO 0.06 0.09 0.02 0.66 0.00
CH3COO 0.10 0.13 0.06 1.15 0.00-
CH3503 0.04 0.07 0.02 0.67 0.00

BDL: Below Detection Limit
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Concentration (ug/m®)
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Figure 4. Comparison of ionic concentrations in PM;jy particles.

Cr v Others
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Others : F 0.0,%, HCOO 0.4%,
CH;COO 0.7%, CH3503 0.3%

Figure 5. Composition ratio of ionic species in PM;, particles.
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& 747 4305, 2666, 3701 ng/m’E ZAMEITE 1 vt Ml e AR B
&, 27 F8 A%, AA 27N Biomass burning) 13 F
Kol 4601 ng/m’sl HEE UEAT. B3 slke] 54 A9 JehlE Mge
3024 ng/m’e] FEE WA E Zni 83 ng/m'e] FEE UEL, F2
%, Blolo} mir 5 AFate] og eddor Iz vk TiE 144 ng/m’e]
TEE Blow, v AAdLss deA tk(#71™d 5, 2002, Chow, 1995;

o
)
rlr
poy
o
i
4
)
™

Huang et al, 1994).
Cr, V, Ni& Zt7} 34, 53, 56 ng/m’?] FE& R, o5 F2 od dAx
oo A miiol] o5 wjEE= AoE HiEI gtk Phe 8
F Adx, AVTH, oy AFHAeA B 53] s da HA
HAEt] SEvEtel A= 1988 K E FAFERE AL EE AT
&gl &, 2012; Choi, 2006). o] ¢ vz T4 A% Mn, Ba, Sr, Mo, Co, Cd &
o 747} 106, 4.5, 2.1, 0.3, 0.1, 0.7 ng/m’® W& $7e] H w2 e

T3 PMpel dAaAE =4S Figure 79 YERATE 179 Axpep #o] ¢
AAEL F2 294 719 HE(S, Zn, Pb, Ni)o] 44.4%, a1 7] 4 E(Na, Mg)
o] 23.4%, %7199 (AL Fe, Ca)ol 21.9%9 =AS Yehyglen ol A
o] MA9] 89.7%%E UIFw& AA s AE Ao FALE AT

2

>
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Table 7. Concentrations of elemental species in PM;y particles.

Concentrations (ng/m®)

Species

Mean SD Median Max Min
Al 430.5 594.2 234.5 3482.9 36.0
Fe 266.6 261.2 158.3 1212.4 10.8
Ca 370.1 313.6 280.0 1720.2 199
Na 840.8 1236.1 252.6 6469.8 274
K 460.1 360.8 348.4 1785.2 66.0
Mg 302.4 273.6 212.7 1549.9 63.0
S 2124.5 2806.4 13114 17011.2 260.2
Ti 14.4 119 9.7 34.7 0.3
Mn 10.6 9.2 74 44.0 0.8
Ba 4.5 3.2 3.7 12.1 0.3
Sr 2.1 2.0 1.5 10.9 0.3
Zn 28.3 23.3 19.7 133.0 1.1
\% 53 4.3 4.7 174 0.02
Cr 34 4.2 1.8 20.6 0.03
Pb 8.2 8.0 5.0 374 1.7
Cu 10.6 9.2 74 44.0 0.8
Ni 56 59 3.3 34.7 0.3
Co 0.2 0.1 0.1 0.7 0.0
Mo 0.3 0.2 0.2 1.0 0.1
Cd 0.7 0.5 0.5 2.6 0.1
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Figure 6. Comparisons of elemental concentrations in PMjy particles.
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Figure 7. Composition ratio of elemental species in PM;jy particles.
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3.2 PMys 33t =4
321 PMys ol =A% v % =4

PMzs th7] P4l A= A2}, &4, shedbda) &7 5 A5 daer 22 <
A4 wEd sPrEEy 22 AdH wiEdelA AA wiEEH= 1A 9
(primary areoso)®} 7] & $%, 3 7t 2459 stenkgo o9& A=
= o]z} YA (secondary aerosol) £ %, 2015, Kang et al., 2011a,
1997). SO, NOs, NH,'# 22 0|3 o] &A% PMysel 28 74 AEEC]
w, PM A& 35~60%%E AA gth(F3 &, 2018; Pan et al, 2016).

fit
4
oX,
)
=
ol
ok

o7 dHA AvkFHFA, 2019; WA 5, 2018; 3] G, 2015)
2 AT A= A oA 20161 19 3¥FH 20189 1249 30¥7bA PMas

84 oleA R wrE syt PMyd oA E EEE nss-SOS >

> Cl > K" > Mg® > nss-Ca® > CH;SO3; > CH;COO
> HCOO > F «£o& =/ yehytth 90994 7199 nss-SO4, NHy, NO; &
7b7b 418, 168, 081 ng/m’Z =& FEE BT o]F nss-SOL = AA
SOF % 984%<] Bl &S AA 5% tH(Table 8, Figure 8).

PMy59] 4§, EAA M9 NOs &= nss-SO; ol Hl&] 7] &o] Aozez
=2 A4S 1AL o]l NOs Aol dyx] ARy #Ado] 3, 53] o]
oA o] AY] wEolth MFAFANE ZAAAJ] Mg, FH, #o]
A, Astolol A PMas vIAIQARE] nss-SO,2 /NOz ¢ Hl7F Z42zb 1.37, 1.62, 1.48,
1662 #& ueEbdTHel S, 2017; 2-§&, 2008; AX 3 5, 2008). ©] A LA
Aol A nss-SO. /NOz 9] B7F W& olfi= HAHOR AFa w7|7tas X
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Ik
2018, Park et al., 2013a). ¥ 1ol A 1Ak 9 9] nss-SO4 /NOs Hl&= PMas 7l
APAFel Al 48972 E=A A GEo] vl =L Fe RATE oA 14kA] ol A
nss-SO/2 /NO;  sEH7F AdHez 9 =2 & veo] A5x So 23
ANA 2.9 wiEF dFo] U =

g 719 AES Na', Cl, Mg¥ 9 %% 7+7F 029, 0.17, 0.04 ng/m’E B4
i, B9 719 A< nss-Ca®'e 0.04 ng/m*e) %S el

T3 PMpsel 24 #3v] oM, 1913 719991 nss-SO#, NHy', NO; 9 %

4= S A" NO; 7F S7bsh7] wiZolvh (&7, 2019; F<t8l &,

.
B

Aol AA el 905%E 7HE =& HTS AAEYY. 2 vdeoew g 71dql
Na', Cl, Mg & 65%, EZ 719 A% nss-Ca® & 05%¢ A4S el

Ago] we Aoz FAlY

Lo

o]t AIREE PMysoll M= 1914 71 A=

At
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Table 8. Concentrations of ionic species in PMs5 particles.

Concentrations (1g/m®)

Species

Mean SD Median Max Min
NH,' 1.68 1.24 1.34 6.92 0.15
Na' 0.27 0.26 0.20 1.84 0.001
K’ 0.10 0.10 0.06 0.52 0.003
nss-Ca”’ 0.05 0.04 0.03 0.20 0.00
Mg*' 0.04 0.04 0.03 0.22 0.001
nss-SO° 4.18 3.38 3.16 21.15 0.37
NOs 0.81 1.08 0.35 6.05 0.04
Cl 0.16 0.31 0.07 2.84 0.002
F 0.003 0.004 0.00; 0.03 0.00
HCOO 0.02 0.03 0.01 0.22 0.0001
CH3COO 0.03 0.04 0.02 0.22 0.00
CH3503 0.04 0.07 0.02 0.61 0.0001

BDL: Below Detection Limit
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Figure 8. Comparisons of ionic concentrations in PMas particles.
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Figure 9. Composition ratio of ionic species in PM-sj5 particles.
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>Mn >V >Ti>Cu>Ba>Ni>Cr>Cd>Sr>Mo > Co co& =/
gelu ). ol AxAEE T ANH 71819 SO FE7) 8826 ng/m'ew 71

O tgow 9 71€e Na A% H%7F 1562 ng/m’,

& 1075 ng/m’® ¥& FEE YT 13 B 7199 Al Ca, Feol 7}

7} 1331, 728, 585 ng/m’9] FwE B4R, EAF Fe] HA /19S UEE

Mge 364 ng/m’olgith F= o )
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D wjabA =] GA] 7] F Zne s SUb 9GS v AE Ao 4
(Allen et al, 2001). 18] UWA vz T34 AEE S5 V, Mn, Ti, Nij, Cr,
Ba, Cd, Sr, Mo, Co 5& 41, 38, 2.3, 2.0, 25, 06, 0.4, 0.2, 0.1 ng/m*’Z <re] t}

0 0

FATERTE U FEE YEhe 3o R FlH )
Pb, Cu, Cd, Zn, V, Mn, Cr &< 12 A4 dAeteE &

21} 3ubA G713 R Zo] S AL A sbA Ao AxAbo z W skE o)

A A (FAA S S, 2005 Allen et al, 2001). Cd2 AF2,

A I ER, AT ER, I EE So2 EASHY, 7] FdE FE uAYA

o As7lEgE FER EFHE oR A dom ARk gy] Fo Cd =T

0.1~500 ng/m® AEZ wj§ & FEoR PAEANHEH

2000). =&Fo & QI8 #Ho H2E Cde ¥

E7F Ao gajErt. Cd7l 1Al Fd=EW A F4%5

AFolrets FVIzte] AA wEHY ST 22 AFES HEdg 5 A
Z4gk s s vk B3 1999). Pbe f-Evhet AR A7 ENA o) 3
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Table 9. Concentrations of elemental species in PMs5 particles.

Concentrations (ng/m®)

Species

Mean SD Median Max Min
Al 58.5 74.2 35.8 402.7 1.1
Fe 72.8 63.7 56.4 320.4 0.0
Ca 133.1 162.8 55.1 634.7 1.1
Na 156.2 151.5 87.7 782.8 0.6
K 107.5 77.0 92.5 384.0 14.4
Mg 36.4 30.4 29.8 154.6 0.6
S 882.6 642.9 744.0 3319.5 97.7
Ti 3.8 3.2 3.0 174 0.6
Mn 44 3.5 3.3 14.8 0.2
Ba 2.5 4.1 1.2 19.0 0.0
Sr 0.4 04 0.3 2.2 0.1
/n 212 284 20.1 167.3 2.1
\% 4.1 4.3 2.5 15.8 0.04
Cr 2.0 2.7 1.2 16.4 0.02
Pb 6.1 5.7 4.2 30.4 0.7
Cu 2.6 4.6 14 24.2 0.1
Ni 2.3 2.0 1.5 7.3 0.1
Co 0.1 0.04 0.1 0.2 0.0
Mo 0.2 0.2 0.1 0.8 0.005
Cd 0.6 04 0.5 2.2 0.1
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Figure 10. Comparisons of elemental concentrations in PMs5 particles.

2.4%
Others : Ti 0.3%, Mn 0.3%, Ba 0.2%, Sr 0.0:%, Zn 1.8%, V 0.3%,
Cr 0.1%, Pb 0.4%, Ni 0.2%, Co 0.006s%, Mo 0.01%, Cd 0.04%

Figure 11. Composition ratio of elemental species in PMss particles.
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3.3 PMyy & PMys %A v

PMyy¥ PMes; = 334 54 a8 w9 540 b2 4IdFS Bl PMy

M= EFAAT 9 53 2ol AdAor wjEd EdE0] 8ol EdH
o]
=

AT7IE S PMp?t PMasol 84 ol&w ket 248 vlaste] Yepdith
(Table 10, Figure 12). ZA3e} o] <19]#¢l 7191 A%< NH,', nss-SOS &
PMjpell A 2tz 201, 486 ng/m® PMasoll Al 242F 1.72, 424 ng/m’e] %5 B
thoo] wf F AdWe] PMas/PMyy & %R7F B 09% PMysoll 2 &3
< BT ¥r¥e] NOs ¢ PMasy/PMyy & %4 7F 0392 PMpdAfoll F+2 s}
o] ¥ 7199 NH,'¢ nss-SOF7 ¢ ute A&S el NOs & F2
PMzsl 4 HNO;# NHzol wWH$-3 NHUNO;9 2 4 Jel2 EA5t= o
2 vk v PMyel A= Na', Mg®, nss-Ca” 3 A% o4 Fe<Q
NaNO;, Mg(NOs);, Ca(NO3). ¢ dHZ SAsts oz AddA(F9,
2019; Arsene et al., 2011)

EY FAREEA AT T A9 A 71dS A4 HERE K
PM.s/PMyy 5 %4 7F 0502 PMy#t PMpsoll 2 E¥sh= Ao vEytth
HhH o] EoF7) 9 AEQl nss-Ca’' o) FEH|E 027 94 719 AR5 2
A A o2 PMyoll X5 Roz 2AE U Na', Cl, Mg® 19719 Al 59
FTEHle 72 77 02, 01, 02 2 YEger EdV|dd Y 2ol PMeel
2 vER

PMi# PMzsel &4 oA S Figure 130 Hjasiivh. 19133 o]
NH{, nss-SO/7 ¢ Z4& PMpel A 2+z 145, 35.0% o131, PMas Akl A&
7}7F 22.8, 56.7% %2 PMosoll A Zhzh 154, 1.84) & o= g} 2y
NO; & PMiy, PM2so] ZAo] z+zt 201, 11.0% % NHy % nss-SO,* A #3} 2ut
d A3%E Yelodrk. 183 Na', Cl, Mg, nss-Ca® %9 24087} PMdl
A 11,6, 126, 0.6, 1.8% = PMasd#bell vl 2427}k 3.1, 5.7, 1.0, 3.68) ¥k} o] A

N

=

[‘lf

_u

w3

“e
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Table 10. Concentrations of ionic species and their ratios in PMjy and PMo>s

particles.
Concentrations (1g/m®) PM.5/PM;
Species
PM, PM,- Ratio

NH,' 2.01 171 0.9
Na' 1.61 0.29 0.2
K’ 0.20 0.10 0.5
nss—Ca*’ 0.52 0.04 0.2
Mg 0.22 0.04 0.2
nss—S0,* 4.86 4.24 0.9
NOs 2.80 0.87 0.3
Cl 1.75 0.17 0.1
F 0.006 0.005 0.5
HCOO 0.06 0.02 0.3
CH;COO 0.10 0.03 0.4
CH3S0s3 0.04 0.04 1.0
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Figure 12. Comparison of concentrations of ionic

PMjy and PMy;5 particles.
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Figure 13. Composition ratios of ionic species in PMjo and PM-5 particles.
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R ST
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y it

460.1, 302.4 ng/m’9] X2 VEN AL, PMosoll A= o]59 HAEE9] wwr) 7}
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TR
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Table 11. Concentrations of elemental species and their ratios in PMyy and PMbs

particles.
Concentrations (ng/m?®) PM.5/PMo
Species
PMo PM,5 Ratio

Al 430.5 58.5 0.1
Fe 266.6 72.8 0.3
Ca 370.1 133.1 0.4
Na 840.8 156.2 0.2
K 460.1 107.5 0.2
Mg 302.4 36.4 0.1
S 2124.5 882.6 0.4
Ti 14.4 3.8 0.3
Mn 10.6 4.4 0.4
Ba 4.5 2.5 0.6
Sr 2.1 04 0.2
/n 28.3 217.2 1.0
\Y 5.3 4.1 0.8
Cr 34 2.0 0.6
Pb 8.2 6.1 0.7
Cu 2.8 2.6 0.9
Ni 56 2.3 0.4
Co 0.2 0.1 0.4
Mo 0.3 0.2 0.7
Cd 0.7 0.6 0.8
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Figure 14. Comparison of concentrations of elemental species and their ratios
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Figure 15. Composition ratios of elemental species in PM;o and PMs5 particles.
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2 delA Aok NHs= tl7] Foll A HoSO49F HhS-Ado] Z7] wiie] wE S22
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Table 12. Cross correlations between ionic species of PMj, particles.

nss- nss-

Species NH,' Na' K , Mg*' , NO3 Cl F HCOO CH3COO CH3S0Os3
Ca”' SOy”

NH,' 1.00

Na' 0.22 1.00

K 0.62 0.63 1.00

nss-Ca®' 0.48 0.49 0.78 1.00
Mg?" 0.32 0.95 0.73 0.62 1.00

<

nss-SO, 0.90 0.23 0.60 0.44 0.31 1.00

NO3 0.72 0.37 0.61 0.58 0.47 0.42 1.00

Cl 0.04 0.95 0.46 0.36 0.88 0.02 0.25 1.00

F 0.47 0.61 0.60 0.60 0.67 0.41 0.50 0.58 1.00

HCOO 0.13 0.37 0.33 0.22 0.37 0.07 0.17 0.37 0.38 1.00

CH3COO  -0.07 0.29 0.03 -0.04 0.23 -0.09 -0.04 0.33 0.15 0.60 1.00

CH3503 0.35 0.04 0.28 0.26 0.04 0.40 0.19 -0.11 0.00 -0.02 -0.06 1.00
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Table 13. Cross correlations between ionic species of PMas particles.

nss- nss-

Species NH,' Na' K , Mg*' , NO3 Cl F HCOO CH3COO CH3S0Os3
Ca”' SOy”

NH,' 1.00

Na' 0.01 1.00

K 0.57 0.27 1.00

nss-Ca®' 0.39 0.21 0.66 1.00
Mg?" 0.05 0.79 0.50 0.54 1.00

<

nss-SO, 0.96 0.07 0.56 0.36 0.06 1.00

NO3 0.29 0.10 0.31 0.34 0.28 0.04 1.00

Cl -0.16 0.83 0.02 0.05 0.66 -0.15 0.05 1.00

F 0.29 0.39 0.46 0.38 0.44 0.27 0.31 0.19 1.00

HCOO 0.23 0.13 0.57 0.39 0.39 0.20 0.23 0.00 0.22 1.00

CH3COO 0.01 0.11 0.13 0.16 0.21 0.00 0.08 0.06 0.02 0.64 1.00

CH3503 0.45 -0.02 0.24 0.15 -0.07 0.47 -0.04 -0.14 0.00 0.00 -0.01 1.00
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Table 14. Cross correlations between elemental species of PM;y particles.

Species Al Fe Ca Na K Mg S Ti Mn Ba Sr 7n \% Cr Pb Ni Co Mo Cd
Al 1.00

Fe 0.69 1.00

Ca 050 062 1.00

Na 054 038 029 1.00

K 045 038 013 005 1.00

Mg 078 062 056 041 030 1.00

S 016 062 001 007 020 015 1.00

Ti 062 059 062 021 031 074 021 1.00

Mn 072 076 072 024 035 084 024 079 1.00

Ba 042 053 035 010 026 032 019 040 058 1.00

Sr 064 08 070 060 036 064 038 050 067 044 1.00

Zn 020 040 054 009 -006 012 025 043 051 043 022 1.00

A% 027 010 022 -012 011 026 -0.10 046 047 055 -0.03 049 1.00

Cr 008 006 017 -0.03 -0.03 0.02 -004 020 030 061 -003 051 054 1.00

Pb 037 075 049 036 024 032 044 028 062 053 071 054 012 018 1.00

Cu 041 058 055 027 025 032 022 061 062 053 048 064 028 025 067 1.00

Ni 040 029 027 000 041 037 006 043 050 050 019 034 071 028 020 026 1.00

Co 071 070 075 026 033 084 008 08 094 054 069 040 046 017 054 057 049 1.00
Mo 009 036 024 009 000 009 026 023 046 059 026 057 040 055 070 053 022 035 1.00
Cd 001 034 018 024 -006 010 033 021 026 036 035 027 010 -002 058 055 004 027 059
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Table 15. Cross correlations between elemental species of PMss particles.

Species Al Fe Ca Na K Mg S Ti Mn Ba Sr Zn A% Cr Pb Ni Co Mo Cd
Al 1.00

Fe 082 1.00

Ca 010 013 1.00

Na 028 023 017 1.00

K 045 065 002 032 1.00

Mg 078 070 025 071 054 1.00

S 048 054 041 044 053 063 1.00

Ti 080 076 048 026 046 075 062 1.00

Mn 054 084 018 018 071 047 053 058 1.00

Ba 025 029 043 014 014 027 037 044 021 1.00

Sr 065 069 021 042 079 078 060 068 061 020 1.00

Zn 006 014 078 006 021 011 040 041 036 032 023 1.00

\Y% 037 03 02 -014 0.01 018 045 040 029 024 0.02 037 1.00

Cr 020 035 -003 012 0.03 011 020 012 039 007 -005 0.03 027 1.00

Pb 043 068 -0.03 034 089 053 048 041 078 008 072 020 006 0.09 1.00

Cu 006 022 045 -002 002 009 032 027 026 046 001 025 026 026 0.07 1.00

Ni 049 053 038 -003 011 032 057 058 047 035 014 034 08 039 014 051 1.00

Co 044 057 028 011 050 040 038 055 067 010 049 037 025 023 053 013 038 1.00
Mo 025 048 021 006 054 019 053 032 070 010 039 057 048 017 063 014 044 039 1.00
Cd 026 044 003 035 045 029 040 015 054 011 027 009 022 030 055 040 038 032 048
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2 Aol A= PMppt PMys PIMIHA] AR5 FX4A9E ol 83ste] FAHAEE
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Aom dat) oled AWE /22 RAX ] PMy §AE A9 o
F2 7 wol Wi, A9, EF HEAFOFA] 4TS B3 9 A

PM,59] o] &g A4 AIolA F 77.2% AH=ES B, PMy 9
Ao} FABA 4709 AAE FEEAT A HA A= 215% AHES B
9132, NHY', nss-SOf G ol =2 AAgS Uepo] <194 7|slez A=
FodA e 215% AWEE B9 Na', Mg, Cl 50 ¥ AAgS et
ol a7 os gaEdrl. Al HAl S1xk= 19.1%% NOs, nss—Ca®' 3 K'o]
=2 AAGE deidol EXedd, A9A7de 9FS vE ZoR FAL F
Ak Wl WA A= AHEe] 151%% HCOO , CHiCOO 7} =2 AAfts »

ol Rom mol NEAZIIAow RATh e PMool N 1914 714,

A



19, B, A&5 4379 o2 438 v Aoz F4gHr).

PMpS] 94 A BAANE o] &sto] FARRAS AT o W F 4
Aol RS FEHY. F AYHLS 7B5%E A HA A M= 209% AWHS
w9ow Al Fe, Ca, Mg, Ti, Mn, Sr, Co 5°] =& HAAzS Yetfdeh F
WA QA= AmEo] 191%% S, Pb, Cu Tl %2 AAzS na. A HA
A= 174% A 8-S RIomW Ba, Zn, V, Nio] 2 AAFS YeERH o
vl A 1zl = Kol =2 A AgS YEh Ak

PMy59] 9448 29 ¥4 Ao F 726%2 2448S 2wtk 3 WA
Ao M= 225% AW ES B, K, Mn, Pb, Co, Cd7} =& Azt Lheh
Atk F AHA AAeIME 215%2] AW H3t Al Fe, Na, Mg, S, Ti, Srs°] ¥

ol

—_

=

= Ao ® yeiut. vhATe s vl WA At A= Ca, Ba, Znsol ¥ A

e HERA AT
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Table 16. Results of principal component analysis (PCA) for ionic species in
PM; particles.

Species Factorl Factor?2 Factor3 Factor4
NH,' 0.01 0.95 0.03 0.15
Na' 0.94 0.15 0.19 0.04
K’ 0.58 0.67 0.06 0.20
nss—Ca*' 0.53 0.60 -0.06 0.15
Mg* 0.92 0.30 0.15 0.01
nss-S0,° 0.03 0.83 0.00 0.30
NOs 0.27 0.77 -0.02 -0.07
Cl 0.94 -0.03 0.22 -0.09
F 0.58 0.55 0.19 -0.20
HCOO 0.23 0.17 0.85 -0.05
CH;COO 0.14 -0.13 0.89 0.02
CH3503 -0.02 0.23 -0.02 0.94
Eigenvalue 3.7 35 1.7 1.1
Variance (%) 30.9 29.1 13.9 9.3
Cumulative (%) 30.9 60.0 73.9 83.2
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Table 17. Results of principal component analysis (PCA) for ionic species in

PM:5 particles.

Species Factorl Factor?2 Factor3 Factord
NH,' 0.86 -0.10 0.36 0.02
Na' 0.05 0.95 0.12 0.04
K’ 0.52 0.17 0.60 0.33
nss-Ca*' 0.31 0.17 0.64 0.28
Mg 0.00 0.80 0.42 0.26
nss—S0,° 0.92 -0.02 0.20 0.03
NO3 -0.10 -0.04 0.78 0.03
Cl -0.15 0.92 -0.03 -0.03
F 0.16 0.33 0.64 -0.05
HCOO 0.11 0.05 0.31 0.86
CH3COO -0.04 0.06 -0.07 0.90
CH350; 0.75 -0.02 -0.19 -0.01
Eigenvalue 2.6 2.6 2.3 1.8
Variance (%) 21.5 21.5 19.1 15.1
Cumulative (%) 21.5 43.0 62.1 712
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Table 18. Results of principal component analysis (PCA) for elemental species

in PM;jy particles.

Species Factor 1 Factor 2 Factor3 3 Factord
Al 0.83 0.01 0.10 0.30
Fe 0.67 0.54 0.00 0.40
Ca 0.78 0.24 0.19 -0.20
Na 0.57 0.24 -0.31 -0.16
K 0.27 -0.04 0.09 0.78
Mg 0.88 -0.04 0.10 0.20
S 0.01 0.58 -0.16 0.56
Ti 0.74 0.10 0.37 0.14
Mn 0.79 0.28 0.41 0.18
Ba 0.27 0.43 0.62 0.22
Sr 0.77 0.46 -0.17 0.22
Zn 0.23 0.52 0.56 -0.21
\% 0.17 -0.04 0.89 0.05
Cr -0.03 0.20 0.75 -0.17
Pb 0.37 0.83 0.09 0.14
Cu 0.45 0.62 0.30 -0.01
Ni 0.29 -0.07 0.66 0.42
Co 0.85 0.18 0.35 0.12
Mo 0.02 0.75 0.49 -0.07
Cd 0.07 0.77 0.01 -0.05
Eigenvalue 6.0 3.8 35 1.7
Variance (%) 29.9 19.1 174 8.6
Cumulative (%) 29.9 49.0 66.4 75.0
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Table 19. Results of principal component analysis (PCA) for elemental species

in PMy5 particles.

Species Factor 1 Factor 2 Factor3 3 Factord
Al 0.22 0.79 0.37 -0.04
Fe 0.54 0.63 0.42 -0.02
Ca -0.01 0.15 0.07 0.91
Na 0.11 0.63 -0.19 0.04
K 0.80 0.44 -0.14 0.00
Mg 0.22 0.93 0.08 0.09
S 0.40 0.50 0.28 0.40
Ti 0.22 0.73 0.31 0.41
Mn 0.81 0.31 0.33 0.10
Ba -0.09 0.33 0.25 0.53
Sr 0.54 0.73 -0.16 0.14
Zn 0.35 -0.07 0.03 0.86
\% 0.13 0.02 0.76 0.31
Cr 0.17 0.03 0.65 -0.20
Pb 0.88 0.37 -0.06 -0.05
Cu 0.04 0.00 0.51 0.42
Ni 0.17 0.18 0.85 0.34
Co 0.58 0.28 0.20 0.19
Mo 0.81 -0.07 0.23 0.30
Cd 0.60 0.10 0.35 -0.06
Eigenvalue 45 4.3 2.9 2.8
Variance (%) 22.5 215 14.7 139
Cumulative (%) 22.5 44.0 58.7 72.6
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33.17N 126.10 E

Source * at

Figure 16. 3-Day back trajectories of airflow pathways corresponding

at 33.17N 126.10E

Source

4 (13%)

Source x at 33.17N 126.10E

Source * at 33.17N 126.10E

Source * at 33.17N 126.10E

to the sampling date at Gosan site.
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Table 20. Sectional concentrations of PMjy and PM2s ionic species corresponding

to airflow pathways arrived at Gosan site.

Sector I Sector I Sectorll SectorV

Species

PMiy PMas PMyy PMos PMyy  PM:s PMiy  PMas
NH,' 151 1.30 355 283 1.80 1.55 143 1.27
Na' 162 031 166  0.23 1.47 0.24 176 0.27
K 019  0.11 033 018 0.14 0.06 0.11  0.03
nss—Ca”' 022  0.04 052  0.07 0.17 0.03 0.07  0.02
Mg*' 021  0.05 0.28  0.05 0.18 0.05 0.22  0.03
nss-SO; 356  3.09 837  7.07 452 3.92 381 350
NO3 226 0.89 520  1.28 2.06 0.56 178 0.26
Cl 203  0.26 145 0.07 1.50 0.10 1.84 012
F 0.01  0.003 0.01  0.004 0.005  0.002 0.00s  0.004
HCOO 0.07  0.01 0.06  0.04 0.04 0.01 0.04  0.01
CH3COO 0.10  0.02 0.08  0.04 0.09 0.03 0.09  0.04
CH3503 0.03  0.03 0.05  0.06 0.03 0.04 0.03 004
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AZE ol mhEA Sl f
2013). o] FA A&HE AT st FAF BAAQ] Ao s 2T F
om Huby (it 7)) Ao Fake B HEE S A7 den, o
Zos) -Euhetel Fape] A Nlwel FErF FUhE Ao R o e (A9
&, 2009).
gabel Ak 2717 20 umA ok & A4S HJA 1A+ dou vy A7)
b AL Qe W] Fem Ffste] ASRA dedth fEvetelA B
HE FAIAE 27170 1~10 um A EelH, 3 um Wl 97t 7HE B A
o2 yeha 9l PMigd} PMasell @3S wiAl vk, 2006).
Sevgtel A gk HAWA FEE 71EC R PMigsE7F 400 ng/m’ vl g
W 22 FAL 400~800 ng/m’olW F- AL, 800 ug/m’ o)A wf, wj§ Fe
AR PR A SR A9 AN EEEsE 400 ng/m’ ool 2413t o]

A A EEE AR AR H S 800 ng/m’ o4l AR 24] 7ko] Ak

e

AZE kgl olm) AF | PMpo dREiEiE 923 ng/m’E dEhd 22 3
Abell sldebis o]l AR RARESIT 53], 20161 449 2400 LA FA
3

°] PMp AF%¥E7F 1431 pg/m® 2 7M=L 52 B9, 20179 59 6Y4

ol

-

=7 21.7 ug/m’®E 74 = ktk(Table 21).
%]'A]' }‘] PMlO“’]’ PMZ) ;gao]:%: = Z—}‘ 92. 311g/m 11.711g/m3i PMl()oﬂ/H H]
HAdo vls) oF 398 FUIst= Ao ®E YEGTY o599 FXEH]= 0.31% PMy
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Table 21. Mass concentrations of PMy and PMs5 particles during Asian dust
(AD) days.
Concentrations (1g/m?) PM.5/PMio
Meteorology _
PMyo PM:s Ratio
Asian dust 92.3 11.7 0.1
Non-event 23.6 11.6 0.5

Table 22. AD/NE ratio of PM;o and PMas5

mass concentrations during Asian

dust days.
Ratio PMio PMz5
AD/NE 3.9 1.0
NOAA HYSPLIT MODEL NOAA HYSPLIT MODEL

Backward trajectories ending at 0000 UTC 06 May 17
GDAS Meteorological Data

Backward trajectories ending at 0000 UTC 30 Nov 18

GDAS Meteorological Data

Source » at 33.17N 126.10E
Source » at 33.17N 126.10E

Meters AGL
Meters AGL

= =N PILI LI
=y=1i=13]
stetstalst=]
SooSoS

=}
=)

-
18 12 06 00 18 12 06 00 18 12 06 00 18 12 06 0D 18 12 06 00
0505 0si0s 05/03 0502 05/01

18 12 06 00 18 12 06 00 18 12 06 00 18 12 06 00 18 12 06 00

11/28 11727 11726 11/25

Job ID: 192943 b Start: Sun Nov 24 17:09:08 UTC 2019
Source 1 lat.: 33.170000 lon. 126 100000 hgts: 500, 1500, 3000 m AGL

Job ID: 132430
Source 1 lat.: 33.170000 lon.: 126.100000 hgts: 500, 1500, 3000 m AGL

Tvaeclcl Direction: Backward ~ Duration: 120 hrs Tvaeclcl Direction: Backward ~ Duration: 120 hrs
‘ertical Mation Calculation Method: Isentropic ‘ertical Mation Calculation Method: |sentropic
Me(enmlu y: 0000Z 1 May 2017 - GDAS1 Me(enmlu y: Z 29 Nov 2018 - GDAS1

Job Start: Fri Nov 22 14:42:09 UTC 2019

Figure 17. 5-Day back trajectories for the Asian dust on May 6, 2017 and

November 30, 2018 at Gosan site.
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Table 23, Figure 18~190] A} Al PMy} PM59] o] A% w522 YeEhd
b WA PMyy @A o] &A% NO; > nss-SOZ > Cl > Na' > NH, >
nss-Ca’” > K' > Mg” > CH;COO > HCOO > CH;SO; > F =0]9laL, PMas
+* nss-SOZ > NOs; > NH, > Na' > nssCa® > Cl > K' > Mg® >
CH:;S03; > CHsCOO > HCOO > F o ZAE T

Fakel mlAdde] PAER o)2AR FEE v An, EG7|A
nss—Ca”' & PMpoll A gAreh vl@aredel zhzt 191, 032 ng/m’, PMysol A= 2+
7k 0.22, 0.05 ng/m’= AL Alel PMy¥ PMzs #kel Al Zhzh 590, 442 &
w=7b aA Frrskddh aEla A998 7199 nss-SO4 & FAF Al PMyp¥ PMys
Akl A Zh7E 4.89, 3.02 ng/m’2 WAL FASE AFS YERARIT NOs A
& AL Al PMyodt PMas 9AF 242 6.64, 1.17 ng/m’=2 8@ vls) 23],
48] =L FoE ey
FA Al QA Avle] wE 2L B8 B A o] dEHS nss-SOF,
NOs, NHy' & #AF Al PMy f4AFell Al AA AE F 645%E HERUAIL, PMas
A= HA 847%E AHAISFe] PMpsoll A ! =& 248 YEPHATE B3 B
719 AEQ nss-Ca” 2 PMpoll Al 87%= HlAAY %4l 1.8% H &l 4.8u) =
4% 1Y, PMysoll % nss-Ca’’ Aol v Hs] 83u] =t}
(Figure 20~21).

sl AWl Na', Cl ojxdu = FAF Al PMoll Al 23.8% = vl @Al H] 3|
SEQEIl, PMas Aol A= AL A] 80% 2 B]AFLA] 240 64% Hle)| =2 %
A& HERSAT.

—

rlo
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Table 23. Concentrations of ionic species and their ratios in PMjy and PMs5

particles during Asian dust (AD) and Non-event (NE) days.

Concentrations (1g/m®) Ratio
Species PMio PMs5 PMjo PMo5s
AD NE AD NE AD/NE AD/NE
NH, 2.06 2.01 1.14 1.72 1.02 r0.67
Na' 2.15 1.61 0.27 0.29 1.34 0.96
K’ 0.39 0.20 0.16 0.10 1.97 1.51
nss-Ca”' 1.82 0.25 0.21 0.05 7.23 4.08
Mg* 0.39 0.22 0.06 0.04 1.78 1.40
nss-S0, 4.89 4.86 3.02 4.32 1.01 0.70
NOs 6.64 2.79 1.17 0.87 2.38 1.35
Cl 2.48 1.75 0.17 0.17 1.41 0.96
F 0.02 0.01 0.01 0.003 4.31 1.81
HCOO 0.06 0.06 0.01 0.02 1.11 0.39
CH3COO 0.11 0.10 0.03 0.03 1.12 1.00
CH3503 0.06 0.04 0.05 0.04 1.58 1.35
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Figure 18. Comparison of concentrations of ionic species
PM;y particles during Asian dust (AD) and Non-event (NE) days.
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Figure 19. Comparison of concentrations of ionic species and their ratios of

ionic species

Non-event (NE) days.
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Others : F 0.1%, HCOO 0.3%, Others : F 0.04%26, HCOO 0.4%,
CH3sCOO 0.5%, CH3S03; 0.3% CH3;COO 0.7%, CH3sS0Os 0.3%
Asian dust Non-event

Figure 20. Composition ratios of ionic species in PMj, particles during Asian

dust and Non-event days.

Na*
3.7%
K
1.4%

nss-Ca*

Mg 0.5%
0.6%
Others : F 0.196, HCOO 0.1%, Others : F 0.0,%, HCOO 0.2%,
CHsCOO 0.5%, CHsSOs 0.8% CHsCOO 0.4%, CH3S0Os 0.5%
Asian dust Non-event

Figure 21. Composition ratios of ionic species in PMsas particles during Asian

dust and Non-event days.
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AL Al PMgd PMos (A4Sl 94 AES vlalsk 23 PMpolA 942452

Ca>Al>Mg >S>K>Na>Fe>Mn>Ti>Z7n > Ni > Ba > Sr

V

Pb >V >Cr > Cu > Co>Cd>Mo o2 E%7|¢¢ Cadito] 527t 7}
A =i, PMys YAl A= S > Al > Ca > Fe > K > Na > Mg > Zn > Ti
>Mn>Pb >V >Ni >Ba>Cd>Cu>Cr>Sr>Mo>Co £o&% &2
FEE B tH(Table 24, Figure 22~23).

FAE Al PM109I A B T892 Al Fe, Ca, K, Ti, Mn, Ba, Sr %+ Y]
ol vlal 247k 56, 29, 6.5, 25, 4.3, 5.8, 3.6, 5.08 Z7+8F Tk PMasol A &=
Al, Fe, Ca, K, Ti, Mn, Sr A ¥%o°] z}7Z} 39, 23, 1.4, 1.1, 2.8, 1.5, 0.7, 1.9¥] ¥ =
7} F7he Ao w 2AEAY. 283 Na A2 PMpol A 148 w271 F71st
T W PMasell A= 0.6 B2 w25 Yelkth Q1914 719 A%<l S, Zn, Ph,
Ni, Cd % Ni, Cd 4 3.7, 1.0W) =%
b PMys YAl A= 2h2 1.0, 232 F=7t S7hshe AEdS Bt whdo
S, Zn, Pb= PMpoll A Z+2}F 1224.8, 22.9, 7.1 ng/m’= v @Al vla) z+z} 0.6,
0.8, 098] v+ Zlom ZALE oW, PMysoll i Zh2E 0.7, 0.6, 054 W& F
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rlo
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inSs
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=
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o
e
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=
ol
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=

o
O

= l"ioﬂ‘:]r.
ZF A AREY A4S dAA7 wEt vlas) B Ay EF 71 AR (AL

Fe, Ca)ol PMy¥ PMasoll z+2b 484, 37.1% % H|E Ao nls) zhzh 2.2, 2.14)
E2 2ANE YER AT gl 1914 715 (S, Zn, Pb, Ni)<= PMjeell Al
11.0%, PMasoll A 42.1% 7 &AF Alell PMas 4R A F7hebes A es Hola 9l
o= &g A¥(Na, Mg)> 34 Al PMyd PMosoll A 24 0] 242 29.1, 11.6%
2 ZAE A vk (Figure 24~25).

d

,61,



Table 24. Concentrations of elemental species and their ratios in PMjo and
PM.5 particles during Asian dust (AD) and Non-event (NE) days.

Concentrations (ng/m®) Ratio
Species PMio PM>5 PMio PM>5
AD NE AD NE AD/NE  AD/NE
Al 2406.4 430.5 228.1 58.5 56 3.9
Fe 781.7 266.6 164.1 72.8 29 2.3
Ca 2413.3 370.1 182.7 133.1 6.5 14
Na 11576 840.8 92.6 156.2 14 0.6
K 1161.7 460.1 116.7 1075 2.5 1.1
Mg 2202.9 302.4 87.2 36.4 7.3 2.4
S 12248 21245 631.7 882.6 0.6 0.7
Ti 61.5 14.4 105 3.8 4.3 2.8
Mn 61.6 10.6 6.6 4.4 5.8 1.5
Ba 16.2 4.5 1.7 2.5 3.6 0.7
Sr 10.6 2.1 0.8 0.4 5.0 1.9
7n 22.9 28.3 15.7 27.2 0.8 0.6
\Y 6.5 5.3 2.4 4.1 1.2 0.6
Cr 4.7 3.4 0.9 2.0 14 0.4
Pb 7.1 8.2 3.2 6.1 0.9 0.5
Cu 3.7 2.8 1.1 2.6 1.3 0.4
Ni 20.6 5.6 2.3 2.3 3.7 1.0
Co 1.1 0.2 0.1 0.1 7.2 1.5
Mo 0.2 0.3 0.2 0.2 0.7 1.0
Cd 0.6 0.7 1.3 0.6 1.0 2.3
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Figure 22. Comparison of concentrations of elemental species and their ratios in

PM, particles during Asian dust (AD) and Non-event (NE) days.
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Figure 23. Comparison of concentrations of elemental species and their ratios in

PM.5 particles during Asian dust (AD) and Non-event (NE) days.

_63_



Others : Ti 0.5%, Mn 0.5%, Ba 0.1%, Others : Ti 0.3%, Mn 0.2%, Ba 0.1%,
Sr 0.1%, Zn 0.2%, V 0.1%, Sr 0.04%, Zn 0.6%, V 0.1%,

Cr 0.04%, Pb 0.196, Cu 0.05%, Cr 0.1%, Pb 0.2%, Cu 0.1%,
Ni 0.2% Co 0.0:26, Mo 0.002%, Ni 0.196 Co 0.003%, Mo 0.0:%,
Cd 0.0:% Cd 0.0,%
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Figure 24. Composition ratios of elemental species in PM;jy particles during
Asian dust and Non-event days.
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Figure 25. Composition ratios of elemental species in PMss particles during
Asian dust and Non-event days.
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Table 25. Concentrations of ionic species and their ratios in PMjy and PMs5
particles during Haze (HZ) and Non-event (NE) days.

Concentrations (1g/m®) Ratio
Species PMio PMs5 PMjo PMo5s
HZ NE HZ NE HZ/NE HZ/NE

NH, 6.85 2.01 5.03 1.72 3.41 2.93
Na' 1.65 1.61 0.25 0.29 1.03 0.88
K’ 0.59 0.20 0.40 0.10 2.96 3.79
nss-Ca”' 0.56 0.25 0.07 0.05 2.21 1.41
Mg* 0.26 0.22 0.06 0.04 1.19 1.33
nss-S0, 13.12 4.86 9.87 4.32 2.70 2.29
NOs 10.98 2.79 5.27 0.87 3.94 6.08
Cl 1.61 1.75 0.11 0.17 0.92 0.61
F 0.02 0.01 0.01 0.003 2.92 1.93
HCOO 0.09 0.06 0.07 0.02 1.66 4.19
CH3COO 0.06 0.10 0.10 0.03 0.62 2.99
CH3503 0.07 0.04 0.07 0.04 1.87 1.74
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Figure 26. Comparison of concentrations of ionic species and their ratios in
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Figure 28. Composition ratios of ionic species in PM;jy particles during Haze
and Non-event days.
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Figure 29. Composition ratios of ionic species in PMss particles during Haze
and Non-event days.
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Table 26. Concentrations of elemental species and their ratios in PM;o and

PMs5 particles during Haze (HZ) and Non-event (NE) days.

Concentrations (ng/m®) Ratio
Species PMio PMs5 PMjo PMo5s
HZ NE HZ NE HZ/NE HZ/NE
Al 363.5 430.5 70.5 58.5 0.8 1.2
Fe 307.6 266.6 90.1 2.8 1.2 1.2
Ca 485.2 370.1 1114 133.1 1.3 0.8
Na 456.8 840.8 158.3 156.2 0.5 1.0
K 691.4 460.1 201.2 1075 1.5 1.9
Mg 315.2 302.4 33.6 36.4 1.0 0.9
S 2206.3 21245 1046.5 882.6 1.0 1.2
Ti 17.5 14.4 4.2 3.8 1.2 1.1
Mn 16.7 10.6 79 44 1.6 1.8
Ba 4.6 4.5 2.1 2.5 1.0 0.8
Sr 2.5 2.1 0.5 0.4 1.2 1.3
/n 44.0 28.3 35.3 212 1.6 1.3
\Y 53 53 2.5 4.1 1.0 0.6
Cr 3.0 34 14 2.0 0.9 0.7
Pb 17.5 8.2 13.3 6.1 2.1 2.2
Cu 5.3 2.8 2.6 2.6 1.9 1.0
Ni 56 56 2.6 2.3 1.0 1.1
Co 0.2 0.2 0.1 0.1 1.3 1.3
Mo 04 0.3 0.2 0.2 14 1.2
Cd 1.1 0.7 0.8 0.6 1.8 14
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Others : Ti 0.4%, Mn 0.3%, Ba 0.1%, Others : Ti 0.3%, Mn 0.2%, Ba 0.1%,
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Cd 0.0.% Cd 0.0,%

Haze Non-event

Figure 32. Composition ratios of elemental species in PM;jy particles during
Haze and Non-event days.

Others
4.1%

1.9%

Others : Ti 0.2%, Mn 0.4%, Ba 0.1%, Others : Ti 0.3%, Mn 0.3%, Ba 0.2%,
Sr 0.0s%6, Zn 2.0%, V 0.1%, Sr 0.0s%, Zn 1.8%, V 0.3%,
Cr 0.1%, Pb 0.7%, Cu 0.1%, Cr 0.1%, Pb 0.4%, Cu 0.2%,
Ni 0.196 Co 0.005%, Mo 0.0,%, Ni 0.2% Co 0.005%6, Mo 0.0,%,
Cd 0.04% Cd 0.04%
Haze Non-event

Figure 33. Composition ratios of elemental species in PMss particles during
Haze and Non-event days.
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Table 27. Concentrations of ionic species and their ratios in PMjy and PMs5
particles during Mist (MT) and Non-event (NE) days.

Concentrations (1g/m®) Ratio
Species PMio PMs5 PMjo PMo5s
MT NE MT NE MT/NE MT/NE

NH, 2.55 2.01 2.25 1.72 1.27 1.31
Na' 1.09 1.61 0.18 0.29 0.68 0.65
K’ 0.18 0.20 0.11 0.10 0.92 1.04
nss-Ca”' 0.29 0.25 0.05 0.05 1.15 0.96
Mg* 0.16 0.22 0.04 0.04 0.72 0.81
nss-S0, 6.08 4.86 5.46 4.32 1.25 1.27
NOs 3.01 2.79 1.05 0.87 1.08 1.21
Cl 0.96 1.75 0.12 0.17 0.55 0.69
F 0.004 0.01 0.002 0.005 0.66 0.56
HCOO 0.03 0.06 0.02 0.02 0.59 0.85
CH3COO 0.07 0.10 0.04 0.03 0.75 1.18
CH3503 0.05 0.04 0.04 0.04 1.27 1.14
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Table 28. Concentrations of elemental species and their ratios in PM;o and

PMs5 particles during Mist (MT) and Non-event (NE) days.

Concentrations (ng/m®) Ratio
Species PMio PMs5 PMjo PMo5s
MT NE MT NE MT/NE MT/NE
Al 390.6 430.5 59.7 58.5 0.9 1.0
Fe 263.5 266.6 63.3 2.8 1.0 0.9
Ca 331.0 370.1 135.0 133.1 0.9 1.0
Na 304.1 840.8 131.9 156.2 0.4 0.8
K 867.0 460.1 103.2 1075 1.9 1.0
Mg 306.1 302.4 36.0 36.4 1.0 1.0
S 14405 21245 830.3 882.6 0.7 0.9
Ti 14.7 14.4 3.9 3.8 1.0 1.0
Mn 10.8 10.6 3.9 44 1.0 0.9
Ba 59 4.5 2.8 2.5 1.3 1.1
Sr 2.2 2.1 0.6 0.4 1.0 1.5
/n 24.2 28.3 25.8 212 0.9 0.9
\Y 6.7 53 4.8 4.1 1.3 1.2
Cr 2.4 34 1.8 2.0 0.7 0.9
Pb 7.7 8.2 6.6 6.1 0.9 1.1
Cu 2.3 2.8 1.5 2.6 0.8 0.6
Ni 54 56 2.5 2.3 1.0 1.1
Co 0.2 0.2 0.1 0.1 1.2 1.0
Mo 0.3 0.3 0.2 0.2 0.8 1.1
Cd 0.8 0.7 0.7 0.6 1.2 1.2
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Figure 40. Comparison of concentrations of elemental species and their ratios
in PMs5 particles during Mist (MT) and Non-event (NE) days.
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Others : Ti 0.4%, Mn 0.3%, Ba 0.1%,

Others @ Ti 0.3%, Mn 0.2%, Ba 0.1%,
Sr 0.1%, Zn 0.6%, V 0.2%,

Sr 0.04%, Zn 0.6%, V 0.1%,

Cr 0.1%, Pb 0.2%, Cu 0.1%, Cr 0.1%, Pb 0.2%, Cu 0.1%,
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Figure 41. Composition ratios of elemental species in PM;jy particles during
Mist and Non-event days.
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Figure 42. Composition ratios of elemental species in PMss particles during
Mist and Non-event days.
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Jde AgrE e 7]
o e W o AtnHth PMysol sl ASF Aol Mg”, Cl =
HldAel zhzh 1.3 03, A A] 1.9, 0.3, 95 A 1.9, 0.2, 95 A] 16, 042 25
13} 7bbe EFghe Uehdle] sigde] 9ge we zloz FAAc 2oy K,
Ca”, SOZ ¢ A% B%F 1ntE 2 e Jehio] e dancs b 74

Table 29. Seawater enrichment factors for ionic species in PM;y and PMs5

particles, classified by meteorological conditions.

(Cx/ CNa+ )Aeroso]/ ( Cx/ CNa+ )Seawater

PMjy Species

Non-event Asian Dust Haze Mist
K' 3.1 46 8.9 4.2
Ca*' 3.9 21.2 8.4 6.7
Mg* 1.1 15 1.3 1.2
SO, 12.1 9.1 31.7 22.3
Cl 0.6 0.6 0.5 0.5

(Cx/ CNa+ )Aeroso]/ ( Cx/ CNa+ )Seawater

PMs5 Species

Non-event Asian Dust Haze Mist
K’ 9.2 14.3 39.4 0.3
Ca™ 35 18.8 7.1 0.3
Mg* 1.3 1.9 1.9 0.4
SO, 59.5 44.0 157.2 188.8
Cl 0.3 0.3 0.2 0.4
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(CX/CAI )Areosol
<CX/CA1 )Crust

2l ol A (Co/Calermst= Taylor®t McLennan (1985)7F #2413k x|z} A F-<]
RS e 82 AAtstdth ol @A AR wEQ1AeE 1 gko] 1ol eSS
EYgoziH fFdol F& Ueha 11Xy 55 EGRYE & 81l
o8] FAdEHL ASS 9Ht}. Kang et al(2011)& EF<2E HSl YArEL
ARG FAE  Aew  dAdste]  olsh Z2 YAAES SOMs

& Hol: Y9425 T8 HEYo
7+s FASE Ede] ohd gt uwjEdEe] div] Fstel 7]dttia
Fehale]  o]5S AOMs (Anthropogenic—Originated Metals)etil #H37 %
StATH(e] 71 & &, 2018). Table 30~31° 7|3t & ZF 44 Awse EY
&5 AgE vag 235 e AT

g, Ti, Mn& Hl 24 22 EFghe HERdo] o] AEES A4 o=
4
gk whdel] Zn, V, Pb, Ni 52 %& EF @2 29, o

= g8 Q959 & drlFgos FYUFEAS JteAdel & AoR oA"Y
(Table 30~31).

it
oX,
He
il
flo
it
o2
Fz

,85,



Table 30. Crustal enrichment factors for elemental species in PM;j particles,

classified by meteorological conditions.

(CX/CAI)Aer()S()J/(CX/CAI)CmSt

Species

Non-event Asian Dust Haze Mist
Fe 14 0.7 15 1.9
Ca 2.3 2.7 2.3 3.6
K 3.1 14 6.4 55
Mg 4.2 55 4.7 52
Ti 3.6 2.7 4.0 5.2
Mn 3.3 3.4 3.7 6.1
Zn 72.9 10.6 68.7 1344
Pb 94.8 14.8 98.0 240.2
Ni 64.9 42.9 69.0 774

Table 31. Crustal enrichment factors for elemental species in PMss particles,

classified by meteorological conditions.

(CX/CAI)AeroS()l/(Cx/CAl)CrU.St

Species

Non-event Asian Dust Haze Mist
Fe 2.9 1.7 24 2.9
Ca 6.1 2.1 6.1 4.2
K 5.3 1.5 5.0 8.2
Mg 3.8 2.3 3.6 2.9
Ti 6.9 5.0 7.1 6.3
Mn 10.0 3.9 8.7 149
Zn 516.8 76.5 481.1 556.4
Pb 521.7 70.6 556.8 942.6
Ni 193.0 50.2 206.3 182.0
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HoSO4, HNOgzoll 98t AHA 8l 7)ol s H7te 5 gl
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Table 32. Comparison between the sums of equivalent concentrations of basic

cations and acidic anions in PM;y and PMs5 particles.

Equivalent Concentration (ieq/m®)

Meteorology PMio PM:5
Cation Anion Cation Anion
H' 0.005 nss-SO& 0.101 H' 0.004 nss-SO,  0.087
NH,' 0.111 NOs 0.045 NH,' 0.093 NO;3 0.013
Ron nss-Ca®" 0.013 HCOO  0.001 nss-Ca®" 0.002 HCOO  0.000,
eent CH;COO  0.002 CH;COO  0.001
Total 0.129 Total 0.149 Total  0.099 Total 0.105
H' 0.007 nss-SO& 0.102 H' 0.007 nss-SO,  0.063
NH,' 0.114 NOs 0.107 NH,' 0.063 NO;3 0.019
Asian Dust nss-Ca®* 0.091 HCOO  0.001 nss-Ca® 0.010 HCOO  0.000;
CH;COO  0.002 CH;COO  0.001
Total 0.212 Total 0.212 Total  0.080 Total 0.083
H' 0.011 nss-SO& 0273 H' 0.011 nss-SO,  0.205
NH,' 0.380 NO; 0.177 NH,' 0.279 NO; 0.085
Haze  nss—Ca® 0.028 HCOO  0.002 nss-Ca® 0.004 HCOO  0.002
CH;COO  0.001 CH;COO  0.002
Total 0.419 Total 0453 Total  0.294 Total 0.294
H' 0.006 nss-SO& 0.127 H' 0.006 nss-SO, 0.114
NH," 0.141 NOs 0.049 NH,' 0.125 NO3 0.017
Mist  nss-Ca’" 0.015 HCOO  0.001 nss-Ca” 0.002 HCOO  0.000
CH;COO  0.001 CH;COO 0001
Total 0.162 Total 0.178 Total  0.133 Total 0.132
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PMp3} PMss o] A8 4 Az g 714 S04, NOs & F& #7142 &
o] & (HCOO , CH3CO0 )& TAlo & olEel A3 71985 FASHA H.(Table

33). A3t 7ol &S EA43 2 Solee] B el tiEk Friqt Sl

il

FE golee] g wEME wustel F AR A48 Jlelwd Brse
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PMio} PMos B 8HE Al 7H =2 AR sl 7lod g BTl ke NO; 9
AHdst 710l e PMoll A Bl@AGY, AL o
274%°1Q3L, PMasoll Al ZhzF 13.0, 229, 289, 129%= PMj= A} A4
PMpsoll A= A dddol %2 2Hdst 71988 1Hi

Fr71akel AbdE Tl &S 919 sde WHoR AT U] T 77
2F& aliphatic acid, olefinic acid, aromatic acid % 100%F o]4Fe] t}oksl 7125
A FHR EAetE, olF 7 v AdEeR® LEAMHCOOH)# oA EAE
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o3t ANES FTHM HHW, AFLE AAA| A HAIWA Y] A EE FE2
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Table 33. Acidity contributions of acidic anions during non-event, Asian dust,

haze and mist days.

Acidity Contributions(%)

Meteorology PMio PMss

Inorganic acid Organic acid Inorganic acid Organic acid

nss-SOZ  67.9 HCOO 0.8 nss-SOF  86.1 HCOO 0.4

N o, 302 CH,CO0 11 NOs 130 CH;COO 05
event

Total 98.1 Total 19 Total 99.1 Total 0.9

. nss-S0 480 HCOO 0.6 nss-SOS 762 HCOO 0.2

fsian NO; 505 CH,COO 09 NOj 229 CH;COO 0.7

bust Total 98.5 Total 15 Total 99.1 Total 0.9

nss-S0/~  60.3 HCOO 04 nss-SOS  69.9 HCOO 0.6

Haze NO; 39.1 CH,COO 02 NOj 289 CH;COO 06

Total 99.3 Total 0.7  Total 98.8 Total 1.2

nss-SOZ  71.4 HCOO 0.4 nss-SOF  86.3 HCOO 0.3

Mist  NOj3 274 CH,COO 07 NOg 129 CH;,COO 05

Total 989 Total 1.1  Total 99.2 Total 0.8

,90,



AutA o7 7] Fo SAstEI AAAsHES HoSO, HNOso & 7 3HE o]
7] A Ede FdErh e g NH;, CaCOs, MgCOz 53 22 4
714 =He 93] F3FE], o] T NHs CaCOse] +2 S 3o 7]o3)aL
ox 4#lA UAHKang et al, 2009). ©] & F - % FT3h= vhFo] Aol
o3& &3}l A (Nutralization Factor, NF)& F3te] 712 A& Jjgx oz Hrist

o 2 tH(Galloway et al., 1989).

(o2

¢

%
e
)

o

2

NFy, = azn
Y nss— SO+ [INO;y |+ [HCOO ™| + [CH,COO™]
[nss— ca’ ]

NF =
Cal'O; [nss— 5042 1+ [INOs T+ [HCOO™ |+ [CH, COO™

g ol hryol F3kQlat= PMig? PMasoll Al ZH2E 0.75, 0928 H i,
ghabzbgrol 93k FaldAbE 7H2E 0.09, 0.025 YER AT
, A, R AL PMpoll Al bRyl F3llate= 2k 021, 0.84, 0.84% A

wokth, 18 a gl o g FEhlAtE 7h7E 049, 0.09, 0.07

A Ao gzl FelAvr g dddel vla A JEbwtch =35
PMosoll A ¢hmyol 391 ak= zhz; 0.71, 095, 0965, ghakbzbgo] 3 3191
A= Z47E 013, 0.03, 0.012 PMy? A 548 Btk o 2458 5%
S, PMyo¥ PMosoll A 2B o] F8h= F2 dryoloa] A5} whi A
=7 el gakd el o3 F3he PMpol A F2 dojua ZAF Ao =
dofih= Ao @ FAE AT
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Table 34. Neutralization factors by ammonia and calcium carbonate in PMjg

and PMos5 particles during non—event, Asian dust, haze and mist

days.
Neutralization Factors

Meteorology NEyy, NF ¢, co0,

PMio PMs5 PMio PMz5
Non-event 0.75 0.92 0.09 0.02
Asian Dust 0.50 0.71 0.49 0.13
Haze 0.79 0.95 0.09 0.03
Mist 0.84 0.96 0.07 0.01

,92,



Ul M AA G AFE DASH A Y] wAUAE AFH st BAE A
HPZREY QA5G4 AN g s v

AF7)7ke] PMy, PMys A5y 242 27.8420.2 ng/m’ (n=332), 13.9+105 ng/m’
(n=300)°11tt. PMyy o] 4% & nss-SO2 > NO; > NH,” > Cl > Na' >
nss-Ca> > Mg® > K' > CHCOO > HCOO > CH3S03 > F #9937 %%7}
=AU olE AEEY 2L oA dE=H(696%)0] THE Ea, v o®E Y

(25.8%), E4 Aw(18%)wcoz =& 2 E Yeldlt. 9424 +& S v&7t

Hi
lfy

21245 ng/m’Z 7} w3, 2191(44.4%), NP (234%), EF(21.9%) H¥ o=
w2 ZAYE YERI L

PMos ©] 4% 2 nss-S0O7 > NH,’ > NO; > Na” > Cl > K' > Mg* >
nss-Ca®” > CH3SO3; > CH;COO > HCOO > F <=olQlal, o] exA L o029
AEZ(90.5%), 3MH(6.5%), EF05%) w2 w& 24HE YHEAY. 44
TEY 2L A9(61.1%) Gl ¥il, o EF19.9%), A (7.3%) 4%
o] ¥ =AvE YeEAT.

PMos/PMyy & %M nss-SO~, NHy'o] E5F 092 PMpsol F2 R Ed
NO; , nss—Ca®, Na', Cl & A2 o2 PMyell ®o| ¥ 23S AT

FAEEY(PCA) 23, PMpe 3l 93] 7Fg A1 ggoz 194 7|

NdddERE FA A PMyy 235 S vdddel vl 398 F718k9a
nss-Ca® H%7F PMyoll A 7.2, PMosoll A 418 Z7batinh. & B9 Al
Fe, Ca, Mn, Ba, Sr X7} PMp°olA 29~658] Z7Fstth. A Alo+=
nss-SO,% , NHy', NO; 5%7F PMyol A 2.7~3.94], PMasell Al 2.3~6.18) A<%3}
ek B Ao nss-SOS, NHY 5%7F PMjpdt PMosoll Al 25 1.3} 7}
Atk olHAH AFAYG W AHAE FAF Al PMyll Al B AW, dF<h 8

Aol = PMasoll Al ol dEde] swrt F7bshs 714ddd 54s g9

)=
5
FoAAT m3 V) FEANE Y R BEF FEAA va Ay wAlux e Mg

v+



7hE At

o

]

T

oz

ojy

B

S

7}

[}

=

3} 71 =7 A

ol ubiL, gAF Al

Q)
=

A

B2

el
;OO
ﬁO
|

H

= 7oA
of weh <l

tol AFA] PAEA = T

°©

R
MAA el AFE naAx el v

T
st

) =

s

PMi, PMa:

Bl
Nro

A}, zEar 7]

¢
oV

el
ojp

R

™
jant

el
;OO

va..o

T
nF

A

o

oF

A, @A)

<]

7}

=

o

l

=

e

el FEst

Rs

|

-

PMysol A Q1914 7]

1
T

Alol]
PMpoll Al =71

I
T

=13
b |

3}

Alell

I
T

il

o)
He

M
Ho

T3

puze]

A

-
1.

_94_



3
i
Bl

o

A (2015), FFA] Z=0 A H A (PMas) 2] i

&}

L A, ol

14]. 31(5), 437-448.

[ez]
=2

15+ (2003) 1997~2001d A|F% 3LA4HA]

141, 19(3), 263-273.

<

B

Tor

3, A

E
=

3. ZHg (2015) AFA =AAA A A PMpd PMyse 324

o

3] (2002), 2001 <=
TR, 23(6), At

fg—

714, FAatE, &

A

o)
5. A4 (2004) 1

i)
i
st

Tor

(2019) AFE= LA 7] oojmEe]

=
&7

7]21

6.

st

3}, AnlAd 35(4),

FEH

o 7] v Al A) 9]

(2006) SFAF HA Al M

7. AR

16-20.

84

3l PMZSQ']' PMl()Q/] §]—‘§1]'7§| ._‘Z_—].}\é]g,]

g 9

71 e

217 <)

P
T

st (1999),

‘mo

A

3

8.

ok
)

oF
_woal

<

B

Tor

o

ol

il

3
pud

olFs (2013), F=ol =4
3]#], 48(2), 167-183.

)

A2 8

&l

o) A} &

s
317], 4(6), 675-690.

s%, (209) ¥

|

S}
of

(2018) 2017+ A=Al

<

—_
file)

B

ok, 21(2),

T3

%

61-70.
12. A9 (2019), 20173 A% FebAF 1100324 PM10, PM25 "] AW = o] %

(2003), AlF%= gkebik 1100 4] o

X

A

<

1,

al

314, 19(2), 145-156.

Al 7l F PMypel

o
il

0

{
o
A4r
st

=K

Ho

A%

}1\_]_.

14. = A, oAt (2000),

4 A 16(1), 23-35.

E
=

s

o] &

(2006) GIST Y34 Raman Lidars

==
QU

g

of

)

o

2005 10

,95,



16.

17.

18.

19.

20.

21.

22.

23.

24.

20.

26.

21.

28.

29.

30.

31.

T, A9+ (2005) 3-Stage Drum MEHE )&% #5F EAXH] 73
7 o5 PMys dAA v, =71 874 813 A, 21(6), 699-708.
BAE, 198, oAd, 75 (01, XA F FF
Analytical science & technology, 14(5) 442-450.

B AR ol 4F, AAE, FA, ANE (2010) ALA S mAWA
stetA 4 54 w3k A, = EARE S A 10(3), 293-303.

e
ME
b

h y ?_%Oéy }’]X]/\y OU]%ZHy ‘i}‘%_]—’]{ Z:}Xé:é—‘y 9“%) O].Q—ﬁ]— E_OE—] %:‘Xlsgv
g, olHE (2017), Fte MF-FAAGNA 7] T olfRE é—Er-J &
datety 54 43 ML S8ty A% 2 A ol%, dRdsIRstaA,

32(2), 124-13.
WA (2018) 79t R
A A FEoE B AMdE S T

Aok, I (2003), 5ol A 0}%’,\_}7}i94 Barg o
)

[40

AT (2014), M2A1 PIAIRA(PM) et 2P A A (PMzs) 9] @7 mE =
g AP E e, Sk B s3] A 40(5), 346-354.

] (2018) EHAl t7] & PM25 31 545449
7R w54, 7184 8 sl A, 34(3), 406-417.

B2 (2019), AlF%E AR PMy, PMos stz e A7 1Hs 54, Al
gistal tistel, AALee) m

SEF, BAE, FEE, ook, olAE (2018), AesE AN LA wE
= TSP, PMI0, PM2.54 WOH%—%iT W, SRl A g s 2] 21(3),

172-180.
Fo0A8e, desh 25 AE (2015) 20108 A LolA w3 gApe}
de] &, g8}, et 5A4d) L, 7] 87 83 %], 31(2), 131-142.
e A F 199, 23 (2019) AFE ek 11003A] 94 a1
oA 5A, k3 w4183 «], 22(3), 135-144.

LEVEHE 83 doj2Ee] 3

A A ghALEE 3] #], 32(3), 245~251.
(2017), 201690 &3 AF%= AAAY df7] dojzEe] 7ddAdE st
A stal gisk

235, AEx (1994), ATl BlE ol & 4, =7
3] %], 10(2), 98-104.

2 o
<1 ofy
>

o,
2

(2 ofr
X
18
=)
=
(L
X
lo

Lo >
e i foi

0>“

,

e T

K

=

=

(L

>

1y

otk o

>

>

4

e

27

ro

4.\2

Ny X o

o,

£ >

oy o>

ox. o
2 =

I 94 3 #84 oo A8E 54 L a9

3 97| 7t 12(2), 1020-1026.

o o
(S
(@]
—_
=
P
2
>
fu)
AN

Mr o
)

,96,



32.

33.

34.

30.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

el B, AGA, AaE, dEg, e, FAoh A, AFa,
A, a8 (2018), 7 ARF
q

’ o ’ =i
4 2013 ~20151 Abele] PMys $hob# 54 Abe] BU QA AL

AN ol
Hl oox ot

oW, S5, WWE, FEA, WA, o g

~20134 AN BEE TFF AT BF W FREH, #771493),
21(2), 225-233.
o5, UUY, 2eA, BET,
MAgAe] st % FS 54 20089
27(5), 603-613.

olvlsr, A% (2012) BJAPO. R RE AL o] ThSo| AE A9 AlHE
PMy, PMos, PM; 7He] sXzpu|ef Aol v x| J&F sh=r37d 78 3]

A], 21(2), 217-231.

oldAl, Ao}, ZHe, WA, w7
4, AAE (014) BFAG FE D AL Ao mAHA 5
o 71 873 8131 A, 30(5), 434-448.

olg7, ol71%, oA, ALt (2012) MARA AAFE BEe] Al &
4, o)) 38k 3] A, 28(6), 666-674.

olg7, ol71%, oA, ALt (2012) MARA AAFE BEe] Al &

4, =7l 83 A, 28(6), 66-674.

9 =4, ARt Aaete)

M

olFH FAud ¢t HUAZ F5A, Y
20073 M&Aq AT AR 2AF S| EH sEs] 2008 FAISHE T 3] =
7, 540-541.

olafd, A<M, ALY, F5F, AdAdA (2011), e 3Ae} ARy FE3
719 o2& EA: 20099 3¥ 15~17Y, st=or|sA s3] ), 27(2),
160-168.

A5E (2014) A7 ZUEHY A8E o] &3 PMys; SEE5A B4 2 o ¢

A 71 e 4, A ustal ¥k =i

A, A5, HAHE (2003), FAE G AFAT] w2 Mg B o
& 54, d=71483 A, 39, 459-474.

#d, A (2010), A<k AFE Folrote] F#UY 54, Atmospher
e, 20(2), 161-172.

49, 183 (201D A 7% AF A A" e gEA b



46.

47.

48.

49.
50.
5l
02.
53.

54.
5.
6.

57.

58.

59.

60.

61.

62.

714 54, =) 7187 813) A, 27(1), 73-86.

43, 48R (2015) MEA 7] T ZuAHA(PMs) 2 %3 3R 5
weo] F7] W Fol, =737 e s A, 31(2), 143-156.

v, A9E, ALY, a5, 45R,

7] v AH X (PMyy, PMas)oll 8 F7194 424479
th7]137 8t 3] 2009 FA Bt E] =EH

e d (2014), =W wlAAYG ti7] mAEA e v)ddEdd stz vak
2012-2013\ =4, AlFostal tfekel, AALetY] =

A (2009), PMys W78 71247 &3] 713(2009.06.29. HEAFE).
AR (2013) HF AR A3 2 0)-$9H(2013.11.05. HEALR).

A (2013), A2xF AL S A F 5] #(2013.03.14., A A AL H)

S (2014), A} B2 Y7)(2014.03.18. LA F), 7] o) 71 A = 3},

S (2018), HIAIR A [PMes] $H4d7]F vl= d& FFo® 7F3H2018.03.21.

1 (2009) A=A
e A7}, d

ﬂliri =Y

=S
SH7 - (2019), MM A As e A]7](19.12~20.3) -8 S E ) A,

AR (2019), MM A T FE A E (2020~ 2024).

G2, olmal, AWA, o2, oA, AL (2008), ololE LA
oA #F5HE PM25 = o]2xA, Sty 87 83 A, 24(5), 501-511.
3] (2015) =AAG ] 2P AHAPMLE) =9k S57IA 2 =8
Agke] Qu AT, AMYERL A ete] i

FAx (2019) AHAG AdEA el 7] T PM259] 3ot 54, = th7]
37 ek3] 7], 35(3), 336-345.

Aardenne, J.A., G.R. Carmichael, H. Levyll, D. Streers, and L. Hordijk

(1999) Anthropogenic NOx emissions in Asia in the period 1990-2020,
Atmospheric Envirionment, 33, 633-646.

Allen, A. G., E. Nemitz, J. P. Shi, R. M. Harrison, and J. C. Greenwood
(2001), Size distributions of trace metals in atmospheric aerosols in the
United Kingdom. Atmospheric Environment, 35, 4581-4591.

Arsene, C., R. I. Olariu, P. Zarmpas, M. Kanakidou, and N. Mihalopoulos
(201) Ion composition of coarse and fine particles in Iasi, north-eastern
Romania: Implications for aerosols chemistry in the area, Atmospheric
Environment, 45, 906-916.

Choi, G.H., K.H. Kim, CH. Kang, and J.H. Lee (2003) The influence of the
Asian dust on the metallic compo sition of fine and coarse particles

,98,



63.

64.

65.

66.

67.

68.

69.

70.

1.

2.

73.

fractions, J. Korean Soc. Atmos. Environ., 19(1), 45-56.

Choi, H. (2011) Characteristics of hourly variation of gaseous pollutant
concentration at Gangneung, Korea for Yellow Sand Event period in
winter —case study of February 14 - 16, 2005, Journal of Climate Research,
6(1), 59-76.

Donaldson, K., and MacNee, W (2001) “Potential mechanisms of adverse
pulmonary and cardiovascular effects of particulate air pollution PMi”,
International Hygiene and Environmental Health, 203(5), 411-415.

Galloway, JN. and W.C. Keene (1989), Processes controlling the
concentrations of SO, NOs;, NH,, H', HCOOr and CHi;COOr in
precipitation on Bermuda, Tellus, 41B, 427-443.

Geng, N, J. Wang, Y. Xu, W. Zhang, C. Chen, and R. Zhang (2013) PMa5
in an industrial district of Zhengzhou, China: Chemical compostion and
source apportionment, Particuology, 11(1), 99-109.

Ghim, Y.S.(2011) Impacts of Asian Dust on Atmospheric Environment,
Journal of Korean Society for Atmospheric Environment, 27(3), 255-271.

Ho, K. F., S. C. Lee, C. K. Chan, J. C. Yu, J. C. Chow, and X. H Yao
(2003), Characterization of chemical species in PM25 and PM;jy aerosols in
Hong Kong, Atmospheric Environment, 37(1), 31-39.

Kang, B.-W., H.S. Lee, and H.-K. Kim(1997) A seasonal variation of
acidic gases and fine particle species in Chongju area, J. Korean Soc.
Atmos. Environ., 13(5), 333-343.

Kang, B.-W., M.-H. Jeong, J.-M. Jeon, and H.S. Lee (201la) The
characteristics of PM2.5 and acidic air pollutants in the vicinity of
industrial complexes in Gwangyang, J. Korean Soc. Atmos. Environ., 27(1),
16-29.

Kang, C. H., and W. H. Kim (2002), Studies on pollution characteristics
and sources of precipitation in Jeju Island, J . Kor. Soc. Atmos. Envi.,
18(E4), 191-201.

Kang, C. H,, S. B. Hong, W. H. Kim, H. J. Ko, S. B. Lee, and J. M. Song
(2006), Study on acidification and neutralization characteristics of
precipitation in Jeju City between 1997 and 2005, J . Kor. Soc. Atmos
Envi., 22(4), 487-498.

Kang, C. H, W. H. Kim, and W. Lee (2003), Chemical composition
characteristics of precipitation at two sites in Jeju Island, B. Kor. Che.
Soc., 24(3), 363-368.

,99,



74.

7.
6.

7.

8.

79.

30.

31.

32.

33.

34.

35.

36.

Kang, C. M., B. W. Kang, and H. S. Le (2006) Source identification and
trends in concentrations of gaseous and fine particulate principal species in
Seoul, South Korea, J . Air & Waste Manage. Asoc., 56, 91-921.

Kim, M. Y. (2006) Magazine of the SAREK, 35(4), 16-20 .

Kim, Y.P (2006) Air Pollution in Seoul Caused by Aerosol, Journal of
Korean Society for Atmospheric Environment, 22(5), 535-553.

Ko, H.J., Song, JM., Cha, JW. Kim, J.E., Ryoo, S.B., Kang C.H. (2016)
Chemical Composition Characteristics of Atmospheric Aerosols in Relation
to Haze, Asian Dust and Mixed Haze-Asian Dust Episodes at Gosan Site
in 2013, Journal of Korean Society for Atmospheric Environment, 32(3),
289-304.

Korea Meteorological Administration (KMA) (2013), The weather encyclopedia.

Kotamarthi, V.R. and G.R.Carmichael (1990), The long range transport of
pollutants in the Pacific rim region, Atmospheric Enviornment, 24A(6),
1521-1534.

Kumar, D., and Jugdutt B. 1. (2003) Apoptosis and oxidants in the heart,
Journal of Laboratory and Clinical Medicine, 142, 283-297.

Lee, H.-D., G.-H. Lee, 1.-D. Kim, J.-S. Kang, and K.-J. Oh (2013) The
Influences of Concentration Distribu tion and Movement of Air Pollutants
by Sea Breeze and Mist around Onsan Industrial Complex, Clean
Technology, 19(2), 95-104.

Lee, K. M., S. H. Eun, B. G. Kim, W. Zhang, J. S. Park, J. Y. Ahn, K. W.
Chung, and I. S. Park (2017) Classification of various severe hazes and its
optical properties in Korea for 2011~2013, Atmosphere, 27, 225-223.

McMurry, P., M. Shepherd, and J. Vickery (2004) Particulate Matter
Science for Policy Makers; a NARSTO Assessment (Chapter 3),
Cambridge University Press, UK.

NIER (2011) 2010 The Annual report for operating result of air pollution

intensive monitoring stations.

Oravisjarvi, K., K. L. Timonen, T. Wiikinkoski, A. R. Ruuskanen, K.
Heindnen, and J. Ruuskanen (2003) Source contributions to PMss particles
in the urban air of a town situated close to a steel works, Atmospheric
Environment , 31(8), 1013-1022.

Pan, Y.P., Wang, Y.S., Zhang, J.K,, Liu, Z.R.,, Wang, L.L., Tian, S.L., Tang,
G.Q., Gao, WL., Ji, DS. Song, T. Wang, Y.H. (2016) Redefining the
importance of nitrate during haze pollution to help optimize an emission

- 100 -



87.

38.

89.

90.

91.

92.

93.

94.

95.

96.

control strategy, Atmospheric Environ ment, 141, 197-202.

Park, G. H., B. G. Lee, S. G. Jung, and Y. S. Ham (2008), “Comparison of
Characteristics of Heavy Metals in the Ambient TSP on Mist and Clear
Days”, Journal of Korean Society for Atmospheric Environment Proceeding.

Park, GH., JW. Jeong, and J.G. Choi (2012) Evaluation of Pollution
Characteristics and Chemical Composition of PMs5 in the Ambient Air of
Busan (II), The Annual Report of Busan Metropolitan city Institute of
Health & Environment, 22(1), 142-159.

Park, SM., K.J. Moon, J.S. Park, H.J. Kim, J.Y. Ahn, and J.S. Kim (2012)
Chemical Characteristics of Ambient Aerosol during Asian Dusts and High
PM Episodes at Seoul Intensive Monitoring Site in 2009, ]J. Korean Soc.
Atmos. Environ., 28(3), 282-293.

Park, S.S., Jung, S.A., Gong, B.J., Cho, S.Y., Lee, S.J. (2013a) Characteristi
cs of PM2.5 haze episodes revealed by highly time-resolved measurements
at an air pollu tion monitoring Supersite in Korea, Aerosol and Air Quality
Research, 13, 957-976.

Russell, A.G., Brunekreef, B. (2009) A focus on particulate matter and
health, Environmental Science and Technology, 43, 4620-4625, DOI:
10.1021/es9005459.

Sara Fenech, Noel J. Aquilina (2019) Trends in ambient ozone, nitrogen
dioxide, and particulate matter concentrations over the Maltese Islands and

the corresponding health impacts, Science of Total Environment, 700,
134527.

Savoie, D. L., J. M. Preospero, and R. T. Nees (1987), Nitrate, non
sea—salt, and mineral aerosol over the northwestern Indian ocean. Journal
of Geophysical Research, 92(D1), 933-942.

Song, J.M., Bu, J.O., Yang, S.H, Lee, ].Y., Kim, W.H., Kang, G.H. (2016)
Influences of Asian Dust, Haze, and Mist Events on Chemical
Compositions of Fine Particulate Matters at Gosan Site, Jeju Island in

2014, Journal of Korean Society for Atmospheric Environment, 32(1),
67-81.

Song, Y. X. Wang, X. Maher, B.A. Lia, F. Xu, C. Liu, X. Sun, and X.
Zhang (2016) The spatial-temporal characteristics and health impacts of
ambient fine particulate matter in China, Journal of Cleaner Production,
112, 1312-1318.

Su-Mi Kim, Mpyeong-Chan Kim, Kil-Seong Kim, Ki-Ho Lee (2019)

- 101 -



97.

9.

99.

100.

101.

102.

103.

Characteristics of the Concentration Variations and Air Mass Routes
during the High-concentration Events of Particulate Matter in the Jeju
Area in 2016, ]J. of the Korea Society for Environment Analysis, 22(2)
61-69.

Szigeti, T., V. G. Mihucz, M. Ovari, A. Baysal, S. Atilgan, S. Akman, and
G. Zaray (2013), Chemical characterization of PM2.5 fractions of urban
aecrosol collected in Budapest and Istanbul, Microchemical Journal, 107,
86-94.

United Nation Environment Programme (2002) The Asian Brown Cloud:
Climate and Other Environmental impacts.

Y. J. Lee, S. A Jung, M. R. Jo, S. J. Kim, M. K. Park, J. Y. Ahn, Y. S.
Lyu, W. J. Choi, Y. D Hong, J. S. Han and J. H. Lim, J. KOSAE, 30(5),
434-448 (2014).

Zhang, R., Z. Shen, T. Cheng, M. Zhang, Y. Liu (2010) The Elemental
Composition of Atmospheric Particles at Beijing during Asian Dust
Events in Spring 2004, Aerosol and Air Quality Research, 10, 67-75.

Zhang, X. and R. Arimoto (1993) Atmospheric trace elements over source
regions for Chinese dust: concentrations sources and atmospheric
deposition on the losses plateau, Amospheric Environment, 27A(13),
2051-2067.

Zheng Wong, Xiaopaing Wang, Chongguo Tian, Yingjun Chen, Shanfei
Fu, Lin Qu, Ling Ji, Jun Li, Gan Zhang (2018) PMF and PSCF based
source apportionment of PM25 at a regional background site in North
China, Atmospheric Research, 203, 207-215.

Zhuang, L., and B. J. Huebert (1996) Lagrangian analysis of the total
ammonia budget during Atlantic Stratocumulus Transition

Experiment/Marine Aerosol and Gas Exchange, ] ournal of Geophysical
Research Atmosphere, 101, 4341-4350.

- 102 -



	I. 서 론
	II. 연구 방법
	1. 대기 미세먼지 시료 채취
	1.1 시료 채취 지점
	1.2 측정기기

	2. 대기 미세먼지 시료의 채취 및 분석
	2.1 PM10 시료 채취
	2.2 PM2.5 시료 채취
	2.3 질량농도 측정
	2.4 수용성 이온성분 분석
	2.5 원소 성분 분석


	III. 결과 및 고찰
	1. 대기 미세먼지의 질량농도
	2. 이온 수지 비교
	3. 대기 미세먼지 화학 조성
	3.1 PM10 화학 조성
	3.2 PM2.5 화학 조성
	3.3 PM10과 PM2.5 조성 비교
	3.4 성분들 간 상관성
	3.5 대기 미세먼지 성분의 배출원 특성
	3.6 기류 유입 경로별 조성 비교

	4. 기상현상별 화학조성 특성
	4.1 황사 미세먼지의 화학조성
	4.2 연무 미세먼지의 화학조성
	4.3 박무 미세먼지의 화학조성

	5. 해양 및 토양의 영향
	5.1 해양 농축인자
	5.2 토양 농축인자

	6. 산성화 및 중화 특성
	6.1 기상현상별 산성화 특성
	6.2 기상현상별 중화 특성


	Ⅳ. 결론 및 요약
	Ⅴ. 참 고 문 헌


<startpage>15
I. 서 론 1
II. 연구 방법 5
 1. 대기 미세먼지 시료 채취 5
  1.1 시료 채취 지점 5
  1.2 측정기기 5
 2. 대기 미세먼지 시료의 채취 및 분석 7
  2.1 PM10 시료 채취 7
  2.2 PM2.5 시료 채취 7
  2.3 질량농도 측정 7
  2.4 수용성 이온성분 분석 8
  2.5 원소 성분 분석 10
III. 결과 및 고찰 13
 1. 대기 미세먼지의 질량농도 13
 2. 이온 수지 비교 16
 3. 대기 미세먼지 화학 조성 18
  3.1 PM10 화학 조성 18
  3.2 PM2.5 화학 조성 26
  3.3 PM10과 PM2.5 조성 비교 34
  3.4 성분들 간 상관성 40
  3.5 대기 미세먼지 성분의 배출원 특성 45
  3.6 기류 유입 경로별 조성 비교 51
 4. 기상현상별 화학조성 특성 54
  4.1 황사 미세먼지의 화학조성 54
  4.2 연무 미세먼지의 화학조성 65
  4.3 박무 미세먼지의 화학조성 75
 5. 해양 및 토양의 영향 83
  5.1 해양 농축인자 83
  5.2 토양 농축인자 85
 6. 산성화 및 중화 특성 87
  6.1 기상현상별 산성화 특성 87
  6.2 기상현상별 중화 특성 91
Ⅳ. 결론 및 요약 93
Ⅴ. 참 고 문 헌 95
</body>

