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ABSTRACT

The PM;y and PMs5 samples were collected at the Mt. Halla-1100 site in
Jeju Island, which is a background site located at the atmospheric boundary
layer (ABL), in 2017. Their ionic and elemental species were analyzed, in
order to examine the chemical compositions and emission characteristics of
particulate matters. Furthermore, their long-range transport was studied in
accordance with the various airflow pathways and meteorological conditions.
Mass concentration of PM;y and PMys were 20.9+15.1 and 10.7+7.3 pg/m’,
respectively, during the non-event days. From the comparison of ionic
balance, the correlation coefficients (r) between the sums of cationic and
anionic equivalent concentration were 0.976 and 0.987, respectively, for PMjg
and PM,s, indicating the good linear correlations.

In coarse particles (PMjo-25), the concentrations of secondary pollutants such
as NO;, nss-SO4 and NH," were 1.47, 0.39 and 0.31 pg/m®, respectively. In
fine particles (PMss), their concentrations were 3.96, 1.56 and 0.64 pg/m’
respectively, showing 95.9% of those ionic species. Meanwhile, the elemental
compositions of PMj, showed 41.0% for anthropogenic (S, Zn, Pb, Ni), 41.3%
for soil (Al, Fe, Ca) and 10.8% for marine (Na, Mg) sources.

Based on the study of separated course and fine particle compositions, the
concentration ratios of PM;jo25/PMss were 0.1 and 0.2 respectively for
nss—-SO,> and NH,', indicating that those species were mostly existed in fine
particles. On the other hand, marine and soil species such as Na', CI,
nss-Ca®’, Mg?" were rich in coarse particles.

From the study of source origins by the principal component analysis, the
ionic species of coarse particles were mostly originated from mixed

soil-anthropogenic sources, followed next by anthropogenic and marine

= viii -



sources. While the compositions of fine particles were influenced mainly by
anthropogenic sources, followed next by marine and soil sources.

The backward trajectory analysis showed that the frequency of airflows
from the China was high, and the concentrations of NOs, nss-SO.*, and
NH," increased remarkably when the airflow moved from the China continent.
During the Asian dust periods, the concentration of nss-Ca®" were 10.1 and
10.2 times higher, respectively, in coarse and fine particle compared to
non—event days. Especially, the concentrations of the crustal species in PMip
such as, Al, Fe, Ca, Mn, Ba, and Sr showed a noticeable increase during the
Asian dust periods. The back trajectory analysis during Asian dust has
shown that the concentration of soil components were increased when airflow
moved to Mt. Halla-1100 site from China. For the haze events days, the
concentration of the secondary pollutants increased 1.8~5.0 times more in fine
particles. It's likely due to the influence of its long-range transport from
China continent. Also, those for the mist event days were 1.1~1.8 times
higher in fine particles, compared to non-event days. Therefore, the

atmosphere of Mt. Halla-1100 site i1s affected by long-range transport

airflows from China.
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L1 Als A3 AH
PMjp?} PMys PIAIRAl Alge= AFE g2t 1100024 SH LA F5-EAA
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g B3 ol U7ILFEAY AFS BHEEd FEd ARG 20S
ZEF3 k. FHORRE olFeddd Fedd, Woeddd o JFs
w$- A o gloew AWA G 20 kmold HolA de FAAGolt =4
2 A 3mx4m FAe Aoy AYAnE ztx3 )

1.2 A 7]7]

1.2.1 PM;o Air Sampler

PMi "IAIRA Aol A9, 110022 & HdHolY &4 o A
PMio Sequential Air Sampler (APM Engineering, PMS-103, PMS-104, Korea)
& Ab&ste] AR 37 F5 MFC (Mass Flow Controller)7} -2H

A% A2Re AHgStel 2710E $8 AAA ALHOR 167 L/ming #4135

AT,

1.2.2 PMys Air Sampler

PM,s WA A Al&+= PM,s Sequential Air Sampler (APM Engineering,
PMS-103, PMS-104, Korea)E AF&3t3th Inlet &3t FEol& PMys WINS
Impactor”} F-2t=lo] Qlth o] A& F7]F45S MFC7F H2 5o %x7]%H

T35 A7HA 167 L/ming 43}



1.2.3 Ion Chromatograph
n Az o] =84 o] AEELS MetrohmAhe] Ton Chromatography (Modula IC,
Switzerland) & AF&3to] A5G Fo o] &(NH,, Na', K, Ca¥, Mg?) 414

+ Metrohm 818 IC Pump®} 819 IC Dectector, Metrohm Metrosep Cation-6-150 2]

B AFEEE AL, o] &(Cl, SO, NOsy, F, CH;SO5) 2 7]2HHCOO, CH,CO0)
FAol= 881 Compact IC Pro2t 819 IC Detector, Metrohm Metrosep

A-SUPP-16-250 #2] %S AR&3FSth

1.2.4 Inductively Coupled Plasma/Optical Emission Spectrophotometer

ul A H =z o] AAaAE(AlL Fe, Ca, Na, K, Mg, S, Ti, Mn, Ba, Sr, Zn, V, Cr,
Ph, Cu, Ni, Co, Mo, Cd) ICP-OES (Perkin Elmer, Model OPTIMA 7300DV,
USA)E AFE3Fe] 4350 th. ICP-OES+  simultaneous mode, radial/axial
plasma A¥& 40.0 MHz RF power, Segmented-array CCD (Charge-Coupled

device) Detector H%+ & o]t}

1.2.5 Inductively Coupled Plasma Mass Spectrometer

e TN FHer w7t U2 v EAEE(Ti, Mn, Ba, Sr, Zn, V,
Cr, Cu, Ni, Co, Mo, Cd &)< ICP-MS (Perkin Elmer, Model ELAN DRC-e,
USA)E A3l 24390t ICP-MSE 40.0 MHz RF power, DRC (Dynamic

Reaction Cell), Quadrupole Mass Spectrometer F2F & o]t}

1.2.6 Microwave Digestion System
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1.27 pH meter
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PMo, PMy52] =84 o] 24 Jon chromatography (IC)H o =2 #2331t}
oko]© NH,', Na', K', Ca*, Mg*& Metrohm Modula IC (818 IC pump, 819 IC
detector)E AF&3to] Metrohm Metrosep C6-150 ## 3, 0.9 mL/min 2, 25
pL F949, 36 mM HNO; &#]de] xxo=m E4sAt FEdAd=412
NH,", Na', K', Ca*, Mg?"¢] 2<% AccustandardAF¢] 1000 ppm ZF8&HES A&
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3, o 7] Student-t (98% A1#F <=, 3.14) S watel Axrsldct. 4 A
T 717 AESA =4 A 73] 95 dolHe & aket Ws AL (CV,
coefficient of variation)S A4ttt o] A}z HE IC 429 7|71 =37

(IDL)¢} M5 A+(CV)+= Table 13 2t}

2
¥ 2 (standard deviation) S = 2(;\(;7_1)() (N-1 = A=

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

for IC analysis (n=7).

Species NH, Na* K" Ca* Mg?®' SO

IDL (ug/L) 54~96 31~187 73~179 24~179 38~119 15~48
CV (%) 04~21 08~49 08~55 02~56 08~28 01~15

Species NOs Cl F HCOO CH;COO CH3SO3

IDL (ug/L) 12~81 12~37 03~10 10~14 12~32 05~10
CV (%) 01~25 02~08 07~22 21~34 20~79 15~27




243 Frol T 54
FEA o]eAE B8 AREAY Fiole FEE pH meterE o] &8k

439t pH meter= 4.10% 697 3-8 A (ORIONA}, low ionic strength
buffer, USA)& AR&3tel ®BAG3aL, pH 54 Al AlZ8de 2%7F e 25T

e zasg

Do

51 A5 dAg

QoA wrom Adgt PMy, ZH+i= violzZ=u AMEsHor Hdxgd +
A2rAES B4 Y. AAE A4S US EPAY ‘Compendium of Methods
for the Determination of Inorganic Compounds in Ambient Air (Method I0-3)’

Wel wet mlelagy FHom RS EESAU ARZHE 2

N

& % BIZEZ(PFA, polyfluoroalkoxy) &7]°l %L, o}7]d] 55% HNOx/16.75%

HCl &4t 10 mLE 7k § vlolazats AR 44 ES 34T

nfo] A 2 3= 1000W RF powerES FAlsle] &2 15 & <o 180TCTE A5

o]
>

7130 o] &=elA 15 E3F FAAZ F MM Ysdn. viela =)

M
:?L_',
il

o
o,

)=]
=
L 2e5E bete] §9%¢53 20 mLot AES 84,

Va2 EL ICP-OESeF ICP-MSE AFE3le] Al Fe, Ca, Na, K, Mg, S, Tij,
Mn, Ba, Sr, Zn, V, Cr, Pb, Cu, Ni, Co, Mo, Cd A¥#< #2433t} ICP-OES
A A gEAATA A E F58998 AccustandardAbe] ICPE 1000 pg/mL
£4S 109 H3 100 pg/mL AFE&As e F, o] AFEHE 0.01~10.0
pg/mL Wee] §odow s|Mete] xAstt o w Ao AHEE &ui= wiA
(matrix) B35 HAstA7]7] f18to] Alg A Ao AREE SF4F &
(3% HNO3/8% HCDE AF-&3}%

ICP-MS &4 A #4454 A48 5842 Perkin ElmerAte] 10 pg/mL

Multi-Element Solution 3 (Ag, Al, As, Ba, Be, Bi, Ca, Cd, Co, Cr, Cs, Cu, Fe,
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Ga, In, K, Li, Mg, Mn, Na, Ni, Pb, Rb, Se, Sr, T1, U, V, Zn)¥ 10 pg/mL
Multi-Element Solution 5 (B, Ge, Mo, Nb, P, Re, S, Si, Ta, Ti, W, Zr) £%&
FAROE &Fste] 1~500 ug/L HHAE 34 sto] A8ttt

ol¥st WHo =z 19F9 YAAHRES ICP-OESe ICP-MSZ #A43 717127

3} 71713 Z& 3 A= Table 2, 33 2t}

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 0.65 L/min

Auxiliary gas = 0.2 L/min

Coolant gas = 15.0 L/min
Sampling conditions: Pump Rate = 1.5 mL/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 396.157 ~0.766 Fe 259.939 ~0.486
Ca 396.846 ~0.581 Na 589.611 ~0.485
K 766.490 ~0.890 Mg 279.557 ~0.269
181.971 ~6.286
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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 = 1.40 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: NH3 reaction gas flow = 0.~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 = cross—flow type
Sampling uptake rate = 0.4 mL/min
Detector: Photomultiplier tube (PMT)

Element Wax(felength Detection Limit Element Wavelength Detection Limit

nm) (ng/L) (nm) (ng/L)

Ti 48 69.1 Mn 55 47.1

Ba 138 15.7 Sr 88 6.3

Zn 64 69.1 \4 51 31.7

Cr 52 62.9 Pb 208 12.6

Cu 63 56.6 Ni 58 31.4

Co 59 15.7 Mo 98 189

Cd 111 22.0
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W, —W.
Mass Concentration = %X 10° (pg/m?)

Mass Concentration : P|Al 942 A% &%= (ug/m’)
Wi dH 9 FA(g)

Wi dH 9 FA(g)

v

7] % (m?)

b
iy
o

kel
i)
Y

EI (
o
of

Table 4. Mass concentration of PM;, and PMs5 at Mt. Halla-1100 site

during non-event days (n=75).

Concentration (ug/m®)

PM

Mean SD Median Max Min
PMio 20.9 15.1 17.0 76.5 4.2
PM,5 10.5 7.3 84 33.7 0.8

Table 5. Comparison of average mass concentrations of PMj, and PMass
aerosols at Mt. Halla-1100 and other site.

Sampling Concentration (pg/m®) PM,.5/PM,0

Site Country time - - Ratio
Mt. Halla-1100 Korea 2017 22.5 11.8 0.52
Gosan® Korea 2013~2015 45.5 21.1 0.46
Chifeng® China 2016 ~2017 65.8 36.2 0.55
Niigata® Japan 2016 - 9.3 -
Monte Martano”  Spain 2013 146 109 0.75

¥ee et al (2017), "Hao et al (2018) “Li et al (2015) YBeatrice et al (2015)
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Figure 1. Variations of PM;o, PMys and PM;p25 mass concentrations at

Mt. Halla-1100 Site during the study.
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1 Cation = 21 CIZ/W

1 1

TAnj()n = i_‘_ IC[ZI / VV:

1= m

Ao A Caz ol 9 Fx(ueq/L), Zit= ol 19 T, Wi o] i Ao
W, me Fol9 F ne Fold ol Folvt(dl At 5, 1994).

shebik 1100327 oA A H g PMyod PMos HIAIHA 9] F8 o] &4 HoH &
7122 3t PMppdk PMyse] ol 25 ZAeA . Figure 2, 39 A& HH,
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Figure 2. Correlations of X [Cationle, versus X [Anionle, for the analytical

data of PM;( aerosols.
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Figure 3. Correlations of >[Cationle, versus > [Anionle, for the analytical

data of PMs5 aerosols.
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311 ZUUA o]eAE w=r W 2A

AFE Sebi 110024 A 201733 1958 12€970A AAH S F 10870 PMy
A &ot F 103708 PMys Aol tiall 84 ol=2Adws A8t Lela o
T ALY, AFY, 4R, A9LE mm o))E AQsta, PM @ PMys A3
do] AT T57he AlmETS AEste] 2 AAHPMi25)8] o128 E FEE
ZA e tH(Table 6, Figure 4). ZolA nss-SO4 ¢ nss—Ca® = H] &) 4 (non-sea
salt) TEF SO ¢ Ca”' o F w&olA 1 w58 M, ‘[nss-SOL 1 =[SO ]
- [Na'l x 0251'¢] 23} ‘[nss-Ca”] = [Ca™] - [Na'l x 0.04'¢] 2l <& 74t
st (Ho et al, 2003; Savoie et al, 1987).

PMipos ZHYEAE] o] &AES NO; > nss-SO4 > NH, > nss-Ca® >

!

Na+ > Cl’ > CH:3C007 > Mg% > I{+ > HC007 > F7 > CH:;SO:{ '{EQ_E lr'f‘f:)_‘
FEE YET o] ARE FoMdE NOs 7t 147 ng/m’z2 7 =4 Yeyt

i, So 2 nss-SOL ARl 039 ng/m®, NHy A 2o] 031 pg/m’= 23 249

o & NOy& UR¥ sdre Az 2 A% ¢d F WE8 NOJ 97
z asAe AR AQHEY B8 ALnsd oy AN SRt 276
= oz dyd Ak 14 2984 NOJ Asage AH 44w 27 o

AR AAEES F2 NO9 NOZ wi=5HY, 589 AHdr= NOy =
W 3Lg th(Aardenne et al, 1999; Geng et al, 2013; A3}, 2015). SO = AH
ARl 12k viE e o] ofd, siMAs dAay 7% st A &5 Tl
A HlEE SO7F ti7] Foll A OH wtozte] 331t Atst A3 oA = 53
oolZE A FHY FE&A AdEolA HoO:9F Oz0 o SO.9 AtsaiAd S &
A SOf = 3hetA
5, 2018).
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S0 EY7Y AE nss-Ca¥e 028 pg/m’E %7t =9kar, A4 Ca¥
Z nss-Ca’9 v &L 966%= 39 7= ot sl (Na’, Cl)
(nss—Ca?" K" 719 AEL 22 9dE540 v3 X 52 ey on

K'2 A 4429 10% AB=rF ES7ideln ymA= F2 Az

—E
"o

7)
(biomass burning) & <914 Q<o g WAEE= Aoz HuFI Qth
(McMurry et al, 2004; 274 %, 2009)

ZPAe] =4S A ddE F2AE Ay A9E 719 AE(NO;,
nss-SO,%, NH )0l 682% % 714 =& AL vedoen, 1 ggoezs 34
719 4E¥(Na', C1e] xAo] 148%. EF7IY A¥#(nss-Ca®)ol 87%, 714
3#(CH,COO, HCOO )o] 55%9 %4 AAstdth ol g A& Kol ket

1100324 8] 2l d A 242 091 Ve 4 JHE gel

~

al
A 71, ES 7Y, AEAY cog2 AN =2 Ao=w FAHEH(Figure

5).
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Table 6. Concentrations of ionic species in PM;jp-25 aerosols.

Concentrations (pg/m?)

Species

Mean S.D. Median Max Min
NH,' 0.31 0.36 0.17 1.65 0.004
Na' 0.24 0.17 0.20 0.88 0.00;
K’ 0.03 0.05 0.02 0.35 BDL
nss-Ca*' 0.28 0.36 0.12 1.79 BDL
Mg* 0.05 0.03 0.04 0.14 0.01
nss—S04* 0.39 0.60 0.23 4.24 0.01
NO3~ 1.47 1.85 0.60 6.94 0.01
Cl 0.23 0.27 0.12 1.38 0.01
F 0.00, 0.01 0.00, 0.04 BDL
HCOO" 0.01 0.02 0.00, 0.13 BDL
CH;COO 0.16 0.21 0.06 0.76 BDL
CH3S0;3 0.00, 0.003 0.00; 0.02 BDL

BDL: Below Detection Limit
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Figure 4. Comparison of ionic concentrations in PM;jp-25 aerosols.

Others : F 0.1%, HCOO 0.3%, CH3zCOO 5.2%, CH3SOs; 0.1%

Figure 5. Composition ratio of ionic species in PMjp-25 aerosols.
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ng/m’= A HUt}h Zne 211 ng/m’Y TEE YEHA L, FE Elolo] et =&
EHe] upro] o WAsHE AEate] o edYPoR U A glrh(Adachi. K,
2003). =& V, Ni, Cro Z+7 6.1, 37, 36 ng/m’o 2 F2 718 did 93|
HEEE Aoz ZAE Y Tis 111 ng/m’e 58 ®B9om, nlke] %zt
A2z ddAd JdukHE 5, 2015). Pbe 59 ng/m’E d8 A, AH
o g Atgd#gelA A3 ] A=A da BAANA EAgTE o] 2o
me F3<4% AR Mn, Cu, Ba, Sr, Cd, Co 52 z+7} 85, 4.3, 4.0, 1.4, 1.0, 0.1

o
ol

’

2

J|m
ol

A4S vus BethFigure 7). 19 Ao} zro)
A AEE T2 A998 71 AES, Zn, Pb, Nio] 41.0%, T8 3714
A E(Na, Mg)ol 10.8%, EF71) A E (Al Fe, Ca)ol 41.3%2 =4S wo ol&
ditol AAY 931%=E s AAEAL e Ao® ARSI
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Table 7. Concentrations of elemental species in PM;y aerosols.

Concentrations (ng/m®)

Species

Mean S.D. Median Max Min
Al 435.8 420.8 339.3 2218.6 6.5
Fe 292.7 258.5 215.3 1396.6 6.4
Ca 386.8 318.7 372.1 1466.0 5.1
Na 187.3 163.8 145.7 882.8 16.5
K 146.2 118.5 106.4 516.8 11.2
Mg 106.0 81.3 83.9 337.1 6.1
S 1077.6 773 828.3 3885.6 148.0
Ti 11.1 8.6 8.8 30.5 0.5
Mn 8.5 74 6.5 32.9 0.3
Ba 4.0 3.2 3.3 125 0.2
Sr 14 1.1 1.0 4.7 0.1
Zn 21.2 22.6 12.7 121.9 0.9
\Y% 6.1 5.2 4.6 22.3 0.3
Cr 3.6 5.9 2.2 31.5 0.0
Pb 59 5.1 4.1 18.0 0.7
Cu 4.3 8.7 2.5 63.3 0.1
Ni 3.7 2.7 3.3 139 0.3
Co 0.1 0.1 0.1 0.6 BDL
Mo 0.3 0.3 0.2 14 0.0,
Cd 1.0 1.8 0.4 10.5 0.003

BDL: Below Detection Limit
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Figure 6. Comparison of elemental concentrations in PM;, aerosols.

Others
2.6%
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Others : Ti 0.4%, Mn 0.3%, Ba 0.1%, Sr 0.1%, Zn 0.8%, V 0.2%, Cr 0.1%,
Pb 0.2%, Cu 0.2%, Ni 0.1% Co 0.0:2% Mo 0.0,2%6 Cd 0.0,%

Figure 7. Composition ratio of elemental species in PM;, aerosols.
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3.2 WA YA F=A

321 WA o] L] FE W A

PMys BlAIQIAE F2 A5A, Adgel 94, 272 5 A4 wEd
S 2o AdH HEFUORVE WEFHt WYANN A AEHE

124 4AH(primary aerosoD)¢t 7] F &H, &=, 7t E4Y 3y
os) AdE 22k Y AH(secondary aeroso)E T HTHAEXIE] T, 2008; Yao et
al, 2002). PMssi= PMyell vl th7] FolA A

ow @i tAFAIREe] Aol FAel o]F @Fel An. 53], ARiH ¥R

WAo] AN A EHel 4F faskast FRE § FHe] §olahy] W,

3Id7HAl AHARE F 103708 PMps A& A8t o & @Ak, A5,
U, LA @ mm o)A Alelstal, PMit PMys AFH L] w3t 757)

o AzevE AdEste] mAAAPMzs) 9] o2& sEE vaslth(Table

8, Figure 8). PMys " A=} o] &R L= nss-SO,° > NHy > NOs

{

Na' > K" > nss-Ca® > CH3COO > ClI' > CH3SO3 > Mg”* > HCOO > F
Fo2 = YEyt AEE T A998 198 yERE nss-SO4, NH,
NO; = z+zF 396, 156, 064 pg/m’= =2 =52 ®BYrh E£3], nss-SOL =
AA SOSF 995%2 HeS AA s Ao Hol, PdoriE fFaw SO”
£ olF vmd Aow FoHdrh ®=3 mAAANAH nss-SOS 9 FEE

ZAARG A A dERt a2a 9 r1ed Na'a Ch= 42 0.08

0.02 ng/m®, E471¢2 nss-Ca” & 0.03 pg/m’e] 52 Jepda, 2og A<
FEHTH 9 yehyton ke 99l o dEAE HE HrHor e

o]5¢ A4S Fols B A 9% 719 AENO;, nss-SO,°5, NH)o]

9D9% = 7HE =2 £4S vEWler, 97l A&ENa', Cl)2 1.5%. B4
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A AE(nss-Ca*)ol 05%, F714F AE(CHCOO, HCOO)ol 05%2 ZAS
A AT ol 2 d AIEEE PMys VIAIGARS] 22 A AEEe 9%
WaL, ool vl s 719, B v ® A=A

o)

242 vay v 24HE vells Aem FAd 5 A th(Figure 9).

Table 8. Concentrations of ionic species in PMss aerosols.

Concentrations (ug/m®)

Species

Mean S.D. Median Max Min
NH4 1.56 1.21 1.15 5.54 0.03
Na' 0.08 0.05 0.07 0.26 BDL
K’ 0.07 0.05 0.06 0.25 BDL
nss-Ca?’ 0.03 0.03 0.02 0.13 BDL
Mg* 0.01 0.01 0.01 0.04 BDL
nss-S04” 3.96 2.83 3.07 13.36 0.24
NOs 0.64 1.58 0.21 10.76 0.04
Cl 0.02 0.02 0.02 0.11 BDL
F 0.00, 0.005 0.00; 0.02 BDL
HCOO 0.01 0.01 0.01 0.04 0.00;
CH3;COO 0.02 0.02 0.02 0.08 0.00;
CH3SO3 0.02 0.01 0.01 0.06 0.003

BDL: Below Detection Limit
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Figure 8. Comparison of ionic concentrations in PMs5 aerosols.

Others : F 0.03%, HCOO 0.1%, CH3;COO 0.3%, CH3SOs; 0.3%

Figure 9. Composition ratio of ionic species in PMs5 aerosols.
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Table 9. Concentrations of ionic species and their ratios in PMjo-25 and PMss

aerosols.
Concentrations (ng/m?)
Species PM1072'5{PM2'5
Ratio
PMio-25 PMz5
NH," 0.31 1.56 0.2
Na" 0.24 0.08 3.0
K’ 0.03 0.07 0.4
nss-Ca*' 0.28 0.03 9.3
Mg** 0.05 0.01 5.0
nss-SO;% 0.39 3.96 0.1
NO;3 1.47 0.64 2.3
Cl 0.23 0.02 115
F 0.004 0.00, 2.0
HCOO 0.01 0.01 1.0
CH3COO 0.16 0.02 8.0
CH3S03 0.00, 0.02 0.1
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Figure 10. Comparison of concentrations and ratios of ionic species in

PMl()fg_s and PM2,5 aerosols.
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Figure 11. Composition ratios of ionic species in PMjg25 and PMs5 aerosols.
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Table 10. Cross correlations between ionic species of PMjg-25 aerosols.

nss— nss—

Species NH,” Na' K’ o Mg* S0 NOs- Cr F HCOO CHsCOO CHsSOs
NH,’ 1.00

Na' 003  1.00

K’ 004  -007  1.00

nss-Ca” 054  -008 042  1.00

Mg” 043 055 024 068 100

nss-SO4 013 009  -001  -0.01  -0.01 1.00

NO3- 078 002 017 075 063 -007  1.00

Cl 004 058 -011 003 042 -023 017  1.00

F 057 -012 018 08 056 -008 068 005  1.00

HCOO 026 011 008 034 026 003 023 -003 034  1.00

CH:COO 035 003 016 050 033 004 046 002 042 040 1.00
CHsSO; 022 016 010 007 010 079 001 -028 002 015 024  1.00
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Table 11. Cross correlations between ionic species of PMss aerosols.

nss— nss—

Species NH,” Na' K’ o Mg* S0 NOs- Cr F HCOO CHsCOO CHsSOs
NH,’ 1.00

Na' 027  1.00

K’ 069 033  1.00

nss-Ca” 029 019 048  1.00

Mg” 004 056 029 061 1.00

nss-SO4 092 025 064 033 007 100

NO; 054 021 052 009 006 024  1.00

Cl -019 046 007 003 028 -031 013  1.00

F 031 019 041 031 015 017 057 030  1.00

HCOO 046 023 076 037 021 048 020 -009 016  1.00

CH:COO 006 041 026 017 030 010 003 014 001 035 1.00
CHsSO; 073 037 058 032 021 078 028 029 027 037 012  1.00
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Table 12. Cross correlations between elemental species of PM;y aerosols.

Species Al Fe

Ca

Na

K Mg

S

Ti

Mn

Ba

Sr

Zn

v

Cr

Pb

Cu

Ni

Co Mo

Cd

Al
Fe
Ca
Na
K
Mg
S
Ti
Mn
Ba
Sr
Zn
\Y%
Cr
Pb
Cu
Ni
Co
Mo
Cd

1.00

0.55 1.00
0.55 0.90
0.22 019
0.61 0.87
0.67 091
0.57 0.46
0.70 0.85
0.58 0.78
0.45 0.78
0.67 092
0.47 0.30
0.10 -0.07
0.05 0.10
0.58 0.73
0.19 0.12
0.59 0.80
043 0.72
0.29 0.55
012 0.19

1.00
0.25
0.82
0.89
0.45
0.86
0.79
0.75
0.91
0.46
0.05
0.14
0.73
0.19
0.75
0.67
0.52
0.15

1.00
0.26
0.38
0.30
0.44
0.16
0.19
0.25
0.29
0.40
0.09
0.17
0.59
0.33
0.26
0.27
0.20

1.00
0.84
0.66
0.84
0.69
0.80
0.90
0.37
-0.13
0.01
0.85
0.10
0.73
0.72
0.70
0.36

1.00
0.43
0.91
0.70
0.68
0.95
0.30
0.00
0.01
0.64
0.22
0.76
0.67
0.44
0.13

1.00
0.52
0.53
0.53
0.52
0.64
-0.04
0.10
0.79
0.22
0.4
0.50
0.65
0.38

1.00
0.76
0.75
0.88
0.46
0.17
0.17
0.68
0.37
0.84
0.71
0.52
0.25

1.00
0.84
0.74
0.60
0.23
0.50
0.68
0.19
0.80
0.61
0.48
0.21

1.00
0.77
0.46
0.05
0.48
0.72
0.14
0.71
0.64
0.68
0.40

1.00
0.34
-0.09
0.01
0.80
0.13
0.74
0.69
0.56
0.23

1.00
0.40
0.43
0.52
0.45
0.51
0.31
0.38
0.19

1.00
0.48
-0.12
0.43
0.25
0.03
-0.08
-0.08

1.00
0.07
0.10
0.32
0.05
0.12
0.05

1.00
0.13
0.67
0.66
0.70
0.36

1.00
0.34
0.25
0.18
0.02

1.00
0.71
0.45
0.13

1.00
0.58 1.00
031 0.78

1.00
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Table 13. Rotated varimax principal component analysis for ionic

species in PM;jp-25 aerosols.

Species Factor 1 Factor 2 Factor 3 Factor 4
NH,4 0.81 0.14 0.02 -0.25
Na' -0.05 0.20 0.92 -0.02
K’ 0.15 0.02 -0.05 0.93
nss-Ca*’ 0.87 -0.06 0.01 0.37
Mg** 0.63 0.01 0.63 0.24
nss-S04~ 0.00 0.91 -0.04 -0.04
NOs; 0.90 -0.11 0.11 -0.03
ClI 0.05 -0.31 0.82 -0.12
F 0.87 -0.13 -0.05 0.11
HCOO 0.45 0.17 0.06 0.08
CH;COO 0.61 0.17 0.02 0.14
CH3SOs3 0.13 0.94 -0.01 0.06

Eigenvalue 3.99 1.96 1.95 1.18
Variance (%) 33.3 16.3 16.2 9.9
Cumulative (%) 33.3 49.6 65.8 5.7
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Table 14. Rotated varimax principal component analysis for ionic

species in PMs5 aerosols.

Species Factor 1 Factor 2 Factor 3 Factor 4
NH,' 0.89 0.31 0.02 -0.04
Na" 0.18 0.24 0.80 0.17
K 0.76 0.32 0.19 0.29
nss-Ca*’ 0.29 0.09 -0.01 0.89
Mg** 0.01 0.06 0.43 0.79
nss-S04~ 0.92 0.04 0.02 0.05
NOs; 0.34 0.79 0.06 -0.11
ClI -0.48 0.51 0.53 0.11
F 0.14 0.83 -0.03 0.23
HCOO 0.63 -0.01 0.29 0.24
CH;COO 0.17 -0.18 0.77 0.08
CH3SOs3 0.82 0.10 0.07 0.13

Eigenvalue 3.79 1.89 1.84 1.70
Variance (%) 31.6 15.8 15.3 14.1
Cumulative (%) 31.6 474 62.7 76.8
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species of PMjq aerosols.

Table 15. Rotated varimax principal component analysis for elemental

Species Factor 1 Factor 2 Factor 3
Al 0.68 0.10 0.20
Fe 0.94 0.16 0.00
Ca 0.91 0.13 0.13
Na 0.19 0.13 0.58
K 0.86 0.41 -0.03
Mg 0.95 0.03 0.07
S 0.45 0.64 0.22
Ti 0.89 0.16 0.29
Mn 0.76 0.21 0.37
Ba 0.72 0.43 0.22
Sr 0.95 0.20 -0.02
Zn 0.30 0.34 0.67
\Y% -0.06 -0.20 0.84
Cr 0.04 0.08 0.63
Pb 0.72 0.54 0.04
Cu 0.12 0.02 0.69
Ni 0.81 0.12 0.39
Co 0.71 0.32 0.11
Mo 0.40 0.85 0.08
Cd 0.03 0.87 0.01
Eigenvalue 8.84 3.00 2.92
Variance (%) 44.2 15.0 14.6
Cumulative (%) 44.2 59.2 73.8
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36 715 ol=A 2 XA v

MAwA e R f9 2 ol Ang deta] et WALAL gae
2 gad BAL ANsat. 9A4 BHe vF s F(NOAA)
HYSPLIT4 (HYbrid Single-particle Lagrangian Integrated Trajectory) =@
& 91439l (Draxler and Rolph, 2013). A4 ¥4 RARA7HE 12041}
o® Asplar, =9 AFE sfjFEAe] v 00 UTCE A A8kt
w Aol s mddde] 2o dAHPMig-2s), MTAIAAHPMzs) AlRE -S4l

AH 7S THeR A4 B4S AAste] 7R oleAdE olsdRE

T3 25.3%, M1 5.3%, V73E 4.0%9] W=E YERUo], dF711EE <t 7]
T2 FHUFoREYH %%

A TE e AgdEr Z2ASY V)R
o] olF 4w WalE nuatgth(Table 16). ZHYAANA nss-SO2 9 Fi=
= O7%H053 pg/m?) > 1 77H0.38 pg/m®) > IV-7H0.18 pg/m?) > M3k
007 pg/m®) o, "AYANME 1720432 pg/m®) > TF7H3.60
pg/m’) > IVF7H3.33 pg/m?) > M17H1.78 pg/m’) £O2 ¥ 555 K9
o NH,AELS 2o Aol 1771033 pg/m?) > I7-7H0.32 pg/m?) > 1M
T7H0.24 ng/m’) > NVF7H0.05 ng/m’) ol Aat, ulAlgA el A= 1 7H1.66
pg/m®*) > T#7H150 pg/m?) > VT-7H1.38 pg/m?) > MT7H0.72 pg/m?) <&
o =2 w2 Btk NO; & ZUYAtelA I #7154 pg/m®) > DT3¢
(1.44 pg/m®) > M+7H1.08 pg/m’) > V17HO0.97 pug/m?) =0l ar, m Al YA
o A= O73H0.93 pg/m®) > 1774059 pg/m’) > MT7H0.22 pg/m’) > IV
T7H0.20 pg/m’) £O® EE FEE BTk oA ZugAel mAYA &

F IR D7t sEsh =S AgS dEhon, 53 a9d 9
e ¥EE 4

ARES THNFH P0E AGowiy 7Ft 9 2 o =
=
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Figure 12. 5-Day back trajectories of airflows corresponding to the
sampling date at Mt. Halla-1100 site.
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Table 16. Sectional concentrations of PM;p-25 and PMs5 ionic species

corresponding to airflow pathways.

Sector I Sector 11 Sectorlll SectorlV
Species
PMip25 PMas PMpas PMss PMigos PMas PMiggs PMas
NH,' 0.33 1.66 0.32 1.50 0.24 0.72 0.05 1.38
Na“ 0.20 0.07 0.28 0.08 0.44 0.15 0.32 0.11
K’ 0.04 0.08 0.02 0.08 0.03 0.05 0.02 0.03

nss—Ca®' 0.29 0.0 0.34 0.035 0.06 0.02 0.02 0.03
Mg** 0.04 0.01 0.05 0.02 0.06 0.02 0.05 0.01

nss-SOs  0.38 4.32 0.53 3.60 0.07 1.78 0.18 3.33

NOs 1.54 0.59 1.44 0.93 1.08 0.22 0.97 0.20
Cl 0.18 0.01 0.29 0.02 0.48 0.06 0.33 0.03
F 0.00;  0.002 0.01 0.03  0.00s 000 000  0.00
HCOO 0.01 0.01 0.02 0.01 0.01 0.01 0.004  0.002

CH,COO  0.19 0.02 0.15 0.02 0.05 0.04 0.03 0.01

CH3SOs 0.00,  0.02 0.0 0.02  0.004 0.01 0.001 0.02
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Table 17. Mass concentration of PMy,, PMs5 and PM;g-25 aerosols during
Asian dust (AD) days.

Concentration (ug/m?)

Particulate
Matter PM;-25/PM
PM; PM>5 PMio-25 IORZ'D( 20

atio
1st AD (17.05.06) 94.4 125 81.9 6.57
2nd AD (17.05.07) 66.8 19.6 471 2.40
Mean AD 80.6 16.1 64.5 448
NEV 209 10.5 104 1.49

UNE: Non-Event

Table 18. AD/NE ratios of PMjy 25 and PMs5 aerosols during Asian dust

days.
Particulate AD/NE Ratio
Matter PMio0c PM,
1st AD (17.05.06) 7.9 1.2
2nd AD (17.05.07) 45 1.9
Mean 6.2 15
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ra*gcm Direction: Backward  Duration: 120 hrs Trajectory Direction: Backward  Duration: 120 hrs
‘ertical Motion Ca\cu\annn Mlethod: Isentr Vertical Motion Calculation Method: Isentropic
Meteorology: 0000Z 1 May 2017 - GDAST Meteorology: 0000Z 1 May 2017 - GDAST

Figure 13. 5-Day back trajectories for the Asian dust days on March 6
and 7, 2017 at Mt. Halla-1100 site.
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FAE AL 2 A AHPMig-25)2F HIAI A AHPM:5) 8] 584 o] 248% 5=
St (Table 19, Figure 14, Figure 15).

HA 2g YA o] 2 ®E nss-Ca” > NO; > K > nss-SOs~ > NHy >
Na" > CH;COO™ > Mg* > CI" > F~ > HCOO > CH3SO; <=°]lar, A
A A A= nss-SO.2 > NHy° > nss-Ca® > NO; > K' > Na' > Mg? >

il

v

CH:COO™ > CI' > CH;805 > HCOO > F wo& zugatel n At
FEE AR U2 23S vy

FAbsh A FD] 2GS MAYAER o] AR ES Mud A, £
71918) nss-Ca¥ e EUiQAelA #Absh m@A Aol Z17h 283, 028 pg/m’,

AP AE Z2F 033, 0.03 pg/m’E A Alel =t AE 10018, W AQD A=
oW = sX=7F aA S7kets ez AT 28 Q1914 71 A&

¢l nss-SOS2 & A Al =didatel wAdtel A4 Z+2F 029, 2.13 pg/m’E
v Edd el 039, 396 ng/ml W& zZtzh 1.3 198 @ Ao w 2AHE A
NOs A& A #ab Al zoidatel wAdzkel Al 27k 1.35, 031 pg/m’=
i@l va 2z 11, 200 we o ® veputh ®E 3AF Ale] NHY
2 ZuidAret wAd Al Al wEdde] wlE 27 1.1, 2.8¥] W o=
LFER AT

GAE Al 2o A Ak mA AR e 2AS gels) 2 A, 23 e HEHE
nss—SO,~, NO3, NH, & A} Al Aol A AA AR 5 326%2 YERY
R, wAdARA A= AA AR F 836%E AASEA mAYAIAA AR =
A4S YeEhdth EGY AEY nss-Ca®S ZUIAAIA 481% =
ol nlal] 550 =& A4S BAa, uAgAR GA] vjdgde] vs|
el Zloz ZARET S| AR

(Na', Cl)el =AH= A Al =i dAel A 56% HlAadd Al =49 14.9%

o

flo

AL Al 92% = HRN =o %A

o

2to]l 2 HolA] ¢kt (Figure 16, Figure 17).
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Table 19. Concentrations and ratios of ionic species in PMjp-25 and PMss5

aerosols during Asian dust (AD) and non-event (NE) days.

Concentration (ug/m®) Ratio
Species PMig-25 PM;5 PMio-25 PM:5
AD NE AD NE AD/NE AD/NE
NH," 027 031 055 1.56 0.9 04
Na" 023 024 0.07  0.08 0.9 09
K’ 033  0.03 0.07 0.07 9.7 1.0
nss—Ca*' 283  0.28 0.33  0.03 10.1 10.2
Mg 021  0.05 0.05 0.01 4.5 4.1
nss-SO4~ 029  0.39 213 396 0.7 0.5
NO; 1.35 147 031 064 0.9 0.5
Cl 0.10  0.23 001 0.02 0.4 0.7
F 0.02  0.004 0.01  0.00, 51 3.9
HCOO 001  0.01 001 0.01 1.0 1.2
CH3;COO 022  0.16 0.02 0.02 1.3 1.1
CH3503 0.002  0.00, 0.01 0.02 1.1 0.7

_50_



5 15
==AD
E==NE
4 1 -=--Ratio (AD/NE) 12
a -
" - &
23 A / A re 2
g 2
E \ 2
52 A X F6 &
g N &=
3 ! %
o / .,

14 f b3
Oﬁ‘ﬁ‘i‘ Li\f ~athl | ,
NH; Na*® X nss-Ca®*  Mg®*  nss-SO>  NOy cr
0.5 15

_—AD
==NE
04 9 _s-.Ratio (AD/NF) 12
g -
é 03 A o &
g g
= g
g £
g 02+ 6~
=
g
6]
0.1 3
04

Figure 14. Comparison of concentrations and ratios of ionic species in PMjg-25
aerosols during Asian dust (AD) and non-event (NE) days.
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Figure 15. Comparison of concentrations and ratios of ionic species in

PM.5 aerosols during Asian dust (AD) and non-event (NE) days.
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NH
4.7%

Ly Mg+
Others = i ! 3.6%

4.3%
Cl_-

1.8% 4.9%
Others : F 0.4%, HCOO 0.2%, Others : F 0.196, HCOO™ 0.3%,
CHsCOO™ 3.7%, CH3sSO3 0.04% CHsCOO™ 5.2%, CH3sSO3 0.1%
<Asian dust> <Non-event>

Figure 16. Composition ratios of ionic species in PMj-25 aerosols during

Asian dust and non-event days.

nss-SO = Na* .
59.5% . 1.9% nss-SO+

1.5%
Others : F 0.2%, HCOO 0.3%, Others : F 0.03%, HCOO 0.1%,
CHsCOO™ 0.6%, CH3SOs; 0.3% CHsCOO™ 0.3%, CH3S0O3 0.3%
<Asian dust> <Non-event>

Figure 17. Composition ratios of ionic species in PMss aerosols during

Asian dust and non-event days.
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AL Al PMyy B4l 94 AARS HwE Ao Mi= Ca > Al > Fe > Mg

o

>S>K>Na>Mn>Ti>Ni>Ba>Z7n>5Sr >Pb>Cr>Cu>V
}

>
> Co > Cd > Mo 2.2 %7} =4tH(Table 19, Figure 17).
AL A Bkl Fo QUi Ee Al Fe, Ca, K¥ Ti, Mn, Ba, Sr 59 n%
A Hdddel Wl 47 43, 59, 52, 35, 36, 50, 31, 688 713k
o A9 AR Nask Mge 34 Al vl@ddel wls] 22 11, 7.94)
FE7F ket Aow ARG el [19H V19l A2 S, Pb, N,
Pb,

Cde Z+7F 05, 0.8, 0.1¥ 2 YA vehgon,

H A<Dy} mlas] 2 23, B¢ 7] (AL Fe,
Ca)ol PMyy YAl 715%= vl&d ol uls] 1.7d9] =oko)h whHe A9 A
71988 E5(S, Zn, Pb, N 71%% AL Aol 58¥) w& Z4u|E Hlom,
EAEEI= Antd AEs verddn a2d9a 9 AEENa, Mg)e
AL Al A 0] 134%, Bl gl 10.8%= A Ao AR B =& Fo

2 Z2AE A (Figure 19).
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Table 20. Concentrations and ratios of elemental species in PM;o aerosols

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

Concentration (ng/m®) Ratio
Species PMiq PM;o
AD NE AD/NE
Al 1863.5 435.8 4.3
Fe 1720.2 292.7 59
Ca 2027.8 386.8 52
Na 208.8 187.3 1.1
K 513.3 146.2 3.5
Mg 840.2 106.0 79
S 530.2 1077.6 05
Ti 40.2 11.1 3.6
Mn 42.6 85 5.0
Ba 12.5 4.0 3.1
Sr 9.6 1.4 6.8
Zn 10.5 21.2 0.5
\Y% 3.7 6.1 0.6
Cr 4.4 3.6 1.2
Pb 4.5 5.9 0.8
Cu 4.1 4.3 1.0
Ni 135 3.7 3.7
Co 0.6 0.1 4.6
Mo 0.1 0.3 0.4
Cd 0.1 1.0 0.1

_54_



3000

2000

Concentration (ng/m®)

1000

80

60

Concentration (ng/m?)

20

== AD
E==INE

-o--Ratio (AD/NE)

®
Ratio (AD/NE)

Al Fe

40

== AD
E==NE

--6--Ratio (AD/NE)

Ti Mn Ba

Sr Zn v

Ratio (AD/NE)

Cr Pb Cu Ni Co Mo Cd

Figure 18. Comparison of concentrations and ratios of elemental species in

PM)y aerosols during Asian dust (AD) and non-event (NE) days.
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25.8%

Others
1.9%

Others : Ti 0.5%, Mn 0.5%, Ba 0.2%,
Sr 0.1%6, Zn 0.1%, V 0.05%,
Cr 0.1%, Pb 0.1%5, Cu 0.1%,
Ni 0.2% Co 0.0,%, Mo 0.00:%,

Cd 0.002%6

<Asian dust>

Mg

3.9%

K
5.4%
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Others : Ti 0.4%, Mn 0.3%, Ba 0.1%,

Sr 0.1%, Zn 0.8%, V 0.2%,
Cr 0.1%, Pb 0.2%, Cu 0.2%,
Ni 0.1% Co 0.0:%, Mo 0.0,%,
Cd 0.04%

<Non-event>

Figure 19. Composition ratios of elemental species in PM;y aerosols during

Asian dust and non-event days.
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Aoz ZAHAI, PMys BHE2 S5 EE 239 pg/m’= W@AY 105 pg/m’
of W&l 2.3u] =kt

w AF Al o]2ARE T

R

v 2P APMp2s°lA NO3 > NH, > ClI >
nss-Ca®" > Na' >

9]

nss-S0,2 > CH;COO > Mg® > K > HCOO > F >
CH;S0; w22 =& ¥E2 Btk whdo n Azt 4E nss-SO2 >
NH,” > NO; > K" > Na' > nss-Ca® > ClI' > CH;SO; > Mg* > HCOO
> CH;COO > F o2 %2 FxE HYtH(Table 21, Figure20, Figure 21).
el 91993 719 AE(NO;, nss-SO,%, NH )& v &4l nla] =t
ol NO; ¢+ NH ol ztzt 25, 268, vlAld&HPMzs) oA NOs, nss-SO.,
NH, 747} 50, 1.8, 2.2v) F<5ste] & AwsRt €48 o A F7kete
F& Bt o] FolAE NOs 9 5% F7H7F FEexl 2oz vehgon,
53] v ARl A 5089 % F7FES eI

AF Al NOs, nss-SO&, NHy AEo xAe =gdatels 2tz 591, 4.1,
47%2 AA BAE F 761%9 248 AASAT vAAtd A olE AEE
o] mjgo] Z+7k 222, 506, 23.8%2 A4S yEhdlon Al A9 965%=
AA st AR Alel] o]& AR5 FAo| Wl AA Ttk HoR ALY
Atk olH 7 AF LA Aol A9H VYR E] T2 AP 2
Zpoll ws) ggo] & Ao )

W] dld 719€99 Na', Cl& AF Al ZdidAtell Al 747t 55, 89%= |4
At vlAG A E 22 09, 03%2 Zl YA ALl =E @
st wsd 3¢ dehigde 283 B9 nss-Ca’ e 299}
Azl Al Zh2E 6.0, 04% = B v @ddel vls)] vhe 2Au|E 1Y

rlo

o

[e3
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Table 21. Concentrations and ratios of ionic species in PMjp-25 and PMss5

aerosols during haze (HZ) and non-event (NE) days.

Concentration (ug/m®) Ratio
Species PMio-25 PM>5 PMio-25 PM>5
HZ NE HZ NE HZ/NE HZ/NE
NH," 082 031 340 156 2.6 2.2
Na' 035 024 0.13  0.08 15 1.7
K’ 0.05  0.03 0.20  0.07 14 2.7
nss—-Ca”' 038 0.28 0.06  0.03 14 1.6
Mg* 0.07 0.05 0.02 0.01 15 1.3
nss—SO4” 026  0.39 724 3.96 0.7 1.8
NO; 3.74 1.47 3.17 064 2.5 5.0
Cl 056  0.23 0.04  0.02 2.4 2.3
F 0.004  0.004 0.003  0.00, 0.9 14
HCOO 0.01 0.01 0.02  0.01 0.7 1.8
CH3;COO 0.09 0.16 0.01  0.02 05 0.7
CH3S03 0.00;  0.009 0.02  0.02 0.4 14
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Figure 20. Comparison of concentrations and ratios of ionic species in

PMig-25 aerosols during haze (HZ) and non-event (NE) days.
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Figure 21. Comparison of concentrations and ratios of ionic species in

PM:5 aerosols during haze (HZ) and non-event (NE) days.
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Others : F 0.06%, HCOO 0.1%, Others : F 0.1%, HCOO 0.3%,
CH;COO™ 1.4%, CH3SO3 0.0:% CH3;COO™ 5.2%, CHsSOs; 0.1%

<Haze> <Non-event>

Figure 22. Composition ratios of ionic species in PMjy-25 aerosols during

haze and non-event days.

Na*
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\\_nss—Caz“
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Figure 23. Composition ratios of ionic species in PMs5 aerosols during

haze and non-event days.
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A5 Al PMye Aol A ES Alasklal, PMpd] 94848 &+ S >
Al >Ca>Na>Fe>K>Mg >7Zn>Mn >Pb >V >Ti > Cr > Ni
> Cu > Ba > Sr > Cd > Mo > Co +22 =7 YeRNAtHTable 22,
Figure 25).
AF Al ES7IE AAEQ AL Fe, Ca vl@dddel vlal PMyy YAl A 242t
1.3, 0.8, 0.8¥1& YEFWAT. 1831 Ti, Mn, Ba, Sr &2 0.7~148= d]=2
& AEFS JErddn whdel Q1912 71949l S, Pb, Ni &2 H@AG D] H]
af z+7+ 1.3, 1.9, 118 7k S-S Btk E3 dF Al K 8jddd
of Bls] 1.3¥] =< F7FeS YEWIH
LRk A Al 4 AAAEESY 2AS ALY a2 A I, PM ol A
AA (S, Zn, Pb, ND2 46.2%= v dFA 2] 41.0%] vl 1.18] =
gt a8y EY AR (AL Fe, Ca)d =AH = dF Al 36.0%=
9

184, 17 2€¢ 5¢, 179 11¥€ 269)9] 7]F(air mass) ¢l HZE &2l £
A7, 1500 m LEoA BF Fo THY FHAGSE AH AFER F99 A
o7 A E A (Figure 26). o8]t A3E Hol F3+ FRo|x A 1%
T HAEAZEH 7F7F Y8 3o

2
7142 T &S B Aoz Adtd
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Table 22. Concentrations and ratios of elemental species in PM;o aerosols

during haze (HZ) and non-event (NE) days.

Concentration (ng/m®) Ratio
Species PMiq PM;o
HZ NE HZ/NE
Al 564.9 435.8 1.3
Fe 238.4 292.7 0.8
Ca 300.4 386.8 0.8
Na 260.0 187.3 1.4
K 185.9 146.2 1.3
Mg 100.4 106.0 0.9
S 1414.8 1077.6 1.3
Ti 7.8 11.1 0.7
Mn 12.3 85 14
Ba 2.8 4.0 0.7
Sr 1.5 1.4 1.0
/n 23.6 21.2 1.1
A% 10.6 6.1 1.7
Cr 6.1 3.6 1.7
Pb 11.3 5.9 1.9
Cu 4.0 4.3 09
Ni 4.1 3.7 1.1
Co 0.1 0.1 0.7
Mo 0.2 0.3 0.8
Cd 0.3 1.0 0.4
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Figure 24. Comparison of concentrations and ratios of elemental species

in PMyy aerosols during haze (HZ) and non-event (NE) days.
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Figure 25. Composition ratios of elemental species in PM;y aerosols during
haze and non—event days.
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Figure 26. 5-Day back trajectories for the haze days on January 12 and
18, 2017 (upper), and on February 5 and November 26, 2017
(lower) at Mt. Halla-1100 site.
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sk o, wAsi A= 1.0, 1202 v=e v= FEs Bt
FE Al o] RAREY 2ANE wEAAYdY wmad Ay zugAelA =

NOs, nss-SOs”, NH Aol ¥ Al 7247} 532, 107, 124%9 24& e
Wlar, HEddel = 461, 12.3, 9.8% % WL Ao 1917 7] AR5 H%
=2 AgS YeElich v A gzl A= whE Aol 14.6, 57.0, 24.3%, 1€
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Table 23. Concentrations and ratios of ionic species in PMjp-25 and PMss5

aerosols during mist (MT) and non-event (NE) days.

Concentration (ug/m®) Ratio
Species PMio-25 PM>5 PMio-25 PM>5
MT NE MT NE MT/NE MT/NE
NH," 0.42 0.31 1.87 156 14 1.2
Na' 0.19 0.24 0.08 0.08 0.8 1.0
K’ 0.03  0.03 011  0.07 0.9 1.5
nss—-Ca”' 0.26 0.28 0.04  0.03 0.9 1.2
Mg* 0.04 0.05 0.01 0.01 09 0.9
nss-SO4~ 0.37  0.39 439  3.96 0.9 1.1
NO; 1.82 1.47 1.82 064 1.2 1.8
Cl 0.18 0.23 0.18  0.02 0.8 1.2
F 0.004  0.004 0.004  0.00, 0.8 0.7
HCOO 0.01 0.01 0.01 0.01 0.7 1.5
CH3;COO 0.10 0.16 0.10  0.02 0.6 0.7
CH3S03 0.00,  0.00, 0.00,  0.02 0.8 1.0
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Figure 27. Comparison of concentrations and ratios of ionic species in

PM, 25 aerosols during mist (MT) and non-event (NE) days.
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Others : F 0.1%, HCOO™ 0.2%, Others : F 0.1%, HCOO™ 0.3%,
CH;COO™ 2.9%, CH3SOs 0.0s% CH3COO™ 5.2%, CH3SOsz 0.1%

<Mist> <Non-event>

Figure 29. Composition ratios of ionic species in PMjg 25 aerosols during

mist and non-event days.
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Figure 30. Composition ratios of ionic species in PMs5 aerosols during

mist and non-event days.
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Table 24. Concentrations and ratios of elemental species in PMjy aerosols

during mist (MT) and non-event (NE) days.

Concentration (ng/m°) Ratio
Species PMio PMio
MT NE MT/NE
Al 259.1 435.8 0.6
Fe 209.5 292.7 0.7
Ca 318.0 386.8 0.8
Na 174.0 187.3 0.9
K 125.3 146.2 0.9
Mg 78.6 106.0 0.7
S 966.1 1077.6 0.9
Ti 79 11.1 0.7
Mn 7.5 85 0.9
Ba 2.1 4.0 05
Sr 1.0 1.4 0.7
7n 26.3 21.2 1.2
\Y% 94 6.1 15
Cr 4.8 3.6 1.3
Pb 5.5 5.9 0.9
Cu 10.5 4.3 2.4
Ni 3.3 3.7 0.9
Co 0.1 0.1 0.9
Mo 0.2 0.3 0.6
Cd 0.6 1.0 0.6
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Figure 31. Comparison of concentration and their ratios of elemental species

in PM; aerosols during mist (MT) and non-event days (NE).
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Figure 32. Composition ratios of elemental species in PM;jy aerosols during

mist and non-event days.
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Table 25. Seawater enrichment factors for ionic species in PMjo25 and

PM,5 aerosols.

(CX/ CN at )Aeroso]/( Cx/ CN at ) Seawater

Species
Non-event Asian dust Haze Mist
K 3.6 36.9 3.3 4.3
Ca* 29.9 312.8 28.3 359
Mg*' 1.6 79 1.7 1.8
SO 75 6.1 4.0 8.9
Cl 0.5 0.3 0.9 0.6
(Cy/Cxa+) aerosol/ (Cx/Cna+)seawater
Species
Non-event Asian dust Haze Mist
K' 23.8 25.4 38.1 33.8
Ca™ 114 120.9 11.1 13.0
Mg** 1.4 6.4 1.1 1.2
SO, 206.6 125.2 225.7 2194
Cl 0.1 0.1 0.2 0.2
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Table 26. Crustal enrichment factors for elemental species in PMjy aerosols.

(Cx/ CAI)Aer()So]/(Cx/ CAI)Crust

Species
Non-event Asian dust Haze Mist
Fe 1.5 2.1 1.0 19
Ca 24 2.9 14 3.3
Na 1.2 0.3 1.3 19
K 1.0 0.8 0.9 14
Mg 1.5 2.7 1.1 1.8
Ti 2.7 2.3 1.5 3.3
Mn 2.6 3.0 2.9 3.9
Zn 54.1 6.3 46.3 112.6
\% 20.1 2.8 26.7 52.0
Pb 67.2 12.1 99.8 1059
Cu 3.3 0.7 2.4 136
Ni 424 36.3 36.0 63.1
Co 3.2 3.4 1.8 4.7
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Table 27. Comparison between the sums of equivalent concentration of

basic cations and acidic anions in PMjg 25 and PMs5 aerosols.

Equivalent Concentration (1ieq/m®)

Meteorology PMio-25 PMos5
Cation Anion Cation Anion
H 0.002 nss-SO,* 0.008 H' 0.004 nss-SO4* 0.082
NH," 0.017 NO3~ 0.024 NH4' 0.087 NO3~ 0.010
Non-
nss-Ca’ 0.014 HCOO™  0.000; nss-Ca® 0.002 HCOO™  0.000:
event
CH3;COO™ 0.003 CH;COO ™ 0.000s
Total 0.033 Total 0.035 Total 0.092 Total 0.093
H 0.000; nss-SO,% 0.006 H 0.001 nss-SO4> 0.044
NH," 0.015 NO3 0.022 NH,' 0.031 NO3~ 0.005
Asian
nss-Ca* 0.141 HCOO  0.000: nss-Ca® 0.016 HCOO™  0.0003
Dust

CH3COO™ 0.004 CH3COO  0.0004

Total 0.156 Total 0.032 Total 0.048 Total 0.050

H 0.002 nss-SO4* 0.005 H' 0.005 nss-SO4* 0.151

NH,"  0.045 NOs~ 0060 NH:  0.189 NOs 0.051

Haze nss-Ca® 0.019 HCOO™  0.000; nss-Ca® 0.003 HCOO 0.0004
CH;COO™ 0.002 CH;COO™ 0.000-

Total 0.067 Total 0.067 Total 0.196 Total 0.203

H 0.002 nss-SO4* 0.008 H' 0.004 nss-SO4* 0.091

NH,"  0.023 NOs 0029 NH,  0.104 NO3 0.018

Mist ~ nss-Ca® 0.013 HCOO™  0.000. nss-Ca® 0.002 HCOO™  0.000s
CH;COO™ 0.002 CH;COO™ 0.000,

Total 0.039 Total 0.039 Total 0.110 Total 0.110
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Table 28. Acidity contributions (%) of acidic anions during non-event,

Asian dust, haze and mist days.

Acidity Contributions (%)

Meteorology PMio-25 PMz5
Inorganic acid Organic acid Inorganic acid Organic acid
nss-SO4 234 HCOO 0.7 nss-SO,” 884 HCOO 0.2
Non-
event NOsz 63.0 CH3COO 80 NOs3 11.0 CHsCOO 04
Total 91.3 Total 8.7 Total 99.4 Total 0.6
nss-SO4” 188 HCOO™ 0.7 nss-SOs 886 HCOO 05
Asian Dust No,” 689 CHCOO 116 NO; 101 CH;COO 0.7
Total 876 Total 124 Total 98.8 Total 1.2
nss-SOs” 80 HCOO 0.2 nss-SOs” 744 HCOO 0.2
Haze " Nos 895 CHiCOO 23 NOs 253 CHsCOO 0.1
Total 975 Total 25  Total 99.7 Total 0.3
nss-SO4% 196 HCOO 04 nss-SO4 830 HCOO 03
Mist NOs 75.6 CH3COO 44 NOs3 16,5 CHsCOO 0.2
Total 95.2 Total 4.8 Total 99.5 Total 0.5
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Table 29. Neutralization factors by ammonia and calcium carbonate in

PMip-25 and PMys aerosols during non-event, Asian dust, haze and

mist days.
Neutralization Factor
Meteorology NFN}% NF, co,
PMig 25 PMs5 PMio 25 PMas
Non-event 0.53 0.43 0.94 0.02
Asian Dust 0.51 448 0.64 0.34
Haze 0.71 0.28 0.96 0.02
Mist 0.62 0.51 0.92 0.05

_83_



A% etk 1100 LA A 2017136l PMo# PMas ©fl o
sto] 7] mAlmA ] 24 B AT o)F 54
AES A

ghebal 1100 Aol A PMyoZt PMys d#EEis H
209 ng/m’ 105 ng/m’ol Atk 2 AAHPMyg 2509 ©]2AF FEE NOy >
nss-S0# > NH, > nss-Ca®* > Na' > ClI > CH;COO > Mg* > K" >
HCOO > F > CH3SO; oz =ity 24 Q194 Aol 7+ =1

o2 BEY dY o2 =& AFS BZIT T PMolA 98 oA
ol 9} H|zek 5AES vERYAT

1) Al AHPMz5) 2] o] A4 ¥ FEE nss-SO& > NHy > NO; > Na' > K

oL
o
BN
>
O,

r U
oz
e
tlo
)
N
lo
it
N
5

A

> nss-Ca” > CH;COO > Cl > CH3SO; > Mg® > HCOO > F +o=

PMy 25/PMss E5EH]E= nss-SO,2, NHy 0 ZF7F 0.1, 022 F %8S gy
o

FAF Al 157 R aRAY JEs AeA F 4
Hldakado] vl I A7t 45~7.949, HAQdAE 1.2~1.94 F7 stk A

THERE nssCa” TR/ 2O A A 1016, WAl A 1020 ¥,

_84_



k>

3

A

& Al, Fe, Ca, Mn, Ba, Sr¢] %7} PMyol A 3.1~6.84 278ttt

AN A= 71H7F F2 F9 FHE AA FYEAL, A9F 1D AR
FEO SUbekE 54E Bed 53] 24 2 9EANOs, nss-SO,S, NHy)
TE7F YAl A 2,64, PAIYAI A 1.8~5.00 2 H A FAtel A A F
P Zoidatel A 149, HAIY

N
P‘L

&

e

I

ot

)

o H
>

9,

Ir

\)

_>|”1_'4

O

1

]

X

off

k

N

YAl A 23 S ABAL FHOE ANF /19 AR FEo} sk 54

2 YEglt

_85_



LL.) — —_—

ﬁo _Eﬁ ‘Mx_ m} m ﬂ” Cx* ~ ﬂ__lﬂ
8° il < -3 ol B Ho o <
3 &Y i - o w w ol ol Y
e =~ PR TE = £l D
= M_LM = % Njo w -~ ‘.Ml L2 0,0 % o)
70 o N = 8 X2 N ® ~ S
o = oo N in ) = 2 o
H B S22 "I\ w0 oS N
Ho = UL iy RA g

=~ X 5 o= o N F
\Mﬂ A~ % — X 0 C-# ﬂ 7o) ﬂb

— L o S
X Nlo Sy B =2 Ho X W - N
e = S e A& B W M

~ = N o e <) o e
= <N o o ) < X —_—
= ia TN Ry S B cEoe T
—_— o . ZT ﬂ_—lﬂ \.I ~ A ﬂ ) { i
% sl 557 0T N S s
2 &3 o S e IR T % T N o
| - . 0 o 0
— —_ 0 —~ X I ooy X o~
g8 Zz2 P oZa % By Ly BT
4~ =Z& LU o8 X R L
22 8o Tw g s <n O <) %o
W &3 Nroﬂ o o1 5o x° M T oF ﬂommo 5 X

X X 9 _

- ) L < —_— _Z_! ﬁo )
T o)) M il oF gﬂ X T o X0 | ok ot
e RE o oww = iy A I S
E oww mE o T 0T ogg g
2 = ) B = A go 3 = S o
= i = oA 9 o do ) ol =
=} B._ s | — jm} - o 1{ m o~ E
S & Nl N S S S Y o .

s .5 Lo F °= R el
LA ) m X dom Oy T 1 O
i b TX T T om 4
N o No KO N CY ™o N DGy NN B
— aN o <f o) < o~ o0

ko3
T

FALAFID-2001 ©]

3], 20(3), 273-286.
— 86 -

Al &)
|

o

3], 19(2), 113-132.

5
5}

<73

]

AEE FAOR, B
7

10. <34 (2003) t7] & %



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

N e, EA (2003) AlFE skeRak 1100 224 th
7Nl 20l A4 2 EA 7]+ %], 19(2), 145-156.

=W, AR, AARE, A+ (2006) GIST vh3H4d Raman Lidar

H AR @4 o FH - HARYY B4 B2 @77

olxdd, A7l (2001) &AHd7] F FvH%F =X 54
Analytical science & technology, 14(5), 442-450.

W71, A, 28T (2012) FAEA S 7] T B AH A (PMgs) o] 3}8k4]
24y o954 HrE AFAID, The annual Report of Busan

metropolitan city Institute of Health & Environment, 22(1), 142-159.

g @ (2018) B4 110024 7] WA e sheEd 2 wEEA:
2012~20130 =74, AF o)L Apehe] =i

ok, 7183 (2003) LA o} ATt A ow HEA 7 3}
2 71k, 7] 84 83, 19(4), 451-465.

A% AEE, FIA (2018) XA W7l T PM25 H w54 %
of A7 vk 54, 7] $AshE] A, 34(3), 406-417.

A3l (2015) s 2| AHR] & Al ako] - Aol R F o]
T Walele] A B @4 w3 A, 21(1), 1-7.

A = F¢ A (2015) 20104 Hgoﬂfﬂ 1 %f‘f} A}
o AwAlelel B, set, Bt SAum, @78

oﬁ
ok
j&{
B
w
—
N

&, 1T, AdS, (1994) AEA 7R & Sl o
4 7k, Sz B s A, 10(2), 105-115.

Aol XA, T Y, ke, T, olAE, A= (2005) 2000~2002

A Sedeeln B3 gare set 24 9 54, SR etE A,
21(1), 119-129.

_87_



g}3]#], 25(1), 46-56.

(1994) AFL=oll A o] HlE o]
73

e, AAbee) =,
3]#], 10(2), 98-104.

&

VA
st

1

kel
°

At AR, A
%

)=

Al
7] %k

22. Ald (2017) 201610 w2 AT 12 S 7] o2& 9] 7|4E
3.

2

e

;O._y
4o

M_o

MO

b 7]

<}
T

R A] AF 2 A

3], 18(1), 1-11.

J
’

A
~

\=]
RN

J

8

=
=

AL
3}

1%

o
3

~1

&
g2

PMs5 31
=

}
&t

<}
T

3] %], 34(1), 38-55.

1
1, el Zule), QleA, A, o, 194 (2018) @

a9 Ag TbEH 2AL

)

o A 2015\ 10 o) A48

1A, 34(4), 567-5817.

1t

o

[e=]
H

A
T, kg7l Rd e A, 12(1), 15-21.

2011~2013yd 3k o)
AFsls), 27(2), 225-233.

B &4t

=
T

o o

ZEA]

@ (201D AlF%= AL

b

ol

G

23] (2011) PMy, PMas m] A

A

333, 7]

12008 A

3], 24(4), 310-318.

1

=]

A, 27(5), 603-613.
T

N

32. o] g A,

_88_



AH, QAR (014) BFAY D% L AL Ale] mAN sohe 4R
54, s=t)7]1 873 8k3] A, 30(5), 434-448.

ColAE (2017) =l Wi A A mAlm A ) Bhehy BOwlESAdr 2013~
2015 =R AFueal ity AALete] =8

C G, 1A D, AAR, A=A (2009 FAF Al AL AR b
d, d=h71873538) 4], 15(5), 575-586.

of

i3
2
it
N
ol
off
f
A

PMys¢) A% % ol 2% FE9 54

i = Z Al
of #3k A o)A 8] A, 24(6), 682-692.

AW, 2B ol FF (1989) Aot thY] wAel e 24 R /9 o
@ A1), 57208, 5(2), 7283,

, AME3E (2015) MaAl th7] T Z=UAIH A (PMs) A &3 3tHAd &
71 WE Fol, =787 843 A], 31(2), 143-156.

H

off ot
oz
fo o

C@Ed (2014) = wiAA S W] wAA ] V) g shekaAd W) el
2012-2013d 54, AlFhetal AApehg] =4t

H(2013) H<t wAlE A Ag 2 oS EF (2013.11.05. BEAFR).

B(2014) A} WEESY] (2014.03.18 WA, 75 o) 7] A A3}

SH7d - (2009) PMas W71 7144 &3 3] 713 (2009.06.29. B :=2F57).

C A, olmEl, A A, o], ol Ale, A (2008) o] = of ¥t

£

7

_89_



45.

46.

47.

48.

49.

90.

ol.

o2.

Aol A #FHE PMps wkob o4, d=dirI@dstalx], 24(5),
501-511.

Aardenne, J.A., G.R. Carmichael, H. Levyll, D.Streers, and L. Hordijk
(1999) Anthropogenic NOyx emissions in Asia in the period 19902020,
Atmospheric Environment, 33, 633-646.

Adachi, K., Tainosho, Y. (2003) Characterization of Heavy Metal
Particles Embedded in Tire Dust Environment International, 30,
1009-1017.

AMAP (Arcitic Monitoring and Assessment Programme) (2001)
Persistent organic pollutants URL http://www.amap.no/assess/soaert.htm;

Heavy metals URL http://www.amap.no/assess/soaer7.htm(accessed in
December 2001).

Beatrice, M., S. Castellini, S. Crocchianti, A. Piazzalunga, P. Fermo, F.
Scardazza, and D. Cappelletti (2015) Ground-based measurement of
long-range transported aerosol at the rural regional background site of
Monte Martano, Atmos. Res, 155, 26-36.

Choi, H. S. (2007) “A Study on the Characterization of PMss PMjy
concentration in Asan area’, Masters’s thesis, Hoseo University, Asan,
Korea.35) Choi, H., and Y.H. Zhang (2008) Predicting dust storm
evolution with the vorticity theory, Atmospheric Research , 89, 338-350.

Choi, H., and Y.H. Zhang (2008) Predicting dust storm evolution with
the vorticity theory, Atmospheric Research , 89, 338-350.

Chun, Y., K. Boo, J. Kim, S. Park, and M. Lee (2001) Synopsis,
Transport, and physical characteristics of Asian dust in Korea, J.
Geophys. Res., 106, 18461-18469.

Chun Y., J.-Y. Lim, and B.-C. Choi (2003) The features of aerosol in

Seoul by Asian dust and haze during springtime from 1998 to 2002, J.
Korean Meteorol. Soc., 39, 459-474.

_90_



53.

o4.

90.

56.

ov.

o8.

99.

60.

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

Geng, N., J. Wang, Y. Xu, W. Zhang, C. Chen, and R. Zhang (2013)
PMss in an industrial district of Zhengzhou, China: Chemical

composition and source apportionment, Particuology , 11(1), 99-109.

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

Hao, Y., X. Meng, X. Yu, M. Lei, W. Li, F. Shi, W. Yang, S. Zhang, and
S. Xie (2018) Characteristics of trace elements in PMys and PMyy of
Chifeng, northeast China: Insights into spatiotemporal variations and
sources, Atmos. Res., 213, 550-561.

Ho, K. F., S. C. Lee, C. K. Chan, J. C. Chow, and X. H Yao (2003)
Characterization of chemical species in PMss and PMW“- aerosols in

Hong Kong, Atmospheric Environment, 37(1), 31-39.

Husar, R.B., D.M. Tratt, B.A. Schichtel, S.R. Falke, F. Li, D. Jaffe, S.
Gasso, T.Gill, N.S. Laulainen, F. Lu, M.C. Reheis, Y. Chun, D. Westphal,
B.N. Holben, C.Gueymard, I. McKendry, N. Kuring, G.C. Feldman, C.
McClain, R.J. Frouin, J. Merrill, D. DuBois, F. Vignola, T. Murayama,
S. Nickovic, W.E. Wilson, K.Sassen, N. Sugimoto, W.C. Malm (2001)
Asian dust event of April 1998, Journal of Geophysical Research,
106(D16), 18317-18331.

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.

Kang, C.H., W.H. Kim, H.J. Ko, and S.B. Hong (2009) Asian Dust effect

on Total Suspended Particulate (TSP) compositions at Gosan in Jeju
Island, Korea, Atmospheric Research , 94(2), 345-355.

_91_



61.

62.

63.

64.

60.

66.

67.

683.

69.

Kang, C.-M., H. S. Lee, B.-W. Kang, S.-K. Lee, and Y. Sunwoo (2004)
Chemical characteristics of acidic gas pollutions and PMss species

during hazy episode in Seoul, South Korea. Atmos. Environ., 38,
4749-4760.

Korea Meteorological Administration (2009) Meteorological encyclopedia.

Kumar, D., and Jugdutt B. I. (2003) Apoptosis and oxidants in the heart,
Journal of Laboratory and Clinical Medicine, 142, 288-297.

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.

Li, P., Sato, K., Hasegawa, H., Huo, M., Minoura, H., Inomata, Y., Take,
N., Yuba, A., Futami, M., Takahashi, T., and Kotake, Y (2018) Chemical
Characteristics and Source Apportionment of PM:s and Long-range

Transport from Northeast Asia Continent to Niigata in Eastern Japan,
Aerosol and Air Quality Research, 18, 938-956.

McKendry, 1.G., J. P. Hacker, R. Stull, S. Sakiyvama, D. Mignacca and K.
Reid (2001) Long-range transport of Asian dust to the lower Fraser

Valley, British Columbia, Canada, Journal of Geophysical Research,
106(D16), 18361-18370.

McMurry, P. H., M. F. Shephered, and J. S. Vickery (2004) Particulate
Matter Science for Policy Makers, Cambridge University Press ,
235-281.

NIER (National Institute of Environmental Research (2013) A study on
the characteristics of the air pollutants at the Korean background

regions.

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

intensive monitoring stations.

_92_



70.

71.

2.

73.

4.

5.

76.

7.

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

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.

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.

Shi, H., S.-S. Lee, H.-W. Chun, H.-J. Song, Y.-C. Noh, and B.-]J. Sohn,
2016: Optical properties of aerosols related to haze events over Seoul
inferred from sky radiometer and satellite-borne measurements,
Atmosphere, 26, 289-299.

Son, I. S (2012) “The study of tendency to PMjy emission and the
concentration quality of ion components and the micro pollution of
metallic components in Busan coastal area”, Masters’s thesis, Dongeui

University, Busan, Korea.

United Nation Environment Programme (2002) The Asian Brown Cloud:

Climate and Other Environmental impacts.

Utsunomiya, A. and Wakamatsu, S (1996) Temperature and Humidity
Dependence on Aerosol Composition in the Northern Kyushu, Japan,
Atmos. Environ., 30(13), 2379~ 2386.

Wang, Y., Zhuang, G., Tang, A., Yuan, H., Sun, Y., Chen, S., and Zheng,

A. (2005) “The ion chemistry and the source of PMss aerosol in
Beijing”, Atmospheric Environment, 39(21), 3771 ~3784.

_93_



78.

79.

30.

31.

32.

WHO (World Health Organization) (2013) Health effects of particulate
matter, WHO Regional Office for Europe, Copenhagen, Denmark.

Xiao, Y.Z (1998) A core project of the international geosphere-biosphere
programme, 6-10.

Yao, X., C.K. Chan, M. Fang, S. Cadle, T. Chan, P. Mulawa, K. He, and
B. Ye (2002) The water-soluble ionic composition of PM:5 in Shanghai
and Beijing, China, Atmos. Environ., 36, 4223-4234.

Yeatman, S. G., L. J. Spokes, and T. D. Jickells (2001) Comparisons of
coarse-mode aerosol nitrate and ammonium at two polluted coastal
sites, Atmospheric Environment, 35, 1321-133b.

Zhang. D (1995) Paleoclimate and environmental records available from
Chinese historical documents. In: Mikami, T., Matsumoto, E., Ohata. S.,
Sweda. T.(Eds). Paleoclimate and Environmental Variability in
Austral-Asian Transect during the Past 2000 years, Nagoya University,
Japan, 20-26.

_94_



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

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


	III. 결과 및 고찰
	1. 미세입자의 질량농도
	2. 이온 수지 비교
	3. 미세먼지 조성
	3.1 조대입자 조성
	3.2 미세입자 조성
	3.3 조대입자와 미세입자 조성 비교
	3.4 성분들 간 상관성
	3.5 미세먼지 성분의 배출원 특성
	3.6 기류 이동 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. 결 론
	Ⅴ. 참 고 문 헌




<startpage>14
I. 서 론 1
II.연구 방법 5
 1. 미세먼지 시료 채취 5
  1.1 시료 채취 지점 5
  1.2 측정기기 5
 2. 미세먼지 시료의 채취 및 분석 7
  2.1 PM10 시료 채취 7
  2.2 PM2.5 시료 채취 7
  2.3 미세먼지 질량농도 측정 7
  2.4 수용성 이온성분 분석 8
  2.5 원소 성분 분석 10
III. 결과 및 고찰 13
 1. 미세입자의 질량농도 13
 2. 이온 수지 비교 15
 3. 미세먼지 조성 18
  3.1 조대입자 조성 18
  3.2 미세입자 조성 26
  3.3 조대입자와 미세입자 조성 비교 29
  3.4 성분들 간 상관성 32
  3.5 미세먼지 성분의 배출원 특성 37
  3.6 기류 이동 경로별 조성 비교 42
 4. 기상현상별 화학조성 특성 45
  4.1 황사 미세먼지의 화학조성 45
  4.2 연무 미세먼지의 화학조성 56
  4.3 박무 미세먼지의 화학조성 65
 5. 해양 및 토양의 영향 73
  5.1 해양 농축인자 73
  5.2 토양 농축인자 76
 6. 산성화 및 중화 특성 78
  6.1 기상현상별 산성화 특성 78
  6.2 기상현상별 중화 특성 82
  Ⅳ. 결 론 84
  Ⅴ. 참 고 문 헌 86
</body>

