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ABSTRACT

The PMjy and PMys samples were collected at Gosan site of Jeju Island,
which is one of the background site of Korea, during 2012-2013. Their ionic
and elemental species were analyzed, in order to examine the chemical
composition characteristics in accordance with the different meteorological
phenomena. The mass concentrations of PMjy and PM2s were 345 and 15.3
pg/m3 and the PMjo25 mass concentration was 19.2 ug/m‘g. In the result of
ion balance comparison, the correlation coefficients(r) between the sum of
cationic equivalent concentrations and the sum of anionic equivalent
concentrations were 0.959 and 0.958, respectively, for coarse (PMjo-25) and fine
(PM:5) particulate matter, indicating a good correlation.

In coarse particles (PMjp25), the concentrations of secondary pollutants
such as nss-SOs, NOs;, and NH, were 160, 199 and 037 pg/m’,
respectively. In fine particles (PM3s), their concentrations were 5.64, 1.04, and
2.05 ug/m‘%, respectively, showing 91.3% of those ionic species. Meanwhile,
elemental compositions of the coarse particles showed 56.5% for marine (Na,
Mg), 21.4% for soil (Al, Fe, Ca), and 18.0% for anthropogenic (S, Pb, Zn),
and they were 22.3%, 23.6%, 50.6% for the fine particles.

Based on the study of size-segregated particle compositions, the
PMio 25/PMss concentration ratios of nss-SOs and NH, were 0.3, 0.2,
respectively, indicating that those species were mostly existed in fine particles.
On the other hand, NOs was evenly distributed in both fine and coarse
particles, and the marine and soil species such as Na', Cl, and nss-Ca’" were
rich in coarse particle mode.

From the study of source origins by factor analysis, the PMip25 ionic

species were mostly originated from marine sources, followed by anthropogenic



and soil sources. On the other hand, compositions of the PMss fine particles
were influenced mainly by anthropogenic sources, followed by marine and soil
sources.

During Asian dust periods, the concentrations of nss-Ca” and NO; were
increased highly as 135 and 3.2 times in coarse particle mode, and 2.5 and 4.9
times in fine particles, respectively, compared to non-event days. Especially,
the concentrations of the crustal species such as Al Fe, Ca, K, Mn, Ba, and
Sr showed a noticeable increase during the Asian dust periods. For the haze
events days, the concentrations of secondary pollutants were increased 2.1~3.7
and 3.1~6.5 times in coarse and fine particles, respectively. Futhermore, the
remarkable increase of NOs concentration was observed in fine particle mode
during haze events. The concentrations of the secondary pollutants the mist
event days were 2.0~34 and 15~1.9 times, respectively, in coarse and fine
particles than non-event days.

The neutralization factors by NHs were 033, 0.16, 043, and 0.52,
respectively, for non-events, Asian dust, haze and mist days in coarse
particles, besides they were 0.86, 0.71, 0.86, and 0.86, respectively, in fine
particles. Meanwhile, those by CaCOs; were 0.26, 047, 024, and 0.22,

respectively, in coarse particles, and 0.03, 0.02, 0.01, and 0.02 in fine particles.
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7] GG =242 Ao 0.001~F4 mm=z HS FEHEAE Uitk o]
% PMyp "AHAE F71984 2 74 (aerodynamic particle diameter, D,)°] 10
pm ©°]3tel YRS ov|sty, Av]d wEk oA YA (filterable particulate
matter)$} 234 <4 AH(condensible particulate matter)® FEH Tl 1]l A H
7] Fo= wiEE 12 A t7] FelA shenkeSs doA AGH 23 9
g XS o] T AR YA FHEAA AFH nAY A FER wjE]
ARk, 27 o] 25 ym odkl FFA dA= FE VIAGeR wEE SHEH
ThA] 3 AA = A 3E 1A =Fe] tH(Colbeck, 2008; Woo, 2009).

PMpell A Zzdidates 2 EY, el 7149 A2 A4l 21 194
o] o} ti7] Fol U HAErRt AFeh 18
ol iAol iAo w vty ey AR dAa sehag e t7] 3skst
Hg-ofl o3 AAEE 25 um °lde] MAdAE
A g7 ol FdelA FAE7A A Fen 28al FaEdE S2Adel A7) W
woll QA s A & Ao® YEua vk(e]87] 5, 2012).

dutd oz 25 um °|49 ZY A (coarse particles, 25 < D, < 10 ym)+
T2 AFHAA ZIAA A A AR 22 25 um o]k HAIY
ZH(fine particles, D, < 25 ym)+ 7] E2 9] % 3 T3 & 3ty 344
S AAA AAHATFTMcMurry et al, 2004; Seinfeld et al 1998; Wolff et al,
1985). 53] PMasi= AFGAIE SollA wiE¥ NHs SO NOy 59 Atste] o)
ARE 194 edde] dFgS W] ufito] ZoiiAtel Hls o Hie s)stx
A YeEAtH(McMurry ef al, 2004; Hwang et al, 2008). L&) a1 tH-& 7] A4

ATEHol v &g, 34 s dor AHE =252 745 dnh

FL TR SOL, NOs, NHY, F719a Solm, 9=z Za oo
2 xHHol AM LolFA 4F FTFEY #3 LIEHAES FHE F AU
(He et al 2004). £3] 24 7124 od&E4de Fx7F =8 =AXHo 4



25 um olate] mAIYAtel A 22 -] Yokert w2 Ao yEiva dt
(o174 38] 5, 2012). o]A & 7] wAAA = A7) wet 224 A, 543 24,
LY 7Y 5 2 54 vEr] wEel Al wek 4 Ao 243 9
A FEXE v Fdart Aok aga gi7] mjAd A o] A aiotolyt AT
drgst7] fleiM = ool tid =94 S setxde votd 4
HOh et al, 2009).

FHAFEU)AN A= PMy, PMos WAIRA 715S A5+ 2H7F 40, 25 pg/m’

= AAste]l grAska dv ZEal AAIRAZIFH(WHO) A = o5 7IEAE

x
ftlo
>

At 50, 25 pg/m’, AFF 20, 10 pg/m’2 HAEE Austa JrHE AR,
2009). f-glvhek= 19950l PMyy vlAl|=]oll tigt &3 7] =& AAste] el s
931 9L, 20019 20073l AMAS A @A I 100 pg/m’e JAH T 50

ng/m’ 715& Aestm Aok 2y PMas 2vARAS el BEm gl
= AAA FAel F-&ste] STl A = 2011d el SFEAATERE S AF
AeArh FARNAE 2011de] 2 AHA e A7) FS dFF 50 ug/m’, A
Hit 25 pg/m’2 ARSI, 2015858 EAAQ AFS dF vy
5, 2012).

ol A9 drledE A wMiEFS F58 Stk A= FAlolH, 539

e
»,
i
rlo
>
i‘l

St (SO2) % A4S (NOY) 7102 ofAlofA 9 9] 70~

= olgs #A" o

-

Woo et al, 2003; Wang et al, 2013). =3+ Tt Sl A A3l A 94 3§
e g7 de] AA &S mAz vk FE 3~49el 30~50%, 5€o] 20~
30%= B HTHA FAF A2 M, AHdE W] JERda gl
THAl LA 5, 2002; 164, 2012). lal 2010 39 20Ul HAE ate] A
$ BAEA 7Y AVIRE NE F ARG A FE9 2712 ug/m’, 119
1Yol Bo] ofbd Ade] #Z¥ FAF 5 7bF e 5529 A 1,664 ng/m’
7F M e A 7] 5 AT G A, 2011).

o] WA EASA s T vAREAE olHd 9N dFdFS



=slar k. FH 2o Fol A WA Lk ZuAHXA AldE B2, 20134
190l "ol e PMys H%7F 993 pg/m’, 1096l st2 R A2l Hx7F 1,000 pg/m’
E 715 E S 2 mEw 20139 %

5=
e 108704 T2 A Hyt 220 A7 4742 52 vk Hop M= E

O

vrER L vk @l s vy, s, A Ao 2w dr 10~209 =
2012 W] 5~109 F7F Sk TH(EA R, 2013; ot 2013). oleld F= |

dF-ddol AHoew AS5HA v & AFE T

=
A
X
o,
o
o2
lo
it

)

® :ﬂ:

L 2,

AR w5 Age oahd 2011~2013 7]kl 1€ 183], 2€ 113], 1249 93] &
F2 ALHA AFAGe] gol vyt Aow yehta gtk ol2lgk of= A
£F e w2 SO, BT S7h A=l 9% NOy WiEd S77F 2 4
A Ao FAHAIEA, 2014; Wang et al, 2014).

R Al AAAGE FAANS BE WA EEe Q9 odE
gEo] At F
201D, 1@lan 3%, 35, 55, A9, U 5 o4 718 8ol et
ool 2 &0 Bela SAoly stetxio] debd & vk webd 7
2 7] doZ2E9 FstxrAdS AL LAEAS AR v BE AL 9
v 7F Sl

AFes 24 edde] 719 gloiA =4 eadde] Laj7t Ha, A7E=rt

e 3RAGelt 53 s Que] Fgol 9x5n ol B ol oo

()

o]

=7F 9FE mAE Aem wuHIm JrHIEAE T,

2
o
of
o
o
ol
N
)
ol
rr
=
O
2
N
Jo
o
ot
BN
A
ftlo
P
Y

BN
rd
2,
N
o,
o
o,
X
)
>,
e
i,
K
%0,
rlr
o ofy
A
e



L vAIAA Az 23

L1 Als AH A4
PMio¥} PMzs WAIRAl Al AFE ME 2 Ao A a5 4 4

FERAAE AFA @AW 1 U, BT

z
—_
[\
(@)

[o)
—
()
g
=2
2
2
0
ol
o
32
£y

of AL T MAAGo & FeA glom 2ol A FRAGow of

AloftFol A HAMFE Bl o]Fshs tirledEd s dEsk=d Hd A

2 eds z2t3a gt A 4E 1A Yolg AR RE AHZo® 300 m A
T "ol &jotrt s oF 72 m A9 1A Uk SAHAol= AH oY (54
HF)E dAF o] Qi air sampleri= AH oY SAHF 3m)oll A X 3FA T}

12 574 7171
1.2.1 PMyo Air Sampler
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PM2s WINS Impactor7} §-2&o] Qlth. &7|7452 MFC7F §-2Hd 25 A]2H
S AFEslY] x7IHEYH T8 A7MA] AEH OS2 167 L/mins FASAH. 94

A8 Samplers= ZHolyY L4t AAEgow, w= URG AFe Cyclone

Nl
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USA)¥ 37159 HZ+ IFHZMeDO, VP0625-A1003-A, USA)E AFE3HA
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1.24 Inductively Coupled Plasma/Optical Emission Spectrophotometer

A A o] YA (AL Fe, Ca, Na, K, Mg, S, Ti, Mn, Ba, Sr, Zn, V, Cr,
Pb, Cu, Ni, Co, Mo, Cd) ICP-OES (Perkin Elmer, Model OPTIMA 7300DV,
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1.2.6 Microwave Digestion System
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1.2.7 pH meter
o]&AHE g=do] pHE pH meter (ORION, Model 720A, USA)¢} Combination
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Zeflour™, 47 mm, 2.0 pm, USA)E ARg-ate] 20129 195-E 20149 1€ 3 71X

w

o A, 24N GelE T 2320E AHEAT AR AH 27l 752 MFC
(Mass Flow Controler)7} §-#¥l #5 A]~dlS ALE3te] Z7|HE T8 A7FA] A
£2 072 167 L/mine FA3tth A& e d4olA =828 Petri Dish (SPL
life Science, PS, 60x15 mm)ol] ¥o] HEZE o=z AF3 gz gz &7

T Aol ol Ax Al ¥ FAS S48

2.2 PMys HAHA] A5 23
PMys PIAIHA] A8 o] AR 483 Ad4RAE JEHE 2 7S HEg A

v|4 }Oﬂr/]_ /‘,Q_}\-] o]%x%.ﬁ‘;__ .E_/H%%

[ H
m&:\
n)

PMss Sequential air sampler®} E]32
(Pall Co., Zeflour™, 47 mm , 2.0 ym, USA)E A}l-&-3te] 20129 195-E 20149 1Y
3U7HA 3 M4, 24 hr 991® & 17370 AFAAE 94 #4982 v= URG
AFe] Cyclone (Model URG-2000-30EH)# H Z 23 E](Pall Co., Zeflour'™, 47 mm,
2.0 um, USA)E A83t4] 2013 59 24¢H5H 2014 1€ 3¥71A 64 +4, 24
hr @912 F 397ME ANH A

23 HAHA] AFFre 54
PMi, PMys MIAWA A2 B1EE BeE dAdele oA gl 9 ujrtA
(72~96 A1) A%A]

N

T A AL(METTLER TOLEDO XP205, USA)S o]-g3}
of Aw AF Av Fo FAAZ 24 Stk L MARA AAFEE 24

F AFe F FYOR el B ¥ug AFqy/m’) o7 s

¢



PAE 9% ARBHE BY A7 AEudel Yol Wre ¥ 24 A
A -20C W3] BHHRGATE PMy ARE BEE ol5Rae] A ooy

T84 o]l 2AEE I+ 125 mL HDPE bottle (Nalgene)oll 4] o €H2 02 mL=
HAAAZ & 259 30 mLE H7lste] 784 Ais §EAIFT 784 o2& %

PMio, PMys2] 84 o] 2482 Jon Chromatography (IC)Ho= #24 3t}
oFol& NH,', Na', K', Ca”, Mg® & Metrohm Modula IC (818 IC Pump, 819 IC
detector)E AF8-3lo] Metrohm metrosep C4-150 +2]3, 09 mL/min 2, 25 ulL

Caz*, Mg2+9] 79 AccustandardAbe] 1000 ppm EFE9, NH/ & 13ZFE4
(NH4)2S04 (AldrichAl, £% 99.999%)< AH&3ste] 0.1, 05, 1.0, 50 pg/mL %= 3
Ak golS o] &3t Akt

g0l CI, NO;, SO & Metrohm 881 Compact IC ProE A}&3}¢]
Methrohm Metrosep A-SUPP-5 #2] ¥, 0.7 mL/min %, 50 pL %3, 1.0
mM NaHCO»/3.2 mM NaxCOs &9, 200 mM HoSOy A ZeA]goe] 7oz &
Astact TS 153 ZTEZ(AldrichAt KoSOs, 99.99%, KNOs 99.99%,
NaCl 99.999%)% 1000 ppm X +8NE ZAsk & o]& 0.1, 05, 1.0, 50 pg/mL &
T 3Ag golS o]&ato] Ak

IC ¥4 A 71713 % & Al(Instrumental Detection Limit)= F54434 24 A

8% Ha¥E BEENS 73 WE PAG F EFAAE 7ok, o7 Student-t



ST = .. Z(Xi_if
¥ 2} (standard deviation) S = R

¥ = 7| 5= (coefficient of variation) CV = % X 100%

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

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

for IC analysis (n=7).

Species NH,' Na’ K" Ca”'
IDL (ug/L) 54~9.6 3.1~18.7 73~179 24~177
CV (%) 04~2.1 0.8~49 0.8~55 0.2~56
Species Mg”' SO~ NOs Cl
IDL (ug/L) 3.8~119 1.5~48 1.2~8.1 1.2~3.7
CV (%) 0.8~2.8 01~15 01~25 0.2~0.8

§3ho]

ol
97 =89 (ORIONA}, low ionic strength

buffer, USA)S Al&3le] BASAL, pH =4 Al Al5&HE 2571 digF 25T

} HEs zasg



kol A Rbo® gt PMig B $F PMys B = vio]la23) Aoz 3
gt T RS w49y dA-E gL US EPAC ‘Compendium  of
Methods for the Determination of Inorganic Compounds in Ambient Air
(Method 10-3)" Wol]l we} violazs FalHem dLAdEs &30
(Mainey and William, 1999). A4 HE ZA A& 5  HIEZE(PFA,
polyfluoroalkoxy) &7]° €1, o 7] 555% HNO3/16.75% HCl &€34F 10 mL
£ 7Fg § mlolardtE FAlste] dadws &EAIZAT viola = 9= 1000 W
RF powerE ZAlsle] &5 &5 156 # &< 180CE A5A]7]aL o] &% 15 &

FSANZ F AN WS slolaRy FalE npA e FAUH

N

(Whatman, PVDF syringe filter, 045 mm)=® &
HNO3/8% HCl €34t 5 mLe Z+4E 718ty 428423 25 mL7F I 5=
8489t

1=
HE B

2.5.2
A2 ICP-OES X+ ICP-MSE AF&38to] Al Fe, Ca, Na, K, Mg, S,

U‘l
ME

(e
P

(o,

Ti, Mn, Ba, Sr, Zn, V, Cr, Pb, Cu, Ni, Co, Mo, Cd &S #4343

)

JH
S
L
oX,
oo
=]
N
oo
12
rlo
o>
o
o
o
a
Q
=)
[@N
Q
n]
o,
>~
>
10
e
av)
o

ICP-OES #4 A #4454
1000 pg/mL &8-S 108 H#3 100 pg/mL
10.0 pg/mL W8] geoz Basto] AU o wf 34 grj= viEX
(matrix) &35 HA3sh7] A8 Alm dAg] AAoA AR St &9 3%
HNO#/8% HCIE AM-8-3t3ith.

ICP-MS #4 A 2F44
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 pg/mL

AN e F589E Perkin ElmerAte] 10 pg/mL

JH

Multi-Element Solution 5 (B, Ge, Mo, Nb, P, Re, S, Si, Ta, Ti, W, Zr) & 9%%&

BN
Al

olggh W ow 2059 YAigES ICP-OESS ICP-MS® &4 % 7]7]



2 71713 &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

Element Wavelength Detection Limit Element Wavelength Detection Limit
(nm) (ng/mL) (nm) (ng/mL)
Al 396.153 ~0.0007 Fe 259.939 ~0.0015
Ca 396.847 ~0.0022 Na 589.592 ~0.0030
766.490 ~0.0035 Mg 285.213 ~0.0012
S 180.669 ~0.0283

_10_



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 = 150 kW
Gas Flow rate: Carrier = 0.9~1.05 L/min,
Auxiliary = Ar 1.2 L/min,
Coolant = 15.0 L/min
DRC parameters: NHs reaction gas flow = 0.1~0.6 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 Mass  Detection Limit Element Mass  Detection Limit

(amu) (ng/L) (amu) (ng/L)
Ti 48 ~0.0942 Mn 55 ~0.0314
Ba 138 ~0.0942 Sr 388 ~0.0942
7n 66 ~0.2198 \Y% 51 ~0.0942
Cr 52 ~0.0628 Pb 208 ~0.0628
Cu 63 ~0.0628 Ni 60 ~0.0942
Co 59 ~0.0628 Mo 93 ~0.0314
Cd 111 ~0.0942

_11_



2012 1€5E 2014d 19 3UA7HA AlFE AEA Gl AFH T PMiodt
PMys¢] HEFs=s FASATE A7kl PMy, PM.s d&ds=+ 77
4124248 png/m’ (n=232), 20.0+135 pg/m® (n=173)2 =4 t}7]34 7122 PM)
o] A%k 50 pg/m’Btk v AdES UEhlith E3 2000~2010 0] aLkel] A]
=38 PMy 258 ng/m’? PMys 194 pg/m’B2olsE ik =8 =rs eyl
tH(e]d & &, 2012). °ol& =& B A9y Hlws) 2 A3 2009~2012d S g
<=9 Dinghushan A9 Hth+= Z+zF 1.8, 260 Y, ~¥ 2l Elche A oA
2008~2009 o] FH43F AyHi= 16, 158 w2 FXx& Holal tHTable 5).

T A T FAY, AR, R, LG mm old)e AR vd

>

Aovte] A#kswiE PMy 34.3t134 pg/m’ (n=150), PMas 155+80 pg/m’
(n=107) oAtk °] T A& AHFH A7I7F FdE Assws AP n=99)st
FErEg vlud 2 Az H@ANYe] PMy, PMys ddFsE+s Z42F 345+12.3,
15381 pg/m’ol91 o™, PMos9] A&FswE PMpe 44.3%E A8ttt 18
PMpoll Al PMasE M PMigos Z=th A (coarse particle)®] H#FsE+E 19.2
+88 ng/m’® PMy®l 55.7%% AA st Aoz ZAE Ah(Figure 1, Table 4).

K
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Table 4. Mass concentrations of PMjy, PM2s and PMjp 25 at Gosan site

(n=99).
Concentration (ng/m°)
PM
Mean S.D. Median Max Min
PMio 34.5 12.3 31.8 .7 9.1
PMa5 15.3 8.1 13.7 504 4.4
PMio 25 19.2 8.7 174 52.8 1.7

Table 5. Mass concentrations of PMjy and PMsys fine particulate matter at

Gosan and other foreign sites.

Concentr%tion
Site Country Samphﬂg (ng/m”) PMIO/PM2'5
time Ratio
PMo PMss5
Gosan Korea 2012~2013 41.2 20.0 2.06
Washingtona) U.S.A. 2012~2013 - 12.8 -
Elche” Spain 2008 ~2009 26.2 13.6 1.93
DinghushanC) China 2009~2012 76.0 51.0 1.49

YUS: Air Quality Statistics Report (2013), Galindo et al. (2013), “Chen et al. (2014)

_13_
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Tcation = E Ci Zi /Wi

i=1

T Anion = Z Ci Zi /VV1

i=m+1

Ao A CE o] 19 ¥E(neq/L), ZiE ol {9 @EE, Wis o] io &z}

ol tHA BT 5, 1994).

Lo

Foln, me Fol9 F, ne Fol&3 Fol
arzkell M A HZE PMig, PMas PIAIRIA| o] =8 o] 224 HoHE 7|22 =T

AAFQD PMig 259t PIAI YA PMs®] ol &A1& FAbstSith Figure 2, 391 u

Bl At} o] Fol FHEETY Sole BT o A=

R

A= o g

400
y=0.957 x - 5.743 2
R? = 0.920(r=0.959
300 - (r ) 0
E‘ 200
T
<
(2]
100 -
0 T T T
0 100 200 300 400

Z[Cation],,

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

analytical data of PMip 25 coarse particles at Gosan

site.
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y = 0.999x - 0.143
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s00 | RE=0918(=0.958) i
E 200 -
=
=
2]
100 -
0 T T T
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Z[Cation],,

Figure 3. Correlations of X[Cationle, versus X[Anionleq for the

analytical data of PMass fine particles at Gosan site.

3. A A AR s

e

EXS

31 Z2UYgA =
AT AA DA 20129 1958 201439 1€ 3d97bx] AQx3 = 23270
PMyy A=t & 173709 PMys A= tidl] 84 oA &S E43d Y. 1

oi

o] F A, AFY, v, Ad@Bmm o) dS AlQska, B PMiedt
PMzs A Dol 5L 99719 A5ERFS Aeste] 2t YAHPM 252 ©] =4
=522 ZAe9 tH(Table 6, Figure 4). 7114 nss-SO,% ¢ nss-Ca® = H]
3l (non-sea salt) %=, ‘[nss-SO,1 = [SOS ] — [Na'l x 0.251'¢] 23}
‘[nss-Ca”1 = [Ca”] - [Na']l x 0.04'¢] 2ol oa AAiatdtH(Savice et al,
1987; Ho et al, 2003). 2JelA] Na 2 A¥o=z A E AL 7HAst o] & A

FEHRE o] &3

~

Mo
et

PMig o5 2 YA o] &R »%= CI” > Na~ > NO; > nss-SO,/5 > NH,



> Mg® > nss—Ca” > K' €22 /4 vehgth o] & Cl 3 Na'el 27 2.95
242 ng/m’2 MF B FEE BYa, o maA o] setrte] A A
I ggoRsE yEY 23 L9EE A
29l NOs, nss-S0,7, NHy 0] £& HEE Yehiglth o5 % NO; 2 1.99 pg/m’
o] s YEUHASH, NOs & 13 29 9 NOF 2tsta4g & Ax A
H 22 e 94E=4d ol olwf AAi4kEEe] MAE FE NOS NOE ¥j& =1,
TFE&Y dHdAdE NOs &2 HEdn, i A FArE S #edo] A3, st
ALre} A v Fol olste] wWo] WA E T (Aardenne er al, 1999; Geng et al,
2013). nss-SO,~ < 1.60 ug/mgi SO 9 AA FmolA 748%E A Aol
EASE AW BHoe g FolA FdE d9Ad Lddds e Al
2 #waEth NOy o wharbA = S04 S A=Al 14 )
TEAQ SO7F A m Ay 2+ steegy sk &
T o g3iso] SO 2 AFATh wE ty] FolA Fset wkge] oA =
HSO7F B3 = 7% drh(ufroF 5, 2003; 349
S F2 grYols EYA TR ZHy & A8t (NHY2S0s CaS0s8t 2
L dowg Fg EATI(Verma et al, 2010; Pio et al 1998, Querol et al,

B,

1998; Moreno et al, 2003).

(1) 2S03(g) + Oz(g) — 2S0s(g)
SOs(g) + Ha0(2) — HaSO4(¢)

(2) SOz(g) + - OH(g) — - HOSO:(g)
HOSO2(g) + Oo(g) — - HO2(g) + SOs(g)
SOs(g) + H:0(g) — HaSO4(¢)

(3) SO2g) + Av (A < 400 nm) — SO, (g)

SOz (g) + 03°(g) — SOs(g)
SOs(g) + HO(4) — HaSO4(4)

NH, € 037 pg/m’el 552 Uehgglon, o] AELS F2 NHy7b Zd £3)
HAY 2 B F3SS doA AAE EHoith U] To NHe 5%

_17_



al

= W3 ds o, 2R Fro YR wE& #HdHo] e AL
2 Buxa qui(e]stA 5, 1999; Masiol et al, 2012). B 7] AE<l
nss-Ca”' 2 0.19 pg/m’el =5 Yehfda, A4 Ca” vx9 67.9%F A8}
o 3ol 7l EE Ytk K'& 016 pg/m’e) 52 714 $e& $25 vy
Ko, Ko 4% AdFEe o FAILet a8y #84 K o2 A
A BAAAES 10% AEwre] EYoz Ry fHdxHy UHAls F2 AAa7)
(biomass burning) & <914 Q<o s HAE = Aoz A QTh
(McMurry et al, 2004; 2141 % 2009).

T PMi2se FAS TAV|EER A 2 A3 Na, Cl9 sidAditol
539%= M Ee AL Uehhdla, tdge® 997 7199 nss-SO.7,
NO;, NHy' ¢ xAo] 39.9%, E%7199] nss-Ca” < 1.9%9] A4S A8t
(Figure 5). o|#1g A= Hol LAX[H ] PMiges W UYA 2482 A7) o]
7 BE IS VAL o m A9A T, EY 7Y o ® AT =

o,

e Ao

it
ol
)

=
T
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Table 6. Concentrations of ionic species in PMip-25 coarse particles.

Concentrations (ug/m®)

Species

Mean S.D. Median Max Min
NH,4 0.37 0.47 0.19 241 BDL
Na’ 2.42 1.85 1.95 10.99 0.06
K’ 0.16 0.13 0.12 0.51 BDL
nss-Ca”’ 0.19 0.21 0.13 0.96 BDL
Mg* 0.27 0.16 0.23 0.71 0.02
nss-SOs~ 1.60 2.15 0.76 10.06 BDL
NO3 1.99 1.39 1.69 7.68 BDL
Cl 2.95 2.44 2.22 10.26 0.20

BDL: Below Detection Limit

12 S

L\

Concentration (ug/m®)
T
X
%
X
— @—4 X
— m—.

nss-Ca®* Mg® nss-SO* NO; CI

1 X
i X
044 l
0.2 ] %
0.0 X
T T T
NH'®  Na© K

4

Figure 4. Comparison of ionic concentrations in PMjo 25 coarse particles.
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Figure 5. Composition ratio of ionic species in PMip25 coarse particles at
Gosan site.
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()
o

SEyete] dr@g 7= E FEse] TdHo AW H(Ph) & A E
A7t 0.5 pg/m’ olsk® FFAISHIL ATHEZ - 2009).

B Ao s gl wiAANG maSA oM AFHET PMp AEE ddoR
20 F9] A ES st e FHrE AlQlg Hddd
(n=150)¢] F%E Table 7% Figure 60 YEFHATH AlRAA Z A4 F
T5E= Na>S >Al >Ca>Mg >Fe>K >7n>Ti>Cr >V >Pb
> Ni > Mn >Ba =~ Cu>Sr > Mo > Co >Cd 22 %A veyton o

Z A97199 Na ¥%7} 12937 ng/m’® 7bg & Aow zAEeh 1 o
goz= 29A 7o S} 9713 ng/m’ZE =L FEE Yehuda, B 719
o] Al Fe, Ca %% zZ+7} 2587, 193.2, 236.0 ng/m?’i ZALE YAt (Alolayan et
al, 2013). 18]a =% siFe] FA 719S vERE Mg 2095 ng/m’e
TE HAY(O]|FEFE &, 1997, Christina et. al, 2006). &= E3} AArzto =z
dulE Aoz A K 1200 ng/m’S HATH ZnE 286 ng/m’e] &

B 5 Aol og cdfdowr deA
Ath TiE 186 ng/m’e ¥%=2 Boow wee Aztdsw Leld Qv
F 5, 2014). Cr, V, Ni& z}7} 88, 85, 6.1 ng/m’S2 ZAIH YL, o5 F2
eddA B 55 A mRe o3 wEEH= Zo® R Utk Pbe
. A, o8] Aol By, 2ejal A=A
o] Ax FHAA BAsY el A 1988 E FAILHFE AESE
= rAlS olA dA Fdfele AFEEA FAINE B2 FHA = o3
=2 FEE Holu Qv A% AtHChoi, 2006; A, S 2012). ©] £l H|
% F3<% A% Mn, Ba, Cu, Sr, Mo, Co, Cd 5& 7zt 54, 25, 25, 1.9, 0.3,
0.2, 0.1 ng/m’?] ¥E&2 & %9 Jehudt

3 PMyy "lAIHE A 9] AAAE FAS Figure 79 Hlasdch 1ol A

Jb

R

.L4
o
ot
1=

AL, AT

b

o} o] AxAEL F2 P79 AE(Na, Mg)ol 44.6%, 21914 7199 A E(S,
Pb, Zn)o] 29.8%, E¢71Yd A (Al Fe, Ca)o]l 204%°] ZAS Ho ol AE
o] AAL 9M4R_%Z HRES A5

O_u
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Table 7. Concentrations of elemental species in PMo fine particulate matter.

Concentration (ng/m°)

Species

Mean S.D. Median Max Min
Al 298.7 318.1 157.1 2588.1 2.7
Fe 193.2 203.0 129.9 1154.6 10.3
Ca 236.0 233.2 165.7 1298.9 6.3
Na 1293.7 1210.7 874.5 6341.0 33.8
K 120.0 129.1 83.7 941.3 2.6
Mg 209.5 182.0 152.6 994.1 9.9
S 971.3 729.9 818.3 3338.5 5.8
Ti 18.6 19.4 13.2 1294 0.7
Mn 54 5.9 3.6 33.9 0.02
Ba 2.5 2.6 2.0 23.3 0.02
Sr 19 1.8 14 114 0.04
Zn 28.6 57.0 14.8 452.0 0.2
\Y% 8.5 25.3 3.3 225.5 0.05
Cr 8.8 29.4 2.6 273.0 0.03
Pb 7.4 8.3 49 46.7 0.3
Cu 2.5 2.1 19 13.8 0.1
Ni 6.1 8.3 3.9 62.0 0.3
Co 0.2 0.2 0.1 1.3 BDL
Mo 0.3 0.3 0.2 1.8 BDL
Cd 0.1 0.1 0.1 0.6 BDL

BDL: Below Detection Limit
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Figure 6. Comparison of elemental concentrations in PMiy fine particulate

matter.

Figure 7. Composition ratio of elemental species in PMjy fine particulate

matter at Gosan site.
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83 PMpollAl PMasE 1 PMypos =Y AHn=19)9] Hd2d+ ZAAE

Table 8, Figure 8 WEFHATE FA4AR] F%E Na > S > Al > Mg > Ca
>Fe>K>Ti >7Zn >Nt >Pb>Mn>Ba>Cu>Sr >V >Cr > Co

AV

> Mo > Cd #2% zAE QT o] F Na9 ¥%7F 13724 ng/m’= 7} =9k
1, ol ggRel F2 zddAel wol X} 9
S 1AL Sibrbel f1A8ka oA Sl dFS ol B Ao Hlth

tgorE 94 719 4R ST} 4895 ng/m

g
A szb =71 Wil AR edA e sl vd =2 &
73

& AR E a4

dlo

+ =

= HEEE B AR vAdAd A4 o =& vRE
Holi gtk ES A X AR Al Ca, Fe 5& 7tz 2958, 204.0, 165.6 ng/m’

UER o, Mgit K& 2040, 81.8 ng/m’?] %2 w3tk nZF &
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Table 8. Concentrations of elemental species in PMjp-25 coarse particles.

Concentration (ng/m°)

Species

Mean S.D. Median Max Min
Al 295.8 570.3 75.1 2400.0 0.1
Fe 1359 179.8 112.0 812.2 0.6
Ca 165.6 160.5 156.2 722.3 5.5
Na 1372.4 1291.4 806.7 4019.6 23.9
K 81.8 87.1 55.1 384.0 0.6
Mg 204.0 188.4 142.0 751.9 27.0
S 489.5 472.3 221.0 1323.1 1.1
Ti 15.7 26.5 7.2 118.6 1.2
Mn 3.2 5.3 2.3 23.1 0.1
Ba 1.8 2.8 0.7 12.2 0.1
Sr 1.8 2.3 1.0 9.9 0.04
Zn 8.5 9.0 7.2 38.8 0.1
\Y% 15 2.4 1.0 11.2 0.1
Cr 0.9 1.1 0.8 4.3 BDL
Pb 3.9 5.0 1.7 19.6 0.1
Cu 19 2.5 1.0 11.1 0.1
Ni 4.0 7.3 14 30.9 0.1
Co 0.2 0.2 0.1 0.6 0.02
Mo 0.1 0.1 0.1 0.4 BDL
Cd 0.1 0.1 0.03 0.4 BDL
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Table 9. Concentrations of ionic species in PMss fine particles.

Concentrations (ug/m®)

Species

Mean SD Median Max Min
NH4 2.05 1.47 1.82 6.72 0.14
Na’ 0.37 0.41 0.22 2.14 0.01
K’ 0.15 0.15 0.13 1.25 BDL
nss-Ca”’ 0.05 0.05 0.05 0.32 BDL
Mg” 0.05 0.05 0.04 0.36 BDL
nss-SOs* 5.64 4.01 4.93 21.04 0.69
NO3 1.04 1.58 0.44 8.59 BDL
Cl 0.21 0.27 0.14 1.99 0.01

BDL: Below Detection Limit

_28_



25+

20 X
15
°‘§
3 10
H y "
E 5
C
e L s
S 1 ’ 1
034 x % %
0.0 7 * @

NH' Na° K nssCa” Mg2+ nss- SO NO, CI'

Figure 10. Comparison of ionic concentrations in PMzs fine particles.

1.6%
nss-Ca’*
0.6%

Mgt
0.5%

nss-50,%
58.6%

Figure 11. Composition ratio of ionic species in PMpzs fine particles

at Gosan site.

_29_
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Table 10. Concentrations of elemental species in PMs5 fine particles.

Concentration (ng/m>)

Species

Mean SD Median Max Min
Al 84.0 146.7 13.5 489.9 1.5
Fe 89.6 149.8 38.5 672.9 6.8
Ca 38.7 43.3 24.3 163.9 1.2
Na 184.8 179.7 90.6 592.1 7.8
K 199 34.7 8.3 152.8 0.2
Mg 36.2 41.2 19.8 190.1 3.3
S 590.4 738.3 289.3 3172.9 6.7
Ti 2.4 2.8 1.4 10.8 0.4
Mn 2.3 3.4 1.4 13.1 0.04
Ba 1.0 0.8 0.8 3.2 0.2
Sr 0.3 0.3 0.2 15 0.0
Zn 4.7 5.7 2.6 20.2 0.2
\Y% 2.5 1.3 2.1 51 0.6
Cr 2.2 3.2 1.2 14.6 0.1
Pb 24 3.8 1.2 14.6 0.1
Cu 0.7 0.6 0.6 2.7 0.1
Ni 15 1.2 1.2 6.3 0.2
Co 0.1 0.2 0.0 1.0 BDL
Mo 0.1 0.1 0.1 0.5 BDL
Cd 0.04 0.1 0.0, 0.2 BDL

BDL: Below Detection Limit
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Figure 12. Comparison of elemental concentrations in PMzs fine particles.

Figure 13. Composition ratio of elemental species in PMss fine particles at

Gosan site.
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AH7F 39.9%, g1 AENa', Cl) 539%, £ AHE(nss-Ca’) 1.9%°] At}
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Table 11. Concentrations and their ratios of ionic species in

coarse (PMjo-25) and fine (PMss5) particles.

Concentration (ug/m°) PMjig-25/PMass

Species PMio-25 PMoss5 Ratio
NH;' 0.37 2.05 0.2
Na' 2.42 0.37 6.5
K' 0.16 0.15 1.1
nss—Ca”’ 0.19 0.05 3.8
Mg™* 0.27 0.05 6.8
nss-SOs* 1.60 5.64 0.3
NO; 1.9 1.04 1.9
Cl 2.95 0.21 14.0
10 15

EEEd PMg,s
8 - EmEm PV,
—e— PM,,/PM, ; Ratio

Concentration (ug/m®)
S
PM, ., s/PM, . Ratio

NH," Na* K nss-Ca® Mg” nss-SO,> NO, CI

Figure 14. Comparison of concentrations and their ratios of ionic species

in coarse and fine particles.
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Table 12. Mass, NOs , SO concentrations and NOs /SO4” ratios in coarse and fine particles at Gosan and other sites.

Site Sample Period Mass NOs  SO&  NO; /SO, References
PMio-25 Gosan, Jeju 2012 to 2013 19.2 1.99 2.14 0.93 This study
Raipur, India Oct 2008 to Sep 2009 2007 2161 17.89 1.21 Deshmukh et al, 2013
Yokohama, Japan Sep 2007 to Aug 2008 9.55 1.01 0.22 4.60 Khan et al, 2010
Hong Kong, China Oct 2004 to Sep 2005 25.9 1.90 1.40 1.36 Cheng et al, 2013
PM3s Gosan, Jeju 2012 to 2013 15.3 1.04 5.74 0.18 This study
Raipur, India Oct 2008 to Sep 2009 1859 1345 36.75 0.37 Deshmukh et al, 2013
Shanghai, China Sep 2003 to Jan 2005 94.6 6.23  10.39 0.60 Wang et al, 2006
Beijing, China 2001 to 2003 1543 1152 17.07 0.67 Wang et al, 2005
Mt. Heng, China Mar to May, 2009 38.4 1.47 8.02 0.18 Gao et al, 2012
Yokohama, Japan Sep 2007 to Aug 2008 20.6 0.96 3.80 0.25 Khan et al, 2010
New York, US 2002 to 2003 13.2 2.04 4.29 0.48 Qin et al, 2006
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Figure 15. Composition ratios of ionic species in coarse and fine particles.
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Table 13. Concentrations and their ratios of elemental species

in coarse (PMo-25) and fine (PMss) particles.

Species ISI(\)/EZiztratlon (ni;v[m;; PMloﬁzﬁM%
Al 295.8 91.2 32
Fe 135.9 100.3 1.4
Ca 165.6 43.3 38
Na 1372.4 184.0 75
K 81.8 21.8 38
Mg 204.0 38.1 54
S 489.5 495.2 1.0
Ti 157 2.1 75
Mn 3.2 2.4 13
Ba 2.0 0.9 2.0
Sr 1.8 0.3 6.0
Zn 85 5.3 1.6
v L5 25 06
Cr 0.9 2.5 0.4
Pb 3.9 2.6 15
Cu 1.9 0.7 27
Ni 4.0 17 94
Co 0.2 0.1 20
Mo 0.1 0.1 13
Cd 0.1 0.04 25
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Table 14. Cross correlations between 1onic species of PMjg-25 coarse particles.

Spices  NH, Na' O Mg Nos o )
Ca S04

NH,' 1.00

Na' -016  1.00

K’ 011 031  1.00

nss-Ca” 006 -0.12 -003  1.00

Mg” -013 072 025 030  1.00

nss-SOZ 066 024 028 007 016  1.00

NO;° 059 -006 -006 028 020 022  1.00

Cl -021 092 035 -013 070 010 -009  1.00

Table 15. Cross correlations between ionic

species of PMs5 fine particles.

Spices ~ NH/ Na K ... Mg¥ Nos Cl oo
Ca SOy

NH,' 1.00

Na’ -0.14 100

K' 067 010  1.00

nss-Ca” 010 -009 012  1.00

Mg*' 008 038 010 064  1.00

nss-SO,S 089 -014 059 019 014  1.00

NO; 066 000 065 002 009 037  1.00

Cl’ -007 063 010 -017 019 -015 011  1.00
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Table 16. Cross correlations between elemental species of PMjo 25 coarse particles.

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

Al 1.00

Fe 080 1.00

Ca 073 091 1.00

Na 036 017 039 1.00

K 070 079 085 050 1.00
Mg 065 051 065 08 080 1.00

S -010 012 016 -013 010 -0.11 1.00

Ti 095 08 077 036 072 068 -0.13 1.00
Mn 076 097 093 020 082 054 017 081 1.00

Ba 092 08 083 039 078 068 -007 09 087 1.00

Sr 08 081 08 065 08 087 -003 090 082 091 1.00

Zn 049 083 084 004 069 029 049 049 08 058 055 1.00

\4 08 076 071 043 076 075 -018 092 075 08 08 041 1.00

Cr 078 076 068 043 074 068 -033 081 075 08 083 043 079 1.00

Pb 043 080 082 003 068 027 046 043 08 054 051 098 037 042 1.00

Cu 087 094 091 033 08 065 014 092 093 093 09 074 08 077 070 1.00

Ni 03 049 055 022 037 03 022 049 045 050 051 036 032 024 029 056 1.00

Co 059 072 067 017 060 046 011 070 068 070 065 049 056 045 045 075 087 1.00
Mo 038 048 067 052 057 058 019 042 052 045 064 052 028 038 048 051 053 053 1.00
Cd 049 08 08 007 072 034 027 057 09 066 062 090 047 058 08 074 044 058 058 1.00
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Table 17. Cross correlations between elemental species of PMy5 fine particles.

Al Fe Ca Na K Mg S Ti Mn Ba Sr Zn \% Cr Pb Cu Ni Co Mo Cd
Al 1.00
Fe -004 1.00
Ca 031 016 1.00
Na 025 017 041 1.00
K 025 037 084 056 1.00
Mg 042 030 072 08 08 1.00
S 008 022 081 033 08 066 1.00
Ti 035 046 073 057 094 091 073 1.00
Mn 012 093 038 016 060 046 045 066 1.00
Ba 045 042 073 046 093 083 069 093 068 1.00
Sr 054 026 095 063 09 091 071 08 046 087 1.00
Zn -0.08 009 080 023 058 049 066 050 022 038 058 1.00
\Y% 004 062 036 -013 039 019 037 046 072 048 031 026 1.00
Cr -019 073 -014 -029 -008 -0.20 -0.15 000 062 -0.02 -016 009 053 1.00
Pb 019 033 082 03 09 073 083 08 059 09 084 055 046 -0.05 1.00
Cu 020 046 081 025 08 071 08 08 070 08 079 066 057 011 091 1.00
Ni -020 092 -005 -0.03 018 009 004 029 08 021 004 003 065 08 018 032 1.00
Co -009 091 -011 -006 004 -001 -004 012 079 013 -005 -007 056 087 001 019 091 1.00
Mo -008 008 010 -008 028 016 031 038 021 024 010 031 031 032 033 030 022 004 1.00
Cd 019 030 082 033 094 070 08 08 057 08 08 057 044 -001 099 08 015 002 037 1.00
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Table 18. Rotated Varimax factor analysis for ionic

specles in PMjp-25 coarse particles.

Species Factor 1 Factor 2 Factor 3
NH," -0.21 0.92 0.15
Na' 0.95 0.03 -0.09
K’ 0.47 0.36 -0.28
nss-Ca”’ 0.01 -0.03 0.85
Mg*' 0.85 -0.02 0.42
nss-SO;~ 0.21 0.84 -0.02
NOs3 -0.06 0.52 0.64
Cl 0.94 -0.06 -0.11
Eigenvalue 2.80 1.96 1.42
Variance (%) 35.0 24.4 17.8
Cumulative (%) 35.0 59.4 772

Table 19. Rotated Varimax factor analysis for ionic

species in PMss fine particles.

Species Factor 1 Factor 2 Factor 3
NH, 0.94 -0.14 0.05
Na' -0.05 0.89 0.14
K" 0.86 0.14 0.05
nss-Ca”’ 0.06 -0.19 091
Mg” 0.07 0.32 0.88
nss-SOs” 0.82 -0.22 0.18
NOs3 0.79 0.14 -0.05
Cl 0.03 0.89 -0.07
Eigenvalue 2.93 1.83 1.67
Variance (%) 36.6 229 20.9
Cumulative (%) 36.6 59.5 80.4
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Table 20. Rotated Varimax factor analysis for elemental

species of PMjg-25 coarse particles.

Species Factor 1 Factor 2 Factor 3
Al 0.88 0.20 0.22
Fe 0.75 0.64 0.11
Ca 0.61 0.64 0.37
Na 0.26 -0.19 0.87
K 0.64 0.45 0.44
Mg 0.57 0.01 0.77
S -0.41 0.69 0.08
Ti 0.89 0.23 0.27
Mn 0.71 0.67 0.14
Ba 0.87 0.33 0.28
Sr 0.76 0.28 0.56
Zn 0.34 0.90 0.05
\Y 0.90 0.10 0.26
Cr 0.89 0.11 0.21
Pb 0.32 0.89 0.02
Cu 0.77 0.53 0.28
Ni 0.16 0.45 0.52
Co 0.45 0.49 0.39
Mo 0.13 0.48 0.72
Cd 0.45 0.81 0.10
Eigenvalue 8.2 55 3.4
Variance(%) 40.9 276 16.9
Cumulative(%) 40.9 68.5 85.4
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Table 21. Rotated Varimax factor analysis for elemental

species of PMys fine particles.

Species Factor 1 Factor 2 Factor 3
Al 0.13 -0.07 0.67
Fe 0.18 0.95 0.16
Ca 0.89 -0.05 0.21
Na 0.32 -0.06 0.73
K 0.92 0.15 0.33
Mg 0.72 0.07 0.63
S 0.90 0.01 0.03
Ti 0.84 0.26 0.39
Mn 0.45 0.86 0.17
Ba 0.80 0.25 0.44
Sr 0.81 0.04 0.54
Zn 0.77 -0.04 -0.21
\Y% 0.43 0.67 -0.17
Cr -0.09 0.86 -0.34
Pb 0.93 0.15 0.16
Cu 0.90 0.30 0.10
Ni 0.05 0.96 -0.08
Co -0.11 0.97 0.01
Mo 0.44 0.15 -0.45
Cd 0.93 0.13 0.12
Eigenvalue 89 5.0 2.7
Variance(%) 44.4 25.1 13.3
Cumulative(%) 44.4 69.5 82.8
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Table 22. Mass concentrations of PMjy, PM2s and PMip 25 during Asian
dust (AD) event days.

Concentrations (ug/m®)

Particulate
PMig 25/PMo 5
Matter PMjo PM:5 PMjp-25 0 . 0
Ratio
1st AD 100.6 52.8 478 0.9
2nd AD 81.9 20.4 61.5 3.0
3rd AD 197.7 30.2 167.6 55
4th AD 146.4 349 1114 3.2
NE" 345 15.3 19.2 13
UNE: Non-Event
250 6
PM,q
EEER PMy;
200 - PMyo25
g —e— PM,,,/PM, ; Ratio
E L4 o
2 3
= 150 A 4
S S
s &
% 100 3
50 - i
0 4 0

1st AD 2nd AD 3rd AD 4th AD

Figure 18. Comparison of PMjo, PM25 and PM;jp 25 mass concentrations, and

PMip-25/PMs5 ratios during Asian dust event days.
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Table 23. AD/NE ratios of PMjo25 and PM25 particles.

Particulate AD/NE Ratio
Matter 1st AD ond AD 3rd AD 4th AD

PMio-25 2.5 3.2 8.7 0.8
PM:s 3.5 1.3 2.0 2.3
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Figure 19. 5-Day back trajectories for the Asian dust event days on Mar 19,
Apr 13, Dec 31, 2013 and Jan 1, 2014 at Gosan site.
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o] F=%EE Table 24, Figure 20~21°] =3} t}.
AT A HEo] 84 o]2ARe ri= YA A nss-SO,° > NO3y > CI
> Na' > nss-Ca” > NHy > Mg” > K' &0]93, v A Ao| A= nss-SO7~
> NO; > NH," > K" > Na’' > Cl' > nss-Ca® > Mg” #2= =7 et}
Aol HlAAAL FQ o] AR FEE HWW nss-SO 0] A Al YAt}
u] A Q) bl A ZhzE 7.43, 11.80 pg/m’= Bl @Yol 1.60, 564 pg/m’ell B3] 2tz
46, 211 E& FEES BT NO; & A Al ZtHdAst mAld Aol A 2H2
6.34, 506 pg/m’, Bl@4FAel z+z} 1.99, 1.04 pg/m’® A} Aol 32, 49u O] =
S FEES BYT nss-SOL S NOy & A9 719 EZ2A Aol &

H
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(Al Mo} 5 2005; Rengarajan at al, 2011).
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NHuNOzo| & FE2 &4 st Aoz 4y I 5, 2010).
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of Hx=7F 1354 Eoka m Al Aol = 24zt 013, 0.05 pg/m’E EAF Ao 26
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Ehflo] 1914 719 2dEde] 43S Wol v oz ey
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NH, & #Ab Al 2o Atel A A AR F 504%E YER A, v A =Fol A
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Ao A nss-Ca’ o] Ao} AU Ao RF 06%= 2 xo]E Holx| ksl
tH(Figure 22~23).
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Table 24. Concentrations and their ratios of ionic species in coarse (PMjip-25)

and fine (PMs5) particles during Asian dust (AD) and non-event

(NE) days.
Concentrations (ug/m®) Ratio
Species Coarse Fine Coarse Fine
AD NE AD NE AD/NE AD/NE
NH4 0.63 0.37 4.63 2.05 1.7 2.3
Na' 5.01 2.42 0.46 0.37 2.1 1.2
K" 0.30 0.16 0.48 0.15 19 3.2
nss-Ca” 257 0.19 013 005 135 2.6
Mg” 0.62 0.27 0.06 0.04 2.3 1.5
nss-S04 743 1.60 11.80 5.64 4.6 2.1
NOs3 6.34 1.99 5.06 1.04 3.2 4.9
Cl 5.67 2.95 0.31 0.21 19 1.5

_57_



15.0 15
BNl Asian dust
XX Non-event
—&— AD/NE Ratio
10,0
3]
£ - 10
2 2
©
5 £
g 5.0 4 z
c [m)
§ <
S 5
(@)
0.4
0.2 1
0.0 0

Figure 20. Comparison of concentrations and their ratios of ionic species

in coarse particles during Asian dust (AD) and non-event (NE)

days.
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Figure 21. Comparison of concentrations and their ratios of ionic species in

fine particles during Asian dust (AD) and non-event (NE) days.
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Figure 22. Composition ratios of ionic species in coarse particles during

Asian dust and non-event days.
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Figure 23. Composition ratios of ionic species in fine particles during Asian
dust and non-event days.
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A2 20149 19 19 @bl AFA g PMyp A8 E A 8ke] wlaLs)
ATk ALY JALAE s YAl Ca > Na > Al > Fe > Mg > S
>K>Ti>7n>Mn >Ba >Pb >Ni >Sr >Cu>V >Cr > Co >Cd
> Mo ol 1gla mlAd At A= S > Ca > Fe > Al > K > Na > Mg
>7Zn>Pb>Mn>Ti>Ba>V >Nl >Cu>Sr>Cr>Cd> Mo > Co
T2 57t #A4 YEREtH(Table 25, Figure 24~25).

dutxog Fo YrAREES T Al Fe, Ca®t v 2] Mn, Ba, Sr 5&
EYo2RE fdHE 3oz dHA Ak A Al ZUlgAtelA o5 AE
E& n@dddel ns) 247k 149, 26.3, 387, 17.7, 17.0, 12.79) Z7}stdh. & n)
AFAel A= 242 49, 6.7, 161, 11.0, 106, 1608 o =7t 5713 Aoz &
A=Ak 18]al Na9t Mge SAF Al Z2digakel wAldzbell Al 22+ 3.3, 8.69
22, 6.2v19 S7FE WEHATE 2y A 71 AR K, S, Ti, Zn, Phb,
Cd 5& =UdAaet vAgA A vadgdeo] vis) 22k 169, 2.9, 8.1, 9.5, 74,
7.090, 205, 4.0, 106, 9.8, 17.3, 225 & PRt v A Al A o E=o %
= 7 dEudeh olA ¥ 20149 1€ 1ol A Al B9 Wl

ohlEt A9 MY JRE] FEE P FEHE e AR 2RI,

i

Ca2l Hl&o] ZugztolA drtel wjdddol 7b7t 601, 21.4%5 A5kt
kel v A Aol A= Ak} @Al 747} 359, 23.6%E AA|ste] 53] g

AL Aol A Aol A 247 B e Aow daHdY Y 997 74
AEE(S, Zn, Ph)o] HIELS ZugAelA At v 27 6.4, 18.0%,
A Q) AFell A = Z7E 40.8, 50.6%°1AtE ol HAH 19 V1Y ARELS FAF Al
ZodAtel A 20 7F vta, 23] mAYg Rt A= 2R 7 SUkele] o E
FAREETE vl A4S Holau gtk E &9 AEENa, Mg)e AP A
z gt n A Aol A Bl&o] ZHzh 265, 12.8%, HlAA Lol ZH7; 565, 22.3%
= 2AEFe] FAF Ao =AMV ¢ e Ao 2 FALE I tHFigure 26~27).



Table 25. Concentrations and their ratios of elemental species in coarse
(PMip-25) and fine (PMss) particles during Asian dust (AD)
and non-event (NE) days.

Concentration (ng/m?) Ratio
Species Coarse Fine Coarse Fine
AD NE AD NE AD/NE AD/NE
Al 4399.1 295.8 449.8 91.2 149 4.9
Fe 3580.0 135.9 672.2 100.3 26.3 6.7
Ca 6411.2 165.6 695.0 43.3 38.7 16.1
Na 4592.9 13724 407.8 184.0 3.3 2.2
K 1382.8 81.8 4475 21.8 16.9 205
Mg 1746.2 204.0 2355 38.1 8.6 6.2
S 1432.9 489.5 1971.7 495.2 2.9 4.0
Ti 1274 15.7 22.3 2.1 8.1 10.6
Mn 56.7 3.2 26.3 24 17.7 11.0
Ba 30.6 1.8 9.5 0.9 17.0 10.6
Sr 22.9 1.8 4.8 0.3 12.7 16.0
Zn 80.6 8.5 51.7 5.3 9.5 9.8
\4 9.9 15 7.3 25 6.6 2.9
Cr 7.0 0.9 3.3 25 7.8 1.3
Pb 29.0 3.9 45.1 2.6 74 17.3
Cu 14.1 19 5.4 0.7 7.4 77
Ni 27.0 4.0 5.7 1.7 6.8 3.4
Co 15 0.2 0.4 0.1 75 4.0
Mo 0.3 0.1 0.7 0.1 3.0 7.0
Cd 0.7 0.1 0. 09 0.04 7.0 225
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Figure 24. Comparison of concentrations and their ratios of elemental species
in coarse particles during Asian dust (AD) and non-event (NE)

days.
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Figure 25. Comparison of concentrations and their ratios of elemental species
in fine particles during Asian dust (AD) and non-event (NE)
days.
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nss-SOs” > Na' > CI' > NH;* > nss-Ca® > Mg” > K' ¢2& NO; °] 7+%
Egoh dbdel] A YAl & nss-SO4 > NO; > NHy > K > Na' > Cl
> nss-Ca” > Mg” #2292 o & nss-SO47F M B8 ¥2E Ui
(Table 269} Figure 29~30). £ F& 9719 A+ (nss-SOs, NOs, NH;)9]
FEsb 2l Al 21~37u, WAl A 31~65u Fsdte] thE HRE
2ok R o wA SUMEkE AFE BA o FelAE NOs 9 Fk SHF
FEHZ Ao yeiyton, 53 mAldAtelA 659 =2 F7hes B
T Figure 31~32¢] 29} Al nss-SO4*, NOs, NH, 2] vjge
ool Al b7 2222, 37.2, 9.0% 2 AA FE Fol 684% A4S AR
o aeyg wAd AR M o]E AR u&o] A7 532, 207, 223%% A
2749 96.2%5 AAGto] AF Al o5 HEEY Aol AA =2 AL F<
g ATk olAH T AR A Ade dd, EG 7IdY] AEEY dF
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AR m A G Al A 2L el
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Figure 28. Variations of mass concentrations of PMj,, PM25 and PMjo-25 at

Gosan site during haze event days.

Table 26. Concentrations and their ratios of ionic species in coarse (PMjip-25)

and fine (PMs5) particles during haze (HZ) and non-event (NE)

days.
Concentrations (ug/m®) Ratio
Species Coarse Fine Coarse Fine
HZ NE HZ NE HZ/NE HZ/NE
NH4 1.35 0.37 7.28 2.05 3.7 3.6
Na’ 1.82 2.42 0.31 0.37 0.8 0.8
K" 0.19 0.16 0.54 0.15 1.2 3.6
nss-Ca” 0.59 0.19 0.07 0.05 3.1 14
Mg* 0.35 0.27 0.08 0.04 1.3 2.0
nss-S0  3.32 1.60 17.38 5.64 2.1 3.1
NOs3 5.56 1.99 6.76 1.04 2.8 6.5
Cl 1.78 2.95 0.23 0.21 0.6 1.1
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Figure 29. Comparison of concentrations and their ratios of ionic species in

coarse particles during haze (HZ) and non-event (NE) days.
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Figure 30. Comparison of concentrations and their ratios of ionic species in

fine particles during haze (HZ) and non-event (NE) days.
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Figure 31. Composition ratios of ionic species in coarse particles during

haze and non-event days.
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Figure 32. Composition ratios of ionic species in fine particles during haze

and non—event days.
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Al > Mg >Pb >7n > Mn > Ti >V >Ba>Cr > Cu > Ni > Sr > Mo
~ Cd > Co £2& £ #55 UEUIAH.
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Table 27. Concentrations and their ratios of elemental species in coarse
(PMyp-25) and fine (PMs5) particles during haze (HZ) and non-event

(NE) days.
Concentration (ng/m®) Ratio
Species Coarse Fine Coarse Fine
HZ NE HZ NE HZ/NE HZ/NE
Al 1295.5 295.8 82.5 91.2 4.4 0.9
Fe 807.3 1359 165.5 100.3 5.9 1.7
Ca 798.1 165.6 86.9 43.3 4.8 2.0
Na 1735.1 13724 183.7 184.0 1.3 1.0
K 322.3 81.8 1194 21.8 3.9 55
Mg 382.2 204 48.3 38.1 1.9 1.3
S 1469.8 489.5 1574.4 495.2 3.0 3.2
Ti 39.6 15.7 5.2 2.1 2.5 25
Mn 15.2 3.2 9.2 24 4.8 3.8
Ba 6.6 1.8 3.0 0.9 3.7 3.3
Sr 5.0 1.8 0.8 0.3 2.8 2.7
Zn 42.9 8.5 19.6 5.3 5.0 3.7
\4 4.0 15 4.2 2.5 2.7 1.7
Cr 3.5 0.9 2.3 2.5 3.9 0.9
Pb 21.9 3.9 19.9 2.6 5.6 77
Cu 6.4 19 2.1 0.7 3.4 3.0
Ni 9.8 4.0 2.0 1.7 25 1.2
Co 0.4 0.2 0.1 0.1 2.0 1.0
Mo 0.5 0.1 0.3 0.1 5.0 3.0
Cd 0.4 0.1 0. 0.3 0.04 4.0 75
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Figure 33. Comparison of concentrations and their ratios of elemental species

in coarse particles during haze (HZ) and non-event (NE) days.
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Figure 34. Comparison of concentrations and their ratios of elemental species

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



Cr

Ni
0.1%
) Co
A . 0.0%
Mo -
o -
RRAR
oo feeeed Mo
| S R S aeeey

i
3
3
5%

e

sEasae

s
s

o5
S
oo

S 0:0:%
Saiss
0.2%
K Mg
o 7.3%
2.9% cr Pb
0.0,% 01% Cu
0.1%
SRR Co
-y
0.0,%
Mo
0.0,5%
cd
53
s 0.0,,%
e R09EE =
Ko St
s
ko
55

Figure 35. Composition ratios of elemental species in coarse particles during
haze (upper) and non-event (lower) days.

Figure 36. Composition ratios of elemental species in fine particles during haze
(upper) and non-event (lower) days.
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Figure 38. Variations of mass concentrations of PMjy, PMss, and PM;ip-25 at

Gosan site during mist event days.

Table 28. Concentrations and their ratios of ionic species in coarse (PMjip-25)
and fine (PM25) particles during mist (MT) and non-event (NE)

days.
Concentrations (ug/m?®) Ratio
Species Coarse Fine Coarse Fine
MT NE MT NE MT/NE MT/NE
NH, 1.27 0.37 3.79 2.05 3.4 19
Na’ 3.06 2.42 0.40 0.37 1.3 1.1
K 0.14 0.16 0.20 0.15 0.9 1.3
nss-Ca”’ 0.37 0.19 0.10 0.05 2.0 2.0
Mg** 0.34 0.27 0.05 0.04 1.3 1.3
nss-S04 337 1.60 10.24 5.64 2.1 1.8
NOs 3.89 1.99 1.60 1.04 2.0 1.5
Cl 2.79 2.95 0.20 0.21 1.0 1.0
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Figure 39. Comparison of concentrations and their ratios of ionic species in

coarse particles during mist (MT) and non-event (NE) days.
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Figure 40. Comparison of concentrations and their ratios of ionic species in

fine particles during mist (MT) and non-event (NE) days.
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Figure 41. Composition ratios of ionic species in coarse particles during

mist and non—event days.
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Figure 42. Composition ratios of ionic species in fine particles during mist

and non-event days.
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Table 29. Concentrations and their ratios of elemental species In coarse
(PMip-25) and fine (PMss) particles during mist (MT) and
non-event (NE) days.

Concentration (ng/m®) Ratio
Species Coarse Fine Coarse Fine
MT NE MT NE MT/NE MT/NE
Al 2985 295.8 61.6 91.2 1.0 0.7
Fe 270.4 1359 72.1 100.3 2.0 0.7
Ca 164.3 165.6 65.7 43.3 1.0 15
Na 861.0 13724 243.0 184.0 0.6 1.3
K 72.3 81.8 46.8 21.8 0.9 2.1
Mg 167.3 204 48.0 38.1 0.8 1.3
S 1034.2 489.5 1071.1 495.2 2.1 2.2
Ti 9.0 15.7 2.6 2.1 0.6 1.2
Mn 4.2 3.2 2.5 24 1.3 1.0
Ba 1.3 1.8 1.0 0.9 0.7 1.1
Sr 15 1.8 0.6 0.3 0.8 2.0
Zn 15.8 8.5 315 5.3 19 59
\4 2.6 15 4.2 2.5 1.7 1.7
Cr 1.8 0.9 19 2.5 2.0 0.8
Pb 2.5 3.9 3.8 2.6 0.6 15
Cu 2.8 1.9 1.0 0.7 15 14
Ni 25 4.0 2.0 1.7 0.6 1.2
Co 0.2 0.2 0.1 0.1 1.0 1.0
Mo 0.3 0.1 0.1 0.1 3.0 1.0
Cd 0.1 0.1 0. 0.1 0.04 1.0 2.5
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Figure 43. Comparison of concentrations and their ratios of elemental
species in coarse particles during mist (MT) and non-event
(NE) days.
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Figure 44. Comparison of concentrations and their ratios of elemental
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Table 30. Comparison between the sums of equivalent concentrations of

basic cations and acidic anions in PMjp 25 and PMa25 particles.

PMio-25 PMzs

Cation (ueg/m?) Anion (ueq/m’)  Cation (ueg/m?) Anion (peq/m”)

o 0.011 nss-SO/% 0033 H 0.007 nss-SO.  0.118
NH4 0.021 NOs3 0.032 NH, 0.114 NOs; 0.017
Non- 94 2+
. nss—Ca 0.010 nss—Ca 0.003
even
nss-Mg”  0.003 nss-Mg”  0.001
Total 0.045 Total 0.065 Total 0.125 Total 0.135
H’ 0.068 nss-SO,” 0155 H 0.011 nss-SO4  0.246
NH,' 0.035 NOs 0.102 NH,' 0.257 NOs5 0.082
Asian 9y 2
dust nss—Ca 0.128 nss—Ca 0.007
us
nss-Mg>  0.008 nss-Mg”>" 0.001
Total 0.239 Total 0.257 Total 0.276 Total 0.327
H' 0.039 nss-SO° 0073 H' 0.030 nss-SO/  0.362
NH, 0.075 NO5 0.090 NH, 0.403 NO;3 0.109
Haze nss-Ca®  0.030 nss-Ca>"  0.003
nss-Mg”  0.012 nss-Mg”" 0.004
Total 0.156 Total 0.163 Total 0.440 Total 0.471
H 0.010 nss-SO/ 0070 H 0.006 nss-SO. 0213
NH,' 0.070 NO; 0.063 NH,' 0.210 NOs; 0.026
Mist nss-Ca’>"  0.019 nss-Ca®"  0.005
nss-Mg®  0.006 nss-Mg®"  0.001
Total 0.105 Total 0.133 Total 0.222  Total 0.239
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Table 31. Neutralization factors by ammonia and calcium carbonate in coarse

and fine particles during non-event, Asian dust, haze and mist

days.
Neutralization NFyw, NFcaco,
Factor Coarse Fine Coarse Fine
Non-event 0.33 0.86 0.26 0.03
Asian dust 0.16 0.71 0.47 0.02
Haze 0.43 0.86 0.24 0.01
Mist 0.52 0.86 0.22 0.02
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