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ABSTRACT

The Total Suspended Particulate (TSP) aerosols have been collected at
Gosan site, which is one of the background sites in Korea, from 1992 to 2008,
and the aerosol components have been analyzed to understand the variation
and characteristics of chemical compositions according to the inflow pathway
of air mass. The mean concentrations of water—soluble components of TSP
aerosols were in the order of nss-SOs >> Na' > CI° > NH; > NO; >
K" > nss-Ca” > Mg”, and those of elemental components were in the order
of S>> Na>> Al > Ca > Fe > K> Mg >>7n >Pb > Ti > Mn >V
>Ba > Cu > Ni > Sr > Cr > Cd > Mo > Co. In the results of yearly
comparison of aerosol compositions, the concentrations of NOs; had been
increased rather smoothly compared to those of SO during the study
periods, indicating the change of recent energy consumption patterns in China.
Meanwhile the monthly comparison have shown that the concentrations of
NOs; and typical soil-originated components, such as nss-Ca®’, Al, Ca, Fe, Ti,
Ba, etc., increased remarkably during spring season from March to May,
otherwise those of nss-SOs were highest in June. It was found from the
sea-salt and soil enrichment factors that Cl and Mg2+ were mostly originated
from sea salt particles, but Ca and Fe were delivered from soil particles. The
factor analysis verifies that the TSP aerosols in Gosan area have been
estimated to be influenced largely by soil sources, followed by anthropogenic
and marine sources. From the study of the concentration variations by wind
direction, the concentrations of Mg”', nss-Ca’, K', NO; and nss-SOs were
high in westerly wind, and similarly those of Al, Fe, Ca and Ti increased in
northwesterly wind. The concentration ratios of soil-originated nss-Ca®’, Al

Fe, Ca, Ti, Mn, Ba and Sr between Asian Dust and Non-Asian Dust storm
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periods were 5.6, 7.1, 7.0, 6.5, 3.9, 4.2, 5.0, 4.9, respectively. And the ratios of
anthropogenic nssfSOf*, NOs;, K" and S were 1.2, 2.1, 1.4, 1.6, respectively.
The concentration ratios of nss-SO,%, NOs;, and NH; between haze and
non-haze days (Haze/Non-haze) were 3.2, 2.5, 4.3, and those of Mist/Non-mist
were 1.7, 1.2, 1.7, respectively. Meanwhile, fog and non-fog days (Fog/Non-fog)
were 1.2, 0.6, 1.3, respectively. Eventually, this difference has shown that the
concentration ratios of those components were noticeable in haze days. Also,
the concentration ratios of anthropogenic S, Pb, Zn elements were in similar
trends as the case of ionic components with noticeably increasing in haze
days. The backward trajectory analysis has shown that the concentrations of
the anthropogenic and soil-originated components, such as nss-SOs+, NOs,
NH,", Pb, HSS*Ca%, Al, Zn and Pb, had been increased as the air mass
moved from the China Continent (Sector I and SectorIl), on the other hand,
they had been decreased as the air mass moved from the Northern Pacific

(Sector V) into Jeju area.

_xi_
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gto] FolAlol A NO. MEH9 69%E AA|sts Aoz Fatyx
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FHFEZ(TSP, Total Suspended Particulate)A] &+ 114F=7 4(33°28 " N,
127°17 " E, AFEHAAE AFA| 4 aike] 24 FL&8)olA AFHES

DASARE AFE AZ 2 Aol AL U olBegdd, 1e9d, He
Qo] o AL wmA s Wi AFEAAE b PAF Aot 54

il Q1S sl % 72 me Ag el fAsa vk FAHA A= 5
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gagk olojyd, AlF7], AVR ddga &x 5o AHE 2531
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(2) Inductively Coupled Plasma Optical Emission Spectrophotometer
FHFEA A2xAE(S, Al Fe, Ca, Na, K, Mg, S, Ti, Mn, Ba, Sr, Zn, V,
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IRIS-DUO)E AF&3to] #4319 th. ICP-OESE  simultaneous mode 7Hs 3,

=
=

I-l'l

radial/axial plasma 41813 o]il, 40.68 MHz9 RF frequencyE ZAFE = 9l

T E o A

(3) Atomic Absorption Spectrophotometer
FRFEA] S84 Fol2 AR AXEFE A3 = A (GBCAF model Avanta-—
P)E AFE3te] 43191, atomizere= 10 cm®} 5 cm slot length®] burner head

£ AF&3t9 o™, Na, K, Ca, Mg & single hollow cathode lampg AF&-3}%1

MARS-5& AF&3FSith

(5) Ton Chromatograph

Z7]el o] A¥ DIONEX AFe] ®d DX-500 Ion Chromatographs Al-&
sto] EAI T o] W Sol FA ¢+ IonPac AG4A-SC/TonPac AS4A-SC
HEs ARSI, HEV7e AVAER JE71E ARk 3 2001

¥

Tol= ddAREFY T8 Jold % Fol AEES MetrohmAte] Modula

M
1%
2

Ion Chromatograph& Ab-&3ste] A8ttt o] o #28 HHALS ol
Metrohm Metrosep A-SUPP-4¢} A-SUPP-5 &&]#, 181 %ol i
Metrohm Metrosep Cation 1-2-63 Cation 2-150 & #S Al-&3}

1%
2
rr

paes
o
i
N

al,

= AAEE 2718 Agate] BAstgc

FEA dole AR = NH,/ & Axd 55U lon Chromatography S H 33}
of EASH A, AEFH oA B A5 EHe] FHEE 2922 KONTRONA

¢] 2 d UVIKON 860 UV-Visible spectrophotometerE AF-83}%1
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ZRHFEAD ANgE 12=AH 0 A High Volume Tape Sampler(KIMOTO
Electric Co., 195A, Japan)®} ZE(rolDHo]Zd ¥ ZE2ZE (Sumitomo Electric
Co., PTFE 100 mmx10 m, Japan)& AR&3sto] 1992 395-¥ 2008 12€¥ 714
3Y EE 1Y 14, 24X S92 F 247805 AF AL o] T 2004 o] A
7HA o] Alme AlFgea FA AP AA & ATt o] FRFEIE A
FH, 4% A5E &5 tH(Table 1 F=)(Kang et al, 2009; 23] 5 2007;
Park et al, 2003). Al& #HH Al 37] 52 i=gf 170 L/min¢] ¥ E=% x4d3}

Roew, F 79 FHS VIEAY VA FAE 5 B AE thEste
Axatdt A5 AFHE 289d PTFE 2H+= 3 7le SdE7 gds ¢4
el AlEH 25E e E Zgste], dlozE3A 87 AFHE s ddos
Zepdl § oo]E A 2T et o F & e A AE, UHA @ e

AR B ol g3

i
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Table 1. Sampling table for the TSP aerosols collected at Gosan site.

Yar  Smlm o Sawlng b of
1992 Mar - Dec 24 hrs 183
1993 Jan - Dec 24 hrs 221
1994 Jan — Dec 24 hrs 190
1995 Jan — Dec 24 hrs 183
1996 Jan - Jul 24 hrs 117
1997 Mar - Dec 24 hrs 123
1998 Jan - Dec 24 hrs 144
1999 Jan - Dec 24 hrs 115
2000 Jan — Dec 24 hrs 104
2001 Jan — Dec 24 hrs 125
2002 Jan — Dec 24 hrs 140
2003 Jan - Dec 24 hrs 144
2004 Jan — Dec 24 hrs 138
2005 Jan - Dec 24 hrs 116
2006 Jan — Dec 24 hrs 139
2007 Jan — Dec 24 hrs 155
2008 Jan - Dec 24 hrs 141
Total 2,478

Z A=A AE7)(shaker)ol A 1A|7F FoF EE0] 84 ARES £53AY. o
] 87]+ NalgenAlte 125 mlL HDPEH S A&

(Whatman, PVDF syringe filter, 045 pm pore size, 13 mm %+ 25 mm
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s
X
i
-
s

2
o

0
o

fo
N

[o
o
rfo
M

ol
oo
>,
il
fr
o,

diameter) = -84 U=}t

Skttt

(2) 784 A2 FAEA)

=~

of

=3
H

e

2001374 Na', K, Ca®', Mg” %] 44534 H(GBCA, =¥ Avanta-P)
© 2 NH; & UV-Visible Spectrophotometer (KONTRONA}, =€ UVIKON 860)S At
431e] AdmymzHoz BAsY. 181 SO, NOs, ClI 29022 IC (Dionex,

24 DX-500)¢F IonPac AG4A-SC % IonPac AS4A-SC #2]#& AH&ste] &

Ao EASER AL, 545 1.0 mL/min, AlEFYHF 25 ul, 225 mM NaHCOs;/2.4
mM Na,CO; &89 Fgxzxdo=m FAs AT 2t 2001 o] Foll&= &

TE4 AEE ICHo=m FAYT. ICE 231 Metrohm Modula IC$}
autosamplers %3 A 2FlE AFESto] ol &3 Fol2s FAl FA st
NH,', Na', K, Ca”, Mg”" 9o] & Metrohm Modula IC (907 IC pump, 732 IC
detector)®} Metrohm Metrosep Cation 1-2-6 &S AFg3ste] /<% 1.0
mL/min, A1 &FY % 20 plL, 4.0 mM tartaric acid /1.0 mM pyridine-2,6—-dicar—-
boxylic acid &8 Z7A, == Metrohm Metrosep C 2-150 2] %, 1.0 mL/min
4 100 tL A1 559 %, 2.0 mM Nitric acid 829 x@do g BEX3ct =
3 SO, NOg, ClI &o]2e Metrohm Modula IC9 Metrohm Metrosep
A-SUPP-4 ¥+ Metrohm Metrosep A-SUPP-5 #&]#& Ab&3to] 4 0.7~
10 mL/min, A/Z5FY% 20 pL, 1.8 mM NaHCO3;/1.7 mM Na,COs &9,
0.2% H:SOq A Z#A &4 oz AT o W 7713 &3 A(IDL)=

.
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Table 2. Instrumental detection limit (IDL) and coefficient of variation

(CV) for ion chromatography analysis

Species  NH, Na' K" Ca® Mg” S04 NOs CI

IDL (ug/L) 019 013 162 242 147 040 032 0.89
CV (%) 003 003 009 006 010 0.05 004 013

2006 old FHFEX A5 ¥A&4dFS US EPA Method 3051A¢] "
of whel mpelaz s EaFAE ARESte] EdAHHCIVHNO; = 3/1) 4o = &
=3 th 28y 2006 o] & AR Eo] daA= US EPAS ‘Compendium of
methods for the determination of inorganic compounds in ambient air (Method
10-3)e] Wyor molazs FFAS AEte] EFAE &do= &=
o Al=7F AFE 2HE HZEPFA) 714 ¥ 555% HNOs / 16.75% HCI
R4 10 mLE 7FeE § wlolaR 9 E £AHI200 W)ttt o] wf &%= 10+
&< 180 TR FsAl7]1aL, o] ZEdA 103 FAAIZ & AAs] 2oz
Zyshdeh whol AR 9 BalE& A &9 3% HNOz / 8% HCl E34F 5 mLE
Yal FA1EE (045 pm)

= i
gaAd A 25 mL7b H XS 84 e T

nto] AR 3} FIHORE HAEE AR FHFEXY A2 EES ICP-OES
Ho =g 20 7FA AE(S, Al Fe, Ca, Mg, K, Na, Zn, Pb, Mn, Ti, Ba, Cu, Sr, V,

Ni, Cr, Mo, Cd, Co 5)& #4132 t}t. ICP-OES #4 A 5898 AccuStandard

[e]
=
|3 T8RS A8 o Wt 1k AEELS 10~5000 ng/L, A & A

_10_
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=2 10~1000 pg/L W2 ZASAT o v 2059 AR ES A5

9% ICP-OES®e] =7 2 7717 &%= Table 3% 2t}

M

Table 3. Instrumental conditions and detection limits (IDL) for ICP-OES

analysis.

Instrument: Thermo Jarrel Ash, Model IRIS-DUO

RF power: 1150 W

RF Frequency: 40.68 MHz

Ar Flow: Carrier = 0.5 L/min, Auxiliary = 1.5 L/min, Coolant = 16.0 L/min
Pump Rate: 100 rpm

Operation Mode: Simultaneous or Sequential Mode

Nublizer: Ultrasonic Nublizer (CETAC Tech., U-5000AT)

Element Wax(felength IDL Element Wavelength IDL
nm) (ng/L) (nm) (ug/L)
Al 396.152 ~15 Fe 259.940 ~1.2
Ca 396.847 ~0.6 Na 588.995 ~1.2
K 766.490 ~3.3 Mg 279.553 ~0.6
Ti 334.941 ~0.6 Mn 257.610 ~09
Ba 455.403 ~0.6 Sy 346.446 ~0.6
/n 202.548 ~ KR8 \Y 309.311 ~0.9
Cr 267.716 ~ 3 Pb 220.353 ~0.9
Cu 324.7154 ~0.9 Ni 231.604 ~09
Co 237.862 ~0.6 Mo 202.030 ~0.6
Cd 226.502 ~0.3 = 180.731 ~4.2

=
¢ HAA = 500 mb We] ofefFelA ol H™, F2 700 mb Welt} 850 mb
me] st el &) FHEHE Aoz 4HAd Juh T3 700 mbot 850 mb
71etdA o] thak A9 % (backward trajectory)S U7|E=E o] g&dte] AR A o]
7l BAZF ol s Eut Z BAlste 3719 v olss A
B 5 de AAe AU Jrh wEA B AFAAE gAY A4S fg 2

A =S 850 mb WSl 1500 m = AASAAL, FEAIE Y G 1 00

_11_
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UTC(gt=r EEA], 09:0005 o]l &3ttt A4 242 w53 &o 7] = (NOAA,
National Oceanic and Atmospheric Administration)oll 4] #|-&3t+= HYSPLIT4
(HYbrid Single-Particle Lagrangian Integrated Trajectory) = 9-S o]-&3}¢]t}.
T3l aakA (33928 ' N, A& 127°17 ' E)S EFAH o R 5Uzke] dAA A
25 HASEA A, 714 A5 5 "5 NCEP (National Center for Environmental
Prediction)2] <% 7|42 A (MRF)2! GDAS (global data assimilation system)
dolHE ol&atqitt o wWl As s3t #Ao mpAT GdA oA o)zl FNL
(Final Run meteorological data) A8+ 19 43] 6A17F 7+4 (00, 06, 12, 18
°

UTCO)9] RdEE S8 dojxa oy, Azt 7|35 11t 6413 &<t

AIZEE AR zts R A (ALY S 2008; 747, 2003; Draxler, 1996).

_12_
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1. 7] AHBES| =4

Jt
ol
2
32
ks

G a1, 1 A3E Table 4~5% Figure 1~4° 4=

o] E0o == yEldl Table 4~59 Figure 1~29 7%, %ol ok
T F(S[Cationle)? ol WHEHEE F(Z[Anionle) ZFe]l o]l=3H(ion
balance)<& Blasto]l F gk b Zpol7b YHF 2 HolHE iAo ®=A dHolH 9
245 g3y 9 Al RS AR Aol SholA] MEg F 19587
ARE FToAA G5 2 (Dol wet Fol &3 Fole FF F=F H7F 30%
ol Aol Y ARE HF Ao AdAtHPark et al, 2003; AU S,
2003). ol# gk WRlow o2y S Hluleto] 30% olde &= ¥ (imbalance) Hl

olHE Alelg A, AA AE FolA oF 84%el et 165712 A E7F Hj

Ho

> [ Cation],

0.7 < > [Anions],,

< 1.3 (1)

Table 4914 nss-SO7 = H&] < (non-sea salt) SO 9 %2, ‘[nss-SO, ]
=[SO ] - [Na'l x 0251¢] Aol 93] SO % swolA sldowre f3d
SO/ ¢ ¥%=E wl ZAulolth nss-Ca’ GA HlaY Ca’ 9 %R nss-SO04 7
fAFeHAl ‘nss-Ca’] = [Ca®] - [Na'l x 0.04'¢] 2o s Axbgl % % olvh(Ho

et al, 2003). Table 49 ZA¥}oll A H = vfek o] 1992 3958 2008 12€7b
- 13 -
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A AHAT F 1,793709 £ AEES B FEE nss-SO4 >> Na' > Cl
> NHy > NO3 >> K > nss-Ca” > Mg?'9] #0& =& »22 gl
th aEla ERGENY F84 RS A994 719 A E(nss-SO., NOs,
NH,) shaFo]l dA9 69.0%E A8, ez dd 719 HEWNa, CI,
Mg )o] 26.0%, EX7]9 A (nss-Ca’)o] 2.3% S 2143t th(Figure 2 & %).
o5 F8A HAEE FAAME nss-SOL 7 M Be BEES U =
AA SO FoA nss-SO,~©] AAeH= H S-S 936%%E nss-SO,” 0] &S

AA S ol Ak Aol Fgtrtel f1AEm dgol® Beta SO, o o

shak-g-o] 9]3] HoSO,& WdtE o] SO AES AASA =W (a5 5, 2000),

JPEe Fugon WaEo] YT AV S Fuz FaAde] Yo
A AABA, QA APl AZE FFS vAx, 7] £ Yol F8E
o duh E FAGe GAY AN gz EAse] AgHon N W
5o AL, ARHozE TEY AW Aol ATHA ] JGS

1] 21t} (Koch, 2001).

w3k o9 7)€ NO; 3 NH, A#S 7tz 17, 1.8 pg/m’e] #<S Hol
nss-SO;” ¢ 37 mlwA = x2S et NO; 94 13 S98EQ
NO7F Atstat & Ax AAE 22 L9d&4d=
2 gRlel o3 WAL NOs o 4% 9=y AHE(biomass burning) ol 9
3 AtAA o7 IAE o mAHA FYPE 7| vt ZEy NOs o EA2 o

B Afo] A Bl 3a, W, ABR, Y BF 5 GFoz wg
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= dxZAel el9Hed 2 dEAo|th(Anardenne et al, 1999). t7] u] Al &}ol A
NO; 4 7 NILNO; el 2 EAjstal F& HNOz¥ NHz| wh&ef 9
3 AAdET = ZdgigAtd s NHOs# sl Akl NaCle] whg-ol <] 3
NaNO; HH = EAlsts Aoz d#fx] Jdth (B S , 2008; Al 5, 19945
Kadowaki, S., 1977). Z228]3 NH, & s&E°] wdE, EXAZ, AdE4d S 9
af wiEEH, AdstE el S VAT & Edot(WAY 5, 2004).

AdAoz TAE NHy7F th7] SolA ol &aid 5 b == 24 53

=

oY
M
rlo

0

O

St WHE BAZE Ak P nEgARe 49 NI BEo AR

U aEE sol o8 dFe e A ket 5, 1999; Suh et al,

nss=SO4 9F NO3 o ATE2S SO0.9F NOO mjE9o] 493 thzr] yi
o o]E59 A 7o EE nss-SOS /NO; o HlZ Wwd Fer ok duks
2 AMde gakde vE) o A 7] wiEel 7l F& oFdE
el w7t graste] SOL /NOs 7F S7bste 291l 2 4 gtk (Minoura
et al, 2006, Wakamatsu et al, 1996). 18] 3L ZEA| XS] wlA| doj2 & ¢
nss-SO;” o Hl&] NOs 9] 71 go] Adoz = ZA3FS B} ol NOs
Aol oAU ALgFn BAAge] AV wite|th APATE HH
A&l A PM2se SO /NOs s%H7F b7 151, 116, 0659 #h& Holal vk
(Park and Kim, 2004). & ©]®7 %(2005)¢] A7-olA PMs9 SOL /NO; ¥k
H = Aol 165 F= wlo]d# AstoloA 77t 1.38(1.08~2.04), 1.74% e}
Uil th(Wang et al, 2006, 2005a). ©]x &8 Z=A|A G4 SO /NOs & B 7}
e Ae AEA e mE NOy wiE o] B7] wjitelth. 18} 2 Ao
A SO /NO3 ¢ FEHlE= 4372 A8 A7 ZdsrRtgE 949 2 32 Uey
Atk olHs A= TFFT 52005 Lee et al(2001)9] AF% kA =74
g 320~766° At ofF FAFE grolth olAF B AFdA FHFENES

o

()

ggow ANeg AAYelE Breta 07 FE/h dldor o 2 FEd

2 gehlE A oluA Abgel e A9H g8 wEo] mAAG] 1]

askA el AR Shy] wiitoln, arqkA| o] gke) mAIX el Hls) FAgd
- 15 -
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o

o)
o

—

0

F 1.9, 1.8 pg/m’e] < VERNATE o] Y

2 KAt (Gordan,

A&
o

Hgomn K& o2z &

KeN
=

i EEE 04 pg/m’e gk
75]“?_, A <] K+~‘ﬂ 10% AE7F E¢go 2 HH 1321-}@5]1, U =] K= A A

2

i

1977). = K'9|

B4

=
o,

= Qem Yeua gdrhen

o JFozTE WA

o
BH

—_

o
"
oF

—_—

0

tlo

2009; McMurry et al, 2004).

B

(ion imbalance)°] 30%

¢}

oF o] & =it

m

&%= Table 59 Figure

Aol A HTo] aqkA S

FSA k.

S

3o 5%

S>>Na>> Al > Ca >Fe >K >Mg>7n>Pb >Ti > Mn >

T -
a1

il
14
Ho
ol
e

V>Ba>Cu>Ni >Sr >Cr >Cd > Mo > Co9 o=

A 7IAE B2, Al Ca,

2 Eope] ulaboln} Bhie] ulke] o

=
T

= e]
o

Fe, Mn, Mg

o WA B3 2L
o] Ni

=
Zhol A A E

o Az, sl

2 A-sAte

}31, Cu, Cd, Zn, Cr

5]

N

o)
i)

X0

A

37,]-7(']’ Pb

B

e

2005). W

L=
O,

—

mo

[e)

=4
[}

7
il 2y

9]

=
| .

FE=

3}

A=
1=0]

|

T2

7

[e)
T

1= =]
T

=
=

Hj

= Aew dHA dn

o 2]

]
(Oraviisjiarvi et al, 2003; Fang et al, 2005). o]l gk

3l

=N e]
o —

, Na, K, Mg

o

o

dr

< vARAel 23 S

B
=<

T
B2

o

91 Al Fe, Ca°] 22.4%,

o] S, Pb, Zn°] 405%, tii

2]

CEN
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¢l Na, Mgo| 29.2% o] th(Figure 4 =), Z18]a o] &
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e T FUARAY S E2rAl G A

o
4r
]t

o

—

(

ATt
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1
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el
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=
K3

[e)
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hYA

(10%), Al 215013

=

grol Ak L o2 Cd
o

d7ledEd Ao

A1

-
e
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%

2

& &, 2008; Allen et al, 2001). 183 {71 9&

=
3] Hg, Cd, Pb, Cu, Zn, As, Cr, Ni 59
%]

S

<

=
=

He mel.
e

2003).

JER=S

=
°©
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=
h=]
SAEA 20F(As, Be, Ni 59 55

), 183l A 371
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4qr
!
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9,
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ko]
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=
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=
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=

i
|22 9 tH(Huang et al, 1994). 1

0

H

el Qztstel 2t B
o]

3

[}

3
Cd, Cr, Pb

s a9l 9

-

s

}aL 9lth(Anderson, 1984). T
, f1381Ad

°©
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5O
2 ZAME AT

ghell o
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=
o
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Table 4. Concentrations of water—soluble ionic components in TSP

aerosols.
Concentration (ug/mg, MeanS.D.)
Species 5
Whole data Selected data
NH,' 1.7+15 1.8+1.5
Na’ 1.8+14 1.9+14
K’ 0.4+0.4 0.4+0.4
Mg*' 0.3x0.3 0.3+0.2
NOs 1.7£16 1.7£15
Cl 1.7£2.2 1.842.2
nss—Ca”' 0.4%0.7 0.4%0.4
nss-SOs~ 6.7+4.9 7.145.0

U Number of available samples = 1,793

Table 5. Concentrations of elemental components in TSP aerosols.

Concentration (ng/m®, Mean+S.D.)

Species 5
Whole data Selected data
S 1904+1551 2013+1562
Na 1240+1013 1244+924
Al 545+1454 4161518
Fe 4471177 347+426
Ca 501£1267 4021502
K 366+572 344+350
Mg 315+584 273+249
Zn 47+54 48+52
Pb 3862 41+64
Ti 24+38 22+27
Mn 17+30 16+18
Ba 5.6£12 5.0£9.9
Sr 3.7+5.6 3.3+3.1
\Y% 6.0+£9.8 5.1£4.9
Cr 2.4+3.7 2.1+25
Cu 4.3+6.0 4.2+5.1
Ni 4.3+7.9 4.1+74
Co 0.6+1.0 0.5%0.6
Mo 0.9+0.8 0.9+0.8
Cd 0.9+1.0 0.9+1.0

Y Number of available samples = 1,035

_18_
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Figure 1. Concentration comparison of ionic components
in TSP aerosols.

NH," Na"
11.5% 12.4%

2.3% 11.7% 11.3%

Figure 2. Composition ratio of ionic components in TSP
aerosols.
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Figure 3. Concentration comparison of elemental
components in TSP aerosols.
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Figure 4. Composition ratio of elements in TSP
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ZAHE A

Table 6. Annual mean concentrations of ionic components during the
yvear of 1992 and 2008.

Concentrations (pg/m’)

Year

NH, Na'" K Mg" NO;y CI' résa%: él(s)i; Se{fr(l)ble

1992 1.9 1.2 0.4 0.2 0.8 1.2 0.2 73 124
1993 15 1.9 0.4 0.3 11 2.3 0.4 70 166
1994 1.9 2.0 0.5 0.3 1.3 1.9 0.5 81 147
1995 1.2 1.9 0.5 0.3 1.5 19 0.4 6.5 118
1996 15 2.1 0.4 0.3 2.1 2.3 0.4 72 5
1997 14 1.6 0.6 0.3 14 14 0.4 6.8 101
1998 16 1.9 0.5 0.3 19 16 0.4 6.6 111
1999 1.3 2.0 0.4 0.3 2.1 2.0 0.5 6.5 88
2000 1.7 oid) 0.4 0.3 2.1 1.7 0.4 6.8 87
2001 15 24 0.3 0.3 1.7 1.9 0.4 6.0 79
2002 1.7 2.0 04 0.3 s 2.0 0.5 6.7 101
2003 14 1.8 0.3 0.2 1.8 1.5 0.2 50 104
2004 14 19 0.4 0.3 2.1 1.5 0.2 58 104
2005 24 2.9 0.4 0.3 1.8 2.3 0.4 85 68
2006 2.8 2.1 0.4 0.3 2.5 1.7 0.3 84 92
2007 2.5 2.0 0.4 0.4 2.2 1.6 0.2 81 119
2008 2.5 16 0.4 0.2 19 15 0.3 8.6 110

Mean 1.8 1.9 0.4 0.3 1.7 1.8 0.4 7.1
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Table 7. Annual mean concentrations of element components during the study.

Concentrations (ng/m’)

Year ] ) No.
S Na Al Fe Ca K Mg Zn Pb Ti Mn Ba Sr V. Cr Cu Ni Co Mo Cd
Sample
1993 - - 148 346 431 - - 66 20 14 718 - - 54 21 46 37 - - 10 15
1994 - - 215 330 515 - - 42 20 12 14 - - 99 26 50 84 - - 32 28
1995 - - 409 355 477 - - 49 18 H4ABS = - 30 45 62 69 - - 09 13
1996 - - 624 689 614 - - 86 32 25 18 7 - 33 35 82 14 - - 15 21
1998 1981 1411 528 468 334 461 284 55 45 37 19 58 44 66 16 37 31 06 14 07 32
1999 1989 1465 480 462 634 334 380 47 55 37 20 b4 43 82 32 44 32 07 12 07 63
2000 2199 1408 470 430 543 367 452 44 42 26 16 55 46 65 23 46 46 05 09 13 86
2001 1647 1328 591 450 479 332 318 3 30 36 18 b1 42 72 21 34 38 04 07 08 79
2002 2365 1850 637 533 678 513 397 57 52 27 23 56 41 58 28 44 48 07 08 09 101
2003 1715 1375 284 242 278 395 231 50 31 16 11 37 25 40 15 43 37 02 11 08 104
2004 1663 760 303 189 256 235 148 37 19 11 12 29 21 37 08 36 25 01 14 06 104
2005 1647 1270 299 217 205 202 162 55 18 33 17 30 23 63 15 46 73 07 07 08 68
2006 2236 1025 538 297 289 331 249 45 44 18 15 60 30 60 20 52 29 11 07 09 92
2007 2110 1114 339 322 422 333 246 52 102 16 16 84 31 30 28 41 29 04 09 09 119
2008 2381 965 314 269 242 321 194 41 23 13 13 38 31 24 17 27 26 06 05 08 110
Mean 2031 1244 416 347 402 344 273 48 41 22 16 50 33 51 21 42 41 05 09 09
- 26 -
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= o izl AA ¥ WAL YS5e onletes Aol
U ALHGE oJEHd nss-SOS 9 27 H =2 AL dgte] A
b kAo o] 549 Ao dAuHrn) 4 Foli= DMS (dimethyl sulfide)”}
AA e oF 90~
B%S A Qla, sFHdA wEE DMSE F8stieS Fa SOL &
AbstE = AAFE AXY 53] o]el gt FAsNkgS 2ol o] B Al7|d &

el dojus Aoz BausEi Yt(Pio ef al, 1999; A71d 5, 1997). & A
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73t doz FAHG g 7] e wE mE 2xYARe] AIIAE
DA = Ao Bl SO o] AAHAYESE AHHEH, ALTAHANA

712 wjEE 724 SO Alzto]l A#dlte wek SO Fejz AbstE T o]
SO0l Al SO &9 wkgabgo] Bgge] Z=(S0, + hv — SO, SO." + O3
— SO t7] Fo F8(SO0; + HO — H:SO)el =LA d3ke vt w2t
Ao B3t o] FHo] SO FETF B AL oAY J2Asol wek SO

T NOs 9 AXY F=g vus] By, 8 o 7}, Ao 747 2318,
11409, 1.5+1.0, 1.9+1.7 pg/m’2, BHo] 7}4 =1 gz AL 712 98
Fog vo FrZ guiglth NO; 94 nss—SOL 3 vpartA 2 AFEA9
Aaitstzo] Ateubes A AHHE oJALAEHolH, AatedES F2 A
Ao} oA ALS T Aol & EHolr) ol g NOs & v 22 i
SS AA do2E T FE AMNE HAHE EAFGCETA 5, 2008).

NH,(g) + HNO,(g) = NH,NO,(s) (1)
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Table 8. Seasonal comparison of mean concentrations of ionic components
in TSP aerosols.

Concentration (ug/ mg, MeantS.D.)

Species _ ]
Spring Summer Fall Winter
NH," 2.0£16 1.9+1.7 1.6+1.7 1.5+1.1
Na' 1.9+1.3 1.5%1.2 1.9+1.3 2.3+1.5
K’ 0.5+04 0.3+0.3 0.4%0.3 0.4+0.4
Mg* 0.3+0.3 0.2+0.1 0.3£0.2 0.3+0.3
NOs; 2.3£1.8 1.1+0.9 1.5+1.0 1.9+1.7
Cl 1.7+2.0 1.1+15 1.7£2.1 2.62.6
nss-Ca®' 0.5+0.6 0.1+0.2 0.3£0.3 0.4+0.4
nss-SO,~ 8.245.5 7055 6.4+4.8 6.4+3.9

Table 9. Seasonal comparison of mean concentrations of elemental
components in TSP aerosols.

Concentration (ng/m°, Mean+S.D.)

Species : _
Spring Summer Fall Winter
S 2294+1792 1993+1490 17241561 2016+1239
Na 1403+996 999+597 1088+817 1431+1084
Al 586+751 B7 816 309+232 353+356
Fe 519+605 185+234 239+200 336+287
Ca 582699 181£173 289+252 438+422
K 430+426 239+293 3051279 3731336
Mg 3631339 178+120 2231182 2971222
Zn 56+59 31+31 40436 57+62
Pb 45+79 2125 38+44 57+76
Ti 32+37 13+£14 1714 20£22
Mn 201+21 75£75 1314 19+22
Ba 8.0£16 2.6+4.2 3.1+2.6 5.6£7.2
Sr 4.5%4.0 1.8+15 2.6+1.7 4.0+£3.2
A% 7.5%6.7 4.6+3.1 3.1+2.4 4.3+3.4
Cr 2.9+3.2 1.5£1.6 1.5%1.8 2.1+2.1
Cu 47+5.1 3.2+3.1 4.4+£7.2 4.0+34
Ni 5.2+7.6 4.9+13 2.6+2.2 3.3+3.0
Co 0.8+0.8 0.4£0.4 0.4+0.5 0.4+0.4
Mo 1.1£09 0.8£0.8 0.7x0.6 0.9+0.7
Cd 1.2£1.0 0.6+0.6 0.7+1.1 1.0+0.8
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Table 10. Monthly mean concentrations of ionic components in TSP aerosols
between 1992 and 2008.

Concentrations (ng/m’) [NOs 1/
[nss-

NHS Na' K Mg” NOy C % 2% Sa’fn g{es SO ]

Jan 16 26 04 04 19 30 04 65 144 0.95
Fed 16 24 05 04 21 27 04 170 131 0.58
Mar 19 22 05 04 26 25 06 &1 197 0.61
Apr 2.1 1.8 05 04 23 16 05 84 197 0.61
May 20 11 05 05 18 09 04 &0 149 0.48
Jun 22 12 04 02 14 06 02 79 144 0.46
Jul 1.9 16 02 02 1.0 e | 0.1 7.2 131 0.53
Aug 14 19 02 02 08 16 01 57 103 0.71
Sep 1.5 18 03 03 10 16 02 60 119 0.50
Oct 19 19 04 03 16 17 03 71 160 0.62
Nov 15 19 05 03 1.7 19 03 61 164 0.58
Dec 1.3 20 04 03 16 21 03 57 154 0.57
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Table

11. Monthly mean concentrations of elemental components in TSP aerosols during the study.

Concentrations (ng/m')

S Na Al Fe Ca K Mg Zn Pb Ti Mn Ba Sr \% Cr Cu N1 Co Mo Cd
Jan 2080 1618 359 332 421 384 308 60 71 21 23 47 39 44 23 41 34 05 10 1.1
Feb 2263 1389 465 409 533 427 306 66 50 25 21 89 50 59 24 39 37 05 09 1.1
Mar 2376 1594 698 617 660 523 434 65 51 43 25 75 55 79 27 51 44 08 12 10
Apr 2330 1463 574 524 636 439 384 57 47 30 19 70 46 82 32 51 53 09 10 13
May 2118 1035 490 404 393 283 229 47 36 23 16 104 29 57 26 38 59 07 11 13
Jun 2255 855 389 264 203 345 193 38 26 16 10 39 20 53 22 43 88 05 10 09
Jul 1803 1083 289 144 161 151 172 28 19 10 59 18 15 45 11 26 27 03 07 04
Aug 1858 1098 268 126 174 202 165 24 17 12 59 16 18 37 10 24 21 03 08 05
Sep 1629 1023 300 173 214 221 181 29 30 12 98 23 19 34 16 34 25 03 08 05
Oct 1916 1049 356 278 328 346 219 42 43 19 15 36 27 32 14 56 29 04 07 09
Nov 1569 1177 263 240 297 318 257 46 37 17 13 31 29 29 15 37 24 04 07 07
Dec 1795 1301 271 290 387 330 282 50 49 17 15 42 33 30 18 40 28 04 09 09
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Table 12. Seasonal comparison of seawater enrichment factors for ionic

components.

Species  Seawater (Cx/Cna+) Acrosol/ (Cx/Cna+)seawater

(X) ratio Overall Spring  Summer Fall Winter
SO 0.26 26.4 31.2 36.1 22.1 16.1
Ca*' 0.04 78 125 46 6.6 6.0
K' 0.04 8.1 11.0 6.9 76 6.1
Mg* 0.13 15 16 1.8 13 1.3
Cl 1.80 0.4 0.4 0.4 0.4 0.6

Table 13. Seasonal comparison of soil enrichment factors for elemental

components.

Species Crust (Cx/Can aerosol/ (Cx/Cacrust

(X) ratio Overall Spring Summer Fall Winter
K 0.3483 2.9 19 3.0 3.4 4.0
Na 0.3595 13.5 8.0 16.9 15.0 17.7
Mg 0.1654 5.4 3.4 5.9 6.1 7.1
Fe 0.4353 2.2 2.6 15 19 2.6
Ca 0.3731 3.2 4.0 2.0 2.7 3.5
Co 0.0001 21.5 22.3 25.3 194 18.1
Ti 0.0093 6.5 1.2 5.0 6.2 6.9
Mn 0.0075 6.0 6.0 3.5 59 84
Ni 0.0002 79.6 90.3 102.6 52.6 74.1
\Y 0.0007 33.0 48.7 32.8 19.2 24.0
Pb 0.0002 704.7 647.0 448.4 657.3 1060.9
Zn 0.0009 201.8 199.0 146.6 185.9 269.8
Cd 0.0012 4.2 6.0 2.5 2.5 4.8
Cu 0.0003 5.6 6.0 44 55 6.0
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Table 14. Concentrations and their ratios of ionic components during
Asian Dust and Non-Asian Dust event periods.

Concentration (ug/mg, Mean£S.D.)

Species - - AD/
Asian Dust Non-Asian Dust NAD
(AD) (NAD)
NH,' 1.6£1.4 18415 0.9
Na' 26%19 1.9+1.4 1.4
K' 0.6+0.4 0.4+0.4 1.4
Mg** 0.620.7 0.3£0.2 2.2
NO; 3625 17415 2.1
Cl’ 35+3.4 1.8£2.2 2.0
nss-Ca’’ 2.0+2.1 0.4+0.4 56
nss-SO,~ 8.35.2 7150 1.2
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Table 15. Concentrations and their ratios of elemental components
during Asian Dust and Non-Asian Dust event periods.

Concentration (ng/m°, Mean+S.D.)

Species Asian Dust Non-Asian Dust AD/
NAD
(AD) (NAD)
S 3155+2151 20131562 1.6
Na 2463+1923 1244+924 2.0
Al 2964+4801 416+518 7.1
Fe 24383861 347+426 7.0
Ca 2608+4117 402+502 6.5
K 1452+1768 344+350 4.2
Mg 1510+2030 273+249 55
7n 96+90 48+52 2.0
Pb 60+80 41+64 14
Ti 86+99 22+27 39
Mn 67+86 16+18 4.2
Ba 25+29 5.0+9.9 5.0
Sr 16£17 3.3+3.1 49
\Y% 22+30 5.1+49 4.2
Cr 7.4£89 2.1+25 35
Cu 8.6+9.0 4.2£5.1 2.0
Ni 9.8+13 4.1+£74 2.4
Co 2.6+3.0 0.5+0.6 4.8
Mo 1.3+1.6 0.9£0.8 14
Cd 1.7+1.4 0.9+1.0 1.8
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19. Ion balance between Asian Dust and Non-Asian Dust events.
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Figure 20. Ionic concentrations of TSP aerosols during
Asian Dust and Non-Asian Dust event periods.
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Figure 21. Comparison of ionic concentrations between Asian
Dust and Non-Asian Dust events.
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Figure 22. Composition ratios of ionic aerosol components during
Asian Dust and Non-Asian Dust event periods.

_62_

Collection @ jeju



Concentration(ng/mB)

Conoentration(ngm3)

28000+

210004

:

7000+

30004

2000

Asian Dust X

15000

120004

90004

6000+

30004

20004

Non-Asian Dust
_ 4004

—
x
I
I
Concentration(ng/m’)

X

AETEEF

i
S Na Al

Non-Asian Dust

Co Mo Cd

Figure 23. Element concentrations of TSP aerosols during Asian Dust and

Non-Asian Dust event periods.
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Figure 24. Comparison of element concentrations between

Asian Dust and Non—-Asian Dust events.
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Figure 25. Composition ratios of elemental aerosol components
during Asian Dust and Non—-Asian Dust event periods.
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Table 16. Cross correlation between aerosol components during Asian Dust event periods.

+

nss—

nss—

Species NH;" Na' K Mg” NO; CI Ca¥ SO Al Fe Ca Na K Mg S Zn Pb
NH,' 1.00

Na' -0.23  1.00

K' 049 014 1.00

Mg” 017 026 017 1.00

NO;” 008 026 051 022 1.00

Cr -0.38 089 010 019 028 1.00
nss-Ca”  -0.21 026 052 010 063 042 1.00
nss-SO,~ 076 -0.14 072 037 021 -025 026 1.00

Al -0.13 0.06 013 028 043 017 056 0.08 1.00

Fe -013 012 017 028 044 021 056 0.07 095 1.00

Ca -0.18 0.08 016 025 041 020 061 008 096 097 1.00

Na -020 049 006 018 033 047 040 -010 057 062 062 1.00

K -007 011 025 030 048 022 065 017 094 092 094 064 1.00

Mg -0.16 018 016 026 039 027 058 008 095 097 097 066 091 1.00

S 045 002 037 049 025 -006 023 060 032 033 030 046 042 036 1.00

Zn 051 001 055 032 036 003 031 056 028 031 028 024 035 030 065 1.00

Pb 044 -012 047 037 001 -010 013 061 -001 003 004 001 010 003 055 073 1.00
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Table 17. Cross correlation between aerosol components during Non—Asian Dust event periods.

+

nss—

nss—

Species NH;' Na' K Mg” NO; CI ca sor Al Fe Ca Na K Mg S Zn  Pb
NH,' 1.00

Na' -0.08 1.00

K’ 062 018 1.00

Mg” 021 059 039 1.00

NO;~ 025 038 053 051 1.00

Cr -019 083 001 046 027 1.00
nss-Ca®> 020 016 051 027 049 012 1.00
nss-SO7 092 -0.01 070 029 023 -024 033 1.00

Al 018 012 028 032 035 009 053 025 1.00

Fe 017 009 033 028 036 009 062 025 090 1.00

Ca 017 014 037 039 041 011 067 027 084 091 1.00

Na -0.02 063 015 049 036 059 019 003 040 040 044 1.00

K 039 014 062 036 047 005 051 046 072 075 0.76 045 1.00

Mg 009 037 029 041 042 035 050 016 076 079 080 0.70 069 1.00

S 073 002 059 035 028 -014 032 079 048 047 050 030 071 043 1.00

Zn 051 008 059 036 043 -008 032 056 035 039 045 028 062 035 067 1.00

Pb 051 005 049 044 037 -007 023 054 030 032 042 024 055 031 063 069 1.00
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Table 18. Factor analysis for atmospheric aerosol components during
Asian Dust and Non-Asian Dust event periods.

) Asian Dust Non-Asian Dust
Species fator 1 factor2 factor3 fator1l factor?2 factor3
NH, -0.21 0.77 -0.30 0.00 0.89 -0.10
Na’ 0.03 -0.04 0.94 002 -0.01 0.93
K' 0.08 0.76 0.24 0.21 0.78 0.18
Mg”' 0.21 045  0.22 017 037 070
NOs 0.42 0.33 0.41 0.31 0.38 0.48
Ccl 014  -0.12 0.93 004 -0.22 0.88
nss-Ca”’ 0.59 0.24 0.43 0.63 0.26 0.13
nss-S04~ 0.02 0.90 -0.14 0.09 0.91 -0.08
Al 0.97 0.06 0.02 0.90 0.15 0.08
Fe 0.97 0.08 0.07 0.95 0.16 0.06
Ca 0.98 0.05 0.05 0.92 0.22 0.13
Na 0.64 0.02 0.45 0.41 0.04 0.72
K 0.94 0.18 0.10 0.73 0.51 0.14
Mg 0.96 0.07 0.12 0.82 0.10 0.40
S 0.32 Vs 0.00 0.38 0.80 0.00
7n 0.25 0.80 0.05 0.31 0.73 0.11
Pb -0.03 0.79 -0.06 0.23 0.72 0.12
Eigenvalue 5.9 4.2 2.6 4.8 4.7 3.2
Variance(%) 34.6 24.6 15.1 28.2 271.5 18.8

Cumulative(%) 34.6 59.2 74.3 28.2 90.8 74.5
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Figure 27. Variations of ionic concentrations (ng/mg) as a function of
wind direction during Non-Asian dust event period.

_75_

@ jeju



Figure 28. Variations of element concentrations (ng/m’) as a function of
wind direction during Asian dust event period.
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Figure 29. Variations of elemental concentrations (ng/m?’) as a function of
wind direction during Non—-Asian dust event period.
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o] &+

A8 = AAHALBA 5, 2009; AT 5, 2004).

Table 19. Concentrations of ionic aerosol components according to the
variation of meteorological factors.

Concentrations (ug/m”)

Species ‘ Nomn- H/N M/N F/N
Haze(H) Mist(M) Fog(F) event(N)
NH, 6.3 2.5 19 15 4.3 1.7 1.3
Na' 19 2.0 1.0 19 1.0 1.0 05
K’ 1.1 0.6 0.3 04 3.1 15 0.8
l\/[g2+ 0.3 0.3 0.2 0.3 1.2 1.2 0.6
NOs 41 2.0 1.0 1.7 25 1.2 0.6
Cl 2.3 15 0.6 2.0 1.2 0.8 0.3
nss—Ca”’ 14 04 0.2 0.3 4.3 1.3 0.6
nss-SO,° 189 10.1 7.0 6.0 32 17 12

Table 20. Concentrations of elemental aerosol components according to
the variation of meteorological factors.

Concentrations (ng/m°)

Species ‘ Nom H/N M/N F/N
Haze(H) Mist(M) Fog(F) event(N)
S 6373 2858 1868 1661 3.8 1.7 1.1
Na 1037 1429 945 1199 0.9 1.2 0.8
Al 808 528 331 377 2.1 14 0.9
Fe 792 442 227 316 2.5 14 0.7
Ca 822 525 274 362 2.3 1.5 0.8
K 861 483 238 295 2.9 1.6 0.8
Mg 359 326 194 258 14 1.3 0.8
/n 142 71 33 39 3.7 1.8 0.8
Pb 105 66 25 33 3.2 2.0 0.8
Ti 21 24 12 22 1.0 1.1 0.5
Mn 44 20 8.7 14 3.1 14 0.6
Ba 11 6.7 3.0 45 2.5 15 0.7
Sr 8.2 4.0 2.2 3.1 2.7 1.3 0.7
\Y% 2.4 6.5 6.0 4.6 0.5 14 1.3
Cr 3.7 2.6 2.0 19 19 14 1.1
Cu 85 5.2 2.8 3.9 2.2 14 0.7
N1 2.8 59 4.8 3.3 0.8 1.8 15
Co 0.8 0.6 0.5 0.5 1.6 1.3 1.1
Mo 1.6 1.1 0.8 0.8 1.9 1.3 09
Cd 19 1.2 1.0 0.8 2.3 14 1.2
- 81 -
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Table 21. Comparison of factor analyses for atmospheric aerosol components during haze, fog, mist and non-event periods.

Speci Haze Mist Fog Non-event
pecies factor 1 factor2 factor3 factor1 factor?2 factor3 factorl factor?2 factor3 factorl factor2 factor3

NH, 0.23 0.28 0.91 -0.07 0.88 -0.14 -0.11 0.91 -0.25 0.87 0.00 -0.10
Na’ 0.95 0.20 0.22 -0.02 0.02 0.91 -0.01 0.05 0.89 -0.03 0.07 0.94
K’ 0.39 0.58 0.71 0.36 0.73 0.13 0.42 0.75 0.21 0.84 0.17 0.20
Mg*' 0.82 0.23 0.49 0.26 0.45 0.60 0.18 0.51 0.56 0.35 0.11 0.74
NOs3 0.94 0.22 0.10 0.39 0.38 0.47 0.25 0.22 0.75 0.37 0.27 0.47
Cl 0.77 0.54 -0.20 0.06 -0.21 0.88 -0.14 -0.23 0.78 -0.24 0.06 0.89
nss-Ca®’ 0.50 0.64 0.58 0.84 0.18 0.07 0.95 0.15 -0.03 0.32 0.59 0.13
nss-S0,~ 0.32 0.39 0.84 0.05 0.90 -0.14 0.15 0.94 -0.12 0.91 0.10 -0.07
Al 0.51 0.70 0.46 0.91 0.11 0.08 0.83 0.27 0.04 0.14 0.89 0.10
Fe 0.30 0.68 0.66 0.96 0.11 0.06 0.93 0.28 0.02 0.14 0.94 0.06
Ca 0.28 0.82 0.48 0.94 0.21 0.12 094 0.15 0.00 0.19 091 0.15
Na 0.94 0.30 0.10 0.25 0.04 0.84 0.14 -0.01 0.88 -0.04 0.40 0.77
K 0.32 0.87 0.38 0.72 0.51 0.14 0.65 0.53 0.35 0.47 0.74 0.15
Mg 0.74 0.60 0.30 0.85 0.10 0.41 0.81 0.14 0.43 0.03 0.77 0.43
S 0.30 0.76 0.41 0.34 0.83 -0.06 0.38 0.85 0.01 0.85 0.27 0.03
Zn 0.26 0.89 0.31 0.23 0.71 0.17 0.34 0.69 0.33 0.75 0.25 0.07
Pb -0.33 0.34 0.80 0.15 0.77 0.23 0.39 0.75 0.16 0.65 0.24 0.00
Eigenvalue 5.8 5.7 4.7 5.2 4.7 3.3 5.2 4.9 3.6 4.7 45 3.3
Variance(%) 34.2 33.6 27.8 30.5 274 19.1 30.5 28.8 21.2 27.8 26.3 19.7

Cumulative(%)  34.2 67.8 95.7 30.5 57.9 77.1 30.5 59.4 80.6 217.8 4.1 73.8
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Figure 38. Divisional sectors of Northeast Asia for backward
trajectory analysis based on Gosan site.
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Figure 39. Frequency ratios by five sectional inflow
pathways of air mass moving into Gosan area.
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Table 22. Sectional concentrations of ionic components corresponding to
the inflow pathway of air mass.

Concentrations (ug/m®)

Species

Sector | Sector II SectorIll SectorlV SectorV
NH,' 19 1.8 19 1.4 1.2
Na’ 1.7 2.0 16 1.7 2.0
K 0.3 0.5 0.3 0.2 0.2
Mg** 0.2 0.3 0.2 0.2 0.2
NO; 1.3 1.9 15 1.3 1.1
Cl 1.3 1.9 14 14 19
nss-Ca”’ 0.2 0.4 0.2 0.2 0.1
nss-S0,~ 7.4 7.4 6.9 5.7 45

Table 23. Sectional concentrations of elemental components
corresponding to the inflow pathway of air mass.

Concentrations (ng/m®)

Species

Sector I Sector I SectorIll SectorlV SectorV
S 2055 2137 1933 1501 1168
Na 1115 1277 1253 1262 1047
Al 312 460 434 267 211
Fe 260 402 311 167 81
Ca 319 467 325 191 118
K 259 399 299 179 114
Mg 239 297 242 212 156
7n 45 54 39 25 17
Pb 32 48 42 19 8.0
Ti 16 24 27 12 6.8
Mn 11 18 14 7.2 4.3
Ba 3.6 6.0 4.0 1.9 1.3
Sr 2.4 3.8 2.8 1.9 1.3
\Y 4.8 5.4 5.1 4.3 3.8
Cr 1.6 2.3 2.0 1.8 1.1
Cu 3.8 4.6 4.2 2.4 2.0
Ni 35 4.1 5.6 4.4 2.2
Co 05 0.6 05 0.3 0.3
Mo 0.8 1.0 0.8 0.7 0.7
Cd 0.8 1.0 0.8 0.6 0.6
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Figure 40. Concentrations comparison of ionic aerosol components in
each sector corresponding to the inflow pathway of air mass.
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Figure 41. Sectional comparison of ionic aerosol component
concentrations corresponding to the inflow pathway
of air mass.
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Figure 42. Concentrations comparison of elemental aerosol components in
each sector corresponding to the inflow pathway of air mass.
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Figure 43. Sectional comparison of elemental aerosol component
concentrations corresponding to the inflow pathway
of air mass.
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Table 24. Mean concentrations and the ratios of ionic components

corresponding to high and low 5th, 30th percentiles.

Concentration (ug/m°)

Species Hioh N Hioh N

5th perc. 5th pere. R0 30tk pere. 30th pere, Ratio
NH, 6.5 0.3 25.6 3.5 0.6 6.1
Na' 5.0 15 3.3 2.8 2.0 14
K’ 14 0.4 3.4 0.7 0.4 1.7
Mg* 0.7 0.2 39 0.4 0.3 1.3
NOs 6.5 0.2 35.1 3.4 0.6 6.1
Cl 7.3 1.4 5.4 3.2 1.7 1.9
nss-Ca®’ 1.8 0.0 269.1 0.8 0.1 12.5
nss-SO,° 21.6 1.1 20.5 13.1 2.6 5.1

Table 25. Mean concentrations and the ratios of elemental components
corresponding to high and low 5th, 30th percentiles.

Concentration (ng/m”)

Species Hich L ok L

Sth perc. 5th perc. R340 30th pere. 30th pere, Ratio
S 6751 323 20.9 3811 709 54
Na 3801 148 25.6 2364 411 5.8
Al 1979 37 53.0 905 108 8.4
Fe 1695 22 777 764 79 9.7
Ca 1972 34 579 908 89 10.2
K 1432 32 45.2 734 91 8.1
Mg 1051 36 29.2 543 88 6.2
7n 212 1.3 165.1 104 95 10.9
Pb 249 0.7 354.9 101 5.2 19.5
Ti 110 14 79.6 49 4.9 10.1
Mn 73 0.8 94.5 35 3.5 10.0
Ba 31 0.2 146.6 12 09 13.5
Sr 13 0.4 34.2 6.8 0.9 7.3
\% 20 0.4 48.3 11 15 7.1
Cr 11 0.04 253.2 4.7 0.4 12.1
Cu 19 0.2 79.6 8.7 1.1 8.2
Ni 24 0.2 1125 9.2 0.9 9.7
Co 2.6 0.03 100.4 1.2 0.1 10.4
Mo 3.1 0.04 714 19 0.2 8.4
Cd 3.7 0.0z 158.2 19 0.2 8.6
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Figure 46. 5-Day backward trajectories corresponding to high (left) and low
(right) 5% of sulfate concentrations.
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Figure 47. 5-Day backward trajectories corresponding to high (left) and low
(right) 5% of nitrate concentrations.
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Figure 48. 5-Day backward trajectories corresponding to high (left) and low
(right) 5% of ammonium concentrations.
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Figure 49. 5-Day backward trajectories corresponding to high (left) and low
(right) 5% of calcium concentrations.
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Figure 50. 5-Day backward trajectories corresponding to high (left) and
low (right) 5% of aluminum concentrations.
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Figure 51. 5-Day backward trajectories corresponding to high (left) and
low (right) 5% of zinc concentrations.
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Figure 52. 5-Day backward trajectories corresponding to high (left) and
low (right) 5% of lead concentrations.
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Figure 53. Sectional comparison of high and low 5% of HSS*SO427,
NOs, NHy', nss-Ca”’, Al, Zn and Pb concentrations.
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Figure 54. Divisional sector classification of inflow pathways of air
mass in Asian Dust events during the year of 1992
and 2008.
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Table 26. Ionic concentrations in Asian Dust by specific sectors.

Concentration (ug/m’, Mean+S.D.)

Species Passcdtap
Sector I Sector II-1
NH,' 15+1.2 2.3+2.2 0.6
Na' 26+1.9 2.4+1.6 1.1
K’ 0.5+0.4 0.7+0.4 0.8
Mg** 0.6+0.8 0.5+0.4 1.3
NO; 3.6+2.4 3.9+2.8 0.9
Cl 3.6+3.3 3.0+3.6 1.2
nss-Ca”' 2.0+2.0 1.842.3 1.2
nss-SO.~ 7.945.0 10.445.9 0.8

Table 27. Elemental concentrations in Asian Dust by specific sectors.

Concentration (ng/m’, Mean+S.D.)

e
Sector I Sector II- 1
S 3146+5094 1893+2298 1.0
Na 2627+4116 1329+1345 15
Al 2797+4373 15021771 1.7
Fe 2605+2039 1713+849 2.0
Ca 1527+1889 10544843 1.9
K 1626+2168 896+845 14
Mg 314242257 3229+1557 1.8
Zn 91+88 126+102 0.7
Pb 58+81 71+69 0.8
Ti 90+105 61+46 15
Mn 70+92 46+34 15
Ba 27+30 15+11 1.8
Sr 17+18 10£7.7 1.7
\Y% 22+32 18+13 1.2
Cr 7.7+9.5 5.3+3.3 15
Cu 8.7£9.2 79+75 1.1
Ni 10+13 8.3+3.9 1.2
Co 2.7+3.1 2.0+1.8 14
Mo 1.3+1.7 1.3+1.0 1.0
Cd 1.6+1.4 1.9+1.3 0.9
- 114 -

Collection @ jeju



Concentration(pig/m’)

Concentration(ug/m’)

35+

28

214

Sector 2

4X

|
LI

24 -

18

124

]
T ; - ! T o+ 1ot
NH Na© K Mg N0, O nssCa nss-SO;

]
Na* K Mg NO, CI nss-Car nss—éoj+

Figure 55. Concentration comparison of Asian Dust

ionic components in specific sectors.
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Figure 57. Concentration comparison of Asian Dust elemental components
in specific sectors.
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Table 28. Sectional comparison of factor analyses for atmospheric aerosol components.

Speci Sector I -0 Sector I Sector IV Sector V

pecies fator1 factor?2 factor3 fator1l factor2 factor3 fatorl factor2 factor3 fatorl factor2 factor3
NH, 0.89 -0.02 -0.09 0.81 0.02 -0.31 0.82 -0.20 0.21 -0.26 0.42 0.75
Na’ 0.03 0.03 0.93 -0.12 0.12 0.92 0.05 0.94 -0.05 0.89 -0.17 0.02
K’ 0.79 0.26 0.16 0.79 0.32 0.08 0.87 0.26 0.29 0.42 0.38 0.73
Mg*' 0.38 0.17 0.67 0.54 0.13 0.64 0.23 0.90 0.19 0.93 0.01 0.15
NOsz 0.35 0.32 0.49 0.53 0.06 0.36 0.63 0.41 0.05 0.71 0.14 0.49
Cl -0.21 0.06 0.88 -0.23 0.02 0.89 -0.16 0.91 -0.16 0.84 -0.27 -0.16
nss-Ca®’ 0.23 0.74 0.09 0.16 0.64 0.20 0.72 0.19 0.20 0.03 0.39 0.74
nss-S0,~ 0.91 0.09 -0.07 0.84 0.19 -0.25 0.85 -0.17 0.35 -0.20 0.46 0.80
Al 0.14 0.90 0.11 0.26 0.86 -0.02 0.41 0.28 0.53 0.09 0.00 0.29
Fe 0.13 0.95 0.08 0.12 0.91 0.01 0.65 0.09 0.55 0.11 0.81 0.45
Ca 0.19 0.92 0.15 0.42 0.76 0.23 0.51 0.38 0.63 0.22 0.87 0.16
Na 0.02 0.31 0.81 0.01 0.37 0.82 0.05 0.85 0.39 0.87 0.25 -0.12
K 0.51 0.71 0.16 0.69 0.51 0.01 0.64 0.29 0.60 0.46 0.64 0.29
Mg 0.07 0.80 0.43 0.09 0.76 0.47 0.28 0.73 0.52 0.78 0.36 0.06
S 0.85 0.31 0.01 0.82 0.33 -0.17 0.73 -0.03 0.55 -0.14 0.68 0.56
Zn 0.74 0.23 0.13 0.86 0.18 0.05 0.52 0.05 0.58 -0.15 0.71 0.21
Pb 0.73 0.17 0.13 0.85 0.12 0.10 0.21 -0.03 0.84 0.03 0.88 0.19
Eigenvalue 4.8 4.8 3.3 55 3.9 3.4 5.3 4.4 3.4 4.8 4.6 3.4
Variance(%) 28.0 28.0 195 32.6 22.7 199 31.3 26.0 20.3 28.5 26.9 19.9

Cumulative(%) 28.0 56.0 75.5 32.6 99.3 75.2 31.3 57.3 77.6 28.5 99.3 75.3
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Table 29. Sectional comparison of sea—salt enrichment factors for ionic
aerosol components.

. (CX/CNa+)Aerosol / (CX/CNa+)Seawater
Species  Seawater

(X) ratio Sector I  SectorlI Sectorlll SectorlV SectorV
K 0.04 6.4 9.2 7.9 45 3.1
Mg* 0.12 1.8 14 1.3 2.3 1.0
Cl 1.80 0.4 0.5 0.4 0.4 0.5
Ca™ 0.04 5.3 9.2 5.8 4.6 2.9
S04 0.25 31.1 254 29.6 32.5 16.5

Table 30. Sectional comparison of soil enrichment factors for elemental
aerosol components.

Species Crust (Cx/Canaerosol / (Cx/Cancrust
(X) ratio Sector I  SectorlI Sectorlll SectorlV SectorV
Fe 0.4353 2.1 2.4 19 1.7 1.8
Ca 0.3731 3.1 3.1 2.5 4.6 6.3
Na 0.3595 18.0 11.9 13.8 19.7 22.5
K 0.3483 3.4 3.0 2.5 2.3 2.5
Mg 0.1654 6.8 5.0 5.1 6.4 7.3
Ti 0.0093 5.7 6.6 6.6 6.1 75
Mn 0.0075 5.4 6.6 4.8 4.0 4.7
Zn 0.0009 257.7 207.2 152.9 181.0 205.0
\Y 0.0007 38.2 24.9 22.3 103.8 142.1
Pb 0.0002 749.1 756.4 629.4 379.7 421.3
Cu 0.0003 5.6 5.7 4.3 7.2 8.7
Ni 0.0002 86.6 66.2 80.4 201.9 187.0
Co 0.0001 24.6 174 17.8 60.8 75.3
Cd 0.0012 3.7 3.7 2.2 12.4 17.1
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