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Abstract

Size-segregated measurements of aerosol composition are used to estimate the transport of natural and
anthropogenic aerosols at Gosan site during May 2002. The results of measurement show that not only soil dust but
also anthropogenic aerosols, including sulfur and enriched trace metals such as Pb, Zn, Cu, are transported to Gosan.

This study combines the size— and time-resolved aerosol composition measurements with factor analysis in order
to identify some source materials. As a result, coarse particles (2.5 pm~ 12 um) are influenced by soil, sea—salt, coal,
coal combustion, and nonferrous sources. But fine particles have different sources. The fine particles, which the
diameter is from 0.56 {tm to 2.5 um, are more affected by road dust, oil combustion, industry, municipal incineration,
and ferrous metal sources. The very fine particles, from 0.09 um to 0.56 um, mainly supplied by biomass burning, oil
combustion, nonferrous and ferrous metal sources.
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Fig. 1. Location of Gosan sampling site.
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Table 1. XRF analysis conditions using beamline 10.3.1%,

Energy range (keV) 6~ 15 (with multiplayer mirrors)
Monochromstor " Kikpatick - Bace sonfiguraton
Photon Flux (photons/s) 31010 at 12.5keV
Spectral resolution (E/E) 25 at 12.5keV
Spatial resolution (m) 1.0x1.0
Detectors Si(Li) x-ray detector
Sensitivity of detection ~0.1 ng/m*

*: Analyzed by Delta Group in Univ. of California Davis.
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Table 2. Uncertainty of measurement for each trace element.
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7 e =) hebge deby 2 QFelAe ols
7ol ZA A £ 7 A EES A9 S,
Si, Al, Fe, Ca, Cl, Cu, Zn, Ti, K, Mn, Pb, Ni, V, Se,
As, Rb, Cr, Bre] 19229 48 24 dAtez 39
o 7 el g 7E AR B ®
29} e}, ole) e 1739 8| Stage 73} 8ol
A ZAZke A& B8 =s v ad gA Gepgoh

Stage Al Si S ct K Ca Ti V Cr Mn Fe Ni Cu Zn As Se Br Rb Pb
137 172 144 50.0 170 216 675 023 021 0.67 380 0.11 6.05 444 038 0.08 0.36 032 1.52
2 318 524 635 22.67 772 7.82 260 0.11 007 026 139 0.04 0.10 037 0.16 0.04 0.12 0.14 0.60
3 104 236 203 818 797 394 1.15 007 005 0.16 6.67 0.03 0.07 063 0.13 005 0.09 0.11 0.60
4 113 225 142 095 818 0.51 0.17 004 003 009 1.05 0.03 0.06 0.57 0.14 0.05 0.10 0.10 0.67
5 0.88 167 135 023 286 0.18 0.09 0.03 001 0.03 032 002 0.02 0.17 006 003 0.04 0.06 0.24
6 1.60 327 494 048 738 0.13 0.08 0.10 0.02 0.04 030 005 0.04 022 0.08 004 0.09 0.06 0.28
7 072 094 527 021 142 0.10 007 003 002 002 009 003 0.03 008 011 004 0.05 0.07 0.40
8 530 147 101 6.04 217 1.07 045 0.08 0.03 0.05 1.81 005 0.05 0.19 0.15 005 0.10 0.11 0.55
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Fig. 2. Air quality and meteorological characteristics at Gosan in Jeju during measurement period (measured by

Gosan observatory).
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Table 3. The average concentrations of trace elements during the sampling period. (ng/m*)
Stage Al Si S Cl K Ca Ti v Cr Mn
1 530232 1199+531 167+122 5194335 2314101 298+207 9434468 0.92+0.53 2.28+2.22 921+4.83
(56.5%) (50.7%) (7.9%) (51.3%) (31.5%) (60.8%) (60.1%) (21.5%) (63.1%) (53.1%)
2 2304222 561525 8514483 297313 108+£844 111+875 3674269 0444031 0.56+0.41 3.49+3.01
(24.4%) (23.7%) (4.0%) (29.3%) (14.8%) (22.7%) (23.4%) (10.1%) (15.5%) (20.2%)
3 1124100 299272 2734266 114154 1124938 558+322 16.0+12.8 0404032 036+026 2.15+1.45
(11.9%) (12.6%) (12.8%) (11.3%) (15.4%) (11.4%) (10.2%) (9.2%) (10.1%) (12.4%)
4 220+288 7424765 5461+823 6.59+536 89.7189.8 6471480 1.97+1.09 0.30+0.27 0.15+0.11 1.11+0.83
(2.3%) (3.1%) (25.5%) (0.7%) (12.2%) (1.3%) (1.3%) (6.9%) (4.2%) (6.4%)
5 575%3.66 20.0+12.1 191121 1.87+£1.08 3994279 207+1.16 098+0.31 0.14+0.20 0.04+0.06 0.31+0.23
(0.6%) (0.8%) (8.9%) (0.2%) (5.5%) (0.4%) (0.6%) (3.2%) (1.1%) (1.8%)
6 13.5+125 383+222 6631407 5.53+3.60 104104 1.41£093 0.89+0.70 1.32+1.12 0.05+0.05 0.43+0.36
(1.4%) (1.6%) (31.0%) 0.5%) (14.2%) (0.3%) (0.6%) (30.8%) (1.3%) (2.5%)
7 215157 7474888 71.6+488 1.10£0.79 18.8+21.1 0.63+0.15 0.42+0.13 0.194+0.18 0.02+0.04 0.10+0.07
(0.2%) 0.3%) (3.4%) (0.1%) (2.6%) (0.1%) (0.3%) (4.3%) (0.5%) (0.6%)
8 242+109 1671264 140£291 6694343 29.2+93.0 143+71.3 573+242 059+058 0.16+0.78 0.53+2.50
(2.6%) (7.1%) (6.5%) (6.6%) (4.0%) (2.9%) (3.7%) (13.8%) (4.3%) (3.0%)
Total 939 2367 2136 1012 733 489 157 4.29 3.61 17.3
Stage Fe Ni Cu Zn As Se Br Rb Pb
L 540+253 1.04+082 858+246 63.0+153 0.63+£0.53 0.14%0.13 0.14£0.13 1.50%£1.26 5.63+8.92
(61.1%) (32.4%) (95.8%) (67.8%) (24.7%) (14.3%) (46.3%) (40.5%) (31.0%)
2 199+158 199+158 120233 5.01+3.30 0.30%£0.29 0.07+£0.05 0.07+0.05 051+0.57 1.35+1.01
(22.5%) (9.9%) (1.3%) (5.4%) (11.9%) (6.8%) (11.8%) (13.8%) (7.5%)
39474731 031£0.19 084£1.01 874633 0.39+£031 0.16£0.13 0.16+0.13 0.47+043 3.63+3.08
(10.7%) (9.6%) (0.9%) (9.4%) (15.5%) (16.1%) (8.5%) (12.6%) (20.0%)
4 147£102 027+£021 0.62+0.54 791+6.80 040+0.24 0.25+0.24 0.25+0.24 0.42+0.35 4714375
(1.7%) (8.4%) (0.7%) (8.5%) (15.8%) (25.9%) (10.7%) (11.3%) (26.0%)
5 436+280 0.0+0.09 0.19+0.13 223%1.19 0.16+0.08 0.07+03 0.07+£0.03 0.18+0.06 1.00+0.74
(0.5%) (3.2%) (0.2%) (2.4%) (6.3%) (7.4%) (2.6%) (5.0%) (5.5%)
6 410%347 0571039 0361027 293+£2.05 0.35+£0.30 0.18%£0.12 0.18+£0.12 0.20£0.11 1.28+1.05
(0.5%) (17.7%) (0.4%) (3.2%) (13.7%) (18.5%) (10.7%) (5.4%) (7.1%)
7 1.00+0.66 0211007 0.18+0.07 0.81+0.31 0.09+£0.04 0.05£0.02 0.05+0.02 0.17+0.03 0.10+0.13
(0.1%) (6.6%) (0.2%) (0.9%) (3.7%) (4.8%) (1.9%) (4.5%) (0.5%)
8 254%129 0394053 035£1.00 2.34+8.63 0.22+0.64 0.06%0.12 0.06+0.12 026+0.43 0.44+2.13
(2.9%) (12.3%) (0.4%) (2.5%) (8.5%) (6.2%) (7.5%) (6.9%) (2.5%)
Total 883 3.20 89.6 93.0 2.54 0.98 0.98 3.71 18.15

(2.5~5.0 pm), Stage 3 (1.15~2.5 um), Stage 4

fleg 71202 oFelfc & olT equEse

(0.75~1.15 pm), Stage 5(0.56~0.75 um), Stage 7
(0.26~0.3¢ um)ell M= 4719 AA7} 7F 91A 99
= BAFY 70% oA AdwEle], Stage 6(0.34~
0.56 um)ell M= 3742 QA7 & FAke] 75%¢ A
BHE 1ok =3 7P wAYgA 9Pl Stage 8
(0.09~0.26 um)dl M = 47019 QA7 & R-ALS] 61%
€ AdWslnz, oz iy M2 o A EESR 9
#E olegt <aEel o 7 AHE AR=EA
WL AR AEE T eS8 4 e

7} Qlxjel] Hfst 23 FA-L 7]29] Source pro-

VY AEayel W 97AT REom A 2
ArelAs HgdEEd ARE AR oY
Source profile (Watson et al., 1994; EPA, 1987; Mamuro
et al., 1979; Small et al., 1979; Taback et al, 1979;
Watson, 1979; Gladney, 1976)2 ZAE sl HAA=
7 299le] o ABHPEL Thg 59} o) 1}
ehtet.

o] ARYE-E FAHLE 2PUE T A =
jeddal Stage 1, 2, 3¢l A4} Si, Fe, Al, Mn, K, Cu, Ti,
V,Ca, Rb&} 52 ARAE 2 A A AdA:=
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Table 4. Factor loading matrix of factor analysis*.

Stage 1 Stage 2 Stage 3 Stage 4
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

Al 083 024 004 -031 096 -005 0.08 008 094 0.26 -0.10 0.03 098 0.04 0.09 004
Si 092 003 008 -028 097 -001 0.07 0.06 092 0.13 -0.05 -0.02 0.96 001 0.12 0.06
S -0.07 0.08 076 -002 033 089 -007 005 051 0.63 0.15 -0.06 0.97 0.05 -0.02 0.04
Cl -006 0.1l 004 089 -008 095 002 -0.04 -017 -021 082 -0.01 093 028 0.13 0.13
K 085 -0.10 029 -005 094 0.16 0.10 0.08 079 043 0.12 0.00 0.88 030 0.09 0.08
Ca 072 -0.08 006 005 094 0.2 006 0.11 079 022 0.08 0.05 0.27 002 083 0.11
Ti 085 0.13 -022 -0.03 089 0.02 0.09 0.11 091 0.10 -0.01 0.05 0.80 002 049 0.12
v 0.84 -0.01 004 -0.13 079 -0.05 006 006 072 052 -0.06 -0.01 022 087 0.12 0.16
Cr 041 059 -029 0.13 080 0.11 0.04 023 068 0.57 -0.13 0.05 0.70 0.35 0.35 0.17
Mn 091 011 012 000 095 0.04 010 011 065 067 003 0.08 0.27 0.14 046 0.79
Fe 097 0.14 -006 -003 097 001 012 0.12 093 0.28 -0.06 0.07 0.28 029 0.82 0.30
Ni 029 078 004 009 082 008 010 034 033 0.87 -0.03 0.08 0.03 035 0.14 0.80
Cu  -0.13 093 025 -0.01 0.07 -0.08 007 084 0.08 0.09 -0.04 096 0.25 083 03t 029
Zn -0.11 093 027 000 031 006 000 0.80 0.08 0.87 -001 021 0.10 007 0.16 0.95
As 030 038 060 025 043 007 074 0.08 043 042 020 023 074 049 0.15 0.t16
Se 027 025 077 016 033 0.11 072 0.12 043 057 036 0.04 0.74 0.50 0.24 0.17
Br -021 -0.12 0.15 085 -006 091 0.18 -0.03 0.12  0.13 088 -0.03 0.72 056 0.19 0.21
Rb 075 013 036 023 072 -002 056 007 078 025 0.14 0.12 0.81 0.19 0.16 0.07
Pb 001 086 0.14 -0.14 037 001 -075 0.1l 0.19 0.81 -020 -0.11 -0.08 034 0.77 031

Eigenvalue 7.13 379 209 189 934 263 205 163 751 465 176 1.07 820 291 2.88 265
Variance % 37.52 1997 1099 994 49.13 1385 10.80 857 3951 2447 925 560 43.171532 15.14 13.96

Stage 5 Stage 6 Stage 7 Stage 8
1 2 3 4 1 2 3 1 2 3 4 1 2 3 4

Al 033 089 009 -0.04 0.84 038 0.19 0.82 0.09 -0.04 -0.02 082 034 006 -0.08
Si 035 082 -0.18 0.03 0.58 0.67 0.30 0.84 037 015 004 070 038 -0.01 -0.20
S 0.73 0.34 -025 0.1 038 0.79 0.3 088 022 028 006 065 0.66 0.06 0.03
Cl 072 0.46 ~0.07 -0.02 053 072 025 091 0.02 0.15 -0.08 0.80 041 0.12 0.17
K 0.66 047 014 -0.15 075 036 0.16 091 -006 0.04 -0.04 078 -0.02 0.08 0.22
Ca 0.12 087 0.16 -0.01 082 026 0.15 042 066 -0.01 -0.01 019 007 012 -0.09
Ti -0.01 0.89 0.11 0.07 078 0.16 0.13 -026 064 -0.04 -0.11 -0.18 031 -0.13 0.14
\% 079 043 -021 017 -005 089 023 057 000 07t 006 0.11 090 -0.08 0.09
Cr 057 019 020 0.26 053 00t 014 -0.04 054 -006 027 -023 002 088 0.16
Mn 082 0.38 0.17 Q0.11 0.74 030 046 068 063 -0.13 0.13 039 -0.02 078 -0.04
Fe 054 076 020 0.01 0.81 037 0.29 077 057 011 010 014 005 094 0.12
Ni 079 021 -004 0.07 -005 049 0.80 034 0.15 076 0.05 003 093 0.1 0.25
Cu 077 009 0.17 002 055 035 0.63 029 063 021 000 008 021 0.36 0.77
Zn 075 030 031 0.6 039 0.14 084 074 056 -003 0.17 072 009 030 0.29
As 0.18 0.02 006 094 025 072 0.02 009 007 0.5 080 038 003 003 0.02
Se 0.53 -0.05 0.11 0.16 062 056 0.4 -001 0.03 -0.14 08! 062 010 002 0.14
Br 075 0.14 -032 -0.01 031 083 021 073 -006 013 019 074 -0.14 000 0.08
Rb 006 0.18 084 0.06 0.71  0.19 -0.08 023 0.14 -060 007 -~020 -030 -0.12 -055
Pb 081 027 025 -032 065 0.J1 040 052 047 -0.15 -0.02 036 -002 006 0.05

Eigen value 698 4.60 1.33 1.20 6.72 492 269 7.02 303 172 150 488 281 2.58 1.35
Variance % 36.75 24.19 698 630 3536 2592 14.14 3696 1595 9.03 792 2568 1478 13.56 7.13

* Rotation method : Varimax with Kaiser Normalization.
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Table 5. Marker elements of various sources.

Source Marker element

Soil (EPA) Si, Al, Fe, Ca, Ti
Road dust (EPA) Si, Al Fe, Ca, K, S, Pb, Ti
Sea salt (EPA) CL S, K, Br
Coal combustion .

(Gladney ef al., 1976) Al Fe, K, Ca, As, Se
Oil fired boiler (EPA} S, V,Ni, Si
Biomass burning (EPA) K. CL S, Al Fe

S, Si, Ni, Al, V, Fe, Ca
CL Zn, S, Al, Ca, Fe
Si, S, Ca, Fe, Pb

Industry (EPA 13504)
Incineration (EPA)

o
g

B I A B A 2 24 09]

Mool A =F vhehs Se, Asel AR <A
734 As, Sevl XS A Ysta Mukda A wiE
H= A=A E(Song et al., 2001) 02 AdHA glox
2 A da wEdez AA4E (AE4) 2002
Gladney er al.. 1976), v)A]d %3] Stage 4014 L}e}l}
X AL Ti, Ca, Si, Fe, Pb, Br 58 xi3}= lza:=
Source profile2 B8] 2@ uvjAlg )] #Ag <
99 (EPA profile 41130)2.2. FA = 4]} Stage 7, 8
oM FEHoz TAEE K, ClLSE g3l A
¢} V,Ni, S& =33l odzke] A, Kol S+ AA
da9] A@AFelT V,Nig| A eddie) A=
AlHolmg Ztzb AA| <A (Biomass burning) 9} 7]
A4 299 e el = Aoz AlmEdg (Al
, 2002; Song et al., 2001; Chan et al., 1999; 1}= =)
, 1999; EPA profile 42320, 13505). 18|31 22

Gasoline vehicle (Watson, 1994)

Nonferrous metal

(Mamuro et al., 1979)
Ferrous metal (Watson, 1979)

Cu, §, Al Fe, Cl, Zn, Se, As
Mn, K, Fe, S, Si
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Table 6. Element loading and possible sources in individual factors.

°d39] Fe, Cu, Mn, Znoll ZAH ¢lzle] 7%
At A o] A P (Watson, 1979). ©
o 7} qlzlel] HfE @Y FA AL B QP

[ A

Fators
1 2 3 4
Si, Fe, Mn, ALK, Ti, V, - )
Stage | Ca. Rb Cu, Zn, Pb, Cr Se, S, As Cl, Br
(5~12um) . Nonferrous metal . " .
Soil source Coal combustion Sea salt
Stage 2 S,il:iFf\:/' %Ir I\gg K, Cu, Cl, Br, S(K, Ca) As, Se Cu, Zn
(2.5~ 5um) Soil Sea salt Coal combustion Nonferrous metal source
Al, Fe, Si, Ca, K, V, Mn, Ni, Zn, Pb, S, Mn, .
Stage 3 Cr. Rb V. Cr. Se Br, CI(S, K) Cu
(1.15~2.5um) . Nonferrous metal L . )
Soil source Sea salt (Nonferrous metal source)
) Al S, Si, Cl1, K, Ti, Rb, Se, V.C Ca, Fe, Pb Zn, Ni, Mn
© 7581‘1%6145 ) As, Br, Cr L (Mn, Cu, Cr, Se) (Fe, Cu)
' AoHm Road dust Qil heating furnace Ferrous metal source Nonferrous/Industry
Stage 5 Mn, Pb, Ni, V, Cu, Br, Zn S, Al, Ti. Ca.Si, Fe Rb (Zn, Pb, Cr) As(Cr, Se, V., S)

(0.56~0.75 um)

Industry

Ferrous metal source

Municipal Incineration

Coal combustion

Stage 6
(0.34~0.56 um)

Al, Ca, Fr, Ti, K, Mn, Rb, Pb
Cl. K, Se(Si, Cl, Se)

Ferrous metal source

V,Br, S, As, CI, Si
(Al Ni, Se)

Oil heating furnace

Zn, Ni. Cu
(Mn, Si, S. Pb)

Nonferrous/Industry

Stage 7
(0.26~0.34 ym)

K.Cl S, Si, Al, Fe, 7Zn, Br
(Mn, V. Pb, Ca)

Biomass burning

Ca, Ti, Cu, Mn
(Zn, Pb, Cr)

Ferrous metal source

Ni, V (S8, Cl, Si)
Qil fired boiler

Se., As(Cr, Br, Zn)

Coal combustion

Stage 8
(0.09~0.26 um)

AL K,ClL Br, Si.Zn, S
(Se, As)
Biomass burning

V.Ni, §
(Si,.Ch
Ol fired boiler

Fe. Cr, Mn
(Cu, Zn)

Ferrous metal source

Cu(Zn. Ni. K. Se, Fe)

Nonferrous metal source
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Fig. 3. Correlations between trace elements at stage 1(5.0~ 12 pm), stage 6 (0.34~ 0.56 um) and stage 8 (0.09~

0.26 pm).
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