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Table 1. Instrumental conditions and detection limits(30) of ICP-AES for metals and sulfur analyses.

Thermo Jarrel Ash. Model IRIS-DUO

Operation Mode : Simultaneous mode RF Power : 1150 W
Outer = 16.0 L/min
Plasma Type : Radial. Axial Ar Flow Rate: Inner = (1.5 L/min
Nebulizer = 28. 35 psi
RF Frequency : 40.68 MHz Pump Rate : 130 rom
Detection Detection
Element Wavelength Detection Limit {(ppm) | Element Wavelength Detection Limit {(ppm)
(nm) (nm)
Al 396.152 0.0027-0.0045 Fe 259.837 0.0024-0.0051
Ca 317.933 0.0009-0.0012 Na 588.995 0.0036-0.0240
K 766.490 0.0015-0.0042 Mg 202.582 0.0051-0.0135
Ti 334.941 0.0015-0.0090 Mn 257.610 0.0002-0.0003
Ba 233.527 0.0033-0.0036 Sr 346.446 0.0015-0.0033
Zn 213.856 0.0003-0.0015 Vv 309.311 0.0012-0.0000
Cr 267.716 0.0027-0.0054 Pb 220.353 0.0057-0.0153
Cu 324.754 0.0024-0.0027 Ni 201.647 0.0006-0.0084
Co 228.616 0.0015-0.0027 Mo 202.030 0.0009-0.0039
Cd 214.438 0.0018-0.0033 S 182,034 0.0189-0.0423
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Table 2. Annual mean concentrations of sulfur and metal components in 1998-2001.

component 1998 1999 2000 2001 4-year total

Mean  S.D. Mean S.D. Mean S.D. Mean S.D. mean

Al 112 2.57 0.42 0.34 0.55 (.86 0.87 1.68 0.74

Fe 0.79 1.46 0.39 (.44 0.50 0.62 0.75 1.69 0.61

Ca 0.94 2.23 0.54 0.57 0.59 0.64 0.76 1.66 0.71

{wg/m”) Na 1.35 0.97 1.31 0.91 1.48 1.12 1.39 1.23 1.38
K 0.62 0.97 0.28 0.28 0.39 0.36 0.58 0.96 0.47

Mg 0.49 0.84 0.33 0.26 0.48 0.37 0.46 0.75 0.44

S 1.96 1.62 1.76 1.19 2.24 1.69 1.64 1.37 1.90

Ba 75 11.6 4.6 4.5 59 7.5 6.7 11.9 6.2

Cd 0.7 0.4 0.6 0.4 1.3 0.8 0.9 0.8 0.9

Co 0.8 1.0 0.7 0.6 0.6 0.5 0.6 09 07

Cr 2.4 4.2 2.8 3.2 29 49 28 34 28

Cu 35 3.3 39 37 4.7 36 37 4.0 4.0

Mn 24.4 32.5 - 172 16.1 17.8 215 22.8 338 20.6
(ng/m") Mo 1.2 0.8 1.1 0.8 1.0 0.7 0.8 0.7 1.0
Ni 3.4 30 28 19 4.9 4.6 4.2 4.5 38

Pb 377 52.2 46.9 46.1 41.5 43.9 319 38.3 395

Sr 6.2 8.3 38 3.2 4.9 4.1 5.4 7.9 5.1

Ti 40.0 51.4 317 30.4 30.0 38.0 42.0 65.3 359

\Y 8.9 115 75 43 73 6.4 9.0 12.9 8.2

Zn 46.9 40.1 39.5 43.3 45.8 46.4 37.3 47.5 42.4

1000 2000 3000 4000 5000
Concentration {ng/m3)

Figure 1. Comparison of annual concentrations of
Al Fe. Ca. Na. K. Mg. S.
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Figure 2. Comparison of annual concentrations of
Mn. Ba. Sr. V. Zn. Pb. Ti.
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Figure 3. Comparison of annual concentrations of
Cr. Cu. Ni. Co. Mo. Cd.
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Table 3. Seasonal mean concentrations(ng/ ) of metal components in 1993-2001.

COmpo- Spring Summer Fall Winter
nent Mean S.D. Mean S.D. Mean S.D. Mean S.D.
Al 1226.2 2221.3 308.7 2224 3772 265.7 435.2 3731
Fe 1077.2 17784 134.9 119.8 284.0 216.2 4328 3629
Ca 1168.0 2014.1 161.6 140.8 345.6 284.5 600.6 508.8
Na 1607.1 1432.3 1027.9 557.2 1219.1 764.5 1520.3 973.1
K 651.2 921.3 150.4 170.4 309.3 3495 583.3 809.2
Mz 625.0 843.6 205.1 154.3 315.2 2379 434.6 330.4
S 2227.6 1761.7 1594.5 1518.1 1463.0 1017.8 1978.0 1049.9
Ba 8.1 135 1.9 1.6 34 2.3 5.4 44
Cd 1.0 09 0.8 0.6 0.7 0.5 1.2 0.8
Co 09 1.1 0.3 0.2 0.6 0.5 0.5 0.4
Cr 4.2 5.8 14 1.0 19 14 2.2 1.1
Cu 4.7 4.4 32 32 4.0 35 3.2 22
Mn 320 379 6.2 5.2 13.2 11.0 175 13.7
Mo 1.2 0.9 0.6 0.5 1.0 0.6 0.8 0.5
Ni 5.6 49 26 40 2.7 1.7 32 2.1
Pb 49.1 54.8 15.6 228 326 323 46.4 36.7
Sr 7.4 8.8 19 1.1 33 16 5.0 35
Ti 598 68.2 9.7 9.1 197 151 30.6 2.3
\Y 126 135 4.5 2.4 46 2.3 6.3 41
Zn 52.6 57.9 20.5 25.2 37.8 323 42.7 41.9
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Table 4. List of Yellow Sand event days in 1998-2001.
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Table 5. Comparison of metal concentrations between Yellow(Y) Sand and Non-Yellow(NY) Sand periods

in 1998-2001.
Y NY .

component Mean S.D. Mean S.D. Y/

Al 4.93 3.96 047 0.59 10.49

Fe 410 311 0.40 0.50 10.25

Ca 457 3.56 0.46 0.57 9.93

(wg/ mi) Na 3.06 2.01 1.30 0.95 2.35

K 2.09 1.56 0.37 0.51 5.64

Mg 2.06 1.38 0.35 0.32 5.89

S 3.46 1.87 1.79 1.41 1.93

Ba 305 21.0 47 5.8 6.48

Cd 1.9 1.2 0.9 0.7 2.16

Co 2.4 1.8 05 0.5 4.80

Cr 10.3 6.2 2.4 3.3 4.28

Cu 9.2 6.6 3.7 3.2 2.49

Mn 936 47.2 16.0 18.2 6.85

(ng/ i) Mo 1.6 1.1 0.9 7 1.78

Ni 127 4.2 35 33 3.65

Pb 77.1 59.7 36.5 42.0 211

Sr 224 128 4.0 3.6 5.59

Ti 150.5 82.6 29.3 38.0 5.13

1% 338 20.6 6.6 5.8 5.10

Zn 94.8 79.8 385 41.7 2.47
180
= 150
\;m
i
§ o
é k1)

0

Tl Mn Ba Sr 2n \ Pb

Figure 8. Comparison of Ti. Mn. Ba. Sr. Zn. V.
Pb concentrations between Yellow Sand and
Non-Yellow Sand periods in 1998-2001.
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Figure 9. Comparison of Cr. Cu. Ni. Co. Mo. Cd
concentrations between Yellow Sand and

Non-Yellow Sand periods in 1993-2001.
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Figure 10. Scattering of Al. Fe. Ca. K. Ti. V concentrations as a function of the wind direction.
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Figure 11. Scattering of Pb. Zn. Cu. Mn. Cd. Cr concentrations as a function of the wind direction.
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Table 6. Cross correlation coefficients for metal components of aerosols.

Al Ba Ca Cd Co Cr Cu Fe

K Mz Mn Mo Na

Ni Pb S

Al 1

Ba {091 1

Ca|096 093 1

Cd|037 048 042 1

Co [0.78 081 080 042 1

Cr|067 067 066 049 063 1

Cu|045 056 050 045 056 040 1

Fe [094 094 095 043 080 067 050 1

K 1079 080 082 039 066 054 053 080 !
Mgl 0.90 089 093 043 076 065 050 093 082
Mn|088 096 089 0.47 081 068 059 091 0.78
Mo|033 048 040 054 051 040 062 039 041
Na |05 054 056 045 050 056 029 059 0.44
Ni | 064 074 065 057 062 063 060 069 060
Pb {031 050 041 053 037 035 063 038 0.33
S {041 053 047 054 047 048 063 0.6 055
Sr| 048 094 093 049 081 069 054 093 081
Ti |0.76 078 0.73 046 071 069 041 081 062
V1090 093 090 046 080 073 033 093 0.74
Zn [033 049 041 054 040 036 067 040 0.50

0.87
0.38
0.67
0.65
0.38
0.40
0.92
0.77
(.83
0.39

047 1

055 035 1

078 047 045 1

052 070 028 051 1

054 vol 039 056 076 1

s9sud8 062 072 051 057 1

083 035 063 071 035 042 079 1

092 040 025 076 041 0.51 092 082 1
052 066 029 050 082 0.68 050 034 042 1
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x (G Catles Annual Spring Summer Fall Winter

Na 0.3595 52 3.6 9.2 9.0 9.7

Mg 0.1654 3.6 3.1 4.0 5.1 6.0

Ca 0.3731 26 2.6 1.4 2.5 3.7
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Metal Components Characteristics of Atmospheric Aerosols
in Jeju Affected by Yellow Sand Effect

Won-Hyung Kim, Chang-Hee Kang., Kyung-Hee Yang,
Sung-Bin Han. Duk-Sang Jeong
Department of Chemistry. Cheju National University

Abstract

The atmospheric aerosols have been collected at Gosan in Jeju during 1998 to 2001. and their metal
components have been analvzed in order to investigate the characteristics and concentration variations during
the Yellow Sand periods. The mean concentrations of metal components including sulfur were in the order of
S>Na>Al>Ca>Fe>K)>Mg>Zn>Pb>Ti>Mn>V)>Ba>Sr>Cu>Ni>Cr>Mo> Cd» Co. The soil originate
Al. Ca. Fe. K were increased as 10.5. 9.9. 10.3. and 5.6 times. respectively. during Yellow Sand periods. and
Ti. Ba. Sr were also increased as 5.1. 65. and 56 times. respectively. Most of the soil components. in
particular. Al. Fe. Ca. showed high correlation coefficients. The enrichment factors show Ca. Fe. Cd. Ti. K.
Mg in aerosols are originated mostly from the soil. whereas the metals such as Pb. Mn. Ni. Cu, V. Cr. Co.
Zn. and Na are from other possible sources rather than soil. The factor analysis shows the metals of the
aerosols at Gosan are originated primarily due to the soil. followed by anthropogenic and somehow sea-salt
factors. The wind direction study showed most of the aerosol metal components increased with the northwest

wind. indicating the possible transportation of air pollutants from China as well as the Korean peninsula.
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