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

Instrument Thermo Jarrel Ash, Model IRIS-DUQ
Operation Mode Simultaneous mode RF Power 1150 W
Outer = 16.0 L/min
Plasma Type Radial, Axial Ar Flow Rate Inner = 0.5 L/min
Nebulizer = 28, 35 psi
RF Frequency 40.68 MHz Pump Rate 130 rpom
Detection . Detection .
Element  Wavelength Ll?epectmn Element Wavelength I?eFectxon
(nm) imit (ppm) (rm) Limit (ppm)
Al 396.152 0.044 Fe 259.837 0.009
Ca 317.933 0.021 Na 588.995 0.028
K 766.490 0.068 Mg 202.582 0.012
Ti 334,941 0.001 Mn 257.610 0.0002
Ba 233,527 0.002 Sr 346.446 0.003
Zn 213.856 0.001 \% 309.311 0.001
Cr 267.716 0.003 Pb 220.353 0.021
Cu 324.754 0.003 Ni 221.647 0.002
Co 228.616 0.001 Mo 202.030 0.002
Cd 214.438 0.001 S 182.034 0.031
Plasma Torchd, A&sx AEEL Axial %ol ZF5x9 79 A#A+E FRE
Plasma Torcheg £A43%%x, Simulta- @ I gol ldl 7171&4F 24 Agd=Es) &
neous ModeE o|&3ich I8z BAHA o3 & & AHALF §, 1994 33 F,

ICPe 717127 % Z+ AEEY HEWA+=
Table 1ol &3t EEFLHLS Accu
Standard4t9] ICP4¢ 1000 ppm $4& x4
s} EALdoz 34 AL o
o 34 %ol slEYAL ANE HA3AF)7)
At Alge] HAMe A FUH vE=2
HNO;# HClE £33 848 4433

3. A% % 2%

31 TSP clo]j2& ¥4 A5
311 #84 A% 4 33

dojzFe 84 AL 24 dolet: o
247 (ion balance)& wladd diAA A
IEE B & Uk F, doj2E 484
AE 4 ARy $ol 9FFEY 4

1999). 200002 2001 H717Hll A FH L
oA HHY F 614 A5 £4 A4S o
3 ols} Ze woz T o7te] ABALE
T8 3, % imbalance& F3t Table 20l 4
g3k = 479 4AA(r)E 098622
M2y ¥ AWBAE 2. = 2E A8
o] ¥4 Adsel diz] Fol FFHEx ¥
w0l FFEE ¥ #7¥ (imbalance) =
(Ayers and Manton, 1991)& =Als] 2 A
AA 610 A5 Foll 95 %2 wlolEl7} 20 %
imbalance °l&¢ <€ BIen Yrix 5%
7 2 ol4Y EFYEE vehln gS ¢
+ At
T 24 AL o] 2EY £84 4EE
A3 ZA(Table 3) A7z 84 4
FFEEE nss-SOFINOs D CI')Na'*)

Mz Ao
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Table 2. Data quality control parameters and % Imbalance.

Regression results

% Imbalance”

Number of point 61
Slope 0.872
Intercept 0.018

Correl. coefficient(r) 0.986

<10 % Imbalance 39
10~20 % Imbalance 19
20~50 % Imbalance 3

> 50 % Imbalance 0

% Imbalance = (Tcan — Tanen) X 100 / 05 X (Tcamn + Taon)

nss-Ca®* Y NH,* ) K' ) Mgl' 4«2 2 nss-
SO&, NOs, CI°, Na*, nss-Ca’* Fo] 4dlH
o2 ¢ ¥5&% uUehdgdd olE F nss-
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Eolld s Fdo 71AF SOS FEE
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0.2519) Aol o& A" Fxolrt ol
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A AgH a9 SOL FEZ ¥ 4 9l
o, nss-SO HFEEE 7.2/ mE M &
e 5§ Jehglch SOLE 2ty F2
2 2" SOt BEhHel HEE AN A4
P22 odEAz2 g Y4 13 ¥
pHoz #ope) AL Yol I UT, oo
2% 2AANE /22 g2 3~10% A=
7h skl wAEl = AEEH sYolda B
253 glch(Arimoto et al, 1996). AIFAH
9 SO, MZe wWiko] 229 %, AALF 132
%, 4% 80%. 3EWAe] 559 %2 Fods3
g Aoz 24T YR AHedYel A
o] AdFllAE uad & $EE Hol
gt £ A7 £H9 1A FHLY AS
Matrtol 91X 52 AoiA #Pe Kol HlE
% 2 Holrh. N0y SO ¢ vhastAs o
By Q94 gqle WAZYE Uehlm, 14
298HA NOUH AAEE AN A4"e
2% 2B FFE ol¥ch NOy o ¥
ey Hddge) A BHo| Iw
A5, AGYE 59 APoz TAHE A
oz ¢#HA YH(NAEE F 19%). & 97

717l 4" NOy'S $=& 332mw/m2 Al
2 TAANGY A7 FFghol vl ¥4 ¥
e AY%L g AFAG A¢ =AAY
ol wlsl A Aldol A9 gz, AFUEE
¥4 e g Agsd g2 sdrde
Sx9] 3ol Aoz A FEE A
o] et 1Y A FH4 Bl AFAe
o] vlzd %L FE9 o 2kmAE "o
A 91, FAL2RE 73 A whdo]l %
1kmAE EojA oA clzodUsd Hed
o] gako] ©A g Fol AXFHT A7
ol o3 AN g ALY %Y A2E
drdsz zAd & "Yast Uch SO
NO; 8oz £& 58 Mol A4#L Cl
s} Na*2 %37 s=7 274 239w/, 2.31
w/me 4F¢ 1Y, HEX Wl vis] 4d
Hoz ¥ Z¥E vehix Jck =T
nss-Cal* e Ca’’el 2 XA sdel 71
¥ Cal'e =& M Poz, [nss-Ca’]=
[Ca’*]-[Na'1x0.049] Aol ojaf Al4= 5
solch Cal*e dEHQY 2% AFAHEoZ
z2 2%y 4o g diy] ool 2Foll
Z:57) A Eoll A9 & AR A 2
t A¥old AF 7Y nss-Ca¥’ FEE
147 g/ 2 o] A9 A%F Bz ¥4
H ¥ 5§ Jeblidch

312 244% 24 A4
A7) olol2E YRHEL A YR 2
Aol wet Qzre] Aol A AgolE

- 87 -



aA 4% oAz, GG Fie drled
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. 53, 32 994 29F
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F4&ARL A4 B HA4YE 2Asn
ZF rA Y 7l & & AR = ol F2
3 ARE AFsA A g7 F9 {2

€ B9 9dx % s Foll o3 A=
AdH A due A&, AFA fEIIA
ol o8 W&sE A9H, 182 d7] 59
3 wbgoll o8 A4S E 22 A4YA” F
FAHE Yurd oz 7 Ay ¢4y
Bm Al Ca, Fe, Zn, Mn, Mg 52
< dA Y w4l o3, Ni, V §& d&
A4 A A, Pbe 253wl & 72
Cd, Zn Cr, Pb 2 &7 1}@011/‘1
K, Mg &2 3ol o ¢AsE= Ao
2 ¢8A Alt}(Huang et al., 19%4). &
qNAE oojzdd T3 o8 FEAHE
dFE vasy] s 2F 1959 24
% ¥ AHEEs Y8, 1 A
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Table 3. Comparison of TSP aerosol compositions between Yellow Sand and Non-Yellow Sand periods in

2000-2001 spring seasons.

Component Whole Yelllow Sand Non-Yellow Sand Y/NY
Mean S.D. Mean S.D. Mean S.D. Ratio

NH, 1.17 1.25 1.14 0.77 1.89 1.33 0.60

Na’ 2.31 172 418 1.79 1.65 1.11 2.54

K 052 0.44 0.75 0.36 0.44 0.44 1.68
nss-Ca 1.47 201 3.65 2.82 0.70 0.66 5.22
Mg” 0.37 0.29 0.71 0.30 0.25 0.16 2.89
nss-S04 7.72 4.30 8.38 394 7.48 4.44 1.12
NOs 3.32 2.67 582 3.06 2.43 1.85 2.39

pg/m’ Cl 2.39 3.11 5.18 3.82 1.11 1.37 465
Al 1.74 2.38 4.14 3.29 0.86 1.01 4381

Fe 164 2.26 3.89 3.30 0.83 0.81 4.70

Ca 1.63 2.23 3.76 3.23 0.86 0.92 4.39

Na 1.94 1.85 3.29 2.03 1.45 153 2.26

K 0.87 1.04 1.80 141 0.53 0.59 3.40

Mg 0.87 0.99 1.84 1.36 052 0.47 353

S 2.62 2.04 2.99 2.02 2.48 2.06 1.20

Ba 14.8 16.4 30.2 22.1 9.2 89 3.29

Cd 15 11 2.1 1.3 1.3 09 1.65

Co 1.2 1.3 2.2 19 0.8 0.6 2.76

Cr 6.2 6.9 99 53 4.8 7.0 207

Cu 6.2 55 93 7.3 5.1 4.2 1.84

Mn 46.0 455 92.0 53.7 29.3 276 3.14

ng/m* Mo 1.3 1.0 16 1.3 1.2 09 1.29
Ni 9.0 5.3 134 45 74 47 1.81

Pb 58.2 59.9 78.5 64.6 50.9 572 154

Sr 10.3 10.2 20.1 13.7 6.8 54 2.96

Ti 85.7 338 1519 87.3 61.6 68.9 2.45

\% 179 16.3 325 216 125 97 261

Zn 63.5 67.2 97.2 89.1 512 534 1.90
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m o] 49 A&7t 50 % o€ AAFHE
Reg zAST A E AF7 +3H 2000
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Table 4. List of Yellow Sand event days in Cheju, Mokpo, Kunsan and Seoul in 2000-2001.

City 2000 2001
4 6 7, 10. 21, 22, 2
, March 23, 24, 26, 27, 28 29  March 3,4, 6,7, 10. 11, 20, 21, 22, 23, 24
Jeiw e (0 ol 96 27 April 10, 11, 12, 13, 14, 25, 26,
prtf, €, 0, 2, e May 16. 17, 18
March 3. 6, 7, 20, 21, 22, 23, 24
Mok March 23, 24,26, 27, 28, 29 Aar_‘l:hm s va b
OKpPO . pn , ' s )
23 26, 27
April 7, 8 10, 23, May 16, 17
March 7, 23, 24, 26, 27, 28, 20 March 3, 4, 5, 6, 7, 20,22, 23, 24, 25
Kunsan April 7, 8, 10, 12, 23, 26 April 9, 10, 11, 12, 13, 14, 24, 25
Mayv 4 May 3, 16, 17, 18
March 7 23 24 27, 28 March 3. 4. 5. 6, 7, 20.22, 23, 24, 25
e R April 7, 8, 9, 10, 11, 12, 24, 25, 26

April 7, 8, 23, 26, 27

May 16, 17, 18, 19
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2 A3 22 B4 Ado Az F39
AEE fol I QU BHd o] FoF T, o
A719] dlolEjghg vl mPLE At Az
HEsxe A9 sEAE ¥4 o &
Hog A,

ki
4

33 ooz E AL YA

doAzZ A¥ SA4E =437 93
A Z2IY(SPSS)E ol&3o adE4y
(factor analysis)€ A A13t%t}H(Crawley and
Sieveering, 1986: #Ud=x9 HF<&, 1998:
Olsen et al, 1990; Seto et al, 2000. Lee
et al., 2000).
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Figue 1. Comparison of water-soluble component
concentrations at Gosan between Yelow Sand and
Non-Yellow Sand periods in  2000-2001  spring
Seasons.
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Figure 2. Comparison of Al, Fe, Ca, Na, K, Mg and S
concentrations at Gosan between Yellow Sand
and Non-Yellow Sand periods in 2000-2001 spring
$easons.
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Figure 3. Comparison of Ba, Ti, Mn, Pb, Zn, V and Sr
concentrations at Gosan between Yellow Sand and
Non-Yellow Sand periods in 20002001 spring
Seasons.
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Figure 4. Comparison of Cr, Cu, Ni, Mo, Cd and Co
concentrations at Gosan between Yellow Sand and
Non-Yellow Sand periods in 2000-2001 spring
Seasons.
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Table 5. Varmax factor analysis results for the aerosol components at Gosan site during Yellow

Sand period in 2000-2001 spring seasons.

Yellow Sand

Component
factor 1 factor 2 factor 3 factor 4 factor 5
NH, -0.155 -0.222 -0.332 0.124 0.800
Na' 0.085 0.082 0.972 -0.006 -0.046
K’ -0.041 0.143 0.244 0.691 0.580
nss-Ca*' 0.149 0.357 0.436 0.750 0.132
Mg*’ 0.212 0.197 0.846 0.317 0.245
nss-SO4* -0.031 0.241 0.147 0.464 0.804
NO; 0.115 ~-0.019 0.043 0.919 0.182
Cl 0.014 0.249 0.859 0.234 -0.276
Al 0.974 0.065 ~-0.060 0.027 -0.136
Fe 0.959 0.157 0.065 0.050 0.078
Ca 0.930 0.239 0.050 -0.017 0.025
Na 0.817 0.248 0.366 -0.279 0.102
K 0.921 0.267 0.150 0.113 0.045
Mg 0.968 0.147 0.145 -0.042 0.024
Ti 0.860 -0.089 0.357 -0.111 -0.049
Mn 0.923 0.103 0.099 0.242 -0.169
Ba 0.966 0.130 -0.073 0.110 -0.149
Sr 0.933 0.241 0.106 0.032 0.052
Zn 0.109 0.860 0.249 0.369 -0.003
A% 0.973 0.171 0.048 0.028 -0.009
Cr 0.956 0.186 -0.008 0.141 -0.023
Pb 0.134 0.840 0.278 0.337 0.073
Cu 0.389 0.875 0.100 0.134 0.023
Ni 0.793 0.459 0.144 0.115 -0.130
Co 0.865 0.220 -0.133 -0.124 -0.115
Mo 0.399 0.756 -0.183 -0.347 -0.076
Cd 0.400 0.700 0.293 -0.383 -0.098
S 0.664 0.578 0.153 -0.025 0.179
Eigenvalue 14.9 49 2.8 2.2 1.1
Variance(%) 53.4 176 10.1 7.8 39
Accum.(%) 53.4 71.0 81.1 88.9 92.8
AN S debiddeh T3 Y nss-Ca’* ) dlE Qee dujdh 2 3AR o] AAXNAYE
A B 7199 AEQ i NOy e 9" 7ehad o5 AHRSL R4 =wdly 23

1= <)
A&"\E"\__‘

Ae) 4rez % ¥ ohe 247
4¢ 23 9k o AW Az ohe $asY
5 4%ol FUW ARz dehb: AL ofF

o] TLY £Y H=2ol s vz Y=z

ez WA RohE ) A4 wAEo
NO; AEs 247 2 == Ca(NOs),
Hel2 FAlol A=Y b7 oo} 2ol §9
HoE 7Ms4ol & Aoz 23"k Zhang

“
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Table 6. Varmax factor analysis results for the aerosol components at Gosan during
Non-Yeliow Sand period in 2000-2001 spring seasons.
Non-Yellow Sand
Component
factor 1 factor 2 factor 3 factor 4 factor 5
NH,' -0.100 0.827 0.005 -0.106 -0.018
Na' 0.115 0.052 0.007 0.939 0.091
K’ 0.142 0.925 0.031 0.237 0.007
nss-Ca”’ 0.111 0.364 -0.006 0.178 0.847
Mg” 0.129 0.196 -0.029 0.679 0.607
nss-SO4* -0.068 0.868 -0.055 0.022 0.286
NOs 0.099 0.632 0.036 0.545 0.127
Cl 0.091 -0.102 0.076 0.884 0.005
Al 0.967 -0.085 0.161 0.017 -0.006
Fe 0.958 -0.003 0.181 0.086 0.016
Ca 0.962 0.150 0.122 0.060 -0.038
Na 0.582 -0.116 0.638 0.316 -0.211
K 0.849 0.431 0.225 -0.005 -0.122
Mg 0.870 0.229 0.237 0.215 -0.130
Ti 0.564 -0.238 0413 0.327 0.299
Mn 0.817 0.085 0.245 0.092 0.474
Ba 0.855 0.342 0.116 0.070 0.314
Sr 0.728 0.315 0.358 0.172 0.361
Zn 0.343 0.699 0.530 -0.051 0.139
V 0.673 -0.086 0.320 -0.011 0.481
Cr 0.287 -0.155 0.834 0.025 0.058
Pb 0.301 0.679 0.470 -0.017 0.111
Cu 0.309 0.640 0.397 -0.136 0.179
Ni 0.648 -0.058 0.505 0.054 0.381
Co 0.693 0.078 0572 0.080 0.315
Mo 0.144 0.464 0.776 -0.047 -0.037
Cd 0.300 0.281 0.843 0.103 0.104
S 0.237 0578 0.708 -0.061 -0.085
Eigenvalue 13.3 4.6 3.0 2.0 15
Variance(%) 475 16.4 10.7 7.0 55
Accum.(%6) 475 63.9 74.6 816 87.1
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Composition Comparison of Atmospheric Aerosols at
Gosan in Jeju Island during Yellow Sand and
Non-Yellow Sand Periods in 2000-2001

Won-Hyung Kim, Chang-Hee Kang and Sung-Bin Han

Department of Chemistry, College of Natural Sciences, Cheju National University
Abstract

The atmospheric aerosol compositions and characteristics have been investigated
with the samples collected at Gosan site during Yellow Sand and Non-Yellow Sand
periods in 2000 and 2001 spring seasons. The average concentrations of aerosol ionic
components were in the order of nss-SO: > NO; > Cl')Na')nss-Ca®* ) NHs* YK*)
Mg®*, and the concentrations of S, Na, Al Ca, Fe, K, Mg showed quite high values as
2.62, 1.94, 1.74, 1.64, 1.63. 0.87, 0.87 g/ m, respectively, during the whole spring season.
Among the water soluble ions, the concentrations of nss-Ca’*, ClI, Mg’*, Na* and
NOs increased about 2.4 ~ 5.2 times in Yellow Sand period. For the metals, the soil
components of Al, Fe and Ca had 4.4 ~ 4.8 times higher concentrations, and Mg, K,
Ba, Mn, Sr, Co, V and Ti had about 25~ 3.5 times higher concentrations during
Yellow Sand period. The investigation of aerosol characteristics by factor analysis
showed the influencing factors were in the order of soil) oceanic ) anthropogenic
sources during Yellow Sand period, while in the order of soil > anthropogenic ) oceanic
sources during Non-Yellow Sand period.

Key words : Gosan site. atmospheric aerosol, Yellow Sand, Non-Yellow Sand, factor
analysis
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