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ABSTRACT

The atmospheric aerosols have been collected with aerosol samplers installed at the
1100m site located at the Halla mountain and at the Kosan site in Cheju island from
March, 1997 to May, 1998. The compositions of water—soluble ions have been analyzed
in order to investigate the seasonal variation of aerosol compositions and the
characteristics of aerosols. The reliability of analytical data, the seasonal concentration
changes, enrichment factor and factor analysis have been investigated in this study.

The correlation coefficients for the sum of the cation and anion equivalent
concentrations showed the values 1r=0.938 for the 1100 site data and r=0.930 for the
Kosan site data, respectively, and it has been found that the reliability of the analytical
data was in quite good satisfaction.

The NH, concentration were higher  than the other ions during all seasons at the
1100 site, however, at the Kosan site, the NH; concentrations were higher than the
other ions during the spring and summer, but the Na' concentrations were higher than
the other ions during the fall and winter. The mean concentrations of anions were in
the order of SOy > NOs > Cl during all seasons at the 1100 site and the mean
concentrations of anions were in the order of SO; > NOs; > Cl during the summer,
fall and winter, but SO; >Cl >NOs; during the spring at the Kosan site.

The amounts of total suspended particulates (TSP) were in the range of 17.6 ~ 41.2
ng/m3 with the highest concentrations in spring season due to the yellow sand effect.
And the particulates with the size less than 3.3um were more than 56.3% of all the
aerosols. Most of NH,, Na, SO427, NOs; components were found in the fine
particles(0.43~2.1pm), and Ca® and K' components were found mostly in the coarse
particles(2.1~7.0um), while Mg” and Cl components were found through of all size
particles.

From the investigation of the sea-salt effect with the enrichment factors, the SO;”,



Ca®" and K' were found to be suspended to the air due to the other factors rather than

sea-salt effect. And in the effect of soil with the enrichment factors, the SO427, NOs ,
Cl and NH; were found to be introduced into the air through the other path but the
soil itself.

Three sources were identified by factor analysis using the SPSS program. The explanation
ability of first, second and third Principal Component were 35.5%6, 32.5%, 18% of total variance
at the 1100 site. The sources classfied by factor analysis were found to be anthrophogenic
source, soil, and sea salt, respectively. For the Kosan site, those were 33%, 31%, 22% of
total variance, and the sources were found to be sea salt, anthrophogenic source, and soil,

respectively.
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NH4 = indophenol o2 EA3dch Al8g9 5mLE A3 FHstar o7]d phenol
nitroprusside € 25 mL, sodium hypochloride & 25mLE 7}3le] &MA 7l 3 x}o]-7}
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i
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Aerosol

Ultrapure water
(50mL) - Ultrasonic extraction (30min)

Shaking (60min)

Filtration (pore size 0.45um)

Filtrate
AAS Uuv IC
Na" K Ca* Mg” NH, SO NO; Cl

Scheme 1. Analytical procedure for atmospheric aerosol analysis.
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Table 1. Mean concentrations(yg/m') of water—soluble ions.

Site NH, Na K  Ca¥ Mg” SO NO; Cl nss-SO&

1100 111 023 026 043 007 451 084 016 4.46

Kosan 122 150 050 057 024 701 167 146 6.64

"Kangwha 203 140 150 1.08 034 - 399 204 6.51
"Kogoshima 228 1.99 036 087 041 - 165 219 8.98
"Tsushima 1.73 218 035 060 0.27 - 198 214 6.91
“Jinan 253 094 208 571 035 - 1083 1.22 12.66
"Nanjing 313 1.60 415 1033 081 1 2485 3.23 20.57

* Reference : Carmicheal et al.(1997), Aerosol composition at Cheju island, Korea,

J. Geophys. Res., 102(D5), p6057



1100 site

Kosan site

Fig. 1. Mean compositions of water—solube ions.
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Table 2. Data quality control parameters and % Imbalance.

Regression results 1100 site Kosan site
Number of point 256 196
Slope 1.0348 1.1079
Intercept 0.003 -0.0014
Correlation coefficient(r) 0.938 0.930

96 Imbalance

<10% Imbalance 66 94
10~20% Imbalance 73 52
20~50% Imbalance 103 46
>50% Imbalance 14 4

96 Imbalance = (TCation - TAnion) x 100 / 0.5 x (TCation - TAnion)

- 12 -
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Table 3. Seasonal comparison of cations and anions mean concentrations

(ng/m”) between the 1100 site and the kosan site.

(1100 site)

Season NH, Na' K Ca& Mg” S0 NO; ClI n-SOf
97 Spring 147 023 032 041 009 517 121 030 511
97 Summer 114 017 022 019 004 441 016 009 437
97 Fall 088 015 025 013 004 374 016 005 370
97 Winter 079 022 016 015 005 355 039 008 350
98 Spring 095 029 027 08 010 467 129 010 460
Spring 121 026 030 064 010 492 125 020 486
Summer 114 017 022 019 004 441 016 009 437
Fall 088 0I5 025 013 004 374 016 005 370
Winter 079 022 0.6 1015 005 355 039 008 350
(Kosan site)
Season NH, Na' K Ca¥ Mg” SO/ NOs ClI n-SO/

97 Spring 131 127 063 053 021 816 162 126 7.84
97 Summer 149 119 037 027 018 557 076 084 527
97 Fall 108 191 058 053 030 666 143 183 6.8
97 Winter ~ 1.13 173 043 046 025 619 150 164 576
98 Spring 152 146 044 090 026 740 252 167 704
Spring 142 137 054 072 024 778 207 147 744
Summer 149 119 037 027 018 557 076 084 527
Fall 108 191 058 053 030 666 143 183 6.8
Winter 113 173 043 046 025 619 150 164 576
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Fig. 6. Seasonal comparisons of anion concentrations(ug/m?).
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Table 4. Particle size and seasonal concentration(ig/m°) of TSP.

Size(um) Spring Summer Fall Winter
11.0 Up 2.3 0.4 1.6 0.6
7.0-11.0 25 0.8 3.1 0.8
4.7-7.0 55 2.1 4.1 2.6
3.3-4.7 7.4 2.1 4.1 2.0
2.1-3.3 8.4 2.1 3.4 2.6
11-21 55 3.9 3.7 2.4
0.65-1.1 7.6 5.2 5.5 4.6
0.43-0.65 1.8 2.7 4.0 2.0
Fine 15.0 11.8 13.2 9.0
Coarse 26.2 75 16.3 8.5
Total 41.2 194 29.5 176
FP/TP 0.37 0.61 0.45 0.51

Table 5. Particle size and mean concentration(iig/m°) of major ions.

2+

Sizeum) NH,’%’ Na' K’ ca®  Mg” Sso/f  NO;  Cl
110 Up 0004 0006 0033 0027 0005 0142 0012 0059
70-11.0 0003 0.006 0.029 0038 0006 0077 0017  0.063
47-70 0003 0010 0062 0079 0012 0139 0002  0.065
33-47 0003 0013 0080 008 0015 0178 0040  0.084
21-33 0012 0019 0068 009 0015 0300 0008 0077
1.1-21 0124 0050 0039 0049 0012 0574 0075  0.030
065-1.1 0508 0.111 0054 0032 0010 1646 0171  0.035
043-0.65 0139 0063 0046 0021 0010 0647 0053 0.114
Total 0796 0278 0412 0427 0085 3704 0379 0532
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Fig. 7. Comparison of seasonal variations of TSP concentrations(ug/m>).

_25_




Table 6. Concentrations(gg/m') of water—soluble ions in fine, coarse and

total particles.

Ion Spring Summer Fall Winter
Fine 0.39 0.20 0.29 0.24
Coarse 0.01 0.01 0.01 0.01
NH,' Total 0.40 0.20 0.30 0.25
FP/TP 0.97 0.97 0.97 0.97
Fine 0.65 0.19 0.33 0.16
Coarse 0.02 0.03 0.08 0.04
Na' Total 0.67 0.21 0.41 0.20
FP/TP 0.98 0.88 0.81 0.79
Fine 0.09 0.19 0.21 0.07
Coarse 0.25 0.17 0.46 0.22
K' Total 0.33 0.36 0.67 0.29
FP/TP 0.26 0.54 0.31 0.23
Fine 0.17 0.11 0.09 0.04
Coarse 0.79 0.05 0.29 0.17
Ca” Total 0.96 0.15 0.38 0.21
FP/TP 0.18 0.70 0.24 0.18
Fine 0.03 0.02 0.05 0.02
Coarse 0.07 0.02 0.08 0.04
Mg”’ Total 0.10 0.04 0.14 0.06
FP/TP 0.33 0.54 0.39 0.30
Fine 3.07 2.62 3.20 2.59
Coarse 1.37 0.39 0.87 0.71
S04 Total 4.44 3.01 4.07 3.30
FP/TP 0.69 0.87 0.79 0.78
Fine 0.64 0.21 0.19 0.16
Coarse 0.20 0.04 0.06 0.03
NO; Total 0.84 0.24 0.24 0.19
FP/TP 0.77 0.36 0.77 0.84
Fine 0.09 0.14 0.48 0.02
Coarse 0.83 0.08 0.39 0.11
Cl Total 0.92 0.22 0.87 0.13
FP/TP 0.10 0.64 0.55 0.14
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Table 7. Cross correlation for all components.

(1100 site)

NH,’ Na' K Ca® Mg” SO NO;y CI' n-SO;

NH,' 1

Na~ 0204 1

K 0747 0273 1

Ca? 0165 0506 0487 1

Mg? 0413 0779 0619 0833 1

SO 0829 0357 0866 0481 0660 1

NO; 0531 0508 0590 0614 0716 0540 1

ClI 0287 0509 0219 0289 0464 0234 0464 1
n-SO,2 0829 0344 0868 0479 0653 1.00 0539 0.227 1
(Kosan site)

NH,, Na' K Ca® Mg” SO NO; CI' n-SO

NH,' 1

Na~ 018 1

K~ 058 0163 1

Ca® 0072 0142 0407 1

Mg? -0.048 0864 0369 0486 1

S0 0776 -0.010 0815 0462 0232 1

NO; 0305 0197 0489 0601 0431 0462 1

ClI 0278 0824 0006 0247 0.736 -0.168 0.193 1
n-S0,2 0785 -0.069 0.804 0452 0180 0998 0449 -0.217 1
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&5 757 (enrichment factor, EF)E ths2] 2ldl o]a] A4Fslsith(Davis, 1972; Chesselet et
al., 1972 ; Nishikawa et al., 1986 ; o] & 2], 1995).

EF = (CX/CNa*)Aerosol / (CX/CNa*) Seawater

Na', K, Ca®, Mg®, SO/, Cl 59 39 AE8E F Na'S A% AEo= 7 RS
el sFAFE Aaksle] oolZEd FUH IRy F& Fels)

aotalith, A ow 7+ Juse sl T EF zkol lo 77tes

e
&3
2
o
it
o

#kol 3~50]35te] PAELS AR 22 7|H9ES Ze FolmE 1 o4

o] Fh2 A91H wALe fE diha AFSIo(FH N T, 1989).

SO/ ¢ 4% SO /Na'e]l EF kel 1100 A9} a4k A
4 9 Hoe & adle i girjFerE FUHIL deSs ¢ F Utk ®

Al Wb, Ak A Qe 9= 16 Sl d )R
FHl= 9 Thsde] e AN 7 A0 mpAFe R Cl 9 EF s E¥ 110

0
A= 14, a4k AFol A= 052 o] F AE2 ddA dHz 92 7tsdol 55

& vk 53] 2k AelA Cl o] sHAFE 180 22 048% vesksd o= 4
AN frefE Cl 7 AP =420 HoSOH HNOz9F 3hehihg& d oA HClE A=A Cl
o] o)

AH EAFHE 7HeAdol dS s (Filalyson-Pitts, 1993).

_32_



Table 8. Seawater enrichment factors (EF) calculated from analytical

data of aerosols.

(CX/CNa+)seaW'ater (CX/CNa+)Aerosol/(Cx/CNa+)Seawater
Ratio
Seawater 1100 Site Kosan Site
SO /Na' 0.25 328.05 29.16
Cl' /Na' 1.80 1.40 0.48
Mg”'/Na' 0.12 5.42 1.46
Ca”/Na' 0.04 66.59 10.97
K'/Na 0.04 79.32 11.31
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Table 9. Soil enrichment factors (EF) calculated from analytical data

of aerosols.

(CX/CC212+)CrusL

( CX/CCa2+ )chrosol/( CX/CC212+ )CrusL

Ratio
Soil 1100 Site Kosan Site

SO, /Ca*" 0.004 11961.03 5221.55
Cl /Ca* 0.004 340.77 1124.37
NOs /Ca*’ 0.004 983.92 1150.55
NH,'/Ca* 0.004 3963.84 1309.53
Na'/Ca®' 0.76 2.36 6.47
1\/[g2+/Ca2+ 0.33 1.23 2.15

K'/Ca* 0.66 2.96 1.90
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Table 10. Results of varimax factor matrix.

(1100 site)

Component Factor 1 Factor 2 Factor 3

NH, 0.938 -0.017 0.228

Na’ 0.052 0.656 0.567

K 0.868 0.360 0.075

Ca” 0.184 0.925 0.031

Mg” 0.370 0.847 0.315

SO~ 0.887 0.350 0.060

NOs 0.480 0.562 0.380

Cl 0.131 0.161 0.923

Varimax % 39.5 32.5 18.4

Cumulative % 35.5 68.0 86.4
(Kosan site)

Component Factor 1 Factor 2 Factor 3
NH, -0.185 0.905 -0.018
Na’ 0.977 0.010 0.006
K 0.170 0.829 0.313
Ca” 0.150 0.121 0.918
Mg” 0.881 0.147 0.353
SO~ -0.031 0.896 0.339
NO3 0.169 0.323 0.769
Cl 0.896 -0.198 0.131

Varimax % 33.1 31.1 22.4

Cumulative % 33.1 64.2 86.6
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