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Chemical characteristics of atmospheric particulate species
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Abstract

In order to evaluate the distribution and behaviour of atmospheric particulate metals in high-altitude area,
we collected 22 aerosol samples using a high volume air sampler at Soback Mt. Meteorological Observation
_Station from Jan. to Nov. 1993 and analysed for metals(Al, Fe, Mg, Na, Ca, Mn, Co, Ni, Cu, Zn, Cd, and Pb)
with ICP/AES and ICP/MS.

Although sampling site is located in high-altitude and far from local sources of atmospheric pollutants,
enrichments of metals are 2 times higher than those of western coastal rural area. This fact may imply that if
metallic pollutants in the coastal rural site were came from further western side (e.g. China), atmospheric
metals in this study area contain the signal of metropolitan cities located in the main wind direction(NNW). Sea
salts are negligible in the aerosol particle population because reference elements of sea salts(Na, Mg) are all
originated from soil particles. The contents of soil particles in aerosols are highest in spring and lowest in
winter. Atmospheric enriched elements(Ni, Cu, Zn, Cd and Pb) are diluted with soil particles, especially during
the yellow sand period.

The results of factor analysis suggest possibility of interpreting their chemical significance in terms of

sources(soils, pollutants) and gas-particle conversion processes (formation of ammonium sulfates, ammonium
nitrates and/or their mixtures).
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Table 2. Comparison of metal contents and crustal enrichment factors in atmospheric particulate matters with other
remote sites.
This study* Rural coast? Pacific island®
Elements Conc.* E.F.» Conc. E.F. Conc. E.F.
Mean(range)
Na, ug/m® 0.22 1.02(0.4~1.9) 3.10 18.1 5.2 1800
Mg, pg/m’ 0.14 0.85(0.7~1.4) 0.57 2,18 0.65 300
Al, mg/m? 0.64 1 1.43 1 0.021 1
Fe, w#g/m® 0.37 0.94(0.7~1.3) 0.92 1.11 0,018 0.84
Mn, mg/m?® 14,1 1.33(0.7~4.8) 22.6 1,60 0.29 0.96
Co, mg/m? 0.25 1.12(0.6~1.9) 0.55 1.25 0.0076 0.93
Ni, mg/m? 1.98 2.48(0.5~7.1) 2,50 2,00
Cu, mg/m? 5.1 8.96(1,1~30) 4,68 4.84 0.044 3.2
Zn, mg/m’® 30.4 50.0(7.3~147) 52.0 43 0.18 13
Cd, mg/m?® 0.64 827(111~3609) 0.55 158 0.0035 130
Pb, mg/m? 40,9 675(94~2106) 78.0 358 0.12 40
1 . Geometric mean concentration and enrichment factor of 22 samples.
2 ; Choi et al.(1989)., Mallipo, Korea. Geometric mean conc. and e.f. of 25 samples
3 ; Duce et al,(1983). Enewatek Atoll, North Pacific island. Geometric mean conc. and e.f. of 55

samples.

* | concentration units are shown at right side of element name.

* , EF. :(X/Al)aerosnl /(X/Al)crust

Table 3. Linear correlation coefficients for aerosol samples.

NH*s SO*¢ NO; Mass Na Mg Ca Al Fe Mn Co Ni Cu Zn Cd

SO, 0.90

NO-; 0.8 0.89

Mass 0.11 0.31 0.34

Na 0.37 0.59 0.56 0,61

Mg 0.30 0.48 0.48 0.60 0.97

Ca 0.36 0.57 0,65 0.62 0.92 0,92

Al 0,31 0.49 0.49 0.59 0.98 1,00 0.91

Fe 0.32 0.50 0,50 0.60 0,98 1.00 0.92 1.00

Mn 0.40 0.58 0,58 0.63 0.98 0.99 0.93 0.99 0.99

Co 0.36 0,54 0.55 0,62 0,98 0,99 0,91 0.99 0.99 0.99

Ni 0.41 0,46 0.55 0,67 0,66 0.67 0.61 0,66 0,69 0.73 0.75

Cu 0,46 0,35 0,52 0,47 0,22 0.22 0.23 0.21 0.24 0.31 0.31 0.8

Zn 0.55 0,55 0.67 0,54 037 0.35 0.41 0.34 0.37 0.46 0.45 0.84 0,87

Cd 0.24 0.25 0.32 0,53 0.24 0.24 0.24 0.23 0.26 0.31 0.34 0.81 0.81 0.83
0.38 0.37 0.49 0,44 0.32 0.33 0.34 0.32 0.35 0.41 0.43 0.79 0.76 0.89 0.85

Pb
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Fig. 1. Scatter plots of sulfate and nitrate ions with
ammonium ion. Best fitted linear regression
lines and equations are also depicted.
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Table 4. Seasonal variations of concentrations and crustal enrichment factors.

NH* S NO, Mass Na Mg Ca Al
1 1 1 1 1 1 1 1
Concentrations
Winter 1.13(0.34)  3.15(0.72)  2.21(0.49) 49(22) 0.17(0.04)  0.08(0.03) 0.47(0.2)  9.39(0.14)
Spring 2.76(1.54)  5.52(1.99) 3.89(1.86) 50(50) 0.41(0.24)  0.47(0.52) 1.38(1.05)  2.03(2.17)
Summer 2.77(2.13)  4.05(1.71)  2.93(1.61) 26(15) 0.14(0.04)  0.07(0.04)  0.39(0.21)  0.36(0.21)
Autummi. 40(0.36) 3.44(0.87) 2.81(0.90) 22(8) 0.18(0.04)  0.12(0.02) 0.89(0.43)  0.58(0.07)
Yellow sand 3.52(1.50)  6.76(1.77)  5.10(1.24) 66(61) 0.61(0.25)  0.87(0.59)  2.28(0.85)  3.72(2.37)
Period
Enrichment
factor
Winter 1.4(0.3) 0.9(0.3) 2.1(1.4)
Spring 0.9(0.5) 0.9(0.1) 1.4(0.6)
Summer 1.3(0.3) 0.8(0.1) 1,9(1.2)
Autumn 0.9(0.3) 0.8(0.1) 2.4(1.1)
Yellow sand 0.6(0.2) 0.9(0.1) 1.2(0.5)
period
Fe Mn Co N iCu Zn Cd Pb No. of
1 1 2 2 2 2 2 2 sample
Concentrations
Winter 0.25(0.10)  9.51(3,96) 0.20(0.08)  2.45(0.9) 6.19(2.44) 33.0(14.8)  0.98(0.43) 54.4(35.7) n=6
Spring L12(1,16)  37.2(33.2)  0.52(0.43) 2.54(1.48) 5.50(2.81)  38.8(22) 0,72(0.41) 49.3(31.9) n=9
Summer 22(0.09)  9.60(5.07)  0.17(0.09) 1.96(0.90) 6.01(2.67) 31.9(16.9)  0.55(0.30) 44.2(28.9) n=4
Autumm  0.3100.07)  12.2(2.2) 0.21(0.05) 1.55(0.60) 4.68(2.29) 29.2(15.0)  0.53(0.26)  46.7(33.0) n=3
Yellow sand  2.01(1.27)  62.9(34.1)  0.85(0.46) 3.31(1.44) 5.95(1.73) 41.2(12.4) 0.75(0.36)  57.1(30.1) n=4
Period
Enrichment
factor
Winter 1.0(0.2) 1.4(0.2) 1.5(0,2) 5.1(1.0) 18(6) 87(14)  2120(803)  1371(431)
Spring 0,9(0.1) 1.2(0.3) 0.9(0.2) 1.5(0.8) 5(3) 35(23) 540(357) 422(276)
Summer 1.000.2) 1.7(0.8) 1.4(0.4) 4.8(2.6) 20(9) 99(55)  1353(754)  1282(654)
Autumn 0,9(0.2) 1.3(0.1) 1.1(0.2) 2.1(0.7) 9(4) 52(22) 754(325) 823(502)
Yellow sand  0.9(0.0) 1.1(0.2) 0.7(0.1) 0.8(0.3) 2.3(1.2) 15(7) 197(83) 189(86)
period
concentration unit 1 ; (sg/m®)  concentration unit 2 ; {mg/m°)

* . mean(Standard deviation)
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Table 5. Factor analysis loadings: rotated four-factor solutions.
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Elements 1 2 3 4 Communality
NH.* 0.14 0.23 0.93 -0.10 0,95
SO.* 0.34 0.16 0.89 0.08 0.94
NOy 0.33 0.30 0.85 0.09 0.94
Mass 0.50 0.41 0.01 0.75 0.98

Na 0.94 0.12 0.24 0.12 0.98
Mg 0.98 0.14 0.13 0.07 0.99
Ca 0.87 0.12 0.30 0.21 0.91
Al 0.98 0.13 0.15 0.07 1.00
Fe 0.97 0.16 0.15 0.06 1.00
Mn 0.94 0.22 0.24 0.10 0.99
Co 0.95 0.24 0.18 0.06 1.00
Ni 0.54 0.79 0.16 0.11 0.96
Cu 0.04 0.88 0.26 0.15 0.87
Zn 0.17 0.87 0.39 0.13 0.95
Cd 0.11 0.94 0.01 0.13 0.91
Pb 0.20 0.90 0.17 -0.08 0.89
Fraction of 0.62 0.20 0.11 0.03 0.95
total variance
Possible Soil Primary Secondary Others
sources particles contaminants aerosols
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