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The Influence of the Asian Dust on the Metallic Composition of
Fine and Coarse Particle Fractions
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Abstract

In this study the distribution patterns of the metallic components were analyzed both before and after the Asian
Dust (AD) events at 2001 by comparing the chemical composition of metallic components in terms of various
statistical methods. According to the AD/NAD concentration ratio of metallic components, the main components
of crustal soils were exhibiting the values above 1.0; but opposite results were seen dominantly for hazardous
metallic components. Examination of fine—to-coarse (F/C) ratios of metallic components showed higher values for
major anthropogenic components including Pb (5.83), Ni (2.61), etc. Comparison of our measurement data with
those obtained within and across the Korean peninsula indicated that the metallic distribution patterns of the study
area can be distinguished from previous studies. The results of our analysis, when investigated in relation with air

mass movement patterns, indicated evidence of the direct influence of AD events and anthropogenic processes.
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Table 1. A statistical summary of fine PM fraction and the associated constituents determined during the Asian Dust
period of 2001. All measurements are made on a daily basis for a total of 29 days.*

Parameters  All AD NAD Parameters  All AD NAD Parameters  All AD NAD
Fine 49.3 68.2 393 Coarse 50.5 86.9 332 PM10 95.5 144 72.5
Al 691 1514 258 Al 1853 3353 1143 Al 2490 4790 1400
Fe 743 1310 444 Fe 1615 2701 1100 Fe 2321 3960 1544
Ca 565 1117 274 Ca 1836 2940 1313 Ca 2336 3916 1587
Na 309 381 271 Na 390 611 285 Na 699 999 556
K 435 676 308 K 610 1028 411 K 1038 1712 720
Mg 231 472 103 Mg 588 1064 363 Mg 806 1523 466
S 1504 1320 1601 S 337 493 263 N 1867 1874 1864
Ti 337 64.4 17.6 Ti 98.7 163 68.0 Ti 130 223 85.6
Mn 39.0 60.1 27.9 Mn 56.8 98.1 37.2 Mn 94.2 156 65.1
Ba 20.8 28.4 16.9 Ba 38.3 50.8 324 Ba 58.4 77.6 49.3
Sr 791 1.4 6.09 Sr 9.99 14.7 7.74 Sr 17.8 26.2 13.7
Zn 163 187 150 Zn 146 171 134 Zn 302 372 270
\% 7.62 11.6 5.55 A% 10.3 17.3 7.04 v 17.6 28.3 12.6
Cr 13.7 16.2 12.4 Cr 9.93 11.9 8.99 Cr 18.8 19.5 18.5
Pb 96.4 107 90.9 Pb 29.7 23.5 326 Pb 124 133 120
Cu 27.8 28.6 27.3 Cu 22.4 23.1 22.1 Cu 50.1 53.0 48.7
Ni 19.6 32.8 12.7 Ni 29.2 38.7 24.7 Ni 47.8 69.8 374
Co 2.09 2.70 1.77 Co 2.41 291 2.17 Co 4.32 5.39 3.82
Mo 3.75 3.63 3.82 Mo 2.89 2.79 2.93 Mo 6.50 6.43 6.54
Cd 4.62 5.18 4.33 Cd 3.28 2.75 3.53 Cd 7.66 7.73 7.63

* Note that N =29 for fine and NO =28 for coarse and PM10.

** The unit of PM is pg m 7, while all the rest are ng m 7.
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Fig. 1. Computation of the concentration ratios between Asian Dust and Non- Asian Dust period. Comparison is made
for fine, coarse, and PM10 fractions. Concentrations are compared: (A) directly using the values represently
both AD and NAD periods; and (B) after normalization using the PM concentrations for each period.
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Table 2. A comparison of fine-to-coarse (F/C) ratio of
PMs and their elemental components.*

Para- All data Asian Dust Non-Asian
meters (N=28) (N=9) Dust(19)

1.134+0.59(1.14)" 0.78+0.33(0.75) 1.30+£0.62(1.32)
0.25~3.00* 0.26~1.24 0.25~3.00

Al 0.294£0.16(0.24) 0.41£0.17(0.43) 0.23+0.12(0.17)
0.07~0.73 0.20~0.73 0.07~0.48

Fe 0.434+0.11(0.42) 0.46+0.14(0.42) 0.42+0.09(0.41)
0.27~0.75 0.30~0.75 0.27~0.59

Ca 0.254£0.10(0.23) 0.3240.12(0.33) 0.21£0.06(0.21)
0.13~0.56 0.18~0.56 0.13~0.35

Na 0.98+0.70(0.72) 0.77%0.39(0.57) 1.08%£0.80(0.76)
0.30~3.38 0.30~1.28 0.39~3.38

K 0.77+0.48(0.73) 0.72+0.26(0.73) 0.79£0.56(0.73)
0.06~2.54 0.28~1.20 0.06~2.54

Mg 0.31+0.14(0.28) 0.394+0.15(0.40) 0.28£0.12(0.26)
0.14~0.68 0.17~0.68 0.14~0.68)

S 10.6+20.7(4.74) 3.33%x1.59(3.24) 14.1+24.6(4.90)
1.18~ 108 1.18~6.20 2.01~108

Ti 0.30:£0.10(0.27) 0.36+0.10(0.35) 0.27+0.09(0.25)
0.15~0.54 0.23~0.54 0.15~0.46

Mn 0.72+0.29(0.67) 0.60+0.11(0.60) 0.78+£0.33(0.74)
0.41~1.83 0.41~0.75 0.42~1.83

Ba 0.6140.44(0.50) 0.54£0.14(0.52) 0.65+0.53(0.46)
0.15~2.40 0.31~0.73 0.15~2.40

Sr 1.25+1.89(0.89) 0.90+0.56(0.90) 1.42+2.29(0.77)
0.00~10.0 0.39~2.21 0.00~10.0

7n 1.70£1.94(1.17) 2.30+£2.83(1.22) 1.34+1.10(1.13)
0.14~8.72 0.14~8.72 0.22~3.53

v 0.971+0.87(0.66) 0.63+0.12(0.63) 1.14+1.02(0.68)
0.27~3.92 0.47~0.81 0.27~3.92

Cr 2.35+2.66(1.09) 2.62+3.40(1.00) 2.20+2.27(1.42)
0.10~10.2 0.29~10.2 0.10~8.50

Pb 5.83+11.0(2.60) 10.6+18.1(4.37) 3.59+4.71(2.49)
0.67~55.1 1.37~55.1 0.67~20.6

Cu 1.32+1.11(1.07) 1.38+0.56(1.55) 1.30£1.31(1.05)
0.35~6.37 0.59~2.17 0.35~6.37

Ni 2.61x10.1(0.52) 0.96+0.73(0.69) 3.39+£12.3(0.52)
0.05~54.2 0.29~2.26 0.05~54.2

Co 2.05+4.10(0.58) 3.48+6.30(0.67) 1.13£1.29(0.56)
0.14~19.3 0.14~19.3 0.18~4.68

Mo 3.294+6.14(0.89) 4.42+7.57(0.86) 2.65+£5.34(0.91)
0.25~23.5 0.58~23.5 0.25~21.7

cd 2.124£2.58(1.16) 2.31%2.29(1.22) 2.03+5.76(1.01)
0.16~11.7 0.72~7.00 0.16~11.7

*For the computation of ratio, the concentrations of coarse and fine
fraction were used by the concentration difference between the two
fractions (PM10-PMZ2.5) and the concentration of PM2.5, respecti-
vely. Superscripts (I and & denote “Mean+ SD (Median)” and
“Range”, respectively.
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Fig. 2. Backward trajectories in time for study periods.
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Table 3. A comparison of concentration for elemental component among fine and coarse particle of different studies.

(a) (1) This study (fine particle) (2) Kwang Ju (fine particle)
Parameters  All AD NAD All AD NAD
Al 691 1514 258 777 2300 382
Fe 743 1310 444 681 1538 459
Ca 565 1117 274 525 1467 280
Na 309 381 271 337 490 297
K 435 676 308 545 1192 377
Mg 231 472 103 289 762 166
S 1504 1320 1601 2557 2840 2484
Ti 33.7 64.4 17.6 19.8 64.2 8.23
Mn 39.0 60.1 27.9 68.2 57.1 71.2
Ba 20.8 284 16.9 10.3 5.57 11.7
Sr 791 114 6.09 395 10.2 2.26
Zn 163 187 150 90.7 96.6 89.0
\% 7.62 11.6 5.55 522 8.69 4.33
Cr 13.7 16.2 12.4 5.57 7.31 5.12
Pb 96.4 107 90.9 48.2 529 478
Cu 27.8 28.6 27.3 9.71 10.1 9.61
Ni 19.6 32.8 12.7 444 4.77 4.35
Co 2.09 2.70 1.77 1.18 0.94 1.24
Mo 3.75 3.63 3.82
Cd 4.62 5.18 4.33 2.54 2.02 2.68
(b) This study (PM10) (1) Japan (TSP) (2) Hong Kong (TSP)
Study area
All AD NAD Sapporo  Sendai Tokyo  Nagoya  Osaka HKUST  Lantau
Al 2490 4790 1400 908 626 429 440 555
Fe 2321 3960 1544 625 514 677 418 941 5183 7585
Ca 2336 3916 1587 672 570 469 329 542 2759 4236
Na 699 999 556 729 704 637 622 921
K 1038 1712 720
Mg 806 1523 466
S 1867 1874 1864 4292 6020
Ti 130 223 85.6 53.3 42,5 40.2 342 51.7
Mn 94.2 156 65.1 16.8 18.6 40.1 26.4 50.7
Ba 58.4 77.6 49.3
Sr 17.8 26.2 13.7
Zn 302 372 270 149 182 299 196 328
v 17.6 28.3 12.6 5.19 4.00 8.90 9.59 14.3 16.2 18.2
Cr 18.8 19.5 18.5 2.61 3.63 6.09 5.85 43.7
Pb 124 133 120 43.9 39.2 125 71.5 174 81.5 110
Cu 50.1 53.0 48.7 209 114 30.2 15.5 209 48.0 28.1
Ni 478 69.8 374 3.81 2.84 5.63 5.58 8.70 6.7 10.9
Co 4.32 5.39 3.82 1.6 2.3
Mo 6.50 6.43 6.54
Cd 7.66 7.73 7.63 2.3 30
*References: (1) Figen er al. (2000): (2) Fang et al. (1999).
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Table 4. VARIMAX rotated factor loading matrix for element parameters among of fine and coarse particle of studying

area.
(1) AD (2) NAD (3) All
Variables 1 2 3 4 1 2 3 4 1 2 3 4
Al 0.932 0.879
Fe 0.959 0.784 0.923
Ca 0.934 0.873 0915
Na
K 0.779 0.897 0.806
Mg 0.937 0.825 0.931
S 0.797 0.795 0.596 0.477
Ti 0915 0.733 0.886
Mn 0.977 0.878 0.956
Ba 0.807 0.607 0.521 0.818
Sr 0.685 0.765
Zn 0.724 0.602 0.613 0.615
v 0.980 0.800 0.965
Cr 0.654 0.796
Pb 0.547 0.901 0.828
Cu 0.761 0.599 0.464 0.571 0.468
Ni 0.885 0.542 0.597 0.900
Co 0.729 0.582 0.702
Mo 0.940 0.765 0.838
Cd 0.964 0.586 0.676
% variance 48.9 19.8 16.6 593 473 18.0 942 7.07 49.6 19.2 109 5.94
Eigenvalue 9.78 3.96 333 1.19 945 3.60 1.89 1.41 9.92 3.83 2.17 1.19
(1) AD (2) NAD (3) All
Variables 1 2 3 4 1 2 3 4 1 2 3 4
Al 0.965 0.731 0.969
Fe 0.981 0.804 0.985
Ca 0.987 0.710 0.575 0.969
Na 0.734 0.675 0.734
K 0.934 0.805 0.877
Mg 0.949 0.790 0.957
S 0.715 0.509 0.629 0.637
Ti 0.768 0.809 0.947
Mn 0.842 0.936 0.966
Ba 0.800 0.684 0.624
Sr 0.808 0.507 0.793
Zn 0.890 0.626 0.699
v 0.856 0.897 0.944
Cr 0.793 0.703 0.600
Pb 0.767 0.663 0.593
Cu 0.569
Ni 0.764
Co 0.910 0.749 0.820
Mo 0.859 0.721 0.905
Cd 0.883 0.768 0.863
% variance 44.2 23.3 13.1 7.98 45.3 20.9 8.60 6.74 48.6 20.6 8.22 6.86
Eigenvalue 8.84 4.65 2.62 1.60 9.06 4.18 1.72 1.35 9.73 4.12 1.64 1.37
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