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Abstract

This study was performed to understand the behavior and source characteristics of particulate trace metals in
Daegu area. To do this, total of 84 samples had been collected from January to December 1999. TSP (total
suspended particulate matter) and PM-10 (particulate matter with aerodynamic diameters less than 10 pm) were
collected by filters on portable air sampler, and metals in TSP and PM-10 were analyzed by ICP (Inductively
Coupled Plasma Spectrometer) after preliminary treatment.

The results were follow as: first, annu! means of TSP and PM-10 concentration were 123 and 69 ug/m?
respectively. The concentration of TSP and PM-10 were highest in winter season compared to other seasons.
Second, the concentration of Al, Fe, Mn were higher in TSP than in PM-10, indicating that these metals are
generally associate with natural contributions. Third, a hierarchical clustering technique was used to group 9
metals. The results from the cluster analysis of TSP and PM-10 shows a similar clustering pattern : Fe, Al in a
group and the rest of the metals such as Ni, Cr, As, Mn, Cd, Pb, Zn in the other group. One group of metal such as
Fe, Al is associated with natural sources such as soil and dust. The other is closely related to urban anthropogenic
sources such as fuel combustion, incineration, and refuse burning. Finally, using Al as a reference element,
enrichment factors were used for identifying the major particulate contributors. The enrichment factors of Al,
Fe <10 (standard value of enrichment factor) were considered to have a significant dust and soil source and termed
nonentiched, Ni, Cr, As, Mn, Cd, Pb, Zn’» 10 is enriched and has a significant fraction which is contributed by
anthropogenic sources.
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Fig. 1. The preliminary treatment of chemical analysis by
ICP.
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Table 1. Recoveries of 9 metals by extraction and analy-
tical methods used in this study (n=5).
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Table 2. Seasonal concentrations (ug/m?) of atmospheric
TSP and PM-10 in Daegu area.

Metals Recovery (%) R.5.D. (%)
Fe 96 13
Al 84 1.2
Zn 92 23
Pb 95 32
Mn 93 1.8
As 87 15
Ni 89 53
Cr 89 42
Cd S0 6.7

A2 g 43 Bgsle] Asb-Fabstpsay 2 o] 23]
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€ ICP (Inductively Coupled Plasma Spectrometer,
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Fig. 2. Variation of particulate matter concentration dur-
ing winter yellow sand periods.
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Flg. 3. Mean concentration (ng/m?®) of trace metals in
PM-10 and TSP in Daegu area.
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Table 3. Seasonal variation of mean concentration (ng/m?) of trace metals in TSP and PM-10 in Daegu area.

Winter Spring Summer Fall
metals
PM-10 TSP PM-10 PM-10 TSP PM-10 TSP
Fe 456+ 105*  767+275 529107 547 +£208 546189 558+150  591+118 4991206
Al 316+54 5194208 410£358 391 +160 309510 365189 270+ 44 31995
Zn 7236 78128 125+43 1641113 143+ 19 149+55 134+13 12317
Pb 54x7 48£10. 62+17 Bv+12 576 45+21 6013 47+£26
Mn 15+3 2518 14+2 26+7 11+2 275 14408 20+5
As 38+18 i2+2 328 1745 28110 1717 29+6 22105
Ni 41£2 13£2 3416 15£5 2715 16+3 263 137
Cr 4912 15£7 4218 13+6 36+2 176 37+2 16+4
Cd 4+06 22405 33x14 16+04 2.1+038 232 24103 1.7£03

*Mean + Standard deviation
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Fig. 4. Dendrogram using average linkage with squared
Euclidean distance after logarithmic transforma-
tion for trace metal in PM-10.
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Fig. 5. Dendrogram using average linkage with squared
Euclidean distance after logarithmic transforma-
tion for trace metal in TSP.
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Table 4. Enrichment factors for the trace metals in TSP and PM-10 in Daegu area.
Winter Spring Summer Fall *Crustal
Metals R ck (ug/g)
TSP PM-10 TSP PM-10 TSP PM-10 TSP PM-10  ROCKIMEE
Fe 22 21 2 19 22 2.6 23 32 56300
Al 1 1 1 1 1 1 1 | 82300
Zn 176 268.6 491 3582 480.3 5418 4552 5834 70
Pb 609.8 11241 585.1 9954 8118 1206.4 9722 14742 12.5
Mn 4.1 4 59 3 6.4 3 7.8 45 950
As 1092.5 5496.5 1938 35197 21753 41239 31191 49409 18
Ni 27 141.2 413 90.5 47.6 94.8 46.1 1049 75
Cr 23386 12797.1 27214 8397 3908.7 9505.1 4013.9 11206.2 i
Cd 1733.7 5186.6 1744 .2 33122 2627.6 27823 22328 35849 02

*Compositicnal data for the material provided by Ahrens-Taylor
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Table 5. Comparison of enrichment factor of metals in ambient air.

Location area  This study urban Seoul urban Cheju urban Brisbane urban California urban

Period 1999 1990 1995 1994 1954

Season Annual Spring-Summer Spring Annual Summer—Fall

Particulate TSP PM-10 TSP TSP PM-25 PM-10 PM-25 PM-10C
Fe 2.2 24 1.2 (1.1 37 17 47 31
Si - - - - 1 1 1 1
Al 1 1 1 1 - - - -
Zn 37187 426.5 1482 - 1400 50 1500 1600
Pb 7223 11753 2772 538.5(149.9) 13000 330 11000 330
Mn 58 36 1.04 2.9(2.4) 15 1.7 35 32
As 1952.5 4434.9 - - - - - -
Ni 39 106.7 27 4.5(1.2) - - - -
Cr 31266 10303.9 - - - - 260 29
Cd 2043.1 3696.2 - 677.5(167.6) - - - -
Cu - - 189 164 .2(44.6) - - - -

2Reference element. { ) Yellow sand period
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