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A Geochemical Study on the Dispersion of Heavy Metal Elements
in Dusts and Soils in Urban and Industrial Environments

Hyo-Taek Chon* and Wan-Joo Choi*

ABSTRACT: The garden soils, main road dusts, residential road dusts, and playground soils/dusts of Seoul,
Geumsan, Onsan, and Taebaek areas were analyzed in order to investigate the level of heavy metal pollution
by urbanization and industrialization.

The soil pH is in the range of 5.48~8.40 and was generally neutral. The color of soils and dusts is mainly
Raw Umber to dark greyish Raw Umber. Some samples from Taebaek city, a coal mining area, showed
a deep black color due to contamination by coal dusts. Major minerals of the dusts and soils are quartz,
feldspars, and micas, reflecting the composition of the parent rocks. However, pyrite was found as a major
mineral in the samples of industrial road dusts of Onsan, a smelting area, and residential road dusts of
Taebaek. Thus, the high level of heavy metals in mining and smelting areas can be explained with the sulfide
minerals. The mode of occurrences of heavy metals in Seoul, a comprehensive urbanized area, were related
to the metallic pollutants and organic materials through observation by scanning electron microscopy.

In main road and residential road dusts of Onsan area, Cd, Zn, and Cu were extremely high. Some indust-
rial road and residential road dusts of Seoul area showed high Cu, Zn, and Pb contents, whereas some
garden soils and residential road dusts of Taebaek area were high in As content. In general, the heavy metal
contents in dust samples were two to three times higher than those in soil samples. Main road dust samples
were the most reflective from the discriminant analysis of multi-element data. Cadmium, Sb, and Se in Onsan
area, As in Taebaek area, Pb and Te in Seoul area were most characteristic in discriminating the studied
areas. Therefore, Cd in smelting areas, As in coal mining areas, and Pb in metropolitan areas can be suggested
as the characteristic elements of each pollution pattern.

The dispersion of heavy metal elements in urban areas tends to orignate in main roads and deposit in
garden soils through the atmosphere and residential roads. The heavy metal contamination in Seoul is charac-
teristic in areas with high population, factory, road, and traffic facility densities. Heavy metal contents are
high in the vicinity of smelters in Onsan area and are decayed to background levels from one kilometer
away from the smelters.
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Fig. 1. Geologic map of Seoul area showing the location of sampling sites.
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Fig.2. Characteristic maps of Seoul area. a; Population
Density, b; Factory Density, c; Industrialization and Ur-
banization Index 1, and d; Industrialization and Urbani-
zation Index 2.
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Fig.3. Geologic map and the location of sampling sites
of Taebaek area.
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Fig.4. Geologic map of Onsan area.
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Fig.5. A map showing the locations of sampling sites and
smelters in Onsan area.
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Fig. 6. Geologic map and the location of sampling sites
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Table 2. Mineralogical composition of soils and dusts determined by X-ray diffraction analysis.

No. Site (type)? Minerals?
GEUMSAM AREA
405D44 BUS TERM.(MD) Qtz Pl Mus {Cal) (Ser)
405D06 GEUMSAN (RD) Qtz Pl Mus (Cal)
405506 JUNGANG (PS) Qtz Pl (Cal)
405D21 JUNGANG (PD) Qz Pl Mus
405807 JUNGANG (FS) Qtz Pl Mus (Ser) (Kao)
405810 JUNGDO-2(GS) Qtz Pl Mus
ONSAN AREA
403D32 DALPO (RD) Qtz Pl (Mus)
403810 DALPO-W (GS) Qtz PI
403D27 DALPO-W (MD) Qiz Pl Py (Cal) (Mus)
404505 DEOKSIN (FS) Qtz Pl (Ser) (Chl) {Kao)
403Di16 ONSAN (PD) Qtz Pl
403506 ONSAN (PS) Qz Pl (Mus) (Ser)
403807 ONSAN (FS) Qtz Pl (Ser)
403D17 ONSAN (RD) Qtz Pl (Kao) (Ser) {(Amp) {Gyp)
SEOUL AREA
423D14 ABGUJEONG (MD) Qtz PI  Mus (Cal) (Amp)
331D19 CHUNGSIN (PD) Pl Qtz Mus (Ser)
430803 GEUMWHA (PS) Pl Qtz Mus (Cal) (Ser)
430D08 GEUMWHA (PD) ) Pl  Qtz Mus {Cal)
430804 GEUMWHA (GS) Qtz PI  Mus {Cal) (Amp)
330S02 GODEOK (PS) Pl Qtz Mus (Cal)
330D09 GODEOK (MD) Pl Qtz Mus Hal
330D10 GODEOK (RD) Qiz Pl Mus (Ser) (Cal) (Amp)
330008 GODEOK (MD) Qtz Pl Mus Cal (Kao) (Amp)
430D06 GURO (MD) Qtz Pl Mus (Cal) (Dol)
430D05 GURO (RD) Qtz Pl Mus Cal
306D01 SADANG (PD) Qz Pl Mus
306501 SADANG (PS) Qtz Pl Mus (Chl or Kao)
331802 SEONGBUK (PS) Pl Qtz Mus (Dol) (Ser) (Cal)
331S01 SEONGBUK (GS) Pl Qtz Mus {(Ser)
326D12 YEOMCHANG (RD) Qtz PI  Mus Cal <Sid) (Dol)
TAEBAEK AREA
401803 NEAR COAL (GS) Qtz Pl Mus Prp (Kao or Chl)
402D05 WHANGIJI (MD) Qtz Cal Pl Mus (Prp) (Kao)
402D06 WHANGIJI (RD) Qtz Pl  Cal Py Mus (Dol)
401D07 WHANGII-J (PD) Qtz P  Mus
401802 WHANGII-J (PS) Qtz Pl  Mus (Amp)

"Type: GS; Garden soil, PS; Playground soil, PD; Playground dust, FS; Flowerbed soil, RD; Residential road
dust, and MD; Main road dust.

?Minerals: Qtz; Qaurtz, P; Plagioclase, Mus; Muscovite, Cal; Calcite, Chl; Chlorite, Amp; Amphibole, Dol; Dolo-

mite, Ser; Sericite, Py; Pyrite, Prp; Pyrophillite, Sid; Siderite, Kao; Kaolinite, Hal; Halite, and Gyp; Gypsum. ( );
minor and { ); rare.
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Fig.7. SEM images showing the well-crystallized mineral
phases (a and b) and the metallic fragments (¢ and d).
Sample No.; (a) 403D16, (b) 403D5, (c) 423D14, and (d)
430Ds5.
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Fig.8. Box plots of the elemental contents of various sampling media for the studied areas. MEDIA; (1) playground
soils, (2) playground dusts, (3) main road dusts, (4) residential road dusts, (5) garden soils, and (6) flowerbed soils.
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Fig.9. Scatter diagrams of sampling media by cannonical
discriminant functions. Cross; Geumsan, asterisk; Onsan,
open circle; Seoul, and open triangle; Taeback.
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Fig. 10. Scatter diagram of As-Pb for each sampling me-
dium. Symbols are the same as those in Fig.9.
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Table 3. Eigenvalues, percent of variances, cumulative percent values, and canonical correlations of standard cano-
nical discriminant functions for various samples.

Eigenvalue Pct of variance Cum. Percent Canonical Corr.

func.1 func.2 func.1 func.2 func.1 func.2 func.1 func.2

PG Soil 1.1926 0.5866 67.03 32,97 67.03 100.00 0.7375 0.6081
PG Dust 4.6270 1.7725 70.55 27.03 70.55 97.58 0.9068 0.7996
MR Dust 15.1108 21750 83.01 11.95 83.01 94.96 0.9685 0.8277
RR Dust 4,2913 1.2856 67.99 20.37 67.99 88.36 0.9006 0.7500
GD Soil 10.2633 1.6601 79.81 1291 79.81 92.72 0.9546 0.7900

PG; Playground, MR; Main Road, RR; Residential Road, and GD; Garden

Table 4. Standard canonical discriminant function coefficients for each sampling media.

Function 1 Function 2

PG Soil 093 Se—091 Tl 0.58 Se+0.61 Tl

PG Dust 0.21 Bi+1.93 Sb—2.57 Se 2.94 Bi—4.86 Sb+0.96 Sb
—1.63 Te+3.33 Cu—1.32 Pb —0.52 Te+3.42 Cu—172 Pb
+1.52 Zn—-0.85 Ga —0.02 Zn+0.01 Ga

MR Dust —2.95 As—1.40 Cd+2.22 Hg —0.48 As+1.94 Cd+0.21 Hg
—2.93 Sb—-0.98 Se+5.71 Te +1.29 Sb+0.57 Se—1.12 Te
+0.56 Pb —0.75 Pb

RR Dust 1.26 As—1.32 Bi+2.67 Cd ~1.11 As—0.20 Bi+0.57 Cd
+1.07 Te—3.41 Cu—1.62 Pb +0.25 Te+0.93 Cu—0.26 Pb
+1.85 Zn-0.98 Ga+0.87 Ti ~0.33 Zn+0.73 Ga+046 Tl

GD Soil —4.11 As+3.55 Bi—6.88 Cd —0.72 As-0.90 Bi—2.55 Cd
—0.32 Hg+1.74 Se—6.14 Te +0.65 Hg—0.26 Se—0.34 Te
+1.18 Mo~-1.52 Pb+13.74 Zn +1.75 Mo—0.16 Pb+3.36 Zn
+142 Ga—-042 Ti -0.26 Ga+0.63 Tl

PG; Playground, MR; Main Road, RR; Residential Road, and GD; Garden
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Fig. 11. Scatter diagram of Cd-Zn for each sampling me-
dium. Symbols are the same as those in Fig.9.
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