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Contamination Characteristics of Heavy Metals in Indoor, Outdoor and
Playground of Schools in the Gochang-Gun, Chonbuk Province of South Korea
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Abstract: Dust samples were collected from 10 middle and high schools in the Gochang-Gun, Korea. Heavy metal
concentrations were determined for the dry-deposited dusts from indoor and outdoor of classroom and playground of each
sampling site. Concentrations of Cd, Cu, Pb and Zn in indoor’s dusts were highly concentrated. Also concentrations of
Cu, Ni, Pb and Zn in outdoor’s dusts were highly concentrated. Concentrations of Cd, Cu and Zn in the dusts were
much higher than the world average contents in soil and environmental orientation value. These levels are similar to those
of the dust samples at middle schools and high schools located in Jeonju-city, Korea. Compared with concentrations of
heavy metals in soils and dusts in Korea, the environment of indoor and outdoor of classroom is highly concentrated
except for Cu, Zn. The concentrations of playground is less than that of residential dust and main road dust and
playground in Jeonju-city. Playground dusts in 1 school exhibited the enhanced heavy metal pollution with a pollution
index (Kloke, 1979) greater than 1.0, but indoor and outdoor dusts in 7 schools exhibited the enhanced heavy metal
pollution with a pollution index (by Kloke) greater than 1.0.
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Fig. 1. A map of sampling locations in the Gochang-gun.
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Table 1. Metal concentrations in the dust from the 10 schools in the Gochang-gun (unit in ppm)

cd Co Cr Cu Ni Pb Zn Mn

Mean 46 14 71 124 38 291 350 176

Indoors SD 34 5 40 85 24 216 114 70
(n=19) Max 136 27 185 388 105 1037 640 357
Min 14 4 18 39 2 1007 9 74

Mean 43 16 69 113 59 238 399 215

Outdoors SD 1.7 4 44 85 55 184 165 69
(n=16) Max 8.6 23 216 361 245 779 608 353
Min 19 8 16 12 11 65 45 98

Mean 14 9 34 26 15 98 106 146

Playground SD 18 6 25 16 18 168 58 57
(n=10) Max 6.4 17 78 60 54 598 225 248
Min 0.1 1 12 6 0 6 28 90

n=Number of samples
S.D = Standard Deviation
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Table 2. Average contents and environmental intervention values of heavy metals in soils of different countries (unit in ppm)

Cd Co Cr Cu Ni Pb 7n Mn
Canada 0.56 124 50 2 20 20 57 325
Average Britain 1.00 17.7 69 23 23 29 80 1055
contents” Tapan 0.44 10 50 34 28 35 86 y
UsS. 041~057 105 - 26 185 26 735 490
Britain” 30 - -1 30 70 500 300 -
us? 1.0 - - - 250 100 1500 -
Environmental Germany” 20 100 50 50 40 200 300 -
intervention Holland” 0.8 20 100 36 35 85 140 -
values Switzetland® 0.8 25 75 50 50 502 00 -
Canada” 5.0 50 250 100 100 500 500 -
Korea® 40 - - 125 - 300 -

"Metal contents surface various soils (Pendias, 1984). *Guidance concentration of garden in Britain. “New Jersey cleanup stan-
dards of residential surface soil. *Orientation value of soil at playground for children in Germany. “Intervention values of soil in
Holland. ®Maximum allowable pollution contents of soil in Switzerland. “Interim Canadian environmental quality criteria for
contaminated sites in residential soil (NIER, 2000). ®Countermeasure criterion of contaminated soil for park and school area in

Korea (Ministry of Environment, 1999).
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Table 3. Concentrations of heavy metals in soils and dusts in Korea (unit in ppm)

Cd Co Cr Cu Ni Pb Zn Mn
A 02 18 28 80
seoul B 02 21 31 8
ol C 1.4 216 133 518
D 16 581 271 727
Ubconsb E 14 10 27 41 23 65 204
yeongbu F 12 9 41 124 29 534 334
« G 21 2% 47 59 47 88 238
oyang H 18 16 83 83 39 86 265
Youngdungpo-gu 1 25 172 173 465
and Kuro-gu J 0.5 22 26 83
Kangseogu and K 30 16 69 640 75 252 1269 344
Yangchon-gu L 24 15 93 292 73 273 1282 483
M 63 » 107 715 71 268 866 231
Jeonju City N 5.1 21 115 765 58 23 96 265
0 30 16 94 87 ) 107 364 245

Playground soil (A), playground dust (B), residential road dust (C), and main road dust (D) in seoul (Chon and Choi, 1992).
Soils (E), dusts (F) from the Ujjeongbu city (Chon and Ahn, 1996). Soils (G) , dusts (H) from the Koyang city (Chon and Ahn,
1996). Outdoor dusts (), playground soils (J) from the Youngdungpo-gu and Kuro-gu (Byun et al., 1996). Indoor dusts (K) and
outdoor dusts (L) from the Kangseogu and Yangchon-gu (Bae et al., 1998). Indoor dusts (M), outdoor dusts (N), playground
soils (O) from the Jeonju City (Cho, 2000).
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Fig. 2. A map of distribution of analyzed elements in dust samples from indoor of the 10 schools in Gochang-gun.
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Table 4. Correlation coefficients between analyzed elements in the dust from studied area

Indoors Cd Co Cr Cu Ni Pb Zn Mn
Cd 1.00
Co 0.44 1.00
Cr -0.21 0.12 1.00
Cu 0.07 0.02 -0.17 1.00
Ni -0.06 0.15 0.86 -0.34 1.00
Pb 0.16 -0.18 -0.41 033 -0.50 1.00
Zn 0.73 0.74 -0.11 0.40 -0.04 0.02 1.00
Mn 0.24 0.63 0.36 -0.37 0.48 -0.03 0.26 1.00
QOutdoors Cd Co Cr Cu Ni Pb /n Mn
Cd 1.00
Co 0.16 1.00
Cr 0.32 0.32 1.00
Cu 0.21 0.04 0.03 1.00
Ni 0.43 0.24 0.16 -0.08 1.00
Pb 0.19 0.29 -0.07 0.17 -0.12 1.00
Zn 0.46 0.36 0.29 0.58 0.10 0.60 1.00
Mn 0.51 0.26 0.58 0.08 -0.16 0.24 0.30 1.00
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