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Investigation of Trace Element Contamination in Stream Sediments
in the Chungnam Coal Mine Area Using Geostatistical Approach

Chun-Kil Hwang*, Kyoung-Woong Kim* and Hyun Koo Lee**

ABSTRACT : In order to examine the contamination levels of trace elements in stream sediments in the Chungnam
Coal Mine area, stream sediment and water samples were collected and analyzed for trace elements. The pH of stream
water was neutral or weak-alkaline and the mobility of metal in stream sediments was supposed to be low. From the
result of cluster analysis, non-polluted sampling stations can be distinguished from polluted sampling stations influenced
by mining activities. The trace element concentrations in sediments from non-polluted zone were considered to be the
natural background concentrations of this area. The trace element concentrations in sediment samples from the mining
area were higher than those from non-polluted area, and contaminated area of enriched trace element levels need to be
properly managed. From the results of discriminant and regression analyses, concentrations of Cd, Cu, Pb and Zn and
predicted values of Be, Mo, and Ni in Chungnam Coal Mine area were found to be lower than those in metal mining

areas in Korea.
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Fig. 1. Simplified geological map (modified after Park, 1990).
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Fig. 2. Study area in Chungnam Coal Mine Field.
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Flg. 3. Sampling stations of stream sediments and waters
in the Chungnam Coal Mine area.
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Fig. 5. Classified sampling stations from the results of cluster
analysis.
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Table 1. Background concentrations of elements in stream
sediments in the study area and the raio of these concen-
trations to the mean concentration in the earth sediments.

Background conc. Mean conc. .
Element in study area(B) in the earth Ratio of

(N=6) sediments* (M) BM
Al 37850 72000 0.526
Ca 1230 66000 0.019
Fe 19600 41000 0478
K 10593 20000 053 .
Mg 2760 14000 0.197
Mn 757 770 0.983
Na 358 5700 0.063
P 308 670 0.459
Ti 943 3800 0.248
Ag 0.51 0.057 9.006
Ba 3573 460 0.777
Be 1.47 2 0.735
Cd** 0.35 0.17 2.059
Co 11.22 14 0.801
Cr 63 72 0.088
Cu 19.5 33 0.591
La 385 41 0.939
Li 15.8 56 0.282
Mo 1.87 2 0.933
Ni 19.2 52 0.37
Pb 31.2 19 1.642
Sr 321 320 0.1
v 273 105 0.26
Zn 61.8 95 0.65

*Bowen (1979), **No. of samples=2.
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Fig. 6. Anthropogenic enrichment index of trace elements comparing with background concentrations of study area
(Enrichment index=concentration of element/background concentration of element in the study area).
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Fig. 6. Continued.
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Fig. 6. Continued.
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Fig. 7. Location of selected metal mines for discriminant
analysis.
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Fig. 8. Diagrams showing the result of discriminant analysis
to discriminate polluted group from non-polluted group.
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Table 2. Sclected input data from other mining area for discriminant analysis.

Reference Name of mine: Produced mineral

No. of observations

Summary

Influenczd by mine

Non-polluted

1 Geumwang Au, Ag Dispersion of heavy metals were
(mean, maximum, limited in the vicinity of the flotation
minintm values) plant and tailings: dam.
2 Okdongcheon 6 Toxic trace metal contamination of
(stream) (in lower stream) the stream sediments was mainly
found in the lower reaches
3 Gubong Au, Ag Heavily polluted by Cd and Pb
4 Moak Au, Ag 1 Copper, Pb and Zn pollution were
occurred in the polluted downstream
sediments.
5 Dongjin Au, Ag, Cu High concentration of heavy metal in
mine activity area
6 Sambo Pb, Zn, Barite 3 Enrichment of hzavy metals in stream
sediments
7 Shinyemi Geodo Pb, Zn, Fe, Cu, Fe 3 Higher concentration of heavy metal
(mean values) (mean values) in stream sedimant than those in soil
Total 13

1; 9+43} (1990), 2; Cheong and Thornton (1994),
Aad (1993), 7; HEFA (1995).

3; WA18] (1996), 4 W127], AAE (1995), 5; o154 3 (199%), 6; ZAAH,
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Table 3. The linear regression formulas and fitness for the
prediction of some trace element concentrations.

Dependent . .
variables Linear regression formular R-square
Ag  0.512+(0.332X Cd)+(0.005X Cu)+ 0.1189
(—0.002XPb)+(— 0.001 X Zn)
Ba  363.76+(94.38X Cd)+(- 1.00X Cu)+ 0.1423
(1.76 X Pb)+(— 0.03X Zn)
Be  1.2714(- 0.017XCd)+(—-0.003X Cu)+ 0.5077*
(0.020X Pb)+(0.000X Zn)
Co  24.16+(30.42X Cd)+(0.60X Cu)+ 0.2844
(- 0.86XPb)+( - 0.03X Zn)
Cr  5.201+(3.517X Cd)+(0.025X Cu)+ 0.1704
(- 0.014XPb)+( - 0.005X Zn)
Mo  1.450+(1.885X Cd)+(0.007X Cu)+ 0.6697*
(0.009X Pb)+(— 0.004 X Zn)
Ni 14.87+(2.78 X Cd)+(0.14X Cu}+ 0.7685*
(= 0.04X Pb)+(— 0.07X Zn)
v 24.29+(1.31X Cd)+( - 0.03X Cu)+ 0.2304
(0.15X Pb)+(0.01X Zn)
* Good determination of Goodness-to-fit (S.L. 5%).
FeE FRIE 4 led (Fig. 8), olAL BF 2d49]
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Fig. 9. Predicted values of trace elements in stream sed-
iments from the study area and polluted metal mining area.
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