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Statistical Assessment on the Heavy Metal Variation
in the Soils around Abandoned Mine (Case Study
for the Samgwang Mine)
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Heavy metal concentrations in the soil were investigated for the abandoned Samkwang metal mine,
Cheongyang-Gun, Chungnam Province, Korea. The concentrations of heavy metal(As, Cd, Cu, Ni, Pb, Zn) were
determined in mine soils collected at the abandomed mine sites to obtain a general classification and specifica-
tion of the pollution in this highly polluted region. The results estimated with the normal test and basis statistic
on the central tendency and variation showed that the distribution of heavy metal concentration had significantly
different at the range of all locations. The range of spatial distribution on the relationship of heavy metal con-
centration and pH was 4.8~8.8 and heavy metal concentration on the type of land use was highest in forest
land, and also Ni and Zn in farm and rice field showed the high concentration. The distribution of heavy metal
concentration on the depth of a soil showed that the metal concentrations in subsoil were higher than of those
in surface soil, while the concentration of Cu and Ni had no significant difference on the depth of soil. Results
from the correlation analysis using the data except the extreme and unusual data revel that Zn-Cd(r=0.867),
Zn-As(r=0.797), Zn-Pb (r=0.764), Cu-Cd(r=0.673), Cu-As(r=0.614) and Zn-Ni(r=0.605) were the most important
parameters in assessing variations of heavy metal in soil. To discriminate pattern differences and similarities
among samples, principal factor analysis(PFA) and cluster analysis(CF) were performed using a correlation
matrix. This study suggests that PFA and CF techniques are useful tools for identification of important heavy
metal and parameters. This study presents the necessity and usefulness of multivariate statistical assessment of
complex databases in order to get better information about the quality of soil and gives the basis information to

clean up the abandoned mine sites.
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Fig. 1. Sampling sites and geologic map of the
abandoned Samkwang metal mine, Cheongyang-
Gun, Chungnam Province, Korea.
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Table 1. The basic statistic on the concentration distribution of heavy mental in soil(Unit: mg/kg)

Items N Mean Std. Min Max CoefVar” ™" GM?
pH 9% 6.44 1.063 3.270 8.840 1650 6.42 6.36
As % 9%0.8 2109 0.100 1025 232.4 531 364
Cd 9% 9,72 14.69 0.530 75.04 151.1 7.33 455
Cu 9% 459 58.02 0.020 3635 126.3 37.65 21.48
Ni 9% 351 25.00 12.46 1525 71.20 31.14 3069
Pb 9 209 365.1 2.400 2717 175.1 2085 70.85
7n 9%6 212 281.2 4.800 1450 133.0 2115 1045

Notes
“Standard deviation : s= \/ ﬁi (e;— )

YCoefficient of variation : CV:%X 100(%)

“Trimmed mean : value between 5 % and 95 % of all samples

“Geometric mean : GM= /(w2 25.a,)
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Table 2. Statistical comparison of individual heavy metal by the use of land(Unit: mg/kg)

Items Usage N  Mean TrMean ® Median CoefVar ¥ Std. d © Minimum Maximum Fre?%e)ncy
pH Fam % 625 634 6.65 14.43 0.90 327 7.11 36
Forest land 58 663 658 6.14 17.44 116 507 884 348
Rice field 13 59 597 580 1204 072 497 731 316
As Fam % 821 745 4.27 1085 891 031 335 6.3
Forest land 58 1464 1101 384 175.7 2572 0.10 1025 92.7
Rice field 13 142 1.224 0.95 109.8 1557 0.30 467 10
cq Farm 2% 3134 332 1.99% 72.81 249 0.77 831 183
Forest land 58 5657 1176 659 126.8 17.62 0.92 75.04 647
Rice field 13 275 310 1.313 80.67 259 053 7.08 171
Cy Fam 25 3134 3040 2786 86.21 27.02 0.70 836 30.7
Forest land 58 95657 4576 41.75 1230 69.58 0.02 3685 46.3
Rice field 13 2375 275 874 94.08 22.34 3.36 55.14 230
Ni  Farm % 2862 2853 2677 2843 314 15.09 4438 30.3
Forest land 58 3869 3396 33.16 8073 31.23 12.46 15247 36.0
Rice field 13 3183 3173 31.01 15.09 480 2%6.45 3834 337
pp Farm % &1 775 685 96.74 82.4 46 3404 225
Forest land 58 2924 2291 1287 1512 442.0 24 27172 66.5
Rice field 13 414 381 176 94.91 39.3 138 1054 111
7n  Farm 2% 1206 1134 82.6 89,50 107.9 157 3915 238
Forest land 58 2669 2192 1345 1286 3432 48 1450 46.0
Rice field 13 1386 1436 167.1 53.30 739 141 2084 30.2
Notes

“Trimmed mean, "Coefficient of variation, “Standard deviation

Table 3. Statistical comparison of individual heavy metal by the types of soil depth(Unit: mg/kg)

Ttems Soil N  Mean TrMean ® Median CoefVar ¥ Std. d © Minimum Maximum Fre‘(l;‘;my
y  Subsoi 18 6932 6.94 6.850 195 135 484 884 524
PP urface soil 78 6331 6.30 6.10 152 0.96 327 884 416
As subsoil 18 1841 143 384 1788 329 0.1 1025 79.1
surface soil 78 692 378 6.20 2437 169 0.1 716 209
od subsoil 18 1621 146 837 1134 184 11 57.2 71.8
surface soil 78 823 573 483 162.8 134 05 750 282
Cu subsoil 18 585 450 487 1299 76.0 24 331 55.8
surface soil 78 426 356 36.2 124.4 53.0 0.02 369 42
N Subsol 18 4187 373 26.8 92.13 356 130 1434 545
surface soil 78 3358 31.1 208 61.73 207 125 1525 455
- subsoil 18 416 298 145 156.7 652 4 2717 72.3
surface soil 78 155.6 121 844 150.9 235 24 1438 212
7 Subsol 18 3629 330 211 103.4 375 157 1234 67.3
surface soil 78 1765 138 105 138.7 245 48 1450 32.7
Notes

“Trimmed mean, "Coefficient of variation, “Standard deviation

29 Aol Bol A 4 olFHIL £ 9 W 4A ol AT A & A 59
£ g0 EAdd 2 BN AANE $AE ASHCD, HEDS MA@ 5o OE FTER
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Table 4. Correlation analysis between heavy metal concentration in soil

Ttems pH As Cd Cu Ni Pb
As 0.482%
0.002)
cd 0517 0987
(0.001) (0.000)
Cu 0319 0614 0.673
(0.045) (0.000) (0.000)
Ni 0.482 0593 0581 0.367
(0.002) (0.000) (0.000) (0.020)
Pb 0.391 0878 0.887 0.631 0.428
0.013) (0.000) (0.000) (0.000) (0.006)
7n 0.400 0.797 0.861 0503 0.605 0.764
0.011) (0.000) (0.000) (0.001) (0.000) (0.000)
Notes

. . b
® Pearson correlation coefficient (r), ® p-value
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500

Fig. 8. The correlation-matrix plot of individual heavy metal in soil.
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Table 5. Figenvalues of factor using principal compo-
nent analysis

Items Prin. 1 Prin. 2 Prin. 3 Prin. 4 Prin. 5
Eigenvalues 3.125 1575 0980 06179 0.3393
% of variance 44.6 225 14.0 10.1 88
Cumulative 46 611 811 9.9 100
variance(%)

Table 6. Principal component factor analysis of the
correlation matrix

Variable Factor 1 Factor 2 Factor 3 Community
pH X») 0.640 -0.592 -0.117 0.774
As (Xo) 0.704 0.284 ~0.181 0.609
Cd Xs) 0.870 -0.057 0.353 0.8%%
Cu (Xo) 0.694 0531 -0.044 0.765
Ni (Xs) 0.292 -0.556 ~-0.723 0917
Pb (Xe) 0.802 0414 -0.150 0.838
Zn (X7) 0.503 -0.615 0512 0.893
@
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Fig. 9. Principal component factor analysis of the
correlation matrix (a) score plot and (b) load
plot.
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Fig. 10. Dendrogram constructed using cluster analy-
sis (a) similarity measure and (b) distance
measure.
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