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Pollution of Heavy Metals in Paddy Soils Around the
Downstream Area of Abandoned Metal Mine and Efficiency
of Reversed Soil Method as Its Remediation.

Choon-Ki Na*, Mu-Seong Lee** and Jae-Il Chung***

ABSTRACT : In order to investigate the dispersion patterns and contamination level of heavy metals in the soil-ecosys-
tem and to evaluate the efficiency of soil remediation by reversed soil method, soils and plants were collected from the
Dongjin Au-Ag-Cu mine area and analysed for heavy metals. The dispersion patterns of heavy metals in soils and
plants show that heavy metal pollutions caused by waste rump around Dongjin mine are mainly found in the vicinity of
the waste rump and in the southward slanting of mine. Toxic metallic pollutants from the mine influence heavy metal
contents in paddy soils in downstream area, and may be a potential sources of heavy metal pollution on crop plants.
Soil samples collected from the remediated rice farming field by reversed method show similar levels of heavy metal
content to those from the polluted rice farming field, but topsoil enrichment of heavy metals are not found. Heavy me-
tal contents of the rice plants collected from remediated rice farming field are significantly lower than those from pol-
luted rice farming field, and it suggests that the reversed soil method is effective for the reduction of bioavailability of

heavy metals.
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Fig. 1. Sampling locations in the study area (doted areas:
mine waste rump). See in Lee et al. (1996) for location and
geology of the Dongjin mine area.
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Table 1. Extractable and total contents of selected elements in soils and wormwoods from the Dongjin mine area. Unit in

mg/kg.
Soil Wormwood Soil Wormwood
Sample Extractable* Total Total** Sample Extractable* Total Total**
number number
As Cu Cu Zn Cu Zn As Cu Cu Zn Cu Zn
#1 0.32 9.60 13.2 70.7 12.6 335 #31 0.16 0.60 18.8 64.5 12.7 34.1
#2 024 133 33.6 82.9 134 345 #32 0.17 425 73.9 594 19.1 35.8
# 027 059 362 636. - - #33 017 904 163 627 - -
#4 0.26 145 17.9 45.9 18.1 55.6 #34 0.10 2.39 123 60.9 14.7 39.6
#5 021 051 648 588 - - #35 011 144 121 977 301 590
#6 0.13 135 472 762 - - #36 003 317 549 688 854 44.6
#7 0.13 018 201 63.6 - - #37 0.18 1.60 19.6  185. 15.1 55.1
#8 0.25 0.26 10.1 75.2 8.58 26,0 s-2 14.5 3.70 142 115, 216  271.
#9 0.18 1.51 17.7 729 12.7 31.2 s-4 2.34 490 704 994, 13.3 43.8
#10 096 050 794 722 9.02 839 s-7 51.9 332 291, 322 49.9 370
#11 028 512 100 70.3 - - s-8 286 135 486 1211 - -

#12 0.25 1.56 - 38.1 11,6 456
#13 5.67 6.83 925 534 821 377
#14 0.13 0.10 8.53 585 - -

#15 0.23 026 652 248 103 490
#17 0.08 5.34 112 509 1346 390
#18 0.11 0.23 9.92 805 - -

#19 0.11 2.80 17.1 107. 120 582
#20 0.87 3.82 - - 777 593
#22 0.25 8.45 30.3 75.1 108 414
#23 026 059 112 669 310 429
#24 0.45 047 139 716 107 35.6
#25 0.16 113 146 311 16.3 61.4
#26 0.06 450 16.7 676 757 439
#27 0.27 1.67 136 555 147 411
#28 0.16 0.82 152 502 123 5238
#29 0.18 021 252 57.8 15.5 66.3
#30 043 0.60  115. 710. 127 341

s-9 147. 642  250. 214 281 712
s-10 366 667 849 3006 552 471
s-11 344 8272  498.  588. - -
5-12 347 g47 278, 291
s-13 16.6 342 256 774 - -
s-14  150.  108. 513. 1048 107 470
s-15 0.10 199, 264. 148 - -
s-16 17.5 0.49 521 418 - -

nl 136 s34 40 80 129 128
n2 247 15 110 754 261 730
n-3 180 108 320 82 176 183.

n-4 241 412 872 127 16.0 210
n-5 128 034 425 797 155 203.
n-6 106. 300 876 421 103 449
n-7 26.2 0.18 243 226. - -
n-8 353 673 604, 2549 - -
n-9 123. 106. 479.  686. - -

* Extractable As is extracted by 1N HCI solution and extractable Cu by 0.1N HCI solution.

** Unit in mg/kg Dry weight.
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Fig. 2. Contour map of 0.1N HCl-extractable Cu content in
soils around the Dongjin mine area. Unit in mg/kg.
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Fig. 3. Contour map of total Cu content in soils around the
Dongjin mine area. Unit in mg/kg.
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Fig. 4. 0.1N HCl-extractable Cu contents vs. total Cu con-
tents of soils around the Dongjin mine area.
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Fig. 2. Contour map of 01N HCl-extractable Cu content in
soils around the Dongjin mine area. Unit in mgfkg.
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Fig. 6. Contour map of Cu contents in wormwoods around
the Dongjin mine area. Unit in mg/kg D.W.
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Fig. 7. Contour map of Zn contents in wormwoods around
the Dongjin mine area. Unit in mg/kg.
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Fig. 12. Vertical variations of each fractional contents of
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the Dongjin mine by squntial extraction method (Tessier et
al., 1979).
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Table 3. Metal contents in different parts of paddy rice col-
lected from the rice field around the downstream area of the

Dongjin mine. Unit in mg/kg D.W.

part of paddy rice

Element Sample area -
leaves  stem grain
polluted A, 649 878 39.9
polluted A, 166 471 12.8
Mn polluted A, 698 228 196
remediated 86.2 916 31.0
polluted A, 152 386 125
polluted A, 522 54.2 10.6
Fe polluted A 82 358 786
remediated 856 701 6.24
polluted A, 080 435 1.15
polluted A, 0.64 084 1.09
Cu polluted A, 064 021 L1
remediated 057 042 0.57
polluted A, 600 91.0 5.27
polluted A, 643 41.13 6.24
Zn polluted A, 668 755 811
remediated 24.6 3.42 6.16
polluted A, 037 196 0.13
cd polluted A, 0.11 0.39 0.10
polluted As 1.59 046 0.22
remediated 016  0.04 0.02
polluted A, 1.19 085 0.23
polluted A 045 036 0.20
Cr polluted A, 051 039 028
remediated 025 033 0.07
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