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Environmental Impacts of the Waste Rump in the
Dongjin Gold-Silver-Copper Mine

Mu-Seong Lee*, Seo-Ryeong Jeon* , Choon-Ki Na** and Jae-ll Chung*

ABSTRACT : Although the Dongjin Au-Ag-Cu mine had been abandoned since about forty years ago, the
results of this study on the dispersion patterns and contamination level of heavy metals in the hy-
drologic system flowing via the waste rump show that the environmental impacts from the mine
wastes are still significant. The stream water in the vicinity of the waste rump is severely acidified
(pH 3.8 to 4.4) and highly enriched in various dissolved heavy metals. The heavy metal contents of
the stream water and stream sediments are systematically attenuated with increasing distance from
the mine area. However, it is worth to note that continuous attenuation of heavy metal contents in
both media were reenriched in downstream area more than 800 m apart from the mine because it can
be acted as a secondary source of heavy metal pollution. The heavy metals, especially Cd, Cu and Zn
of polluted downstream sediments mainly occur in Fe-Mn oxides and organic materials, which in-
dicates that these elements are the main pollutants from the waste rump of the Dongjin mine. The
heavy metal contents of crops, such as sesame, perilla, red pepper and brown rice, collected from the
polluted farm land in the downstream area are lower than those of land plants from stream sides, but
significantly higher in Cd, Cr, Cu and Zn than those from the unpolluted farm land. Especially, almost
all of the crops in polluted farm land have been severly contaminated by Cd (>0.4 ppm). On the other
hand, the heavy metal contents of the crops collected from refreshed farm land by means of a soil ad-
dition method shows significantly lowered level comparing with those of polluted area, which indicates
that a soil addition method was effective for the refreshment of polluted farm land by toxic metallic
pollutants. Wormwoods from this area showed very high contents in all the heavy metals even in un-
polluted area (Cd>1 ppm, Cr>1 ppm, Cu> 11 ppm, Pb> 4 ppm, Zn > 55 ppm), indicating that a special
caution must be payed when one takes ingest them.
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Fig. 1. Location map of the Dongjin-mine area.
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Fig. 3. Sampling points of the Dongjin-mine area (® :
samplign points of stream water, sediments and land
plants, A : sampling points of crops and wormwoodm
X : mine, doted area : mine waster rump).
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Table 1. pH and selected heavy metal compositon of
the stream water samples from Dongjin Mine area.
(Zn in mg/L, the others are ug/L)

pH  Zn* Cd Cr Pb Cu

SW-0 724 002 116 027 374 2.87
SW-1 687 031 346 045 453 531
SW-2 597 021 163 058 524 5.65
SW-3 567 014 157 035 4.07 3.78
SW-4 543 017 1.82 023 399 595
SW-5 502 033 290 028 448 9.24
SW-6 439 047 6.77 1.09 13.23 21.92
SW-7 552 048 416 023 3.87 845
SW-8 386 0.77 644 027 448 2856
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Fig. 4. Variation in pH and selected heavy metal con-
tents of the stream waters as a function of the dis-
tance from the mine. Shaded area indicates the pro-
vince of the wasted ore dump around the Ddongjin-
mine.
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Holw 3% FFr & oz n|Fo] Hol (Fig. 4)
Fhilgrel] o3 egolepy] BHule SRl Hx)E HAo)

TE 73 @Yo 2 Fg3ta IYSS BoFTh

Zt &9 Ao e FFe gt AAES B
ol i, Antd oz Fioz e Yol 2 Zihdle
72¥E BT (Fig. 4). Y302, ed9oz2Re &
A daEe A gL e 7 949 7383
Ql Ao wte} FHXFe EY & 3428 9
8 e At 38k #7393t (pH, Eh 2 €% 5)
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Table 2. The selected heavy metal compositions of
the stream sediments, determined by hot extraction
method (Unit in ppm),

Fe Zn Cd Cr Pb Cu

SD-1 20106 2173 422 123 1670 1987
SD-2 10427 456 129 424 364 670
SD-3 15896 459 106 388 897 725
SD-4 19650 593 12.0 160.1 1134 686
SD-5 36366 2065 28.9 96.7 2297 1223
SD-6 38539 712 15.7 375 2449 531
SD-8 34285 2203 283 326 3254 893
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Fig. 5. Variation in pH and selected heavy metal con-
tents of the stream sediments prepared by hot ex-
traction method.
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Table 3. Each fraction (%) of the selected heavy me-
tals in the stream sediments, prepared by sequential
extraction method (Tessier e al., 1970). Step I: ex-
changeable fractionm, Step II : bound to carbonate or
specially adsorbed fraction, Step III : bound to Fe and
Mn oxides fraction, Step IV : bound to organic and sul-
phides fraction, Step V : residual fraction.

Step. I Fe Zn Cd Cu Pb

SD-1 0.008 4105 6.055 1.044 0.964
SD-2 0.010 5775 3531 1376 0.501
SD-3 0.013 3485 2879 1197 1.839
SD-4 0.006 1.768 0.698 1.382 1.274
SD-5 0.002 0.707 0373 0.639  0.661
SD-6 0.0056 2275 1234 1.029 0.605

SD-8 0.007 1.675 1.675 0.993  0.488
Step II Fe Zn Cd Cu Pb

SD-1 0.238 11.347 7.129 9.461 0.716
SD-2 0.457 14318 11.779 13.332 1.016
SD-3 0.595 10.057 15.509 9.686 3711
SD-4 0.510 11.843 12,849 6.969 0.483
SD-5 0.845 1.740 18.448 5471 2.215
SD-6 0.396 10.896 15.068 7.573 0.140
SD-8 0.724 1.181 6.237 2.818 0.276
Step I Fe Zn Cd Cu Pb
SD-1 3406 18.505 4.100 12.609 1.516
SD-2 13.953 40.666 10.602 30.574  1.259
SD-3 19.079 27.936 16.325 13.021  8.880
SD-4 14.882 17.303 14.018 7.762 7.137

SD-5 11.183 5230 7.723 3.370  4.657
SD-6 1.383 10.960 3.408 12.837 0.134
SD-8 15,035 5.522 6.733 4.644  0.683

Step IV Fe Zn Cd Cu Pb

SD-1 0.666 4.472 0.840 10.485  0.597
SD-2 1.227 8736 2.591 26.569  0.268
SD-3 2446 8289 4.081 35.044 2.188
SD-4 3.017 16.842 5484 23.406 1.466
SD-5 3.908 27.957 11.229 31.616 1.737
SD-6 8311 8613 9.553 4.071 0.340
SD-8 4.684 85552 35998 56.319 0.810
Step V Fe Zn Cd Cu Pb
SD-1 95.683 61.572 81.870 66.400 96.208
SD-2 84.354 30.505 71.497 28.148 96.955
SD-3 77.866 50.233 61.205 41.052 83.383
SD-4 81.585 52.244 66.951 60.481 89.640
SD-5 84.061 64.366 62.226 58.903 90.821
SD-6 89.905 67.255 70.737 74.490 98.782
SD-8 79.550 6.070 49.358 35.226 97.743

B 94250 A5 nAle 9B 2AB] Y6, 8t
A PR BFee FAF (2ARIF)E B AR
4T AHAA A3 FFE FFE BAMAY
(Table 4). Fig. 69l ol 21 89] 34 94 339

Table 4. Heavy metal contents in Land Plants col-
lected from the banks of the stream (Unit in ppm).

Zn Cd Cr Pb Cu

LP-1 66.6 0.66 0.27 8.8 17.4
LP-2 1819  22.66 0.72 15.2 68.6
LP-3 1411 3.37 0.96 16.2 33.6
LP-4 122.0 2.71 0.81 13.2 34.7
LP-5 75.1 0.72 0.66 5.7 18.6
LP-6 115.1 2.18 2.79 514 87.2
LP-7 42.5 1.78 0.44 218 10.3
LP-8 68.4 0.28 1.13 7.6 31.7

1000

g

Concentrations (ppm)
>

200 400 600 80O 1000 1200 1400
Distance from wasted ore dump (m)

Fig. 6. Variation in pH and selected heavy metal con-
tents of the land plants collected from the banks of
the stream.
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Table 5. Heavy metal contents in crops and wormwood from the downstream area of the Dongjin-mine (Unit in

ppm).

Sample location Zn Cr Pb Cu
Seame-1 a: Polluted area 41.08 0.637 0.055 1.07 7.50
Seame-2 b: polluted area 61.19 0.606 0.057 0.82 4.74
Seame-3 ¢ refreshed area 47.90 0.182 0.076 1.20 4.30
Seame-4 d: unpolluted area 29.09 0.183 0.143 1.58 2.37
Seame-5 e: unpolluted area 29.83 0.168 0.099 0.93 1.59
Perilla-1 a: polluted area 36.78 0.385 0.469 1.17 10.30
Perilla-2 b: polluted area 57.01 0.070 0.104 4.67 9.01
Perilla-3 c: refreshed area 26.21 0.098 0.091 0.76 7.43
Perilla-4 d: unpolluted area 3441 0.035 0.096 3.01 9.10
Perilla-5 e: unpolluted area 26.94 0.035 0.111 1.01 8.82
Red pepper-1 a: polluted area 21.72 0.059 0.062 1.72 3.27
Red pepper-2 b: polluted area 9.21 0.261 0.061 0.44 1.79
Red pepper-3 c: refreshed area 12.39 0.023 0.094 1.03 6.88
Red pepper-4 d: unpolluted area 14.98 0.036 0.049 0.87 1.19
Red pepper-5 e: unpolluted area 12.88 0.059 0.068 1.05 2.97
Brown rice-1 a: polluted area 19.33 0.160 0.429 1.21 4.53
Brown rice-2 b: polluted area 21.69 0.402 0.119 0.72 5.91
Brown rice-3 c: refreshed area 15.22 0.041 0.039 1.21 3.13
Brown rice-4 d: unpolluted area 17.77 0.024 0.049 1.00 2.68
Brown rice-5 e: unpolluted area 25.10 0.034 0.050 1.09 2.79
Wormwood-1 a: polluted area 425.06 10.362 1.654 6.43 21.84
Wormwood-2 b: polluted area 211.63 3.391 0.527 6.54 15.10
Wormwood-3 d: unpolluted area 73.76 1.019 0.943 4.37 14.12
Wormwood-4 e: unpolluted area 55.36 0.998 2.825 7.66 11.35
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