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Chemical forms of Heavy Metal Elements in Mine Wastes, Stream
Sediments and Surrounding Soils from the Gubong Mine, Korea

Jong-Uk Kim*, Hi-Soo Moon*, Yungoo Song** and Jang-Han Yoo™*

ABSTRACT : Mining activity in the Gubong gold mine started in 1908 and lasted up to recent days. Heavy me-
tals derived from the activity may be potentially toxic to human life and environment of this area. Because
metal toxicity depends on chemical associations in soils, sequential extraction was used to fractionate four
heavy metals (Pb, Zn, Cd, and Cu) from 22 samples into five operationally defined groups: exchangeable, car-
bonate, reducible, oxidizable, and residual fractions. Most of heavy metals have significant relationship with
the carbonate and the reducible fractions, and the exchangeable fractions, except Cd, have litile significance
(almost <1%). And Cu is mainly associated with the oxidizable form. Total concentration of heavy metals, pH,
and mineralogy affect the chemical forms of the metals. Heavy metal concentrations in soil samples have posi-
tively correlated with pH values, and this restricts the mobility of heavy metal elements. Significant amounts
of metal elements (5~65.1% in Pb, 6.2~39.7% in Zn, 8.7~54.7% in Cd, and 3.6~24.7% in Cu) were present in
carbonate form from mine wastes, contaminated soils and sediments. High pH value and cerussite (Pb bearing
carbonate mineral) in mine waste support this result. Areas with high carbonate bound form would have higher
potential contamination, however, because elements of carbonate bound forms are easily mobilized under lower
pH conditions in the surface environments due to acid rain and soil acidification.
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Fig 1. Geological map of the study area.
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Flg. 2. Sampling site map of the study area.
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Tabte 1. pH and metal concentration in each fraction of mine wastes, stream sediments, and surrounding soils.  (in mg/kg)

Sample No. GI G2 G3 S3t  S3s _ S4s _ S5s S6-t S6s
solil type Waste dump Stream sediments

pH 8.56 7.1 6.45 6.6 5.8 6.39 6.52 6.92 6.95

F1° n.d? 18 38 26 4 n.d. n.d. n.d. nd.

Fe 716 1358 1742 1408 329 458 262 102 65

F3 1267 1249 1404 683 344 328 248 112 68

Pb F4 55 206 51 30 47 21 22 11 5

F5 37 36 25 15 23 18 21 10 7

sum 2075 2867 3260 2162 747 825 553 235 145

total® 1812 2491 2719 1889 756 766 529 236 163

F1 0.2 3.8 13 39 1.1 1.1 0.9 0.6 0.4

F2 33 29 46.3 11 2 53 2.3 1.8 1

F3 3.7 13.1 14.5 2.8 1 1.4 1.1 0.8 - 0.6

Cd F4 27.4 59 28.1 18.2 9 8.4 34 1.4 09

F5 34 1.2 2.8 3 14 1 0.5 0.3 0.2

sum 38 53 104.7 38.9 14.5 17.2 82 49 3.1

total 47 55 109 48 20 21 11 6 3

F1 n.d. 0.2 nd. 0.1 n.d. 0.1 0.1 n.d. n.d.

F2 5 40 9 7 7 4 [ 5 3

F3 3 8 4 5 3 7 8 5 4

Cu F4 72 160 128 147 82 75 39 13 9

F5 10 46 26 21 17 14 12 8 6

sum 90 254.2 167 180.1 109 100.1 65.1 31 22

total 93 267 186 220 144 113 78 38 26

F1 0.1 42 94 22 0.5 02 0.1 nd. n.d.

F2 135.2 498 624.8 253.8 824 91.8 55.3 27.1 14.5

F3 181.8 315 426.8 252 113.5 165 139.7 84.7 53.6

Zn F4 440.7 107 473.1 358 207.7 198.7 92.8 39.4 36.2

F5 116.7 411.8 186.4 2834 90.7 67.3 46 32.7 25.7

sum 874.2 1336 1720.5 11494 494.8 523 3339 1839 130

total 1053 1024 2284 1159 482 536 333 190 117

a : F1; exchangeable, F2; carbonate, F3; Fe-Mn oxides, F4; sulfides & orgamic, F5; residual.
b : not detected.
¢ : bulk concentration measured by ICP.
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Table 1. Continued.
Sample No.  Cl C2 C3 Cc4 Cs C6 Cc7 Ul 02 U3 P-1 P-2 P-3
soil type Contaminated soils Uncontaminated soils  Contaminated profile
pH 711 529 516 644 485 725 7.08 4.96 53 594 557 582 584
F1 n.d. n.d. nd. nd.  nd 2 9 nd 1 1 n.d. n.d. 1
F2 105 14 58 7 15 502 1243 3 2 4 5 22 453
F3 357 52 153 75 80 1152 1576 14 11 15 17 57 1506
Pb F4 42 20 30 38 21 174 464 8 7 8 6 17 135
F5 40 13 18 19 18 72 98 10 12 10 9 18 48
sum 544 99 259 139 134 1902 3390 35 33 38 37 114 2143
total 669 145 288 189 173 2068 2954 41 43 43 41 126 1952
F1 1.4 0.5 1.8 0.6 12 6.6 6.5 nd n.d. n.d. nd. nd. 6
F2 33 0.2 1 0.7 0.9 9.9 124 nd. n.d. n.d. nd. 0.2 9
F3 37 0.2 1 0.7 1.1 9.3 136 nd nd. nd. nd. n.d. 6.2
Cd F4 06 nd nd. nd. 0.1 0.6 3 nd nd. nd. n.d. n.d. 04
F5 0.5 nd. nd. nd.  nd 0.9 0.6 nd nd. nd. n.d. nd. 0
sum 9.5 09 3.8 2 33 273 36.1 nd. n.d. n.d. nd. 02 216
total 14 2 6 4 6 34 55 nd. n.d. n.d. n.d. nd 27
Fl n.d. nd. n.d. n.d. nd. 1 1 nd nd. n.d. n.d. n.d. 2
F2 6 nd 1 nd. nd 19 44 1 1 1 1 1 54
F3 21 3 13 8 9 34 22 2 2 2 4 4 73
Cu F4 18 9 5 53 6 48 166 6 10 6 5 5 82
F5 27 17 18 16 13 20 26 14 15 12 12 9 8
sum 72 29 37 77 28 122 259 23 28 21 22 19 219
total 69 36 46 76 35 134 273 26 35 27 25 24 218
F1 nd. 22 2 nd.  nd 1.9 51 59 1.4 1.1 11 0.8 32
F2 653 nd 92 296 103 1479 4904 59 123 5 124 127 1568
F3 1883 468 995 796 818 5099 6221 162 204 193 19 236 4585
Zn F4 398 2 3.8 5.8 34 427 543 38 4.3 38 3.6 53 122
F5 126 586 863 505 564 1273 644 632 641 332 507 52 211
sum 4194 1096 2008 1655 1519 829.7 12363 95 1025 624 868 944 6518
total 379 111 192 172 157 804 1398 87 93 74 78 99 669
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Fig. 3. X-ray diffraction patterns for the bulk, oriented,

ethylene glycolated (EG), and thermal treated (550°C) clay
size fraction of mine waste, stream sediment, and surroun-
ding soil samples. Keys : Smec; smectite, Mi; mica, Chl;
chlorite, Ka; kaolin, Qz; quartz, Cc; calcite, Fd; feldspar
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Fig. 4. X-ray diffraction patterns for the heavy fraction
(>2.89 cm®) of representative samples from mine waste.
Keys : Ce; cerussite, Qz; quartz, Hb; hornblend, Sph; spha-
lerite, Ga; galena, Py; pyrite, As; arsenopyrite.
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Fig. 6. Distribution of heavy metals in various chemical
forms as a function of pH value in mine wastes, stream
sediments, and soils. The values above the graph are
average total concentration of elements in each group. (a)
Pb, (b) Zn, (¢) Cd, and (d) Cu.
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Table 2. % values between pH and sequentially extracted
metal forms for the samples from the Gubong mine area.

Heavy metal forms Pb Zn Cd Cu
Exchangeable —0.15* -061 -076 -0.05
Carbonate 0.57 0.91 0.52 0.21
Reducible 0.25 0.13  -0.09 —0.67
Oxidizable —0.40 0.39 0.21 0.71
Residual —0.64 072 001 -0.66

a : (—) means negatively correlated.
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