Jour. Korean Inst. Mining Geol.
Vol. 26, No. 4, p. 465472, 1993.

BEAY w553l #Ad viAe 9%

ojRe* - FFI* - o] QF* .+ o] Z FH+

Environmental Effects Caused by Abandoned Metal Mines
in the Kyungpook Province

Jae Yeong Lee*, Jong Gun Kim*, In Ho Lee* and Jin Kook Lee**

ABSTRACT: The heavy metal contents are more abundant in stream waters, paddy soils and rice plants in the
vicinity of abandoned mines compared to the surrounding areas in the Kyungpook province. However, these
contents tend to decrease with distance from mines, and show some variation under different geological and
geochemical environments. The Sin-stream waters have high contents of Cu=4.9 ppm, Pb=0.1 ppm, Zn=3.5 ppm
and other heavy metals (Ni, Co, Cd) at Dalsung abandoned mine and low contents of Cu=0.4 ppm, Pb=0.1 ppm,
Zn=0.1 ppm and other metals=0.002 ppm in the surrounding area. The high contents decrease in the downstream
in the area of calcareous sedimentary rocks. The paddy soils have high contents of approximately Cu=51 ppm,
Pb=83ppm, Zn=211ppm, and Cd=11.3ppm in the vicinity of Gunwi abandoned mine but low contents of
Cu=4.5 ppm, Pb=2.9 ppm, Zn=60ppm and Cd=0.4ppm in the surrounding area. The Dadeog abandoned mine
also shows similar trends to Gunwi mine. The contents of heavy metals of rice plants are high in the roots
but trends to decrease through stem-+leaf and become low in brown rices.
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Fig.1. Map showing geology and sampling sites of stream

waters.
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Table 1. Eh, pH and content of major elements of Sin-stream water (unit:ppm).
No. K Na Ca Mg Eh pH rocks areas
1 149 8.46 6.46 3.39 0.31 6.45 andesite
2 1.08 5.86 1.29 1.24 0.24 7.66 *gr. porphyry
3 0.34 498 4.10 0.35 0.24 7.65 *gr. porphyry unmineralized
4 1.03 529 4.10 0.72 0.24 7.66 *gr. porphyry area
5 1.83 6.35 7.10 1.31 0.23 773 *or. porphyry (Sin-upstream)
9 1.02 699 430 1.22 0.23 7.83 monzonite
av. 1.13 5.16 456 1.37 0.25 7.50
6 3.28 105 67.5 4.2 0.48 3.68 andesite
7 0.87 8.65 384 8.62 0.39 5.23 andesite mine area
8 0.83 7.73 35.7 13.70 040 494 andesite
av. 1.37 4046 472 22.17 042 4.62
10 6.46 3146 12.1 559 0.25 7.78 Panyaweol fm.
11 9.70 59.70 67.19 796 0.23 742 Panyaweol fm. residence area
12 13.26 7690 18.58 1243 0.20 695 Panyaweol fm. (Sin-downstream)
13 12.64 60.35 2481 9.68 0.19 6.90 Haman fm.
14 16.19 66.93 41.19 835 0.18 707 Haman fm.
av. 11.65 59.10 3270 8.80 0.21 7.04
*gr. porphyry; granite porphyry, av.; average, and fm.; formation
Table 2. Heavy metal content of Sin-stream water (unit:ppm).
Cu Pb Zn Ni Co Cd Fe Mn areas
1 0.39 0.05 0.01 0.01 ND 0.002 0.004 0.004
2 041 0.02 0.07 0.001 ND 0.002 0.007 0.04
3 0.38 0.02 0.09 ND ND 0.003 ND ND unmineralized
4 045 0.04 0.05 ND 0.01 0.002 0.001 0.01 area
5 0.33 0.05 0.23 ND ND ND 0.10 0.01
9 029 0.06 0.08 ND ND 0.003 0.01 0.02
av. 0.38 0.09 0.09 0.002 0.002 0.002 0.02 0.01
6 1297 0.10 7.37 0.56 024 0.06 0.27 135
7 0.57 0.05 1.93 ND 0.02 0.02 0.2 2.14 mine area
av. 4.88 0.07 3.54 0.19 0.11 0.04 125 7.60
10 ND ND 0.055 0.012 0.011 0.005 0.008 0.240
1 ND ND 0.053 0.008 0.014 0.005 0.006 0.21
12 ND 0.005 0.173 0.015 0.029 0.004 0.029 0.25 Sin-downstream
13 ND ND 0.127 0.007 0.011 0.004 0.016 0.250
14 ND ND 0.075 0.080 0.026 0.006 0.027 0.390
av. ND 0.001 0.096 0.024 0.018 0.005 0.017 0.223
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Fig.2. Eh-pH values of mine waters and stream waters
of various rocks in the study area.
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Fig.3. Geological map of Gunwi mine area.
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Table 3. Heavy metal content in soils at mine areas (unit:
ppm).

No. Cu Pb Zn Cd distance (m) mines
GW-1 1301 733 987 18 <300 Gunwi
GW-2 1175 583 557 13 400~900

GW-3 1122 604 324 L1 >9%0

GW-R 1343 5349 5795 68 paddy near mine
DD-1 52829 43757 4759 65 200~500  Dadeog
DD-2 359 1207 1580 15 500~700

DD-3 843 15413 3774 10 700~1000

DDd 769.1 27047 12750 437 dump

DD-R 207 247 2725 09 paddy near mine
DD-u 0.8 23 31 00 uncontam. paddy
DS-1 208 484 - - <300 Dalsung
DS2 149 530 = 400~%00

DS-3 196 247 - - >900

Data: GW; Lee and Choi (1984) and DD; Park et al.
(1988) and Cheong (1992).
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Table 4. Heavy metal content in paddy soils (unit: ppm).
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5, 1988) Eok dAie] o3 dHHE 4&
W %

AREE B F34 & AAA (Cu=25ppm,
Pb=3 ppm, Zn=4.8 ppm, Cd=0.1 ppm)7} 8|42 (Cu
=78 ppm, Pb=33ppm, Zn=117 ppm, Cd=0.1 ppm)X
o} =3 (53, 2153, 1992), FAA A7} v)33pA] e
vl A8 w2 zhe Belrh 2y F4AY AR
OE 7H4Ae ot Fo] Fpe] E&d|, AAAE M
73z vlste] 2~3u) Ax st ¥A Wout %WXI
e B B3 dle] vlste] Q2 10w, -2 204, ofd&
g & ghg 2o (Table 4). 2 23 §2 °ﬂ
Aeks 2B s vAA He, e A PA
o] wjF}A| e vlgle] 53] FL P& Hh

32 5 524

780 34 YA B 334 P 0
QAL e ok Qe 24 FBoA FFHE
F34L HE FUR 29 FAEd w2 FhEE
fol ohim AEel §4U 4 sk A AH2

Eo] glofok 3}7] wifo|tk 22lx FAEY Fire A
Aol whelr] F4e] Fefol 2olz) sl (o1 A A,
34, 1984), 73”—-75 g S S 5 4
old 9 Flof B AR FF>Aai>450Y 45
Holw (e 5, 1990), ZE 2 3o 1A A He
%= Cu=7.7ppm, Pb=0.6 ppm, Zn=38.0 ppm, Cd=
0.06 ppme| L FFo] 714 ¥ =& Alge Cu=04 ppm,
Pb=0.05 ppm, Zn=04 ppm, Cd=0.01 ppmojc}. ¢]g} 7
& WgE FFE ot RS 398 Bo) I, ke
7b Aol ZiEc B9 2dE d v el
A9 A4, F344

ubA =t}
H (6837} Ald =1L 7]e}
FadE o (Ph=358, Z =65.62, Cd=0.65)7} A|Y =t}
J, 1984). HSEEE Be>Z7olH, Bl

Kyungpuk prov. (a) Dadeog mine (b) product (c) rice plant at
Gunwi mine (d)
uncultiv, cultiv. limit uncontam. mine area Kyung. prov. uncontam. mine
Cu 215 7.79 125 0.8 20.7 1.88 4.5 50.99
Pb 2,99 3.31 450 23 24.7 0.27 29 83.33
Zn 4.81 11.69 325 3.1 2725 20.1 60.0 21093
Cd 0.09 0.11 25 0.0 0.9 0.03 04 11.28

(@); Kwon et al. (1992), (b); Park et al. (1988), (c); Kim et al. (1990), and (d); Lee,Choi (1984).
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Table 5. Heavy metal content in rice plant (unit: ppm).

@) brown rice
brown ——————
element soil  stem+leaf rice ® © @@
Cu 122.84 65.46 122 039 187 134
Pb 70191 41.00 3.03 - 028 021
Zn 737,67 390.07 6779 200 25.5214.17
Cd 12.07 11.54 186 059 0.04 0.005

Data: (a); Gunwi mine (Lee and Choi, 1984), (b); Dadeog
mine (Lee and Shin, 1989), (c); Kyungpuk prov. (Kim
et al,, 1990), and (d); tap water (Kwon, 1978).
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