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Environmental problems caused by certain geologic conditions include pollution of soil by heavy metal,
acidization of soils, acid mine drainage, ground-water pollution, and natural radioactivity, as well as geo-
logical hazards such as landslide and subsidence. The acid mine drainage contains large amount of
heavy metals and, therefore, cause serious pollution onto the nearby drainage systems and soils. In spite
of this prospective environmental danger, few studies have been done on the acid mine drainage derived
from non-metallic ore deposits such as pyrophyllite(Napseok) deposits. The sulfide-bearing pyrophyllite
ores, alteration zones, and mine tailings of pyrophyllite deposits produce acid mine drainage by the ox-
idation of weathering. Compared to the fresh host rocks, the ores and altered rocks of pyrophyllite de-
posits produce acidic solution which contain higher amount of heavy metals because of their lower buff-
ering capacity to acid solution.

The pHs of mine water and nearby stream water of pyrophyllite deposits are 2.1~3.7, which are strong-
ly acidic and much lower than that (6.2~7.2) of upstream water and than that (6.8~7.6) of the stream
water derived from the non-mineralized area. This study reveals that this acid mine drainage can affect
the downstream area which is 8km far from the pyrophyllite deposits, even though the drainage is di-
luted with abundant non-contaminated river water. This suggests that not only acid mine drainage but
also the sulfide-bearing sediments originated from the pyrophyllite deposits move downstream and form
acidic water through continuous oxidation reaction.

The heavy metals such as Pb, Zn, Cu, Cd, Ni, Mn and Fe are enriched in the mine water of low pH,
and their contents decrease as the pH of mine water increases because of the influx of fresh stream wat-
er. Soils of the pyrophyllite deposits are characterized by high contents of heavy metals. The stream sed-
iments containing the yellowish brown precipitates formed by neutralization of acid mine drainage occur
in all parts of the stream derived from the pyrophyllite deposits, and the sediments also contain high
amounts of heavy metals. In summary, the acid mine drainage of the pyrophyllite deposits is located in
the upstream part of Hoidong water reservoir in Pusan contains large amounts of heavy metals and flows
into the Hoidong water reservoir without any purification process. To protect the water of Hoidong reser-
voir, the acid mine drainage should be treated with a proper purification process.

Key words : environmental problems, soil and water contamination, buffering capacity, py-rophyllite
(Napseok) deposits., Hoidong water reservoir, acid mine drainage
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Fig. 1. General geology of study area. A;Buktongnae Mine, B;Junggwan Mine, C;Yongchon Mine, D;Tong-

nae Mine, E;Imgi Mine, F;llgwang Mine.
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Fig. 2. Sampling site of the studied area. R1 to R7;
rock samples of the mine area, S1 to S4;
soil samples of mine area, 1 to 17;water
and streamsediment samples in stream.
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Table 1. Concentrations of heavy metals in host rocks, soils and stream sediments(unit in ppm)

Sampls Elements  p or Mn Fe Ni Cu Zn cd
Host DR-1 4997 13.67 1110 25900.48 1899  17.66  14.42 122
rocks DP-4 4577 14.03 25.66  48940.11 1771  11.96  21.98  0.47
DP-5 4947  8.10 87.47 5989825 17.18 7596  53.89  2.14
DP-7 3298  14.35 15.05  19610.83 1144 2516  36.60 1.10
Soils DS-1  73.41 897 41278 96967.05 62.32  T4.62 199.43 005

Ds-2 75.49 38.56  1358.75  41683.62 28.05 20.60 157.86 0.21
DS-3 64.88 20.40  3037.85  56926.23 13.91 48.47 112.82 1.76
DS-4 80.80 27.63 149483 5761920 31.25 54.24 308.71 1.15
Stream DC-1 76.67 14.88  2885.20  53128.11 9.39 186.60 364.22 0.66
Sediments  DC-2 48.46 2473 122717  33699.21 21.32 25.78 177.98 0.24
DC-3 58.99 16.79  1620.30  35065.18 12.48 25.41 190.00 1.32
DC-4 90.10 7.04 3114.48 70528.85 11.67 39.11 263.82 1.23
DC-5 76.73 19.33 94550  58841.32 16.78 31.85 177.64 1.14
DC-7 85.31 19.51 1187.11 58376.13 16.89 71.89 187.50 0.31
DC-8 53.94 15.49  3116.98  72274.97 15.05 26.15 164.05 0.76
DC-9 151.22 27.15 107495 67556.11 11.82 44.29 475.22 1.22
DC-10 72.27 19.56  1278.16  77163.88 16.85 108.36 157.08 0.64
DC-11 82.17 33.91 1424.99  60648.00 13.08 60.85 206.93 0.71
DC-12 45.26 22.12 813.30  58270.19 13.57 24.29 136.82 0.35
DC-13 63.54 28 86 1254.44 45988 59 18.72 74.47 240.59 0.71

Table 2. Chemical composition of acid mine drainage and stream water(unit in ppm)
Pb Cr  Mn Fe  Ni  Cu Zn  Cd E0wSeml Ehtmyl  pH* F  ClL NOy  SOf

DW-1 0.000 0.001 0.029  0.027 0.007 0.000 0.009 0.00! 609 7.1 72062 nd 32 1.1 3.9
DW-2 0.036 0.000 13.130 0436 0.279 0.054 1.159 0.012 3340 2037 35600 01 32 09 490
DW-3 0.025 0.000 9.600 0661 0.207 0.044 0914 0.008 740.0 193.0 3847 04 36 12 279
DW-4 0.270 0.190 186.300 258.900 1.970 0.893 10.192 U.110 4650.0 2364 2.9(3.7) 19 33 1.1 1360
DW-5 0.067 0020 33.140 25880 0.482 0.223 2214 0.024 2860.0 235.5 2.9(2.1) 530 42 0815180
DW-6 0.251 0.130 157.000 177.000 1.710 0.943 9.878 0.096 4040.0 236.6 2.8(2.2) 100.0 52 1.1 3378.0
DW-7 0.247 0.120 140.000 148.700 1.620 0.918 9.100 0.091 3930.0 2376 2.8(22) 531 41 1.0 1806.0
DW-8 0.161 0.070 64.800 79.300 1.110 0.674 4.725 0.049 2990.0 230.4 3.0(3.4) 380 56 0.9 1056.0
DW-3 0.000 0.001 0.000 0.055 0.008 0.004 0.010 0.001 190.0 128 6868 01 84 86 8.1
DW-10 0.041 0.010 16.000 17.920 0.280 0.170 1.231 0.012 1000.0 203.3 3.74.7) 22 128 145 908
Dw-11 0.015 0.000 9.500 1471 0.174 0.100 0.071 0.008 680.0 191.2 3747 25 138 141 886
DW-12  0.000 0.000 3.530  0.031 0.029 0.000 0.101 0.002 358.0 1200 49(46) 17 27 07 795
DW-13 0.000 0.000 1860 0041 0.010 0.001 0.020 0.001 3320 1760 50047 12 123 145 758
DW-14 0.060 0.000 2.013 0.034 0.005 0.002 0.012 0.001 3450 189.0 6.1(6.4) 1.1 119 141 750
DW-15 0.000 0.004 2342 0.023 0.010 0.004 0.015 0.001 2840 27.0 66(5.8) 09 153 162 755
DW-16  0.000 0.006 2524  0.160 0.002 0.000 0.014 0.000 3560 183 67(6.2) 09 156 169 720
DW-17 0.000 0.000 0449 0.032 0.004 0.004 0.005 0.001 4430 -336 76(T.1) 02 304 91 627

*( ) pH of rainly season.
At eg AU G A FAey Bt (1)l o)) Aoz 271 Hol FAHHS o]
Atell it -2 24353 (buffering capacity)2 2 F4 2|43l Absbztgo] o9& 37} A2 Absh=E ob(ul-2(2)).
FaFollels 2] A Fahulaert A FEEA o) A A FAR 37 L ub-2(3), (4), (B)] 9

= EXS o) 3 7ZFARA] w2 & 3 A} Fch(Patrick et al., 1988). A}7)
FANE Aoz AN YAAAAL o5 WS 3w v x3 2Ag 25 7}5sle, pH
2}, z A wet 23 AH gl Yol AlvfHeh.
FeS,+7/20,+H,0 = Fe*+2S0,>+2H* (1) S FAY ] £E49 A4 pHE 2.1~3.79
Fe*+1/40,+H' = Fe*+1/2H,0 (2) 74 AR EA G %i}tﬂ A2l S-S DW-1)4
Fe®*+3H,0 = Fe(OH);+3H" 3) 2% pH 3h7.2) ¥ F¥H 833 d 2jDdA] $9]=
FeS,+14Fe*+8H,0 = Fe*'+2S0,7+16H*  (4) 313 4 (DW-9)2] pH a(s.sm.c} j - JriTable 2). ¢
4FeS;+150,+14H,0 = 4FelOH),+850,”+16H  (5) Agadels 719 sl sl 23 Fd ug
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