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Geochemical Study on Pollution of Heavy Metals in Soils, Plants and
Streams in the Vicinity of Abandoned Metal Mines
— Dalseong and Kyeongsan Mines -

Jae Yeong Lee*, In Ho Lee* and Sun Yeong Lee*

ABSTRACT : The tonnage of copper and tungsten produced at Dalseong mine by Taehan Tungsten Mining Company from
1961 to 1971 was 48,704 tons (M/T) of 4 wt.% Cu and 1,620 tons (S/T) of 70wt.% WO, but the mine was closed in 1974.
Kyeongsan mine is a small abandoned cobalt mine with no data of production. To investigate the pollution level of the mine
areas, soils, plants (Ohwi and Pampanini), stream waters and stream sediments were taken and Fe, Mn, Cu, Pb, Zn, Ni, Co,
Cd and Cr were analysed by ICP. Soils are considerably contaminated by the heavy metals related to ore deposits, The
heavy metal contents in plants vary with the species and parts of plants. Stream waters are anomalously high in heavy metals
in the vicinity of the mines but the contents decrease downstream in the process of dilution and precipiation. However,
heavy metal contents increase very high in stream sediments due to precipiation. To protect environmental damages caused
by acid mine drainages wetlands must be constructed outside pits, and it is necessary to fill pits with waters, limestone chips
and organic materials, which give reducing and alkaline condition to ores. Under the condition pyrite is protected from ox-
idation and aqueous iron sulphates precipitate to form stable secondary pyrite.
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Table 1. Geological system.
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Fig. 1. Geological maps of Dalseong (left), and Kyeongsan (right) mine area. 1; Panyaweol formation, 2; Jain formation, 3;
Andesitic rocks, 4; Andesite porphyry, 5; Intrusive dacite breccia, 6; Granite porphyry, 7; Quartz monzonite, 8; Felsites, 9; In-
termediate dyke, 10; Acidic dyke, 11; Alluvium, 12; Conpact andesitic rocks, a; Fault. See Fig. 3 for sampling sites in the
study areas.
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Table 2. Modal composition of monzonite from Dalseong and Kyeongsan mines.
Dalseong mine Kyeongsan mine
1 2 3 4 ) 1 2 3 4 5

quartz 247 203 143 29.6 35.1 28.1 273 343 27.1 315
K-feldspar 45.4 50.2 422 50.6 54.5 36.7 45.6 472 46.3 47.8
plagioclase 9.2 16.8 279 136 3.6 31.7 25.0 15.9 23.1 17.3
muscovite 22 31 5.2 37 23 1.9 1.9 1.9 2.8 22
homblende 124 37 6.4 12 1.6 1.1 0.2 0.3 0.3 0.5
diopside 1.7 24 0.6 0.8 -
magnetite 3.7 2.7 2.8 - 23 0.5 - 0.5 0.4 0.7
apatite 0.7 0.7 04 - - 0.1
total (%) 100 99.9 100 999 100 101 100 101 100 100
Source: Lee et al. (1971), Seo (1975)
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Fig. 2. Triangular diagram of modal quartz-alkali feldspar-
plagioclase for the monzonite of Dalseong and Kyeongsan
mines
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Fig. 3. Maps showing sampling sites of soils, plants, stream water and sediments at Dalseong (left) and Kyeongsan (right)
mine area. Sampling points of D-5 and K-2 stream are shown in the upper left and right small map, respectively. See Fig. 1

for geology.

Table 3. Chemical analysis of orientation soils from Dalseong mine (units in pgg™).

depth 0.05 N CHI extractable Me

IN HCI extractable Me

No.
© (cm) Fe Mn Cu pb Zn

Cd Fe Mn Cu Pb Zn Cd

1 0-30 216 201 115 25 89
31-60 281 215 133 25 91

2 0-30 212 123 98 24 55
31-60 263 143 137 25 63

3 0-30 210 145 83 2.6 83
31-60 244 115 89 2.6 90

4 0-30 214 152 120 31 60
31-60 317 143 127 2.9 63

025 2233 478 414 20 172 15
0.45 3357 496 459 21 195 2.7
045 2461 297 381 21 163 13
0.5 2618 416 434 22 17 165

0.6 2618 408 387 22 174 1.65
0.5 2747 426 430 22 185 215

0.65 2934 479 384 27 162 1.7
0.75 3585 481 398 27 183 2.25
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Table 4a. Chemical analysis of soils from Dalsung mine (units in pugg"), Depth: 0~30 cm, HCI: 0.05N
No. soil Fe Mn Cu Pb Zn Ni Co Cd Cr
1 O-soil 69.6 9.54 3.76 0.98 0.96 0.02 0.06 0.02 0.01
P-soil 11.0 91.19 6.77 0.78 3.17 0.04 2.16 0.11 0.05
2 O-soil 453 41.13 2.89 1.98 1.21 0.04 0.54 0.02 0.01
P-soil 374 33.67 3.89 1.64 1.14 0.03 0.63 0.02 0.02
3 O-soil 226.1 1.99 1.76 0.12 0.50 0.02 0.14 0.03 0.01
P-soil 582 294 2.67 2.05 0.31 0.02 0.03 0.004 0.01
4 O-soil 4.62 32.65 9.15 0.65 2.78 0.05 0.57 0.04 0.02
P-soil 41.1 17.84 5.28 0.98 0.52 0.02 0.41 0.003 0.01
5 O-soil 21.1 27.19 12.66 1.49 1.77 0.02 0.71 0.03 0.02
P-soil 143 2.08 4.00 1.10 0.29 0.03 0.06 0.01 0.01
6 O-soil 38.8 15.22 8.63 1.69 1.32 0.02 0.26 0.02 0.02
P-soil 45.7 10.86 359 3.16 0.61 0.02 0.15 0.01 0.02
7 O-soil 212 20.81 145 0.66 1.12 0.03 0.41 0.02 0.02
P-soil 104.3 9.81 8.83 1.27 1.64 0.02 0.14 0.02 0.02
8 O-soil 85.4 342 323 0.78 0.22 0.02 0.03 0.002 0.01
P-soil 255 530 324 1.25 0.30 0.02 0.05 0.001 0.01
av. O-soil 64.0 18.99 5.44 1.04 1.24 0.02 0.34 0.02 0.01
P-soil 589 2171 4.78 153 1.02 0.03 0.45 0.02 0.02
O-soils were taken near Ohwi and P-soils near Pampanini.
Table 4b. Chemical analysis of soils from Kyeongsan mine (units in pgg”), Depth: 0~30 cm, HCL: 0.05N
No. soils Fe Mn Cu Pb Zn Ni Co Cd
1 A-soil 122 530.8 2389 242 130.4 1.06 55.16 3.08
T-soil 120 442 191.8 19.94 124.4 2.94 88.48 3.58
2 A-soil 53 548.6 26.22 4.16 45.64 1.16 14.56 0.99
T-soil 14 294 26.2 3.01 17.02 1.86 6.08 -
3 A-soil 35 166.2 10.42 3.68 10.56 1.86 6.08 0.12
T-soil 13 244.8 5.84 3.26 10.5 1.20 7.46 0.04
A-soils were taken near Andersen and T-soils near Thunberg,
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Table 5a. Metal contents in different parts of plants from Dalseong mine (units in pgg™)

Pb Zn Ni Co Cd Cr

No.  plants parts Fe Mn Cu
1 Ohwi Leaves 141 27.9 6.96
stem 733 16.8 2.76
Toot 1093 224 824

soil 69.6 9.5 3.76

Pampanini Leaves  20.1 1452 12.8

stem 13.6 11.5 2.26
root 116.1 431 19.3
soil 11.0 91.2 6.77

4 Ohwi Leaves 18.1 16.1 9.24
stem 874 120.7 3.98

oot 10.6 0.78 0.25

soil 226.1 1.99 176

Pampanini Leaves 9.4 634 122

stem 1176 26.6 8.41

oot 102 6.00 450

soil 58.2 2.94 2.67

1.44 17.59 0.34 0.04 0.20 6.96
0.84 12.12 0.18 0.02 0.17 0.11
1.78 9.76 0.58 0.26 0.38 0.39
0.98 0.96 0.02 0.06 0.02 0.005

0.43 12.8 0.49 0.63 0.06 0.09
0.46 6.13 0.64 0.10 0.09 0.07
5.27 11.8 1.60 2.05 0.36 1.64
0.78 3.17 0.04 2.16 0.11 0.05

0.67 234 04 0.10 0.19 0.11
1.72 171 1.40 0.38 0.19 0.55
0.05 0.05 0.02 0.00 0.01 0.03
0.12 0.50 0.02 0.14 0.03 0.01

0.34 3.48 0.27 0.24 0.08 0.06

11 46.8 1.13 0.57 0.18 1.08
6.29 2.50 0.36 0.02 0.04 1.70
2.05 0.31 0.02 0.03 0.004 0.01

Table 5b. Metal contents in plants from Kyeongsan mine (units in pgg™)

No. plant Fe Mn Cu Pb Zn Ni Co Cd
1 Ohwi 169.8 810 243 349 54 1.175 1.06 0.27

Pampanini. 178.2 132 36 1.55 122 0.89 3 0.27

2 Ohwi 1393 164 293 38 43 1.77 1.70 0.32

Pampanini. 255.2 89.2 204 2.56 222 1.32 0.82 0.15

3 Ohwi 148.8 646 17.2 2,07 56 0.956 1.02 0.12

Pampanini. 176.8 658 392 221 87.8 1.65 0.6 0.18

4 Ohwi 254.2 638 238 7.73 97 1.60 6.42 0.18

Pampanini. 371.8 1363 725 3.85 97.8 1.93 0.50 0.32

S Ohwi 216 424 40.8 204 74.8 133 0.24 0.13

Pampanini. 278.6 170 392 1.57 328 145 0.20 0.24

av. Ohwi 185.6 536.4 28.0 3.83 64.96 1.18 2.09 0.21
Pampanini. 2335 482.4 41.46 235 50.56 145 1.02 0.23
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Table 6. Chemical analysis of stream waters at Dalsung and Kyeongsan mines ares (mg//)
Stream No. pH Eh Fe Mn Cu Pb Zn Ni Co Cd SO,
D-1 1 39 503 18 122 18.7 0.13 55
2 35 375 0.3 11 18 5 0.07 0.34 0.05 658
3 6.2 159 0.1 0.03 0.4 0.13 0.02 0.05 0.02 66.5
4 4.2 473 0.7 1146  16.75 0.12 5.13
5 3.7 480 0.27 13.5 12.97 0.10 7.37 0.56 0.24 0.06
6(sed) S.2 1403 404.8 550 29.2 529 09 8.2 1.1
D-2 1 41 374 1974 76.2 6.93 0.15 194 0.02
2 54 280 2117 87.8 4.51 0.16 18.54 0.02
3 3.6 354 354 76 75 25 0.19 19 0.3 1760
4 5.0 175 2015 81 6 24 0.19 1.82 0.25 1845
5 36 391 395 375 23 12.5 0.10 0.73 0.13 554
D-3 1 75 129 0.2 0.12 0.1 0.19 0.02 0.05 0.02 445
2 6.9 136 0.1 0.13 0.1 0.21 0.02 0.05 0.02 64.5
3 6.8 154 0.1 0.02 0.1 0.02 0.02 0.05 0.02 76.5
4 6.7 66 2 0.19 0.1 0.21 0.02 0.05 0.02 525
D-4 1 6.9 220 0.1 0.02 0.1 0.03 0.02 0.05 0.02 42
2 71 211 0.1 0.02 0.1 0.01 0.02 0.05 0.02 9.5
3 6.6 207 0.1 0.02 0.1 0.01 0.02 0.05 0.02 20.5
4 6.9 308 02 0.15 0.1 0.04 0.02 0.05 0.02 25
5 5.6 238 23 55 0.3 0.35 0.03 0.11 0.03 72.5
6 4.9 400 329 717 109 005 132 0002 007 003
7(sed) 5.9 2184 1069 5872 2626  139.7 2188  3.89
D-5 1 8.0 161 0.1 0.02 0.1 0.06 0.02 0.05 0.02 64.5
2 7.1 182 0.1 0.78 0.20 0.57 0.02 0.05 0.02
3(sed) 59 2555 5643 3225 235 35 2 35 1 425
4 8.4 151 0.1 0.05 0.1 0.08 0.02 0.08 0.02
S(sed) 6.1 2633 8483 98.5 71.75 225 6.75 1.0 375
6 7.8 153 0.1 0.02 0.1 0.17 0.02 0.05 0.02
K-1 1 7.0 115 46 03 145 36 6 39 5.64
2 7.1 111 30 0.1 8.1 35 3 29 6.64
3 71 130 56 0.9 93 34 8 17 17.1
4 72 126 35 15 53 59 14 325
5 75 135 43 71 29 6 8 10.6
K-1 1 7.8 110 48 2.6 49 19 18.7
2 72 115 42 36 7 6 18.9
Source: Lee (1995), Kwo et al. (1995), sed.; stream sediment
Table 7. Metal contents of andesite and monzonite from Dalseong and Kyeongsan mines (unit in pgg™)
Dalseong mine Kyeongsan mine .
granite
andesitic rocks monzonite*** monzonite*** (world
mineralized* altered** unaltered** outcrop outcrop average)
Cu 20-50 (26.7) 4-23 (9.9) 5-28 (12.8) 12-51.5 (25.5) 10.8-13.7 () 12
Pb 100-1000 (538.9) - 14-23 (22)* 15-51 (31) 1821 () 18
Zn 200-2000 (687.5) 44-398 (141.5)  78-114 (97.2) - -
Ni - 5-25 (12.3) 14-27 (18.8) 57 () 6.3 7.2-82 () 4.5
Co - 8-23 (15.8) 1427 (192)  22-51 (3.5) 3537 () 1
Cr - 10-59 (21.6)  21-51 (364)  15-22 (18.8) 15 () 4.1

*Lee (1971), **Kim (1995), ***Seo (1975), numbers in parentheses are average values.
P 8
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23 == Fe(OH); (amorphous) > Fe(OH); (soil) > 1/
2 y-Fe,0; (maghematite) >y-FeOOH (lepidocroite) >
1/2 a-Fe,0; (hematite) > a-FeOOH (goethite) 2 H]
A FAsMEol AY w1 A Mo] A ey HHA
s48Pde] 1IN HClel ti& 0.05N HCIY) &8l=& 1/7.
94x10°2 ZAgch (ol A4ty #Fx). wabd IN
HCIoY )8t 0.05N HClell ©J3+ & 2 71e} 34 553
o] #A 3 F& A% pHe} FHAAL}

Fe(OH);(amorphous) + 3H*=Fe* + 3H,0 K=10**
K=[Fe*'l/[H+]*=[Fe*/[10™]*=10°*

pH=001%, [Fe*1/[10°P=10**
[Fe*']=10>*x10°=10**

pH=1.3°19, [Fe*]/[10"°]P=10**
[Fe3+]=103.54>< 10-3.9:10-0.36

w2tA] pH=09] [Fe*' ]/ pH=1.39] [Fe*']&
103.54/10'0.36= 103.9
=7.94%10°

ol &g Aol ¥FA 431 Fe(OH):2 ES
Fol AAFCgE g AEHHE AR A3 384
9] FAA (goethite) &8 WA Huz Az &
e Alte] Ad & Ao wEty dx FA8)

2o F3d 35S % 3=t 0.05N HCIH 9] 734t
ol adtA €t dxtd oz B F&FEH e F&
o EEFF J%*JEM I ¥zl gL e 2R

3/3+% EFe] IN HClol g 0.05N HCle] F4324)
£ Zn°] 425%/41.6%2 7V% £31 Fel 8.4%/8.8%%
7 doh Ad A A 9] old F3EE F2 iy, 3
AES5 o2 A& 0.05N HCIZ F2<) A 5 A &
3EL USER AEEM G8A otk Zn, MnSsE 43
EA £33 Fe, Cu 58 FEEWIM 22 AFL 2
olu 3537 AFEWNY FEFEHE IR F&

o] tiF Ao]slt}(Table 8).

E%H %‘%i}%}n— Fe> Mn> Cu> Zn> Pb> Cd2 3
o] AY =1 Fl=gol AU Red GABL EXY F
F432% (0.05N HCl 2 IN HC)& 94zt 7hghat
#A 20| AP €T} (Table 10).

Csme=Csme X 1
(Csmer Csme EXZ A9 433, n; )

SFede PP ey 2 329 g5 97
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Table 8. Extraction ratios of metals in soils from Dalseong mine (unit in pgg™)
0~30* 31~60* av. av.
Element No. 1IN HCl 0.05N HCI IN HCl 0.05N HCl of of
) (@) % (a/A)  av. ®) ) % (b/B) av. B/A b/a
Fe 1 2233 216 9.7 3357 281 84
2 2461 212 8.6 84 2971 263 89 8.8 12 1.4
3 1618 210 8.0 2747 244 8.9
4 2934 214 73 3585 317 8.8
Mn 1 478 201 42.1 496 215 433
2 297 123 414 377 416 143 344 36.0 1.1 1.1
3 408 145 355 428 156 36.4
4 479 152 31.7 481 143 29.7
Cu 1 414 115 278 459 133 29.0
2 381 98 25.7 26.6 434 137 31.6 283 1.1 1.2
3 387 83 214 430 89 20.7
4 384 120 313 398 127 319
Pb 1 20 25 12.5 21 25 11.9
2 21 24 114 11.8 22 25 114 11.5 1.0 1.0
3 22 2.6 11.8 22 2.6 11.8
4 27 31 115 27 29 10.7
Zn 1 172 89 51.7 195 9 46.7 1.1
2 163 55 337 425 171 63 36.8 41.6 1.1
3 174 83 47.7 185 90 48.6
4 162 60 37.0 183 63 344
Cd 1 15 0.25 16.7 2.7 0.45 16.7
2 13 0.45 346 315 1.65 0.5 303 259 14 1.2
3 1.65 0.6 36.4 215 0.5 233
4 1.7 0.65 382 2.25 0.75 333
* depth in cm
Table 9. Formular of metal contents in soils (Csg..p) (0~30 cm) from Dalseong mine
IN HC1 extractable 0.05N HCI extractable
1 2 3 4 av. 1 2 3 4 av.
Fe/Mn rateio 4.67 8.29 6.42 6.13 6.38 1.07 1.72 145 141 141
Fe content Csre=Csms XN1, N1=6.4 (4.5~8.5) Cspe=Csms Xn1, nl=1.4 (1.1~1.8)
Mn/Cu ratio 1.15 0.78 1.05 1.25 1.06 1.75 126 175 1.27 1.51
Mn content Csmn=Cscy XN2, N2=1.1 (0.7~1.3) Csmn=Cscy X102, n2=1.5 (1.2~1.8)
Cu/Zn ratio 241 234 222 2.37 2.34 1.29 1.78 1.00 2.00 1.51
Cu content Csci=Csza X N3, N3=2.3 (2.2~2.5) Csc.=Csz Xn3, n3=1.5 (1~2.0)
Zn/Pb ratio 8.6 7.76 791 6 757 35.6 22.9 31.9 19.35 27.44
Zn content Cs.=Csp X N4, N4=7.6 (6~8.7) Csw=Csp X 14, 14=27.4 (19.3~35.7)
Pb/Cd ratio 133 16.2 132 159 14.68 10 5.33 433 4.77 6.11
Pb conent Cspy=Csce X NS5, N5=14.7 (13~16) Cspp=Csca X 15, n5=6.1 (4.7~10)
@ BAL AT 3, FRAREA FF43 FBNY AN paNg %ﬁ%mo_ Ph, Zn& §eo] wek. &
T4 9242 Fe, Mn, Cue &%o] ¥ F4HEEQ Aot 3 FHHe vFead Cde s Sk El
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Table 10a. Metal accumulation in soils at Dalseong mine, Depth: 0~30 cm, HCL: 0.05N

No. soil Fe(ugg") Mn Cu Pb Zn Ni Co Cd Cr remark
1 0-soil 69.6 - - + - - - . _ 0
P-soil 11 +* +* - +* ¥ +* * n
2 O-soil 453 +* - +* + +* - + - 3

P-soil 374 —* + - - % +* _x + 4+
3 O-soil 226.1 - - - + = + + + 0
P-soil 58.2 + + +* - = - — _ 1*
4 O-soil 4.6 +* +* - +* +* +* 4* +* 7*
P-soil 41.1 - - + - - - - - 0
5 O-soil 21.1 + +* + +* - * +* - 4*
P-soil 148 - - - - + - — -
6 O-soil 388 + + —* + + + + - 1%
P-soil 457 - - +* - - — + 2%
7 O-soil 21.2 + - - - + + = _* 1*
P-soil 104.3 - +* + +* - - = o 3%
8 O-SOil 854 - = - - + - = - 0
P-soil 255 + = + + - + = + 0
total O-soil 54,3- 3+ 4 35+ 5+, 3 S5+ 2- 5+ 3 54 1. 2-, 5- 15*
P-soil 34,5 4+, 3-S5+ 3- 3+ 5 24,5 3+, 5 1+ 5 5+ 2- 17*
trend O-soil metal contents are higher in Mn, Zn, Ni, Co and Cd.
P-soil metal contents are higher in Pb and Cr.
Data from Table 4a. Higher contents are marked with “+”, and lower contents with “—" between O-soils and P-soils. Highest two

values of each element and soil type were marked with “*”.

Table 10b. Metal accumulation in soils at Kyeongsan mine, Depth: 0~30 cm, HCL: 0.05N

No. plant Fe (ugg")  Mn Cu Pb Zn Ni Co Cd remark

1 A-soil 122 + + - + - - - 3+, 4-
T-soil 120 - - + + + + 4+, 3-

2 A-soil 53 + = + + + 4+, 1-
T-soil 14 1 = 1 ~ + - 1+, 4-

3 A-soil 35 - + + = + - + 4+, 2-
T-soil 13 + - - = - + - 2+, 4-

av. A-soil 24, 1- 2+ 2+, 1- 2+ 1+, 2- 1+, 2- 1+, 1- 11+, 7-
T-soil 1+, 2- 2- 1+, 2- 2- 2+, 1- 2+, 1- 1+, 1- 7+, 11-
A-soil metals are higher in Cu, Zn, Mn, Pb

tend  gpi)

metals are higher in Ni and Co

Data from table 4b. Between O-soils and P-soils, higher contents are marked with “+” and lower contents with “—".

7H8439) Zne H449] PbETE FFo] T} Fe, Mne  gEojo} 3tk EFF FE459 FFe B A7
ZZN[(Fe M)WO 9= SHiletd 2dat: BA S AEHH A Ee] TR MM T Rlolrt dojutmE E 4
o, Fe& MnYath 218187} 48824 A Fell 3 AN E A 8] AR @e B EFE e
o] & 7] Y Fol Fe@Fe MRk Er}, 2 39

Table 99 e TAA L 7H8A) old ko] 3t
o c|BbiE ¥ 7H44e tgE da duHel dEFS S A AE H, K)o I

A3shedl 088 F Utk VY o BANRG AN dwEoR FUAY Egel FEYFE Pl @
A EAG 2 e 99 dEAN ARNT Bast Y oF, S (IR), EFEA 59 99 Be) wo} F
o aeht olel @ WA e Bok Re Aael okl B AU SHBAANE B APTol w1 B4
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B Y3} 2o] Wo] E¥sq glonz A3} ABFe
FLL AESNT

AT EFS HI) o2 39 Fhe] 9
dshe skl AUt 2 AEF FolA T (148
ppm)el 7HF E& No.59 P-soile the 249 ko)
¢ Bo *E(PAEZ A9 F el BAE dD)e
U glor wiela A3 (11 ppm)ol 78 #< No.
19] P-soil2 o} 9] ko) w31 *E& 7Y dok
ZEYT 7He oS Holed g3k (226 ppm)o] 7}
Z %€ No.39) O-soil& THE F49] P o § Fa *
F& s glon wiig A3 (4.6 ppm)o] 7HE 2
< No.4 O-soil T2 #%9] 3o} ¥3 *= 77V &
t} (Table 10a).

EYZE & A7) 29E £ 0.05N HCE =9 ¥
Foge PA F2HA gu 8 AgER W
Yoz F3o) BE £2 2P F2 - 143de 2
£9] 2 ZojE3 W FEX 259 L ol
Aoz Qzpdcy.

el A8 EYde FE£EFE EW AEYde
Mn, Zn, Ni, Co, Cde] ¥e] A= 1 £EY= Pb, Cr
ol o FAHE 7ol Ut ol& B FH wel A
sl g&e] than ¢, 7] 9 e g 58 EY Fol

% 24¢ o gol AAsh 97 Wl ohdst 42

ot
ju o

e

ot AN e v dido] BRE JNEYS
o FARAE 949 F/R7L Y wen Cu, Zn 52 AA
Eo] 1 Ni, Coe BHEYF] ¥ AFE A%
(Table 10b).

wEt B L GEFAN FFES A A=
AgHo] g opPHES o] & A folle HE FF

& A48 A9 Wart ek,
4 g

1l K0| BN

%& thdz2 Ax Aopel| YA EX3I8 Fol= 50~
100 cm, ¥ BHIE (6~12 cmX4~8 cm) L& 8~10¥ 9l
szt B40] g2 AMEEY 57, X|E, AR, Al
g9 a7} gle) a2ln e WEY thddges A
A71g39) ofRld E¥3) U2 3Ego s 29 dolg)
Zo| 10~20 cm2 7~9°) Azt 23, &Y, ),
2, 1Y, F5 (D) &7 I (3, 1990 2
724, A&, 1989). AT £ AgHo] el 29w

A

FAAYANE 2 54 %S B ohle} Fa59 F3
ol el LGBl FEES Ak o188 4

o

Stk P oS & hgAFol SFHu ¥ ATARE o

£ B9 ATl E T o] E Ao AztEr).

4

Table 11a. Comparison of metal contents among different parts of same plants from Dalseong mine

No.  plant part Fe Mn Cu Zn Ni Co Cd Cr remark
1 Ohwi leaves +++ +++ ++ +++ ++ + ++ +++ 4 +++
stem + + - ++ + - + +
root ++ ++ +++ +++ +++ ++4+ ++ S +++
soil - - + - - ++ - -
trend roots > leaves > stems
Pampanini  leaves ++ +++ ++ +++ + + - ++ 2 +++
stem + - - + ++ - + +
root +++ + +++ ++ +++ ++ +++ +++ 6 +++
soil - ++ + - - ++H+ ++ -
trend roots > leaves > stems
4 Ohwi leaves + ++ +++ ++4+ ++ + ++= ++ 2 +++
stem ++ +++ ++ ++ ++4 +++ ++= +++ 4 +++
root - - - - + - + +
soil +++ + + - ++ -~ -
trend stems > leaves > roots
Pampanini  leaves - +++ - ++ + ++ ++ + 1 +4++
stem +++ ++ +++ +++ ++4+ +++ +++ ++ 6 +++
root ++ + ++ + ++ - + +++ 2 +++
soil + - + - - + - -
trend stems > leaves > roots

Data from table 5a. Order of contents: +++ > ++ > + > —
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Table 11b. Comparison of metal contents in the same parts between two plants from Dalseong mine

No. part plant Fe Mn Cu Pb Zn Ni Co Cd Cr remark
1 leaves  Ohwi + - + + + - - + + 6+, 3-
Pampanini - + + - - + + - - 4+, 5-
o/p 7.03 0.19 0.54 3.37 1.38 0.69 0.06 337 1.74
stem Ohwi - - - - - - - + - 1+, 8-
Pampanini + + + + + + + - + 8+, 1-
opP 5.39 1.45 122 1.82 1.98 0.08 0.23 1.84 1.62
root Ohwi + + + + - - + + 7+, 2-
Pampanini - - - - - + + - - 2+, 7-
opP 0.94 0.52 043 0.34 0.83 0.36 0.13 1.07 0.24
4 leaves Ohwi + - + + - + + T+, 2-
Pampanini - + - - - - + - - 2+, 7-
o/p 1.93 0.25 7.60 1.93 6.73 1.50 0.44 2.56 1.84
stem Ohwi - + - - - - - - - 1+, 8-
Pampanini + - + + + + + + + 8+, 1-
o/p 0.07 453 0.47 1.57 0.36 123 0.67 1.07 051
root Ohwi - - - - - - - - 9-
Pampanini + + + + + + + + + 9+
O/P 0.10 0.13 0.05 0.00 0.02 0.06 0.09 0.12 0.04
Data from table Sa
Table 11¢. Comparison of metal contents between two plants from Kyeongsan mine
site plant Fe Mn Cu Pb Zn Ni Co Cd
1 Ohwi - + - + + + =
Pampanini + + - + =
2 Ohwi - + + + + + +
Pampanini + - - - - - -
3 Ohwi - - - - - + -
Pampanini + + + = + + - +
4 Ohwi - - + = - + -
Pampanini + + + - = + - +
5 Ohwi - + = + = + -
Pampanini + - = - = - +
total Ohwi 5- 3+, 2- 1+, 3- 4+ 3+, 1- 2+, 2- 4+, 1- 1+
Pampanini 5+ 24, 3- 34, 1- 4- 1+, 3+ 2+, 2+ 1+, 4- 3+
trend Ohwi metal contents are higher in Pb, Zn and Co.
Pampanini  metal contents are higher in Fe, Cu and Cd.
Data from table 5b
Ha Ko S35 #HE Aol Ad w3 o, 719 €42 Dol a3y
Fadol AE2Ad YAHE 4L FBEY EF T NodAHoAE olghe 2 i ye 24 27 2

T, A ol B R, AEY $3%5Y T 9L won
(Thornton, 1983) ¥¥tH e g EHUE ge okol ¢
2 AWl JAA Hed GAFANNE Y3} 2
EYETE g2 49 Ao -z gloy
I e AR B FE&go]

78] St} (Table 5a®®). 1831
T2 No. 1A HollA = 8o 245 3 2

A4S
TEHE

BE 270004 A §1 9 (£) £ 2] (@)e)A A
2 we P Btk 2 ol 24 we} chan
AR o] BE7}t £ M Zne RelRos Yo 1A
o] o] == 7Zgko] Ut} (Table 11a).

F9 2e 297 FAL v ma B No.1x HolA
Y7} Bal Yol £ Z7)E 2o] Hon Nodx HelA]

= 9& dol ¥n 2719 Rt Ho] A3 o}
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(Table 11b). o}4 3 d¥Hd o= gl 2719 A
o] Wolgl: AL &3} FL& thdXolmz Jde dd &

A= Fgol JFH ) Wbl 27e

A Eo] BAo] AE9 TR we} EF F

@-g th2A sk shue) 8%le] @ Aoz Azt
A E Bd FEQle] A8 HAE

AEH 2e Mn, Ph, Zn, Co?l &3] 31 £ Fe,

Cud o] & 7o) it} (Table 11¢). B3 347

AN BALY] ZAARE v oA A#H S Aol

2B EA S B2 it ANZA sl whak
s

4
F249) Y] AAT B} AT L 5 ek,

ol HARAA ZX|glo] WA Ho] & 2HFA AS
o 9tz sl ehslo] glon ARz IS
7} 453 gk sk e Eh-pHEALE pH=3~4, Eh=
0.3~ 0.4 volt2 3, U7t 2 7|E} FFE£E0] o]0 24
ZAT $ de Wholng T F FIE5Y T
=t} 9, D-34, D-438 2 D-53HL FatojA He] g
o] ¢hatAg 9 BRI GE 323 7] W
Bkl o3 P e glu Ay} B AdFAS v
t}, 3] Eh-pHZHL pH=6~8, Eh=0.0~0.3 voltZ
A, U2 2 7)e 3550 #A8lE, g T2 A
A7) 4& G0l u2 S F FI3EY TFS 2
w24 k4 (elAY F, 1992)9l 7Hch
dAg we) FS4] dFASAE BHE D
Aggol7] 7ol FAZ ke 75 F
o] 2713}, A2 FAbel] 71 7M1k No.l
A9 Cude BT 18.7 ppme]L No.2& #Hit7le &
Zo| 658 ppmyt Hrl. EE HRE W] 2HA No.3ol
Me 23438 B9 §3e dA3] gistd Hleg
FHFPEE Yol Ak 22t 2F°] A% No. 44
dre A&FY FYUSE FF&] OA Z7KR.
D-23% & wet AuelA A28 Hevt FUH
I U7 Bl B RAQ D-1M BT o B e
g3l D-3, D-4, D-580) v]3l] FF&9 TFo] ¥
o 23V RE W uA P dNE3 A

o} No.selM e 849 ol dA3 Aot 34

3
o

13

flo ol

F349

F &=3

o D-1 % D23 o2 $359 Il
7] 232

A (3= 2 vE)E ¥ 298k glen

[¢]

i dlo
a Bk oo

EE 54&rENT AFA Yt D-33, D-4
2 D-5A L H|FAYE 527 glo] AAHeR F
29 ko] uj$- it} ohet No.D-53 9] No.2& D-23
o] 422 Mn, Zn, Cu 59 7H-4 faolA 27t
2712 Btk wegHe dAFE FE&59 o
oy SMAHAELS XY 559 AHoF o
o] % =

AAFAAY AT FRE AL #3349 2 LAAAY
o1} K-1349) Codtare 2AF4kel Hsld #A3| 2o
o Pb 2 Zndl FFE 52 ot} 12y k9] pH-
Ehd <9< pH= ¢ 7, Eh=0.1~0.22 &, 94zt € 7|} &
Z&0] AANY] 4L Folug ThE FE%9 e
2o oo}, K-23E vFAYRE deid BERYYR
GollA Pt M3 JRol B ARIEE 521 3
ooz Axrt B3 438 CdH Covt FEHEE A
ZAE A& & et ok

g P T AAEAe] Eh-pHZRAT 249 A
ge] BAE HA Lol B F U=F 7198 st
AY & & oidez 23€E pHI EhE H¥ % (C)
2 AR a3 EE (C)9) ¥udld e 4
o] ko] E3MIE (C,>Cy, logC>0)AA], B L3Pl
(C,<Cy, 10gC<0)IA & HESIFT} (Table 12). Fig.
4 1 AHE PAF Aot}

Ho| ZAEQ dHS (Fig. 49 "+'2 FADe ¥
Ex® o2 pH7t 3 (>7) Eh7} ¥t o)A Eh-pHZA
e g e 84 FASERZE Z2A4T 5 3
t} (Lindsay, 1979; Bridwell, Travis, 1995). C:& 2
Fe*/Fe(OH); ZAA A a3t vtg-2z Aatae o}
<3 2.

3 H,0+Fe**=Fe(0OH);+3 H +e, E0o=1.06 v

T

3

4

e

Eh=1.06-0.059 log [Fe*'1-0.177 pH

1.06-0.177 pH-Eh
[F 2+]__
log [Fe™ |= 0.059

log [Fe*"]=17.97 -3 pH-16.95 Eh

Eh=1.06 - 0.177 pH - 0.059 log[Fe*']

AR ZANT0] X2

SA BT ARk AESE FE A 7459 of

el o4 @ Bole) AESo) olate] WiH T A
S PN B8R PH AREn, gep A



610 ol - olA3F - o] EY

Table 12. Iron concentrations in stream waters at Dalscong and Kyeongsan mines

Fe
C|= Fez’]
stream No. pH Eh [ C=[Fe’] C=C/C,
(mv) ppm logC, logC remark
mol
D-1 1 39 503 -2.256 18 -4.492 -2.236 C>C,
2 35 375 1.114 0.3 -5.270 -6.384 4
3 6.2 159 -3.325 0.1 -5.747 -2.422 ”
4 42 473 -2.647 0.7 -4.902 -2.255 ”
5 37 480 -1.266 0.27 -5.316 -4.050 ”
D-2 1 4.1 374 -0.669 197.4 -2.452 -1.782 ”
2 54 280 -2.976 211.7 2421 0.555 C»C,
3 3.6 354 1.170 354 -2.198 -3.368 C>C,
4 50 175 0.004 201.5 -2.443 -2.446 ”
5 3.6 391 0.543 395 -3.150 -3.693 ”
D-3 1 7.5 129 -6.717 0.2 -5.446 1.271 C>C,
2 6.9 136 -5.035 0.1 -5.747 -0.712 C>C,
3 6.8 154 -5.040 0.1 -5.747 -0.707 ”
4 6.7 66 -3.249 2 -4.446 -1.197 4
D-4 1 6.9 220 -6.459 0.1 -5.747 0.712 C>C,
2 71 211 -6.906 0.1 -5.747 1.159 ”
3 6.6 207 -5.339 0.1 -5.747 -0.408 C>C,
4 6.9 308 -7.951 02 -5.446 2.505 C>C,
5 5.6 238 -2.864 23 -4.385 -1.521 C>C,
6 49 400 -3.510 3.29 -4.230 -0.720 ”
D-5 1 8.0 161 -8.759 0.1 -5.747 3.012 C>C,
2 7.1 182 -6.415 0.1 -5.747 0.668 ”
4 8.4 151 -9.789 0.1 -5.747 4.042 ”
6 78 153 -8.023 0.1 -5.747 2276 ”
K-1 1 7.0 115 -4.979 46 -3.084 1.895 ”
2 71 111 -5.211 30 -3.270 1.942 ”
3 7.1 130 -5.534 56 -1.812 2.535 ”
4 72 126 -5.766 35 -3.203 2.563 ”
5 75 135 -6.818 43 -3.144 3.705 ”
K-2 1 7.8 110 -7.295 48 -3.066 4.229 »
2 72 115 -5.579 42 -3.124 2.455 ”

Cy; calculated [Fe™] from pH and Eh of stream waters, C,=[Fe"]; total Fe concentration in stream waters, logC<0 (C;>Cy); un-

dersaturation, logC>0 (C;>C); supersaturation

9 B g Lr|Hside Al 2 opF At dEse g
o] ABlE|R] e Aol §YL ATtEin 8487
< ZAselol Pt F, AL WU de Ehel @
Frel el s 271439 B2 Ehst M E
Fe”/Fe*, SO/ 2 Baislo] AMda4e] walglo] sz
FAAY FolE 2o HEE O] FBM oz HEY
A fFAgE dYH o2 EhE ¥ pHE 23
of gt} Ehs 3718 Adtels 344 (DO)E 29 @
Folof st M34-& AMgsle] pHE 2ok gt} o] uj
7188 £ welzlolo)] 9% HS Y4 zHgo] 3
#r} (Nicholson et al., 1988a, 1989b; Blowes ef dl., 1992,
1995). olello] Helwere gkt (o)A, 1995,
1995b).

1. 778 a9 AkslakR]
A AU AR A -HER ARE g8, A3}
I E2E AR
78 Wl F3te] Hast A, Fu) 2 &g A
2. 7789 848 =4
A e 75 e 2agEYo R By
W2, §7189) £ —v|A53a g8 24
2CH,0 +SO.” = H,S + 2HCO;
M* +H,S + 2 HCOs = MS + 2H,0 +2C0,
(M*: §& F&0] )
Fe’"+H,S+S° — FeS,+2H*
M3 zzte] £ —F3ld) g 0|3} &l e] AR

22
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Fig. 4. Eh-pH diagram of stream waters at Dalseong and Kyeongsan mines areas The boundaries were calculated for equi-
librium condition. When C, exceeds C,, ferric hydroxides precipitate under oxidizing acid-neutral condition, but under reduc-
ing alkaline condition they may be present as aqueous ferrous hydroxides. See table 12 for C; and C,.
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