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The Effects of pH Control on the Leaching Behavior of Heavy Metals within
Tailings and Contaminated Soils : Seobo and Cheongyang Tungsten Mine Areas

Pyeong-koo Lee*, Min-ju Kang, Sung-won Park and Seung-jun Youm
Department of Geological and Evvironmental Hazards, Korea Institute of Geoscience and Minerals, Daejeon 305-350, Korea

Laboratory leaching experiment study carried out to estimate a extent of heavy metals that could be leached out
when acid rain(pH 5.0-3.0) and strong acidic solution(pH 2.5-1.0) reacted with tailings and contaminated soils from
abandoned metal mines. In slightly to moderately acid conditions(pH 5.0-3.0), As, Pb and Zn dissolutions became
significantly increased with decreased pH in tailing, while dissolution of these elements was very limited in contam-
inated soil. These results suggested that moderately acid rainwater leaches Pb, As and Zn from the tailings, while
these elements would remain fixed in contaminated soil. In the pH range of 2.5-1.0(strongly acid condition), Zn, Cd
and Cu concentrations of leachate rapidly increased with decreased pH in contaminated soil, while Pb, As and Co
dissolutions became importantly increased in tailings. The experimental solubility of Zn, Cd and Cu was very low
even at very low pH values(up to pH 1), except for CY4(Cheongyang mine). These can result from an incomplete
dissolution or the presence of less soluble mineral phases. So, the solubility of heavy metals depends not only on
the pH values of leachate but also on the speciation of metals associated with contaminated soils and tailings. The
relative mobility of each element within tailings at the pH 5.0-3.0 of the reaction solution was in the order of
Pb>Zn>Cd>Co=Cu>As. In case of pH 2.5-1.0 of the reaction solution, the relative mobility of each element within
contaminated soils and tailings were in the order of Zn>Cd>Cu>>Co>Pb=As for contaminated soils, and
Pb>>Zn>Cd>As>Co>Cu for tailings. The obtained results could be useful for assessing the environmental effects
and setting up the restoration plan in the areas.

Key words : pH, leaching, heavy metal, tailings, contaminated soils
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Table 1. Total heavy metal concentrations(ug/g) of tailings and contaminated soils from the Cheongyang(CY) and

Seobo(SB) mines.
Types Samples No. Soil pH As Cd Co Cu Fe Mn Pb Zn
contaminated SB 9 5.95 14,468 583 5134 8619 25613 52,691 2817 4,407
soils SB 10 6.87 2,493 219  309.7 67.2 20,227 39,956 976 2,979
SB 4 3.03 13,385 50.1 8805 1850 31,802 959 9,609 2,570
SB 5-1 3.03 12,067 732 9771  269.0 31,871 99.1 5297 4,042
Tailings SB 6 2.96 15,918 393 7612 2412 30,632 1320 9,659 2,035
CY 4 6.20 62,065 5042 7238 1,751 29571 945 29,842 13,107
CY 10 3.11 57,023 3459 6403 1,483 28,735 47.9 34,067 10,004
80
Flow 15L/min, Coolant Flow 05L/min, Nebulizer 2ol e Dy
i —h—
Flow 0.8 L/minol3itt. AME-E A2FS analytical grade m = Sp51
60 SB6
(Merck)23, ICP £414] AM4¥ standard metal solu- TR\ [Ee
50 * —*— 3
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Ag. 1. Final pH variation of contaminated soils and tailings
from the Seobo(SB)and Cheongyang(CY) mines, after 24 h
interactions with reaction solution various initial HNO;
molarity.
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Table 2. Mineralogy of the tailings and contaminated soils from the Cheongyang(CY) and Seobo(SB) mines.

Sample No. Primary mineral Secondary mineral
SB 9 chlorite, muscovite, quartz, fluorite
SB 10 chlorite, muscovite, quartz, microcline
CY 4 clinochlore, muscovite, talc, quartz, microcline, calcite, arsenopyrite
SB 4 muscovite, quartz, molybdenite, microcline, albite, pyrite Jjarosite
SB 5-1 muscovite, pyrite, molybdenite, quartz, albite, microcline
SB 6 muscovite, quartz, microcline, pyrite jarosite
CY 10 quartz, clinochlore, muscovite, talc, microcline, arsenopyrite anglesite
BT geislel Bn) 9 ePEdH weAlZl &, UrKTible 3).
224 940 8239 W3S Azlalch(Table 3). 3.2.3. W7HMn)

3.2.1. o9 (Zn)

LAESS SB99t SB10E R 2] pH %ol
50~25F% pH 6.7~5.8) Alelollr] A3 oledo] 8=
HA o= RAem JEeRgod, pH 2.00)3ke] 843} gk
S3hHA S5 ko] FH3| S| At
CY42) 7$oll= pH 50~353% pH 5821 &3
e w7kA] £&9 Y] 124150 pg/ge 2 A9
AAsIH.oH, pH 3.09] 8 @EE pH 555 wHeahH
A §EFEe] S71E pH 1.09] &7 whe-E o
CY40lH 89 olddgteke 2504 ng/ge THE A8
Hlgl 7Hg o) $-E=ArkTable 3).

CY4E A9l3F & 3u| A 5(SB4, SB5~1, SB,
CY10)= vhg-8ole) vl 571dreE 8§54 ofdy
o) Z7yshe kel ot wHe-gde] AbvwsipH
50~1.000 e} &8 ofd Tk} Aol A U9k
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3.22. FI=E(Cd)
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H FFo] 0.01~0.03 pgigC 2 #1$- Aon, pH 2.0 o]
ske] gz RESEhEA FsA 18I, pH 10
o] galofl] 859 e z2} 255 ug/et 6.6 ug/eel
cH(Table 3).
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N3} wkgsle] §&F o] A fAR ZoE et
worn HEHow £&H IFE 05~1.2 uggiEE
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g ko] 35~4.0uggSE AFSHA A= pH
3.0 o3kl SNz} wkgslHA F7kEch pH 1.03] &
N3} wkestol 827 RS 523 uggS 2, HY B
ghke] g&99lrt CY10& pH 5.0~352 &=} ut
Sal] 829 ko] ok 68ugglE YA,
pH 3.02 ukg-goiz} whgslmA XAj8] Frtsictzt
pH 1.0%1 843} whgaje] S59 T2 142 pggel

SB9¢} SB 102 pH 5.0~259] &z} ukggt wjr}
7] w9 A2 o] AEETL pH 25 o5k &9
(&% pH 53 o|3h} ukS3lHA S&se gl F
A3 F7iE.em, pH 1.02) g4 &3¢ U3
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vl @k 828 o] 200~430H12 H53] =9k}
CY4% pH 359 gz} wh3-d Wi7hx] 46ugg &5
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CY4E A|9I3 #rA 8+ pH 5.0~1.09] &3} vk
S SEEe Ul 4B A HEE A
o] glow, pH 1.09] gols} W3] &9 T2
oF 3.9~85 ug/gd == vekslth(Table 3). ©]#
2542 olde] 455X A

3.2.4. v]2(As)

SB9¢}+ SB10 A&+ pH 50~20(3% pH 6.7~
342 g3} wkgale] A& ghgo] w|ekEilon,
pH WSl = B-78al #Ae] dAT Fo] 8&=E Ao
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Table 3. Leached heavy and trace metal concentrations(ig/g) from contaminated soils and tailings and final pH after 24 h
interaction with HNO; solution of various acidity.

Sample No. HNO;(M) Final pH As Cd Co Cu Fe Mn Pb Zn
SB10 0.0 7.14 2.05 0.01 0.02 0.00 0.00 0.85 0.81 0.00
SB10 0.00001 6.67 1.98 0.01 0.00 0.00 0.00 0.63 0.68 0.00
SB10 0.00003 6.84 2.04 0.01 0.00 0.00 0.00 0.76 0.46 0.00
SB10 0.0001 6.84 1.88 0.02 0.00 0.00 0.00 0.63 0.63 0.00
SB10 0.0003 6.81 1.73 0.01 0.00 0.00 0.00 048 041 0.00
SB10 0.001 6.53 0.81 0.01 0.00 0.00 0.00 0.09 0.53 0.00
SB10 0.003 6.11 0.70 0.01 0.00 0.00 0.00 0.05 0.40 0.00
SB10 0.01 4.41 0.25 0.05 0.00 0.00 0.00 5.26 0.15 36.99
SB10 0.03 3.19 1.06 0.91 0.00 0.60 0.00 183.12 0.98 503.85
SB10 0.1 1.52 6.73 6.60 5.75 15.48 610.76 1509.46 2.00 1444.52
SB9 0.0 6.24 9.91 0.00 0.00 0.00 0.00 0.54 0.07 0.00
SB9 0.00001 6.23 9.73 0.01 0.00 0.00 0.00 045 0.09 0.00
SB9 0.00003 6.23 9.86 0.02 0.00 0.00 0.00 0.52 0.16 0.00
SB9 0.0001 6.10 9.81 0.02 0.00 0.00 0.00 0.36 0.05 0.00
SB9 0.0003 6.10 8.74 0.02 0.00 0.00 0.00 0.37 0.10 0.00
SB9 0.001 5.79 7.32 0.01 0.00 0.00 0.00 0.22 0.09 1.30
SB9 0.003 5.30 6.72 0.03 0.00 0.01 0.00 1.19 0.03 10.16
SB9 0.01 343 6.06 297 0.00 19.46 0.00 135.08 0.02 496.63
SB9 0.03 2.55 6.16 10.64 0.01 83.88 0.00 551.62 0.83 1189.19
SB9 0.1 1.43 45.52 2548 8.26 290.47 872.68 1299.35 12.80 1762.01
Cy4 0.0 6.24 424 3.48 0.00 0.00 0.00 4.56 49.52 124.35
Cy4 0.00001 5.83 1.69 3.62 0.00 0.00 0.00 472 53.74 130.03
Cy4 0.00003 5.82 2.19 3.69 0.00 0.00 0.00 4.75 56.67 132.12
Cy4 0.0001 5.68 0.87 3.80 0.00 0.00 0.00 4.79 60.46 139.89
Cy4 0.0003 5.81 1.77 4.03 0.00 0.00 0.00 4.66 62.39 149.85
Cy4 0.001 5.57 0.20 7.54 0.00 0.00 0.00 6.51 162.56 336.56
Cy4 0.003 5.21 1.56 10.35 0.00 0.00 0.00 6.94 837.75 487.19
CY4 0.01 4.38 82.83 18.30 5.00 8.76 535.25 1291 7441.31 1099.64
CY4 0.03 3.53 256.02 31.02 12.85 28.72 1326.32 20.86 16437.46 1895.23
CY4 0.1 1.56 3818.12 52.30 61.59 93.34  5097.52 51.81 29638.95 2503.80
SB4 0.0 3.03 16.59 0.53 345 0.00 363.77 433 178.74 33.89
SB4 0.00001 2.99 13.96 0.63 3.65 0.03 390.81 4.62 163.78 45.06
SB4 0.00003 3.03 13.86 0.60 3.60 0.02 387.07 4.49 160.17 40.75
SB4 0.0001 294 1502 0.62 377 0.04 402.46 4.59 166.03 42.30
SB4 0.0003 292 17.19 0.62 4.02 0.08 430.77 4,78 171.80 42.96
SB4 0.001 293 46.40 0.56 4.27 0.14 456.22 5.23 234.03 36.27
SB4 0.003 242 65.05 0.67 5.06 0.51 537.52 5.82 235.25 47.70
SB4 0.01 2.26 261.06 0.73 7.23 1.16 772.14 6.28 455.33 4485
SB4 0.03 1.51 357.33 0.84 8.58 2.12 906.51 6.55 690.12 5227
SB4 0.1 1.39 782.82 1.07 13.44 3.41 1372.69 7.11 2258.83 61.10
SB5-1 0.0 318 2.41 0.91 2.38 0.28 249.30 327 214.44 73.88
SB35-1 0.00001 3.06 245 1.04 2.59 0.43 276.67 3.49 201.36 86.23
SB5-1 0.00003 3.06 244 1.05 2.51 0.42 268.35 3,54 201.39 34.54
SB5-1 0.0001 3.04 2.72 1.03 241 0.47 257.28 345 203.55 85.22
SBS5-1 0.0003 3.00 3.02 1.07 2.68 0.55 288.26 378 213.61 90.02
SB5-1 0.001 293 8.52 0.93 272 0.72 288.40 3.68 240.38 7161
SB5-1 0.003 2.39 12.58 1.11 312 1.27 33491 4.29 250.12 89.24
SB5-1 0.01 2.23 79.43 1.02 3.90 2.06 413.12 4.78 442.36 78.56
SB5-1 0.03 1.50 141.52 1.22 4.73 295 513.12 5.19 617.05 94.30
SBS-1 0.1 1.36 374.79 1.21 6.22 3.90 651.23 5.60 1643.04 88.31
SB6 0.0 320 5.53 0.25 1.91 0.00 200.63 5.88 172.47 14.42
SB6 0.00001 3.06 4.44 0.26 1.82 0.00 193.50 5.60 180.40 16.68
SB6 0.00003 3.04 4.35 0.26 1.88 0.01 201.04 5.44 187.92 17.90
SB6 0.0001 3.03 4.62 0.27 1.85 0.05 197.30 641 176.58 17.01
SB6 0.0003 2.98 4.51 0.28 1.74 0.05 185.00 6.02 179.33 16.66
SB6 0.001 293 13.09 0.29 2.60 0.13 271.29 7.11 227.88 16.99
SB6 0.003 2.45 15.21 0.33 2.86 0.39 305.02 8.18 259.60 20.52
SB6 0.01 2.25 82.90 0.38 4.92 0.96 526.91 8.72 490.55 22.61
SB6 0.03 1.50 117.24 0.44 5.94 1.69 609.55 9.72 721.29 26.19
SB6 0.1 1.36 327.36 0.58 9.57 2.85 996.35 8.47 2047.70 31.64
CY10 0.0 321 562.57 6.80 5.31 3.77 568.10 1.95 11851 287.68
CY10 0.00001 2.84 583.91 6.89 5.39 391 567.04 1.94 128.79 295.12
CY10 0.00003 2.95 588.23 6.86 5.44 3.67 570.13 1.90 124.03 286.79
CY10 0.0001 2.88 606.34 6.81 5.62 4.00 564.99 2.06 132.29 286.85
CY10 0.0003 2.76 57193 6.86 5.46 3.97 576.82 1.93 129.01 291.50
CY10 0.001 3.03 696.84 7.62 7.04 5.34 745.66 2.06 153.63 327.46
CYI10 0.003 2.52 774.40 7.05 7.50 6.81 774.55 1.95 199.98 299.50
CY10 0.01 230 1049.43 7.68 10.46 9.01 109352 2217 568.42 320.93
CY10 0.03 1.58 244472 9.30 20.83 11.71 2083.00 2.30 1161.66 355.74
CY10 0.1 1.36 6006.76 14.21 58.35 22.90  4467.06 3.88 3744.36 297.33
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@sten], pH 1.09] §-4oMFE & A=,

CY4= pH 203%
s} ey

L3 gl %—%
616 ug/g® 714 =&
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pH 4.4)¢]

EEER

IHg-BlHA 3

I 2231 $71eH71 Al&siseH, pH 1.0

gaFo) zhz} 5,098 pg/gt
o] 2-ZFAvH(Table 3).
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3.2.6. 7 (Cu)
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FIg. 2. Correlation between trace and major elements in tailings and contaminated soils.
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A3 pH 3.0~4.0&FF pH 2.9018he] g} vhg-a}
WA §&3efo] MA3] Frlstsici(Table 3).

ANH 0T o] EAL s} IWEQ] A} fAlSH
t}. o) pHe| Wislel wh e, A, vld, IYES] &
23 Aolo] Aol £L 0 HolH, olF 94
7t A2 PR S 7R AEE AASHHEg. 2).

3.2.7. 2(Ph)

BE N7t 353 eE S/H7e) vhe3lHAM 850
NzE T @ dEke pH 50~2.0(3% pH 6.7~3.4)
Sz whe-g w7ix] &3] 1ug/geldtE YA
FKTable 3).

CY49] A$ol= pH 353F% pH 58)¢F w3 of
A BAT o) $EEQ0, pH 3.0015ky) &4
3} 9kgslEA A Z7tEgrt pH 1.0 494 vhg-3
o 828 T 7 52 o= vehyth duky
o2 PN FE SR whESEARE do] £&5
em, pH 50~30&% pH 308504 §&d &
gl 719 7} wkg-g-odlo] pHr} 3.0~25 olsiIEZ
pH 3.0 °3h) Atolle 858 | Tl A3 7t
H9em, pH 1.0EZ pH 15) £47} vlgslHA] &
ZEe o] FEA S713KAtHTable 3).

4 & 9

4.1, pH 5.0-3.0 %1to| Ht30f o[8t SEEY
% BEY

SHEY &2 F77t 2H3EIpH 5.0~3.0)9} vHE-3t
o £&49 F e FEYL9] TS FH35U(Table
4), AT FolA £28 TEo| H &S Avtsied BHat
tH(Table 5).

[M]pH 5-1 HNO,
————%100%
[M]acid digestion

2 HESKSBY, SB10)# pH 5.0~3.021 S5} g
3lo] $29 SE% 949 P SBoe| HlA AXE
ALEE FAT AEZ AL <fo|th(Table 4). %3,
S50 WA FI=E W)7E F oF 0.1%°1
S B & 94(Co, Cu Fe, Mn, Zn)E< 0.1% 1)
o)Atk Table 5). o124 Q@ Eko] AnbAel Axdn)
o} HEsld Fajulgo] dojduiar sl 1 Wt
v§ AR en P Zog Holw, AxF T2
Askr FAoe JES vIXA] @ Aol

Pr2RE] 59 S5 2 vgesd £33 F
B2H|7) 22 dats YTH35~6.9%), H(0.2~45%)
9 o}A(0.8~3.3%)m 02 ol ol 09 Bl o
TS U)E F S Aow FHFHY I 9, v, =
B, Z2E, 78] 2 Ho &&He A o 1% olst
olw, 53] T & 05% "] §=H9S ot}
(Table 5). 2L} CY109] 7%, vl&, 7i=F H olele]
4547} o2 PEARe Blwsle] JulF ez =A4
elth. 53], wjaghao] pHoll wet 518~697u/g7HA
22=%00m, olzfgh A|E} ofele)] WAE ¢, AR
3739 Biae gt ofe}, A3kE 2mE 7S A3t

#-&H](leaching ratios)=

Table 4. The ranges of concentration(ug/g) of leached heavy metals and trace metals at the pH 5.0-3.0 of HNO; solution.

Sample No. Final pH As Cd Co Cu Fe Mn Pb Zn
SB10 6.5-6.8  08-2.0 0.0-0.0 0.0-0.0  0.0-0.0 0.0-0.0 0.1-0.8 0.4-0.7 0.0-0.0
SB9 58-62 7399 0.0-0.0 0.0-00 0.0-00 0.0-0.0 0.2-0.5 0.0-0.2 0.0-1.3
Cy4 5.6-58  0.2-22 3.5-1.5 0.0-0.0  0.0-00 0.0-0.0 4.7-6.5 54-163 130-337
SB4 29-3.0 14.0-46.0 0.6-0.6 3.64.3 0.0-0.1 387-456 4.5-52 160-234 36-45
SB5-1 2931 2.0-80 09-1.1 2427 0407 257-288 3.5-3.8 201-240 72-90
SB6 29-3.1  4.0-130 03-03 1.7-26  0.0-0.1 185-277 54-71 177-228 17-18
CY10 2.8-3.0 518-697 6.8-7.6 5470 3753 565-746 1.9-2.1 124-154 287-328

Table 5. The ranges of leaching ratio(%}) of leached heavy metals and trace metals at the pH 5.0-3.0 of HNO; solution.

Sample No. Final pH  As Cd Co Cu Fe Mn Pb 7Zn

SB10 6.5-6.8 0.0-0.1 0.0-0.1 0.0-0.0 0.0-0.0 0.0-0.0 0.0-0.0 0.0-0.1 0.0-0.0
SB9 58-62 0.1-0.1 0.0-0.0 0.0-0.0 0.0-0.0 0.0-0.0 0.0-0.0 0.0-0.0 0.0-0.0
Cy4 5.6-58 0.0-0.0 0.7-1.5 0.0-0.0 0.0-0.0 0.0-0.0 4.9-6.9 0.2-0.5 1.0-2.6
SB4 2.9-3.0 0.1-03 1.1-1.3 0.4-0.5 0.0-0.1 1.2-14 4.7-54 1.7-24 14-1.8
SB5-1 29-3.1 0.0-0.1 1.3-1.5 0.2-0.3 0.2-0.3 0.8-0.9 3.5-3.8 3.8-4.5 1.8-2.2
SB6 2931  0.0-0.1 0.7-0.7 0.2-0.3 0.0-0.1 0.6-0.9 4.1-54 1.8-2.4 0.8-0.9
CYI0 2.8-3.0 1.0-1.2 2.0-2.2 0.8-1.1 0.2-0.4 2.0-2.6 4.0-4.3 0.4-0.5 2.9-3.3
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Table 6. The ranges of concentration(g/g) of leached heavy metals and trace metals at the pH 2.5-1.0 of HNO; solution.

Sample  Final pH As Cd Co Cu Fe Mn Pb Zn
SB10 1.5-6.1  0.0-0.7 0.0-6.6 0.0-5.7 0.0-15.5 0.0-611 0.0-1,509  0.0-2.0 0.0-1,445
SB9 1.4-53  6.0-45.0 0.0-25.5 0.0-83 0.0-291.0 0.0-873 1.0-1,299  0.0-12.8 10.0-1,762
Cy4 1.6-52  2.0-3818 104-52.0 00-61.6 0.0-933 0.0-5,098 6.0-52.0  838-29,639 487-2,504
SB4 14-24  65.0-783 0.7-1.1 5.1-134  05-34 538-1.373 5.0-7.1 235-2,259  44.0-61.0

SB5-1 1424  13.0-375 1.0-1.2 3.1-6.2 1.3-3.9 335-651 4.0-5.6 250-1,643  78.0-94.0
SB6 1425  15.0-327 0.3-0.6 2.9-9.6 04-2.9 305-996  8.0-9.7 260-2,048  20.0-31.0
CY10 1425  774-6,007 7.0-14.2 75-584  6.8-229  775-4467 2.0-40 200-3,744  297-356

Table 7. The ranges of leaching ratio(%) of leached heavy metals and trace metals at the pH 2.5-1.0 of HNO; solution.

Sample Final pH As Cd Co Cu Fe Mn Pb Zn
SB10 1.5-6.1 0003  0.1-30.1 0.0-1.9 0.0-23.0  0.0-3.0 0.0-3.8 0.0-0.2 0.0-48.5
SB9 14-53 0003  0.0-437 0.0-1.6 0.0-33.7 0.0-34 0.0-2.5 0.0-0.5 0.2-40.0
CY4 1.6-52  0.0-62  2.1-104 0.0-8.5 0.0-5.3 0.0-17.2 7.3-54.8 2.8-99.3 3.7-19.1
SB4 1424  0.5-58 1.3-2.1 0.6-1.5 0.3-1.8 1.7-4.3 6.1-74 2.4-23.5 1.7-24
SB5-1 1424  0.1-3.1 1.4-17 0.3-0.6 0.5-14 1.1-2.0 43-5.7 4.7-31.0 1.9-2.3
SB6 1425 0.1-21 08-15 0.4-1.3 0.2-1.2 1.0-3.3 6.2-74 2.7-21.2 1.0-1.6
CY10 1425 14105 2.04.1 1.2-9.1 0.5-1.5 2.7-15.5 4.1-8.1 0.6-11.0 3.0-3.6
T 297 S-S ETk(Table 4). o, HliE 21~105%, FLEE 06~91%, T
gk edEYl diF 82E ] Aole 44 12~53%7F 8EEHUTL
o] ZAPelel BEY Ao BUAT. AHOE ojd, Fh=g B el SEME Fuln

o SHEWIA B & Ao e, |, W7 A,
M, REE Peloie] §EH7H Y 2 RO® %
FHY. QEE vlwE, Folo EAghks g3 vl
A& T Y45 MG ENA o & geEE ¥
HE2 &l 2o R 4=, Tessier ef al.(1979)
Wyow B H5 2AH ATAAE oloh %

4.2, pH 2.51.08 o] U3 25t
% B=H|

2HEY F& Fvr) el 2.5~1.0)9F vk
S8l $5E  Ue vEAe] ¥FE A
(Table 6), AEF FolA &54 T &S AN

SEHY

3l B UTH(Table 7).

LHERY] B, 45U 28 das oRIEHY
40.0~48.5%), 7¥=5(30.1~43.7) 2 +&](23.0~33.7%)
otk 1 9, wWztx #e Hu 7bzh 25~38%¢%
30~34%7} €&50oy, ILEE H 1.6~19%7t
{25t H(Tble 7). g3} vlAe w8-glo] pH 1.59]
FME AA g 05%8 =7t EajEeH, o
B¢ shire Wt vid RS st (Table D), th
o] 7e AMdEAA S3lE= FElR EAlsk=s A
o7 FAEYE: 293 JE3ES Fe3E).

PuERE 529 I35 9 VUL 8& BF
2 oYgEd & EAL Holx v 7F 8587t
EL 94E gog A7 wet 11.0~993%7F 825
Ach(Table 7). 87k Ae] £&¥e 275.7~54.8%2t
20~172%°14, £597F & AL Bujd EAlsls
) Wzke] FE F AU AP A 84
H 5 e FHE FABP] HEolch ofdw Fl=Fe)
|30 zhzt 1.6~19.1%%} 1.5~104%% EA Vet

ARSHITHEIRIF, 2003). @HH, pH7F 1091 &) wt
235l £39 & ko] ARPArY] Fu)7t 2.04.3%
Q1 gl vl FY=gte) Frle] Aeolle 15.5-17.2%]
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Fig. 3. Leaching ratios of heavy metals versus pH established after 24 h interaction with HNO; solution of increasing
acidity(® : SB10, @ : SBY, A : CY4, A :SB4, SB5-1, O :SB6, []:CY10).

o] §Z0] AAEE HF pHe 77 44~32 €
32~3.0013t}. Feo] 88171 A& A% pHe 35~
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Pb>Aso|t}.
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o dgo] mig- Ao fazie] YUiH olexs
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= Pb»Zn>Cd>As>Co>Cuelet. od £549
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Table 8. The pH values of rain water in the studied areas.
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Mean
2002 5.6 6.4 6.5 5.1 5.2 5.0 48 48 - - - -
ch 2001 49 4.7 6.3 6.1 6.2 4.8 4.7 4.8 5.9 5.1 6.2 5.7 55
CONEYANE 2000 - - - 71 53 50 43 46 45 48 45 45 46
mine area
1999 6.4 6.3 54 - 5.2 5.1 4.7 4.8 - 5.1 4.6 6.5 54
1998 75 7.3 6.8 7.1 6.3 6.9 6.5 5.6 6.4 6.5 5.5 - 6.6
2002 - - - 6.4 - 6.4 - 55 - - - -
2001 - - 6.7 6.6 - 7.5 - - - 6.1 - -
Seobo
. 2000 5.1 - 7.5 6.3 4.8 53 44 4.5 4.8 59 4.7 5.6 4.7
mine area
1999 - - 6.2 57 6.1 56 5.8 5.6 6.0 52 6.7 - 59
1998 - - 6.3 6.7 5.8 7.1 5.8 53 7.5 6.8 6.9 6.4 6.5
& ik vl Fujel|A= Port 7P o5 =0t = fraelo] 3 SR HHES T skEA H
o 249 Zoe Yehith ol TAREY BHe A2 99 sFede] ok
To] e Ao R AdET). MR Fuls A MR A EGelre] §24E A, pH
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FFate] B F CY4= A Podke] 9F 30%7F e} @hesital slim FE50] 85 79 EY

o

e EYEE, CY10S AA Phekake] oF 319%71
ol FFEE SABIA. W] QHE Bl
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3 Zlo g JebgohedaE, 2003). MEZN 2L AY
ol x| FPA B 42t Al s wF
el lout, pH 250081 ZHabd-gd vl 5
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. 2 ol FolARs) Y Fe Al
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83, o7IM 7P FasA aeElsieor &
v)e] ArelaRe-g HAEa, BlEF} S
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AMrgste] Fue Adus wkeE A9 5% ¢
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o}, ¥hg-gdle] A%y} pH 3.0013171 S,
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vElton, o) FrldMrths eFEGIA Phrt
AT EAYEHZ HelE = 3 XA g
6. B Aol A3 8&4% Wy b
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o] Belg AAsldl @M FFHY ¥

Akge) 75l
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AL A

AT3E F=AAALATY ZHSAA @ BE
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ARF (2003) BE-AME FAEAT FH EYe] SIS
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