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Distribution and remediation design of heavy metal contamination in farm-
land soils and river deposits in the vicinity of the Goro abandoned mine

Minhee Lee'*, Jungchan Choi' and Jinwon Kim?

!Department of Environmental Geosciences, Pukyong National University, 599-1 Daeyondong, Namgu, Pusan,
608-737, Republic of Korea
’Dam Environmental Department, Korea Water Resources Corporation, Daejeon, 306-711, Republic of Korea

River deposits and farmland soils were analyzed to investigate the pollution level of heavy metals in the vicinity
of the Goro abandoned Zn-mine. Surface (0-40 cm) and subsurface (40-100 cm) soils were collected around a main
river located at the lower part of the Goro mine, and analyzed by ICP-MS for Cd, Cu, Pb, Zn and Cr after 0.IN
HCI extraction and by AAS for As after IN HCI extraction. Concentrations of cadmium and lead at the surface
river deposits close to the mine were over the Soil Pollution Warning Limit (SPWL), and 43% of sample sites (6 of
14 samples) were over SPWL for As suggesting that river deposits were broadly contaminated by arsenic. Results
from farmland soil analysis showed that surface soils were contaminated by heavy metals, while only arsenic was
over SPWL at 50% of sampling sites. Main pollution mechanism around the Goro mine was the discharge of mine
tailing and waste rocks from the storage site to the river and to adjacent farmland during flood season. Pollution
Grades for sample locations were prescribed by the Law of Soil Environmental Preservation, suggesting that the
pollution level of heavy metals around the Goro mine was serious, and the remediation operation for arsenic and
the isolation of mine tailing and waste rocks from river and farmiand should be activated to protect further contam-
ination. The area needed to clean up was estimated from pollution distribution data and the remediation methods
such as a soil washing method and a soil improvement method were considered as the further remediation opera-~
tion for arsenic contaminated soils and river deposits around the Goro abandoned mine.

Key word : mine pollution, heavy metal contamination, Goro mine, soil contamination
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Flg. 1. Research area and water sampling sites around the
Goro abandoned mine.

Table 1. Concentration data of heavy metals in the river water originated from the Goro mine (Mean (STD), unit: mg/L)

Item Sample location
(surface waterl-grade limit) WTl  WT2 WT3 WT4 WT5 WT6 WT7 WT8 WT9
As 0.031 0.014 0.012  0.011 nd 0.009  0.010
(below 0.05) (0.018) = (0.004) S (0.003)  (0.003) T (0.002)  (0.002)
7n 0.010 0006 0.005 0010 0030 0023 0007 0015 0009
(0.008) (0.004) (0.002) (0.008) (0.045) (0.027) (0.005) (0.008) (0.006)
Cu 0002 0002 0002 0002 6.062 0.002 0.005
(0.004)  (0.004) % (0.004)  (0.004) 0 (0.004)  (0.004) (0.007)
Fe 0032 002 0010 0.030 0010 0.020 0022 0.010
(0.029) (0.027) (0.022) 0 0.067) (0.022) (0.027) (0.030) (0.022)
0.003 000!  0.007 0.002
Mn n.d. nd oo0n 000y o1sy ™ nd o o005y 4
(belosdo o nd.  nd  nd  nd  nd  nd  nd  nd  nd
Pb
(below 0.1) n.d. nd. n.d. nd. n.d. nd. nd. n.d. n.d.
Hg
(not-detected) n.d. n.d. nd. n.d. nd. nd. n.d. n.d. n.d.
Cr¢
(below 0.05) nd. n.d. n.d. n.d. nd. n.d. n.d. n.d. n.d.

*n.d.: below detection limit
*Mean: arithmetic mean (n=5), STD: standard deviation
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Table 2. Concentration data of heavy metals in the water at the mine and mine tailings storage site

Item Sampling Date Water in the mine 500m dowr.l-strc?m Imediate §t}’eam below
(Surface V.w/at.er (Y-M.D) entrance from th mine site the tailings site
1-grade Limit) (WT11) (WT12)

H
( 6.5"_8.5) 02-5-30 7.5 7.1 6.7
02-7-10 7.6 7.0 7.1
As
(below 0.05 ppm) 02-5-30 0.018 0.011 0.008
02-7-10 0.015 0.011 0.045
Zn 02-5-30 3.570 1.572 11.548
02-7-10 3.879 1.400 3.495
Cu 02-5-30 n.d. n.d. 0.065
02-7-10 0.010 0.073 nd.
Fe 02-5-30 0.250 0.080 0.560
02-7-10 0.550 0.400 0.300
Mn 02-5-30 0.023 0.007 0.099
02-7-10 n.d. 0.010 0.155
Cd
(below 0.01 ppm) 02-5-30 0.044 0.017 0.070
02-7-10 0.046 0.010 0.017
Pb
(below 0.1 ppm) 02-5-30 n.d. n.d. n.d.
02-7-10 n.d. n.d. n.d.

H;

(nood mﬁ_ detect) 02-5-30 nd. nd. nd.
02-7-10 n.d. n.d. n.d.

cre 02-5-30 nd nd nd
(below 0.05 ppm) hn - -
02-7-10 n.d. n.d. n.d.

*n.d.: below detection limit
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Fig. 3. Sampling sites for farmland soil analysis in this
study.
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Fig. 4. Microphotographs showing minerals in a waste
rock from the mine. (1: arsenopyrite, 2: chalcopyrite, 3:
sphalerite, 4: galena, 5: pyrite)

Table 3. Results of grain size distribution analysis for
surface river deposits

Sample number*  Sand (%)  Silt (%) clay (%)
R1 95.77 3.53 0.7
R2 95.36 4.09 0.56
R3 93.64 5.69 0.67
R4 99.68 0.27 0.05
RS 96.74 2.93 0.34
R6 99.42 0.5 0.08
R7 99.06 0.84 0.1
R10 99.54 0.38 0.08
RI11 99.75 0.21 0.04
R13 99.84 0.13 0.02
R14 99.64 0.3 0.05
RIS 99.41 0.5 0.09

*see Fig.2 for sampling locations
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Table 4. Results of heavy metal concentration (unit: mg/kg) and pollution grade for river deposits

Sample Samplin; Pollution
I.Dr.’ dept}F (n?) Cd Cu Pb He Cre As pH Gr:d: (?Xs)
RI-1 0.1-02 0.44 521 2006 001 072 465 6.31 2
R1-2 0.4-1.0 007 233 1177 001 009 090 637 ]
R2-1 0.1-02 1.05 379 3177 nd 0.69 150  6.04 1
R2-2 04-12 112 632 2295  nd 105 1000 628 3
R3-1 0.1-02 107 337 2041  nd 081 1350 627 3
R3-2 0.4-1.0 089 256 1443  nd. 0.81 3.00 645 2
R4-1 0.1-0.2 027 132 1565  nd 0.78 380 654 2
R4-2 0.4-1.0 0.65 998 3607  nd 1.03 435 6.41 2
R5-1 0.1-02 030 325 1350 nd 0.79 180 644 1
R5-2 04-1.0 086 549 3957  nd. 0.95 5.35 6.54 2
R6-1 0.1-0.2 0.81 535 3279  nd 0.80  (1850)  6.60 4
R6-2 0.4-1.0 058 449 2614  nd 132 450 670 2
R7-1 0.1-0.2 0.82 357 3452 nd 080 1100 651 3
R7-2 0.4-1.0 100 562 3979  nd 049 250 650 2
R8-1 0.0-0.1 045 500 1980  nd. 130 410 642 2
RY-1 0.0-0.1 035 725 2405  nd 120 340 675 2
R10-1 0-0.1 2.24 803 834  nd 068  (2550) 649 4
R10-2 0-0.9 194 427 5163  nd 054 080  6.64 1
RIl-1 0-0.1 020 239 3425  nd 050  (19.50)  6.46 4
R13-1 0-0.1 176 248 5557  nd 045 450 672 2
R14-1 0-0.1 (1297 1836 (211583) nd. 091  (19.50) 663 4
RI15-1 0-0.1 293 414 17720 nd 050 085 6.39 1

Slzsf;i“g‘;ﬂ 0-0.1 0.16 261 9.36 nd. 0.58 2.85 6.46
:ﬁ:ﬁng‘?ﬂ 0-0.1 0.11 122 422 nd. 0.56 2.00 6.06

*n.d.: below detection limit

*bold number: over SPWL(soil pollution warning limit) and parenthetic bold number: over SPCL(soil pollution counterplan

limit)
*sample name(R#-1:
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Table 5. Results of heavy metal concentration (unit: mg/kg) and pollution grade for farmland soils

Sample LD. ::;‘ﬁ’l?r‘f) cd  Cu Pb He Cf Zn As  pH G}:;’ég‘tt‘z)
SI-1 0.0-0.6 040 335 1670 005 090 1410 380 637 2
S1-2 0.6-1.2 010 195 715 nd. 105 510 060 6.4 1
S2-1 0.1-03 0.I5 360 1490 nd 130 630 095 628 1
522 0.4-1.0 020 305 1755 nd 170 1325 120 627 1
S4-1 0.0-04 035 475 1990 nd. 150 21.80 (46.00) 645 4

S6 0.0-0.8 010 330 1920 nd 135 405 205 654 1

s7 0.0-0.8 015 510 905 nd 150 2350 150 64l 1
$8-1 0.0-0.1 145 510 4305 nd 120 4895 (2850) 6.44 4
$8-2 0.1-0.6 065 500 3270 nd 120 2350 1030  6.54 3
$9-1 0.0-0.6 055 610 1390 nd 135 3350 1460 660 3
510-1 0.0-0.6 140 500 2890 nd. 140 7800 (40.00) 6.70 4
$10-2 0.6-1.0 025 425 3200 nd 160 2200 305 65 2

i‘;cmkﬁf;’“gd 0.0-0.9 010 390 180 nd 125 345 050 650

*n.d.: below detection limit

*bold number: over SPWL(soil pollution warning limit) and parenthetic bold number: over SPCL(so0il pollution counterplan

limit)

*sample name(S#-1: surface soil, S#-2: subsurface soil)
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Fig. 7. Results of heavy metals at sampling sites (S10 - S1)
for surface farmland soils.
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Fig. 8. Results of heavy metals at sampling sites for
subsurface farmland soils.
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