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Environmental Assessment and Decision of Remediation Scope for Arsenic
Contaminated Farmland Soils and River Deposits Around Goro Abandoned
Mine, Korea

Jongchul Cha, Jungsan Lee and Minhee Lee*

Deparmment of Environmental Geosciences, Pukyong National University, Pusan 608-737, Korea

Soil Precise Investigation(SPI) for river deposits and farmland soils around Goro abandoned Zn-mine, Korea was
performed to assess the pollution level of heavy metals(As, Pb, Cd, Cu) and to estimate the remediation volume for
contaminated soils. Total investigation area was about 950000 m?, which was divided into each section of 1500 m?
corresponding to one sampling site and 545 samples for surface soil(0-10 cm in depth) and 192 samples for deep
s0il(10-30 ¢m in depth) from the investigation area were collected for analysis. Concentrations of Cu, Cd, Pb at all
sample sites were shown to be lower than Soil Pollution Warning Limit(SPWL). For arsenic concentration, in sur-
face soils, 20.5% of sample sites(104 sites) were over SPWL(6 mg/kg) and 6.7%(34 sites) were over Soil Pollution
Counterplan Limit(SPCL: 15 mg/kg) suggesting that surface soils were broadly contaminated by As. For deep soils,
10.4% of sample sites(18 sites) were over SPWL and 0.6%(1 site) were over SPCL. Four pollution grades for sam-
ple locations were prescribed by the Law of Soil Environmental Preservation and Pollution Index(PI) for each soil
sample was decided according to pollution grades(over 15.0 mg/kg, 6.00-15.00 mg/kg, 2.40-6.00 mg/kg, 1.23-
6.00 mg/kg). The pollution contour map around Goro mine based on PI results was finally created to calculate the
contaminated area and the remediation volume for contaminated soils. Remediation area with over SPWL concen-
tration was about 0.3% of total area between Goro mine and a projected storage dam and 0.9% of total area was
over 40% of SPWL. If the remediation target concentration was determined to over background level concentra-
tion, 1.1% of total area should be treated for remediation. Total soil volume to be treated for remediation was esti-
mated on the assumption that the thickness of contaminated soil was 30 cm. Soil volume to be remediated based on
the excess of SPWL was estimated at 79,200 m?, soil volume exceeding 40% of SPWL was about 233,700 m?, and
soil volume exceeding the background level(1.23 mg/kg) was 290,760 m’.

Key words : arsenic contamination, mine pollution, Goro mine, soil pollutant investigation
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Fig. 1. Research area from Goro abandoned mine to a projected storage dam site.
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Table 1. Minimum and maximum concentration of heavy metals in samples (mg/kg).

Minimum concentration Maximum concentration
As Pb Cd Cu As Pb Cd Cu
. . Surface soil 0.365 0.000 0.000 0.000 62.440 13.799 0.188 0.364
River deposits .
Deep soil 0.630 0.091 0.001 0.006 20.370 5.717 0.036 0.158
.. Surface soil .  0.287 0.026 0.002 0.027 88.201 15.244 0.392 1.571
Farmland soils .
Deep soil 0.057 0.035 0.001 0.016 14.742 3.537 0.066 0.728

Table 2. Average concentration of heavy metals in river deposit samples (mg/kg).

Surface soil Deep soil

As Cu Cd Pb As Cu Cd Pb

Total sample number
(surface soil:126, deep soil:38)
Submerged area
(surface so0il:73, deep soil:24)
Non-sumerged area
(surface soil:53, deep soil:14)

6.283 0.025 0.017 1.003 4.660 0.021 0.009 0.785

3.594 0.022 0.005 0423 3275 0.012 0.005 0.430

9.935 0.030 0.033 1.802 7.117 0.026 0.016 1412

Table 3. Average concentration of heavy metals in farmland soil samples ( mg/kg).

Surface soil Deep soil
As Cu Cd Pb As Cu cd Pb
Total sample number
(surface soil385, desp sail:135) 5078 0338 0029  L.121 2142 0113 0010 0476
Submerged area 5304 0301 002  1.184 2238 0075 0006 0317

(surface soil:182, deep soil:67)

Non-sumerged area
(surface s0il:200, deep soil:68)

4.871 0.371 0.031 1.063 2.048 0.149 0.014 0.633

Table 4. Average concentration of heavy metals in background soil samples (mg/kg).

As Pb Cd Cu
Surface soil 1.231 0.0136 0.005 0.09
Deep soil 0.782 0.085 0.002 0.055
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(Distance increases from left to right).
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Fig. 4. Distribution of heavy metal concentration for farmland surface soils according to the distance from Goro mine

(Distance increases from left to right).

Table 5. Pollution grades for sample location and their proportions (counts).

I grade 11 grade 11 grade IV grade
(lower than 1.23mg/kg) (1.23~2.4mg/kg) (24~6mghkg)  (6~15mg/kg)  (higher than 15mg/kg)
Surface soil 81 115 117 43 26
Farmland (21.2%) (30.1%) (30.6%) (11.3%) (6.8%)
soi Deep soil 81 19 23 12 o
P (60.0%) (14.1%) (17.0%) (8.9%) (0.0%)
Surface soil 8 1 72 27 8
River (6.3%) (8.7%) (57.2%) (21.4%) (6.4%)
deposit Deen soil ) 5 25 5 e
P (5.2%) (13.2%) (65.8%) (13.2%) (2.6%)
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Table 6. Estimation of remediation area based on Soil Pollution Warning Limit (SPWL) concentration.

Contaminated area needed for remediation (mn?)

Submerged area Non-submerged area Total area
River deposit 3,200 30,800 34,000
Farmland soil 105,300 124,700 230,000
Total area 108,500 155,500 264,000

Table 7. Estimation of remediation area based on 40% concentration of Soil Pollution Warning Limit (SPWL).

Contaminated area needed for remediation (m?)

Submerged area Non-submerged area Total area
River deposit 78,600 102,400 181,000
Farmland soil 252,300 345,700 598,000
Total area 330,900 448,100 779,000

Table 8. Estimation of remediation area based on background level concentration (1.23 mg/kg).

Contaminated area needed for remediation (m?)

Submerged area Non-submerged area Total area
River deposit 83,900 105,000 188,900
Farmland soil 310,300 470,000 780,300
Total area 394,200 575,000 969,200

Table 9. Estimation of remediation volume based on three remediation limit concentrations.

Over SPWL Over 40% of SPWL Over background level
(6 mg/kg) (2.4 mg/kg) concentration (1.23 mg/kg)
Remediation volume (m?) Remediation volume (m?) Remediation volume (m?)
River deposit 10,200 54,300 56,670
Farmland soil 69,000 179,400 234,090
Total volume 79,200 233,700 290,760
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