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Remediation Design Using Soil Washing and Soil Improvement Method for
As Contaminated Soils and Stream Deposits Around an Abandoned Mine

Minhee Lee'*, Jungsan Lee!, Jongchul Cha!, Jungchan Choi! and Jungmin Lee?

"Department of Environmental Geosciences, Pukyong National University, Pusan 608-737, Korea
’Dam Environmental Department, Korea Water Resources Corporation, Daejeon 306-711, Korea

Removal efficiencies of sotl washing and soil improvement processes to remediate farmland soils and stream depos-
its around Goro abandoned mine were investigated with batch and column experiments. For As-contaminated farm-
land soils around Goro mine, batch tests to quantify As extraction rate from contaminated soils and lime treated
contaminated soils were performed. The contaminated soil mixed with lime decreased As extraction rate less than one
fourth, suggesting that the soil improvement method mixed with lime dramatically decrease As extraction rate. A stor-
age dam will be constructed in the lower part of the main stream connected to Goro abandoned mine and the amount
of As extracted from the bottom soils of reservoir could be the main source to contaminate water of reservoir. The
decrease of As extraction amount from the bottom in reservoir, caused by the application of the soil improvement
method was investigated from the physically simulated column experiment and results showed that As extraction rate
decreased to one forty when 1% lime mixed soil improvement was applied to contaminated soils. For contaminated
stream deposits connected Goro mine, the removal efficiency of the soil washing method was investigated with
batch experiments. Hydrochloric acid, citric acid, acetic acid and distilled water were used as soil washing solu-
tion and 0.01, 0.05, 0.1, 0.5, 1.0N of washing solution were applied to extract As. When washing with 0.05N of
hydrochloric acid or citric acid, more than 99.9% of As was removed from stream deposits, suggesting that As
contaminated stream deposits around Goro mine be successfully remediated with the soil washing process. Total
volumes of contaminated soils and deposits needed for remediation were calculated based on three different reme-
diation target concentrations and the operation cost of soil washing for calculated soil volumes was estimated.
Results from this research could be directly used to make a comprehensive countermeasure to remediate contam-
inated area around Goro mine and also many contaminated areas similar to this research area.

Key words : arsenic, soil washing, soil improvement, abandoned mine, soil remediation

MEE 298 ARARY P 54 3 sl H5mel vhslel, B JURAE skl 799 99 9
99 ALE vow BY 23 4AE SIS O ARG Bolel 09 54 ) Hapels sl BHD
o obgol B9) A2 BEE BFAAOM, 08 A4 HAE tslels B AANY A2l £EE T,
SRS 0§ B9 AU RE o 3] dlsied, vz Sk ge zﬂ% 5 o B9 0

ot 9 7_4@ % SEsie Al zafﬂ oz e A5A A ﬂom
£ Wnel $EES AT, ANE AR RES AN BT A5 Eel] §EHE Ub0) GEE BAE 7
wWal) Slste] ol ZHEE 189em, B0) 30cm) o183l ApA HElAe) Wk §F we) Ahsinch 4

*Corresponding author: heelee @pknu.ac.kr

121



122 olg] - ot - AEH - HAZ - oFHY

dlo] BEF Af AA uigoeRy vk 28 1-005% € Yehlio] X318 &dd REAT A AF
7] vheell A FARS vl 85 oF 400 ol T Ae Aoz veh, FEE 587 590 Wie 2—‘1@“
R AR F e A0E ARERY BEY AHEE ol8dle bl HHEE Bddke A, AH 2gg 9
3] Aste] st HAE 350l tele] 24, 7A4, B4 & 001, 005, 0.1, 05, LON 883} S7450 EHKPII
ztzk B AlA e uiA] AdEe ANk 48 A3 ga padat 8908 AFEE A9 0.05 NellM g Als
€ AlSfstare vl thled 99.9% ool AA FAE YEiT ZEHos H2E oHd 3 HHEs HPS
AR EAE ol &3 A M F23] AA E 5 e HeZ vk, 71E 29 HYE W B2 90% °1%
€ EARH0R AAT 7 e AeE vtk 28 ARl 2As 42dE B 2%l date] EFAHUE o8
he 79 B BE2 A sRlon, o9 e AR y2AFA FE o Edl tig A4 B FFe A
8% ASE 89 F g oz uddEnt

201 : 3, TEFELY, vIAed, EFANYE, EYF 5 39

8 Ax BEREE HASHA] k2 2F EWlA9] vlh 2252 A7 9F 3.05-3.80% & YvEeRIeH, 43 1% &£F
A7k 0.1
g 4

1. M = o)A)R] o} FH 0@ Ee] AFF FR AE0] B
7Fsdte, A o Al A 54 Wy HE

AR Fljellxie] st dre HEt 4 e Ed A e wihe AdEgohe| @7t ol
g Bl Uizt A=EQ MEEAE giF-EelneH, -3] 1998; &R 5, 1998; el 5, 1999; AF=

24 AR & H- BEY AU AW} A9 o)F , 1999; AmA, 1999; 8735, 1999; B3 F,
\ : v
i [Abandoried minel®
—}}é ; ’%:J o
\ :
]

@ beyond 15.00 mg/kg
6.00~15.00 mg/kg

@ 2.40~6.00 mg/kg

@& 1.23~2.40 mg/kg

0 1 2 3km
| ]

Fig. 1. Pollutant map for As concentration in surface soils around Goro abandoned mine.
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Table 1. Estimation of soil area and volume for remediation (based on Soil Pollution Warning Limit (SPWL) concentration).

Contaminated area needed to remediate (m?)

Total volume of soil to remediate (m3)

Submerged area Non-submerged area
Stream deposit 3,200 30,800 10,200
Farmland soil 105,300 124,700 69,000
Total area 108,500 155,500 79,200

Table 2. Estimation of soil area and volume for remediation (based on 40% concentration of Soil Pollution Warning Limit (SPWL)).

Contaminated area needed to remediate (m?) . . 3
Total volume of soil to remediate (m”)

Submerged area Non-submerged area
Stream deposit 78,600 102,400 54,300
Farmland soil 252,300 345,700 179,400
Total area 330,900 448,100 233,700

Table 3. Estimation of soil area and volume for remediation (based on background level concentration (1.23 mg/kg)).

Contaminated area needed to remediate (m?)

Total volume of soil to remediate (m3)

Submerged area Non-submerged area
Stream deposit 83,900 105,000 56,670
Farmland soil 310,300 470,000 234,090

Total area 394,200 575,000 290,760
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Fig. 2. Column experiment for As extraction from the soil.
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Table 4. Results of batch extraction experiment for lime effect.

As in soil sample

Partioning pH

Pl comton conomanton coolicenin extion
(me/ke) (me/ke) (Kye : kg/h) solution
2 hours 88.2 0.172675 0.000078 6.82
Soil sample 1 1 day 88.2 0.486401 0.000226 6.91
(Pure water of pH7) 3 days 88.2 0.804864 0.000384 6.80
S days 88.2 0.864838 0.000421 6.79
2 hours 88.2 0.176346 0.000079 10.83
Soil sample 1 1 day 88.2 0.245119 0.000113 11.21
with lime 1% 3 days 88.2 0.378795 0.000178 10.98
5 days 88.2 0.480005 0.000231 11.02
2 hours 88.2 0.130130 0.000058 11.11
Soil sample 1 1 day 88.2 0.079625 0.000036 11.53
with lime 2% 3 days 88.2 0.134824 0.000063 11.52
5 days 88.2 0.153829 0.000073 11.65
2 hours 88.2 0.020771 0.000009 11.51
Soil sample I 1 day 88.2 0.044367 0.000020 11.87
with lime 5% 3 days 88.2 0.066589 0.000031 11.95
5 days 88.2 0.070871 0.000033 12.12
2 hours 41.1 0.575788 0.000569 6.55
Soil sample 2 1 day 41.1 2.702093 0.002875 6.60
(Pure water of pH7) 3 days 41.1 4.644408 0.005313 6.39
5 days 41.1 4.958500 0.005843 6.44
2 hours 41.1 0.768667 0.000755 10.63
Soil sample 2 1 day 41.1 3.018202 0.003205 10.77
with lime 1% 3 days 41.1 3.399382 0.003722 10.29
5 days 41.1 4.453604 0.005124 9.94
2 hours 41.1 1.130462 0.001110 10.93
Soil sample 2 1 day 41.1 1.310598 0.001319 11.36
with lime 2% 3 days 41.1 1.595782 0.001651 11.27
5 days 41.1 1.679214 0.001778 11.32
2 hours 41.1 0.160513 0.000149 11.25
Soil sample 2 1 day 41.1 0.168336 0.000160 11.83
with lime 5% 3 days 41.1 0.125179 0.000121 11.81
5 days 41.1 0.142215 0.000140 11.98
2 hours 6.6 0.000183 0.000298 -
Soil sample 3 1 day 6.6 0.000166 0.000282 11.83
with lime 5% 3 days 6.6 0.000135 0.000233 -
5 days 6.6 0.000402 0.000720 -
2 hours 2.8 0.000171 0.001429 -
Soil sample 4 1 day 2.8 0.000121 0.001045 11.92
with lime 5% 3 days 2.8 0.000307 0.002813 -
5 days 2.8 0.000284 0.002651 -
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Table 5. Results of column experiment without lime mixing improvement.

Sampling  Solution volume in Cw Cs Extraction partioning

time column (ml) (mg/1) (mg/kg) coefficient (Kg : kg/l)
12 hours 2688 0.001000  17.679279 0.000057
1 day 2678 0.003000  17.677667 0.000170
2 days 2668 0.002000  17.678450 0.000113
3 days 2658 0.003000  17.677684 0.000170
4 days 2648 0.004000  17.676924 0.000226
Soil sample 5 5 days 2638 0.006000  17.675421 0.000339
with 1% lime 6 days 2628 0.006000  17.675403 0.000339
(As concentration: 10 days 2588 0.013924  17.669535 0.000788
17.68 mg/kg) 19 days 2518 0.044197  17.647680 0.002504
28 days 2473 0.081876  17.621197 0.004646
35 days 2428 0.145039 17.577729 0.008251
41 days 2413 0.245456  17.507990 0.014020
51 days 2398 0.330623 17.449748 0.018947
92 days 2368 0.559220  17.295421 0.032333
12 hours 2688 0.001000 5.349219 0.000187
1 day 2678 0.003000 5.347667 0.000561
2 days 2668 0.004000 5.346901 0.000748
3 days 2658 0.005000 5.346140 0.000935
4 days 2648 0.007000 5.344617 0.001310
. 5 days 2638 0.008000 5.343871 0.001497
( Ai”i;;{:;i ﬁ(;m 6 days 2628 0010000 5342368 0.001872
5.35 mg/kg) 10 days 2588 0.021780 5.333630 0.004084
19 days 2518 0.036230 5.323506 0.006806
28 days 2473 0.042850 5.319225 0.008056
35 days 2428 0.075710 5.296614 0.014294
41 days 2413 0.096570 5.282326 0.018282
51 days 2398 0.128040 5.260830 0.024338
92 days 2368 0.217630 5.200334 0.041849

Table 6. Results of column experiment with lime mixing improvement.

Sampling  Solution volume in Cw Cs Extraction partioning
time column (ml) (mg/l) (mg/kg) coefficient (K : kg/l)
[ day 2688 0.000265  2.429565 0.000109
improved 3 days 2668 0.000357  2.429418 0.000147
soil sample 7 6 days 2643 0.000528  2.429149 0.000217
with 1% lime 27 days 2538 0002062  2.426808 0.000850
(As concentration: 2.43mg/ 33 days 2523 0.007395  2.418622 0.003057
kg) 43 days 2508 0.002217  2.426610 0.000913
84 days 2478 0.002813  2.425749 0.001160
1 day 2688 0.000579 _ 6.049050 0.000096
3 days 2668 0.000592  6.049037 0.000098
Improved 6 days 2643 0000632  6.048981 0.000105
soil sample 8 27 days 2538 0.001815  6.047191 0.000300
(AS concentration:
6.05 me/kg) 33 days 2523 0.008329  6.037185 0.001380
43 days 2508 0002715 6.045847 0.000449
84 days 2478 0.003517  6.044686 0.000582
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Table 7. Parameter used for calculation of As extraction amount in column experiments.

Area of column 268.8 cm?
Volume of solution above soil surface 2.688 liter
Soil wet bulk density 1.38 kg/m®

Extraction concentration of As during 91 days for soil sample 5
Extraction concentration of As during 91 days for soil sample 6
Extraction concentration of As during 83 days for soil sample 7
Extraction concentration of As during 83 days for soil sample 8

0.55622 mg/L (0.55922 mg/L-0.003 mg/L)
0.21463 mg/L (0.21763 mg/L-0.003 mg/L)

0.00254 mg/L (0.00281 mg/L-0.00027 mg/L)
0.00294 mg/L (0.00352 mg/L-0.00058 mg/L)
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Fig. 3. Removal efficiency of hydrochloric acid solution
washing for three different stream deposits.
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Fig. 4. Removal efficiency of citric acid solution washing
for three different stream deposits.
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Flg. 6. Removal efficiency of acetic acid solution washing
for two different stream deposits.
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Table 8. Cost estimation for washing stream deposit.
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Remediation target Volume of stream

Cost of washing Total washing cost

concentration deposit to wash m*) per unit volume (won)
Below 6 mg/kg 10,200 72,000 won/m> 734,400,000
Below 2.4 mg/kg 54,300 72,000 won/m> 3,909,600,000
Below 1.23 mg/kg 56,670 72,000 won/m> 4,080,240,000

Table 9. Cost estimation for waste treatment and transport from stream deposit washing.

Volume of waste after

Cost of treatment per unit Cost of transport per unit

Remediation washing (m’) waste volume (won/m®) waste volume (won/m>) Total cost of treatment
target and transport for waste
concentration Waste Waste Waste Waste Waste Waste (won)
liquid sludge liquid sludge liquid sludge
Below 6 mg/kg 510 102 180,000 85,400 20,170 22,260 113,068,020
Below 2.4 mg/kg 2,715 543 180,000 85,400 20,170 22,260 601,920,930
Below 1.23 mg/kg 2,834 567 180,000 85,400 20,170 22,260 628,325,000

Table 10. Total cost estimation of the soil washing for stream deposits.

Area of stream deposit
for remediation (m?)

Remediation target
concertration

deposit to wash (m®)

Total cost to remediate with soil
washing process (won)

Volume of stream

Below 6 mg/kg 34,000
Below 2.4 mg/kg 181,000
Below 1.23 mg/kg 188,900

10,200 847,468,020
54,300 4,511,520,930
56,670 4,708,565,000
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