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Metal-Contaminated Soil Washing'
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Abstract

This review investigated theoretical principals and practical application examples on recirculation system of soil washing-
wastewater treatment-treated water recycling. As for technologies which have attempted to remediating metals-contaminated soil
in and around country, there are reactive barriers, encapsulation, solidification/stabilization, soil washing, and phytoremediation.
Among those, in particular, this review covers soil washing technology which physicochemically removes contaminants from
soils. The major drawbacks of this technology are to generate a large amount of wastewater which contains contaminants com-
plexed with ligands of washing solution and needs additional treatment process. To solve these problems, many chemical treat-
ment methods have been developed as follows: precipitation/coprecipitation, membrane filtration, adsorption treatment, ion
exchange, and electrokinetic treatment. In the last part of the review, recent research and field application cases on soil washing
wastewater treatment and recycling were introduced. Based on these integrated technologies, it could be achieved fo solve the
problem of soil washing wastewater and to enhance cost effective process by reducing total water resources use in soil washing
process.
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Table 1. Soil Remediation Technologies®

Technology Description Application Cost ($US/ton)
Containment Physical Prejvem movement by  preventing Landfill covers and slurry walls 10-90
fluid flow
Encapsulation Creation of an inert waste Injection of solidifying 60-290
Vitrification A‘pl.ollcatlon ()f. electrical energy to Sh‘allow metaltc.()ntamlnated 400-870
vitrify contaminant soil, low volatility metals
Ex-situ treatment | Physical separation Include'S, froth f.l()tatmn’ gravity For high metal concentration 60-245
separation, screening, etc.
Soil washing Ad(}lpon of surtaf:t.ams and other For water soluble contaminants 25-300
additives to solubilize
Pyrometallurgical | cYXed  temperature - extraction |y o minated soils (5-20%)  200-1000
and processing for metal removal
. . . . . Sorption or degradation
In-situ treatment | Reactive barriers Creation of a permeable barrier . . . 60-245
of contaminants in barrier
Soil flushing Water flushing to leach For soluble contaminants 100-200
Electrokinetic Application of electrical current Apphuab]e for saturated SGF s Little info
with low groundwater flow
Phytoremediation Use of plants for metal extraction| Shallow soils and water Good
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Fig. 1. Tllustration of ex-situ soil washing process.
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Table 2. Examples of soil washing superfund sites in USA'D

Site name Medium Contaminants
Myers Property, NJ Soil, sediment Metals
Vineland chemical, NJ Soil Metals
GE Wiring Devices, PR Soil, sludge Metals
Cim Caonops 11| s e e 510
Whitehouse Waste Oil Pits Soil, sludge Volatile organic compounds (VOCs), PCBs, PAHs, metals
Cape Fear Wood Preserving Soil PAHs, metals
Moss American, WI Soil PAHs
Arkwood, AR Soil, sludge SVOCs, dioxins, PAHs
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Fig. 2. Illustration of in-situ soil flushing process.”
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3.2. gi=ololojay (Membrane filtration)
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Fig. 4. Ulustration of Membrane Filtration System.”
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Table 3. The percentages of As and metals adsorbed onto
montmorillonite at the natural pH of the soil extract
(pH 1.5) and at pH 5.0%

Element % of adsorption pH | % of adsorption pH
extract=1.5 extract=>5

As 9.4 95

Cr 76 160

Cu 27 100

Fe ND 100

Mn ND 93

Ni 69 75

Pb 70 100

Zn 81 100
Montmorillonite®] 2] 222582 37) Wge] o8
339 mg/gelHa, 571 vlke] thaiMiz 0.15 mg/ge it
Montmorilloniteell 2t ¥i4 2 Fo49] A4 &8

2 Table 3004 BT 5 Yt
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Fig. 7. Flow sheet of the novel two-phase soil remediation
method using EDTA for heavy metal leaching and
BDDA EAOP for treatment and reuse of washing
solution in a closed loop. A (leaching phase):.
washing solution first circulates solely through soil.
B (rinsing phase): washing solution treatment, soil
rinsing phase in which the washing solution
circulates through the soil and treatment unit'?
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Fig. 8. Schematic representation of an on-site soil washing experiment conducted at a paddy field in Nagano prefecture,”
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Table 4. Cu removal with fresh and electrochemically treated EDTA solutions from original and continuously extracted soil
during four consecutive steps of soil extraction and washing solution treatment. The loss of EDTA after soil extraction,
after electrochemical treatment of the solution and the EDTA extraction potential were calculated®

SO]lSZT:t?(C):lon/ Cu removed(%) Initial EDTA afl?gTe/?(trC;crtlico.n aEeDth/?e:t?rrl‘;t Lost ].EDTA Lost EDTA L:;ttrig(;rnA
treatment conc.(g L-1) (el-1) (eL-1) extraction (%) | treatment (%) potential (%)
Fresh soil
1. Ext./treat. 44 8.5 8.4 82 1.6 1.6 100
2 Ext./treat. 32 8.2 7.2 6.1 13 15 82
3.Ext./treat. 26 6.1 5.7 5.4 6 6 69
4. Ext./treat. 25 5.4 5.1 / 5 / 69
Continuously extracted soil
1.Ext./treat. 44 8.5 8.4 8.2 1.6 1.6 /
2.Ext./treat. 19 8.2 7.1 6.3 13 11 /
3.Ext./treat. 8 6.3 5.6 53 6 6 /
4.Ext./treat. 5 52 5.0 / 5 / /
g)ltaixtracted 76
Arolxde HFAGL ol vkt Aeg sile R A7 A sl At 437p) Aakg-sie]
g, AZsiA] &2 AAAL(pH 468 247 LAEF 2 W] AAELS vkt Table 40 vehd 2
MBS A AT EFS A F HANE & F SlRo], A7 A2l & A
 4A7ER] A&E38le] 2 B8-S Hlwsiet. Ea, Al BE3HC] A A & IHEY EFHH TS
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