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Abstract: The environment which is a part of ecosystem is being polluted due to urbanization, rapid industrialization increased
demands for resources in our day to day lives have left no resources untouched. Various anthropogenic activities such as mining
and milling operations, which include grinding, screening, concentrating ores and removal of tailings, disposal of mine and mill
waste water release toxic metals into the natural environment affecting the lithosphere. Reclamation is the process of restoring
the environmental soundness of these distressed mine lands. It consists of governing all kinds of physical, chemical and
biological inconvenience of land area or soil such as fertility, pH, microbial activities and different soil nutrient cycles that make
the destructed land soil fertile. The main aim of the reclamation is to bring back the fertility of soil by increasing its N, P, K
values and Carbon contents. There are various remediation technologies available for removal of heavy metal from
contaminated mine soil, in this paper we have discussed in-situ remediation, physical remediation, chemical remediation and
biological remediation technologies which are implemented across the globe.

I. INTRODUCTION

Abandoned mine soil has become curse to the ecosystem. The rate of consumption and exploitation of mineral resources is
persistently growing with the progress of science and technology, economic upswing, industrial augmentation, advancement of
urbanization and community expansion (Kundu and Ghose, 1997). Soil in the abandoned mines has high levels of heavy metals due
to various mining and milling operations. The major sources of heavy metals which contribute in soil contamination are via., mining
the metal, foundries, smelting operations, metal leaching from various sources, and other milling operations which include grinding,
screening, concentrating ores, removal of tailings, disposal of mine and mill waste water (Faramarz Jalali, 2007).

Most common heavy metals found at contaminated sites are arsenic (As), cadmium (Cd), chromium (Cr), cobalt (Co), copper (Cu),
ferrous (Fe), lead (Pb), manganese (Mn), mercury (Hg), nickel (Ni), tin (Sn), zinc (Zn), etc. Soil gets greatly affected by those heavy
metals that are released into the environment by anthropogenic activities. Unlike organic contaminants which are commonly
oxidized to carbon (IV) oxide by various microbial actions, many of these metals does not undergo microbial or chemical
degradation (T.A. Kirpichtchikova et al, 2006). Thus, the total concentration in soil remain longer period of time (D.C. Adriano,
2003). It has been reported that there are more than a million of abandoned mines across the world. In India there are several
abandoned mines which are not reclaimed. During a special study at nationwide in April 2003, 297 abandoned sites were
recognized. Out of which 106 sites belong to public sector which requires rehabilitation. 24 sites out of 106 can be operational for
the second time, remaining 82 abandoned sites require reclamation and rehabilitation (Indian Bureau of Mines, 2003). The number
of abandoned mines in different states are compiled in Table 1. Madya Pradesh has maximum number of abandoned sites.

Table 1: list of 82 abandoned sites for recovery

States Number of Abandoned Sites
Andhra Pradesh 12
Goa 1
Gujrat 1
Jharkhand 8
Karnataka 2
Madhya Pradesh 34
Maharashtra 2
Orissa 4
Rajasthan 2
Tamil Nadu 12
Uttar Pradesh
Uttarakhand
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Table 2: abandoned mine problems

Problems Results

Accumulation of explosive gases Lack of circulating air in galleries, unsafe structures,
accidents, fires.

Removal of top soil Erosion, unproductive for plant and animal life, unsafe
land patterns, alteration of fauna

Soil and water contamination Heavy metals risk through food chain, ground water
contamination, lack of soil fertility, food production.

Deforestation Removal of vegetation, hazard to habitat, risk to plant
and animal life.

Air Pollution Respiratory problems and other health hazards.

Climatic Conditions Change in local rainfall, temperature, humidity, wind
speed.

Migration of local people Local people move away from the site due to health
hazards, pollution.

Abandoned mines pose serious threats to the ecosystem, degrading air, water and soil. they also cause socio-economic problems
they can regulate local climatic conditions (Table 2)

A

Soil Factors/ Properties Ecologically Worsening The Abandoned Mine Area

Soil properties like aggregation, compaction, topography, pH, fertility, microbiome decide the degree of damage in the ecosystem.
Here we discuss various physical, chemical, and biological properties of abandoned mine soil

1)
a)

b)

Physical Factors/ Properties

Coarse Aggregate: Soil particles having size smaller than 2mm are important for holding the majority of water and nutrients in
mine soil. The soil particles of size greater than 2mm are called as coarse aggregates and are not suitable to hold required
amount of water to the plants as they contain large pores. Most of the water gets leached down and cannot supply enough water
to plants during summer. The contents of the coarse aggregates in mine waste vary (< 30 % -> 70%) due to difference in
hardness of rock, blasting methods and also waste handling techniques. The parent rocks or spoils inherit the particle size
distribution to the mine soil directly. The rock contents in the reclaimed soil get reduced due to weathering of rocks into soil
particles (Nicolau, 2002; Moreno-de las Heras et al, 2008). Hu et al, 1992, states that soil that consists of stone fragments higher
than 50% must be considered as poor quality. Stone fragments of coal mine wastes have been reported to be as high as 80%-85
% (Maiti and Saxena, 1998).

Soil Texture: The soil texture is determined by the presence of relative amount of clay (< 0.002 mm), silt (0.05 - 0.002 mm) and
sand (2.0 - 0.05 mm) sized particles. Fine textured loamy and silty soil can hold more water and nutrients compared to sandy
mine soil. The silty soil is fine graded and has susceptibility to form surface layer, containing high amount of soluble salts and
have a weak “tilth” or consistence. The loamy textured soil has ideal particle size distribution generally. The mine land having
siltstones normally contains silt loam textured soil in dominance (Ghose, 2005). Ghose, 2005, reported the maximum of 66%
sand and 8.6% of clay in mined soil. The maximum content of sand (80%) and of clay (11%) is observed at the Singrauli Coal
field India as reported by (Singh et al, 2006).

Table 3: properties of soil texture

Soil type Particle size Reference
Clay < 0.002mm
Silt 0.05-0.002mm Ghose, 2005
Sand 2.0-0.05mm
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c) Soil Aggregation: The aggregation of the soil controls soil hydrology; affect soil distribution and the grade of nutrient
availability to the soil (Lindemann et al, 1984; Heras, 2009), and may decrease erosion possibility (Elkins et al, 1984) and
contains a trail of organic carbon equalization and stable isolation (Six et al, 2004). Aggregate structure is broken down as
consecutive layers of soil are removed and accumulated somewhere on the mine site during the commencement of the mining.
The proceeding compaction hinders water storing capability and aeration. Large sized aggregates stability is mainly responsible
for larger porosity, which influences soil percolation rate and aeration. It changes seasonally and is frequently affected by
agriculture and cropping routine (Kay, 1990). The strength of micro aggregate is more resilient than macro ones, as the organic
substances required to shackle the soil fragments together lie in pores which are too small for the microorganisms to get settled
in (Gregorich et al, 1989). The micro aggregates are less susceptible to farming mechanisms than macro aggregates (Dexter,
1988) and they are in charge of trace porosity which manages the quantity of water accessible for foliage (Davies and Younger
1994).

d) Moisture, Bulk Density, Compaction and Available Rooting Depth of Soil: The moisture content of the mine soil is a varying
factor as it depends on the time of sampling, stone particles, height of dump, organic carbon quantity and the thickness and
texture of the junk layers on the land surface (Donahue et al, 1990). During the winter season, the average water content is
found to be sufficient for plant growth as it was about 5%. During the high summer time, the moisture content falls to 2-3% as
reported (Maiti et al, 2002) as reported by Maiti and Ghose, 2005, the average field moisture of all mining dumps was 5%.
Bulk density of fertile natural soils normally ranges between 1.1 to 1.5 g/cm®. As the bulk density increases it decreases the
rooting capacity of the soil. Bulk density of the soil under a grass sward in UK was found to be as high as 1.8 Mgm-3 as
reported by Rimmer and Younger, 1997. Soil compaction directly affects the vegetation, as high compaction of soil limits the
plant growth as they hinder the effective extension of roots through them due to high bulk density of mine soil. Three to four
feet of non-compacted loose soil is necessary for the plan growth as they hold enough water in them, even though prolonged
droughts. Severely compacted mine soil (bulk density > 1.7 g/cc) especially those which are having less than two feet of
effective rooting depth, presence of huge boulders in soil and shallow intact bedrock cannot sustain required amount of water to
support vegetation.

Table 4: variation of moisture content

Seasons % of Moisture Reference
Winter 5% Maiti et al., 2002
Summer 2-3%

e) Slope, Topography and Stability: Mine land having slopes greater than 15% are normally not suitable for comprehensive land
uses such as growing vegetable or farming but are suitable for grazing and reforestation. Fills with slopes less than 2% and
broad, flat benches have seasonal wetness problems. Most of the benches with overall tender slopes consist of areas of
enormous rockiness, hummocks, pits and ditches. Bench areas just above entire bedrock on older mined lands are generally
reasonably stable but may be subject to slumping, particularly when near the margin of the out slope. Tension cracks running
approximately collateral to the out slope specify that the area is unsteady and likely to sink. Decrease in soil strength can lead
to increase in bulk density (Daniels, 1999), Nitrogen losses by denitrification follows such environment (Davies and Younger
1994).

f)  Mine Soil Colour: The physical and chemical properties including weathering history of soil can be studied by the colour of
mine spoils. The bright red and brown colour of the soil shows that the soil has been leached and oxidized to some amount
normally. These soils tend to have low pH and free salts, and are low in pyrites less fertile, and mostly susceptible to physical
weathering when compared to darker soil. The lack of oxidation and leaching, greater value of pH and fertility is represented by
grey colour rocks or spoils and soils. Very dark grey and black coloured rocks, spoils or soils indicates the presence of
considerable amount of organic matter and are most likely to be acidic. Dark coloured spoils absorb more solar energy and
become too hot to re-vegetate during summer seasons (Daniels, 1999).
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g) Top Soil: Mining activity remove the top layer of the earth, dumping it over an unmined area forming groups of external piles
which are called as mine spoil. Mine wastes contain extreme conditions for both plants and microorganism growth. The
biological services and the nutrients offered by the soil system is disturbed which leads to non-functioning soil. This is mostly
caused due to low level of organic matter and unfavourable contents of physical, chemical and biological or microbial
characteristics of soil (Singh et al, 1999; Jha et al, 1993; Singh et al, 2006). Top soils help in covering the poor substrate and to
provide better growth conditions for plants. Accumulation of top soil in dumps during the extraction of minerals affects the
physical, chemical and biological characters if the soil (Hunter and Currie, 1956; Barkworth and Bateson, 1964; Harris et al,
1989; Johnson et al, 1991; Davies et al, 1995). Top soil is a scarce asset, and it is not stored in most of the potential source.
Also, in a tropical climate where 90% of the rain is percolated within three months it is challenging to store and preserve the top
soil quality. It is never stored for the purpose of reuse but always it is taken from the nearer areas for reclamation of the
disturbed mine lands. At a depth of about 1m in the dump, the number of aerobic bacteria gets lesser and the anaerobic bacteria
gets higher (Harris et al, 1989). The accumulation of ammonia takes place in the anaerobic zones of pile due to lesser
nitrification which is caused by poor aeration. Nitrification restarts and it takes place at a higher rate when the stockpile is
removed and restored, as there is greater level of aerobic microorganism population which is rapidly re-established usually
higher than the normal level (Williamson et al, 1991). The amount of nitrate generated would be greater than normal if the
restored soil consists high amount of ammonia. Accordingly, there is a greater chance of Nitrogen loss to the environment
through leaching or denitrification (Johnson et al, 1994). Nitrate leached in to the aquatic territory causes ground water
pollution (Addiscott et al, 1991) as well as nitrogen lost in the form of gaseous nitrogen or nitrous oxide leads to the
degradation of ozone layer (Isermann, 1994; Davies et al, 1995). The time period between the initial eradication of top soil and
the final implantation of the same over the restored area might take a long-time lapse. Hence the properties of the dumped soil
continuously degraded and at last become infertile if it is not preserved properly (Ghose, M.K., 2005).

Il. CHEMICAL PROPERTIES

A. Soil pH

Soil pH is a most frequently used indicator to check the quality of mine soil, soil pH is measure of active soil acidity. Weathering

and oxidization of the rock particles affects the pH of the soil to change rapidly. Pyritic minerals (FeS,), which present in the mine

soil, oxidizes to form sulphuric acid and exceptionally tends to lower the pH of the soil, while the presence of carbonate

(Ca/MgCO:s) containing minerals or rocks weather and dissolve, results in the increase of pH. In the neutral pH the vegetation

achieves the peerless growth. When the pH of the soils falls to 5.5, decrease in the growth of lentils and fodder occurs due to

noxious metal such as Aluminium, Manganese, reduced population of Nitrogen fixing bacteria and phosphorous fixation. This
development inhibits the metabolic processes and in-turn inhibits plant root growth. The mine soil having pH range 6.0 to 7.5 is

suitable for fodder and other agricultural or horticultural uses (Gitt et al, 1991; Gould et al, 1996).

B. Soil Fertility

The overburden piles lack three major macro nutrients required for plant growth they are nitrogen, phosphorus and potassium
normally (Coppinet al, 1982; Sheoran al, 2008). The older ones or the newly created mine soils, need to be sufficiently applied with
effective amount of fertilizers for establishment and maintenance of the vegetation. The major source of nutrients such as Nitrogen
potassium and phosphorous is the organic matter in unfertilized soil (Donahue et al, 1990). 0.75% and greater level of organic
matter indicates sufficient fertility to support plant life (Ghosh et al, 1983). Generally, the 0.35% to 0.85% of the organic carbon is
found in overburden dumps. Presence of organic carbon in mine dump positively corresponds to the presence of nitrogen and
potassium while negatively corresponds to the presence of Fe, Mn, Cu and Zn (Maiti and Ghose, 2005). The initial application of
fertilizers has shown the increase in the growth rate and density of the plants. Fe, Mn, Cu, and Zn are some of the important metallic
micronutrient required for the plant growth. When the mixing of primary minerals takes place due to weathering of minerals
continuously the micronutrients take their place in the soil. These metals form toxic concentration and inhibit plant growth as they
are more soluble in acidic conditions (Donahue et al, 1990; Barcelo et al, 2003; Das and Maiti, 2006). Maiti and Ghose, 2005,
reported that for the sustainable reclamation of the mine dump it is necessary to increase the pH and organic matter in soil.
According to Lindsay and Norvell, 1978, the soil is highly sufficient for ecological sustainable reclamation if the soil has
micronutrient levels higher than 4.5 mg kg-1 for Fe, 1.0 mg kg-1 for Mn, 1.0 mg kg-1 for Zn and 0.4 mg kg-1 for Cu. The type and
concentration of fertilizer applied must be according to the site requirements such as soil type, post mining land use (Kenny and
Bremner, 1966) and care should be taken while application of fertilizers as they can damage the roots of the seedlings when injected
too close to the plant (Schmidt, 2003; Ghose, 2005).
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Table 5: Soil Fertility to use for Agricultural Purposes

Minimum value of micronutrients
required (mg/kg) Micronutrients Reference
4.5 Fe
1 Mn Lindsay and
1 Zn Norvell, 1978
0.4 Cu

I1l. BIOLOGICAL PROPERTIES
A.  Soil Microbe
Soil microbe population is an important factor that influences the fertility of the soil. Soil microbes play a major role in stabilization
of soil particles which are required for cultivation and porosity of the soil for plant growth by maintaining proper structural
conditions (Ghose, 2005). The microbial activity declines as the soil gets degraded. The soil microbes consist of various types of
bacteria which are essential for the decomposition of plants and other fungal species, the absorption of nitrogen and phosphorus in
exchange of carbon takes place due to their symbiotic relation with many plants. They support the plant growth by the production of
polysaccharides that improves the soil aggregations (Williamson et al, 1991). Soil microbes effect the soil aggregation so much that,
sites with active soil microbes have stable soil aggregation which the sites with less microbial activity shows compacted and poor
aggregation (Edgerton et al, 1995). The microbial activity varies with depth and time it decreases as the depth increases and time
increases as the topsoil is stored during mining (Harris et al, 1989). The ATP (adenosine tri phosphatase) level goes on decreasing
within few months which is used to measure the microbial activity (Visser et al, 1984).

B. Bacteria

When moisture levels in the soil are high, bacteria play an important role in decomposition of organic materials especially in the
early stages. Fungi tend to dominate in the later stages of decomposition. Rhizobia belong to a family of bacteria called
Rhizobiacea, which are single celled bacteria forms a symbiosis or mutually beneficial association with lentil plants. These bacteria
convert the atmospheric nitrogen into ammonia (NH,") which is used by the plants (Gil-Sotres et al, 2005). Rhizo-bacteria which is
a free living and symbiotic plant growth supporting bacteria ,influences plant growth directly it provides bio-available Phosphorus
for plant intake, helps in nitrogen fixation, confiscating trace elements for plant growth such as iron by siderophores, lowering of
plant ethylene levels and producing hormones like auxin, cytokinin and gibberellins (Glick et al, 1999; Khan, 2005).

C. Mycorrhizal Fungi

Arbuscular mycorrhiza fungi are pervasive soil microbes situated in almost all climates and habitats. When the soils are moved or
stockpiled the hypha network made by mycorrhizal fungi breaks down (Gould et al, 1996). It is well reported that the association of
mycorrhiza with plant growth and survival and also intake of nutrients such as phosphorus, nitrogen especially phosphorus deficient
dilapidate soils (Khan, A.G, 2005). The viable mycorrhizal inoculums potential decreases during the first two years of storage of
stockpiles (Miller et al, 1985). When compared to undisturbed soil viability of mycorrhiza in stored soils lessen substantially to the
levels of 1/10 (Rives et al, 1980). Soil water potential is a significant factor which affects the mycorrhizal viability as reported by
Miller et al, 1985. Mycorrhizal propagules can survive for a greater lengths of storage time when the soil water potential is less than
-2 MPa (drier soil). Mycorrhizal propagules are threatened by the deep stock piles during drier climates. Shallow stockpiles are
crucial to magnify surface-to-volume ratios in concern to moisture evaporation in wetter climates.

IV. RESTORARION METHODS FOR CONTAMINATED SOIL
Reclamation is the process to retrieve the ecological soundness of the interrupted mine land areas and enhance the productiveness of
the land. Reclamation includes the governance of various types of physical, chemical and biological depletion of soils such as soil
pH, fertility, microbial community and various soil nutrient cycles that make the destructed land soil fertile (Sheoran.V et al, 2010).
There are several remediation technologies available for removal of heavy metals from contaminated mine soil. Some of them are
in-situ remediation, physical remediation, chemical remediation and biological remediation.
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A. IN-SITU Remediation
Some of the in-situ methods that would be utilized to minimize the visible effect of quarries and grant plausible for the
formation of biodiversity are natural recovery, rollover slopes, backfilling, bench planting, restoration blasting (Gunn and
Bailey,1993; Walton et al, 2004)

1) Natural Recovery: Natural restoration mainly depends upon the plants, trees and seeds available in the adjoining area which
will be escorted by wind, insects, birds and runoff eventually (Davis et al, 1985). Natural redemption is one of the low cost
substitutes for the restoration of mine quarries (Novak, J. and M. Konvicka, 2006). The demerit of this technique is it takes long
period of time to recover. Some studies show that quarries left to natural rehabilitation is rich in biodiversity and has superior
view than recovered by human involvement (Cilek.V, 2006; Cullen et al, 1998).

2) Rollover Slopes: In this method soil is used as a filling matter to form a uniform slope over the quarry edge. This type of
formation may have irregular slopes having potholes which provide a perfect environment for tiny vegetation (Cripps et al,
2004; Water-Front-Trail, 2010). This helps a wide number of herbal plants to grow in the diverse region of the restored quarry
(Moffat.A and J.McNeill, 1994; Nicolau.J.M, 2003). Applications of filling matter in the quarries avoid landslides and helps in
easy accessibility. Huge amount of soil or filling matter is required which is one of the major drawbacks of this technique.

3) Backfilling: Addition of soil, filling matter or waste material into quarry space in order to partially or entirely recover the
excavated land which may lead to formation of new landscape (Haywood.S.M, 1979). This technique is broadly utilized in the
quarries with open excavation to reclaim the original land (Cerver.F.A, 1995). Requirement of high quantity of refill material
makes this method uneconomical.

4) Bench Planting: In this method small quantity of soil is required to spread over the benches which consist of rock to create
perfect climate for the development of vegetation (Land use consultants, 1992a). Normally small rooted plants are used due to
constricted area present on the benches to help in cloaking the rock surface. While spreading the soil over the benches some
part of the fill material falls into the fissures of rock which triggers the growth of vegetation and helps in the degradation of
rock over the time.

5) Restoration Blasting: The aim of this method is to explode the quarry edge to replicate it as a natural one. Care should be taken
while working with this method because it is a high potential technique used for the restoration compared to other process
(Cripps et al, 2004) and requires alteration in the operations depending upon the land type (Yundt et al, 2002). Geographical,
terrestrial, topographical and biotic parameters of land are considered before blasting. Restoration blasting forms soil slack
which later helps in vegetation growth (Gunn.J and Bailey.D, 1993; Wheater.C.P andW.R.Cullen, 1997). This technique
requires skilled employees, latest tools and equipments which make this method costlier compared to others.

V. PHYSICAL REMEDIATION
The soil replacement and thermal desorption are main physical remediation methods.

A. Soil Replacement Method

In soil replacement method polluted soil is exchanged with hygienic soil in turn to weaken the pollutant absorption and enhance the
ecological capacity (Qian et al, 2000; Zhang et al, 2004). Soil substitution method is bifurcated into soil replacement, soil spading,
new soil importing. a) Soil replacement method involves eliminating the polluted soil and exchanging it with fresh soil. This method
suits for a small contaminated area. b) Soil spading focus on diluting and biologically degrading the pollutant by deep digging. c)
New soil importing is inclusion of fresh soil into polluted area and wrapping the surface to dilute the pollutant concentration (Zhou
et al, 2004).

B. Thermal Desorption

Thermal desorption is a reclamation technique which make use of heat to amplify the pollutants volatility. Steams, IR, microwave
radiation are used to remove these volatile heavy metals from the solid matrix which are collected by vaccum negative pressure (Li
et al., 2010). Thermal desorption is grouped as high temperature desorption (320-560°C) and low temperature desorption (90-320°C)
(Aresta et al, 2008).
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Table 6: Types of Thermal Desorption.

TYPES TEMPERATURE
High thermal desorption 320-560°C
Low thermal desorption 90-320°C

VI. CHEMICAL REMEDIATION
A. Chemical Leaching
Fresh water, gases, reagents and fluids are used to wash and eliminate pollutants from defile soil which is referred to as chemical
leaching remediation method (Tampouris et al, 2001; Ou-Yang et al, 2010). The heavy metals in soil are converted from solid to
liquid phase using adsorption, ions exchange, chelating and precipitation then recovered from the leachate.
Tokunage S and Hakuta T, 2002, investigated the variations in diverse concentration of HF, H;PO,, H,SO, HCI, HNO; on
extraction of As from synthetically contaminated soil using 2830mg/kg of As. It was observed that H;PO, proved to be most
favourable as an extractant, gaining 99.9% As extraction at 9.4% acid concentration in 6hr. H,SO, also gained high % of extraction
(Alam et al, 2001).

B. Chemical Fixation

Chemical fixation involves amalgamation of reagents to contaminated soil which forms insoluble matters that lower the voyage of
heavy metals to ecosystem and thus attain soil remediation (Zhou et al, 2004).

In Cd defile soil remediation method, the results showed reduction in Cd components concentration up to 21.40, 27.24, 27.63 &
32.30% (Lv et al., 2009). As analyzed and observed the added sum was 20, 30, 40 & 50g/kg. Another study showed a reduction of
46% Cd concentration in soil when moderate attapulgite clay was used without compromising on crop yield and soil fertility (Fan et
al, 2007).

Table 7: Reduction in Cd Concentration by Chemical Fixation.

Soil Ratio in g/kg Reduction in %
20 21.40

Cd 30 27.24
40 27.63
50 32.30

C. Electro-Kinetic Remediation

Forming an electric gradient by mainly applying voltage on two sides of soil is called as Electro kinetic remediation technology.
(Lou et al, 2004). To treat the pollutant further, it is carried to two poles treatment room via electro migration, electro osmotic flow
or electrophoresis (Acar et al, 1993; Swartzbaugh et al, 1990). This method is cost effective and suitable for low permeable soil
which does not alter the natural existence (Virkutyte et al, 2006). There are different approaches to remove heavy metal
contaminated soil such as electrokinetic-oxidation or reduction (Cox et al, 1996), electrokinetic-microbe restoration (Yu et al, 2009).

D. Vitrify Technology

Vitrify approach is a method to heat the soil at 1400-2000°C, where organic substance volatilize or degrade. The steam outcome and
pyrolysis by-product was composed by off-gas treating process. The product after sometime takes rock vitreous shape and loses its
mobility. The strength of vitreous is ten times the concrete. The energy can be transferred by combustion of fossil fuels or
energizing electrode and later by plasma, arc & microwave energy in ex-situ restoration. Heat produced is passed to defile soil
through the electrodes in in-situ restoration. Thus this method is efficient, but not cost effective and requires high energy (Fu JH,
2008).
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VII.BIOLOGICAL REMEDIATION
A. Phytoremediation
Phytoremediation is a process in which vegetation is used as a media to remove pollutants from the contaminated sites. Plants act as
filters or traps in degrading pollutants and stabilize metal contaminants (Shen ZG, Chen HM, 2000).
Few phytoremediation methods are listed below:
1) Phytoextraction, also called phytoaccumulation is a method in which metal contaminants are transferred from soil to different
parts of the plant via roots. Based on the type of metals present in polluted site, one or more plants are selected for plantation.
The plants are harvested after a certain period and composted or incinerated for metals recycling (Wang JL, Wen XH, 2001).

Table 8: Plant Species used in Phytoextraction

Phytotechnology Phytoextraction
Pollutants Trace metals (As, Co, Cu, Mn, Ni, Pb, Se, Zn, etc.
Properties of favourable plant High levels of plant uptake, translocation and build up

in harvestable tissues (hyperaccumulation occurs when
concentration in up-ground tissues is in range 0.1-1%
of the plant dry weight)

Plant species Arachis pintoi;

Zea mays,

Brassica alba;

Oryza sativa

Hyperaccumulators:

Phytolacca Americana (Mn);

Alyssum bertolonii (Ni, Co);

Noccaea caerulescens (Cd, Zn, Ni, Pb);

Arabidopsis halleri (Cd, Zn);

Sedum alfredii, Arabis paniculata (Zn)

Reference Andreazza et al, 2011;

Murakami and Ae, 2009;

Kramer, 2010;

Liu et al, 2010b;

Tang et al, 2009;

Deinlein et al, 2012

2) Phytostabilization is a methodology in which a specific group of plants are grown to absorb excess metal present in a
contaminated site where natural vegetation is affected. This technique immobilizes the contaminants from transferring to the
environment and thus entering the food chain (Wang HF, Zhao BW, Xu J, 2009).

Table 9: Plant Species used in Phytostabilization.

Phytotechnology Phytostabilization

Pollutants Organic and inorganic pollutants

Properties of favourable plant High transpiration avoid leaching and surplus and
entrenched grasses prevent the loss of crest soil and
sediments

Plant species Quercus robur;

Pinus sylvestris;

Pseudotsuga menziesii;

Silene paradoxa;

Aldama dentate

Reference Nevel et al, 2011,

Dasgupta-Schubert et al, 2011; Pignattelli et al, 2012
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3) Phytodegradation is a practice where plants release their enzymes into the soil and breakdown the contaminants to use them as
nutrients via plant tissues (EPA, 1999).
Table 10: Plant Species used in Phytodegradation.

Phytotechnology Phytodegradation

Pollutants Organics that are movable in plants (herbicides, TPHs, TNT,
BTEX and RDX)

Properties of favourable plant Huge, dense root systems and high levels of degrading enzymes

Plant species Phalaris arundinacea;

Lolium perenne;
Abutilon avicennae;
Phragmites australis
Reference Panz and Miksch, 2012;
Gerhardt et al, 2009

4) Rhizodegradation is the process in which micro-organisms such as bacteria, yeast, fungi, etc act upon contaminants present in
the soil and digest organic substances for nutrients which in turn produce energy (EPA, 1999).

Table 11: Plant Species used in Rhizodegradation.

Phytotechnology Rhizodegradation

Pollutants Hydrophobic organic compounds (PCBs, PAHs and
others)

Properties of favourable plant Bulky root surface region favors the degradation

method, as it promotes microbial growth and the
production of particular exudates compounds

Plant species Salix alaxensis;

Picea glauca;

Glycine max;

Oryza sativa;

Medicago sativa

Reference Slater et al, 2011,

Panz and Miksch, 2012;

Gerhardt et al, 2009

5) In Phytovolatilization, the organic contaminants in soil and water are used by trees or plants to volatize metals with low
concentration into the atmosphere (Watanabe ME, 1997; Bizily SP et al, 1999; Wang et al, 2001).

Table 12: Plant Species used in Phytovolatilization.

Phytotechnology Phytovolatilization

Pollutants Volatile organic compounds (TCE and MTBE) and few
inorganics (Se and Hg)

Properties of favourable plant High transpiration rate facilitates the mobility of these
compounds throughout the plant

Plant species Triticum aestivum;

Brassica napus;

Vigna sinensis;

Saccharum officcinarum;
Populus tremula x Populus alba
Reference Dhillon et al, 2010

Gerhardt et al, 2009
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B. Bio-Remediation

The restoration process involves rainfall, extracellular complextion, red- ox reaction, intracellular accumulation. Microbial straining
is a common and innovative process for extracting metals from low grade ores and mineral quarries (Bosecker K, 2001). Lamber
DH and Weidensaul T, 1991, investigated the impacts of sediments on mycorrhizal(MR) intake of P, Cu, Zn and confirm MR
suppression of Cu and Zn intake by P. sediments decrease P intake at 150mg/kg P or larger in nonmycorrhiza(NMR) plants with
small change in plant growth among sediments. Jayalath and Veena-Kumara-Adi recently published their article explaining the
restoration of Physico-Chemical Properties of Zinc Contaminated Soil by Bacterial Biosurfactant.

C. Animal Remediation

Animal remediation is a process of description of few small insects adsorbing heavy metals, rottening and movement of the heavy
metal, relocating and sinking the toxic levels. The study represents, treatment of earthworm-straw mulching combinations promotes
plant Cu concentration, and the sum ascended by it was lesser than the earthworm treatment but greater than straw mulching
treatment (Wang et al, 2007). Kou et al., 2008, reported the Pb absorption of earthworm through testing the Pb concentration in
soils. The outcomes represented that earthworm could accumulate Pb efficiently. The accumulation is directly proportional to Pb
concentration.

Table 13: Earthworm actions on heavy metal contaminated area

Earthworms Plants Soil nature reference

Metaphire guillelmi Ryegrass (Lolium Cu pollution 400mg kg™ Dandan et al,
multiflorum) 2007

Pheretima sp. Ryegrass Zn pollution at 400 mg kg™ Wang et al, 2006

Pheretima sp. Indian mustard Zn pollution at 400 mg kg™ Wang et al, 2006

Pheretima sp. Ryegrass (L.multiflorum) Cd pollution at 20 mg kg™ Yu et al,2005

Pheretima guillelmi Leucaena leucocephala Pb/Zn mine tailings at 1,202 Ma et al, 2006

mg Pb kg™
Pontoscolex Lantana camara Pb pollution at 1,000 mg kg™ Jusselme et al,
corethrurus 2012, 2013

VIIl. RE-VEGETATION AT ABANDONED MINE LAND

Vegetation plays an important role in protecting the soil from erosion due to wind and water and also allows the accumulation of
fine particles (Tordoff et al, 2000; Conesa et al, 2007b). Their extensive root systems stabilize the soil by reverse degradation
process. Once the vegetation is built, they improve the organic matter in the soil, maintain the soil pH, lower the bulk density of soil
and fill the surface layer with minerals and nutrients. The plant collects and stores the mineral nutrient on the top surface of the soil
in the organic form so that they are easily broken down by the microbes. (Li et al, 2006; Conesa et al, 2007a; Mendez et al, 2008a)
The selection of plants for the purpose of revegetation of eroded ecosystems is done based on the ability of plants to survive and
regenerate under the severe conditions of both the nature of dump materials and their ability to stabilize the soil structure. (Madejon
et al, 2006) Generally the plants selected for revegetation should be drought resistant, fast growing and also the one which can grow
even in nutrient deficient soils. The main component that prevents vegetation is acidity; plants selected for revegetation must be
tolerant to such sites consisting of metal contaminants. (Caravaca et al, 2002; Mendez and Maier, 2008b) The species which are
already adapted for such conditions are preferred mostly indigenous species that are most likely to fit into the ecosystem and are
easily adapted to the climate. If the exotic plants are introduced, they may become problematic weeds so they must be screened
carefully before placing (Li et al, 2003; Chaney et al, 2007).

IX. CONCLUSION
In recent times, there is continuous development of technologies to remediate contaminated soil. Growing technologies aim on
biological processes which mainly include vegetation, micro organisms and soil dependent insects for green, eco-friendly,
combined, sedentary and fast remediation to cure polluted areas. The ill effects on the biosphere and on Homo sapiens can be
reduced by using specific species of plants. The collection of heavy metals can be aided by vegetative plants and algae to reduce the
effect of contaminants when compared to chemical methods. The main intention of the reclamation is to restore the ecological
solidarity of the degraded areas.
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The plants selected for the revegetation must be capable of surviving in the local environment and rebuilding the soil structure and
to nurture the ecology. The regeneration and productiveness of the abandoned mine land will increase once there is revegetation,
and the offsite damages also gets minimized. In addition to the ecological development revegetation also increases the aesthetic of
the area. Reclamation must consider the function of the land as an integrated system which is above and below the ground so not
only planting a new landscape can help in successful reclamation, it must go beyond revegetation.
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