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[bookmark: _Toc501078178]1.0 Introduction.
Being part of the Rhizosphere, soils play a fundamental part in the sustainability of the natural environment. soils are a complex system which are home to many microorganisms and plants. 95 percent of human food production is reliant on soils(FAOb, 2015) and the importance of its preservation had long been neglected.  as the expansion in human populations has taken place, an undeniable increase of pollution has been occurring through which poses risks towards public health. Due to the historical increase of pollution, both natural and man-made, new technological advancements have been invented for dealing with contaminated soils. Soil remediation, also known as soil washing entails an array of different technologies that focus on the removal of contaminants such as; petroleum, pesticides, heavy metals, cyanides etc. the techniques can be categorised into two main methods, IN-Situ and Ex-situ. In-situ methods treat the contaminant within its locality, while Ex-situ methods require extraction and treatment at a treatment facility. The aim of this report is to assess the different remediation methods used in the treatment of soils, which have an acceptable efficiency rating and are economically feasible.

[bookmark: _Toc501078179]2.0 Remediation techniques
[bookmark: _Toc501078180]2.1 technique description
Thermal techniques are used to destroy or reduce the amount of contaminated concentration within the soils, by either applying a high-gradient heat, directly or indirectly to the contaminated area(Dixit, Nigam and Mishra, 2016). A few examples of thermal remediation technologies are as follows: Thermal deposition (In-situ/ex-situ) is the sublimation by volatilisation of the organic contaminant via the use of heat, predominantly applied at 600°c  and is also accompanied  by a second combustion which produces a soil equivalent substance; Incineration (EX-situ) which in particular is applied to organic contaminants, thus damaging the toxicant  enough to render it futile. (Dixit, Nigam and Mishra, 2016)
Chemical techniques are commonly used in order to reduce a contaminant’s mass by transmography, concentrating the toxicant for disposal, or by destruction(Dixit, Nigam and Mishra, 2016). Although these techniques are highly effective, due to the use of chemical reagents, there is a negative associated impact on the surrounding environment. Chemical remediation technologies include: pump and treat (EX-situ) which abstracts groundwater, it is then treated for up to 2 years until it is a non-volatile substance, at which time it is then acceptable for re-dispersal into the environment; Air stripping (In-situ), volatile compound removal by use of bubbling air through the liquid substance.
Biological remediation processes involve the implementation of micro-organisms for direct or indirect degradation, absorption, accumulation, or transformation of contaminants. Examples of biological remediation processes are; Phytoremediation, this method utilises living plants in order to restore soil back to an acceptable quality (Meuser, 2013, pp.243-256). A more in-depth analysis on phytoremediation will be presented within the discussion section of this report. Land farming (Ex-situ, in-situ depending on the contaminant being based close to the surface), excavated soils settle within slim layers and are further degraded via microbial degradation of the toxicants with help from minerals, moisture and nutrients.(Dixit, Nigam and Mishra, 2016)
Physical remediation techniques are particularly reliant on a variety of physical dissimilarities in the contaminants situated within contaminated soil particles and non-contaminated soil particles. It does not attribute any reduction in mass of the contaminant present within the soil, but rather concentrates the mass into a smaller residue, which is then treated further, or disposed at landfill (Dixit, Nigam and Mishra, 2016). Examples of physical remediation are; vapour extraction (In-situ), soil washing (Ex-situ), soil vapour extraction (In-situ) Electro-remediation (In-situ/Ex-situ) Air sparging (In-situ) (Dixit, Nigam and Mishra, 2016)
Stabilization/solidification remedial practices are measures in which the soils are remediated via reducing mobility of the contaminated material through the implementation of low permeable substances.  For example; an (in-situ) process called vitrification takes the hazardous materials and their medium, the toxins are then introduced to an electronic current with a general heat expenditure of 1600°c where transformation takes place. The non- organic compounds are turned into a melted substance, and the organic matter is eliminated through pyrolysis (FRTR.gov, no date). After the pyrolysis process has taken place, the vapour and residues from the combustion process are confined and then integrated into a stable leech proof vitrified glass (FRTR.gov, no date).
Containment measures (Non-treatment , civil engineering) is a process in which the contaminant is encapsulated and sealed, either by capping it off, building containment structures, e.g. walls, or by any means with a low permeability  from the  adjacent environment, therefore mitigating the movement of the toxicant(Khan, Husain and Hejazi, 2004).
[bookmark: _Toc501078181]2.2 technique selection
whilst selecting the appropriate remedial technique, it is important to be aware of a magnitude of site-specific toxins that are to be remediated against, this can be achieved by doing an environmental impact assessment (EIA). On-site contaminant(s) need to be identified, which is achieved within stage  1 or 2 of the on-site evaluation process of the EIA, then followed by an assessment of the technique most appropriate for implementation (Dixit, Nigam and Mishra, 2016), which is based upon a multi-criteria analysis as characterised below (Critto et al., 2006).
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[bookmark: _Toc501078192][bookmark: _Toc501078303]Figure 1:  evaluative criteria on which remediation procedures are based (Critto Et al., 2006)
[bookmark: _Toc501078182]2.3 Legislative measures and NGOs
due to the non-obsequious manner of contaminants, they are often not strictly confined to one specific geographical location, transportation across borders can occur via aquifers, aerosols, sediments and water discharge. An effective way as to remediate against trans-border transportation is the use of Intergovernmental legislation, which can be described as being “a credible, comprehensive model law on soil contamination, which makes a considerable progress for remediation of contaminated sites globally and hence could reduce health and environmental risks for future generations” (Azam, M.M., 2016). However, political factors do play a significant role in the implementation of such legislation, for instance, Brexit may prove to have a negative impact on the execution of legislative acts in the coming future. In a 2016 publication, Coman and Mutean stated “ in 2015 work is still undergoing in shaping a common EU policy on the management of contaminated sites, discussions and negotiations with national mark between representatives of various member states being still not finalized”(Coman et al., 2016), however as of 2016 baseline legislative measures have been outlined in a certain number of countries, most noticeably the United states of America’s  federal government Superfund programme  that is regulated by the EPA (Environmental protection agency), which was ” established as the Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA)”. Amongst other instruments implemented  in order to mitigate, the superfund has a hazard ranking system (HRS) from 0 to 100 that evaluates the risk potential and severity of a toxicant(s) a score of 28.5 puts a site on the national priority list (US EPA, OSWER, 2016).china has the ad hoc approach, and the United Kingdom of Great Briton has the  independent non- profit organisation CL:AIRE (Contaminated land: Applications In Real Environments) that was formed in 1999, with the aim of stimulating rejuvenation by  raising awareness towards the UK's contaminated land and sustainable  remediation technologies (CL:AIR.co.uk, 2017)
[bookmark: _Toc501078183]3.0 Discussion
3.1 Assessing criteria
As seen below in Table 2, various techniques are available for soil remediation assessment. By analysing the (soil type, contaminant) the most relevant and applicable technologies can be placed within primary categories in terms usage, duration (ranges in rank from A, 1-6 months, to D, 2-5 years) and cost (US$ per Tonne of soil treated), with a rank from A through I. A equals an amount greater than 150$ and I less than 10$) efficiency (equals the % of medium remediated). In regards to developmental status, F is the representation of (fulfilled) and P is the representation of (under-progression), which concerns the case of Phytoremediation , due to its technologies not being fully developed according to the source (Khan, Husain and Hejazi, 2004).

	Technique 
	Development status 
	Contaminant 
	Soil type 
	Cost 
	Efficiency 
	Duration 

	Soil washing` 
	F 
	B–F 
	F–I 
	A–B 
	A 
	A 

	Soil vapour extraction 
	F 
	A–B 
	F–I 
	C 
	A 
	B–C 

	Land farming 
	F 
	B–C 
	A–I 
	C–D 
	B 
	B–C 

	Soil flushing 
	F 
	A–F 
	F–I 
	C–F 
	B–C 
	A–B 

	Solidification/stabilization 
	F 
	C,E–F 
	A–I 
	A–B 
	A 
	B 

	Thermal desorption 
	F 
	A–F, except C 
	A–I 
	C–E 
	A 
	A–B 

	Bio piles 
	F 
	A–D 
	C–I 
	E–F 
	A–B 
	A–B 

	Bioventing 
	F 
	B–D 
	D–I 
	C–E 
	A 
	A–B 

	Phytoremediation 
	P 
	A–F 
	Independent 
	D–E 
	C–D 
	D–E 

	Bio slurry system 
	F 
	A–D 
	D–I 
	A–C 
	A 
	A 

	Encapsulation 
	F 
	C–F 
	A–I 
	B–D 
	B 
	B–C 
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Efficiency 
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	 R
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	Range, US$/t
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	Rank 
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	VOCs 
	A 
	Fine clay 
	
	A 
	More than150 
	A 
	More than90% 
	A 
	1–
6months 
	A 

	SVOCs 
	B 
	Medium clay 
	
	B 
	 
75–150 
	 
B 
	 
75–90% 
	B 
	 
6–
12months 
	B 

	Medium to heavy hydrocarbons 
	C 
	Silty clay 
	
	C 
	 
50–75 
	 
C 
	 
50–75% 
	 
C 
	 
1 – 2years 
	 
C 

	Insecticides 
	D 
	Clay loam 
	
	D 
	 
25 – 50 
	 
D 
	 
Less than 50% 
	 
D 
	 
2 – 5 years 
	 
D 
 

	Inorganic 
	   E 
	Silt loam 
	
	E 
	 
10 – 25 
	 
E 
	 
	 
	More 
than 5 
years 
 
	 
E 

	Heavy metals 
	   F 
	Silt 
Sandy clay 
Sandy loam        Sand 
	
	F 
G 
H 
I 
	 
Less than 10 
	 
F 
	 
	 
	 
	 


[bookmark: _Toc501078193][bookmark: _Toc501078304]Figure 2:  A comparison of remediation techniques (Khan, Husain and Hejazi, cited in Dixie, Nigam and Mishra, 2016)
After examining the above-mentioned technologies and techniques, it may be a better solution in terms of sustainability, if more rigorous legislative measures and criteria are enforced and applied to on-site. For example, monetary viability and timescale in which it is practised in order minimalize environmental implications to human health and the natural environment. Phytoremediation is one technique which seems most applicable in terms of sustainability.
[bookmark: _Toc501078184]3.1 phytoremediation
phytoremediation is a very versatile method which can be applied independently (figure 2). It is split into two contributory categories; Phytodecontamination and phytostabilisation.  two subsequent methods are a derivative from both, phytodecontamination; which concentrates degradation as well as eradication processes and phytostabilisation which incorporates physical measures that balance soils and impede contaminant(s) pathways (Meuser, 2012). Phytoextraction entails the use of plants to uptake contaminants into their biomass, via root extraction, and then ensuing harvest. Phytodegradation uptakes contaminants within the plant and creates degradation of organic material through microbial enzymes. Phytovolatilisation extracts contaminants from the soil, using plant metabolism and the volatile’s are then released into the atmosphere via transpiration (Meuser, 2012). Phytostabilisation is a set of accelerative root development processes which stabilize soils in a denuded state which have the capability of marring adjacent sites, evapotranspiration is the process by where the leeched toxicants are reduced and a less hazard potency in groundwater occurs (Meuser, 2012). Phytoremediation techniques favour plants with high accumulative traits due to their ability to reduce treatment time-scales(Ali, Khan and Sajad, 2013).

[bookmark: _Toc501078185]3.2 ISV soil vitrification
 
soil vitrification can be performed in both in-situ and ex-situ procedures. ISV (in -situ) is a process that is implemented on shallow-base waste sites. An electronic current is passed through graphite starter paths via electrodes. The generated heat is intense enough to melt soil. Temperatures used for ISV treatment range between 1,600c to 2,000c (CPEO, no date). 
 [image: ]
[bookmark: _Toc501078194][bookmark: _Toc501078305]Figure 3: Insitu Vitrification (infohouse.p2ric, 1999)
soil melt starts at the surface and moves downward along with the electrode, causing the soil to become molten, toxic gas effluent created due to the intensive heat also requires its own collection system. Once the electronic current is switched off, the soil then cools and vitrifies into a solid block, a Glass-like substance containing the contaminants, which stays in place in order to mitigate against harmful chemical seepage. Sinking of the surrounding soil occurs as this process is taking place. New clean soils are then introduced to the area. 
Soil vitrification can be applied to any soil type, although it is not favoured when it comes to soil saturated in heavy water content, usually due to energy cost to produce the desired outcome.
[bookmark: _Toc501078186]3.4 soil vapour extraction
Soil vapour extraction (SVE) uses vacuum suction to remove both semi-volatile and volatile contaminants from the soil. SVE is a process which can take several years depending on the contaminants in the soil and their accumulation (USEPA, 2012). SVE requires drilling extraction wells into the subsurface to a depth of about 3 feet, as long as it sits above the water table. Sometimes the area needs to be paved for vacuum to be most effective. [image: ]
[bookmark: _Toc501078195][bookmark: _Toc501078306]Figure 4: Soil vapour Extraction illustration(USEPA, 2012)
In Certain cases, steam is utilised within the process, as it tends to help with the speed. As the steam is injected into the soil, temperatures rise, which in turn increases the pressure and makes the toxic substances exit the soil faster. steam can also be used to help with the displacement of water. steam is effective in treating organic pollutants, however, it is rendered useless on non-organic insoluble pollutants such as soils and heavy metals (Coulon et al., 2016) SVE treatment comes with certain limiting factors, with the most prevalent issue being that the steam re-liquefies and has the potential of raising groundwater levels. Distribution of contaminants has been known to occur.

[bookmark: _Toc501078187]3.3 case studies
[bookmark: _Toc501078188]3.4 The Hanford site
The Hanford site, located adjacent to the Columbia River in the south-eastern part of Washington state USA was created in 1943 as a National defence related plutonium production facility. The 586-square mile facility was in production from 1943 to 1987 and was home to the B Reactor, the first plutonium-producing reactor in the world. Decades of plutonium production left behind over 53 million gallons of radioactive contaminated waste (United States Department of Energy, 2015) which was stored in 177 tanks, and another 200 square miles of contaminated groundwater which was found to be leaking into the Columbia River and into aquifers . radioactive wastewater was found as far away as the Oregon coast. Production stopped in 1987, and clean up began two years later in 1989 when the Tri-party Agreement between the State of Washington, the United States Environmental Protection Agency (EPA) and the United States Department of Energy (DOE) was reached. Due to the amount of waste at the Hanford site, the construction of the world’s largest radioactive waste facility is currently underway. Known as the Vitplant (DOE, 2017), it will process and stabilise millions of gallons of waste currently stored within the tanks on site, using vitrification technologies. The site will be 63 acres and contain four facilities
[bookmark: _Toc501078189]3.5 love canal
located in Niagara Falls, New York, USA. Love canal was built to provide hydroelectric power to the local community which was rapidly developing at the turn of the 20th century. The development was abandoned and the canal filled with water. A company named the hooker chemicals and plastic corporation used the 9,570- foot canal to dump some 21,000 tons of its hazardous waste between 142 and 1953, which contaminated groundwater and the soils (EPA, 2017). In 1953 the area was leased to the local education board and the area was then considerably re-developed. In the early 1970’s the local residents began to notice foul odours and chemical residues, cancer rates sky rocketed. And by 1980 a federal environmental emergency was declared for the area. 950 families had to be evacuated. In 1987 the U.S. EPA chose to build a thermal treatment facility in order to treat the Dioxin contaminated sediments. The event shows how the Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA) which was created by the Federal government as part as the super fund  Was used to its full extent, the land and properties were purchased back from the families, along with compensation.
[bookmark: _Toc501078190]4.0 conclusion
in conclusion, various soil remediation methods exist, with each one having its advantages and disadvantages, through assessing the various techniques it should be stated that in order to achieve maximum results each technique requires a comprehensive strategic approach, whether it be for time, money or effectiveness. In regard to the most applicable practice, phytoremediation seems to be most viable option as it seems to be the one which produces the fastest results.
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