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1.0 Introduction 
Soil is vital to the environment, not only for flora and fauna, but also as an essential store and source for atmospheric elements . Recognition of soil as a fundamental supporter of the biosphere is on the rise, arguably sitting at the base of all conservation efforts.
The Food and Agricultural Organizations of the United Nations recognize the drivers of change on soils to be the following, all of an anthropogenic nature. 
Population growth & Urbanization – In efforts to meet demands for a growing population, traditional farming methods employed in areas of low agricultural activity are resulting in detrimental effects, such as loss of nutrients, soil acidification and decline in biodiversity.
Education –  The management practice used is often linked to the level of education the land owner has.  
Marketing land – This often leads to change in land use. In less economically developed countries it is often a reduction in forest cover and an increase in cropland, often leading to intensive soil erosion and gullying. 
Economic Growth – Contaminants in soil from primary industry are found to increase in correlation with economic growth, due to an increase in consumer consumption. 
War and civil strife – Armed conflict results in extensive damage to the soil horizons, often depositing non-biodegradable materials and chemicals into the already affected soil. 
Climate change – Changes in precipitation patterns will have major impacts on rainfed soil and food resources, effects of this will vary on location. 

To remediate soil, is to reduce and remove concentrations of contaminates from the soil horizons .  There is no one method of remediation, the method implemented will vary from case to case, meeting technical and environmental criteria . EPA identify the four main remediation methods to be physical, chemical, biological, and thermal; these are applicable to both in situ and ex-site cases. However, as covered in ‘A Development of a Decision Support System for Remediation Option Selection for Contaminated Sites’, contaminants can be categorized into the following 12 categories: 

Table 1: Categories of soil contaminants (Dixet et al., 2016)
Organic substance group 	Example 
Volatile organic compounds 	Benzene, ethylbenzene, toluene, xylene 
Halogenated hydrocarbon 	Tetrachloroethene, trichloroethene, trichloroethane, 
Non-halogenated hydrocarbon 	Oil, fuel hydrocarbons and phenol 
Poly aromatic hydrocarbons 	Benzo(a)pyrene, indeno(1,2,3 cd) pyrene 
Polychlorinated biphenyls 	209 congeners including PCB 28, 52, 101 etc 
Dioxins and furans 	2,3,7,8- tetrachlorodibenzo-p-dioxin 
Pesticides and herbicides 	Dieldrin, hexachlorocyclohexane 
Inorganic substance and explosive  	Example 
Heavy metals and metalloid 	Arsenic, cadmium, lead, copper, zinc 
Non-metals 	Sulphate, sulphide, nitrate 
Asbestos 	Amosite, chrysotile 
Cyanides 	Free cyanide, combined cyanide  
Explosives 	Trinitrotoluene, RDX, nitroglycerine 


 This report sets out to describe and investigate a variety of remediation methods and how efficient they are at mitigating against the anthropogenic influences on soils . 
2.0 Literature Review   
2.1 Remediation – A Description of Techniques 
The techniques used as mentioned previously, fall into the four main categories of physical, chemical, biological, and thermal. However, some methods can be described as using a civil engineering or stabilization methodology. 
Physical -  The differentiation between soil and contaminant is the main factor in which physical remediation methods rely upon . Though physical remediation does not remove contaminants, it looks to dissipate and reduce the concentration to an acceptable level , though soil may require further remediation . There is a plethora of physical methods available such as air sparging (in-situ) and soil washing (ex-situ) to remediate soils . 
Chemical – Often used for the reduction and removal of heavy metals , chemical agents are used in order to remove contaminants from soil for disposal . Examples of this include air stripping (in-situ) and pump and treat (ex-situ) . 
Biological – This method of remediation relies on the introduction of micro-organisms into the soil, the micro-organisms used are able to bioaccumulate contaminants, reducing and degrading them  though this can also be due to merely the activity of the organisms and not the organisms themselves. Examples of bioremediation are land farming (ex-situ) and phytoremediation (in-situ), phytoremediation being a method explored in the latter half of the report.
Thermal – Remediation of soil through a thermal means, is to destroy or to concentrate contaminants, so that the total amount of contaminants in the soil is reduced . Examples of thermal remediation include incineration (ex-situ), the use of high temperatures to remove organic/hazardous contaminants. Another method being thermal desorption (in-situ/ex-situ), the process of volatizing organic compounds, producing a soil like by-product, this process happens typically at 600°C. 
Solidification/Stabilization – Solidification is the process in which soil contaminants are physically bound, preventing further spread, thus stabilizing the soil. Injection (in-situ) is a common practice in which concrete or stabilizing agents are pumped into substrate , though arguably the injection of stabilizing agents could constitute as a chemical remediation method. 
Containment (civil engineering)– Though some may not consider this as a method of remediation, containment is a method of civil engineering that involves the capping of a contaminated area, to prevent further spread to the surrounding environment . It is common practice that capping must be done with a material of low-permeability, a flexible membrane is a preferred method, allowing control of trapped gases . Though it is important to note long-term monitoring is often required for these methods. 
2.2 Selecting a Technique
There are a variety of remediation methods and techniques available for addressing contaminants within the soil. The determination of which technique used is dependent on multiple factors, such as contaminants, cost, characteristics of the site, feasibility of the technology, time requirement, and regulations . After carrying out an initial assessment to identify the contaminant, an assessment is then carried out to determine the appropriate method of remediation. ‘A development of a Decision Support System for Remediation Option Selection for Contaminated Sites’ defines a set of macro-criteria for this, as shown in figure 1.

Figure 1: Macro-criteria and associated criteria used for comparison of remediation technologies (Critto, et al., 2006).
2.3 Legislation and Factors Affecting Remediation 
Legislation is important regarding contaminated land, legislation ensures the soil is properly treated, as failing to deal with the contamination adequately could potentially lead to adverse effects on human health . Within UK law, contaminated land and soils are covered in ‘National Planning Policy Framework’. The document sets out general guidelines in which all planning and industrial activity must ‘minimise impacts on biodiversity and geodiversity’ whilst also being able to ‘contribute to and enhance the natural and local environment’. However, it is important to note that the remediation of contaminated land is covered in multiple policies, such as the ‘Water Framework Directive’, and must act within the limits of European Union’s (EU) policy.  
Though varying at each case study, it is important to note that some contaminants are mobile and use various means, such as ground-water flow, to transport the contaminants. This means that contaminates are not subjective to one geographical location and can travel cross-country or even across borders. An example of intergovernmental legislation is the European Union. EU member states are subject to EU Directives, with multiple regulations affecting the treatment of contaminated land (See Figure 2). 

Figure 2: EU framework and factors affecting contaminated land . 
Geo-political factors can also affect the treatment of contaminated soils, an example of this could be ‘Brexit’, in which there are worries that Brexit will impede soil legislation and development. However, amid Brexit concerns, on October 23rd, 2017, there was the parliamentary launch of the Sustainable Soils Alliance (SSA). The SSA states that it hopes to “Seize the opportunity presented by Brexit and the resulting re-evaluation of political and policy priorities to put soil at the heart of future government frameworks for farming, the environment, construction and planning.” This is an example in which change will lead to currently policy for contaminated land being revised. 
3.0 Discussion 
This section is dedicated to discussing the benefits and limitations of phytoremediation and vitrification. 


3.1 Phytoextraction 
A method of biological remediation used both in-situ and ex-situ, phytoextraction is the utilization of plants ability to hyperaccumulate and remove heavy metals from the soil . Research into phytoextraction primarily looks at two areas. The remediation of contaminants such as Pb, As, Cr, Hg being one area and the other being ‘mining’ – the recovery of metals and inorganic compounds . Harvested plants will either be incinerated or alternatively composted in order to obtain metals.
There is a multitude of benefits for using phytoextraction. Once incinerated, the volume of the plants used is dramatically reduced, requiring less landfill space. Phytoextraction is cheaper than most remediation methods – costing between $60,000 to $100,000 per acre ($15-$40 per cubic meter. This cost encompasses the following: maintenance, monitoring, verification testing, and $10,000 per acre for planting. In comparison to other methods such as vitrification, phytoextraction does not destroy soil structure , meaning the soil quality is not diminished and there is minimal environmental impact. This is also the most environmentally sustainable method of remediation, as it essentially solar powered, requiring energy only at seeding and disposal. 
There are however limitations to this method. Time is a major limitation, taking considerably more time than other methods. Due to root systems, extraction of inorganic contaminants is limited to the rhizosphere, which is only a mere 24 inches. There is the potential to use deeper rooting plants such as pine trees, due to their deeper root systems which are in excess of 3 feet . However, leaf litter may raise concerns as it has the potential to re-contaminate the soil. It is worth noting that mass planting of hyperaccumulating crops has the potential to reduce local biodiversity, planting should consider this. 
3.2 Vitrification 
A method of thermal remediation that is used both in-situ and ex-situ, vitrification is the use of heat to solidify material (soil & inorganics) into a glass like solid mass. Vitrification is used in the removal of inorganic compounds and radionuclides. Extremely high temperatures, typically in excess of 1600°C, are created by inserting two electrodes at either end of the site and then passing electrical currents between them . In order for vitrification to take place, glass-forming additives are added to the soil . During the heating process, the electrodes begin to sink further into the ground, heating as they travel downwards. After the heating process has finished and the power has been turned off, the vitrification begins, and the mass begins to cool. The contaminants are encapsulated within the glass like mass, unable to permeate through. 
There are many benefits to using vitrification as a method of remediation. Vitrification is highly applicable to a large variety of soils and contaminants. Though the initial cost is high in comparison to methods such as phytoextraction, at $267 per cubic yard, it is cost effective. High initial costs result in savings in areas such as monitoring and storage, this is due to a 97% reduction in waste in comparison to the most common method (Air sparging) . The vitrified waste has a high durability, with leaching from vitrified wastes being on average much lower than from comparable untreated waste. There is also a potential to utilize waste glass, however this would most likely depend on what substance has been vitrified. 
There are however limitations to this method. One of the main limitations of vitrification is the area in which it is limited to. Vitrification is limited to an area of 40 feet by 40 feet and a maximum depth of approximately 20 feet . Though methods of remediation, such as phytoremediation, can achieve a much greater area, vitrification can reach a greater depth than that of phytoremediation. Though this is not beneficial, should the contamination extend beyond 20 feet. The amount of energy available is another limiting factor, affecting the size and depth of the area that can be remediated.  
Other limiting factors include the water content, and this again comes back to energy. Extra energy is essential for the remediation of soil with a high-water content, this is so that the soil is dried prior to the vitrification. By doing this it has the potential to increase overall costs by 10%, which is not necessarily economically sustainable, making this method more economically viable to be implemented in areas with low moisture content. With heating the soil, it has the potential to evaporate the evaporate volatile contaminants, this poses a health and safety risk to workers on site. However, this can be combated by placing a vacuum cover over the site of remediation in order to capture the volatile gases . These gases can then be treated separately. 
The Centre for Public Environmental Oversight states that vitrification cannot be used when buried pipes, drums and rubble exceed 20% of the total weight of the site of remediation. From this, it can be presumed that vitrification cannot be used in areas with existing infrastructure, this is likely due to risk of damage to the infrastructure. Other methods such as air sparging may be more applicable where infrastructure already exists.
4.0 Case study 
4.1 Hanford Vit Plant Project – Washington, USA
Bechtel National Inc. is currently constructing the largest radioactive waste treatment plant in the world and is essentially one of the world’s largest environmental clean-up operations. 56 million gallons of chemical and radioactive waste are to be vitrified upon completion of the plant . The wastes origins are as a by-product of the United States national defences efforts to produce plutonium during the second world war and the Cold War. 
The waste is currently stored in 177 underground storage tanks. However, these tanks are aging and of these approximately 60 have leaked, leaching radioactive waste into the soil and the nearby river – the Columbia River.
The plant will be using ex-situ vitrification to treat the waste. The Hanford Vit Project methods will be to blend the mixture of excavated contaminants with “glass forming materials” and then heating it to 1,149°C. The mixture will then be poured into cannisters into steel cannisters in order to cool. By doing this the Hanford Vit Project can safely store the material, in its glass-like and impermeable form.
This the first nuclear facility to be built in the United States since 1996, when the construction of Watts Bar Unit 1, Tennessee had finished . The 65-acre site has four main facilities for the treatment of nuclear waste: Pretreatment (The largest Facility), Low-Activity Waste Vitrification, High-Level Waste Vitrification, and an Analytical Laboratory. The Hanford Vit Plant Project will require approximately 260,000 cubic yards of concrete, 40,000 tons of structural steel, and nearly 1 million feet of piping.
Though there are a plethora of vitrification projects, the Hanford Vit Project is a notable case study as it is the largest vitrification project of its kind. 
When producing something of this scale there is a “Cost/Benefit” analysis as to the impact. The construction of the plant will cause some significant environmental impacts, such as loss of habitat. Nevertheless, in the long term it is a more environmentally sustainable option to remediate the site, as it will ensure further chemical and nuclear contamination of the surrounding area does not ensue. 

Figure 3: Hanford Vitrification site location map

5.0 Conclusion 
Anthropogenic influences on soils continue to exploit soils, continually degrading and often contaminating them due to improper practices. Michael Gove stated that in the UK we could see ‘eradication of soil fertility' in the next 30-40 years, this is once again due to improper practices and past use of harmful agricultural substances. With threats like this facing the UK, it is evident that there needs to be research and development into remediation technologies in order to improve and benefit our soils. 
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