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[bookmark: _Toc37007916]Executive Summary
In developed nations such as the UK, contaminated land is a rising area of attention. It is believed that there are over 100,000 sites across the UK which fall into the category of “contaminated”. Many of these sites are former industrial sites undertaking many processes over long periods, each displaying the presence of numerous hazardous materials (Davidson, et al., 1998). Each location in need of remediation to ensure the safety on site. Prevention of contamination is the most proactive measure that is cost effective and not time consuming, but in many cases sites have not been maintained to a suitable and require drastic remediation techniques (Liu, et al., 2018).
To approve the redevelopment of a recently bought industrial site, the local council have stipulated that land be remediated before planning permission could be obtained by the redeveloper. The land in question is suspected to be contaminated with several heavy metals including Cadmium, Chromium, Mercury and Zinc. A combination and abundance of these heavy metals may induce an ecosystem malfunction resulting in 
A contaminated land survey must be carried out in order to investigate the situation. The land contamination survey through various phases, researches the location and nearby vicinities establishing characteristics that indicate that contaminants are present. Once this has been carried out the land is tested utilizing these characteristic changes as primary areas. The land survey will then determine the appropriate measures in which the land will be remediated. Additional issues surrounding land contamination survey’s must be addresses in order to comply with the extensive legal requirements dealing with land contamination.
As the land contaminated contains several heavy metals, an exploration of all possible techniques suitable to these contaminants will be studied. These range from measures that can be performed in situ or ex situ. Remediation can be accomplished by a diverse range of techniques and disciplines. These include subcategories such as physical, electrical, chemical and biological remediation strategies. These techniques vary in duration and level of extraction which determine which technique would be used. 
There are also additional attributes associated with each of the remediation methods. Some techniques may present an immediate solution to control the contaminants present in the soil but create further problems such as health and safety issues or legal but ethically immoral. Subsequently to evaluating the various techniques the coinciding impacts to health and safety, ethical issues and associated costs will be analysed     
[bookmark: _Toc37007917] Contaminated land survey and associated issues
Contaminated land surveys are carried out to ensure that waste materials on site do not pose any risk to health or damage to environment and surrounding areas. On a site such as this heavy metal’s pose risk to health through physical contact and ingestion of soil. This impacts the food chain of local wildlife from soil to plant to animals. The soil can also contaminate water sources as rainwater passes through the soil. When extensive levels of hazardous materials are located, the appropriate remediation techniques are used to return to return the land to a safe level (Okieimen & Wuana, 2011).
A contaminant is defined as a substance that has the potential to cause harm or pollute an environment. Pathways are possible courses a contaminant can travel or pass through to contaminate a receptor. A receptor can be a living organism or ecological system which can be harmed by a contaminant (Forton & Asaah, 2012).
A contaminated land survey is undertaken through a series of phases. Phase 1 consists of a desk study. Its purpose is to save time and resources that would be used on site to conduct a detailed survey conducting soil samples. The geographical characteristics of the site can be analysed by searching for changes or observations that identify potential contaminants and pathways a pollutant could travel such as groundwater and surface water (Gateshed Council, 2013). This phase could utilise past land surveys and satellite images and many other archived environmental records that would suggest the site has been monitored before. It could be discovered that a previous investigate for contaminants has taken place before hand at the same location. The study would also research neighbouring sites and their activities that would indicate an external contamination source. A site walkover, known as a site reconnaissance can be done at this phase purely to make observations to validate records and geographical data gathered previously (Adeptus, 2019). If the previous site is known to use substances that could contaminate land it is useful to locate areas of the site which they would have been stored at, used or disposed of. The result of phase 1 should be to carry out a preliminary risk assessment and construct a conceptual site model (CSM)
Phase 2 is carried out to investigate on site the accuracy of the conceptual site model constructed in phase 1. The land is further investigated by an assessor since records have limited knowledge of its current state. This phase is needed to physically quantify the level of contaminants present in the soil which is based on preliminary and on-site findings. Once soil pollutant levels and observations have been recorded, a full risk assessment is produced where it must clearly establish relationships between pathways and receptors and other risks the site poses. 
A land contamination survey typically contains only the first two phases previously mentioned, as they relate to the physical and research-based land investigations. Phases 3 & 4 are an extension of the land survey, these are the measures in place to ensure the whole process of the land remediation is successful and in compliance with laws and legal requirements.
Phase 3 highlights the remediation strategy. It selects the appropriate pollutant control method and submitted for approval. The submission must demonstrate how the contaminant will be removed or reduced to a suitable level which no longer causes harm to a receptor (Manchester City Council, 2016). Only once approved may the remediation process begin on site.
A report known as a validation or verification report is produced throughout the entire duration. A report is written recording the extraction of contaminants from the soil following the strategy proposed to the relevant governing body and detailing any changes throughout the process. The report may also include documentation of monitoring on sites where the presence of contaminants may still be detected or encapsulated. Ensuring that after remediation has taken place, the soil is at an acceptable level or determining that more measures or remediation techniques need to be evaluated and introduced.
Before a remediation scheme can be undertaken several permits are required, for example water abstraction, discharge, disposing of substances and treated water. Each of these are required by law but individual authorities have Additional requirements to read their own specific standards. After remediation when contaminated material has been excavated or extracted it is still regarded as waste. Therefore, it must be dealt with respect to handling, transport and treatment legislations, such as landfill regulations 2002 and hazardous waste regulations 2005 (Environment Agency, 2010). 





[bookmark: _Toc37007918]Evaluation of possible pollution control techniques
There are vast amounts of techniques to remediate land. They can be performed on site or the soil can be taken off site to it be dealt with there. Specific to the remediation of heavy metals any of the following techniques could be used as an appropriate measure:
Ex Situ
Physical; landfilling
Chemical; soil washing & solidification
Thermal; Vitrification

In Situ
Physical; surface capping & encapsulation
Electrical; Electro kinetics & Vitrification
Chemical; Soil Flushing & Immobilization
Biological; Phytoremediation & Bioremediation  




[bookmark: _Toc37007919]Physical 
The in situ physical methods that could be performed are surface capping and encapsulation. Surface capping utilizes an impermeable material typically concrete that spans the surface area of the contaminants below grounds. This layer of concrete would then act as a barrier prevent exposure to receptors at the surface of the topsoil. The barrier diverts surface water from passing through the contaminated soil, eliminating the contamination of ground and surface water. Like surface capping, encapsulation adds additional barriers to surround the whole breadth and depth of the contaminated region using impermeable walls (Khan, et al., 2004).  
Landfilling is a physical ex situ technique where the contaminated material and soil is excavated and transferred to a designated landfill site. Following the same principles to the in-situ techniques but on a larger scale to incorporate larger volumes of waste. The site is constructed with double liners to ensure pathways are limited. A surface liner reduces the effects of rainfall by diverting it away and the landfill contain leachate drains extracting the contaminants that have dissolved into the water as well as monitoring the contaminants levels on site regularly (Regadio, et al., 2015).


[bookmark: _Toc37007920]Electrical
Electrical techniques can be used at location where other methods are seen struggle on land that has a low permeability such as clay. Electro-kinetic remediation operates using pairs of electrodes in the contaminated soil, passing a current through the electrodes to remove the harmful contaminants produced by the heavy metals. Each electrode is encased containing an acidic or alkaline solution in which the metals dissolve into, and the electrodes and transported by the process of electromigration and electroosmosis attracted them to the positive and negative electrodes. To electrodes or casing are replaced regularly to prevent the build up of deposit at the cathode. To remediate the soil, several anodes would be placed around the perimeter of the contaminants with a central cathode (Ye, et al., 2019).  Electro-kinetic remediation can be performed in situ and ex situ. It has a limited range; therefore, it is not suitable for large areas of contamination.
[bookmark: _Toc37007921]Chemical
Soil flushing is the act of introducing a fluid to the soil’s surface via injection to extract contaminants. Appropriate fluid mixtures are used to the corresponding heavy metals present. These fluids contain acidic and chelating properties to maximise extraction. The process injects the fluid, filtering downwards it desorbs the metals from the soil. The fluid is collected in wells or drains beneath the soil and is then purified to remove the contaminants. After purification the recycled fluid is reinjected into the soil repeating the same process until completion (Lombi & Hamon, 2005). Higher yields of extraction can be seen in soils that have a higher permeability. 
Ex situ soil flushing undergoes a screening process to removes larger materials such as stones and wood. The soil then is sieved to separate finer soil particles from gravel. The finer particulates show reduced levels of contaminates and are rinsed and ready to be taken back to the original site. The remaining soil is suspended in the fluid mixture until contaminants are removed, rinsed and then also ready to be transported back to the original site. The fluid is then treated and recycled to repeat the process for additional batches of contaminated soil.
Solidification also known as immobilisation functions as a smaller scale encapsulation technique. This technique uses a binding agent to restrict pathways. Encapsulation covers the area around the heavy metals, whereas solidification that is also undertaken in situ, a binding agent is injected into the soil to solidify the contaminants in place, immobilizing their ability to cause harm (Speight, 2017). 
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Vitrification is the thermal process by melting the soil containing the contaminants. The soil is melted using immense temperatures exceeding 1600 ˚C. This molten state destroys any organic matter present through pyrolysis and vaporizes a portion of the contaminants. The remaining soil under this substantial temperature becomes molten glass and once cools it solidifies and encases the contaminants in the structure where no leachate can be produced. There are several ways in which this method can be produced from. An electrical current can be passed through graphite electrodes to replicate these temperatures. A more conventional method is to use a fuel-based heat source within a refractory to produce the energy source needed. There has also been a development into using plasma for the vitrification process and produces temperatures exceeding the other methods at over 5000 ˚C (Khan, et al., 2004).
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Vegetation such as plants, grasses, trees or a combination of them all can be introduced to the topsoil of a contaminated site to remediate the land. This process is called phytoremediation. The principles behind phytoremediation uses the natural abilities of the vegetation and through several actions decontaminates or reduces the heavy metals in the soil. Serval actions are performed by the vegetation to extract and deal with the contaminants. Phyto-stabilization absorbs the heavy metals from the soil and restrains the contaminants to remain the roots of the vegetation. Phytoextraction transports the metal particulates from the roots, relocating within the plant to area above soil. Once the contaminated matter has been relocated, phyto-transformation uses the vegetation to metabolize the metals, reducing their toxicity. The contaminants are also released from aerial sections of the plants. The metals within the water of the plants are expelled into the atmosphere as a vapour through the process of phytovolatilization (Shah & Daverey, 2020).     
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Many of these techniques previously mentioned in section 3 will meet all the legal and council given requirements but present further disputable issues during and after the remediation process. Each remediation process has different financial downsides due to transport and heavily complicated processes which deter business, opting for cheap alternatives. The actions of the processes itself may pose risk to employees, or temporary measures that are used delay or relocate the contaminants where they can cause future harm. 
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Surface capping presents many ethical issues. Although the contaminants are contained below this impermeable layer, there has been no attempt to lower or eliminate the contaminant levels themselves, acting as a temporary solution rather than a long-term remediation technique. Surface capping is an inexpensive and straightforward process which makes it a widely used solution. However, surface capping does not fully enclose an area and pose the risk of water producing leachate and potentially contaminate a groundwater source. As a result of this barrier, the topsoil is no longer suitable to support efficient growth of vegetation, damaging the ecosystem long term (Liu, et al., 2018).
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Electro kinetic remediation can take months to perform before significant results can be seen and the site would not be visually appealing with numerous electros and connecting wires spread across the soil.
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Soil flushing can be an expensive process to make access for a drainage system to extract the contaminated fluid. If the drainage system is not appropriate the fluid can access nearby groundwater sources and then addition expenses are needed to purify and remove contaminants from an additional unnecessary location.
Solidification performed ex situ along with many of these techniques transport the soil to be remediated off site. Ex situ creates additional cost due to these transportation costs. Specific to solidification, as this binding agent is added the respective volume significantly increases and when being disposed of has additional costs. The binding agent is efficient at containing contaminants produced by the heavy metals, but they are still present and could cause harm in the future if the material was to be damaged, re-exposing the contaminants (Liu, et al., 2018). 
[bookmark: _Toc37007928]Thermal
Once the soil has been excavated and becomes this molten glass substance, it has no more use in supporting the growth of organic matter. The in situ methods are preferred over the easier ex situ method as the inhalation of the toxic particulates during the melting process in extremely dangerous (Bradl & Xenidis, 2005).
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Phytoremediation presents the simplest form of remediation to undertake as it doesn’t require machinery or corresponding skilled worker to undertake. It uses a natural process and is visually appealing to society with the sight of vegetation and not a ghastly construction site. However, this takes a long duration extracting contaminants from the soil as the plants grow. Vegetation are not effective with high levels of contaminant leaving many of the heavy metals would still be present in the soil. Appropriate selection of species of vegetation needs to be consider relevant to the specific to the deposit of heavy metals (Patra, et al., 2020).
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Many of these are ideal techniques that would sufficiently remediate or reduce levels of contaminants within the soil. Subsequently, the combination of multiple techniques could ensure the total remediation of the land, gaining the benefits associated to each individual technique (Ramadan, et al., 2018). Many of these processes are capable of being undertaken in situ and ex situ. Ex situ tends to create additional complexity and cost, so if possible, remediation should take place in situ providing that the volume of contaminated soil is small.   
[bookmark: _GoBack]Techniques such as surface capping, encapsulation, solidification and landfilling should be avoided and utilize other techniques. The processes, as a form of preventing contaminants are effective but don’t necessarily remediate the soil. They create more volumetric waste and require monitoring as if the impermeable layers were to break, the contaminants would be exposed to possible pathways. However, some soils contain extremely high levels of contaminants and need to be disposed of in this way but should be avoided where possible to remediate. 
In locations where duration is not of considerable concern and the levels of contaminants are not excessive, phytoremediation should be the primary option. This method is extremely cost effective and does not require the excavation or transportation of soil. This method with relation to health & safety or ethical issues does not have many competitors with little to no downsides. However, sites vary significantly, and remediation techniques need to be selected appropriate to the geographical location.
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