What is Soil Remediation? 
Soil Remediation forms a part of a range of processes that are intended to cleanse contaminated soils.  This is often referred to as Environmental Remediation.  Contaminants that may be present include hydrocarbons, heavy metals, pesticides and unwanted water.  The type of remediation method used is determined by the type of contaminant present.  Some methods are better suited to specific contaminants.  What is important to note is contaminated land can have a negative impact on the environment and of surrounding resident’s health.  This can prompt action by the government or local authority forcing immediate action to be taken to rectify the area.  The remedial action that is taken is based on human health assessments.  
There are many companies that offer remediation services and each offer different methods of rectifying the soil.   These are engaged prior to a project commencing, usually during the feasibility study.  Contaminated soils can be costly to rectify and most projects budget for this as early as possible.  The history of the site would be explored, looking at its past and current use.  This can be done through a desktop study and is usually followed by an intrusive site investigation.  This is where samples would be taken and analysed to determine the contaminant present and the concentration of it.  From these samples it will be possible to identify the most suitable technique to deal with the contaminants. 
Soil Remediation Techniques
There is a wide range of techniques that are used for soil remediation.  These can be split into two categories, in-situ and ex-situ.  In-situ methods treat the contaminated material without removing it or the groundwater whereas ex-situ methods treat the contaminated materials by excavating them and treat them of the surface.
There are many different techniques that are used and this report is going to look at a selection of in-situ and ex-situ methods to see how they work and also their effectiveness.  
Excavation
This method is often mistaken as moving material to landfill.  Excavating is a process of digging into the ground, this does not have to include transporting to landfill.  If the soil contains high concentrations of volatile organic compound (VOC), then simply aerating through excavation works can help.  Transporting material to landfill is usually done as a last resort and is only usually done when there is no other method to remove or reduce the contaminant.  This is done for example when removing asbestos.  The soil is excavated and loaded into lorries and transported to a regulated landfill.  However, advancements in bio-augmentation have proven to be successful in the remediation of semi volatile organic compounds.  This can be done on site.  
Excavating the material and sending to landfill is a very effective solution in terms of dealing with contaminated soils.  All the contaminated soils can be removed and the site can be classed as clean.  This usually means reducing the contaminants concentration to less than 1%.  This is classed as an acceptable level. However, that being said it can also be a costly method.  This type of material is not easily disposed of and it is required to be taken to designated landfills that are regulated for disposal.  Due to this regulation this can be costly, with most charging by the tonne of contaminated material.  For example, asbestos containing material is taken to a landfill in Swindon where there is a charge of approximately £250 per tonne.  Factor in the haulage and excavation costs and the overall price can climb rapidly.
Solidification and Stabilization
Both solidification and stabilization is a method that are based on how soil and a binder react to reduce the concentration of contaminants.  It involves mixing the contaminated material with cement.  The contaminated material solidifies when it reacts with the cement and this means that the pollutants present in the soil are unable to move.  In other words it physically restricts movement by creating a solid mass and through chemical stabilization reducing the availability of contaminants.  Factors such as rain could cause them to be transported into watercourses or through ground water systems.  Even though they are two separate processes, they are often used together.  By treating the soils on site, it reduces the dependency on landfills.  This method is economic way to rectify contaminated soils.  The idea of Solidification and stabilizing was developed during the 1950s and has been used increasingly to treat brownfield sites where industrial hazardous waste and contaminated soils have been found. (Malviya, R. et al 2006).   
It can be a long term solution.  In 2016, Celtic EnGlobe completed a report on a former tar tank that was established in 2006.  What this found was that “the physical and chemical performance of the material between 2006 and 2012 has been maintained, and in the case of UCS and leachability of some contaminants it can be concluded that the performance of the material has improved over the six year time period.” (Celtic Technologies 2017).
Some advantages of using solidification and stabilization technology include:
· It is possible to treat and reuse soils on site, 
· Treatment times can be rapid, this is dependent upon depth of treatment,
· Very Flexible method.  It is possible to use this technology to treat sludge, soils and waste materials.  
· Highly flexible – can be used to treat soils, sludge and waste materials contaminated with a wide range of contaminants to high contaminant concentrations,
· Easily adaptable for additional volume, particularly in the case of ex-situ,
Celtic EnGlobe have a wide range of carried out a wide range of contracts that, using this method, has successfully treated ground made from gas works waste, chemical waste and tar contaminated soils.  However, the long-term effects of this method as well as its durability have been questioned.  Factors such the CO₂ emissions from cement use.  This has reduced its potential and many companies explore alternative avenues for soil remediation.  Some of the other factors that have held this technology back include:
· There is a lack of technical guidance on solidification and stabilization
· residual liability associated with contaminants remaining on-site rather than their removal or destruction. 
· uncertainty over the durability and rate of contaminant release from solidification and stabilization treated material
· past poor practice in cement stabilization processes that was used in waste disposal in the 1980s and 1990s.


Thermal Desorption
Thermal desorption is a process that separates contaminants from soils by heating them in a chamber.  This heating vaporizes the water, chemicals and organic contaminants.  This process of heating will also vaporize certain metals.  This process differs from incineration as the contaminants are not oxidized.  The vaporized contaminants are then transported to a gas treatment system using either a gas or vacuum system.  Thermal desorption using two common designs.  These are a rotary dryer and thermal screw.  Rotary driers are inclined and rotate while heating the contaminated material.  This is done either with direct or indirect firing.  The thermal screw design use a screw to transport the material through an enclosed trough where hot oil/steam circulates and heats it indirectly.  This process is mostly used where the contaminated material can be removed and treated off site.  This means that this process is best suited to soils contaminated with aromatic compounds, volatile organic carbons and low molecular weight polychlorinated aromatic hydrocarbons. 

During this process, it is important to note that the contaminants are not necessarily destroyed.  These can be removed from the soil and then taken off site to be treated or to undergo further analysis.  The treatment involves removing contaminants and particulates from the gas.  This is done using fabric filters to remove particulates.  The contaminants can either be collected or destroyed.  They can be removed from the gas through condensation and carbon adsorption.  To destroy them completely, then a higher temperature will be needed.  This will be an added cost to the process.  What this gives rise to is two categories that thermal desorption can be placed.  These are high and low temperature thermal desorption.  

High temperature thermal desorption involves heating the soil to between 320⁰C and 560⁰C.  Due to these high temperatures, this is often used in conjunction with incineration.  Low temperature thermal desorption heats the soil to between 90⁰C and 320⁰C.  This low temperature method is often used to treat soils containing hydrocarbons and if the temperature is kept at the lower end of the scale, the organic components of the soil is not damaged.  This means that the soil will be able to support any future biological activity.  

Even though this process relies on vaporizing the contaminants through heating, there is very little gas is produced.  Compared to incineration, the temperatures involved with thermal desorption is relatively low.  If this process is done under vacuum, then these temperatures can be reduced more.







Bioremediation
Bioremediation is (the use of biological processes to transform environmental contaminants into less toxic chemicals. The process of bioremediation is typically carried out by microscopic living organisms, like fungi and bacteria, but plants can also support bioremediation efforts by providing an ecosystem for fungi and bacteria or by immobilizing pollutants.) (Hartsock, 2017).  This method is usually used to treat soils with organic contaminants.  One of the advantages of using this method is that the microbes die off when all of contaminate is consumed.  This means that the soil will be ready to be used at the end of the process and there will be no damage to the quality of the soil.  Bioremediation can take several months to be completed successfully.  The soil has to be left to break down the organic contaminants naturally.  Even though it is a lengthy process, it is still more economic than disposal.  The site conditions, target levels and type of contaminants have a bearing on the suitability of this method.  
The climate will have an effect on the effectiveness on the bioremediation process.  Living organisms have an optimum temperature range that they operate at, usually around 21⁰C and also be relatively humid.  In countries where there is a colder climate, it is common to cover the soil and ensure that it sufficiently insulated.
Some of the advantages of bioremediation are (Sharma & Reddy, 2004):
1. Organic contaminants are completely broken down into nontoxic chemicals.
2. Minimal equipment requirements when compared to other methods and is readily available.
3. Can be an in-situ or ex-situ process determined by the site conditions.
4. Cost of treatment is lower than other methods when compared by unit volume.
5. Is possible for pollutants to be broken down into compounds that are non-toxic.
6. Due to being a natural process, it is viewed in a positive manner by the public

There are however some drawbacks to this remediation effort.  These include (Sharma & Reddy, 2004):

1. It is possible for organic contaminants not to be broken down if not controlled.  This could mean that the soil becomes more contaminated than it was originally. 
2. The time taken to complete this process is lengthy.
3. Can only be used with contaminants that are biodegradable
4. Volatile organic compounds can be difficult to control if the treatment is carried out ex-situ.
5. Environmental conditions have an effect on the effectiveness of technique.  This includes the climate and the pH of the soil.



Soil Chemical Oxidation
Chemical oxidation is process that is carried out in situ and involves introducing a chemical oxidant into the soil with the intention of reacting with contaminants and converting it into a less toxic element.  This is done by the transfer of electrons which causes it to become oxidised (Hueling & Pivetz, 2006).  
A range of different chemicals can be used.  These are determined by the contaminants that are present within the soil.  It is essential to undertake a thorough investigation of the soil prior to deciding which oxidant to use.  Characteristics such as the property of the soil and hydrogeology of the soil are examined, and this will help decide which oxidant to use.  For example, copper and magnesium may be chosen.  These are added to the soil through a series of pipes and pumps.  This forces the oxidant into the soil where a redox reaction occurs.  “This redox reaction is what takes place in the field with the addition of an oxidant. The oxidant being introduced into the field would act as the Copper by accepting electrons from the contaminant which then oxidizes to a less harmful species” (Spruit and Lantigua Cuni, 2017).  This can be seen in figure below.
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Figure 1: Oxidation Example (Clark, 2013)


In situ chemical oxidation is used typically where the contaminate is an organic chemical in high concentrations.  As mentioned previously, the oxidant is pumped into the ground through a series of pipes using a pump and is left to react with the contaminant. (Hueling & Pivetz, 2006).

This method can be used to treat a variety of contaminates including aqueous, absorbed and non-aqueous contaminants.  It can also be done at a lower cost than other methods due to it being able to be done in-situ.  This eliminates the need to excavate to material and transport it off site to be treated which in turn speeds up the treatment process.  With the reaction there is a by product of heat.  This heat can increase the reaction rate and the efficiency.  This makes this method appealing to be used to treat large areas.  It can do this without generating a large amount of waste.  This again reduces cost as less waste is sent to landfill. (Watts and Teel, 2006).   

[bookmark: _GoBack]The main problem with this method is that with the oxidant delivery system.  If there is subsurface heterogeneity, then the flow of the oxidant can be affected.  What this means is that it may not be possible for the oxidant to reach the whole of the affected area.  Therefore, it is important to gather as much information regarding the soil properties as possible before deciding to use this method.  Also, the initial cost for this fast treatment is vast with the cost benefits only becoming apparent towards the end of the treatment process (Huling and Pivetz, 2006). 


It is important to ensure that the contaminant is either treated completely or reduced to acceptable levels as the oxidation process could cause them to move.  This could cause the total contaminated area to increase and make this method not possible.  There is also the safety element which the chemicals used.  Chemical oxidation requires a large redox potential which in turn means that the chemicals that are used require safety considerations.  Heavily contaminated sites can cause a problem for this technique.  There maybe less hydraulic control over the site when compared to other methods.  Again, this gives the potential for the contamination to spread.  If there is an aquifer or other water course present, then this could prove to be disastrous.  The contaminants could enter the food chain are spread the contaminates over an area that is could be extremely difficult to treat (Huling and Pivetz, 2006).
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