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3.Introduction to soil pollution, impacts on humans and environment & key facts 
The main causes of soil contamination are mainly through industrial activity. Primary routes for contamination include contamination from transport of goods on site, spillages and leaks, disposal of waste material on site, finally land may also be considered contaminated if there is naturally occurring substances (metals or gasses) which are at harmful levels. There are an estimated 300’000 hectors of contaminated land in Great Britain. Most contaminates are carcinogenic, through long term exposure to these contaminates humans can develop cancer or health issues, and/or develop issues during pregnancy. From an EU publication1 on health impacts from soil contamination it outlines various symptoms and effects from contaminated soil such as, regular exposure to benzene is known to cause leukaemia in both children and adults. The effects of exposure to contaminated soils can also lead to throat, eye, skin irritations. The effect contaminated soil has on wildlife can be devastating, pollution in rivers can wipe out most life in that part of the river, contaminated ground can have a negative effect on wildlife (from small microorganisms to smaller animals that consume dirt in their diet). Once soil has become polluted it can no longer sustain food growth, it can even pass the pollution into what is grown in the soil leading to contaminated food. An article published by China Environmental Times, December 28, 2006. By Qi Xu,2 In China an estimated 12 million tons of polluted grain must be disposed of each year costing farmers £1.94 billion. Research by DEFRA (department for environment, food and rural affairs) 3 stated that There have also been cases of landfills which have been redeveloped into residential sites have later suffered from explosions due to the build-up of gas from the former landfill site beneath, such as an explosion which occurred in Loscoe (Derbyshire) in 1986 where a build-up of methane and carbon dioxide built up beneath a house and ignited when it met the gas central heating. The outcome if a person or company pollutes an area of land can vary from heavy fines to jail sentences in major cases.
The level of contaminate in the soil is usually of low level risk to human health, but some areas have an unacceptable high risk to human health, contaminates in the ground can vary from heavy metals (arsenic, lead), oils and tar, chemical substances, gases, asbestos and radioactive material. For a site to be legally classed as contaminated, taken from GOV.UK 4, the Substances in the ground are either causing or could cause significant harm to people, property or protected species, also, if they are causing or could cause significant pollution to surface waters such as rivers and reservoirs or in extreme cases causing harm because of radio activity. There is another classification for contaminated land which is “Special Site”.  Some types of land will be classed as this the site is being used for oil refining or production of explosives, nuclear site or effected by radio activity. In these cases, once a local authority has declared a site a “special site” it would then be regulated by the Environment Agency in England, Natural Resources Wales in Wales, Scottish Environment Protection Agency in Scotland
The process of dealing with contaminated land begins with an investigation usually when the land is sold/ is proposed for development or local council inspects land in their catchment area. Once an area is classed as contaminated the local authority / environmental agency will investigate to find the person who caused or allowed the contamination, and are held responsible for dealing with the issue, if they cannot be found or they are exempt from dealing with the issue, the local authority or agency will then decide who is responsible for dealing with the contaminated land (landowner, person/company using the land). A decision will be made by the Local authority/ agency on a process of how the land should be dealt with, then, delegate a person/ company to deal with the contamination and outline the process of how they should remedy the contaminated land. The local authority oversees the contaminated land remediation under the environmental Protection Act of 1990, there is statutory guidance available which replaces part 2A of this act in 2012.5

4. Excavation and dump method     
This method is probably one of the most common and effective ways of dealing with contaminated soil on site. Soil is excavated and transported on site to be disposed/ treated. This could be on site treatment such as soil washing 6. This is an ex-situ process which removes contaminates from the soil using water, this works in one of two ways, either by, dissolving / separating, suspending contaminates in the water, the water used can be dosed with admixtures or chemicals to improve the washing abilities, or concentrating the volume of contaminated soil into a smaller concentration through particle size separation. The wash water or the volume of contaminate at the end is treated and disposed of. If there is a large percentage of fines (0.063mm), usually considered above 25% in the soil then there would be no large reduction in contaminated soil, another drawback is the volume of water required to treat the soil.
Another option for contaminated soil removal after excavation would be to haul the contaminated soil off to a landfill where the soil will be disposed of in a manner where it will no longer pose a threat to human or animal health. The contaminated soil would be buried in a ‘Cell’. This is an area of land within the landfill that would have been excavated to a designed depth and lined with a membrane to stop any contaminate seeping out into non-contaminated land or water course. The downside to this method is the cost of transport off site and the distance to a landfill, and the cost of landfill tax which is £84.40 per tonne7, this cost can quickly escalate if there is a large volume of soil on site to be disposed of. A similar option is a cover method which is simply excavating the contaminated soil to an area of site and laying the soil on a geotextile membrane to prevent spread, covering with clean soil with another layer of geotextile membrane on the border between the clean and contaminated soil8 this method is just as effective but is less satisfactory environmentally friendly than other methods that remove the contaminate and is the least preferred option by environmental agency’s 9
The overall advantage to excavation technique is that the excavation of hazardous material and soil can be done with minimal exposure to people on and off site, dust suppression or covering of the contaminated soils will minimalize the contaminate becoming airborne reducing the risk further. Waste can then be transported to either of the above destinations and dealt with accordingly, the equipment that is used in this process uses common construction equipment that is readily available. The process of excavating and hauling to a landfill or covering on site is the most common used method in construction mainly due to its relative low of dealing with contaminated soil compared to other technologies. The main disadvantage to this is that the landfill option and cover option do not treat or remove the contaminate from the soil, the process only moves the contaminated soil to a less harmful area of site. 

5. Bioremediation 
Bioremediation is the introduction of microorganisms, such as bacteria or fungi, to the contaminated site and relying on them to use the contaminate as a food source with resulting degradation of the contaminate to a lower and safer level. This process is suitable for treating most organic fuel based contaminants such as coal tars, petroleum and other carcinogenic hydrocarbons such as benzene and naphthalene. This process can be used with the soil insitu or Ex-situ where the soil is placed in a lined above ground treatment area, although this process is one of the most economic remedial options, this advantage can be easily outweighed by the length of time required to treat a site, with varying case studies suggesting treatment times of 1 month to 6 months depending on site conditions, type of contaminate and contaminate target level. One of the most popular uses for this type of remedial technology is cleaning up oil spillages, this process has been used in several oil spills through the years such as, Exxon Valdez spill in Alaska (1989), the Prestige oil spill in Spain (2002), the spill into the Mediterranean from a Lebanon power plant (2006), and the BP oil spill in the Gulf of Mexico (2010)10. The time taken to fully clean a site is dependent on levels of microorganisms, site conditions and contamination levels, although It is possible that up to 80% of the non-volatile components in oil can be degraded within one whole year of the spill. The types of bioremediation available are: 

i) Bioaugmentation 
This is the introduction/re-introduction of contaminate specific degrading microorganisms and, or, bacterial cultures to the soil to promote enhanced degradation of the contaminate. In doing this, the treatment can speed up the rate of degradation of a contaminate and eventually clean the soil/water of its contaminate. This process adds already existing microbes to the soil or water, these microbes may be already native to the area but their population maybe too low to effectively deal with the contaminate situation, in laboratory conditions these microbes can be grown to very high populations and then added to the contaminated ground. The microbes can be delivered to site frozen, these then are hydrated and are ready to be applied. There are several different methods of application 11. This could be through mixing the microbes with water and spraying the solution, directly injecting the microbes into the contaminated ground or through wells drilled in the contaminated soil, this method of application applies to bioremediation also. The main advantages to this method is the correct microbes can be added in high populations into the contaminated area where they are needed and the method to apply these microbes is relatively cost effective, the workforce requirements are far less through using this method as distributing and maintaining is relatively low maintenance, no transport costs of contaminate ground, it is environmentally friendly, the contaminate is destroyed through this method 12
On the other hand the main disadvantages to this method is the length of time required to fully decontaminate the site, Every spill has different characteristics- the type of spill, its location to sensitive environments, availability of physical, chemical, and biological tools – all these need to be considered before implementing this method, the bacteria cannot metabolize every kind of waste and finally, microbes need an ambient environment to thrive factors such as temperature, Ph levels, nutrients and humidity all have a bearing on the effectiveness of the treatment. 


ii) Biostimulation 
Biostimulation is a method of increasing the rate of degradation of contaminates in soil. This involves identifying the limiting factors within the soil which would affect the rate of degradation, these limiting factors can include oxygen availability in soil, nutrients within the soil, pH levels, temperature, moisture and contaminates within the soil, by modifying the existing environment to stimulate the existing bacteria in the soil through the addition of nutrients and electron acceptors, these include phosphorus, nitrogen, oxygen or carbon ( which is distributed into the soil through a molasses)13. This method is popular for the remediation of contaminates containing hydrocarbons and can be used for pesticide/herbicide spills. The nutrients which promote biostimulation are added to the soil through a fine powder, injection wells or molasses for some compounds.
The main advantage to this method is that Bioremediation would have already started to take place by already present microorganisms that would be native and well suited to the area, by locating the limiting factors and addressing these, biostimulation can aid bioremediation hugely by accelerating the rate of degradation. The large disadvantage to this method is local soil type and geology can greatly affect the effectiveness, a tight impermeable subsurface such as clay would pose issues when attempting to distribute additives to the soil, if there’s any fractures in the soil this could cause nutrients to flow down these fractures, thus preventing even distribution. Despite these negatives, this is still a very effective method of remediation specially as it serves side by side with bioremediation. 
Research in the early 1990s by NASA revealed that beeswax which is made into a fine powder. Can provide excellent biostimulation results as the beeswax contains nitrogen, phosphorus and potassium. the beeswax would absorb the contaminate but also promote natural degradation by providing essential nutrients. The powder can be sprayed onto an oil slick, it then absorbs the contaminate, the beeswax also promotes bacterial stimulation, the bacteria then feeds on the beeswax and contaminate mixture, this produces waste enzymes which breakdown and neutralise the hydrocarbons.12
[bookmark: _GoBack][image: ]A study by the international journal of environmental research and public health researched the effectiveness of biostimulation (Bio_stim), bioaugmentation (Bio_aug) & nonionic bioaugmentation(Bio_Avail) and a control sample of soil (Bio_Cont).  A sample of sand was taken from m Sahel oil field in Abu Dhabi. The test was carried out over a course of 156 days.  As you can see from the [bookmark: _Hlk500597122]Benyahia F, Embaby AShams, -International Journal of Environmental Research and Public Health 12

  Graph above, Bioaugmentation proved to be the most effective, removing 77.5 % of total petroleum hydrocarbons, secondly bio stimulation proved to be effective, removing 22.5% of total petroleum hydrocarbons.14
iii)Phytoremediation
This is the application of certain types of plants to remedy contaminated soil. These plants are called Hyperaccumulators. The plants are grown in contaminated soil for a required period, once the soil has been tested for contaminate and deemed clear of contaminate, the plants can then be harvested, processed or disposed. Examples of hyperaccumulators are, sunflowers, hydrangeas, some types of grass, rapeseed plant and wheat15. Research by the Environmental protection agency in America has shown that poplar trees (such as cottonwood) can be used as a natural pump to keep contaminates from entering groundwater, there is even cases of sunflowers being used to control radioactive contaminates in pondwater at Chernobyl, Ukraine. 16
This method is ideally suited to low- medium level of contaminates which are at a relatively shallow depth. This method can be used to clean metals, pesticides, solvents, explosives and hydrocarbons from the soil. Another option is to use trees to treat a greater depth of soil compared to plants. Phytoremediation has been mainly used in small scale projects but very few large scale, this is probably due to the length of time required to remedy the soil of its contaminates compared to traditional methods.
There is concern that the contaminate that is collected by the tree or plant can be rereleased through plant droppings (leaves, berries) through harvest and burning or if the contaminate can enter the food chain through small animals. Another limitation is if the level of contaminate is too high the plant / tree would not work effectively and die.
This solution is a longer term, low cost, low soil contaminated solution. When we compare this method to bioremediation/biostimulation, these two are by far the most effective, are by far the most effective out of the ‘bio’ methods I’ve mentioned above. 

6. ThermalDesoption 
this process involves heating the contaminated soil to a temperature that vaporises the contaminate and water (this is done using oil burners, thermal oil or electrical heaters), this is achieved through a rotary dryer where the dryer is placed on a slight incline within a heating cylinder. this water & gas mix is then transported to a gas treatment system where it is then treated to remove the water then the contaminate is then destroyed. There are three methods to achieve this,
Indirect heating method – this is an externally fired rotary dryer that heats the soil, so no flames					encounter the soil, 
Indirect fired – a heated air stream is used to vaporise the contaminates from the soil, 
Direct fired – fire is applied directly onto the soil to vaporise the contaminates in the soil. 
The temperatures used range from 90°C to 320°C, this is classed as low temperature thermal desorption, this again is used mainly for petroleum and volatile organic gasses, High temperature thermal desorption temperature ranges from 320°C to 960°C, this is then used for higher chain hydrocarbon, & pesticides.17
 The Gas produced from this method is left to condensate and cool and treated again as there could be small amounts of contaminates left, this would need to be treated again, usually through carbon absorbers, catalytic oxidizers, afterburners or by rerouting the gas to the heat source for the initial treatment. The condensed liquid from the initial heating stage is cooled and separated into contaminate and water. The water is either disposed of or used for dust suppression for the treated soil. The contaminate can then be disposed of offsite or used as fuel in the desorption unit or destroyed in an incinerator.18
The main advantages to this is the ability to treat contaminates which do not break down over time, the wide range of contaminates it can treat and depending on the size of treatment plant, the ability to process vast amounts of soil in a relatively short amount of time. There are some limitations however, this process is not suitable for water logged soils, the treatment has a very high fuel bill, a gas treatment system is needed for the gas produced from the drying out of the soil, clay and silty soils require longer times in the desorption unit therefore increasing fuel costs and finally the soil that is treated is usually of very little use after this treatment method.

7. Soil solidification and stabilisation 
Soil solidification and stabilisation are two separate processes that are usually used together. Solidification creates a solid mass to physically restrict the movement of contaminates, stabilisation reduces movement of contaminate through chemical immobilisation. The process involves injecting a cement based mixture (Portland, gypsum, modified sulphur cement) into the soil and leaving to cure (roughly 28 days, but this is site dependant). This process can be done in situ, by injecting the mixture into the soil, or Ex-situ, by mixing the soil and cement together and depositing the product at a designated part of site. This process is mainly suited for inorganic contaminates (Lead, Zinc etc), radionuclides, asbestos and a limited range of organic contaminates.19 & 20 
This process is best suited for sites which would later be developed into housing / industrial sites where the treated soil can be used as engineered soil for fill. The process encapsulates the contaminate and stops the contaminate spreading. This method is relatively low cost and quick to complete, this method has proven to be a robust and durable treatment process around the world.
Unfortunately, once the process is complete the fertility of the soil is destroyed and can only be used as engineered fill. Factors that affect the treatment process are, the weather- extreme cold and wet conditions can cease the process, the treatment process will not prevent volatile organic compounds from leaching, and lastly, this process can significantly increase the volume of soil at the end.
8.Conclusion 
Through the research I have conducted, in my opinion the Bioremediation methods are the most environmentally friendly and effective method there is when coming to treat contaminated ground with hydrocarbons. Although this is the longest method with regards to treatment times, it utilises what is already in the ground or microorganisms can be added to help the process along. This process is one of the cheapest methods I have spoken about, but the time needed to treat a site would unfortunately outweigh the initial cost saving. Thermal desorption in my opinion is the most ineffective method when compared to other methods available, the high fuel cost, soil moisture content needs to be below 20%, size of treatment plant required and the requirement for an offgas treatment facility makes this method far more inefficient than the other methods. The only positive from this technology is the soil can be reused after, although in many cases the high temperatures tend to essentially kill the soils fertility. The Excavation and transport to a landfill method is possibly the quickest option but, this does not treat the contaminate problem, it moves the problem elsewhere, although the soil is contained effectively in a landfill and can pose no harm, the problem of contaminate soil remains. Soil solidification is another effective method, the soil which is treated isn’t of any use for growing, but has excellent compaction strength. This can save hugely on sites where there are large areas to treat as the soil remains on site and can be used as engineered fill later such as Aberamman gas works & London 2012 Games - Olympic Park to name a few case studies17. As research into these technologies continues in sure there will be more new and innovative ways to deal with contaminated ground.
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