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[bookmark: _Toc501109610]Introduction:
This report looks primarily at soil remediation techniques and will attempt to highlight the many unique remediation methods available for treating a contaminated site from thermal to biological treatment. The report will look at both in situ and ex-stu treatment methods and how these differ from each other. It will then go on to look at the sampling methods most commonly used when working to remediate a contaminated site. Following this a detailed description of soil profiles and soil horizons will be given with the appropriate illustrations added to aid in the understanding of both definitions. Finally, it will also look in to relevant case studies of past site remediation projects such as the infamous ‘Love Canal’ case study. 
For the purposes of clarity when speaking of pollution throughout this report, the following definition of pollution by the Organization for Economic Cooperation and Development (OECD) will be adhered to: 
“Pollution means the introduction by man, directly or indirectly, of substances of energy into the environment resulting in deleterious effects of such a nature as to endanger human health, harm living resources or interfere with amenities or other legitimate use of the environment”. (OECD, 2017; R.Reeve, 2002)
[bookmark: _Toc499033899][bookmark: _Toc501109611]Main Body:
[bookmark: _Toc501109612]Formation of soil: 
According to R.White in his 2006 book titled ‘Principles and practice of soil science’ he states that soil is formed “as a result of many variables, the most important of which are: parent material, climate, organisms, relief and time” (White, 2006).
Quotes relating to soil formation –
“Do you think that to be an agronomist you must till the soil …… with your own hands ? No: you have to study the composition of various substances – geological strata, atmospheric phenomena, the properties of various soils, minerals, types of water, the density of different bodies, their capillary attraction. And a hundred other things” (Gustafe Flaubert, 1856)
“And earth is so surely the food of all plants that with the proper share of the elements which each species requires, I do not find but that any common earth will nourish any plant” (J.Tull, 1733, horse-hoeing Husbandry, republished by W.Cobbett, 1829)
These two extracts highlight the long history, understanding and respect academics have held for the importance of soil for everyday life to continue.
[bookmark: _Toc501109613]Purpose of soil remediation:
The purpose of soil remediation is to eliminate any immediate danger as a result of expansion of waste material, and also in order to minimise any possible long-term implications to public health and environmental quality (particularly groundwater) (Nathanson.J.A, 1986). There are two main types of site remediation which is on-site or off-site. According to (Nathanson, 1986) “On-site remediation, in which the waste is not removed to another location, generally focuses on the need to minimize the production of leachate and to eliminate groundwater pollution”. Whereas off-site remediation is where hazardous waste is removed and transported to a separate location for treatment (Nathanson, 1986). Off-site remediation is often the most desirable option for the surrounding community, although it can be one of the most expensive treatment options (Nathanson, 1986).
[bookmark: _Toc501109614]The elemental properties of soils – 
1. Bulk Density 
2. Particle Density 
3. Porosity 
4. Volumetric water content
5. Degree of Saturation
(Kiely,1996)
[bookmark: _Toc501109615]Definition of in-situ and ex situ –
“In situ involves treatment of the contaminated material in ground without excavation while ex situ involves the removal of the contaminated material to be treated in stockpiles and windrows and made available for reuse elsewhere (i.e. on site or as restoration material at waste management facility).” (Dunton Environmental, 2017)
[bookmark: _Toc501109616]In-situ methods –
[bookmark: _Toc501109617]In-situ soil leaching and washing/flushing:
This method is designed to physically remove contaminants in the unsaturated zone of the soil or near the surface (Harris, 1998).
CIRIA Vol.IX describe the method as follows –
“Water or water containing chemicals aid solubilisation and mobilisation (purge solution), and is infiltrated or injected into the treatment zone….” 
“Water containing the contaminants (elutriate) is then extracted from the ground and treated to remove the contamination either in convential water treatment plant or plant specially designed for the purpose” (Harris, 1998).
 [image: Image result for in situ soil leaching diagram]
[bookmark: _Toc501109653]Figure 1: Diagram illustrates the basic process of in situ soil leaching.
[bookmark: _Toc501109618]In-situ chemical treatment –
This method may be used in order to destroy or detoxify contaminants, or to minimise their abundance in the environment (Harris, 1998). There are two main forms of application:
· Admixture of treatment materials into the immediate surface layers using conventional (agricultural techniques.
· Use of techniques similar to those employed for soil flushing including surface applications of liquids through spraying and ponding, and deeper injection.
[image: Image result for in situ chemical remediation diagram]







[bookmark: _Toc501109619][bookmark: _Toc501109654]Figure 2: Gives a basic overview of the chemical treatment method known as in-situ chemical oxidation. 


[bookmark: _Toc501109620]In-situ Biological Treatment –
This is a method that utilizes natural biological processes to remove, transform or degrade contaminants that are found in soils and ground waters (Harris, 1998). The process of bioremediation is sped up in order to complete a sites complete site remediation faster (Harris, 1998). This is carried out by accelerating the change in the physical, chemical and sometimes the biological conditions within the soil to enhance microbial activity (Harris, 1998). 
[image: Image result for bioremediation diagram]
[bookmark: _Toc501109655]Figure 3: Shows how the natural work carried out by microbial activity is utilised and sped up in the bioremediation method
[bookmark: _Toc501109621]In-situ Electro-Remediation –
This method involves transmitting low level DC currents (a few A/m²) through the soil in order to eradicate contaminants within it via the combined action of electro-kinetic and electrochemical processes (Harris, 1998). The basic process of this method has been used for many years in dewatering and consolidating soils in foundation engineering applications as well as in the electrochemical mining of copper ores.
[image: Image result for electro remediation]
[bookmark: _Toc501109656]Figure 4: Description of the basic way in which in-situ electro-remediation is used.
[bookmark: _Toc501109622]In-situ soil vapour extraction –
This method often abbreviated as SVE (Soil Vapour Extraction) or known by the name of soil venting removes volatile compounds from the vadose or unsaturated zone (Harris, 1998). This method works by using vapour extraction wells independently or in combination with air injection wells to initiate airflow through the matrix (Harris, 1998). 
[image: Image result for soil vapour extraction]
[bookmark: _Toc501109657]Figure 5: Visual explanation displayed via the above illustration of how a SVE (Soil Vapour Extraction) system operates.
[bookmark: _Toc501109623]Bioventing and air sparging –
In order to initiate the process of the aerobic biodegradation of petroleum hydrocarbon contaminants, air may be injected below the ground surface (Harris, 1998). When the process involves air being injected boreholes above the water table, it is termed bioventing (Harris, 1998). Whereas when the injection takes place below the water table the technique is then termed air sparging (Kiely, 1996). 
[image: Image result for bioventing and air sparging]
[bookmark: _Toc501109658]Figure 6: Basic process of bioventing in remediating a site explained.

[bookmark: _Toc501109624][image: Image result for air sparging][bookmark: _Toc501109659]Figure 7: Basic illustration displaying the process of air sparging.











[bookmark: _Toc501109625]In-situ thermal desorption –
This method can be carried via mobile systems where an injection is made of hot air/steam through cutting blades attached to a rotating drill stem (Harris, 1998). It can also be carried out via the use of stationary systems where steam and or as well as hot air are injected into the undisturbed subsurface (Harris, 1998).
[image: Image result for in-situ thermal desorption]





[bookmark: _Toc501109660]Figure 8: This illustration demonstrates the basic process of in-situ thermal desorption (ISTD)
[bookmark: _Toc501109626]In-situ stabilisation/solidification –
This is an immobilisation process which is applied directly to the contaminated ground. As well as treating contamination, the process may also improve the engineering properties of the soil (Harris, 1998). Both stabilisation and solidification reagents may be put into the ground using soil mixing equipment (e.g. contra-rotating hollow stem augers through which treatment agents are injected) (Harris, 1998).
[image: Image result for in-situ stabilisation/solidification diagram]




[bookmark: _Toc501109661]Figure 9: Computer generated sketch of the solidification/stabilization of soil by use of in-situ single auger mixing.
[image: cover]
[bookmark: _Toc501109662]Figure 10: Displays the real life version of what is described in figure 9 in action performing the same process.
[bookmark: _Toc501109627]Supercritical fluid extraction: 
This is the maintenance of a supercritical fluid above a critical temperature and pressure where there is only a single fluid or liquid phase instead of having distinct gas and liquid phases. When it is beyond this crucial point (temperature/pressure), the compound will shift back to being a gas or liquid (Harris, 1995).
[image: Image result for Supercritical fluid extraction diagram]
[bookmark: _Toc501109663]Figure 11: The process of supercritical fluid extraction explained via a visually appealing basic illustration.
[bookmark: _Toc501109628]Sonication:
[bookmark: _GoBack]This method involves the sample and extraction solvent being encased within a vessel and subsequently immersed in to an ultrasonic bath. In this method heat may also be administered. The process may involve a time of continuous sonication, which follows on to a period of intermittent sonication, which may last a few minutes every hour for several hours (Harris, 1995).
[image: Image result for sonication diagram]
[bookmark: _Toc501109664]Figure 12: An example of the process of sonication
[bookmark: _Toc501109629]Ashing and dissolution techniques for contamination of trace metals –
In the extraction of trace metals from soils, the organic matter is decomposed by the means of either dry or wet ashing (Harris, 1995). Dry ashing involves the heating of a sample inside of a muffle furnace to a temperature range of between 400-600°C for 12-15 hours (Harris, 1995). Once this has been completed the ash left over as a result of treatment within a muffle furnace is dissolved in dilute acid to give a solution of the metal ions (Harris, 1995).
In regards to wet ashing, this involves heating the sample with an oxidizing agent in order to break down the organic matter content (Harris, 1995). A usual process would involve the heating first of the sample with concentrated nitric acid, subsequently followed by percholic acid application (Harris, 1995).
[bookmark: _Toc501109630]Microwave digestion and microwave-assisted extraction:
In this method the process of digestion or extraction may be speeded up by the introduction of energy to heat the sample in the form of microwaves (Harris, 1995).
[image: Image result for Microwave digestion and microwave-assisted extraction]






[bookmark: _Toc501109665]Figure 13: This image displays the process of digestion/extraction that is about to be speeded up means of adding energy in order to heat the sample by means of using microwaves.
[bookmark: _Toc501109631]Ex-situ methods:
According to the CIRIA Report “The processes underlying ex-situ methods of treatment are thermal, physical, chemical, biological and stabilisation/solidification, or combinations of these”(Harris, 1995). The following sub-heading will give a detailed description of each of the ex-situ methods spoken of above.
[bookmark: _Toc501109632]Dewatering –
This is used to reduce the moisture content/volume of material prior to treatment which in turn improves handling characteristics, and reducing costs and storage requirements (Harris, 1995). This may be required as an initial step in drying prior to any thermal treatment (Harris, 1995. 
The following are the most common dewatering techniques:
· [image: Image result for basket centrifuging]Centrifuging (basket and solid bowl types)
[image: Image result for bowl type centrifuge][bookmark: _Toc501109666]Figure 14: Illustration of a basket centrifuge.

[bookmark: _Toc501109667]Figure 15: Illustration of a solid bowl centrifuge.
· Filtration (vacuum, belt and pressure types)
[image: Image result for vacuum filtration]
[bookmark: _Toc501109668]Figure 16: A visual descriptive illustration of the process of vacuum filtration used as a dewatering technique.
· Drying beds 
· Lagoons
(Harris, 1995)
[bookmark: _Toc501109633]Thermal Treatment Methods:
This method applies heat in order to dispose or destroy contaminants. Some treatment methods also encapsulate contaminants that are unable to be combusted or volatilised (Harris, 1993). The following three thermal methods are the most common when dealing with contaminants such as soils, sediments, sludges, filter cakes (e.g. from soil washing): (Harris, 1993)
1. Firstly there is ‘thermal desorption’ – this method consists of the removal of contaminants from within the feedstock at relatively low temperatures, where they are subsequently are either  destroyed or collected from the gas stream in a subsequent stream (Harris, 1995).
2. Secondly there is the ‘incineration’ option where simply put, the contaminants destroyed by exposing them to high temperatures; this otherwise known as thermal destruction (Harris, 1995).
3. Lastly there is ‘vitrification’ in which in much similarity to the incineration method described previously, involves the exposure of contaminants to high enough temperatures to result in their destruction, but with the added bonus that if the contaminants do not get destroyed they will be encased within a glassy product.  (Harris, 1995)
[image: Image result for vitrification diagram][bookmark: _Toc501109669]Figure 17: The whole basic process of in-situ vitrification condensed into an easy to follow illustration.









[bookmark: _Toc501109634]Physical Methods:
The following are the three most common physical ex-situ treatment methods –
1. Firstly there is soil washing which utilises water as its separation medium for the removal of contaminants.
2. The next is solvent extraction in which unlike soil-washing involves a non-aqueous solvent for the contaminant separation process.
3. Lastly, electro-remediation utilises electrical processes in order to remove contaminants from the feedstocks.
(Harris, 1995)
[bookmark: _Toc501109635]Chemical Treatment Methods:
The application of this method may be for any of the following 5 reasons –
1. Destroy contaminants 
2. Reduce their Toxicity 
3. Increase their solubility 
4. Decrease their solubility (stabilisation)
5. Increase their susceptibility to other forms of treatment(e.g. microbial degradation)
(Harris, 1993)
The use of chemical treatment independently in the field for treating contaminated land is very rarely used, instead it is used to increase the effectiveness of other treatment methods such as being a precursor to other remediation methods such as soil washing to enhance solubility of the contaminants. Also other the wastes as the end-product of other remedial treatment methods may be taken to a chemical waste treatment plant for final treatment (Harris, 1993).
[bookmark: _Toc501109636]Biological methods:
In a segment extracted from the CIRIA report (Harris, 1995), a generic description of biological ex-situ treatment methods is given as follows –
“Biological treatment methods rely on the natural metabolic processes of living organisms, including bacteria, fungi and even higher plants, to destroy contaminants or to convert them to a less toxic form” (Harris, 1995).
It goes on by stating that –
“Because most biological treatment systems rely on respiration pathways, they are most useful for treatment of organic contaminant. However, bacteria, and lower and higher plants, can also extract and absorb or  adsorb inorganic contaminants such as heavy metals and this has been used to remove metal contaminants from soils, and to improve the final quality of wastewater prior to discharge” (Harris, 1995).
[bookmark: _Toc501109637]Stabilisation and Solidification:
These two methods often referred to as immobilisation methods are able to change the physical state of a contaminated material such as in solidifying a contaminated sludge and/or decrease the quantity of contaminants to potential targets through chemical stabilisation and by encapsulation in a solid and low permeability product (Harris, 1995).
Description of the stabilisation process –
The process aims at producing more chemically stable constituents via the addition of chemicals to the contaminated material, this can be carried out by precipitating soluble metal ions out of solution. Although the consequence of this many not be an improvement in the physical characteristics of the material, in other words, it may remain as a mobile sludge, although the toxicity or mobility of the hazardous constituents will have had a reduction as a result of the process (Harris, 1995).
Description of Solidification process –
This method looks at reducing the fluidity/friability of contaminated material and preventing access by external mobilising agents such as wind or water to contaminants contained in the solid product by the addition of reagents to the contaminated material (Harris, 1995). It is not essential that a reaction occurs between the contaminant and the solidification agent, although such reactions may take place whether intended or not as a result of the result of the nature of the reagent (Harris, 1995).
[bookmark: _Toc501109638]The five essential steps that must be followed when remediating a contaminated site:
1. Identification of a contamination problem 
2. Site investigation and risk assessment 
3. Selection and evaluation of remedial methods and strategies 
4. Design and implementation of the preferred remedy
5. Post-treatment monitoring and management                           (Harris, 1995)
[bookmark: _Toc501109639]Field Sampling methods:
During a field study a site that has been designated as contaminated can be characterised as either non-intrusive or intrusive (Nathanson, 2008).
[bookmark: _Toc501109640]Non-intrusive investigative methods –
These can include aerial photography, surface geophysical surveys, and surface radiological surveys (Nathanson, 2008). 
[bookmark: _Toc501109641]Aerial Photography –
The use of current and historical records can be greatly beneficial in identifying the boundaries of fill areas, drainage pathways, process areas and previous storage, and also in pollutant source locations (Nathanson, 2008).
[bookmark: _Toc501109642]Surface geophysical surveys –
“Geophysical techniques include electromagnetic, ground-penetrating radar, gravity, and seismic surveys. These techniques are capable of giving site data in regards to locations of drums and tanks it can also in some cases provide the information necessary to determine the boundaries of contaminated plumes. 
[bookmark: _Toc501109643]Radiological surveys –
These techniques are applied where there is a need to identify the location of radioactive wastes are concentrated. One of the most common and widely used radiological survey methods is the gamma walk-over survey method which works by carrying a gamma radiation detector above the surface while following a marked survey grid pattern. 
[bookmark: _Toc501109644]Intrusive sampling investigative methods –
This involves ground or water surface penetration through investigative methods such as soil-gas surveys, as well as through sampling procedures of soil sediment, surface water, and groundwater. Prior to the application of intrusive sampling local utilities are informed in order to prevent damage as well as for safety reasons (Nathanson, 2008).
[bookmark: _Toc501109645]Treatability studies –
There would be a need for this if for example there is no documented record of a particular proposed methods use in the field or if there is insufficient data available in regards to the reactions involved to enable a prediction of the outcome of a treatment process even with good characteristics of the contaminated matrix (e.g. some biological methods of treatment, some soil washing techniques) (Harris.M, 1993). The reasoning for treatability studies is in order to provide sufficient data to enable alternative remedial strategies to be fully developed and evaluated and also to decrease the cost and performance uncertainties in alternative str







[bookmark: _Toc501109646]Soil Profile/Soil Horizons:
The soil profile constitutes a vertical face which is exposed during excavation of the soil from its surface to the parent material. Whereas the meaning of soil horizons are the individual layers that can be determined via their colour, hardness, texture, the occurrence of included structure as well as other visible or tangible properties (White, 2006). The upper layer of the soil profile is described as being eluvial, this being the area from which materials are generally washed downwards; and the lower layer described as illuvial is the area of the soil profile in which materials accumulate (White, 2006).
[image: Image result for soil profile]













[bookmark: _Toc501109670]Figure 18: This Image describes a basic soil profile as well as giving the meanings behind each of the O, A, E, B, C and R horizons in order.
[bookmark: _Toc501109647]Case studies:
[bookmark: _Toc501109648]The Love Canal Case Study –
This case study is often cited by academics specialising in soil contamination as it was one of the worst environmental as a result of severely bad due care and attention in America, with the US EPA describing it as “Quite simply, Love Canal is one of the most appalling environmental tragedies in American history” (US Environmental Protection Agency, 2016) . It all began with the extraction of soil between the lower and upper Niagara Niagara Rivers to create a canal for use in electricity production (US Environmental Protection Agency, 2016). The idea subsequently became void after the discovery of using alternating current to transmit electricity over a large range economically (US Environmental Protection Agency, 2016). The area was then turned into a municipal, industrial and radioactive dumpsite. Following this in 1953, Hooker Chemical Company covered the land in earth and sold it on to the local authority for a measly $1. The local authority then decided to build a 100 homes on top of this land following acquisition and it was not until 1978 that the serious problems became apparent with waste such as oil barrels and other hazardous material appearing out from under the ground (US Environmental Protection Agency, 2016). This subsequently led to increased birth defects, miscarriages as well as other health abnormalities. The site was eventually evacuated shortly after with residents given full compensation for the value of their homes from the government and the site quarantined off for site remediation work to begin which is still on going at present  (US Environmental Protection Agency, 2016).
[image: Image result for love canal]
[bookmark: _Toc501109671]Figure 19: As is clearly displayed this image displays a past and present comparison of now famous former hazardous waste site that was love canal.




[bookmark: _Toc501109649]Rapid bio-exsitu remediation and encapsulation management of hydrocarbon contaminated soils at Saltisford Gasworks, Warwick –
In this case study, a site of a former gas works and fire station in Salisbury was treated for soil contamination by a company by the name of Dunton Environmental developed a ‘Bio-accelerator’ which utilised the ability of microbial metabolisms to degrade a great number of compounds such as hydrocarbons (e.g. oil, petrol, diesel), PCBs, and Polyaromatic hydrocarbons (PAH’s) (Dunton Environmental, 2017). The company upon investigation of the project site soon discovered that there were significant visual contamination of the soil material in the form of oozing tar liquid an oily sheen as well as creosote odour. Due to the site being a former gas works site hence the heavy soil pollution, it carried with it serious health and safety precautions needing to be taken by Dunton Environmental as gas works waste carries heavily odorous material that is known to result in many neurological symptoms and even death in some cases as a result of carcinogenic impacts (Dunton Environmental, 2017). A number of changes had to be made to the original site remediation plan that was developed as unexpected phenomenon were encountered such as underground tanks that contained tarry liquid and sludge (Dunton Environmental, 2017). The proposal finally brought forth to avoid heavy disposal costs to remove on site waste to a hazardous waste site and to reduce possible health risks was the development of the previously mentioned bio-accelerator, which after having been applied resulted in an 83% total concentration reduction in a period of 3 weeks (Dunton Environmental, 2017). This ingenious method of treating the material on site resulted in a saving £251.45 per m³ as on site cost was £18.55 per m³ whereas the cost to remove the material and treat it at another location would have resulted in it costing £270 per m³(Dunton Environmental, 2017). This case study highlights the importance of considering on-site remediation in great detail prior to making large expenditures on off-site treatment. As stated by Dunton Environmental themselves “innovative solutions of bioremediation and stabilisation can avoid removal of hazardous material off site and subsequently provide significant cost benefits to the client” (Dunton Environmental, 2017).
[bookmark: _Toc501109672][image: ]Figure 20: Displays the beginning of the on-site remediation process beginning by initial excavation.
[image: ]
Figure 21: Illustration displaying the staggering comparison in price between treating waste on site compared to the vastly inflated price of treating off-site.

[bookmark: _Toc501109650]Staten Island Brookfield Landfill Remediation Case Study:
This site was set adjacent to an extremely urban setting of New York on Staten Island which covered an area of 132-acres (New York City Environmental Protection, 2017). The site was a former municipal solid waste disposal site, where which toxic waste was illegally dumped during the 1970s (New York City Evironmental Protection, 2017). Two million tons of soil is set to have been shifted by 2018 as it is planned that by that year the park will have been transformed from a former municipal waste site in to a recreational parkland (New York City Environmental Protection, 2017). The project is set to have cost $240 million dollars by its set completion date of 2018. This case study is different to others previously mentioned in the level of public participation which has been included with its remediation time (New York City Environmental Protection, 2017). It has been set up to work as closely from the bottom up as possible as is demonstrated by the DEP holding monthly meetings with the Brookfield Landfill Citizens Advisory Committee, which is made up of volunteers which work in cooperation with the department as overseers of the remediation of the site throughout the project timescale (New York City Environmental Protection, 2017). 
[image: Image result for Brookfield Landfill]
Figure 22: Brookfield Landfill prior to any remediation when it was still active 
[image: Image result for Brookfield Landfill]


Figure 23: Brookfield Landfill following near completion of the site is remediation where it will eventually become a parkland in 2018.


[bookmark: _Toc501109651]Conclusion:
This report has provided a comprehensive overview of all the main ex-situ/in-situ treatment methods with detailed descriptions as well as visual illustrations of those that are not so widely used in commercialised site remediation activities. The range of field methods commonly used in site remediation has been brought forth and assessed and discussed with examples being on the importance of the use of treatability studies to the use of radiological surveys in the field etc. It has brought together three separate examples two of which from America and one of which from the UK that highlight firstly the importance of considering on site remediation rather than off-site. Secondly they highlight the possible uses for a formerly contaminated site following fully completed site remediation. Finally, the benefits of instigating public engagement in the case of the Staten island Brookfield Landfill which was widely successful in part due to the bottom up approach that was followed, has been highlighted in great detail in the case studies section and provides a fitting end to conclude this report.
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Result

Following the discovery of the underground tanks and grossly contaminated material Dunton Environmental
showed that innovative solutions of bioremediation and stabilisation can avoid removal of hazardous material
off site and subsequently provide significant cost benefits to the client.
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Solution

Dunton Environmental provided a solution of ex-

situ treatment of grossly contaminated material

and encapsulated it on site at depth, avoiding
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Accelerator™  product showed  significant
reduction of total concentrations which has linear
effect on the leachate results. The data showed £250.00
that on average the total concentration reduction

was 83% over a period of 3 weeks.
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reduction.
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