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[bookmark: _Toc499627152]1.0 Introduction 



  Soils are made up of a variety of substances including; minerals, rock particles and organic matter, it also contains voids that may saturate with water or other liquids (Atkinson, 2000). These varying properties create different soil types that can be used in different ways. Soils have a range of important functions: 

· Water Controls - Soils manage where water goes and is stored, how fast it is transported, what solutes are formed through mineral composition. 
· Plant and Animal habitat, food source and nutrient transfer. 
· Stability and Support - Gives plants support, provides housing for a variety of living organisms and is a base for most anthropogenic constructions. 
· Filtering - Filters out organic and non-organic pollutants making it harder for direct transfer into organisms that use the soil. 
· Cycles Nutrients - Essential in the transfer of Nitrogen, Oxygen, Phosphorus, Potassium and other nutrients between the land, atmosphere and living species.. 
(United States Department of Agriculture, No date)

   Soil quality is defined as; the capacity of a specific kind of soil to function, within natural or managed ecosystem boundaries, to sustain plant and animal productivity, maintain or enhance water and air quality, and support human health and habitation (Shoup, 2017). Soil quality can degrade, this could be as a result of natural changes to the environment or anthropogenic influence.

Contaminated land can be defined in different ways depending on individual countries, the UK government defines it as being land where substances are causing:
 1. Significant harm to people, property or species
 2. Pollution of ground water 
 3. Harm as a result of radioactivity (gov.uk/contaminated-land , 2017)

 If soils are damaged or contaminated remediation techniques are needed to improve the quality and function of the land. This can help ensure eco-system health, water quality and anthropogenic well-being. There are a range of techniques available when treating and remediating soils. This paper will assess sources adnd types of contaminants, an evaluation of the techniques used against these types of contaminants will then be made. 

[bookmark: _Toc499627153]2.0 Sources of Contamination 
   To understand remediation strategies it is important to understand how soils were contaminated and what types of contamination may have occurred. Soils have often been used throughout history as a contaminant ‘sink’, as a way of disposing contaminant effluents. This section will consider 3 of the main causes of soil contamination: agricultural, municipal and industrial (Meena, 2016).

[bookmark: _Toc499627154]  2.1 Industrial Activity

  Industrial Practices during the late 19th century and the 20th century were centered around mining of natural resources and the use of these resources in manufacture, trade, and energy production (coal energy plants). Absence of knowledge or focus on productivity often led to incorrect waste management: ’Contamination was often generated on a site during a period where environmental controls were less rigorous’ (English Heritage, 2006). 
  
[bookmark: _GoBack]  Although industrial waste management has improved, accidents and spills continue to occur, furthering soil damage. Damage on industrial sites often contain groups of heavy metal(loid) contaminants, which depend on the respective industries and the raw materials and products used (Alloway, 2013). 
  Although heavy metals occur naturally in soils, the levels at which they become harmful to human, plant and animal health have been hastened by the disturbance of the geochemical cycle by man (Wauna and Okieimen, 2011). Heavy Industry sites can be found across the UK, the sites often contain areas where tailings or bi-products were released, requiring methods of remediation to extract heavy metal contaminants and hydro-carbons. Heavy metal soil contaminants have different sources, these are shown in Table 1.0. 

Table 1.0 Common Heavy Metal Contaminants

	Heavy Metal
	Source of Contaminant

	Arsenic  (As)
	Pesticides, mining, coal burning, manufacture, pharmaceutical industries. 

	Cadmium (Cd)
	Smelting, mining, coal burning, battery production.

	Lead (Pb)
	Ammunition, mining, plumbing, batteries, paint.

	Chromium (Cr)
	Building, glass making cement usage, ceramics.

	Copper (Cu)
	Feritlizers, metal mining, manures and sewage sludge.  

	Mercury (Hg)
	Lamps, batteries, thermometers, coal and fuel oil, pesticides, mining. 

	Nickel (Ni)
	Mining, alloy metal production, feritlizers, manures 

	Zinc (Zn)
	Mining, coal ash, smelter wastes, fertilizers.


[bookmark: _Toc498522209]Table 1  Table of Common Heavy Metal Contminants in Soils and their Sources [European Commission, 2013][ASTDR,2012][Wauna and Okieimen, 2011]


[bookmark: _Toc499627155]2.2 Municipal/Landfill

 Municipal waste refers to waste collected in municipalities or local regions from; ‘households, including bulky waste, waste from commerce and trade, office buildings, institutions and small businesses, as well as yard and garden waste, street sweepings, the contents of litter containers, and market cleansing waste if managed as household waste’ (OECD, 2017). These wastes often end up in landfill sites, although re-cycling methods have improved significantly in recent years. 

  The greatest hazards of landfill sites to earth quality is ‘persistent organic pollutants (POP’S), which include the organic compounds; polynuclear aromatic hydrocarbons (PAH’s) and polychlorinated biphenyls (PCB’s)’ (Melnyk et al, 2015). These compounds are known as Non Volatile Organic Compounds (NVOC’s).  The migration of these compounds into soils around landfill sites are due to three main pathways: ‘aqueous phase transport, vapour phase transport and transport as non aqueous phase liquids (NAPL’s)’ (Ronneau and Bitchaeva, 1997).  Plumes of contaminated soil in the sub surface around improperly contained landfill often can contain these substances. An example of a leachate plume of organic carbons can be seen below in Figure 1.0, shows the depth and length of area needed for treatment. 
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[bookmark: _Toc499908622]Figure 1.0  Dissolved organic carbon leachate plume from Norman Landfill USA, shows the flow NVOC's in the Sub Surface and the area of contamination (Christenson and Cozzarellie, 2002)
[bookmark: _Toc499627156]2.3 Agricultural

  Agricultural practices can result in the depletion of soil quality considerably. The increased use of pesticides over the last century has resulted in oversaturation of nutrients, dioxins and chemical pollutants.  Pesticides are a known contaminator, they include: ‘insecticides, fungicides, herbicides, rodenticides, molluscicides, nematicides, plant growth regulators and others’  (Aktar et al. 2009).. Micro-organisms in soils are important in the cycling of nutrients, for example the transformation of atmospheric nitrogen into nitrates that are used in the growth of most faunal species (Aktar et al, 2009). The overuse of pesticides reduces growth and activity of free-living bacteria in soils (Santos and Flores, 1995). Fungicides can damage mycorrhizal fungi used by roots for nutrient uptake into plants (Aktar et al, 1995). The varying pesticides and their total usage in the European Union can be seen in Table 1, it shows 22,662 tonnes of pesticides were used in the UK in 2014 potentially polluting vast amounts of arable land. 

  In attempts to increase crop yields agricultural land is often over saturated with synthetic fertilisers. Synthetic fertilisers contain high levels of nitrogen, phosphorus and potassium all of which are present in healthy soils, however the lack of organic matter  present in manures can result in over saturation of certain compounds. Over saturation will have adverse effects on soil quality, and its ability to sustain plant growth. (GRACE Foundation, 2017). 


Table 2.0 Pesticide Sales by Major Groups in the EU 2014
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[bookmark: _Toc498522210]Table 2 Shows Varying pesticide groups used in the EU. Indicates amount of pesticides used per country and how much of each pesticide group was used [Eurostats, 2017].
 The aforementioned causes of soil pollution are anthropogenic by nature, however soil contamination may arise due to naturally occurring phenomena. Natural accumulation of pollutants can occur in certain environmental conditions, for example the build up of perchlorate in soils being absorbed from the atmosphere (Environmental Pollution Centre, 2017) (USGS, 2017).

 
[bookmark: _Toc499627157]3.0 Remediation Techniques 

Remediation techniques vary due to the types of contamination, concentration, site characteristics and objectives. When deciding upon a technique an assessment of these variants must be made. A literature review will be undertaken to review the various types of remediation techniques that apply to the previously mentioned types of pollutants (Azubuike, 2016). 

Treatment of soils can be made using two methods: 

· In-situ - Where the contaminated soils are treated within its current placement. 
· Ex-situ - Where soil is removed from current position and treated in separate area, be it above ground or in a different location. 

The range of remediation techniques is extensive, they can be sub categorized into 
3 main groups, physical, biological and chemical. Biological treatment uses microorganisms and living organic species to breakdown and remove the pollutants, these are known as bioremediation treatments. Physical remediation involve the removal of hazardous materials by physical processes, for example incineration. Due the large range of techniques available 3 methods will be analysed and assessed. These methods are used to treat the aforementioned types of contamination. 
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[bookmark: _Toc499908623]Figure 2 Soil remediation technlogies and the categorization of the various methods [Wang et al, 2017]






 A major branch of soil pollutant treatments is Bio-remediation, this involves the use of living species to reduce pollutant levels in soils. There are various different techniques that come under bio-remediation classification. They include; bio-augmentation, bio-leaching, bio-sorption, bio-accumulation and bio-attenuation to name but a few, these techniques focus on the use of specific microbes to degrade soil contaminants. There are however other biological methods that are used in remediation practices. 

[bookmark: _Toc499627158]3.1 Phyto-remediation 

  Phyto-remediation is the use of plants to reduce contaminants, two of the most common methods are phytoextraction that reduce the amount of contaminants and phytostabilization that reduces the bio-availability of certain heavy metals to contaminate soil properties. The uptake of heavy metals by plants is common among certain species that rely upon them as micronutrients.

  

[image: ]
[bookmark: _Toc499908624]Figure 3 Image indicating various methods of remediation [Tangahu et al, 2011]


 

[bookmark: _Toc499627159] 3.1.1 Phytoextraction Methods 

 Phytoextraction relies upon plant species to accumulate a pollutant in its physical form. To implement phytoextraction it Is necessary to identify the type of contaminant present and then assess how much of the area is contaminated to consider where to plant suitable species.  Chelating agents are used to make the heavy metals more soluble increasing their availability for accumulation by plants. The most effective plant species for phyto-extraction are hyperaccumulators, these plants can accumulate 0.1% of metals in their leaf dry weight while maintaining their metabolisms [Bhargarva et al, 2012].  A list of hyperaccumilators and the contaminantson which to be used is shown below.  





      



Table 3.0 ‘Hyperaccumilator’ Species

[bookmark: _Toc498522211]
	Species
	Family 
	Heavy Metal Contaminant Extracted

	Pteris vittata (Chinese Brake Fern)
	Pteridaceae

	Arsenic (As)

	Thlaspi caerulescens  (Alpine Penny-cress)

	Brassicaceae

	Cadmium (Cd)

	Lepidium didymium 

	Brassicaceae

	Lead (Pb)

	Thlaspi caerulescens  (Alpine Penny-cress)

	Brassicaceae

	Chromium (Cr)

	Commelina benghalensis (Benghal dayflower)
	Commelinaceae

	Copper (Cu)

	Brassica napus (Rapeseed plant)

	Brassicaceae

	Mercury (Hg)

	Alyssum bracteatum

	Brassicaceae

	Nickel (Ni)

	Thlaspi caerulescens (Alpine Penny-cress) 
	Brassicaceae

	Zinc (Zn)


Table 3 Types of plant species best used in the remediation of heavy metals from soils, and which metals they are best used on [Wang, 2002][Brown et al, 1995][Sidu et al, 2017][Ghaderian et al, 2007]

     Case Study – ‘Lumber Treatment Yard, Archer, Florida’

 The heavy metal arsenic (As), is dangerous to human life and severely damages soil health and productivity. A field study was carried out by Kertulis-Tartar et al, (2006) to determine the efficiency of Pteris vittata in the phytoextraction of arsenic from a site used to treat chromated copper arsenate (CCA). Before the study the levels of arsenic contamination were measured. P. vittata was planted on the contaminated site and was left for three years, with continual weeding and management. At the end of the three year period of study (2000-2002), a reduction of 50 mg kg(-1) was seen, with an estimated total remediation of surface soil to take 8 years. Say previous levels of arsenic. Was it effective?

[bookmark: _Toc499627160] 3.2 Bio-remediation Techniques for Organic Hydrocarbons

 There are a variety of biological remediation techniques that are used to treatf PCB’s and other organic hydro carbons, present due to municipal waste sites. There are 3 main ex-situ methods of treatment that use heterotrophic bacteria or fungi to adsorb organic carbons; Soil Treatment Units, Bio-piles and Windrow Systems (Ciria, 2004).
Use the "Insert Citation" button to add citations to this document.
  
[bookmark: _Toc499627161]   3.2.1 Bio-piles Methods

 This method involves the extraction of soils into piles  constructed in layers of plastic sheeting to stop leachate further contaminating the surrounding area. The aim is to degrade the contaminant to a stable form such as water or bio-mass, through the aerobic operation of the heterotrophic bacteria [Lopez and Iturbe, 2015].   

 To speed up the adsorption of hydrocarbons microbial cultures can be added, this manipulation is bio-augmentation. Natural attenuation however is this process of adsorption without the interference of human action or manipulation. A number of variablesl contribute to the efficiency rate of a bio-pile, these are shown below in Table 4.0. 

Table 4.0 

	Variable
	Optimum Conditions
	Effect on Organisms

	Temperature
	20 – 35 ˚C
	Fungi and micro-organisms achieve higher levels of metabolic reactions according to temperature. 20-35 ˚C is considered to be the most efficient temperature. 

	pH
	6.5 – 7.5 pH
	A neutral 6.5 - 7.5 pH value is the microbial cellular value, an environment in this range would increase productivity.  

	Nutrients
	Oxygen, Nitrogen, Carbon, Potassium, Calcium, Hydrogen and Phosphorus
	Sufficient nutrients are needed to stimulate and enhance the microbial activities. 

	Oxygen 
	0.2 mg/l
	Oxidization transfers electrons away from a hydrocarbon. Increased oxygen levels will hasten this aerobic process and thus the breakdown of compounds. 

	Soil Type
	Loose soil with high porosity
	



Table 4 Variables that effect the efficiency of heterotrophic organisms when adsorbing hydrocarbons. [Mulligan and Yong, 2005][Iturbe and Lopez, 2015]

 A system of creating these necessary conditions is needed when making a bio-pile. Pre-treatment of the soils optimizes soil conditions, before this an assessment of soil characteristics is needed to understand what nutrients or compounds are needed to be added. Inside the piles a system of oxygen injection is required to increase aerobic activity, while a temperature regulator (cooling or heating sytem) is required to heighten the productivity of the bacteria and fungi [Lopez and Iturbe, 2015]. These techniques may vary from site to site. 

    Case Study – ‘Dos Bocas, Tobasco, Mexico’. 

  This location was subject to contamination due to the movement and placement of petrol storage tanks. 2 remediation methods were used, Landfarming was used as pre-treatment before the soils were placed into bio-piles. 14 bio-piles were constructed to treat 27 400 m3 of soil. 43 % reduction in hydro carbons were seen after the pre-treatment method, 68% being achieved mid treatment and 77% at the end of the treatment procedure. Each pile treated achieved hydro-carbon reductions that met the criteria of healthy soil guidelines after 6 months of treatment. [Iturbe and Lopez, 2015].

[bookmark: _Toc499627162]3.4 Physio Chemical Techniques 
  
  Physio chemical remediation techniques aim to dislodge or stabilize pollutants in soil so thy pose no further damage, if dislodged the pollutant can be removed from the soil in form of a waste bi-product. These techniques can be very effective against agricultural pollutants such as pesticide use or over saturation of nutrients. 
 
[bookmark: _Toc499627163] 3.4.1 Thermal Treatment
 
This method uses temperature increases to vaporize or mobilize chemicals in soils so they can be collected in the form of waste bi-product. There are a variety of thermal treatment methods that may be either in-situ or ex-situ.  3 main thermal methods include, Vitrification, Thermal  Desorption and Thermal Incineration. The latter will be considered further as it is effective treatment over pesticides and dioxins [Augusto et al, 2009]. 

  Thermal desorption removes contaminants by evaporating them into gas or liquid forms which can then be easily removed from the soil substrate. Methods can be ex-situ or in-situ depending on the mechanisms being used. Johnson and Weingaertner (1993) patented an in-situ method of desorption where a perforated pipe is placed under the soil area of contamination. Insulation is placed on the surface to trap heat, an impermeable layer is placed on top of this to trap gases or vapors that may be excreted during desorption, a vacuum is also placed here to remove the waste liquids and gases

. [image: ]
[bookmark: _Toc499908625]Figure 4 In situ thermal desorption of contaminated surface soil  treatment design. US Patent 5193934 A [Johnson and Weingaertner, 1993].






   Case Study – Rocky Mountain Arsenal Hex Pit 

  Shell oil company used this site to manufacture pesticides from 1952-82, the pit was also used to dispose of residues in the manufacture of pesticides from 1947-75. The pit measured 94-45 ft, and varied from 8-10ft in depth. 266 wells were installed, 210 heater only the remaining being heater and vacuum wells, the total volume of soil to be treated were 3198 cubic yards. Treatment was expected to last 85 days at 325˚C temperature. However 12 days into treatment corrosion was found on parts of the inserted heating apparatus due to the presence of hydrogen chloride liquids and gases. Damage to the thermal treatment system was extensive, treatment was discontinued with the site being excavated and capped. [EPA, 2006].

[bookmark: _Toc499627164] 4.0 Discussion 

 Several soil remediation techniques have been considered in comparison with the 3 sources and types of contamination that have occurred due to anthropogenic activity. The limitations of these techniques must be considered when assessing the applicability of each method.  
 
  Phyto-extraction is a natural method of pollutant treatment. Using plant species known as hyperaccumulators to extract heavy metal pollutants is an environmentally conscious method with a range of benefits. Bhargarva et al, 2012, noted that the placement of plants on the surface of the treatment zone creates a natural barrier between pollutant and terrestrial activity. This natural barrier is an aesthetically pleasing remediation method suitable for application in an area where this is desired (protected areas of conservation). REF. Phytoextraction is also an economical method of remediation; it reduces the need for heavy machinery costs, consistent management of site and labor costs [Robinson et al, 2003]. 
  There are limitations to this method, the rate of extraction can differ considerably according to many variables. Climate has a large impact on extraction rates of pollutants, temperature, rainfall, sunlight all impact on the growth of plants and thus the rate which they extract pollutants. Changing seasons would also disturb rates of extraction, resulting in issues of reliability [Tanagahu et al, 2011]. High levels of heavy metal contamination with deep penetration has resulted in inability for plants to effectively remediate [Ersnt, 2005]. 
ANY MORE I CAN ADD HERE. Refer back to case study to show how long it takes and the rate of extraction. 
 
Bioremediation technologies are proven effective methods of removing organic compounds from soils by use of microbial activity. This process is considered an environmentally friendly method due to the natural breakdown of organic compounds. Efficiencies can be seen when cultures are manipulated through; aeration, increasing nutrient concentrations and temperature regulation. 
  To ensure efficiencies are kept at a high level treatability and monitoring studies are needed to be made consistently to ensure nutrient and oxygen levels are kept high. The expansion of the studies from small scale to large scale may give inaccuracies and inefficiencies to the whole project [Kensa, 2011].  The manipulation of soils prior to placement in bio-piles, and also the excavation of soils would increase the engineering and scientific workload inducing further costs and difficulties [Vidali, 2001]. Length of time for these projects? 7 years: get ref. Refer to case study. 

  Thermal disposal is an effective treatment for a wide range of soil pollutants. Heavy metals, pesticides, volatile and semi-volatile organic compounds can all be treated using this method (EPA, 2012). There are a wide range of in-situ or ex-situ methods of treatment using different engineering techniques, as a result a wide range of contaminated sites may be treated using the method that’s suits the site best. Desorption has been shown to have high success rates, Alhambra Combined Facility, USA had an average concentration of 2306 mg/kg of Polycyclic Aromatic Hydrocarbons (PAH’s) present on site. After treatment the average concentration was 59 mg/kg, showing no further action was required with unrestricted land use being applied immediately (Baker, Tarmasiewicz and Bierschenk, 2007). The use of in-situ treatment reduces issues such as transportation of dangerous wastes, chemical exposure and strong odors. (Baker, Tarmasiewicz and Bierschenk, 2007).

  The case study of Rocky Mountain Hex Pit shows there are limitations to Thermal Desorption. During treatment, the presence of Hydrogen chloride corroded the apparatus halting treatment after 12 days (EPA, 2006). This case identifies the need for assessment of a range criteria, during and before treatment. An overabundance of clay or silt content reduces porosity leaving no exit route for vaporized chemicals resulting in pollutants staying within the soil matter. Costs of thermal projects is another limiting factor, 12,385 m3 of soil treated at Alhambra Wood Facility cost approximately $6.4 million dollars (Baker, Tarmasiewicz and Bierschenk, 2007). Although effective, up front capital needed for such methods would be hard to attain for less desired private areas of land. say here wwhat charachteristics the site is dependent on?. 
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