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1. Introduction

‘Soil is not only considered as a source of nutrients for plant growth, but also as a sink for the removal of contaminants from industrial and agricultural waste materials. The origin of heavy metal contamination of soils may be anthropogenic as well as geogenic. With greater public awareness of the implications of contaminated soils on human and animal health, there has been increasing interest amongst the scientific community in developing cost-effective and community-acceptable remediation technologies for contaminated sites’ Bolan, N.S. (2003) (1)

My report will be outlining in detail the description and assessment of current soil remediation technologies within the industry at present along with research into more modern methods currently in development for future use. 

Soil remediation is the process where contaminated soils are remedified of the pollutants within which may cause harm to the environment and/or to human health. 
 There are several methods to carry out soil remediation, which I will discuss in detail within this report, but as an over view the methods I will describe and assess are;

1. Containment
2. Exisitu biological treatments 
3. Enhanced in-situ bioremediation 
4. Soil Vapour extraction 
5. Dual-phase vacuum extraction 
6. Air sparging 
7. Bioventing 
8. Natural attenuation 
9. Soil washing 
10. Cement-based fixation
11. Electrokinetic Remediation 

The contamination of soils is an ever-increasing issue globally a result from lack of control over contaminated sources entering our land, whether it is through negligence of disposal or accidental disposal in some cases. 
 The main sources of these contaminants derive from agricultural and industrial activities and also consumption action. 
 ‘Every year, there are about 600 million tons of solid wastes produced as a result of industrial production and resident consumption, which is still increasing at a rate of 10% per year’ Zhang, X.H (2011) (2)  
 This in itself is a worrying figure to digest and something I believe we as a humans and people in authority, need to take greater control of our actions before it becomes too late and entire habitats and organisms are destroyed which as we know through research will have a catastrophic effect on the environment and human race in years to come. 

The aim of my report is to provide sound guidance on the different methods of soil remediation techniques that are available to use, along with providing advice on what
the different techniques entail, which in effect will provide good practice in the selection, design and operation of these techniques for different scenarios where contaminated soil remediation is required.


2. Containment 

2.1 Containment Definition 

The containment method is one of the more common techniques used to contain contaminated soil or groundwater, with the view of limiting their contact with humans, the ecosystems on the site and to mitigate from future contamination to occur within the given site. 

2.2 Containment Principles 

The basic objective of the containment method is to fundamentally create either ‘Low- permeable or impermeable cutoff walls’ Zhang, X.H (2011) (3). The general make up of containment walls are made up of bentonite, soil and water mixture, this composition will provide a barrier wall of relatively low permeability and more significantly, low cost to manufacture. If a more impermeable barrier is required then a wall comprising cement, bentonite and water can be produced, which will also provide a far more structurally stronger wall and also may be required if 
‘chemical incompatibilities between the bentonite and site contaminants exist, 
the desired permeability of the completed wall is typically 1×10-3 cm/sec to 1×10-6 cm/sec.’ Qian, Yi (2009) (4)  

2.3 Containment Construction Methods 

Generally, the construction of containment wall is in a continuous formation, with a ‘simultaneous process of, Trench excavation, support slurry fill, backfill mixing, and backfill emplacement’ Qian, Yi (2009) (5) The slurry walls are placed at depths generally less than 50m and the thickness would normally be in the region of 0.6m – 1.5m. If walls require to be deeper than 50m the production cost increases significantly which is a factor that must be considered. 
  The general site and ground conditions along with what contaminants are present, most trenches can be excavated in two different levels, one, below the water table level, which as a result will capture “chemical floaters” and two, to a level that will extend into a lower confining layer. With regards to the horizontal planes, the slurry mixture can be constructed around the entire perimeter of the contaminated section(s) of the site. 
  The most common containment walls constructed are made from soil-bentonite which also prove to be the less costly in practice. If the contaminent is not compatible with the traditional bentonite method then an alternative such as ‘Attapulgite’ - “Attapulgite is a naturally mined clay. It is a needle-like clay mineral composed of magnesium-aluminum silicate” (6)  
may be considered to be used. 

http://www.reade.com/products/attapulgite-fuller-s-earth-clay	

2.4 Advances Containment Methods 

As research has continued into the development of containment practices in the soil remediation field, newer developments in the technology, especially with the use of fly ash as a ‘high carbon additive’ which has an effect of lowing the permeability values of soil-bentonite, but the most effective added value with this inclusion is that it increases the adsorption capacity of the traditional soil-bentonite when considering the transportation of organic chemicals.

In recent years, the advances have included the use of composite slurry walls which incorporate materials such as ‘mineral wax, sodium silicates, microfine cements, colloidal silica gel, and mantan wax which is a fossilised plant wax with properties similar to natural plant waxes’ (7). The inclusion of these new advanced materials provides a slurry wall with a significant reduction in permeability. 

Along with the utilisation of the materials listed above, composite slurry walls will also incorporate the use of an additional barrier which generally is the use of a geomembrane, which will be placed within the trench acting as a liner again improving the impermeability and chemical resistance to the contaminants. The geomembrane is often HDP (high-density polyethylene) plastic sheet pile sections. Advantages of this are that they are not prone to animal and vegetation intrusion, decay etc. and more importantly are long life. Most designs of such walls would be to construct the bentonite-cement slurry wall followed by the installation of the plastic membrane which would generally be placed in the middle of the trench.  

2.5 Advantages of Containment 

The general advantage of using slurry walls as containment cells/barriers to remedify contaminated land, is that they have the potential to provide an effective, long-term, low-cost, and low-maintenance solution. Due to the design criteria of such walls, they are quick to construct and have the provision to provide a fast response to an acute ground contamination situation. As there are relatively low excavations involved this reduces the engineer costs and equipment costs significantly. More so from a health and safety perspective, as the contaminated soil is contained, there is little to no handling of the hazardous material. 

2.6 Disadvantages of Containment 

One of the main disadvantages of this system is that the slurry walls/cells do not eliminate the source of the contamination neither does it reduce the toxicity therefore those issues will always remain within that site. 
 Another contributing factor to the disadvantage of this method, is that these cells will constantly require periodic inspection for various varying factors such as ponding of liquids, settlement, erosion and also naturally occurring invasion by deep rooted vegetation and animals. 

3. Ex-situ bioremediation

3.1 Ex-situ bioremediation Definition

Ex-situ bioremediation or engineered treatment bed systems is the process where excavated soil is placed within an above ground area where the soil is treated and aerated which in effect accelerates the degeneration of organic contaminants. The purpose of this system is to degrade the contaminated soil to a level where it is less toxic and also to reduce the contaminants to a level which render them completely innocuous. 

Methods such as mixing soils with bulking agents such as wood or bark chip, which enhance the porosity and structural integrity of the mixture which is called ‘Soil Composting’ (8) 

3.2 Principles of Ex-Situ bioremediation 

The decomposition of most naturally occurring organic matter in the biosphere are generally carried out by heterotrophic bacteria and fungi. ‘Some of these micro-organisms can also utilise organic contaminants – petroleum hydrocarbon mixtures, phenols, cresols as a source of carbon and energy’ (Anderson,1995) (9). 

The process of ex-situ bioremediation relies heavily on aeration, giving an aerobic environment. As a result, the method does not solely rely on the activity of anaerobic micro-organisms to stimulate the process. 

3.3 Types of Ex-situ bioremediation techniques 

With the process of ex-situ bioremediation, there are generally three main techniques used as a remediation method. 

1. The window system – very similar to composting methods, here the soil is placed loosely in heaped piles. The aeration process is implemented by naturally occurring convection or by turning or mixing the heaped soil mechanically. As mentioned above, bulking agents such as wood chip are generally added to the heaps of soil in this system, which maintains the porosity characteristics of the soil and to enhance and encourage airflow. 

[image: ]

2. Soil Treatment Units – this is the simplest form of ex-situ bioremediation process, where a layer of contaminated soil is placed within an area where the soil is spread even, this area may occasionally be lined to prevent the contaminants leaching through the ground below. The soil is then turned mechanically again to increase airflow which as a result increases oxygen levels within the contaminated soil. As with most ex-bioremediation methods, nutrients, water and other additives may be added to accelerate the process. In general, the contaminated soil is spread to a thickness of ‘0.3m’ (11) but this may be increased if greater aeration is achievable.

[image: ]


3. Aerated static piles – this system incorporates a quantity of contaminated soil being piled in a regular pile formation, with a bund around the parameter of the pile. This soil will be aerated by utilising a vacuum or injection extraction system which systematically draws or pushes air through the soil, which as a result maximises the transfer of oxygen through the stock pile. This system allows the stock pile height to be increased to ‘1.5-3m’ (12) which as a result requires less area than the ‘soil treatment unit’ method. 
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3.4 For Ex-situ Bioremediation 

The case for using the ex-situ bioremediation technique is that It can be used on all non-volatile contaminated soils, and soils that are biodegradable. It is a cost-effective process when comparing with the other remediation methods. The soil type must have characteristics that makes it permeable to air. This method is good for controlling the source where the remedial works are required. 

3.5 Against Ex-situ Bioremediation 

The issues that go against utilising this method, when considering the contaminant properties would be that it is not suitable when ‘recalcitrant organics or inorganic contaminants’ (13) are present. As you will be excavating the contaminated soil away from its original location, you will have water entering the excavations. Not suitable for areas which have a high groundwater table, nor is it suitable for soil of low permeability. Due to the nature of the process, you require a large working area for the engineered beds etc. Also, the process is a long-term strategy which must be factored into the remediation method decision making. 


4. Enhanced in-situ bioremediation 

4.1 Enhanced in-situ bioremediation Definition

The definition of the term ‘Enhanced in-situ bioremediation’ is the process where naturally occurring micro-organisms are stimulated with the effect of increasing the in-situ biological degradation of organic contaminants, which is done by circulating water based solutions through contaminated soils. 
 The technology was developed in the 1970’s in North America, with widespread application of the process not taking place much before the mid 1980’s. (14) 

4.2 Principles of in-situ bioremediation 

In summary, the main objective of this method is to speed up the naturally occurring degradation process, whether it may be co-metabolic, anaerobic or aerobic. 
 In-situ bioremediation can also occur If there is ‘little no oxygen present within the contaminant soil. The anaerobic reactions use alternative sources of electron acceptors for metabolism, with the environmental redox potential influencing the type of micro-organisms involved in substrate degradation’ (15). When considering the different types of electron acceptors, these will be ‘Nitrate’ or ‘Carbon dioxide’ (16). 

4.3 Types of in-situ bioremediation 

There are two types of this method that are commonly used within the industry, and these are the active system or passive system. 

1. Active systems – this system will generally involve a process of re-circulation of groundwater within the contaminated soil, via the use of pumps and injectors. The injection process is produced by the use of ‘single wells’ or by the use of ‘infiltration trenches and open infiltration’ areas within the source site. 
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2. Passive system – the difference between the two systems is that the passive system does not include pumping of water nor the injection of water around the contaminated source. This system typically requires oxygen-release compounds to be placed across the width of the contaminated area. 
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4.4 For Enhanced In-situ bioremediation method 

With regards to the contaminant properties of the soil, they must be biodegradable for this process to work. The advantage of this method is that there are no excavations required as the contaminated soil can be remodified in-situ. The soil characteristics must be of permeable nature and can be saturated or unsaturated. The site above ground can be very small as not much space is required to store excavated soils etc., which results in no space constraints. This process does target the source of the contaminant directly. 

4.5 Against the Enhanced In-situ bioremediation method

This method requires a relatively shallow water table to be able to be effective. The contaminant properties must be ‘recalcitrant organic and inorganic contaminants’. It is difficult to carry out this method when there are physical boundaries or buildings nearby, and it is a lengthy long-term strategy. 


5. Soil Vapour Extraction 

5.1 Soil Vapour Extraction Definition 

This method is an in-situ technique where airflow is induced through the soil to ‘enhance the volatilisation (and allow their withdrawl from the unsaturated zone) and aerobic biodegradation of contaminants’ (16). The soil vapour extraction is quite often or not applied in conjunction with, dual-phase vacuum extraction, air springing, steam injection and bioventing. 

5.2 Principles of Soil Vapour Extraction 

[bookmark: _GoBack]The main principle of this process is 
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