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Introduction

This report has been written to describe and assess current soil remediation technologies. Soil remediation, (or soil washing), can be described as various processes used to remove contaminants such as hydrocarbons (petroleum and fuels), heavy metals, pesticides, cyanides and other contaminants from soil.  All soils, whether polluted or unpolluted, contain a variety of contaminants which are naturally present and formed from the decomposition of both plants and animals however, polluted soils have above the natural level of contaminants which can be caused by poor disposal of waste from industrial operations, industrial activities and agricultural fertilisers and pesticides which are sprayed onto crops.
 

As described by Bolan, “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. Unlike organic contaminants, most metals do not undergo microbial or chemical degradation, thereby resulting in their accumulation in soils.” 
(Bolan N S, 2003)

Soil pollution or contamination can have a detrimental impact on the environment. Water quality/pollution can be affected by soil pollution if toxic chemicals leach into groundwater, or if contaminated runoff reaches streams, river or lakes which in turn plants and animals can ingest the chemicals. 

Dependant on the historical use of the land will determine what contaminants are present in the soils/ground e.g if the site was previously used for mining or industrial use. Types of contaminants that infiltrate into the ground are Metals – TPH – BTEX - Aesbestos

Soil Remediation – Process from Investigations to Remediation 
As available Greenfield sites become harder to find, developers are turning to Brownfield sites as locations for redevelopment opportunities. Brownfield sites are the preferred location for future development by planning authorities therefore, the need for soil remediation is becoming increasingly important to clean up the pollutants and contaminants in the soil which helps ensure its safety for humans.

When developing a Brownfield site, a preliminary risk assessment would need to be carried out to help predict any potential environmental issues that may be present. Initially a historical search of the site should be carried out which will identify the former uses to help determine what contaminants are located in the ground/soil i.e. previously used for mining, industrial or agricultural use. The searches can include historical maps to look for former uses, geological and hydrogeological as well as contacting any local authorities.  A report is the produced with recommendations of whether or not site investigations are needed and which contaminants are to be assessed based on the historical land use using the DOE (The Department of the Environment – see appendix A) 
Following on from the recommendations from the report site investigations are to be carried out. The investigations will involve a site walkover to visually inspect the area for signs of issues e.g. areas with no plant growth, any odour on site that may be emanating for the contaminants in the ground etc. 
Environmental surveys can be carried out along with geotechnical surveys, taking samples for both surveys from bore holes (drilling into the ground) and trial pits (digging into the ground using either a machine of by hand). From each location, samples are to be taken which will be analysed to determine the presence of contaminants. “Chemical testing of soils carried out using Monitoring Certification Scheme (MCerts) performance standard provides assurances on the reliability of data from such tests. The performance standard is an application of ISO 17025:2000 specifically for the chemical testing of soil and covers:

· The selection and validation of methods
· Sampling pre-treatment and preparation
· The estimation of measurement uncertainty
· Participation in proficiency testing schemes
· The reporting of results and information
(Adus I et al (2010))
The results known as ‘data set’ are then entered into a modelling tool to determine whether the site is contaminated and where. Using the SGV’s (Soil Guideline Values) a target level can be set this determining the best remediation technique to be used. When determining which remediation technique is best to use there are a number of factors which could affect the decision such as cost and timeframe for completing the works. Numerous techniques are available please see assessment for each below.
Following the completion of the remediation works further testing will need to be undertaken to confirm if the set targets have been achieved.
Soil Remediation- Types of Techniques
There are a number of different remediation technologies available which can be put into two categories, in-situ and ex-situ. In-situ techniques which treat the contamination without having to remove the soils therefore can be a cost saving technique to use however, in-situ generally requires longer periods of time to undertake. Ex-situ techniques involves the excavation of the soils/ground, which historically would have been sent straight to landfill, but as technology advances numerous techniques/methods are available.
In-situ Remediation Techniques

In-Situ Biological Treatment / Bioremediation
In-situ bioremediation techniques are techniques which breakdown the contaminants within the soil by utilising the micro-organisms present within the soil to grow and use the contaminants as a food and energy source. Dependant on which contaminants are present within the soils, determines whether the bioremediation technique is be used with (Aerobic) or without (Anaerobic) the presence on oxygen in order to stimulate the micro-organisms needed to breakdown the contaminants. Bioremediation techniques with oxygen (Aerobic) increase the oxygen levels via spraging or bioventing, within the contaminated soil which were decreased during contamination. The increase in oxygen allows the micro-organisms to grow using the contaminants within the soils as food. Bioremediation techniques without oxygen (Anaerobic) increase the levels of nutrients within the soils/ground which in turn increases the growth of the anaerobic micro-organisms, this is done through the abstraction of water within the soils/ground and introducing nutrients to this which increases the growth of the micro-organisms and subsequently breaks down the contaminants (see Appendix B for case study from a leading remediation expert). Dependant on what contaminants are present determines if either aerobic or anaerobic techniques are used however, bioremediation technologies are able to be remediate hydrocarbons, diesel, oils and herbicides/pesticides. Although, these techniques are only effective dependant on what soils are present (clays – less permeable) and can also be very timely however does have advantages are being non-intrusive, suitable for use on a number of contaminants and can be used on operational sites.
“Contaminants

Due to the fact that In-situ bioremediation can be conducted aerobically or anaerobically most organic contaminants can be remediated. Contaminants that can be remediated by in-situ bioremediation include but are not limited to:

· Chlorinated solvents and hydrocarbons

· Diesel range hydrocarbons

· Mineral and lubricating oils

· Some herbicides and pesticides

· Phenols

· Polycyclic aromatic hydrocarbons

The contaminants present will define if the in-situ bioremediation is aerobic or anaerobic, generally chlorinated hydrocarbons require anaerobic conditions with most others being more effective in aerobic systems.”
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(VertaseFLI Limited. (2017))
Vacuum Extraction

Vacuum extraction is an in-situ method to remove vapour, water and liquids (multi-phase) by the use of vacuum blowers and wells. Vapour and water are extracted together from the soil under vacuum and a submersible pump is then placed in the well to extract the liquid and a soil vapour extraction unit to remove the vapour. The removed water is then treated and can either be returned back to site or disposed of into a sewer. The Vacuum extraction process is a very efficient remediation method as it encourages oxygen into the soils which stimulates the micro-organisms creating the in-situ biological treatment. The advantages of using these methods are as it is an in-situ process it has lower costs and also a small site setup as little equipment is needed. It can also be used on a wide variety of different soil types and ground conditions although the process would need some adaptation as it is more suited to medium granulated soils. However before using this process there must be an assessment made to foresee the risk of explosion due to the gases being extracted.
“Contaminants

SVE can remediate a wide range of contaminants, including but not limited to:

· Petroleum range hydrocarbons (PRO)

· Diesel range hydrocarbons (DRO)

· Vinyl chloride

· Trichloroethene

· Benzene

· Toluene

· Ethylbenzene

· Xylene

· Most volatiles

· Some pesticides and herbicides

Generally a contaminant with a vapour pressure of greater than 1.0mm Hg at 20°c and a Henrys Law constant greater than 0.0001atm/m3/mol will be suitable for SVE.”
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(VertaseFLI Limited. (2017))

Ex-situ Remediation Techniques

Bioremediation
Ex-situ bioremediation is a similar process to the in-situ method however is processed above ground. By processing the soils above ground a larger volume of soils can be treated. The excavated soils are placed into a bioreactor/treatment plant which are then mixed with nutrients and oxygen added to stimulate the micro-organisms present within the soils to which grown and feed on the contaminants. Excavated soils can also be placed on a lined area where the same process is applied. Under aerobic conditions, micro-organisms can utilise organic contaminants such as petroleum hydrocarbon mixtures, polycyclic aromatic hydrocarbons (PAH), phenols, cresols and some pesticides using these as energy and food. 
The ex-situ bioremediation technique can be used to treat a wide range of contaminants soils in large volumes of excavated soils however, the process requires large areas on site to contain the soils in order to remediate and also can be weather dependent, cold temperature can slow down the process therefore usually carried out within the summer months. 

“Bioremediation involves treatment of polluted soils by biological means. The process uses bacterium (aerobic and anaerobic species), particularly targeted to consume and break down hydrocarbons and other pollutants in soil. The advantage of the process also lies in the fact that when contaminate is consumed all the microbes die off. However, note that the process is more successful in soil that maintains 70 degrees F of temperature with sporadic rain for optimal moisture. And for bioremediation to be more effective in colder climates, soils should be properly covered and insulated. This is because the colder the ambient climate will be, the longer the clean-up time the process will take.”
(K Dani, 2014)
Ex-situ bioremediation can be separated into three methods 1) Land farming where the excavated soil is placed onto a lined area spread at a thickness of approximately 0.3m. The soils are then turned over and nutrients added to stimulate the micro-organisms to feed off the contaminants. Although this proven method is low cost a large working area is needed to carry out the remediation process therefore unsuitable for small sties. 2) Turned Windrows places the excavated soil into a pile with windrows which periodically turn to oxygenate the soils. As described by (VertaseFLI Limited. (2017)) “The excavated soil is placed into a shaped pile up to between 1.5 and 2m height and up to 6m wide in a lined area, the pile is aerated by periodical turning of the windrows by specialised machinery which can be excavator mounted or self-propelled. Soil organic amendments and nutrients can be easily added to the windrows during turning to improve aeration and soil characteristics as required. This is often the most cost effective method of ex-situ biological treatment.”

Lastly 3) which are Force vented biopiles, where again the excavated soils are placed into the pile where oxygen is either pumped or blown to aerate the soils. The vapours can then be collected from the pile and treated onsite. This method can remediate large quantities of soils as the pile is up to 3m in height and 6m in width. “Biopiles can be constructed taller than windrows and so require less space on site, additionally the injection of air can be used to control the bed temperature during winter periods if overwintering is required. It is also the preferred choice if particularly odourous or volatile contaminants are the issue.
For all bioremediation techniques, an Environmental Permit is required from the Environment Agency and any run off or ‘leachate’ from the soil needs be collected and treated. Treatment times range dependent on the contamination and target concentrations from 6 to 16 weeks.”
(VertaseFLI Limited. (2017))

“Contaminants

Ex-situ bioremediation can remediate a wide range of hydrocarbon contaminants including but not limited to:

· General hydrocarbons

· Kerosene

· Phenols

· Cresols

· Polycyclic aromatic hydrocarbons

· Semi-volatile organic compounds

· Diesel range hydrocarbons - Lubricating oils

· Straight chain aliphatics

Non-chlorinated hydrocarbons within the carbon chain lengths C6 to C14 are readily treatable, non-chlorinated hydrocarbons with carbon chain lengths C15-C32 are treatable but require longer time periods to degrade. Chlorinated hydrocarbons and other more complex chains can be degraded but require detailed assessment and analysis to determine suitability.”
(VertaseFLI Limited. (2017))
As a case study, Vertase FL Limited carried out the bioremediation method using windrows, at a former tar works in Manchester (see appendix C).
Soil washing
Soil washing separates the particles within the soils using water, the introduction of water causes the contaminants to bind to the finer particles leaving the sands and gravels. Contaminants are generally found in finer soils therefore introducing the water binds them together separating these from the larger soils like sand and gravel. The soil washing method is highly affective however, if the majority of the soils within the ground are fine (over 25%) the soil washing won’t be as affective therefore is better suited to more granular soils. 
“Contaminants
Soil washing has been shown to be able to remediated/reduce the volume of contaminated soil, contaminated with:

· Diesel range organics (DRO)

· Petroleum range organics (PRO)

· Volatile organic compounds (VOCs)

· Semi- volatile organic compounds (SVOCs)

· Heavy metals (lead, chromium etc)

· Pesticides”
(VertaseFLI Limited. (2017))
Thermal Desorption

Thermal desorption remediation uses a separation process through the use of heat. “This technique includes heating contaminated material into the PTU to evaporate hydrocarbon impurities and water. Here, polluted materials are usually treated at temperatures of 650° F to 900° F, and then discharged from the PTU into a cooling unit, which is either a mixer, or auger where water is added for cooling and dust control. The treated material is then discharged from the cooling unit via a conveying system, ready for testing, and subsequent recycling.”

(K Dani, 2014)

As described by (VertaseFLI Limited. (2017)), there are generally three methods of thermal desorption:

1. Indirect heated: An externally fired rotary dryer volatilises the water and organics from the contaminated media into an inert carrier gas stream, steam can also be used as an indirect heating method.

2. Indirect fired: A direct-fired rotary dryer heats an air stream which is in contact with the contaminated soil.

3. Direct fired: Fire is applied directly upon the surface of contaminated media.

Thermal desorption processes can be separated into two groups:

Low temperature thermal desorption (LTTD)
In LTTD, soils are heated to between 90°C and 320°C, this system is used for VOC and petroleum removal. Remediated soil retains the majority of its physical properties unless they have been heated at the higher end of the temperature range although many UK soils can be detrimentally affected.

High temperature thermal desorption (HTTD)
HTTD soils are heated to 320°C to 960°C, this system is used for higher chain hydrocarbons, pesticides etc. HTTD systems are often combined with incineration, solidification/stabilisation treatments. Soils are rarely re-useable without significant geotechnical improvement.

Contaminants

Thermal desorption can be used to remediate a wide range of compounds including but not limited to:

· Diesel range organics (DRO)

· Petroleum range organics (PRO)

· Volatile organic compounds (VOCs)

· Semi-volatile organic compounds (SVOCs)

· Poly-aromatic hydrocarbons (PAHs)

· Poly-chlorinated biphenyl's (PCBs)

· Pesticides

· Dioxin-furans”
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(VertaseFLI Limited. (2017))
Although the thermal desorption remediation technique is able to treat a wide variety of contaminants (as listed above) there are a number of disadvantages, the desorption process is highly dependant on the type of ground, whether the site has a high water table, what type of soils are present i.e. clay and silts and the size of the particles within the soils. 
Excavation and removal

The excavation and removal method excavates the contaminated soils which gets transported to landfill. Although this method totally removes the contamination from the site, the soil is still contaminated therefore dependant on which contaminants are within the soils determines whether this method can be used. Soils can also be excavated and removed to be remediated off site and new soils be used. 
Conclusion

The remediation process needs to be monitored and validated before reinstatement by undertaking samples of the soil for analysis to ensure they meet the soil guideline values specified for the scheme. This is usually undertaken at an agreed rate per M3 for the biopiles and usually per a certain m2 for final site validation. 
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