Running head: Land remediation of heavy metals	1

Land remediation of heavy metals	8

Study into the remediation of a site contaminated with heavy metals
Harry Foxton BEng Energy and Environmental Engineering
University of Wales Trinity Saint David




Abstract
Remediation of contaminated land plays a vital part in the legislative requirements for obtaining planning permission on a new development and ensuring the method for remediation chosen can have an impact on the economic feasibility of the project in its entirety. The process of undertaking a Phase I and Phase II Environmental site assessment is described to ensure the hydro-geological characteristics of a site is understood and considered when deciding a remediation technique. The site of interest is contaminated with the following heavy metals: Cadmium, Chromium, Mercury and Zinc; all remediation techniques discussed have an application specifically for the 4 heavy metals described.  
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Study into the remediation of a site contaminated with heavy metals
[bookmark: _GoBack]The mining industry has long been a part of the industrialization of Wales and played a pivotal role in the economic successes of the country. As important as this industrialization was for the Welsh economy, the environmental effects of this heavy industry has meant that Wales is left with many sites that were once use for the heavy industry but are now posing further risks to the environment due to potential pollution of land as they become disused. Land contamination can have severe effects on local environment including local ecology and water supply through sub surface flow, posing a severe risk to agro-ecosystems with the ability to enter mainstream food sources. With heavy metal contamination being prevalent in land contamination in Wales due to the history of industry in the country, it has become more important than ever to develop strategies to remediate contaminated land of these heavy metals. The Environmental Protection Act 1990: Part IIA mandates that all contaminated land must be remediated of contamination before development can begin (Department for Environment, Food & Rural Affairs, 2012). Some examples of industrial sites that could lead to heavy metal contamination includes an mining site, steel mill, refinery or factory, with 60% of contaminated land sites containing either Benzopyrene, lead and arsenic (Natural Resources Wales, 2016), which are all toxic to the local environment which has a trickledown effect on agriculture and local ecosystems. This report will discuss how these contaminants will be evaluated and remediated to the extent required for building on the site to continue.


[bookmark: _Toc37082901]Site surveying
Often known as the phase I environmental site assessment, surveying the site allows for a full understanding of the geological, hydrogeological and hydrological characteristics of the site being assessed as well as the potential contaminants based on the sites previous usage, allowing for a better understanding of the potential remediation techniques that will be used. The end goal of an initial site survey is to create a conceptual model which allows for a full diagram of the where the points of contamination arise known as the sources, how that contamination travels known as the pathways and where the contaminants ultimately end up known as the receptors. A conceptual model allows for intrusive analysis in stage II to be better targeted, but also allows for remediation strategy that has considered all possible routes of contamination (Elmbridge Borough Council, 2013).
Subsurface flows of water are one of the easiest ways for contaminated land to have such a large impact on surrounding ecological systems, having the ability to contaminated rivers, groundwater and surface water. This subsurface flow is very dependant on the geological content of ground. This movement of water through ground can be described by its hydrogeology. If the superficial deposit (top layer) of land is considered as being very impermeable, the impacts of ground pollution are more immediate, an example of this is Peat; Peat is one of the earliest forms of decomposition of organic deposits (Jacobs, 2018), due to its compacted formation, Peat is largely impermeable therefore if it rains and the fallen rainwater becomes contaminated by the land, it is likely to stay on the surface and flow above the surface to rivers and surrounding farmland. This ground substrate may be considered as advantageous in some cases however, as it reduces the quantity of percolation of contaminated groundwater into aquifers which may be used as a source of drinking water, thus acting as a barrier preventing the contamination of drinking aquifers. With a superficial deposit made of gravel sand and silt, often found near river terraces, the ground is far more permeable allowing for more potentially contaminated water to flow to bedrock level and potential aquifers. The Natural Environment Research council publish maps of geology in the UK which can be used to aid the creation of the desk report (British Geological Survey, 2020). 
[bookmark: _Ref36902748][image: ]The Conceptual model will list all possible sources, pathways and receptors for an industrial site considered. Figure 1 shows a basic conceptual model for a buried pollutant showing how pollution of the land has the ability to reach a large range of receptors.
Figure 1 – Simple conceptual model based on pollution of land (Hawaii state department of health, 2016)




Once a conceptual model is developed, the phase II of Environmental Site Assessment (ESA) can begin, which has the main task of validating the information gathered in phase 1 by means of obtrusive testing and site visits. One of the main points of experimentation in the phase II ESA is to quantify the levels of contaminant, in this case heavy metals, found within the soil and to identify through visual observation any possible remaining sources of contamination i.e. rusting metal. These samples can be collected in a variety of ways (Partner Engineering and Science, 2018):
· Push Probes – A small tube device that will remove topsoil up to around 30cm deep and will remove a thin cylindrical section of soil
· Hollow stem auger – an Archimedes type screw that has the ability to remove a larger deeper sample compared to push probes
· CPT (Core penetration Testing) – Uses hydraulic ram to force a cylinder with cone on end to desired depth, the sample is then taken similarly to a push probe but on a much larger scale. This testing is 
The process of spectrophotometry can then be used to identify the quantity of heavy metals in the collected samples, usually described as mg/kg or as parts per million (Waoo, et al., 2014).
Sampling Techniques
Ensuring the sampling technique chosen is representative of the land being used is vital to obtaining contamination levels that will allow for the best targeted remediation strategy. 3 main statistical methods can be used for space sampling: Random, stratified and Systematic. Random sampling picks random points over the space which is a simple sampling method, however if enough samples are not taken, it is possible the random points chosen could be clustered and is therefore not representative of the sample space, Stratified sampling uses a statistical approach, it is still random but ensures a more even distribution across the sample space, systematic sampling simply divides the space into equal segments. It is recommended for most cases that stratified sampling is used as there it will provide a random but distributed profile of samples for the given area 
[bookmark: _Toc37082902]Metals and their risks
It is stated that the site has been identified to be contaminated with heavy metals including Cadmium, Chromium, Mercury and Zinc; each of which has a different impact on the environment: Cadmium is most commonly found to be used in Nickel-Cadmium batteries, also pigments and coatings (International Cadmium Association, 2003) and if left to contaminate land is hugely toxic in part due to it having no use in the biological world. Chromium is most commonly used in electroplating of metals and due to its solubility has the ability to leach into groundwater causing possible contamination of drinking aquifers. Mercury in a n alkylated form is far more toxic than its regular state as it is soluble in water and is volatile in air so poses a large risk to surrounding ecosystems (Wuana & Okieimen, 2011). The process of biomagnification is the process of a food source at the bottom of a food chain becoming contaminated and when the next animal in the food chain eats a large quantity of the contaminated food, then has a ‘magnified’ amount of contaminant in its body, this process continues up the food chain until the contaminant has the ability to be life threatening to a predator (Drouillard, 2008). Zinc is an example of this contaminant, if the land is contaminated with Zinc and leaches into a river which then contaminates a fish, the fish will build up Zinc in its body allowing for potential biomagnification (Wuana & Okieimen, 2011).
[bookmark: _Toc37082903]Remediation analysis
The aim of remediation is to get the level of contamination in the soil to below the mandatory requirements and it can be done either on site without removing any ground known as in-situ or can be transported off site for further treatment know as ex-situ. For heavy metals the EU outlines the levels as the maximum allowable quantity in mg/kg shown in Table 1 (Ministry of the Environment, Finland, 2007).
Table 1 – Table of heavy metal contaminants described and the contaminants maximum allowable quantity
	Contaminant
	Allowable quantity (mg/kg)

	Cadmium (Cd)
	≤10

	Chromium (Cr)
	≤200

	Mercury (Hg) 
	≤2

	Zinc (Zn)
	≤250



[bookmark: _Toc37082904]In-Situ (On site) Remediation
[bookmark: _Toc37082905]Physical
Surface Capping – Surface capping is the process of covering the contaminated area with a layer of either concrete slab, aggregate or thick plastic layer to stop contaminated soil being toxic on the top surface. The biggest issue with surface capping is that it does not eliminate the possibility of leaching of contaminant through subsurface flow, so still poses an environmental risk, the application of surface capping depends on the quantity of contaminant discovered in topsoil (Liu, et al., 2018). 
Encapsulation – Working similarly to surface capping, encapsulation aims to create a complete barrier around the contaminated land up to the surface to fully isolate the contaminated land from the hydrological cycle eliminating the possibility of leaching. May be considered more effective than surface capping but will become ineffective if the encapsulating material is breached (Khan, et al., 2004).
[bookmark: _Toc37082906]Electrical
Electro-kinetics –Electro-kinetic remediation methods for heavy metals utilizes the process of electromigration to create an electro-osmotic gradient, this essentially means that ionic metals are forced in the direction of this gradient and collected by the probes separated by varying electrolytic solutions  (Cameselle, et al., 2013)
Vitrification – Electrical vitrification involves the use of electrodes for the purpose of heating; usually made out of molybdenum/graphite, the electrodes will heat the contaminated soil to around 2000℃, the soil becomes molten at around 1100℃ - 1400℃ at which point the heavy metals will rise to the surface of vitrified zone and when exposed to oxygen will evaporate into a covered vent system over the vitrified region to capture harmful non-volatile contaminants. The remaining material is a glass-like substance which captures any other contaminants in its structure (Buelt & Bonner, 1989). 
[bookmark: _Toc37082907]Chemical
Soil Flushing – Soil flushing utilizes a series of injection points to pass an extraction fluid through the region of interest, using regular ground water extraction the extraction fluid is removed where it is then further treated to remove the heavy metals through liquid filtration before being discharged back into a nearby river or stream (Ingle, et al., 2014). This method of remediation does allow for a large removal rate of contaminants from the soil but unless the pathways are very clearly understood and identified there is a risk of the aqueous contaminant leaching into water sources depending on the hydrogeology of the area.
Immobilization – Chemical immobilization utilizes the process of adding reagents to the contaminated soil causing the soil and its contaminants to form insoluble substrate with low toxicity, often done with Calcium carbonate, problems begin to occur with this method when the ground is re-mobilized, which can occur in the presence of acid rain (Nejad, et al., 2017). Immobilization is a good cross between ex-situ treatment which is generally more effective but more expensive and in-situ technology which is generally cheaper and quicker to undertake.   
[bookmark: _Toc37082908]Biological
Phytoremediation – Phytoremediation acts in a similar domain to how reedbeds act for mainstream sewage treatment. It is about creating a more sustainable and natural replacement for mainstream treatment. Phytoremediation utilizes certain kinds of plants that have the ability to bio-accumulate quantities of heavy metals through the roots of the plants. The Thlapsi plant has the ability to absorb 3% Zinc, 0.1% Cadmium and 1% Nickel through the shoots of the plants (Pulford & Watson, 2003). The process of Phytoremediation is one of the least obtrusive forms of remediation and can continue to passively act as a bio-accumulators long after the remediation is complete. 
Bioremediation – While heavy metals are harmful to human life, certain strains of bacteria can be designed to be resistant to heavy metals and have the ability to absorb certain kinds of heavy metals, the bacteria are then flushed out with water as described in one of the previous sections.
[bookmark: _Toc37082909]Ex-Situ (Off site) Remediation
[bookmark: _Toc37082910]Physical
Landfilling – If a piece of land is contaminated irreparably the use of ex-situ remediation can prove an effective way to fully remediate a piece of land. Ex-situ remediation is generally considered far more expensive than in-situ remediation due to excavation and transportation costs and the extra time it takes to undertake this process. In some cases of land remediation, impermeable surface can be considered an obstacle, in the case of landfilling, the impermeable surface of clay is used to encapsulate the contaminated waste, paired with groundwater monitoring systems and leachate cleaning to ensure no groundwater is causing further contamination (Liu, et al., 2018). This process is expensive and requires close monitoring to unsure the leachate is not entering any drinking aquifers.
[bookmark: _Toc37082911]Chemical
Soil Washing – Ex-situ soil washing involves the process of excavating and transporting the contaminated soil to a washing facility where the soil passes through a series of treatment processes, including dry pre-treatment, separation of material grades, where they are cleaned as separate sizes of particle, where the contaminant comes as a sludge in the fine separation section (GeoEngineer, 2013). The soil is then dried and returned to the site, this process is expensive and time consuming but objectively provides one of the most comprehensive methods of contaminated land treatment as it is fully treated and returned to the site.
Solidification – Also known as Stabilization, solidification aims to remove the contaminated soil, mixes it with a binding agent to reduce the potential environmental hazard of the soil. This process is similar to the in-situ process of immobilization just with a more integrated mix of binder to ensure consistent solidification through the soil (Tajundin, et al., 2016).
[bookmark: _Toc37082912]Thermal
Vitrification – The use of electrical vitrification was described in the earlier section; the use of ex-situ vitrification removes the soil from the site and uses conventional heating methods to create the glass like material without posing any further risk to the environment through the passive heat which is a risk associated with in-situ electrical vitrification. 
[bookmark: _Toc37082913]Socio-economic and Safety evaluation of techniques
[bookmark: _Toc37082914]Socio-economic Remediation evaluation
Each of the methods of remediation described in the previous section all have a place and are all feasible for different cases. The feasibility of a certain approach to remediation depends of a few key factors:
· Geography – The geographical location to treatment plants for the consideration of ex-situ remediation, as well as site accessibility for remediation equipment to be moved on and off-site. 
· Contamination characteristics – The level of heavy metal contamination will change the approach to remediation as it may be determined that if the land is heavily contaminated, many of the in-situ remediation techniques will not be economically viable due to the time it would take for the in-situ methods to fully remediate the land, in this case ex-situ remediation will be considered.
· Remediation goals – The approach to remediation will highly depend on the desired outcome of the remediation; if the site is going to be used as a new industrial site with no plan to be returned to a functional eco-system, the desired outcome of remediation may be more relaxed than a full reversion to its natural state. If the redevelopment planned is for housing, a combination of remediation techniques may be considered.
· Budget – If the project is high budget and low timeframe, an in-situ method like phytoremediation may not remediate the land fast enough for the development to take place. So a faster but more expensive method like soil washing may be considered more viable.
· Method availability – The viability of a remediation technique may simply depend on what equipment the company in charge of remediation has a available.
· Public acceptance – The location of the site will change how the surrounding public will view the remediation process. In this case the site is a disused industrial site, therefore many will consider it an eyesore and will not object to most approaches of remediation available. 
[bookmark: _Toc37082915]Ethical consideration
It is important the recognize that even though the goal of remediation is to clean the land, that no additional damage is caused to the ecosystems during the process of remediation. For example, the use of in-situ vitrification will heat the ground to 2000℃ so ensure no animals that burrow are still in the area of contaminated land is vital. It is the responsibility of the consultant to pick a solution that is not only in the best interest of the client but with consideration for the eco-systems that could be affected. 
[bookmark: _Toc37082916]Safety considerations
 Like many engineering projects, safety is a number 1 priority, ensuring the site is fully excluded and separated by means of barriers during the remediation process is vital, whether it is excavation or vitrification.
[bookmark: _Toc37082917]Recommendations
Without details of the levels of contamination, geography, remediation goals, budget or methods available, it is difficult to make a useful set of recommendations for this client. If this redevelopment is to be used for redevelopment of housing, I would suggest a joint remediation strategy; providing the site has reasonable accessibility with roads and open space, an in-situ chemical immobilization stage is the first step, followed by the addition of a layer of new uncontaminated topsoil, where phytoremediation strategies are then used to return the land to a functioning part of the eco-system, promoting bio-integration.  
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