


[bookmark: _GoBack]Executive Summary 

Due to the nature in which intensive industrial activities have taken place in the past, heavy metal pollution can often lead to land that would otherwise be suitable for redevelopment unsafe for use. Before former industrial sites can be deemed safe for redevelopment, a thorough inspection by the appropriate government body is required in the UK, as prolonged exposure to pollutants such as heavy metals such as cadmium, chromium, mercury and zinc in the soil can cause potentially life threatening illnesses. The following report will discuss how a site survey can be carried out, including the various issues that need to be considered for any project that involves remediating land polluted with these heavy metals. Following the discussion of the site survey process, there is a section that evaluates some of the varied techniques that could be applied to remediate land polluted with heavy metals. As with any engineering project, the most effective solution to the problem will need to be a compromise that best meets the requirements set out by the project schedule. Some of the advantages and limitations of these remediation methods are discussed, this includes a consideration of the financial, health & safety and ethical issues surrounding the implementation of such technology.
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1. The Importance of Completing a Site Survey
In the United Kingdom, where land is affected by contamination issues, it is the developers responsibility for securing safe development and as a minimum, land should not be capable of being determined as contaminated land under Part 2A of the Environmental Protection Act 1990. Under Part 2A, for a relevant risk to exist there needs to be at least one ‘contaminant linkage’. This is the term used which identifies the relationship between a contaminant, a pathway and a receptor. (The Cumbria Contaminated Land Officer Group, 2013) As the local council has stipulated that this land needs to be remediated in order to obtain planning permission for redevelopment, the land in question must exhibit at least one contaminant linkage that affords a contaminated land classification.
In order to remediate polluted land it is vitally important that a site survey has been completed as thoroughly as possible so that the specific challenges and health and safety risks posed by the project in question can be determined. The success of the overall project will rely upon selecting and  implementing the most suitable techniques for remediation that apply to the individual case. As each individual case of remediating contaminated land will offer unique challenges and objectives, it is imperative that the site survey is completed to as high a quality as possible and tailored specifically to the project in question in order to provide the relevant information required to inform engineering decisions along the remediation process. It is imperative that the associated risks involved with the pollutant itself, and the health and safety risks involved with completing the required remediation processes are understood by all involved parties before any remediation work takes place.














1.1 Heavy Metal Contamination 
As the site in question is suspected to be contaminated with heavy metals due to former industrial activities, before carrying out the site survey it is important to understand the levels of such elements that can be expected to be found on unpolluted land, as heavy metals are found in all uncontaminated soil and water within a certain range of concentrations. Heavy metals are widely distributed in the natural environment and are essential for plants and animals in trace amounts. Exposure to aerosols, combustion of fuels, mining wastes, in addition to industrial and agricultural chemicals, can result in the land containing concentrations of a variety of heavy metals in a manner deemed dangerous to plants, animals and humans.
Table 1: Range of heavy metal concentrations that can be expected on uncontaminated land.
	Sl No.
	Heavy metal
	Hydrosphere (Ug/gram)
	Soil range (Ug/gram)
	Plants (Ug/gram)

	1
	Cadmium (Cd)
	0.2
	0.01-0.7
	0.2-0.8

	2
	Cobalt (Co)
	40
	1-40
	0.05-0.5

	3
	Chromium (Cr)
	200
	5-3000
	0.2-1.0

	4
	Copper (Cu)
	70
	2-100
	4-15

	5
	Iron (Fe)
	50,000
	7000-5,50,000
	140

	6
	Mercury (Hg)
	0.5
	0.01-0.3
	0.015

	7
	Manganese (Mn)
	1000
	100-4000
	15-100

	8
	Molybdenum (Mo)
	2.3
	0.2-5
	1-10

	9
	Nickel (Ni)
	100
	10-1000
	1

	10
	Lead (Pb)
	16
	2-200
	0.1-10

	11
	Tin (Sn)
	40
	2-100
	0.3

	12
	Zinc (Zn)
	80
	10-300
	8-100



(Muhammad Aqeel, Mohd, & Ismail, 2014)


By establishing the type of heavy metal pollutants that can be expected at the site and in what concentration would the specific metal be deemed abnormal in the soil, water and flora, this information can be used to compare against any data gained from sample analysis carried out further along the site survey process. Once the contaminant has been identified, the pathway of the contaminant to the receptor can then be evaluated. The following table produced by the Environment Agency for England highlights some of the pollutants that can be expected to be found on post industrialised sites, along with the industrial activities they are commonly associated with;
[image: ]Table 2: contaminating substances and their associated industrial processes







(Environment Agency , 2002)

1.2 Conceptual Site Model

In order to comprehensively complete and present the findings of the site survey a Conceptual Site Model (CSM) should be produced. The model should consist of any drawings and important data/information that was collected about the specific site through research and physical investigation, it can be presented in a variety of ways as long as the essential issue at the site is made clear. A thoroughly completed site survey should provide all the information needed about the site in order to produce a model that clearly represents the challenges that the project represents. A CSM will provide a summary of the site including details such as; 
• Its current status, history, geology and hydrogeology.
• Any potential contaminants, pathways and/or receptors.
• A summary of ‘Significant Pollutant Linkages’ – where there is a potential link between the potential contaminants and receptors.
• Any uncertainty in the information collected. 
The CSM should also provide sufficient information regarding what will be required in the form of risk assessment, highlighting potential hazards for those working physically on the site. 
(Gateshead Council )
1.3 Phase 1 of Site Survey- Desk Study
[image: page13image832]The initial phase of the site survey should consist of a desk study, this should entail conducting as much research as possible into the sites historical records, land ownership, site access and rights of way. The desk study should determine as much information as possible about current and historical land use and ownership at the site in order to determine how the land may have become contaminated in the first place along with the potential risks involved with visiting the site. According to BSI10175 (2011), the desk study should include a preliminary risk assessment, taking into account the site’s history, geology, hydrology, ecology and archaeology. The presence of harmful invasive plant species, such as Japanese knotweed, should also be noted, as should the presence of protected species, such as bats or great crested newts (Adeptus, 2015 ). The desk study should provide sufficient information to produce an initial conceptual model.


Figure 1:
NHBC & Environment Agency guidance for completing a Desk Study for land redevelopment 
(NHBC (National House Building Council); Environment Agency; Chartered Institute of Environmental Health, 2008) 




















	Below is an example of a basic initial conceptual model that can be completed following a desk study. The model should clearly illustrate examples of potential pollutant linkages between the contaminant, pathways and receptors.Figure 2:
Example 1 of an initial conceptual model.
(NHBC (National House Building Council); Environment Agency; Chartered Institute of Environmental Health, 2008)
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Figure 3: Example 2 of an initial conceptual model (Greenhough, 2015)



1.4 Phase 2 of Site Survey- Walkover Survey

The site in question must be physically inspected following the desk study, this survey should include as much relevant information as possible regarding the physical features of the site. Limitations regarding site access and potential hazards are of particular interest at this stage. 
Some key features that should be included in the walkover survey include;
·  The date of the walkover 
·  The weather conditions during the walkover 
·  A description of the vicinity of the site, including any relevant street names, pub names, adjacent land use, any signs of remedial measures & site investigations, topography etc. 
·  The location and condition of buildings/structures on site 
·  Any hazard signs 
·  Features suggesting current/former use 
·  Any tanks and their condition 
·  Any outfalls to surface water 
·  Fences/security features 
·  Measure depth of standing water, direction and rate of flow of any water features 
·  Any services on site 
·  Site condition in relation to surrounding areas 
·  Any deposits, fly tipping etc. 
·  Unusual smells, surface staining etc. 
·  Highly coloured soil/deposits 
·  Possible polluted water, gas bubbling through water 
·  Observe for any bare ground and/or distressed vegetation 
·  Lack of species diversity etc. (certain species are more tolerant than others to exposure to contaminants)
(BSI (British Standards Institution), 2001)



1.5 Phase 3 of Site Survey- Site Investigation

Using the information gathered from the desk study and walkover survey, clear objectives should be set for the site investigation based on the limitations and uncertainties of the initial conceptual model. This phase of the investigation should provide accurate evidence and data, such as the concentration of specific contaminants in different locations across the site. A sampling method should be devised in order to gain the appropriate samples required in order to carry out the laboratory tests needed to determine the scale of contamination at the site. Some of the media that should be considered for physical sampling include ground and surface water, soil, gas/vapours and vegetation. A scientifically robust sampling method must be carried out as improper sampling techniques and careless sample storage can lead to inaccurate results. Reports should always contain factual observations on the specific results, such as a comparison with regulatory limits or a particular assessment criterion.
 BS10175 (British Standards Institution , 2011) should be used in conjunction with the following industry standards when carrying out the site investigation;
· ISO10381 (this standard is concerned with soil sampling.)
· ISO5667   (this standard deals with the sampling of groundwater.)
· ISO11464 (this is concerned with treatment of soil samples preceding the determination of inorganic components or a soil’s physico-chemical characteristics.)

·  ISO14507 (this is concerned with treatment prior to the analysis of organic contaminants.)

 A geophysical survey may also be necessary if sufficient geological and hydrological survey records could not be found during the desk study of the site, magnetics are the most widely used geophysical method. 
     As more detailed information about the site is gained from the site investigation, the initial conceptual model should be updated prior to completing the investigation. Additional information should be included to reflect changes over time, this should lead to an improved conceptual model and a more detailed understanding of the specific site characteristics allowing for an informed decision regarding the most suitable remediation method(s) applicable for the project.



2. Remediation Methods

[image: ]There are a vast array of land remediation methods, each with their own limitations and advantages. The threat posed by the contaminant to the receptor can be removed using three distinct strategies, these are through containment, separation or destruction of the contaminant. These strategies can be fulfilled by using a variety of physical, chemical and biological remediation technologies. These different technologies are sometimes applied to water or soil in-situ, and sometimes applied ex-situ depending on the type of technology used and the characteristics of the specific project.












Figure 4: Categories of Remediation Approaches (Barr, Finnamore, Bardos, Weeks, & Nathanial, 2002)
The most suitable remediation strategy for each individual project will depend on the objectives of the project, the type of contaminant and the medium that is contaminated, be it the soil, water or air at the site. Multiple limiting factors such as budget, timescale, availability of technology and site accessibility will also determine what strategy should be implemented. The differences in financial, ethical and health and safety issues regarding different strategies suitable for remediating land polluted with heavy metals will be discussed.




2.1 Evaluating Suitable Methods for Remediating Heavy Metal Contaminated Land

Soil washing and phytoremediation techniques are frequently listed among the best demonstrated available technologies (BDATs) for remediation of heavy metal-contaminated sites. However, for heavy metal contaminated soils, the physical and chemical form of the heavy metal contamination can greatly influence what the most suitable remediation technique is for the site. (Wuana & Felix, 2011). There are a variety of ways to classify the different technologies available for remediating land polluted with heavy metals,  USEPA has broadly classified remediation technologies for contaminated soils into (i) source control and (ii) containment remedies. Source control involves in-situ and ex-situ treatment technologies for sources of contamination, hence removing the heavy metal contaminant from the land. Containment remedies involve implementing engineering solutions that prevent the migration of contaminants such as caps, liners and vertical engineered barriers (VEB’s). Containment remedies do not remove the contaminants from the site, instead removing the pathway of the contaminant to the receptors, hence removing the hazard. (US EPA (United States Environmental Protection Agency), 2007). Off-site landfill dumping and on-site containment of contaminated soil should always be seen as a last resort method as this is simply removing the hazard from one location to another for future generations to deal with, thus raising questions about the ethical legitimacy of the project.
2.2 Source Control Remediation Methods

Physical separation of heavy metal contaminants from soil and water can be achieved using a variety of technologies, many of which can either be implemented on site or by removing the soil and carrying out the processes off site. They can be classified into two distinct categories;
             Washing & Sorting Techniques- 
· [image: Fig 3]Soil washing (includes ex-situ techniques that use water to mobilise contaminants from the soil, often using chemicals to extract the metals.)

Figure 5: Diagram of soil washing process.
(EPA)1996







· [image: Direct Fired]Thermal desorption (ex-situ method utilising heating of the soil using steam, microwave or infra-red radiation to make the pollutant volatile, the volatile heavy metals are then collected using vacuum negative pressure or carrier gas.)

Figure 6:
Diagram of a direct fired thermal desorption process.
(RLC Technologies , 2020)












· Steam stripping (in-situ high pressure steam injection used to remediate soils contaminated with light non-aqueous phase liquids.)
[image: Fig. 1: Flowsheet of the pilot plant of the Steam Stripping Technique]




Figure 7:
Steam stripping process used to remove contaminants from soil.
(Eschenbach, 2001)






















Extraction Methods-

· Electro remediation (an in-situ process where a current is passed through electrodes in the soil.)
[image: page7image26344]

Figure 8:
Schematic of electro-kinetic remediation of Hg contaminated soils.
(Liang, 2015)





















· Soil flushing and chemical extraction (uses chemical reagents and steam to extract mobilised contaminants from the soil.)
[image: /var/folders/s0/b6_9vzx92hx0ph2mw1bvn1yh0000gn/T/com.microsoft.Word/WebArchiveCopyPasteTempFiles/4331562_orig.gif?346]
Figure 9:
Typical soil flushing (spray application.)
(Learn Bioremediation )







	
Biological remediation-
Biological remediation includes phytoremediation using living green plants to absorb heavy metals in the soil and bioremediation, the latter utilising microorganisms. microorganisms can’t degrade and destroy the heavy metals, but they can affect the migration and transformation of metals through changing their physical and chemical characterizations. Bioremediation mechanisms include extracellular complexation, precipitation, oxidation-reduction reaction and intracellular accumulation. Phytoremediation mechanisms include phytostabilisation, phytovolatilization and phytoextraction (Zhitong, Jinhui, Henghua, & Conghai, 2012).
[image: Figure 5. Bioremediation methods—(a) landfarming, (b) biopile, (c) bioventing, (d) bioslurping, and (e) biosparging.]Figure 10:
Bioremediation methods-(a) landfarming, (b) bio-pile, (c) bioventing, (d) bio-slurping, and (e) bio-sparging. 
(Naga Raju & Scalvenzi, 2018)






















3. Considering Financial, Health & Safety & Ethical Issues 
Depending on the specific project characteristics, particularly the type of soil that requires remediation and the levels of heavy metals such as cadmium, chromium, mercury and zinc in the soil, the issues surrounding implementing different remediation methods can vary greatly. Ex-situ processes are often regarded as more thorough in completely removing harmful contamination, however, limitations regarding site access may restrict the feasibility of using heavy-duty machinery and transportation to remove the soil to be processed off-site. If new roads are required to be constructed to improve site access, the financial burden of this needs to be weighed up against the potential benefits of using an ex-situ method compared to an in-situ method. The ethical responsibility of completing in-situ methods responsibly must not be ignored, poor implementation of methods that involve invasive groundwork can result in groundwater contamination and exacerbate the hazard posed locally. The financial cost of implementing a remediation project will vary greatly for each individual case, the estimated cost of implementing each of the available methods for removing the heavy metals needs to be calculated, considering the site specific characteristics such as access, scale, time-schedule, type and amount of heavy metal contaminants present and soil type to name a few.


















3.1 Recommendations
In-situ soil washing can be a cost and time effective method of remediating contaminated land, however, this process is far less effective for low permeability/heterogeneous soils. There must also be a reliable method of containing and capturing flushed contaminants and soil flushing fluids otherwise contamination could be spread into the water course. Use of potentially harmful chemicals when completing soil flushing processes must always be carefully monitored for the safety of those carrying out the project and for the protection of the surrounding environment. A significant depth to groundwater can also increase the cost of this method greatly and make this method unfeasible. The Environmental Protection Act 1990: Part 2A, Contaminated Land Statutory Guidance, should be followed in order to ensure that the significant harm to human and non-human receptors along with the significant possibility of contaminating controlled waters when remediating contaminated land is understood. The hyperlink below is for the aforementioned government guideline;
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/223705/pb13735cont-land-guidance.pdf
        Phytoremediation has a very low environmental impact compared to other methods, however the time taken for this process to usefully remove high concentrations of metal contamination can be far longer than other more invasive methods. The phytovolatilization method is only suitable for volatile contaminants such as mercury and phytoextraction requires the use of plants that exhibit the following characterizations: 1) Have high accumulating efficiency under the low contaminants concentration; 2) Accumulate high concentrations of the contaminants; 3) Accumulate many different kinds of heavy metals; 4) Grow fast and with large biomass; 5) Have pest and disease resistance ability. Bioremediation can also reduce heavy metal contaminants whilst maintaining a smaller environmental impact than more traditional methods. However, It is also limited in applications, such as some microorganisms can only degrade specific contaminants, microbes/ may also incur secondary pollution. Leachate must also be carefully disposed of.
         Heavily contaminated soil may require more intensive remediation methods such as thermal desorption and ex-situ soil washing to remove the contaminants if a tight time schedule applies, however, in the case poor availability of outside remediation capacity, some in-situ methods can be considered suitable for heavily contaminated soil. Steam stripping can be effectively implemented in-situ, however this process requires careful archaeological and geological inspections at the site in order to evaluate whether this technology can be suitably implemented at the site. Electro-kinetic remediation may also be suitable, however the electrical energy usage involved and accessibility to electricity at the site must also be considered.
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