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1) Introduction 
In this assignment I will present what soil remediation technologies there are currently, how they work along with the advantages and dis-advantages and also how the contamination is caused. Environmental remediation is the removal of contaminants/pollution from things such as soil, sediment or groundwater, this pollution can have a very negative effect on human health and the environment so would need to be dealt with cautiously and correctly. There are environmental remediation technologies that are available which have been set up to help protect the environment and human health.  
Remediation technology can be very diverse as there are lots of different ways in which it can be done, but they can generally be put into two different categories ex-situ and in-situ methods. In-situ methods are used to cure the contaminated areas without removing and groundwater or soil. Ex-situ consists of excavating the contaminated soils and then following with the treatment at the surface and also extraction with groundwater of any contaminants then also treatment at the surface. 
2) What soil contaminants are 
Soil contaminant or soil pollution is caused by the existence of xenobiotic (human-made) chemicals or any other alteration in the natural soil environment, usually this will occur if there is unsuitable disposal of waste, industrial activity or agricultural chemicals involved. The most common chemicals found in the soil are polynuclear aromatic hydrocarbons an example is naphthalene and benzo pyrene there is also petroleum hydrocarbons, pesticides, solvents, lead and some other heavy metal contaminants. The amount of contamination in an area will usually correlate with the intensity of how much industrialization has happened there and its chemical usage. 
The main concerns with soil contamination are primarily the health risks that come with it, these can occur from the soil vapours from the contaminants, direct contact with the soil and the contamination of water supplies can be a problem within the underlying soil (Risk Assessment Guidance for Superfund 2017). 

3) Main causes of soil pollution 

a) Industrial activity 
Industrial activity is without a doubt the biggest contributor to the pollution problem in the earths soil, this is because of the increase in manufacturing and mining in the century. These industries are reliant on these extracted minerals whether its coal or iron the by products of these minerals are contaminated and not disposed of correctly meaning the waste contaminants linger in the soil which in time will make it un-usable. 
b) Agricultural activities 
The usage of chemicals such as pesticides and fertilizers are very high, these chemicals are not produced by nature and in turn cannot be absorbed or decomposed either by nature, meaning they seep into the ground after mixing with water and will contaminate the soil making it less fertile. Other chemicals that fall into this category damage the composition of the soil and make it easier to erode by air and water. So, in the cycle of a plants life when it decomposes at the end and is full of these chemicals they will seep back into the soil and contaminate it once more. 
c) waste disposal 
Waste disposal has quite a high impact on the contamination of soil, this is because obviously while the industrial waste is without a doubt going to cause contamination, there is also another way in which we contribute to its pollution of soil. Each and every human produces personal waste products in the form of urine and facies, now most of this is disposed of through the sewers which do end at a landfill causing pollution to the soil, but there is an even bigger cause which is in the form of diapers which are directly put into landfills meaning the soil will absolutely be contaminated. 
d) Accidental oil spills 
Oil leaks will occur during the transport or storage of chemicals this will be seen at most fuel stations on the ground. These chemicals will make the soil unsuitable for cultivation by deteriorating its quality over time. 
e) Acid rain 
Acid rain is caused when contaminants in the air mix with rain and fall to the ground then seep into the soil and contaminating it and changing the soils structure. 
4)Remediation methods and technologies

Thermal desorption
This technology is most effective with any sludge, soil or sediments contaminated with hazardous/volatile organic compounds or waste, this method is efficiently able to separate dioxins, solvents, pesticides and any oils from the soil.
[bookmark: _Hlk497168722][image: Image result for thermal desorption remediation technology]In this thermal desorption process shown in Figure 1 the soils are heated to temperatures of around 200-1000 degrees F, the wastes which have a low boiling point will turn into vapor then will be later treated in an off-gas treatment unit. This method is efficiently able to separate dioxins, solvents, pesticides and any oils from the soil. Because this hazardous waste is now removed it allows the soil to be used for numerous different purposes without any fear of any further contamination. The process of this thermal desorption works by how volatile to pollutant is, after the infrared radiation takes place to heat the contaminants the volatile heavy metals are collected by the vacuum negative pressure or carrier gas which means the contaminants are removed. Figure 1. Thermal desorption process (Terra therm 2015)


 The limitations of thermal desorption include: 
· If there is the presence of silty soil, clay and high humid content soils will increase the reaction time which is the result of binding of contaminants. 
· There are very precise particle sizes and handling materials requirements that have an affect on the applicability or cost on some specific sites. 
· If there is a very abrasive feed it can potentially damage the processor unit. 
· When there is chlorine in this process it can affect the volatilization of some metals, such as lead. 
· To achieve acceptable soil moisture levels, it may be necessary to dewater which will cost time and money. 
· If there are any heavy metals in the feed, they may produce a treated solid residue that will require stabilization 

Enhanced soil washing 
With this method there is the combination of chemical extraction and the physical separation of soil washing. The results of this are a concentration in the waste material into a decreased fraction, and reduced loadings of contaminants in the coarse fractions. With the enhancements over the years of standard soil washing this has improved the effectiveness in decontaminating the materials for the return to site. 
There are additional procedures that can be added to the soil washing process, e.g. froth floatation, crushing and activated carbon addition, with the wash medium it may need to have chemical additives added such as detergent addition, coagulants/flocculants and PH adjusters, these will increase the performance and make it more effective. 

Nano remediation
With Nano-remediation in soil or groundwater the nanoparticles are put into contact with the contaminants with either pump and treat or injection with in-situ. The organic contaminants will then get degraded by the nanomaterials through either absorbing into the metals such as arsenic or lead and or through redox. 
The nanomaterials are extremely reactive because they have a high surface are per unit of mass, because of this it means they react more effectively and at a faster pace with contaminants than larger particles would. Usually with Nano remediation, Nano zero valent iron is used which will be mixed or emulsified with another metal to enhance its dispersion. 
There are currently some limitations facing Nano remediation technology such as identifying coatings and any other formulations that increase dispersal of the Nano particles that will make them spread to the targeted contaminated areas more efficiently while also preventing any toxicity to come into contact with humans or wildlife.



Pump and treat 
Pump and treat is a method that compromises of using a submersible vacuum pump to extract the contaminated groundwater and then feeding it through many purifying tanks that contain materials designed specifically to absorb any hazardous contaminants in the groundwater, shown in figure 2. 
With pump and treat depending on the soil type it is a very effective method when wanting to rapidly reduce a high concentration of pollutants in an area, but this remediation technology is also very expensive and usualy a very slow process when treating the groundwater. 
[image: Related image]








Figure 2. Pump and treat process (New Mexico environment department 2016) 



In-situ chemical oxidation (ISCO)
This remediation technology is very new and has become very popular as well and is compatible with a variety of different soils and groundwater contaminants. The process of this chemical oxidation compromises of injecting very strong oxidants directly into the materials, for example: 
· [image: Expected ISCO Contaminant Treatment - Multiple Applications]Persulfates 
· Ozone gas 
· Hydrogen peroxide 
· Potassium permanganate 
The main purpose of this oxidation is to have rapid and complete destruction of the contaminants, the effectiveness of method is shown in diagram 1 which provides evidence on how over a short period of time the contamination is decreased dramatically. Table 1. contamination reduction with In-situ oxidation (Regenisis 2017)

When injecting these gases into the groundwater it is possible to increase the rate of contamination depending on the hydrogeology of the site. With a situation like this downgradient injection of groundwater flow should provide suitable microbial destruction of any contaminants before any exposure to surface waters or supply water. 
Excavation or dredging
Excavation as a remediation is quite simple with basically the contaminated soil is removed and put into a controlled landfill, but in some cases where there are volatile organic compounds (VOCs) involved then aerating the excavated materials would happen. 
[image: Image result for Excavation or dredging remediation]If there is a river or bay bottom contaminated, then dredging the silty clays/mud compromising of the contaminants will be carried out to combat this.







[bookmark: _Hlk498105534][bookmark: _Hlk498105535]Figure 3. excavation and dredging (Ferreira Construction 2017) 


Nano remediation
With Nano-remediation in soil or groundwater the nanoparticles are put into contact with the contaminants with either pump and treat or injection with in-situ. The organic contaminants will then get degraded by the nanomaterials through either absorbing into the metals such as arsenic or lead and or through redox. 
The nanomaterials are extremely reactive because they have a high surface are per unit of mass, because of this it means they react more effectively and at a faster pace with contaminants than larger particles would. Usually with Nano remediation, Nano zero valent iron is used which will be mixed or emulsified with another metal to enhance its dispersion. 
There are currently some limitations facing Nano remediation technology such as identifying coatings and any other formulations that increase dispersal of the Nano particles that will make them spread to the targeted contaminated areas more efficiently while also preventing any toxicity to come into contact with humans or wildlife. 
Heap leaching 
The contaminated soil and any other materials are first excavated and the heaped on to an impermeable pad which is on the surface of the ground. The pad is sloped in the direction of a sump which is at the edge of the heap. The selected leaching reagents will be pumped towards the top of the head and then by using either an aerial sprayer or drip irrigation systems it will be distributed. This reagent once it has reached the top of the heap and is distributed, it will then travel down though the soil and solubilize and decrease the contaminants. there is excess leachate in the heap so to combat this it is collected through using the sump and then gets pumped to a leachate treatment and regeneration system this is all shown in figure 
[image: http://eurssem.eu/assets/69] 





Figure 4. Heap leaching (mining.com 2017)



Electro kinetic remediation 
Electro kinetic remediation is a very new remediation technology, which involves using a specific amount of voltage with electricity at two sides of the soil and then forming an electric field gradient. Then through electro migration the contaminant is carried to these two poles and then further treated. The advantages of this remediation technology are that it can work in low permeable soil it is low in cost, easy to install and operate, and will not affect the original environment. 
On the other hand, with direct electro kinetic remediation it is not possible to control the Ph value in the soil system very well meaning the treatment efficiency isn’t always that effective. The improved methods include adding a buffer solution like adding complexant to improve migration of the contaminants, (Virkutytea 2002). 

[bookmark: _Hlk501057451]Phytoremediation 
There can be several different ways that plants get used for remediation of the contaminated soil. Plants are able to remove pollutants from the soil, sediment and water as they have the ability to break down organic pollutants or contain and stabilise metal contaminants by acting as filters or traps. The intake of the contaminants occurs primarily in the roots of the plant where the main mechanisms to prevent contaminant toxicity are found, the root system is the absorber of nutrients for growth as well as the contaminants. 
There has been research into this remediation technology and it has been discovered that the use of larger trees rather than smaller plants can have a more effective use when trying to remediate a more deeply contaminated area of soil because the roots of the trees penetrate deeper into the ground. In addition, if there is deep lying contaminated ground water then it can be treated by pumping it out from the ground then using the plants/trees to treat the pollutants.


[bookmark: _GoBack]Phytoremediation can be used alongside most remediation technologies but is a good alternative to the usual mechanical remediation technology which will often need labour to set up and deconstruct also can be costly and very energy intensive. Phytoremediation is an in-situ remediation technology that applies the abilities of living plants which means it is ecologically friendly and is basically nature cleaning up nature (united nations environment program 2017).
[image: ]
[image: photo 2: Experimental phytoremediation crops in Canada]




Figure 6. Experimental phytoremediation crops in Canada (United Nations Environment Programme 2017)




Figure 5. Phytoremediation process (United Nations Environment Programme 2017)


5)Case study TRM Construction company

TRM is a professional remediation contractor that does projects throughout the UK and Ireland on contaminated areas or brownfield sites. TRM has been in this business for over 20 years and has completed hundreds of remediation projects with each one having its own challenges and needing the correct techniques to over come them. TRM has many techniques on how to remediate polluted soil or groundwater, these include in-situ, ex-situ, thermal technologies and excavating. 
There services have been used by civil engineering contractors, building/property developers, environmental consultants, local authorities and private land owners. These projects happened in lots of different places such as 
· Landfill sites 
· Water industry 
· Defence industry 
· Brownfield sites 
· Scrap yards 
· Former gas or coking works 
· Infrastructure projects 
· Petrol stations & Automotive industry 
· Petrochemical industry/chemical manufacturers 
· On site treatment of fuel/solvent/chemical spillages
This case study project was a client of TRM who was a civil engineering contractor in the north west of England. The project consisted of ex situ bioremediation of soil contaminated by petroleum hydrocarbons and costed between £50,000 and £100,000 with it taking six months to be completed and validated (TRM 2017). 
Works 
• Design of ex-situ soil remediation scheme involving consulting engineer and client. 
• Provision of technical assistance, biological and chemical amendments to the soil. 
• Supervision and support in all site works. 
• Routine checking, monitoring and chemical analysis to ensure proper biodegradation of hydrocarbon contamination within the soil. 
• Validation of remediation works.
TRM (2017) works of remediation project 


[image: ]In the redevelopment of this site, it was discovered that the former service station was contaminated with high levels of petroleum hydrocarbons and also polycyclic aromatic hydrocarbons. There was exactly 5000m3 of contaminated soil with elevated levels of TPH at 2000mg/kg and PAH 310mg/kg, these contaminants needed lowering below 1000mg/kg (TPH) and 200mg/kg. TRM used specifically designed a specific technique/plan based on the samples of soil they took on site, the remediation technique used was bio piles which enhanced the natural production of hydrocarbon degrading bacteria.
Bio piles are a remediation technology, the process is where the excavated soils get mixed with the soil amendments, moulded into compost piles and enclosed for treatment. The basic bio pile systems will compromise of an irrigation/nutrient system, aeration system and a leachate collection system to complete this process this is shown in figure 8. These bio piles where regularly monitored/managed by TRM very closely to ensure the environmental conditions were optimal for fast remediation, there was also amendments added throughout the project to aid in this.Figure 7. excavation (TRM 2017) 

[image: Image result for bio piles system]
Figure 8. bio pile system (NAVFAC 2017) 


6) Conclusion
In conclusion there is a very wide range of soil remediation technologies available that will treat almost any contaminants in the soil, because of this it means choosing the correct method for the project is vital as this can determine the effectiveness of the remediation itself whether it be thermal desorption, excavating and dredging or Phytoremediation these technologies all have their own unique advantages and disadvantages. But also from this assignment I did gather that most of the contaminants in the soil are produced from human activities around the world and the pollution is at a very high level, meaning that if there were more steps taken and put in place to prevent this pollution being produced in the first place then it would improve the quality of the soil substantially and then this would in-turn save costs and labour on remediation projects all together. 
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contamination within the soil.

« Validation of remediation works.

SYNOPSIS
During redevelopment works, the site of a former service
station was found to be contaminated with elevated levels of
petroleum  hydrocarbons  and  polycyclic  aromatic
hydrocarbons.  Approximately 5,000m* soil contained

elevated levels of TPH and PAH in the order of 2,000mg/kg |

and 310mg/kg, respectively, which required lowering to
below 1,000mg/kg and 200mg/kg. TRM designed site specific
amendments based on soil samples which were added to the
soil in order to enhance the natural propagation of
hydrocarbon degrading bacteria.

Degradation was enhanced through the formation of bio-
piles, which were managed and monitored regularly by TRM
to ensure environmental conditions were optimum for rapid

remediation and amendments were added throughout the §

works as necessary. After 6 months, the works were
independently validated and signed off accordingly.
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