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OVERVIEW
In Unit 4, we introduced you to the concept of point and non-point (diffuse) sources of pollution. Subsequently, we discussed the sampling and monitoring of soil and groundwater pollution in various zones along with data acquisition and processing (in Unit 8). In this Unit (i.e., Unit 9), we will discuss the control of point and non-point source pollution through best management practices (BMPs) that can be adopted to prevent the pollution of soil and water. The aim of this Unit is to introduce you to a comprehensive approach for developing and implementing a soil and groundwater treatment programme. The treatment of contaminated soil and groundwater can be done either in-situ or ex-situ, the concepts of which will be introduced in Section 9.2. In- situ treatment/remediation is treatment of the contaminant at the site. Alternatively, in ex- situ treatment, contaminated soil and groundwater can be taken away from the site and treated. In Sections 9.3 and 9.4, you will learn the various physical, chemical and biological treatments adopted for soil and groundwater remediation. The physical/chemical treatment (of soil and groundwater) uses the physical and chemical properties of the contaminants or the medium to degrade the pollutants. Biological treatment involves the use of microorganisms to treat the contaminants. These methods can be either ex situ or in situ (Note: In this Unit treatment and remediation has been used interchangeably). 

LEARNING OBJECTIVES

After completing this Unit, you should be able to:  

· discuss control measures for point and non-point sources of pollution;

· suggest best management practices  to reduce the sources of  pollution;

· compare various in situ and ex situ methods for treatment of soil and groundwater;

· explain remedial measures that can be adopted for contaminated soil;

· describe some treatment methods for contaminated groundwater. 

9.1 
CONTROL OF POINT AND NON-POINT

SOURCES OF POLLUTION

In Unit 4 of this Course, we discussed various sources of pollution and enumerated agricultural activities as the major cause of degradation of surface and groundwater resources through erosion and chemical runoff. The associated agro-processing industry is also a significant source of organic pollution. The sources of pollution are broadly categorised as point and non-point sources. You have already learnt these concepts in Unit 4 (Section 4.1) of this Course. In what follows, we will discuss the measures to control pollution from point and non-point sources.

· Point sources: Point sources like sewage treatment plants (STPs) and effluent treatment plants (ETPs) contribute more pollution than non-point (diffuse) sources. Discharges from point sources in dry seasons and years tend to comprise a greater proportion of stream flow and have more impact on receiving waters than those in higher rainfall periods. STPs and ETPs contribute microbial pollution to the water body, whereas, industrial production facilities and power plants are the sources for a majority of metals like cadmium, copper, etc., and organics such as food processing wastes.

· Non-point sources: In contrast to point source pollution, non-point source pollution is much more difficult to identify, measure and control. There are several sources of non-point source pollution including natural as well as  anthropogenic (human-related) sources (Morris, 1996). Agricultural runoff (due to excess fertilisers, herbicides, insecticides, etc.) is the single largest contributor of non-point source pollution. The other sources include urban runoff (oils, grease and toxic chemicals), salt from irrigation practices, acid drainage from abandoned mines, etc. The major categories of pollutants include metals, nutrients (fertilisers and organics), pathogens, salinity (sodium chloride), sediments and toxic chemical pollutants (pesticides, herbicides, fuels, solvents, and other synthetic chemicals). 

The rationale for distinguishing point and non-point sources of pollution is obvious when characteristics of each are compared (Black, 1996), as in Table 9.1.

Table 9.1

Comparison of Point and Non-point Source Pollution

	Examples of Point Source Pollution
	Examples of Non-point Source Pollution

	STPs, ETPs, industries, power plants, etc.
	Agriculture and urban runoff, acid drainage from abandoned mines. 

	Characteristics of Point Source Pollution
	Characteristics of Non Point Source Pollution

	Pollutants measured at end of pipe.
	Pollutants measured in water body.

	Effluent is readily identifiable and quantifiable. 

Municipal treatment works.

Manufacturing treatment works.
	Effluent from diffuse sources may be unquantifiable.

	Control of Point Source Pollution
	Control of Non-point Source Pollution

	Technology based methods. 
	Management based methods. 

	By  enforcement of effluent standards.
	By enforcement of 

best management practices (BMPs) 

performance criteria.

	Achieved by investing on waste treatment plants and/or pre-treatment of toxic and hazardous wastes.

Monitoring effluent.

Penalising or giving incentives.
	Achieved by utilising those land management practices that minimise erosion, sedimentation, and movement of nutrients and other pollutants to waterbodies.

	Cost borne by taxpayers or customers.
	Cost borne primarily by landowners, tax payers, and customers of land products.


It is evident from the foregoing discussion that a broad range of solutions covering the full spectrum of public education, regulatory control, best management practices based on scientific knowledge of complex natural processes, and economic incentives/disincentives are needed to adequately address non-point sources of pollution. The optimal strategy used to control non-point source pollution from agricultural operations is based on the following two preventive approaches (Candela, et al., 1995):

(i)
Adoption of best management practices (BMP’s), that are thought to lead to efficient use of applied fertilisers and pesticides with minimal off-site migration. 

(ii)
Identification of numerous point sources or operations on a single farm that in some cases, is the major source of high contaminant loading to ground or surface water.

Before proceeding to the treatment methods, let us introduce you to the concepts of best management practices (BMPs), which would be useful in preventing soil and groundwater pollution by point and non-point sources to a large extent.

The main objective of best management practices is the control of soil and groundwater pollution by agricultural activities. The control of pollution can be done by appropriate management techniques and by treating the pollutants either ex-situ or in-situ. BMP’s are defined as schedules of activities, prohibition of practices, maintenance procedures, and other management practices to prevent or reduce the pollution of soil and groundwater. BMP’s also include treatment requirements, operating procedures, and practices to control plant site runoff, spillage of leaks, sludge or waste disposal or drainage from raw material storage. These may also include structural changes that are designed to prevent pollutants from entering the waterbody or direct the flow of water (EPA, 1992). Some of the management techniques that can be adopted to minimise pollution (Candela, et al., 1995) are given in Table 9.2. 

Table 9.2

Management Techniques for Controlling Point and Non-Point Source Pollution

	Management Techniques
	Comments

	Soil, crop and water management

	Soil and water conservation
	Contour ploughing, terracing, reduced tillage, improved irrigation management; all act to reduce erosion, runoff and leaching of nitrogen.

	Cropping sequence and cover crops
	Rotating legumes and non-legumes to reduce the need for nitrogen fertilisers; legumes and annual winter cover crops can 'scavenge' residual soil nitrogen; benefits from crop rotation include economic stability, erosion control, and reduced pest and disease pressure.

	Watershed management
	Soil and water conservation and nutrient management supported by widespread educational programmes, cost sharing and guidelines or regulation on irrigation and fertiliser use.

	Nutrient management

	Soil, plant and waste testing
	Recent advances in soil and plant nitrogen testing (e.g., leaf chlorophyll matter) provide opportunities for more efficient use of fertilisers and manures.

	Application timing and method
	Split applications of nitrogen, fertigation (it refers to injecting fertiliser into an irrigation system for field crops – drip or trickle method), slow release fertilisers; all directed towards improving synchrony between nitrogen availability and crop nitrogen uptake.

	Fertiliser and waste technology
	Nitrification and urease (enzyme specific to urea and hydroxy urea) inhibitors improve efficiency of fertiliser recovery; composting and pelletising of stabilised nitrogen in organic wastes and provide materials that can be handled and applied more efficiently.


 

9.2 
TREATMENT METHODS

Treatment is defined as restoring the soil or groundwater to a level prescribed by regulatory standards [these standards are generally stipulated by authorities such as World Health Organisation (WHO), Central / State Pollution Control Board (CPCB /SPCB), etc.] in order to have least impacts on the environment. Thus, in some cases, although the contaminant concentrations are above detection limits, no remedial action may be deemed necessary if they are below the set regulatory standards (Candela, et al., 1995).  Over the past decade, a large number of techniques have been developed for remediation of contaminated soil and groundwater.  In this Section, we will discuss some of the standard and innovative techniques used for treating contaminated soil and groundwater. 

The soil and groundwater remedial technologies may be either ex-situ or in-situ, and may involve physical, chemical, and/or biological techniques. In-situ is defined as a treatment method without removing the sample from its location. Ex-situ is defined as a treatment method that requires removal of the sample from its location. 

The two types of treatment viz. in-situ and ex-situ are briefly discussed in Subsections 9.2.1 and 9.2.2.

9.2.1 
In-situ treatment

In-situ means treatment “at place”, without extracting groundwater or soil from the contaminated site. This includes degradation, neutralisation, and in general, rendering the contaminants harmless.  In-situ techniques include bio-remediation, air sparging, solidification/stabilisation, etc. Theoretically, in-situ treatment can be applied to inorganic and organic contaminants. However, in-situ treatment is practically limited to biological destruction of organics (Nyer, 1985). In situ treatment results in potentially significant cost savings as the samples need not be excavated or transported. However, it generally requires longer periods, and there is less certainty about the uniformity of treatment because of the variability in soil and aquifer characteristics. The efficacy of the process is also difficult to verify (http://www.frtr.gov).

9.2.2 
Ex-situ treatment

Ex-situ means “moved from its original place, not in-place”, i.e., soil or groundwater is taken away from the site for treatment. The main advantage of ex-situ treatment is that it generally requires shorter periods, and there is more certainty about the uniformity of treatment because of the ability to monitor and continuously mix the groundwater or soil (http://www.frtr.gov). Ex-situ technique for groundwater remediation involves pumping of groundwater, leading to increased costs due to special equipment and material handling. 

In some cases, more than one technique may be used, either in parallel or in series (analogous to ‘treatment train’, concept used in chemical and industrial engineering) to achieve the desired treatment endpoints.  For ex-situ treatments, the contaminated soil or groundwater is treated off site and the ‘clean’ soil or water is returned to the site.   From an economic and technological perspective, in-situ remediation techniques may be preferred over most ex-situ techniques, especially if large amounts of contaminated soil or groundwater are involved.  The three broad classes of treatment methods are: 

(i)
fixation, which aims to stabilise the contaminants such that release rates approach zero; 

(ii)
extraction, which transfers the contaminants in a smaller volume of the extractant; 

(iii)
decomposition, which leads to transformation to non-toxic forms or complete destruction using either physical, chemical or biological techniques.  


 

9.3 
SOIL REMEDIATION 

Soil remediation is a process of treating the contaminated soil in such a way as to minimise the impacts on the environment.  Site soil conditions decide the selection of a treatment process. The treatment process may be based on the pH, moisture content, classification (e.g., particle-size distribution) or other characteristics of soil. Soil is inherently variable in its physical and chemical characteristics (refer Unit 2). Usually the variability is much greater vertically than horizontally, resulting from the changes in the soil formation processes.  The soil variability, in turn, results in the variability of distribution of water and contaminants and the ease with which they can be transported within, and removed from, the soil at a particular site (http://www.frtr.gov). The following parameters should be estimated before deciding the treatment method. 

(i)
Soil particle-size distribution is an important factor in many soil treatment technologies. In general, coarse, unconsolidated materials, such as sand and fine gravel are easiest to treat.

(ii)
Soil homogeneity and isotropy (i.e., the property of molecules and materials having identical physical properties at all points in the solid and in all directions) may impede in situ technologies that are dependent on the subsurface flow of fluids, such as soil flushing, steam extraction, vacuum extraction and in situ biodegradation.

(iii)
The bulk density of soil is used in converting weight to volume in material handling calculations, and can aid in determining if proper mixing and heat transfer will occur.

(iv)
Differences in particle density (dependent on specific gravity) are important in heavy mineral/metal separation processes (heavy media separation).

(v)
Soil permeability is one of the controlling factors in the effectiveness of in-situ treatment technologies. The ability of soil-flushing fluids (e.g., water, steam, solvents, etc.) to contact and remove contaminants can be reduced by low soil permeability or by variations in the permeability of different soil layers.

(vi)
High soil moisture may hinder the movement of air through the soil in vacuum extraction systems and may cause excavation and material transport problems.

(vii)
The pH of the waste being treated may affect many treatment technologies. The solubility of inorganic contaminants is affected by pH; high pH normally lowers the mobility of inorganics in soil.

(viii)
Eh is the oxidation-reduction (redox) potential of the material being considered when oxidation-reduction chemical reactions are involved. 

(ix)
Kow (the octanol/water partition coefficient) is defined as the ratio of a chemical's concentration in the octanol phase to its concentration in the aqueous phase of a two-phase octanol/water system. The Kow, or octanol - water partition coefficient, is simply a measure of the hydrophobicity (water repulsing) of an organic compound. The more hydrophobic a compound, the less soluble it is, and therefore more likely to adsorb soil particles. It is a key parameter in describing the fate of an organic chemical in environmental systems. It is related to water solubility, soil/sediment adsorption coefficient, and the bio-concentration factors for aquatic species. 

(x)
Humic content (organic fraction) is the decomposing part of the naturally occurring organic content of the soil. High humic content will act to bind the soil, decreasing the mobility of organics and threat to ground water. However, high humic content can inhibit soil vapour extraction (SVE), steam extraction, soil washing, and soil flushing as a result of strong adsorption of the contaminant by the organic material.


9.3.1 
Physical and Chemical remediation 

Physical/chemical treatment uses the physical and/or chemical properties of the contaminant or the contaminated medium to destroy (i.e., chemically convert), separate or contain the contamination. It is cost effective and can be completed in short periods (when compared to biological treatment). Equipment is readily available, does not involve complicated operation and is energy efficient. Treatment residuals from separation techniques will require treatment or disposal, which will add to the total project costs and may require permits. Some of the treatment methods are soil flushing, electro-kinetics, chemical extraction, thermal desorption, etc. Let us discuss some of the physical/ chemical processes next. 

Solidification/Stabilisation 

Solidification/stabilisation uses both physical and chemical properties of the contaminants. Solidification encapsulates the contaminant, while stabilisation physically alters or binds the contaminant. Solidification/stabilisation technique is an in-situ treatment and like soil fixation, locks the contaminants in the soil. However, it differs from soil fixation in that it does not chemically change the contaminant but rather encapsulates it. These techniques can be used alone or combined with other treatment and disposal methods. One proven technique uses auger/caisson system and injector head system. After boring, chemicals are injected into the soil, which trap or immobilise the contaminants. These agents bind the soil mass or encapsulate the contaminants. In another process, also called in-situ vitrification (ISV), an electric current is used to melt the contaminated soil. When the soil hardens, it forms a glass-like substance that retards migration of compounds encapsulated in the glass. Because it uses very high temperature, this process may also destroy organic pollutants. The only disadvantage of this method, is the high-energy requirement. The target contaminant group for in-situ stabilisation is generally inorganic (including radionuclides) in the soil (http://www.cpeo.org).

Reduction/oxidation (Redox)

Reduction/oxidation (redox) reactions chemically convert hazardous contaminants to less toxic compounds that are less mobile, and/or inert. Redox reactions involve the transfer of electrons from one compound to another. While one compound is oxidised (loses electrons), the other is reduced (gains electrons). Oxidising agents most commonly used for treatment of hazardous contaminants are ozone, hydrogen peroxide, and hypochlorites. This technology is less effective against non-chlorinated volatile organic compounds (VOCs) and semi volatile organic compounds (SVOCs), fuel hydrocarbons and pesticides (http://www.cpeo.org).  

Soil flushing

Soil flushing is an in-situ technology, which uses the contaminant's solubility in liquid to physically separate it from the soil. Surfactants may be added to the flushing solution to increase the solubility of a contaminant. The water applied to the soil has an additive (detergents or detergent-like substances) that enhances contaminant solubility. Contaminants that are dissolved in the flushing solution are leached into the groundwater, which is then extracted and treated. In some cases, the flushing solution is injected directly to the groundwater. This raises the water table to the capillary fringe just above the surface of the water table, where high concentrations of contaminants are found. The effectiveness of this process is dependent on hydrogeologic variables (e.g., type of soil, soil moisture, etc.) and type of contaminant. Soil flushing technology removes metals, including radioactive contaminants, VOCs, SVOCs, fuels and pesticides from soil. It is usually less cost-effective for extracting organic materials (http://www.cpeo.org).

Soil vapour extraction

Soil vapour extraction (SVE) uses the contaminant's volatility to separate it from the soil, which is schematically represented in Figure 9.1.

Figure 9.1

Soil Vapour Extraction
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It is an in-situ technique for soil remediation in the unsaturated (vadose) zone. Here a vacuum is applied to the soil to induce the controlled flow of air and remove volatile and some semi-volatile contaminants. The gas leaving the soil may be treated to recover or destroy the contaminants. Vertical extraction vents are typically used at depths of 1.5 meters or greater and have been successfully applied as deep as 91 meters. Horizontal extraction vents (installed in trenches or horizontal borings) can be used as warranted by contaminant zone geometry, drill rig access, or other site-specific factors. For the soil surface, geo-membrane covers are often placed over the soil surface to prevent short-circuiting and increase the radius of influence of the wells (http://www.frtr.gov).

Electro-kinetics 

Electro-kinetic remediation is an in-situ treatment process in which a low-voltage direct current is applied across a section of contaminated soil as shown in Figure 9.2. 

Figure 9.2

Electro-kinetics
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The principle of electro-kinetic remediation is similar to a battery. Each electrode assembly contains water, a pump, and an electrode. The outer casing of the electrode is made of porous ceramic that allows electrical current to pass through the soil. The porous casing contains water under pressure, such that it does not flow out and saturate adjacent soils. After electrodes (a cathode and anode) are introduced and charged, contaminated particles (e.g., ions) are mobilised by the electric current. Ions and water move toward the electrodes. The ions flow through the casing, where they are removed for treatment. Electro-kinetics help to remove metals, radionuclides and organics in low permeability soil (such as clays). 

Separation

Gravity separation and sieving/physical separation are two well-developed processes that have long been primary methods for treating municipal wastewater. Magnetic separation, on the other hand, is a much newer separation process that is still being tested.

(i)
Gravity separation: Gravity separation capitalises on the density difference between metals and soil. When the metal-contaminated soil is suspended in water, denser material such as heavy metals sinks and is removed. Clarifier is an example of gravity separation, which is shown in Figure 9.3.

Figure 9.3

Clarifier
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(ii)
Sieving/Physical separation: Sieving or physical separation is an elementary separation process.  It uses sieves or screens to separate particles of different sizes. Most organic and inorganic contaminants tend to bind to the fine fraction of soil particles (i.e., clay and silt). Thus, separating the fine clay and silt particles from the coarser sand and gravel, concentrates the contaminants into a smaller volume of soil that can then be further treated or disposed.

(iii)
Magnetic separation: In this separation, a magnetised medium such as magnetised steel wool is used to separate slightly magnetic radioactive particles from soil. All uranium and plutonium compounds are slightly magnetic while most soil is nonmagnetic. Soil is mixed with water to form slurry, which is passed through the magnetic medium.

Chemical extraction

Chemical extraction is a process that separates contaminants from soil and thereby reduces the volume of the hazardous waste that must be treated. The process differs from soil flushing, which generally uses water, and varies with the contaminant and soil type. Often, physical separation is used before chemical extraction on the assumption that smaller particles contain much of the contamination. The two major chemical extraction processes are described below: 

(i)
Acid extraction: Acid extraction uses hydrochloric acid to extract heavy metal contaminants from soil. In this process, hydrochloric acid is mixed with soil in a closed extraction unit. The residence time in the extraction unit generally ranges between 10 and 40 minutes. When extraction is complete, the soil is rinsed with water to remove entrained acid and metals. The extraction solution and the rinse water are regenerated by precipitation. The heavy metals are potentially suitable for recovery. The cleansed soil is dewatered and mixed with lime and fertiliser to neutralise any residual acid. 

(ii)
Solvent extraction: Solvent extraction (ex-situ) uses an organic solvent, to remove metals and mixtures of metal and organic compounds. It is commonly used in combination with other technologies, such as solidification/stabilisation, incineration, or soil washing  (http://www.cpeo.org). This process is used to treat soil containing organic contaminants such as SVOCs, VOCs, and fuels, as well as metals. 

Thermal desorption

In this process, soil is heated in a chamber where water, organic contaminants and certain metals are vaporised. A gas or vacuum system transports vaporised water and contaminants to an off-gas (i.e., air emission) treatment system. The system is so designed as to volatilise the contaminants, while not oxidising them. Based on the operating temperature of the desorber, thermal desorption processes can be categorised into two groups as follows. 

(i)
High temperature thermal desorption (HTTD): In HTTD, wastes are heated to 320 to 560°C. HTTD is frequently used in combination with incineration, solidification/stabilisation, or dechlorination, depending on site-specific conditions. 

(ii)
Low temperature thermal desorption (LTTD): In LTTD, wastes are heated between 90 and 320 °C. LTTD is most often used for remediating fuels in soil. High temperatures especially at the higher end of the LTTD temperature range may destroy the biological activity in the soil. 

Thermal desorption systems are less effective in removing VOCs, SVOCs, fuels, pesticides and some metals from soil. High temperature units are more effective in removing volatile metals and SVOCs (http://www.cpeo.org).

Dehalogenation

Dehalogenation is the process of removing the halogen molecule from a contaminant in the soil. Contaminated soil is screened, processed with a crusher, and mixed with chemicals (i.e., reagents). The mixture is heated in a reactor. The dehalogenation process is achieved either by:

(i)
replacing the  halogen molecules; or 

(ii)
partially decomposing and volatilising the contaminants. 

There are two dehalogenation processes, which are used to remove PCBs, dioxins, furans, and other chlorinated hydrocarbons such as pesticides from soil. Dioxins and furans, usually formed as products of incomplete combustion, are some of the most toxic chemicals known.

· Base-catalysed dehalogenation (BCD): BCD remediates soil and sediments contaminated with halogenated organic compounds, especially PCBs, dioxins, and furans. After the contaminated soil is screened and crushed, it is mixed with sodium bicarbonate. The mixture is heated to 330 °C in a reactor, and the halogen molecule volatilises in reaction to the heat and the reagent. The volatilised contaminants are captured, condensed, and treated separately. Concentrations of PCBs as high as 45,000 parts per million (ppm) are reported to have been treated. Reagent substitutes (such as sodium ortho-silicate, sodium boro-hydride, and sodium phosphate) are being tried to improve overall efficiency.

· Glycolate/alkaline polyethylene glycol (APEG) dehalogenation: This technique is similar to the one described above, except it uses APEG reagent to break the carbon- halogen bond. Contaminated soil is mixed with the reagent and heated in a treatment vessel. The reaction causes the polyethylene glycol to replace halogen molecules and render the compound non-hazardous or less toxic. The APEG reagent dehalogenates the pollutant to form glycol ether and/or a hydroxylated compound and an alkali metal salt, which are water-soluble by-products. The target contaminant groups for dehalogenation treatment are halogenated SVOCs and pesticides in soils. APEG dehalogenation is one of the few processes available for treating PCBs. The technology is amenable for small-scale applications.


We discussed the treatment of contaminated soil by physical/chemical methods, which exploit the physico-chemical properties of the contaminant or the contaminant medium to destroy the pollutants. Next, we will turn our attention to the biological treatment of soil.

9.3.2 
Biological remediation

Biological treatment involves introducing microorganisms in soil to decontaminate it. Surface and subsurface soil have different characteristics in natural environment. Low molecular weight contaminants in subsurface soil diffuse into soil vapour and aqueous phase and thus are easily subjected to natural subsurface processes that can attenuate these contaminants. Most high-molecular weight (persistent) organic and inorganic contaminants will be immobilised in the subsurface soil matrix. These persistent organic contaminants often are difficult to degrade and the inorganic metals are conserved. Without probable exposure routes, however, they do not represent significant risk unless events such as fresh solvent releases, chemical or biochemical transformation or physical disturbances increase their mobility or open exposure routes (www.frtr.gov). Some of the biological treatment methods for contaminated soil are discussed below. 

Land farming

Contaminated soil is mixed with soil amendments such as soil bulking agents and nutrients, and then tilled into the earth. The material is periodically tilled for aeration. Contaminants are degraded, transformed, and immobilised by microbiological processes and by oxidation. Soil conditions are controlled to optimise the rate of contaminant degradation. Moisture content, frequency of aeration and pH are all conditions that may be controlled. Land farming differs from composting as it actually incorporates contaminated soil into uncontaminated soil. Land farming has proven to be the most successful technique in treating petroleum hydrocarbons and other less volatile, biodegradable contaminants. Lighter, more volatile hydrocarbons such as gasoline are treated successfully by other methods. Contaminants that have been successfully treated include diesel fuel, oily sludge, wood preserving wastes (PCP, PAHs and creosote), and certain pesticides (http://www.frtr.gov).

Bioventing

Bioventing is a promising new technology that stimulates the natural in situ biodegradation of any aerobically degradable compound in soil by providing oxygen to the existing soil microorganisms.  Figure 9.4 illustrates a bioventing procedure.

Figure 9.4

Bioventing
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In contrast to soil vapour vacuum extraction, bioventing uses low airflow rates to provide only enough oxygen to sustain microbial activity. Oxygen is most commonly supplied through direct air injection into residual contamination in soil. In addition to degradation of adsorbed fuel residuals, volatile compounds biodegraded as vapours move slowly through biologically active soil.

Bio-remediation

It is an in-situ treatment, which involves the use of indigenous or inoculated microorganisms (e.g., fungi, bacteria, and other microbes) to degrade (metabolise) organic contaminants found in soil and/or ground water, converting them to innocuous end products. Nutrients, oxygen, or other amendments may be used to enhance bioremediation and contaminant desorption from subsurface materials (http://www.frtr.gov). This is illustrated in Figure 9.5.

Figure 9.5

Bioremediation
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(i)
Aerobic: In the presence of sufficient oxygen (aerobic conditions) and other nutrient elements, microorganisms will ultimately convert many organic contaminants to carbon dioxide, water, and microbial cell mass. 

(ii)
Anaerobic: In the absence of oxygen (anaerobic conditions), the organic contaminants will be ultimately metabolised to methane, limited amounts of carbon dioxide, and trace amounts of hydrogen gas. Under sulphate-reducing conditions, sulphate is converted to sulphide or elemental sulphur, and under nitrate-reduction conditions, nitrogen gas is ultimately produced.

Sometimes contaminants may be degraded to intermediate or final products that may be hazardous to varying degrees. For example, TCE (trichloroethylene) anaerobically biodegrades to a persistent and more toxic vinyl chloride. To avoid such problems, most bioremediation projects are conducted in situ. Vinyl chloride can easily be broken down further under aerobic conditions.  Infiltration gallery or spray irrigation is typically used for shallow contaminated soil, and injection wells are used for deep contaminated soil. 

Land treatment

Land treatment is a full-scale bioremediation in-situ technology in which contaminated soil, sediment, or sludge is turned over (i.e., tilled) and allowed to interact with the soil and air at the site. The contaminated soil, air and microorganisms interact dynamically as a system to degrade, transform, and immobilise waste constituents. The waste or soil is periodically tilled for aeration.  Soil conditions are often controlled to optimise the rate of contaminant degradation. Conditions normally controlled include:

· moisture content (usually by irrigation or spraying); 

· aeration (by tilling the soil with a predetermined frequency, the soil is mixed and aerated);

· pH (buffered near neutral by adding crushed limestone or agricultural lime); 

· other amendments (e.g., soil bulking agents, nutrients, etc.). 

Land treatment site must be managed properly to prevent both on-site and off-site problems with ground water, surface water, air, or food chain contamination. Adequate monitoring and environmental safeguards are required (http://www.frtr.gov).

Bio-pile

Bio-pile treatment is an ex-situ full-scale technology in which excavated soil is mixed with soil amendments and placed in a treatment area that includes leachate collection systems and some form of aeration.  A bio-pile procedure is presented in Figure 9.6. 

Figure 9.6

Biopile
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It is used to biodegrade petroleum constituents in excavated soil. Moisture, heat, nutrients, oxygen, and pH can be controlled to enhance biodegradation. The treatment area will generally be covered or contained with an impermeable liner to minimise the risk of contaminants leaching into an uncontaminated soil. The drainage water may be treated in a bioreactor before recycling. Nutrients and additive formulations and methods have been developed to stimulate biodegradation in the soil. The formulations are usually modified for site-specific conditions (http://www.frtr.gov). We learnt in Unit 4 of this Course that soil pollution leads to groundwater contamination, now we will learn treatment methods for groundwater.


 

9.4 
GROUNDWATER TREATMENT

Groundwater treatment is a process of removing or stabilising contaminants using either in-situ or ex-situ treatment methods. The design of an efficient, cost-effective groundwater remediation system requires a comprehensive understanding of the nature and extent of contamination, the remediation objectives and evaluation of remedial technologies. In this regard, flow is an important parameter, and decides the treatment techniques and the final system. Let us look at the different factors that determine the flow of contaminant in a groundwater treatment system.

Figure 9.7 shows typical spill situation where the contaminant has entered an aquifer system. 

Figure 9.7

Contamination Plume in an Aquifer
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The contaminant travels through the unsaturated zone and encounters the aquifer. Groundwater is mostly mobile but the rates of flow is relatively slow, 2 meters/year and when relatively fast, 2 meters/day, the groundwater rate flow is measured by the differential head between two points and also the resistance to flow caused by the aquifer characteristics. The potential water head can be determined by drilling a well and measuring the depth of the water (in the well).  As can be seen in the Figure, the contamination plume travels in the direction of groundwater flow.

Sinking a well down the aquifer provides the flow for the treatment system, so that the contaminated water can be pumped out. As water is removed from a particular point in the aquifer, the water level is changed. The groundwater rate of flow varies constantly but cannot be as higher as 2m/day. The area affected by this drawdown is called the zone of influence (Nyer, 1985). Discharge requirements may affect the flow. More flow will be required if some of the water is used to flush the unsaturated zone of contaminants. 

Following factors should be considered when the flow to the groundwater treatment system is to be determined.

(i)
Stopping/reversal of movement of the contaminant plume.

(ii)
Amount of water entering the contaminant site.

(iii)
The speed at which the cleanup is to occur.

(iv)
The number of wells to be used.

(v)
Final disposal/use of the treated water.

Influent concentration

The concentration of contaminants in groundwater is normally determined by sampling the water from a well. The type of contaminants will depend on the material originally lost to the ground. The factors that affect the contaminant concentration are (Nyer, 1985):

· distance of sample well from the original entrance of the contaminant to the aquifer;

· amount of material reaching the aquifer;

· solubility of the contaminants in water;

· relative density of the contaminant compared to water;

· transformation of contaminants;

· rate of groundwater flow;

· mixing characteristics in the aquifer;

· combined time effect on concentration.

These factors will affect the size of the treatment system and duration the system must be operated for a complete clean up.

It is common for ground water to be contaminated with water-soluble substances found in overlying soil. The parameters to be determined include pH, total organic carbon (TOC), biological oxygen demand (BOD), chemical oxygen demand (COD), oil and grease, contaminant identification and quantification, and soil and aquifer characterisation. Additional water quality parameters include hardness, ammonia, total dissolved solids, and metal content (e.g., iron, manganese etc). The analyses of the above-mentioned soil and groundwater parameters have been introduced to you in Unit 4 of this Course. Knowledge of the site conditions and history may contribute to selecting a list of contaminants and cost-effective analysis. Following parameters should be obtained before deciding which groundwater treatment method has to be adopted (http://www.frtr.gov).

· As with soil, the pH of ground water is important in determining the applicability of many treatment processes. Often, the pH must be adjusted before or during a treatment process. Low pH can interfere with chemical reduction/oxidation processes. Extreme pH levels can limit microbial diversity and hamper the application of both in situ and above ground application of biological treatment. 

· Eh helps to define the state of oxidation-reduction equilibria in aqueous waste streams. As noted earlier in Section 9.3 on soil treatment, maintaining anaerobic condition (low Eh) enhances decomposition of certain halogenated compounds. 

· BOD, COD, and TOC measurements in contaminated water, as in soil, provide indications of the biodegradable, chemically oxidisable, or combustible fractions of the organic contamination, respectively. These measurements are not interchangeable, although correlation may sometimes be made in order to convert the more precise TOC and/or COD measurements to estimates of BOD. 

· Oil and grease, even in low concentrations, may require pre-treatment to prevent clogging of primary treatment systems (i.e., ion exchange resins, activated carbon systems, or other treatment system components).

· Suspended solids can cause clogging of primary treatment systems and may require pre-treatment of the waste stream through coagulation/sedimentation and/or filtration. Major anions (chloride, sulphate, phosphate, and nitrate) and cations (calcium, magnesium, sodium, and potassium) are important for evaluating in-situ geo-chemical interactions, contaminant speciation, and water-bearing zone migration. Iron concentrations should be measured to determine the potential for precipitation upon aeration. Alkalinity should also be measured when analysing for major anions and cations.

In addition to chemical parameters, geological and hydrological information is usually needed to plan and monitor a ground water remediation programme. The average rate of ground water flow can be estimated from the hydraulic conductivity, hydraulic gradient, and effective porosity. Hydraulic conductivity is usually estimated from slug tests or pumping tests. Hydraulic gradient is calculated from ground water elevations measured in monitoring wells. Effective porosity is usually assumed based on ranges of values cited in scientific literature or estimated from pumping tests. If an active ground water extraction system is being planned, safe aquifer yields and boundary conditions must be established. These parameters require that pumping tests be conducted. After learning the different parameters needed for the design of a groundwater treatment system, let us now discuss the various physical and chemical methods to treat contaminated groundwater.


9.4.1 
Physical and chemical treatment

As we have learnt, when a pure organic compound is released into the ground, the main force acting on the movement of the compound is gravity. The three important factors that can influence the downward progress of the contaminants are:

· adsorption  to the soil particles;

· stoppage by an impermeable layer of soil (clay, bedrock, etc.);

· encounter with an aquifer.

The amount of soil required to adsorb all the spilled material depends on two factors: the porosity of the soil and the absorption-ability of the contaminant as reflected by its characteristic “maximum residual saturation”. Finally, the spill can reach an aquifer. Depending on the solubility and density of the contaminant, the spilled material behaves in three ways once it reaches the aquifer (Nyer, 1985):

· float on top of the aquifer;

· dissolve into the aquifer;

· sink to the bottom of the aquifer.

There are a number of physical/chemical processes to treat groundwater contaminants, some of which are discussed below.

Aeration

Aeration is an in-situ treatment process by which the area of contact between water and air is increased, either by natural methods or by mechanical devices.  This requires extensive bubbling of air into water, or converting the water into small droplets in an environment where oxygen-rich air is maintained. One way of achieving this contact is to allow water to cascade down a tower dripping from one slat to another while the air rises in a counter-current flow. Other methods include blowing air through jets into the water in a tank and the use of mechanical aeration devices that propel water droplets through the air (http://www.frtr.gov). 

Precipitation

It is an in-situ treatment method, which is the most widely accepted means for removing heavy metals (including arsenic, chromium, copper, lead, mercury, silver and zinc) from groundwater in pump-and-treat operations. It is used as a pre-treatment process with other technologies (such as chemical oxidation or air stripping), where the presence of metals would interfere with treatment. After water is pumped to the surface, precipitation converts soluble heavy metals to insoluble metals that settle and/or are filtered out of the water (http://www.cpeo.org). 

The precipitation process involves the addition of chemicals such as precipitants and coagulants in a flocculator. Mixing followed by the addition of coagulants promotes contact between the particles, which in turn promotes particle growth and settling. In anaerobic environment, bacteria react with soluble metals to form insoluble metal precipitates. The technology can also be used to remediate groundwater containing radioactive isotopes. 

Separation

Separation is an ex-situ technique, where contaminants are concentrated through physical and chemical processes. There are several types of separation techniques used to separate solids from groundwater. These processes are described below.

(i)
Distillation: This is a simple process where heat is applied to a liquid causing a portion of the liquid to vapourise. Contaminants with different boiling points from water are thereby separated. The vapours are condensed, producing a liquid product called distillate. 

(ii)
Filtration: This is the physical process whereby particles suspended in water are separated by forcing the fluid through a porous medium, i.e., a filter. The suspended particles are trapped in the filter and removed. 

(iii)
Freeze crystallisation: This process freezes contaminated water. When the solution is slowly frozen, water crystals (containing the contaminants) form on the surface and can be separated from the remaining solution. 

(iv)
Membrane pervaporation: Several permeable membranes are used preferentially to adsorb VOCs from contaminated water, which is heated, causing the VOCs to change into the vapour phase. With assistance of vacuum pressure, VOCs pass through the membrane wall to a condenser where they return to the liquid phase.

(v)
Reverse osmosis: In reverse osmosis, pressurised water is forced through a membrane in such a way that only treated water passes through. Untreated water is fed to a pervaporation module (described above) for further treatment.

Separation techniques are used to treat both soil and groundwater. The target contaminant groups for separation processes are SVOCs, fuels, and inorganics (including radionuclides). Separation is also useful when heavy metal contaminants occur as particulate. For groundwater treatment, separation processes are used mainly as a pre-treatment or post-treatment process to remove contaminants from wastewater (http://www.frtr.gov).

Air stripping 

It is an ex-situ process employed to remove volatile compounds from groundwater. The basic concept behind any air-stripping facility is to bring the contaminated water into intimate contact with air, so that the volatile compounds undergo a phase change (from liquid to vapour). The air will then carry off the contamination, leaving water free from these compounds. Aeration can be accomplished in several ways, depending upon the nature and duration of treatment. These methods are as follows.

· Aeration tanks.

· Cascade aerators.

· Spray basins.

· Packed towers.

Of these four methods, spray basins are preferred for treating groundwater. In this system, a piping grid is laid out over the area of a basin and spray nozzles are placed evenly throughout the area to spray the contaminated water in the air in very fine droplets. The water is then collected in the basin and pumped off or, in the case of an earthwork recharge basin, allowed to percolate back into ground.  

Carbon adsorption 

Adsorption is an ex-situ process in which molecules of a liquid or gas are attracted to and then held at the surface of a solid. Physical adsorption is due to the surface tension of a solid. Chemical adsorption involves actual chemical bonding at the surface of the solid. Adsorption on activated carbon is of physical nature and has a large surface area of about 1400 m2 per gram of material (Nyer, 1985). Granular activated carbon (GAC) has an internal structure that enables it to fully utilise its surface area. The adsorption mechanism consists of three steps:

· diffusion of the molecules through the liquid phase to the carbon particle;

· diffusion of the molecules through the macropores to the adsorption site;

· adsorption of the molecule to the surface.

Granular activated carbon (GAC) is most commonly used in pump and treat groundwater remediation systems and is an ex-situ treatment process. It is highly suited to this application and is often used as a single treatment step to remove compounds such as chlorinated hydrocarbons and aromatic compounds including benzene, toluene, ethylbenzene and xylene (BTEX). For more highly contaminated groundwater, two or more carbon units may be placed in series or carbon may be used in combination with other treatment technologies such as air stripping or advanced oxidation processes. The two most common reactor configurations for carbon adsorption systems are the fixed bed as shown in Figure 9.8 and the pulsed or moving bed. Fixed-bed configuration is continuously used for adsorption from liquids and is shown in Figure 9.8. 

Figure 9.8

Fixed Bed Carbon Adsorption Systems
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Pre-treatment for removal of suspended solids from streams to be treated is an important design consideration. If not removed, suspended solids in a liquid stream may accumulate in the column, causing an increase in pressure drop. When the pressure drop becomes too high, the accumulated solids must be removed, for example, by backwashing (DOE, 1994). Modification of GAC, such as silicon impregnated carbon, could increase removal efficiency and extend the length of operation. It may also be safer to regenerate.

The target contaminant groups for carbon adsorption are hydrocarbons and explosives. Limited effectiveness may be achieved in halogenated volatile organic compounds (VOCs) and pesticides. Liquid phase carbon adsorption is effective for removing contaminants at low concentrations (less than 10 mg/L) from water at nearly any flow rate and for removing higher concentrations of contaminants from water at low flow rates (typically 2 to 4 litres per minute). 

Ion exchange

Ion exchange is an ex-situ remediation process that removes dissolved metals from liquids.

An ion is an atom that has lost an electron (positively charged) or gained an electron (negatively charged). Liquids are passed over a resin bed where cations and anions in the resins and in the contaminated materials are exchanged. After the resin capacity has been exhausted, they can be regenerated for re-use. Ion exchange can remove dissolved metals and radionuclides from contaminated groundwater.

Pump and treat technology

When contaminated groundwater is removed from the subsurface by pumping, it is often treated before it is discharged. Hence, this method is referred to as pump-and-treat technology. This is the most common form of groundwater remediation. It is often associated with treatment technologies such as air stripping and liquid-phase granular activated charcoal. 

The well design, pumping system and treatment are dependent on the site characteristics and contaminant type. It is common to find many wells extracting groundwater at the same time. These wells may be screened at different levels to maximise effectiveness. A major component of any groundwater extraction system is a ground water monitoring programme to verify its effectiveness. Monitoring the cleanup allows the operator to adjust the system in response to changes in subsurface conditions. 

A major component of a pump-and-treat system is determining when to turn the system off. Termination requirements are based on the cleanup objectives defined in the initial stage of the remedial process, combined with site-specific aspects revealed during remedial operations. Pump-and-treat systems remove groundwater contaminated with a variety of dissolved materials, including VOCs, SVOCs, fuel, UXO (i.e., explosive compounds) and dissolved metals. 


9.4.2 
Biological treatment  

Bioremediation techniques are degradation techniques directed towards stimulating the microorganisms to grow and use the contaminants as a food and energy source by creating a favourable environment.  Generally, this means providing oxygen, nutrients, and moisture, and controlling the temperature and pH. It is usually most successful in aquifers that are contaminated with chemicals, which are easily mobilised by the indigenous microbes (Delleur, 1999).  

Biological processes are typically implemented at low cost. Contaminants are destroyed and little to no residual treatment is required. Some compounds, however, may be broken down into more toxic by-products during the bioremediation process (e.g., TCE to vinyl chloride). These by-products may be mobilised in ground water if no control measures are used. Typically, to address this issue, bioremediation will be performed above a low permeability soil layer, with ground water monitoring well at down-gradient of the remediation area. This type of treatment requires aquifer and contaminant characterisation and may still require extracted ground water treatment.

Although not all-organic compounds are amenable to biodegradation, bioremediation techniques have been successfully used to remediate ground water contaminated by petroleum hydrocarbons, solvents, pesticides, wood preservatives, and other organic chemicals.

Bio-remediation

Remediation of soil, sediment, and groundwater include physical and chemical methods or a combination thereof. The optimal strategy for any given problem will depend on the nature and concentration of the contaminant, the characteristics of the hydrogeologic environment, and the extent of contamination. Bio-remediation at present is the preferred method for remediation of petroleum hydrocarbons as it is cost effective, and it converts the petroleum hydrocarbons into harmless by-products such as carbon dioxide and water (www.cpeo.org).

The advantages of in-situ bio-remediation compared to or in combination with other remediation technologies include, but are not limited to, the following.

· In-situ bio-remediation can be used to completely degrade and detoxify some organic contaminants from groundwater. 

· For deep, widely dispersed plumes of heavy metals and radionuclides, in situ bio-sequestration is adopted, which involves the immobilisation of contaminants.

(i)
For some types of contaminants, physical and chemical methods of remediation may not completely remove the contaminants, leaving residual concentrations that are above regulatory guidelines. Bio-remediation can be used as a cost-effective secondary treatment to decrease the concentration of contaminants to acceptable levels. In other cases, bio-remediation can be the primary treatment method, followed by physical or chemical methods.

(ii)
In highly heterogeneous geological environments, physical or chemical methods that rely on advective transport of remediation agents to contaminants may be ineffective. However, in such an environment, in situ bioremediation that relies on diffusive transport of remediation agents (e.g., nutrients) to indigenous microorganisms for degrading or transforming the contaminants may be more effective.

Biological reactors

Biological reactors can be separated into two main types: suspended-growth and fixed - film reactors. With suspended-growth reactors, the bacteria are grown in the water and are intimately mixed with the organic contaminants in the groundwater. Fixed-film systems grow bacteria on an inert support medium, and the water with organic material passes over the film of bacteria. The easiest unit operation to set up for a groundwater treatment is an aerated lagoon or a basin. An existing pond or tank can be used as the reactor. The contaminated groundwater enters the aerated pond. Bacteria in the reactor degrade the organics, followed by bacterial growth.  The liquid residence time in the pond (equal to the bacterial residence time), is sufficient for the bacteria to reproduce before they exit with the water (Nyer, 1985).  

Constructed wetlands or artificial wetlands

Constructed wetlands use the natural geo-chemical and biological processes present in a wetland to treat metals and other contaminants. The process filters some materials and degrades others. The technology incorporates principal components of wetland ecosystems that promote degradation, i.e., degradation and control of contaminants by plants, degradation by microbial activity, increased oxygen and nutrient levels, as well as increased sorption and filtering. Microbial activity associated with wetland plants is responsible for most of the remediation. This is pictorially illustrated in Figure 9.9.

Figure 9.9

Constructed Wetlands
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Three primary components are required in a constructed wetland: an impermeable layer (generally clay), a gravel layer that provides the substrate (i.e., an area that provides nutrients and support) for the root zone, and above surface vegetation zone. The impermeable layer prevents infiltration of wastes down into lower aquifers. The gravel layer and root zone is where water flows, and bioremediation and denitrification takes place. The above ground vegetative layer contains the plant material. Both aerobic and anaerobic systems (i.e., systems with and without oxygen) exist within the wetland, and these can be divided into separate cells. 

Groundwater is either pumped or naturally flows through the wetland. The anaerobic cell uses plants in conjunction with natural microbes to degrade the contaminant. The aerobic cell further improves water quality through continued exposure to the plants and the movement of water between cell compartments. For wetlands constructed primarily for removal of metals, straw, manure or compost is used with little or no soil. For wetlands constructed for explosive contaminated water, certain plant species are used to support degradation. The process of using plants to break down contaminants is also referred to as phyto-remediation. Constructed wetlands have most commonly been used in wastewater treatment to control organic matter, nitrogen and phosphorus.  It is also used for controlling trace metals, and other toxic materials in groundwater. Most experimental use of constructed wetlands is geared towards groundwater contaminated with explosives such as trinitrotoluene (TNT), cyclo trimethylenetrinitramine (RDX), and high melting explosive (HMX) (www.cpeo.org). Table 9.3 gives the comparative performance of various technologies for plume remediation.  

Table 9.3

Relative Performance of Alternative Technologies 

For Plume Remediation

	Alternative

Technology
	Residual

Groundwater

Concentration
	Residual

Sorbed

Concentration
	Cleanup time

	Conventional

Pump and treat
	Low
	Medium to

High
	Long

	Air injection

(vertical + horizontal wells)
	Low to Medium
	Low to

Medium
	Medium to long

	In-situ Bioremediation-

Hydrocarbons
	Low to Medium
	Low to high
	Medium to long

	In-situ Bioremediation-

Chlorinated solvents
	Low to Medium
	Low to high
	Medium to long

	In-situ Bioremediation

Metals
	Low to Medium
	Low to high
	Medium to long

	Insure reactive barriers
	Low
	NA*
	Long

	Natural assimilative

Capacity
	Low to Medium
	Low to

Medium
	Long


Source:  Candela, et al., 1995

*NA denotes that the technology is not applicable to this situation.


SUMMARY

In this Unit (i.e., Unit 9) you learnt the control of point source (discharge that can be identified) and non-point source (or diffuse) of pollution. Then we introduced you to the treatment options for soil and groundwater namely in-situ (where soil and groundwater is treated at site itself) and ex-situ (where soil and groundwater are extracted and then treated). Treatment can be broadly classified as physical/chemical and biological.  Physical/chemical treatment is cost effective compared to biological treatment methods and is completed in a short time. 

A number of parameters should be considered before undertaking soil treatment such as particle size distribution, homogeneity, bulk density of soil, permeability, etc.  The various physical and chemical methods we discussed in this Section, i.e., Section 9.3 are sodification/stabilisation, redox reaction, soil flushing, soil vapour extraction, electro-kinetics, separation, chemical extraction, solvent extraction, thermal desorption and dehalogenation. The biological treatment includes land farming, bioventing, bioremediation, land treatment and bio-pile.

Next, we discussed the groundwater treatment methods and design (depends on the flow characteristics).  Groundwater pH, oxidation/reduction state, BOD, COD, TOC, oil and grease, etc., are the parameters required to study before deciding treatment methods. In addition to this, geologic and hydrologic information is necessary in deciding treatment methodologies. The physical/chemical treatment methods discussed in this Unit are aeration, separation, air stripping, carbon adsorption, ion exchange, and pump and treat technology. The biological treatment methods discussed were bio-remediation, biological reactors and constructed wetlands.
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Unit 9


Model Answers to Learning Activities
LEARNING ACTIVITY 9.1
In-situ treatment is treatment at place, i.e., the sample is treated without removing it from its location. In-situ methods are generally intended to render a contaminant non-toxic through treatment (e.g., bioremediation) or to enhance extraction of the contaminant from the aquifer (e.g., air sparging). 

Ex-situ means moved from its original place, i.e., the sample is taken out for treatment from its location. For ex-situ treatments, the contaminated soil or groundwater is treated on site or off site and the ‘clean’ soil/water is returned to the site or contaminated soil/groundwater is disposed off at another site. Examples of ex-situ treatment include separation techniques such as gravity separation, air stripping, etc.

LEARNING ACTIVITY 9.2
The soil parameters to be estimated are:

· soil particle-size distribution; 

· soil homogeneity and isotropy; 

· bulk density; 

· differences in particle density; 

· soil permeability; 

· soil moisture; 

· pH; 

· Eh(redox potential); 

· Kow;

· humic content.

LEARNING ACTIVITY 9.3
The various physical/chemical methods are:

· solidification/stabilisation; 

· redox;  

· soil flushing;  

· soil vapour extraction; 

· electro-kinetics; 

· separation;

· chemical extraction; 

· thermal desorption; 

· dehalogenation.

LEARNING ACTIVITY 9.4
Biological treatment involves introducing microorganisms in soil to decontaminate soil.  Biological processes are typically low cost. Contaminants can be destroyed, and often little to no residual treatment is required. However, the process requires more time, and it is difficult to determine whether contaminants have been destroyed. Sometimes it leaves less degradable compounds behind, which may be carcinogenic. Also, an increase in chlorine concentration of such compounds leads to a decrease in biodegradability. Others may be broken down into more toxic by-products during the bioremediation process (e.g., TCE to vinyl chloride). For in situ applications, these by-products may be mobilised to ground water or contacted directly if no control techniques are used. This type of treatment scheme requires soil and contaminant characterisation.

LEARNING ACTIVITY 9.5
The parameters to be taken into consideration are pH, Eh, BOD, COD, TOC, oil and grease and suspended solids.

The pH of groundwater is important in determining the applicability of the treatment processes. The pH must be adjusted, as low pH can interfere with chemical/oxidation processes and high pH can limit microbial activity and hamper the applications of both in-situ and aboveground biological treatment. Eh helps in determining the oxidation-reduction equilibria in aqueous waste streams. BOD, COD and TOC measurements  give the amount of biodegradable, chemically oxidisable or combustible fractions of organic contamination. Oil and grease require pretreatment to prevent clogging of primary treatment systems. Suspended solids also cause clogging of the primary treatment system and should be removed by coagulation/sedimentation and/or filtration.

LEARNING ACTIVITY 9.6
The principle of aeration process is to make the greatest possible contact between water and air, which requires extensive bubbling of air into water, or converting the water into small droplets in an environment where oxygen rich air is maintained. This is done by allowing the water to cascade down a  number of slats while the air rises in a counter current-flow. The oxygen converts the organic matter in the water into simpler compounds such as CO2 and H2O.  Thus aeration facilitates the removal of organic matter present in groundwater.
LEARNING ACTIVITY 9.7
Bioremediation techniques are degradation techniques that consist of stimulating the microorganisms to grow and use the contaminants as food and energy source by creating a favourable environment for them. This is done by providing some combination of oxygen, nutrients and moisture, and controlling the temperature and pH, a process in which indigenous or inoculated microorganisms (i.e., fungi, bacteria, and other microbes) degrade (metabolise) organic contaminants found in soil and/or ground water. 

Biological reactors are those designed to reduce contamination by introducing microorganisms. An existing pond or tank can be used for the reactor. Contaminants in extracted ground water are put into contact with microorganisms in attached or suspended growth biological reactors. The microbial population aerobically degrades the organic matter and produces CO2, H2O, and new cells. Examples include trickling filters, rotating biological contactors, etc.

A constructed wetland uses natural geo-chemical processes in a wetland ecosystem to treat metals, explosives, and other contaminants. The technology incorporates principal components of wetland ecosystems that promote degradation, i.e., degradation and control of contaminants by plants, degradation by microbial activity, increased oxygen and nutrient levels, as well as increased sorption and filtering. Microbial activity associated with wetland plants is responsible for most of the remediation.
























































































(LEARNING ACTIVITY 9.2





List the soil parameters to be estimated prior to deciding the treatment methods.





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.














(LEARNING ACTIVITY 9.1





What are in-situ and ex-situ treatment methods?





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.














(LEARNING ACTIVITY 9.7





What are the biological treatments adopted to treat contaminated groundwater?





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.














(LEARNING ACTIVITY 9.6





Explain the principle of aeration.





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.














(LEARNING ACTIVITY 9.5





Discuss the parameters to be taken into consideration, while deciding treatment methods for groundwater.





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.














(LEARNING ACTIVITY 9.4





What is the significance of biological treatment of soil?





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.




















(LEARNING ACTIVITY 9.3





List the various physical/chemical methods used to treat contaminated soil.





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.
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