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EiMAS Training Material


Course Title: Treatment and Disposal Of Hazardous Waste 
Module 5: Hazardous Waste Treatment Technologies
PAGE 5.1/5.117

5.6.1
BIOLOGICAL TREATMENT METHOD　　　Commented by K. OOKA
General comment by K.OOKA: 
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Off-limit     Monitoring    Surface-cover  Solidification   In-situ     Excavation 
Japanese Government annouced the cleanup methods in 2008 as shown above.
Hovever voluntary base cleanups have been done at lots of sites, regardless of our soil act.

Bioremediation methods have been ulized thousands of cases so far in Japan. 

Biostimulation or bioventing are very popular in Japan, I think.  Bioaugmentation is not considered as safe methods and ‘phytoremediation’ is under pilot cases in Japan. 
JEMAI (K.OOKA etc.) surveyed 3040 plants only located around Tokyo in 2010 and 236 manfacturing plants replied about their soil/groundwater cleanup information. Most of the cleanup projects were voluntary bases, i.e. not mandated by laws and regulations. Most case indicated that they utilized more than one methods. Regarding cleanup methods we identified following results: 
Excavation 165
Pump and treat 91

Soil Vapor Vacume Extraction 63

Chemical treatment 37

Soil cover 36

Pavement 35

Bioremediation 28

Containment 27

Other 18

Steel pile containment 16 

Solidification or stabilization 11

In general In-situ methods include Pump & treat 340,  Vapor Vacume Extraction 218, Chemical treatment 74, Bioremediation 49, and Soil washing 20. Soil excavation numbers are 1,573. (The number means the cleanup project numbers reported to the Government in 2005, not all project included)  
OOKA would like to suggest you to provide ‘outline, introduction, or general remarks on bioremediation’ firstly and to refer other sources such as ‘Tech Tree’　by CPEO and EPA website, not only Web-Wiki to prepare the training material. Usually we do not use full Wikipedia text for formal textbooks. 
http://www.cpeo.org/techtree/ttdescript/index.html
last updated September, 2010
Technology Descriptions 


Information on specific clean up technologies organized by type and contaminants they address

	Remediation Technologies QuickFinder 

	Technologies by Type:
	 
	Technologies by Contaminant:

	Air Sparging Bioreactor Landfills Bioremediation of Chlorinated Solvents Bioventing and Biosparging Electrokinetics Evapotranspiration Covers Fracturing Ground-Water Circulating Wells In Situ Flushing In Situ Oxidation Multi-Phase Extraction Nanotechnology: Applications for Environmental Remediation 
	Natural Attenuation Permeable Reactive Barriers Phytotechnologies Remediation Optimization Sediments Soil Vapor Extraction Soil Washing Solvent Extraction Thermal Treatment: Ex Situ Thermal Treatment: In Situ
	


EPA Remediation/Cleanup Information

· "How to Evaluate Alternative Cleanup Technologies for Underground Storage Tank Sites: A Guide for Corrective Action Plan Reviewers".
This document provides detailed descriptions of the 12 alternative technologies listed below. The brief descriptions of each technology that are presented here are excerpts from this guidance document. Each description also has a link to the "Glossary of Technical Terms". NOTE the glossary has not been updated to reflect the addition of Chapters XII and XIII. 

1. Introduction 
2. Soil Vapor Extraction (SVE) 
3. Bioventing 
4. Biopiles 
5. Landfarming 
6. Low-Temperature Thermal Desorption 
7. Air Sparging 
8. Biosparging 
9. Monitored Natural Attenuation (PDF) (77 pp, 3.3MB, About PDF) (brief description not available; full detailed chapter is available)

10. In Situ Groundwater Bioremediation
11. Dual-Phase Extraction
12. Enhanced Aerobic Bioremediation (PDF) (73 pp, 329K, About PDF) (brief description not available; full detailed chapter is available)

13. Chemical Oxidation (PDF) (52 pp, 282K, About PDF) (brief description not available; full detailed chapter is available) 

14. Glossary of Technical Terms 
TEXT:

Principles of Bioremediation should be appeared firstly.  [Consider the order]
Need to rewrite for your trainees in Malaysia, I think. 
Biological treatment technologies [Changed the order]
Principles of Bioremediation  (Indicate original sources?) http://en.wikipedia.org/wiki/Groundwater_remediation  
The key players in bioremediation are bacteria—microscopic organisms that live virtually everywhere. Microorganisms are ideally suited to the task of contaminant destruction because they possess enzymes that allow them to use environmental contaminants as food and because they are so small that they are able to contact contaminants easily. In situ bioremediation can be regarded as an extension of the purpose that microorganisms have served in nature for billions of years: the breakdown of complex human, animal, and plant wastes so that life can continue from one generation to the next. Without the activity of microorganisms, the earth would literally be buried in wastes, and the nutrients necessary for the continuation of life would be locked up in detritus.
Whether microorganisms will be successful in destroying man-made contaminants in the subsurface depends on three factors: the type of organisms, the type of contaminant, and the geological and chemical conditions at the contaminated site. 
This chapter explains how these three factors influence the outcome of a subsurface bioremediation project. It reviews how microorganisms destroy contaminants and what types of organisms play a role in in situ bioremediation. Then, it evaluates which contaminants are most susceptible to bioremediation in the subsurface and describes the types of sites where bioremediation is most likely to succeed.
Bioremediation can occur on its own (natural attenuation or intrinsic bioremediation) or can be spurred on via the addition of fertilizers to increase the bioavailability within the medium (biostimulation). Recent advancements have also proven successful via the addition of matched microbe strains to the medium to enhance the resident microbe population's ability to break down contaminants. 
Microorganisms used to perform the function of bioremediation are known as bioremediators

Not all contaminants, however, are easily treated by bioremediation using microorganisms. For example, heavy metals such as cadmium and lead are not readily absorbed or captured by microorganisms. The assimilation of metals such as mercury into the food chain may worsen matters. Phytoremediation is useful in these circumstances because natural plants or transgenic plants are able to bioaccumulate these toxins in their above-ground parts, which are then harvested for removal.[2] The heavy metals in the harvested biomass may be further concentrated by incineration or even recycled for industrial use.
The elimination of a wide range of pollutants and wastes from the environment requires increasing our understanding of the relative importance of different pathways and regulatory networks to carbon flux in particular environments and for particular compounds, and they will certainly accelerate the development of bioremediation technologies and biotransformation processes.
Bioremediation is the use of micro-organism metabolism to remove pollutants. Technologies can be generally classified as in situ or ex situ. In situ bioremediation involves treating the contaminated material at the site, while ex situ involves the removal of the contaminated material to be treated elsewhere. Some examples of bioremediation technologies are phytoremediation, bioventing, bioleaching, landfarming, bioreactor, composting, bioaugmentation, rhizofiltration, and biostimulation.
(This paragraph may be modified to meet following explanations) 
Bioventing [This is one of  the most popular methods, should be the top]
Bioventing is an in situ remediation technology that uses microorganisms to biodegrade organic constituents adsorbed in the groundwater. Bioventing enhances the activity of indigenous bacteria and simulates the natural in situ biodegradation of hydrocarbons by inducing air or oxygen flow into the unsaturated zone and, if necessary, by adding nutrients and/or water. During bioventing, oxygen may be supplied through direct air injection into residual contamination in soil. Bioventing primarily assists in the degradation of adsorbed fuel residuals, but also assists in the degradation of volatile organic compounds (VOCs) as vapors move slowly through biologically active soil.[3]
Biostimulation   (Sources; Partially from Wikipedia) 
It means in situ methods to stimulate existing bacteria capable of bioremediation. Biostimulation can be often done by addition of various nutrients, such as phosphorus, nitrogen, oxygen, or carbon. Additives are usually supplied to the subsurface through injection well networks. 
The primary advantage of biostimulation is that bioremediation will be undertaken by already present or indigenous microorganisms that are well-suited to the subsurface environment, and are well distributed spatially within the subsurface. The critical point is that the delivery of additives to subsurface microorganisms is fully based on the local geology of the subsurface. Tight, impermeable layers such as consolidated clay or silt layers, make it very difficult to spread additives throughout the affected area. Fractures, faults or cracks in the subsurface beds create potential pathways which additives may preferentially follow, preventing even distribution of additives.
Biosparging 
Biosparging is an in situ remediation technology that uses indigenous microorganisms to biodegrade organic constituents in the saturated zone. In biosparging, air (or oxygen) and nutrients (if needed) are injected into the saturated zone to increase the biological activity of the indigenous microorganisms. Biosparging can be used to reduce concentrations of petroleum constituents that are dissolved in groundwater, adsorbed to soil below the water table, and within the capillary fringe.    [Followings are not permitted figures to re-print] 
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Bioaugmentation
This is the introduction of a group of natural microbial strains or a genetically engineered variant to treat contaminated soil or water.

If a treatability study shows no degradation (or an extended lab period before significant degradation is achieved) in contamination contained in the groundwater, then inoculation with strains known to be capable of degrading the contaminants may be helpful. This process increases the reactive enzyme concentration within the bioremediation system and subsequently may increase contaminant degradation rates over the nonaugmented rates, at least initially after inoculation.[2]
            In several countries including Japan, Government provides safety guidelines to control secondary bio-hazard risks caused by non-indigenous microbial strains. Sometimes its byproducts may influence the surrounding environment, especially against aquifers for drinking water. 
http://en.wikipedia.org/wiki/Bioslurping#Bioslurping  
Bioslurping
Bioslurping combines elements of bioventing and vacuum-enhanced pumping of free-product that is lighter than water (light non-aqueous phase liquid or LNAPL) to recover free-product from the groundwater and soil, and to bioremediate soils. The bioslurper system uses a “slurp” tube that extends into the free-product layer. Much like a straw in a glass draws liquid, the pump draws liquid (including free-product) and soil gas up the tube in the same process stream. Pumping lifts LNAPLs, such as oil, off the top of the water table and from the capillary fringe (i.e., an area just above the saturated zone, where water is held in place by capillary forces). The LNAPL is brought to the surface, where it is separated from water and air. The biological processes in the term “bioslurping” refer to aerobic biological degradation of the hydrocarbons when air is introduced into the unsaturated zone.[4]
Phytoremediation
In the phytoremediation process certain plants and trees are planted, whose roots absorb contaminants from ground water over time, and are harvested and destroyed. This process can be carried out in areas where the roots can tap the ground water. Few examples of plants that are used in this process are Chinese Ladder fern Pteris vittata, also known as the brake fern, is a highly efficient accumulator of arsenic. 
Genetically altered cottonwood trees are good absorbers of mercury and transgenic Indian mustard plants soak up selenium well.[5
Bioremediation techniques are destruction techniques directed toward stimulating the microorganisms to grow and use the contaminants as a food and energy source by creating a favourable environment for the microorganisms. Generally, this means providing some combination of oxygen, nutrients, and moisture and controlling the temperature, ORP and pH. Sometimes, microorganisms adapted for degradation of the specific contaminants are applied to enhance the process.
Although not all organic compounds are amenable to biodegradation, bioremediation techniques have been successfully used to remediate soils, sludges and ground water contaminated by petroleum hydrocarbons, solvents, pesticides, wood preservatives and other organic chemicals. Bioremediation is not applicable for treatment of inorganic contaminants except Cr6+, N, and P. 

In-situ Biological Treatment 

The main advantage of in-situ treatment is that it allows soil to be treated without being excavated and transported, resulting in potentially significant cost savings. However, in-situ treatment generally requires longer time periods and there is less certainty about the uniformity of treatment because of the variability in soil and aquifer characteristics and because the efficacy of the process is more difficult to verify.

In-situ biological treatment technologies are sensitive to certain soil parameters. For example, the presence of clay or humic materials in soil causes variations in biological treatment process performance. It should also be noted that there are more than one pollutant in the subsurface soil or in the groundwater which is often not biodegradable. 
Several types of in-situ bioremediation technologies will be briefly explained in this module include:

Biological treatment technologies [Duplicated parts] 
[edit] Bioaugmentation
 [edit] Bioventing
 [edit] Biosparging
 [edit] Bioslurping
 [edit] Phytoremediation
i. Bioventing  (soil, sediment, bedrock and sludge)
Bioventing stimulates the natural in situ biodegradation of any aerobically degradable compounds in soil by providing oxygen to existing soil microorganisms. In contrast to soil vapour vacuum extraction, bioventing uses low air flow 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 are biodegraded as vapours move slowly through biologically active soil. 
Figure 5.39 shows a typical bioventing system.
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Figure 5.39 Typical Bioventing System
[Following is not a permitted figure to do reprinting] 
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Bioventing System for oil contamination; Source/Taisei Co.  Light blue arrow means air flow and the dark blue is nutrient salt. Orange colour area is contaminated soil. Air injection and ground-air collection (air extraction) is the main system.
Applicability

Remediate soils contaminated by petroleum hydrocarbons, non-chlorinated solvents, some pesticides, wood preservatives and other organic chemicals
Limitations

· Water table within several feet of the surface, saturated soil lenses or low permeability soils reduce bioventing performance

· Vapours can build up in basements within the radius of influence of air injection wells. This problem can be alleviated by extracting air near the structure of concern

· Extremely low soil moisture content may limit biodegradation and the effectiveness of bioventing

· Monitoring of off-gases at the soil surface may be required

· Aerobic biodegradation of many chlorinated compounds may not be effective unless there is a co-metabolite present, or an anaerobic cycle
· Low temperatures may slow remediation, although successful remediation has been demonstrated in extremely cold weather climates

ii. Phytoremediation (soil, sediment, bedrock and sludge)
              [Phytoremediation for commercial bases is now under investigation or in the demonstration stage, every detail should not be explained, though it is very interesting. ]


-Proper concentration is a must or the plant will die.


-Only rhizosphere remediation not good for deeper or surface layers


-Harvested plant requires special treatment ( scheduled waste?)

     - It is totally unfamiliar to regulators
Phytoremediation is a process that uses plants to remove, transfer, stabilize and destroy contaminants in soil and sediment. The mechanisms of phytoremediation include enhanced rhizosphere biodegradation, phyto-extraction (also called phyto-accumulation), phyto-degradation and phyto-stabilization. Figure 5.40 shows an example of a typical in situ phytoremediation system and Table 5.24 shows some example of phytoremediation process.

[image: image7.emf]
Figure 5.40 Illustration of Processes in Phytoremediation
Table 5.24 Example of Phytoremediation Process

	Process
	Description

	Enhanced rhizosphere biodegradation

	Takes place in the soil immediately surrounding plant roots. Natural substances released by plant roots supply nutrients to microorganisms, which enhances their biological activities. Plant roots also loosen the soil and then die, leaving paths for transport of water and aeration. This process tends to pull water to the surface zone and dry the lower saturated zones. 

This may draw greater amounts of dissolved pollutants from contaminated media and reduce the amount of water that may pass through soil or an aquifer, thereby reducing the amount of contaminant flushed though or out of the soil or aquifer.

	Phyto-accumulation
(phytoextraction)

	Phyto-accumulation is the uptake of contaminants by plant roots and the translocation/accumulation (phytoextraction) of contaminants into plant shoots and leaves.

	Phyto-degradation

	Synonym with vegetation-enhanced bioremediation is the metabolism of contaminants within plant tissues. Plants produce enzymes, such as dehalogenase and oxygenase that help catalyze degradation. Investigations are proceeding to determine if both aromatic and chlorinated aliphatic compounds are amenable to phyto-degradation.

	Phyto-stabilization

	Phenomenon of production of chemical compounds by plant to immobilize contaminants at the interface of roots and soil.


Applicability
· Remediate metals, pesticides, solvents, explosives, crude oil, PAHs and landfill leachates

· Some plant species have the ability to store metals in their roots. They can be transplanted to sites to filter metals from liquid hazardous waste
· Hyper-accumulator plants may be able to remove and store significant amount of metallic contaminants
Limitations

· It is limited to shallow soils
· High concentrations of hazardous materials can be toxic to plants
· It involves the same mass transfer limitations as other bio treatments
· It may be seasonal, depending on location
· It can transfer contamination across media, e.g., from soil to air
· It is not effective for strongly sorbed (e.g., PCBs) and weakly sorbed contaminants
· The toxicity and bioavailability of biodegradation products is not always known
· Products may be mobilized into ground water or bioaccumulated in animals
· It is still in the demonstration stage
· It is unfamiliar to regulators

Ex-situ Biological Treatment 

The main advantage of ex-situ treatment is that it generally requires shorter time periods than in-situ treatment and there is more certainty about the uniformity of treatment because of the ability to homogenize, screen and continuously mix the soil. However, ex-situ treatment requires excavation of soils, leading to increased costs and engineering for equipment, possible permitting and material handling / worker exposure considerations.
Several types of ex-situ bioremediation technologies will be briefly explained in this module include:
i. Biopiles (soil, sediment, bedrock and sludge)

Synonym with heap pile bioremediation, bioheaps, biomounds, static-pile composting, is a full-scale technology in which excavated soils are mixed with soil amendments and placed on a treatment area that includes leachate collection systems and some form of aeration. It is used to reduce concentrations of petroleum constituents in excavated soils through the use of biodegradation. 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 minimize the risk of contaminants leaching into uncontaminated soil. The drainage itself may be treated in a bioreactor before recycling. 

Biopile is a short-term technology. Duration of operation and maintenance may last a few weeks to several months. Treatment alternatives include static processes such as prepared treatment beds, biotreatment cells, soil piles and composting. Figure 5.41 shows a typical example of biopile for solid phase bioremediation
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Figure 5.41 Typical Biopile for Solid Phase Bioremediation
Fertilizer or soil originally from ‘Biopile’ often exceed fertilizer heavy metal  content-standards or soil standards due to the origin of contaminated soil and mixture/additives.  Processed soil by Biopile is sometimes sent to a secured landfill. The size of soil must be sorted and well mixed, and homogenized so that every soil particle can access to air and biomass. Pebbles and small stones can be segregated and be reused but very fine sand, silt, and clay contains various pollutants which are not bio-treatable or non-biodegradable.   Quality controlling is very difficult! 
Applicability
· Treat nonhalogenated VOCs and fuel hydrocarbons
· Halogenated VOCs, SVOCs and pesticides also can be treated, but the process effectiveness will vary and may be applicable only to some compounds within these contaminant groups
Limitations

· Excavation of contaminated soils is required
· Treatability testing should be conducted to determine the biodegradability of contaminants and appropriate oxygenation and nutrient loading rates
[The number of samples will be a key to determine the achievement]
· Solid phase processes have questionable effectiveness for halogenated compounds and may not be very effective in degrading transformation products of explosives
· Similar batch sizes require more time to complete cleanup than slurry phase processes
· Static treatment processes may result in less uniform treatment than processes that involve periodic mixing
ii.
Composting (soil, sediment, bedrock and sludge)
Synonym with solid-phase soil treatment, is a controlled biological process by which organic contaminants (e.g., PAHs) are converted by microorganisms (under aerobic and anaerobic conditions) to innocuous, stabilized by-products. Typically, thermophilic conditions (54 to 65 °C) must be maintained to properly compost soil contaminated with hazardous organic contaminants. The increased temperatures result from heat produced by microorganisms during the degradation of the organic material in the waste. 
In most cases, this is achieved by the use of indigenous microorganisms. Soils are excavated and mixed with bulking agents and organic amendments, such as wood chips, animal and vegetative wastes, to enhance the porosity of the mixture to be decomposed. 
Maximum degradation efficiency is achieved through maintaining oxygenation (e.g., daily windrow turning), irrigation as necessary and closely monitoring moisture content, and temperature. 

There are three process designs used in composting: 

· Aerated static pile composting (compost is formed into piles and aerated with blowers or vacuum pumps)

· Mechanically agitated in-vessel composting (compost is placed in a reactor vessel where it is mixed and aerated), and

· Windrow composting (compost is placed in long piles known as windrows and periodically mixed with mobile equipment). 

Windrow composting is usually considered to be the most cost-effective composting alternative. Meanwhile, it may also have the highest fugitive emissions. If VOC or SVOC contaminants are present in soils, off-gas control may be required. Figure 5.42 shows a typical windrow composting process.
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Figure 5.42 Typical Windrow Composting Process

Applicability
· Soils and lagoon sediments contaminated with biodegradable organic compounds
· Aerobic, thermophilic composting is also applicable to PAH-contaminated soil
Limitations

· Substantial space is required for composting
· Excavation of contaminated soils is required and may cause the uncontrolled release of VOCs
· Composting results in a volumetric increase in material because of the addition of amendment material

· Heavy metals are not treated by this method.

Figure 5.43 shows an illustration of “hot spot” ex-situ bioremediation of perchlorate.
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Figure 5.43 Illustration of “Hot Spot” Ex-situ Bioremediation of Perchlorate
[No experience or knowledge on application of perchlorate method]
iii. Landfarming (soil, sediment, bedrock and sludge) 
[In Japan commercial base landfarming is on-going. Followings are the information provided in Oct. 2010 by Ohmi Environmental Design Inc. One of my old friends own the company.] 
Landfarming will be used for Oil and VOCs contaminated soil. 

· Spread the soil, a thickness of one meter
· Bio-chemicals, nutrients, and water shall be added on to the soil
· Periodic aeration and homogenization by controlling CO2 emission 
Ohmi Environmental Design Inc. has well designed remediation site where bad smelling oil containing soil shall be treated.  Special microorganism, nutrient, and water are mixed with the soil and then, mixed and tilled the soil for aeration. They monitor the concentration of benzene, TPH, water-content as well as pH etc. 
The treated soil may be reused as re-fill materials, which means ‘closed system’ on site. Ohmi will not carry out the treated soil from the remediation site. 

[As explained above, it is a kind of ‘bioremediation’, they think there will be no perfect clean-up by land farming. In the past, some waste contractors sprayed organic sludge on to rice field saying it is a landfarming, but this is nothing but illegal dumping.] 
[In Malaysia, the DOE has phased out landfarming as technology for the treatment of scheduled wastes (contaminated soil). Trainees may need explanation.]
These processes can be divided into two treatment unit:
a) Landfarming treatment unit
Landfarming (synonym with solid phase biodegradation) is a full-scale bioremediation technology, which usually incorporates liners and other methods to control leaching of contaminants, which requires excavation and placement of contaminated soils, sediments or sludges.  Contaminated media is applied into lined beds and periodically turned over or tilled to aerate the waste. Soil conditions are often controlled to optimize the rate of contaminant degradation.

The 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 pH by adding crushed limestone or agricultural lime) 

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

Contaminated media is usually treated in lifts that are up to 18 inches thick. When the desired level of treatment is achieved, the lift is removed and a new lift is constructed. It may be desirable to only remove the top of the remediated lift, and then construct the new lift by adding more contaminated media to the remaining material and mixing. This serves to inoculate the freshly added material with an actively degrading microbial culture, and can reduce treatment times. 

In Malaysia, the DOE has phased out landfarming as technology for the treatment of scheduled wastes. Figure 5.44 shows the typical landfarming treatment unit.
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Figure 5.44 Typical Landfarming Treatment Units

[The construction cost and running cost seems very expensive regarding Fig. 5.44]    

0
b) Land treatment unit
Land treatment is a full-scale bioremediation technology in which contaminated soils, sediments or sludges are turned over (i.e., tilled) and allowed to interact with the soil and climate at the site. The waste, soil, climate and biological activity interact dynamically as a system to degrade, transform and immobilize waste constitutes. Wastes are periodically tilled to aerate the waste. Soil conditions are often controlled to optimize the rate of contaminant degradation. The conditions normally controlled same as landfarming treatment unit.
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Figure 5.45 Typical Land Treatment Unit
A 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. Figure 5.45 shows a typical example of a land treatment unit. Landfarming and land treatment are both medium to long term technologies.
Applicability

Treating petroleum hydrocarbons
Limitations

· A large amount of space is required
· Conditions affecting biological degradation of contaminants (e.g., temperature, rain fall) are largely uncontrolled, which increases the length of time to complete remediation
· Inorganic contaminants will not be biodegraded
· Volatile contaminants, such as solvents, must be pretreated because they would volatilize into the atmosphere, causing air pollution
· Dust control is an important consideration, especially during tilling and other material handling operations
· Topography, erosion, climate, soil stratigraphy and permeability of the soil at the site must be evaluated to determine the optimum design of facility
Waste constitutes may be subject to "Land-ban" regulation and thus may not be applied to soil for treatment by landfarming (e.g., some petroleum sludges).


[Land-ban  is the US regulation, need proper explanation ]    

5.6.2 
PHYSICO-CHEMICAL TREATMENT METHOD

[Detailed investigation is required before deciding the clean-up methods, especially geology, aquifers, every pollutant etc. which are located underground ]    

Physical/chemical treatment uses the physical properties of the contaminants or the contaminated medium to destroy (i.e., chemically convert), separate, or immobilize the contamination. Physical/chemical treatment is typically cost effective and can be completed in short time periods (in comparison with biological treatment). Equipment is readily available and is not engineering or energy-intensive.
In-situ Physico-Chemical Treatment 

The main advantage of in situ treatment is that it allows soil to be treated without being excavated and transported, resulting in potentially significant cost savings. Certain in-situ physico-chemical treatment technologies are sensitive to certain soil parameters. For example, the presence of clay or humic materials in soil causes variations in horizontal and vertical hydraulic parameters, which, in turn, cause variations in physico-chemical process performance.
Several types of in-situ physico-chemical technologies will be briefly explained in this module include:

i. Fracturing (soil, sediment, bedrock and sludge)
ii. Soil Flushing (soil, sediment, bedrock and sludge)
iii. Solvent Vapour Extraction (soil, sediment, bedrock and sludge)
iv. Air Sparging (ground water, surface water and leachate)

i. Fracturing (soil, sediment, bedrock and sludge)
Fracturing (Figure 5.46) is an enhancement technology designed to increase the efficiency of other in situ technologies in difficult soil conditions. The fracturing extends and enlarges existing fissures and introduces new fractures, primarily in the horizontal direction. When fracturing has been completed, the formation is then subjected to vapor extraction, either by applying a vacuum to all wells or by extracting from selected wells, while other wells are capped or used for passive air inlet or forced air injection. Technologies commonly used in soil fracturing include pneumatic fracturing (PF), blast-enhanced fracturing and LasagnaTM process.
[EiMAS  should not endorse above method, just indicated as examples ]
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Figure 5.46 Typical Pneumatic Fracturing Processes
Applicability
Applicable to the complete range of contaminant groups with no particular target group. The technology is used primarily to fracture silts, clays, shale and bedrock
Limitations

· Not be used in areas of high seismic activity

· Fractures will close in non-clayey soils

· Investigation of possible underground utilities, structures, or trapped free product is required 

· The potential exists to open new pathways for the unwanted spread of contaminants (e.g., dense nonaqueous phase liquids)
ii. Soil Flushing (soil, sediment, bedrock and sludge)
In-situ soil flushing (Figure 5.47) is the extraction of contaminants from the soil with water or other suitable aqueous solutions. Soil flushing is accomplished by passing the extraction fluid through in-place soils using an injection or infiltration process. Extraction fluids must be recovered from the underlying aquifer and when possible, they are recycled.
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Figure 5.47 Typical Soil Flushing Systems
Applicability

· Target contaminant group is inorganic including radioactive contaminants

· Can be used to treat VOCs, SVOCs, fuels and pesticides, but it may be less cost-effective than alternative technologies for these contaminant groups

· Offers the potential for recovery of metals and can mobilize a wide range of organic and inorganic contaminants from coarse-grained soils
Limitations

· Low permeability or heterogeneous soils are difficult to treat
· Surfactants can adhere to soil and reduce effective soil porosity
· Reactions of flushing fluids with soil can reduce contaminant mobility
· The potential of washing the contaminant beyond the capture zone and the introduction of surfactants to the subsurface concern regulators

iii. Soil Vapor Extraction (soil, sediment, bedrock and sludge)
[Soil vapor extraction From Wikipedia, the free encyclopedia]
Soil vapor extraction (SVE) is an in situ process for soil remediation where contamination is removed from soil by carrying it out through a medium such as air or steam. The extracted soil vapors are separated into liquids and vapors, and each stream is treated as necessary. SVE is suitable for removing a variety of contaminants that have a high vapor pressure or a low boiling point compared to water, such as chlorinated solvents. SVE can handle high concentrations of contaminant, including contaminants in the form of a non-aqueous phase liquid (NAPL). SVE is characterized as a quick and effective remediation technique.

The medium in which the contaminants are removed is typically air or steam. It can be injected into the ground, or created in situ in limited cases (see next section). Air sparging is the process of injecting air into the ground using a system of blowers and injection wells.

Soil vapor extraction (SVE) (Figure 5.48) synonyms with in-situ soil venting, in-situ volatilization and enhanced volatilization (Figure 5.48) is an in-situ unsaturated (vadose) zone soil remediation technology in which a vacuum is applied to the soil to induce the controlled flow of air and remove volatile and some semivolatile contaminants from the soil. The gas leaving the soil may be treated to recover or destroy the contaminants, depending on local and state air discharge regulations. Vertical extraction vents are typically used at depths of 1.5 meters (5 feet) or greater and have been successfully applied as deep as 91 meters (300 feet). 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. The duration of operation and maintenance for in situ SVE is typically medium-to long-term.
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Figure 5.48 Typical In-situ Soil Vapor Extraction System
Applicability
· Target contaminant groups are VOCs and some fuels
· Typically applicable only to volatile compounds with a Henry's law constant greater than 0.01 or a vapor pressure greater than 0.5 mm Hg (0.02 inches Hg)
· Will not remove heavy oils, metals, PCBs or dioxins
· [Will not fully remove some pollution conditions such as very old contamination, complicated contamination, and clay contamination]
· Promotes the in-situ biodegradation of low-volatility organic compounds
Limitations

· Soil that has a high percentage of fines and a high degree of saturation will require higher vacuums (increasing costs) and/or hindering the operation of the in situ SVE system
· Large screened intervals are required in extraction wells for soil with highly variable permeability or stratification, which otherwise may result in uneven delivery of gas flow from the contaminated regions
iv. Air Sparging (ground water, surface water and leachate)
[Soil vapor extraction - Wikipedia, the free encyclopedia]

Air sparging is the process of injecting air into the ground using a system of blowers and injection wells. As the bubbles rise, the contaminants are removed from the groundwater by physical contact with the air (i.e., stripping) and are carried up into the unsaturated zone (i.e., soil). As the contaminants move into the soil, a soil vapor extraction system is usually used to remove vapors. 

Air sparging (Figure 5.49) is an in-situ technology in which air is injected through a contaminated aquifer. Injected air traverses horizontally and vertically in channels through the soil column, creating an underground stripper that removes contaminants by volatilization. This injected air helps to flush (bubble) the contaminants up into the unsaturated zone where a vapor extraction system is usually implemented in conjunction with air sparging to remove the generated vapor phase contamination. This technology is designed to operate at high flow rates to maintain increased contact between ground water and soil and strip more ground water by sparging. 

Oxygen added to contaminated ground water and vadose zone soils can also enhance biodegradation of contaminants below and above the water table. Air sparging has a medium to long duration which may last, generally, up to a few years. For air sparging to be successful, the soil in the saturated zone must be loose enough to allow the injected air to readily escape up into the unsaturated zone. Air Sparging, therefore, will work fastest at sites with coarse-grained soil, like sand and gravel.

[Fact Sheet: A Citizen's Guide to Soil Vapor Extraction and Air Sparging-]
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Figure 5.49 Typical Air Sparging System

Applicability

· Target contaminant groups are VOCs and fuels
· Methane can be used as an amendment to the sparged air to enhance cometabolism of chlorinated organics
Limitations

· Air flow through the saturated zone may not be uniform, which implies that there can be uncontrolled movement of potentially dangerous vapors
· Depth of contaminants and specific site geology must be considered
[This is very important but how and how detail?]
· Air injection wells must be designed for site-specific conditions
Ex-situ Physico-Chemical Treatment 

The main advantage of ex-situ treatment is that it generally requires shorter time periods than in situ treatment and there is more certainty about the uniformity of treatment because of the ability to homogenize, screen and continuously mix the soil. Ex-situ treatment, however, requires excavation of soils, leading to increased costs and engineering for equipment, possible permitting and material handling/worker exposure conditions.
Several types of ex-situ physico-chemical technologies will be briefly explained in this module include:

i. Chemical Extraction (soil, sediment, bedrock and sludge)
Chemical extraction (Figure 5.50) does not destroy wastes but is a means of separating hazardous contaminants from soils, sludges and sediments, thereby reducing the volume of the hazardous waste that must be treated. The technology uses an extracting chemical and differs from soil washing, which generally uses water or water with wash-improving additives. The duration of operations and maintenance for chemical extraction is medium-term.
	Acid Extraction
	Acid can also be used as the extractant. Acid extraction uses hydrochloric acid to extract heavy metal contaminants from soils

	Solvent Extraction
	Solvent extraction is a common form of chemical extraction using organic solvent as the extractant. It is commonly used in combination with other technologies, such as solidification/stabilization, incineration, or soil washing, depending upon site-specific conditions


Figure 5.50 show the typical of chemical extraction process
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Figure 5.50 Typical Chemical Extraction Process
Applicability
Solvent Extraction
· Treating sediments, sludges and soils containing primarily organic contaminants such as PCBs, VOCs, halogenated solvents and petroleum wastes
· Separation of the organic contaminants in paint wastes, synthetic rubber process wastes, coal tar wastes, drilling muds, wood-treating wastes, separation sludges, pesticide/insecticide wastes and petroleum refinery oily wastes
Acid Extraction
· Treat sediments, sludges and soils contaminated by heavy metals
Limitations

· Some soil types and moisture content levels will adversely impact process performance
· Higher clay content may reduce extraction efficiency and require longer contact times
· Organically bound metals can be extracted along with the target organic pollutants, which restricts handling of the residuals
· The presence of detergents and emulsifiers can unfavorably influence the extraction performance
· Traces of solvent may remain in the treated solids; the toxicity of the solvent is an important consideration
· Solvent extraction is generally least effective on very high molecular weight organic and very
ii. Air Stripping (ground water, surface water and leachate)
Air stripping (Figure 5.51) is a full-scale technology in which volatile organics are partitioned from ground water by greatly increasing the surface area of the contaminated water exposed to air. Types of aeration methods include packed towers, diffused aeration, tray aeration and spray aeration.

Air stripping involves the mass transfer of volatile contaminants from water to air. For ground water remediation, this process is typically conducted in a packed tower or an aeration tank. 
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Figure 5.51 Typical Air Stripping System
Applicability
· Used to separate VOCs from water
· Ineffective for inorganic contaminants
· Some compounds that have been successfully separated from water using air stripping include BTEX, chloroethane, TCE, DCE, and PCE
Limitations
· The potential exists for inorganic (e.g., iron greater than 5 ppm, hardness greater than 800 ppm) or biological fouling of the equipment, requiring pretreatment or periodic column cleaning
· Effective only for contaminated water with VOC or semivolatile concentrations with a dimensionless Henry's constant greater than 0.01
· Consideration should be given to the type and amount of packing used in the tower
· Process energy costs are high
iii. Ion Exchange (ground water, surface water and leachate)
Ion exchange (Figure 5.52) removes ions from the aqueous phase by the exchange of cations or anions between the contaminants and the exchange medium. Ion exchange materials may consist of resins made from synthetic organic materials that contain ionic functional groups to which exchangeable ions are attached. They also may be inorganic and natural polymeric materials. After the resin capacity has been exhausted, resins can be regenerated for re-use. The duration of ion exchange technology is typically short-to medium-term. Figure 5.52 show the diagram of typical ion exchange and adsorption equipment.
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Figure 5.52 Typical Ion Exchange and Adsorption Equipment Diagram

Applicability
· Remove dissolved metals and radionuclide’s from aqueous solutions

· Other compounds that have been treated include nitrate, ammonia nitrogen and silicate
Limitations
· Oil and grease in the ground water may clog the exchange resin
· Suspended solids content greater than 10 ppm may cause resin blinding
· The pH of the influent water may affect the ion exchange resin selection
· Oxidants in ground water may damage the ion exchange resin
· Wastewater is generated during the regeneration step and will require additional treatment and disposal
5.6.3
Thermal Treatment Method

History
Thermal desorption first appeared as an environmental treatment technology in 1985 when it was specified in the Record of Decision (ROD) for the McKin site in Maine. The latest status report from the United States Environmental Protection Agency (USEPA) shows that thermal desorption has been used at 69 Superfund sites through FY2000. In addition, hundreds of remediation projects have been completed using thermal desorption at non-Superfund sites.

For in-situ on-site treatment options, only incineration and stabilization have been used at more Superfund sites. Incineration suffers from poor public acceptance. Stabilization does not provide a permanent remedy, since the contaminants are still on site. Thermal desorption is a widely accepted technology that provides a permanent solution at an economically competitive cost.

The world’s first large-scale thermal desorption for treatment of mercury containing wastes was erected in Wölsau, for the remediation of the Chemical Factory Marktredwitz aka CFM (founded in 1788) was considered to be the oldest in Germany. Operation commenced in October 1993 including the first optimising phase. 50,000 tons of mercury-contaminated solid wastes were treated successfully between August 1993 and June 1996. 25 metric tons of mercury had been recovered from soil and rubble. Unfortunately the Marktredwitz plant is often misunderstood in the literature as a pilot-scale plant only.

Thermal desorption is an environmental remediation technology that utilizes heat to increase the volatility of contaminants such that they can be removed (separated) from the solid matrix (typically soil, sludge or filter cake). Thermal desorption is not incineration. The volatilized contaminants are then either collected or thermally destroyed. A thermal desorption system therefore has two major components; the desorber itself and the offgas treatment system.

[OOKA involved in a large scale thermal desorption project in Tokyo. Total amt was over US$  80 million. Still the separated substance was required to do secondary treatment and final disposal because main target was mercury compounds.]
Offgas treatment
[Thermal desorption - Wikipedia, the free encyclopedia] There are only three basic options for offgas treatment available. The volatilized contaminants in the offgas can either be discharged to atmosphere, collected or destroyed. In some cases, both a collection and destruction system are employed. In addition to managing the volatilized components, the particulate solids (dust) that exit the desorber must also be removed from the offgas.

When a collection system is used, the offgas must be cooled to condense the bulk of the volatilized components into a liquid. The offgas will exit most desorbers in the 350-900 °F range. The offgas is then typically cooled to somewhere between 120 and 40 °F to condense the bulk of the volatilized water and organic contaminants. Even at 40 °F, there may be measurable amounts of non-condensed organics. For this reason, after the condensation step, further treatment of the offgas is usually required. The cooled offgas may be treated by carbon adsorption, or thermal oxidation. Thermal oxidation can be accomplished using a catalytic oxidizer, an afterburner or by routing the offgas to the combustion heat source for the desorber. The volume of gas requiring treatment for indirect fired desorbers is a fraction of that required for a direct fired desorber. This requires smaller air pollution control trains for the gaseous process vent emissions. Some thermal desorption systems recycle the carrier gas, thereby further reducing the volume of gaseous emissions.

The condensed liquid from cooling the offgas is separated into organic and aqueous fractions. The water is either disposed of or used to cool the treated solids and prevent dusting. The condensed liquid organic is removed from the site. Depending on its composition, the liquid is either recycled as a supplemental fuel or destroyed in a fixed base incinerator. A thermal desorber removing 500 mg/kg of organic contaminants from 20,000 tons of soil will produce less than 3,000 gallons of liquid organic. In essence 20,000 tons of contaminated soil could be reduced to less than one tank truck of extracted liquid residue for off-site disposal.

Desorbers using offgas destruction systems use combustion to thermally destroy the volatilized organics components forming CO, CO2, NOx, SOx and HCl. The destruction unit may be called an afterburner, secondary combustion chamber, or thermal oxidizer. Catalytic oxidizers may also be used if the organic halide content of the contaminated media is low enough. Regardless of the name, the destruction unit is used to thermally destroy the hazardous organic constituents that were removed (volatilized) from the soil or waste

In-situ Thermal Treatment

The main advantage of in-situ thermal treatment is that it allows soil to be treated without being excavated and transported, resulting in significant cost savings. However, in-situ treatment generally requires longer time periods, and there is less certainty about the uniformity of treatment because of the variability in soil and aquifer characteristics and because the efficacy of the process is more difficult to verify.

Thermal treatment offers quick cleanup times, but it is generally the most costly treatment group. Cost is driven by energy and equipment costs and is both capital and O&M-intensive.

i. Thermal treatment

Thermally enhanced SVE is a full-scale technology that uses electrical resistance/electromagnetic/fiber optic/radio frequency heating or hot-air/steam injection to increase the volatilization rate of semi-volatiles and facilitate extraction. The process is otherwise similar to standard SVE, but requires heat resistant extraction wells. Thermally enhanced SVE is normally a short- to medium-term technology.
Electrical Resistance Heating
Electrical resistance heating uses an electrical current to heat less permeable soils such as clays and fine-grained sediments so that water and contaminants trapped in these relatively conductive regions are vaporized and ready for vacuum extraction. Six-phase soil heating (SPSH) (Figure 5.53) is a typical electrical resistance heating which uses low-frequency electricity delivered to six electrodes in a circular array to heat soils. With SPSH, the temperature of the soil and contaminant is increased, thereby increasing the contaminant's vapor pressure and its removal rate. SPSH also creates an in situ source of steam to strip contaminants from soil.  
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Figure 5.53 Typical Six-Phase Soil Heating System
Radio Frequency/Electromagnetic Heating

Radio frequency heating (RFH) is an in-situ process that uses electromagnetic energy to heat soil and enhance soil vapor extraction (SVE). RFH enhances SVE in four ways:

· Contaminant vapor pressure and diffusivity are increased by heating

· The soil permeability is increased by drying

· An increase in the volatility of the contaminant from in situ steam stripping by the water vapor

· A decrease in the viscosity which improves mobility

As the soil heats and dries, current will stop flowing. Extracted vapor can then be treated by a variety of existing technologies, such as granular activated carbon or incineration.
            [In Japan we only use this for special pollution such as dumped agriculture chemical]  
Hot Air / Steam Injection
           [Economically it is very difficult for commercial cleanup projects; expensive]  
Hot air or steam is injected below the contaminated zone to heat up contaminated soil. The heating enhances the release of contaminants form soil matrix. Some VOCs and SVOCs are stripped from contaminated zone and brought to the surface through soil vapor extraction.

Figure 5.54 shows a typical hot air injection system.
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Figure 5.54 Typical Hot Air Injection Systems
Applicability

· High moisture content is a limitation of standard SVE that thermally enhancement may help overcome
· Heating, especially radio frequency heating and electrical resistance heating can improve air flow in high moisture soils by evaporating water
· Thermally enhanced SVE technologies also are effective in treating some pesticides and fuels, depending on the temperatures achieved by the system
· After application of this process, subsurface conditions are excellent for biodegradation of residual contaminants
Limitations
· Debris or other large objects buried in the media can cause operating difficulties
· Performance in extracting certain contaminants varies depending upon the maximum temperature achieved in the process selected
· Soil that is tight or has high moisture content has a reduced permeability to air, hindering the operation of thermally enhanced SVE and requiring more energy input to increase vacuum and temperature
· Soil with highly variable permeability may result in uneven delivery of gas flow to the contaminated regions
· Soil that has a high organic content has a high sorption capacity of VOCs, which results in reduced removal rates
· Air emissions may need to be regulated to eliminate possible harm to the public and the environment
Ex-situ Thermal Treatment

[No experience for Detonation]
The main advantage of ex-situ treatments is that they generally require shorter time periods, and there is more certainty about the uniformity of treatment because of the ability to screen, homogenize, and continuously mix the soils. Ex-situ processes, however, require excavation of soils leading to increased costs and engineering for equipment, possible permitting, and materials handling worker safety issues.

i. Open Burn/Open Detonation (soil, sediment, bedrock and sludge)
Open burn (OB) and open detonation (OD) operations (Figure 5.55)  are conducted to destroy excess, obsolete or unserviceable (EOU) munitions and energetic materials. In OB operations, energetic or munitions are destroyed by self-sustained combustion, which is ignited by an external source, such as flame, heat or a detonation wave. In this case, an auxiliary fuel may be added to initiate and sustain the combustion of materials. In OD operations, detonatable explosives and munitions are destroyed by a detonation, which is generally initiated by the detonation of an energetic charge.
Open Burning/Open Detonation (Figure 5.55) operations can destroy many types of explosives, pyrotechnics, and propellants. OB and OD can be initiated either by electric, burning, or energetic charge ignition systems. In general, electric systems are preferable because they provide better control over the timing of the initiation. In an electric system, electric current heats a bridge wire, which ignites a primary explosive or pyrotechnic, which, in turn, ignites or detonates the material slated to be burned or detonated. 
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Figure 5.55 Typical Open Burning Pan and Cage

Applicability
OB/OD can be used to destroy excess, obsolete, or unserviceable (EOU) munitions, components, energetic materials, as well as, media contaminated with energetic.
Limitations
· Minimum distance requirements for safety purposes mean substantial space is required for open processes
· OB/OD operations emissions are difficult to sufficiently capture for treatment and may not be permitted in areas with emissions limitations, although subsurface processes minimize emission release
· In open OB/OD operations, prevailing winds must carry sparks, flame, smoke, and toxic fumes away from neighboring facilities. OB/OD operations are never conducted during sand, snow, or electrical  storms strong enough to produce static electricity, which might cause premature detonation.
Soil Washing Treatment

Ex situ soil separation processes (often referred to as "soil washing"), mostly based on mineral processing techniques, are widely used in Northern Europe and America for the treatment of contaminated soil. Soil washing is a water-based process for scrubbing soils ex situ to remove contaminants. The process removes contaminants from soils in one of the followingtwo ways: 

· By dissolving or suspending them in the wash solution (which can be sustained by chemical manipulation of pH for a period of time); or 

· By concentrating them into a smaller volume of soil through particle size separation, gravity separation, and attrition scrubbing (similar to those techniques used in sand and gravel operations). 

Soil washing systems incorporating most of the removal techniques offer the greatest promise for application to soils contaminated with a wide variety of heavy metal, radionuclides, and organic contaminants. Commercialization of the process, however, is not yet extensive. 

The concept of reducing soil contamination through the use of particle size separation is based on the finding that most organic and inorganic contaminants tend to bind, either chemically or physically, to clay, silt, and organic soil particles. The silt and clay, in turn, are attached to sand and gravel particles by physical processes, primarily compaction and adhesion. Washing processes that separate the fine (small) clay and silt particles from the coarser sand and gravel soil particles effectively separate and concentrate the contaminants into a smaller volume of soil that can be further treated or disposed of. Gravity separation is effective for removing high or low specific gravity particles such as heavy metal-containing compounds (lead, radium oxide, etc.). Attrition scrubbing removes adherent contaminant films from coarser particles. However, attrition washing can increase the fines in soils processed. The clean, larger fraction can be returned to the site for continued use.

Complex mixture of contaminants in the soil (such as a mixture of metals, nonvolatile organics, and SVOCs) and heterogeneous contaminant compositions throughout the soil mixture make it difficult to formulate a single suitable washing solution that will consistently and reliably remove all of the different types of contaminants. for these cases, sequential washing, using different wash formulations and/or different soil to wash fluid ratios, may be required.

Soil washing is generally considered a media transfer technology. The contaminated water generated from soil washing are treated with the technology(s) suitable for the contaminants.

The duration of soil washing is typically short- to medium-term.
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[Tokyo Metropolitan government is currently utilizing this method with other processes. ]
1
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