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This document examines the various remediation technologies for contaminated soil and 
water.  For each type of technology, the purpose, the pros and cons, and the type of 
contaminates that can be remediated using that technology are provided.  This 
information is of a general nature and is not exclusive.  One should seek a qualified 
environmental professional for additional information and for addressing specific site 
issues.  The technologies highlighted with an (* ) are more commonly used at Superfund 
sites. 
 
 

Soils 
 
Bioventing – Injecting oxygen into the ground in order to improve aerobic 
biodegradation of contaminants.  This is a long term cleanup option lasting from several 
months to years.  Bioventing is an experimental and innovative technology being 
investigated and is used at several cleanup sites.   
 
Purpose: Destruction aid 
Pros:  Successfully used to improve the remediation of soils contaminated with organic 
compounds 
Cons: May not improve degradation of chlorinated compounds  
In situ/ex situ: In-situ 
Contaminants remediated: BTEX compounds, nonhalogenated VOCs, some pesticides, 
and wood preservatives 
 
 
 
 
 *Dehalogenation -  The use of chemicals to remove halogens (chlorine, bromine, etc.) 
from contaminants.  The byproduct of dehalogenation is a non-toxic salt, partial 
volatilization or decomposition of the contaminant.  This is a short to medium term 
method of remediation. 
 
Purpose: Contaminant destruction/transformation 
Pros: Good for low volume and low concentration contamination, successful in treating 
PCB’s 
Cons: May not be cost-effective for large treatment volumes, high clay and moisture 
content increase costs.  Requires air emission equipment and other treatment equipment 
In situ/ex situ: Ex situ 
Contaminants remediated: VOCs, SVOCs 
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Dehalogentation Process  
 
 
 
 
Fluid/vapor extraction - Liquid and gas are removed from the ground using a high 
vacuum system in extraction wells.  Treatment of the removed contaminants is required.  
 
Purpose: Removal 
Pros: May shorten cleanup time at sites with VOC and fuel contamination 
Cons:  May not work well at heterogeneous sites, water and vapor must be treated 
In situ/ex situ: Ex situ 
Contaminants remediated: VOCs, some SVOCs 
 
 
 
Geotechnical Systems- use of building foundations, storage facilities, etc. to minimize 
exposure to contaminants and prevent rainwater from entering the wastes and creating 
leachate.  The building acts as a cap. 
 
Purpose: Containment 
Pros: Reduced remediation costs (separate remediation processes are not required, the 
structure provides the containment) 
Cons: Does not reduce contaminant volume, toxicity or mobility, if groundwater is 
contaminated vertical walls may be required increasing costs 
In situ/ex situ: In situ 
Contaminants remediated: All 
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* Incineration – Burning wastes in order to destroy contaminants by volatilization and 
combustion.  
  
Purpose: Contaminant destruction 
Pros: Proven technology, destroys large number of contaminants 
Cons: Only one off-site incinerator approved for PCB and dioxin, potential transportation 
costs, bottom ash may require stabilization if heavy metals are incinerated, requires 
excavation, additional treatment may be required for soils with volatile metals 
In situ/ex situ: Ex situ 
Contaminants remediated: VOCs,  SVOCs, fuels and explosives 
 
 
 
Landfill Cap/Brownfields Cap - a covering over a site that minimizes exposure to 
contaminants and prevents rainwater from entering the wastes and creating leachate.   
There are 3 major types of landfill caps.  A RCRA Subtitle C landfill cap is for hazardous 
waste landfills, a RCRA Subtitle D landfill cap is used on sanitary landfills.  The last type 
of cap is an asphalt, concrete, or topsoil cap.   
 
Purpose: Containment 
Pros: Asphalt/concrete cap is low cost, been approved at numerous sites 
Cons: Does not reduce contaminant volume, toxicity or mobility, if groundwater is 
contaminated vertical walls may be required increasing costs, cap may develop leaks over 
time 
In situ/ex situ: In situ 
Contaminants remediated: All  
 

Cap 
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Natural Attenuation (IT) – Allows nature to reduce or remove the level of contaminants 
in the ground.  Some examples of natural attenuation are biodegradation, dilution, 
dispersion or adsorption in the soil.  When analyzing this method for use exposure 
pathways and property use must be looked at closely. 
 
Purpose: Contaminant destruction, dilution and/or containment 
Pros: Low maintenance, low cost 
Cons: Typically a slow process, long term monitoring of the site required, may require 
extensive site characterization 
In situ/ex situ: In situ 
Contaminants remediated: Some VOCs, BTEX compounds 
 
 
 
Off-site disposal – Soil is excavated and transported to an off-site disposal location 
which meets regulatory requirements for hazardous waste disposal.  The waste may 
require pre-treatment prior to acceptance by the disposal site.   
 
Purpose: Containment  
Pros: Proven method, relatively cheap 
Cons: Cost may increase due to shipping to a permitted facility, regulatory agencies 
prefer treatment, waste may require treatment prior to disposal  
In situ/ex situ: Ex situ 
Contaminants remediated: All 
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Soil Vapor Extraction (SVE) – A method of removing volatile and some semivolatile 
organic contaminants from nonsaturated soil (vadose zone) by applying a vacuum to the 
soil through extraction wells.  The contaminants are removed from the ground to undergo 
further treatment.  
 
Purpose:  Remove contaminants from the ground 
Pros: Presumptive or generic remedy, relatively inexpensive, may increase 
bioremediation when used in conjunction with air sparging, no excavation required, 
highly effective in VOC removal 
Cons: Treatment time slows in heterogeneous soils, heating the soil and air sparging may 
be required, need to control air emissions 
In situ/ex situ: In situ 
Contaminants remediated: VOCs, some SVOCs 
 
 
 

 
Soil Vapor Extraction  
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*Soil Flushing  – A process where a solution is injected in the ground in order to move 
the contaminants to an area where they may be extracted from the ground and treated.  
This is a developing technology which so far has seen limited success.   
 
Purpose: Aid in making contaminants readily accessible for treatment 
Pros: Portable technology, excavation not required 
Cons:  Limited success, groundwater flow must be understood completely to prevent 
spreading contamination further 
In situ/ex situ: In situ 
Contaminants remediated: VOCs, SVOCs, some metals, fuels, pesticides 
 
 
 
 
 

Soil Flushing 
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Thermal desorption – Contaminants with low boiling points are vaporized by heating 
wastes to moderate temperatures.  Steam injection, electrical resistance heating and radio-
frequency heating may be used to raise soil temperatures. These temperatures range from 
200° to 1000°�F depending on the contaminant to be vaporized.  Thermal desorption is 
only an aid in contaminant, it is typically used in conjunction with SVE in order to 
increase the amount of contaminants removed from the soil. 
 
Purpose:  Aid in removing contaminants from the ground 
Pros:  Steam injection effectively removes petroleum hydrocarbons (BTEX), electrical 
heating works well in fine grained soils 
Cons: Innovative technology, full recovery of contaminant may be difficult, may not 
work well in heterogeneous soils, high moisture content in soil increases costs, requires 
treatment of off-gas 
In situ/ex situ: Both may be used in situ or ex situ following excavation 
Contaminants remediated: SVOCs, PAHs, PCBs and pesticides.  May also be effective in 
separating organics from coal tar wastes, refinery wastes, wood-treating wastes, paint 
wastes and synthetic rubber processing waste. 
 
 
 
 
 

 
Thermal Desorption 
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*Soil Washing – Soil is excavated and washed with water to remove contaminants.  
Additives may be added to the water to enhance contaminant removal.  The soil may 
have to go through several remediation cycles to remove the contaminant.  The wash 
water must then undergo treatment to remediate the contaminants.  The cleaned soil may 
then be used as fill on site. 
 
Purpose: Contaminant removal 
Pros: cost effective, can reduce volume of contaminated soil  
Cons: washing solution may be difficult to formulate for complex waste mixtures, soil 
may require pretreatment, washing fluid requires treatment, organics may be difficult to 
remove from clay-size particles 
In situ/ex situ: Ex-situ 
Contaminants removed: SVOC, fuels, heavy metals 
 
 

Soil Washing 
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*Solvent extraction (IT) – Soil is excavated, screened to remove rocks and debris, and 
then added to an extraction unit.  In the extraction unit a solvent is added to the soil in 
order to remove organic contaminants and segregate the different fractions  (ie. water, oil 
and soil layers).  The mixture of water, solids, and solvent absorb different contaminants.  
Each fraction is then separated and processed in order to remediate the contaminants that 
collect in them.  
 
Purpose: Contaminant removal 
Pros: Reduces waste volume, operates without air emissions equipment 
Cons: Inorganic contaminants may affect removal of solvents, systems may be complex 
increasing engineering costs, extensive pretreatment of soil may be required 
In situ/ex situ: Ex situ 
Contaminants removed: organic contaminants from paint wastes, synthetic rubber 
process wastes, coal tar wastes, drilling muds, wood treating wastes, pesticide/insecticide 
wastes, and oily wastes 
 

Solvent Extraction 
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*Stabilization/Solidification - Using cement, concrete, chemical fixation, etc to stabilize 
or physically bind contaminants.  The solid mass limits the solubility or mobility of the 
contaminants though it doesn©t destroy them. 
   
Purpose: Containment 
Pros: Relatively cheap, established vendor base,  
Cons: Some processes may increase waste volume, solidified material may affect future 
site use, depth of contamination may affect options 
In situ/ex situ: Both 
Contaminants remediated: Metals, radionuclides 
 
 
 
 
 

Stabilization 
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Soil and Water 
 
Biodegradation or  Bioremediation – Breaking down of contaminants by fungi, bacteria, 
and other microbes.  The microbes use the contaminants as food, typically producing 
carbon dioxide, water and cells as the byproducts of the degradation. Some contaminants 
may only be partially degraded to another substance.  These substances may be more 
toxic than the original contaminant in some cases.  The microbes may be introduced into 
the ground or may be native organisms. 
 
Purpose: Contaminant degradation 
Pros: Low maintenance, destroys contaminants, utilizes natural processes 
Cons: Organism growth dependent on many factors, toxic by-products may be produced 
In situ/ex situ: Both 
Contaminants remediated: Fuels, VOCs, SVOCs 
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Phytoremediation (IT) – Plants and trees are used to remove contaminants from the 
ground in phytoremediation.  This may be accomplished by the uptake of the 
contaminants by plants and trees which is called phytoextraction.  Rhizofiltration 
involves plants grown in a greenhouse using contaminated water as a water source.  The 
plants perform phytoextraction in a greenhouse rather than onsite.  Phytodegradation 
breaks down organic contaminants by enzymes which are secreted by the plants.  
Phytovolatilization may occur where contaminants pass through the plant and evaporate 
to the atmosphere. 
 
Purpose: contaminant destruction, containment, 
Pros: Plants and trees look nice, relatively cheap 
Cons: Works at shallow depths (root depth), contaminants may collect in leaves 
In situ/ex situ: In situ 
Contaminants remediated: Fuels, VOCs, SVOCs, metals 
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Water  
 
Air  str ipping –  Air flowing in the opposite direction to a contaminated water spray is 
used to transfer volatile contaminants from the liquid to the air.  The air stream may need 
to be treated depending on contaminant levels and permit requirements. 
 
Purpose: Contaminant removal 
Pros: Well known technology, relatively low cost when compared to other technologies 
Cons: May require treating the water prior to air stripping to prevent biological or 
inorganic fouling, high energy costs, may require treating waste gas, efficiency may be 
affected by cold weather 
In situ/ex situ: Ex situ 
Contaminants remediated: VOC’s 
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Chemical Oxidation/Reduction -A process where hazardous contaminants are 
chemically converted to non hazardous or less toxic compounds that are more stable, less 
mobile and/or inert.  Some examples of chemical oxidants are hydrogen peroxide, 
potassium permanganate, ozone and dissolved oxygen. 
 
Purpose:  convert contaminants 
Pros: Reduces contaminant level faster than pump and treat 
Cons:  Incomplete oxidation may occur,  
In situ/ex situ: Both 
Contaminants remediated: metals, some VOCs and SVOCs 
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Constructed Wetlands  removal of contaminants using natural  processes found in 
wetlands.  Contaminant removal may be filtration or degradation.    
 
Purpose: Trap or destroy contaminants 
Pros: Low maintenance 
Cons: Not applicable at all sites 
In situ/ex situ: In situ 
Contaminants remediated:  nitrates, phosphates, suspended sediments, trace metals, acid 
mine drainage 
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Filtration - Use of a porous medium ,sand for example, to remove solid particles from a 
liquid.  Used as a pretreatment step to preclude affecting (clogging) downstream 
processes 
 
Purpose: Remove suspended solids and other particles from waste stream 
Pros: Removes items which may affect downstream processes, well known process 
Cons: Basically a pretreatment step, typically filtration does not remove the contaminants 
of concern 
In situ/ex situ: Ex situ 
Contaminants remediated: suspended solids and particles 
 

 
Filtration 
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Ion exchange -  Ions from an ion exchange resin are exchanged with contaminant ions in 
the contaminated liquid.   For example magnesium ions  in the water replace Na+ ions in 
the ion exchange resin.  The Na+ ions exit with the treated water.   
 
Purpose: Contaminant removal 
Pros: Mature technology, proven process 
Cons: Resin disposal, multiple metals increase removal difficulties, resins may be costly 
In situ/ex situ: Ex situ 
Contaminants remediated:  Metals 
 
 
 
Cs+  ions replace Na+ ions on the sur face of the resin.  Na+ ions exit in the 
wastewater . 
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*L iquid phase carbon adsorption – Contaminants are removed by pumping water 
through vessels containing activated carbon.  The contaminants are absorbed onto the 
activated carbon.  Activated carbon is carbon that has been processed in order to increase 
the surface area available for adsorption. (GAC or Granulated Activated Carbon) 
 
Purpose: Contaminant removal 
Pros: Well known technology, effective, simple system which reduces operating costs 
Cons: Contaminants aren’ t destroyed only concentrated on the carbon, carbon disposal 
costs, oil, grease and multiple contaminants may affect performance, doesn’ t remove all 
types of organic compounds 
In situ/ex situ: Ex situ 
Contaminants remediated:  VOCs, SVOCs and explosives 
 
 
 
 

Carbon Adsorption 
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Pump and Treat-a generic term used to describe the removal of groundwater from wells 
by pumping and the subsequent treatment of the water.  A combination of technologies in 
series is called a treatment train.  Pump and treat systems typically consist of a treatment 
train designed to remove specific contaminants found on site.  For example a site 
contaminated with VOC’s and cadmium might have a filtration step to remove suspended 
solids and particles, a liquid phase carbon adsorption step to remove VOC’s from the 
water and finally an ion exchanger to remove the cadmium.   
 
Purpose: Contaminant removal and/or destruction 
Pros:  Large vendor base, mature technology 
Cons:  May require years or decades to clean up depending on site and contaminant 
characteristics, may have difficulty removing DNAPL’s 
In situ/ex situ: Ex situ 
Contaminants remediated: All 
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Precipitation/Flocculation - Use of chemicals to precipitate metals and other 
contaminants.  The resulting precipitate settles to the bottom of a settling tank where the 
sludge is formed which must be removed and disposed of properly.   
 
Purpose: Contaminant removal 
Pros: Mature technology, proven process 
Cons: Sludge disposal costs, multiple metals increase removal difficulties, process may 
be costly 
In situ/ex situ: Ex situ 
Contaminants remediated:  Metals, radionuclides 
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Reverse osmosis- Water is passed through a membrane under pressure in order to 
remove contaminants.  Contaminants are collected in a highly concentrated stream which 
must be treated. 
 
Purpose: Contaminant removal 
Pros: Portable, reduces contaminant volume 
Cons: Must treat concentrated stream, may be expensive 
In situ/ex situ: Ex situ 
Contaminants remediated:  Metals, radionuclides, some VOCs, 
 
 
 
Treatment Walls (IT) – Underground structures, filled with a reactive filling, used to 
treat hazardous waste.  The reactive fillings may degrade the contaminant, cause the 
contaminant to precipitate and be trapped in the wall or be absorbed by the fill material. 
 
Purpose: Trap or destroy contaminants 
Pros: Low maintenance, unobtrusive, allows use of land while remediation continues 
Cons: May be susceptible to clogging, reactive filling may exhaust itself require addition 
of new filling 
In situ/ex situ: Ex situ 
Contaminants remediated:  VOCs, SVOCs, inorganics, 
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Other Technologies 
 
UV oxidation – Process where organic and explosive contaminants are reduced to carbon 
dioxide, water and salts through the use of UV light and the addition of ozone or 
hydrogen peroxide. 
 
Bioslurping - Combines bioventing and vacuum assisted free product recovery to 
simultaneously remove free product and bioremediate soils. 
 
Acid extraction - Acid is used to extract heavy metal contaminants from the soil. 
 
Land Treatment  Tilling or aerating soil to enhance biological activity and degradation.  
Substances may be added to the soil in order to further improve degradation.  Probably 
not practical in a brownfield application due to the large amount of land necessary for 
this process. 
 
 
Membrane pervaporation – A remediation technology where contaminated water is 
heated by a heat exchanger and VOC’s are removed preferentially after passing through a 
permeable membrane. 
 
Catalytic oxidation – VOC’s are thermally destroyed by using a solid catalyst.  The 
contaminated air is directly preheated to reach a temperature necessary to initiate the 
catalytic oxidation of the VOC’s.  The VOC’s  are then passed through a bed of solid 
Catalysts wher the VOC’s are oxidized.  (Paraphrase) 
 
Thermal oxidation – Exhaust gases are oxidized by raising temperatures in a chamber to 
1400-1600 degrees F. 
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Resources/Web Linkss 
 
 
http://www.epa.gov        The U.S. EPA website contains many publications describing        
                                        remediation technologies.  These publications may be found at 
                                        the Technology Information Office site, the Superfund site or 
                                        the Brownfields site in the EPA website. 
 
http://www.epa.gov/brownfields/   EPA Brownfields website 
 
 
 
http://clu-in.org             Clean-Up Information (CLU-IN) Bulletin Board System provides     
                                       individuals with information about innovative remediation       
                                       technologies.  The site  was developed by the U.S. EPA as a 
                                       forum for all waste remediation stakeholders.  The Tool Kit of 
                                       Information Resources for Brownfields Investigation and 
                                      Cleanup and the Road Map to Understanding Innovative 
                                      Technology Options for Brownfield Investigation and Cleanup 
                                      are found in the publications section of the CLU-IN website. 
                                      Both of these publications provide a comprehensive overview of 
                                      all the Brownfields related technology publications produced by 
                                      the EPA. 
 
http://www.gwrtac.org    An organization that collects, analyzes and distributes  
                                         information about in situ groundwater remediation  
                                         technologies. 
 
http://www.epareachit.org   EPA REACH IT is intended to provide information to 
                                             Federal, state and remediation professionals about the cost, 
                                             availability and performance of various treatment options. 
 
http://www.frtr.gov              Federal Remediation Technologies Roundtable is a forum 
                                             consisting of the EPA, Department of Agriculture, 
                                             Department of Commerce Department of  the Interior, 
                                             Department of Defense, NASA and  the Department of 
                                             Energy.   The purpose of the forum is to exchange 
                                             information regarding the development and use of innovative 
                                             hazardous waste characterization, monitoring and treatment 
                                             technologies. 


