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source zone and the resultant plume.  This technology is
one of the more commonly used in situ approaches.
Bioremediation involves the stimulation of indige-
nous microorganisms or the inoculation of laborato-
ry-grown microorganisms to consume and reduce the
contaminants into harmless compounds such as car-
bon dioxide and water. There have been tremendous
advances in the last several years where numerous
“food sources” such as food-grade vegetable oil,
molasses and cheese whey have been shown to effec-
tively stimulate the reduction of chlorinated solvents.
However, perhaps more interesting is the industry’s
advanced understanding of the specific microbes
responsible for efficient biodegradation.  Where these
microorganisms are absent or present in low num-
bers, injecting these microbes into the subsurface can
create more efficient biodegradation rates.
Bioremediation has been shown to be effective for
contaminant concentrations ranging from 10 times
the drinking water criteria to cases where source
zones contain DNAPL.

Bioremediation in Florida
At a site in Florida, we implemented bioremedia-

tion by injecting food-grade lactate and a consortium
of microbes including Dehalococcoides to reduce
trichloroethene (TCE).  The implementation created a
favorable geochemical environment so that the
microbes were able to transform the TCE from con-
centrations of nearly 1,000 times the drinking water
standards into ethene, carbon dioxide and water over
a 12-month period.   This was an effective case where
bioremediation was implemented without an impact
to above-ground operations at the same time reducing
the risk to acceptable levels for potential receptors.  

Chemical Reduction Using 
Zero Valent Iron

Zero valent iron (ZVI) is primarily used to break
down chlorinated solvents in the subsurface to innocu-
ous byproducts such as carbon dioxide, ethene or
methane.  These processes occur very quickly when the
chlorinated solvents are in the presence of ZVI; howev-
er, as with all in situ technologies, the proper delivery of
the ZVI to create this contact is the most challenging
aspect of remediation via ZVI, especially in low perme-
ability and/or heterogeneous soil types.  Several
approaches and techniques have been utilized recently
to increase this contact, including permeable reactive
barriers (PRBs), soil fracturing, soil mixing, and the use
of nanoscale particles.

Often, source area treatment is a very difficult and
costly proposition at large brownfield sites, and the
remedial goal specifies protection of receptors (e.g., sur-
face water and drinking water wells).  In these cases, a
PRB may be utilized.  In a PRB, ZVI and sand are
emplaced in a trench installed perpendicular to the
groundwater flow direction encompassing the width
and depth of the contaminant plume.  As the ground-
water flows through the high permeability area, the
chlorinated solvents come in contact with the ZVI and
are destroyed.  As the groundwater exits the PRB, it is
“clean” and downgradient receptors are protected.  

PRBs in Texas
At a site in Texas, we planned to install two PRBs to

protect downgradient receptors.  The first is installed at
the property boundary to prevent flow of chlorinated
solvents beneath a residential neighborhood, to elimi-
nate the potential of vapor intrusion into the house-
holds.  The second protects a surface water body.  In

TABLE 1 Innovative Treatment Technologies
APPLICABLE LEVEL OF TIME REQUIRED 

TECHNOLOGY CONTAMINANTS AGGRESSIVENESS TO IMPLEMENT LAND REUSE TIMEFRAME

Zero Valent Iron and 
Clay and/or Thermal 
delivered via soil mixing

Thermal Treatment

In situ Chemical Oxidation

Bioremediation with direct injec-
tion or groundwater recirculation

Vapor Barriers and/or 
mitigation systems

Permeable Reactive Barriers

Monitored Natural Attenuation

Land reuse can not begin until remediation is
complete and equipment is removed from the site.
Geotechnical issues should be considered.

Land reuse can not begin until remediation is
complete and equipment is removed from the site.

Typically, land reuse begins after completion of the
remediation process. However, the chemical deliv-
ery system may be designed to work within the
new property use constraints.

Land reuse can be initiated during thr remediation
phase if the bioremediation system is designed to
operate within the new property use constraints.

Land reuse can begin in conjunction with the
installation of the vapor barriers, mitigation sys-
tems, and/or establishment of Land Use Controls.

Land reuse can begin following installation of the
wall.

Land reuse can begin while natural attenuation
monitoring is performed.

Halogenated VOCs, Metals

VOCs, Hologenated VOCs

VOCs, Hologenated VOCs

VOCs, Hologenated VOCs,
SVOCs, Metals

VOCs, Hologenated VOCs

VOCs, Hologenated VOCs,
SVOCs, Metals (Arsenic)

VOCs, Hologenated VOCs,
Metals

High

High

Medium or High

Medium

Low

Low

Low

Weeks to Months

Weeks to Months

Weeks to Months

Months to Years

Years

Years

Years
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