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Summary Technology Profile

Name of Technology: Adsorption and Desorption of Contaminants

Principal Investigator: A. V. Palumbo*, J. M. Strong-Gunderson",
M. DeFlaunf and B. Ensleyt

Phone/Fax: (615) 576-8002/(615) 576-8646

Af f i l i a t ion : Oak Ridge National Laboratory' and Envirogen, Incf.

Topic Category: In situ treatment of ground water containing
all/organic contaminants.

Target Program:
The microbia) remediation of sites contaminated with organics

is well documented, however, there are some significant problems
that remain to be solved in the areas of contaminants sorbed to soils
and non-aqueous phase liquid (NAPL) contamination. Methods of in
situ bioremediaticn techniques employ either the stimulation of
indigenous populations by nutrient addition, or the addition of
prepared bacterial cultures to the subsurface environment.
Problems of contaminant sorption and NAPL's are related in that
both encompass reduced contaminant bioavailabilitv Non-aqueous
phase liquids have been identified as a priority area for research in
the In situ Program due to their presence at DOE sites and the lack
of adequate technology to effectively treat this contamination.
Bioremediation technologies developed as a result of this project
are easily transferred to industry.

We are examining two methods of in situ remediation for
contaminants with reduced bioavailability. First, we are developing
techniques to increase microbial degradation rates for both aqueous
and soil-bound TCE. This method uses bacteria that have high
enzyme activity' for TCE degradation and are adhesion deficient.
This adhesion-deficient characteristic allows for increased
transport through the subsurface. The second question addresses
conditions necessary to increase the degradation rates of sorbed
organic contaminants through the addition of (bio)surfactants.
Biosurfactants increases the contaminant bioavailabiiity not only by
desorbing it from the soil matrix but also by enhancing the rates of
degradation once dissolved in the aqueous phase. Thus, this
technology can increase degradation rates in soils and groundwater.



Technology Objectlves:
This work focuses on two related in situ remediation

approaches concerning contaminant (VOC) bioavailability limitations
in groundwater and in aquifer material. As outlined above we will
develop and demonstrate the use of highly active, adhesion-deficient
bacteria that are able to quickly degrade TCE both dissolved in
groundwater and sorbed to the aquifer matrix. Simultaneously, we
will address increasing the bioavailability of contaminants to
indigenous microorganisms by enhancing biosurfactant production
via selective stimulation and/or by biosurfactants
addition/amendment to the subsurface.

Technology/Process Description:
Utilizing these methods of in situ remediation results in the

complete mineralization of contaminants to carbon dioxide, water
and low levels of inorganic compounds (i.e.. chloride). This
technology does not generate any process waste which would require
additional handling/storage. A brief description of increased TCE
degradation using adhesion deficient bacteria and increased rates of
degradation via biosurfactant amendment are described below.

TCE Degradation Usino Adhesion Deficient Microorganisms
Previous studies have demonstrated the feasibility of

generating adhesion-deficient variants from a number of different
bacterial strains by transposon mutagenesis, chemical mutagenesis,
or by selection of naturally-occurring adhesion-defective variants
from the indigenous population (Anderson et al., 1988; Gong and
Forsberg, 1989). For in situ applications, the selection of stable
naturally-occurring variants is the most desirable of the
alternatives. <

Adhesion-deficient TCE degrading microbial variants will be
selected by a sand column adhesion assay. This quantitative assay
has been used to select for the adhesion-deficient soil mutant,
Pseudomonas fluorescens PfO-1 (DeFlaun et al., 1990). Sand column
chromatography is used to enrich for non-adhering cells. Passage of
a culture through a series of columns will selectively remove
microorganisms which adhere to the sand. After passage through
several columns, the number of variants in the wash is dramatically
reduced.

Once adhesion-deficient TCE degrading Methylosinus
trichosporium OB3b and a Pseudomonad strain have been isolated
they will be tested for soil penetration/transport in a model aquifer
material. Successful completion of this phase of the proposal will



provide remediation efforts with TCE degrading strains of M.
trichosporium OB3b and a Pseudomonad strain which will travel
through aquifer material at a faster rate and a greater distance than
the wild-type, and will still be competent in degrading TCE.
Comparisons of surface characteristics and transport of these
strains will be compared to wild type strains. Stability of the
variants will be determined and their ability to degrade TCE,
including sorbed TCE, will be assessed.

Biosurfactant Enhanced Degradation
The addition of surfactants and biosurfactants into

contaminated soils is known to increase desorption rates. Synthetic
surfactants have been used in soil washing technologies (Abdul et
al., 1992) at the critical micelle concentration (CMC). However,
these surfactants can reduce or inhibit degradation rates. Recent
reports have discussed using biosurfactants at low concentration
below the CMC to obtain increased degradation rates (Aronstein and
Alexander, 1992). We have determined that both surfactants and
biosurfactants can increase degradation of toluene and naphthalene
in both the aqueous phase and soil slurries if added below the CMC
(Strong-Gunderson et al., 1993). Currently we are identifying the
optimal parameters for the selective stimulation of biosurfactant in
situ (Fig. 1) that will facilitate desorption and increased
degradation. An overall concept model of this process is described
in Fig. 1.

Common methods for identifying biosurfactant producing
microorganisms (Persson et al., 1987) and for stimulating the
production of these exopolymers have been used in our laboratory. It
is also known that the addition of fertilizers will stimulate
microbial populations, both surfactant producers and non-surfactant
producers. We are examining methods to selectively stimulate
surfactants by the introduction of nonaqueous fertilizers. The
results of these experiments are being compared to those where a
water soluble fertilizer is added as well as the addition of other
chemicals that are know to stimulate biosurfactant production (e.g..
hexane). Biosurfactant concentrations produced under these
conditions are determined by measuring the decrease in surface
tension (Ring DuNuoy Tensiometer). These experimental results are
being used to determine the ability of the biosurfactants to affect
the desorption kinetics of sorbed contaminant compounds.

• To directly measure the bioavailability of organic contaminant
compounds (e.g. toluene, naphthalene) we use a bacterial bioreporter.
When the bacteria bioreporter metabolizes the contaminant, the Lux.



genes are expressed, and the bacteria produce visible light (King ek

al., 1990; Heitzer et al., 1992). This light can be detected and
quantified using sensitive photomultiplier equipment and the amount
of light generated corresponds to the amount of substrate
metabolized. We have determined that the contaminant
concentration that is available for degradation, increases following
the addition of low concentrations of biosurfactant (Strong-
Gunderson et al., 1993). An advantage of using this type of reporter
is that it can directly evaluate the amount of contaminant actually
available for degradation versus what is in the liquid phase but may
not be bjpavailable for degradation. Surfactants are capable of
desorbing the contaminants but they may still lock the contaminant
within a micelle thereby maintaining it in a state that is not
available for degradation. Thus, the biosurfactant concentration is
critical to maintaining contaminant bioavailability. This interaction
between biosurfactants/surfactants and organic contaminants will
be further analyzed using GC-mass spectroscopy and ion-
chromatography.

Field Application
The purpose of the above experiments is to apply the

information developed to a field remediation demonstration. This
work is currently proposed for an existing Integrated Demonstration
site or an Environmental Restoration site. The first activity will be
site selection, characterization and bioremediatton implementation.
Site selection will be coordinated with other Office of Technology
Development programs and demonstrations. If no suitable site is
identified at an existing Integrated Demonstration site, other sites
important to Environmental Restoration at the Department of Energy
will be considered.

Summary of Advantages:

Faster/Cheaper - Reduction of costs and treatment time
Employment of methods developed from this research will

result in substantial time savings which translates into significant
cost savings over other approaches. In situ degradation of TCE
involves the direct introduction of organisms specifically designed
to penetrate the aquifer solids. Enhanced degradation of sorbed
organic contaminants will be accomplished by stimulation of
biosurfactant production or the introduction of biosurfactant
product/material. The operating system for theses methods will be
of simple design consisting of storage tanks and pumps, and



associated instrumentation. Implementation of the system will
require the standard drilling of multiple delivery wells perhaps
including horizontal wells (Fig. 2). Once in operation, all organic
degradation will be accomplished below the surface on site. No
secondary treatments, adsorbent regeneration or landfill disposals
will be required. Furthermore, none of the materials required for
operation is expected to cause equipment deterioration, as is
experienced in the catalytic oxidation process. Utilizing this in situ
technology will shorten the required treatment time therefore, the
cost of this technology is expected to be lower than "pump and treat"
methods currently in use.

Better -- Improved Operations
Because this proposed in situ remediation i. ithod adds more

control by virtue of the specialized biocatalyst and mobility
enhancement, this process is expected to be more efficient in
contaminant degradation than other in situ approaches.
Concentrations of contaminants can be reduced at a faster rate and
to a greater degree using these in situ methods.

Safer - Reduction of public health and environmental risks
The environmental advantage of an in situ approach for

treating contaminated aquifers is the containment of the pollutant
at the site being treated. Contaminant-containing water or sludge i s
not pumped above ground, eliminating the risk of exposure to cleanup
personnel through air contamination, and avoiding the transfer of
contaminant-containing adsorbents to landfills. Products of the
biodegradation pathways are innocuous compounds such as carbon
dioxide, water, and low levels of chloride. The biocatalyst method
proposed here would not only remove contaminants from the aquifer
solids, but also from the groundwater as the microorganisms
migrate away from the injection source. Thus, this treatment
should significantly attenuate the "time-release" source of
contamination while cleaning up the groundwater as well.

Timing:
This proposal is ideally suited to technology transfer since it

represents a joint effort between Oak Ridge National Laboratory and
an industrial partner, Envirogen, Inc. Both participants are able to
benefit from the technology, capabilities and experience brought to
the project by the other and technology transfer to other agencies is
anticipated to be very rapid.



Regulatory Objectives:
The Department of Energy has numerous sites contaminated

with complex organic/inorganic mixtures. Restoration of these
sites using current technologies, is often cost prohibitory. In order
to more efficiently remediate these sites, new innovative
technologies are a necessity. Benefits of in situ remediation are
numerous: reduction in cost due to excavation and storage, use of
non-engineered microorganisms will eliminate the concern of using
genetically engineered bacteria, as well as complete mineralization
of the contaminant.

The introduction of highly active bacteria and (bio)surfactant
compounds can increase the rate of clean-up by increasing
contaminant desorption from the soil matrix. Results from this
study have the potential to greatly increase the efficiency of
bioremediation at a hazardous waste site through the selective
stimulation of indigenous microorganisms.

Industrial Partnerships:
Research on TCE degradation by methanotrophs has been on

going at both ORNL and Envirogen, however, Envirogen is responsible
for the development of the adhesion deficient bacteria.

Intellectual Property:
The work involving the adhesion deficient bacteria and

increased enzyme activity of the TCE degrading microorganisms i s
being developed by Envirogen and, as a small business, intellectual
property would be retained by them. The intellectual property
involving the use of (Bio)surfactants is being developed at ORNL and
will be retained as DOE property.
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Conceptual Model
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Figure 1. Conceptual model for the selective stimulation (or
addition) of biosurfactant into an environment with sorbed organic
contaminants. The biosurfactant increase the contaminant
bioavailability. This increase in bioavailability is measured by the
biosensor that produces light.



Bacteria

Figure 2: Two methods of introducing bacteria (or nutrients,
biosurfactants, etc.) into a contaminant plume. The upper picture
shows a vertical well with microbiai addition at the source. The
lower picture shows a horizontal well, transversing the plume and
microbiai introduction into a larger portion of the plume.


