o =)

Butane Biostimulation Technology™ Applications

Chlorinated Aliphatic Hydrocarbons

The production and use of chlorinated aliphatic hydrocarbons (CAHs) has been widespread in
the United States since the early 1900s. In addition to their extensive use in industrial
processes, they have been used as solvents for cleaning and degreasing of mechanical and
electronic components, as well as for dry cleaning of clothing in the military and commercial
sectors. They are, perhaps, the most ubiquitous of groundwater contaminants. Due to their
chemical and physical properties, CAHs are difficult to remediate. Butane Biostimulation
Technologies™ (BBT) provide a flexible and cost effective tool for in situ remediation of
dissolved phase CAH plumes and CAHs in soil.

Butane Biostimulation Technology™ Description and Benefits

Butane has been shown to be an effective growth substrate for the aerobic cometabolic
degradation of CAHs (10, 11, 12, 13 ,20, 21, 22, 23, 24, 25 30, 32, 41, 42, 43, 46, 48, and 49).
In the presence of butane and oxygen CAHs are oxidized fortuitously by enzymes that initiate
the oxidation of the primary growth substrate, butane (13). Although other alkane gases can
also serve as substrates for cometabolic degradation of CAHs, studies indicate that butane
provides a superior substrate, perhaps because butane is the heaviest of the alkane gases,
having 4 carbon atoms (11, 12, 19, and 20). The relative aqueous solubility of butane may also
be a factor. Butane, with a solubility four times that of methane, is also the most soluble of the
alkane gases. Studies show that butane-oxidizing bacteria express a diversity of butane
monooxygenases (BMOs) that initiate degradation of CVOCs and that different bacteria utilize
distinctly different BMOs (4, 13, 14, 15, 20 and 21).

During the past decade anaerobic bacteria have also been shown to grow with alkanes as
organic substrates. Denitrifying bacteria and sulfate-reducing bacteria with the capacity for
anaerobic alkane degradation have been isolated (7, 8 and 46). Investigation of the pathways
of anaerobic alkane degradation and its applicability to bioremediation is only beginning,
however.

For in-situ remediation of CAHs butane and air, or an alternative source of oxygen, are typically
injected into the soil and groundwater using a biosparging or bioventing configuration to
stimulate the cometabolism of these contaminants. Alternatively both gases may be introduced
via gas diffusion or infusion (52), or butane injection may be combined with the introduction of a
slow-release source of oxygen. Butane Biosparging™ is typically combined with Butane
Bioventing™ to oxygenate the soils resulting in the enhanced microbial degradation of target
contaminants in the capillary fringe and vadose zone. The offgas from the bioventing system is
piped back into the treatment zone, reducing O&M costs by eliminating the need for carbon
treatment or air stripping. The bioventing system also maximizes the radius of influence and
controls the potential migration of hydrocarbon vapors from the treatment area into adjacent
buildings.
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One of the unique advantages of BBT is the ability to treat contaminants which degrade
preferentially in either aerobic or anaerobic environments. Using Global BioSciences’ (GBI’s)
patented control panel it is easy to switch from aerobic to anaerobic conditions within a short
timeframe at most sites, or to establish zones of aerobic and anaerobic treatment.

Butane and air injection rates must be carefully managed to stimulate the growth of the
indigenous microbial communities capable of degrading CAHs while controlling potential
competitive inhibition (repression of target contaminant degradation by butane metabolism) (11,
12, 23, and 24). Using BBT the process is optimized by injecting controlled concentrations of
butane into the subsurface cyclically to sustain a healthy microbial ecosystem capable of
completely mineralizing target contaminants.

Butane provides an easily metabolized carbon source which leads to the rapid development of a
robust and diverse biomass and consequently, a healthy microbial ecosystem capable of
providing the enzymes and cofactors necessary for complete and rapid degradation of a wide
variety of CAHs. BBT typically relies on indigenous bacteria. Bioaugmentation has not been
required at any site. Studies confirm that butane is an effective growth substrate for bacteria
capable of rapidly degrading high concentrations of CAHs (11 and 12). Because the growth of
the butane-utilizing bacteria is dependent on supplied butane and not on the contaminant of
concern, BBT can be used for sites with high or low concentrations of contaminants.

The gaseous nature of butane makes BBT uniquely suited to remediation in low-permeability
soils, beneath structures, and even in fractured rock, reducing costs and improving the
effectiveness of treatment. As a gas, butane is dispersed rapidly and broadly in the subsurface
through advective and diffusive transport mechanisms. An added benefit is that contaminated
soil in the unsaturated zone and capillary fringe is also treated by the advective and diffusive
migration of butane above the water table. Diffusion is the mechanism by which soil gas moves
from high concentration to low concentration due to a concentration gradient. Advection is the
transport mechanism by which soil gas moves due to differences in pressure. As a result of the
high diffusivity of butane gas, BBT overcomes the limitations of groundwater mixing seen with
liquid chemical injection and solid phase release compound systems.

It is also noteworthy that butane-utilizing bacteria have been shown to fix nitrogen.
Consequently they are able to produce their own nutrients. This capacity was not observed in
comparative studies using propane (47). In nutrient-limited environments the ability to fix
nitrogen can substantially improve the sustainability of the remedial process.

Injected butane gas provides a sustainable carbon source that can be managed to stimulate the
growth of indigenous microbial communities. This is essential for complete mineralization of
target contaminants. When organic carbon is not present in sufficient concentrations to act as
the primary metabolic substrate an alternative electron donor is necessary to provide the energy
necessary to support microbial growth (3 and 52). If contaminants are actively transformed to
innocuous by-products by biochemical processes that are present in natural systems and if
energy is available to drive these processes to completion, then degradation is inherently
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sustainable (3). Butane provides an ideal carbon source to accelerate and ensure the
sustainability of these processes.

GBI is the industry leader in the development and application of Butane Biostimulation
Technologies. As a pioneer in the field, GBI holds many patents in the application of these
technologies, and continues to develop new remedial solutions to complex soil and groundwater
contamination problems.
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