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BIOREMEDIATION
in Oil Spill Response

Persons seeking to use in-situ
bioremediation as a remedial
countermeasure should check with
applicable state or local regulatory

requirements. Federal requirements

| are in Subpart J of the National
Contingency Plan (NCP) which
requires the federal On-Scene

Coordinator to approve the use of |
bioremediation agents on spills not |
threatening human life. The federal |

OSC must have the concurrence of
the RRT for any in-situ
bioremediation use.

The NCP Product Schedule
The NCP Product Schedule is a list

may be authorized for use on oil

NCP. The federal OSC, state, and

the RRT will only consider approval |
for use bioremediation products on |

the NCP Product Schedule.
Bioremediation as a Technology

" In-situ bioremediation has been

. used successfully for a number of |
Biodegradation of |

years,
- hydrocarbons is a time consuming
| process. Therefore, bioremediation
. shouid generally not be considered
as a rapid primary response
countermeasure, but to be used in
conjunction with other remedial

when the option of do nothing is
. considered or

feasible. In those cases, in-situ

. oxygen,
of chemical based products that |

| environment. Qil
discharges in accordance with the

yielding

The exception to this is |

bioremediation may be a cost

 effective substitute for the traditional
- cleanup technology.

Biodegradation of
Products

Petroleum

Bioremediation is the process by |

which microorganisms metabolize
hydrocarbons to produce energy of
their synthesis, movement
respiration, and reproduction. This

- results in the production of new
cells, carbon dioxide and water. To |
- consume this food to any

appreciable degree, microorganisms

must also have access to adequate |

moisture, and inorganic
nutrients, with a favorable living
metabolizing
microbes are found over most of the
planet. All are common in surface
soils and waters. They are
ubiquitous in the marine

environment.
bacteria appear to be principally

limited due to the low levels of free
oxygen though. Anaerobic bacteria
live in the absence of free oxygen.
Anaerobic bacteria degrade material
at a much slower rate than aerobic
bacteria. Successful  in-situ
bioremediation programs will require
application methodologies
specifically tailored to the current

environmental conditions. Because |

petroleum  components  differ
chemically, they differ in their
susceptibility to microbial attack.
Crude oils consist of paraffinic,
cycloparaffinic, and aromatic
hydrocarbons as well as non-
hydrocarbon compounds. The
components of petroleum generally
most susceptible to biodegradation
are the straight-chained paraffinic
hydrocarbons. Branched-chained
paraffins and cycloparaffins are
attacked more slowly, while many of

the aromatic hydrocarbons and non-

 environment anywhere there are |
| free hydrocarbons  in  the |
| Various strains of |

involved in the degradation process.

There are two types of bacteria,

aerobic and anaerobic. Most
hydrocarbon degradation is the
result of aerobic bacteria.

This is |

largely because of the great energy |

capability of

aerobic |

respiration relative to both anaerobic |
respiration or fermentation. Aerobic |

bacteria require free oxygen to fuel

. their activities and have been found
conventional |
cleanupftreatment methods are not |

in permeable formations to the
depths of several thousand feet.

Their activities at such depths are

hydrocarbon compounds,
particularly those of high molecular
weight, are decomposed very slowly.
To consume hydrocarbons to any
appreciable degree the microbes
must have access to adequate
oxygen, moisture, and nutrients in
addition to the carbon. The addition
of specialized microbes is usually
not necessary in
circumstances. Although in some
areas, the introduction of acclimated
microorganisms can be an effective
technology. Wherever
hydrocarbons would be expected to
be found (for example along
highways, retention ponds draining
parking lots, or marinas and

most |




R
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associated coastal areas)
indigenous hydrocarbon degrading
microbes would expect to be found
in numbers sufficient to degrade

petroleum. Often, all that is needed

is to stimulate the population of
microbes is the addition of one or
more of the limiting factors (such as
nutrients, oxygen, etc.).

Biodegradation of Hydrocarbons |

in Soil

Microbes attack petroleum at the
interface between the petroleum
and the soil particles on which it is
absorbed. This surface also must
be in contact with moisture.
total interfacial area between the
petroleum and soil and petroleum
and water is thus one of the most
important factors in biodegradation
of hydrocarbons on the soil. The

greater the area, the higher the rate |
| rate of
| biodegradation will be highest near |

of degradation. The

the surface of the contaminated soil.

This will be true especially if the soil |

is turned and mixed to aerate it |
| properly and if adequate nutrients |
and moisture is maintained. Deeper

in the contaminated soil the rate of
biodegradation will slow as free
oxygen and nutrient supply decline.

Navigable Water Releases

The use of bioremediation on spills
or releases impacting navigable

waters requires the federal OSC to

obtain the concurrence of the
Region lll RRT. The request should
involve the state OSC and contain
the following information:

- Exact location of spill or release;

- Type of material

released;

- Amount spilled or potentially
spilled;

| - Name of product to be used;

. - MSDS on product;
. - Rate and method of application:

| - Nearestsurface waters;

spilled or ‘

. technigue.

- Forecasted weather conditions;
- Monitoring strategy.

Bioremediation Products

Microbial agents are concentrated
cultures of oll degrading
microorganisms grown on a

dried or air-dried onto a carrier. All
commercially available agents use
naturally occurring microorganisms.
Some agents may contain nutrients
to assure it will not be the limiting
factor. This type of agent is intended

- to provide a massive inoculum of oil- |
. degrading microbes to the affected
The

energy. Microbial agents are
designed to enhance biodegradation
(the process is known as

bioaugmentation) of oil
location and would be most useful

| where the population of indigenous |
microbes are small. One controlling |

factor which has often been
neglected is the proper selection of
specific microbes for a given
pollutant. Sometimes vendors can
supply this information, but the best

way is to test the material prior to |
. usage, although this is not always |
| feasible

during an emergency
response situation. When using
microbial agents, keep in mind that
other factors (such as nutrients,
moisture, or oxygen) can play an

. important role in the success or

failure of the application., The
microbes may have to be
augmented with fertilizer or tilling the
area to ensure a vigorous
population.

Fertilizers. Applying fertilizers on
shorelines to stimulate growth of

indigenous oil-degrading microbes |

has been used as a bioremediation
Fertilizers that release
their nutrients slowly provide a
number of advantages. These

- Enzymes.

hydrocarbon medium, then freeze-
. shows promise.

at any
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include increased efficiency of
uptake by the biota, decreased cost

. of application (fewer), minimization

of losses due to leaching, fixation, or
decomposition, and elimination of
luxury consumption.

Enzyme accelerated
bioremediation of hydrocarbons
Enzymes are
complex proteins that function as
bio-oxidation catalysts that
accelerate the chemical reaction
rate by lowering the activation
energy for a particular reaction.

| Surfactant. There are numerous
area thereby increasing the oil- |
~ degrading population to a level |
. where the spilled oil will be used as |
a primary source of food and |

bioremediation products that are
nothing more than surfactant or
dispersants. These agents are
water-based products that claim to
enhance the rate of biodegradation
by emulsifying spilled oil thereby
making it more available to
microbes. The use of these
products as a bioremediation
method should be avoided and are
illegal.

Safety Considerations.

. safety procedures  for  the
. contaminant  will be treated.
| Additionally, follow the safety

instructions on the MSDS for the
bioremediation agent used.

Please contact our RRT

Coordinator through the web site or |

at  (757)
information.

398-6620 for more

Follow all |




