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The original purpose of this Fact Sheet was to
update and supplement the US National
Response Team (NRT) Science and Technology
Committee’s Bio-remediation in Oil Spill
Response Fact Sheet published in May 2000
and Regional Response Team (RRT)
Bioremediation Response Plan guidance
issued for On-Scene Coordinators and oil spill
response professionals. Although existing NRT
and RRT technical information covers important
facts about bioremediation, this material does
not adequately define and differentiate among
the three primary types of bioremediation
categories and their attendant modes of action.
This is particularly important because their
respective efficacies require precise application
parameters, which vary between target environments
and types of oil/hazardous spills to which they
are applied. The last U.S. EPA bioremediation
guidance was issued 15 years ago, which is
missing considerable information on later
advancements. This fact sheet updates and

fills data gaps covering the advance mode of
action for a unique biological agent category
listed as Bioremediation Enzyme Additive Type
(EA category). With its multifaceted mode of
action, EA Type is clearly appropriate for and
should be designated as a first response tool
for spills of significance with much broader
capabilities than the other categories.

The following information is provided to clarify
and simplify the On-Scene Coordinator’s
decision-making process when considering the
three bioremediation categories and evaluating
their appropriateness in the cleanup strategy for
a spill.
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NCP PRODUCT TYPES LISTED

The three Bioremediation Agent Types listed on
the US NCP Product Schedule are designated as
follows:

Microbiological Cultures (MC)
Nutrient Additives (NA)
Enzyme Additives (EA)

The first type (MC) constitutes a bioremediation
process that utilizes nonindigenous bacteria. While
useful in controlled or contained environments,

a prevailing concern with these types of products
has been that the introduction of foreign species
into a given eco system is unpredictable and might
cause future problems that may not become apparent
for some time. Additionally, as noted in NRT’s
May 2000 Fact Sheet, “there is usually no reason
to add hydrocarbon degraders unless the
indigenous bacteria are incapable of degrading
one or more important contaminants”. The second
type (NA) comprises those agents that contain
nutrients or fertilizers to support indigenous
microorganisms already present in the spill
environment. Both MC and NA types have been
correctly regarded as inappropriate for use in
open-water environments. See 2001 EPA
Guidance Guidelines for the Bioremediation of
Marine Shorelines and Freshwater Wetlands, which
extensively covers appropriate usage of these two
agent types. That information will not be repeated
here except to provide definitions and mode of
action summaries for comparison purposes to
differentiate the more complex and advance mode
of action of EA Type.




(The third type (EA) is appropriate as a first-response
tool in open water, intertidal zones and sensitive
estuary ecosystems, as well as for soil, ground
water remediation and contained environments.
Experience with Bioremediation E4 Type in the
field on actual spills has evolved in recent years
with considerable technological advances in usage
protocols giving it a wide applicability for oil spill
response in fresh, brackish, and marine environments,
under temperature conditions as low as 28°F. The
mode of action of this type will be reviewed in
detail here.

CONTEXT

“Many compounds in crude oil are environmentally
benign, but significant fractions are toxigenic or
mutagenic. The latter are the ones we are most

interested in removing or destroying in an oil spill.

Bioremediation is a technology that offers great
promise in converting the toxigenic compounds
to nontoxic products without further disruption to
the local environment.”

The primary reason for cleaning up oil spills is

to reduce or eliminate the toxic and/or harmful
components, thus enabling the survival of flora
and fauna, including single-cell organisms, in
each niche of the food chain. Although chemical
dispersants commonly used today eliminate the
visual and other damaging aspects of the spill on
the surface, the spill’s toxicity problem remains in
the environment and at times, is worsened by the
adding of chemicals contained in dispersants. The
goal of the bioremediation process is to convert
toxic compounds in oil/hydrocarbon-based
material to nontoxic such as CO, and water,
thereby permanently removing oil/hydrocarbons
from the environment and returning the affected
spill area to pre-spill conditions.

Herewith, the three main types of bioremediation
are further defined, along with their modes
of action:

Essential facts stated in the May 2000 NRT
SCIENCE AND TECHNOLOGY COMMITTEE
Fact Sheet: Bioremediation in Oil Spill Response:

“Several factors influence the success of
bioremediation, the most important being the type
of bacteria present at the site, the physical and
chemical characteristics of the oil, and the oil
surface area...

“Effective bioremediation requires that

1) nutrients remain in contact with the oiled
material, and

2) nutrient concentrations are sufficient to
support the maximal growth rate of the
oil-degrading bacteria throughout the
cleanup operation.”!

CATEGORYTYPE
MICROBIOLOGICAL CULTURE

ADDITIVES (MC)

As covered in NRT Science and Technology
Fact Sheet, “... Bioaugmentation™ is the process
by which “oil-degrading bacteria are added to
supplement the existing microbial population.”

DEFINITION

“Microbial agents are concentrated cultures

of oil-degrading microorganisms grown on a
hydrocarbon-containing medium, which have
been air or freeze-dried onto a carrier (e.g.,
bran, cornstarch, oatmeal). In some cases, the
microorganisms may be colonized in bioreactors
at the spill site. This type of agent is intended

to provide a massive inoculum of oil-degrading
microbes to the affected area, thereby increasing
the oil-degrading population to a level where
the spilled oil will be used as a primary source
of food for energy. Addition of oil-degrading
bacteria has not been shown to have any long-
term beneficial effects ...over and above
bio-stimulation of already present oil degraders.”

1. Bioremediation (Types MC and NA) for open-water spills is not considered to be appropriate because of the above two requirements. When
nutrients are added to a floating slick, they immediately disperse into the water column, being diluted to near-background levels (with the exception
of NCP-listed EA Type which binds to fresh or weathered hydrocarbons/oil, and has recently demonstrated an 80 percent rate of reduction on
Macondo Block, La., sweet crude containing Corexit, per BP Biochem Strike Team leader D. Tsao, LSU R. J. Portier, and L. M. Basirico,

kLaboraxtory Screening of Commercial Bioremediation Agents for the Deepwater Horizon Spill Response, March 3, 2011).
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MC TYPE MODE OF ACTION is not permitted due to the uncertain effects of R

i o ) introducing them into sensitive environments.
Bioremediation Agent Type MC mode of action
utilizes non-native cultures of microorganisms to Bio-augmented bacteria developed specifically
address a spill. for fresh water must be used in freshwater

) o ) settings only. Products containing saltwater
Bloaugmentatpn' is considered 1[0 l?e a process bacteria can only be utilized in salt water.
used as a “polishing-up” or “finishing” response
tool because the microbial action is too slow at MC Type bioremediation is best used on closed
converting fresh oil to less harmful components and/or controlled environments and should not be
since its toxicity concentrations are initially considered effective in open-water environments.
too high.

CATEGORY TYPE
When foreign microorganisms are exposed to NUTRIENT ADDITIVES (NA)
an oil or hazardous spill, they attempt to release . .
enough quantities of biosurfactants to detoxify As ‘covered n NRT Science and Technqlogy
and insulate themselves from the spill so as not Gl‘ndanc'e, thls'next category' (NA?_“b to-
to be adversely impacted by the spill’s toxicity. stzmulatzon”—}s a process “in which nutr HEH, O
The oil-degrading bacteria (both indigenous or other growth limiting [sic] ,.(suggest ‘enhancing’)
nonindigenous) produce enzymes to develop sjubtqtances, are added to stimulate the growth of
protein-binding sites, which permit the bacteria indigenous oil degraders.”
to convert the molecular structure of the DEFINITION
hydrocarbons to one that can be used as a
food source. Nutrient Additives are bioremediation agents
o ) ) ) that “contain nitrogen and/or phosphorous as the
Whﬂe b10-aggmented bacteria are ta'klng th§1r primary means to enhance the rate of growth
time to acclimate to thé newly available oil, of indigenous oil-degrading microorganisms.
temperature O_f the env1ronm§nt, pH, and This type of agent is intended to increase the
available nutrients, other eleronmental factors oil-degrading biomass already present in an
may produce adve.rse conditions that can forestall affected area to a level where the oil will be used
th? breakdown actl(?n. These factors,.along ' as a primary source of food or energy. Because
Wlth the gnknpwn time frames assomated'wr[h the natural environment may not have sufficient
their acc?llmatlon process, are a leas‘F partlal'Iy nutrients to encourage bacterial metabolism
res;pons%ble for t.he' uncertainty associated with and growth, extra nutrients may be required.
using Bioremediation MC Tjpe as a first response 7y, purpose of this type of agent, therefore, is
cleanup methodology. to provide the nutrients necessary to maintain
MC Type should only be used where there or increase microbial activity and the natural
is very little water movement in a contained biodegradation rate of spilled oil.”
environment. Water movement causes the NA TYPE MODE OF ACTION
agent to dilute to ineffective levels incapable
of supplying sufficient population numbers to The NA mode of action involves the general use
produce enough biosurfactants and enzymes to of nutrients or fertilizers that contain various
start the breakdown of the molecular structure of volumes of nitrogen and phosphorus. “Effective
the hydrocarbons. bioremediation requires nutrients to remain in
contact with the oiled material...”.
Next to the toxicity of the spill, and a questionable
ability to compete with indigenous bacteria Given the nutrients remain at high enough levels,
already acclimated to the target area, indigenous the native microbes enhanced by them will
bacteria are often competitively superior. The need time to secrete biosurfactants to attack the
use of nonindigenous bacteria in most countries molecular structure of the spill by solubilizing
) @
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the oil/hydrocarbons, emulsifying the spill and
increasing the oil-water interface. This helps
to detoxify the hydrocarbons to a point where
enriched indigenous bacteria can utilize the spill
as a food source.

It can be difficult to apply nutrients or fertilizers
to enhance oil-eating microbe population growth
in a spill area containing toxic oil. Many microbes
indigenous to the spill environment are initially
weakened and or killed by the toxicity of the oil.
And, because of the oil’s toxicity, the nutrients
are usually precluded from enhancing the
remaining indigenous microbes.

Further, supplying nutrients or fertilizers in
concentrations necessary to enhance oil-degrading
bacteria without increasing the nitrogen levels to
the point where they become toxic to aquatic life
is a major problem. It is also difficult to contain
or bind the nutrients or fertilizers with the oil in
windy and otherwise undesirable weather conditions
that generate wave and turbulent water motion.

The process of enhancing indigenous organisms
with nutrients or fertilizers with the expectation
that they will secrete biosurfactants and
enzymes in sufficient quantities to catalyze the
bioremediation process is unpredictable and often
takes a protracted period of time.

Bioremediation category NA can be effectively
used where there is little tidal flush and where
the oil has weathered reducing its toxicity to the
point that indigenous bacteria can survive.

CATEGORY TYPE
ENZYME ADDITIVES (EA)

Although the NRT and RRT guidance documentation
addresses the MC and NA bioremediation types
in the 2001 Guidelines for the Bioremediation
of Marine Shorelines and Freshwater Wetlands,*
this guidance does not sufficiently detail the
mode of action of Bioremediation EA Type.

DEFINITION (EA TYPE)

“Enzymatic agents are biocatalysts that are
designed to enhance the emulsification and/or
solubilization of hydrocarbon-based chemicals/
crude oil to make it more available to microor-
ganisms that can utilize such as a source of food
or energy. These agents are generally liquid
concentrates that may be mixed with biosurfactants
and nutrients manufactured through fermentation.
This type of agent is intended to enhance
biodegradation by indigenous microorganisms.”

EA TYPE MODE OF ACTION *?

Enzyme Additive Bioremediation is a system
appropriate for use in open/moving water
(fresh, salt, and brackish), marsh/estuaries,
shoreline, and soil environments. Its complex
mode of action begins by detoxifying the oil and
eliminating the harmful characteristics of an oil
spill by employing naturally derived biosurfactants
which act to rapidly emulsify the contaminants
enabling multiple enzymes to move in creating
binding sites on the contaminant. The indigenous
bacteria then feed on the nutrients included in the
EA Type formula enhancing their growth and
colonization process.

The biosurfactant action eliminates the adhesion
properties of the oil, usually within the first 5

to 30 minutes (depending upon temperature and
specific gravity). The emulsified oil will continue
to float near the surface, thereby eliminating
any secondary impact to the water column and
seabed and completely avoiding any dissolved
oxygen (DO) risks during the process. With the
toxicity and adhesive properties eliminated,
wildlife that may come in contact with the emulsified
hydrocarbons will not become coated in oil, and
oil adherence to marsh, shorelines, sands, and
man-made structures is greatly reduced. Flammability
is eradicated rapidly, protecting ports, harbors,
and oil/gas platforms from potential explosion
hazards associated with fuel spills.

2. 2001 EPA Guidelines for the Bioremediation of Marine Shorelines and Freshwater Wetlands,
http://www.epa.gov/osweroe1/docs/oil/edu/bioremed.pdf. Note that this guidance does not cover EA Type use specifically, nor does it
address open water application of such, hence it inadvertently precluded it from consideration by OSCs.

3. As of September 2014, there is only one product on the NCP list that falls under this Bioremediation Agent Type EA classification:
B-53—EA—OIL SPILL EATER II; thus, descriptions above regarding the mode of EA interaction at this time are related solely to this EA product.
Any newly added EA Type listings would require review and validation for being categorized under this mode of action.
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DILUTION FACTOR, WAVE MOTION

AND CURRENTS

A further difference in Bioremediation £4 Type is
that its numerous enzymes and other constituents
attach themselves to the hydrocarbon molecules
forming protein-binding sites and eliminating
dilution issues from wave motion and current-
prone environments. These sites become safe
mediums where oil-eating microorganisms can
reside. The multiple enzymes also act as a catalyst
to accelerate the biodegradation process by inducing
the indigenous bacteria to more rapidly ingest the
detoxified oil/hydrocarbons as a food source.

The EA category contains ingredients that cause
the agent’s constituents to remain in contact
with the spilled oil/hydrocarbons during the
remediation process.

FATE OF EA TYPE

Over ensuing days or weeks (again, depending
on temperature), nutrients in the agent rapidly
facilitate an increase in indigenous bacterial
populations. The enhanced microorganisms consume
the detoxified hydrocarbon emulsion, digesting
the oil and converting it to CO, and water—
permanently removing the spill from the
environment. As covered in the NRT/EPA

May 2000 Bioremediation Fact Sheet, when
microorganisms break down petroleum
hydrocarbons, progressive oxidation takes place
leading to a reduction of the different toxic
compounds that make up oil. The combination
of biosurfactants, nutrients and more than 150
different types of enzymes in the £4 Type agent
form a system that attract native microorganisms
to the hydrocarbons which eventually convert the
spill to a harmless carbon dioxide and water. The
complex process could be likened to biological
processes associated with the human or other life
forms’ digestion of food. As oxygen, combined
with the other agent ingredients is added to the
oil compounds, they become more water soluble,
less toxic and, finally, break up their molecular
structures and are fully digested. This process will
not cause environmental damage or toxic effects
at any stage to nearby organisms. Furthermore,
the rate of dilution from the tidal or open water
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wave and current motion is so great that any
amounts of the benign constituents entering the
food chain are likely to be negligible. Thus, the
effect of biochemical end products from the
easily metabolizable compounds in oil will be
insignificant in the environment.

Without category EA support, this natural process
may take up to 30 years or more to reach the end
point of a complete degradation of an oil spill; and
the lingering toxicity of the oil would remain in the
environment for that duration.

SHORELINES / MARSHES

An additional benefit is that one can use the EA
agent on near shore waters and environments as
well as deep water locations, unlike dispersants,
which are usually restricted to three miles off
shore in waters 10 meters deep or greater due

to their toxicity. When a spill makes landfall or
contaminates near shore areas, £4 Type can be
safely applied to lift the spill off the marsh grass
(or sandy beaches or shorelines), greatly reducing
the time that sensitive ecosystems and people are
exposed to the toxic compounds in oil.

The use of EA Type does not deplete O, since
the oil it is applied to remains buoyant (able to
float) and the nutrient and enzyme ingredients use
atmospheric O, for their biochemical interactions.

There are no known trade-offs, deleterious
effects, or collateral damage associated with the
EA method. And, as is the case with chemical
dispersants, there is no limited time window for
its application to be effective.

CLOSING COMMENT

The three types of bioremediation and their modes
of action (described above) have been detailed
here to help responders understand how these
agents will interact with a spill. The different
types and their modes of action are clearly
independent of each other, even though their
stated end point, in principle, is the same. The
ability to reach that end point, and the amount

of time it takes to do so, is observably different.




(
REFERENCES

Alleman, B. C., and E. A. Foote. 1997. Evaluation of
Amendments for Enhancing Microbial Activity in Soils
from Site 18 at MCAGCC, Twentynine Palms, California.
Battelle, Columbus, OH. Performing Organization Report
D.O. 1795. Sponsoring Agency Report TCN 96-026.
February 7, 1997.

Bonner, J. S., and R. L. Autenrieth. Microbial
Petroleum Degradation Enhancement by Oil Spill
Bioremediation Products. October 1995. Report submitted
to Texas General Land Office (Comparative analysis of 13
NCP Listed Bioremediation Products, EA Type PAH
reduction efficacy exceeded MC and NA Types).

BP BCST D. Tsao, LSU R. J. Portier, and L. M. Basirico.
March 3, 2011. Laboratory Screening of Commercial
Bioremediation Agents for the Deepwater Horizon Spill

NRT SCIENCE AND TECHNOLOGY COMMITTEE Fact
Sheet. May 2000. Bioremediation in Oil Spill Response. An
information update on the use of bioremediation. US EPA.

US Environmental Protection Agency, Office of Research
and Development, National Risk Management Research
Laboratory, Land Remediation and Pollution Control Division,
26 W. Martin Luther King Drive, Cincinnati, OH. Added
bacteria seem to compete poorly with the indigenous

et al., 1992). Biostimulation alone had a greater effect on
oil biodegradation than the microbial seeding (Jobson et al.,

US EPA. 2012. NCP Product Schedule. http://www.epa.

gov/oilspill. http://www.epa.gov/oem/content/ncp/products/
oseater.htm.

Zhu, X., A. D. Venosa, and M. T. Suidan. 2004. EPA/600/R-
04/075 Literature Review on the Use of Commercial
Bioremediation Agents for Cleanup of Oil-Contaminated
Estuarine Environments. http://www.epa.gov/oem/docs/oil/

edu/litreviewbiormd.pdf.

2001. Guidelines for the Bioremediation of Marine
Shorelines and Freshwater Wetlands. US EPA.

Zwick, T.C., E. A. Foote, A. J. Pollack, J. L. Boone, B. C.
Alleman, R. E. Hoeppel, and L. Bowling. 1997. “Effects of
Nutrient Addition during Bioventing of Fuel Contaminated
Soils in an Arid Environment.” In-Situ and On-Site

Bioremediation 1: 403—-09. Columbus, OH: Battelle Press.
EA Type References

Bartman, Galen. Oil Spill Eater Respirocity Evaluation CAI
Lab. No. 3265. July 1990. Additive [EA] has a meaningful
and significant effect on decreasing the oil concentration
and increasing the oxygen take up. [Respirocity: see http://
en.wikipedia.org/wiki/Respirometry.]

Brown, Elvin E. University of Alaska Fairbanks. 1990.
Bioremediation performed on PAHs shows extreme or great
reduction in the target analytes using EA Type. Report of
Exxon tested Bioremediation EA Type in 1989 at Florham

population (Tagger et al., 1983; Lee and Levy, 1989; Venosa

1974; Lee and Levy, 1987; Lee et al., 1997, Venosa et al., 1996).

Zhu, X., A. D. Venosa, M. T. Suidan, and K. Lee. September

Park, New Jersey, showing effective by a factor of better
than 90% on the North Slope Alaskan crude oil from
the Valdez spill.

Flores, M. en C. Gabriel Peneda, and Q.B.P. Norma Pescador
Elizondo. 2002. Ecologia microbiana lab, University of
Mexico— Instituto Politécnico Nacional, Escuela Nacional
de Ciencias Bioldgicas. Efficacy test of EA Type on heavy
(Maya crude) and medium-weight crude oil demonstrates
significant reduction of PAHs (54% reduction in 30 days
on the Maya crude, and medium crude reduced 80%
in 30 days).

Louisiana State University, Department of Environmental
Sciences. June 2011. Characteristics, Behavior, & Response
Effectiveness of Spilled Dielectric Insulating Oil in the Ma-
rine Environment. For US Department of the Interior Bureau
of Ocean Energy Management, Regulation and

Enforcement (BOEMRE), Herndon, VA. http://www.bsee.gov/
uploadedFiles/BSEE/Research_and_Training/
Technology_Assessment_and_Research/aa%283%29 .pdf.

Merski, A. T. 1993. NETAC Oil Spill Response Bioremediation
Agents, Evaluation Methods Validation Testing, Discussion
of Results.

Resource Analysts, Inc. Subsidiary of Millipore. June 1990.
References: 1) EPA SW 846, 3rd Edition. Determination of
No Trace Elements and Chlorinated Hydrocarbons in EA Product.

Sowman, B. 16 July, 2012. Environmental Protection
Authority New Zealand, Hazardous Substances Division.
SOS # 1001797. Determination of the Status of Oil Spill
Eater II —Non-hazardous.

State of Alaska. Legal Closure Letter. The soils have been
remediated to the most stringent (ADEC) cleanup levels.
75-80, http://osei.us/tech-library-pdfs/2011/OSEI1%20
Manual_FINAL-2011.pdf.

State of New York. Groundwater remediation of heating oil
by Alpha Geoscience with complete sampling and testing
certified by NYSDEC. Summary and Results of In Situ Soil
Remediation. Spill No. 95-16786. 80—-86, http://osei.us
/tech-library-pdfs/2011/OSEI%20Manual_FINAL-2011 .pdf.

US Marine Corps at Twentynine Palms utilizing EA remediated
tank washout and several types of fuels (including tretraethyl
lead) to State of California acceptable levels, DOD
Environmental Award. “Testing and Evaluation of Enzymatic
Catalysis for the Remediation of Petroleum Contaminated
Soils.” October 1993. 6668, http://osei.us/tech-library-
pdfs/2011/OSEI%20Manual_FINAL-2011.pdf.

Ward, R. H. SRI San Antonio Texas. 1999. EA Type does
not sink oil into water column or sediments. Swirl Flask
Dispersant Effectiveness Test. SWRI Project 08-2326-088.
Work Order 8783.

See modified citations and updated information from RRT
VI at: http://gisweb.glo.texas.gov/atlas/atlas/misc_doc/
rrt6_bio_position.pdf




