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ABSTRACT: The devastating environmental impacts of the Exxon Valdez spill in 1989 and its media notoriety made it a frequent
comparison to the BPDeepwater Horizon spill in the popular press in 2010, even though the nature of the two spills and the environ-
ments impacted were vastly different. Fortunately, unlike higher organisms that are adversely impacted by oil spills, microorganisms
are able to consume petroleum hydrocarbons. These oil degrading indigenous microorganisms played a significant role in reducing
the overall environmental impact of both the Exxon Valdez and BP Deepwater Horizon oil spills.

’ INTRODUCTION TO BIODEGRADATION OF PETRO-
LEUM HYDROCARBONS

Petroleum hydrocarbons in crude oils, such as those released
into marine ecosystems by the Exxon Valdez and BP Deepwater
Horizon spills, are natural products derived from aquatic algae
laid down between 180 and 85 million years ago. Crude oils,
composed mostly of diverse aliphatic and aromatic hydrocar-
bons, regularly escape into the environment from underground
reservoirs. Because petroleumhydrocarbons occur naturally in all
marine environments, there has been time for numerous diverse
microorganisms to evolve the capability of utilizing hydrocarbons
as sources of carbon and energy for growth. Oil-degrading micro-
organisms are ubiquitous, but may only be a small proportion of
the prespill microbial community. There are hundreds of species
of bacteria, archaea, and fungi that can degrade petroleum.

Most petroleum hydrocarbons are biodegradable under aero-
bic conditions; though a few compounds found in crude oils, for
example, resins, hopanes, polar molecules, and asphaltenes, have
practically imperceptible biodegradation rates. Lighter crudes,
such as the oil released from the BPDeepwater Horizon spill, con-
tain a higher proportion of simpler lower molecular weight hydro-
carbons that are more readily biodegraded than heavy crudes, such
as the oil released from the Exxon Valdez. The polycyclic aromatic
hydrocarbons (PAHs) are a minor constituent of crude oils; how-
ever, they are among themost toxic to plants and animals. Bacteria
can convert PAHs completely to biomass, CO2, andH2O, but they

usually require the initial insertion of O2 via dioxygenase enzymes.
Anaerobic degradation of petroleum hydrocarbons can also occur
albeit at a much slower rates. Petroleum hydrocarbons can be
biodegraded at temperatures below 0 �C to more than 80 �C.
Microorganisms require elements other than carbon for growth. The
concentrations of these elements inmarine environments—primarily
nitrates (NO3

�), phosphates (PO4
3-), and iron (Fe)—can limit

rates of oil biodegradation. Having an adequate supply of these
rate limiting nutrients when large quantities of hydrocarbons are
released into the marine environment is critical for controlling
the rates of biodegradation and hence the persistence of poten-
tially harmful environmental impacts. Bioremediation, which
was used extensively in the Exxon Valdez spill, involved adding
fertilizers containing nitrogen (N) nutrients to speed up the rates
of oil biodegradation.

Most petroleum hydrocarbons are highly insoluble in water.
Hydrocarbon biodegradation takes place at the hydrocarbon�
water interface. Thus the surface area to volume ratio of the oil can
significantly impact the biodegradation rate. Dispersants, such as
Corexit 9500, which was used during the BP Deepwater Horizon
spill, increase the available surface area and, thus, potentially in-
crease the rates of biodegradation.

’OVERARCHING DIFFERENCES BETWEEN THE TWO
SPILLS

Once the BPDeepwater Horizon oil leak started, the public and
the popular media began to compare it to the Exxon Valdez spill
which had been up until that time the largest marine spill in
the United States. The public notoriety of Exxon Valdez spill was
dramatic due to its impact on Alaska wildlife and the long litiga-
tion process, which is still seeing court action. However, the
Exxon Valdez and BP Deepwater Horizon oil spills were vastly
different in terms of the volume of oil, the nature of the oil, and
the environments impacted (Table 1). The BP Deepwater
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Horizon oil spill was more than an order of magnitude greater in
total volume of oil than the Exxon Valdez spill; the BP spill also
released considerable amounts of natural gas (methane (CH4)).
The Exxon Valdez spill occurred near shore and occurred as a
surface slick, while the BPDeepwater Horizon spill was a leak from
a well 5000 ft (1500 m) below the ocean surface as both a deep-
sea “cloud” or “plume” and a surface water slick, more than 50 mi
(80 km) from the nearest shore. The BP Deepwater Horizon spill
was a light crude andmore inherently biodegradable initially than
the Exxon Valdez heavy crude from the North Slope of Alaska.
The environments impacted were also very different in terms of
climate, weather, and ecosystems, with the Exxon Valdez spill
occurring in a sub-Arctic region and the BP Deepwater Horizon
spill occurring in a subtropical region, although the deepwater
region directly impacted by the BP spill was cold (<5 �C).
The Gulf of Mexico has lots of natural seeps of oil and there
have been other spills from drilling rigs, such as the IXTOC
well blowout of 1979. This is in contrast to the relatively
pristine conditions of Prince William Sound which is much
more enclosed and shallower than the more open ocean
environment where the BP Deepwater Horizon spill occurred
in the Gulf of Mexico. Indeed the treatments used were also
quite different.

Since a storm with 50 mi/h (80 km/h) winds hit Prince
William Sound within 2 days of the initial spill, no dispersant was
used. Much of the oil washed onto the shorelines of islands in the
path of the oil, making shoreline cleanup the primary focus.During
theExxonValdez spill water washing and bioremediation (biostim-
ulation using fertilizers containing N nutrients) were the major
strategies. In the case of the BPDeepwater Horizon spill millions of
gallons (1 U.S. gal = 3.79 L) of dispersant was used both on the
surface and at the leaking wellhead in the Gulf of Mexico. A major
focus was to protect shorelines from oil contamination. This was
also the first time dispersant had been applied to a deepwater
leaking well, primarily for safety reasons to prevent the highly
flammable oil from reaching the surface immediately above the
wellhead where many ships were involved in leak operations. The
BPDeepwater Horizon spill was the largest emergency response to
a marine oil spill that the world has seen to date. In addition to
dispersant, controlled burns, skimming, siphoning from the well-
head, containment booms, shoreline scavenging/berms, and beach
sand mixing were used extensively to mitigate the spill’s impact.

Although numerous physical means were used to remove or
disperse the oil, ultimately it was the microbes that played the

major role in mitigating the environmental impacts of these two
worst oil spills in U.S. history.

’THE EXXON VALDEZ SPILL IN PRINCE WILLIAM
SOUND

On March 24, 1989 the oil tanker Exxon Valdez ran aground
on Bligh Reef in Prince William Sound, AK, spilling an estimated
11 million gallons (42 million liters) of crude oil that spread as a
surface slick1 (Figure 1). At the time this was the worst U.S. oil
spill disaster. Dispersant tests were quickly conducted but due to
weather conditions and the nature of the oil, which was a North
Slope relatively heavy oil (API gravity = 29), as well as State of
Alaska concerns about the use of dispersants, the decision
was made not to try to disperse the oil. Despite efforts to contain
the spill, tidal currents and winds caused a significant portion of
the oil to float ashore. Approximately 486 mi (778 km) of the
3000 mi (4800 km) of shoreline in Prince William Sound, and
818 mi (1309 km) of the 6000 mi (9600 km) of shoreline in the
Gulf of Alaska, or about 15% of the total shoreline, became oiled
to some degree.2 Much of this oiling, especially in the Gulf of
Alaska, was patchy and scattered in a light covering, for example,
as tar balls. Oiling was heaviest on the shorelines of islands in
Prince William Sound that were directly in the path of the slick.

Table 1. Comparison of BP Deepwater Horizon and Exxon Valdez Spills

Exxon Valdez BP Deepwater Horizon

41.6 million liters 779 million liters estimated by the National Incident Command’s Flow

Rate Technical Group (FRTG)

North Slope Heavy Oil (API 29) Light Louisiana Oil (API 35.2)

tanker spill with known volume well leak with uncertain flow rates, large amounts of methane also released

discharged as surface spill discharged at well head in 1500 m of seawater

on Bligh (near island shorelines) 77 km offshore

impacted cobble/rocky shorelines, major storm in area with 50 mph

winds 2 days after spill

impacted deep-sea cloud of fine droplets of low concentration oil,

marshes and sandy beach shorelines, 84 days to stop leak

bioremediation used extensively aerial and subsurface dispersants used extensively

fate of oil remnants still studied more then 21 years after spill fate of oil remnants yet to be determined

much scientific and operating experience gained is applicable to other spills largest remediation and emergency response to an oil spill ever, worldwide

Figure 1. Graphic depiction of Exxon Valdez spill and cleanup.
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’ASSESSING THE EFFICACY AND SAFETY OF
BIOREMEDIATION

Because of the difficulty of achieving sufficient oil removal by
physical washing and collection, especially for oil that had moved
into the subsurface, bioremediation became a prime candidate
for continuing treatment of the shoreline. Bioremediation had
been independently identified as a potential emerging technol-
ogy within weeks of the spill. Both the EPA and Exxon quickly
began laboratory tests, which were soon followed by field trials to
determine whether fertilizer addition would enhance the rates of
oil biodegradation.3,4 The focus of these tests was on the changes
in oil composition due to microbial degradation, that is, the
emphasis was placed on changes in oil chemistry rather than on
the microbes themselves.

Field tests showed that fertilizer addition enhanced rates of
biodegradation by the indigenous hydrocarbon-degradingmicro-
organisms. Rates of biodegradation in bioremediation studies
resulted in total petroleum-hydrocarbon losses as high as 1.2%
per day. The rate of biodegradation slowed down once the more
readily degradable components were depleted even when ferti-
lizer was reapplied. The rate of oil degradation was a function of
the ratio of N/biodegradable oil and time. Both polynuclear
aromatic and aliphatic compounds in the oil were extensively bio-
degraded. Bioremediation increased the rate of polycyclic-
aromatic-hydrocarbon (PAH) degradation in relatively unde-
graded oil by a factor of 2, and of alkanes by 5 relative to the
controls. O2 dissolved in water was not rate-limiting—there was
up to a 30% decline in O2 concentration in pore water following
fertilizer application, but hypoxia was not detected.

’FULL-SCALE USE OF BIOREMEDIATION

Based upon the laboratory and field demonstration test
results, the federal on-scene-coordinator approved the use of bio-
remediation employing fertilizer application for use on oiled
shorelines of Prince William Sound.3�5 Several fertilizer formu-
lations were considered; key considerations were retention in the
oiled shorelines long enough to support biodegradation, avail-
ability in quantities needed to treat these shorelines, and lack of
toxicity. Two fertilizers were selected for full scale bioremedia-
tion: the oleophilic fertilizer Inipol EAP22, manufactured by Elf
Aquitaine of France; and the slow release fertilizer Customblen
28�8�0, manufactured by Sierra Chemicals of California.
Customblen was spread at a rate of 27.8 g/m2. Inipol was then
applied at a rate of 300 g/m2. These rates ensured a safe margin
below concentrations of ammonium (NH4

+) or NO3
� ions

considered toxic by EPA water quality standards.
Results for sediment samples collected and analyzed in 1989

indicated that about 25�30% of the total hydrocarbon in the oil
originally stranded on PrinceWilliam Sound shorelines had been
lost within the first days to weeks after the spill. The natural
background rates of oil biodegradation initially were estimated
at 1.3 g oil/kg sediment/yr for surface oil and 0.8 g oil/kg
sediment/yr for subsurface oil.3 Concentrations of naturally
occurring oil-degrading bacteria during this period were (1�5)
� 103cells/mL of seawater or about 1�10% of the total hetero-
trophic bacterial population. In late 1989 oil-degrading bacterial
populations had greatly increased to about 1� 105 cells/mL and
made up about 40% of the heterotrophic population in oiled
shoreline pore waters.

Large-scale applications of fertilizer during summer 1990
included over 1400 individual site treatments at 378 shoreline

segments. Measurements in September of 1990 showed that the
proportion of oil degrading bacteria had returned to background
levels of under 1% of the total bacterial populations in pore
waters. In 1991 about 220 individual site treatments were applied.
By 1992 the length of shoreline still containing any significant
amount of oil was 6.4 mi (10.2 km) or 1.3% of the shoreline oiled
in 1989.5

In all, 107 000 lbs (48 600 kg) of N in the fertilizers were
applied from 1989 to 1991, involving 2237 separate shoreline
applications of fertilizer. This represents the largest use of bio-
remediation ever undertaken. A survey in May-June 1992 found
that most of the oil had been removed from shorelines and
on June 12, 1992 the U.S. Coast Guard and the State of Alaska
officially declared the cleanup concluded. At that time some oil
still remained but it was felt that further cleanup activities would
not provide a net environmental benefit. The oil residue remain-
ing in the shorelines was left to naturally biodegrade further
although based upon previous oil spills it was clear that some
residual oil would remain for an extended time period.

’SHOULD BIOREMEDIATION BE REAPPLIED TODAY
TO TREAT RESIDUAL SUBSURFACE OIL?

In 2001 and 2003 the National Oceanic and Atmospheric
Administration (NOAA) conducted random sampling of 4982
pits dug at 114 sites in Prince William Sound to determine how
much residual oil remained;6,7 these studies found that 97.8% of
the pits had no oil or light oil residues even though these sites had
been heavily to-moderately oiled in 1989. Based upon the amount
of oil remaining as of 2001 it was estimated that there had been a
22% per year decline from 1991 to 2001 in the amount of oil re-
maining on the shore.6 After 2001 the rates of decrease by natural
processes of subsurface oil slowed to about 4% per year as the
remaining oil became more weathered and more sequestered.8

Additional grid surveys were conducted by ExxonMobil in 2002
and 20079�11 (Exxon having merged with Mobil in 1999). The
2007 survey at 22 sites reported to be heavily oiled in NOAA’s
2001�2003 surveys found no oil in 71% of the pits, 21.8% had
light levels or only traces of subsurface oil residue, 4.6% had
moderate oiling and 2.6%had heavy oil levels;9 87% of the samples
were completely depleted of alkanes and 82% also had lost more
than 70% of the original PAHs.12�14

The residual oil occurs as localized patches. Persistent buried
oil has been found in other spills, for example, the Florida spill in a
saltmarsh in Falmouth, MA. In Prince William Sound the re-
maining oil residue is buried in boulder/cobble armored beaches
in thin (typically about 10 cm thick) lenses containing fine-
grained sediments. It is sequestered and the low water flow
means that O2 and nutrients found in the surrounding pore
waters are not flowing through the oil layer, limiting biodegrada-
tion rates,15,16 even though there are sufficient concentrations of
nutrients and oxygen in the adjacent pore waters to support bio-
degradation of the residual oil components.14 Most of the re-
maining subsurface oil residue is located in the mid-upper intertidal
zone away from biota.9,14 Concerns, however, have been raised
that the lingering oil residue could have adverse impacts.7,17,18

Given that the residual subsurface oil is sequestered the risks of
mobilizing the oil through any treatment would seem to outweigh
the potential benefits, that is, the best approach would seem to
simply allow the residual oil to slowly undergo further natural
biodegradation. Nevertheless there have been proposals to bio-
remediate the remaining subsurface oil residues19,20 even though
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direct exposure of biota has been demonstrated to be extremely
unlikely.21�23

Venosa et al.20 showed in laboratory experiments that if
sediments were displaced, so that the oil was no longer seques-
tered, rapid biodegradation of the residual oil would occur. They
concluded that O2 is the main limiting factor. They also
postulated that if NO3

� was added there could be anaerobic
biodegradation of associated organic matter so that the porosity
of the sediments would increase and oxygenated water could
reach the oil. Given the patchy distribution of oil, the fact that
most of the oil is already highly weathered so that the residual
compounds are highly insoluble, and that sequestered oil is not
reaching sensitive biota, Atlas and Bragg13 have contended that
the value of any such treatment will likely be very limited.
Additional bioremediation field trials, though, are planned for
2011. The debate, thus, continues about whether bioremediation
can still be effective more than 21 years after the spill.

’THEBPDEEPWATERHORIZONOIL LEAK INTHEGULF
OF MEXICO

OnApril 20, 2010, high-pressure oil and gas escaped fromBP’s
Deepwater Horizon exploratory well in Mississippi Canyon Block
252 which was located 77 km offshore. In the subsequent fire and
explosions, 11 men tragically lost their lives. The Deepwater
Horizon drilling rig burned and ultimately sank in 1500 m of
water 2 days later. The blowout prevention device (BOP) at the
wellhead and all the emergency shut-off equipment failed.

Upon sinking, the 21 in. (53 cm) riser pipe, from the wellhead
to the drilling platform, collapsed onto the sea floor. Oil leaked
from multiple locations along the riser pipe and the top of the
BOP (Figure 2). In all, it took 84 days to stop the flow of oil from
theDeepwater Horizonwell. The oil from this well (Macondo oil)
is typical of light Louisiana crude from petroleum reservoirs more
than 5000 m deep; it has an API gravity = 35.2.24

The actual volume of oil and gas released from the Deepwater
Horizon well is very difficult to determine. The oil release was est-
imated at 4.9 million barrels (205.8 million gallons (780 million
liters)), 0.8 million barrels of which were captured before release
into the water column, by the National Incident Command’s Flow
Rate Technical Group (FRTG).24 Previously the IXTOC-I well
blowout in the Bay of Campeche, estimated at 147 million gallons
(556million liters), was the largest oil spill in theGulf ofMexico and
the second largest in the world (the largest spill was in the Persian
Gulf in 1991 as a result of the intentional release of oil by Iraq). The
Oil Budget calculator from the FRTG for the Deepwater Horizon
well oil release estimated that 3%was skimmed, 5% was burned, 8%
was chemically dispersed, 16% was naturally dispersed, 17% was
captured, 25%was evaporated or dissolved, and 26%was remaining.

’DISPERSION OF OIL

One of the strategies employed to defray the environmental
and safety impact of the oil from the Deepwater Horizon was to
inject the dispersant COREXIT 9500 directly at the wellhead or
end of the riser pipe at a water depth of 1500 m. The goal was to
disperse the oil at depth, thereby preventing large slicks from
forming directly at the surface above the wellhead where many
ships were gathered to stop the leak, and to prevent the oil from
impacting the shoreline. The EPA established a rigorous, daily
water sampling program, once it was demonstrated in early May
that within 4 h of injecting COREXIT 9500 at the wellhead less
oil was coming to the surface immediately above the wellhead
making it safer for leak operations.

Additionally, there was physical dispersion because the oil was
injected into the deep-sea at high pressure and temperature.
While large oil droplets moved to the surface, droplets between
10 and 60 μm were neutrally buoyant and were picked up by the
current between 900 and 1300m.25 The deep-water dispersed oil
droplets that had a concentration of less than 10 ppm total

Figure 2. Graphic depiction of Deepwater Horizon spill and cleanup.



6713 dx.doi.org/10.1021/es2013227 |Environ. Sci. Technol. 2011, 45, 6709–6715

Environmental Science & Technology FEATURE

petroleum hydrocarbons has been likened to a “cloud”. This
“cloud” of dispersed oil could be detected by fluorescence moving
away from the wellhead, generally in a southwesterly direction.25

O2 concentration drops that did not result in anoxic conditions
often were also detected in association with the “cloud” of
dispersed oil in the deep-sea.26

’MICROBIOLOGY OF THE DEEP-SEA “CLOUD” OF
DISPERSED OIL

The deep-sea “cloud” of dispersed oil was found to have lower
PO4

3- and dissolved O2 concentrations, slightly higher NH4
+

concentrations and significantly lower NO3
� concentrations26

suggesting bacterial activity in the “cloud” of dispersed oil. The
total bacterial density was significantly higher in the “cloud”
(up to 105 cells/mL) versus outside the “cloud” (approximately
103 cells/mL).

Using a 16S rRNA microarray, 951 subfamilies of bacteria
were detected from 62 phyla; however, only 16 subfamilies of the
γ-proteobacteria were significantly enriched in the cloud, with
3 families in the class Oceanospirillales dominating.26 Clone
libraries, qPCR, phospholipids, and functional gene arrays further
supported the finding of enrichment of oil degraders. The “cloud
community” was also cold loving (psychrophilic) since the tem-
perature below 700 m in the Gulf of Mexico is always 2�5 �C.

The average half-life of alkanes from two different cloud ana-
lyses and two different lab microcosm assays ranged from 1.2 to
6.1 days,26 which are similar to those reported for other cold-
water studies27 (Table 2). During the release (April�July), con-
centrations of polynuclear aromatic hydrocarbons also decreased
rapidly with distance from the release point (the wellhead) and
were seen to reach <1.0 ppb within 15�20 mi (24�32 km) in all
directions other than to the southwest, where a small number of
samples exceeded 1 ppb out to 40 mi (64 km).28 Much of decline
in PAHs is attributable to microbial degradation.29

Gaseous compounds also were biodegraded in the water
column. Valentine et al.30 reported that early in the spill propane
(C3H8) and ethane (C2H6) were the primary drivers of microbial
respiration, accounting for up to 70% of the observed oxygen dips
in fresh “plumes”. Based on CH4 and O2 distributions Kessler
et al.31 reported that within∼120 days from the onset of release,
a vigorous deepwater bacterial bloom of methanotrophs had
respired nearly all the released methane. Molecular analyses for
methanotrophs in September 2010 showed relative abundances
of 5�36% of the gene sequences detected, whereas in June 2010,
before the leak was stopped, no methanotrophs were detected.
Clearly as the spill events progressed the microbial populations
changed in response to the available hydrocarbons.

’OIL BIODEGRADATION IN SURFACE WATERS AND
SEDIMENTS

There have been reports of sediment contamination based
upon visual observations.32 Sediment collected from more than
120 sites showed qualitative evidence for oil in up to 29% of the
cores. However, detailed chemical analyses indicate that only 6%

of these cores were contaminated with Macondo oil, all of which
were within 2.7 km of the wellhead.33 Thus, the evidence so far
indicates that sediment contamination was limited primarily to
near the wellhead.

With regard to surface oil and shorelines, up to 40% of the oil
was lost in the water column between the wellhead and the
surface, largely due to dissolution and mixing as the oil moved
to the surface and evaporation as soon as it reached the surface
which lowered the hydrocarbon concentrations and changed the
composition of the oil.34,35 Analyses of surface oil samples from
the source toward the shore showed that volatile organic com-
pounds were either dissolved or evaporated from the Macondo
oil near the source, and oil that approached the near shore en-
vironment no longer had BTEX compounds present.34�36

Photooxidation may also have been important for oil on the
surface as it moved shoreward. In samples that were analyzed for
BTEX, these compounds were never detected in Macondo oil
that reached the shore, nor were BTEX compounds detected in
near shore sediments.33 Dissolution and evaporation appear to
have beenmore important than biodegradation in the weathering
of the surface slick.34,36 Evaporation resulted in the loss of alkanes
with chain lengths up to C20. Clearly physical dispersion and
evaporation competed with biodegradation so that the overall
weathering of the oil that did reach the shore was the result of
multiple processes. Certainly the oil that has sunk into the shore-
line and marsh sediments will degrade much more slowly as it
becomes nutrient depleted and potentially anaerobic due to O2

diffusion limitations. It is too soon to tell what the impact of the
Macondo oil will be to the delicate marsh environments and beach
communities in Louisiana, Mississippi, Alabama, and Florida,
many further studies will be needed.

’SUMMARY

The Exxon Valdez and BPDeepwater Horizon oil spills provide
a number of lessons regarding the role of microbial biodegrada-
tion in determining the fate of the spilled oil. Biodegradation and
other natural weathering processes will remove most of the
contaminating hydrocarbons but it can take months to years in
areas of high oil concentrations. Such was the case for oil on
shorelines impacted by the Exxon Valdez oil spill. The major focus
of biodegradation for the Exxon Valdezwas on the shorelines—oil
moved on the surface and while there were studies on decreasing
concentrations of oil in the water column no specific biodegrada-
tion studies were conducted as they were for the BP spill with its
unique deep-water cloud of dispersed oil. Also the advanced
molecular techniques for characterizing microbial communities
were not available at the time of the Exxon Valdez spill; given the
advances in molecular biology over the past two decades it is not
surprising, therefore, that extensivemolecular analyses ofmicrobial
communities have been performed in theGulf ofMexico following
the BP Deepwater Horizon spill.

When oil is highly dispersed in the water column and where
microbial populations are well adapted to hydrocarbon exposure,
such as in Gulf of Mexico waters, biodegradation of oil proceeds
very rapidly. Bioremediation through fertilizer addition can be an

Table 2. Oil Biodegradation Half-Life Comparisons

crude type source half-life (days) reference

light crude (API35) Macondo Oil (MC252 block) 1.2�6.1 alkanes in situ change; 2.2�3.5 alkanes microcosm, enriched consortia 26

heavy crude (API28) Prudhoe Bay 4.6 alkanes, enriched consortia with dispersant; 9.9 alkanes, enriched consortia without dispersant 27



6714 dx.doi.org/10.1021/es2013227 |Environ. Sci. Technol. 2011, 45, 6709–6715

Environmental Science & Technology FEATURE

effective means of speeding up rates of oil biodegradation in
some situations. One should, however, not expect 100% removal
of oil by biodegradation—patches of highly weathered oil likely
will remain in some environments. Decisions as to whether or
not to rely upon microbial oil biodegradation, including whether
to apply bioremediation, should be driven by risk and not just
the presence of detectable hydrocarbons. In the case of the
BP Deepwater Horizon spill, the leak was capped on July 15; by
the first week of August, no surface oil slick was observed and
concentrations of detectable oil in the water column were greatly
diminished.33 The natural rapid attenuation of oil in the BP
Deepwater Horizon spill is due to a number of parameters, for
example, type of crude, offshore, jetting of the oil in to the deep-
sea, rapid dissolution, and microbial adaption. The Gulf of
Mexico has more natural seeps of oil then any marine area in
North America, contributing more than 400000 barrels of oil a
year to the Gulf of Mexico.37 In the Gulf of Mexico the micro-
biota are likely to be better adapted to oil because of natural seeps
and offshore drilling then almost anywhere else in the world.
Thus, it is not surprising that bacteria in the Gulf of Mexico
responded rapidly to the influx of oil.

In conclusion, the fate of all oil spills will depend upon a
unique set of circumstances that will govern risk and impacts,
including the volume of oil spilled, the chemical nature of the oil,
and the ecosystems with their specific environmental conditions
impacted by the spilled oil. However, one common denominator
is the cosmopolitan nature of oil-degrading microbes. Natural
and enhanced biodegradation greatly reduced the concentrations
of oil following both the Exxon Valdez and BPDeepwater Horizon
oil spills. It was the unseenmicrobes that were largely responsible
for the disappearance of the spilled oil that had spread into the
environment. Responders to future spills would do well to mobi-
lize as rapidly as possible a scientific understanding of the unique
conditions of the spill, that is, to determine both natural and
enhanced biodegradation and what the best possible approach will
be tominimize the risk and impact of the spill on the environment.
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