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BACKGROUND

Figure 1. NASA satellite image shows
Deepwater Horizon Oil Spill impacted
area on June 19, 2010. Image source:
NASA.gov

Ø The explosion and sinking of the
Deepwater Horizon (DWH) oil
platform in the spring of 2010
released 3.1 million barrels of
crude oil from Macondo well into
the Gulf of Mexico ecosystem,(1)
the largest marine oil spill in
United States’ history (Fig. 1).(2)

Ø Oil-Degrading bacteria have the ability to degrade oil and produce
surfactants (similar to the chemical dispersant but natural and safe
to human, animals and the environment) that dissolved some
crude oil in the water. This process is not harmful to ecosystems
unlike toxic chemical dispersants.(3)
Ø However, the relative contribution of photochemical and
biological degradations (Photo-Ox and Bio-Ox), the two major
weathering processes to transform petroleum hydrocarbon after an
oil spill, remain poorly understood.(4)

Figure 2. The Magnet Lab’s 9.4 T
ICR system

Ø We use Fourier transform ion
cyclotron resonance mass
spectrometry (FT-ICR MS) (5)
( F i g. 2 ) t o c h a r a c t e r i ze o i l
components and to examine the
b i o d e g r a d a t i o n p a t h wa y s o f
Macondo Crude oil under
controlled laboratory conditions.
FT-

RESULTS AND DISCUSSION
Figure 4.

Ø Microcosms were established in the dark. Bacterial modified
oils/ water fractions were collected after 30 days of incubation.

Ø We identify persistent Macondo well oil bio-oxidation products
that are not detectable by routine gas-chromatography-based
techniques.
Ø Bio-oxidation by bacteria does not affect the oil soluble species
but release a diverse range of oxygenated hydrocarbons into the
water phase.

The microcosm experiments revealed that the DOC levels were
comparable between test 1 (total bacteria) and control microcosm (no
bacteria). After 30 days of incubation, bio-oxidation of oil degrading
bacterium (Test 2) produced approximately ten times the DOC than the
Control and Test 1 microcosms, suggesting the oil degrading bacterium
can efficiently degrade oil and produce surfactants that dissolve some
crude oil in the water.
Figure 5.

Ø This study represents the first Microcosm studies to disentangle
biotic and abiotic modification and examine the bacterial
modification of MWO at the molecular level.

FUTURE WORK
Ø We will use the commercial bioassay Microtox® (6) to track the
change of toxicity of petroleum transformation product after
biological degradation and compare to photochemically
degraded products.
Ø Microcosm studies will be compared to “real world” samples to
disentangle biotic and abiotic modification and the long-term
fate of Mancodo well oil.

biodegradation is minimal to the oil compounds in the oil layer.
Figure 6.

METHODS
Ø To establish laboratory microcosms, 385 µL of the Macondo
crude oil was dispensed in 50 mL sea water.

CONCLUSIONS
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Figure 3. Experimental design

The materials extracted from the control microcosm resemble typical
natural organic matter and provide a background to assess bio-oxidation.
Bio-degraded samples contained water soluble species over a wider
compositional coverage.
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