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Oil deposition at Pensacola Beach, June 24, 2010
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Burial of large sediment-oil-agglomerates (SOA) and 
Oil films/small oil-particle-aggregates (OPA)

Gustitus, S. A., & Clement, T. P. (2017).Formation, fate, and impacts of microscopic and macroscopic oil-sediment residues in 
nearshore marine environments: A critical review. Reviews of Geophysics, 55, 1130–1157.
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Clean sand
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Clean sand
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Terminology according to Gustitus & Clement (2018)

How long would the buried oil persist in the beach?
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Sampling for oil and microbial community analysis, 10/20/2010 
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Operation Deep Clean, 10/27/2010 Picture: BP
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Decay of GC-amenable aliphatics, aromatics and TPH 
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First order decay rates for GC-amenable hydrocarbons:
Aliphatics: 0.013 d-1 (SE=0.001 d-1, t1/2 = 53 d) 
Aromatics: 0.010 d-1 (SE=0.003 d-1, t1/2 = 70 d) 
TPH: 0.012 d-1 (SE=0.002 d-1, t1/2 = 58 d)

TPH:           ~2 kg m-1                       ~0.2 kg m-1                    ~0.02 kg m-1



Oil changed bacterial abundance and diversity in the beach
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Abundance of bacterial small-subunit rRNA genes in oiled sand layers

Abundance of bacterial small-subunit rRNA genes in lightly oiled sand layers

Average Shannon diversity (eH’, secondary y-axis) with standard error



Temperature and 
moisture 
supported 
microbial oil 
decomposition
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September 2010                             December 2010                        June 2014 

Oxygen profiles indicate aerobic conditions and 
non-diffusive supply component



Beach used more O2 and released more CO2 in presence of oil
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Huettel, M., Overholt, W.A., Kostka, J.E., Hagan, C., Kaba, J., Wells, W.B., Dudley, S., (2018). Degradation of Deepwater
Horizon oil buried in a Florida beach influenced by tidal pumping.  Marine Pollution Bulletin 126, 488-500.
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Tidal pumping caused “beach breathing”

oxygenheat

moisture

CO2
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Beach inhaled O2 and heat and exhaled CO2 while moving moisture up 

Huettel, M., Overholt, W.A., Kostka, J.E., Hagan, C., Kaba, J., Wells, W.B., Dudley, S., 2018. Degradation of Deepwater
Horizon oil buried in a Florida beach influenced by tidal pumping. Marine Pollution Bulletin 126, 488-500.



Pensacola Beach     April 2011
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Teaball Experiment
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Hydrocarbon decay in sSOAs
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Decay rates with depth



Air-filled pores in 
sediment-oil-agglomerates

Open pore space deeper than approximately 
one grain diameter (400 μm) marked white.



Projections

Bociu, I., Shin, B., Wells, W.B., Kostka, J.E., Konstantinidis, K.T., Huettel, M., 2019. Decomposition of sediment-oil-
agglomerates in a Gulf of Mexico sandy beach. Scientific Reports 9. 



Conclusions
• Surface to volume ratio controls oil-agglomerate decay rate.

• Hydrocarbons in beach sand contaminated with small oil-
particle-aggregates decreased to background within one year.

• Decomposition of Golf-ball-sized sediment-oil-agglomerates 
buried in the beach will take approximately 30 years.

• Tidal beach breathing maintains oxic conditions in the beach 
facilitating rapid aerobic microbial oil degradation.

• The sand microbial community accelerated oil degradation 
about 3 times relative to oil kept in the lab.



Thanks!


