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4 Years after the Deepwater Horizon Spill: Molecular Transformation of Macondo Well Oil in Louisiana Salt Marsh Sediments Revealed by FT-ICR Mass Spectrometry
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Experimental 

We combine comprehensive two-dimensional gas chromatography with mass spectrometry (GC × GC MS) and flame ionization detection (GC × GC-FID), and electrospray ionization (ESI) FT-ICR mass spectrometry to Deepwater Horizon oil contamination extracted from the same location in northern Barataria Bay from 9 to 48 mos post spill and catalogue oxidation patterns that occur to oil compounds in salt marsh sediments. FT-ICR MS analysis was done on the 9.4 T FT-ICR mass spectrometer at the ICR facility. 
Results and Discussion


This study represents the first temporal characterization of MWO transformation products at the molecular level. Here, we identify persistent MWO transformation products and catalogue compositional changes that occur to parent MWO in Barataria Bay saltmarsh sediments up to 4 years after the Deepwater Horizon oil spill. Highly polar, acidic oxygenated transformation products derived from biodegradation of Macondo Well oil in coastal salt marshes span a wide range of chemical functionalities, and remain environmentally persistent. The increased abundance of highly polar compounds of low volatility is ideally suited for FT-ICR MS can address the complexity of these highly polar, multifunctional oxidized transformation products at the molecular level. Compositional images of DBE versus carbon number indicate that degradation processes convert nonpolar, saturated compounds into highly polar, carboxylic acid compounds that appear over time, and subsequent oxidation converts lower order oxygen compounds (O1-O3) to higher order oxygen compounds (O4-O6) after 36 mos. Bulk fractionation on aminopropyl silica attributes the increased oxygen content obtained from elemental analysis of field samples to an increase of moderately acidic and carboxylic acid moieties over time. Van Krevelen diagrams indicate that initial oxidation during the first 9 mos was non-selective and occurs across a wide range of O:C ratios and shifts to aromatic hydrocarbon degradation after 41 mos. Oil weathering pattern revealed by GC × GC-FID analysis and FT-ICR MS indicate both photo-oxidation and biodegradation contribute to the molecular modification of weathered oil in surface layers of saltmarsh sediments. Moderately oiled sites undergo rapid microbial degradation compared to the heavily oiled sites, and indicate that heavy oil contamination hinders microbial activity.
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Figure 3




Fig.1 Heteroatom class distribution of major species (>1% relative abundance) derived from negative ESI FT-ICR mass spectra of parent MWO Macondo well oil and oil contaminants over 48 mos post-spill with a TMAH-modified solvent system









