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Introduction

Interaction of sunlight with oil in seawater systems results in dramatic changes in the fate and transport of the oil.  While the importance of such transformations has been frequently noted in publications, little information has been available to provide a fundamental understanding of the photochemical processes.  In this study, we have utilized high resolution mass spectrometry in order to identify molecular formulas of water soluble and oil soluble photoproducts, which predominantly consist of oxygenated compounds.  The results provide necessary details of the composition of photoproducts as well as the classes of compounds that are susceptible to photooxygenation.
Experimental


Crude oil from the Deepwater Horizon spill was placed over seawater and irradiated for various times using simulated sunlight.  Aqueous photoproducts were concentrated using a solid phase microextraction protocol.  Concentrated aqueous samples were diluted in MeOH:toluene (1:1) and analyzed by negative ion electrospray FT-ICR MS using a 9.4T instrument at the National High Magnetic Field Lab in Tallahassee.
Results and Discussion


Oil from the Macondo 252 well was placed over water and irradiated with simulated sunlight.  The results showed production in the aqueous phase of a wide range of oxygenated compounds that were not present in dark controls.  The most abundant oxygenated molecular formulas in the aqueous phase for dark samples contained two oxygen atoms compared to five oxygens for the irradiated sample (Table 1).  Increased abundance of oxygenated species were observed with as many as 10 oxygens per molecular formula, indicating that oxygenation can occur multiple times on the same molecule.  Oxygenation occurred across molecules with a range of hydrogen to carbon ratios, indicating that oxygenation is broadly applicable across most of the original oil compounds.
Conclusions

High resolution FTICR MS has clearly demonstrated that sunlight plays an essential role in oil fate and transport.  Photooxygenated oil derived compounds are more water soluble and hence are more likely to be transported in the water column.  In addition, higher water solubility also suggests greater bioavailability, which could lead to more rapid biodegradation or higher toxicity, depending on the organisms involved. 
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	Number of oxygens
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	% relative aqueous abundance, dark
	1.5
	8.4
	3.9
	4.0
	1.5
	0.91
	0.59
	0.37
	0.27
	0.23

	% relative aqueous abundance, irradiated
	0.48
	2.6
	2.8
	5.0
	5.2
	4.4
	2.8
	1.7
	0.93
	0.45


Table I. Percent relative abundance vs number of oxygens per molecule for water under dark and irradiated oil.









