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Reactivity of Triplet Excited States of Dissolved Organic Matter in Stormflow from Mixed-Use Watersheds

McCabe, A.J., Arnold, W.A. (University of Minnesota, Civil, Environmental, and Geo- Engineering)
Introduction

Urban stormwater and agricultural runoff carry pesticides, pharmaceuticals, and nutrients from landscapes to aquatic systems. While these chemicals serve important functions, they become pollutants when discharged into surface waters. When activated by sunlight, dissolved natural organic matter (DOM) generates triplet excited states of DOM capable of transforming pollutants. These indirect photolysis reactions are critical in determining pollutant fate and may be more important than direct photolysis reactions. Given that pollutants entering aquatic systems via agricultural runoff and urban stormwater are co-transported with DOM from a specific source, it is vital that we explore how the source of DOM contributes to indirect phototransformation of associated pollutants.
Experimental


Runoff samples were collected from 17 mixed-use watersheds during storm events between April 2015 and October 2015. The triplet excited state properties of DOM were measured in a solar simulator using well-characterized probe and actinometer techniques.1,2 DOM was concentrated using solid phase extraction following the protocol of Dittmar et al (2008).3 Extracts were analyzed in negative ion mode using a 9.4 T superconducting solenoid magnet.4
Results and Discussion
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DOM from developed watershed tends to have a relatively high abundance of CHOS compositions. The unique compositions of these watersheds are highly variable, spanning from aliphatic to recalcitrant/condensed aromatic. DOM from vegetated watersheds tends to have a high number of CHO compositions with unique compositions dominated by vascular plant-derived DOM. DOM from open water watersheds tends to have DOM with lower aromaticity and unique compositions that are aliphatic-like. Correlations between relative abundances and properties of triplet excited state properties of DOM show that the efficiency of triplet state production (also termed, the apparent quantum yield) negatively correlates with vascular plant-derived DOM (Fig.1). The full report is published in Environmental Science and Technology.5
Conclusions

FTICR MS was an integral tool to assess DOM composition in these systems. Using the relative abundances collected from FTICR MS allowed us to demonstrate that triplet excited state properties of DOM measurably vary with DOM molecular composition.
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Fig.1 Van Krevelen diagram displaying the correlation between molecular composition relative abundance and the apparent quantum yield of triplet states of DOM (AQYTcorr). Color indicates the strength and direction of correlation (ρ=Spearman rank correlation coefficient; only correlations with p-value<0.001 are shown). AI=Aromaticity index.








