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Seasonality of Chromophoric Dissolved Organic Matter and Molecular Composition in Arctic Lakes along the North Slope of Alaska
Guillemette, F. (FSU, EOAS; NHMFL, Geochemistry); Frey, K. (Clark U., Geography); Podgorski, D.C. (NHMFL, FFI); Townsend-Small, A. (U. Cincinnati, Geology) and Spencer, R.G.M. (FSU, EOAS; NHMFL, Geochemistry)
Introduction


Lakes cover about half of the Arctic Coastal Plain of Alaska making them a predominant feature of the landscape in this region with a likely crucial role in the cycling and export of carbon (C) from land to the Arctic Ocean (Grosse et al., 2012). Although the combination of optical measurements with remote sensing offer a promising avenue to constrain land-aquatic C fluxes, little is known about the influence of seasonality on the quantity and quality of the organic C pool present in Arctic lakes (Prowse et al., 2015). Here we used a combination of absorbance and fluorescence measurements to follow the seasonal shifts in the optical properties of Arctic lakes, and further combined these measurements with ultrahigh resolution mass spectrometry (FT-ICR-MS) to explore the molecular underpinning of the observed seasonal changes in optical metrics, and to identify the possible mechanisms underlying these changes.
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We examined 56 lakes located across a latitudinal gradient of the North Slope of Alaska, USA, over three years (2012-2014) in late spring (ice-covered) and late summer (ice-free). Absorbance and fluorescence spectra of lake water samples were acquired using a Jobin-Yvon Horiba Aqualog spectrofluorometer. Additionally, we solid phase extracted (SPE; 100 mg Bond Elut PPL, Varian) water samples from 15 lakes covering the entire latitudinal gradient across seasons. The SPE extracts were analyzed in negative mode with a 9.4T FT-ICR mass spectrometer located at the NHMFL (ICR). Molecular formulas containing C1-45H1-92N0-4O1-25S0-2 were assigned using the © EnviroOrg Software.
Results and Discussion

We found coherent seasonal patterns in DOM composition in Arctic lakes with an enrichment in unsaturated, low oxygen and aliphatic compounds, and in microbial-like fluorescence, in the winter (Figure 1). Conversely, the summer organic C pool was more enriched in oxidized compounds, and showed a more pronounced fluorescence typical of peak A (humic-like material) coherent with an increase in the aromaticity index (Figure 2). However, our results suggest that the magnitude in the seasonal differences varied with latitude with the most marked changes at higher latitudes.
Conclusions 

In conclusion, our findings indicate a strong effect of seasonality on lake organic C composition through a possible modulation of the transport pathways and in situ processes, especially in the most northern lakes of the Arctic. These results suggest a marked change not only in lake C cycling in the Arctic, but also in the composition of the organic C exported to the Arctic ocean with climate warming.
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Fig. 1. Seasonal shifts in molecular composition of Arctic lake organic C and possible regulatory pathways.








Fig. 2. Seasonal shifts in the aromaticity index as determined by FTICR-MS (Dittmar and Koch, 2006).








