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Elemental Composition and Optical Properties Reveal Changes in Dissolved Organic Matter along a Permafrost Thaw Chronosequence in a Subarctic Peatland
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As the climate warms, carbon stored in permafrost-zone peatlands may be released to the atmosphere and exacerbate warming. Much of the greenhouse gas production in peatlands comes from the breakdown of dissolved organic matter (DOM), whose reactivity depends largely on its chemical structure. We examined DOM chemistry along a permafrost thaw sequence in Stordalen Mire, a thawing subarctic peatland in northern Sweden. 

Pore water samples were desalted with solid phase extraction in PPL cartridges [1], then run in negative ionization mode on a Fourier transform ion cyclotron resonance mass spectrometer (FT-ICR MS) with a 9.4 Tesla superconducting magnet at the FT-ICR Facility at the National High Magnetic Field Laboratory (Tallahassee, FL). Unextracted samples were also measured by UV/visible absorption spectroscopy (UV/Vis) and excitation-emission matrix spectroscopy (EEMS) for determination of optical properties (Table 1). 

DOM composition at Stordalen appeared to be governed by the presence of Sphagnum moss, which appears in the more ombrotrophic early thaw stages (collapsed palsa, bogs, and poor fens) but is absent in fully-thawed minerotrophic rich fens. Specifically, DOM in the early thaw stages had greater aromaticity, greater O/C ratios, lower N/C and S/C ratios, and higher molecular weights (MW) compared to DOM from rich fens (Fig. 1). Given the higher CH4 and CO2 production rates previously observed in rich fen peat [2], the chemical characteristics of DOM from sites with Sphagnum may inhibit decomposition at these sites. As permafrost thaws, shifts from Sphagnum-dominated sites to rich fens releases this inhibition, leading to higher greenhouse gas emissions. 
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	Value
	Definition and Relation to Structure

	SUVA
	Specific UV absorbance: A254 / DOC (increases with aromaticity)

	BIX
	Biological Index: F310,380 / F310,430 
(decreases with aromaticity)

	HIX
	Humification Index: F255,434–480 / F255,300–344 (ratio of integrated fluorescence) (increases with humic-like / protein-like ratio)

	Emmax
	emission wavelength of peak C [3] (increases with aromaticity)

	Fmax / A340
	FpeakC / (A340*2.303)  
(decreases with molecular weight)
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Table 1. Optical properties, derived from UV/Vis and EEMS. Abbreviations: Aw = absorbance (m−1) at wavelength w (nm); DOC = dissolved organic carbon (mg/L); FEx,Em = fluorescence intensity (QSE) at excitation wavelength Ex (nm) and emission wavelength Em (nm).





Fig. 1. Principal components analyses (PCA) of optical properties (Table 1) and FT-ICR MS-derived average molecular characteristics.









