Dissolved Organic Matter (DOM) in the WAIS Divide Ice Core
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Results: EEMS Results: PARAFAC

The WAIS (West Antarctic Ice Sheet) Divide ice coring project is a multi-disciplinary EEMS were generated using a Horiba Jobin Yvon Fluoromax-4 Spectrofluorometer We applied Parallel Factor Analysis (PARAFAC) to all WAIS EEMS to resolve each
effort to collect a deep ice core from the flow divide in central West Antarctica (Figure and externally processed to remove inner filtering effects, Raman scattering, and blank sample into specific DOM fluorophores characterized by their excitation and emission
1a). The WAIS Divide ice coring project is the first to include chemical characterization signal fluorescence (see below). All EEMS were normalized to the water Raman signal. spectra. Since DOM iIs a complex chemical mixture that contains a broad range of

of dissolved organic matter (DOM) and particulate organic matter. Analysis of the ice 90% of the DOM in the 484 samples was dominated by the presence of both tyrosine- fluorescence and overlapping fluorophore regions, PARAFAC analysis is ideal for a
core will allow us to develop a series of interrelated climate and biologic records and tryptophan-like protein fluorescent signatures. Proteinaceous fluorophores (B and more thorough characterization of fluorescent DOM. We used the DOMFIluor toolbox
focused on understanding interactions of atmospheric global systems throughout T) are believed to reflect the production of amino acids during microbial metabolism for MATLAB to run PARAFAC (Andersson & Bro, 2002 and Stedmon & Bro, 2008) on
history. YA %% oy |~ g s ——— 0% (bacterial origin) and are typically more labile than DOM with significant humic all EEMS to determine statistically significant glacial DOM components specific to
Figure 1: a) %,}% il /f '\\ signatures (A, C, and M). WAIS Divide.
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- - - o e i All WAIS Divide samples contain proteinaceous fluorophores suggesting a strong Two identified amino acid-like PARAFAC components were present in the WAIS samples
higher plant organic material (Mopper et al., 2007). It is a significant component of - Sl - - 0 | |

| | | _ microbial influence on the ice core DOM character. Approximately 3% of DOM from f _ 0% Of | found to b d hich

f d al | t d fact b h | h _ _ _ _ rom 1300-1700m. 98.1% of samples were found to be component 1 dominant, whic
AL aTT GIaIcl BEABYS SIS dlf =al arist TaTly NJeansiiiisa) Prasesses S these ice cores show a shift to more humic material present and represent areas of describes samples with greater fluorescent intensity in that region than for component 2
as nutrient cycling, contaminant transport, and microbial growth. Materials trapped In potential geochemical interest - o
ice cores provide evidence to reconstruct the timing and extent of past changes on b d (Figure 8). | B . —

. . . . . . . . WAIS 1329m x10° WAIS 1344m WAIS 1346m WAIS 1357m a :
Earth. Snowfall accumulation at WAIS Divide is 22cm/year and deposits with it a high ? oo C) ) Figure 8: Amino acid-like components
resolution record of gases, dissolved chemicals and biotic and abiotic organic matter, . identified from PARAFAC analysis of
present in the atmosphere at the time of deposition (Figure 1b). Though glacial ice is | \é\g?)'tig'g'ﬁf Vvsiig‘;')efo(éi%(’r;;?gmb)
now recognized as a potentially significant global organic carbon reservoir, DOM has N component 2, and the corresponding
received little attention in past glacial systems studies and ice coring endeavors. i EEMS fluorescence and chemical J - J .
o, TN i T - structures of c) tyrosine, d) " maimum = 0.051 0P8 A T Inesimum - 0,030 CPS
<0 350 40 o 550 i B il = tr to h an, an d e h en Ial an | ne. a0 20 200 300 30 s:u(nm):-xao 30 400 420 440 M0 20 20 30 30 s:u(nm):-xao 30 400 420 440
Fluorescence Spectroscopy YPIoP ) pheny
C) Tyrosine d) Tryptophan e) Phenylalanine
The optical components of DOM provide Pony Lake
information on the chemical properties of the “"° 035

bulk sample. The Excitation Emission Matrix w0 P . 1"
Spectroscopy (EEMS) technique has become P — U
widely used to evaluate sources and sinks of
DOM. The principle of EEMS Is that excitation,
emission, and fluorescence intensity are
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wavelengths and plotted on a single map of — H°'°5 Discussion & Future Work
optical space (Hudson et al., 2007). EEMS are oo o D s ; * Proteinaceous fluorophores are dominant features in nearly all WAIS Divide samples

used to characterize the DOM based on the suggesting DOM of bacterial origin having more labile character in the early Holocene

Figure 2: Excitation Emission Matrix of Pony

presence of dlf.fe.rent CIaSS.eS of fluc_)rophor_es_ Lake (Antarctica) DOM that shows the major Geochemical Results 1300-1700m e COres.

and by the positions of their excitation/emission  fiyorescing components of DOM. A and C are — « PARAFAC analysis identified 2 major components with amino acid-like fluorescence.

maxima. The most common fluorophores of numic-ike components, Mis a marine humic- agen oo (403 fosaz {036 » Some EEMS display DOM character shifts to humic-like fluorescing material on or

D.OM and their deSCI’Ip'[IOI’]S are presented N proteig-like fIL,Jorescing components tyrosine Elkalts,lf((BC)s) j:::zzb ZZZE: after a volcanic event.

Figure 2. and tryptophan. Sodum (") (11561 6323 ppd * Early Holocene ice cores do not show strong links between environmental nutrient
LIV g U SN Teen L e e concentrations (H,O,, BC, 2Na, 44Ca, and nssS) and DOM fluorescing material.
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Questions to consider for the last glacial maximum:
1. What periods in history correlate to low and/or high concentrations in DOM and its corresponding
fluorescent nature?

Materials & Methods

of samples showing humic-like fluorescence. The ice core depths starting at 1329m and finishing at 1731m

Early Holocene cores (1300-1700m.) Wer_e melted by a Close.d continuous f.IOW ?‘nalySIS [6272-9439 years ago BP (19°0)] increase alphabetically from (a) to (o) EEMS. 2. Will the DOM concentrations and fluorescing material increase and/or decrease with bacterial counts and
system at the Desert Research Institute in Reno, Nevada (Figure 3). The interior melt . Total Organic Carbon — mwior b) = TS —— biological matter?

was directed to a sample collector (Gilson) for direct analysis and discrete sample ' | ' — » Future work will include: Last Glacial Maximum sample analysis, developing a new
collection for offline analysis at Montana State University. Discrete sample analysis | | PARAFAC model based on glacial environments and analysis of flow cytometry data
Included: EEMS and cell counts by flow cytometry. We are currently using a BD . | to characterize the biological and chemical constituents of the WAIS Divide ice cores.
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e Stedmon, C.A. and Bro, R., 2008. Characterizing dissolved organic matter fluorescence with parallel factor analysis: a tutorial. Limnol. Oceanogr: Methods 6.



