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1. Introduction

In order to explore the role organic ligands playFe(ll)-activated trace metal release, we plarined
study the Fe(ll)-induced zZn(ll) release from Zn@bstituted Fe(lll)-oxyhydroxides in the presence
of natural organic matter. We were particularlyenested in the bulk-surface transfer of Zn(ll) con-
tained in the structure of goethite-FeOOH). Extensive laboratory research conductéat pp our
synchrotron experiments (C. Miinch, master thesi${ Eurich, 2013), however, revealed a lacking
effect of Fe(ll) on the release of Zn(ll) from goige, which unexpectedly contrasted earlier finding
on the Fe(ll)-induced trace metal release fromIFegkyhydroxides[1, 2] and hence rendered the
intended Zn K-edge (9659 eV) X-ray absorption spscbpy (XAS) measurements unnecessary.
Therefore, we decided to use our EV-11 beamtimarfother project in which we examine the role of
mineral-organic associations on the dynamics ofupanits in wetlands. In freshwater ecosystems sus-
pended associations of natural organic matter (N@M) mineral phases (‘flocs’) significantly impact
fluxes of organic C, nutrients, and contaminantgesk flocs, often dominated by NOM, are frequent-
ly enriched in trace elements (e.g., Ag, As, Cu, 8ip Pb) when compared to trace element contents
of the bed sedimen{8-5]. Several studies implied that the ability safspended freshwater flocs to
sequester trace elements depends on the contiot-@ssociated amorphous Fe-oxyhydroxides [3-5].
The reactivity of these phases was speculated abogely linked to floc NOM (predominantly micro-
bial cells and exopolymeric substances), which astsrganic framework for trapping and/or precipi-
tating amorphous Fe-oxyhydroxides [4]. Since knolgkabout the composition of freshwater flocs is
crucial to understand and predict trace elemenaviehin aquatic systems, we have collected Fe-rich
organic freshwater flocs from surface waters ofturally As-enriched minerotrophic peatlar@bla

di Lago, canton Ticino, Switzerland) [6]. The flocs wehmek-frozen in liquid N after centrifugation,
freeze-dried, and transferred into an anoxic glbog where they were sieved (500 um), homoge-
nized, and stored until use. The samples were agdljor their total C content, the content of major
and trace elements after microwave digestion, andhieir mineralogy using synchrotron-X-ray dif-
fractometry (SXRD). These analyses revealed that fthcs were significantly enriched in As
(<2615 mg/kg) and other trace elements (Pb, Zn) thad ferrihydrite — a nanocrystalline Fe(lll)-
oxyhydroxide — was the dominating mineral Fe phias#l samples. We found no significant correla-
tion between all major elements and As, suggegtiay several As immobilization mechanisms are
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operating simultaneously. Two As sequestration meidms linked to Fe were conceivable for these
freshwater flocs: (i) binding of both arsenite (N3] and arsenate (As(V)) — the dominating inorigan
As species in th&ola di Lago peatland — to organic Fe(lll) complexes and (dnplexation of
As(IlI/V) on surfaces of Fe-bearing minerals, ndyabe(lll)-oxyhydroxides [e.g., 7-9]. In order to
provide novel information on the speciation of Adrieshwater flocs, we examined the oxidation state
and local coordination environment of As in eigbtfsamples using As K-edge (11868 eV) XAS.

2. Experimental

For As K-edge XAS measurements, freeze-dried flatenmal was filled into Al sample holders and
sealed with Kaptdhtape. The samples were kept under anoxic conditimnil the end of the meas-
urements. Arsenic K-edge X-ray absorption near etigeeture (XANES) and extended X-ray absorp-
tion fine structure (EXAFS) spectra were recordefluorescence mode at ~20 K using a 13-element
Ge detector and a He(l) cryostat. The monochromagar calibrated to the first maximum in the first
derivative of the absorption spectrum of a metaicfoil (11919 eV), which was continuously moni-
tored to account for slight energy shifts (<1 eUjidg the sample measurements. For each sample 11-
19 scans had to be averaged for a decent sigmedise- ratio. Spectral processing and data analyses
were done according to standard procedures ussnt-&EFITT program suite [10].

3. Results and Discussion

First derivatives of As K-edge XANES spectra of therich freshwater flocs are shown in Figure 1.
They exhibit two maxima at ~11869 and ~11873 e\fsisient with As(lll) and As(V) reference
compounds. Accordingly, the flocs contained appdglei amounts of trivalent As, which points to-
wards a slow oxidation kinetics of As(lll) in oxgurface waters due to adsorption reactions [11].
Principal component analysis and target transfastirig revealed that all spectra could be described
by a linear combination of only two reference specAs(lll) and As(V) adsorbed to ferrihydrite.
Linear combination fit (LCF) analysis é&f-weighted EXAFS spectré-fange: 2-12 &) were con-
ducted in Athena. For this analysis, the edge gné&ig was set to 11969 eV for all sample and refer-
ence spectra. Figure 2 illustrates the EXAFS speaftithe flocs along with the corresponding LCFs,
and Table 1 summarizes the LCF results.
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Figure 1. First derivatives of normalized As K-edge XANES  Figure 2. k3-weighted As K-edge EXAFS spectra of As-rich freshwa-
spectra of As(lIl/V) adsorbed to ferrihydrite (Fh) and freshwater ter flocs and linear combination fits using As(ll/V) adsorbed to ferri-
flocs from the Gola di Lago peatland. Figures indicate energy hydrite as fit references. Experimental data is shown as solid and
values (eV) of the first derivative maxima corresponding to triva- linear combination fits as dotted lines.

lent and pentavalent As, respectively.



Table 1. Linear combination fit results obtained from As K-edge EXAFS
spectra using As(l11/V) adsorbed to ferrihydrite (Fh) as fit references.2

Sample As(V)}-Fh  As(lll)}-Fh Initial Sum  R-factor red.x2

W3 0.75 0.25 1.04 0.052 12
W3a 0.80 0.20 1.04 0.044 11
W5 0.71 0.29 0.87 0.045 0.7
W6a 0.71 0.29 1.07 0.223 6.2
W8 0.68 0.32 1.02 0.184 42
W9 0.72 0.28 1.01 0.033 0.7
W10 0.71 0.29 1.02 0.061 13
W11 0.84 0.16 1.05 0.044 1.2

#fit results rescaled to a sum of unity.

Our LCF results imply that the flocs contained bew 16 and 32% As(lll) (average: 26%) and indi-
cate that the entire As was associated with paogigtalline Fe(lll)-oxyhydroxides and/or present in
ternary Fe(ll1)-NOM complexes. Preliminary shell-dnalyses showed that both As(lll) and As(V) are
coordinated to Fe in a monodentate binuclear fastiq.c.~3.3 A; °C complex). Additionally, we
fitted Fe atoms at a distance of ~2.9 A, the typicteratomic As-Fe distance flE complexes of
As(lll) adsorbed to Fe(lll)-oxyhydroxides. Currgntive are performing shell fits with various alter-
native fit models in order to test for the preseoteeak low-Z backscatterers such as S and Cean th
first and second coordination shell of As, respetyi. So far, our analyses document that freshwater
flocs of theGola di Lago peatland are significantly enriched in As and thailtiple As coordination
environments exist. These findings have importanglications for the fate of As in wetlands. Since
freshwater flocs are highly mobile and dynamicamgosition, they exert an important control on the
mobility and bioavailability of As and other traeéements in freshwater systems. In order to better
understand the composition and dynamics of fregwlics in wetlands, particularly with respect to
the coupled dissimilatory Fe(lll) reduction andceeelement release, we plan to use Fe K-edge EX-
AFS spectroscopy to additionally characterize thwal Fe coordination in our flocs. These analyses
are crucial to infer the structure of the nano@liste Fe(lll)-oxyhydroxides formed in the presemde
abundant biopolymers. These phases are expeciguksess a much lower extent of octahedral link-
ages in their structure, making them more vulnerablbacterial Fe(lll) reduction and trace element
release as compared to Fe(lll)-oxyhydroxides foringtie absence of biopolymers.
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