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The mobility of contaminants, availability of C and nutrients, and the geochemical character of
groundwater in subsurface environments is closely tied to the biogeochemical cycling of the major elements,
particularly the redox cycling of C, Fe, and S. By definition, redox transformations entail the transfer of electrons
between chemical species, and the inherent complexity of natural systems creates a network of pathways for
electron transfer that intimately couple the C, Fe, and S cycles. Understanding these complex systems requires a
fundamental understanding of highly coupled biotic and abiotic processes that drive the biogeochemical cycling of
C, Fe, and S in subsurface environments. Although much is known of the coupling of C, Fe, and S biogeochemistry
in general, many fundamental aspects relevant to subsurface environments have yet to be elucidated.

To better understand the effects of electron donor and Fe'"' oxide mineralogy on the biogeochemical
dynamics of Fe, S, and C under sulfate- and iron-reducing conditions, we created bicarbonate-buffered batch
systems containing acetate, lactate, or glucose as the electron donor and with ferrihydrite, goethite, or lepidocrocite,
in the presence of high (10 mM) or low (0.2 mM) sulfate. The batch systems were inoculated with the native
microbial community present in sediment from the Rifle, Colorado, USA, IFRC site. Mineral transformations were
monitored by x-ray diffraction (XRD) and x-ray absorption fine structure (XAFS) spectroscopy, and changes in the
microbial communities were determined from 16S rRNA-based tag sequence inventories. We examined incubations
containing acetate, lactate, or glucose as the electron donor and ferrihydrite and sulfate as electron acceptors. All
electron donors tested promoted ferrihydrite reduction to varying extents: glucose >> lactate > acetate. The rates
and extents of sulfate reduction were faster with lactate than with acetate, while glucose did not stimulate sulfate
reduction. Surprisingly, each replicate of the glucose-amended incubations developed a different color (white vs.
brown) over time, as well as different rates and extents of Fe" production and glucose fermentation product
profiles; a similar divergence in the replicate glucose bottles was observed when this experiment was repeated.
Siderite was the only solid phase detected in the white colored glucose incubation, while there was no significant
transformation of ferrihydrite in the brown-colored glucose incubation (consistent with the low levels of Fe'
production). Iron sulfide and vivianite were formed in the incubations with lactate or acetate. Unique microbial
community profiles were observed according to the availability of specific electron donors. The communities in
both of the glucose-amended incubations shifted rapidly and remained stable for the rest of the experiment,
consistent with the rapid initial reduction of iron with glucose. However, the community profiles in the incubations
with glucose were very different between the replicates, analogous to the differences in the extent of Fe" production
in the white vs. brown glucose incubations and the differences in the glucose fermentation product distribution in
each. This suggests that the differences in total Fe" production reflect the development of difference glucose-
fermenting communities in the replicate glucose incubations. The incubations with acetate and lactate also showed
major community shifts over time, but they were different from each other and from the community profiles in
glucose amended incubations.

We also examined incubations containing lactate as the electron donor and ferrihydrite, goethite, or
lepidocrocite, in the presence of high (10 mM) or low (0.2 mM) sulfate. In the presence of low sulfate, Fe'"
reduction was slow and limited for all of the Fe'"" oxides. However, the extent of Fe'"' reduction increased more than
10 times in the presence of high sulfate. In addition, the extent of Fe'"' reduction was higher in ferrihydrite and
lepidocrocite incubations than in goethite incubations. The concurrence of Fe'" and sulfate reduction in the high-
sulfate incubations, along with the low levels of Fe" production in the low-sulfate incubations, suggests that Fe'"
oxide reduction in these systems was primarily the result of abiotic reduction of Fe""' by sulfide produced by DSRB
and not by direct reduction by DIRB. XAFS analysis confirmed the presence of iron sulfide as the major secondary
mineral phase in these incubations. Prior to indications of Fe'" or sulfate reduction, lactate was rapidly fermented to
acetate and propionate, with subsequent sulfate reduction coupled to complete oxidation of propionate. Distinctly
different community profiles were observed for each of the Fe"" oxides with high and low sulfate. These results
suggest that when DIR is slow and both sulfate and Fe"" oxide are available, sulfide produced by microbial sulfate
reduction can drive Fe'" oxide reduction. However, the rate and extent of the Fe'"' reduction by sulfide are strongly
affected by the specific Fe'" oxide.



