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Reactive iron(III) in sediments: Chemical versus microbial extractions
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Abstract

The availability of participate Fe(III) to iron reducing microbial communities in sediments and soils is generally inferred indirectly by 1
performing chemical extractions. In this study, the bioavailability of mineral-bound Fe(III) in intertidal sediments of a eutrophic estuary;
is assessed directly by measuring the kinetics and extent of Fe(III) utilization by the iron reducing microorganism Shewanella putrefac-
iens, in the presence of excess electron donor. Microbial Fe(III) reduction is compared to chemical dissolution of iron from the same
sediments in buffered ascorbate-citrate solution (pH 7.5), ascorbic acid (pH 2), and 1 M HC1. The results confirm that ascorbate at
near-neutral pH selectively reduces the reactive Fe(III) pool, while the acid extractants mobilize additional Fe(II) and less reactive Fe(III)
mineral phases. Furthermore, the maximum concentrations of Fe(III) reducible by S. putrefaciens correlate linearly with the iron con-
centrations extracted by buffered ascorbate-citrate solution, but not with those of the acid extractions. However, on average, only 65% of <j
the Fe(III) reduced in buffered ascorbate-citrate solution can be utilized by S. putrefaciens, probably due to physical inaccessibility of the ;
remaining fraction of reactive Fe(III) to the cells. While the microbial and abiotic reaction kinetics further indicate that reduction by
ascorbate at near-neutral pH most closely resembles microbial reduction of the sediment Fe(III) pool by S. putrefaciens, the results also j
highlight fundamental differences between chemical reductive dissolution and microbial utilization of mineral-bound ferric iron.
© 2006 Elsevier Inc. All rights reserved.

1. Introduction

Changes in the redox state of iron have a major impact
on the biogeochemical cycling of carbon, sulfur, nitrogen,
phosphorus and (trace) metals (Haese et al., 1998). Under
suboxic conditions, ferric iron is a potential electron accep-
tor for organic matter degradation (Froelich et al., 1979;
Lovley and Phillips, 1988), and studies in freshwater (Jones
et al., 1983; Jones et al., 1984; Lovley and Phillips, 1986a,b;
Roden and Wetzel, 1996) and marine (Canfield, 1993;
Thamdrup et al., 1994; Thamdrup, 2000; Jensen et al.,
2003) habitats indicate that dissimilatory Fe(III) reduction
can contribute substantially to the oxidation of organic
compounds. In situ dissimilatory iron reduction is influ-
enced by a variety of factors, including the microbial com-
munity structure and biomass (Dollhopf et al., 2000), the
quality and quantity of the organic matter (Chen et al.,
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2003), and the type and abundance of Fe(III) minerals,
(Bonneville et al., 2004).

Due to its low solubility, Fe(III) tends to accumulate in^
particulate form, mostly as ferric (hydr)oxides (Murray,!
1979), Fe(III) bound in alumino-silicates (Raiswell and,|
Canfield, 1998), and ferric phosphate phases (Buffle et al.,
1989; Hyacinthe and Van Cappellen, 2004). The speciation
and reactivity of particulate iron in soils and sediments are
generally inferred using chemical extractions (Chao and |
Zhou, 1983; Canfield, 1988; Slomp et al., 1997). Although,;
these methods are based on an indirect identification of the
minerals involved, they are simple to implement and are
able to detect small amounts of poorly crystalline phases, \
which may be difficult to quantify using spectroscopic tech-
niques. Furthermore, some of the limitations of single-step jj
extractions can be overcome by performing kinetic extrac-
tions, in which the release of iron and other elements by a I
given extractant is followed as a function of time. Kinetic
extractions provide a more complete characterization ofi
the composition and chemical reactivity of iron pools in
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