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Introduction
Aromatic hydrocarbons are widespread in nature and often contribute to contamination of
soil and groundwater. Benzene, Toluene, ethylbenzene, and the o,m,p-xylenes (BTEX)
are the major constituent of petroleum fuels. Through improper storage or handling, they
have been introduced into the environment. Because BTEX are suspected carcinogens
(Zedek, 1980), the Environmental Protection Agency (EPA) has established Maximum
Contaminant Levels (MCLs) for their concentrations in groundwater. For example, the
MCL for benzene is 5 ppb.
Aerobic degradation of BTEX has been extensively studied and documented (Gibson and
Subramanian, 1984). In oxic environments 02 serves as the terminal electron acceptor
(TEA) for electrons released during metabolic reactions and as a direct oxidant.
However, in many environments 02 may be limiting, and in these cases anaerobic
processes will dominate. Only recently has the microbially mediated anaerobic oxidation
of BTEX been elucidated (Harwood and Gibson, 1997). In the absence of oxygen, nitrate
(Altenschmidt and Fuchs, 1991), sulfate (Rabus et al. 1993), and metal ions such as iron
(Lovely and Lonergan, 1990) will function as terminal electron acceptors.
Previous studies of the anaerobic oxidation of benzene rings using Fe(llI) as TEA have
relied on the poorly crystaline Fe(I1I) oxide form (Lovely and Lonergan, 1990) or
chelated forms of Fe(ffl) (Lovely et al., 1996). Rapid oxidation rates seen with chelated
Fe(ffl) forms may be the result of greater bioavailablity of TEA for microbial reduction,
and thus a more efficient electron acceptor. The stoichiometry for benzene oxidation
coupled to iron reduction is:
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In this study, we report the anaerobic oxidation of benzoate in pseudo-fluidized bed
reactors seeded with anaerobic marine sediment from Eel Pond in Woods Hole, MA.
These results indicate the plausible existence of organisms which may use Fe(ffl)
supplied by iron phosphate as TEA for these oxidations. The selection of iron phosphate
to serve as the source of TEA was based on the dual substrate requirement of phosphate
and iron for the iron reducing microorganisms. In theory, the organisms will need to use
the phosphate in order to access the iron. The light green color of iron phosphate will
change as the oxidation state of the iron changes.
Materials and Methods
Column Assembly
This study was performed in two, up-flow, pseudo-fluidized bed columns (Figure 1). The
reactors are referred to as “pseudo”-fluidized bed because effluent is 100% recycled as
influent. Additionally, the bed was not fluidized in the conventional sense, but suspended
by the rotation of a stir bar. The speed of the stir bar determined the suspended height of
the bed medium (iron phosphate particulates). So a balance between suspended particles
and clear supernatant was established. After several catastrophic pump failures, the
pumps were turned off. The columns became continuously stirred batch reactors with a
fluidized bed of iron phosphate. Flow was supplied to the columns with a peristaltic

of glass and
pump at continuous flow rate of lmL/min. The columns were constructed
stopper
had an empty bed volume of 2.25 L. The columns were capped with a rubber
tions except
that had been wrapped in Teflon tape to minimize adsorption. All connec
1.
ed
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Fluidized Bed and Medium Preparation
Approximately 700 mL of fluidized bed medium as iron phosphate was prepared by
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dissolving 260 g FeSO
continuously stirred in alOL reactor. Oxygen was supplied to the reactor with 2
aquarium pumps. The initial reaction pH was slowly adjusted from 3.0 to a final pH of
6.0 with concentrated KOH. A lime green precipitate formed that settled in about 10
minutes to approximately 700 mL of wet material. The supernatant was discarded and
the precipitate was washed 5 times with 70% seawater. The iron phosphate was divided
into 2 equal volume portions and poured into the column reactors. The remainder of
column volume was filled with anoxic 70% seawater. The seawater was prepared by
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Sampling
Samples were removed from the columns via disposable needle that had been pushed
through the rubber stopper at the top of the column and fitted with a 3-way valve.
Samples were taken in a disposable 3.5 mL syringe and filtered with 0.2 p.m syringe-tip
filter into autosampler vials with Teflon-lined screw-top caps. Samples were stored at
20°C. Standards and samples were analyzed for parent compound using Waters Model
2690 HPLC. Twenty microliters of samples and standards were separated on a Waters
NovaPak C18 reverse-phase column. Sample were eluted in isocratic conditions sing a
50:50 v/v of 50 mM phosphate buffer (pH 4.0) and methanol. The flow rate was 0.5
rnL/min. The UV detector was set to a wavelength of 210 nm.
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Microscopy
Microscopy was performed on a Zeiss Axioplan2. Slides were captured using a Zeiss
MC8O DX camera and auto exposure equipment. Photos were exposed on Kodak Elite
Chrome Tungsten T160 film for color slides. Still video images were captured using a
Hamamatsu color chilled 3CCD camera and controller. Images were further manipulated
using Adobe Photoshop 4.0 and printed on an Epson Stylus Color 640 printer.
Results and Discussion
The benzoate concentrations measured over time are shown in Figure 2. It appears that
concentrations decrease over time, and that respikes (on day 6 and 13) of 100pM benzoate
are also degraded. However, since there are no abiotic control reactors, these decreases
in substrate concentration may not necessarily be attributed to biological activity. It is
4 solids may contribute to the observed losses.
possible that adsorption to FePO
Additionally, the concentration observed at day 9 was higher than day 8, though there
was no spike of benzoate. This could be an anomalous data point or the result of
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