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ABSTRACT

To better understand dissimilatory iron and sulfate reduction (DIR and DSR) by subsurface microorganisms, we
investigated the effects of sulfate and electron donors on the microbial goethite (a-FeOOH) reduction. Batch systems were
created 1) with acetate or glucose (donor), 2) with goethite and sulfate (acceptor), and 3) with aquifer sediment (microbial
source). With 0.2 mM sulfate, goethite reduction coupled with acetate oxidation was limited. However, with 10 mM
sulfate, 8 mM goethite reduction occurred with complete sulfate reduction and x-ray absorption fine-structure analysis
indicated the formation of iron sulfide. This suggests that goethite reduction was due to the sulfide species produced by
DSR bacteria rather than direct microbial reaction by DIR bacteria. Both acetate and glucose promoted goethite reduction.
The rate of goethite reduction was faster with glucose, while the extent of goethite reduction was higher with acetate.
Sulfate reduction (10 mM) occurred only with acetate. The results suggest that glucose-fermenting bacteria rapidly
stimulated goethite reduction, but acetate-oxidizing DSR bacteria reduced goethite indirectly by producing sulfides. This
study suggests that the availability of specific electron donor and sulfate significantly influence microbial community
activities as well as goethite transformation, which should be considered for the bioremediation of contaminated
environments.
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Table 1. Summary of experimental conditions

Experimental Conditions

Temp (°C) 18
Reaction Volume (mL) 120
Anoxic N,:CO,=80:20
Aquifer material (g) 6
Electron donor (mM)

Acetate 20

Glucose 20
Electron acceptor (mM)

Goethite 50

Sulfate 10 or 0.2
Bicarbonate buffer (mM) 30
Medium Composition /L
Millli QH,O (mL) 800
NaHCO; (g) 25
NH4CI (g) 0.25
NaH,PO,-H,O (g) 0.6
KCI (g) 0.1
Vitamin mix (mL) 10
Mineral mix (mL) 10
1 mM Na,SeO, (mL) 1
Vitamin Mix mg/L
Biotin 2.0
Folic acid 2.0
Pyridoxine HCI 10.0
Riboflavin 5.0
Thiamine 5.0
Nicotinic acid 5.0
Pantothenic acid 5.0
B-12 0.1
p-aminobenzoic acid 5.0
thioctic acid 5.0
Mineral Mix g/L
Nitrilotriacetic acid (NTA) 1.5
MgSO, 3.0
MnSO4-H,O 0.5
NaCl 1.0
FeSO47H,0 0.1
CaCl,-2H,0 0.1
CoCl-6H,0 0.1
ZnCl, 0.13
CuS0,-5H,0 0.01
AIK(SOy),-12H,0 0.01
H;BO; 0.01
Na;MoO, 0.025
NiCl,-6H,0 0.024
Na,WO0,-2H,0 0.025
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without 10 mM sulfate
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Fig. 1. Effects of sulfate concentrations on pH variation (a or d), total Fe(II) production (b or ), sulfate reduction (c or f) in the presence or
absence of 10 mM sulfate in the incubations with goethite. The incubations were started with 20 mM acetate and with or without 10 mM
sulfate amendments. Experimental points represent the mean of triplicate analyses and error bars indicate one standard deviation. The no
donor- and the sterilized-control experimental points represent a single analysis.
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Fig. 2. Effects of electron donor on (a) aqueous Fe(II) production, (b) total Fe(IT) production, (c) sulfate reduction, (d) pH variation, and (e)
acetate oxidation. The incubations were started with 20 mM acetate or glucose and 10 mM sulfate amendments. Experimental points
represent the mean of triplicate analyses and error bars indicate one standard deviation. The no donor- and the sterilized-control

experimental points represent a single analysis.
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