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Detection and Evaluation of Geobacteraceae
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Laboratory Sediment Incubations
1) Acetate addition to aquifer sediments stimulates loss of soluble U(VI).

2) Stimulated loss of U(VI) in sediments is a biological process.

3) Loss of U(VI) from solution is associated with stimulated metal-reducing
conditions in sediments.

4) Stimulated loss soluble U(VI) is associated with an enrichment in the
sediment microbial community of Geobacteraceae organisms known to
reduce Fe(III) and U(VI).

5) Removal of nitrate is a prerequisite for stimulated U(VI) removal
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16S rDNA Clone Library Analysis
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16S rDNA Clone Library Analysis
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Old Rifle Site 2002: Loss of U(VI) not sustained once sulfate
reduction was stimulated

Injection ) Monitoring Wells N
iGaIIery 1t row 2nd row 3 row
Y
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Flow

N

Zone of depleted Fe(lll) near point of injection.
Acetate completely consumed via stimulated sulfate reduction.
Loss of U(VI) inhibited due to stimulated sulfate reduction.




Results of the 2002 /n Situ Experiment Demonstrate:

1) Acetate addition stimulates the removal of U(VI) from the groundwater
at the Old Rifle site.

2) U(VI) was removed from solution under stimulated Fe(III)-reducing
conditions.

3) Molecular evidence obtained from groundwater samples indicates U(VI)
removal was associated with an enrichment of Geobacteraceae.

4) Removal of U(VI) decreased upon the stimulation of sulfate reduction.
- No known acetate-oxidizing sulfate reducers capable of U(VI) reduction.

5) Long term removal of soluble U(VI) from groundwater will require
maintenance of Fe(III)-reducing conditions /n situ.

Anderson, R.T. et al., 2003, Appl. Environ. Microbiol. 69(10): 5884-5891.



Old Rifle Site 2003
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Old Rifle Site 2003

Hypothesis: Increased acetate addition ensures net transport of acetate to
downgradient areas containing Fe(lll) thereby sustaining metal

reduction in situ.

Approach:

1) Increase the in situ acetate concentration to levels greater than
the ambient sulfate concentration (>10mM).

2) Monitor loss of soluble U(VI) and the progression of anaerobic
conditions via groundwater and sediment sample analysis.

3) Monitor the progression of stimulated microbial processes in the
groundwater and the sediments using 16S rRNA-based and PFLA-based
techniques.
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Plan View of the Old Rifle Test plot: Sediment Core locations
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AVS Extraction of Sediment Cores
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Extractable Uranium Bicarbonate-Extractable U(IV) and Total Uranium
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Clone Libraries: 13 ft Below Land Surface
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Plan View of the Old Rifle Test plot: Groundwater Clone Libraries (16S rDNA)
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Conceptual Summary of 16S rDNA Clone Library Data (2003)
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Summary of 2003 Experiment

1) Acetate injection at concentrations greater than the ambient sulfate
concentration extended metal-reducing conditions in the subsurface by
ensuring net transport of acetate downgradient into Fe(lll)-containing sediments.

2) Loss of U(VI) from groundwater was sustained in areas receiving acetate despite
a stimulation of sulfate reduction.

3) Enrichment of metal-reducers in sediments associated with enrichment of
bicarbonate extractable U(IV).

4) The composition of the microbial community in the groundwater may not reflect the
sediment community composition.

5) Acetate addition best suited for treating source zones.
- Stimulated loss of U from groundwater is progressively displaced from the source of acetate.



Old Rifle 2004: Lactate Addition
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