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Hexavalent Chromium is a widespread contaminant found in soil, sediment, and groundwater. In order

to stimulate microbially-mediated reduction of Cr(VI), a poly-lactate compound (HRC) was injected Based on the . phylochip  data,

into the Chromium-contaminated aquifer at the Hanford (WA) 100H site in 2004. Cr(VI) z.in.a‘embm enrichments were o watss [

concentrations rapidly declined to below the detection limit and remained so for more than three years Vol et TGO 2354 mma.ted o study the dominant L .

after injection. Based on the results of the bacterial community composition using high-density DNA LA, SPE'C'evSV “" pure ) c'u]\'ure: Three

16S rRNA gene microarrays, we observed the community to transition through denitrifying, iron- 1 Peoonons peedallees K organisms were isolated, an Iron- e AR . asyalow B /\

reducing and sulfate-reducing populations. As a result, we specifically focused isolation efforts on ﬁgf::‘c":;m T rgducer, a sulfate reduc?r ““fl a o ,_ \ v | | | 1607 W« : seyeon

three bacterial species that were significant components of the community. Positive enrichments in Geobatr meledoas . 6515 E— “‘T“_"e red?“" named stramn RL‘Hl ) f. e . J / \ e bk

defined anaerobic media resulted in the isolation of an iron-reducing Geob tallireducens-like | Doy ] strain. RCH1 and strain RCH2 Leoe N/ gy il : il T

isolate, a sulfate-reducing Desulfovibrio vukgaris-like strain and a nitrate-reducing Pseudomonas Dgﬁmmmﬁwﬁfd%ﬂ respectively. Phyl‘ogcncuc analyses f . b

stutzeri-like isolate among several others. All of these isolates were capable of reducing Cr(VI) based on partial ]_(73 rDNA Lo

anoxically and have been submitted for genome sequencing to JGI. To further characterize the L0 sequencing revealed strain RCH3 3 8 g g 5 5 8 8 |§ 7 Lo B p—
icrobial ‘a"‘d chemi | hanisms associ ated with in situ Cr(VD) ref‘“““’" at the 5“?* additional was 99% similar to Geobacter metallireducens, strain RCHI was 99.9% similar to Desulfovibrio vulgaris A * * LR ? ' L

HRC was injected in 2008. The goal was to restimulate the indigenous microbial community and to Hildenborough and strain RCH2 was 99% similar to Pseudomonas stutzeri. Both strain RCH3 and strain RCH2 were e 2o ecion

regenerate the reducing conditions necessary for continued Cr(VI) bio-immobilization in the
groundwater. Analysis of the microbial populations post-injection revealed that they recovered to a
similar density as after the first injection in 2004. In this study, we present the results from our
investigation into microbially-mediated Cr(VI) reduction at Hanford, and a comparison of the
microbial community development following two HRC injections four years apart.

able to utilize glycerol as carbon and energy source. Glycerol is a component of HRC. However strain RCH3 could not
utilize lactate contrary to strains RCH1 and RCH2. Lactate is also a major component of HRC. All strains were capable
of Fe(IlI) reduction and Cr(VI) reduction. Detailed experiments were set up to study direct biological enzymatic Cr(VI)
reduction by the isolates. Strain RCH1 has been whole genome sequenced by JGI , while strains RCH2 and RCH3 are
in the process of being completed.

Cell numbers were monitored by AODC. The biomass increased in the lower part of the Hanford formation 5-6
days after the HRC injection to the same level as that in 2004.
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Cell suspension experiments were carried out with strains RCH1 and RCH2 to determine their ability of

Fe(ill) Chromium(VI) reduction. With both strains, Chromium(VI) concentrations decreased with time when 10mM

HRC so; Lactate was supplied as the sole electron donor. When lactate was left out, little or no reduction of Chromium took —_—
place, demonstrating biological reduction of Cr(VT). f
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Immunomagnetic separation (IMS) has been shown highly efficient for recovering microorganisms from heterogeneous CcO
samples. We are developing a field-deployable version of IMS that enables detection of target microorganisms (in this

case Desulfovibrio spp) from environmental water samples which will be then processed for transcriptomics and +Phylochip data suggests that the increased chromium immobilization coincided with
metabolomic studies. Anti-Desulfovibrio vulgaris antibodies were raised in rabbit, collected, and purified. Antibodies the increase of the Desulfovibrio, Geobacter, P and Dec strains
were then labeled with the unique biotin ligand. After antigen-antibody reaction, D. vulgaris cells were targeted and following HRC injection in 2004.

captured. After immunocapture using beads and subsequent release from beads, the sample was enriched only in curved, “Enrichments set up with water samples led to the isolation of a Geobacter species, a

vibrio like cells of DvH indicating a successful application of the IMS technique. Preudomonas species and a Desulfovibrio species from the site.

«All the isolates grew best at 0.5% salinity in media and at circumneutral pH, and were
all able to reduce metals like Iron(IIT) and Chromium(VI), demonstrating Cr(VI)
immobilization at the Hanford 100H site could be mediated by direct microbial
metabolism apart from indirect chemical reduction of Cr(VI) by end products of
microbial activity.

*Targeting specific microbes (sulfate reducing bacteria) from the water samples was
successful using the IMS protocol. Geochip analyses for specific functional genes from
targeted DvH-like cells was successfully analyzed.

*The microbial community in the monitoring well differs from that of the injection well
post the second HRC injection. The microbial community post the second injection is

Samples were monitored at regular intervals for microbial biomass and soluble Cr concentration. Water
samples were also used to study geochemistry and isolate indigenous chromium reducers from the site.
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Wirate reducers, suliur oXIaizers.
Crenarchacotes The biomass of significant
organisms such as
Desulfovibrio spp. and
Geobacter spp. went up
post-stimulation and
Fermenters, Nitrate reducers, Sulfate reducers | continued to remain high.

Hanford 100H water sample concentrated  DVH-like cells after release from the beads.  Non DvHlike cells post IMS not enriched with sulfate reducing bacteria, methanogens or Iron reducing bacteria

Hierarchical clustering by centrifuging down to Iml Approx cell count: 10%cells/ml Approx cell count:1.8X 106/ml . . LT
and heatmap plot of 168 Approx cell count: 1.8X 107/ml contrary to observations during the first inhection in 2004.
GeneChip analysis of

Nirate reducers, Sulfate reducers ;:";';;:Z:El;:;";‘gc';y Efficiency of cell isolation and recovery (i.e., release of the microbial cells from the beads following separation) was ACKNOWLEDGEMENT
during chromate followed by microscopic imaging and acridine orange direct counts (AODC). AODC analysis of the samples post-

Sulfate reducers, lron reducers. bioremediation. PCA separation of DVH cells show absence of DvH cells, and the presence of other cell morphologies.

“Acetoclastic & groups are indicated by Preliminary Geochip analyses of DvH cells post IMS from field samples showed down regulation of several energy
Hyciegencuophie Nethanoqenie rchaes brackets. metabolism genes which is consistent with geochemical and phylochip data from the site. ENIGMA is a Scientific Focus Area Program supported by the U. . Department of Energy, Office of Science, Office of Biological and
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