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Purpose and Objectives

The overdl god of the proposed research isto provide an improved understanding and predictive
cgpability of the mechanismsthat alow meta- reducing bacteriato be effective in the bioremediation of
redox sengtive toxic metas and radionuclides. The study is motivated by the likelihood that subsurface
metal-reducing bacteria can be stimulated to effectively dter the redox state of contaminants so that they
areimmobilized in situ for long time periods. The work described in this proposa will advance the
technologica and scientific needs associated with the long-term management of the enormous in-ground
inventories of Cr, U, Tc, and Co present at numerous DOE ingd|lations throughout the country. The
objectives of our project are to (1) develop an improved understanding and predictive capability of the
rates and mechanisms controlling microbidly mediated reduction of toxic metas and radionuclidesin
heterogeneous field settings, (2) quantify the impacts of hydrologica and geochemica processes on the
effectiveness of indigenous microorganisms to transform and immobilize radionudides and metdsin
situ, (3) provide an improved understanding of the importance of microbia consortiainteractionsin the
bacterid immobilization of radionucdlides and toxic metds, and (4) determine intrindc bioreduction rate
parameters to improve our generic predictive cagpability of in situ microbialy mediated meta reduction.



This report summarizes 0.5y of research for a3y project.
Progress and Relevanceto EM Needs

Our gpproach involves a multiscale experimental and numerica endeavor that uses (1) awell-
characterized, highly insrumented field facility for assessing biosimulation remedid Strategies involving
Cr(VI), U(VI1), and Co(I11)EDTA', (2) multiple tracer techniques designed to ddinegte the influence of
coupled hydrologica, geochemica, and microbia processes, (3) anovel microarray-based genomic
technology for rapidly characterizing shiftsin microbia community structure and activity, (4)
sophisticated surface andyss techniques (x-ray absorption spectroscopy) for quantifying the distribution
and chemicd environment of the immobilized contaminants, and (5) next-generation, high- performance
hydrobiogeochemistry modeling to assst the design and performance assessment of the proposed field
scae experiment.

Previous results in our group demonstrated the sustained microbia reduction of ®Co(I11)EDTA to
®Co(I1)EDTA under dynamic flow conditions (Brooks et d., 1999). The net reduction of the
%Co(I1)EDTA dominated the fate and transport of this contaminant, even in the presence of strong
minerd oxidants commonly found in the subsurface (eg. M- and Fe-oxides). The environmentd
implications of these findings are pronounced since ®Co(I11)EDTA is extremely stable and soluble, and
this enhances its persistence and transport in subsurface environments. By discovering away to keep
the bacteria hedlthy and growing, we were able to effectively stabilize ®Co(I1)EDTA in aflowing
subsurface system. This is advantageous from aremedia perspective since °Co(I1)EDTA is awesker
complex than ®*Co(I11)EDTA, and therefore easier to decouple and remediate. The research findings,
published by Brooks et d. (1999), provide new and important information on how to successfully
implement a bioreduction Strategy a thefidd scde. Thear use of adynamic flow system with sustained
bacterid growth conditions in geochemicaly reactive mediais condgstent with contaminant migration
scenariosin situ.

Progress to date includes:

Microbia community dynamics of the groundwater from the field Site has been characterized for
direct counts (AODC), aerobic heterotrophs, anaerobic heterotrophs, fermenters (SO, reducers,
methanogens, H, utilizers), nitrate reducers, Co(l11)EDTA reducers, Fe(l11) reducers, Mn(1V)
reducers, SO,* reducers, methanogens, and Fe(I1) oxidizers.

We have purified over 37 metd reducing isolates from the field-Site groundwater. Each have been
screened for Fe-citrate and Co(l11)EDTA reduction.

Severd bacterid isolates were found to reduce redox senstive metals such as Co(I11)EDTA,
Cr(VI), and U(VI) a arate comparable to that of Shewanella alga (BrY). Reduction rates had
time scales of hours which was sufficiently rapid to ensure that efficient toxic metal reduction could
occur in situ even in fractured systems with fast moving groundweter

(Fig. 1).



Time coarse studies usng WAG 5 groundwater are underway to follow cells (AODC), dectron
donor (e.g. lactate), and eectron acceptor (Co(l11)EDTA) with various amendments.

Abiatic vs. biotic reduction rates and mechanisms regarding Co(I11)EDTA, Cr, and U
transformation to reduced products are aso being investigated.

Feld dte geochemica dynamics including temperature, pH, Eh, dissolved O,, NOs/NO,,
Fe(I11)/Fe(I1), SO,%/S?, CO,/CH,, CI', major cations and anions, TOC, and akalinity arebeing
quantified as afunction of time in both the fracture and matrix regime.

Feld ste hydrologic and geochemica processes have compiled and documented through
publication and the design of the field scale contaminant injection and biostimulation experiment have
been initiated.

Implications:

The experimental and numerical results from this research will provide knowledge and information in
previoudy unexplored areas of in situ biostimulation for meta and radionuclide immohbilization to
support EM’smission of long-term isolation and in situ remediation of contaminated environments. By
unraveling the fundamenta mechanisms controlling the microbialy mediated reduction and
immobilization of contaminantsin situ, we provide an enhanced opportunity for successtully
implementing biostimulation strategies a numerous DOE inddlations that are plagued with legacy wadte.
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Reduction of Co(II1)EDTA" to Co(I1)EDTAZ? by bacteriad isolates obtained from
the WAGS field facility on the Oak Ridge Reservation
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