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ABSTRACT

A pilots for bi

le system was of subsurface U(VI) reduction by injection of ethanol at the U.S.

DOE’s Field Research Center (FRC) in Oak Ridge, TN. After U(VI) reduction was achieved, the stability of the bioreduced

RESULTS

Summary of GeoChip 2.0 probes and sequence information
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e ( Ridge, ! Was the bi Gene category No. gene No. probes (Operational day)
arca was examined by suspension of ethanol injections (resting state) and reoxidation of the area by introducing dissolved subcategories 1
oxygen (DO) for two months and then ethanol injections were resumed. Geochip 2.0, a 50mer - —l—l
containing probes for genes involved in the geochemical cycling of N, S, and C, metal resistance and contaminant degradation, Carbon degradation 6 2954 Resting period Reoxidation period
was used to monitor the dynamics of the groundwater microbial community structure and function. The immobilized U was Carbon fixation 6 844 (days 713-754) (days 810-884) Air saturated tap
stable during the resting state. After DO was introduced to the reduced area, the monitoring well (FW101-2) located closest to Meth ducti d oxidati ) 73 No ethanol water was injected (8-10 mg L)
the injection well, had a greater increase in DO (2 mg L) than the well located further away (FW102-3; <0.4-0.5 mg L1). ethane reduction and oxidation
Based on canonical correspondence analysis and Mantel test results, ethanol showed the greatest correlation to community Metal resistance and reduction 17 3950 — T
structure, although sulfide did correlate with changes in the functional community. Detrended correspondence analysis showed Nitrogen cycling 12 5663 SO BFW101-2
a shift towards a different community structure after ethanol injections resumed compared to the periods of starvation and N S Cluster analysis (Ieft) and relative abundances dsr genes Cytochrome ¢ genes  Meul resistance genes |3 5 OFW102-3
exposure to DO. Changes in the functional community structure were similar in the two wells; however, the community in Organic remediation 95 8741 nalys: > 24
-~ . " . N i (right) of individual gene groups from wells 5
FW101-2 was more affected by DO than in FW102-3. Hierarchical clustering showed that cytochrome ¢ genes grouped based sulfur cycling 2 1616 FWL0L-2 and FW102-3. For well FW102-3 R
on DO exposure, resting state, or ethanol addition, while dissimilatory sulfite reductase (dsr) genes grouped only by resting . : 25
s N " . H Total 292 24541 most of the genes clustered based on ethanol -
state or ethanol addition. However, the relative abundance of dsr genes did decrease when DO levels increased while the injection (d 746.850. no ethanol: d §87-992 2] H
relative abundance of cytochrome genes seemed unaffected by changes in DO. Overall, results indicated that ethanol was the , , , cthanol).  Samples from well FW102-2 clustered EN !_ﬂ
‘main factor affecting community structure, although some changes could be attributed to DO. Major geochemical concentrations at each timepoint examined less dﬂ'ﬂy suggesting that other factors, such as 2 V" 46 754 810 850 887 901 992 |
FW101-2 DO or other environmental factors, affected B a
BACKGROUND Operational Day 746 754 810 850 887 901 992 microbial communities in addition to ethanol. <10{f) . m:g;i
h 8 -3
Sulfate 1115 1014 1201 560 688 952 414 The relative abundance of dsr genes decreased £ 8 cytochrome ¢
during the reoxidation period, suggesting DO had 26
Sulfide 03 1.0 09 002 02 15 25 an affect on this gene group. However, cluster £,
Uranium 0.1 0.1 0.04 0.2 0.2 0.3 0.04 analysis did not show a similar response as no @ 5
S a3 m o ne || eepodwaend v p MISURUSURUS. E
u y s was 2
Fe(Il) 126 12 133 395 322 082 209 by any of the experimental periods, et distinct 746 754 810 850 887 901 992
pH 6.00 598 5.83 6.00 597 6.25 6.69 g‘i};hlgfz‘ds‘“_‘r};?“‘ ?‘}[‘?ﬂl)];l“s;eﬂ \ve;e evidlenl for — TeTat Tesistance BFW101-2
) o -3. The relative abundance of metal a5 -
Temperature (°C) 197 196 1730 143 143 137 161 resistance genes decreased after ethanol addition Zo0lm BFEW102-3)
FW102-3 was resumed, but did not appear to be affected by 2
g <5
Operational Day 746 754 810 850 887 901 992 DO. However, FWI101-2 showed a separate EB
cluster during the reoxidation period while = 101
Sulfate 112.5 96.3 136.2 64.4 36.5 67.4 61.5 FW102-3 showed with and without ethanol 2 5
Sulfide 03 23 04 02 35 60 61 clusters. £ NANMARY
3 Uranium 0.1 0.1 0.1 0.2 0.2 0.2 0.2 =746 7540310 t3501 %37 901 992
perational Da
S-3 Waste Ponds. The four unlined S-3 waste collection ponds were constructed in 1951 (left). Effluent waste, consisting CcoD 7 52 3 3 57 67 15
primarily of nitric acid, nitrate, metals, and radionuclides (U, Tc), were discharged into the ponds until 1983. The ponds were
neutralized and denitrified in 1984 and then capped in 1988, The sitc is currently covered with asphalt and serves as a parking Fe(ID) 25225 05740 34525 376 =
lot (right). Waste from the ponds seeped into the and has i ing area, resulting in a site pH 600 58 573 563 543 599 585 101-850
with low pH (3.4-3.6), high U (50 mg L"), and high nitrate (8-12 g L"). (Oak Ridge Field Research Center, 2007) Temperature (°C) 197 196 1730 143 143 137 161 102:992 @ © 102850 el Canonical correspondance analysis (CCA) and variation
. 4COD, chemical oxygen demand. COD was used to monitor ethanol concentration. 3 6.7% , partitioning analysis (VPA). CCA was done using all functional
4 101-887 Temperature COD Y //Geochem  genes detected and variables.
! < 102-887 [ \ d variables were chosen based on significance calculated from
I G 13011 = 101-746 individual CCA results and from variance inflation factors
Inner loop , Cluster analysis of all genes : Uranium ﬁ ” .102—746 8.4% J153% calculated during the CCA. Based on CCA results, sulfate, U,
~ detected. A total of twelve gene = N ;o COD, and temperature were the most significant environmental
yraa e e e groups were detected. Several of Z 101-901 101-810 / variables, with U, COD, and temperature being the most important.
= — thes s showed similar patterns
| W o ant), Genes in gowps 1.2, 3. 10 3 {02-901| 101992 . 1 VPA results caleulated from partial CCA results indicated that
& > S S ] L4 102-810 Temp about 75% of the variation observed could be explained by the
and 11 showed little change in cither 102-754 Sulfate ) . : ¢ ¢
uter loop ‘ ks well over the course of the study S s— environmental variables examined. A majority of the variation
njection:Fwo24 . . :
Injection:Fwo24 Mooamamate | 0 o i incromee in ‘on - could be expla;_ned by ge_nchem,dslry (U and sul Lm:]e n;/ and the
nner 1o0p P Faos G s average signal intensity on day 992, - L o ¥ an CA%).
Injection: FW104 with a greater increase in FW101-2 3 - - ;
Extraction: FW026 ey than FW102-3. Group 5 showed an CCA Axis 1, 50.6% .

Monitoring wells

i increase in average signal intensity on
FW101-2 (-40 ft)

746 754 810 850 887 901 92| day 810 and 901 for FW102-3 while

Legend

FW101-3 (-35 ft) ® Vi nd >
Finoss oty : & i e Grom T increases in FW101-2 were less than SUMMARY
FW102-3 (-35 ft) 4

that observed in FW102-3 and
oceurred at a later timepoint. Genes
in group 7 showed a similar level of
increase in both wells on days 901 and
m Gewsson2 1992, Finally, groups 6, 8,9, and 12
showed an increase in average signal
intensity on day 901 for FW102-3, but
not in FW101-2.

P

Groundwater recirculation system. The Stanford-ORNL project, located adjacent to the S-3 ponds, was started to T
examine the feasibility of in situ of . The system consists of two injection and
two extraction wells and several monitoring wells in a nested design. An above ground treatment system was used to
reduce nitrate and other i in the and water was reinjected to further reduce the 1y
contaminants within this system. Ethanol was injected intermittently to serve as an electron donor and promote reduction of
ual nitrate and immobilize U. Concentrations of U were reduced to below EPA drinking water standards (30 pg L-1).

T udy examinet inges in the function: mmunity when ethanol inj ns were temporarily stopped and when
dissolved oxygen levels were allowed to increase.

Ethanol increased diversity and richness in both wells and appeared to be the main factor in overall community structure.

746 754 810 850 857 901 992

The impact of DO on the communities could also be observed, although additional factors appeared to be influencing the communities in FW101-2, as well.
DO did affect the relative abundance of dsr genes, but did not appear to affect the relative abundance of cytochrome ¢ and metal resi:

nce genes.

AN NN

Temperature, sulfate, uranium, and COD were the most significant environmental variables examined in this study. The geochemical variables U and sulfate explained
~25% of the variation in functional genes observed and an additional 20% in combination with COD or temperature.
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METHODS - Ethanol ded ’ s

R 03850 Detrended correspondence analysis (DCA) ACKNOWLEDGEMENT

= 992 results of array data from the two
Groundwater samples (2 L) were taken from wells FW101-2 and FW102-3 during periods of resting, reoxidation and 3 No Ethanol monitoring wells. Samples clustered into
recovery. Samples were filtered and DNA was extracted from the filters using a freeze-grid method (Zhou et al., 1996). - two main groups (circled) — one of wells oy ] : : : . :
An aliquot of DNA (50 ng) was amplified using a modified rolling circle amplification (Wu et al., 2006) and labeled with = 754 @887 during msﬁng fm, cthanol addition) and ESPP2 (MDCASE) is part of the Virtual Institute for Microbial Stress and Survival (VIMSS) supported by the
cyanine 5. K] o e reoxidation periods during which no cthanol U. S. Department of Energy, Office of Science, Office of Biological and Environmental Research,

Z ) .
Labeled samples were hybridized to the GeoChip 2.0 (He et al., 2007). The GeoChip consists of >24,000 probes for < 754 0y, was injected (right) and the other after oxygen | G€nomics:GTL Program through contract DE-AC02-05CH11231 between Lawrence Berkeley National
genes involved in the geochemical cycling of carbon, nitrogen, "and sulfur, as well as genes for metal reduction and S control was reestablished and ethanol Laboratory and the U. S. Department of Energy.
resistance and organic Hybridiz were carried out in triplicate at 42 °C. a injections were restarted (left). This suggests . . . .
Arrays were imaged and analyzed using ImaGene software (v.6.1.0, Biodiscovery Inc.) :)hdl the wmmun(mch; were significantly altered | Contact information: joy.vannostrand@ou.edu; jzhou@ou.edu

of ethanol injections.

Spots with signal-to-noise ratios (SNR) of >1.5 were considered positive. If at least 1/3 (minimum of 2 probes) of the < ~—_ 4 i
probes for a particular gene were positive, the gene was considered positive.
Statistical analysis was performed using PCOrd (MjM Software, Gleneden Beach, OR) or Canoco (Version 4.5, Biometris 0 DCA Axis 2, 35.2% 35

— Plant Research International, The Netherlands)





