Microbial Population and Degradation Activities Changes Monitored During Chlorinated
Solvent Biovent Demonstration

Susan M. Pfiffner', Anthony V. Palumbo® and Greg Sayles®

'The University of Tennessee, Knoxville, TN USA

*Oak Ridge National Laboratory, Oak Ridge, TN USA

*U.S. Environmental Protection Agency, Cincinnati, OH USA

Introduction

Characterization of changes in the microbial community is essential in proving the effectiveness
of bioremediation. Documentation of changes in the concentration of contaminants in soil and
water helps to show the effectiveness of the remediation, but does not definitely determine the
fate of the contaminant. Observed reductions in contaminant concentration could be the result of
biodegradation but could also be due to transport out of the sampling area, or increased
adsorption to sediments. Linking contaminant loss to biodegradation can be accomplished
through techniques that document changes in the presence, number, and degradation activity of
the contaminant-degrading microorganisms. As part of the Remediation Technologies
Development Forum Bioremediation Consortium, we monitored microbial population changes

and activities at the co-metabolic biovent demonstration at Dover Air Force Base, Dover,

Delaware to help determine the effectiveness of the bioremediation treatment.

Work Description

The targeted site was contaminated with TCE, 1,2-cis DCE and 1,1,1-TCA at levels ranging from
non-detect tol5, 35 and 200 mg/kg, respectively. Depth to groundwater varied over time from
1.8 to 3.0 m due to changes in rainfall. A 6-m x 9-m test plot was established that included

air/co-substrate injection and soil gas sampling points over a 3-m depth interval below the
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acclimation of the field site to propane, the air/propane injection system was operated for 16

months.

Sediment and groundwater samples were collected between March 1997 and August 1999
(Figure 1). Samples were collected using techniques developed through the RTDF
Bioremediation Consortium and the DOE Subsurface Science'. While dedicated downhole
bladder pumps were used to obtain the groundwater, steam-cleaned split spoon or Geoprobe
samplers were used to collect sediments. Sample processing was accomplished with sterile
utensils and nitrogen-purged containers. Sediment and groundwater samples were shipped
overnight on blue ice for laboratory microbial analysis at the University of Tennessee. Prior to
the propane gas injection, sediment samples were analyzed to establish a baseline for microbial
populations, diversity, community structure, and degradative capabilities. During the bioventing
and prior to completion of the demonstration, sediment and groundwater samples were analyzed

to determine shifts in the microbial community, changes in TCE degradation and effectiveness of



the bioremediation.

Microbial characterization and laboratory studies included enumeration of specific groups of
bacteria, and activity studies. For sediment and groundwater samples, enrichments for propane
oxidizers, methanotrophs, heterotrophic aerobes, iron reducers, methanogens, sulfate reducers,
and heterotrophic anaerobes of microorganisms were performed as dilution series and incubated
at 25°C for up to one month >, Contaminant degradation potential was estimated in laboratory
microcosms by measuring '*C-daughter products from the degradation of '*C-TCE using gas
chromatography-gas proportional counting. The microcosms consisted of 10 ml groundwater or
2 ml sediment, 0.5 uCi "“C-TCE, and 2 ml mineral salts solution in 10 ml serum bottles or test
tubes with teflon/silicone septa and aluminum seals *. Variations of the microcosm experiment

included nutrient amendments and anaerobic conditions. The microcosms were sampled over

time.
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injection, but increased dramatically to greater than10,000 cells/g following propane acclimation.
In addition, aerobic heteroptrophs increased greater than 100 fold. Although anaerobic
populations (heterotrophs, iron and sulfate reducers) were less abundant than the aerobic
populations, these anaerobic populations increased after propane acclimation. Apparently as a
result of the continued air/propane injection, the sulfate reducers declined in abundance.

TCE degradation potentials as measured in the laboratory microcosm analyses changed during
the field test. Initially TCE degradation was below detection in unamended microcosms and was
minimal in microcosms amended with propane and nutrients. The potential for TCE degradation
increased during the biovent demonstration and was greater near the injection well (Figure 3).
TCE degradation potential was also greater at shallower depths (Figure 3). Measured TCE
degradation potential was greatest in aerobic and nutrient amendment microcosms, suggesting
potential for nutrient limitation
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Chemical monitoring data supported the laboratory microbial results. Large drops in soil gas
VOC levels was seen over time indicated significant VOC removal occurred (data not shown).
Testing prior to completion of the demonstration showed that propane was consumed rapidly by
the microbial populations and that the rate of propane utilization increased during the course of

the field test.

Discussion and Conclusions

The monitoring data indicate that the addition of propane resulted in stimulation of specific
microbial populations and thus a change in the overall microbial community structure to bacteria
capable of using propane. This increase in the population of bacteria capable of using the
injected co-substrate is necessary for effective bioremediation and mimics population trends seen
in bioventing with methane to remediate TCE. At the Savannah River Site, methane was
injected and the population of methanotrophs increased *. In both demonstrations, microbial
populations that could utilize the co-substrate increases significantly and measured degradation
activity increased significantly. Furthermore, both demonstration showed increased
heterotrophic populations, suggesting microbial utilization of cellular metabolic products and
recycling of nutrients. In addition, propane/air injection increased TCE degradation. TCE
degradation studies were comparable between to DAFB and SRS biovent demonstrations *. At
both sites, the injection of co-substrate increased TCE degradation. Monitoring the microbial
community characterization and TCE degradation studies were essential in providing microbial
evidence to substantiate the chemical monitoring data for determining the effectiveness of this

co-metabolic biovent bioremediation. The data from this study indicates that propane can be



used as the co-substrate for biovent remediation of TCE. There may be advantages in using
propane rather than methane related to the rates of degradation achieved and the range of

compounds that are degraded *°.

The data from both this demonstration and the SRS demonstration indicate a potential for
nutrient limitation during bioremediation. Nutrient limitations in Eastern coastal plain
sediments, such as those found at DAFB and SRS, has been previously documented ®. During
the SRS co-metabolic bioventing demonstration, the gaseous nutrient addition (with nitrous
oxide and triethylphosphate) was tested and proved successful in further stimulating degradation
in the field *’. At SRS increased degradation of TCE was seen in response to the 1% methane
injection, whereas significant degradation of both TCE and PCE occurred in response to the
subsequent injection of nutrients. Results demonstrated success in stimulating subsurface
methanotrophic populations to achieve higher degradative populations and contaminant
degradation rates. Summaries and modeling of the demonstration *° indicated the significant
impact of the nutrient addition on increasing the rate of TCE degradation and decreasing the
treatment time. Based on the microcosm results presented here and on the published literature,
we speculate that had additional nutrients been provided in the co-metabolic biovent

demonstration at Dover AFB, TCE degradation would have been further enhanced.

Acknowledgments

Oak Ridge National Laboratory is managed by UT-Battelle, LLC for the U.S. Department of

Energy under contract DE-AC05-000R22725. Support was provided by the DOE



Environmental Management Office of Science and Technology. We also thank Barry Kinsall,
Tommy Phelps, Shirley Scarborough, Lisa Fagan, Scott Newton, and Chuck Payne, RTDF

partners, Dames & Moore, and Dover AFB.

References

1. Fredrickson, J.K. and T.J. Phelps. 1996. Subsurface microbiological sampling, p. 526-
540. In M. Mclnerney (Ed.), Manual of Environmental Microbiology. American Society
for Microbiology. Washington, D.C.

2. Phelps T.J., D. Ringelberg, D. Hedrick, J. Davis, C.B. Fliermans and D.C. White. 1988.
Microbial biomass and activities associated with subsurface environments contaminated
with chlorinated hydrocarbons. Geomicrobiol J 6:157-170.

3. Pfiffner, S.M., J.J. Beauchamp, T.J. Phelps, A.V. Palumbo, and T.C. Hazen. 1997.
Effects of methane dosing to groundwaters and sediments. J. Indust. Microbiol. 18 :204-
212.

4, Phelps T.J., J.J. Niedzielski, K.J. Malachowsky, R.M. Schram, S.E. Herbes and D.C.
White. 1991. Biodegradation of mixed-organic wastes by microbial consortia in
continuous-recycle expanded-bed bioreactors. Environ. Sci. Technol. 25:1461-1465.

5. Tovanabootr, A. and L. Semprini. 1998 Comparison of TCE transformation abilities of
methane and propane-utilizing microorganisms. Bioremediation J. 2:105-124.

6. Phelps T.J., S.M. Pfiftner, K.A. Sargent and D.C. White. 1994. Factors influencing the
abundance and metabolic capacities of microorganisms in eastern coastal plain sediments.
Microb Ecol 28:351-364.

7. Palumbo A.V., S.P. Scarborough, S.M. Pfiffner and T.J. Phelps. 1995. Influence of
nitrogen and phosphorus on the in situ bioremediation of trichloroethylene. Appl
Biochem Biotechnol 55/56: 635-647.

8. Hazen T.C., K.H. Lombard, B.B. Looney, M.V. Enzien, J.M. Dougherty, C.B. Fliermans,
J. Wear and C.A. Eddy-Dilek. 1994. Summary of in-situ bioremediation demonstration
(methane biostimulation) via horizontal wells at the Savannah River Site integrated
demonstration project. /n: In-Situ Remediation: Scientific Basis for Current and Future
Technologies. (Gee GW and NR Wing, eds), pp 137-150, Battelle Press, Richland, WA.

9. Travis B. and N. Rosenberg. 1994. Numerical simulations in support of the in situ
bioremediation demonstration at Savannah River. LA-12789-MS. Los Alamos National
Laboratories, Los Alamos, NM.



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7

