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Objectives/Hypothesis

The research in this study focuses on requirements for application of bioremediation

technology for cleanup of PAH contaminated sediments. In this project we examined the

factors that control the design, operation, and effectiveness of sediment bioremediation

processes. Specifically, the following were investigated:

e extent of treatment possible with highly contaminated, aged sediments (as a function
of PAH type, bioavailability, and microbial diversity/genotype);

* microbial and physical-chemical parameters that control degradation of high
molecular weight PAHs;

e optimization of slurry reactor operation (for example, mixing and/or aeration rates,
bioaugmentation, and surfactants to increase bioavailability); and

* use of a solid-phase oxygen source as a pretreatment to prevent volatile organic
carbon emissions when highly reduced anaerobic sediments are aerated for PAH
bioremediation.

Approach

PAH Biodegradation in Highly Contaminated Sediments

Initial studies focused on the degradation of PAHs in highly contaminated sediments
from Utica Harbor (Utica, NY). These sediments (supplied by the Niagra Mohawk
Power Company) were contaminated over 70 years ago during the operation of a coal
gasification plant, and contain total PAH concentrations as high as 7,000 mg/kg
(primarily 2-,3-, and 4-ring compounds). Hence, the contaminants should be highly
sorbed and bioavailability should limit both the rate and extent of contaminant
biodegradation. These studies will be conducted in small slurry reactors (200ml). Initial
experiments addressed rates and extent of degradation achieved under “ideal’laboratory
conditions. Additional experiments using these sediments were conducted to investigate
adaptation and selection (population shifts) of PAH-degrading organisms during the
treatment process.

Parameters that Control Biodegradation of High Molecular Weight PAHs

These studies focused on the effects of multiple contaminants on degradation patterns in
slurry reactors. Possible effects include co-oxidation and sequential utilization.
Experiments used sediments prepared in-house with defined mixtures (two to four
PAHs), and will focus on the influence of 2- and 3-ring PAHs on the degradation of 4-
and 5-ring PAHs. Abiotic controls were maintained for all studies using HgCl, (250
mg/L), and all experiments were conducted at least in duplicate. Initial studies were




conducted in a matrix design with sediments contaminated with known levels of PAHs.
To avoid volatilization losses, sealed systems were used with adequate headspace to
ensure aerobic conditions.

Optimization of Slurry Reactors to Enhance Rates and Extent of Biodegradation while
Minimizing Volatilization

A laboratory scale slurry reactor was constructed that was capable of controlling DO and
mixing intensities, and equipped with on-line monitoring of CO, production and
hydrocarbon traps. Reactors were constructed to control gas flow rates (either at preset
constant rates or to maintain a constant DO in the reactor) and mixed with variable speed
high torque mixers. Initial studies focused on control of gas flow rates to minimize
stripping losses. Experiments were conducted under various air flow strategies (constant
rate, constant DO) while monitoring biodegradation rates on volatilization losses.
Biodegradation rates were quantified by CO, evolution and extractions of sediment
samples. The possible effects of bioaugmentation on slurry reactor performance were
also be studied. Bioaugmentation may be effective for high molecular weight PAHs if
population shifts are essential to their degradation.

ORC Control of VOC Emissions from Bioreactors

In previous experiments we found that the initial oxygen demand of anaerobic sediments
can be met by aeration and by the addition of hydrogen peroxide. Large amounts of
hydrogen peroxide are often required, but hydrogen peroxide at high concentrations is
toxic to bacteria (Fiorenza, 1992) and may adversely affect subsequent sediment
bioremediation. A new solid metal peroxide may offer a solution to the VOC problem if
it can be formulated to the special requirements of bioreactors. The Oxygen Release
Compound (ORC) is a magnesium peroxide and breaks down when hydrated to yield
oxygen and magnesium hydroxide (milk of magnesia). The parent chemical and the end
products are non-toxic and can be disposed without regulatory concern. Experiments to
meet the objective of VOC control from disturbed sediments involved a sequential series
of experiments to determine the formulation and application methods best suited for use
with bioreactors.

Results

This project provided the basis for the design, operation, and management of high solids
slurry bioreactors for the cleanup of aquatic sediments contaminated with high mg/kg
concentrations of PAH compounds. We focused on in situ bioreactors, but the data
obtained was applicable to ex-situ reactors where indicated by engineering or regulatory
concerns. We will focus our attention on the important remaining issues—bioavailability
requirements, efficacy of bioaugmentation, process design, and control of VOC
emissions.

Summary of Results

» Developed a high rate bioreactor process to cleanup PAH contaminated sediments;

* Employed bioaugmentation to decrease volatile emissions from bioreactors;

» Explained the observed lack of effect of surfactants on bioavailability of
contaminants in sediments; and



» Partnered with a consulting firm (RETEC) to demonstrate bioreactor treatment of
contaminated sediment “Hot Spots™.

Supplemental Keywords
Bioavailability, volatile organics, and remediation

Students Supported
S.D. Chandra, M.S., 1995
C.L. Bruce

H.J. Marlow

S. Fiorenza

K.L. Duston

H. Tsomides, M.S., 1994
D.S. Francy

D. M. Beckles

S. D. Cahndra

V. Jee, M.S., 1995

V. Srinhas

J.H. Pointer, M.S.,1993

Publications and Presentations

Beckles, D.M., C. H. Ward, and J. B. Hughes, (1998) “The Effect of Mixtures of PAHs
and Sediments on Fluoranthene Biodegradation Patterns”, Enironmental Toxicolgy and
Chemistry, (17) 1246-125.

Chandra, S. D., J. B. Hughes, and C. H. Ward, “Biodegradation of sorbed fluorene in
sediment slurries”, Emerging Technologies in Hazardous Waste Management VI, ACS
Press, 1996.

Fiorenza, S., K. B. Biddle, D. F. Lowe, C. L. Oubre, and C. H. Ward, “Innovative
Bioremediation Technologies: The DOD/AATFED Continuation”, Proceedings, Global
Environmental Biotechnology_Approaching the Year 2000, International Society for
Environmental Biotechnology Their International Symposium, Boston MA (1996).

Francy, D.S., J.M. Thomas, R.L. Raymond, and C.H. Ward, "Emulsification of
hydrocarbons by subsurface bacteria", J. Ind. Microbiol., 8:237_246.

Hughes, J. B., D. M. Beckles, S. D. Cahndra, and C. H. Ward, “Utilization of
bioremediation processes for the treatment of PAH_contaminated sediments”, Journal of
Industrial Microbiology and Biotechnology, (18) 152-162, 1997 .

Hughes, J. B., Keynote Address, Superfund University Training Institute, Transport and
Fate of contaminants in the Subsurface, Richmond VA, June 19 21, 1996.



Hughes, J. B., Keynote Address “Where Are We Now? Moving to a Risk_Based
Approach”, Symposium on Natural Attenuation of Chlorinated Organics in Ground
Water, U.S. EPA ORD, Dallas, TX, September 11_13, 1996.

Hughes, J. B., V. Jee, and C. H. Ward, “Bioremediation of contaminated sediments”, 21*
Annual RREL Research Symposium, EPA Abstract Proceedings EPA/600/R-95/012,
1995.

Hughes, J. B. (1996) “Biological Treatment of Hazardous Wastes”, Frontiers of
Engineering, National Academy Press, Washington, D.C.

Hughes, J. B., D. M. Beckles, S. D. Cahndra, and C. H. Ward, “Utilization of
bioremediation processes for the treatment of PAH-contaminated sediments”, Journal of
Industrial Microbiology and Biotechnology, (18)152-162, 1997.

Hughes, J. and C. Ward, “Bioremediation of Sediments Contaminated with Polynuclear
Aromatic Hydrocarbons”, Final Project Submitted to the South and Southwest
Hazardous Substance Research Center, September 1997.

Hughes, J., “Bioremediation of PAH-Contaminated Sediments.” AIChE Spring National
Meeting, New Orleans LA, February, 1996.

Hughes, J., “Bioremediation of PAH-Contaminated Sediments.” 7th Annual ACS, I&EC
Division Special Symposium on Emerging Technologies in Hazardous Waste
Management, Atlanta GA, September 1995.

Hughes, J. B., D. M. Beckles, S. B. Chandra, and C. H. Ward, (1997) “Utilization of
Bioremediation Processes for the Treatment of PAH-Contaminated Sediments”, Journal
of Industrial Microbiology and Biotechnology, (18) 152-160.

Chandra, S., C. H. Ward, and J. B. Hughes (1996). “ Bidegradation fo Sorbed Fluorene in
Sediment Slurries”, Hazardous Waste and Hazardous Materials, (13) 375-385.

J. B. Hughes and C. H. Ward, “Biodegradaton of phenanthrene in sediment slurry
reactors”, AIChE Spring National Meeting, February 18, 1996.

Jee, V., D. Beckles, C. H. Ward, and J. B. Hughes, (1998) “Bioremediation of
phenathrene-Contaminated Estuarine Sediments” Water Research, (32) 1231-1239.

Tadros, M. G. and J. B. Hughes, (1997) “ Degradation of Polycyclic Aromatic
Hydrocarbons (PAHs) bvy Indigenous Mixed and Pure Cultures Isolated from Coastal
Sediments”, Applied Biochemistry and Biotechnology, (63-65) 865-870.

Tsomides, H. J.,J. B. Hughes, J. M. Thomas, and C. H. Ward, (1995) “Effect of
Surfactant Addition of Phenanthrene Biodegradation in Sediments”, Environmental
Toxicology and Chemistry, (14) 953-959.



Ward, C. H., M. R. Scalf, J. Cherry (Editors), Subsurface Restoration, Ann Arbor Press,
Chelsea, MI, 1997.

Ward, C.H., Invited Platform Paper, “Industrial/Environmental R&D _ Status, Needs,
and Direction”, Bio’96 International Biotechnology conference and Exhibition,
Philadelphia PA, June 13, 1996.

Ward, C.H., Invitational Lecture, “Advanced Technology of Environmental restoration”,
City of Houston, Department of Public Works and Engineering, Wastewater Quality
Control Laboratory, Houston TX, March 18, 1996.

For Further Information
Dr. Joseph B. Hughes
E-mail: Hughes@rice.edu



