The purpose of the meeting was to bring together the leading scientists and engineers in this diverse area
to further dialogue berween those conducting basic mechanistic research and those designing fieldable
Systems, within the context of policy guidelines. The meeting was attended by 110 participants
representing industry, academia, and government institutions, from 11 countries on § continents. To
accomplish the goals of the Symposium, the talks were arranged broadly into sessions covering basic
molecular genetics, microbial physiology and biochemistry, applications and engineering systems, fate
and effects and monitoring, and policy guidelines. In addition, there were poster sessions throughout the
week.

One basic tenet of bioremediation is the occurrence of gene transfer between organisms which confers
NEW properties on the recipient. Dr. Robert Miller described studies using virus vectors to transform
bacteria and conditions resulting in the lysogenic response. The natural abundance of bacteria and phage
particles in aquatic environments make subsequent infection of the bacterial community possible.
Molecular genetic approaches also challenged the notion that dichloromethane dehalogenases were
relatively recent adaptations to pollutants. Dr. Tom Leisinger’s work suggests that it evolved in
Cyanobacteria and proteobacteria as a defense against oxygen toxicity and is, in fact, very ancient.

Other, more practical, observations include Dr. Michael Bagdasarian’s work which showed that genetic
regulatory sequences in soil bacteria act differently under starvation conditions than in culture. It
therefore follows that one should select for promoters which function under these conditions, i.e.,
activate systems in soil under starvation conditions. Similarly, Dr. John Reeve looked at genes which
cope with growth vs. non-growth (i.e., starvation) conditions. Using methanogenic organisms, he
described studies aimed at activating methyl reductase Systems under starvation conditions to achieve
substrate degradation without growth of biomass. Another example of a practical application of a
mechanistic observation was Dr. Gi] Geesey’s work defining the surface characteristics which stimulate
exopolysaccharide production by bacteria. These biofilms often block bioreactors and injection wells,
but can also be used to block the spread of plume of pollutants in ground water.

Lignin degradation was an important topic and Dr. Michael Gold’s discussion of a proposed mechanism
by which white rot fungi degrade lignin and many other aromatic pollutants produced the most
incendiary debate at the meeting. Briefly, he proposed that peroxidases depolymerize lignin and the
monomers are taken up by the fungi and oxidized to quinone, which is then degraded further by either
reduction or methylation. Drs. C. A. Reddy, Steven Aust, and Irwin Gunsalus further elaborated on
lignin degradative pathways.

Methanogens are a very diverse group of extreme anaerobes which were also discussed at length. Drs.
Tom Leisinger, Mary Lindstrom and John Reeve led much of this discussion which centered on the
genetic messages for methyl reductase, and manipulation of substrate specificity by altering nutrient
conditions. . ]
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A great deal of time was spent discussing biodegradation of haloaromatic, alkylated aromatic, and
methoxyaromatic compounds. Dr. Joseph Suflita focused on a group of gasoline additives while Dr.
Ronald Unterman discussed the treatment of TCE contaminated water. The latter used a genetic
approach to separate the desired catalytic activity from metabolic regulation by using selective
promoters, and also described a sequential aerobic/anaerobic approach to solid phase treatment of waste.

Sensitive monitoring and detection technologies are crucial to both locating toxic wastes and monitoring
the condition of microbial systems. Biosensors and recently been developed which detect picogram
quantities of chemicals and toxins, and work with a number of these technologies was discussed by Dr.
James Valdes. Dr. Ronald Atlas described a modified PCR method to probe for genetic markers in soil
as a way to monitor the presence of viable bacteria, and an enzyme amplified oligonucleotide probe
technique.

This meeting was unique in its emphasis on applications and engineering, and closer cooperation
between microbiologists and process engineers will be critical to the future. This need was evident by
the rather spirited debates between these disparate disciplines which emphasized the lack of agreement
on many issues from nomenclature to mathematical modeling. Dr. Rodolfo Quintero described a
massive water remediation project in Mexico, Dr. Eugene Rosenberg described a successful remediation
of an oil contaminated heach in Israel, Dr. Murray Moo-Young discussed airlift bioreactor systems in
Canada, and Dr. Robert Hickey detailed plans for sediment remediation at the Savannah River site. The
gulf between the biologists and engineers was most apparent in the heated discussion of Monad Kinetics
which followed Dr. Leslie Grady’s talk on mathematical modeling and system design.

Finally, discussions of policy issues and funding were raised in the final session. Mr. Walter Mikucki
from the Army Corps of Engineers presented an overview of the Army’s environmental problems and
programs, and Dr. Hap Pritchard presented regulatory issues of concern to the Environmental Protection
Agency. Many other papers and posters were presented and all had one thing in common other than
outstanding quality — a recognition that neither the biologist nor the systems engineer can afford to live
in a vacuum if bioremediation systems are ever to be successful on alarge scale.

The Keystone Symposia organization will recommend that a second meeting be held in 1995 with Dr.
James Valdes as Organizer/Chairman. A relatively greater emphasis will be given to issues of

“concurrent engineering” approaches to science and engineering, and workshops to bring the many
relevant disciplines together.
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OFFICE OF THE UNDER SECRETARY OF DEFENSE (ACQUISITICN)
' DEFENSE TECHNICAL INFORMATION CENTER
CAMERON STATION
ALEXANDRIA, VIRGINIA 22304-6145

INREPLY

mreao  DTIC-OCC

SUBJECT: Distribution Statements on Technical Documentls

OFFICE ‘OF MAVAL RESEARCH
CORPORNTE PROGRAMS DIVISION

TO: ONR 353
' 800 MORTH QUINCY STREET
ARLINGTON, VA 22217- 5GC0

1. Reference: DoD Direclive 5230.24, Dislribution Stalementls on Téchnical Documents,
18 Mar 87. /

2. The Defense Technical Information Cenler received the enclosed report (referenced
below) which is not marked in accordance with the above reference.

FINAL REPORT
N00014-93-1-0198

TITLE: ENVIRONMENTAL
BIOREMEDIATION AND
BIODEGREDATION

3. We réﬁdesl the appropriale distribulion slalement be assigned and the report relurned
to DTIC within 5 vgoﬂdng days.

"“I,»‘
4, Approved distriblilion stalements are listed on the reverse of this lelter. If you have any
questions regarding these statements, call DTIC's Cataloging Branch, (703) 274-6837.

/945 D27 OO

FOR THE ADMINISTRATOR:

GOPALAKRISHNAN NAIR
Chief, Calaloging Branch

1 Encl




DISTRIBUTION STATEMENT A:
APPROVED FOR PUBLIC RELEASE: DISTRIBUTION IS UNLIMITED

DISTRIBUTION STATEMENT B:
DISTRIBUTION AUTHORIZED TO U.S. GOVERNMENT AGENCIES ONLY; .

(Indicale Reason and Dale Below). OTHER REQUESTS FOR THIS DOCUMENT SHALL BE REFERRED
TO (Indicale Controlling DoD Office Below). _

DISTRIBUTION STATEMENT C:

DISTRIBUTION AUTHORIZED TO U.S. GOVERNMENT AGENCIES AND THEIR CONTRACTORS;
(Indicale Reason and Dale Below). OTHER REQUESTS FOR THIS DOCUMENT SHALL BE REFERRED

TO (Indicate Conlrolling DoD Ollice Below).

DISTRIBUTION STATEMENT D: y
|l

DISTRIBUTION AUTHORIZED TO DOD AND U.S. DOD CONTRACTQ',RS ONLY; (Indicate Reason

and Date Below). OTHER REQUESTS SHALL BE REFERRED TO (Indicate Conlrolling DoD Olfice Below).

DISTRIBUTION STATEMENT E:

DISTRIBUTION AUTHORIZED TO DOD COMPONENTS ONLY; (Ihdlcale Reason and Date Below).
OTHER.REQUESTS SHALL BE REFERRED TO (Indicale Conlrolling DoD Olfice Below).

DISTRIBUTION STATEMENT F:

FURTHER DISSEMINATION ONLY AS DIRECTED BY (Indicate Controlling DoD Office and Dale
Below) or HIGHER DOD AUTHORITY. '

DISTRIBUTION STATEMENT X:

DISTRIBUTION AUTHORIZED TO U.S. GOVERNMENT AGENCIES AND PRIVATE INDIVIDUALS
OR ENTERPRISES ELIGIBLE TO OBTAIN EXPORT-CONTROLLED TECHNICAL DATA IN ACCORDANCE
WITH DOD DIRECTIVE 5230.25, WITHHOLDING OF UNCLASSIFIED TECHNICAL DATA FROM PUBLIC
DISCLOSURE, 6 Nov 1984 (Indicale date of delerminalion). CONTROLLING DOD OFFICE IS (Indicate

Controlling DoD Ollice)." .

The ciled documents has'been reviewed by competent aulliorily and the following distribution stalement is
hereby authorized.

ﬁ/ OFFICE OF NAVAL RESEARCH

(Stalement) SORP(-)I‘,ATE PROGRAMS DIVISION (Controlling DoD Olfice Name)

253
800 NOTH QUINCY STREET
/\RLING]’ON, VA 22217 -5660

(Controlling DoD Office Address,
DEPyY ' DIRECTOR :
CORALTE PROCRAMS OFFICE

(Assigning Ollice) (Dale Slalement Assigned)

(Reason)
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