LBNL-39583
CONF-9607165~=
UcC-402

T o>
e

SUMMARY PROCEEDINGS of a WORKSHOP on
BIOREMEDIATION AND ITS SOCIETAL IMPLICATIONS
AND CONCERNS (BASIC)

July 18-19, 1996
Airlie Center, Warrenton, Virginia

Daniel W. Drell
U.S. Department of Energy, Office of Health and Environmental Research
Health Effects and Life Sciences Research Division, ER-72
19901 Germantown Rd.
Germantown, MD 20874
daniel.drell@oer.doe.gov

F. Blaine Metting, Jr.
Earth Systems Science
Pacific Northwest National Laboratory
Battelle Blvd.
Richland, WA 99352

fb_metting@pnl.gov M
Edited by A S TE R

Linda D. Wuy
Earth Sciences Division
Ernest Orlando Lawrence Berkeley National Laboratory
1 Cyclotron Road
Berkeley, CA 94720
LDWuy@lIbl.gov

Natural and Accelerated Bioremediation Research Program (NABIR)
http://www.Ibl.gov/NABIR/

Office of Health and Environmental Research
Office of Energy Research
U.S. Department of Energy

November. 1996

— - —— e

» fmmﬁﬁ bF THIS DNONMIMENT 18 UV TR

eNT OF

This work was supported by the Director, Office of Energy Research, Office of Health and Environmental Sciences,
of the U.S. Department of Energy under Contract No. DE-AC03-76SF00098.




DISCLAIMER

Portions of this document may be illegible
in electronic image products. Images are
produced from the best available original
document.




Executive Summary

The Department of Energy (DOE), Office of Health and Environmental Research held a
workshop in support of its new fundamental scientific program in Natural and Accelerated
Bioremediation Research (NABIR) on July 18-19, 1996 near Warrenton, Virginia. In all, 45
invited participants from government, academia, non-profit institutions, trade organizations
and the business community met to discuss ethical, legal, and social issues (ELSI) associated
with the new NABIR program. The objectives of the workshop were (1) to explore what some
of the societal, public policy, educational and other issues attendant to the NABIR Program
might be; (2) to begin a process of public involvement; and (3) to develop an initial set of
recommendations for creating a program in Bioremediation and Its Societal Issues and
Concerns (BASIC) within NABIR.

Participants engaged in a very lively discussion of a broad range of specific topics. A number of
direct and provocative ideas were offered. Some of these are included in the body of these
proceedings. General consensus was that DOE was to be lauded for this attempt to institute a
novel approach to a long-standing need to enhance public participation in the scientific
enterprise.

A number of specific recommendations were made during the workshop and are included in
this proceedings. Some of the more general recommendations included:

¢ Funding a BASIC research program integral with scientific elements
e A list of important BASIC research.topics

e Ways to develop parinerships for implementation of NABIR.

Suggested performance measures included:

e An infrastructure for broad-based discussion of NABIR is in place that includes
mechanisms for interaction between DOE offices and among field research centers, the
scientific community and the public.

e Scientists and social scientists are working together by joint involvement in field research
and other activities, as measured by joint publications.

¢ Environmental impacts of the NABIR Program and its field research centers have been
determined in accordance with the National Environmental Policy Act (NEPA)
requirements.

e Education, outreach and intellectual property strategies have been adopted and are
effective.

¢ The public understands bioremediation, its potential, and its limitations.
* The press is supportive.

¢ Annual research funding for the NABIR Program increases significantly toward the
original goal of $40M to $50M.
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Introduction

This document summarizes the proceedings of a workshop on Bioremediation and Its Societal
Implications and Concerns (BASIC) held July 18-19, 1996 at the Airlie Center near Warrenton, -
Virginia. The workshop was sponsored by the Office of Health and Environmental Research
(OHER), U.S. Department of Energy (DOE), as part of its fundamental research program in
Natural and Accelerated Bioremediation Research (NABIR).

The information summarized in these proceedings represents the general conclusions of the
workshop participants, and not the opinions of workshop organizers or sponsors. Neither are
they consensus opinions, as opinions differed among participants on a number of points. The
general conclusions presented below were reached through a review, synthesis, and
condensation of notes taken by NABIR Program Office staff and OHER program managers
throughout the workshop. Specific contributions by participants during breakout sessions are
recorded in bullet form in the appropriate sections, without attribution to the contributor(s).
These contributions were transcribed as faithfully as possible from notes about the original
discussions. They were edited only to make them grammatically correct, parallel in structure,
and understandable to someone not familiar with the NABIR Program or BASIC element.

DOF’s Environmental Legacy

DOE has a 50-year legacy of environmental problems resulting from nuclear weapons
manufacture and storage and from the management of radioactive wastes from commercial
power plants, hospitals, universities, research institutes, and other sources. Among the most
serious is widespread contamination of soil and groundwater at many DOE facilities with
mixed chemical and radiological contaminants. This mixed waste contamination often occurs at
great depth and over large geographic areas that can be measured in units of cubic miles (e.g., at
Hanford and Savannah River).

The result is a cleanup cost that has been variously estimated in tens to hundreds of billions of
dollars. The most recent estimate of “base-case” cost and duration of the cleanup effort is a total
of $230 billion in expenditures over a 75-year period (DOE 1995a). However, this and other
such estimates are unreliable for many reasons. One key reason is that technical solutions are
prohibitively expensive or do not even exist for many of the subsurface contaminant scenarios.
For example, the recent cost estimate does not include the costs of many needed environmental
restoration activities, including nuclear explosion sites and most contaminated groundwater,
because no feasible cleanup technologies presently exist. Others are excluded from the cost
estimates because collateral ecological damage would be too severe using existing technologies.

Thus, the DOE has identified the need for imaginative and novel in situ cleanup approaches
(DOE, 1994). The Office of Enyvironmental Management (EM) has responsibility for the
deployment of innovative technology based on the development and application of
fundamental knowledge from the scientific community. The Office of Energy Research (ER, .
which includes OHER), in conjunction with EM has identified bioremediation as a promising
innovative approach in need of critical fundamental understanding of interrelated molecular,
microbial, ecological, and biogeochemical processes.
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Scope of the NABIR Program

The mission of the NABIR program is to provide the scientific understanding needed to-use natural
processes and to develop methods to accelerate these processes for the bioremediation of contaminated
soils, sediments, and groundwater at DOE
facilities (DOE, 1995b). NABIR focuses on
bioremediation of complex contaminant mixtures, . .
with primary emphasis on metals, radionuclides, ~ “We are developing an operating
solvents, explosives (e.g., TNT, HMX, RDX), strategy—how we will conduct NABIR.”
chelating agents and organic acids. Although

petroleum hydrocarbons are widespread

contaminants at DOE sites, sufficient fundamental knowledge for their biological treatment
(except when they are mixed with inorganics) is largely available from research efforts
sponsored by the Environmental Protection Agency (EPA) and within industry.

Scientific understanding in NABIR will be gained by performing fundamental laboratory,
intermediate-scale, and field-oriented research in seven principal programmatic elements,
including:

* Biotransformation and Biodegradation

e Community Dynamics and Microbial Ecology

Biogeochemical Dynamics

» Assessment

Biomolecular Science and Engineering

Acceleration

System Engineering, Integration, Prediction, and Optimization.

In the future, and depending on availability of funding, it is hoped that up to three field
research centers (FRCs) with supporting infrastructure will be established at DOE sites to
facilitate interdisciplinary research in microbiology, geochemistry, geohydrology,
environmental engineering, molecular and structural biology, and computational sciences. The
FRCs will be dedicated to fundamental science for the proposed ten-year duration of the
program. NABIR will develop a programmatic data management system to encourage cross-
institutional as well as interdisciplinary collaboration and to provide computational methods
for predicting and optimizing the effectiveness of natural and accelerated bioremediation.

Ethical, Legal, and Social Issues

Today, public involvement in environmental and societal issues is intense and widespread,
reflecting more openly expressed concerns about new technologies’ impacts on the public, a
higher level of education, and a more effective and pervasive communication system than in the
past. Within the scientific and engineering community, recognition is growing that successful
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technical programs can only be developed with a solid understanding of issues pertaining to
stakeholders, public acceptance and regulatory policy, intellectual property, and societal ethics.
For example, DOE and the National Institutes of Health (NIE) have learned from the Human
Genome Program that public debate about ethical, legal, and social issues and concerns can
have a major effect on the acceptability of research results (e.g., certain genetic tests), and how
the results are applied.

The NABIR Program Plan discusses the need to consider societal issues related to
bioremediation in the scientific program, so as to ensure long-term success and ultimate
application of the results. The goal of the BASIC element of the NABIR Program is to address
these societal issues. To ensure timely identification of, and attention to, important social issues,
DOE made the BASIC element the subject of its first technical workshop.

Workshop Agenda and Participants

Based on OHER experience with the human genome, global climate change, subsurface science,
medical isotopes, and other fundamental research programs, the agenda (Appendix A) for the
BASIC workshop was developed in advance to
reflect workshop objectives and a preliminary and

tentative (but by no means exhaustive) “What are the BASIC questions we

understanding of important issues and need to identify and SS o
expectations. As originally drafted, the agenda entify and address now?

included the following sessions:

¢ Welcome, Introductions, and Charge to
Participants

¢ NABIR Program Status

e Principles and Science of Current Bioremediation Technology

e NABIR Program Overview

¢ NABIR Scientific Program Elements and Objectives

e BASIC Program Preview. Workshop Format and Objectives

¢ Bioremediation: Future Potential and Scientific Needs

e BASIC Issues 1: Lessons from the Past

e BASIC Issues 2: Regulatory, Policy, Societal, Legal and Economic Issues
¢ Education and Public Outreach

e Intellectual Property
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 Breakout Sessions: Public Perception and Public Policy, Intellectual Property, Education
and Outreach '

¢ Summary Session. |

The following sections of these proceedings summarize (A) the Charge to Workshop
Participants, and (B) BASIC Performance Outcomes and Metrics, followed by summaries of the
three breakout sessions: (C) Public Perception and Public Policy, (D) Intellectual Property, and
(E) Education and Outreach.

The approach and style for the following sections is a distillation of salient points made by all of
the participants, written as text, and based on extensive workshop notes taken by two or more
people at all times during each of the sessions. While certain ideas and comments can be
attributed to individuals, the text of this proceedings is written as a single voice of all
participants so that, with few exceptions, individual contributions remain anonymous.
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Sessions

A. Charge to Workshop Participants

The purpose of the workshop was to identify key ethical, legal, and social issues by engaging a
broad community of potential stakeholders and otherwise interested and expert participants in
a focused discussion. The workshop was facilitated by Dr. Daniel Drell, Program Manager with
responsibility at OHER for the Ethical, Legal, and
Social Impacts (ELSI) Program of the DOE Human

Genome Program and for BASIC within the “Public Promise—In five years we will
NABIR program. In reviewing DOE's experience  gygjyate BASIC with an external
with the Human Genome program and its review.”

incorporation of an ELSI component, Dr. Drell
began the workshop by charging participants to
learn from experiences of the genome ELSI
program, and to view BASIC as an opportunity for a new approach.

The charge to the workshop was to discuss and provide input to a number of subject areas so
that the results could be used within the NABIR program to affect a number of specific
outcomes. These were:

¢ To develop a set of NABIR principles based on the assumption that the scientific program
elements are worthy of attention.

e To foster collaboration among scientists, stakeholders, and others within and beyond
NABIR, thereby facilitating internal integration and establishing partnerships to enable
implementation.

* To identify and prioritize issues pertinent to launching new scientific programs in order to
develop a BASIC research component.

During the discussion that accompanied and followed Dr. Drell’s introductory remarks, three
key issues were raised. These were:

¢ Metrics—How will the extent of success or failure of BASIC be measured? What peer
review mechanisms, if any, will be established?

e BASIC Integration—How will a BASIC component be developed within the overall context
of NABIR? Is it to be an independent or integrated program? Might it be useful to include
social scientists (ELSI experts) in the process for peer review of scientific program elements
and the individual projects on which they are built?

e Is there a role for BASIC in prioritizing scientific research within NABIR?
The complexity of issues is such that their resolution during the workshop was not possible.

Rather, the purpose of the workshop was to identify issues and initiate the process within
NABIR for adequately addressing them.
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As a result of the discussion, Dr. Drell committed NABIR to establishing a set of performance
outcomes and metrics against which a BASIC program of ethical, legal, and societal research,
stakeholder engagement, and NABIR integration would be measured by external review in five
years.

B. BASIC Performance Outcomes and Metrics

Throughout the workshop sessions, participants identified and listed potential performance
outcomes and metrics for the BASIC element. The suggested performance outcomes and
metrics were:

¢ A social infrastructure for broad-based discussion of NABIR is in place.

e Scientists and social scientists are working
together by joint involvement in field

research activities, as measured by joint “There is no a priori assumption that

publications. BASIC exists to sell NABIR. Rather,
. there is a need for a set of principles
* Environmental impacts of the NABIR that we can all buy into to guide the

Program and the field research centers have  process.”
been determined in accordance with the
National Environmental Policy Act (NEPA)
requirements.

¢ Education, outreach, and intellectual property strategies have been adopted and are
effective.

e The public understands bioremediation, its potential, and its limitations.
¢ The press is supportive.

¢ Annual research funding for NABIR increases significantly toward the original goal of
between $40M and $50M during and after the third year. :

Two types of issues and concerns were identified and discussed during the workshop: (1)
issues and concerns related to the establishment and implementation of a new, long-term
scientific program and (2) issues and concerns related to the development and deployment of
bioremediation technologies. The three sessions summarized below largely address the latter.

C. Policy and Public Perception

Public Perception

The scope and level of understanding of issues that collectively result in public perception and
that, in turn, are translated into public policy, are very broad and dynamic. Public perception of
bioremediation is largely associated with the larger questions of environmental stewardship,
risk management, technology, and cost. To understand public perception, it is first necessary to
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understand that “the” public is, in reality, “many” publics. Then it becomes possible to address
the key ethical issues and concerns that underlie public perception of bioremediation and its
influence on public policy.

Collective public perception reflects the heterogeneous.and dynamic nature of the public. For a
given contaminated DOE site at which the party responsible for cleanup is considering in situ
remedial technology options, the public includes:

e Homeowners, businesses, service providers,
and other stakeholders in the local
community, such as native American tribes
and local special interest groups

“The public has an irrational fear of
microorganisms.”

“There is a class of people who have
discovered that you can make money if
you scare people about
microorganisms.”

¢ Technology providers, such as Office of
Technology Development (EM-50)
contractors, Office of Environmental
Restoration (EM-40) contractors, and the

cientific communi . . .
s co 24 “Microbes are the invisible guardians of

e Broader regional interest groups the earth.

¢ National environmental interest groups

e Taxpayers
* Local governing bodies (i.e., municipalities and counties)
e State and federal regulatory agencies.

In the broadest sense of its contribution to public perception, the public also includes the DOE
problem owner and, by extension, other affected or interested bodies within the federal
government. Again, “the” public is, in fact, “many” publics. In the context of technology
development and deployment, this multiplicity is important for conceptualizing the role of the
public in planning and implementing scientific and engineering programs in an environment of
shrinking federal support and increasing technical complexity.

Ethical underpinnings of public perception as they apply to bioremediation at a DOE site must
be identified and understood. The scope of these ethical issues includes people’s philosophies
regarding the relationship of humankind to the environment. By extension, it also includes
human responsibility for ecological change both for the environment in and of itself, and for the
health, safety, and enjoyment of future human populations. This ethic of environmental
stewardship underlies perceptions of ecological and human health risks associated with the
existing problem and the alternative remedial technologies. Additionally, issues of research
practice, including openness, need to be acknowledged. Perception of risk associated with
technology includes some degree of public mistrust based on past experiences with:

* Unexpected consequences (“unpleasant surprises”) of a new technology, especially
potential health risks
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* Failure of a technology to perform as intended

* Perceived secrecy or deception by technology providers (e.g., “better living through
chemistry” associated with pollution by the chemical industry)

¢ Having the problem owner also be the entity that develops, purchases, and deploys the
technology

e The often highly complex and difficult-to-understand nature of the science and technology
itself. <

Because bioremediation is a technical intersection of many disciplines including, for example,
use of genetically engineered microorganisms (which can invoke fears of its own) or injection of
chemical substances into groundwater, it is likely that public perception will be influenced to
some extent by the perceptions and factors listed above.

Public Expectations
Public expectations associated with the selection and application of innovative technology are
molded by concerns about a number of issues. With respect to a given technology, the public
wants to know about:

e Its effectiveness and reliability

e Failure control—What are the possible failure
scenarios and the associated contingency
plans?

“Uncritical acceptance is just as bad
as uncritical rejection.”

¢ Applicability to the specific use in question

¢ The range of potential environmental effects—this is the basis for perception of acceptable
levels of risk compared to no action or the application of alternative technologies
(“ecological ethics”)

¢ Any possible health consequences

¢ How to get involved in decision making

¢ Cost effectiveness.

Therefore, from the perspective of thé public, a minimum set of ingredients for the successful
application of an innovative technology such as

bioremediation would include absolute openness
and honesty, sound science (in support of risk “ . .
assessment and management and as foundation for Many concerns have their r OOt‘S n
the technology itself), consistent performance (a past experiences, fi or exegnp le ‘Better
track record), clear applicability, and sound living through chemistry.

information on which to base an analysis of costs

and benefits. Additionally, clear regulatory policy,
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the opportunity for public involvement and influence through two-way communication,
flexibility, and a staged approach for introducing complexities are important factors. Successful
engagement of the public through a two-way interactive process can also result in the public
providing needed continuity through time ‘that those in the roles of problem owner or
technology provider often cannot, especially if the project has a lifespan of many years or
decades, as might be the case for natural bioremediation at a given site (Bilyard et al., 1996).

Lessons Learned

Many examples of the importance of effective public involvement are available to document
how public perception can be instrumental to the success or failure of deploying innovative
technology. A number of examples that provide direct experience for waste management and
environmental restoration are known. For example, land farming (the practice of accelerating
biodegradation in surface soil by mixing and fertilization), incineration, and in situ vitrification
(ISV) are technologies for which public perception and policy evolved from broad to narrow
support, with the result that these technologies currently face extensive scrutiny and regulation,
and all are deployed less often than in the past.

The special case of the release of genetically
engineered microorganisms (GEMs) in agricultural
settings has, in contrast, evolved in the opposite
direction. Where initial public response caused
significant delay, today field tests with GEMs (e.g.,
nitrogen-fixing bacteria) and genetically altered
plants (e.g., disease-resistant corn) are widespread.
Generally, people are only somewhat more
concerned about GEMs than about naturally
occurring microorganisms. The primary concern in
either case is the possibility for ecosystem
disruption—the kudzu factor. A small minority associates GEMs with science-fiction scenarios.
Good science, sound risk assessment, and assurance that the microorganisms are not likely to
affect human health are required for public acceptance.

“Project objectives tended to be met
when there were common goals and
responsibilities among the
participants, the stakeholders were
directly involved in planning, etc., and
effective communication occurred
among regulators.”

Situations also exist in which effective public engagement programs have been responsible for
effective movement from consideration of technical options to deployment. For site cleanup,
the Berkeley Environmental Research Center (BERC) and the Western Governors Association
forum both were cited as effective programs.

Comparing these experiences, a number of successful mechanisms for public involvement that
lead to successful technology deployment can be identified. They include:

* Honesty and openness

* Early and ongoing public involvement that uses public input—i.e., community
participation embedded in problem identification

¢ Dialogue with all stakeholders

e Support for the community in establishing their own technical resource(s)
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e A focus on issues that influence or are captured in value judgments

¢ Examination of trade-offs among time, money,

and uncertainty (ecological risk and risk of i . .
failure) How do we build partnerships?”

* Work to strengthen responsible public
institutions with long-standing involvement in community needs.

Public Policy: Federal Laws and Regulations

A key requirement of the development and, in particular, the deployment of environmental
restoration technology is the need to meet statutory intent. The development and application of
environmental cleanup technology, especially bioremediation technology, takes place within a
regulatory framework defined at the federal level by a number of laws that often overlap or
conflict when applied to a specific situation. Also, different agencies have authority for
enforcement. As applied to environmental biotechnology, specifically to the use of GEMs,
regulatory authority may reside with the Food and Drug Administration (FDA), the )
Environmental Protection Agency (EPA), the Occupational Safety and Health Administration
(OSHA), the Department of Agriculture (DOA), the National Institutes of Health (NIH), or state
agencies (Bilyard et al., 1996).

U.S. environmental policy regarding bioremediation reflects the following enacted statutes:

* CERCLA (Superfund) ~ Comprehensive Environmental Response, Compensation, and
Liability Act ~

RCRA - Resource Conservation and Recovery Act

TSCA — Toxic Substances Control Act

FPPA — Federal Plant Protecﬁon Act

NEPA - National Environmental Policy Act

OSHA - Occupational Safety and Health Act.

CERCLA was designed to manage unplanned, uncontrolled releases of hazardous substances to
the environment. This includes catastrophic releases and long-term legacy contamination such
as is typical of DOE sites. Exceptions are oil spills and releases of other materials into bodies of
water that are regulated by the Clean Water Act, rather than by CERCLA. In particular,
CERCLA is supposed to provide a system for identifying contaminated sites across the country,
establishing liability for those sites, and assessing the best means of remediating the sites.

RCRA provides the framework for management and disposal of solid waste materials,
including hazardous and non-hazardous wastes as defined by the statute. As such, itis
intended to prevent uncontrolled releases which are the subject matter of CERCLA. The law
establishes a “cradle-to-grave” system to identify, store, transport, treat, and dispose of waste.
Included is (1) definition of what constitutes a “hazardous” waste and (2) provisions for EPA

10
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permitting and oversight of waste treatment, storage, and disposal (TSD) facilities. Thus RCRA
applies whenever bioremediation is applied to treatment, storage, or disposal of hazardous
waste. Leaking underground storage tank regulations are included under RCRA.

TSCA is designed to screen compounds that are potentially hazardous to humans or the
environment before they are sold and used. Two aspects of TSCA are relevant to
bioremediation. First, PCB waste is regulated under TSCA (not RCRA), so any bioremedial
approach directed at PCBs must qualify as an
EPA-approved alternative freatment technology
designed specifically for PCBs. Second, federal
authority for oversight of GEMs that are released
to the environment is under TSCA.

“Sometimes rules collide and you get
squashed.”

“Sometimes rules are inappropriately
FPPA is administered by the Animal and Plant applied to your project.”
Health Inspection Service (APHIS) at the U.S.
Department of Agriculture. It might affect
bioremediation if the target microorganisms were ~ ‘Regulators are powerless to change

“Rules are usually well-intentioned.”

regarded as potential plant pathogens. the rules.”
“Pioneers must adapt to these
NEPA has relevance to bioremediation in two problems.” P

ways. First, NEPA applies to a major federal
action (e.g., cleanup of contaminated land,
whether or not the land is owned or controlled by
a federal agency). Second, NEPA may give the general public an opportunity to comment on
the nature of any proposed actions. The public’s participation in this process should result in
positive and creative improvements to the process, or the recognition that the proposed
approach is unacceptable.

.OSHA is implemented by the U.S. Department of Health and Human Services to regulate
exposure of workers to physical and health hazards. NABIR field research activities will follow
OSHA regulations. '

In addition to the federal regulatory environment for bioremediation, state and local authorities
may play an important role in any given situation. For example, the “Ice Minus” case in
Monterey County, California resulted in a ban on testing of GEMs that lasted nearly a decade.
For some environmental laws, states are authorized by the federal government to administer a
federally mandated program. For the NABIR Program, field research it likely to occur in states
that have a federally mandated RCRA program.

The addition of nutrients or sources of oxygen to the subsurface also has the potential to invoke
additional demonstrations of compliance. For example, bioventing or air sparging (forcing air
through unsaturated and saturated sediments, respectively) to enhance bioremediation may
result in release of some volatile organic compounds (VOCs) to the surface, which then must be
regulated under the Clean Air Act. Likewise, it is conceivable that the EPA’s Safe Drinking
Water Act could be important for cases in which specific chemicals would be injected into
groundwater to stimulate bioremediation.

Where risk-based management approaches are used, the setting of environmental endpoints
may be critical to technology deployment. In general, cleanup standards (i.e., residual

11
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contamination levels) are established on a case-by-case basis by the governing regulatory
framework for the site (i.e., CERCLA, RCRA corrective action). At large DOE sites, this
framework is established with direct involvement of state and local authorities, stakeholders,
and EPA. The potential for broader acceptance and application of innovative in sifu approaches
relies on agreement as to acceptable residual contamination levels (e.g., how clean is clean), and
the time frame required to achieve them.

Specific Contributions from the Public Policy Breakout Session

In the context of the above discussions, specific contributions by'partiéipants in the breakout
sessions are listed below:

* Suggested NABIR principle: Principal investigators should be encouraged to incorporate
K-12 outreach and education into their proposals and programs.

¢ Suggested NABIR principle: NABIR proposals with BASIC components should get
preference for funding for cases in which scientific quality and technical relevance is
equivalent for competing project proposals.

e Suggested BASIC operating principle: BASIC requirements should be incorporated into
the NABIR RFA (Request for Application/Proposal). Related questions: Is NABIR a place
for strictly “ivory tower” academic research? Should the RFA be worded to have optional
“BASIC” elements? Should the RFA have (1) pure research, or (2) pure research plus
BASIC research tracks, with separate funding resources? Should pure research and BASIC
research tracks be separately funded?

* Suggested BASIC research topic: Fate and transport of GEMs from a risk perspective,
driving back to basic science.

» Suggested BASIC research topics: (1) Creation of a communication plan by ethicists or
others, for the purpose of re-training scientists to be “involved.” (2) Re-analysis of existing
regulations for the purpose of identifying policy, statutory, and regulatory improvements.
Related question: What kind of support (e.g., education, training) will NABIR provide to
scientists regarding BASIC?

* Suggested BASIC research area: Research on risk assessment and management that is
focused as risk pathways are identified. The definition of risk should be broad, including
environment, safety and health risks, programmatic risks, etc.

e Comment: For regulatory overview, it should be necessary and sufficient for
NABIR/BASIC research to meet or exceed regulatory requirements. Researchers need to
be sensitive to community values.

¢ Comment: Community involvement is of great importance.

e Comment: Over time and through coordination and cooperation, BASIC can assist and
complement NEPA in the public involvement area.

e Comment: Involve BASIC at each step of the NABIR Program.

12
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Comment: It is important to establish relationships with federal and state regulators.
Comment: Risk issues must be integrated between NABIR and BASIC.

Comment: The cost of deployment vs. risk reduction should be clear for bioremediation
technologies. We need to be able to sort real from perceived risk issues. We can identify risk
and cost issues quantitatively, but usually only health issues get analyzed quantitatively.
Societal risks get analyzed only qualitatively.

Comment: We need to evaluate lessons learned with respect to costs and risks as projects
are conducted.

Comment: NABIR strategies should incorporate customers (DOE and others), customers’
principles, and site cleanup strategies (e.g., EM-40 national cleanup plans, site-specific
plans, 10-year plans, focus area strategies). Follow-on involvement with customers,
strategic and tactical objectives should be modified as needed or appropriate.

Comment: When implementing BASIC, learn how to involve stakeholders by exammmg
other public involvement models.

Comment: NABIR should identify policies and procedures for the safe, responsible
application of the technologies it develops.

Comment: Community stakeholders should be included on the NABIR Executive
Committee.

’Comment: NABIR desired outcomes and measurement metrics should be identified now,
and a timetable should be set for periodic review.

Comment: The next NABIR workshop needs more time for prioritization.

Comment: Need to survey and review BASIC knowledge and experience, and condense it
for field education.

Question: How do you educate scientists to be cognizant of BASIC issues, and modify
their mode of operation to accommodate those principles?

Comment: Every NABIR project should engage the public at least four times per year (e.g.,
at schools, PTAs, League of Women Voters, local Rotary or business groups, etc.).

Comment: NABIR will need to plan for ongoing consultation and coordination with
stakeholders.

Comment: BASIC should recommend public meetings to: (1) set expectations among
principal investigators and (2) provide education and training to principal investigators so
that they are sensitive and responsive. Related question: What are the most appropriate
forums for these meetings?

13
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¢ Comment: NABIR managers should talk to EM folks about stakeholder involvement to
find out what the most common technology concerns and issues are.

D. Intellectual Property

Issues of intellectual property were considered at the workshop mostly in the context of
NABIR's focus on fundamental science and issues relevant to collaboration with the private
sector. For example, it was pointed out that while it was desirable to develop a NABIR position
on treatment of intellectual property arising from a multi-institutional program, it would be
problematic for at least two reasons:

¢ Patents protect technology, not fundamental knowledge

* Many complexities exist, such as the fact that DOE both sponsors the research and
purchases its resulting technology, and hence may not offer adequate incentives to private
partners who might otherwise participate in the research.

Intellectual property issues center on ownership of ideas and discoveries. The kinds of
inventions and discoveries that might be patentable include novel or nonobvious processes and
products. Either of these may be applicable to microbial products or to microorganisms
themselves, such as GEMs. Currently, there are at least 126 issued patents directly or indirectly
related to bioremediation. However, the

intellectual property landscape for bioremediation
. technologies is in its infancy and is evolving
rapidly as a result of activities within the judicial
system (primarily) and the regulatory system (to a
lesser extent). Hence, the ultimate value of hi e o
bioremediation patents will depend on the ire and support a scientist on 15%
outcome of what promises to be a protracted profit margins. Bioremediation has a

debate in the federal courts on legal and technical gely har dﬂ{;imte I‘l;laki;'lg big mon e}é b
points, and to a lesser degree, accepted ecause the technology Is owneaq by

applications of existing environmental regulations ©V€/YONe- ”
to their use in the field. Biotechnology is one field

“Biotechnology results in very large
profits, whereas bioremediation only
has a 15% gross marg/n You cannot

where technical understanding within the legal
community is poor, and where experience and staff at the Patent and Trademark Office (PTO)
in the Commerce Department are insufficient to keep up with demand.

As with any technology, the manner and rate of development and implementation of
bioremediation methods that may arise from DOE investments will be influenced by any policy
and framework for patenting and protection that may be adopted for NABIR. Presently, the
U.S. Government encourages the patenting of funded research as a means to promote
technology transfer. Universities and nonprofit institutions performing research on behalf of
DOE would automatically receive title to any intellectual property developed. For-profit
industries performing research on behalf of DOE would receive similar rights from DOE if they
complied with the requirements of the DOE waiver policy at 10 CFR 784. Even if such rights
exist, they may not result in much return on investment because many DOE waste problems are
unique to DOE (e.g., radionuclides and mixed wastes), and therefore DOE may be the only
purchaser of the patented technology. In addition, it is very difficult to enforce process
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patents, and many of NABIR's discoveries will be methods or process oriented rather than
product oriented.

The highly unstable and evolving intellectual prbperty landscape results in major questions for
the NABIR Program. Some of the key questions are:

¢ When does it make sense to patent discoveries?

e What in the NABIR focus area is patentable? (E.g., will it be possible to patent DNA
sequences?)

What policies should NABIR adopt (if any) regarding field-of-use rights, out-of-field-of-use
rights, and licensing and royalties?

If the government is the main customer and is paying for the research, will those
conditions make the patent ineffective? Alternatively, will the potential for “spillover”
technologies present a need for such patents?

What roles do patents play in technology transfer?

Are patents necessary or effective to ensure exclusivity?

e How would holders of bicremediation patents use them to secure continued funding of
R&D? '

e How do patents work in regulatory settings?

Another question that is currently peripheral but ultimately pertinent to intellectual property
for bioremediation is products of genomic research. Six complete microbial genomes, including
three obligate or facultative pathogens (i.e.,
Staphylococcus aureus, Mycoplasma genitalium,
Haemophilus influenzae), thermophilic archaea (i.e.,
Methanobacterium thermoautotrophicum, “Another misconception about
Methanococcus jannaschii) and a common yeast bioremediation is where the expertise
(Saccharomyces cereviseae) have been sequenced in  really exists. The expertise is not in
the past year, resulting in massive data sets. The ~ academia or the national laboratories.
challenge to the scientific community is to develop It is in the private sector. There are
technology for deciphering and making this very few exceptions.”

wealth of genome information useful. To the
extent that the number of whole sequenced
genomes broadens to include more bacteria, fungi, and other microorganisms of environmental
significance, intellectual property issues will begin to influence bioremediation generally and
NABIR in particular.

Specific Contributions from the Intellectual Property Breakout Session

In the context of the above discussions, specific contributions by participants in the breakout
sessions are listed below:
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General Considerations Research-Specific Considerations

A NABIR intellectual property (IP) plan is needed
(e.g., with guidelines for joint inventorship, “what
happens when” guidance, etc.).

The IP landscape needs to be monitored. Monitor IP landscape.

How does IP operate in this environment? Identify and research issues and questions
relevant to fundamental science (technology- I
independent) vs. industry-specific.

The genome sciences influence microbial How does one use this knowledge?
biotechnology-specific IP.

Does the absence of IP protection interfere with When is IP valuable within NABIR in terms of

publication, advancement of science, or promoting dissemination of information and
development of technologies? technology? How dependent is value on (1) who
owns it, (2) what it is, and (3) nearness to
practice?
An IP education piece or model is needed. A Questions that might be asked and/or
f primer might be valuable. (There may be some investigated: When should fundamental
overlap with education and outreach here.) technology and/or knowledge be patented and

promoted? When do exclusive vs. non-exclusive
ownership rights make sense? What terms in IP
agreements promote dissemination and product
development?

What are DOE’s interests as a consumer vs. a Are current rules adequate to promote
provider or inventor? ls the primary R&D sponsor | commercial involvement?

also the IP developer and the customer/
consumer?

E. Education and Outreach

Education and public outreach have been
recognized as an important component of NABIR
from its inception. Workshop discussion focused
largely on education and outreach as integral
components of the broader NABIR Program.
Specific goals were discussed that could be incorporated into the education and outreach efforts
of the BASIC element. These included:

“Tower of Babel or American Melting
Pot?” | '

* Provide continuity from science to application by working with the community.
Partnerships with the community could provide some of this continuity, and could help
nurture long-term ownership of biotechnologies.

* Identify NABIR desired outcomes and measurement metrics at the outset, with public
participation.
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Manage risk in partnership with the community.

Develop an understanding of how the current
and evolving intellectual property
environment will influence the direction of
NABIR (i.e., monitor the intellectual property
landscape) and devise a plan for managing
intellectual property .

“Society has lost faith in science.”

“Is loss of faith in science part of a
general loss of faith in institutions?”

“All politics are local politics; we need
local science.”

Reconceptualize the role of the public, movmg
toward full involvement in science and engineering decisions, W1th two-way
communication. Increase levels of discussion where possible.

Tailor communication and education methods to the situation at hand. Make information
available to all communities, using appropriate communication methods.

Focus.on community-specific values and value judgments.

Involve the public early and throughout the entire program. Increase their control of the
program where possible, so as to promote involvement and trust.

Anticipate who the opponents will be and what their positions will be.
Support the development of independent community technical resources.

Be open and honest in all communications.
Discuss positives and negatives of the program

freely, and be sure to address fears. “L anguage used in NEPA

) ) e documentation about the NABIR
Communicate effectively, avoiding jargon, Program could scare the public.
acronyms, and terms with negat“’e Words like ‘reactor vessels,’ ‘field
connotations. release,’ and ‘suicide genes’ are

examples.”
Involve special interest groups. P

Publicize successes; be honest and open about
failures.

Be aware of changes in public attitude (e.g., from public opinion to public judgment).
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Recommendations and Conclusions for BASIC

In the context of the above discussions, specific recommendations and conclusions were made
by participants during the general sessions and in the breakout sessions. These are listed below:

¢ The following guidance is recommended for development of the BASIC research program
and the call for proposals:

1) BASIC should be a stand-alone program within NABIR.

2) A public survey should be undertaken to identify the factors that will limit
implementation of the NABIR Program.

3) Field research sites must develop a public interface and input program.
4) Public input should be institutionalized.
* The following activities are recommended for inclusion in the public education efforts:

1) Expand the definition and involvement of stakeholders.

2) Include a more diverse stakeholder group in policy development and implementation
activities.

3) Integrate public education objectives into the NABIR RFA.
* The following activities are recommended for inclusion in outreach efforts:
1) Develop a broad-based public communication program.
2) Validate educators as key stakeholders. ‘
3) Useinterdisciplinary-based curriculum materials.
4) Commit to a long-term strategy for funding education.
5) Develop public education and institutional education assessment tools.
6) Integrate education within the NABIR RFA.
* When implementing the NABIR Program, it will be important to:
1) Establish a line of communication with and from the public.
2) Make information about informatics and database development widely accessible.

3) Incorporate public advocacy groups into NABIR's operating system.
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Afterword

BASIC will not be a program to “sell” bioremediation to a suspicious public. Rather, itis
intended to make the NABIR Program better, by at all times honestly and openly
communicating what its goals are, what its successes and failures are (it will have both), how it
works, and how it fits within the broader scope of environmental biology directed at addressing
DOE's cleanup challenges. NABIR is a fundamental research program designed to explore
aspects of bioremediation about which we do not know very much. The public, who are paying
for the program through their taxes, have an absolute right to know what is happening and to
be involved in the process of making it happen.

The potential promise of bioremediation, influenced by advances in human and microbial
genome research, is vast. So too are the challenges from the 50-year history of nuclear weapons
production that contributed to America’s pre-eminent position as the strongest nation in the
world today. With that position, though, comes the responsibility to clean up the wastes
created along the way. There are no guarantees that novel bioremediation strategies will solve
all of the enormous waste cleanup problems that we have. However, we would not be acting
responsibly if we did not explore aggressively, with honesty and candor, what bioremediation
could do for us. BASIC will be an ongoing process, integrated within NABIR, to constantly
ensure that the program is transparent to the citizenry.
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Appendix A
Agenda

Workshop on Bioremediation and
Its Social Implications and Concerns (BASIC)

DOE Program in Natural and
Accelerated Bioremediation Research (NABIR)

July 18-19, 1996
Airlie House, Virginia

Workshop Goal: The goal of the workshop is to develop an understanding of societal,
economic, legal and other issues that are important to bioremediation research and
development, and to identify language for an RFA, a set of principles for NABIR, and a strategic
direction for BASIC to ensure that NABIR successfully achieves its immediate and long-term
goals.

Proposed Format: The BASIC workshop will include participation by invitation only. NABIR
program managers (OHER), NABIR program element science team leaders (STLs), the NABIR
program office and select customers, technical experts and stakeholders will participate. The
total number of participants should be as small as possible to foster effective interaction and
maintain focus. Participants would be arranged in either a circular or U-shaped format.
Speakers and, participants can be invited to submit, ahead of time, prepared materials that they
feel would contribute to the discussions and the NABIR Program Office will attempt to
assemble any such materials into a binder for distribution at, and after, the workshop. Each
session will have a coordinator and one or two scribes. The coordinators will guide the
discussions and the scribes will develop a set of notes for collation, distribution, and use
following the workshop.

Day 1

1:00-1:15p.m. Welcome. Introductions and Charge to Participants.

Jay Grimes/John Houghton/Dan Drell, DOE Office of Health and
Environmental Research

1:15-1:30 NABIR Program Status
John Houghton, DOE Office of Health and Environmental Research

Objective: The objective is to provide an overview of the current status of
NABIR.

1:30-2:30 Principles and Science of Current Bioremediation Technology

F. Blaine Metting, NABIR Program Office, Pacific Northwest National
Laboratory (40 min + 20 min discussion)

Objective: The objective is to provide an overview of the current status of
bioremediation technology and its application in the field.
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2:30-2:45

2:45-3:30

3:30-3:45

3:45-4:15

4:15-5:30

5:30-7:30

NABIR Program Overview
D. Jay Grimes, DOE Office of Health and Environmental Research

Objective: The objective is to describe the NABIR program and its long-term
goals in the context of fundamental research in the Office of Health and
Environmental Research.

NABIR's Scientific Program Elements and Objectives

Sally Benson, NABIR Program Office, Ernest Orlando Lawrence Berkeley
National Laboratory

Scope: The presentation will communicate the scientific objectives and
technical focus within each of the seven program elements in the context of
the key cross-cutting themes of field research, mixed contamination, and in
situ remediation.

Break

BASIC Program Preview. Workshop Format and Objectives.
Dan Drell, DOE Office of Health and Environmental Research

Objective: The objective is to articulate the desired outcomes for the
workshop, describe the interactive format to be used to achieve the
outcomes, and note the relevant lessons from the Genome ELSI experience.

Scope: Participants will understand (1) that OHER intends to use the results
of the workshop to identify a set of underlying principles and concepts for
the development of NABIR's program, (2) how the BASIC program is
intended to support OHER programmatic and DOE site cleanup goals, and
(3) how the format for the workshop is intended to focus presentations and
interactive discussions on achieving the desired outcomes.

Bioremediation: Future Potential and Scientific Needs
Moderator: Daniel Abramowicz (bioremediation), General Electric

Presenters: Ronald Unterman (bioremediation), Envirogen, Inc.; Jennie
Hunter-Cevera (industrial microbiology), NABIR Program Office, Ernest
Orlando Lawrence Berkeley National Laboratory; Burt Ensley
(phytoremediation), Phytotech, Inc.

Objective: The objective is to describe selected scientific activities in order to
build a common understanding of the future potential of bioremediation
and of industrial bioprocesses that will benefit from basic science focused on
bioremediation.

Scope: Presenters will each take 15 minutes to communicate their perspective
on current research relevant to DOE environmental restoration needs in
order to stimulate discussion. A moderated 30-minute open discussion
session will follow.

Dinner (with speaker TBD)
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7:30-9:15

Day 2
8:30-10:30 a.m.

10:30-10:45

10:45-11:45

11:45 am.~
12:45 p.m.

Workshop Agenda

BASIC Issues Session 1: Lessons from the Past
Session Moderator: David Feldman, University of Tennessee
Panelists: Gary Jacobs and Robert Burlage, Oak Ridge National Laboratory

Objective: The objective of this session is to review recent past experiences
with bioremediation and relevant field releases of microorganisms to elicit
relevant lessons for NABIR.

Scope/Format: Individuals with experiences of field releases will briefly (15

min) present these experiences and what they believe to be lessons learned.
Each presentation will be followed by 10 minutes of general discussion.

BASIC Session 2: Regulatory, Policy, Societal, Legal, and Economic Issues

Objective: The objective of this extended session, covering a number of issues,
is to identify critical regulatory, policy, societal, legal, and other issues that
come within the BASIC category and which potentially could enhance or
complicate the development and utilization of strategies for implementing
the NABIR program.

Format: The format remains as for the previous session with brief subject
presentations (15 min) followed by moderated group discussion (10 min).
Issue 1: The Regulatory Climate. What is the current regulatory environment

within which the NABIR program must operate?

Issue 2: Public Policy. What is current public policy and its implications for
NABIR?

Panelists: Gordon Bilyard (stakeholder issues), Pacific Northwest National
Laboratory; Susan Arnold (regulatory issues), Oak Ridge National
Laboratory; Janice Longstreth (public policy—invited), Waste Policy
Institute.

Break

Issue 3: Education and Public Outreach. What are the potential mechanisms
for effective education, public awareness, and public involvement? What
should the message(s) be?

Session Moderator for Issue 3: Sonya Hammond, State of California Extension
Service

Panelists: Kate Devine, Biotreatment News; Betty Mansfield, Oak Ridge
National Laboratory; Manuel Perry, Lawrence Livermore National
Laboratory.

Issue 4: Intellectual Property and NABIR

What is anticipated? Who owns what? What precedents and means exist for
developing intellectual property from government-funded research?

Session Moderator: Rebecca Eisenberg, University of Michigan

Panelists: Pete Pesenti, DOE Office of Technology Research; Burt Ensley,
Phytotech, Inc. ‘
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12:45-1:30

1:30-3:00 p.m.

3:00-3:15

3:15-5:00

5:00 p.m.

Lunch

Breakout Sessions ‘
Participants will break out into three groups for this session:
¢ Regulatory, Policy and Societal Issues. Chair: Kate Probst
¢ Intellectual Property. Chair: Rebecca Eisenberg

¢ Education and Outreach and Guidelines for NABIR Chair: Carl Anthony,
Earth Island Institute

For the first two breakout groups, participants will be asked to develop a
comprehensive list of issues. Each issue will be defined and assigned a
weight as to its potential impact and importance on NABIR.

For the third breakout group on guidelines, which will encompass education
and outreach, participants will be tasked with developing a first set of
NABIR principles and guidelines.

Break

Summary Session

Objective: The objective of the closing session is to review workshop results
and to identify a course of action for BASIC. The deliverables should be a
prioritized list of BASIC issues that NABIR will address and a statement of
principles (part of a workshop report that will be prepared for publication,
and which would be used to guide the BASIC research program).

Scope: Each of the three breakout groups will report back with the results
from their individual sessions. These presentations will be the basis for
general discussion leading toward fulfillment of the stated objectives.

Session Chair: Dan Drell (OHER)

Adjourn
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Daniel A. Abramowicz, General Electric Co.
Susan E. Arnold, Oak Ridge National Laboratory
Eve Bach, Arc Ecology

Paul Bayer, Department of Energy (DOE), Office of Health and Environmental Research
(OHER)

Sally M. Benson, Ernest Orlando Lawrence Berkeley National Laboratorir
Gordon R. Bilyard, Pacific Northwest National Laboratory

Robert S. Burlage, Oak Ridge National Laboratory

Ronald L. Crawford, University of Idaho

Katherine Devine, Biotreatment News

Stephen L. Domotor, DOE, Office of Environmental Management

Daniel W. Drell, DOE, Office of Health and Environmental Research
Rebecca S. Eisenberg, University of Michigan Law School

Burt D. Ensley, Phytotech, Inc.

David Lewis Feldman, University of Tennessee-Knoxville

Jeffrey L. Fox, ASM News, Nature Biotechnology

Carl W. Gehrs, Oak Ridge National Laboratory

David Giamporcaro, U.S. Environmental Protection Agency

Darrell Jay Grimes, DOE, Office of Health and Environmental Research
Sonya V. Hammond, University of California Cooperative Extension
Michael A. Heitkamp, Monsanto Company ‘

Clarence R. Hickey, DOE, Office of Energy Research

John C. Houghton, DOE, Office of Health and Environmental Research
Jennie C. Hunter-Cevera, Ernest Orlando Lawrence Berkeley National Laboratory
Gary K. Jacobs, Oak Ridge National Laboratory

Seth W. Kullman, University of California, Davis

Alice M. H. Lin, Office of Management and Budget, Energy and Science Branch
Janice D. Longstreth, Waste Policy Institute

Betty Mansfield, Oak Ridge National Laboratory

F. Blaine Metting, Jr., Pacific Northwest National Laboratory

Curtis R. Olsen, DOE, Office of Health and Environmental Research
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Sue Palk, DOE, Office of the Assistant General Counsel for Intellectual Property and
Technology Transfer

Manuel Perry, Futures and Planning Consultant

Peter T. Pesenti, Pacific Northwest National Laboratory

Katherine N. Probst, Center for Risk Management

Philip Sayre, U.S. Environmental Protection Agency, Office of Pollution Prevention and Toxics
William J. Smith, Allied Technology Group, Inc.

David G. Thomassen, DOE, Office of Health and Environmental Research

Ronald Unterman, Envirogen, Inc.

David C. White, University of Tennessee, Oak Ridge National Laboratory

Frank J. Wobber, DOE, Office of Energy Research (not at workshop)
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Biographical Sketches of Participants

Daniel A. Abramowicz

Dr. Abramowicz is manager of the Environmental Laboratory at GE Corporate Research and
Development, directing research focused on remediation, pollution prevention, and product
stewardship. He is also adjunct professor in the Biology Department of Rensselaer Polytechnic
Institute. He received a B.S. in Chemistry and a B.A. in Mathematics and Computer Science
from Saint Francis College, and earned an M.A. and a Ph.D. in Physical Chemistry at Princeton
University. Dr. Abramowicz pursued research in biophysics and photosynthesis as an Allied
Chemical Fellow at Princeton. He joined the GE Research and Development Center in 1984 as a
staff scientist and began investigating the application of enzymes to chemical synthesis. In

1988 he was appointed Manager of the Environmental Technology Program, and in 1992 he was
appointed manager of the Bioremediation Laboratory. In this role he directed research aimed at
the application of microorganisms to waste treatment. Efforts included the aerobic and
anaerobic biodegradation of PCBs, nitroaromatics, silicones, and hydrocarbons. Dr.
Abramowicz had written 29 technical publications and edited a book on biocatalysis.

Susan E. Arnold

Ms. Arnold graduated from Tennessee Technological University with a B.S. in Political Science
and earned a J.D. from the University of Tennessee College of Law. For the past four years she
has been involved in environmental law at Oak Ridge National Laboratory. She provides state
and federal cleanup requirements for U.S. Army sites being remediated under the
Comprehensive Environmental Response, Compensation, and Liability Act

(CERCLA /Superfund). Ms. Arnold is a member of the American Bar Association Section
Committee on Solid and Hazardous Waste.

Eve Bach

Ms. Bach is the staff economist/planner at Arc Ecology in San Francisco. She has provided
technical assistance to local communities undergoing military base conversion in the areas of
economic and fiscal analysis and environmental impacts. Her publications include articles
exploring Defense Department funding of BRAC cleanup obligations. Prior to joining the Arc
staff, Ms. Bach was Assistant City Manager for Planning and Development for the City of
Berkeley, California, and taught Community Planning in the Peralta Community College .
District.

Paul Bayer

M. Bayer is responsible for two aspects of the NABIR Program: establishing field research
centers and overseeing National Environmental Policy Act (NEPA) documentation. He holds a
B.A. in Biology from James Madison University, an M.S. in Biology from Western Kentucky
University, and an Environmental Issues Certificate from the U.S. Department of Agriculture
Graduate School. Mr. Bayer joined the U.S. Department of Energy, Office of Health and
Environmental Research (OHER) in January 1995. Prior, to joining DOE, he worked for a federal
government contractor for seven years supporting the DOE offices of Fossil Energy;
Environment, Safety and Health; Energy Efficiency; and the Policy Office on a wide range of
topics including fossil energy biotechnology, health effects of non-ionizing radiation, and NEPA
document reviews.
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Sally M. Benson

Dr. Benson co-authored the NABIR Program Plan and is the leader of the NABIR Program
Office team. She is director of the Earth Sciences Division at Ernest Orlando Lawrence Berkeley
National Laboratory, and is a visiting professor of earth sciences at Clemson University, where
she teaches a summer field camp in hydrogeology at the DOE Westinghouse Savannah River
Site. She received a B.A. in Geology from Columbia University and an M.S. and Ph.D. from the
Materials Sciences and Mineral Engineering Department, University of California, Berkeley.
Since 1977 Dr. Benson has performed research related to energy and environmental issues,
including geothermal energy sources, natural gas storage, and agricultural pollution. More
recently she has focused on environmental problems associated with the Department of Energy
Weapons Production Complex. Dr. Benson is co-author of over 55 technical and review
articles, book chapters, and technical reports.

Gordon R. Bilyard

Dr. Bilyard received an M.S. in Marine Zoology from the University of Maine and a Ph.D. in
Biological Oceanography from Oregon State University. He subsequently worked on pollution
ecology of the marine environment and compliance of point-source pollutant discharges with the
Clean Water Act. Since joining Pacific Northwest National Laboratory in 1989, Dr. Bilyard has
worked in environmental management, environmental policy analysis and planning,
stakeholder-focused strategic planning, ecological risk assessment, and environmental risk-
based standards.

Robert S. Burlage

Dr. Burlage is a staff scientist in the Environmental Sciences Division of Oak Ridge National
Laboratory. He received a Ph.D. in Microbiology from the University of Tennessee. His
research interests include bioremediation of hazardous wastes and the molecular biology of
microorganisms, particularly in regard to microbial ecology under natural conditions. Dr.
Burlage is the principal investigator for a project involving the field release of a genetically
engineered bacterial strain for bioremediation research. This field release took place on the Oak
Ridge Reservation during the summer of 1996.

Ronald L. Crawford

Dr. Crawford is a NABIR science team leader with particular interests in biotransformation and
biodegradation, acceleration, and biomolecular science and engineering. He is professor of
microbiology at the University of Idaho (UI), where he directs an internationally recognized
research team in environmental biotechnology. He received an M.S. and a Ph.D. in Bacteriology
from the University of Wisconsin. Dr. Crawford is co-director of Ul's Center for Hazardous
Waste Remediation Research and director of the Institute for Molecular and Agricultural Genetic
Engineering, and was formerly head of the Department of Bacteriology and Biochemistry.
Before coming to Ul, Dr. Crawford was professor of microbiology at the Gray Freshwater
Biological Institute at the University of Minnesota, where he conducted research on
environmental microbiology and hazardous waste treatment. He has broad expertise in the
biodegradation of hazardous chemicals, bioreactor design and use, development of microbial
encapsulation technologies, and subsurface microbiology. He has over 20 years of experience in
isolating and characterizing microorganisms that degrade natural and synthetic chemicals, and
in designing microbiological systems for commercial-scale treatment of contaminated soil and
water. Dr. Crawford has authored over 125 journal articles and several book chapters.
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Katherine Devine

Ms. Devine is founder and president of the Washington, D.C.-based environmental consulting
and publishing company, DEVO Enterprises, Inc., and founder, publisher, and editor of the
magazine Biotreatment News. The magazine covers commercial and research activities in the
public and private sectors as well as regulatory and policy issues concerning environmental
biotechnology. Her consulting activities are focused on business development activities and
concerns, including technology transfer, regulatory and policy matters, and product and service
market assessments. Ms. Devine’s past experience includes over 10 years as a regulatory
impact analyst and program manager at U.S. Environmental Protection Agency headquarters.
She has a B.S. in Biology and an M.S. in Economics, and has authored over 25 papers on
environmental biotechnology.

Stephen L. Domotor

Mr. Domotor is a scientific research program manager with the Department of Energy’s
Environmental Management Science Program, Office of Science and Technology, Office of
Environmental Management. He serves as NABIR’s liaison with the Office of Environmental
Management. He has an M.S. in Marine, Estuarine, and Environmental Science, with research
and program management expertise in radioecology, assessment of environmental and health-
related impacts from the operations of nuclear facilities, and development of innovative
technologies for waste management. Mr. Domotor previously worked in DOE's Office of Waste
Management as the science and technology team leader. Prior to working at the DOE, he was
an environmental radiochemist and director of the Radioecology Laboratory for the State of
Maryland’s Power Plant Research Program.

Daniel W. Drell

Dr. Drell is manager of the NABIR Bioremediation and its Societal Implications and Concerns
(BASIC) program. He received an undergraduate degree in Biology from Harvard and a Ph.D.
in Immunology from the University of Alberta, Canada. He has done postgraduate research in
developmental genetics, reproductive immunology, monoclonal antibody production, and
autoimmune diseases. Dr. Drell is currently a member of the Human Genome Management
Group in the Health Effects and Life Sciences Research Division of the DOE Office of Health
and Environmental Research (OHER). His responsibilities include the Ethical, Legal, and Social
Implications (ELSI) part of the DOE Human Genome Program; Small Business Innovative
Research (SBIR) for the DOE Genome Program; the Single Chromosome Workshop program
(coordinated with the National Center for Human Genome Research at the National Institutes
of Health); most workshop applications that the Health Effects Division receives; and
coordination of publications for the DOE Genome Program.

Rebecca S. Eisenberg

Ms. Eisenberg is a professor of law at the University of Michigan Law School. Her field of
specialization is biotechnology patent issues. She is ctirrently studying patents and technology
transfer in the Human Genome Project under a DOE grant. She is a member of the National
Institutes of Health-DOE working group on Ethical, Legal and Social Issues (ELSI) in human
genome research.

Burt D. Ensley

Dr. Ensley is president and CEO of Phytotech, Inc., an environmental biotechnology company
involved in the development and commercialization of technology using plants for the
remediation of contaminated soil and water. He received B.S. and M.S. degrees from the
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University of New Mexico and a Ph.D. in Microbiology from the University of Georgia. Dr.
Ensley was formerly research managerat Amgen, Inc. and director of advanced technology at
Envirogen, Inc. He was responsible for directing research, field demonstrations, and evaluation
of biological and physical /chemical hazardous waste treatment technologies.

David Lewis Feldman

Dr. Feldman is senior research associate in the Energy, Environment and Resources Center at the
University of Tennessee-Knoxville, teaches in the graduate program in Environmental Policy,
and is adjunct professor of Political Science. He is also a research team leader for the National
Center for Environmental Decision-Making Research, a National Science Foundation-funded
center at UT. He received a B.A. in Political Science and English from Kent State University
and an M.A. and Ph.D. in political science from the University of Missouri—-Columbia. Dr.
Feldman's research interests include public involvement in natural resource and technological
decisions, international activities to address global environmental problems, and environmental
policy and management. He has written several books on energy and environmental issues, and
his articles have appeared in over 20 journals.

Jeffrey L. Fox

Dr. Fox is a science writer and editor based in Washington, D.C. He also serves as current
topics and features editor for ASM News and contributing editor for Nature Biotechnology.
Before going free-lance, he was a senior writer for Science and senior editor for Chemical &
Engineering News. He received a B.A. in English from Oakland University in Rochester,
Michigan, and a Ph.D. in Biochemistry and Biophysics from the University of California, Davis.

Carl W. Gehrs

Dr. Gehrs is a member of the NABIR Program Office team and helped launch the program. He
is director of the Center for Biotechnology at Oak Ridge National Laboratory, with
responsibility for all research efforts in bioprocessing, biomedical, and environmental
biotechnology. He oversees more than 200 principal investigators representing all directorates
of the laboratory. Dr. Gehrs has a Ph.D. from the University of Oklahoma focusing on
limnology and population dynamics of plankton. He has broad research interestsand
publication areas and has served on and chaired several national, international, and interagency
committees.

David Glamporcaro
Mr. Giamporcaro is section chief of the TSCA Biotechnology Program New Chem.lcals Branch,
U.S. Environmental Protection Agency.

Darrell Jay Grimes

Dr. Grimes is co-manager of the NABIR program and manager of two program elements:
Biotransformation and Biodegradation, and Community Dynamics and Microbial Ecology. He
is a microbiologist and program manager in DOE’s Office of Health and Environmental
Research, Office of Energy Research. Dr. Grimes received a B.A. and M.A. in Biology from
Drake University and was awarded a Ph.D. in Microbiology from Colorado State University.
He joined DOE in 1990 to work in the Subsurface Science and Ocean Margins Programs; in 1994
he became program manager of the Microbial Genome Program. From 1991 to 1993, Dr. Grimes
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served as executive secretary of the Biotechnology Research Subcommittee of the Committee on
Life Sciences and Health, Federal Coordinating Council for Science, Engineering, and
Technology. In 1995 he became a senior partner to the Interagency Environmental Technologies
Office, National Science and Technology Council (NSTC), Executive Office of the President.

Dr. Grimes chaired the Marine Biotechnology Working Group of the NSTC, and he currently
chairs the NSTC Bioremediation Working Group. He was previously director of the Institute of
Marine Science and Ocean Engineering and of the New Hampshire Sea Grant College Program,
University of New Hampshire, where he was also a professor of microbiology. Dr. Grimes has
authored more than 150 technical publications. He frequently serves as a consultant and expert
witness oh water-borne diseases.

Sonya V. Hammond

Ms. Hammond is the University of California Cooperative Extension county director for
Monterey and Santa Cruz counties. Monterey County is the third-largest agricultural producer
in California, with 1995 production in excess of $2 billion. The area is world-famous for its
vegetable production technology. Her areas of interest are biotechnology, public policy, and
agricultural economic development. Ms. Hammond received a master’s degree in International
Management from the American Graduate School of International Management, and an M.A. in
French from the University of California, Santa Barbara. She previously served as controller for
a packing company, having responsibility for risk management and environmental compliance.

Michael A. Heitkamp

Dr. Heitkamp is an associate science fellow in the Environmental Sciences Center at Monsanto
Company, where he is responsible for development of new in sifu microbial technologies for
multiple bioremediation applications. He received a B.S. in Biological Sciences from the
University of Missouri, an M.S. in Veterinary Microbiology from the University of Missouri
School of Veterinary Medicine, and a Ph.D. in Interdisciplinary Toxicology from the University
of Arkansas for Medical Sciences. Dr. Heitkamp has been active in environmental microbiology
for over 18 years, with training and experience spanning microbial toxicology, microbial ecology,
chemical biodegradation, development of novel chemical-degrading microorganisms,
determination of chemical pathways for microbial degradation, and the lab-scale and pilot-
scale testing of new high-performance biotreatment technologies for liquid wastes and air
emissions. He previously was research microbiologist for the National Center for Toxicological
Research, U.S. Food and Drug Administration, and for the Columbia National Contaminant
Research Laboratory, U.S. Department of the Interior. He has authored dozens of technical
papers and presentations.

Clarence R. Hickey

Mr. Hickey is a National Environmental Policy Act (NEPA) compliance officer for the DOE
Office of Energy Research. In this capacity he assesses the environmental impact of DOE
operations on the environment. He received a B.S. in Biology from Grove City College in
Pennsylvania and an M.S. in Marine Science from Long Island University. Mr. Hickey has past
experience as a fishery biologist for the U.S. Nuclear Regulatory Commission and for private
industry. He has conducted basic and applied research on marine ecosystems, and has taught
marine biology and beach ecology. He has authored many journal publications on marine
fisheries and ichthyology.
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John C. Houghton

Dr. Houghton co-manages the NABIR Program and manages the Assessment program element.
As a program manager for DOE’s Office of Health and Environmental Research, he also
manages the Integrated Assessment of Global Climate Change program, as well as other
research in acid precipitation and environmental technology life-cycle analysis. Dr. Houghton
received a B.S. in Geology from Stanford University and a Ph.D. in Environmental Systems
Engineering from Harvard University. He came to DOE from ARCO’s research laboratory,
where he directed a group that assessed undiscovered petroleum resources and developed
computerized mapping applications. From 1981 to 1990, Dr. Houghton served in several
positions in the U.S. Geological Survey, including director of the Geographic Information
Systems Research Laboratory, deputy assistant director for research, and research scientist
developing new statistical techniques for resource estimation. From 1979 to 1981, Dr.
Houghton served as senior policy analyst in the Office of Science and Technology Policy, where
he was responsible for natural resource issues, including acid precipitation, water resources
policy, and nonfuel minerals policy. Prior to OSTP, he was a research scientist in MIT’s Energy
Laboratory, where he co-authored a text on the economics of depletable resources.

Jennie C. Hunter-Cevera

Dr. Hunter-Cevera co-authored the NABIR Program Plan and is a member of the NABIR
Program Office team. She directs the Center for Environmental Biotechnology at Ernest
Orlando Lawrence Berkeley National Laboratory. She received an M.S. in Microbial Ecology
from West Virginia University and a Ph.D. in Microbial Biochemistry from Rutgers University.
Dr. Hunter-Cevera joined Berkeley Lab in 1994 to establish an integrative research program in
environmental biotechnology that examines natural augmentation, structure-function
relationships, monitoring, ecotoxicity, health risk assessment, and the molecular evolution of
microorganisms in damaged sites. Before coming to Berkeley Lab, Dr. Hunter-Cevera started
her own consulting company, The Biotic Network, and co-founded a small research company,
Blue Sky Research. Her research with these companies resulted in several new potential
antifungals and biopesticides. As a senior scientist at Geobiotics, she discovered a novel metal
cyanide degrading enzyme produced by Xanthomonas bacteria. From 1980 to 1990 she was the
director of Fermentation Research and Development at Cetus Corporation. While employed at
E. R. Squibb and Sons, she discovered a novel class of antibiotics, the monobactams. Dr.
Hunter-Cevera holds two patents in biocatalysis and has written several papers on microbial
ecology and physiology. She is a senior editor of the Journal of Industrial Microbiology, past
president of the Society for Industrial Microbiology (SIM), and recipient of the 1996 SIM Charles
Porter Award.

Gary K. Jacobs .

Dr. Jacobs is a section head in the Environmental Sciences Division at Oak Ridge National
Laboratory, where he has been performing geochemical research for 13 years. He received a
Ph.D. in Geochemistry from Penn State University. His expertise is in complementary
laboratory, field, and computational studies of contaminant mobility, geochemical modeling of
water-rock interactions, and groundwater geochemistry. Dr. Jacobs has also conducted research
in co-contaminant geochemistry, microbial ecology, and in situ remediation. He has authored
several journal articles.

Seth W. Kullman
Mr. Kullman is assistant supervisor of undergraduate research in the Department of
Environmental Toxicology at the University of California, Davis. He holds a B.A. in Cellular
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and Molecular Biology from Sonoma State University and expects to receive his Ph.D. in
Pharmacology and Toxicology in September 1996. His areas of specialization are
environmental toxicology—fate and distribution of xenobiotics in the environment; ecological
toxicology—biochemical and molecular effects of xenobiotics on biota; and environmental
microbiology—biochemical and molecular analysis of xenobiotic metabolism. Mr. Kullman has
planned and implemented strategies for bioremediation of petroleum products through
enrichment of indigenous microbial populations. He has also examined and ideritified benthic
invertebrates as indicator species of marine pollution in San Francisco Bay. Mr. Kullman co-
authored a laboratory manual on bioremediation for the Department of Defense, as well as
several journal articles and presentations. :

Alice M. H. Lin

Ms. Lin is a program examiner/policy analyst intern with the Office of Management and
Budget, Energy and Science Branch. She received a B.S. in Molecular Biology from the
Massachusetts Institute of Technology and expects to receive an M.P.P. in Science and
Technology Policy from Harvard University’s John F. Kennedy School of Government in 1997.
She is currently performing program assessment of DOE’s Human Genome Program for OMB.
Her interests include bioethics policy and public perception of genetic technology. She has
participated in laboratory research on viruses, retroviruses, and hemophilia.

Janice D. Longstreth

Dr. Longstreth is a board-certified toxicologist and Diplomate of the American Board of
Toxicology. She holds an M.S. in Biochemistry and Nutrition and a Ph.D. in Biomedical
Sciences. Dr. Longstreth has over 25 years of experience in biomedical sciences with more than
15 years in environmental health risk assessment and risk management. She has conducted
research in microbiology, nutritional pathology, immunotoxicology, and public health, with an
emphasis on developing methods to detect infectious or communicable agents and understand
the mechanisms by which they compromise the immune system. As a staff scientist, manager
and/or principal at Dynamac, ICF-Clement International, Pacific Northwest Laboratories, and
the Waste Policy Institute, she developed expertise in risk assessment and management of
infectious agents and toxic and hazardous materials/wastes; oncology; immunotoxicology;
information management; and risk assessment of stratospheric ozone depletion and global
climate change.

Betty Mansfield

Ms. Mansfield leads the Human Genome Management Information System (HGMIS) for the
DOE Human Genome Program at Oak Ridge National Laboratory. As the primary
clearinghouse for information on the Human Genome Project, the mission of HGMIS is to
facilitate genome research and public understanding of that research by communicating project
goals, outcomes, and generated resources to genome researchers and the greater biomedical
research community, to the interested public, and to professionals who further interpret and re-
disseminate the information for specific groups. Ms. Mansfield has B.S. and M.S. degrees in
Biology from James Madison University. Before coming to HGMIS when it was initiated in
1989, she contributed to research in chemical carcinogenesis. She worked out two-dimensional
gel electrophoresis and computing techniques and demonstrated protein changes in tissues
undergoing transformation both to and from the malignant state.
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F. Blaine Metting, Jr.

Dr. Metting co-authored the NABIR Program Plan and is a member of the NABIR Program
Office team. He is senior program manager for biotechnology and environmental sciences at
Pacific Northwest National Laboratory, where he coordinates and shares responsibility for
programs in bioremediation research and a laboratory initiative in microbial biotechnology. He
has a liberal arts degree from Whitman College and a doctorate in botany from Washington
State University. Dr. Metting co-founded an agricultural biotechnology company and helped
build a profitable specialty fertilizer business prior to his career in environmental science.
Following a research appointment at Tufts Medical School, Dr. Metting joined an environmental
engineering firm at which he was responsible for developing a bioremediation program. He
joined PNNL as a senior research scientist in 1990.

Curtis R. Olsen

Dr. Olsen helped launch the NABIR program and is co-manager of four program elements:
Community Dynamics and Microbial Ecology, Biogeochemical Dynamics, Acceleration, and
Assessment. As a technical program manager for the DOE Office of Health and Environmental
Research (OHER), Dr. Olsen manages a budget of over $10 million in five programmatic areas:
environmental radon/contamination, coastal ecosystems, ocean research, arctic ecosystems,
and global change education. From 1980 to 1990 he conducted environmental research at Oak
Ridge National Laboratory, where he used radionuclides and biogeochemical tracers to study
the transport and fate of energy-related materials in terrestrial and aquatic systems. He
received a Ph.D. in biogeochemistry from Columbia University and is the author or co-author of
more than 60 scientific papers.

Sue Palk

Ms. Palk is an attorney with DOE’s Office of the Assistant General Counsel for Intellectual
Property and Technology Transfer. She focuses on intellectual property issues arising during
research and technology transfer efforts of the Department’s various programs. Prior to joining
DOE, Ms. Palk was a patent examiner at the U.S. Patent and Trademark Office. Ms. Palk
received a B.S. in Industrial Engineering and Operations Research from Virginia Polytechnic
Institute and State University and a J.D. from the George Mason University School of Law.

Manuel Perry

Dr. Perry is a consultant with expertise in planning, forecasting, managing change, program
design, policy development, and education. He was formerly the director of education
programs at Lawrence Livermore National Laboratory, where he had a 27-year career. He has
also worked as a research biochemist, teacher, and textbook author. Dr. Perry received a B.S. in
Chemistry from San Francisco State University, an M.P.A. from California State University,
Hayward, and a Ph.D. in Public Administration from the University of Southern California.

Peter T. Pesenti :

Mr. Pesenti joined Battelle-Pacific Northwest National Laboratory in 1992 as a senior research
engineer. His professional experience spans over 23 years in the Department of Defense in line
and staff assignments in strategic planning, integrated logistics support, logistics research and
development, logistics operations research, and systems development. He has worked
extensively in strategic planning for technology applications and tailoring management
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information systems to solve complex acquisition problems. At PNNL, his most recent focus
has been on strategic planning for DOE’s technology research program. In this capacity he is
responsible for providing technical advice on emerging biotechnology programs of interest for
industrial microbiology. Mr. Pesenti is pursuing a Ph.D. in Environmental Microbiology at
George Mason University. His research interests focus on microbial metabolic processes and
community relationships with application to the field of bioremediation.

Katherine N. Probst

Ms. Probst is a Senior Fellow with Resources for the Future’s Center for Risk Management. She
has over 15 years of experience in evaluating hazardous waste programs. Ms. Probst has a
master’s degree in City and Regional Planning from Harvard University. She is currently
directing two major research projects: an evaluation of the role of land use in the remedy
selection process for Superfund sites, and an analysis of the myriad legislative requirements
governing DOE's environmental management program in order to explore whether a new
integrated law is needed.

Philip Sayre

Dr. Sayre is a senior microbiologist in the U.S. Environmental Protection Agency’s Office of
Pollution Prevention and Toxics. He reviews recombinant microorganisms subject to the Toxic
Substances Control Act (TSCA) for relevant risk issues and identifies biotechnology risk issues
for EPA’s Office of Research and Development. He has also reviewed biotechnology products
under the National Environmental Policy Act (NEPA) for the U.S. Food and Drug
Administration. Dr. Sayre is an adjunct professor in the Department of Civil, Mechanical, and
Environmental Engineering at George Washington University. He received a Ph.D. in
Microbiology from Georgetown University.

William J. Smith

Dr. Smith, an environmental engineer for Allied Technology Group, Inc., is project manager
supporting the University of California, Berkeley Environmental Remediation Center (BERC)
contract to develop and implement innovative cleanup technologies from national laboratories
at the Naval Air Station-Alameda. He is a member of the U.S. Navy’s Restoration Advisory
Board for NAS-Alameda and was recently appointed to the U.S. Army’s Restoration Advisory
Board for the Oakland Army Base. Dr. Smith formed the Sierra Club’s East Bay Military Base
Conversion Task Force, which is working to ensure that conversion of bases in the Oakland,
California, area sets an example of economically and environmentally sound base conversion.
He represented the Sierra Club on the Environmental Committee of U.S. Representative Ron
Dellums’ East Bay Conversion and Reinvestment Commission. He received a B.S. in Chemical
Engineering from Iowa State University and an M.S. and Ph.D. in Biochemical Engineering from
Stanford University. Dr. Smith has experience in designing, permitting, installing, and operating
in situ bioremediation systems.

David G. Thomassen

Dr. Thomassen is manager of the NABIR program element Biomolecular Science and
Engineering. As a program manager in the Health Effects and Life Sciences Research Division of
the DOE Office of Health and Environmental Research (OHER), he is responsible for managing
research programs that integrate information and technologies from genome, structural biology,
and molecular biology research with human health research. Dr. Thomassen has B.S. and M.S.
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degrees in Zoology and Genetics from Washington State University and a Ph.D. in Genetics
from the University of Wisconsin at Madison. He has conducted research on the cellular and
molecular mechanisms of multistage progression to neoplasia in respiratory epithelial cells at
the Inhalation Toxicology Research Institute and at the National Cancer Institute.

Ronald Unterman

Dr. Unterman is co-founder and chief scientific officer of Envirogen, Inc., an environmental
biotechnology company. He directs Envirogen's research and development program, including
both microbe and process development for degrading or transforming toxic and hazardous
wastes. Current programs include the biodegradation of chlorinated solvents (such as TCE),
PCBs, MTBE, HCFCs, industrial wastewater toxics, and air toxics; genetic engineering; the
application of advanced in situ bioremediation techniques; and design and testing of bioreactor
systems. Prior to joining Envirogen, Dr. Unterman was staff scientist and later manager of GE’s
Environmental Technology Program. He received a B.A. in Biology from Haverford College and
a Ph.D. in Biochemistry from Columbia University.

David C. White

Dr. White, a University of Tennessee, Environmental Science Division/Oak Ridge National
Laboratory Distinguished Scientist, is a NABIR science team leader with particular interests in
community dynamics and microbial ecology, biomolecular science and engineering, and
assessment. He is a professor of Microbiology/Ecology at the University of Tennessee and
executive director of the Center for Environmental Biotechnology. His research focuses on
defining interactions between microbes. Under his leadership, the Laboratory developed
quantitative measures of microbial viable biomass, community composition, and

nutritional /physiological status based on signature lipid biomarker analysis (SLB). Dr. White
received his M.D. from Tufts University and his Ph.D. from Rockefeller University.

Frank J. Wobber (not at workshop)

Dr. Wobber is manager of NABIR's Biogeochemical Dynamics and Acceleratlon program
elements. He received an M.S. in Geology from the University of Illinois and a Ph.D. in Geology
from the University of Wales, Great Britain, as a U.S. Department of State Fulbright Scholar.
He has 25 years of experience in multidisciplinary natural resources and environmental research
program management, including science programs for the U.S. Congress. Since 1980 he has been
with the DOE Office of Energy Research (OER). Dr. Wobber conceived, designed, and
implemented the OER core capability in subsurface science, which provides a base of
mechanistic research to support departmental programs in site cleanup. He developed and
implemented scientific initiatives in transport of organic radionuclides and mixtures, bacterial
transport, subsurface heterogeneity, and deep microbiology. Dr. Wobber has received numerous
awards for scientific research and research management, including an international award for
leadership in geomicrobiology. :
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Environmental Biotech:
‘Technology Directions

Ronald Unterman

Vice President, Technology
Development

- Envirogen, Inc.
Lawrenceville, New Jersey
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Technology Directions

I. Biocatalyst Development
(Bioadsorptiqn, Bioconversion)

II. Systems .Devélopr.'nent

II. Establishing Reasonable Regulatory
| Targets |

IV. Monitoring & Documentation




Techhology Directions

Biocatalyst Development
(Bioadsorption, Bioconversion)

Microbes

— indigenous; exogenous; GEMs
— aerobic;-gnaerobic; cometabolic
— organics;:xenobiotics; metals
New targets chemicals

Enzymes
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"Engineering"” Solutions for
Cometabolic Systems

» Process engineering

— reactor configuration
— cosubstrate feed rate.
— microorganism recharge

» Genetic engineering

— isolate/clone structural genes only
— uncouple growth from target degradation
— uncouple induction from target degradation
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Biocatalyst Development
(Bioadsorption, Bioconversion)

New/Better Activities

Xenobiotics

Chlorinated des (CCl4, CHCI3)
MTBE

HCFCs

CS2

Higher PAHs

Aerobes /Anaerobes

Fungi

Induction of Indigenous Microbes
Activation

Comnsortia vs. Pure Cultures
GEMs/GMOs

Cost of Or§anisms /Fermentation
Development

Enzymes
Metals (Microbes, Plants)
Biosurfactants

Chemotaxis



IL.

Technology Directions

Systems Development

In Situ |
— Soil & Groundwater

Ex Situ (bioreactors)
—  Water
— Air

Cometabolism

- Anaerobic




II.

Systems Development:

In Situ

— Intrinsic Bioremediation (Natural
Attenuation)
— Biostimulation:
Nutrients, Substrates
Bioventing
Biosparging -
— Bioaugmentation:
Constitutive Expression
Adhesion
Energy Storage |
— Modeling Subsurfac:e Flow
— NAPLs
—  Fracturing
— Electroosmosis (Lasagna Process)
— Bioavailability




BIOCHEMICAL INDICATORS OF
INTRINSIC BIOREMEDIATION

DECREASE IN CONTAMINANT CONCENTRATION
NOT ACCOUNTED FOR IN TRANSPORT MODELS
(Adsorption, Desorption, Dilution)

PRESENCE OF CONTAMINANT-DEGRADING
BACTERIA (highei*than in non-impacted wells)

PERSISTENCE OE NON-BIODEGRADABLE
CO-CONTAMINANTS

LOW O, HIGH CO, FOR AREAS IMPACTED BY
THE PLUME

'DEPLETION OF OTHER ELECTRON ACCEPTORS
IN ANAEROBIC PORTIONS OF THE PLUME

DAUGHTER PRODUCTS NOT RESULTING FROM
CONTAMINATION

STABLE CARBON ISOTOPES THAT INDICATE |
THE CONTAMINANTS AS THE SOURCE OF CO,
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]

'NORMAL INJECTION
: INJECTION

IO

-oundwater : PN

' ‘Bacterial Remediation
: Zone (can become clogged

INJECTION

vadose :
zone

. plume of
contamination

groundwater

Bacterial Remediation
: Zone Expanded

Enhanced biocatalyst subsurface transport
using non-adherent bacteria




“I. Systems Development (cont.):

e Ex Situ (Bioreactors)

— Solids:
Biopile
Bioslurry

. ¥
°

Engineered Land Treatment ("Land
Bioavailability

— Liquids:
FBR
MBR \ |

Anaerobic (UASB, FBR)

— Air:




7I. Systems Development (cont.):

e EX Situ (Bioreactors)

—  Solids:
— Liquids:
Biofilters

Blotnckhng Filters
Bloscrubbers
Membrane Bloreactors

Process Parameters:
Packings, Bed Life
Process Control
Chlorinated Targets (pH, Cost)
Biomass Control
Cometabolic Targets
- Uneven Distribution
- Gaseous Nutrients (NHS, N20,
TEP) -
Mixtures (Sol. w/Insol.)
Mass Transfer/Contact Time
Limit




Technology Directions

III. Establishing Reasonable Regulatory
Targets

e Why 99.9999% Degradation?

What is Zero ?

There are a lot of molecules in a
mole !

— "nano pure"
— "pico pure”
— "femto pure"
— "atto pure”




1II.

- Technology Directions

Establishing Reasonable Regulatory
Targets

Risk Assessment Tools -& Models
Technical Foundatlon for Risk-Based

Decisions

Cost-Benefit Analysis |
Bioavailability Issues (friend or foe !)
Clean-Up Goals

Mineralization or not
Biostabilization

Humification/ Blolmmoblhzatlon |
(TNT,PAH) -

Intrinsic Bioremediation

Environmentally Acceptable

'Endpoints (E.A.E)




IV. Monitoring' & Documentation
* Monitoring Tools: |
— Reporter Genes
— Biosensors
— DNA Probes (rDNA, structural genes)
— DNA Fingerprints
— mAb
—  Fatty Acid ;-Analeis
— Subsurface Respiration
— 12C/13C Isotope Ratios (35C1/37C))
* Treatability Protocols
e Analytical Protocols
— TCLP? AMES? Microtox ?
* Goals
— Cost;Effectivenesé
— Reliability
e Corporate, Govt., Public Acceptances
—  Generally Accepted Technology
— No Resistance (eg., Incin., Landfilling)

{
i



Technology Directions

I. Biocatalyst Development
(Bioadsorption, Bioconversion)

[I. Systems bevélopment

uI. Establishing Reasonable Regulatory
| Targets

[V. Mdnitoring & Documentation




sed JUdA [IOS e
‘SQOA TerIIsnpur »
e : SW9)SAS JUdUIIBIL]L ITY (€

IJ)eMI)SeM [RLIISNPUI
I2)eMpuUNoIs o

sk e SWId}SAS jJudurjeary, xoyem (g
JUSUWIIPIS ‘[I0S o

. adoBIMSgNS o

sk sk SOJIAIOG UoIjeIpOwWdY (I

joruo) UOoIjeIpawdy _

uornyrod

SUOISIAI(] SSouIsng S, U9S0IIAUS]



Evocwnon oF AHE E W IR oNMENTHL. BUSI/ESS

€05 — How T An UvE Youl weck

90's — How T o SkveE Yeu  MOWEY

e B/oesTME DIHTIoN
¢ BloTBEAMENT [LOCESSES PO WHES/H AR

20007 — How T AN MAEE You MOA/E)/,/

e BlrocCopve=LSton s
o YALuwe HIED  CEAN-UPS







BIQAID)-IJUNH ) QIUUI(

uovo1ddy
oragsnpur (ppudiod YIGVN







ld.ﬁv .

%
2

TS
NN £ex
Sl vl
ol

e} ooy §

Ay

S
-

&t
il
Skl

s

22
A

ES
2

0
e

et
T gnesd

X\

SR

NTER,
3 hy 507, e

Bt
P il
%

(g

P
(50

(Al
| ﬁm‘w

2T
SRR

4

3
3

“_: e

byt
PRpuly X

LT

S

RN

A3o10uto9101q

pue Ansnpur

J0J AS0T10Ul99)]
MU SUIPIAOI] &

sworqoad

[0 01 SUOTINJOS
MU UIPIAOI] &




0661

‘UOLEULIOJU] SOUIISS 10 JANUSD) , IUSWIUOAUE
o 29 saqosot A3ojouydold,
HUOR |

"
- Gl - SE-




®e3TTINS pue InT
(11 ToA) €661 3Isn3ny HOALAIL

-f1018100E| 98U} Ul paAe)s eAey PInoys aM

iSiU} 9YI| 99 PINOM piel 8y} ul, 8zi[eal LUpIp | i1e8p YO,




JUdUA[qRUY SIUA))
J10J 0e[] [OoIeasy
sdrgsioupeq| Ul JIOMION pPIatg
o | | swerdoxd
sodeuey| - souIfdiosip JoIBasaI
weIrs3o1d OIJIIURINS | HO( snoiadxd
PIOULIAXH| JO UONBIZANU]| JO DUALIRAXH
. SWA[qOI] we, diyszopea]
PITOM [EB9%,, OLIURIOY OLJLUIIOS

$YpSua41§ YTV N

&
0

7Y

i




sIopIoyayels ¢
uondoorod orqng ¢
gyoeannQ) ¢

QOUJIOG ¢
uorneonpy ¢




uonedynId) @
UONEPIEA &
A[qIONpoIday
g &

J0)58,] *
Jadeay) &

SIUUDAIND DY
A2UOISN) YTV N




sonbruyoa) urssaooid
WEL)S-UMOP MON] ¢

u31S9p $s9901d
J01082101q paAoidw] &

SO[NOA[OW [QAON #
sAkemyed [9AON ¢
SISATeIRO0I{




SUONOUNJ A1018[N3Y

osuodsal
pue UonIUS0II SSANS ¢

SUWISTURSIOOIOTUI
1UBISISIY

SWISTULIIO0IOIW [OAON &

spoyjou
TUONR[OST [QAON ¢




$9$59001d JUBULQUIOIA
oTeos o3ie] pasoidw] & i

JUQUIROUEBYUD AJIATIOY @
SUIQISAS QIJ-[[O)) &

SU1I29UISUd Aemijed &

UOT}OUNJ/QINJONTIS
JR[NOS[OIN

3U1L22UISUT |
pUp 20U210S ADINI]OU01g Ve

7NE



&}
i

LY,
e

&
.,v.«

%
%

Roand
Sy bl
%P \mnm«.»mm
S

AT
.\W\.J.ww i

e

ot S

Rt

euowouayd

uorjensonbog &

AIISIOATPOIY

ANSTIaYO 99BLINS 9D
oyeidn JudLnnu

SUONOBINUI [[90-TBISA

\ g
\ g
L 4

3unoayye siooe] &




JUQUISSISSE
JSLI 3[eaY 2A0Idw]
A3070Uyo9) MAU pue
SUunIsIXa JO UOIIBPI[BA 4
S[00] UOI}BZII)IBIBYD
paroxduwy o
SpoyjoW
SULIOJTUOUWI [QAON] ¢
SOTISOUZRI(]

JUIULSSDSST/ &
N




uorBuawsneoIq

pue UOTIB[NWIISOIC
poaoxdu

b

-

L.

SUIO)SAS

KIAITAp paArordw]

Sassao01d
[e1qoIotu paAoxduwy &

UOTIDAI[2II ) &

*

fe
L
b
b
[

.



s[opow
dn-oyeos JO UOnEpI[EA
UOT)eIZI)UL JOJ S[opOd
[eonsne)s posorduy o
saseq eyep paroiduwy e

- STOpOW RO BWAYJBW
poaoidwy &

uonpvziuld() puv
UONIIPIL] UOLDASIJU UIISAG

lll\n\r R :
7RE



UOTIBIOISAY [BIUSWOIIAUH &
SUIuIA @
SOUIIPOWIIO)) [BITWAY)

SOI)SOUSRI(] ¢
SOTINAdRULIRYJ ¢

QINNOLISY &




9961 ‘SNYIOZ "D [ ¢
. SOWIAZUS TeInsnpul uey)
I91SeJ P[0} 0] SUISLAIOUL SAWAZUD A)Je10ads
UM JedA 10d 94 Uey) J918I3 eI € I8

3UIMO0I3 ST Jo3[Iewl 1) pue {(S)) UOITIq 0°T$
PO30X9 SOWIAZUD JO SO[BS PIOM [enuuy,, ¢

SoumAzusy
AOf P2IN pub puvuizJ =8 “




Joded pue
SJTUASI9)9(] ding poop\ | S9IIXa]T,

S[edTay) SoTISouseI(]
Kerdadg pue 3UISS990I1]
pue our sonnaderdy, P00

$OLLI032JD") IUAZUT]

3
 — T

\w;‘ *;



S 08 9se31]

9 071 QSBIOWIOS]
G¢ GST aseA ]
STl 9€9  9SBJOIPAL]
06 0ZL QseIdJSuRI],

| @mgoﬂﬁ@.ﬁ
06 059 - OpPIXQ

TIeAY WO poynuap] QdA[ swizuyg

21qDIIPAD AJIDIDLUULI0D PUD
paifiuspl SoumAzud Jo SI2qUINN Aw_/a




‘opraoxd

A1) 90IN0$31 O1}oUS 9Y) JO UOIBAIOSUOD
9Y} UO pUR WSI[OQRIIW AIRPUOIIS

pue Arewrid Jo Jnsaz e se donpoid

A9Y) SO[NO[OW A} JO AJISIOAIP oY) pUE
SWISTURSIOOIOTU JO AJISIDAIP 9] UO ST
A3o1ouyoa101q JO [eriuajod pue $S900NS Y. &

(8ojouysa101g fo [p13uU210



[enpiAlpu 03 enjeA jo ,AyjiqiBuel, HNISYIHDIQ

BujioAo [011U09 1504 Ydieesey R —
UonoUNXe . uoqIe) Buiay uo|180J00Y |
se|oods pue mys xe 1 nys v 1024|140} 59UBIS|SQNS 0} $19nposd ueesp
s9)00ds sielqey| [uopeasssuos sejoadg| | 1043U0d poojd djuedio palsaAley pood| | s1anposd sequt L
pasaBuepuy u aBueyo UOJIBAIESUOD JeliqRH uopoeo.d $901AJ0S . saujojpowt POO} paraseny
183)qeH a]qiss10A0.)| $83Jn0s0J [8]qOIOIN poysieiep uojeujjjod snouaBipy) sjeapinasewseyy
_ N 208
Q3LINHYIN a3Lanyvi
NON Q3L3NYVYIN NON [EFERITTR
L | L
89.n0$04 }O 850 _ 1
Aq pepnjoosd anjeA souss|xe sweisAs093/A1s10A1p0IQ
1qey oq pinom [390J1pulnoNp Sifjousg WoJp s09)jAles
Jo sejoeds e 1Y) sipjeusq NN} 1e9]80j0o3 pue spoob jo moy
}0 92UeIS)XD aimnj 1noqe 10} $82n0501 [siuswuoAug woJ; Ap20sip poaop
siow jo enjeA|  [Bujusee j0 enjep 10 uojusley /iruopoung uOPdNPOIJ/SI UG
_
aNIvA ANVA
3ONILSIXA|  |[NOMdO 2¥NLNd| [anwvANoudo]  [3nTVA 3sn Loauian] [3n7vA 3sn 1o3uI0
l ] l | J
_ .
[3NVA 350 NON| . [3n7vA 3sn)
| -

A3 L




DESIRED PRODUCT ACTIVITY IS DEFINED

v

IDENTIFY KNOWN MICROBES WITH DESIRED ACTIVITY

v

DEVELOP ENRICHMENT PARAMETERS AND SCREENING ASSAYS

v

SOURCE OF MICROORGANISMS
Culture Collections
-Environmental Samples
"Naturally” Enriched Environmental Samples

L}

!

ENRICHMENT FOR TARGET MICROORGANISMS
Batch Enrichment Culture

Continuous or Progressive Enrichment Culture

: !

4 b

ISOLATION OF TARGET —&®  SCREENING OF MICROBES
MICROORGANISMS DESIRED ACTIVITY
SECONDARY SCREENING

Eliminate False Positive/Negative
Evaluate Product/Activity

PRODUCT DEVELOPMENT/OPTIMIZATION
SCALE-UP

PRODUCTION

General schematic of an industrial screening program.

ref: Annu. Rev. Microb. Vol. 46 1991, p. 93
Steele and Stowers
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WHO IS THE PUBLIC?

° All of us in some sense

o A role that everyone gets to play, depending on the

issue

ON ISSUES OF ENVIRONMENTAL REMEDIATION

o Spatially concentrated (high exposure to potential
problems)

° temporally diffuse (spread over future generations)
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THE PUBLIC IS INTERESTED AND EXCITED
ABOUT THE PROMISE OF BIO-REMEDIATION
INNOVATIONS

To solve intractable problems
° To restore a healthy environment

o Hoping that technological innovation can restore as

well as degrade the environment

J understanding that savings are likely to be
capitalized in the land values




WHAT ARE WE CONCERNED ABOUT?

1.  Risk of failure
o ineffectiveness
) wastefulness and foregone opportunities
o creation of new problems
2. Unknowns
o scientific
o economic
3.  Skepticism Based on Past Experiences

° communities used as laboratories without
their consent

. unfulfilled promises

4. Anger about the contamination




LOSS OF CONFIDENCE IN INSTITUTIONS
RESPONSIBLE FOR ENSURING SAFETY

o Sobering experience of former Soviet Union (toxics
outlasted the institutions responsible for the
public’s safety)

o Defunding of government enforcement agencies
(USEPA)

o Weakening of local government (usually
responsible for overseeing restrictions on future

use such as deed restrictions)




1. ENVIRONMENTAL BIO-REMEDIATION
INNOVATIONS ARE TESTED IN COMMUNITIES.

2. IMPLEMENTATION TAKES A LONG TIME;

3. SAFETY OVER THE LONG HAUL ASSUMES A
- DURABLE AND STRONG INSTITUTIONAL
INFRASTRUCTURE

. to ensure that implementation over time is

consistent with design

e  to monitor over time to detect and correct

unexpected problems

o to ensure that the original pollution problem is
solved on sites where innovative technologies and

techniques do not work the first time around




SCIENTISTS MUST ADDRESS THE SOCIAL
INSTITUTIONS NEEDED FOR SAFE
IMPLEMENTATION

o Suggests the need to build partnerships with
communities to enable them to “co-own” the
projects

o Necessitates reconceptualizing the role of the
public '




CURRENT MODELS OF PUBLIC PARTICIPATION
o Models from the past do not go far enough

traditional reliance on the rubric of national defense
to muster public support

SuperFund Technical Assistance Grants: good idea,
inadequate funding

Restoration Advisory Boards: usually lifnited to
after-the-fact review

° NABIR Model

early identification of ethical, legal and social

issues at beginning of the process

o EPA Guidelines
1-way communication

equates public outreach with information

dissemination




THE ROLE OF THE PUBLIC PARTNER IN
BIO-REMEDIATION INNOVATION

o Focus on values and judgment issues (e.g.,

tradeoffs between time, money, and certainty)

«  Develop comfortable fit between a project and the

culture of the host community

~ e Determine acceptable levels and incidence of risk

REQUIRES SCIENTISTS TO OPEN UP PROJECT
DECISIONMAKING TO THE PUBLIC, ENGAGE IN
JOINT PROBLEM SOLVING




PRELIMINARY SUGGESTIONS FOR BASIC

1. Embed public participation into the problem
identification phase.

2. Require prospective field research center sites to
team with community partners in order to be

considered in the competitive selection process.

3. Enable communities to have their own technical
consultants participate in peer review and
development of performance measures.

4. Fully develop a “failure scenario” (persuading
communitiés that the scientist is their friend
requires innovators to stay with the contamination
problem until it is solved, not just long enough to
learn whether their ideas work).

5.  Provide contingency funding to recover from

failures.

6. Require projects to spell out and monitor long term
institutional infrastructure needs as part of project

design.

7. Identify and strengthen community institutions,
including public interest. organization that have a
track record of commitment to long term

community needs.




CONCLUSIONS

. Responsibility is fragmenfed for ensuring the long
term safety of biotech environmental remediation;
scientists do not control the social infrastructure
that implément their projects over the long term.

o Communities can only give their informed consent
to the risks inherent in innovation if they
understand their long term responsibilities to

monitor and enforce safety measures.

o Partnerships between scientists and the public in
which they “co-own” projects are key to integrating
the social and research systems needed to support

environmental remediation innovations.

o The alternatives are blanket rejection of innovation
or uncritical acceptance (usually followed by a
profound sense of betrayal when problems

emerge).
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