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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON D.C. 20460

OFFICE OF THE ADMINISTRATOR
SCIENCE ADVISORY BOARD

[Date]

EPA-SAB-08-xxx

The Honorable Stephen L. Johnson
Administrator

U.S. Environmental Protection Agency
1200 Pennsylvania Avenue, N.W.
Washington, D.C. 20460

Subject: Strategic Research Directions of the US EPA 2008: A Science Advisory
Board Advisory Report

Dear Administrator Johnson:

The U.S. EPA Science Advisory Board (SAB) initiated a series of interactions with U.S.
EPA Office of Research and Development (ORD) senior management and National Program
Directors (NPD) to discuss the strategic directions for EPA's research programs during October,
2007. The discussions were motivated by a desire to move beyond the SAB's annual review of a
single year's research program budget and to think more strategically about the Agency's overall
research program in relation to EPA's own stated needs and also the SAB's own perspective on
those needs. Specifically, the Agency asked the SAB to consider where EPA research should be
in 2012 and beyond and what factors EPA should consider in order to reach that point.

To assist the SAB in its review, ORD prepared an overview of ORD’s strategic research
directions for each of its research areas and provided brief documents that summarized the
strategic directions and current focus for each specific area. Additionally, EPA staff and SAB
members discussed these strategic research descriptions in break-out sessions during the October
2007 SAB meeting. Though quite valuable, these sessions did not provide sufficient depth of
information to allow the SAB to formulate a full understanding of each research area and to
comment in detail on all the research program areas. Thus, the reflections in this document are a
first response by the SAB to EPA’s strategic research vision as articulated in that October
meeting. In the future, the Board will continue to conduct follow-up discussions with ORD, and
possibly other EPA scientists, on EPA’s strategic research program directions. From time to
time the SAB, at the request of EPA, may provide additional advice.
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The Agency’s research and development program provides the scientific foundation for
EPA’s actions in support its mission to protect human health and the environment. Included in
these activities are: i) conduct of research and development to identify, understand, and solve
current and future environmental problems; ii) provision of technical support to EPA’s Programs
and Regions; iii) collaboration with EPA’s scientific partners in academia, other agencies, state
and tribal governments, private sector organizations, and nations; and exercising leadership in
addressing emerging environmental issues and advancing the science and technology of risk
assessment and risk management.

ORD?’s research program structure contains sixteen (16) specific research areas. These
program areas address EPA’s science and technology needs in topics such as: human health; air
and global change; economics and sustainability; environmental technology; ecosystems; water;
and homeland security. These programs are listed and summarized in the Enclosure to this letter.

In this report, the Board focuses on fundamental and overarching issues. The SAB
believes that EPA has made progress in identifying the strategic needs within its 16 focused
research areas. Similarly the National Academy of Sciences has remarked on the importance to
research efficiency of good planning and implementation, and concluded that *“...EPA and its
ORD have a sound strategic planning architecture that provides a multi-year basis for the annual
assessment of progress and milestones for evaluating research programs, including their
efficiency” (NAS, 2008). The SAB is pleased by the EPA's efforts to engage in a dialogue on
strategic research planning. This willingness to engage the Board and others openly about
research directions and strategies is laudable as EPA comes to grips with the need for major new
science understandings to meet current environmental protection issues, as well as the emerging
issues that will be a part of its mission in the future.

The Agency's current sixteen focal areas are important. However, if it is to be prepared to
address future needs, EPA’s research program will have to adopt a more integrated view, one
that recognizes the inherent complexities and interconnections among human and ecological
systems, gives greater consideration to feedbacks, and focuses on the relevant scales of each
issue. In this context, it is clear that if the Agency is to truly protect the environment, it must
undertake a larger program of research that goes beyond its immediate regulatory needs and
address the broad array of environmental problems facing the nation.

Of course, focused research in support of current regulatory programs is needed. However,
it appears to the SAB that a balanced program that has been recommended by the SAB and the
National Academy of Sciences in a number of past reports (NAS, 2000; SAB, 2006; SAB 2007)
is being lost as a result of constant pressures to address the near-term data needs of the Agency’s
operating programs in the face of ever more serious resource constraints.

Several changes are needed to address pressing environmental problems that do not fall
neatly within existing regulatory mandates. Today these needs are only addressed within the
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Agency's research plans in fragmentary ways, even though they are often interrelated. In its
research programs, we believe that EPA should:

1) Broaden the interpretation of "land preservation" to take a greater leadership role in

future land-use decision making and in managing the consequences of bio-fuels, sprawl,
green-field development, and the pressures of unconstrained coastal development. This
program has historically focused on cleanup activites associated with contaminated sites
and releases. In addition, issues associated with the Resource Conservation Challenge
have been a part of the program. Though latitude for change in this program may be
limited by funding strictures, EPA should consider broadening the program to enable it to
focus on issues that are key to the success of EPA’s new Sustainability programs,
including research to understand the environmental consequences of incentive structures
associated with land use decisions.

2) Expand the focus on the environmental consequences of new technologies to include a

broader consideration of the life-cycle of new products and their globalization.
Understanding changes in where and how products are manufactured and in the types of
products manufactured arfe important to understanding risks. Shifting locations of
production within the U.S., outside the U.S., can present unique risks to the U.S.
population (e.g., changed water and energy usage and availability, contaminated
products, long-range trapsport of pollutants, and movement of living organizations to
new locations of the world, to name a few). EPA must conduct research to better
understand these issues and how they influence human health and the environment, as
well as conduct research on the efficacy of alternative regulatory mechanisms for
protecting human health and the environment in the face of these changes.

3) Expand the analysis of water infrastructures, supply, demand and quality in light of

changing socio-economic pressures and climate. Increased water demand from
expanding populations in water-short areas is leading agencies to consider agreements for
large-scale transfers of water from one region to another. EPA needs to conduct research
that will improve our understanding of ecosystem and service impacts associated with
such transfers to be prepared to make informed decisions on water management issues in
the future.

4) Reinvigorate and modernize research on sensitive human and ecological populations.

EPA should continue to give primary emphasis to sensitive populations — this information
will also provide critical data to protect the general populations. In this sense, sensitive
populations refer to humans as well as to plant and animal populations. These studies
will also help identify effective interventions when needed. Studies should also address
the critical need for information on chemical mixtues that are reflective of actual
situations in the world.
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5) Improve the science foundation needed to responsed to unexpected and emerging
problems and environmental disasters. Science and technology that is relevant to human
health and the environment are expanding in terms of complexity and the pace of their
development. EPA needs to develop creative mechanisms to provde the Agency access
to this science within the constraints of its resources

6) Expand policy relevant research on developing, testing and evaluating new and
innovative alternatives to conventional command and control regulation. Most EPA
research programs focus on specific media and their efforts are driven by current
regulatory strategies, mandates, and needs. In thinking of 2012 and beyond, the SAB
believes that a broader and more systems-oriented approach to research will be needed to
break out of existing “stove-piped” programs and to attend to the interrelated issues that
are characteristic of the real world.

[DFO Created this concluding statement as a strawman] The SAB appreciates this
opportunity to work with EPA in further expanding and interweaving the existing Agency
research vision. With a renewed commitment to providing the resources necessary for the
conduct of this forward looking research program, and with a commitment from the Agency to
making the connections needed across its research efforts, the Board believes that EPA will be
able to address the Agency’s needs for knowledge of human health and the environment within
the context of how they exist in the complex real world. With such a commitment, EPA can
move further toward successful achievement of its mission to protect human health and the
environment. The Board looks forward to your comments on its interim reflections on the EPA
strategic research vision, and to its continued interactions with EPA on these critically important
issues.

Sincerely,

Dr. M. Granger Morgan
Chair
Science Advisory Board
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NOTICE

This report has been written as part of the activities of the EPA Science Advisory Board (SAB),
a public advisory group providing extramural scientific information and advice to the
Administrator and other officials of the Environmental Protection Agency. The SAB is
structured to provide balanced, expert assessment of scientific matters related to problems facing
the Agency. This report has not been reviewed for approval by the Agency and, hence, the
contents of this report do not necessarily represent the views and policies of the Environmental
Protection Agency, nor of other agencies in the Executive Branch of the Federal government, nor
does mention of trade names of commercial products constitute a recommendation for use.
Reports of the SAB are posted on the EPA website at http://www.epa.gov/sab.
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ENCLOSURE

ADVICE ON EPA’S STRATEGIC VISION FOR ENVIRONMENTAL RESEARCH -
US EPA SCIENCE ADVISORY BOARD

1. Introduction

The U.S. EPA Science Advisory Board (SAB); senior managers of the U.S. EPA Office
of Research and Development (ORD), and the ORD National Program Directors (NPD), began
an evaluation and dialog on the strategic directions for EPA's sixteen (16) research programs
during October, 2007. This dialog has continued over several meetings since that time, and the
parties intend that these discussions continue indefinitely over time. This interaction between the
SAB and EPA is motivated by a desire to move beyond thinking about EPA's strategic vision for
research in a way that is broader than the view that can be obtained through the lens of each
year's annual review of the EPA research program budget. Both the SAB and EPA want to
engage and to think more strategically about the Agency's overall research program relatibr to
EPA's own stated needs and also the SAB's own perspective on those needs.

In initiating this interaction, the EPA Assistant Administrator for Research and
Development) asked the SAB to consider the strategic directions for EPA's 16 specific research
areas and to provide its thoughts on the following:

a) Where EPA research should be in the next five years, i.e., 2012 and beyond in terms of:
I. Research areas that will need continued emphasis;
ii. Research areas that might need increased emphasis; and
iii. Research areas that might be given decreased emphasis over the next several years.

b) What scientific factors EPA should consider to get to this point?

i. Changes in “environmental science" itself;

ii. Ways in which the workforce, and the skills available through the workforce, might
be adjusted to further evolve and improve the research program (i.e., strategic
workforce planning); and

iii. Opportunities for efficiency

¢ Are there areas with opportunities for greater coordination and synergy within
ORD, across EPA, and across other organizations both inside and outside
of government;

¢ Are there other research “themes” that could strengthen EPA’s research
strategy (e.g., cross-cutting advice on sprawl, disasters, climate change);
and

¢ How might we improve the SAB — EPA dialogue on strategic science planning
for the future?
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Section 1 of this “Enclosure” is this Introduction. Section 2 identifies and summarizes the
key components of EPA’s 16 research areas. In Section 3 the SAB responds to the Agency’s
charge to the SAB for these interactions. Specifically, Section 3.1 offers general SAB comments
on a number of overarching issues that emerged during its October 2007 discussions with EPA
on its strategic research directions. In Section 3.2 the SAB comments on the human scientific
resource needs of EPA, focusing on the problems of sustaining and renewing EPA's excellent
and highly motivated scientific research staff. In Section 3.3 the SAB comments on strategies
that ORD might consider in enhancing its research effectiveness and efficiency. In Section 3.4
of this advisory the SAB offers some suggestions for additional dialogue between the SAB and
EPA on its Strategic Research Discussions. Finally, in Section 3.5 the SAB offers more specific
comments on the current research program directions described in EPA’s 16 strategic research
area descriptions (SAB, 2007a). However, as noted above, these are preliminary comments
because the depth with which the SAB was able to learn about each strategic research area was at
best modest.

2. US EPA Research Program

The EPA Office of Research and Development’s (ORD) began a new strategic planning
effort during 2006 that involved ORD’s National Program Directors (NPD), the ORD Executive
Council (OEC) and the ORD Science Council (SC). The research areas are intended to provide
the scientific foundation to support EPA’s mission by: i) conducting research and development
to identify, understand, and solve current and future environmental problems; ii) providing
responsive technical support to EPA’s Programs and Regions; iii) collaborating with EPA’s
scientific partners in academia, other agencies, state and tribal governments, private sector
organizations, and nations; and iv) exercising leadership in addressing emerging environmental
issues and advancing the science and technology of risk assessment and risk management.

ORD has structured its research program around sixteen (16) specific research areas.
These program areas are summarized in a set of strategic documents that formed the information
base for the SAB — EPA discussions during its October 2007 meeting. ORD’s sixteen specific
research programs are listed in Table 1.

Table 1. EPA Research Areas
Grouping Research Area
a) Technology i) Land Preservation and Restoration
ii) Nanotechnology
iii) GEOSS / Advanced Monitoring Initiative

b) Economics and i) Economics and Decision Sciences
Sustainability ii) Technology for Sustainability

c) Ecosystems, Water and i) Ecosystems Protection

Security ii) Water Quality

iii) Drinking Water
iv) Homeland Security
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d) Air and Global Change i) Clean Air
ii) Global Change
€) Human Health i) Human Health

ii) Computational Toxicology

iii) Endocrine Disruptors

iv) Human Health Risk Assessment
v) Safe Pesticides and Products

The SAB challenged ORD during the S AB-EPA interaction on the FY 2008 research
budget to discuss examples of cross-cutting research (e.g., in cross cutting areas such as sprawl,
climate change, sensitive populations, etc.). Though a cross-cutting view of these themes is not
directly addressed in the descriptions listed above, ORD does think of the individual linkages
across research areas and they jointly plan some parts of this research across a variety of specific
areas. In addition, EPA views the inviduals programs as being either Program-Targeted
Research (e.g., Clean Air, Drinking Water, Water Quality, Land Preservation, SafePesticides
and Products, Homeland Security, Global Change, and GEOSS/AMI) or Cross-Program
Research (e.g., Human Health, Computational Toxicology, Human Health Risk Assessment,
Endocrine Disrupting Chemicals, Ecosystems, Economics and Decision Sciences, Science and
Technology for Sustainability, and Nanotechnology).
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3. Response to the Charge

3.1 General Comments: Moving to a more proactive and system-oriented research portfolio

In this report, the Board focuses on fundamental and overarching issues. The SAB
believes that EPA has made progress in identifying the strategic needs within its 16 focused
research areas. Similarly the National Academy of Sciences Committee on Evaluating the
Efficiency of Research and Development at the U.S. Environmental Protection Agency has
noted, “The key to research efficiency is good planning and implementation. EPA and its ORD
have a sound strategic planning architecture that provides a multi-year basis for the annual
assessment of progress and milestones for evaluating research programs, including their
efficiency” (NAS, 2008)!. The SAB is pleased by the EPA's efforts to engage in a dialogue on
strategic research planning. This willingness to engage the Board and others openly about
research directions and strategies is laudable as EPA comes to grips with the need for major new
science understandings to meet current environmental protection issues, as well as the emerging
issues that will be a part of its mission in the future.

The Agency's current sixteen focal areas are important. However, if it is to be prepared to
address future needs, EPA’s research program will have to adopt a more integrated view, one
that recognizes the inherent complexities and interconnections among human and ecological
systems, gives greater consideration to feedbacks, and focuses on the relevant scales of each
issue. In this context, it is clear that if the Agency is to truly protect the environment, it must
undertake a larger program of research that goes beyond its immediate regulatory needs and
address the broad array of environmental problems facing the nation.

Of course, focused research in support of current regulatory programs is needed. However,
it appears to the SAB that a balanced program that has been recommended by the SAB and the
National Academy of Sciences in a number of past reports (NAS, 2000; SAB, 2006; SAB 2007)
is being lost as a result of constant pressures to address the near-term data needs of the Agency’s
operating programs in the face of ever more serious resource constraints.

Several changes are needed to address pressing environmental problems that do not fall
neatly within existing regulatory mandates. Today these needs are only addressed within the
Agency's research plans in fragmentary ways. In its research programs, we believe that EPA
should:

1 NAS also provided a framework for evaluating the efficiency of EPA research. NAS identifies two types of
research efficiency. Investment Efficiency addresses theree questions: are the right investments being made, is the
research being performed at a high level of quality, and are timely and effective adjustments being made in the
multi-year course of the work to reflect new scientific information. NAS states that these questions are best
evaluated by use of expert judgment not quantitative measures. Process Efficiency involves quantitative measures
of inputs and outputs (e.g., publication rates, time required to conduct research, and percent of grants tht are peer-
reviewed) and these can be measured in units such as dollars, hours and numbers. PART emphasizes Process
Efficiency. Investment Efficiency is best judged by expert advice.
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1) Broaden the interpretation of "land preservation' to take a greater leadership role

in future land-use decision making and in managing the conseguences of bio-fuels,
sprawl, green-field development, and the pressures of unconstrained coastal

development.

The Agency’s Land Preservation area has historically focused on cleanup activities
associated with contaminated sites, uncontrolled releases, spills, and leaking underground
tanks. More recently efforts have been made to include waste minimization activities,
mostly through the Resource Conservation Challenge (RCC), a voluntary partnering
program aimed at helping companies and institutions overcome barriers to implementing
waste minimization programs. This is a potentially valuable program, but it has not been
systematically evaluated to assess its efficacy or to develop plans for improvement. This
should be done.

Perhaps more than most of the other of the Agency’s research programs, the Land
Preservation area has less latitude in shifting its programs in response to suggested new
directions. This is due principally to restricted uses of Superfund resources, but also the
genuine, and considerable, needs associated with containing and removing contamination
in the land environment. Still, the Board is concerned that new and broader issues that
this area could also address are not being seriously considered. For example, there is
little research on land use topics such as measuring the benefits of Brownfields cleanup
and revitalization, urban sprawl and the built environment, and the multiple land
sustainability issues that surround agriculture and biofuels. The Board urges that EPA
carefully examine the complimentary nature of an expanded Land Use program and its
nascent, but important, research program in Sustainability with a view toward
recognizing opportunities for cross-disciplinary collaboration.

Private actions associated with land use decisions, globalization of the supply chain for
increasing numbers of commodities, water needs for residential and agriculture uses, bio-
fuels as responses to shortfalls in conventional energy resources, and numerous other
examples illustrate choices made in response to the incentives provided by private
markets and current regulations. Experience seems to suggest that we learn the
environmental consequences of these incentive structures after problems have emerged.
Organizing environmental research in all media so that it considers the task of measuring
ex ante the environmental costs (or equivalently the benefits) of the available choice
alternatives would require re-casting EPA’s research activities. Under this approach EPA
would connect the full environmental consequences to their sources as distinct private
decisions. This organization would also provide an accounting system that is consistent
with sustainability scoring.

10
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2) Expand the focus on the environmental consequences of new technologies to include

A number of factors associated with product life cycles influence the types of risks that
are emerging in the U.S. and worldwide, as well as how and why those risks emerge. It
matters where products are manufactured and how they are manufactured. In addition,
new technologies are emerging that will have to be considered in view of their own life
cycles.

EPA needs to understand where things will be manufactured in the future. Thirty years
ago, 80 percent of automobile-related manufacturing took place in less than 20 counties
in the U.S. Today that number is less than 50 percent. Auto manufacturing left the
Rustbelt and moved into the American southeast (a shift from Brownfields to
Greenfields). Just-in-time inventory processes have dramatically increased the
transportation-related impacts for the production life cycle, especially for high-weight,
low value inputs. Thus, the location of production and any attendant risks has changed
within the U.S.

There is also a need for attention to production activities outside U.S. borders. The
increase of international trade has made it more important to think about how human
health and the environment in the U.S. might be influenced by manufacturing outside our
boarders. Productions processes for these products, and the products that result from
international production processes, also matter. Risks from production and products need
to be considered where things are produced outside our boarders as well as the risks
associated with outside production and products once they are brought into the U.S.

Examples of US human health and environmental problems that can result, at least
partially from pollution released in other countries, include not only global effects such as
climate change and stratospheric ozone depletion, but also environmental transport of
pollutants such as particulate matter and mercury. Additionally, transport of
contaminants through products (e.g., lead in children’s toys; pesticides in food products),
and accidental or incidental transport of living organisms associated with increased

global transportation (e.g., invasive species such as zebra mussels, disease vectors) can
cause adverse effects to human health and the environment in the U.S.

ORD should develop mechanisms and devote resources to anticipating significant
changes in the methods and locations of industrial production that could have impacts on
EPA’s mission and programs. Shifts in hydrocarbon synthesis (biofuels) are already on
the radar screen but other changes loom large. Research is needed to better understand
the effects of globalization on risks to human health and the environment in the US and
elsewhere.

There is also a need for research on the efficacy of alternative regulatory mechanisms for
protecting health and the environment. Some conventional regulatory approaches (e.g.,
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pollution taxes, inspection systems) may be more difficult to implement outside US
jurisdiction and may be limited by free-trade rules, suggesting that alternative approaches
such as programs to assist non-US producers in developing or adopting more
environmentally or health-friendly products and processes (e.g., ongoing US-China
efforts, development of energy-star and other product standards) may be considered in
addition to more conventional regulatory mechanisms.

Production locations and methods are not only changing for existing products, but new
technologies are giving rise to new types of products that must be evaluated. For
example, to continue to reduce the cost and size of computer chips, the semiconductor
industry is exploring alternative production methods ranging from water-based
lithography to the use of DNA and nano-scale quantum techniques to produce logic.
Similar transitions are underway in the production of batteries as companies explore
alternatives to lithium ion such as nano-phosphate. These shifts in industrial production
methods could result in dramatic changes in material inputs, water and energy
requirements, emissions, and end-of-life issues. When they happen, where, and how all
need to be better understood by EPA

Expand the analysis of water infrastructures, supply, demand and quality in light of
changing socio-economic pressures and climate.

Expanding populations in water-short areas of the U.S. (e.g., Atlanta, Las Vegas, and
Phoenix) is increasing the demand for water. This, in turn, is leading local water
management agencies to negotiate agreements for large-scale transfers of water from
distant regions. The long-term ecosystem and ecosystem service impacts of such
transfers have received little study. Because interest in inter-basin transfers of water is
likely to grow in the future, an improved understanding of the ecosystem impacts
associated with such transfers will be necessary to make informed decisions on regional
and interstate water management/reuse as well as land uses which contribute to increased
water demand.

Reinvigorate and modernize research on sensitive human and ecological
populations.

The study and protection of sensitive populations (including plants, animal, and human)
should continue to be a prime emphasis for the EPA. If the Agency protects those
populations that may be the most susceptible to toxins and other stressors it will likely
fulfill its primary mission of protecting the general population.

Sensitive human groups include populations at various stages of life (fetus, pregnant
females, children, elderly, etc) and populations of individuals with specific diseases (such
as asthma), specific genotypes, or specific exposures. Studies of these sensitive
populations, not only provide critical data to protect the general population, but also
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provide insight into what chemicals are toxic, their mechanism of action or pathways of
toxicity, and potentially help to identify opportunities to protect these populations and the
general population as a whole.

Studies of affects on sensitive plant and animal populations are also important. Such
studies will also provide insight to mechanisms of action of environmental chemicals and
possibly avenues of intervention (including nutrapharmaceuticals, nutrition, etc) when
various species or ecosystems are at risk. The study of these sensitive plant and animal
populations is also important in helping to understand the effects of population losses on
the entire ecosystems. The study of sensitive populations must also consider how
changes to sensitive ecosystems can affect the entire system.

Often, environmental research and environmental protection actions focus on single
pollutants, species, or stressors. This is not reflective of actual situations in the world.
Thus, there is also a critical need to develop models and approaches that examine human
health and ecological effects of relevant chemical mixtures in the context of other
exogenous and endogenous “background exposures” and to move away from the focus of
intense scrutiny on narrowly conceived single agent scenarios. To do so will require the
development of criteria for selecting the most relevant mixtures and for understanding
how environmental exposures add to the existing burden of endogenous and other
xenobiotic exposure to cause disease. While the Agency has made some progress on
common mechanism mixtures (organophosphate pesticides, dioxin), these represent only
a minor part of the problem. Further, most mixtures to which people and ecosystems are
exposed will be dominated by mixtures that do not have common mechanisms; also
exposures typically occur within the context of other xenobiotic and endogenous
chemical stressors as well as non-chemical risk modifiers that can also change the effects
resulting from such environmental mixture exposures.

Improve the science foundation needed to respond to unexpected and emerging
problems and environmental disasters.

The science and technologies impinging on human health and environmental evaluations
are exponentially expanding in terms of complexity and pace of development. Examples
include the likely emergence of transforming sciences such as toxicogenomics and
nanotechnology. Resource-limited organizations such as EPA will be increasingly
challenged to develop creative mechanisms to provide the Agency access to this science
within the realistic constraints of EPA human and budget resources.

Expand policy relevant research on developing, testing and evaluating new and
innovative alternatives to conventional command and control regulation.

The first three of the above examples represent problems that arise from the many

independent decisions made by individuals and organizations that do not face prices, other
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incentives, or regulations that capture the full life cycle and longer term consequences of these
decisions.

With a few exceptions, such as the new initiative in sustainability, most of EPA's current
research programs are tied to specific media and their focus is driven by current regulatory
strategies, statutory mandates and needs. The SAB understands the forces and budgetary
limitations that have created this situation. However, in thinking about 2012 and beyond the
SAB believes that a broader and more systems-oriented approach to research will be needed.
Many of the elements of such a program already exist, but in the words of Administrator
Johnson, currently the work is much too "stove-piped."

Over the coming months the SAB will work to develop more complete and balanced advice
on what a more integrated and systems-oriented research portfolio might look like. At this stage
we offer comments on a number of topics that emerged from our discussions with ORD in
October 2007.

3.2 Human Resources for the Conduct of Science at EPA

EPA is interested in the implications of workforce changes on the quality and
responsiveness of EPA's research programs. EPA's question is primarily focused on how the
skills available through the workforce might be adjusted to further evolve and improve the
research program (i.e., strategic workforce planning). The SAB notes that the issue is not just
one of expanding expertise into new areas. Rather, there is a need to ensure that the existing
expertise base does not undergo erosion as staff turnover from retirement and lack of EPA
investments in science staff, and the laboratory equipment and supplies needed for researchers to
be able to carry out research. The SAB recognizes that new issues will require new skills in the
workforce and it has noted this in several of its recent reviews of EPA research budgets. Skill
will be needed for many of the new emerging issues such as nanotechnology production and risk
as well as in the specialties within the social sciences (e.g., human behavior, communications,
and other). EPA is generally as aware of the new skills it will need as those who are on the SAB.
In many ways, this issue is as much one of making the personnel resources available as it is in
attracting and retaining those with new skills. Given that we are now at a point in which many in
the existing workforce are moving into retirement, the time is good for making these changes.
The Agency must also develop plans for transitional training for new employees to avoid
repeating some of the current issues in the future.

There is an issue, though that must be addressed if EPA is to succeed in attracting and
retaining the best and the brightest scientists. The EPA has long enjoyed a remarkably dedicated
and high qualified scientific research staff. However, in our discussions with bench-level
scientists during our October, 2007 visit to RTP, and in the individual interactions that members
of the SAB have had in recent years with both junior and senior agency researchers, several
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issues have emerged that deserve ongoing and expanded attention from EPA’s senior managers.
These include:

a) The erosion and/or disillusionment of senior staff. Continually shrinking research
budgets have resulted in growing numbers of senior staff who are becoming
disillusioned, and this risks loss of the high level of dedication that brought them to the
agency in the first place.

b) Recruiting and retaining young talent. The agency has developed an outstanding program
to attract postdoctoral scientists to the ORD labs, and an active program to recruit new
young scientific staff. However, we are concerned that too many of the scientists who
are participating in these programs are losing interest when real opportunities and
permanent, challenging jobs are not available, and they are subsequently moving on to
other careers.

¢) Continuing Education and Training. The agency has long had formal and informal
programs to support continued education, up to and including opportunities for MS-level
scientists and engineers to pursue PhD studies. However, it is time to review and
revitalize these activities.

With the exception of our recurrent recommendations to reverse the continued erosion of
research budgets, the SAB is not close enough to the details of ORD operations to suggest
specific strategies to address these issues. However we know enough about recent staffing
trends to recommend that the issues of sustaining and strengthening ORD and the Agency's
scientific human resources deserves continued and expanded attention.

3.3 Comments on Research Effectiveness and Efficiency

EPA asked the SAB for advice on the scientific factors that should be considered so that
EPA can transition to its future program focus. Of interest to EPA in such advice was whether
changes in “environmental” science itself would be important; if workforce issues such as skills
available might need to be adjusted to further evolve and improve the research program (i.e.,
strategic workforce planning); and if there are opportunities for improving the research program's
efficiency (e.g., are there opportunities for greater coordination and synergy within ORD, across
EPA, and across other organizations both inside and outside of government; or are there other
research “themes” that could strengthen EPA’s research strategy (e.g., cross-cutting advice on
sprawl, disasters, climate change).

The recent NAS report on Evaluating Research Efficiency in the US EPA offers valuable
suggestions on evaluating both investment efficiency and process efficiency for US EPA
research programs. The SAB supports the findings of the NAS report and notes tht the role of
expert review by SAB is most helpful in evaluating investiment efficiency in research. In this
regard, the SAB offers the following thoughts for consideration.
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a) Strategies by which the EPA might make greater use of results from its own research
program (we offer examples in sustainability and in nanotechnology) and relevant
research from other organizations.

As a leading research agency, EPA should be the leader in the using its own research
results. The following are examples of current opportunities:

) The recent Agency and government-wide initiative on nanotechnology has
provided significant research results demonstrating the properties of
nanomaterials. Incorporation of these results in technology development
activities in the water and air monitoring and treatment arenas could yield
significantly improved process performance.

i) The Technology for Sustainability Research Program has identified three
interrelated ideas drawn from economics, social, and environmental realms.
These have been translated into 6 program themes. Integration of the ideas
and themes into other research programs will yield program results that
reflect EPA’s view of ... meeting basic environmental, economic, and
social needs now and in the future without undermining the natural systems
upon which life depends.”

iii)  The Ecosystem Research Program’s new direction on assessing ecosystem
services needs to be integrated into Agency Program offices and should
help in prioritizing and evaluating the effectiveness of their activities.

iv)  ORD has passed the tools developed in EMAP to the Program and Regions;
yet there is an on-going need for the development of new monitoring
strategies and tools. This parallels the opportunities in nanotechnology
presented above.

As the leading organization for research efforts that are directed at EPA’s specific
mission areas that protect human health and the environment, EPA ORD should actively
look for and use the relevant research results from other governmental and
nongovernmental organizations in ways similar to that noted above for its own research
results.

The SAB has noted on many occasions that other governmental and non-governmental
organizations either fund or conduct research that can be useful in supporting EPA’s
mission achievement. To its credit, EPA has a long history of using such results to the
extent that they are relevant to EPA’s conduct of its own research and in considering the
need for action on various environmental issues. However, as the SAB has remarked
before, much of the research conducted by these outside organizations, though generally
categorized as “environmental research” is not of the type that directly answers important
questions that are relevant to EPA’s specific mission.
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EPA ORD is uniquely positioned to pursue the most relevant research to support the EPA
mission. This is in fact the primary mission of ORD. That said, it is clear that there is
much research being conducted outside of EPA that can be useful to EPA as it improves
the understanding of components of problems that are a part of its mission. Thus, EPA
should continue to “mine” these efforts for useful knowledge and procedures. However,
EPA should enhance and improve this effort by instituting a systematic process that
ensures that such research results are captured by EPA and used to support the Agency
mission when it is appropriate for such uses. This systematic mining of others’ research
results can also identify opportunities for EPA collaboration and partnerships to leverage
the use of EPA’s own resources.

b) Strateqgies to engage citizens for data collection, and for computational resources for
advanced modeling and analysis.

Communications is shifting from a one-to-many paradigm (i.e., the approach that
dominated radio and television for decades) to a many-to-many, net-centric paradigm.
Nicholas Negroponte, the Director of MIT’s Media Lab, called this the move from
“passive old media” to “interactive new media.” Interconnected people now have the
technological tools that allow users to generate and distribute their own content --
everything from computer code (Linux) to course curriculum (iTunes University).
People can collaborate to make their content better (peer-to-peer design and
development) and they can apply their collective wisdom to solving important scientific
challenges.

To take advantage of these changes, ORD should develop a strategy to engage a new
generation of “citizen scientists” to help the agency collect, analyze, and apply the results
of these activities to environmental issues. In this, EPA could consider the integration of
citizens and outside organizations into their “macroscope”, possibly as a Citizen’s
Science Corps. In this manner, EPA could create opportunities for citizens to work as
observers and participants in a variety of efforts that would be useful to EPA’s
achievement of its mission. Citizens could perform measurements, analyze data, and
support efforts to attain environmental improvements. In addition to making direct
observations; such a “Science Corps” could participate in EPA websites to give their
advice on what EPA should be doing on various issues (e.g., Wikipedia); and they can
analyze EPA’s data bases through competitions that reward the best ideas for new
environmental science, solutions, and technologies (reference Wikinomics: How Mass
Collaboration Changes Everything, 2006). The Agency might, with some imaginative
effort determine how it could turn a few million GPS-enabled cell phones with cameras
into a participatory sensing system? EPA might consider using a virtual world like
Second Life to test reactions to product labeling schemes or work on collaborative
strategies to manage ecosystems?
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An example of a successful venture in this area is the effort to link together America’s 70
million bird watchers. Web-based systems like Bird Source and Journey North have
allowed birders to share sitings and see new spatial patterns of migration never before
possible. John Fitzpatrick, director of the Laboratory for Ornithology at Cornell,
commented that, “We’ll be able to count them, monitor them, and observe their
population crashes, on a continental scale.”

In addition, a few years ago, NASA found that people with a bit of training could identify
craters on the surface of Mars and classify them by age (humans can still beat computers
on many pattern recognition tasks). Instead of just borrowing computer power (SETI
project) NASA borrowed the brains of thousands of people in what was called the
Clickworker’s Project. People did this for the challenge and learning experience, not for
money.

More recently, thousands of people poured over satellite images trying to find the
downed plane of pilot Steve Fossett (Help find Steve Fossett with Google Earth). A
similar technique was used to search for Jim Gray, a Microsoft scientist who went
missing on his sailboat off the coast of California.

c¢) Expansion and greater integration of behavior and decision science into many ORD
research programs

Without a scientific understanding of human behavior, the Environmental Protection
Agency cannot fulfill its responsibility to the American people.

An element of human judgment is part of every analysis that the Agency conducts. It is
present in the definition of fundamental terms, such as risk, benefit, exposure, discount
rate, and equity. It is present in the selection and weighting of data. It is present in the
selection of values for sensitivity analyses and the assessment of scientific uncertainties.
The roles of judgment and their limits have been studied extensively for some forty years.
If that science is not reflected in EPA's analytical processes, then the results of those
analyses are less than they should be and they are conveyed with greater confidence than
is warranted. These are the issues that, in part, motivated OMB's Risk Assessment
Bulletin. Although that effort was faulted as fundamentally flawed by the National
Academy of Sciences and subsequently abandoned by OMB, the need for systematic
treatment of scientific judgment remains.

Many EPA analyses attempt to assess processes that depend on human behavior. For
example, the risks from toxic chemicals depend on exposure processes shaped by human
behavior (e.g., what people eat, whether they can use protective clothing); they may also
depend on the behavior of people who must maintain equipment, interpret malfunctions,
issue warnings, and respond to cautions or evacuation orders. In the publicly available
reports from two consultations, the SAB's Homeland Security Advisory Committee
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raised serious questions about the behavioral realism of important programs that were
sound in other ways. Unless EPA bases its analysis on social and behavioral science, its
assumptions will be little more than guesswork.

The value of much of EPA's work depends on its ability to convey its results to people
who must make decisions based on them. It is well established in the scientific literature
that many technical issues are understood in different ways by expert and lay audiences.
With scientifically sound communications, however, it is possible to make research
results clear to those willing to attend to them. At one time, the Agency was a leader in
scientifically sound communication. Today, however, EPA’s communications are almost
all improvised, without any rigorous analytical identification of its audiences' information
needs or empirical evaluation of its effects. As a result, the Agency may not only fail to
extract the full value of its research, but inadvertently misinform its audiences.

The Agency is in dire need of an ambitious program of scientific research in the social
and behavioral sciences. At the moment, its ranks are so depleted that it has difficulty
commissioning sound work from the outside, lacking staff with the expertise needed to
evaluate proposals and products. There is no substitute for aggressive hiring, investment
in dedicated STAR graduate fellowships, and extramural research to fulfill the most
pressing gaps until EPA has created adequate intramural research programs. It may be
wise for EPA to partner with an agency with social science expertise in order to build this
program, as it did in the early days of its decision making program.

d) An alternative organizational structure for EPA Research

The Agency may wish to consider alternative models for the management of the activities
pursued within its laboratory system. Historically EPA research has been organized
according to media-specific, pollutant-specific, and problem-specific areas as well as the
risk management paradigm (air, radiation, assessment, effects, toxicology, exposure, risk
management, homeland security, etc.). Such a model serves the regulatory side of the
Agency well, but makes it difficult to respond to modern environmental problems which
are increasingly cross-media, systemic, and complex. A focus that is finely tuned to the
regulatory side of the Agency also is sensitive to changes in regulatory priorities.
Because of this the SAB has seen over the years a tendency for calls at EPA to shift away
from existing research — research that may have taken several years to incorporate within
plans and budgets — into new areas. This undermines the normal pursuit of research
which almost always requires conduct over some protracted timeframe to reach
successful conclusion. Alternative models that are more adaptive, multidisciplinary, and
systems-oriented would allow the Agency to better anticipate new environmental
challenges, and be less reactive. These would very likely permit cost and functional
efficiencies to be gained, as well as create a more stable research environment within the
research organization. The Board recognizes that a transition to an alternative model for
management is a painstaking endeavor accompanied by a culture change and resistance
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by some. The long term rewards, however, would be best for the protection of human
health and the environment.

3.4 Moving Forward with the SAB — EPA Strategic Research Discussions

EPA asked how future SAB-to-EPA interactions on strategic science planning might be
improved? Since 2005, the responsibility for reviewing the EPA research budget has been the
responsibility of the Chartered Science Advisory Board. The SAB made the decision to move
the review from an SAB subcommittee to the full Board because of its desire to reflect the
importance of the review and because it allowed the Board to add to the number of individuals
on the team that actually reviewed the report. It also permitted the span of expertise used in the
review to be increased. The SAB believes that retaining this activity as a Chartered SAB
responsibility will allow the improvements already gained from this change to be preserved and
it will also allow the benefits to be increased in the future.

In its consideration of EPA’s overall research picture, largely through the window of a
budget review, the SAB has explored a variety of approaches to conduct the actual review and
considered a variety of types of information that would help it in the conduct of these reviews.
EPA and the SAB continue to work to identify an optimal set of background documents to be
given to the SAB so that it can carry out a meaningful review of EPA’s research budget. Over
time the amount of documentation has decreased. The SAB believes that it should continue to
work with EPA to refine the set of background documents necessary to allow a high quality
review of EPA’s research program portfolio.

In addition, the SAB and EPA have varied the specific organizations involved in the
review from having the SAB interact with just ORD to having all the client offices participate in
the discussions of research needs. This is because the span of activities conducted under the
ORD research and development program overlaps with similar activities that are pursued by
various program and regional offices. Thus, it has been the goal of the SAB and ORD to have
regional and program offices all involved in the discussions so that the full science program
would be a part of the discussions, not just that part carried out by ORD. At this point, the
Program and Regional Offices are not participating in the interaction as fully as the SAB and
ORD would like. The SAB believes that EPA’s program and regional offices should be more
involved in these discussions in the future. This is both so that the SAB can learn from programs
and regions of how well their needs are being met by ORD and also because program and
regional offices also conduct science activities that are of a similar nature to those conducted by
ORD. To best provide advice to ORD on how its research efforts should evolve, it will be
important to understand the full EPA science program and those components that are not under
the direction of ORD.

The SAB has long thought that engaging in discussions of the overall research program
over the long term was not as successful when done in association with discussions on EPA’s
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research budget. Generally, open discussion is restricted when it occurs as a part of the budget
process because of rules that constrain the Agency’s ability to thoroughly discuss how well a
given budget meets the needs for conducting research that is identified in its long-term strategic
planning. Thus, the SAB and ORD agreed to separate the two activities into a two-phased
process in which the SAB and EPA are engaging in a continuing series of discussions of the
strategic directions for EPA research so that the Board can better understand the overall
directions of Agency research and how that might change. In addition, the SAB each February
evaluates and advises the Administrator on the coming year’s research budget in terms of how
that budget will contribute to the Agency’s accomplishment of the goals and objectives that are
embodied in the longer term strategic directions for each research program. The SAB believes
that continuing this separation, and pursuing discussions with EPA over time will contribute to
better communications between the SAB and ORD on the overall research program. This will,
in turn, provide a contextual basis for the SAB’s use in advising EPA, and the U.S. Congress, on
each year’s budget.

The topics which come to the SAB for consideration and advice-giving differ from those
sent to the ORD Board of Scientific Counselors (BOSC) and other advisory bodies. For
example, SAB review topics tend more toward being p