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Background and purpose of meeting 
 
 On October 27-28, 2008, the EPA chartered Science Advisory Board held a one-and-a 
half-day public meeting entitled Looking to the Future.  The meeting focused on two questions:   

• Biofuels: What are the net environmental implications? 
• Epigenomic research: What are the implications for environmental health sciences 

and human health risk assessment? 
 
The seminar-style meeting was followed by a half-day advisory meeting on October 28, 

2008.  At that meeting, the chartered SAB discussed possible implications of the October 27, 
2008 discussions for ongoing SAB advice on EPA research. 
 
 Exploration of the biofuels and epigenomic topics was intended to provide the chartered 
SAB with an interdisciplinary introduction to these topics.  It was also intended to stimulate SAB 
thinking generally about future advice to strengthen EPA's response to emerging science issues, 
especially how EPA might implement interdisciplinary approaches that incorporate important 
emerging research.   
 
 In 2007, the chartered SAB committed to provide ongoing advice on strategic research 
directions for EPA and how they can be implemented.  This advice on strategic directions 
complemented the SAB's traditional review of EPA's annual research budget.  Exploration of 
emerging science related to biofuels and genomics at the October 27, 2008 meeting had the goal 
of further stimulating SAB advice.  Focus on these two significant topics was designed to 
highlight the need to address inherent complexities and interconnections among human and 
ecological systems through integrated, multi-disciplinary science and research.  
 
 Dr. M. Granger Morgan, past chair of the chartered SAB, introduced the workshop and 
facilitated the discussion of biofuels.  Dr. Deborah Cory-Slechta facilitated the discussion of 
epigenomics.  Dr. Deborah Swackhamer, Chair of the chartered SAB, provided concluding 
remarks.  She thanked the speakers and Drs. Morgan and Cory-Slechta for planning the program 
and noted the significance of the two topics discussed. 
 
 This summary document briefly describes the discussions following the speakers’ 
presentations.  The agenda for October 27, 2008 appears in Attachment 1.  Attachment 2 
contains the speakers’ abstracts, biosketches and the handouts that speakers made electronically 
available for distribution. 
 



Biofuels: What are the net environmental implications? 
 
 Dr. Granger Morgan introduced the four speakers:  Dr. Bruce Dale (Michigan State 
University), who gave a presentation developed in collaboration with Dr. Lee Lynd (Dartmouth 
College) on Sustainable Paths to a Biofuel-Powered Transportation Sector: The Role of 
Innovation and Invention; Dr. Kenneth Cassman (University of Nebraska), whose presentation 
was entitled Ensuring Sustainability of Biofuel Systems; Dr. G. David Tilman (University of 
Minnesota), who presented on Environmental Impacts of Food versus Cellulose-Based Biofuels; 
and Dr. Christopher Field (Carnegie Institution), who provided a presentation on Biofuels 
potential: The climate protective domain.  After the speakers’ presentations (see Attachment 2), 
Dr. Morgan asked the speakers to lead the discussion with their initial questions or comments. 
 
 In that initial discussion, speakers focused on the relationship between intensive 
agriculture and carbon release.  Dr. Cassman described the concept of indirect land use change 
and its effects on greenhouse gas emissions.  For example, any changes in U.S. crop area that 
that results in higher soybean prices theoretically results in the expansion of agriculture into the 
Brazillian rainforest.  Because cutting down the rainforest and burning its trees results in a 
tremendous amount of greenhouse gas emissions, this “GHG debt” must be credited to the 
reason for the change in crop area in the U.S. that caused the higher soybean prices.  Thus, the 
expansion of U.S. corn area to meet demand from the rapid increase in ethanol production 
capacity came largely at the expense of soybean area, which in turn resulted in higher soybean 
prices.  This caused Brazillian farmers to clear more rainforest and plant soybeans.  Because the 
loss of carbon from clearing rainforest is many times greater than the GHG emissions reduction 
from use of ethanol to replace gasoline, there would be a large negative GHG debt due to 
indirect land use change.  Likewise, puttng marginal land that produces corn and soybeans into 
the conservation reserve program (CRP) to reduce environmental degradation and erosion 
associated with farming such marginal land, would also have a large GHG debt.  This debt 
occurs because retiring land from production would result in higher crop prices and trigger 
indirect land use change in the rainforest,, and the GHG loss from clearing rainforest is many 
times greater than the GHG savings from retiring crop land to the CRP.  But CRP land is good 
for the environment in the U.S. so in effect, consistent application of the indirect land use change 
concept can have negative impacts on local environmental quality in the U.S. in order to reduce 
GHG emissions on a global scale.  Given the expected increase in demand for human food, 
livestock feed, and biofuel, there is an urgent need to invest on research with the explicit goal of 
achieving a large crop yield increases on existing farm land while at the same time reducing 
negative environmental impacts from the higher yields—a process called ecological 
intensification. 
 
 Dr. Field noted that EPA should not only look at carbon release, but also consider water 
quality and quantity impacts, use of pesticides and release of PM 2.5 in analyzing possible costs 
and benefits.  EPA should consider indirect land use in analyzing the multiple impacts of 
biofuels in an effort to minimize negative impacts.  Dr. Field agreed that intensive agriculture 
imposes a carbon debt.  In his view, when lands were cleared for bioenergy purposes, society 
should look at the implications of deforestation.  Dr. Tilman noted a long-term (150-year) study 
comparing cultivation practices in England, where traditional intensive agricultural practices 
using manure have proved as productive than modern chemical fertilizers.  Dr. Dale emphasized 
the importance of analyzing direct land use changes occurring as a result of increased biofuel 
production.  He emphasized, however, that lifecycle planning tools did not yet exist for 
analyzing indirect land uses on an international scale.  The Congressional requirement for such 
analysis was a radical innovation, for which reliable models and data do not yet exist.   
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 Dr. Morgan then asked SAB members for their comments and questions.  The first 
question concerned science and research needs to address water quality and water quantity 
impacts of biofuels, given projected increases in human and animal population.  Dr. Dale 
responded that there was great potential to substitute capital investments for water in processing 
corn and cellulosic ethanol.  He estimated that corn and cellulosic ethanol could be processed 
with half the water used in producing gasoline, due to the lower temperatures associated with 
biofuel production leading to lower heat transfer losses of water.  Water quantity issues could be 
reduced by growing biofuel stock in the right locations using efficient agricultural methods.  
Local impacts could be reduced if perennial grasses were grown for biofuel stock.  Dr. Cassman 
then noted that water quality and water scarcity issues existed because of world population 
growth, regardless of the development and promotion of biofuels.  Projected population growth 
and economic development will increase demand for water; cultivation of corn for biofuels only 
accelerates the issue.  He noted that biofuel cultivation will raise the cost of water.  These rising 
costs may foster exploration of expensive irrigation technologies that promise efficiencies and 
reduced environmental impacts.  Dr. Tilman addressed the water use question by emphasizing 
emphasized that negative impacts of biofuels could best be managed by wise decisions about 
how and where to grow feed stocks for biofuels.  He emphasized the needs for price structure 
and incentives to motivate farmers and other decision makers to make environmentally sound 
decisions.  Policy makers should examine the ecological impacts of using ground water and 
waters pumped from low-lying wetlands to grow corn in dry, unproductive soil.  Dr. Field noted 
the importance of recovering nutrients and improving the efficiency of fertilizer use to reduce 
nutrient runoff.   
 
 The second question concerned current models for assessing the impacts of crops grown 
for biofuels.  Speakers agreed that models were limited and not sufficiently validated by 
monitoring results.  Speakers noted the need for models and data to predict the impact of 
temperature on crop yields, the significance of the color of different crops, and impacts on 
regional weather patterns. 
 
 The next question concerned the impact of prices and subsidies for corn-based ethanol.  
Dr. Tilman expressed concern about increased corn production on land unsuitable for corn, 
which increases the need for irrigation and fertilizers.  He called for research on alternatives to 
ethanol-based biofuels.  Dr. Cassman took a different perspective.  He called for research to 
increase agricultural output to meet both food and fuel needs because of the sharp increase 
projected for world population.   
 

Dr. Morgan then asked groups of SAB members for clusters of questions for speakers to 
address.  In the first cluster of questions, SAB members asked about: 1) recommendations for 
incentives to encourage efficient production of biofuel crops; 2) investments in transportation 
and processing to support development of environmentally-friendly biofuels; and 3) logistical 
factors that affect environmental impacts of biofuels.  In response, Dr. Dale noted the importance 
of developing regional biomass processing centers that can densify and pretreat biofuel stocks.  
Some byproducts could be used locally as animal feed and others could be sent further away for 
use as fuels.  Dr. Tilman emphasized the importance of determining the right crop for the right 
location.  He called for agronomy field trials for biofuels and increased research in the 
application of municipal solid waste and corn stover for fuel.  He called for incentives for best 
management practices that would increase over time, resulting in efficiencies in using nitrogen, 
phosphorus, and irrigated water.  Dr. Field advocated an analysis of land use potential to 
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maximize sequestration of carbon.  He envisioned “tremendous opportunities” for biomass 
combustion of wastes for production to enhance rural development.   
 

An SAB member then asked for speakers’ predictions of the fraction of total energy 
needs could be met by biofuels in the future.  Dr. Dale responded that over the next few decades, 
with needed innovations and inventions, biofuels could replace all needs for liquid transportation 
fuels for the whole world and thereby benefit the rural poor internationally.  He did not envision 
the use of battery-operated vehicles outside North America and Europe due to the relatively high 
costs of such vehicles, compared to subcompact vehicles like the Tata Motors Nanocar ($2,500), 
which use liquid fuels.  The 2007 Energy Independence and Security Act mandates 57 billion 
liters of ethanol production from starch-based crops like corn. Dr. Cassman estimated that this 
amount of corn-ethanol would replace 18% of current imported oil, and if the United States 
could double the efficiency of its motor vehicle fleet, it would replace 36%.  Dr. Tilman 
predicted that approximately 20% of current liquid fuels for transportation could be globally 
produced in a sustainable manner.  This would represent less than 7% of total global fossil  
energy demand..  Dr. Field estimated that biofuels might meet 7-8% of total global energy needs, 
given current levels of technology.  He agreed with Dr. Tilman that biofuels might meet 
approximately 20% of current liquid fuels needs for transportation. 1  
                                                 
1 Dr. Lee Lynd, who co-authored the presentation on Sustainable Paths to a Biofuel-Powered Transportation 
Sector: The Role of Innovation and Invention with Dr. Dale, was unable to participate in the meeting.  Howeveer, on 
reviewing this summary he asked to provide a response to this question about predictions of the fraction of total 
energy needs could be met by biofuels in the future:  
 
"I have made, and continue to make, a study of this important question and the widely misunderstood answers to it.  
In the enclosed book chapter ("Energy Myth Three – High Land Requirements and an Unfavorable Energy Balance 
Preclude Biomass Ethanol From Playing a Large Role In Providing Energy Services"), my colleagues and I point 
out that there are a large number of studies projecting very large contributions for biomass-based energy, and also a 
large number of studies projecting that such a large contribution is either impossible or undesirable.  Curiously, the 
distribution of studies is bimodal rather than peaking at a mean value.  This brings up two questions: 1) Who is 
right?, and 2) How can reasonable people with access to the same information reach such different conclusions? 
Since the many studies that have taken a crack at the first question and obtained disparate answers, the second 
question is probably the more fruitful one to think about.  All seem to agree that the issue is not the analytical 
framework, but rather the assumptions made about the future.  The chapter closes with the following observations 
which  I believe are relevant to the question asked by the SAB member and the answers  offered: 
 
'Ultimately, questions related to the availability of land for biomass energy production and the feasibility of large-
scale provision of energy services are determined as much by world view as by hard physical constraints.  If the 
question is: "In a world motivated to solve sustainability and security challenges, assuming that innovation and 
change responsive to this objective are possible, could biomass make a large contribution to provision of energy 
services?"  We think that the answer is unequivocally "Yes".  On the other hand, biomass can make a much more   
limited contribution to energy supply in a world based on current or extrapolated realities with respect to important 
technical and behavioral variables determining biomass requirements and availability. To a substantial degree, the 
starkly different conclusions reached by different analysts on the biomass supply issue reflect different expectations 
with respect to the world's willingness or capacity to innovate and change. However, change is our only option if we 
are to achieve a sustainable and secure future, whether we are talking about biomass or all renewable energy 
sources. 
 
Rejecting energy service supply options because they require innovation and change decreases the set of alternatives 
that can make a meaningful contribution markedly, and perhaps to zero.  Such rejection also denies the essence of 
our current situation: that we cannot extrapolate the current unsustainable and insecure present and get to a 
sustainable and future.  The scenarios most conducive to biomass playing a significant energy service supply role 
involve complimentary combinations of several changes, with the largest contributions made possible by a 
combination of technical advances and behavioral changes.  We suspect that this is not limited to biomass and 
indeed is true of most if not all paths to a sustainable future.   Studies that project a small role for biomass generally 
change only the source of fuel and leave other variables constant.  This, however, amounts to projecting that 
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 In the second cluster of questions, SAB members asked speakers about: 1) the most 
significant questions that could be addressed through sensitivity analysis and provide the most 
fruitful focus for research; 2) opportunities presented by the biofuel issue to focus EPA research 
on life-cycle assessment, rather than EPA's traditional pollutant by pollutant approach to risk 
assessment; 3) the potential for “intervention-based research” to influence current agricultural 
practices in the United States and world-wide, so that agricultural practices recognized to 
minimize adverse environmental effects were encouraged; and 4) the need for a new science and 
environmental management paradigm to address the complex environmental issues associated 
with biofuels. 
 
 Dr. Field identified the need for a research portfolio that would address biofuels from a 
broad perspective.  He also spoke of the need for a legislative framework to address the full 
range of biofuel issues.  Dr. Tilman emphasized that the environmental concerns associated with 
biofuels are multi-dimensional and that current approaches to life-cycle analysis have been too 
narrow in temporal and spatial scope to capture all dimensions of the problem.  Dr. Cassman 
spoke of the need for EPA to play a major role in research strategy planning among federal 
agencies, including the U.S. Department of Energy (DOE) and U.S. Department of Agriculture 
(USDA).  He called for research on carbon sequestration and carbon impacts related to different 
cultivation strategies for corn and cellulosic feed stocks.  Dr. Dale agreed that EPA should 
increase its research coordination with DOE and USDA.  He noted needs to improve models of 
agricultural impacts, life-cycle assessment tools, models to help allocate land for critical food, 
fuel, and animal feed needs.  He called for greater rigor in reporting research results, showing the 
range of statistical results.   
 
 In the third cluster of questions, SAB members asked speakers about: 1) whether and 
how EPA should regulate agricultural activities to minimize the adverse environmental impacts 
of alternative energy strategies; 2) how to integrate their research with economic models, 
research, and systems; and 3) how to assess the impacts of potential fuels, such as palm biodiesel 
in the tropics, where development may pose risks to endangered species.  Dr. Dale responded 
that economic factors will stimulate adoption of biofuels.  New technologies will reduce the 
costs of feed stocks and processing costs.  Economic incentives to encourage environmental 
management practices would be useful.  Dr. Cassman agreed that economics should be part of 
the discussion.  He agreed that agricultural polluters need to “to come under environmental 
regulations—it will be painful but has to be done.”  He noted the forthcoming work of the SAB’s 
Integrated Nitrogen Committee, which held a workshop October 20-21, 2008 to discuss 
strategies for nitrogen management.  He cautioned against the use of subsidies, which are hard to 
withdraw, once awarded.  Dr. Tilman agreed for the need for interdisciplinary collaboration with 
economists to develop analyses for policy makers.  There is a need for decision makers and 
consumers to see the “whole true price,” including the production and ecological price, of 
different policy options.   
 
 Dr. Field cautioned against the use of price signals to help set policy.  He noted that, 
“while we are calorie secure, the result of the world is not. “  He expressed concern that 
economic pressures may pull food calories away from people who are not secure and that “price 
signals don’t protect them.”  Dr. Field also noted that economic analysis cannot help address rare 

                                                                                                                                                             
technologies and behaviors that arose in a world largely unconstrained by energy availability will continue in the 
future.  This is unlikely if one believes that energy sustainability and security challenges will become yet more 
pressing as we move forward - a proposition for which more support is accumulating daily.'" 
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and endangered ecological resources.  He called on the United States to define more clearly what 
it wishes biomass energy to accomplish and then develop the appropriate policies, based on those 
priorities.  If the goal is to reduce the net burden on climate change, then the United States can 
identify the full set of climate-alternatives and appropriately set incentives.  He expressed 
frustration that biofuels were originally viewed as a strategy aligning climate, energy 
independence, and rural development, but that the current science and current development of 
biofuels indicate that biofuels may no longer meet all those all these needs easily or equally. 
 
 Dr. Morgan closed the panel discussion by asking each speaker to comment briefly on the 
most pressing research priorities and policy directions for EPA.  Dr. Field called for a clear 
priority to be set for biofuels that would make biomass energy production climate protective.  
Once this priority was established then research and policy efforts could help determine the most 
effective incentive structure.  In his view, research is needed to address the overall biofuel 
system, including the costs and benefits of indirect land conversion, major conservation issues, 
food security issues, and technological development to improve agricultural efficiency on 
existing agricultural lands so that production will be sufficient to feed the world.   
 
 Dr. Tilman noted that EPA must build on past research on nutrient loading, sewage 
treatment, and criteria air pollutants to meet huge future challenges associated with energy and 
food production.  EPA must be involved in critical biofuel decisions affecting the environment.  
There are risks posed by huge fertilizer impacts and increasingly intensive agricultural practices.  
EPA should invest in full lifecycle-analysis addressing greenhouse gas impacts and a wide range 
of other environmental impacts including direct and indirect land use.  EPA should invest in 
research and foster policies that encourage environmentally friendly agricultural practices.  
 

Dr. Cassman noted that EPA needs to provide leadership to develop appropriate models, 
monitoring, and measurement methods to quantify the environmental impacts of biofuels.  He 
called for collaboration and coordination with DOE, USDA, the U.S. Geological Survey, the 
National Oceanic and Atmospheric Administration, and the National Science Foundation.  He 
noted the need for improved models to better predict greenhouse gas impacts and nitrogen 
impacts of different biofuel policies.  The priority is for research to crop raise yields and reduce 
ecological impacts.  Such research requires collaboration between agronomists and ecologists. 
 

Dr. Dale called for EPA to invest resources to improve lifecycle analysis, sensitivity 
analysis, analysis of land use partitioning, and indirect land use.  He urged EPA to support and 
study the potential for cellulosic ethanol, including the use of grasses for ethanol. 
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Epigenomics research:  What are the implications for environmental health sciences 
and human health risk assessment? 
 
 
 Dr. Deborah Cory-Slechta introduced the four speakers and spoke of the potential implications 
of their research for hazard identification and human health risk assessment at EPA.  Dr. Mark Hanson 
(University of Southampton) provided a presentation on the Developmental Origins of Health and 
Disease - the Role of Epigenetic Mechanisms:  Dr. Randy Jirtle (Duke University) spoke on Epigenetics: 
The new genetics of disease susceptibility.  Dr. Michael Skinner (Washington State University) spoke 
Epigenetic transgenerational activity of endocrine disruptors on reproduction and disease; the ghosts in 
your genes.  After the speakers’ presentations (see Attachment 2), Dr. Cory-Slechta took questions for 
the speakers from SAB members. 
 
 An SAB member asked about the implications for chemical companies of research showing 
potential epigenetic impacts of stressors.  Dr. Hanson responded that the current state of science does 
not allow prediction of epigenetic effects from chemical structure.  Dr. Jirtle suggested that it may be 
useful to identify areas of the genome that are labile and that risk assessors should not assume that 
“something is safe because does not cause modifications to the genome.”  Dr. Hanson agreed and 
suggested that EPA should identify biomarkers of risk.  One possible biomarker might be the promoter 
regioins for steroid receptor genes that can be methylated.  Any stressor that affects them is of potential 
interest.   
 
 Another SAB member asked whether risk assessment for epigenetic effects was “condemned to 
agent-by-agent analysis” and whether there were opportunities to be anticipatory in designing research 
to protect against environmental risks.  Dr. Jirtle suggested focusing on susceptibilities at early stages of 
life, especially fetal exposures through pregnant mothers.  Dr. Skinner predicted that scientists will be 
able to map the epigenome within three years.  They will then be able to study exposures related to 
people in different cohorts.  Dr. Jirtle noted that the National Children’s Study offered many targets for 
exposure analysis (e.g., placenta and cord blood samples, mothers’ exposures) to complement the study 
of epigenetic effects.  Researchers may be able to determine environmental epigenetic effects linked to 
cardio vascular disease and schizophrenia. 
 
 An SAB member enquired about human epigenetic variability.  Dr. Skinner responded that 
research reporting the first genome-wide epigenome matching will be available in the spring of 2009.  
Baseline data will likely be available in a few years.  Speakers noted that every different cell type has a 
different epigenome.  Epigenetics presents a complex biological problem.  Dr. Jirtle noted that it will be 
possible to track individuals with imprinted epigenomes. 
 
 The next question related to research support for epigenetics and epigenomics.  Dr. Skinner 
reported that the National Institutes of Health has recently invested $100 million in epigenetics.  To his 
knowledge, EPA has not been involved in the award of this funding.  Dr. Hanson spoke of the need for 
funding centralized facilities for bioinformatics technology.  Speakers noted the possibility for 
identifying the biomarkers for nutrition and other environmental impacts as part of the mapping of the 
epigenome.  Dr. Hanson noted the rich data available in China, Malaya, and India for linking epigenetics 
and toxicology. 
 
 An SAB member asked about potential epigenetic effects from environmental stressors in other 
animals.  Dr. Jirtle responded that many animals would not have imprinted genes but would likely have 
epigenetic phenomena.   
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 An SAB member asked how researchers would make connections between diet and 
environmental factors with epigenetic impacts.  He asked “How would you know what exposures were?  
How would you establish dose-response?”  Dr. Hanson responded that in many countries (e.g., Sweden, 
Denmark, Holland) cohorts were well identified and exposures understood.  He also observed that 
researchers would need to coordinate animal and human studies closely to fully understand exposures 
and dose response.    

 
 Several SAB members asked about using epigenetic information to provide protection against 
environmental stressors.  Dr. Jirtle noted that additional research is necessary to fully understand dose 
and timing.  Folic acid, for example, is a big benefit in reducing neurotube defects, but “what could be 
helpful early in development could be detrimental later in life.” 
 
 An SAB member enquired about the potential of epigenetic research to address environmental 
justice communities that face low birth weights, multiple environmental exposures, and poor diet.  Dr. 
Hanson stated his belief that “epigenetic basis for risk of cardiovascular and other chronic disease and 
noted that this research highlights the importance of multiple environmental factors, many associated 
with socioeconomic conditions, in affecting such epigenetic factors”  He cited research on the epigenetic 
basis for risks to cardiac factors in diseases and noted that the research responded to people’s repeated 
questions about the impacts of multiple exposures.   
 
 The panelists then discussed research showing the relationship between multiple, different kinds 
of stressors and disease.  They noted research linking prenatal stress to health consequences and 
research by Dr. Michael Meaney showing that behavior such as mothers’ licking and grooming behavior 
affected methylation and health impacts in their pups.  Dr. Cory-Slechta noted that EPA uses uncertainty 
factors in risk assessment to account for vulnerability and susceptibility.  These uncertainty factors are 
not empirically determined but do recognize variability among individuals.  Epigenetics may offer a 
stronger scientific basis for addressing the different bases for variability. 
 
 An SAB member asked panelists to identify the health endpoints that may be most likely related 
to epigenetic effects.   Dr. Jirtle suggested that EPA should focus on neurological effects, schizophrenia, 
autism, and euro-degenerative disease.  Dr. Hanson suggested focusing on childhood obesity, diabetes, 
and childhood diseases.  Drs. Hanson and Skinner suggested focusing on endocrine disruptors.  Dr. Jirtle 
noted that when environment presents organisms with new, challenging exposures for which they were 
not prepared, the epigenome can be adversely affected. 
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Attachment 1 – Agenda 
U.S. Environmental Protection Agency 

Science Advisory Board 
Looking to the Future 

Renaissance Mayflower, 1127 Connecticut Avenue NW 
Washington DC 20036 

October 27, 2008 
 

Purpose:  Is to stimulate SAB thinking about priorities for meeting critical environmental problems with an 
integrated approach to interdisciplinary science and research.  

 
Preliminary Agenda 

 
8:00 - 8:10 am Welcome Remarks 

 
Dr. M. Granger Morgan, SAB 
 

  Biofuels: What are the net environmental implications? 
 

8:10- 8:15 am Introduction  Dr. M. Granger Morgan, SAB 
 

8:15- 8:45 am 
 
 

Sustainable paths to a biofuel-powered 
transportation sector; the role of innovation 
and invention 
 

Dr. Bruce Dale, Michigan State University  
Dr. Lee Lynd, Dartmouth College 
 

8:45- 9:15 am 
 

Ensuring environmental sustainability of 
biofuel systems 
 

Dr. Kenneth Cassman, University of  
Nebraska 
 

9:15- 9:45 am 
 

Lifecycle environmental and health costs 
and benefits of fossil and renewable fuels  
 

Dr. G. David Tilman, University of  
Minnesota 
 

9:45-10:15 am 
 
 

Biofuels potential: The climate  
protective domain 

Dr. Christopher Field, Carnegie Institution 
 

 
10:15-10:30 am  
 
10:30-12:00 pm 

 
Break 
 
SAB discussion with invited speakers 
 

12:00-1:15 pm Lunch  
 

 

  Epigenomics research:  What are the implications for environmental health  
sciences and human health risk assessment? 
 

1:15- 1:20 pm Introduction  Dr. Deborah Cory-Slechta, SAB 
 

1:20- 1:50 pm 
 
 
 
 

Developmental Origins of Health and 
Disease - the Role of Epigenetic 
Mechanisms 
 

Dr. Mark Hanson, University of Southampton 
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1:50- 2:20 pm 
 

 
 
Epigenetics: The new genetics of disease 
susceptibility 
 

 
 
Dr. Randy Jirtle, Duke University 
 

2:20- 2:50 pm Epigenetic transgenerational activity of 
endocrine disprutors on reproduction and 
disease; the ghosts in your genes 
 

Dr. Michael Skinner, Washington State  
University 
 
 

2:50 -3:15 pm 
 
3:15- 4:45 pm 

Break 
 
SAB discussion with invited speakers 

 
4:45- 5:00 pm 
 
5:00 pm 

Concluding remarks 
 
Adjourn 

Dr. Deborah Swackhamer, SAB Chair 

 






















































































































































































































