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“Knowing is not enough; we must apply. 
Willing is not enough; we must do.” 

—Goethe

Advising the Nation. Improving Health.
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Preface

Environmental health decision making can be a complex undertaking, as 
there is the need to navigate and find balance among three core elements: sci-
ence, policy, and the needs of the American public. Much of environmental 
health decision making started in the 1950s and 1960s and was focused on 
health effects of simple environmental exposures. However, scientific knowledge 
has rapidly changed as new technologies and new insights into the complexity 
of environment–health interactions have emerged. Furthermore, while much of 
environmental health has focused on population research, there is a call from 
the public for more individualized and tailored science. Incorporating these new 
evolutions means there is a greater need to make evidence-based decisions in 
a careful, considerate, yet timely manner. The ability to do so can, at times, be 
complicated and therefore dictates the constant exploration and reevaluation of 
the decision-making process.  

The 1960s and 1970s saw a strengthening of the nation’s commitment to 
environmental health sciences with the establishment of a number of agen-
cies, such as the Environmental Protection Agency (EPA), the National Institute 
of Environmental Health Sciences, the National Toxicology Program, and the 
National Center for Environmental Health at the Centers for Disease Control and 
Prevention (CDC). These governmental agencies formed the core environmental 
health science programs and, in collaboration with other partners in the govern-
ment, addressed the problems of the day by identifying the state of the science 
and the research gaps to better inform policy decisions.

A more complete scientific picture enables policies that can help prevent 
harmful exposure and promote beneficial environments. The goal of sound deci-
sion making is to ensure that science is the underlying backbone of policy. 
However, there are a number of unanswered questions about how to appropri-
ately use science, including how much science is needed in order to take action, 
which chemicals should be subjected to further scrutiny, and how conflicts in 
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the research literature should be resolved. At times, these unanswered questions 
result in a gulf between research and policy due to uncertainty, for example in 
extrapolating from evidence derived at high doses to determine low-dose risks. 

As a former policy maker, I know that science, risk, and policy are inter-
twined. In the 1970s, the House Committee on Health and the Environment was 
debating the safety of saccharin as an artificial sweetener. The initial reports at 
the time designated saccharin as a carcinogen, but only if an individual consumed 
between 150 and 300 bottles of soda pop a day. Well, the committee decided that 
was not very likely and delisted it. What this example illustrates is the need for 
policy to be based on science, but the science needs to be interpreted in the appro-
priate context that incorporates public use or exposure. It is interesting that this 
one example continued to be debated in the scientific and policy arenas into the 
late 1990s. Even at this workshop (held in 2008), the roundtable discussed how 
the science evolved to more fully understand the carcinogenicity of saccharin. 
Scientists have a more complete understanding of this one chemical based on a 
number of research studies to elucidate cellular mechanisms.

Policy makers often grapple with how to make appropriate decisions when 
the research is uncertain. For example, when the Clean Air Act was being drafted, 
various groups of scientists had conflicting positions about whether to include 
carbon dioxide or ozone as air pollutants, but the House committee partially 
based its decisions on the death rates and hospital admission rates from pollution 
in such places as California and Denver. The legislators did not want to wait to 
count bodies and instead made a judgment to remove the impurities that were 
causing adverse health effects. The challenge for the policy maker is to make the 
right decision with the best available data in a transparent process.

The Institute of Medicine’s Roundtable on Environmental Health Sciences, 
Research, and Medicine was established in 1988 as a mechanism for bringing 
various stakeholders together to discuss environmental health issues in a neutral 
setting. Roundtable members represent the academic community, industry, non-
governmental organizations, governmental agencies, and health professions. The 
roundtable provides an environment that fosters scientific dialogue on current and 
emerging issues in the field of environmental health. The purpose is to illuminate 
ideas and facilitate discussion. However, the members do not resolve issues or 
make recommendations. 

The workshop on which this volume is based was held on January 15, 
2008, in Washington, DC. This workshop was designed to address the scientific 
and ethical foundation of environmental health decision making. It included an 
overview of the principles underlying decision making, the role of evidence and 
challenges for vulnerable populations, and ethical issues of conflict of interest, 
scientific integrity, and transparency. The workshop engaged science interest 
groups, industry, government, and the academic sector through three sessions of 
speaker presentations, with each session being concluded with a general discus-
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sion. The reader can find the workshop agenda, as well as speaker information 
and a list of attendees in the appendixes at the end of this summary.

This workshop summary which was written by the named rapporteurs, cap-
tures the discussions and presentations by the speakers and panelists. The infor-
mation expressed here is the views of the individuals and should not be perceived 
as a consensus of the participants or the views of the roundtable, the Institute of 
Medicine, or its sponsors. 

Paul G. Rogers, J.D., Chair
Roundtable on Environmental 
Health Sciences, Research, and Medicine
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Summary

The workshop on Environmental Health Sciences Decision Making was 
convened to inform the Roundtable on Environmental Health Sciences, Research, 
and Medicine on emerging issues in risk management, “weight of evidence,” and 
ethics that influence environmental health decision making. This is the first in a 
series of discussions for the roundtable to better understand the science needs in 
this area. The remarks in the workshop summary are the views of the individual 
presenters, panelists, or members and do not reflect a consensus of those attend-
ing or the roundtable.

This workshop focused on the strategies used to make decisions, whether 
they are based on the precautionary principle or cost-benefit analysis. During the 
initial session of the workshop (reflected in Chapter 1), the focus was on how 
complex decisions could incorporate new technologies and the need for a more 
interdisciplinary approach. The second session (Chapter 2) shifted the focus to the 
weights of scientific evidence and how this information is used in the decision-
making process. The last session (Chapter 3) focused on the ethics and value of 
scientific information that is used for decision making. Speakers and participants 
discussed the issues of conflict of interest, bias, and transparency. 

For the field of public health, identification of a hazard is only the first step in 
protecting individuals and the population at risk against its harmful effects. Earlier 
strategies focused on one chemical at a time and often assumed that individuals 
are static in the environment, so that their behaviors and lifestyle choices were not 
taken into account. However, as understanding of toxicology and epidemiology 
has evolved, so has scientific understanding of the complexity of environmental 
hazards. Risk assessment has moved beyond the general assumption that a major 
cause of a problem (exposure) can easily be identified and a solution generated. 
Thus, according to some of the workshop participants, society is currently at a 
crossroads in environmental health decision making, and there is a need to look 
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at the paradigm very carefully and think about what science can do to improve 
the way those decisions are made. 

HOLISTIC APPROACH TO  
ENVIRONMENTAL HEALTH DECISION MAKING

During the workshop, Christopher Portier from the National Institute of 
Environmental Health Sciences stressed that complex human–environment inter-
actions require a systems approach to understanding environmental health and 
implementing environmental health decisions. Such environmental components 
as basic needs, shelter factors, and endogenous factors interact with each other 
to determine a person’s health status. He suggested that the general assumption 
about risk assessment—the major cause of a problem can easily be identified 
and a solution generated—is an outdated approach. Furthermore, he noted that 
with regard to the human system and how science addresses its exposure to 
hazards, there is a large amount of research and testing being performed, from 
the population and clinical levels to the molecular level. Although all of this 
science contributes to understanding the impact of the environment on health, 
most risk assessment is based on toxicological and epidemiological evidence 
and not on emerging sciences, such as genetics and toxicogenomics. Scientists 
and policy makers therefore need to look at the emerging areas of science to find 
ways to incorporate this research into the environmental health decision-making 
process. 

ALTERNATIVE VIEW TO ENVIRONMENTAL HEALTH

Mary O’Brien from the Oregon Toxics Alliance furthered the discussion by 
noting that the presumed goal of environmental health science decision making 
is to produce less harm to human health and the environment. However, she 
stressed there is a fundamental disconnect between environmental health sci-
ence and decision making for environmental health. Too often in the scientific 
community, among many other professions, there are many obstacles to good 
decision making, including a narrow power base that leads to narrow decision 
making and the fact that human nature is habit based and decisions are made 
in ways that stifle creativity and ingenuity. She noted that environmental health 
is fraught with examples of this disconnect in the decision-making process. An 
example is the substitution of one chemical for another to achieve a desired goal 
without careful thought and consideration given to the impact the new chemical 
may have on the environment. 

One approach to overcome these limitations is to use alternatives decision 
making, which has ability to take diverse perspectives to examine reasonable 
alternatives for producing fewer harms. By bringing to the table parties with 
different views and positions, the discussions can lead to the generation of more 
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ideas, which may offer environmentally sound solid solutions to problems not 
seen without those views. However, to arrive at such solutions, there must be 
transparency as well as a level playing field based on equal representation on all 
sides of an issue, concluded O’Brien.

BEYOND PRECAUTION

Bernard Goldstein of the University of Pittsburgh Graduate School of Public 
Health noted that many environmental health decisions have been made from a 
fragmented, narrow, reductionist approach that can often create secondary prob-
lems. He echoed the call for a holistic approach for science, but at the same time 
cautioned about decision making under uncertainty. The precautionary principle 
is a moral and political principle that was developed as a result of the need for 
action in the face of scientific uncertainty. According to the European Commis-
sion, this principle should be applied whenever the “scientific data are insuf-
ficient, inconclusive, or uncertain and where a preliminary scientific evaluation 
shows that potentially dangerous effects for the environment and human, animal 
or plant health can be reasonably feared” (EU, 2008). The argument for using 
the precautionary principle in order to act in the face of uncertainty implies that 
without this principle there is an absence of action in the face of uncertainty. 
While attention should be paid to the premise of the principle, there is also the 
need to step back and examine what it means to the overall practice of public 
health, asserted Goldstein. If policy makers are going to rely on precaution, then 
they need to authorize research to ensure that a precautionary approach is needed. 
The research agenda should be linked to objectives of data need and data quality 
and involve the public. 

The Nature of Evidence

The first step in understanding how evidence relates to scientific decision 
making is to look at evidence as science, noted Michael McGinnis of the Institute 
of Medicine. It is widely understood in the scientific community that evidence 
is science; however, there is another point to consider, which is the utility of 
evidence as science. Science may be a tool less for finding the answer than for 
revealing the next question to study and research; evidence may be a tool less 
for making the decision than for informing the context in which the decision is 
to be made, noted McGinnis. Evidence is not static or formulaic. Evidence is not 
binary in nature, but rather is a spectrum that ranges from a finding of no evidence 
available to one of irrefutable evidence. This view of evidence presents a chal-
lenge in determining the decision rules along the path to stronger evidence—in 
particular, how scientists form and agree to the standards used to inform the 
decision-making process, with the understanding that evidence has many forms, 
and the context in which those decisions are made.
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While the evidence spectrum is clear in clinical medicine, such a spectrum 
is needed for interventions in population health, noted McGinnis. These inter-
ventions range from ones that originate from a purely physical or environmental 
process, such as fluoride in the water supply, to individual interventions, such 
as behavioral change interventions designed to encourage smoking cessation, 
increased physical activity, or change in dietary habits. In population health, 
effectiveness is often a function more of the nature of the intervention than the 
nature of the evidence; this suggests that the intervention is of such power that 
it carries with it an additional obligation to consider other aspects of the issues 
involved. Making decisions at the population level may require fewer points to 
consider, but their powerful impact requires understanding several factors: the 
potential health, economic, and social consequences of inaction; the potential 
health, economic, and social consequences of action; the characterization of 
uncertainties and mapping strategies as uncertainties resolve; and the systematic 
assessment and feedback factored into the approach of an intervention, concluded 
McGinnis.

Evidence and Uncertainty

Ultimately, there is a need to define variability and uncertainty distributions 
and to have both analysts and managers as an integral part of risk analyses, 
noted Dale Hattis of Clark University. Methods for estimating variability and 
uncertainty should ideally be based on causal mechanisms. During the workshop, 
Hattis outlined four implications that are important to understand as society 
moves forward in making risk management decisions. First, legal cases involv-
ing environmental issues are increasingly calling for the recognition that some 
finite rates of adverse effects will remain even after implementation of reasonably 
feasible control measures. Second, societal reverence for life and health means 
making the best decision with available resources to reduce harmful effects. 
Third, responsible social decision making requires making estimates of how 
many people are likely to experience how much harm and determining with what 
degree of confidence. Fourth, the traditional multiple-single uncertainty factor 
system cannot yield estimates of health protection benefit that can be juxtaposed 
with the costs of health protection measures. 

WEIGHING EVIDENCE

A central tenet in scientific decision making is that any decision rendered 
needs to be based on the best available science, which “depends upon a disin-
terested and transparent scientific process” (Steinzor and Shudtz, 2007, p. 1). In 
other words, scientific decisions should be made using the weight of the evidence, 
yet in today’s world, scientific decisions are often called into question by the legal 
profession, seeking to influence an outcome, noted Rena Steinzor of the Univer-



Copyright © National Academy of Sciences. All rights reserved.

Environmental Health Sciences Decision Making: Risk Management, Evidence, and Ethics: Workshop Summary

SUMMaRY �

sity of Maryland School of Law. The pathway from science to science policy is 
often perceived by scientists and the public as a straightforward one, as the merits 
of the science have been vetted during peer review in the publication process 
(Wagner and Steinzor, 2006). However, Steinzor suggested that this is not always 
true. The culture of law and science are vastly different and at times clash with 
one another, which puts pressure on science when it is applied in the legal setting. 
The difference between the legal and scientific processes are most profound in 
the regulatory arena, where, once a scientific decision has been reached, it can 
then be subjected to extreme scrutiny and deconstruction by the legal profession, 
observed Steinzor. This deconstruction can create important data gaps and is in 
stark contrast to the weight of the evidence approach used by scientists (Wagner 
and Steinzor, 2006).

REVISITING ENVIRONMENTAL HEALTH DECISIONS

Drawing from his experience at the National Institute of Environmental 
Health Sciences (NIEHS) and the National Toxicology Program (NTP), Kenneth 
Olden of the NIEHS discussed the need for revisiting scientific decisions. The 
Report on Carcinogens is a congressionally mandated document “prepared by the 
NTP for the purpose of identifying substances, mixtures of chemicals, or expo-
sure circumstances associated with technological processes that cause or might 
cause cancer and to which a significant number of persons in the United States 
are exposed. Listed in the RoC are a wide range of substances, including met-
als, pesticides, drugs, and natural and synthetic chemicals” (NTP, 2005). Olden 
noted that the chemicals on the list go through an extensive public review and 
that additions are made after careful scrutiny and consideration of all available 
science. A decision to list a chemical in the RoC does not mean that it cannot be 
reconsidered. As science evolves and new information is discovered about the 
harmful, or not harmful, effects of a chemical, there may be circumstances for 
reevaluating. The case of saccharin is one example where the decision for revisit-
ing the listing was based on the evolution of science.

ETHICS OF CONFLICTS OF INTEREST

Conflicts of interest are ubiquitous, noted Thomas Murray of The Hastings 
Center. They are usually based on situations in which there is reliance on the 
judgment of an outside party with some very specific professional expertise. 
Exercise of that judgment should promote the interest of a loyal party, which can 
range from the individual level (e.g., the patient in a doctor–patient relationship) 
to a broader level (e.g., institutions). The judgment that the professional owes 
the client, patient, or institution may include specific recommendations, but often 
it includes just interpretation of information for the receiver (loyal party), who 
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lacks the expertise necessary to understand the information without assistance, 
noted Murray.

To say that someone has a conflict of interest is not a moral criticism, but 
rather a description of a set of circumstances, observed Murray. That person has 
a primary interest that he or she needs to fulfill, although other interests may push 
or pull the person in different directions. A moral failure would be if the person 
neglected their primary interest and allowed these other interests to rule.

The many challenges in correctly identifying conflicting interests include 
variation in individual interpretations of what is considered to be conflict. This 
can range from not recognizing an issue as a potential for conflict to assuming 
impartiality because the monetary outcome is the same no matter which position 
is decided. Having criteria to determine the nature of conflict is therefore neces-
sary in any scientific organization, noted Murray. Several steps are key to detect-
ing, managing, and addressing all types of conflict of interest, including those 
financial in nature: clarity, simplicity, fairness, and predictability.

Different organizations have different techniques for addressing conflicts of 
interest, observed Vincent Cogliano of the International Agency for Research on 
Cancer (IARC). One such technique is to actually ignore the issue altogether. 
However, most organizations are choosing to implement some type of mecha-
nism for addressing conflict, such as opting for a simple disclosure policy. Other 
organizations have chosen to build on a disclosure policy by adding a system of 
checks and balances to limit the number of experts involved if they have conflicts. 
In other words, the experts with conflicts are diluted by the experts who have 
no conflicts. While some organizations try to actively balance experts who have 
a conflicting interest with someone with an opposing interest, another strategy 
is striving to avoid conflicts of interest altogether. Using a case study, Cogliano 
illustrated the IARC strategy for addressing conflicts of interest that addressed 
the issues of best versus impartial experts, and maintain inference as they produce 
their monographs.

PERSPECTIVES ON  
ENVIRONMENTAL HEALTH DECISION MAKING

Throughout the workshop, both during the presentations and discussion peri-
ods, a variety of viewpoints were expressed on how to balance issues of conflict 
of interest and bias and to ensure weighting of evidence for decision making. In 
a panel discussion, four stakeholders shared their views on how best to ensure 
that decision making was based on sound, credible science. 

Drawing from the preliminary studies of Rofecoxib (Vioxx), where there 
were conflicting interpretation of the same sets of data, David Michaels of George 
Washington University suggested the public overall may have been served better 
if an independent review had been conducted. He further asserted that a central 
tenet of the process to ensure that decisions are based on credible science would 



Copyright © National Academy of Sciences. All rights reserved.

Environmental Health Sciences Decision Making: Risk Management, Evidence, and Ethics: Workshop Summary

SUMMaRY �

include full disclosure and publication of conflicts, whether it was publicly or 
privately supported science. This disclosure would need to encompass the entire 
research enterprise and be applied equally to the publishing of research and the 
regulatory setting. 

Myron Harrison of ExxonMobil Corporation stated that ultimately all sci-
entific findings must be judged on their merits, whatever the source of funding. 
He noted that in reality, the science used in public health is particularly unstable 
and uncertain, and therefore scientific disagreement and controversy should be 
expected. In the face of this uncertainty, other human factors, such as personal 
beliefs and values, often play a large role. He noted that in order for an agency 
to optimize the credibility of science used in rule making, they can strengthen 
the science’s credibility by using good lab practices, protecting human subjects, 
applying rigorous peer review, disclosing potential conflicts of interests, and 
implementing strong management systems.

The final two speakers addressed issues related to how the science is directly 
used in environmental health decision making. John Balbus of the Environmental 
Defense Fund asserted that due to the challenges of a very high burden of proof 
faced by many regulatory agencies, too few environmental health decisions 
are actually made and the supporting (safety) data are not often required. This 
makes the regulatory process challenging. He further stated that peer review of 
data is not uniformly applied throughout the rule-making process and called for 
equally rigorous review of all data that may be incorporated into the rule-making 
process. 

William Farland of Colorado State University ended the panel discussion by 
noting that in order to move the environmental health decision-making process 
forward, there is a need to think strategically about how data can inform risk. 
Science is a moving target, and it is essential to think about what information 
is needed to inform decision making He noted that focusing on basic instead of 
applied research and on disease-based instead of topic-based research creates an 
inability to generate the type of data necessary for rigorous assessment of chemi-
cals. One idea to move the process forward is to develop a systematic approach 
to working with data and weighing the evidence. Finally, the paradigm should 
incorporate evaluation into the decision-making process, as assessing the impact 
of a decision is vital to the success of future decision making.
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Approaches to Decision Making

When risk assessment was in its infancy in the 1950s and 1960s, the general 
assumption was that the major cause of a problem could easily be identified and 
a solution generated. As time has progressed and society and science have faced 
new problems, this assumption is no longer applicable to the decision-making 
process. Thus, society is currently at a crossroads in environmental health deci-
sion making, and there is a need to carefully examine the current paradigm and 
think about what science can do to improve the way decisions are made. This 
chapter highlights current approaches to environmental health decision making 
and opportunities to improve decision making under complex problems.

HUMAN–ENVIRONMENT NETWORK: CHALLENGES TO 
ENVIRONMENTAL HEALTH

Christopher J. portier, ph.D., Director,  
office of Risk assessment Research, nIEHS

Risk analysis and risk decision making consist of balancing the needs of 
science, economics, and society. Science and economics conduct research based 
on hypotheses and interpret the results for societal application. Society, through 
government, balances the various scientific and economic outcomes to ultimately 
decide policy. It is the role of risk analysis to translate among these groups, 
evaluate the literature so that decisions can be made and implemented, and com-
municate to all the stakeholders (Figure 1-1). In most risk analyses, it is assumed 
that one can manage each risk independently and preserve the public’s health. 
As time has progressed and society and science have faced new problems, this 
assumption is no longer applicable to the decision-making process. 

Humans are not independent of their environments; rather, their interac-
tions affect the environment, and the changes they make to the environment can 
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FIGURE 1-1 A risk decision-making approach is a function of evaluating science and 
economic information and effectively communicating the outcome to society. 
SOURCE: Portier, unpublished.

affect their health. Taking complex human–environment interactions into account 
requires a new systems approach to environmental health decision making. With 
regard to human health and the factors that impact it, four overarching categories 
are basic needs, shelter factors, personal factors, and endogenous factors. All 
four are social determinants of health and play an interactive role in environ-
mental health, yet only endogenous factors cannot be changed by individuals 
(Figure 1-2). 

Basic factors are needs that are crucial to survival: having food to eat, water 
to drink, and clean air to breathe. At the most basic level of human function-
ing, these factors are the foundation for everything human beings do. The next 
level—shelter factors—includes items that, although not directly needed to live, 
can improve the quality of life, such as physical surroundings, like homes and 
schools; community; access to health care and hospitals; clean water for recre-
ation; and the ability to be employed and earn a living. Personal factors, the third 
category, are less tangible in nature, such as exerting control over one’s life and 
making choices or decisions, the feeling of social cohesion, and establishing rela-
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1-2 Low-res Bitmapped

tionships. Last are the endogenous determinants, such as genetics, race, ethnicity, 
and life history, which cannot be changed by individuals themselves.

All of these components, whether they are basic needs, shelter factors, per-
sonal factors, or endogenous factors, interact with each other, which creates a 
snapshot in time to determine a person’s health status. The categories are further 
affected by the state of the physical environment and ultimately impact the health 
of an individual and his or her relationship with the environment. They need to 
be looked at from a holistic point of view, not a fragmented one, which is how 
environmental health decisions have historically been made.

The Need for a Holistic Approach to Decision Making

What people do in one aspect of the environment can greatly impact other 
aspects. For example, air quality and climate change impact human health through 
their interactions. Scientists and doctors have begun to see the earth’s tempera-
tures rise and, along with that, a direct effect on human and environmental health. 
With increases in climate change, the quality of the air may change, resulting in 
an impact on the ozone level and a reduction in smog clearance. In turn, such 

FIGURE 1-2 Basic needs, shelter factors, personal factors, and endogenous factors inter-
act in a holistic network to determine health outcomes. 
SOURCE: Reproduced with permission from Environmental Health perspectives. Gohlke, 
J., and C. Portier. 2007. The forest for the trees: A systems approach to human health 
research. Environmental Health perspectives 115(9):1261–1263.
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chronic diseases as asthma may become more prevalent, a situation that places 
increased burden on the health care system. In addition, higher temperatures play 
a role in extreme weather events and natural disasters, which can wreak havoc, 
such as with Hurricane Katrina and Hurricane Rita as well as during the record 
heat wave in Europe in 2003, which resulted in significant mortality.

In the past, scientists and researchers would look for a single cause to 
account for global climate change, characterize it, and try to find a solution. That 
approach is no longer sufficient for making an assessment of risk and, in the end, 
an environmental health decision. Global climate change, as with many other 
environmental heath issues, is not caused by a single factor; rather, a number of 
different factors will play an important role in the severity of the health impacts 
of climate change over the next century. Each factor will have its own set of 
associated risks.

Looking at the complexity of the environment on a global scale, one begins 
to realize that environmental health decisions have been made in a fragmented 
way. For example, different types of regulations for chemicals in the air contrib-
ute to air quality and climate change. Methyl mercury is regulated differently 
depending on the context and uses. Carbon dioxide, particulate matter, sulfur 
dioxide, and other chemicals are regulated independently, without assessing 
whether making a change to the regulation of one chemical may impact another 
chemical. Finally, there is the larger question of the impact of these individual 
regulations on air quality and climate change overall. Risk decision making for 
environmental health in the future will need to be based on a holistic view of the 
global network and its interactions.

The Global Network

What occurs in one environment or country can greatly impact another envi-
ronment or country. The United States is not a solitary country immune to the 
decisions made in other countries—and the converse is also true. The world is 
becoming increasingly interdependent and, as a result, there are direct impacts of 
the environment on health. For example, the growing demand by U.S. consum-
ers to have access to all types of fresh fruits and vegetables throughout the year 
carries with it many of the vulnerabilities of greater globalization of the U.S. 
food supply. Food manufacturing is also taking place in conditions that are pos-
sibly raising the risk of zoonotic diseases, which move from animals to humans 
(Hastein et al., 2006). In addition, while coal consumption is projected to stay 
static in countries of the Organisation for Economic Co-operation and Develop-
ment (OECD), coal use in non-OECD states is projected to increase over the next 
50 years (EIA, 2004). Yet OECD states are a contributing factor to the trend, as 
the manufacturing of goods is being shifted to these countries (EIA, 2007). There 
is growing recognition that environmental health is global. Environmental issues 
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in every part of the world can therefore have repercussions for the entire planet. 
If policy makers do not consider this broad picture, they risk making decisions 
that may be inappropriate to the overall goal of trying to improve human health 
on the planet. 

Scientific Direction

With regard to the human system and how science addresses its exposure 
to hazards, a large body of research and testing is being performed, from the 
population and clinical levels to the molecular level. Although all of this science 
contributes to understanding the impact of the environment on health, most risk 
assessment is based on toxicological and epidemiological evidence and not on 
emerging sciences, such as genetics and toxicogenomics. Scientists and policy 
makers therefore need to look at the emerging areas of science to find ways to 
incorporate this research into the environmental health decision-making pro-
cess. The ultimate goal would be to use scientific evidence to guide exploration 
into the environmental causes of disease and remove these hazards from the 
environment. 

Through the use of an environment–disease interaction network, Portier’s 
laboratory has taken approximately 500 compounds and, using genetics, created a 
linkage system to see how disease and environmental factors may match. Target-
ing the metabolic syndrome cluster illustrates the complexity involved in looking 
at disease and shows how closely related diseases have common etiologies. In 
these linkages, the chemicals and pharmaceuticals that one expects to cluster do. 
This type of activity and analysis focuses on genetics in relation to disease, target-
ing ideas for research in terms of looking at environmental diseases. Use of these 
types of networks and the overall use of more tailored, personalized medicine are 
beginning to guide scientific research. 

This development is evidenced in the study of biomarkers, which are essen-
tially indicators of disease or therapeutic effects that can be measured through 
dynamic imaging tests, as well as tests on blood, tissue, and other biological 
samples (FDA, 2006) by the federal government, including the National Insti-
tutes of Health, the Environmental Protection Agency (EPA), and the Food and 
Drug Administration. Furthermore, the National Toxicology Program and the 
EPA are using high throughput screening to set priorities and move forward with 
their testing program. However, without applications to the risk assessment field, 
these new scientific areas may lose funding priority. Science needs to continue 
to make strides in new research areas and to focus decision making by looking 
at risks in a global networked capacity that will strengthen the ability to protect 
public health.
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ALTERNATIVES ASSESSMENT AS A  
STRATEGY FOR DECISION MAKING

Mary o’Brien, ph.D., oregon toxics alliance

The Need to Overcome Obstacles

The presumed goal of environmental health science decision making is to 
produce fewer harms to human health and the environment. However, there is 
a disconnect between environmental health science and decision making for 
environmental health. The field has made advances in knowledge of toxicology, 
structure activity relationships, cumulative impacts, animal and human develop-
ment, and the nature and amount of toxic chemicals to which all living beings on 
earth are being exposed, but there is not a clear transformation of that science into 
health outcomes. The disconnect may be directly attributable to decision-making 
processes. Too often in the scientific community, among many other professions, 
there are many obstacles to good decision making, including a narrow power 
base that leads to narrow decision making and the fact that human nature is often 
strongly habit based, and decisions are made in ways that stifle creativity and 
ingenuity.

Several key elements in current environmental health decision-making pro-
cesses contribute to less than optimal environmental health outcomes: 

•	 The assumption that lack of toxicological evidence equals lack of risk. An 
example is the ongoing substitution of one brominated fire retardant for another, 
each of which has presented different environmental health problems.

•	 Lack of training of chemists and engineers in innovation for green engi-
neering rather than merely for function and cost.

•	 The permitting of technologies and chemicals without consideration of 
alternatives. 

•	 Lack of permitter training or authority to help or require the applicant to 
consider greener, even life saving alternatives.

Decision Making Using Alternatives Assessment

In contrast to many current environmental health decision-making processes, 
alternatives assessment involves four essential elements: 

1.  The first element is responsiveness to early warnings of health damage. 
There is no shortage of toxicologists, epidemiologists, physicians, neighborhood 
residents, or workers who have offered early warnings of environmental health 
damage. But some policy makers have too often justified “no responsive action,” 
claiming that the risk has not been fully characterized. One compelling example 
has been the weak response of the United States to climate change despite envi-
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ronmental health scientists’ warnings of its trajectory toward massive species 
extinction, resource wars, starvation, and disease.

In order to move past this and work toward producing fewer harms, several 
questions are useful to ask in the face of the uncertainty surrounding early warn-
ings. For example, is the uncertainty about the degree of harm or the existence 
of the harm? In other words, is the argument in a given situation truly about no 
harm resulting or about the precise amount or acceptability of harm? Does a 
claim of “no harm and therefore no change needed” seem warranted on the basis 
of past analogous experiences? And if health impacts are acknowledged, are pro-
nouncements of acceptable risk resulting in a failure to search for or implement 
reasonable alternatives?

2. A second element is the engagement of diverse perspectives in the devel-
opment and examination of reasonable alternatives for producing fewer harms. 
Joint examination of reasonable options is the most scientific process for decision 
making because the science brought by one sector will be held to the light of 
replicability or accuracy by other sectors. It is democratic, including both those 
who stand to gain money or health or both under particular options and those 
who stand to lose health or money or both under those same options; those who 
defend; and those who innovate. 

The human tendency to centralize and retain power resists transparent, equi-
table, innovative decision making. This is precisely why diverse participation 
and transparency need to be mandated, as they are, for example, in the nation’s 
National Environmental Policy Act regulations.

3. A third essential element is giving the benefit of the doubt to nature and 
public health. Different types of doubt exist for different types of environmental 
health decisions, so it is important to ask some questions about perceived or 
claimed uncertainty. For example, who is the beneficiary or beneficiaries of con-
tinued uncertainty? What incentives exist to resolve uncertainty in favor of the 
status quo? Alternatively, can incentives be offered to favor environmental health 
advances in the midst of uncertainty about the precise nature of harms?

One strategy is imposing a deadline when alternatives must be instituted for 
a given technology to be put in place or milestones when a particular issue or 
decision has to come under review again. For example, the goal of a 90 percent 
reduction in auto emissions from pre-1968 levels by 1975 led to the development 
of the catalytic converter, which has been considered one of the greatest environ-
mental successes of the past century (Palucka, 2004). 

4. A fourth critical element is the monitoring of results for successes and 
new early warnings, which becomes the foundation for improvements in deci-
sions. Monitoring should be a central and early component of decision making. If 
the likelihood of monitoring for an outcome is low but the environmental stakes 
are high, then the initial decision should build in time-certain reevaluation in 
response to monitoring. 

Incorporating responsiveness to early scientific warnings, entertainment of 
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diverse solutions, the favoring of environmental health amid uncertainty, and 
monitoring into environmental health decision making will increase the odds of 
optimal human health outcomes.

BEYOND PRECAUTION

Bernard D. Goldstein, M.D., professor,  
Department of Environmental and occupational Health,  

University of pittsburgh Graduate School of public Health

Public Health Approach

Many environmental health decisions have been made from what others 
have described as fragmented, narrow, “reductionist” approaches. With the recent 
resurgence of awareness in many environmental areas, such as global climate 
change, the timing is right to refocus efforts on making decisions that benefit 
the health of the public by addressing issues holistically. Three approaches are 
necessary to make environmental health decisions from a holistic or public health 
perspective: bipartisan or global environmental policy, a systems-based approach, 
and science that is focused on answering the most important questions.

A holistic decision making process can be best achieved by implementing a 
public health approach, which is defined by three key factors. First, policy mak-
ers need to take responsibility for all outcomes, whether good or bad. Second, 
they must utilize the core public health functions of assessment, assurance, and 
policy development. Third, the right target needs to be set to link the research 
agenda to the data needs, so that the research is relevant to both the scientist and 
the policy maker. 

Trying to solve a problem without using a systems or public health approach 
often creates a secondary problem or unintended consequence. For example, 
most people in public health are familiar with the replacement of microbially 
contaminated surface drinking water with arsenic-contaminated groundwater in 
Bangladesh. Furthermore, central to a public health approach is engagement of 
the public, as solutions need to be relevant from a community perspective. Fail-
ure to provide the public with reasons to care about an environmental issue can 
therefore result in a policy failure. 

Caution in Applying the Precautionary Principle

The precautionary principle, developed as a result of the need for action in 
the face of scientific uncertainty, is an important part of environmental health 
decision making that is advocated by the European Union (EU). Through their 
adoption of this principle, the EU is currently undertaking a reevaluation of the 
relationship between individuals and their community and, in a broader sense, 
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their consortium of nations. The main tenet of this principle, the need to act in 
the face of scientific uncertainty, is articulated in the Rio Declaration on Envi-
ronment and Development (United Nations, 1992). According to the European 
Commission, this principle should be applied whenever the “scientific data are 
insufficient, inconclusive, or uncertain and where a preliminary scientific evalu-
ation shows that potentially dangerous effects for the environment and human, 
animal or plant health can be reasonably feared” (EU, 2008). While attention 
should be paid to this idea, there is also the need to step back and examine what 
the implementation of the precautionary principle means to the overall practice 
of public health. If policy makers are going to rely on precaution, then they need 
to authorize research to monitor and ensure that a precautionary approach is nec-
essary and has succeeded. Furthermore, the research agenda should be linked to 
objectives of data needs and data quality.

One of the primary arguments for using the precautionary principle in order 
to act in the face of uncertainty implies that without this principle there is an 
absence of action in the face of scientific uncertainty. This, however, is not the 
case. For example, in the 1970s, the United States banned the manufacture of 
polychlorinated biphenyls (PCBs) despite strong opposition by industry and 
clamor that there was no scientific evidence showing harm caused by these 
chemicals. Industry continues to take this position, yet because of the ban, 
humans and the environment have much lower levels of PCBs than they did at 
the time of the ban. The lower levels of PCBs are a result of actions taken despite 
scientific uncertainty, but without stated recourse to the precautionary principle. 
One therefore needs to question what this principle adds to already existing pub-
lic health concepts. Supporters of the precautionary principle sometimes assume 
that scientists speak with one voice about environmental policy decisions. This 
is also not the case—nor, in U.S. society, do scientists unilaterally make policy 
decisions.

The EU actions on aflatoxins illustrate why the precautionary principle may 
not always be used for its appropriate purpose of protecting public health and 
the environment. It is scientifically accepted that aflatoxins are a family of toxins 
capable of producing liver disease and liver cancer. The fungus producing afla-
toxins is widely distributed in foods, particularly among groundnuts and cereals, 
and is known to grow in wet climates and places with delayed harvesting. The 
EU has used the precautionary principle to enforce the most stringent standard in 
the world for aflatoxin. This standard has resulted in favoring European growers 
to the exclusion of $700 million a year worth of sub-Saharan African products 
(Majone, 2002). A less stringent standard, whose public health significance has 
been rejected by the Joint Expert Committee on Food Additives of the World 
Health Organization/Food and Agriculture Organization of the United Nations, 
would result in a difference in risk of developing liver cancer of less than one 
case a year in Europe (Majone, 2002). This example and many others from the 
agriculture sector, including greenhouse implications of noncompetitive farming 
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and methane production, call into question the primary motives for using the 
precautionary principle. The question could be asked if it is really preventing or 
reducing risk in the face of uncertainty, or if it is being used to build trade pro-
tection walls around Europe. The use of precautionary principle also calls into 
question how society determines what a significant health benefit is as well as 
which issue has priority over another. All of these questions need careful analysis 
and exploration before applying the precautionary principle. 

Connecting Science and Policy

A systems approach is critical to addressing environmental justice. Three 
truisms are that there are more environmental hazards in disadvantaged com-
munities, that there are more individuals with poor health in disadvantaged 
communities, and that individuals with poor health tend be more susceptible to 
environmental pollutants. To scientifically evaluate the potential for environmen-
tal health problems, the focus should be on the people who are most at risk from 
environmental pollutants, in whom effects are most likely to be seen. Performing 
such studies requires community involvement and a new approach to environmen-
tal health research and decision making—one that looks at the entire system and 
not just the individual chemical. Ultimately, such an approach connects science 
and policy.

Session Discussion: Applying a Systems Approach

There can be a fundamental conflict between science and society. The sci-
entist wants to make decisions using all the available evidence in as rigorous 
and objective a manner as possible; society is constantly grappling with ways to 
express what is an acceptable and unacceptable risk. The fundamental trade-off 
that is occurring between what society wants and what science wants is one that 
challenges the decision-making process. Some participants suggested that new 
approaches or understandings of the conflict may help improve risk assessment 
and environmental health decision making. 

The central theme of the three presentations was the need for a systems 
approach to environmental health decision making that encompasses the increas-
ing complexity of the environment and avoids overburdening the thought process 
behind decisions. This theme generated ample discussion by the panel and par-
ticipants about how to implement such an approach. O’Brien suggested that in 
order to avoid some of the complexities and not get bogged down, policy makers 
need to think much more broadly about a decision. Goldstein suggested that addi-
tional attention needs to focus on the data quality objective and that complexity 
can be reduced, as can the overall length of the decision-making process, if the 
research has an objective and is not being undertaken just because a topic can be 
researched. Taking this a step further, Portier added that there may be a need to 
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revisit certain issues and decisions in order to see whether the scientific process 
is using information in a way that addresses the complexity. 

While many participants echoed the usefulness of a systems approach to deci-
sion making, questions arose regarding the implementation of such an approach. 
For example, does a systems approach include additional steps or further data 
analysis in the decision-making process compared with the original method? 
Participants questioned what criteria need to be developed to determine how to 
incorporate this new information. Is there a standard, and if so, what is it? Portier 
countered that it wasn’t necessary to quantify all the data and links in the systems 
approach, but rather it is sufficient to know qualitatively what the links may be 
and how they could impact the decision-making process. Goldstein simplified 
this even more by explaining that a systems approach does not need to include 
complexity unless it adds value to the decision.

A second challenge to the systems approach is whether the use of complex-
ity itself as a tool to obfuscate and thwart a particular argument could occur 
by various stakeholders. While this is possible, O’Brien noted that a systems 
approach should engage many diverse sectors in an ongoing conversation on a 
particular problem, essentially a collaborative process. To this point and based 
on his experience, Goldstein raised questions as to how to make the outcome a 
consensus that moves the science forward. He also pointed out the importance 
of a policy maker or science agency deciding that there has been sufficient input 
solicited and adequate data gathered to make a decision. O’Brien countered that 
the collaborative group itself needs to be linked to action and that there is a need 
to put limits on the data process. She further suggested that milestones could be 
set for revisiting decisions, if needed.
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Scientific Issues in Environmental Health 
Decision Making

Good environmental health decisions require using all available scientific 
information. One part of this process includes a thorough and rigorous examina-
tion of all scientific evidence, including the consideration of the type of research 
(i.e., case study; cohort study; double blind, randomized control), and understand-
ing the uncertainty in the existing data. Furthermore, science is a dynamic process 
and not static. There will always be new information to consider once a decision 
is made, which in some instances may alter the landscape for making decisions 
based on science. This chapter captured the presentations and discussion on how 
to weigh evidence in decision making, working with variability and uncertainty 
in the data, the use and misuse of science in decision making, and when policy 
makers should revisit decisions based on advancing science. 

EVALUATING WEIGHTS OF EVIDENCE FOR DECISION MAKING

J. Michael McGinnis, M.D., M.p.p., Senior Scholar,  
Roundtable on Evidence-Based Medicine, Institute of Medicine

Evidence as Science Along a Spectrum

The first step in understanding how evidence relates to scientific decision 
making is to reflect on the nature of evidence as science. In this respect, just 
as science may be a tool less for finding the answer than for revealing the next 
question, so may evidence be a tool less for making a decision than for inform-
ing its context. 

Evidence is neither static nor formulaic. Its character is not binary, but evo-
lutionary in nature. McGinnis’s current area of focus, evidence-based medicine, 
may be described as a systematic march to care that is most effective, personal, 
and appropriately tailored to circumstance—in effect, a march down an evidence 
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spectrum in which the opposite poles represent, on one end, the nonexistence 
of evidence and, on the other, the evidence that is irrefutable. The challenge is 
therefore to determine the decision rules at play at various points along the path 
to ever stronger evidence. 

Forms and Standards of Evidence: A Hierarchy

The decision rules will be forged by the forms of the evidence and the stan-
dards applied. In the biological sciences, both the forms and the standards take on 
a certain generally accepted character. The forms of evidence include biochemical 
data, animal studies, population studies, and individual studies. The standards of 
evidence relate to such issues as the consistency, strength, specificity, response of 
the association, and the biological plausibility. Together, these serve as a general 
framework for assessing health interventions. 

In the case of medical care, for example, evidence is usually information 
from clinical experience that has met an established test of validity, with the 
appropriate standard determined according to the requirements of the interven-
tion and the clinical circumstance. Typically, evidence of clinical effectiveness is 
conceptualized as a pyramid, in which the base of the pyramid contains the least 
scientifically sound type of evidence formation—professional ideas and opinions 
(Figure 2-1). Moving up the pyramid are ever-stronger types of evidence: case 
reports and case series; case-control studies and cohort studies; toward the top 
of the pyramid, randomized controlled studies; and, at the apex, randomized, 
double-blind, placebo-controlled studies—often called “the gold standard.” 

While this hierarchy of evidence has been widely accepted and used in the 
medical community for more than a decade, its real-world application is less than 
perfect. It is important to look at the nature of evidence needed in the context 
of whether the motivating question focuses on safety, efficacy, effectiveness, or 
efficiency. Does the intervention under study cause harm? Does it work? Does it 
work in context? Is it a sound use of resources? 

There is a growing recognition of the need to view evidence in a more 
nuanced and detailed fashion. Rather than a pyramid or hierarchy, a more com-
prehensive and systematic view of clinical evidence emerges when evidence is 
viewed through an evidence matrix, which is structured according to levels of 
certainty juxtaposed with levels of likely benefit, in order to provide a framework 
for better understanding which interventions would provide the greatest impact or 
greatest likelihood of impact (Pearson et al., 2003). Insight into the possible levels 
of impact can then be used to inform, in variable fashion, the many different types 
of decision-making challenges often faced in health care, such as regulation, 
medical coverage, guidelines, indicators used in quality care assessment, and even 
individual-level decisions (Teutsch, 2008). Considering the multifaceted dimen-
sions of the application of evidence in medical care offers a sense of the complex 
nature of factors involved in using evidence for decision making.
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Evidence in Population Health

In population health matters (compared with personal medical care deci-
sions), considering the roles and nature of evidence in policy decision making can 
be even more complicated. Because in population health, effectiveness is more a 
function of the nature of the intervention than the nature of the evidence, the evi-
dence standard will vary dramatically according to the nature of the intervention. 
There is also a spectrum of factors at work in the decision making for population 
health, but that spectrum relates to the nature of the intervention—with purely 
environmental interventions at one pole (e.g., water supply fluoridation) and 
purely individual interventions at the other (e.g., behavioral change interventions 
designed to encourage smoking cessation, increased physical activity, a change 
in dietary habits). 

Making decisions at the population level may require juggling fewer data 
points, but their powerful impact requires that particular consideration be given 
to understanding several other factors: the potential health, economic, and social 
consequences of inaction; the potential health, economic, and social consequences 
of action; the formal characterization of uncertainties and mapping strategies as 
uncertainties resolve; and the design of systematic assessment and feedback as 
part of the intervention.

Evidence pyramid…

Ideas, Opinions

Case Reports

Case Series

Case Control Studies

Cohort Studies

Randomized
Controlled Studies

Randomized
Controlled

Double Blind

2-1

FIGURE 2-1 Evidentiary hierarchy of weighing evidence. 
SOURCE: Copyright SUNY (State University of New York). 2004. Guide to research 
methods: The evidence pyramid. http://library.downstate.edu/EBM2/2100.htm (accessed 
November 11, 2008).
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Although population health and clinical medicine are two very different 
disciplines, there are certain commonalities between the approach to evidence 
in clinical arenas and in population health arenas. Both gravitate toward simple 
answers in complex circumstances and the need to consider the overall context 
in which the evidence or intervention would apply. The interventions need to be 
transparent about the decision rules at various points along the evidence spec-
trum, and at the same time communicate meaningfully and constantly about the 
state of the evidence. As seen throughout science, evidence is dynamic in nature 
and therefore needs a strategy to accommodate new insights. Perhaps the most 
important commonality related to the interpretation of evidence in both clinical 
and population health settings is the centrality of effective communication. Too 
often the concept of risk communication is not well understood, yet the ability 
to explain the nature of risk and the evolving nature of the scientific process is 
vital to enabling the public to understand how decisions are made in a scientific 
context. 

There is an inherent tension between an individual’s natural desire for the 
definitive answer and the nature of the scientific process, in which it is well 
known that nothing is foolproof. Communicating this tension effectively on both 
an individual and a population basis is fundamental. Although teaching institu-
tions and other avenues have not yet been able to engage society in learning the 
theory behind risk, there is a need to continue to improve how the evolutionary 
and dynamic nature of evidence is communicated so that the public can better 
understand the workings behind a decision. With the continual challenge of 
misinterpretation of evidence by media and others, an effective communication 
strategy is vital to moving evidence to the point of decision making, whether for 
individual, clinical, or population-wide interventions. 

THE ROLE OF UNCERTAINTY AND SUSCEPTIBLE POPULATIONS 
IN ENVIRONMENTAL HEALTH DECISION MAKING

Dale B. Hattis, ph.D., Research professor,  
George perkins Marsh Institute, Clark University

Problematic Concepts: Uncertainty and Variability

Starting in the 1980s, two probabilistic concepts, variability and uncertainty, 
began to be associated with the science of risk analysis. These two concepts can 
account for differences made in technical assessments and have different impli-
cations for policy decisions. Variability consists of the real differences among 
people or among cases in some parameter that affects risk. For example, how 
much exposure one individual may have to a chemical or substance, how much 
of a chemical or substance one person may intake compared with another person, 
and how much of that chemical or substance is activated by metabolic enzymes 
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all contribute to individual risks. The concept of uncertainty is the imperfection 
in knowledge of the true value of a parameter for either an individual or a group. 
Both of these concepts should be taken into consideration for purposes of risk 
management decision making, but for very different reasons, as they have differ-
ent implications for both information gathering and analysis (see below). 

Uncertainty and Variability: Different Yet Important

In order to understand the implications for the future of risk management 
decision making, the underappreciated features of both concepts need to be 
explained and understood. First, variability, the standard statistical descriptions 
of data (e.g., the standard deviation), tends to overstate real variability by includ-
ing measurement errors. These measurement errors spread the observations out 
further from each other than the underlying reality of the differences among 
individuals. Currently, there are not many well understood or commonly used 
statistical methods to disentangle the measurement errors from the real variability. 
A second underappreciated feature of variability is seen during priority setting for 
interventions. Here, the more predictable variability there is among a number of 
categories for intervention, the more benefit can be derived by focusing resources 
on high-scoring categories for intervention.

In both the application of standard statistics and priority setting, the concept 
of uncertainty works in the opposite manner. First, standard statistical descrip-
tions of data—for example, standard errors—tend to radically understate the 
actual level of uncertainty by excluding unsuspected systematic errors that affect 
all data points in common. Such systematic errors include the unrepresenta-
tiveness of population samples or error resulting from a miscalibrated instru-
ment, among a number of other sampling inaccuracies. In addition, incomplete 
assessment of model errors is an important threat to the accuracy of uncertainty 
assessment. In a priority-setting system, greater uncertainty in priority scores 
suggests greater spreading of resources to lower scoring categories or interven-
tions. Essentially, better data on lower priority categories improve information 
for later decision making, and the value of that information is greater if there is 
greater uncertainty initially. 

Tied into the concepts of uncertainty and variability is the idea that uncer-
tainty can be quantitatively characterized by reducing it to an observable vari-
ability among putatively analogous cases. Many times scientists claim they do not 
have information about a certain aspect of a chemical or substance, yet informa-
tion can be assembled on similar chemicals or substances to then extrapolate to 
the original chemical in question. This approach is not without difficulty, how-
ever, as there is a need for rules for making the analogies—for example, defining 
the reference groups to derive uncertainty distributions for particular cases. While 
this may be a challenge, it does provide a way forward for health scientists to 
learn to reason quantitatively from available evidence relevant to specific uncer-
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tainties. Doing so requires the creation of databases and applying the information 
derived from these databases to the risk analysis process. 

Evolution and Implications of Concepts and Practices:  
Susceptible Populations

There has been an evolution of concepts and practices in the representation 
of variability (Hattis, 2004), especially for the study of susceptible populations. 
The older, obsolete view is a categorical representation of variability only in the 
form of discrete susceptible subgroups. This is problematic as it does not account 
for the variability within a susceptible group. Using the example of asthmatics, 
it often happens that, for example, an air pollution study makes measurements 
of susceptibility compared with nonasthmatics but reports the data only in the 
form of group means. One may say that individuals with this problem have been 
studied and therefore information is known about their sensitivities, but that view 
does not take into account the variation from one asthmatic to another. The cur-
rent or usual practice for mathematical representation of variability is a simple 
application of assumed distribution of form without assessment of fit. As science 
moves forward, the best practice for this would be distributional forms chosen on 
the basis of mechanistic theories about how the differences among people or cases 
arise. Without such, one is more or less making a decision using measures that 
do not reflect the causal processes producing the differences of interest. Making 
projections beyond the data at hand is much more reasonable if it reflects some 
mechanistic theory.

This has large implications for the information used in policy making. Using 
the older, obsolete view can cause the dismissal of “hypersensitive” populations. 
While current practice does allow for susceptible subgroups with a defined safety 
threshold, there is no single factor that can capture a distributional response. 
Therefore, what is needed and obtained by using best practice is the quantitative 
analysis of how many people and which groups of people are at how much risk 
from various policies—ideally with some statement of associated confidence 
(Hattis, 2004).

In terms of technical aspects of variability measurement and analysis, the 
older, obsolete view is to deliberately restrict the sample and not have it cor-
respond to what would truly be representative of the population. For example, it 
has been common for initial drug studies to have only young, healthy white men 
instead of an older, diverse population. This does little to tell the public how a par-
ticular drug will affect a wider population. A more current usual practice is to use 
observations in haphazard or convenience samples to include all readily available 
subjects but without attention to factors that could affect the primary parameter 
under study. As for the foreseeable best practices, they would include a stratified 
random sampling, with the strata constructed to represent groups expected to 
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be different in the studied parameter. This would also include oversampling of 
relatively rare subpopulations of special interest. 

Future Direction and Motivation

Ultimately, there is a need to define variability and uncertainty distribu-
tions as integral parts of risk analyses for both analysts and managers. Four 
considerations will make this increasingly important in the future. First, legal 
cases involving environmental issues are increasingly calling for the recognition 
that some finite rates of adverse effects will remain even after implementation 
of reasonably feasible control measures. Second, societal reverence for life and 
health means making the best decision with available resources to reduce harmful 
effects. Third, responsible social decision making requires making estimates of 
how many people are likely to experience how much harm for effects of specific 
degrees of severity and with what degree of confidence. Last, the traditional 
multiple-single uncertainty factor system cannot yield estimates of health protec-
tion benefit that can be juxtaposed with the costs of health protection measures. 
It should be expected that a younger generation of analysts will not accept the 
older, obsolete procedures that fail to provide a coherent way to use distributional 
information that is clearly relevant to factual and policy issues. Also, this gen-
eration will have greater mathematical and computational facility, particularly 
as biology becomes quantitative systems biology. In addition, the legal process 
will demand the use of best science, and newer information and communication 
tools will foster increasing habits and demands for democratic accountability 
and transparency. 

Hattis and Anderson (1999) proposed some risk management criteria for 
environmental health decision making that draw on considerations of uncertainty 
and variability. First is fair process—open disclosure and, to the extent practi-
cable, voluntary acceptance of risks. The second is equity in the distribution of 
risks in relation to the benefits derived from accepting the risk—ideally, redefin-
ing criteria of significant risk in terms of individual variability and uncertainty 
(no more than x probability of harm for the yth percentile of the population with 
z degree of confidence). Third is a goal for government agencies to achieve the 
greatest possible effectiveness to reach health and safety goals using limited 
resources. And fourth is the ethical principle in medicine of “First, do no harm.” 
This means there is an obligation to assess the likely comparative consequences 
of policy prescriptions for environmental problems, selecting only interventions 
that have a reasonably high probability of producing overall benefits. 
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THE USE AND MISUSE OF SCIENCE IN DECISION MAKING

Rena Steinzor, J.D., Jacob a. france Research professor of Law,  
University of Maryland School of Law

The Intersection of Science and Law

A central tenet in scientific decision making is that any decision rendered 
needs to be based on the best available science, which “depends upon a disinter-
ested and transparent scientific process” (Steinzor and Shudtz, 2007). Scientific 
decisions should be made using the weight of the evidence, yet in today’s world, 
scientific decisions are often called into question by the legal profession, seeking 
to influence an outcome. The pathway from science to science policy is often 
perceived by scientists and the public as a straightforward one, as the merits of the 
science have been vetted during peer review in the publication process (Wagner 
and Steinzor, 2006). However, this is not always true.

The cultures of law and science are vastly different and at times clash with 
one another, which puts pressure on science when it is applied in a legal setting. 
On one side is science, which involves a quest for truth through the collection 
of evidence. That version of the truth is developed through a largely collabora-
tive process, which has a built-in incentive to more deeply explore and test a 
hypothesis due to the nature of the scientific process itself. After careful, and 
at times repeated, testing, scientists ideally arrive at a particular explanation or 
propose a line of reasoning, which is based on the weight of the evidence. In the 
environmental field, this analysis often involves applying evidence from chemical 
structures and animal studies to human epidemiological evidence. Data are col-
lected and reviewed by a multidisciplinary team of subject matter experts, who, 
after taking into account confounding factors and scientific error, try to reach a 
consensus on a particular scientific issue, which may then be accepted by the 
larger scientific community and the public.

On the other side is law, which trains individuals to be primarily concerned 
with winning and losing. Wagner and Steinzor (2006) have argued that “rather 
than incorporating science into policy dispassionately and using research to fur-
ther a quest for truth, the legal system makes most decisions through an adversar-
ial process driven by affected parties who interpret and re-interpret the science to 
prove that they should ‘win’” (p. 4). In fact, the legal profession instructs lawyers 
to take an issue and look for a version of the truth to present to a decision maker 
that contrasts with an opposing side’s version of the truth on that same issue. 

The differences between these two processes are most profound in the regu-
latory arena, where, once a scientific decision has been reached, it can then be 
subject to extreme scrutiny and deconstruction by the legal profession in its quest 
to argue for one policy position over another. Lawyers often use a technique 
referred to as “corpuscularization,” which undermines a body of evidence by 
disassembling each individual study in order to discredit it from inclusion in the 
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overall data set. This clash presents a threat to achieving clean and independent 
science, as each component of scientific study is dissected to the point that the 
entire premise on which a decision was based is undermined. This technique can 
create important data gaps and is in stark contrast to the weight of the evidence 
approach used by scientists (Wagner and Steinzor, 2006).

Another threat to the integrity of scientific decision making is the confla-
tion of risk assessment and risk management. The Office of Management and 
Budget’s attempt to combine these stages in decision making has largely failed 
because it is a “one size fits all” approach to the widely different missions and 
goals of the federal government agencies (OMB, 2006). It is a transparent attempt 
to ensure that scientists consider the economic impact of a decision to control 
risk at the beginning, rather than at the end, of the decision-making process, at 
the same time that they describe and characterize the risk, raising the specter that 
some risks will never be deemed significant because they would cost too much 
to control.

The issue of perchlorate is one example. Perchlorate is a highly soluble type 
of rocket fuel that has been found in the drinking supply in certain sections of 
the United States. Economic estimates for environmental cleanup are quite high, 
resulting in the scientific research agenda being subverted and crucial research 
left undone. The military has argued that scientists should take national security 
into account in assessing risk, since this chemical is used by the military. What 
this means is that the use of economics to undermine objective scientific evalua-
tion is inappropriate. The only truly scientific decisions are ones reached on the 
basis of the weight of the evidence.

RATIONALE FOR REVISITING AN ENVIRONMENTAL HEALTH 
DECISION: THE NATIONAL TOxICOLOGY PROGRAM

Kenneth olden, ph.D., Sc.D., principal Investigator,  
the Metastasis Group, Laboratory of Molecular Carcinogenesis, nIEHS

Four Fundamental Decisions

The National Toxicology Program (NTP) is charged with overseeing four 
fundamental decisions on the health effects of chemicals. First is what research 
exists and what research is needed to support the nation’s toxicity testing pro-
gram. The NTP has made great progress in developing transgenic animal models 
as well as furthering the understanding of toxicogenomics, that is, the genetic 
basis for differences in response to a toxic chemical. Second is which specific 
exposures should be studied and what are the best testing systems. One way the 
NTP has approached this is through the creation of the Interagency Coordinating 
Committee on Validation of Alternative Methods, which “promotes the scientific 
validation and regulatory acceptance of toxicological test methods that more 
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accurately assess the safety or hazards of chemicals and products and that reduce, 
refine (decrease or eliminate pain and distress), and/or replace animal use” (NTP, 
2008). Third is which exposures to evaluate and report as risks to human repro-
duction and development. Fourth is the decision about what should be included 
in the Report on Carcinogens—a congressionally mandated document. All of 
these decisions are made using a public and prescriptive process that is attentive 
to the input received from the scientific community, policy makers, the American 
public, and other stakeholders. 

Report on Carcinogens: Criteria and Process for Listing

The Report on Carcinogens (RoC) is a congressionally mandated document 
“prepared by the NTP for the purpose of identifying substances, mixtures of 
chemicals, or exposure circumstances associated with technological processes 
that cause or might cause cancer and to which a significant number of persons in 
the United States are exposed. Listed in the RoC are a wide range of substances, 
including metals, pesticides, drugs, and natural and synthetic chemicals” (NTP, 
2005). The chemicals on this list go through a very extensive public review, and 
additions are made after careful scrutiny and consideration of all available sci-
ence (Table 2-1). Specifically, in order for a chemical to be listed in the RoC, it 
would either be a known human carcinogen or is reasonably anticipated to be a 
human carcinogen. 

TABLE 2-1 Report on Carcinogens Listings

RoC Edition Year
Number of  
Substances Listed

Number 
of 
Substances 
Delisted

First 

Known     Reasonably 
Anticipated

1980
       Chemicals or  
26     Industrial Processes

Second 1981 25  63
Third 1983 23  98
Fourth 1985 30 119
Fifth 1989 23 140 4
Sixth 1991 26 148 2
Seventh 1994 27 156
Eighth 1998 29 169
Ninth 2000 48 170 2
Tenth 2002 52 176
Eleventh 2004 58 188

SOURCE: Olden, unpublished.
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The process of listing a chemical in the RoC has gone through several revi-
sions to ensure that the criteria used for such categorization are accurate. Start-
ing in 1985, the RoC process itself began to allow for larger public input and 
increased transparency. The most significant changes resulted in the 1994 and 
1996 reviews. In fact, the strength of the NTP is a direct result of the amount 
of public input factored into the decision-making process. Two other important 
changes to the RoC are a change in publication times, from annually to every 2 
years, and the decision to use all of the available science as the criteria for inclu-
sion in the report—for example, the allowance for the utilization of knowledge 
of mechanisms and structure/activity relationships in assessing risk. This change 
provided a set of criteria to determine that if a chemical or substance has a struc-
ture or activity comparable to a chemical already listed in the report, it is reason-
able to assume that the chemical in question would also be a known or reasonably 
anticipated human carcinogen, even if all of the data needed to draw such a con-
clusion are still not accessible. Other criteria or kinds of evidence used in mak-
ing the listing decision include experimental studies in animals, epidemiological 
studies in animals, and mechanistic studies. Essentially all available science is 
used to make a decision regarding the listing of a chemical in the RoC. 

Reasons to Revisit

A decision to list a chemical in the RoC does not mean that it cannot be 
reconsidered. As science evolves and new information is discovered about the 
harmful, or not harmful, effects of a chemical, there may be circumstances for 
reevaluating it (see the saccharin case study below). First and foremost, it is the 
evolution of new science that may provide evidence in support of either upgrading 
a chemical from one that is reasonably likely to be a carcinogen to one that is a 
known carcinogen, or downgrading or removing it altogether from the RoC. A 
second circumstance is if the exposure has been eliminated because of removal 
from the market or to effective environmental control, so that a significant num-
ber of people are no longer being exposed to an environmental agent. Through 
constant revision and public evaluation of the science and evidence, the decision 
to delist a chemical has been made nine times since 1980. Since the original list-
ing of these chemicals, the science evolved over the intervening years to show 
that the evidence was not substantial enough to continue to include the chemical 
in the RoC as a reasonably anticipated human carcinogen. Chemicals have also 
been removed from the list because they went out of commercial use, such as 
aramite and cycasin, thus eliminating exposure. Finally, there have been chemi-
cals reviewed but not recommended for listing in the RoC. All of these decisions 
were made taking into account the evolving nature of science and discovery of 
new evidence to trigger a reassessment of data. 
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Case Study: Saccharin

One example of the use of evolving science and evidence to call for, and 
ultimately inform, the decision-making process for chemicals in the RoC is that 
of the artificial sweetener saccharin. The original reasoning behind the listing of 
saccharin on the RoC was based on the weight of the scientific evidence at the 
time. There was evidence, in the form of experimental animal data, demonstrating 
that use of this chemical caused urinary bladder cancer in male rats (HHS and 
NTP, 2005). This chemical was therefore listed as reasonably anticipated to be a 
human carcinogen. Over the intervening years, evidence came to light that led the 
scientific community to call into question the carcinogenic effects of saccharin, 
and a decision was made to reassess its listing (HHS and NTP, 2005). 

After careful review, several pieces of evidence were considered in the delist-
ing of saccharin from the RoC. First, although there was evidence for the carci-
nogenesis of saccharin in male rats, there was less convincing evidence in female 
rats and mice (Arnold et al., 1980; Taylor et al., 1980). Second, studies indicated 
that the observed urinary bladder cancers in rats were related to the physiology of 
the rat’s urinary system and that the damage to epithelial cells lining the bladder 
led to an increase in cell growth in the rat (Sweatman and Renwick, 1979). Third, 
results of several human epidemiological studies showed no clear association 
between saccharin consumption and urinary bladder cancer in the general popu-
lation compared with diabetics, who presumably consume greater amounts of 
artificial sweeteners (Armstrong and Doll, 1975). Fourth, saccharin is essentially 
nonmutagenic in conventional bacterial assays and does not bind to DNA (Ashby, 
1985; IARC, 1987; Whysner and Williams, 1996), both of which are important 
predictors of carcinogenicity. This example illustrates the reasons for revisiting 
decisions based on the evolution of science. 

SESSION DISCUSSION:  
WEIGHT OF THE EVIDENCE IN SCIENCE VERSUS LAW

Evaluating the weight of the evidence in order to make credible decisions 
based on a full set of data is in the interest of all scientists as well as the public. 
However, how to evaluate and ultimately incorporate the weight of the evidence 
in the scientific decision-making process is an issue of current debate in the sci-
entific community. Making a decision based on the totality of the evidence should 
be the standard for the decision-making process, argued Hattis and Olden. How-
ever, there is concern about the growing disconnect between the legal process and 
the scientific process, even to the point at which science is under attack and the 
use of widely accepted scientific criteria, such as animal studies, is even called 
into question. This disconnect illustrates the inherent tension between society’s 
desire for a definitive answer and the nature of the scientific process itself, which 
is one of slow evolution, said Hattis. The legal system has increasingly chosen 
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to view the expression of scientific uncertainty, even in small amounts, as cause 
for alarm and deconstruction. 

In order to preserve the scientific process, there is a need to communicate 
better the evolutionary and dynamic nature of evidence involved in the scientific 
process, so that it is well understood by the public and is less vulnerable to dissec-
tion in a legal setting, said Hattis. Explaining the scientific process may include 
applying different standards of proof in legal settings, so that the expresson of 
uncertainty by a scientist does not mean the end of a case or does not become 
fodder for the opposing side. One possible solution to the growing question of sci-
entific uncertainty and the disconnect between the scientific and legal processes is 
that of transparency and communication, noted McGinnis. A call to improve the 
way in which the evolutionary and dynamic nature of evidence is communicated 
to the public needs to take place, so that the data process and evidence are not so 
vulnerable in a courtroom setting. 
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Conflicts of Interest, Bias, and Ethics

Conflict of interest has been the subject of discussion and concern in many 
areas of science. With the increased reliance on funding from sources outside of 
government, there has been renewed interest in the debate. Avoiding conflict of 
interest in order to achieve sound, unbiased science is in the vested interest of the 
scientific community as well as the general public. However, creating a system in 
which scientific decisions are made in an ethical manner while free of conflict and 
individual bias is a challenge. The workshop therefore explored how to identify, 
manage, and, in some situations, eliminate the conflict.

GENERAL OBSERVATIONS REGARDING CONFLICTS OF INTEREST

thomas H. Murray, ph.D., president, the Hastings Center

Conflicts of interest are ubiquitous. In and of themselves, conflicts of inter-
est are not necessarily a failing, but rather a description of a set of circumstances 
that can take many forms and be manifested in many settings. They are usually 
based on situations in which there is reliance on the judgment of an outside party 
with some very specific professional expertise. Exercise of that judgment should 
promote the interest of a party, who may be an individual (e.g., the patient in a 
doctor-patient relationship) or, on a broader level, an institution. The judgment 
that the professional owes the client, patient, or institution can include specific 
recommendations, but often it includes just interpretation of information for the 
receiver (the party to whom loyalty is owed), who does not have the necessary 
expertise to understand the information without assistance.

Often there are questions as to who is the primary party to whom loyalty 
is owed. For scientists on a panel of the Food and Drug Administration, for 
example, it isn’t immediately clear to whom they owe their primary loyalty; this 
is more complex than the doctor-patient example. Even at the largest relationship 
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level—a scientist conducting research—the primary loyalty isn’t always clear. 
Is it to the scientific community, the public, or policy makers? While this is not 
an easy question to answer, there is a shared understanding that scientists have 
profound obligations and therefore need to avoid being improperly influenced by 
extraneous considerations—most visibly, financial ones. 

Types of Conflict

A number of factors can make one type of conflict more significant than 
others:

•	 Intensity of the conflict
•	 Expectations and transparency
•	 Conflicts of commitment
•	 Power and status
•	 Financial aspects 

The intensity of the conflict—the profound “push or pull” on a person pro-
viding the advice—is important. For example, a large sum of money can be a 
more worrisome source of conflict than a small token. However, there are certain 
types of conflict that people are known to have and society is willing to accept if 
these conflicts are both expected and transparent. One such example is the doctor-
patient relationship, in which the patient knows a doctor is being paid to give 
advice and provide an opinion. Because this relationship is open and transparent, 
it causes less concern about the intensity of the conflict. In other situations, in 
which a conflict that is expected is not disclosed, this “hidden” nature may take 
on a greater level of importance and may be seen as an attempt to keep an issue 
from the public.

While society tends to focus on financial conflicts of interest because they 
are the most visible and measurable, other types of conflicts can be quite power-
ful. Conflicts of commitment—being employed by one organization yet having 
other interests competing for time and attention away from the primary point of 
employment—have been cited as a concern at the National Institutes of Health 
and other government agencies. The question was how committed an intramural 
investigator was to his government job when he was making $150,000 a year 
above his salary from consulting and other commitments. Another form of con-
flict, at times overlooked, involves status and power as prime motivators. 

Most of the time and effort put into creating rules and guidelines focuses on 
a larger set of concerns about the influence of power and money on public policy 
decisions. It is widely agreed that these decisions should be based on an unbiased 
evaluation of the weight of scientific evidence. Examples range from decisions 
about the regulation of drugs to the regulation of workplace or environmental 
toxins. 
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In conclusion, to say that someone has a conflict of interest is not a moral 
criticism, but rather a description of a set of circumstances. That person has a 
primary interest that he or she needs to fulfill, although other interests may push 
or pull the person in different directions. A moral failure would be if the person 
neglected their primary interest and allowed these other interests to rule.

Values of Science and Impact on Policy

The values that govern scientific inquiry are not necessarily in line with the 
values that govern policy making, because they have different purposes. There 
is an inherent conservatism in the way science is taught and practiced. Scien-
tists are taught not to go beyond the data. This strict emphasis on the data can 
often be used to inform policy decisions. However, this conservatism can also 
be used by those with an interest in denying that a certain relationship exits. 
Policy should be informed by the best science possible, yet in some situations, 
consensus cannot be reached. The absence of consensus does not mean there is 
insufficient evidence to warrant caution and regulation. 

For example, opponents of regulation called into question just how much 
data was needed to define the exact risks of asbestos exposure. In the rule-
making process surrounding asbestos, both sides agreed that the science was 
not definitive in answering what exposure levels should be permissible, which 
led to differing views to solve the problem. Opponents of strict regulation, the 
asbestos industry and its allies, argued that in the absence of conclusive scientific 
evidence, exposures at the level in question were not harmful and the limit should 
be set significantly higher. Those concerned with the health of workers argued 
from the identical evidence that the value of protecting health, when the threat 
was plausible if not definitive, meant that permissible exposure levels should be 
set very low. This was an argument over what could be called “allocating the 
burden of uncertainty.” Such arguments are typical when public policy confronts 
scientific data over causal relationships, whether they involve environmental or 
occupational hazards or global warming.

The misuse of scientific information in making, interpreting, and enforcing 
public policy is illustrative of the concern regarding the overall issue of conflict 
of interest. For example, uncertainty about the data can become magnified and 
misrepresented. This is true even though the nature of the scientific endeavor may 
not lead to full agreement and acceptance by all parties. Another example of the 
broad concern is the impact of money and power on the generation of scientific 
information and, in some cases, the selective generation of scientific informa-
tion. An example is the tobacco industry–sponsored research on the relationship 
between viruses and cancer, presumably undertaken to deflect attention away 
from cigarettes as a cause of cancer. 
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Managing Conflict to Create the Best System

Several aspects are key in detecting, managing, and addressing all types of 
conflict of interest, including those financial in nature:

•	 Clarity
•	 Simplicity
•	 Fairness
•	 Predictability

When there is clarity about what constitutes a conflict because criteria and 
definitions have been set around types of relationships, there is greater acceptance 
of and adherence to the policies set forth by an organization. Confusion begets 
indifference and inattention. Next, a well-working system simplifies the issues 
that must be considered. For example, when clinical investigators are work-
ing under two types of federal regulations, they may be confused about which 
regulations to follow. In order to avoid such situations, it is best to pare down 
differences and strive for one set of overarching rules and regulations. Otherwise, 
researchers will make judgments to follow one system and not the other. Further-
more, any system needs to apply principles fairly to all parties involved in order 
to promote faith in the system and lessen the chances of its being undermined. 
Finally, the system should be made predictable by constructing a framework to 
determine the positive and negative repercussions of certain actions. Essentially, 
someone who follows the criteria and guidelines set forth is ultimately provided 
with protection against accusations of conflict of interest. This course also reflects 
the understanding that if these guidelines are not followed, known consequences 
will ensue. 

Most people in the scientific community consider disclosure to be the fun-
damental element in addressing conflict of interest. However, it is crucial for 
disclosure to be done correctly and set up in a way that allows for the right type of 
information to be disclosed. While not a panacea, a disclosure system should be 
created to ask relevant questions while incorporating insights into typical human 
behavior. Such a system would not rely on individual judgment or be built around 
reporting every single relationship, but rather designed to elicit significant rela-
tionships that may require further scrutiny. This would raise the signal to noise 
ratio and thus make it possible to identify potentially significant conflicts.

MANAGING CONFLICTS OF INTEREST:  
THE INTERNATIONAL AGENCY FOR RESEARCH ON CANCER 

Vincent Cogliano, ph.D., Head of the Monographs programme,  
International agency for Research on Cancer

The International Agency for Research on Cancer’s (IARC’s) mission “is themission “is the 
identification of causes of cancer, so that preventive measures may be adopted 
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against them” (http://www.iarc.fr/en/About-IARC). The agency’s work has four 
main objectives: monitoring global cancer occurrence, identifying the causes 
of cancer, elucidating mechanisms of carcinogenesis, and developing scientific 
strategies for cancer control. These objectives are achieved through a number of 
programs such as the IARC Monographs. The objective of the program “is to IARC Monographs. The objective of the program “is to 
prepare, with the help of international Working Groups of experts, and to publish 
in the form of Monographs, critical reviews and evaluations of evidence on the 
carcinogenicity of a wide range of human exposures. The Monographs represent 
the first step in carcinogen risk assessment, which involves examination of all 
relevant information in order to assess the strength of the available evidence that 
an agent could alter the age-specific incidence of cancer in humans” (IARC, 
2000). These monographs are used worldwide as scientific support in decision 
making. For this reason, IARC has created a system to restore confidence in the 
scientific process in the development of the monographs by identifying and avoid-
ing relationships that introduce conflict of interest. 

Identifying Conflict of Interest

The many challenges in identifying conflicting interests include variations in 
individual interpretations of what is considered to be conflict. These can include 
not recognizing the potential for conflict or assuming impartiality because the 
monetary outcome is the same no matter the decision. Having criteria to deter-
mine the nature of conflict is therefore necessary in any scientific organiza-
tion. One such set of criteria used by IARC is the World Health Organization’s 
(WHO’s) Declaration of Interests, which outlines three main categories:

•	 Employment and consulting. A review of whether in the previous four 
years the expert was employed by an interested party or consulted on a matter 
before a court or government agency. 

•	 Research support. An account of support for the expert’s own research and 
that of his or her unit, including supplies and equipment. 

•	 Financial interests. Stock, other securities, business interests, and patents 
or other intellectual property.

To identify these interests, IARC asks specific, objective questions. A ques-
tion such as “Have you served as an expert witness in a court case involving 
the interested party?” leaves no room for ambiguity. These questions were also 
designed to highlight activities that are suggestive of an ongoing relationship with 
an interested party and not just a one-time offering of scientific information on a 
particular issue. As an extra cautionary step, IARC has also instituted a policy to 
verify the absence of conflicting interest by conducting a review of recent papers 
for acknowledgment of research support as well as simple Internet searches. As 
a final step to ensure proper identification of conflict, there is a requirement for 
experts to update their declarations of interests at the start of each meeting. Not 
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only does this allow for clarification, but it also provides an opportunity to iden-
tify newly acquired or solicited conflicting interests. 

Addressing Conflicts of Interest

Different organizations have different techniques for addressing conflicts 
of interest. Some organizations ignore the issue altogether. Other organizations 
are addressing conflict by opting for a simple disclosure policy. A final group of 
organizations has chosen to build on a disclosure policy by limiting the number 
of experts who have conflicts. In other words, the experts with conflicts are 
assumed to be diluted by the experts who have no conflicts. A better approach is 
to actively balance experts who have a conflicting interest with experts with an 
opposing interest. IARC, on the other hand, strives to avoid conflicts of interest 
altogether.

A 2003 Lancet editorial criticized the IARC conflict identification process 
by saying “it only needs the perception, let alone the reality, of financial conflict 
and commercial pressures to destroy the credibility of important organizations 
such as IARC and its parent, WHO” (Baines, 2003). This criticism was taken 
very seriously and led to changes in how IARC addresses conflict. Depending 
on the type of conflict identified, a threshold for concern was developed with an 
accompanying period of relevance (see Table 3-1). One such example would be 
employment by an interested party, where a higher threshold for avoiding conflict 
of interest was established. Such activities as sponsored travel and consulting on 
a particular process or new product would also have a corresponding threshold 
and period of relevance.

To further manage the conflicts of interest process, IaRC Monographs for the 
past 2 years has provided for independent neutral-party verification of conflicting 
interests of its experts through the Lancet oncology. For example, after IARC 
identifies its experts and screens them for their conflicting interests, the conflicts 
of interest form used by the Lancet oncology is distributed to the experts at the 
start of their meetings. Six to eight weeks after a meeting, a summary is published 
in this journal, along with the editor’s account of any conflicts of interests of those 
at the meeting, which provides another layer in addressing conflicts and making 
them transparent. 

The Question of Best Versus Impartial Experts

With the reduction in federal funding and the reality that researchers turn to 
private sources of funding, another conflict emerges: the controversy surrounding 
the issue of “best experts” or “impartial experts.” In other words, what does an 
agency do when an expert with relevant knowledge and experience also has a real 
or apparent conflict of interest? This issue raises a dilemma involving two valid, 
yet different, ideals. On one hand, the selection of experts with real or apparent 
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conflicts of interest can erode confidence in the integrity and impartiality of the 
results. On the other hand, the omission of prominent experts can create the 
perception of reduced scientific quality. IARC has strived to achieve both ideals 
through a category of meeting participant known as the “invited specialist.” 

Invited specialists are experts with critical knowledge and experience who 
are recused from certain activities because of a conflicting interest. They are 
available at IARC meetings to contribute their unique knowledge and experi-
ence but are not serving in key decision-making or influencing positions. This 
approach ensures that IARC meetings include the best qualified experts, but the 
meeting positions are developed by experts with no conflicting interest. The use 
of the invited specialist was also reviewed by an advisory group, which recom-
mended continued use of these individuals in a limited capacity. 

Freedom from Interference

Maintaining conflict-free and unbiased input throughout the scientific 
decision-making process is the ultimate goal. To do this requires keeping the 

TABLE 3-1 IARC Guidelines for Addressing Conflict of Interest

Type of Conflicting 
Interest Threshold for Concern Period of Relevance

EMPLOYMENT by an 
interested party

All 1 year with no collaborations

CONSULTING on 
matters before a court 
or government agency

All 3 years

CONSULTING on new 
products or process 
changes

2% of professional time or 
compensation

1 year

SPONSORED TRAVEL 
or sponsored 
presentations at 
scientific meetings

2% of professional time or 
compensation

1 year

RESEARCH SUPPORT 
for the expert’s own 
research

All 1 year after last publication

RESEARCH SUPPORT 
for the expert’s research 
unit

5% of research budget 1 year after last publication

STOCK and other 
financial instruments

$10,000 Current interests only

PATENTS and other 
intellectual property

All Current interests only

SOURCE: Cogliano, unpublished.
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entire process, in this case the IaRC Monographs process, free from interference. 
To maintain a transparent process, IARC, over the past few years, has made it a 
policy to publish the list of participants two months before each meeting. While 
this does foster a more open environment, many were concerned about interfer-
ence with members prior to the meeting. Therefore, along with the names, a 
statement is published discouraging outside parties from lobbying and contacting 
meeting participants. Reminders are also provided for the panel members to not 
accept certain invitations in order to safeguard the integrity of the process. By 
taking effective measures to identify and avoid conflicts of interest, it is possible 
to do good science while promoting public confidence in the impartiality and 
integrity of the results.

SESSION DISCUSSION:  
CONFLICTS OF INTEREST IN THE CURRENT RESEARCH CLIMATE

During the discussion, participants noted that managing conflicts of inter-
est should be embraced by all parties. Although easily achieved in theory, in 
practice there are many points that remain problematic and that can contribute 
to additional forms of conflict in the scientific process. These issues are not only 
financial in nature, such as public–private partnerships, but also can include 
cultural differences in science, asymmetry in the decision-making process, and 
individual scientific bias. 

While creating a process in which the original meeting on a particular issue 
is free from conflict, balance is needed throughout the entire process, especially 
in regulatory aspects, asserted John Balbus. Equal scrutiny should be applied not 
only to the data reviewed at a public regulatory meeting, but also to the review 
of the public comments submitted in support of, or against, a particular regula-
tory issue. Cogliano agreed that the interests of any person or party submitting a 
public comment should be clearly disclosed, yet this should not weigh down the 
decision-making process. Drawing from his work at IARC, he mentioned that 
the agency has implemented a process in which the public can submit comments 
within a certain time period and of a certain length, thus allowing for review even 
if there are limited resources to do so. 

Some participants noted that scientists have an intellectual bias and a per-
sonal financial interest in continuing funding of their research in an area. While 
there was not a definitive answer to how to balance this bias, Murray asserted 
that once a particular issue is no longer relevant from a research perspective, 
then research monies should not be going toward that area. The scientists remain 
employed by applying their skills to other scientific research. 

There was recognition that as federal dollars for research become tighter, 
privatization of research might be necessary in the future. Some participants 
questioned how this potential bias could be managed as the scientific questions 
put forth for study are developed by an interested party. This led to the overall 
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question of whether science can have public-private partnerships and not have 
society dismiss the science because of bias. Murray responded that the same prin-
ciples apply to this as to any other level of support: a transparent system in place 
and a firewall to separate the science from the funding. Murray and Cogliano 
stated that while the pioneers in this area may experience significant backlash, it 
is necessary to fund research. They favor a system with multiple levels to protect 
confidence in the scientific endeavor. 

In closing, Portier raised the issue of cultural differences in science and 
how these differences may lead to a level of conflict because of the many differ-
ent countries involved in research. Cogliano agreed it is difficult to understand 
the public–private structure in some countries and suggested that the best way 
to address the potential for conflicts is for researchers around the world to 
continually refine the definition of conflicting interest and disclose whatever is 
pertinent.
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Stakeholder Perspectives on Environmental 
Health Sciences Decision Making

In all scientific endeavors, whether of an environmental nature or not, there 
is the need to balance conflict of interest, address issues of bias, and understand 
the ethical implications involved in research. Opinions differ as to how to strike 
such a balance and conduct science that is viewed as credible and sound. In this 
chapter, which covered the panel discussion of four stakeholders, the individuals 
considered issues of disclosure of conflicts, criteria to ensure equal weighting of 
research, and peer review of data. The overall discussion from this panel and the 
general workshop discussion are captured in the next chapter.

FULL DISCLOSURE OF CONFLICTS OF INTEREST

Several preliminary studies of Rofecoxib (Vioxx) had conflicting interpreta-
tion of the same sets of data. Some researchers argued that the data supported 
an increased rate of cardiovascular disease, while company scientists suggested 
that the results could be attributed to possible confounding factors, including the 
impact of another chemical product. Eventually, this product was removed from 
the market. David Michaels of The George Washington University suggested that 
neither of these interpretations was a result of intentional misleading; however, 
the public may have been served better if, following these conflicting interpreta-
tions, an independent review had been conducted. 

He further noted that eliminating all conflict of interest also would mean 
barring individuals who are employed by product defense or litigation support 
firms from serving on federal scientific advisory panels. These individuals should 
be viewed more as advocates than as impartial scientists, since scientists who are 
hired to defend products in a regulatory or legal arena are not paid to provide 
unbiased opinions but rather to promote the interests of the party that hired them, 
said Michaels. 

A central tenet of the process is full disclosure and publication of conflicts 
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in publicly and privately supported science, asserted Michaels. Full disclosure 
implies having this information available to the public and not just leaving the 
decision about managing conflicts of interest to the judgment of an agency or an 
editor. Disclosure needs to encompass the entire research enterprise and needs to 
be applied equally to the publishing of research and the regulatory setting. 

THE CREDIBILITY OF SCIENCE

Protecting scientific integrity and credibility given human fallibility is an 
ongoing challenge. Ultimately, all scientific findings must be judged on their 
merits, whatever the source of funding, argued Myron Harrison of ExxonMobil 
Corporation. In an ideal world, the people who sit in judgment should not have 
conflicts and should have the best expertise to render a decision. However, they 
need to be guided by an established set of rigorous criteria that must be equally 
applicable to research from all sources. 

It is a reality that the science used in public health is particularly unstable 
and uncertain, and therefore scientific disagreement and controversy should be 
expected. In the face of this uncertainty, other human factors, such as personal 
beliefs and values, often play a large role. Scientists are not usually trained in 
methods, such as argumentation, that try to establish particular and contingent 
“truths” in the realm of human affairs. Thus, there is often a misuse of empirical 
evidence to support decisions that are primarily value based, noted Harrison.

The challenge remains: How can an agency optimize the credibility of sci-
ence used in rule making? Some characteristics of good research can strengthen 
its credibility: 

•	 Using good lab practices and good epidemiological practices, which 
include such tools as research protocols, auditable data management practices, 
and publication of all results.1

•	 Protecting human subjects in all settings, including private institutions 
(oversight by institutional review boards also addresses the value and quality of 
research).

•	 Applying rigorous peer review not only for the purposes of journals, but 
also separately in the rule-making process.

•	 Disclosing all potential conflicts of interest. 
•	 Implementing strong management systems, including external reviews, to 

oversee the priorities and conduct of the research program. 

1 There is a basic challenge to publishing all data, as studies reporting negative findings (lack of an 
effect) are more difficult to publish in peer-reviewed journals than those that show an effect.
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ASYMMETRY IN DECISION MAKING

Due to the challenges of a very high burden of proof faced by many regula-
tory agencies, too few environmental health decisions are actually made, noted 
John Balbus of the Environmental Defense Fund. For example, under the Toxic 
Substances Control Act (TSCA), the current law governing industrial chemicals, 
the Environmental Protection Agency (EPA) must demonstrate that a chemical 
“presents or will present an unreasonable risk” before it can take any regulatory 
action. Yet there is no routine requirement for the maker of that chemical to 
generate data indicating safety, and the EPA must present evidence of potential 
harm even to require testing on a case-by-case basis. In practice, this presumption 
of innocence for industrial chemicals creates such a large evidentiary burden on 
the agency that it has essentially abandoned efforts to regulate them under the 
TSCA. 

An additional hindrance to environmental health decision making is the 
growing mistrust of risk assessment. When risk assessments were first put in 
place, the goal in general was to determine a level of exposure that was presumed, 
in the face of uncertainty, to be well below the level expected to cause harm. Over 
time, government risk assessors have been challenged by the regulated industry 
to increase the precision of risk estimates. But because of such factors as the 
substantial variability in susceptibility in the population and the reality that indi-
viduals are exposed to many different environmental agents, determining actual 
risk—whether to the population as a whole or to any given individual—is an 
elusive and unrealistic goal. By pursuing precise estimates of actual risk, asses-
sors are now more likely to end up with an inadequately protective outcome for 
an unknown percentage of the population.

Furthermore, asymmetry in the regulatory process impedes decision making 
based on sound science, asserted Balbus. On one hand, the work of agency scien-
tists in the early phases of the rule-making process undergoes intense scrutiny and 
review by expert scientific advisory committees. On the other hand, in the latter 
phases, such as during the finalization of air pollution standards, the agency must 
respond to and may even incorporate comments or data from studies that have not 
had to undergo such rigorous scientific review. Balbus called for equally rigorous 
review of all data that may be incorporated into the rule-making process. 

DATA DEVELOPMENT FOR RISK ASSESSMENT

In order to move the environmental health decision-making process forward, 
there is a need to think strategically about how data can inform risk, noted Wil-
liam Farland of Colorado State University. Focusing on basic instead of applied 
research and on disease-based instead of topic-based research creates an inability 
to generate the type of data necessary for rigorous assessment of chemicals. As 
noted often during the workshop, the absence of data does not equal the absence 
of risk. The United States needs to have a commitment to sound science while 
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participating as a global partner in trade and guidance to developing countries, 
asserted Farland. 

Science is a moving target, and it is essential to think about what information 
is needed to inform decision making. One idea is the development of a systematic 
approach to working with data and weighing the evidence. In discussing scientific 
evidence, it is common to “take studies off the table” until the process reaches a 
point at which there isn’t enough information to make a decision. If a decision has 
been made, there is general reluctance in the United States to revisit the science 
and the decision, either because of antibacksliding regulations or the inability to 
change the regulation. 

To move forward, a new decision paradigm is needed in which there is the 
flexibility to take into account new insights and scientific information, asserted 
Farland. This approach would not create an environment in which the discussion 
of risk based on the information is avoided. Currently, although most state and 
federal regulations are not designed to protect individuals, they protect the public 
without defining what the public is or how many individuals constitute the pub-
lic. As part of a new paradigm, researchers and policy makers would carefully 
consider whether current federal regulations are in fact designed to adequately 
protect individuals, especially those in vulnerable subpopulations. Any proce-
dural change, noted Farland, is an opportunity to engage stakeholders on how 
these regulations are structured to address these populations and under what 
context. Finally, the paradigm should incorporate evaluation into the decision-
making process, as assessing the impact of a decision is vital to the success of 
future decision making. 
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General Workshop Discussion1

TRANSPARENCY

Throughout the final discussion, the issue of transparency in the scientific 
processes was pervasive. This served as the underpinning for other discussion 
topics, which included the need for context when looking at conflicts of interest 
and the weight of the evidence, a possible scientific code, and the future direction 
of scientific decision making. 

THE CONTExT AROUND CONFLICT AND EVIDENCE

When discussing conflicts of interest, it is important to determine what 
it means, for example, whether it is financial or intellectual bias. Participants 
often noted that what individuals see as bias may in fact only be a perceived 
bias. Goldman pointed out the growing perception that government scientists, as 
well as industry scientists, will have a certain point of view or be advocates for 
a certain position, a perception that can make it very difficult to operate in an 
open and collaborative fashion. On that point, Hattis raised the issue of client-
sponsor relationships and the overall need for an honest dialogue about the likely 
outcomes of the scientific endeavor, as well as the need for full disclosure and 
transparency for all outcomes, not just favorable ones.

Other participants suggested that conflict of interest needs to be put into the 
context of use. Some situations call for elimination of the conflict of interest, 
while others may necessitate managing it. Farland argued that what is problematic 

1 The general workshop discussion encompasses the discussion of the panelists’ comments in Chap-
ter 4 and general themes of the workshop. These have been consolidated into this chapter.
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for the scientific decision-making process is not the conflict itself but the impact 
it may have on the context of a situation. Michaels agreed that there may be 
certain situations for which context comes into play. For example, a government 
advisory committee meeting for which a vote is expected should not be composed 
of people with conflicts of interest, as the credibility of the process may be ques-
tioned. Some participants noted that conflict of interest can derail the scientific 
process and needs to be resolved.

CODE OF ETHICS

Further discussion focused on how to ensure openness and a systematic 
structure in the environmental health decision-making process. Goldman pro-
posed that it may be time for the field to develop a code of ethics similar to that 
used in the legal profession, since there is no current agreed-on roadmap to ensure 
that biases and points of view are noted. In the legal profession’s code of ethics, 
once a conflict is identified, lawyers recuse themselves from the situation; this is 
looked on favorably as a way to avoid conflict and bias. Hattis explained an effort 
to do this in the community of risk analysts that took the form of a set of “ideals” 
(Hattis, 2000). On this point, Michaels argued that while codes of ethical conduct 
can be beneficial in certain professions, when it comes to decision making, those 
with financial conflicts of interest should not be in a decision-making position, 
regardless of a code. Ultimately, one participant stated, the facts matter, and when 
looking at conflict, whether from a legal or scientific perspective, facts are what 
should drive the decision-making process. 

FUTURE DIRECTIONS

The discussion concluded with input from the speakers and the audience as 
to the future direction of scientific decision making. Numerous suggestions were 
offered as a path to making overall improvements in the current decision-making 
process. The list below does not constitute recommendations of the group, but 
rather captures the range of ideas that people would like to see explored in future 
discussions. These include

•	 Not necessarily instituting a standard for how one actually weighs the 
evidence, but rather providing a rationale for the inclusion and exclusion of 
material studied in order to simply show why something should or should not be 
studied. 

•	 Tailoring the approach to decision making to eliminate the “one size fits 
all” risk assessment and incorporate context.

•	 Discussing regulatory agency decisions to explain why agencies are regu-
lating some substances and not others. This could eliminate the presumption of 
innocence in the current decision-making process.
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•	 Developing more examples of successful risk assessment in which the 
science is complete and solid enough to actually perform a service to the risk 
assessment process.

•	 Realizing that risk assessment needs to be made from different perspec-
tives (e.g., economics) and that these perspectives can change the outcome.

•	 Creating a term appointment for the heads of scientific agencies, which 
would stabilize the leadership of government agencies in order to make the pro-
cess more scientifically focused.

•	 Engaging stakeholders, including the affected public, to a greater degree 
than currently exists and educating the public on the scientific decision-making 
process to provide opportunities to hear diverse viewpoints.

•	 Focusing on risk avoidance rather than acceptable risk, as this is the infor-
mation that the American public wants. 

•	 Recognizing that the risk assessment decision is not stagnant but dynamic 
and based on new science. As such, criteria should be put in place to review risk 
assessment decisions.

•	 Developing and using a metric to quantify how scientific information is 
understood and translated into public health. 
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Closing Comments1

David Eaton, ph.D.,  
professor of Environmental Health and occupational Health Sciences, 

School of public Health and Community Medicine,  
University of Washington

The workshop highlighted a number of challenges that scientists, public 
health officials, and policy makers face in protecting the public against harmful 
environments and promoting healthy ones (Figure 6-1). Central to the discussion 
was the inherent tension between science and public health in determining the 
burden of proof for a toxic chemical. Scientists, as a result of their training, do 
not exceed the limits of their data, which places chemicals in the “innocent until 
the data shows otherwise” category. However, those in public health, when faced 
with uncertainty, would prefer to err on the side of protecting health. While it is 
relatively easy to show that x can cause y or that there is a mechanism in which x 
might cause y, it is difficult to demonstrate and accumulate sufficient data to say 
that x cannot cause y. Thus, there is a conflict about how to establish the burden 
of proof for toxic substances and how to address this conflict in the regulatory 
setting. 

The general belief is that more science will clarify research gaps. However, 
science itself may provide uncertainty. One place where this can occur is in the 
field of toxicology, which relies on the extrapolation of results between species. 
For example, rats fed aflatoxin at 15 parts per billion (the current tolerance level 
set by the Food and Drug Administration) develop liver cancer. However, mice 
fed aflatoxin 150,000 parts per billion do not develop liver cancer. The develop-
ment of liver cancer is dependent on the expression of a single gene in the rats 
compared with the mice. 

The choice of which species to use to predict human response could lead to 
vastly different conclusions and, depending on the “truth,” could lead to a false-
positive or a false-negative result. In the example of aflatoxin just described, 
human epidemiological data suggest that the truth is somewhere in between. In 

1 This chapter was prepared from the transcript of the summary presentation by Dr. Eaton. The views 
expressed within this chapter are attributed solely to him.
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many instances, the benefit of human epidemiology is not available to resolve 
discrepant animal studies. In such circumstances, a false positive can lead to the 
limitation or ban of a particular useful chemical. However, public health scientists 
are perhaps more concerned about false negatives, such as the case with arsenic. 
In this example, animal bioassays for carcinogenicity generally have failed to 
identify the potent carcinogenic effects of arsenic that are known to occur in 
humans. Animal toxicology or human epidemiology alone does not address all 
of the challenges in regulating chemicals, and thus the science behind regulatory 
decisions requires a multidisciplinary approach.  

In recent years, tremendous advances have been made in molecular biology 
to elucidate cellular pathways and mechanisms that contribute to the understand-
ing of how chemicals might contribute to human disease, but these advances 
are not a panacea for regulatory policy. Many cellular and molecular pathways 
have been highly conserved throughout evolution, and thus fundamental biologi-
cal knowledge learned from simple organisms may be quite relevant to human 
biology. However, the evolutionary processes that dictate how humans respond 
to their environment select against other pathways, giving rise to large species 
differences in how organisms respond to their immediate environment, including 
chemical exposures. This is a challenge in the “omics” technology, in which sci-
entists can measure changes in the expression of 10,000–20,000 different genes 
in response to a chemical exposure, but they are not always able to interpret the 
significance of such changes in terms of human health. Similar to advances in sci-
ence, advances in technology have resulted in the vanishing zero: Environmental 
health scientists are able to measure chemicals in the body at lower and lower 
concentrations. However, scientists are not yet at a point at which they can make 
biological sense of the low-level presence of these chemicals. 

Public Health
Advocacy—

“Precautionary
Principle”

“Legal” and Other
Vested

“Interests”
Perspective—

“Proof of Guilt”

Scientific
Evidence
Toxicology

Epidemiology
Mechanism of Action

6-1

FIGURE 6-1 Scientific evidence has many uses that are not often apparent to the sci-
entists. Scientific evidence can be used to define research, promote health, and inform 
the legal process. There is a tension in the use of science when there is uncertainty as to 
whether policy makers take a precautionary approach or a passive (i.e., “wait until the data 
shows harm”) approach. 
SOURCE: Eaton, unpublished.
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In addition to challenges of data interpretation, the workshop also high-
lighted many ethical issues. In the real world, perception is reality. It is often 
difficult for the public to differentiate between perceived bias, significant bias, 
and conflicts of interest. While many agencies that work at the science-policy 
interface, such as IARC and the National Academies, have begun to create a good 
model for conflicts of interest, it does not go far enough to consider conflicts of 
interest throughout the research enterprise. For example, in the past decade, the 
perception has been expressed by many people that if a study is funded by an 
industry, then the results must be biased, and the study is essentially discounted. 
However, most scientists feel strongly that science should be judged on its merits 
and not on who funded it. Once the funding source is noted, perception problems 
begin, as people have biases that will shape their attitudes in response to such 
knowledge. This is true for all sources of funding and not just for industry. Thus 
there is a need for the field to address the perception of bias in research and 
continued discussions as to how biases can be acknowledged and conflicts of 
interest can be managed.

In conclusion, environmental health sciences is sometimes caught between 
potential overuse of the precautionary principle, which can engender unwarranted 
fear on the part of the public, and lack of timely decisions of potential public 
health importance when data are insufficient to make science-based decisions. 
Continued efforts are needed to improve risk communication of environmental 
health hazards, as the public is often confused by mixed messages from the 
scientific community and thus may not understand risk or the scientific process 
that establishes the burden of proof for regulatory action. While there is clearly 
overlap, scientists need to address the credibility gap—or at least the public per-
ception gap—by involving the public in these processes. There should be more 
discussions on how to address the needs of the environmental health decision-
making process by establishing protocols to ensure that science is judged on its 
merits, while at the same time acknowledging biases and potential conflicts of 
interest. 
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 Johns Hopkins Bloomberg School of Public Health
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Speakers and Panelists

The Honorable Paul Grant Rogers, J.D., is a partner in the Washington, DC, 
office of Hogan & Hartson L.L.P. and a member of the firm’s Health Group. His 
areas of practice include administrative and regulatory, antitrust, health, and envi-
ronmental law; legislative strategy; and health policy. He served for 24 years as a 
member of the U.S. House of Representatives from the 11th District of Florida. 
Of those 24 years, he spent 8 as the chairman of the House Subcommittee on 
Health and the Environment and became nationally recognized as an innovative 
leader. In Congress he became known as “Mr. Health.” 

Some of the prominent pieces of legislation that he sponsored and played a 
major role in enacting are the National Cancer Act of 1971 and 1977; the Health 
Manpower Training Act; the Heart, Blood Vessel, Lung and Blood Act; the 
Research on Aging Act; the Comprehensive Drug Abuse Prevention and Control 
Act of 1970; the Medical Device Amendments of 1976; the Emergency Medical 
Services Act; the Health Maintenance Organization Act; the Clean Air Act; the 
Safe Drinking Water Act; the Radiation Health Safety Act; the Medicare-Medicaid 
Anti-Fraud and Abuse Amendments of 1977; and the Sea Grant College Act. 

Mr. Rogers joined Hogan & Hartson, LLP, in January 1979. He has repre-
sented a wide range of providers, manufacturers, suppliers, and associations in 
the health care field in matters involving antitrust, federal and state legislation, 
reimbursement, litigation, food and drug regulation, international trade, govern-
ment grant and contract, and corporate and tax matters. He is a member of the 
Food, Drug and Cosmetic Law Committee of the American Bar Association and 
was made an honorary member of the American Health Lawyers Association. 

He is chairman of the National Osteoporosis Foundation, Research!America, 
the Trustees of the National Foundation for Infectious Diseases, and the Friends 
of the National Library of Medicine and co-chairman of the National Leadership 
Coalition on Health Care. He serves as a director or trustee on the following boards: 
the Scripps Research Institute, the Cleveland Clinic Foundation, the Foundation 
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for Biomedical Research, the American Cancer Society, and the CDC Foundation. 
He is a member of the Institute of Medicine (IOM) and served as a member of the 
Advisory Committee on Civil Rules of the Judicial Conference of the United States 
(1979–1984). He has received honorary degrees from 15 universities. 

Mr. Rogers was awarded the Public Welfare Medal by the National Academy 
of Sciences in 1982; the Year 2000 Award from the National Cancer Institute in 
1987; the 1991 Health Policy Award from the American Health Lawyers Asso-
ciation; the Founders Award from the National Coalition for Cancer Research in 
1992; the 1993 Albert Lasker Award for Public Service; the 1994 APhA Hugo 
Schaefer Award; the 1994 AlliedSignal Achievement Award in Aging; the 1994 
Distinguished Leadership Award from the University of Florida Health Sciences 
Center; the 1995 NOF Leadership Award; the 1996 Maxwell Finland Award; the 
1997 American Cancer Society Distinguished Service Award; the National Com-
munity Pharmacists Association 1998 Distinguished American Award; and the 
1999 IONA’s Outstanding Citizen award. He was also the first recipient (1999) 
of the Association of Academic Health Centers’ Paul G. Rogers Award. By an 
act of Congress, the main plaza at the National Institutes of Health (NIH) was 
designated as the Paul G. Rogers Plaza and dedicated on June 12, 2001. 

Mr. Rogers is a member of the Harvard School of Public Health Dean’s 
Council, the University of Chicago’s Council for the Division of the Biological 
Sciences and the Pritzker School of Medicine, Washington University’s National 
Council of the School of Medicine, and the University of Pennsylvania’s Medi-
cal Center Trustee Board. A graduate of the University of Florida in 1948, he is 
a member of the bars of Florida and the District of Columbia and is admitted to 
practice before the federal courts in several districts, federal courts of appeal, and 
the United States Supreme Court. 

Lynn R. Goldman, M.D., M.S., M.P.H., a pediatrician and an epidemiologist, 
is a professor at the Johns Hopkins Bloomberg School of Public Health, where 
her areas of focus are environmental health policy, public health practice, and 
children’s environmental health. Her appointment is in the Department of Envi-
ronmental Health Sciences, with a joint appointment in the Department of Health 
Policy and Management. 

In 1993, she was appointed by the president and confirmed by the Senate 
to serve as assistant administrator for the EPA’s Office of Prevention, Pesticides 
and Toxic Substances (OPPTS). Serving in that position for more than 5 years, 
she was responsible for the nation’s pesticide, toxic substances, and pollution 
prevention laws. Under her watch, EPA expanded right-to-know under the Tox-
ics Release Inventory and overhauled the nation’s pesticide laws. She made 
significant progress on the issues of testing of high-volume industrial chemicals 
and identification of chemicals that disrupt endocrine systems. At EPA she was 
successful in promoting children’s health issues and furthering the international 
agenda for global chemical safety. 



Copyright © National Academy of Sciences. All rights reserved.

Environmental Health Sciences Decision Making: Risk Management, Evidence, and Ethics: Workshop Summary

appEnDIX B ��

Prior to joining EPA, Goldman served in several positions in the California 
Department of Health Services, most recently as head of the Division of Envi-
ronmental and Occupational Disease Control. She has conducted public health 
investigations on pesticides, childhood lead poisoning, and other environmental 
hazards. She has a B.S. in conservation of natural resources from the University 
of California, Berkeley, an M.P.H. from the Johns Hopkins Bloomberg School of 
Public Health, and an M.D. from the University of California, San Francisco. She 
completed pediatric training at Children’s Hospital in Oakland, California. 

She has served on numerous boards and expert committees, including the 
Committee on Environmental Health of the American Academy of Pediatrics, 
the Lead Poisoning Prevention Advisory Committee of the Centers for Disease 
Control and Prevention, and numerous expert committees for the National Acad-
emies. She currently is vice chair of the Institute of Medicine’s Roundtable on 
Environmental Health Sciences and served as the chair of the IOM Gulf War and 
Health Study.

John Balbus, M.D., M.P.H., is a senior scientist and director of the health pro-
gram for the Environmental Defense Fund. He holds adjunct appointments at 
both the Johns Hopkins University Bloomberg School of Public Health and the 
George Washington University School of Public Health and Health Services. He 
received his A.B. degree in biochemistry from Harvard University, his M.D. from 
the University of Pennsylvania, and his M.P.H. from Johns Hopkins University.

Vincent Cogliano, Ph.D., serves as head of the IaRC Monographs programme 
at the International Agency for Research on Cancer (part of the World Health 
Organization) in Lyon, France. IaRC Monographs is a series of scientific reviews 
identifying environmental factors that can increase the risk of human cancer. 
Cogliano received his Ph.D. from Cornell University, then worked for 20 yearsworked for 20 years 
in quantitative risk assessment at the U.S. Environmental Protection Agency 
(EPA) in Washington. Professional interests include cancer hazard assessment, 
qualitative and quantitative health risk assessment in general, and identification 
of susceptible populations and life stages.

David Eaton, Ph.D., received his Ph.D. in pharmacology from the University 
of Kansas Medical Center in 1978. He joined the faculty of the University of 
Washington (UW) in 1979 and is professor and director of the Center for Eco-
genetics and Environmental Health at UW, as well as professor of public health 
genetics, adjunct professor of medicinal chemistry, and affiliate member of the 
Fred Hutchinson Cancer Research Center. He currently also serves as associ-
ate vice provost for research at UW and was previously the associate dean for 
research in the School of Public Health. Nationally, he has served as secretary 
and president of the Society of Toxicology and serves on numerous scientific 
advisory boards for other centers and program grants. He served on the National 
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Academy of Sciences/National Research Council (NAS/NRC) Board of Envi-
ronmental Studies and Toxicology from 1996 to 1999 and on the NAS/NRC 
Committee on Arsenic and Drinking Water (2001 update); he recently chaired 
the NAS/NRC/IOM Committee on Assessment of the Health Implications of 
Exposure to Dioxin.  He maintains his own active research and teaching program 
focused on the area of the molecular basis for environmental causes of cancer, 
with an emphasis on how chemical carcinogens are metabolized in the liver. 
He has published over 150 scientific articles and book chapters in the field of 
 toxicology and risk assessment, is an elected fellow of the American Association 
for the Advancement of Science and the Academy of Toxicological Sciences, and 
is a lifetime national associate of the National Academies. 

William H. Farland, Ph.D., joined Colorado State University in 2006 as the 
vice president for research, bringing decades of interdisciplinary research lead-
ership experience to the position. He serves as the chief institutional advocate 
and facilitator for faculty research activities and is responsible for programmatic 
excellence in research. Specific responsibilities of the position include oversight 
and promotion of external research funding and associated regulations, needs, 
and capabilities; serving as liaison with federal research officials and agencies; 
identification of research opportunities; and development and oversight of inter-
disciplinary programs and research centers.

Previously, he was the highest ranking career scientist at the Environmental 
Protection Agency, serving as chief scientist in the Science Advisor’s Office as 
well as acting deputy assistant administrator for science in the Office of Research 
and Development (ORD). Prior to that appointment, he was director of ORD’s 
National Center for Environmental Assessment, which has major responsibility 
for the conduct of chemical-specific risk assessments in support of EPA regula-
tory programs, the development of agency-wide guidance on risk assessment, and 
the conduct of research to improve risk assessment. His 27-year federal career 
has been characterized by a commitment to the development of national and 
international approaches to the testing and assessment of the fate and effects of 
environmental agents. He has led the EPA’s extensive reassessment of the expo-
sure and health effects of dioxin and related compounds. 

Farland holds a Ph.D. (1976) from the University of California, Los Angeles, 
in cell biology and biochemistry and a master’s in zoology. He obtained his 
bachelor’s degree from Loyola University in Los Angeles. He serves on a 
number of executive-level committees and advisory boards in the federal gov-
ernment. He is also a member of the Scientific Advisory Council of the Risk 
Sciences and Public Policy Institute at the Johns Hopkins Bloomberg School 
of Hygiene and Public Health, a public member of the American Chemistry 
Council’s Strategic Science Team for its Long-Term Research Program, and 
several other industry- and university-based science advisory panels. In 2002, 
he was recognized by the Society for Risk Analysis with the Outstanding Risk 
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Practitioner Award. He continues to teach and publish and has been a mem-
ber of the editorial board Risk analysis since 1987 and Environmental Health 
 perspectives since 1997. 

Bernard D. Goldstein, M.D., is a professor in the University of Pittsburgh’s 
Graduate School of Public Health, where he was previously dean. He served as 
the director of the Environmental and Occupational Health Sciences Institute, a 
joint program of Rutgers, the State University of New Jersey, and the University of 
Medicine and Dentistry of New Jersey (UMDNJ)–Robert Wood Johnson Medical 
School, from 1986 to 2001. He was the chair of the Department of Environmen-
tal and Community Medicine, UMDNJ–Robert Wood Johnson Medical School, 
from 1980 to 2001. He was the first principal investigator of the Consortium of 
Risk Evaluation with Stakeholder Participation. He served as acting dean of the 
UMDNJ–School of Public Health in 1998-1999, the first year of its formation. 
He earned his B.S. degree at the University of Wisconsin in 1958 and his M.D. 
degree at New York University School of Medicine in 1962. He is a physician, 
board certified both in internal medicine and hematology and in toxicology.

He was assistant administrator for research and development in the U.S. 
Environmental Protection Agency from 1983 to 1985. His past activities include 
member and chairman of the NIH Toxicology Study Section and the EPA’s Clean 
Air Scientific Advisory Committee; chair of the Institute of Medicine’s Commit-
tee on the Role of the Physician in Occupational and Environmental Medicine, 
the National Research Council’s Committees on Biomarkers in Environmental 
Health Research and Risk Assessment Methodology, and the Industry Panel of 
the World Health Organization’s Commission on Health and Environment. He 
is a member of the Institute of Medicine, where he has chaired the Section on 
Public Health, Biostatistics, and Epidemiology and served on the Committee on 
Environmental Justice: Research, Education, and Health Policy Needs. He is also 
president-elect of the Society for Risk Analysis, vice president of the Scientific 
Committee on Problems of the Environment, and a member of the National Advi-
sory Environmental Health Sciences Council. He is the author of over 200 articles 
and book chapters related to environmental health sciences and to public policy.

Myron Harrison, M.D., M.P.H., is the senior health adviser for ExxonMobil 
Corporation and a member of its corporate Safety, Health and Environment staff. 
Previously, he served as the medical director of Exxon’s U.S. Medicine and 
Occupational Health Department. Before specializing in the field of occupational 
medicine, he practiced emergency medicine for 10 years. He earned a master’s of 
public health degree at Columbia University and is a past president of the Texas 
College of Occupational and Environmental Medicine. 

Dale B. Hattis, Ph.D., is research professor with the George Perkins Marsh 
Institute at Clark University. For the past three decades, he has been engaged in 
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the development and application of methodology to assess the health, ecological, 
and economic impacts of regulatory actions. 

His work has focused on approaches to incorporate interindividual vari-
ability data and quantitative mechanistic information into risk assessments for 
both cancer and noncancer endpoints. Recent research has explored age-related 
differences in sensitivity to carcinogenesis and other effects, a taxonomy of dif-
ferent nonmutagenic modes of action for carcinogenesis with likely differential 
implications for age-related sensitivity, PBPK modeling of acrylamide dose in 
rats and humans, and mechanism-based dose-response modeling of carcinogenic 
effects from ionizing radiation. He is a leader in efforts to replace the current 
system of uncertainty factors with distributions based on empirical observations.  
He is a member of the Environmental Health Committee of the EPA Science 
Advisory Board, and for several years he has served as a member of the Food 
Quality Protection Act Science Review Board. In 2007, he was chair of the Dose 
Response Specialty Group of the Society for Risk Analysis. He has also served 
as a member of the National Research Council’s Committee on Estimating the 
Health-Risk-Reduction Benefits of Proposed Air Pollution Regulations. He has 
been a councillor and is a fellow of the Society for Risk Analysis and serves on 
the editorial board of its journal, Risk analysis.  He holds a Ph.D. in genetics 
from Stanford University and a B.A. in biochemistry from the University of 
California, Berkeley.

Richard J. Jackson, M.D., M.P.H., is professor of environmental health at the 
University of California, Berkeley, School of Public Health. In June 2005, he 
received the Presidential Distinguished Executive Award for his outstanding lead-
ership and extraordinary achievement in service to the nation, and in particular 
to improving environmental public health. He has served in many leadership 
positions, including as the state health officer for the state of California. For nine 
years he was director of the Centers for Disease Control and Prevention’s (CDC’s) 
National Center for Environmental Health in Atlanta. A native of Newark, New 
Jersey, he is a graduate of the University of California School of Medicine at San 
Francisco, where he began his residency as a pediatrician. During his residency 
he took time off for a two-year stint with CDC as an officer in the Epidemic Intel-
ligence Service (EIS). He then obtained a master’s degree in public health from 
the University of California, Berkeley, and began work as a public health medi-
cal officer with the California Department of Health Services. His contributions 
include successfully pushing for passage of California’s Birth Defects Prevention 
Act, assisting in the establishment of California’s tough guidelines for reporting 
pesticide use, and major contributions to a National Academies report on pesti-
cides in the Diets of Infants and Children, which helped lead to passage of the 
Food Quality Protection Act in 1996. 

Selected to be director of the CDC’s National Center for Environmental 
Health in 1994, Jackson studied and addressed such issues as cancer, asthma, 
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radiation effects, pesticide exposure, and toxicology, especially lead poisoning in 
children.  In recent years, he has taken on the critically important and underap-
preciated environmental health issue of the built environment, collaborating with 
other professionals to create a website called Designing and Building Healthy 
Places (http://www.cdc.gov/healthyplaces).  His chief goal at present is to recruit 
and train new leaders in environmental health, drawing young people whose 
backgrounds might not make them aware of the opportunities for such a mean-
ingful career.  In August 2003, he became the CDC director’s senior adviser and 
co-lead on CDC’s strategic planning process areas related to health systems.

J. Michael McGinnis, M.D., M.P.P., joined the Institute of Medicine as senior 
scholar in 2005 to help develop the IOM leadership on evidence-based medicine 
and expansion of research on the comparative effectiveness of clinical interven-
tions. From 1999 to 2005, he served as senior vice president and founding direc-
tor of the Health Group, as well as counselor to the president, at the Robert Wood 
Johnson Foundation (RWJF). Much of his career has been spent as a participant 
and leader in national policy in disease prevention and health promotion, includ-
ing continuous appointment, from 1977 to 1995, as assistant surgeon general 
and deputy assistant secretary for health (disease prevention and health promo-
tion) through the Carter, Reagan, Bush, and Clinton administrations. 

During this period, he led the development of Healthy people, the nation’s 
prevention agenda, and the creation of the U.S. Preventive Services Task Force, 
a body that has for two decades evaluated the effectiveness of clinical preven-
tive services and pioneered the advance of evidence-based medicine. Other pro-
grams and policies launched at his initiative include the first Health and Human 
 Services–U.S. Department of Agriculture (HHS–USDA) Dietary Guidelines for 
americans, now in its sixth edition (first edition co-produced with USDA in 
1980) and the first Surgeon General’s Report on nutrition and Health (1988); the 
work of the Public Health Functions Steering Committee to develop the �0 Essen-
tial Services of public Health; the RWJF Health & Society Scholars program; 
the RWJF Young Epidemiology Scholars program; and the RWJF active Living 
family of programs. His current and recent board memberships include the IOM 
Committee on Children’s Food Marketing (chair), the NIH State-of-the-Science 
Conference on Multivitamins in Chronic Disease Prevention (chair), the Health 
Professionals Roundtable on Preventive Services (chair), the board of directors of 
the Nemours Foundation; the board of directors of the Partnership for Prevention, 
and the board of trustees of the United Way of the National Capital Area (chair, 
resource development). 

His international service includes appointments as chair of the World Bank/
European Commission Task Force on postwar reconstruction of the health sec-
tor in Bosnia in 1995–1996; state coordinator for the World Health Organiza-
tion smallpox eradication program in Uttar Pradesh, India, in 1974–1975; and 
coordinator for U.S.–Eastern European health programs in 1972–1973. He is an 
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elected member of the IOM, a fellow of the American College of Epidemiology, 
and a fellow of the American College of Preventive Medicine. Other recognitions 
include the Wilbur Cohen Award, the Porter Prize, the National Health Leader of 
the Year Award, and the Distinguished Service Medal of the U.S. Public Health 
Service. He has earned degrees in political science, medicine, and public policy 
from the University of California, Berkeley; the University of California, Los 
Angeles; and Harvard University. 

David Michaels, Ph.D., M.P.H., is a scientist and former government regula-
tor. During the Clinton administration, he was assistant secretary of energy for 
environment, safety and health, responsible for protecting the health and safety of 
workers, neighboring communities, and the environment surrounding the nation’s 
nuclear weapons facilities. He is research professor and associate chairman of the 
Department of Environmental and Occupational Health at The George Washing-
ton University School of Public Health and Health Services, where he directs The 
Project on Scientific Knowledge and Public Policy (www.DefendingScience.org). 
In 2006, he received the American Association for the Advancement of Science’s 
Scientific Freedom and Responsibility Award for his work on behalf of nuclear 
weapons workers and for his advocacy for scientific integrity. He is the author of 
the forthcoming book Doubt Is their product: How Industry’s assault on Science 
threatens Your Health (Oxford University Press, 2008).

Thomas H. Murray, Ph.D., is president of The Hastings Center. He was for-
merly the director of the Center for Biomedical Ethics in the School of Medicine 
at Case Western Reserve University, where he was also the Susan E. Watson 
professor of bioethics. He is a founding editor of the journal Medical Humani-
ties Review and is on the editorial boards of the Hastings Center Report; Human 
Gene therapy; politics and the Life Sciences; Cloning, Science, and policy; 
Medscape General Medicine teaching Ethics; the Journal of Bioethical Inquiry; 
and the Journal of Law, Medicine & Ethics. He served as president of the Soci-
ety for Health and Human Values and of the American Society for Bioethics and 
Humanities. He has testified before many congressional committees and is the 
author of more than 200 publications. His most recent books are the Worth of a 
Child (University of California Press); Healthcare Ethics and Human Values: an 
Introductory text with Readings and Case Studies (Blackwell Publishers, edited 
with Bill Fulford and Donna Dickenson); the Cultures of Caregiving: Conflict 
and Common Ground among families, Health professionals and policy Makers 
(edited with Carol Levine); and Genetic ties and the family: the Impact of pater-
nity testing on parents and Children (edited with Mark A. Rothstein, Gregory 
E. Kaebnick, and Mary Anderlik Majumder). He is also editor, with Maxwell J. 
Mehlman, of the Encyclopedia of Ethical, Legal and policy Issues in Biotechnol-
ogy (John Wiley & Sons, 2000). In January 2004, he received an honorary doctor 
of medicine degree from Uppsala University.
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Mary O’Brien, Ph.D., has worked as a staff scientist and organizer for the past 
26 years with toxics and conservation organizations, including the Northwest 
Coalition for Alternatives to Pesticides, the Environmental Research Foundation, 
the Science and Environmental Health Network, and the Hells Canyon Preserva-
tion Council. From 1992 to 1994 she taught as assistant professor in the gradu-
ate Environmental Studies Program at the University of Montana. She currently 
works for Grand Canyon Trust on the conservation of wildlife habitat and native 
ecosystems in southern Utah’s three national forests. Her book, Making Better 
Environmental Decisions: an alternative to Risk assessment (MIT Press, 2000), 
focuses on the power of alternatives assessments to leverage positive change. 

Kenneth Olden, Ph.D., Sc.D., L.H.D., is the most recent past director of the 
National Institute of Environmental Health Sciences (NIEHS) and the National 
Toxicology Program (NTP) in the U.S. Department of Health and Human Ser-
vices. He held these positions from 1991 to 2005. He was the first African 
American to become director of one of the NIH institutes. He has returned full 
time to his research position as chief of The Metastasis Group in the Laboratory 
of Molecular Carcinogenesis at the NIEHS, which he also held while director. 
He held the position of Yerby visiting professor at the Harvard School of Public 
Health for the academic year 2006–2007. 

He received his Ph.D. in cell biology/biochemistry from Temple University. 
He is the recipient of several honorary degrees, namely, Sc.D. degrees from 
Metropolitan University, San Juan, Puerto Rico; the University of Medicine and 
Dentistry of New Jersey; and the University of Rochester and an honorary doc-
torate of science from Tulane University. He also holds an honorary L.H.D. from 
the College of Charleston. After completing his Ph.D. degree, he was a research 
fellow and instructor of physiology at Harvard University (1970–1974); a senior 
staff fellow and then a research biologist at the Laboratory of Molecular Biology 
in the Division of Cancer Biology and Diagnosis at the National Cancer Institute, 
NIH (1974–1979); associate director for research in the Howard University Can-
cer Center and associate professor of oncology at the Howard University Medical 
School (1979–1982); professor of oncology and deputy director at the Howard 
University Cancer Center (1982–1985); and director (1985–1991), professor, and 
chair of the Department of Oncology (1985–1991).

His honors and awards include the Toxicology Forum’s Distinguished Fellow 
Award, the Presidential Distinguished Executive Rank Award; and the Presiden-
tial Meritorious Executive Rank Award for sustained extraordinary accomplish-
ments; the HHS secretary’s Distinguished Service Award; the American College 
of Toxicology’s First Distinguished Service Award, the National Minority Health 
Leadership Award (2005); and an invitation to participate in the International 
Conference on Disaster Prevention and Mitigation sponsored by the Harvard 
School of Public Health (2006). Alone among institute directors, he was awarded 
three of the most prestigious awards in public health: the Calver Award (2002), 
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the Sedgwick Medal (2004), and the Julius B. Richmond Award (2005). He was 
elected to membership in the Institute of Medicine in 1994 and appointed member 
of the Visiting Committee, Board of Overseers, of Harvard College (2007–2010).  
He is on the editorial board of numerous journals, serving in most instances as 
associate editor. He has been cited in Current Contents, Life Sciences for having 
published two of the 100 most-cited papers in 1978–1979. Over 28 visiting or 
postdoctorate fellows have trained in his laboratory, and he has published over 
125 manuscripts in peer-reviewed journals and more than 45 review articles and 
book chapters. He has chaired or cochaired numerous national and international 
meetings and has been an invited speaker or keynote speaker at over 150 sym-
posia seminars.

Christopher J. Portier, Ph.D., is associate director of the National Institute of 
Environmental Health Sciences (NIEHS), director of its Office of Risk Assess-
ment Research, and leader of the Environmental Systems Biology (ESB) Research 
Group in the Laboratory of Molecular Toxicology. As associate director, he 
organizes and coordinates all research activities related to risk assessment both 
inside and outside the NIEHS with grantees and institutional collaborators. As 
head of ESB, he conducts research on quantifying and modeling the interactions 
of mammalian systems with environmental agents. Previously, he was director 
of the Environmental Toxicology Program and associate director of the National 
Toxicology Program. 

He received his Ph.D. in 1981 from the University of North Carolina in bio-
statistics. He is an internationally recognized expert in the design and analysis 
of toxicology data and in risk assessment methodology. He has published over 
150 peer-reviewed scientific manuscripts and over 50 book chapters or reports 
covering such diverse topics as risk assessment, statistics, cancer biology, immu-
nology, development, genetically modified foods, and genomics. He has received 
numerous awards, including the Spiegelman Award from the American Public 
Health Association and the Outstanding Practitioner of the Year Award from the 
Society for Risk Analysis. He has aided in the development of risk assessment 
guidelines for both national and international authorities and has either directed 
or contributed significantly to numerous risk assessments, most notably those 
for dioxins, aflatoxins, and electromagnetic fields. In cooperation with the U.S. 
Department of State, CDC, and EPA, he has led efforts by the U.S. government to 
begin research on the health effects of Agent Orange in Vietnam. He is currently 
an adviser to the Finnish Academy of Sciences on the Centers of Excellence 
Research Program and a member of a number of World Health Organization/
International Agency for Research on Cancer scientific committees. In the past 
2 years, he has been invited to speak at over 50 scientific conferences, including 
international meetings in Vietnam, Germany, China, Japan, France, Australia, 
Italy, Finland, Switzerland, and Canada.
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Rena Steinzor, J.D., is a professor at the University of Maryland School of Law 
and teaches courses in risk assessment, critical issues in law and science, torts, 
and a survey of environmental law. During the course of her academic career, 
she has written extensively on efforts to reinvent environmental regulation in the 
United States, the use and misuse of science in environmental policy making, and 
the devolution of legal and administrative authority to the states.

Steinzor is a founder and member of the executive committee of the board of 
the Center for Progressive Regulation (CPR) (www.progressiveregulation.org), a 
virtual think tank composed of 34 member scholars from universities across the 
United States. CPR is committed to developing and sharing knowledge and infor-
mation, with the ultimate aim of preserving the fundamental value of the life and 
health of human beings and the natural environment. One component of CPR’s 
mission is to circulate academic papers, studies, and other analyses that promote 
public policy based on the multiple social values that motivated the enactment 
of the nation’s health, safety, and environmental laws. CPR seeks to inform the 
public about scholarship that envisions government as an arena in which mem-
bers of society choose and preserve their collective values. CPR rejects the idea 
that government’s only function is to increase the economic efficiency of private 
markets.

Before joining the law school faculty, Steinzor was the partner in charge 
of the environmental practice at Spiegel & McDiarmid, a Washington DC, law 
firm specializing in the representation of state and local government entities in 
the energy and environmental areas. Prior to joining the firm, she was counsel 
to the Subcommittee on Commerce, Transportation and Tourism of the House 
Energy and Commerce Committee, which was then chaired by James J. Florio 
(D-NJ). She advised the subcommittee during its consideration of the Superfund 
Amendments and Reauthorization Act of 1986 and the Asbestos Hazard Emer-
gency Response Act of 1986. She also served as an attorney adviser to Commis-
sioner Patricia P. Bailey of the Federal Trade Commission (FTC) and worked 
as a consumer protection attorney at the FTC in various staff positions. She is a 
1976 graduate of Columbia Law School and a 1971 graduate of the University 
of Wisconsin.
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International Life Sciences Institute 
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Timothy Donaghy
Union of Concerned Scientists

Monique Falconer
University of Maryland, Baltimore

Colleen Flaherty
U.S. Environmental Protection 

Agency

Mary Gant
National Institutes of Health

Barbara Greenberg
U.S. Department of Health and 

Human Services

James Harvey
Analytic Services, Inc. (ANSER)

Dan Hochman
University of Texas Medical Branch

Michael Holsapple
ILSI Health and Environmental 

Sciences Institute

Nancy Hughes
American Nurses Association

Mohammad Asif Ismail
Center for Public Integrity

Ken Jacobson
House Committee on Science and 

Technology

Stephanie Johnson
American Psychological Association
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AMEC Earth & Environmental, Inc.

Melissa Kramer
U.S. Environmental Protection 

Agency
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Parents for Nontoxic Alternatives

Stephen Lester
Center for Health, Environment & 

Justice
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Amgen, Inc.
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U.S. Environmental Protection 

Agency
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ICF International
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American Cancer Society

Michele Monti
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Disease Registry
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Genotox Consulting
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Agency
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U.S. Environmental Protection 

Agency
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Weinberger Group
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Agency

Kathleen Quinn
University of Maryland

Kathleen Raffaele
U.S. Environmental Protection 

Agency

Matthew Shudtz
Center for Progressive Reform

Dale Strother
ToxSolve, LLC

Kimberly Thigpen Tart
National Institutes of Health
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National Institutes of Health
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Lorna Totman Consulting, LLC
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Virginia Department of Health
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U.S. Department of Agriculture
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National Library of Medicine
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