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Preface

Public health is the heart and soul of any civilization’s defenses for
ensuring and improving the protection of health. At the beginning of the
last century, public health officers were facing different challenges than
today. Their main concern and concentration was on infectious diseases,
basic sanitation, and safe food and water. Today, while still struggling
with some infectious diseases, such as HIV, West Nile virus, and SARS
(severe acute respiratory syndrome), public health officers have larger
and more complicated challenges that encompass changes in health care
systems and the risks posed by life-styles and other environmental fac-
tors. Obesity, asthma, diabetes, and mental illness are among the many
points of concentration for modern public health officers. What causes
the new epidemics today? Is it environment, life-style, pollution, hered-
ity, or a combination of factors? The answers to the challenges are
complex, and we must develop new tools and technologies to help solve
these issues.

Historically, the responsibility for health and environment in the
United States has been divided among various government agencies,
which often have limited interactions. Although these structures have
served us well in the past, there is a growing realization that a chasm has
been created between environment and health. Cooperation between dif-
ferent public health agencies and a clear idea of where we are going and
how we are going to get there are needed. The government has been en-
gaged in monitoring activities for 100 years, and we now have to connect
existing environment and health “pieces” of the system and expand the
effort. Bridging the chasm between public health and the environment by
connecting these pieces will give us the power of information and the
ability to respond proactively to present and future public health needs.

xi
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xii PREFACE

The nationwide interest in monitoring as a means of linking envi-
ronmental hazards, exposures, health outcomes, and interventions, as
well as involving different public health agencies in the process of link-
ing, is growing rapidly. This may be due to increased interest in cancer
rates, environmental exposures, and potential biological threats by terror-
ists. What is clear is that when a health concern arises, people are
looking for solid data and answers in a timely manner. Although only
one piece of the data, environmental monitoring is an important piece of
information.

The Roundtable on Environmental Health Sciences, Research, and
Medicine (EHSRT) was established in 1988 as a convening mechanism
for stakeholders in environmental health from the academic, industrial,
health, and federal research fields to meet and discuss environment-
tal health issues of mutual interest. The EHSRT felt the need to expand
the view of environmental health by using a wider perspective of the
environment—one that encompasses the natural environment,
the built environment, and the social environment. This broader defini-
tion of environment reflects the wunderstanding that all three
environments must be healthy for individuals and communities to be
healthy.

During the Roundtable’s first workshop in June 2000 (IOM, 2000b),
several Roundtable members noted that professionals in environmental
health tend to focus on narrow issues of environmental toxicology and
environmental regulation rather than becoming engaged in the larger is-
sues of environmental health. Many Roundtable members recognized
that environmental health extends far beyond the realm of regulations
and that progress on environmental health issues requires a broad view of
the entire environmental health arena.

The Roundtable’s fourth workshop (April 10-11, 2002), Environ-
mental Health Indicators: Bridging the Chasm Between Public Health
and the Environment, continued the overarching theme on rebuilding the
unity of health and the environment. The purpose of the workshop was to
bring people together from many fields, including federal, state, local,
and private partners in environmental health, to examine potential lead-
ing indicators of environmental health, to discuss the proposed national
health tracking effort, to look into monitoring systems of other nations,
and to foster a dialogue on the steps for establishing a nationwide envi-
ronmental health monitoring system. This workshop brought together a
number of experts who presented, discussed, and debated the issues sur-
rounding the implementation of a monitoring system. The energy and

Copyright © National Academy of Sciences. All rights reserved.
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PREFACE Xiii

discussion clearly signaled that we are headed in the right direction for
establishing a national monitoring system.

This workshop summary captures the presentations and discussions
by the speakers and participants that occurred during the two-day meet-
ing. The views expressed here do not necessarily reflect the views of the
Institute of Medicine, the Roundtable, or its sponsors.

Paul G. Rogers, J.D.
Chair

Copyright © National Academy of Sciences. All rights reserved.



Environmental Health Indicators: Bridging the Chasm of Public Health and the Environment -- Workshop Summary
http://www.nap.edu/catalog/11136.html

Copyright © National Academy of Sciences. All rights reserved.



Environmental Health Indicators: Bridging the Chasm of Public Health and the Environment -- Workshop Summary
http://www.nap.edu/catalog/11136.html

Contents

SUMMARY 1
WORKSHOP OBJECTIVES AND CHARGE TO COMMITTEE 7

INTRODUCTION 9
Need for Environmental Health Monitoring, 9
Environmental Health Monitoring in the Context of the
Institute of Medicine’s Studies in Public Health, 11

1 BRIDGING THE CHASM BETWEEN HEALTH AND THE
ENVIRONMENT: SCIENCE AND POLICY CONTEXT 15
A Congressional Perspective, 15
A View from the Environmental Protection Agency, 17
A View from the Department of Health and Human Services, 20

2 OVERVIEW OF ENVIRONMENTAL HEALTH
MONITORING AND THE USE OF INDICATORS 23
Criteria for Establishing an Effective Nationwide

Environmental Health Monitoring System, 24
Environmental Health Indicators, 27
International Frameworks for Developing Environmental
Health Indicators, 30
Using Indicators to Rank Environmental Health Risks, 32

XV

Copyright © National Academy of Sciences. All rights reserved.



Environmental Health Indicators: Bridging the Chasm of Public Health and the Environment -- Workshop Summary

http://www.nap.edu/catalog/11136.html

XVi

3

CONTENTS

ENVIRONMENTAL HEALTH MONITORING AT

THE FEDERAL LEVEL 35

General Overview of Efforts of the Centers for Disease
Control and Prevention, 36

Current Efforts of the Agency for Toxic Substances
and Disease Registry (ATSDR), 39

Current Efforts of the National Institute for
Occupational Safety and Health, 42

Current Efforts of the Environmental Protection
Agency, 46

Research Activities of the National Institute of
Environmental Health Sciences, 47

Building Partnerships for Effective Environmental
Health Monitoring, 49

NEEDED INTEGRATION OF OTHER FEDERAL
AGENCIES, STATE AGENCIES, AND
NONGOVERNMENTAL ORGANIZATIONS
TO BUILD A MONITORING SYSTEM 53
Lessons from the International Community, 53
Contributions of a “Nontraditional” Federal Partner:
The U.S. Geological Survey, 56
Environmental Health Monitoring at State and Local Levels, 61
Contributions of Industry to Environmental Health Monitoring, 64
Contributions of Web-Based Information Services to
Environmental Health Monitoring, 66
Role of the Media in Informing the Public About
Environmental Health Monitoring, 68

THE CHALLENGES AHEAD 71
Environmental Health Sciences, 72

Environmental Health Monitoring System Overview, 72

Expanding Research Efforts, 74

Improving Capacity, 77

Community Involvement, 79

Future Steps for Environmental Health Monitoring, 79

Copyright © National Academy of Sciences. All rights reserved.



Environmental Health Indicators: Bridging the Chasm of Public Health and the Environment -- Workshop Summary

http://www.nap.edu/catalog/11136.html

CONTENTS XVvii

ABSTRACTS 81

The Common Ground: The Critical Role of Indicators
and Tracking in Shaping the Future of Environmental
Health, 81

Ensuring Usability in Environmental Health Monitoring, 82

Environmental Health Monitoring: A View from Industry, 84

The Local Community: Environmental Challenges and
Recommendations, 85

The Interaction with the Global Community, 86

What Earth Science Technology Can Do to Assist Public Health, 89

Centers for Disease Control and Prevention’s Approach to
Disease Surveillance, 90

Understanding the State of the Environment: Moving Beyond
the Process to True Outcome Indicators, 91

Environmental Health Indicators and Web-Based Information
Services, 93

Environmental Health Monitoring in the Workplace: Safeguarding
Workers and Advancing Public Health, 93

Yes, But Will the Public Care? (and Do the Media Care?), 95

REFERENCES 97
APPENDIXES

A WORKSHOP AGENDA 101
B SPEAKERS AND PANELISTS 107
C WORKSHOP PARTICIPANTS 109

Copyright © National Academy of Sciences. All rights reserved.



Environmental Health Indicators: Bridging the Chasm of Public Health and the Environment -- Workshop Summary
http://www.nap.edu/catalog/11136.html

Copyright © National Academy of Sciences. All rights reserved.



Environmental Health Indicators: Bridging the Chasm of Public Health and the Environment -- Workshop Summary

http://www.nap.edu/catalog/11136.html

*
Summary

Lynn Goldman

The Institute of Medicine’s Roundtable on Environmental Health
Sciences, Research, and Medicine was formed in 1998 to provide a neu-
tral setting for individuals with different backgrounds and perspectives to
discuss sensitive issues of mutual interest. By bringing together partici-
pants from the academic community, federal government, industry, and
other sectors who are actively engaged in activities related to environ-
mental health, the Roundtable helps to identify problems—current or
potential—and considers approaches to solving them. The aim is to share
knowledge and ideas, but not proffer formal advice or recommendations.

This workshop brought together a diverse group of participants from
a variety of fields to discuss the current state of environmental health
monitoring in the United States, to look into monitoring systems of other
nations, to consider the need for a national environmental health moni-
toring system, to foster a dialogue on the steps for establishing a nation-
wide monitoring system, and to explore how a national system will fit
into current exposure and disease monitoring programs. The workshop
was not intended as a forum for detailing which indicators should be in-
cluded in a national monitoring system, because many organizations are
already engaged in this work. Rather, the aim was to consider the overall
tasks of identifying, developing, and using indicators to monitor envi-
ronmental health.

Representatives from federal and state government, local govern-
ment, academic institutions, industry, private organizations, and global
health organizations spoke about current environmental health monitor-
ing efforts and plans for the future. Conference participants discussed the

“This was an edited version of the summation by Dr. Lynn Goldman at the workshop.

1
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2 ENVIRONMENTAL HEALTH INDICATORS

use of indicators to monitor the status and trends of health, to develop the
interventions to protect and promote health, and to build a core capacity
to respond to environmental health problems. They explored frameworks
for developing indicators and methods for ranking environmental health
risks. They also discussed the criteria for establishing the national envi-
ronmental health monitoring system, the potential benefits and limita-
tions of the system, privacy issues raised by the system, the scientific
underpinnings of the system, and the funding required. They discussed
how to elicit the participation of health professions, industry, community
groups, and the general public. Further, they considered how workers
will collect and analyze information and the specialized education and
training that they will need.

Tord Kjellstrom of the Australian National University stated that a
main aim of an environmental health indicator is to provide an easily
interpretable measure of the state of the environment or the health of a
defined population (e.g., an urban air quality variable, or the life expec-
tancy of a population). He suggested that creating indicators that can be
interpreted in terms of linkages between environmental quality and pub-
lic health may be difficult. Thomas Burke of Johns Hopkins University
noted that environmental health indicators fall into four categories: haz-
ard indicators (for example, motor vehicle emissions), exposure indica-
tors (blood lead levels), health outcome indicators (lead poisoning), and
intervention indicators (programs that address motor vehicle emissions).
Burke remarked that indicators must be measurable (comparable and
quantifiable), understandable to policy makers and the public, and defen-
sible (that is, they must support a relationship between environmental
factors and health status). They also must allow trends to be examined
over time. Further, they must be linked to public health goals.

Several overarching themes emerged during the workshop. First, the
concept of establishing a national system to monitor environmental
health, and eventually all of public health, received consistent support.
This support came from federal, state, and local government agencies;
from leadership within the administration; from private organizations;
and from the public. Senator Hillary Rodham Clinton cited a growing
concern among the public about the effects of environmental exposures
on health and noted strong congressional support for a national monitor-
ing system. These views were echoed by Eve Slater of the Department of
Health and Human Services and Paul Gilman of the Environmental Pro-
tection Agency, who represented the current administration. Carol Henry
of the American Chemistry Council suggested that opportunities exist for

Copyright © National Academy of Sciences. All rights reserved.
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various private and public organizations to partner with one another to
help promote understanding of the value of a national health monitoring
system. William Pease of GetActive Software noted the potential for
web-based services to provide access to health indicators. Morris “Bud”
Ward of Morris A. Ward, Inc., mentioned the media’s role in informing
the public about environmental health issues.

Second, many participants agreed with Baruch Fischhoff of Carnegie
Mellon University, that creating the infrastructure for such a system is a
critical need. He stressed the importance of a design that incorporated
social science principles of risk communication and evaluation. Samuel
Wilson of the National Institute of Environmental Health Sciences noted
that substantial research from the biomedical science community is
available to inform the process and that newly developed analytic and
informatics tools now permit a large body of complex information to be
managed and analyzed.

Third, several participants acknowledged current efforts to monitor
environmental health as a platform for moving forward. Kimberly Nel-
son of the Environmental Protection Agency (EPA) stated that the EPA
would soon publish a report that will accurately portray the state of the
environment and environmental trends in the United States and the limi-
tations of current data. Patrick Leahy of the U.S. Geological Survey
(USGS) discussed the work of the USGS in addressing aspects of natural
science that have links or potential links to public health issues. He em-
phasized that research conducted by the USGS is providing means of
better understanding the processes and pathways between and among the
abiotic and the biotic realms.

Michael McGeehin of the Centers for Disease Control and Preven-
tion (CDC) described a new initiative, the National Electronic Disease
Surveillance System, that combines all current surveillance systems at
the CDC into a uniform, efficient, standards-based system in an elec-
tronic format so that it is useful for public health, research, private indus-
try, and other public health care industries. Kathleen Rest of the National
Institute for Occupational Safety and Health (NIOSH) described collabo-
rative surveillance efforts between NIOSH and state health departments
to improve the recognition and prevention of occupational health prob-
lems. She noted the convergence of concern around a host of occupa-
tional and environmental exposures and health effects, and urged inclu-
sion of the work environment in efforts related to environmental health
tracking.

Copyright © National Academy of Sciences. All rights reserved.
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4 ENVIRONMENTAL HEALTH INDICATORS

Participants discussed the many challenges in developing and admin-
istering a national environmental health monitoring system. Several
speakers noted that such a system must be structured so that officials
working at the state and local levels can use it effectively. The effort is
complicated by the fact that no strategic plan is in place to move the pro-
gram forward within the federal government. Further, no process exists
for stakeholders to guide the process over time. Several participants sug-
gested that a commission or advisory committee could be an avenue for
providing continual input to the program.

Participants also considered the challenge of improving coordination
among the agencies involved in environmental health monitoring. Shel-
ley Hearne of the Trust for America’s Health noted that monitoring must
be a fully integrated operation, not only within the CDC as the epicenter
of activity, but also among the 50 or more agencies that have some in-
volvement in environmental health activities. Harold Zenick of the EPA
cited the need to link separate areas of research to produce an environ-
mental health continuum from source to exposure to health outcome.
Mark Horton of Public Health Services, Orange County, California, de-
scribed the need for a coordinated approach to environmental problems
by institutions and agencies acting at the local level. Richard Jackson of
the CDC noted that the federal Children’s Environmental Health Initia-
tive provides a successful model of interagency cooperation on cross-
agency issues. Speakers representing the current administration sug-
gested that leaders in the administration might be able to establish the
required coordination.

A further challenge discussed by participants was finding ways to
bridge the gap between environmental health and chronic disease. In
health agencies, chronic disease research and public health interventions
are often isolated from environmental research and environmental health
interventions. Yet successful monitoring of environmental health re-
quires the participation of the chronic disease community. For example,
tobacco smoke may be considered a social issue, an environmental issue,
or a chronic disease issue; addressing this issue requires a coordinated
effort from all three standpoints.

Participants noted that the gap between the science community and
the public health community also must be bridged. Wilson mentioned
that complementing the environmental health monitoring program with a
strong research program will better enable public health officials to set
priorities. Jackson added that good research requires adequate and sus-
tained funding. Leahy called for a strengthening of partnerships and col-

Copyright © National Academy of Sciences. All rights reserved.



Environmental Health Indicators: Bridging the Chasm of Public Health and the Environment -- Workshop Summary

http://www.nap.edu/catalog/11136.html

SUMMARY 5

laborative efforts between the natural science community and the public
health community.

Finally, many participants said that the next generation of experts
must be trained in epidemiology, environmental health, laboratory sci-
ences, and related fields, because their expertise will be required to en-
able a national monitoring system to function properly. Funding is neces-
sary to provide these experts with jobs in the areas that need them. Henry
Falk of the Agency for Toxic Substances and Disease Registry noted that
medical educators have to emphasize the role of the public health system
and the links between medical care and public health.

The nation has reached a pivotal time for establishing a national
monitoring system. The Pew Commission report of 2000 was instrumen-
tal in planting the idea (Pew Environmental Health Commission, 2001).
About a year was needed for the concept to become known and accepted
by health agencies, the government, and the public. Currently, efforts to
develop the national monitoring system have begun, and support for the
concept is growing slowly in many quarters. A surge in acceptance could
bring a new set of concerns. Once legislation has been passed and the
initiative has been funded, the monitoring process will be largely out of
the control of environmental health experts. Thus, the time to act is now.

What can be done today to ensure that the growth of the national en-
vironmental health monitoring system is systematically achieved and
well coordinated? One means is to achieve a central focus for the pro-
gram, through either a federal task force or a single leader. A second
means is to create a guiding body to help steer the effort so that progress
is structured both from the “top down” (e.g., the federal level) and from
the “bottom up” (e.g., the state, local, and community levels). A third
means is to begin to fill the brain trust that must be in place to achieve a
well-functioning monitoring system. Attaining any one of these goals
may appear to be a daunting task, yet achieving all of them simultane-
ously is vital to creating an effective monitoring system that will safe-
guard the environment and human health.
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Workshop Objectives and Charge
to Participants

The members of the Roundtable on Environmental Health Sciences,
Research, and Medicine hail from academia, industry, and government.
Their perspectives range widely and represent the diverse viewpoints of
researchers, federal officials, and consumers. They meet, discuss envi-
ronmental health issues that are of mutual interest (though sometimes
very sensitive), and bring others together to discuss these issues as well.
For example, they regularly convene workshops to help facilitate discus-
sion on a particular topic. The Roundtable’s fourth workshop continued
the theme established by previous Roundtable workshops, looking at re-
building the unity of health and the environment. The workshop comes at
a pivotal time in environmental health when federal agencies, state agen-
cies, private organizations, and other interested parties are discussing the
emerging needs of environmental health. The workshop explored current
monitoring efforts by industry; private organizations; international or-
ganizations; and U.S. federal, state, and local governments. The sum-
mary of this meeting has been prepared by the workshop rapporteur to
convey the essentials of that day’s events. It should not be construed as a
statement of the Roundtable—which can illuminate issues but cannot
actually resolve them—or as a study of the Institute of Medicine.

In this workshop, participants asked questions about how to build a
national tracking system that can bridge the gap between health and the
environment. The workshop was not intended to be a forum for detailing
which indicators should be included in a national monitoring system be-
cause many organizations are already engaged in this work. Rather, the
overall tasks of identifying, developing, and using indicators to monitor
environmental health were considered.
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The charge for speakers and participants was to take a critical look at
a variety of potential indicators of environmental health status, examine
the proposed calls for a national environmental health monitoring system
that would expand current human exposure monitoring and health sur-
veillance efforts, foster a dialogue on the benefits and limitations of a
national environmental health monitoring system, and discuss the steps
needed to create this system.
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Introduction

In Chicago in the summer of 1995, unseasonably warm weather was
coupled with increased deaths from hyperthermia. From July 11 to July
27, the maximum daily temperatures ranged from 93° to 104°F, resulting
in 465 people dying from heat-related causes throughout the city
(MMWR, 1995). The elderly and African Americans were dispropor-
tionately affected. Of all deaths, 51 percent occurred in individuals who
were at least 75 years of age, while 49 percent were African Americans
(Semenza et al., 1996). In the midst of this crisis, state and local public
health agencies were able to use trends to identify important risk factors
from the data and to develop interventions to protect vulnerable groups
from heat-related health effects.

NEED FOR ENVIRONMENTAL HEALTH MONITORING

In its broadest sense, the environment is one of the major determi-
nants of human health and well-being. This is in some sense understood
by the U.S. population. In 2000, 86 percent of the U.S. population be-
lieved that environmental factors are important or very important in
causing diseases, according to a poll by the Mellman Group, Inc., and
Public Opinion Strategies, Inc., conducted for Pew Charitable Trusts.
Unfortunately, they further believed that government agencies are track-
ing these diseases and other environmental incidences (such as the above
example); for the most part, this is not the case.

During times of crises—whether the crisis be natural, accidental, or
an act of terrorism—health officials, policy makers, and emergency re-

9
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sponse teams have a critical need for access to exposure and background
data. This was reinforced during the tragic events of September 11, 2001,
and the anthrax outbreak in 2001. The challenge is that the information is
needed quickly and in a usable format in order to develop appropriate
interventions and to inform the public.

Environmental health professionals have called for further research
into complex environmental exposures. According to many workshop
participants, we know very little about the role of the environment in
many disease incidences. This is a growing concern because, in the
United States alone, chronic disease contributes to more than half of all
deaths and illnesses at an annual cost of $325 billion. The role of the en-
vironment in disease is further questioned because of increases in the
number of reported clusters for cancer, Parkinson’s disease, multiple
sclerosis, and Alzheimer’s disease.

Environmental health monitoring provides an important linkage be-
tween exposure to environmental toxicants and health outcomes. Its
purpose, according to Richard J. Jackson, Centers for Disease Control
and Prevention, is to find emerging threats over time, to put control tools
in place, to evaluate whether they work, and to adjust them as needed.
Environmental health monitoring is the use of epidemiological, toxico-
logical, and other knowledge in an action-oriented way to accomplish the
following:

Monitor a move toward sustainable development
Monitor trends in the state of the environment
Monitor trends in the health effects of hazards
Investigate links between the environment and health
Monitor effects of policies and preventive actions
Compare trends across geographic areas

The concept of environmental health monitoring in the United States
dates back to the 1970s, when the Council on Environmental Quality
(CEQ) and Project Upgrade in the Carter administration used mapping to
link health and the environment and to provide a “national report card”
as a basis for moving forward. Environmental health monitoring was ad-
vanced further by the Institute of Medicine’s report The Future of Public
Health (1988) and the Pew Environmental Health Commission Report
America’s Environmental Health Gap: Why the Country Needs a Na-
tional Health Tracking Network (2000b). This work provided the
momentum at the national level for current legislative efforts to establish

Copyright © National Academy of Sciences. All rights reserved.



Environmental Health Indicators: Bridging the Chasm of Public Health and the Environment -- Workshop Summary

http://www.nap.edu/catalog/11136.html

INTRODUCTION 11

a national tracking network, noted Thomas Burke of Johns Hopkins
University.

ENVIRONMENTAL HEALTH MONITORING IN THE
CONTEXT OF THE INSTITUTE OF MEDICINE’S STUDIES
IN PUBLIC HEALTH

The future of environmental health and population health in general,
in this country, is a very important issue, according to Susanne Stoiber,
executive director of the Institute of Medicine. There is a growing recog-
nition and appreciation of the multiple factors that influence the health of
individuals and populations. These include the genetic endowment; the
social and physical environments in which people live; the life-styles
they adopt; and their access to education and adequate income, nutrition,
good housing, safe neighborhoods, and of course, to services for the pre-
vention, treatment, and management of disease.

The Institute of Medicine (IOM) addresses issues that affect the
health of the public. Its work is conducted primarily through study com-
mittees that issue reports. The issues addressed by the IOM cover a broad
range from environmental health to basic biology and tackle controver-
sial topics of vital importance, such as medical errors (Kohn et al., 2000),
and stem cell research (IOM, 2002b). Other recent reports cover such
diverse and timely topics as how to create a higher-quality health care
system, how to ensure that the National Aeronautics and Space Admini-
stration (NASA) can provide proper clinical care for astronauts traveling
to the Moon and to Mars, how to ensure the safety and efficacy of vac-
cines for anthrax and other diseases, and how to eliminate tuberculosis in
the United States (Geiter, 2000; Ball and Evans, 2002; Corrigan et al.,
2002; IOM, 2002a).

In 1988, the IOM published The Future of Public Health, which re-
vealed that the nation's public health system was in disarray. Stoiber
noted that the report spurred a national discussion in the public health
community, and the interchange brought a better understanding of the
important functions of public health and the investments necessary to
promote them. The concept of public health broadened as people gained
a deeper appreciation of the many factors that influence the health of in-
dividuals and populations. Ten years after that report, in 1998, the IOM
established the Roundtable on Environmental Health Sciences, Research,
and Medicine to build communication and collaboration and to educate
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health care providers about the changing field of public health. Ever
since, the Roundtable has built on its early work and has enhanced the
unity of environment and health across many disciplines.

Although much progress has been made in the public health commu-
nity since publication of the 1988 report and creation of the Roundtable,
the events of September 11 have highlighted the continuing need to in-
vest in the public health infrastructure, concluded Stoiber. These events
have also brought the recognition that without a strong public health sys-
tem the nation is extremely vulnerable. The Committee on Assuring the
Health of the Public in the 21st Century (IOM, 2003) recognizing the
crucial needs for infrastructure, was convened to create a framework for
assuring population health in the United States by recommending evi-
denced-based actions necessary to make the public health system
effective.

Further, collaboration is still lacking between governmental public
health agencies and the private health care delivery system in the United
States. Coordination also is missing between public sector programs that
finance health care and those that organize public health functions, con-
cluded Stoiber. Two other factors contribute to underinvestment and
under appreciation of public health: the American fascination with sci-
ence, technology, and medical interventions; and the relatively poor
understanding of the determinants of health and the workings of the pub-
lic health system. A national environmental health monitoring system,
which has been present for several years, was the main topic of this
Roundtable workshop. The national environmental health monitoring
system can play an important role in increasing collaboration among or-
ganizations and can be a useful tool for engaging the public’s interest in
public health.

The Environmental Protection Agency, Centers for Disease Control
and Prevention, National Institutes of Health, Agency for Toxic Sub-
stances and Disease Registry, National Institute for Occupational Safety
and Health, and other agencies currently conduct activities and programs
for monitoring human exposure to various environmental hazards. The
Pew Environmental Health Commission Report (EHTPT, 2000), which
called for a national environmental monitoring system, has been widely
endorsed by many important health organizations. Recently, considerable
activity has been focused on creating a coordinated national environ-
mental health monitoring system, including congressional action to
establish a nationwide health tracking network. Such a system can pro-
vide important scientific information, but like all monitoring systems, it
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will have limits, noted Stoiber. To be successful, it must be embedded in
a larger system of public health and research.

The challenge of this workshop was for participants to think how
a national monitoring system fits into current exposure monitoring and a
comprehensive science program. Further, people involved in designing
the system need to discuss how to bring about not only a reunion of
health and the environment, but a broader reunion of health care delivery
and the science of environmental health.
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Bridging the Chasm Between Health and the
Environment: Science and Policy Context

A CONGRESSIONAL PERSPECTIVE

The Honorable Hillary Rodham Clinton

The Gulf War syndrome was one of my first encounters with the in-
tersection between environmental exposures and health. Many Gulf War
veterans were increasingly concerned about the state of their health and
that of their families, and I received many letters expressing these con-
cerns. There were numerous explanations for their symptoms ranging
from immunization—vaccinations that were given en masse to our men
and women in uniform—to the oil burning fires, the abundant use of in-
secticides, and so forth. At the end of the inquiry, I believe scientists
concluded that the symptoms were caused by a combination of genetic
susceptibilities to an environmental exposure among a subset of our mili-
tary population.

In parallel to the Gulf War experience, there have been a number of
acute health observations in recent years that became the driving force
behind the proposed environmental health tracking act, including the un-
usually high numbers of childhood leukemia in Fallon, Nevada (Nevada
State Health Division, 2002), the higher-than-national average of breast
cancer in Long Island (Kulldorff et al., 1997), and the World Trade Cen-
ter cough among rescue workers of September 11. In addition, we are
seeing increases in a number of other diseases. Childhood asthma rates
have increased 20 percent in the past 10 years, while endocrine and
metabolic disorders such as diabetes and neurological disorders such as
Parkinson’s also are on the rise. The disease clusters and increases in

"This chapter was prepared by staff from the transcript of the meeting. The discussions
were edited and organized around major themes to provide a more readable summary and
to eliminate duplication of topics.
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their rates have led many people to look at the role of the environment in
determining health status.

What we know now is that too often there is little information on ex-
posure with which to understand causal effects between the complexity
—0f OUr environment and the
What we know now is that too often  reported increase of various dis-
there is little information on exposure  eases. In Fallon, Nevada, the
with which to understapd causal effect's drinking water contains 100 parts
between the complexity Of. our evl=  her billion of arsenic—10 times
ronment and the reported increase of
various diseases. the recommepded leve! propqsed

-Hon. Hillary Clinton by the previous adrmm;trahon.
Further, because of agricultural
activity, pesticides are on the
ground as well as aerially applied. At the Congressional hearing, it be-
came evident that in order to understand these linkages, we will require
more information about environmental factors, their effects on the popu-
lation, and resulting health outcomes. Similarly in Long Island, research-
ers do not have the answer as to why breast cancer is higher than the
national average. One can look at what is unique to the environment.
Long Island was an agricultural center and still produces more agricul-
tural dollars than any place in New York. It also was the center of war-
time industry, resulting in heavy metal and chemical usage. Further, an
aquifer that runs the length of the island has been contaminated for dec-
ades by pesticide runoff and, more recently, by fuel additives, such as
methyl tertiary-butyl ether (MTBE). These are a few of the questions that
members of the public have in their minds about the possible causal ef-
fects of breast cancer in this region.

What we must do is establish a nationwide network to track chronic
diseases, environmental exposures, and other risk factors. This will allow
researchers and health officials to identify the causes of chronic diseases
and, ultimately, develop strategies to prevent these diseases in the future.
Through investigation of incidences in Fallon and Long Island, we dis-
covered that most states are well equipped to track infectious diseases
but are not able to track chronic diseases. We will have to provide states
with environmental health tracking grants so that they are able to develop
the infrastructure they need to participate in the nationwide network. As
part of the Nationwide Health Tracking Network Act (U.S. Senate,
2002), we will have to create a national environmental health rapid-
response service to develop and implement strategies for coordinated
rapid responses to public health and environmental concerns. There will
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be a need to expand our environmental health center structures through
the establishment and operation of at least five regional biomonitoring
laboratories, five environmental health centers of excellence, and the
John H. Chafee environmental health scholarship program. Finally, the
Act calls for a national environmental health report that will provide
the public with the findings of the tracking network and the information
it needs to ensure environmental health within its communities.
Discussions of the nationwide tracking network are timely. Senators
who serve on the Environmental Committee know that we face a broad
range of pressing environmental problems, and there is no substitute
for vigorous debate on how to address them. For this reason, we need
the scientific research community to lead the charge in establishing the
tracking system to ensure that the
We need the scientific research  data are nonpartisan and accurate.
community to lead the charge in  This will be necessary to help inform
establishing the tracking system to  the public’s decision-making process.
ensure that the data are nonparti- At some level, people will have to
san and accurate. ' recognize that we are all responsible
-Hon. Hillary Clinton g5 oy health, Each of us can help
make ourselves healthier by staying
away from bad habits and behavior and by making our environment as
user-friendly as possible. However, we have to recognize that there are
many issues related to health and the environment over which no indi-
vidual has any control. If there is any area that needs society as a whole
to act, it is the intersection of health and the environment.

A VIEW FROM THE ENVIRONMENTAL
PROTECTION AGENCY

Paul Gilman

At the Environmental Protection Agency (EPA) we work at the bot-
tom of the chasm between health and environment. It is part of the mis-
sion of the EPA to create links between environmental stressors and
ecosystem or human health outcomes when a sturdy and formal bridge
across the chasm has yet to be built. This is not to say that we haven’t
made a number of strides in building these linkages. In fact, research re-
lated to particulate matter and asthma is one of many examples of how
we are trying to establish these links and use that information to direct
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future research. The Office of Environmental Information and the Office
of Research and Development are leading an agency-wide “environ-
mental indicators initiative” that will help the EPA understand where
we are and where we must proceed in order to make sound, strategic
decisions.

Constructing these links requires solid building materials, rigorous
tools, and a commitment to the task. At the EPA, our building materials
are our vast physical and human infrastructure, our prior experiences in
monitoring, and our partnerships with traditionally autonomous envi-
ronmental and health organizations, including the Centers for Disease
Control and Prevention (CDC) and the National Institute for Environ-
mental Health Science (NIEHS). Our toolbox is filled with a variety of
quantitative methodologies. By using these tools in conjunction with our
building materials, I believe that we can make great progress in forging
the links between environmental stressors and health outcomes.

We have learned a great deal from previous attempts to monitor the
health of ecosystems, and these lessons are useful not only to the EPA,
but also to other groups that monitor ecosystem or human health. How-
ever, like the proverbial man who misplaces his keys in his house but
searches for them under a brightly lit lamppost because the area is easy
to see, we at the EPA may become overwhelmed by the large amounts of
information available to us and overlook connections and causal relation-
ships between environment and health outcomes because they are not
easily accessible.

In the early 1990s, the National Research Council (NRC, 1995) high-
lighted the disjunction between EPA’s data on environmental indicators
and ecosystem health outcomes. To address this issue, the EPA, in con-
junction with the NRC, developed the Environmental Monitoring and
Assessment Program (EMAP). The goal of EMAP is to “develop the
tools necessary to monitor and assess the status and trends of national
ecological resources” (USEPA, 2002). As we developed EMAP, 1 be-
lieve we overcame some hurdles in identifying appropriate indicators for
truly understanding the health of coastal ecosystems. Strategic programs
such as EMAP provide a template for integrating monitoring data from
many spatial and temporal scales and are critical for connecting envi-
ronmental characteristics with human health outcomes.

Programs such as EMAP can help bridge the environment—health
chasm only if they use appropriate tools and rigorous, quantitative, and
accessible methodologies. Advances in technologies and tools, such as
the use of biomarkers, risk assessment, and exposure assessment and

Copyright © National Academy of Sciences. All rights reserved.



Environmental Health Indicators: Bridging the Chasm of Public Health and the Environment -- Workshop Summary

http://www.nap.edu/catalog/11136.html

SCIENCE AND POLICY CONTEXT 19

modeling, have increased our understanding of how environmental expo-
sures, including exposures of susceptible populations, translate into
health effects. Biomarkers measure a biological response to an environ-
mental chemical. Biomarkers of exposure, effect, and susceptibility are
important measures of toxicity that help quantify early responses to ex-
posures and identify the most susceptible populations at risk.

Risk assessment, including cumulative risk assessment, is a rela-
tively accurate tool to characterize the chasm, effectively narrowing the
divide between environmental characteristics and health outcomes. How-
ever, I do not believe that risk assessment is as accessible to decision
makers as it should be.

Exposure research is another important tool for developing and un-
derstanding the links between our environment and our health. A chal-
lenge that we face in exposure research is to probe well beyond physical
exposure routes to understand the pathways within our bodies as well.
EPA scientists have begun to address the notion of compound mixtures
instead of “simple” single compounds. Aggregating exposure data helps
define the various pathways where a particular compound is acting
within the complex tapestry of environment and health interactions.

Understanding the intricate interplay between exposure measure-
ments and health outcomes frequently requires a large degree of model-
ing. It is often unrealistic to quantify exposure at maximum levels.
Although quantifying exposure at low doses leads to reasonable extrapo-
lation, the interplay between modeling and the actual measurement is
ultimately what enables the extrapolation of data that are informative to
policy makers. Because time constraints compel us to span the environ-
mental health chasm before the bridge is built, the use of models to make
accurate extrapolations is a primary tool of the EPA.

Integrating tools, as well as data, from traditionally autonomous en-
vironmental and health organizations through partnership building is an
important part of our construction strategy. For example, the EPA re-
cently partnered with the CDC in a National Health and Nutrition Ex-
amination Survey (NHANES) study of blood lead levels. Although the
CDC primarily collects human health data, scientists have become in-
creasingly interested in environmental stressors. While the CDC contin-
ues to monitor blood chemical levels, the EPA will work with it to
address research questions regarding route of exposure. I believe this
collaborative research project is a very productive interaction for foster-
ing environment and health bridge building and for co-launching the Na-
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tional Children’s Environmental Health Study, in which both health out-
comes and environmental stressors will be tracked.

As we begin to establish a national monitoring system, we have to
keep in mind a number of issues. The protocol for linking environmental
and health research programs and policy initiatives must be multifaceted.
We must continue to fill our toolbox with additional research method-
ologies that help us to understand better the complex interaction between
environmental stressors, ecosystem health, and human health outcomes.
Exposure and epidemiologic studies must be conducted to tease out the
details of causality. Laboratory-based studies have to be conducted con-
currently to illustrate the distinctions between very low dose events and
extrapolated health outcomes. Modeling studies link exposure models to
pharmacokinetic models and provide informative extrapolations for deci-
sion makers.

By drawing on previous experience and forming integrated partner-
ships, we can proceed more efficiently in constructing this bridge.
Throughout these processes, scientists and policy makers must remain
cognizant of the many physiological pathways by which susceptible and
nonsusceptible populations may be affected by the complex mix of
chemicals in our environment.

A VIEW FROM THE DEPARTMENT OF HEALTH AND
HUMAN SERVICES

Eve Slater

During the last century, advances in the field of public health, par-
ticularly in the treatment of infectious diseases, contributed greatly to
improving the health of the people of the United States and other coun-
tries. The effect of diseases such as smallpox and malaria has greatly di-
minished as a result of combined scientific and public health efforts.
These advances provide encouragement for the challenges that we face in
improving public health, including those threats that are environmentally
linked.

Through the passage of the Clean Air Act, the Safe Drinking Water
Act, and other legislation, we have begun to make good progress in sev-
eral areas of environmental health in this country. Further, behavioral
changes are beginning to have an influence on our environmental expo-
sures. For example, the CDC reported a 75 percent reduction in exposure

Copyright © National Academy of Sciences. All rights reserved.



Environmental Health Indicators: Bridging the Chasm of Public Health and the Environment -- Workshop Summary

http://www.nap.edu/catalog/11136.html

SCIENCE AND POLICY CONTEXT 21

to environmental tobacco smoke from 1980 to 1999, which is a true envi-
ronmental health accomplishment (CDC, 2001). While this is promising,
many environmentally related diseases, including cancer and asthma, still
pose great challenges.

Cancer and asthma illustrate the complexity of gene and environment
interactions, where it is clear that not everyone exposed to an environ-
mental toxicant will contract a disease. For example, environmental to-
bacco smoke has been clearly linked with cancer, yet only about 20
percent of smokers develop cancer, suggesting that some individuals
have a predisposition to developing cancer. Scientists are beginning to
understand the genetic predisposition to environmental diseases by studying
the altered expression of genes
Scientists are beginning to understand  and enzymatic activity as a result
the genetic predisposition to environ-  of environmental exposure. One
mental diseases by studying the altered  g,ch study examined the link
f:xpression of genes gnd enzymatic activ- between the NAT2 gene for
ity as a result of environmental exposure. acetyltransferase (an enzyme that

-Eve Slater metabolizes nicotine) and blad-

der cancer in nonsmokers and

smokers. Results of the study revealed a twofold increase in the risk of

developing bladder cancer in subjects who were slow acetylators—that is

slow in breaking down nicotine. Studies of this type can potentially pro-

vide an effective tool for proactively addressing environmentally related
health outcomes.

Similarly, a wealth of evidence suggests that asthma attacks are trig-
gered by local environmental factors ranging from indoor irritants, such
as mold and tobacco smoke, to outdoor air pollutants, such as ozone.
Preventing and treating these complicated interactions requires a multi-
factorial and community-based approach to asthma management. For
example, at health centers in Detroit, Michigan, families are linked to
local and state public health officials through a complex yet realistic
“people chain.” The families are connected through their neighborhoods
to school nurses trained in asthma detection. The nurses, in turn, are con-
nected to state and local public health officials who help them understand
asthma symptoms, treatment, and proper care. Another Detroit group has
employed community residents to measure air particulate matter in two
locales, thus allowing community members themselves to conduct the
study to determine the source of environmental exposures. Presumably,
their findings will be translated into a health benefit. Finally, in a study
performed in conjunction with the Los Angeles School District, re-
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searchers found a 15 percent decrease in emergency room visits and a 30
percent decrease in hospitalizations for middle-school children with
asthma one year after establishing a multidisciplinary team of health care
professionals, service workers, and school nurses, who worked closely
with parents and children to develop asthma management plans. These
examples illustrate the benefit of developing community-based ap-
proaches for tackling the prevention of environmentally triggered dis-
eases.

One problem in linking environmental and health information has
been the lack of sophisticated measurement tools in the environmental
sciences. However, I believe that
Environmental science is coming of environmental science is coming
age. Scientists now have the capacity ~ of age. Scientists now have the
to translate information about the hu-  capacity to translate information
man genome into environmental ob- about the human genome into
servations and  subsequently into  environmental observations and
scientific fact. subsequently into scientific fact.
The science of proteomics will
greatly help us decipher the
interaction between our genes and our environment as a result of very
elegant informatic and biochemical tools that allow us to translate the
effect of environmental factors on protein translation. These new tech-
niques will permit a great leap forward in environmental health. An
enormous amount of environmental data has been collected, and we must
continue to develop tools to use this information appropriately.

Many challenges still lie ahead as we work to bridge the chasm be-
tween environment and health. We must track environmental hazards and
diseases in ways that provide accurate information and both inform and
empower health policy makers, state and local workers, community par-
ticipants, and patients. We must strive to develop community-based deci-
sions and eliminate health disparities. We need sound science and
working partnerships to meet specific goals—such as quickly controlling
the asthma epidemic and eliminating lead poisoning by 2010—and to
influence chronic diseases in a more general way. In conclusion, the
strong link between environmental factors and health effects indicates
that public health leaders must be included whenever environmental is-
sues are discussed.

-Eve Slater
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Overview of Environmental Health Monitoring
and the Use of Indicators

Monitoring and the use of indicators are standard in many aspects of
government and business practice as a means of assessing problems, de-
veloping policy, and measuring progress. Indicators communicate
information about conditions, and when recorded over time, signal
changes and trends. Often they signal that something more fundamental
or complex is occurring than what is actually measured, which makes
them useful for guiding policy and directing research (NRC, 2000).

The notion of environmental health indicators arose from the com-
mon use of economic development, such as gross domestic product,
according to Tord Kjellstrom of Australian National University. Like
economic indicators, they are needed because it is not possible to meas-
ure everything. Acknowledging a critical environmental health gap, the
Pew Environmental Health Commission proposed in 2001 the establish-
ment of a national tracking system to monitor environmentally related
exposures and diseases (Pew Environmental Health Commission, 2001),
said Thomas Burke of the Bloomberg School of Public Health. The re-
port noted a lack of basic information on the linkages between
environmental hazards and chronic disease.

"This chapter was prepared by staff from the transcript of the meeting. The discussions
were edited and organized around major themes to provide a more readable summary and
to eliminate duplication of topics.
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CRITERIA FOR ESTABLISHING AN EFFECTIVE
NATIONWIDE ENVIRONMENTAL HEALTH
MONITORING SYSTEM

The fundamental issues of monitoring are the basic aspects of public
health and environmental protection, and the establishment of this pro-
gram should have occurred 25 years earlier, noted Burke. The concept of
linking environment and health dates back to the Council on Environ-
mental Health in the 1970s and was again noted in the Institute of
Medicine (1988) report The Future of Public Health, which communi-
cated that “the removal of environmental health authority from public
health agencies has led to fragmented responsibility, lack of coordina-
tion, and inadequate attention to the health dimensions of environmental
problems.” The Pew Environmental Health Commission continued the
discussion and recommended that the nation’s environmental health de-
fense system be strengthened, that the environmental precursors of
disease be identified and controlled, and that public health’s readiness to
respond be improved, noted Burke. The commission’s recommendations
included establishing:

e anational baseline tracking network for diseases and exposures;
e a nationwide early-warning system for critical environmental
health threats;

e state pilot tracking programs to test diseases, exposures, and ap-
proaches for national tracking;

e federal investigative response capability; and

e tracking links to communities and research.

Acting on these recommendations, the Centers for Disease Control
and Prevention (CDC) set up four environmental health monitoring
workgroups to obtain input from those interested in working together
with the agency, noted Michael McGeehin, the National Center for Envi-
ronmental Health, CDC. The National Center for Environmental Health
(NCEH) held three meetings in which 75 people from across the coun-
try—from the states, academic institutions, and nongovernmental
organizations—worked within the workgroups to advise the CDC on the
best way to set up a national monitoring system. They specified six re-
quirements for the system; the nationwide monitoring system must:
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1. make sense to people in local health departments;
2. be keyed to local public health actions;
3. receive adequate funding over the long term;
4. have a sense of stability;
5. be based on sound science; and
6. be linked to other federal agencies.

They also advised building the system from the “bottom up” (from
state, local, and community levels).

Scientific Underpinnings of Environmental Health Monitoring

According to Burke, three recent developments are helping to pro-
vide a stronger scientific basis for monitoring activities. First, a “sound
science” movement has been started with the aim of strengthening the
basis for environmental decisions. Solid scientific research provides the
means to assess whether a certain method works and whether public
health goals have been achieved; yet calls for perfection in scientific re-
search in this time of uncertainty could lead to difficult delays in
environmental progress, noted Burke. Second, the cumulative risks of
environmental exposures are beginning to be assessed, as exemplified in
the Clean Air Act. Monitoring based on sound science and sound policy
can help us develop better public health intervention indicators. Third,
epidemiology is being revived as a means of addressing major environ-
mental issues. Epidemiologic studies have led to progress in
understanding the risks posed by methylmercury, arsenic, and particulate
air pollution, among others.

Environmental Health Monitoring Priorities

Many participants noted that the currently proposed monitoring pro-
gram has a number of limitations and that priorities would have to be set
in order to ensure the success of the program. Burke noted that the Pew
Commission identified specific components of a national monitoring sys-
tem that must be built within the next few years, and these components
are reflected in part in the nationwide health tracking bill before Con-
gress. The following health outcome measures were recommended by the
commission for monitoring: chronic respiratory conditions (asthma,
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chronic pulmonary obstructive disease), neurologic diseases, birth de-
fects, developmental disabilities, and cancer. Environmental exposures
recommended for monitoring include specific air pollutants and food and
water contaminants. The commission also recommended that the capac-
ity of the country’s emergency departments and poison centers be
increased to provide an early-warning system for specific environmental
contamination, a measure that would benefit antiterrorism efforts. An-
other recommendation was to increase the laboratory capacity for
biomonitoring around the country.

Burke presented an analysis of data from the National Health Inter-
view Survey (NHIS) on potential indicators from the public health side
that show dramatic increases in self-reported neurologic disorders, respi-
ratory diseases, and endocrine and metabolic disorders over a recent 10-
year period (see Figure 2.1). These increases are indicators that can be
used to identify areas where more information is needed and where we
must move ahead with monitoring and research.
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Endocrine and Neurologic Disorders Respiratory Disease Heproductlve / Femllty Skin Diseases
Metabolic Disorders

Percent Change in Rate per 1,000

Chronic Health Conditions

FIGURE 2.1 The percentage of self-reported diseases increased from 1988 to
1995. Results such as these may suggest areas for future environmental health
monitoring.

SOURCE: National Health Interview Survey, 1995. Reprinted with permission.
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Issues of Privacy in Environmental Health Monitoring

A crucial issue is balancing the need for environmental health moni-
toring with the need for privacy and confidentiality. The right to privacy
is an issue of high interest in this country. Burke noted that our popula-
tion has been served well by existing mechanisms for safeguarding
privacy; these measures were questioned and put to the test when HIV
prevention strategies were developed and cancer registries were created.
Thus, the privacy issue should not be a stumbling block to monitoring if
we build on existing mechanisms, and set the best academic minds to the
task of ensuring that we move forward while respecting individual rights.

Kjellstrom suggested that studying the way other countries handle
the privacy issue may help avoid negative experiences. For example, a
study of the Swedish system would reveal potential ramifications be-
cause Sweden represents an extreme in monitoring systems. A number
assigned to each individual at birth reveals the infant’s sex, birth date,
location of birth, and order of birth among all Swedes at the same loca-
tion who share a birth date. The number is used later on the person’s
passport, driver’s license, bank accounts, and health records. In New
Zealand, a number also is assigned at birth, but it reveals nothing about
the person. The number is used for all subsequent medical records, can-
cer registries, and mortality registries and can be used to link data in
investigations of environmental risks, such as asbestos exposure. A sys-
tem that assigns a meaningless number may raise fewer ethical problems
than one that reveals information about the person, according to Kjell-
strom. Public health research that tracks data for individuals by number
creates ethical responsibilities for researchers. However, failing to study
the health effects of a possible risk factor also poses ethical issues.

ENVIRONMENTAL HEALTH INDICATORS

The cornerstone of an environmental health monitoring effort is the
selection of indicators. Although the participants did not discuss which
indicators should be selected, they did discuss the definition of indica-
tors; the identification of indicators, including the components of
environmental health monitoring; and the process and criteria for the se-
lection of indicators.
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Definition of Environmental Health Indicators

Several organizations have crafted comprehensive definitions of en-
vironmental health indicators. The National Association of County and
City Health Officials (NACCHO) has called them “tools for quantifying,
through direct or indirect measures, a significant aspect of an environ-
mental health issue,” which “can be used to assess and communicate the
status of and trends in overall environmental health” (NACCHO, 2000).

A definition of an environmental health indicator, developed by the
World Health Organization (WHO) and others, is that it “provides in-
formation about a scientifically based linkage between environment and
health”; thus, “an indicator which purely describes the state of the envi-
ronment or a pure health status indicator with no obvious link to
environmental causation, cannot be considered an environmental health
indicator.” The term environmental health indicator “implies monitoring
and action” (Kjellstrom and Corvalan, 1995).

According to the Council of State and Territorial Epidemiologists
(CSTE), “Environmental public health indicators provide information
about a population’s health status with respect to environmental factors.
Core indicators can be used to measure health or a factor associated with
health such as a risk or intervention in a specified population” (CSTE,
2001). Burke suggested that indicators are tools that can be direct or indi-
rect measures.

Identifying Environmental Health Indicators

Burke suggested several criteria for a useful environmental health
indicator. The indicator must be:

e simple—measure only one item;

e measurable—comparable and quantifiable;

e understandable—comprehensible to policy makers and the pub-
lic; and

e defensible—support a relationship between environmental fac-
tors and health status.

The term “environmental indicator” implies an association, or a sug-

gestion of an association, between a factor and an outcome. Some
participants speculated about how broad a view should be taken about

Copyright © National Academy of Sciences. All rights reserved.



Environmental Health Indicators: Bridging the Chasm of Public Health and the Environment -- Workshop Summary

http://www.nap.edu/catalog/11136.html

MONITORING AND THE USE OF INDICATORS 29

which kinds of outcomes are “suitable” for environmental health indica-
tors. Should only those outcomes be used for which there is a proven
association with an environmental hazard? Alternatively, should out-
comes or linkages be considered that have not yet been proven
conclusively, but for which there are possible associations? Burke sug-
gested that a true indicator should have an association and/or should
indicate the presence of a risk, but we must not be too narrow in our fo-
cus because “perfectionism is sometimes the enemy of progress.” The
issue is whether our goal is prevention and precaution or proof because
they are fundamentally different. In environmental public health, indica-
tors are essential for understanding risk and evaluating interventions.

William Pease of GetActive Software suggested that an environ-
mental health indicator also must be credible, relevant, and able to be
acted on. Because complete information is lacking in vast areas of envi-
ronmental health, we must be realistic about the credibility we can expect
from the indicators that we provide to the public, noted Pease. Scientists
working with environmental health indicators tend to place a high value
on establishing clearly the entire causal chain from source to effect. Be-
cause this amount of information is seldom available, we must learn how
to accept statements as credible in the absence of full information. If we
take a rigorous, science-based approach to environmental health indica-
tors, we risk missing information critical to assessment. The scope of
environmental problems and the activities that generate adverse envi-
ronmental consequences require a large number of indicators.

Another aspect of credibility involves the role of the entity that de-
velops and promotes the indicator, its so-called social status. Indicators
have to be viewed as objective, or at least science-based, and not dis-
torted by any conflict of interest, in order to engender trust, noted Pease.
In many cases, environmental organizations or other nongovernmental
organizations may be in a better position than federal regulatory agencies
to produce environmental health indicators that are trusted.

A trade-off may be needed between having core indicators that are
valuable nationally, and even internationally, and having indicators that
are relevant to local needs, noted Burke. Identifying the indicators that
will allow health and environmental health officials and regulatory agen-
cies to better understand the environmental risk at the local level is a
particular challenge. A national exposure report, such as the one being
compiled by the CDC on chemical exposures, provides a profile for the
nation but may reveal little about risks in a particular region—for exam-
ple, the risk of mercury exposure by women of childbearing age near the
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Chesapeake Bay who consume contaminated fish from areas with clo-
sures and advisories.

Components of Environmental Health Monitoring
and Corresponding Indicators

Environmental health monitoring has three major components: haz-
ard monitoring, exposure monitoring, and health outcome (health effects)
monitoring. Each component has corresponding indicators—hazard indi-
cators, such chemical spills, and motor vehicle emissions; exposure
indicators, such as blood lead level in children; and health outcome
(health effects) indicators, such as pesticide-related poisoning in chil-
dren, and melanoma. A step beyond these three indicators is the
intervention indicator. Examples of intervention indicators are laws per-
taining to smoke-free indoor air, boil-water advisories, and alternative
fuel use in motor vehicles.

As a nation, we have been quite successful at hazard monitoring, and
legislation has pushed us to identify sources and potential routes of expo-
sure, stated Burke. The work of the Environmental Protection Agency
(EPA), exemplified in the EPA inventories, regulatory programs, and
monitoring programs, has helped illuminate and, to a certain extent, con-
trol environmental hazards. We have not been as successful with
exposure tracking, although we have made some progress recently with
the National Report on Human Exposure to Environmental Chemicals
(CDC, 2003), a CDC effort to monitor national exposure to a range of
environmental toxicants. This report will be a cornerstone of the new
monitoring-based approach to environmental health. However, the report
is still in its infancy, and the tools it describes are not yet available for
use by the public health and environmental health communities to help
with outcome monitoring.

INTERNATIONAL FRAMEWORKS FOR DEVELOPING
ENVIRONMENTAL HEALTH INDICATORS

In the early 1990s, the Organization for Economic Co-operation and
Development (OECD) published its Pressure-State-Response (PSR)
framework to promote a common set of “environmental performance
indicators.” Many indicators provide an easily interpretable measure of
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the state of the environment or the health of a defined population. Exam-
ples are urban air quality variables and life expectancies of populations.
These “one-dimensional” indicators have been widely adopted interna-
tionally and are important for describing time trends and geographic
variations. According to Kjellstrom, U.S. government agencies, aca-
demic institutions, industry, and other interested parties have been active
in developing such indicators. However, creating indicators that can be
interpreted in terms of linkages between environmental quality and pub-
lic health has been a major challenge.

A series of activities was begun in 1992 at the World Health Organi-
zation to establish a method for how such indicators could be developed
and tested. A new framework, the DPSEEA framework, was devised that
incorporates transparent linkages between various one-dimensional envi-
ronment or health indicators and places the focus on public health.
DPSEEA stands for Driving force—Pressure—State—Exposure—Effect—
Action. Numerous case studies have shown that this framework is help-
ful in developing indicators. Indicators at all levels in the DPSEEA
framework could apply locally, nationally, or internationally, depending
on the context. According to Kjellstrom, this framework has the potential
to “bridge the chasm between public health and the environment.”

The character of the environmental health problem defines the level
of the policy decision. Kjellstrom gave an example of how, in New Zea-
land, a ban on burning coal is a local issue, and no decision is involved at
the national level. In contrast, the ban on lead in gasoline required a na-
tional decision because New Zealand has only one oil refinery. Some
issues, such as global climate change, must be dealt with at the interna-
tional level.

In New Zealand and Australia, there has been interest in a core envi-
ronmental health indicators list. However, such an approach may be
unproductive because each community has its own concerns. As long as
a nation does not commit to some “magical” core national set of indica-
tors, without responding to the needs and concerns of individual
communities, progress will be made.

Kjellstrom has concluded that the ultimate environmental health in-
dicator would be the number of people affected by a specific
environmental hazard. The Ministry of Transport in New Zealand re-
cently used such an indicator—the number of fatalities from vehicle-
related air pollution in the country (annually estimated at 400)—as an
argument for better-quality fuels, better testing of vehicle emissions, and
the use of catalytic converters. A related indicator is the number of “obe-
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sogenic” car-related deaths, that is, deaths caused by environmental fac-
tors that create obesity. Tentative estimates for the city of Auckland,
New Zealand, indicated that the number of such deaths related to lack of
daily physical activity because of car use instead of “active transport”
could be at similar levels as the numbers of car crash deaths (annually
estimated at 40). Kjellstrom suggested that this indicator would be par-
ticularly relevant to the United States, where the dramatic rise in obesity
rates in recent years may be strongly related to environmental factors,
such as increased driving time, decreased exercise, and greater availabil-
ity of high-calorie fast food.

USING INDICATORS TO RANK ENVIRONMENTAL
HEALTH RISKS

In the United States, the EPA and the Office of Science and Tech-
nology Policy (OSTP) have been grappling with prioritizing risks and
ensuring public participation, said Baruch Fischhoff of Carnegie Mellon
University. OSTP has called for an approach to risk prioritization that is
scientifically sound, understandable to the public, comparable across
programs and agencies, and cumulative so that it produces a predictable
record over time.

Creating a scientifically sound method of ranking environmental
health risks that includes public input involves first establishing criteria
for the content of environmental health indicators and then selecting cri-
teria for the risk prioritization process, noted Fishhoff. Subsequently, five
steps must be taken, as shown in Figure 2.2.

According to Fischhoff, risks must be defined and categorized. Care
must be taken not to create categories so small that none draws people’s
attention or so large that they do not lend themselves to common moni-
toring or action. The indicators must have four attributes: (1) They
should be a reflection of people’s values regarding the environment and
their health. (2) The best science available should be used to describe the
risks in terms of these attributes, and a process of ranking the risks
should be established. (3) The ranking should be conducted through a
democratic, participatory process by people who have a good under-
standing of the issues. (4) The results should be communicated in a
usable and understandable form.
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Step 1

Define and
categorize risks

Step 3 Step 4 Step 5

X Describe risks Perform Communicate
/ on attributes rankings results

Step 2

Identify
attributes

FIGURE 2.2 Five steps that have to be used to identify risk ranking for priori-
tizing environmental health indicators.
SOURCE: Florig et al., 2001. Reprinted with permission.

Fischhoff further suggested that each indicator should be explicitly
defined so that it is understood by the public. The definition should re-
flect underlying scientific findings and any uncertainty associated with
the indicator. The results of the ranking should be arranged to allow easy
comparisons. Communicating the results should be a joint editorial un-
dertaking to ensure that the science is solid, the language is comprehensi-
ble, the style is fluent, and legal issues are taken into account.

Summary of Environmental Health Monitoring and Indicators

During the workshop, speakers and panelists used many definitions
to help describe what environmental health monitoring is, the definition
of an indicator, and what the selection criteria are. The first call for envi-
ronmental health monitoring occurred more than 25 years ago. The
Institute of Medicine (1988) questioned the removal of environmental
health authority from public health agencies, which led to a lack of coor-
dination and inadequate attention to the health dimensions of
environmental problems; the Pew Environmental Health Commission
(Environmental Health Tracking Project Team, 2000) further recom-
mended that the nation’s environmental health defense system be
strengthened, reinforcing the basic need for environmental health to re-
spond to a myriad of health challenges.
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Speakers further suggested that the currently proposed monitoring
program has a number of limitations and that priorities would have to be
established to ensure its success. This has led to many individuals and
organizations to lay the groundwork for the program, by defining what
the program would include and defining what environmental indica-
tors are.

According to some speakers, environmental health indicators are
tools for quantifying the scientific linkage between environment and
health. They must be:

simple—one item;

measurable—comparable, quantifiable, and rankable;
defensible;

understandable—able to access information in a usable form,;
credible—"“unbiased source,” best science;

comprehensible;

actable;

responsive to local needs; and

reflective of societal values on environment and health.
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Environmental Health Monitoring
at the Federal Level’

In recent years, the field of environmental health has been evolving
from a narrowly defined focus to a more holistic approach due to a
greater understanding of the complexity of the environment, the devel-
opment of newer tools to answer more sophisticated research questions,
and the changing needs of environmental health. After the Institute of
Medicine (IOM) report The Future of Public Health (1988) was pub-
lished, noting that the infrastructure in the area of environmental health
was deficient and often fragmented, many federal agencies became ac-
tively involved in mending the situation. Today, more than 50 federal agen-
cies conduct environmental health monitoring. The five federal agencies
that constitute the “traditional partners” in environmental health efforts—
the Environmental Protection Agency (EPA), the National Institute for
Occupational Safety and Health (NIOSH), the Agency for Toxic Sub-
stances and Disease Registry (ATSDR) and the National Center for Envi-
ronmental Health (NCEH) at the Centers for Disease Control and
Prevention (CDC), and the National Institute of Environmental Health
Sciences (NIEHS)—are the most recognized.

The public relies on these agencies to safeguard them from the dan-
gers of environmental hazards. Individuals and communities look to the
CDC for protection against environmental diseases, to the EPA for pro-
tection from environmental hazards, to NIOSH for elimination of work-
place hazards, to ATSDR for its work on toxic exposures, and to NIEHS
for research findings. At the workshop, speakers from these five federal

“This chapter was prepared by staff from the transcript of the meeting. The discussions
were edited and organized around major themes to provide a more readable summary and
to eliminate duplication of topics.
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agencies outlined the contributions of their organizations to current envi-
ronmental health monitoring efforts, and described the partnerships they
have formed for collaborating on environmental health issues.

GENERAL OVERVIEW OF EFFORTS OF THE CENTERS FOR
DISEASE CONTROL AND PREVENTION

The CDC has a long history of using surveillance to determine the
cause and magnitude of public health problems. The CDC conducts epi-
demiological studies that reveal risk factors and exposures and show
linkages between them. These
Uniform criteria are needed for re-  studies are the basis for designing
porting not just infectious diseases, interventions and evaluating their
but all diseases. effectiveness. Effectively perform-

-Michael McGeehin  ing these tasks depends on having
sound data, according to Michael
McGeehin of the CDC. The CDC has 52 nationally notifiable infectious
diseases—those for which regular, frequent, and timely information is
considered necessary to control the disease. Uniform criteria are used for
reporting each notifiable disease, and reports emanate from state and lo-
cal health departments, health care providers, and laboratories. Uniform
criteria are needed for reporting not just infectious diseases, but all dis-
cases. Establishing a strong national health monitoring network, as a sin-
gle source for uniformly collected data would make the data more
reliable. In turn, the epidemiological findings would be more useful, and
interventions would be more effective, stated McGeehin.

The CDC oversees 15 surveillance systems, which are operated by
eight agencies. Perhaps the largest problem with these systems is that
they are fragmented, the information technology is outdated, and the data
are often incomplete or untimely. They also place an unacceptable bur-
den on respondents in the health care sector.

Some of these problems are being addressed by the National Elec-
tronic Disease Surveillance System (NEDSS), which is a standards-based
approach for developing efficient, integrated, and interoperative surveil-
lance systems at the state and local levels. The system includes tools for
transferring data electronically from health care systems to health de-
partments, and it follows strict security standards to protect confidential-
ity. The CDC recently received $17.2 million from Congress to put into
place the first step of the health monitoring effort for the nation. Recog-
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nizing that the involvement of health departments and environmental
departments at the state level is essential for creating a national system,
the CDC set up four environmental health tracking workgroups to obtain
input from those interested in working together with the agency. The
CDC also set up meetings to bring environmental and health groups to-
gether, not only at the federal level, but also at the state and local levels.
The CDC has already begun pilot programs in several states to bring col-
laboration between state and local health and environmental agencies, to
evaluate existing databases, to examine linkages among databases, and to
help develop a health outcome surveillance system. The CDC also plans
to establish university-based centers for excellence in health monitoring
to provide research and technical assistance to the states.

When the CDC has had good surveillance, it has succeeded in safe-
guarding the health of Americans, stated McGeehin. For example, the
greatest environmental health success in the United States in the past 30
years has been the lowering of

The greatest environmental health
success in the United States in the
past 30 years has been lowering of

blood lead levels in children. The
environmental intervention that
brought these results—removing

blood lead levels in children. lead from gasoline and other

sources—was a collaborative ef-
fort of the EPA and various
health agencies that was based on good surveillance data. Further analy-
sis and interpretation of blood lead level data showed health disparities in
the population. For example, an African-American child living in older
housing in the United States was found to be 22 times more likely to
have an elevated blood lead level than was a white child living in newer
housing (see Figure 3.1). Efforts have shifted toward vulnerable popula-
tions in recognition that eliminating childhood lead poisoning in the
United States will require targeting the children who are most likely to be
affected. The rapid response to the outbreak of toxic shock syndrome in
the early 1980s is another example of the public health benefit of sound
surveillance data. In this case, a disease emerged that had never been
encountered before, and surveillance was put into place quickly.

-Michael McGeehin
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FIGURE 3.1 CDC surveillance shows that blood lead level data indicate health
disparities in the population. African-American and Hispanic children who live
in older housing in the United States are found to be 21.9 and 13 times, respec-
tively, more likely to have elevated blood lead level than white children living in
newer housing.

SOURCE: DHHS, 1998. Reprinted with permission.

Good surveillance identified the affected population and showed that a
specific type of tampon was the main source of the disease. Swift action
was taken to withdraw the material from the market and to educate the
public.

Surveillance is considered essential to the work of the CDC and
critical to all of public health. The CDC has taken on the task of improv-
ing its use and uniformity to make it yield more useful data and to reduce
the burden on state and local health departments, health care providers,
and laboratories. Environmental health monitoring is considered an im-
portant addition. Environmental health monitoring can be done, but it
must be done collaboratively, it must be done innovatively, and it must
be done right, noted McGeehin.
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CURRENT EFFORTS OF THE AGENCY FOR TOXIC
SUBSTANCES AND DISEASE REGISTRY (ATSDR)

In 1980, Congress created ATSDR to implement health-related
sections of laws that protect the public from hazardous wastes and envi-
ronmental spills of hazardous substances. The Comprehensive Environ-
mental Response, Compensation, and Liability Act of 1980 (CERCLA),
commonly known as the Superfund act, contains the congressional man-
date to remove or clean up abandoned and inactive hazardous waste sites
and to provide federal assistance in toxic emergencies. As the lead
agency within the Public Health Service for implementing the health-
related provisions of CERCLA, ATSDR is charged under the Super-
fund act to assess the presence and nature of health hazards at specific
Superfund sites, to help prevent or reduce further exposures and the
illnesses that result from such exposures, and to expand the knowl-
edge base about health effects of exposure to hazardous substances
(http://www.atsdr.cdc.gov/congress.html).

The agency is a part of the Department of Health and Human Ser-
vices (DHHS), but its funding comes through the Superfund stream asso-
ciated with the EPA. Henry Falk of the ATSDR outlined the mission of
the agency, which is to serve the public by using the best science, by tak-
ing responsive public health actions, and by providing trusted health in-
formation to prevent harmful exposures and diseases related to toxic
substances.

The ATSDR’s personnel work at about 500 Superfund sites through-
out the United States each year. The question that the public most fre-
quently asks ATSDR workers is, How does the environment affect the
health of our community? To answer this question accurately, we need
linked data from three sources—environmental hazards, environmental
exposures, and health outcomes. We also need standardized ways of
evaluating community concerns.

ATSDR has set up exposure registries for people exposed to various
chemicals at Superfund sites, including benzene, dioxin, trichloroethane,
and trichloroethylene. Other registries have been proposed, including one
for tremolite asbestos exposure in Libby, Montana; one for multiple ex-
posures around the World Trade Center site in New York City; and a
multisite registry for exposure to natural uranium in areas with high levels.

The public is concerned about disease clusters, and communities are
looking to ATSDR for answers. They are asking not only about clusters
of diseases for which registries exist—cancer and birth defects—but also
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about clusters of diseases such as autism, multiple sclerosis (MS), and
amyotrophic lateral sclerosis (ALS), for which no data exist for compari-
son (see Figure 3.2). The agency has started disease-monitoring pilot
studies for some of these diseases,
such as multiple sclerosis. The
NHIS showed a rise of about 50
percent in the incidence of multi-
ple sclerosis from the early 1980s
to the mid-1990s, and cases in
women accounted for most of the increase (see Figure 3.3).

ATSDR responds to concerns about disease clusters and other health
issues by conducting site-specific investigations of diseases, performing
epidemiological studies, establishing exposure registries, and launching
pilot studies to track diseases. Falk cited a study that illustrates the high
degree of precision needed in site-specific investigations. ATSDR inves-
tigated a cluster of childhood cancer cases that occurred in Toms River,

ATSDR has set up exposure regis-
tries for people exposed to
various chemicals, including ben-
zene, dioxin, trichloroethane, and
trichloroethylene.

Asbestosis/Mesothelioma

/Ubby, Montana

Autism
Brick
Township,
Mew Jersey

N\

Childhood
Cancer
Toms River,
Mew Jersey

P

Multiple Sclerosis
Lubbock and El Paso, Texas

‘\ALS

Kely AFB,
San Artonio, Texas

FIGURE 3.2 ATSDR informs the public not only about well-known disease
clusters such as cancer and birth defects, but also about clusters of diseases such
as autism, MS, and ALS.

SOURCE: ATSDR, 2002. Reprinted with permission.
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FIGURE 3.3 ATSDR is monitoring such diseases as multiple sclerosis. Their
data show that from the early 1980s to the mid-1990s the incidence of MS rose
by 50 percent.

SOURCE: Noonan et al., 2002 (unpublished). Reprinted with permission.

New Jersey, from 1979 to 1995. Of the seven townships in Ocean
County, only one—Dover—had an unexpectedly high childhood cancer
rate.

Dover Township has many Superfund sites and many well fields.
ATSDR investigators calculated the contribution of water from different
wells and were able to link water from contaminated wells to affected
children, said Falk. The analysis showed an association that reached sta-
tistical significance when water consumption factors were considered.
The association would not have been found if investigators had examined
the rate for the entire county, rather than for each township, and if they
had considered only how far people lived from the wells and had not also
factored in water consumption. The example illustrates that sound envi-
ronmental data and good health data are needed for linkages to be ex-
plored in proper detail.
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As the incidence of diseases such as multiple sclerosis and asthma
continues to rise, we can expect the public to press ATSDR harder for
answers about the relationships of these diseases to environmental fac-
tors, stated Falk. To answer these questions, we need better surveillance
and better monitoring, and we need more background data on exposure
for comparison. We also have to examine combinations of risk factors,
such as genetic susceptibilities, environmental factors from the distant
and recent past, life-style, and other risk factors.

CURRENT EFFORTS OF THE NATIONAL INSTITUTE FOR
OCCUPATIONAL SAFETY AND HEALTH

The NIOSH has much to contribute to the national health monitoring
effort because of its long history in occupational health surveillance and
the wealth of data and experience it can offer, said Kathleen Rest of
NIOSH. For the past 25 years, NIOSH has played a key role in the sur-
veillance of work-related illnesses, injuries, fatalities, exposures, and
hazards. It also supports an active program of state-based surveillance,
which can provide a model for collaborative efforts needed in environ-
mental health monitoring.

According to Rest, the occupational health community received a
wake-up call in 1984, when Congress issued a report on occupational
illness data collection (Committee on Government Operations, 1984). At
that time, occupational health surveillance was described as 70 years be-
hind communicable disease surveillance. The report called for a national
data collection system to advance understanding of the link between
workplace exposures and hazards and their related health effects. The
report noted many challenges, such as long latency periods, multiple ex-
posures, illnesses with multifactorial etiologies, transience of the work-
force, differential susceptibilities, lack of awareness among workers and
employers, and lack of occupational health training among physicians
and public health professionals. Environmental health tracking shares
some of these challenges. The report also highlighted the fragmentation
of existing surveillance systems and the resulting inadequacies.

In 1987, the National Research Council expanded on this with its
own report (Pollack and Keimig, 1987), again documenting inadequacies
and offering a set of recommendations. These included the following:
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e improving classification of occupational illness in the Bureau of
Labor Statistics survey;

e maximizing use of existing data systems, such as mortality re-
cords, national health surveys such as National Health Interview
Survey (NHIS) and National Health and Nutrition Examination Sur-
vey (NHANES), cancer registries, and hospital discharge data;

e improving physician education and awareness;

e improving worker notification;

e integrating and expanding the role of state health departments;
and

e improving hazard surveillance.

There has been progress in the intervening years. NIOSH has col-
laborated with the National Center for Health Statistics and vital statistics
departments to develop the National Occupational Mortality System
(NOMS), which enables the use of national mortality statistics for peri-
odic surveillance of cause-specific mortality in industries and occupa-
tions. It has collaborated with the Consumer Products Safety
Commission (CPSC) to collect work-related injury data in the National
Electronic Injury Surveillance System (NEISS). In the 1990s, NIOSH
began period publication of its Work-Related Lung Disease Surveillance
Report. To complement population-based occupational health surveil-
lance, NIOSH developed and now supports state-based surveillance pro-
grams. The Sentinel Event Notification System for Occupational Risks
(SENSOR) is a collaborative effort between NIOSH and states to im-
prove recognition and prevention of selected occupational health condi-
tions, some of which overlap environmentally related illness, such as
asthma and pesticide poisoning. The Adult Blood Lead Epidemiology
Surveillance (ABLES) Program is a state-based effort to identify and
track cases of elevated blood lead levels in adults. The Fatality Assess-
ment and Control Evaluation (FACE) Program has expanded from an
internal program of fatality investigations to include cooperative agree-
ments with states that investigate occupational injury fatalities to better
understand their causes, formulate recommendations to prevent similar
injuries, and disseminate the information to target audiences.

In the past three years, NIOSH has worked with many stakeholders
and partners from state organizations, other federal agencies, the private
sector, and the academic community to develop a strategic surveillance
plan. The goals are to advance the usefulness of surveillance information
at the federal level, strengthen capacity at the state level, strengthen sur-
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veillance of high hazard industries and occupations, promote effective
occupational surveillance in the private and nongovernmental sectors,
and increase research to improve occupational surveillance.

To illustrate the link between and potential synergies for occupa-
tional and environmental health surveillance, Rest offered three exam-
ples from NIOSH-supported state-based programs. The first is from the
SENSOR program in the Department of Health Services, Occupational
Health Branch in California. Over a six-day period in May 1999, a
grower used metam-sodium to fumigate two fields in preparation for
planning carrots. The process involved pumping metam-sodium from a
tank, via a closed system, into an irrigation system where it was mixed
with water and pumped through sprinklers into the air and onto the
fields. When diluted with water during the soil fumigation process,
metam-sodium breaks down and releases methyl isothiocyanate (MITC).
MITC is highly toxic; exposure to MITC vapors can cause severe irrita-
tion of the eyes and respiratory tract, headache, dizziness, nausea, and
diarrhea. Inhalation can result in long-lasting effects, such as reactive
airways dysfunction syndrome (RADS). Workers at an automotive repair
shop about a mile away from the treated fields were the first to complain;
they called the Fire Department and the Sheriff about odors. Two days
later, the fire department received reports of sick children at an elemen-
tary school located near the treated fields, and the school was evacuated.
There were reports that other community members may have experi-
enced symptoms. Pesticide poisoning was identified in three of the ga-
rage workers. The buffer zone around the metam-sodium-treated fields
was deemed inadequate to protect the garage workers, as well as the
school children and teachers. In this case, the garage workers were senti-
nels for the school children and the broader community.

The second example is a case supported by the ABLES program in
California. In the course of being treated for a work-related injury, a day
laborer expressed concern about lead exposure. He was tested and found
to have a very high blood lead level—74 pg/dL. He was working with a
crew to dismantle an indoor firing range. The ABLES program reported
the lab results to the California SENSOR program, which triggered a
medical and industrial hygiene follow-up. These investigations found the
firing range to be highly contaminated with lead, with few precautions
taken to protect the workers. In collaboration with the local childhood
lead program, the SENSOR program found four other workers with lead
poisoning, nine children with elevated blood lead levels, and one spouse
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with high blood levels associated with washing work clothes. This case
illustrates that:
e toxins can be carried home;
e tracking both worker and community exposure can increase
chance of finding more persons at risk of serious illness;
e state and local health departments can work together on such ef-
forts; and
e collaboration between occupational and environmental health sur-
veillance staff can create synergies and enhance the value of both
surveillance systems.

The third example is from the Massachusetts Department of Public
Health SENSOR program. Through its surveillance of work-related
asthma, the program found that cleaning agents were the second most
common asthma-causing agent identified by affected workers completing
interviews. The Health Department subsequently partnered with several
state agencies to address exposure to cleaning agents that may contribute
to asthma in workers and in the public alike. This led to the inclusion of
non-asthma-causing cleaning agents on the state’s vendor list of envi-
ronmentally preferable products. State agencies and municipalities are
now encouraged to patronize these vendors and use these products. In
this case, occupational surveillance helped identify a cause-effect rela-
tionship between asthma and a workplace product, which resulted in an
intervention that will benefit both workers and the public.

According to Rest, all three examples illustrate the integral connec-
tion between the work environment and environmental health. Indeed,
the use of toxic substances in the workplace and their release into the air,
water, and soil can be the source of environmental pollution, community
contamination, and their appearance in human tissue. Moreover, there are
a host of overlapping concerns in occupational and environmental health,
related to both exposures and health effects. Yet despite the many direct
and indirect links between occupational and environmental health, the
work environment is generally overlooked in conversations and initia-
tives related to environmental health and environmental health tracking.
Given the integral relationship between occupational and environmental
health, it is ill-advised to discuss bridging the gap between environ-
mental hazards, exposures, and health effects without considering and
tracking exposures and health effects in the work environment. The time
is right to enhance both federal and state capacity in environmental and
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occupational health tracking and to exploit potential synergies for ad-
vancing public health.

CURRENT EFFORTS OF THE ENVIRONMENTAL
PROTECTION AGENCY

The United States is still at an early stage in developing tools to un-
derstand environmental conditions and to make the linkages between
health and the environment. According to Kimberly Nelson of the EPA,
this is akin to the situation in the 1700s when Great Britain lost most of
its naval fleet. One of its admirals simply miscalculated their location
and took the flagship up onto the rocky coast of Great Britain. It was not
that they didn’t understand the concept of latitude and longitude, but that
they were using very crude, rudimentary tools and methods such as
throwing a log off the side of the ship and counting how long it took the
log to get from the bow to the stern. They would use this measurement to
calculate the ship’s speed and to calculate their actual location. Nelson
noted that we are in an analogous situation today as we try to understand
environmental health data.

To assess what environmental data are available and what they mean
for characterizing the state of the environment in the country, in 2002 the
EPA generated a State of the Environment Report (IDEM, 2003). The
report had both short-term and long-term goals, stated Nelson. In the
short term, the EPA’s intent was to gather and develop information that
will enable the agency to make sound strategic decisions and to inform
the public about the state of the environment. The EPA’s long-term goal
was to use the report to bring together national, regional, state, and tribal
efforts in the area of environmental indicators and to begin an in-depth
dialogue about the relationships between environmental and health con-
ditions. The report aimed to:

e describe current environmental conditions and trends using exist-
ing data and indicators;

e present what is known and unknown about environmental trends
and conditions;

e identify data gaps and research needs; and

e discuss the challenges that government faces in filling these

gaps.
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The content of the report is organized around five themes: ecological
conditions, human health conditions, cleaner air, purer water, and better
land protection. Many questions, issues, and available national indicators
surrounding these themes have already been identified from surveys and
EPA workshops to determine the public’s interest. The EPA obtained
data and input from its state partners and from other health agencies. Be-
fore its release, the draft report was refined through external scientific
peer review of the selection and description of indicators, the content and
quality of supporting data, and the use of these data. The report is ac-
companied by supporting technical information that is consistent with
input received from the EPA Science Advisory Board, the National Sci-
ence Foundation, and the Heinz Center’s indicator effort. The report was
circulated for public review and comment.

Producing a comprehensive national State of the Environment Report
required coordinated information exchange among federal, state, and
local partners and provided an opportunity to strengthen partnerships,
said Nelson. An important partnership was formed between the EPA’s
National Environmental Exchange Network, which offers a grants pro-
gram to states to support the collection of high-quality environmental
information, and the Health Tracking Network grants program of the
CDC/ATSDR. The EPA has encouraged state applicants to view the two
programs as synergistic opportunities and has received many applications
that have included partnerships with multiple states or multiple agencies
within the state. Such partnerships result in end products that will support
both agencies.

RESEARCH ACTIVITIES OF THE NATIONAL INSTITUTE OF
ENVIRONMENTAL HEALTH SCIENCES

The NIEHS primarily researches linkages between exposure and dis-
ease, according to Samuel Wilson of the NIEHS. At the National Insti-
tutes of Health (NIH) and other health agencies, they address questions
such as why environmental diseases occur, how researchers can prevent
them, and how much exposure is too much. Environmental health scien-
tists know that there are many data gaps in the biology of environmental
disease, and there are probably more data gaps than there are well-under-
stood pathways. However, he noted that the field of environmental health
has recently come of age scientifically. The number of environmental
health articles published in leading journals of biomedical science rivals
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that of many other fields. In fact, some of the best success stories in
environmental health sciences are the overall success stories in biomedi-
cal research. The underlying progress is occurring because scientists are
developing a new set of tools for research on the biology of environmental
————————— {iS€a5¢ that greatly increase our
The field of environmental health has  investigative capacity. For example,
recently come of age scientifically. the application of genomics to the
question of genetic susceptibility
represents a powerful new tool for
the field of environmental health,
according to Wilson. Toxicogenomics and genetic toxicology, tools that
emerged from genomic sciences, are advancing our understanding fur-
ther. Toxicogenomics, which includes proteomics and messenger RNA
profiling, links gene expression with exposures to environmental stress-
ors. Genetic toxicology has produced a large amount of information that
we can use for biomarkers and for understanding cellular response.

There has been a change in the toolbox, which makes our research
capacity much more powerful. Animal models have been used in this
field for decades; however with new genetic technologies, we can create
animal models with specific types of experimental targets in mind and,
thus, conduct more precise experiments. Instrumentations for analytical
measurements have evolved and will continue to evolve in the coming
decade. High-throughput assays in toxicogenomics and validation of as-
says and surrogates will allow precise measurement of exposures.

The national tracking system will benefit research by helping re-
searchers and agencies to establish priorities, stated Wilson. Understand-
ing national trends, and trends over time, can be a very persuasive feature
for allowing the NIH to set priorities. Further, tracking will create a new
science—the science of understanding what the information means, how
to correlate it with information from other countries, and how to correlate
it with trends over time. The status of the toolbox is excellent, but we are
going to need new science to answer the more complicated questions in
environmental health sciences. Scientists are constantly looking for new
approaches, outside the box, to understand problems. In many ways the
problems are the same, but the technology and the approaches are chang-
ing and will undoubtedly get better over time, concluded Wilson.

-Samuel Wilson
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BUILDING PARTNERSHIPS FOR EFFECTIVE
ENVIRONMENTAL HEALTH MONITORING

Good dialogue with the public must be maintained while the national
health monitoring system is created. Fortunately, the time has never been
better for building relationships with the public and among agencies,
noted Richard Jackson,' of the Centers for Disease Control and Preven-
tion. At the national level, the NCEH and ATSDR have recently com-
pleted a consolidation of the two agencies around environmental health.
Another collaborative step has been the establishment of the National
Electronic Disease Surveillance System to create a common architecture
for all information systems that collect data. A third step is the E-Health
Initiative, which will allow electronic access to the disease reporting of
large information systems run by health insurance companies, pharma-
ceutical suppliers, and other reimbursement agencies. Three to four of
the largest companies collect 85 percent of these data in the United
States. Linking the CDC with that source makes more sense than having
the CDC try to gather all of the information alone. The time is ripe for
making this connection, and companies are open to working with the
NCEH. The EPA has been a willing collaborator in many NCEH efforts,
and communication has evolved over time.

The NCEH is now in its third year of a collaborative program with
more than 20 states, and its infrastructure allows workers to attend to a
particular set of issues in environmental health. When the NCEH began
its program, the state health officer typically did not know the state envi-
ronmental director. Now, collaborative efforts within the states are common.

A sound understanding of environmental public health issues at the
state level is vital for developing intervention programs, because the re-
sults of research generated at the national level otherwise may not trans-
fer well to the local level. A prime example of a potential disconnect
between research findings and their application in the community is the
Institute of Medicine (I0OM) report Clearing the Air: Asthma and Indoor
Air Exposures (2000a), which cited evidence from academic studies
showing that asthma morbidity and incidence of attacks could be reduced
through elaborate environmental methods, such as vacuuming the sub-
jects’ houses three times a week and setting up various controls, that may
not be workable in the “real world.”

IState Health Officer of California.
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How can these kinds of measures be translated into action at the lo-
cal level, particularly in impoverished and disenfranchised communities,
to bring progress in reducing asthma? The answer at NCEH was to invite
each state to devise its own model for putting asthma controls into place.
The states, in turn, have developed partnerships with local universities
and with advocacy programs and have tried to develop the best model for
an asthma intervention program. Creating 25 or so prototypes and exam-
ining how each worked was time well spent. The NCEH was able to
identify programs that worked in schools, in day care centers, in inner
cities, and in a variety of other settings. Linked to these programs were
surveillance programs that allowed the NCEH to monitor the number of
asthma cases and identify sentinel events.

The environmental public health community is beginning to recog-
nize the value of working together. Agencies are beginning to understand
that if common standards and common definitions can be agreed upon
across agencies, information can be shared more easily. This cooperative
effort will require compromise and a willingness to give up some sys-
tems that are unique to a particular organization, but the potential benefit
is an improved quality of information and greater access to that informa-
tion by agencies, health professionals, and the public, noted Nelson. In
the past, we’ve learned that if research is ahead of the public health en-
terprise, things don’t work. Similarly, if the public health enterprise
doesn’t communicate and work with local communities, then things
don’t work, stated Nelson.

Can a time be envisioned when the government issues a State of the
Environment Report that involves not only the EPA but also the CDC,
NIOSH, NIEHS, and other federal agencies engaged in environmental
health work? Such collaboration would imply a new arrangement, a su-
pra-departmental or supra-agency way of examining environmental
health issues and deciding what the federal government’s priorities
would be in this area, suggested Nelson.

The EPA has begun the dialogue with other federal agencies and will
be communicating with people from the states about its State of the Envi-
ronment Report (USEPA, 2002).
The agency hopes someday to
have the report involve more than
just the EPA and its state and
tribal partners, noted Nelson.
EPA representatives are meeting
with the Council on Environ-

Agencies are beginning to under-
stand that if common standards and
common definitions can be agreed
upon across agencies, information
can be shared more easily.

-Kimberly Nelson
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mental Quality (CEQ) and other federal agencies to discuss how they
wish to be involved in this year’s report. The EPA wants to work with its
partners to do whatever can be done within the short timeframe available
for producing the report. Such collaboration is only the first step. The
ideal is to have merely a report that is issued not by one agency with help
and support from others, but a single report that is produced by many
partners working together. Conversations in that direction are under way
with pertinent agencies.

Although the 2002 EPA report was not produced in complete part-
nership with other agencies, bringing the agencies together to cooperate
on aspects of the report would not have happened 10 years ago, stated
McGeehin. Today, agencies do come together, and public health officials
are present when environmental regulations are considered. The federal
government’s strategic plan to eliminate lead poisoning in children is a
good example of collaboration among federal agencies in addressing an
environmental health problem that also is a housing problem and a dis-
parity problem. The approach has involved the Department of Housing
and Urban Development (HUD), EPA, DHHS, CDC, and several other
agencies.

Another example of a collaborative effort that would not have taken
place 10 years ago is the study of the childhood leukemia cluster in
Fallon, Nevada. Two of the primary agencies involved in that study are
the state environmental agency and the state health agency. However, the
EPA also is involved, as are the ATSDR and NCEH at the CDC. All of
these agencies have become involved in bringing their expertise to bear
on this environmental health issue, to everyone’s benefit.
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Needed Integration of Other Federal Agencies,
State Agencies, and Nongovernmental
Organizations to Build a Monitoring System

A prevailing theme of the workshop has been that people who work
in environmental health must come out of their individual “silos” and
establish stronger linkages with each other. The workshop highlighted
that at the federal level alone, more than 50 agencies are directly or indi-
rectly involved in collecting data that are useful to environmental health
scientists. By coupling this with the work of international organizations,
state and local agencies, industry, and nongovernmental organizations,
there are many potential partnerships and a need for increased coopera-
tion at all levels to move forward as an integrated network. During part
of the workshop, the Roundtable invited speakers from these other per-
spectives to hear what their organizations were doing and to explore how
they might be involved in environmental health monitoring.

LESSONS FROM THE INTERNATIONAL COMMUNITY

The effort to develop information systems that give decision makers
and the public interpretable indicators of the health benefits of environ-
mental policies and practices is not confined to the United States, said
Tord Kjellstrom, of the Australian National University. International
sharing of experiences and collaborative research will lead to more cost-
effective solutions and to harmonized sets of common indicators. As the
concern about local environmental issues broadens to include global en-

"This chapter was prepared by staff from the transcript of the meeting. The discussions
were edited and organized around major themes to provide a more readable summary and
to eliminate duplication of topics.
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vironmental threats, such as global warming and pollution from toxicants
found in intercontinental drifts of dust, collaboration on the issues of en-
vironmental health monitoring is increasingly needed.

Every country is facing problems similar to those in the United
States in assessing the health effects of environmental hazards and moni-
toring progress toward reducing or preventing the effects, observed
Kjellstrom. The environmental hazards faced by a nation depend on the
country’s economic development and, to a lesser extent, on its geo-
graphic location. In most developed countries, the main focus in recent
decades has been chemical pollutants—urban air pollution, exposures to
chemicals and agriculture, and long-distance pollution from coal- and
oil-powered electricity production. The threats of catastrophic radiation
pollution from nuclear power plants and the problems posed by green-
house gas emissions also are of concern. In developing countries the ma-
jor environmental concerns are the biological hazards of unsafe drinking
water and unsatisfactory sanitation, as well as the hazards of inadequate
housing and poor worker health and safety.

A look at Vietnam illustrates the typical environmental health con-
cerns of a developing nation. Most of the country’s 80 million people
live in rural areas, and the average gross domestic product is equivalent
to US$400 annually. The country still relies heavily on traditional agri-
culture, which poses hazards of disease vectors, inadequate sanitation,
injuries, and pesticide use by farmers. In the inner cities, water supplies,
sanitation, housing, and transportation involve tremendous health haz-
ards (see Figure 4.1). Occupational hazards, particularly exposures to
toxic chemicals, also are a growing problem, as are traffic crash injuries.
Recent progress has been made in some areas, such as access to safe
drinking water.

Another enormous health problem in developing countries is air pol-
lution. For example, in Beijing, China, coal burning in industry and
households raised PM;, (particulate matter of 10-um diameter) levels to
a staggering 600 ug/m’ on a typical day in November 1995. Air quality
concerns are not limited to developing countries. In New Zealand, for
example, a large contributor to air particulate matter is the use of wood
fires for heating. Chimney density, obtainable from census data, has been
found to be a reliable indicator of air pollution levels on calm, cold win-
ter days. It also is an indicator of socioeconomic disparity, because in
poor areas the houses are older and people cannot afford electricity for
heating.
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FIGURE 4.1 In cities such as Hanoi, water supply and sanitation, housing, and
transport systems are major “traditional” challenges.
SOURCE: Kjellstrom, unpublished. Reprinted with permission.

A ban on coal and open fires is being discussed in Christchurch, New
Zealand, as are subsidies for efficient wood burners, investment in public
transportation, and improved insulation and ventilation of housing. In
addition, the New Zealand government recently invested the equivalent
of US$15 million to upgrade the country’s single oil refinery. The coun-
try will soon have one of the cleanest diesel fuels in the world because
the government took seriously the country’s high levels of air particulate
matter.

Some environmental health indicators in New Zealand that can be
pinpointed clearly are mortality from asbestos-related cancer (about 70
deaths per year from mesotheliomas and about 140 per year from lung can-
cer) (Kjellstrom and Smartt, 2000) and the rate of dioxin-associated cancer
(about 50 cases per year) (New Zealand Ministry for the Environment,
2001). More traditional indicators are rates of meningococcal disease and
tuberculosis related to poor housing, crowding, and lack of access to
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health care (about 1,000 cases per year) (New Zealand Health Informa-
tion Service, 2003).

Because environmental health has many facets, no one global solu-
tion exists for identifying meaningful indicators and establishing moni-
toring systems. Nevertheless, the United States can learn much by
examining the environmental health problems and monitoring efforts of
other countries. Good monitoring systems—extremely good in some
cases—exist in other countries, and monitoring research in the United
States could benefit from international collaborative efforts that would
save time and energy and allow answers to be obtained rapidly.

For health effects that are rare, data from many countries may have
to be pooled to yield valid epidemiologic results, especially if the results
are needed quickly because potential problems are large and possible
economic effects are great. For example, in New Zealand and other
countries, there is the concern about cell phone technology and whether
radiation emitted from these devices and “ground stations” is harmful to
humans. International research and monitoring may help to resolve this
issue, stated Kjellstrom.

CONTRIBUTIONS OF A “NONTRADITIONAL” FEDERAL
PARTNER: THE U.S. GEOLOGICAL SURVEY

The earth science perspective has much to offer public health; yet, its
contribution is often overlooked, stated Patrick Leahy, of the U.S. Geo-
logical Survey (USGS). What do the activities of the USGS have to do
with human health? Human health is complementary to the mission of
the USGS, a 120-year-old organization designed to examine the nature of
the nation’s resources. The organization plays a supporting role in public
health by collecting and analyzing environmental information that can
elucidate the linkages between health and the environment. This is done
through robust partnerships with other agencies.

An example illustrates why these partnerships are so important. Ap-
proximately a decade ago at a meeting between the USGS and the Na-
tional Center for Health Statistics (NCHS) on national water quality
assessment, workers at the NCHS presented research on possible link-
ages between elements such as cadmium and certain cancers using USGS
databases. The researchers had combined data on cadmium in many dif-
ferent locations—soil, streamflow, reservoirs, and even 2,500-foot-deep
groundwater in saline water bodies—and had performed statistical analy-
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ses, but they had not accounted for the widely differing human exposure
risks associated with various locations. At the time, it struck me as a
good example of instances when geologists shouldn’t do human health
work, and the human health community should not be doing geologic
work—clearly the marriage of these two groups is where the break-
throughs in environmental health will come from, noted Leahy.

In a 2001 report, the National Research Council (NRC) suggested
that the USGS expand its goals to explore the intersection between natu-
ral sciences and the allied health sciences (NRC, 2001). The report ac-
knowledged that the USGS is well positioned, in terms of its information
resources, technological capabilities, and range of professional expertise,
to provide well-coordinated, comprehensive responses to priorities of
society and science. Leahy further noted that the USGS with its vast da-
tabases was able to investigate complex interdisciplinary problems that
spanned multiple spatial and temporal scales, and to investigate spatial
data and create risk factor mapping that can be used to analyze phenom-
ena such as disease clusters. According to Leahy, since that report, the
USGS has been actively seeking opportunities for collaborating with the
public health community.

He noted that earth science techniques that have special applications
in environmental health monitoring: remote sensing, geospatial analysis,
and advanced analytical capabilities, particularly in the chemical and
biological arenas. An example of the relevance of remote sensing for
health is the use of the Landsat-7 satellite to detect the movement of at-
mospheric dust from Africa across the Atlantic Ocean to the Americas
(see Figure 4.2). The hundreds of tons of dust that move from Africa to
the southeastern United States and the Caribbean region each year can
transport heavy metals, pesticides, and pathogens such as soil fungus,
which have been have been hypothesized as a cause for increased asthma
in humans (die-offs of coral). By performing microbial characterization,
including culturing and DNA analysis in conjunction with remote sens-
ing, more than 400 bacterial and fungial isolates from African dust sam-
ples in the Caribbean have been identified, of these, approximately 25
percent are potential plant or animal pathogens.

Other applications of remote sensing are multi- and hyperspectral
mapping of mineralogical aspects of dust, the compositional variations in
dust, and the source materials. Of particular interest are asbestos-form
minerals and particulates. Techniques permit organic materials to be dis-
tinguished from inorganic, and they allow the thermal features of dust
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FIGURE 4.2 Recent USGS studies document that atmospheric dust transported
from Africa to the southeastern United States and the Caribbean can transport
heavy metals, pesticides, and a variety of pathogens such as soil fungus.
SOURCE: Kellogg and Griffin, 2003.

to be mapped. The intercontinental movement of the dust carrying these
materials requires that these techniques to be applied internationally.
Geospatial analysis is another technique that provides valuable envi-
ronmental health data and has been used to map the concentration of ar-
senic in groundwater by county across the United States (see Figure 4.3).
The map provides useful information for many questions about arsenic
including the following: What percentage of the population is affected by
high levels of arsenic in drinking water? What is the potential effect of
tightening federal standards for arsenic in drinking water? Where in the
country would the costs to lower arsenic levels to meet a stricter standard
be greatest? The map by itself does not answer those questions.
Geospatial analysis also can be used in landscape epidemiology. In
this application, the geographic conditions needed to maintain specific
pathogens in nature are determined, and the landscape is used to identify
the spatial and temporal distribution of disease risk. Geospatial and sta-
tistical analyses are used to create interactive models that support deci-
sion making and to interpret data to produce specialized derivative
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FIGURE 4.3 Arsenic in groundwater of the United States.
SOURCE: Ryker, 2001. Reprinted with permission.

map products. These maps have many uses in answering fundamental
environmental health questions. For example, maps might help us inves-
tigate how West Nile virus is spread by revealing which bird species are
primary carriers of the disease, where mosquito breeding sites are, and
whether mosquitoes are spreading the virus at stopovers along fly ways.

The third technique of interest, advanced analytical capabilities, re-
fers to the USGS’s ability to handle and exchange vast amounts of data.
For example, the microscopic analysis of dust using scanning electron
microscopes, transmission electron microscopes, X-ray diffraction, and
reflectance spectroscopy helps detect potentially deleterious minerals,
such as asbestos silica, coal dust, sulfides, and other particulates. This
analysis also reveals the bioavailability of heavy metals and inorganic
contaminants such as arsenic, chromium, and dioxins. Applications to
human health are far-reaching. For instance, advanced microscopic char-
acterization of dust at the World Trade Center site allowed the USGS to
make recommendations about the type of respirators that workers should
use.
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Advanced analytical capabilities have allowed the USGS to provide
the first nationwide reconnaissance of the presence of pharmaceutical
agents, hormones, and other organic wastewater contaminants in surface
water resources (Kolpin et al., 2002). Many household chemicals, phar-
maceutical agents, and biogenic hormones are not removed as part of the
water treatment process. They pass into water supplies and end up in res-
ervoirs, and sometimes even in groundwater, at very low levels. The
USGS study analyzed 95 organic wastewater contaminants in water
samples from a network of 139 stream sites in more than 30 states in
1999 and 2000. At least one organic wastewater contaminant was de-
tected in 80 percent of the streams sampled, with 82 of the 95 contami-
nants detected in at least one sample. Most of these compounds do not
have drinking water standards associated with them. Many were found at
extremely low levels, in the part-per-billion or trillion range, and we
were not even aware that they were in our water resources. Although
USGS workers are identifying single compounds in our water supply,
they have not begun to understand the potential effects of mixtures of
these compounds. Linking the possible effects of these contaminants in
our water supply to public health represents an important area of collabo-
rative research for the earth sciences and health communities.

In addition to its laboratory methods, the USGS has an extensive
field infrastructure that is devoted to collecting real-time water monitor-
ing data, including more than 7,000 stream gages and 700 real-time wa-
ter quality monitoring stations. In today’s world, we are concerned about
intentional, as well as accidental, release of contaminants, and we must
be able to monitor these contaminants in real time. The USGS is working
in partnership with industry to field-test instruments designed to detect
volatile organic compounds, including biotoxins and chemical warfare
agents.

The USGS’s field work extends internationally. In China, arsenic
poisoning caused by burning high-arsenic coal is a major health problem.
In collaboration with the U.S. Armed Forces Institute of Pathology, the
USGS is using its analytical capabilities to determine the concentration
and distribution of arsenic in coal and its behavior upon combustion. The
USGS has developed a simple field-test kit that allows Chinese villagers
to determine arsenic levels in their coal prior to use so that they can
avoid those coals or blend high-arsenic coal with other coal.

The work of the USGS offers great possibilities for the agency to
work together with the environmental health community—nationally and
internationally—to mitigate the damaging effects of inorganic contami-
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nants and organic pathogens, stated Leahy. As analytical capabilities de-
velop, they will open doors for collaborative efforts that we cannot even
imagine today.

ENVIRONMENTAL HEALTH MONITORING AT
STATE AND LOCAL LEVELS

It has been noted that identifying environmental health indicators and
establishing a sound system for monitoring these indicators are critical
steps in bridging the gap between health and the environment at a na-
tional level. Effort by Congress, the judicial system, and federal agencies
to establish broad policy, to ensure that programs are instituted and
funded, and to ensure accountability will not be enough to bridge the gap
unless national activities have a direct and measurable effect on the way
environmental health is dealt with at the local level. Successful environ-
mental health monitoring requires strong partnerships with state and
community organizations.

Local officials must be involved in many environmental health initia-
tives, emphasized Mark Horton of Public Health Services, Orange County,
California. Local environmental and public health workers inspect res-
taurants, respond to hazardous materials incidents, monitor water quality,
and set up systems to ensure rational approaches for providing these ser-
vices to the community. They organize responses to incidents involving
nuclear power plants, earthquakes, and other disasters at the local level.
They are responsible for community planning, urban development, and
designating sites for landfills and wells. They plan, they respond, and
they educate. They must be recognized as an essential part of the hori-
zontal and vertical network of available services that ensure good health
outcomes for the nation as a whole.

Horton described a recent beach closure that illustrates the kinds of
environmental health issues local public health officials face and the im-
plications of these issues. About three years ago Orange County, Califor-
nia, closed Surf City USA, in Huntington Beach, California, for most of
the summer because of increased bacterial counts; this had a major effect
on the local economy. The sanitation district spent $500,000 investigat-
ing the integrity of the sewage system and convincing the public that
sewage was not the cause. One year later, a $4 million research project
was established to try to confirm or disprove a theory that sewage outfall
in the ocean 2.5 miles from shore was causing a plume of contamination
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to reach the beach. To date, no answer has been obtained about the
source of pollution.

This local challenge to environmental health raised important ques-
tions:

e What was the connection between bacterial contamination on the
beach and human disease?

e  What ability did public health institutions have to monitor the ef-
fect of the contamination on human health?

Unfortunately, their ability was nearly zero. During the beach closure,
the only mechanism for monitoring the health effect of contamination
was the number of telephone complaints received from people who had
gastrointestinal symptoms after swimming in the ocean. According to
Horton, using fecal coliform and enterococcus counts as signal indicators
for protecting the public’s health was woefully inadequate for supporting
the protective activities and actions required under state and federal leg-
islation. A main reason was the 24-hour delay between collecting beach
water samples and obtaining laboratory results. Better technology is
needed to increase protection, determine the source of the bacteria, and
generate rational decisions about how to approach the problem, noted
Horton.

The Huntington Beach closure also raised questions about which ju-
risdiction was responsible for investigating the source of pollution. The
sanitation district ensured that the pollution was not caused by sewage,
but who had responsibility for other potential causes, such as urban run-
off, was less defined. Officials were uncertain whether the problem
rested with Huntington Beach or the county as a whole.

Several other examples also illustrate the need for increased surveil-
lance and a greater ability to link environmental exposures to health out-
comes. A local power plant was given permission to double its energy
output in response to an energy crisis in California. Local environmental
health officials had little capacity to answer questions posed by commu-
nity residents about the possible relationship between the doubled output
of pollution from the power plant and anecdotal increases in chronic dis-
eases and acute episodes of asthma. In this instance, community mem-
bers also raised concerns when a large tire fire broke out, causing a huge
plume of smoke to settle over the community for more than a week, and
later when a large construction project caused enormous dust clouds to
descend over nearby residential communities. The Air Quality Manage-
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ment District maintained that the air was being monitored, but there was
a disconnection between data from the Air Quality Management District
and anecdotal reports of increased levels of disease by community
members.

Local Community Needs

Better organization and coordination at the state and local levels are
greatly needed, said Horton. Fragmentation among the vertically oriented
institutions and agencies engaged in environmental health activities is as
much a problem at the state and local levels as it is at the federal level.
The fact that priorities are dictated elsewhere hinders planning and pri-
oritization at the community level. More and more local environmental
health agencies are being placed in regulatory agencies, and officials are
separated from epidemiology, surveillance, and other components of
public health.

Obtaining adequate resources is another problem at the community
level, noted Horton. Most local environmental health activities are fee-
based, and fees are calculated to cover only those activities that directly
relate to the inspection activities required under ordinance or statute.
Thus, local officials have little flexibility to gather reserve funds or gar-
ner the resources needed to respond to emergent issues, such as anthrax
threats, or to explore other challenges that do not fit into established
categories. Lack of funds hinders the local community’s ability to take
the initiative, to plan and prioritize, and to reorient resources and ener-
gies to address these plans.

Strengthening Local Efforts from the National Level

What can be done at the national level to promote efforts at the local
level? The proposed national health monitoring network should help ad-
dress local environmental health issues by improving surveillance, in-
creasing data generation, and linking data sources. Horton noted that it
also will provide a more rigorous scientific basis for local environmental
health work. Such a system will require a major national investment in
surveillance, epidemiology, and the scientific underpinnings of environ-
mental health. This capacity must permeate all levels of government,
including the local level.
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Strengthening existing registries and developing new registries could
serve as a cornerstone for the proposed national health monitoring sys-
tem, suggested Horton. Registries have proved their worth at local,
state, and federal levels—
particularly cancer and birth
defect registries. Data collected
can potentially be used to examine
possible links between human
disease and environmental ex-
posures. Reporting of toxic expo-
sures has to be expanded and the
data must be used as a basis for
decision making on the local
level. The ability to link databases—on birth defects and pesticide expo-
sure, for example—is very important.

Help can be given to local officials in locating or developing models
for surveillance. For example, surveillance methods for addressing expo-
sures to pollution from such sources as a tire fire, a power plant, or a
construction site may already have been developed elsewhere in the na-
tion and need not be reinvented locally. The techniques used in the geo-
graphical information systems of the USGS will be of great value at the
local level in identifying health challenges and environmental exposures
and in determining health linkages.

developing new registries could serve
as a cornerstone for the proposed na-
tional health monitoring system....
The ability to link databases—on birth
defects and pesticide exposure, for
example—is very important.

-Mark Horton

CONTRIBUTIONS OF INDUSTRY TO ENVIRONMENTAL
HEALTH MONITORING

Business and industry also are stakeholders in the environmental
health monitoring effort. The business and industrial enterprise in the
United States has vast human, technological, and material resources that
could be useful in developing and maintaining a national environmental
health monitoring system. Why does industry care about the environ-
mental health monitoring issue? The answer is that it is part of the issue
and has a vital role to play, stated Carol Henry of the American Chemis-
try Council (ACC).

The work of the ACC serves as an example of the ways in which in-
dustry can contribute to environmental health monitoring efforts. The
ACC represents more than 160 chemistry companies, employing over
1 million people and representing a $450 billion enterprise. The business

Copyright © National Academy of Sciences. All rights reserved.



Environmental Health Indicators: Bridging the Chasm of Public Health and the Environment -- Workshop Summary

http://www.nap.edu/catalog/11136.html

TO BUILD A MONITORING SYSTEM 65

of chemistry is a science-based industry whose future product innova-
tions, and hence the health of the public, will be influenced by the out-
come of the environmental health monitoring debate.

What does the ACC have to offer in this arena? Fourteen years ago,
the council began a voluntary program called Responsible Care™, which
has substantially improved environment, safety, and health performance
within the industry. Since 1988, industry emissions have been reduced by
65 percent, the incidence of illness and injury has decreased by 37 per-
cent and industry output volume has increased by 33 percent, according
to Henry. Responsible Care™ has provided a framework and an ethic
that has improved performance and provided opportunities for partner-
ships with communities, government agencies, and environmental
groups. Community Advisory Panels have been formed in nearly 300
communities throughout the country and represent a network whose
function can potentially be expanded. Also, the ACC has established
partnership programs with more than 82 customer companies and 30 as-
sociations.

The Long Range Research Initiative (LRRI) of the ACC, founded in
1999, represents a commitment from Responsible Care™ to invest $25
million per year, with a rolling three-year commitment, to generic re-
search that is intended to help answer the question, How do chemicals
potentially affect our children, our environment, and ourselves? The
LRRI sponsors independent, third-party research investigations. It is cur-
rently supporting research to increase understanding in three areas that
can aid efforts to establish a national environmental health monitoring
network: (1) biomarkers; (2) tools used by epidemiologists, especially in
the workplace; and (3) mechanisms of developmental and reproductive
biology.

Where do the chemical industry and the ACC stand on issues of en-
vironmental health monitoring and public health surveillance? They sup-
port the following: the concept of a comprehensive public health
surveillance system that will help reveal disease trends in the United
States and will help generate hypotheses for research on disease causa-
tion; improvement in the ability of state and federal public health agen-
cies to monitor priority chronic diseases and risk factors for these
diseases; and a system to aid in understanding chronic disease trends in
the United States, in prioritizing public health issues, and in guiding re-
source allocation among states and federal agencies. Also, they believe
that prioritizing public health issues and allocating resources accord-
ingly, will help shift the environmental health “debate” from speculation
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about disease trends to intervention and prevention based on scientific
evidence. A shift to disease prevention could greatly benefit the country
economically.

CONTRIBUTIONS OF WEB-BASED INFORMATION SERVICES
TO ENVIRONMENTAL HEALTH MONITORING

The focus of today’s workshop has been on the “superset” of federal
agencies that will produce national reports on the state of the environ-
ment. Some of this information will have an audience in Congress, and
some will flow through media outlets. However, environmental health
information also has to be made available along the chain of stakeholders
who are engaged in making daily decisions that have environmental con-
sequences—whether a consumption decision by an individual, a produc-
tion decision in industry, or a regulatory decision in a government
agency.

Currently, one of the web’s most popular resources for environ-
mental information is Scorecard (www.scorecard.org), a web-based
information service sponsored by the nonprofit organization Environ-
mental Defense. Its goal is to help people easily find acceptable, usable
information about environmental quality in their area, stated William
Pease, of GetActive Software. The site receives about 100,000 visitors
and one million page views in a typical month. Users enter their zip
codes to gain access to extensive, interpreted information about envi-
ronmental conditions in their immediate surroundings. The site generates
hundreds of requests for further information from people across the
country. Many of these people are not environmental health professionals
but are simply concerned about an environmental aspect of their daily
lives. The amount of questions from Scorecard users reveals much about
how the environmental health community must prepare itself.

A common theme during this workshop has been recognition of the
many gaps in our understanding of the link between specific environ-
mental factors and specific health outcomes. Environmental Defense has
found that it is essential to keep these gaps in understanding in the fore-
front of people’s minds. If people are made aware of these problems,
such as the absence of a surveillance system or the lack of reliable toxic-
ity data on high-production-volume chemicals, they will respond as well
as if they were provided with a science-based indicator, noted Pease.
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Increasingly, web-based services are providing access to health indi-
cators. The GATHER system, operated by the Agency for Toxic Sub-
stances and Disease Registry (ATSDR) and the National Cancer Institute
(NCI), accesses information collected from cancer registries, and gives a
geospatially refined view with a small number of important health end
points—essentially cardiovascular disease and cancer. Yet these informa-
tion services lack true environmental health indicators, as defined earlier
in this workshop. They cannot provide any potential environmental
cause.

Other efforts can provide information about health risks. An exam-
ple, from Scorecard, of the kind of information available is a listing of
the top 10 counties in the United States, ranked by population size, in
which cancer risk from hazardous air pollutants exceeds 1 in 10,000 peo-
ple. The information emanates from Scorecard’s ability to aggregate all
major Environmental Protection Agency (EPA) databases that deal with
emissions or exposures to toxic chemicals. In this case, Scorecard took
data from the National Air Toxic Assessment, which provides estimates
of the concentrations of hazardous air pollutants down to the census tract
level across the United States, and intersected it with health effects in-
formation and risk assessment information from other data sources. Us-
ing basic screening-level risk assessment techniques, Scorecard generates
an estimate of the added cancer risk associated with exposure to these air
toxins for every census tract in the country, relative to similar census
tracts. Although the scientific validity of such aggregated data could be
challenged, according to Pease the information reflects what people want
to know about environmental conditions in their communities. The
choice is to say nothing at all or to start with these types of approxima-
tions of relative levels of risk.

Another example is from Health-Track (www.healthtrack.org),
which connected National Cancer Institute cancer mortality data to the
Toxics Release Inventory (TRI) and hazardous air pollutants emissions
rates. On a geospatial map, counties in the United States were color-
coded according to their all-cancer rate and rates of individual cancers.
Overlaid is information from regulatory agencies about point releases of
recognized or suspected carcinogenic agents, from a small number of
source categories, for a given year. However, there are methodological
problems because emissions are considered and not exposures; future
efforts could incorporate exposure modeling. Another methodological
improvement would be to map several years worth of releases and per-
haps include time lags as well. Nevertheless, the map exemplifies the
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types of associative analyses that can be done in the future and may help
construct the health indicators that policy makers and the public are de-
manding.

What types of information do people want from indicators? Accord-
ing to Pease, they want indicators to be relevant to either a health deci-
sion that they are about to make or a health effect that they are
experiencing. Alternatively, they may want the indicators to be relevant
to their local communities. The ability to provide comparative commu-
nity profiles is very effective in satisfying the demand for relevance. In
some domains of interest, indicators are needed for a specific audience—
for instance, policy analysts concerned about environmental justice is-
sues or legislators concerned about whether the actions of an agency are
improving public health (see Figure 4.4).

Citizens want indicators to be actable. A potential role for indicators
is to support personal preventive action. An example is e-mail-based air
pollution alert services, which work well to help persons with asthma and
other respiratory conditions avoid high air pollution. A further use of
indicators is to support policy change. For example, intersecting informa-
tion on environmental quality with census data can reveal, for any county
in the United States, the relative burden experienced by different census
subgroups. Discovering such inequities may lead to corrective measures.

Successfully implementing web-based indicator services will require
integrating domain expertise across many different fields and ideally
bringing the information together so that it updates itself automatically as
surveillance systems move forward. It also will require openness in sup-
porting web-based intermediaries, outside of government agencies, that
are less subject to scientific and regulatory constraints. Developing pri-
vacy protection will pose considerable challenges.

ROLE OF THE MEDIA IN INFORMING THE PUBLIC ABOUT
ENVIRONMENTAL HEALTH MONITORING

To gain public support for a national environmental health monitor-
ing system, the concept must be widely understood and its potential
benefits recognized, stated Morris “Bud” Ward of Morris A. Ward, Inc.
Most Americans receive the bulk of their information (or misinforma-
tion) on environmental health from the news media. Unfortunately, the
opportunity for environmental health coverage has shrunk appreciably in
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recent years. The trend toward consolidation, mergers, and joint owner-
ship in news organizations has greatly influenced the way in which news
content is selected for airing or publication. Today, the overriding factor
that guides content selection is profitability, noted Ward. Some major
new organizations shun environmental news as a strategy because it is
not a seller for their editors. Where environmental health news is ac-
cepted, environmental journalists may have difficulty convincing their
editors that they can produce unbiased reports and are not simply “envi-
ronmentalists with press passes.”

The trend away from environmental coverage is apparent not only in
print media but also in television broadcasting. “Sweeps Week” is the
quarterly event in which local television stations are judged on their au-
dience share. Even a small percentage increase in market share of the
audience is important, because each increment of market share brings an
enormous increase in advertising rates for air time. Until five years ago,
key players who advised stations on what to air during “Sweeps Week”
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encouraged airing environmental news as a means of increasing audience
market share. Since that time, the advice has been not to air news about
the environment because it is not considered compelling to audiences,
noted Ward. Part of the problem in environmental health reporting lies
with scientists themselves, who sometimes contradict each other and give
mixed messages in interpreting research results.

Some recent developments in environmental health reporting are en-
couraging. The Society of Environmental Journalists (www.sej.org) in
Philadelphia is a professional fraternity of about 1,200 members. It
counts among its members most of the print journalists who cover envi-
ronmental news regularly, and it offers serious continuing education in
environmental journalism. A counterpart in the broadcast community is
the Radio and Television News Directors Foundation in Washington,
DC, which has as its members about 750 local television and radio sta-
tion editors who cover environment in particular. Also, some schools of
science journalism have recently incorporated environmental journalism
into their curricula. These developments may signal a new understanding
of the importance of the media in educating the public about environ-
mental health issues.
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The Challenges Ahead

Presenters identified numerous reasons why increasing the availabil-
ity of environmental public health indicators is critical. Not having ac-
cess to reliable information in a usable, understandable format often cre-
ates confusion when trying to answer health questions during times of
crisis. Some workshop participants pointed to the use of health monitor-
ing as an essential tool to better understand environmental health risks, to
guide responses to such risks, and to assist in preventing adverse health
outcomes. Samuel Wilson of the National Institute of Environmental
Health Sciences (NIEHS) suggested that monitoring would help set pri-
orities for research.

Many participants suggested that while environmental health moni-
toring was a missing tool in the arsenal of environmental health scien-
tists, the system for providing such data must be put together with care to
ensure that the data are usable, timely, and accurate. During the course of
the workshop, and particularly in the final panel discussion, participants
discussed the needs and limitations of a monitoring system, and the bar-
riers and challenges that may impede the implementation of such a sys-
tem. Workshop participants discussed the challenges that the nation faces
in promoting environmental health monitoring and in establishing a na-
tional environmental health monitoring system.

"This chapter was prepared by staff from the transcript of the meeting. The discussions
were edited and organized around major themes to provide a more readable summary and
to eliminate duplication of topics.
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ENVIRONMENTAL HEALTH SCIENCES

The field of environmental health has been evolving in the depth of
responsibilities for researchers and environmental public health officials.
The Honorable Paul G. Rogers of Hogan and Hartsen noted that many
are focusing on individual health issues or environmental hazards in iso-
lation, when we need to have a more holistic understanding of the gamut
of health and, in particular, environmental health. Henry Falk of the
Agency for Toxic Substances and Disease Registry (ATSDR) agreed and
noted that if we define environmental disease too narrowly, we miss a
number of important conditions such as chronic diseases, where rates are
currently rising.

Carol Henry of the American Chemistry Council further noted that in
addition to the importance of a strong definition of environmental health,
we need a better understanding and agreement as to what constitutes
“good” environmental health and greater knowledge of the relative im-
portance of environmental factors in promoting health. Some participants
suggested as we move forward in environmental health monitoring, we
will have to answer some of these definitional questions to help shape a
more usable monitoring system.

ENVIRONMENTAL HEALTH MONITORING SYSTEM
OVERVIEW

What are the next steps to be taken in environmental health monitor-
ing? Samuel Wilson of NIEHS echoed the thoughts of many participants
in stating that the highest priority is to establish a national environmental
public health monitoring system. For this purpose, public health should
be described in the broadest sense possible to encompass chronic dis-
eases, environmental diseases, and environmental circumstances that af-
fect health, such as life-style, nutrition, and social stress. The monitoring
system should be in the form of a relational database that could be used
to make linkages and eventually to create hypotheses on cause-and-effect
relationships. The usefulness of such a system would be immense and
could lead to enormous gains in public health. The difficulty according to
Baruch Fischhoff of Carnegie Mellon University is that the data collected
will be used at a variety of different levels—the international, national,
state, and local levels. One would like to have this information presented
in a way that many people can make use of it.
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Limitation of the Environmental Monitoring System

In constructing a national environmental health monitoring system,
we must recognize that no single design will meet all needs, said Harold
Zenick of the U.S. Environmental Protection Agency (EPA). A national
design, such as the National Health and Nutrition Examination Survey
(NHANES) study design, will not give information needed at the state
and local levels. State designs will meet state purposes, but we may not
be able to aggregate state data in a manner that will provide a national
picture. Although organizations at every level desire self-sufficiency, this
expectation may not be realistic.

Our situation today, in trying to bring together environmental data
sets and health data sets in a national health monitoring system, is like
the start of a marriage. Once the marriage is created, both partners must
change over time to meet each other’s needs. Our current monitoring
systems were designed for totally different purposes from those we are
trying to achieve now. As committed partners, we must look for ways in
which we can modify them to fit our common goal.

Learning Lessons from Past and Current Monitoring Systems

Richard J. Jackson of the Centers for Disease Control and Prevention
(CDC) noted that the CDC has considerable experience in establishing
successful monitoring programs. When establishing programs of this
magnitude it often isn’t until you get started, that you find the best way
to make things work—clearly one size does not fit all. Planning and use
of prototypes represent time well spent as one modifies the program
based on outcome data.

Workshop participants discussed some of the current monitoring ef-
forts to monitor aspects of health in the United States. For example, can-
cer registries represent one of the best health monitoring efforts in this
country. Steps have been taken to establish national standards for these
registries. A separate standards-setting body, the North American Asso-
ciation of Central Cancer Registries (NAACCR), has a relationship with
state registries and other organizations that pool cancer data, such as the
National Cancer Institute (NCI), the CDC, and the American Cancer So-
ciety. However, not all states and programs meet the gold standard set
forth by the NAACCR.
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Further, today’s data on birth defects cannot be compared from state
to state because a national gold standard has not been set and collection
methods and analysis differ widely. Also, not all states have registries for
birth defects or even cancer. The nationwide monitoring effort will
strengthen the cancer registry system across the country and help make
data on other health outcomes, such as birth defects, more comparable.
Looking at these and other efforts in more detail will aid in the develop-
ment of the environmental health monitoring program, according to some
participants.

EXPANDING RESEARCH EFFORTS

For this monitoring program to be successful, we will have to im-
prove the research effort to work in concert with the monitoring effort,
asserted many speakers. According to Falk, bridging the chasm between
the environment and public health will require better detection of the
links between environmental exposures and health outcomes. For exam-
ple, in the State of California, environmental health data have been col-
lected that have not been used fully because they have not been analyzed
or interpreted, noted Lynn Goldman of Johns Hopkins University’s
Bloomberg School of Public Health. As the national monitoring effort
progresses, policy makers must make sure that resources are allotted
not just for collecting information but also for making use of it and
for connecting it to the research conducted by the nation’s research
communities.

Wilson further noted that we must ensure that the data collected are
accessible and suitable for analysis by scientists and others in the field.
The quality assurances and quality control applied in generating the data
must be done transparently so that the data can be trusted. We must pro-
vide more repositories for and access to disease and exposure samples
than we have today. We must focus on developing animal models be-
cause animal model research is the key to understanding the dose—
response relationship and developing biomarkers for use in human popu-
lations. He further asserted that we should carefully consider the social
and legal implications of the monitoring system.
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Gaps in Data Collection

Gaps in information gathered by a monitoring system hinder its use-
fulness, stated Thomas Burke of Johns Hopkins University. For example,
the National Research Council (NRC) report, Toxicological Effects of
Methylmercury (2000), on the exposure of women of childbearing age to
mercury revealed very little about the source of that exposure. For the
potential outcomes to be understood, we must understand and validate
the sources of these exposures. We have an obligation to develop an ef-
fective monitoring network that extends from source to end point, al-
though it should not be totally constrained by the cause-and-effects
model or by Koch’s principles of causality.

The gaps in surveillance data are not in one particular area of
environmental health, but rather exist in many facets, including the occu-
pational sector, stated Kathleen Rest of the National Institute for Occupational
Safety and Health (NIOSH). Many states have little or no capacity to moni-
tor occupational health indicators or occupational health problems in the
state. Current opportunities to build the federal and state capacity for en-
vironmental and occupational health monitoring must be exploited, she
asserted.

Shelly Hearne of Trust for America’s Health added that most states
do not have the ability to respond effectively to a disease cluster, yet
clusters may be a key to understanding the cause of chronic disease and
its prevention. The National Institutes of Health (NIH) has to work in
partnership with the states, the ATSDR, and the CDC to improve the
mechanisms for investigating chronic disease clusters, suggested Hearne.
Although the nation’s investment in its medical research capacity has
doubled in recent years, most of the funds have been dedicated to the
methodology of treating disease. Very few resources have been applied
to research on disease prevention. Asthma funding provides an example.
Seventeen percent of the asthma research budget of NIH is used for in-
vestigating the cause of the disease and less than one percent is devoted
to monitoring (Pew Environmental Health Commission, 2000a).

Ensuring a Continuum of Data from Source to Health Outcome
At the EPA, much research on environmental health has focused

within narrow areas, such as identifying the source of an environmental
hazard, determining the exposure of a population to a toxic substance, or
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monitoring the incidence of a disease, according to Zenick. A main chal-
lenge, as we move toward a national health monitoring system, is to cre-
ate the synergy needed to link these areas to produce a continuum from
source to health outcome. We have to expand our emphasis on hazard
and exposure indicators, where fair amounts of data are available, to in-
clude health outcome indicators, where data are more modest.

The EPA is currently embarking on an innovative air quality pro-
gram—the Air Toxics Program—which is oriented toward reducing can-
cer risk and many other health risks. The program targets 33 air toxics
that present the greatest threat in the country’s urban areas. Part of the
program’s strategy will be a nationwide ambient air monitoring system.
Because the latency period between exposure and an asthma attack is a
matter of minutes (rather than years, as in cancer), the location of a clus-
ter of asthma cases could indicate the exposure location. Thus, if air
toxics data and asthma attack data are sound, an association can be made
with some confidence, noted Hearne. According to the Pew Environ-
mental Health Commission, human exposure could be measured directly
for most priority air toxics (Pew Environmental Health Commission,
2001).

Hearne further noted that the primary focus of the work of the EPA
is extrapolating environmental data to human outcomes, not monitoring
human exposures and assessing health outcomes. Yet models of extrapo-
lation do not always give an accurate picture of the influence of envi-
ronmental factors on the human population, stated Hearne. An example
is the effect on human health of removing lead from gasoline. Extrapola-
tion models in that case were misleading. It was the biomonitoring data
gathered by the CDC that showed the one-on-one correlation between the
reduction of lead in gasoline and the drop in blood lead levels in humans.
As we advance in our environmental regulatory decision making and
standards, this example teaches us that human biomonitoring and health
outcomes data must be integrated.

Integrating Biomonitoring and Human Qutcomes Data Across
Agencies and Organizations

Many speakers discussed the need to integrate data across agencies
and organizations. Monitoring must be strengthened to improve detection
capabilities, noted Falk. Attesting to this need is a figure that appeared in
the Seattle Post Intelligencer showing cumulative deaths attributable to
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asbestosis, lung cancer, and mesothelioma due to tremolite asbestos ex-
posure from the vermiculite mine in Libby, Montana (Schneider, 1999).
What is the problem with this figure? There is nothing wrong with the
figure itself, stated Falk; the data have been corroborated by ATSDR.
The problem is that a newspaper journalist was the first to put the data
together and report the problem. A series of actions—from medical test-
ing to a national evaluation of vermiculite sites—was precipitated by this
newspaper article about a problem that should have been picked up rou-
tinely by public health departments and the EPA.

Jackson noted that virtually all diseases are being reported and stored
in large information systems run by insurance companies, pharmaceuti-
cal suppliers, and other reimbursement agencies. Approximately 85 per-
cent of these data are being collected by three or four companies. He
suggested that it would be difficult for environmental health scientists
using the equivalent of a “drinking straw” to understand the linkages
with isolated disease, when a better data flow exists by linking into these
databases.

IMPROVING CAPACITY

During the course of the presentations, many speakers and partici-
pants alluded to the need for continual funding to organize and maintain
such a program. However, they further alluded to the challenges of build-
ing a system from a critical infrastructure need.

The Multitude of Agencies Involved in Environmental Health
Monitoring—Eliminating the Stovepipes

As we plan for a nationwide health monitoring system, an essential
question is whether we have the capacity to implement it, stated Hearne.
Several core agencies are at the heart of health monitoring and establish-
ing the defense network needed to address environmental health threats:
the CDC and ATSDR, NIH, EPA, NIOSH, and the Office of Surgeon
General. The fact that more than 50 federal agencies are in some way
involved in environmental health activities raises the question, Who is in
charge?

Many speakers and participants allude to the “stovepiping” that oc-
curs at both the federal and the state levels. Wilson noted that for those
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who work in the federal government in these stovepipes, it is clear that
one of the challenges is to share information, to reach out to establish
linkages among agencies. This includes reaching out to nontraditional
health agencies as well as to local community groups. For nationwide
environmental health monitoring to be effectual, each of the agencies
must be fully engaged with one another in a collaborative, integrative
way. The top leadership must be focused and dedicated and must some-
times “break glass” to pull all of these operations together, Hearne as-
serted. Jackson further noted that the timing is right on the ability to
build the relationships needed to move this program forward.

Personnel Infrastructure

A common theme of many speakers and panelists was the need for
more personnel to effectively implement the monitoring effort. This
would range from scientists involved in the research effort, to statisti-
cians and epidemiologists, to health officers at the local level. Hearne
noted that environmental health investigators for chronic diseases are in
short supply in this country, and 24 states did not have a single CDC
Epidemic Intelligence Service officer affiliated with them in 2000.

Federal agencies must work cooperatively to build the capacity to
educate the next generation of scientists and practitioners needed to im-
plement environmental health monitoring, many participants agreed. Re-
storing the EPA’s fellowship program for environmental science would
be a good start. A goal of the CDC’s pilot studies is to build the neces-
sary capacity at the state level to respond to environmental concerns.

Medical education appears to be reemphasizing the role of the public
health system and the linkages between medical care and public health.
However, the concept of the link between the environment and health has
to be reinforced in medical school curricula, suggested some panelists.
Although training physicians is important, the bulk of the training has to
take place in state and local health departments. Federal agencies may
have a role in coordinating and leading this training effort. Adequate
training requires a funding commitment that is stable and long-lasting.
Otherwise, the most critical part of the infrastructure—human re-
sources—will be undermined.
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COMMUNITY INVOLVEMENT

During the workshop, many speakers and panelists noted that the
community would have to be involved. Wilson noted that environmental
health is not just the purview of the scientific community and those who
attend workshops such as this one. It is really the job of the American
people. Environmental health must render its services at the neighbor-
hood and community level—where environmental health can be influ-
enced. Jackson echoed these remarks and further stated that the environ-
mental health monitoring program has to be built from the bottom up. It
has to make sense to local public health departments and be keyed to lo-
cal public health actions. There has to be translation from the research
arena to the community, particularly impoverished and disenfranchised
communities.

FUTURE STEPS FOR ENVIRONMENTAL HEALTH
MONITORING

A variety of suggestions were put forward to start the monitoring
program. Zenick suggested that a succinct, highly focused strategy is
needed to move forward on national environmental health monitoring.
The strategy may involve choosing a particular exposure or a certain dis-
ease as an initial focus so that we can demonstrate over the next few
years that the system can work. Government agencies might agree on
two or three national goals for environmental public health that would
take priority. They could then make a concerted effort to fulfill these
goals within the next 5 to 10 years. These goals could be used to influ-
ence how the monitoring system is constructed and what biomarkers are
included in the National Human Exposure Report. Agreeing on a set of
goals would be less ambitious than setting a national agenda, but it
would help give direction to the monitoring effort.

Expanding the National Report on Human Exposure to Environ-
mental Chemicals (CDC, 2003) is critical, he noted, because within a few
years we will be able to identify stable trends in exposures. Having pre-
cise knowledge about the health outcomes related to these trends may not
be necessary. If we require evidence of a strong cause-and-effect rela-
tionship before monitoring some exposures, we will hinder our progress.
There may be some complementary, independent monitoring activities
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that we should not ignore simply because we lack evidence of strong
linkages.

Wilson also posited that one activity might be to convene working
groups to hammer out communications issues, the definition of terms,
and goals. Henry suggested that the Department of Health and Human
Services convene a commission to address the needs of a broadly con-
ceived public health surveillance system. The commission’s purpose
would be to promote broad support for the concept and increase public
understanding of its purpose.

The nation has reached a pivotal time for establishing a national
monitoring system. The Pew Commission report of 2000 (Pew Environ-
mental Health Commission, 2000b) was instrumental in planting the
idea. About a year was needed for the concept to become known and ac-
cepted by health agencies, the government, and the public. Currently,
efforts to develop the national monitoring system have begun, and sup-
port for the concept is growing slowly in many quarters. A surge in ac-
ceptance could bring a new set of concerns. Once legislation has been
passed and the initiative has been funded, the monitoring process will be
largely out of the control of environmental health experts. The workshop
presentations made it clear that now is the time for environmental health
experts to contribute to the understanding of appropriate indicators.
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THE COMMON GROUND: THE CRITICAL ROLE OF
INDICATORS AND TRACKING IN SHAPING THE FUTURE OF
ENVIRONMENTAL HEALTH

Thomas A. Burke

These are difficult times for environmental protection. In recent
years there has been growing opposition to many of the regulatory ap-
proaches that are the foundation of the nation’s environmental policies.
At the core of much of this opposition is the call for “sound science” to
strengthen the basis for environmental decisions. Recent controversies
surrounding the arsenic in drinking water rule and ongoing debates con-
cerning the scientific basis for Clean Air Act standards underscore a
critical challenge for the future of environmental health. Fundamental
questions concerning the public health benefits of environmental policies
must be addressed: Do these policies really work? Are there measurable
public health benefits? Are they worth the costs?

The past 30 years have brought substantial gains for environmental
protection. We have addressed many major problems ranging from water
pollution control to hazardous waste management. During this time an
extensive regulatory infrastructure has evolved at both the federal and the
state levels. Unfortunately, the very laws that drove this progress ne-
glected to support the critical role of public health. As regulatory re-
quirement burgeoned, the public health capacity to identify, track, and
respond to environmental hazards eroded. This presentation examines the
historical and evolving relationship between public health and environ-
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mental protection, and describes the critical role of environmental health
tracking in bridging the common goals of these disparate worlds.

Environmental health tracking provides a framework for identifying
and monitoring sources of harmful pollutants, measuring population ex-
posures, and assessing key health indicators in the population. Results
from the work of the Pew Environmental Health Commission are pre-
sented, including findings regarding key measures of health and envi-
ronment. This work has provided support for current legislative efforts to
establish a national tracking network. Additional approaches to the de-
velopment of health and environment indicators for tracking also are ex-
amined. Contemporary issues including mercury exposure, brownfields’
redevelopment, and recent terrorist events are examined to illustrate the
role of tracking in addressing critical environmental health issues.

The horrible events of September 2001 have brought an unprece-
dented awareness of the need for a strong public health capacity, as well
as unprecedented investment in the public health infrastructure. We now
have a responsibility to build on this investment and an opportunity to
apply new approaches to evaluating hazards, strengthening the scientific
basis for policy, and preventing disease. Building upon the improved
national capacity for disease surveillance and public health preparedness,
environmental health tracking can provide essential support for our envi-
ronmental protection efforts, while improving our understanding of the
relationship between the environment and health.

ENSURING USABILITY IN ENVIRONMENTAL HEALTH
MONITORING

Baruch Fischhoff and Henry Willis

One of the challenges of environmental health monitoring is that
these data will be used at a number of levels—Ilocal, state, national, and
international. Creating databases and summaries that will be usable and
meaningful to the diverse intended audience will require careful thought
and advance planning. As the plan for a national monitoring system
moves forward, one can use a social and behavioral science perspective
to present the information in a way that is consistent with the underlying
science of physiology and environment.

The National Academies and others have published a number of re-
ports on risk delineating subjectivity of scientific risk estimates, which

Copyright © National Academy of Sciences. All rights reserved.



Environmental Health Indicators: Bridging the Chasm of Public Health and the Environment -- Workshop Summary

http://www.nap.edu/catalog/11136.html

ABSTRACTS 83

often rely on the perception of the experts laden with uncertainty reflect-
ing their extrapolations from imperfect data sets and theories. As a result,
the Academy has advocated that scientists and government officials have
an obligation to communicate with the public throughout the process of
managing environmental risk. The public needs candid communication
about the state of science so that it can feel respected and empowered.

Central to the issue before us today, is the definition of terms, includ-
ing “risk.” Fundamental terms such as risks are in reality political judg-
ments, and because of this, citizens have a right to be involved in the
process. They have a right to determine what is measured; if they are not
involved, the measures will not have credibility. This involvement has
grown over the last 20 years, which has resulted in increasing citizen par-
ticipation. The Institute of Medicine’s report on environmental justice
argued that if you want credibility for the results of research that affects a
community—then it is to the researcher’s advantage to involve the com-
munity in the research process (I0OM, 1999).

In the past 20 years, respecting the intellect and the interest of local
communities has increasingly become the norm not only in this country
but in Canada, the United Kingdom, and elsewhere. The Canadian Stan-
dards Organization’s guide to risk management is particularly good at
showing how to make communication integral to the process.

In the United States, EPA has conducted many comparative risk pro-
jects demonstrating how science can be put at the service of citizens so
that they can better understand the risks that they are facing and set ap-
propriate priorities. Scientifically sound risk prioritization must meet
both content and process criteria. In terms of content, the indicators to be
used ideally should be exhaustive of the things that the community cares
about, standardized so that people can pool and compare their results.
The path to such content could begin at the national level, as a point of
departure for different states. In situations where people are unfamiliar
with the issues a constructive evaluation process is needed. People need
to see the issues in a comprehensible way, then have a chance to reflect
on them so that they know what they are talking about when they set pri-
orities. Often when people are faced with new problems, they don’t
know what they want. Therefore, it is important for the process to help
them construct values that are relevant to a particular situation. People’s
values and priorities can be measured; the science for that measurement
is psychometrics. It provides detailed guidance for the following steps:
(1) categorizing risk, i.e., identifying things one cares about; (2) identify-
ing the indicators to be considered; (3) ranking the summaries in a re-
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sponsible way. In order to ensure the usability of environmental health
monitoring, it would be helpful to create standing advisory committees,
similar to the risk comparison ones in order to provide the public diverse
input into the formation of the environmental monitoring system.

ENVIRONMENTAL HEALTH MONITORING:
A VIEW FROM INDUSTRY

Carol J. Henry

Knowledge of the causes of chronic illnesses and diseases and trends
in occurrence is currently insufficient, as is the public health infrastruc-
ture to track and work on these issues. Government and the private sector
have developed diverse initiatives to address these insufficiencies. All of
the initiatives recognize the need for a comprehensive public health sur-
veillance or health tracking system to aid in understanding disease trends
in the United States. The American Chemistry Council (ACC) recognizes
the importance of these issues and offers its support for the concept of a
comprehensive public health surveillance system, further recognizing
that it would improve the ability of local, state, and federal public health
agencies to track priority chronic diseases and risk factors for disease, as
well as aid in generating hypotheses for research on disease causation.
Such a system also could provide a link between improved homeland
security and advancement in public health. However, there are several
areas of concern with the current proposals, including a too-narrow defi-
nition of environmental factors that emphasizes chemicals, without ac-
knowledging or including physical, biological, or societal factors that
have major roles in human disease. The ACC is committed to continuous
environmental, health, and safety performance improvements by its
member companies through its Responsible Care program and to support
research on the effects of chemicals on health and the environment.
Through its Long Range Research Initiative, the ACC supports research
in some areas that could result in aiding surveillance or tracking systems.
It is suggested that the Department of Health and Human Services
(DHHS) convene a commission to identify the needs for a public health
surveillance system in the twenty-first century. There are opportunities
for various organizations, including the ACC, to partner with other or-
ganizations to build broad-based stakeholder support and promote better
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public and political understanding of the value of a public health surveil-
lance system.

THE LOCAL COMMUNITY: ENVIRONMENTAL
CHALLENGES AND RECOMMENDATIONS

Mark B. Horton

The following scenarios typify the challenges that health officers and
environmental health officials face at the local level:

1. Increased bacterial levels are detected along a popular ocean
beach in a resort community in Southern California. What is the source
of pollution? Should the beaches be posted or closed and for how long?

2. As the result of an energy crisis, a local electric power plant,
natural gas powered, doubled its energy production. There is community
concern about the environmental consequence. How will public health
monitor this effect?

3. A local tire fire has caused a huge smoke plume over an inland
community for a period of several weeks. What surveillance mechanisms
should be put in place to monitor the health effects?

4. The local vector control district discovers antibodies for West
Nile virus in its sentinel bird surveillance program. What information
should be shared with the public? Whose role is it to inform the public?

5. Extensive mold is discovered in multiple units of a multifamily
condominium structure in the local community. The homeowners asso-
ciation is suing the developer. The homeowners association also is rais-
ing association fees to cover the cost of vacated residences, sending
delinquent owners to collections agencies and considering default. What
is the role of local public health?

6. A local community group is organizing to protest dust and air
pollution emanating from a large construction site near a residential area.
Anecdotal illness reports have been received. What surveillance mecha-
nisms should be put in place? Who is responsible for surveillance of
health effects?

The challenges to local public health and environmental health in
dealing with issues such as the above are considerable and include the
following:
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1. Organizational and coordination issues—different agencies at
different levels of government are responsible for various aspects of en-
vironmental monitoring and regulation. The relationship between envi-
ronmental health and public health at the local level varies considerably
from county to county.

2. Funding for environmental regulatory activities is fee based and
categorical. Very few resources are available for new and different chal-
lenges.

3. Data and connectiveness of databases are lacking.

4. Local surveillance and analysis capacity is limited.

5. Environmental health at the local level is limited in its ability to
prioritize issues.

6. Community engagement or support for establishing environ-
mental priorities is lacking.

To address the above concerns and challenges, several essential steps
should be considered:

1. A new paradigm for leadership and coordination of responsibili-
ties at the federal, regional, state, and local levels.

2. A coordinated and consistent set of environmental objectives ap-
plicable at the federal, state, and local levels, with appropriate indicators
and data elements defined.

3. A process for comprehensive strategic planning, prioritization,
and community involvement.

4. A significant investment in epidemiological capacity at the local
level.

5. New sources of funding to support the above, and additional re-
sources available to support local innovative projects to address commu-
nity priorities.

6. A consistent set of performance standards and capacities for en-
vironmental health at the state and local levels.

THE INTERACTION WITH THE GLOBAL COMMUNITY
Tord Kjellstrom

Each country is facing problems similar to those of the United States
when it comes to assessing the health effects of environmental hazards
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and monitoring progress toward reducing or preventing negative envi-
ronmental health effects. The hazard panorama in different countries is
more dependent on the level of a country’s economic development than
on its geographical location. In recent decades, issues of chemical pollu-
tion have been in the forefront in most developed countries, including
urban air pollution from motor vehicles and industry, exposures to
chemicals in agriculture, and long-distance pollution from coal- and oil-
powered electricity production. In addition, the threats of catastrophic
radiation pollution from nuclear power plants and the new challenges
brought by greenhouse gas emissions require foresighted prevention and
monitoring systems. In developing countries, the major environmental
concerns remain the biological hazards of unsafe drinking water and un-
satisfactory sanitation, as well as the hazards of poor housing and worker
health and safety. Problems of such poverty-related environmental health
hazards also remain in the deprived parts of developed countries. Envi-
ronmental health thus has many facets, and there is no one global solu-
tion to finding meaningful indicators.

The notion of “indicators” in this field was inspired by the common
use of indicators of economic development, such as the gross domestic
product (GDP). In the early 1990s the Organization for Economic Co-
operation and Development (OECD) published its PSR (Pressure-State-
Response) framework in order to promote a common set of environ-
mental performance indicators. This framework is still used by ministries
for the environment in many countries as a basis for their environmental
reporting, and indicators within this framework were used for interna-
tional comparisons at the World Summit on Sustainable Development in
Johannesburg, September 2002.

A major aim of an indicator is to provide an easily interpretable
measure of the state of our environment or the health of a defined popu-
lation. There are a number of indicators that serve this purpose, such as
the commonly monitored urban air quality variables or the commonly
reported life expectancies of populations. These “one-dimensional” indi-
cators that describe only the state of the environment or our health have
been widely adopted internationally (or “globalized”), and they are of
great importance for describing time trends and geographic variations.
U.S. government agencies, academic institutions, industry, and other in-
terested parties have taken active part in the development of such indicators.
These include sets of indicators from the United Nations Commission for Sus-
tainable Development (CSD), the United Nations Environment Programme
(UNEP), the World Bank, and the World Health Organization (WHO). The
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latter has promoted a set of 47 Health-for-All Indicators since the early
1980s that all 190 member states have agreed to monitor. So, there is no
lack of indicators, and there has been strong interaction between the
United States and other countries in developing them.

However, to create indicators that can be interpreted in terms of link-
ages between environmental quality and public health has been a major
challenge. Such indicators need to present a message of how much ill-
health is related to a specific environmental hazard or how much of the
health effects has been reduced by a specific policy or practice. A true
“environmental health indicator” must express the linkage between envi-
ronmental quality and health in a specific situation. A series of activities
was started in 1992 at the WHO, partly funded by the U.S. Environ-
mental Protection Agency (EPA), to try to establish a method for the de-
velopment and testing of such indicators. A number of reports were
published, in which a new framework was presented: the DPSEEA
framework, which incorporates transparent linkages between different
one-dimensional environment or health indicators and puts public health
in the focus. DPSEEA stands for Driving force—Pressure—State—
Exposure—Effect—Action. D and P combine into P in the OECD frame-
work; S, E, and E are the S in the OECD framework; and action is the
term favored by the WHO over response (which sounded too passive).

The DPSEEA framework acknowledges that for pressures on the en-
vironment to be created there are usually driving forces of policy, tech-
nological change, or economic circumstances. When public health is the
focus, the state of the environment has to be recorded separately from
health itself (the effects). In addition, for an environmental hazard to
cause health effects, people must actually be exposed. Thus, the split into
S,E, and E.

Numerous case studies have tested the framework developed at the
WHO, and it has proven to be a helpful aid to indicators development
(examples are given during the presentation). It is interesting to note that
when trying to put the OECD PSR framework into practice, the U.S.
EPA decided to add an “exposure” dimension into the framework. When
the CSD tried to use the PSR framework it decided to add the “driving
force” dimension. When the UNEP tried to use the PSR framework in its
Global Environmental Outlook reports, it was found necessary to add
two dimensions and led to DPSIR (Driving force—Pressure—State—
Impact—Response). The slow progression toward a DPSEEA-type frame-
work may be seen as a slow merging of ideas between the environmental
and economics experts and the consequence (or public health) experts.
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This indicator framework truly has the potential to “bridge the chasm
between public health and the environment.”

It is interesting to note that the Australian Commonwealth govern-
ment’s primary health agency (the Commonwealth Department of Health
and Aging) has recently decided to promote the DPSEEA framework as
its preferred basis for environmental health indicators development. Col-
laboration with the environment agency has been ensured, and the ongo-
ing process may provide useful experiences for U.S. agencies in these
fields. Another country with quite advanced developments in this area is
Sweden. The struggle to find information systems that give the public
and decision makers interpretable indicators of the health benefits of en-
vironmental policies and practices is not confined to the United States.
International sharing of experiences and collaborative research will lead
to more cost-effective solutions and to harmonized sets of common indi-
cators. As the concern for local environmental issues broadens to global
environmental threats such as global warming and transboundary pollu-
tion by persistent organic pollutants, a common understanding between
the environmental and health sectors within and between different coun-
tries on the issue of environmental health indicators is increasingly
needed.

WHAT EARTH SCIENCE TECHNOLOGY CAN DO
TO ASSIST PUBLIC HEALTH

P. Patrick Leahy

Many aspects of natural science that the U.S. Geological Survey
(USGS) addresses have links or potential links to public health issues.
USGS investigations that contribute toward a better understanding of
public health and the environment span a range of scales from the plane-
tary to the molecular and atomic. Whether the concern is transport of
microbes or anthropogenic materials on dust particles that travel large
distances around the earth or the spread of wildlife and human disease in
a more localized area, the USGS applies a wide variety of expertise in
natural sciences and state-of-the-art technology where needed. Histori-
cally, USGS science has contributed significantly to understanding the
relation of asbestos mineralogy to mesothelioma, of selenium toxicity to
wildlife health, and of geology to nutrition. However, the linkage of find-
ings from natural science to the public health community has not been as
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robust as desirable, and science-based policy making and decision mak-
ing have suffered. Partnerships and collaborative efforts between the
natural science community and the public health community must be
strengthened. An example of such a partnership is the one recently estab-
lished between the USGS and the National Institute of Environmental
Health Sciences (NIEHS).

Current USGS activities that are contributing or have the potential
to contribute to bridging the chasm between public health and the envi-
ronment include studies on: (1) trace element exposure, (2) dust, (3) an-
thropogenic organic materials, (4) radionuclides, (5) microbes and
pathogens, and (6) global climate change. Advancing the state of knowl-
edge from association or correlation between environmental factors and
public health requires in-depth understanding of the exposure pathways,
hazard assessment, and process studies. USGS science is providing ways
to better understand the processes and pathways between and among the
abiotic and the biotic realms.

CENTERS FOR DISEASE CONTROL AND PREVENTION’S
APPROACH TO DISEASE SURVEILLANCE

Michael A. McGeehin

The greatest environmental health success of the last 30 years is the
National Health and Nutrition Examination Survey (NHANES) data for
lead poisoning—blood lead levels in children in the United States. This
success was achieved by collaboration between EPA and various health
agencies. It was done primarily by an intervention that was environ-
mental (i.e., removal of lead from gasoline). Lead has gone from a uni-
versal problem to a problem that is primarily a health disparity issue. If
you are an African-American child living in older housing in the United
States, your chance of having an elevated blood lead level is 22 times as
likely as that of a white child in newer housing. We wouldn’t have this
information if we didn’t have good surveillance data. One of the Healthy
People 2010 goals is to eliminate childhood lead poisoning in the United
States. The only way we can do this is by basing our programs on good
surveillance data and modifying them in the next 10 years to make sure
we go after the population that is most effective.

Surveillance data in public health help us determine the magnitude of
a problem. Whenever we try to estimate what the asthma prevalence or
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incidence is in a community or a state, or even for the nation, we end up
having to go to about eight different sources and put this together. With a
good, strong national network of surveillance, we have a single source
collected in the same way, and the data are much better. The best way to
make our decisions based on good, sound data is to have good surveil-
lance. Currently, we do not have good surveillance data on chronic dis-
eases. Surveillance data—the national health tracking network—are the
backbone of good public health.

We need uniform criteria for the reporting of all diseases. Each dis-
ease has certain criteria such as data that are collected, their timeliness,
and when they are submitted. All of this disparate, fragmented reporting
puts the burden on our public health system and our private health care
industry.

There are a lot of different diseases that are reportable, and we have
a lot of different surveillance systems at the Centers for Disease Control
and Prevention (CDC), such as childhood blood lead surveillance, the
national report on human exposure, the Behavioral Risk Factor Surveil-
lance System (BRFSS), the National Health and Nutrition Examination
Survey, and National Health Interview Survey (NHIS).

The CDC faces some problems with the different surveillance sys-
tems, one of them being that because of the fragmentation and the fact
that they were designed in response to outbreaks, they are not utilizing
the most advanced information technology that is available right now.

To deal with the problem, CDC created a new initiative—the Na-
tional Electronic Disease Surveillance System (NEDSS). NEDSS is try-
ing to take all of the surveillance systems that are currently at CDC, and
all that will be developed, and put them into a system that is uniform ef-
ficient, and standards-based. It is important that the system be standards-
based, so that it integrates with private industry and other public health
care agencies.

UNDERSTANDING THE STATE OF THE ENVIRONMENT:
MOVING BEYOND THE PROCESS TO TRUE
OUTCOME INDICATORS
Kimberly Nelson

There are far greater numbers of unanswered questions about the
linkages and the connections between human health and the environment
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than there are answered questions. At the EPA, we are trying to better
understand the environmental condition and make the links to human
health, in part by compiling a state of the environment report and by sup-
porting partnerships between agencies. Our goal is to move beyond nar-
rowly defined traditional clean air, water, waste, and land-use issues to
more broadly encompass ecosystems and human health; it is these com-
plex relationships that drive many of today’s hard questions.

The EPA’s State of the Environment Report will focus on the rela-
tionship of ecological and human health to our air, water, and land-
related programs and will consist of two phases. In the short term, our
goal is to increase public understanding of the state of our environment.
In the longer term, we hope to foster in-depth dialogue with respect to
the relationships between environmental and health conditions, current
ecological and health assessments, and methods to build linkages be-
tween the two. With respect to both phases, we must identify data gaps
and recognize that most of the data required to define the state of the en-
vironment are not available from the EPA. Ninety to ninety-five percent
of the data we require come from our state partners. Our goal is to define
a methodology to align and present the information in a rational and un-
derstandable format while driving the EPA to dismantle the barriers that
currently exist in environmental protection.

To facilitate data collection and sharing, as well as innovative means
to address environment and health links, the Office of Environmental
Information both encourages the formation of and supports existing part-
nerships between agencies. The EPA sponsors a $25 million grant pro-
gram to states to support the collection of high-quality environmental
information. One of the categories is a challenge grant to facilitate states’
efforts to partner with other organizations within the state or with envi-
ronmental agencies from other states. In the past, more states were likely
working independently than they were to partner with each other; cur-
rently, states are much more willing to form partnerships. I believe peo-
ple have finally recognized that the ability to leverage information
collectively is many times greater than that of a single effort. Our office
promotes partnerships to foster more efficient flows of information be-
tween our state partners, the tribes, and the EPA and to reduce reporting
burdens placed on industry and states. Most important, I believe partner-
ship building is going to improve access to environmental information by
citizens, states, and health professionals as well as many others and lead
us into productive environmental and health problem solving in the
twenty-first century.
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ENVIRONMENTAL HEALTH INDICATORS AND WEB-BASED
INFORMATION SERVICES

Bill Pease

Consumer users of environmental health indicators want information
that is credible, relevant, and actable. Satisfying these criteria is often
quite difficult because many indicators lack the scientific consensus re-
quired to be credible, the resolution required to be useful to specific au-
diences, and/or any linkage to opportunities for action. By reviewing
several successful examples of web-based information services, guide-
lines for attaining these criteria can be identified. For example, relevance
can be delivered if indicators are designed to provide personalized, local-
ized, or domain-specific information. Useful environmental health indi-
cators confront a number of implementation challenges if they are to be
provided as web-based services, including the following:

e integrating ontologies and data sources across knowledge
domains,

e developing privacy protections, and

e supporting information intermediaries that are less subject to sci-
entific and regulatory constraints.

ENVIRONMENTAL HEALTH MONITORING IN THE
WORKPLACE: SAFEGUARDING WORKERS AND
ADVANCING PUBLIC HEALTH

Kathleen Rest

The work environment is a critical public health interface and inte-
gral to discussions of environmental health. Indeed, the use of toxic sub-
stances in the workplace and their release into the air, water, and soil can
be the source of environmental pollution, community contamination, and
their appearance in human tissue. Moreover, there are a host of overlap-
ping concerns in occupational and environmental health, related to both
exposures and health effects. For example, workers and the public share
concerns about asbestos, lead and other heavy metals, pesticides, radon,
fine particulates, formaldehyde, and other chemicals. Diseases with po-
tential occupational and environmental contributions include asthma,

Copyright © National Academy of Sciences. All rights reserved.



Environmental Health Indicators: Bridging the Chasm of Public Health and the Environment -- Workshop Summary

http://www.nap.edu/catalog/11136.html

94 ENVIRONMENTAL HEALTH INDICATORS

COPD (chronic obstructive pulmonary disease), sick building syndrome,
and low-level chemical sensitivity, as well as concern about cancer, birth
defects and developmental disabilities, neurological and autoimmune
disease, and other ailments. Many of these issues reflect the growing
concerns about the indoor environment—be it the home, school, office,
or other work environment. Yet despite the many direct and indirect links
between occupational and environment health, the work environment is
generally overlooked in conversations and initiatives related to environ-
mental health and environmental health tracking.

In the United States, over 135 million workers spend a large propor-
tion of their daily lives in work environments. In most cases, no fence
line exists between the workplace and the community, and workers are
generally exposed first and worse. They often serve as sentinels for oth-
ers; they can carry home exposures that pose risk to family members. In
2002, 5,524 non-fatal injuries and illnesses occurred in the private sector
alone. In addition to their enormous human toll, the economic burden of
workplace illness and injury is substantial. The Liberty Mutual 2002
Workplace Safety Index estimates that the direct costs of occupational
injuries and illnesses in 1999 rose to $40.1 billion, with indirect costs
reaching over $200 billion.

The Pew Commission highlighted substantial inadequacies in envi-
ronmental health tracking at the state and local level due to limited re-
sources as well as lack of federal leadership. Occupational health
surveillance faces many of the same challenges. Resources for state-
based surveillance are limited, and many states have little if any capacity
to monitor and track occupational health indicators. The National Insti-
tute for Occupational Safety and Health (NIOSH) has supported state-
based surveillance efforts through such programs as SENSOR (the Sen-
tinel Event Notification System for Occupational Risks), FACE (Fatality
Assessment and Control Evaluation), and ABLES (Adult Blood Lead
Epidemiology Surveillance). But gaps remain.

The Pew Commission also noted the nation’s failure to explore the
potential links between environmental exposures and chronic disease.
What is missing is the critical need to include the work environment in
these new efforts. Integration of the work environment can advance the
public’s environmental health because: the workplace can contribute
critical information about exposure-effect relationships; mandated and
voluntary worker monitoring programs already exist and can provide
wealth of data; the infrastructure for occupational surveillance is in place
or developing in some states; and occupational health professionals can
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provide substantial experience and expertise to the tracking of environ-
mental health indicators.

Given the integral relationship between occupational and environ-
mental health, it is ill-advised to discuss bridging the gap between envi-
ronmental hazards, exposures, and health effects without considering and
tracking exposures and health effects in the work environment. The time
is right to enhance both federal and state capacity in environmental and
occupational health tracking and to exploit potential synergies for ad-
vancing public health.

YES, BUT WILL THE PUBLIC CARE?
(AND DO THE MEDIA CARE?)

Bud Ward

People get their information and misinformation about environ-
mental and health issues—and draw their opinions—based in large part
on what they see, hear, and read via the mass news media. Yet what is
the state of the “environment beat” in today's print and broadcast news-
rooms? Is the beat attracting the best and brightest in the newsroom? Is it
a cherished assignment and a ticket to increased air time and column
inches? Or is it rather like being consigned to the “lower 40”?

The environmental beat, like others in journalism, is cyclical, but just
what is it that drives those cycles? Also, how will the public come to
know and understand issues related to environmental health indicators if
the media themselves don’t give issues the air time and column inches
that they might warrant—or demand?

Recent indications are that the print and broadcast media are increas-
ingly influenced by the need to have attractive demographics that can in
turn attract high-paying advertising. Is this trend compatible with expec-
tations that the media meet their news and information responsibilities in
a democracy? If the environmental beat itself is not “in” in many of to-
day’s newsrooms, are there other avenues for reaching the public with
the information it needs to make informed decisions?

This presentation provides insights into some of these questions and
helps program participants better understand the realities facing the news
media on which they may be depending to carry forward their message
on environmental health and environmental health indicators.
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Appendix A
Workshop Agenda

Environmental Health Indicators
Bridging the Chasm of Public Health and the Environment

Sponsored by
The Roundtable on Environmental Health Sciences, Research,
and Medicine

National Academy of Sciences Auditorium
2101 Constitution Avenue, N.W., Washington, DC
April 10-11, 2002

WEDNESDAY, APRIL 10, 2002

8:30 a.m. Welcome and Opening Remarks
Paul G. Rogers, J.D.
Chair, Roundtable on Environmental Health Sciences,
Research, and Medicine; Partner, Hogan and Hartson

8:40 a.m. Remarks from the Institute of Medicine
Susanne Stoiber, M.P.A., M.S.
Executive Officer

8:55 am. Remarks and Charge to Participants
Lynn Goldman, M.D.
Vice Chair, Roundtable on Environmental Health
Sciences, Research, and Medicine; Professor, Johns Hop
kins University, School of Public Health
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ENVIRONMENTAL HEALTH INDICATORS

Session I: Broad Overview of Environmental Health Monitoring

9:10 a.m.

9:30 a.m.

9:50 a.m.

10:10 a.m.

10:40 a.m.

11:10 a.m.

11:40 a.m.

12:10 p.m.

Moderator:

Bridging the Environment and Health: A Congressional
Perspective

The Honorable Hillary Rodham Clinton

U.S. Senator, NY

Monitoring Environmental Health: A View from the
Environmental Protection Agency

Paul Gilman, Ph.D.

Assistant Administrator, Office of Research and
Development, U.S. Environmental Protection Agency

Environmental Health: A View from the Department of Health
and Human Services

Eve Slater, M.D.

Assistant Secretary for Health, U.S. Department of Health and
Human Services

Break

The Common Ground: The Critical Role of Indicators and
Tracking in Shaping the Future of Environmental Health

Thomas Burke, Ph.D.

Professor, Johns Hopkins University, School of Public Health

The Interaction with the Global Community
Tord Kjellstrom, MME, M.D.
Professor, Australian National University

Audience Discussion

Lunch

Session II: How Deep Is the Chasm?

Roger Bulger, M.D.
President and Chief Executive Officer, Association of
Academic Health Centers
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2:00 p.m.

2:30 p.m.

3:00 p.m.
3:30 p.m.

4:00 p.m.

4:20 p.m.

4:40 p.m.

5:10 p.m.
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Centers for Disease Control and Prevention’s Approach to
Disease Surveillance

Michael A. McGeehin, Ph.D., M.S.P.H.

Director, Division of Environmental Hazards and Health
Effects, National Center for Environmental Health, Centers
for Disease Control and Prevention

What Earth Science Technology Can Do to Assist
Public Health

P. Patrick Leahy, Ph.D.

Associate Director for Geology, U.S. Geological Survey

Understanding the State of the Environment:
Moving Beyond the Process to True Outcome Indicators
Kimberly Nelson, M.P.A.
Assistant Administrator, Office of Environmental Information,
U.S. Environmental Protection Agency

Environmental Health Monitoring in the Workplace:
Safeguarding Workers and Advancing Public Health

Kathleen Rest, Ph.D., M.P.A.

Acting Director, National Institute for Occupational Safety
and Health, Centers for Disease Control and Prevention

Audience Discussion
Break

The Local Community: Environmental Challenges and
Recommendations

Mark Horton, M.D., M.S.P.H.

Deputy Agency Director for Public Health Services and
Health Officer, Orange County, CA, Health Care Agency

Environmental Health Monitoring: A View from Industry

Carol Henry, Ph.D., D.A.B.T.

Vice President for Science and Research, American Chemistry
Council

Yes, But Will the Public Care?
Morris “Bud” Ward
President, Morris A. Ward, Inc.

Web-Based Information Services
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William Pease, Ph.D.
Chief Technology Officer, GetActive Software
5:30 p.m. Audience Discussion
6:00 p.m. Reception

THURSDAY, APRIL 11, 2002

8:30 a.m. Welcome Back
Lynn Goldman, M.D.
Vice Chair, Roundtable on Environmental Health Sciences,
Research, and Medicine

Session II1: Where Do We Go From Here?

Moderator: Howard Frumkin, M.D., M.P.H., Dr.P.H.
Professor and Chair, Department of Environmental and
Occupational Health, Emory University, Rollins School of
Public Health

8:35a.m. The Health Tracking Vision Versus
Implementation—The Challenges Ahead
Shelley Hearne, Dr.P.H.
Executive Director, Trust for America’s Health

9:00 a.m. Ensuring Usability in Environmental Health Monitoring
Baruch Fischhoff, Ph.D.
Professor of Social and Decision Sciences, Carnegie Mellon

University
9:30 a.m. Panel Discussion
9:30 a.m. Richard J. Jackson, M.D., M.P.H.

Director, National Center for Environmental Health, Centers
for Disease Control and Prevention

9:45 a.m. Henry Falk, M.D., M.P.H.
Assistant Administrator, Agency for Toxic Substances and
Disease Registry, Centers for Disease Control and
Prevention
10:00 a.m. Harold Zenick, Ph.D.
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10:30 a.m.
11:00 a.m.
11:30 a.m.

12:00 p.m.

12:30 p.m.
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Associate Director for Health, National Health and Environ-
mental Effects Research Laboratory, U.S. Environmental
Protection Agency

Samuel Wilson, M.D.
Deputy Director, National Institute of Environmental Health
Sciences, National Institutes of Health

Break

General Discussion

Audience Discussion

Summation

Lynn Goldman, M.D.

Vice Chair, Roundtable on Environmental Health Sciences,
Research, and Medicine; Professor, Johns Hopkins Univer-

sity, School of Public Health

Adjournment
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Thomas Burke, Ph.D., M.P.H.
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Johns Hopkins University

Bloomberg School of Public
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Department of Health Policy
and Management

Hillary Rodham Clinton, J.D.
Senator
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Associate Professor and Chair

Emory University

Rollins School of Public Health

Department of Occupational
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Paul Gilman, Ph.D.

Assistant Administrator-
Designate
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Agency

Office of Research and
Development
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Professor

Johns Hopkins University

School of Public Health
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Carol Henry, Ph.D., D.A.B.T.

Vice President for Science and
Research

American Chemistry Council

Mark Horton, M.D., M.P.H.

Deputy Agency Director and
Health Officer

Orange County Health Care
Agency

Richard J. Jackson, M.D., M.P.H.

Director

National Center for
Environmental Health

Centers for Disease Control and
Prevention

Tord Kjellstrom, M.D., MMeng.

Professor

Australian National University

National Center for Epidemiology
and Population Health

Patrick Leahy, Ph.D.
Associate Director for Geology
U.S. Geological Survey

Michael McGeehin, Ph.D., MSPH

Director

Division of Environmental
Hazards and Health Effects

National Center for
Environmental Health

Kimberly Nelson, M.P.H.

Assistant Administrator

U.S. Environmental Protection
Agency

ENVIRONMENTAL HEALTH INDICATORS

William Pease, Ph.D.
Chief Technology Officer
GetActive Software

Kathleen Rest, Ph.D., M.P.A.

Acting Director

National Institute for
Occupational Safety and
Health (NIOSH)

Paul Rogers, J.D.
Partner
Hogan & Hartson

Eve Slater, M.D.

Assistant Secretary

Department of Health and
Human Services

Susanne Stoiber, M.P.A., M.S.
Executive Officer
Institute of Medicine

Bud Ward
President
Morris A. Ward, Inc.

Samuel H. Wilson, M.D.

Deputy Director

National Institute of
Environmental Health
Sciences

National Institutes of Health

Harold Zenick, Ph.D.

Associate Director for Health
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John Borrazzo
U.S. Agency for International
Development

Breanne Botch
National Institutes of Health

Lynn Bradley
Environmental Health Policy
Consulting

Copyright © National Academy of Sciences. All rights reserved.



Environmental Health Indicators: Bridging the Chasm of Public Health and the Environment -- Workshop Summary
http://www.nap.edu/catalog/11136.html

110 ENVIRONMENTAL HEALTH INDICATORS

Barbara Brady
University of Maryland, Baltimore

Anstice Brand
Centers for Disease Control and
Prevention

David Brown

National Institutes of Health
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Lisa Byron
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Federal Drug Administration
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Carol Chang
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Farmworker Justice Fund
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ICF Consulting
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