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Preface

In response to a request from the Agency for Toxic Substances and
Disease Registry (ATSDR), the Board on Environmental Studies and
Toxicology in the Commission on Life Sciences of the National Research
Council (NRC) convened the Committee on Environmental Epidemiology. The
Board charged the Committee to review current knowledge of the human health
effects caused by exposure to hazardous-waste sites and to suggest how to
improve the scientific bases for evaluating the effects of environmental
pollution on public health, including specifically the conduct of health
assessments at Superfund sites. This first report of the committee examines and
evaluates the published scientific literature on health effects that could be linked
with exposure to hazardous-waste disposal sites, and develops
recommendations about major data gaps that need to be remedied in order to
advance the field.

With additional support from the Environmental Protection Agency, a
second report of the committee will identify research opportunities and issues in
methodology for environmental epidemiology and will select and evaluate a
sample of non-peer-reviewed reports on the subject of the epidemiologic study
of hazardous-wastes. This literature includes such sources as state health
department reports and relevant technical evaluations from judicial decisions
that have been subject to extensive review, but are not available in the peer-
reviewed

PREFACE vii
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literature. To the extent feasible, the second report also will assess newly
available reports from Eastern Europe and Asia that may be relevant.

In light of the paucity of information readily available, the Committee
struggled with its charge early on. We developed the policy of looking at peer-
reviewed, published studies of persons exposed at hazardous-waste sites, and
also examining those studies involving environmental exposures similar to
those that might be found at such sites.

The chapters reflect the consensus of the committee. We are grateful to a
number of colleagues who provided drafts and critiques of sections of the report
for the Committee, including Drs. Diane Wagener, Director of Environmental
Epidemiology at the National Center for Health Statistics; Claire Weinberg,
National Institute of Environmental Health Sciences; Peter Infante, Health
Standards Division, the Occupational Safety and Health Administration; Ken
Cantor, Environmental Epidemiology Branch, National Cancer Institute; Lynn
Goldman, Public Health Administrator, State of California; and Marvin
Schneiderman, Senior Scientist, NRC. In preparing this report, we have met
with citizen groups, industry representatives and state officials (including the
National Governors' Association Task Force on Environmental Epidemiology),
all of whom provided valuable suggestions. Dr. Barry Johnson, Assistant
Administrator for the Agency for Toxic Substances (ATSDR), provided helpful
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Summary

PART OF OUR MODERN HERITAGE is the increasing volume of waste created by
all industrial societies. Today, there also is unprecedented concern over the
potential consequences for public health and the environment of exposure to
wastes that are deemed hazardous under a variety of regulatory regimes.
According to recent opinion polls, the American public believes that Hazardous-
wastes constitute a serious threat to public health. In contrast, many scientists
and administrators in the field do not share this belief. On the basis of its best
efforts to evaluate the published literature relevant to this subject, the committee
cannot confirm or refute either view. A decade after implementation of
Superfund, and despite congressional efforts to redirect the program, substantial
public health concerns remain, and critical information on the distribution of
exposures and health effects associated with hazardous-waste sites is still
lacking.

Without doubt, however, substances toxic to humans and several animal
species abound in hazardous-waste sites. Human health studies have shown that
serious health effects cannot be ruled out. Indeed, they have occurred at a few
hazardous-waste sites. Since the earliest days of industrialization, substantial
volumes of waste have been produced and sometimes disposed of both at
specific sites and through broader distribution in ways that could create
problems for later generations. In the U.S. more than 6 billion tons of waste is
produced
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annually—nearly 50,000 pounds per person. One recent EPA survey found that
more than 40 million people live within four miles and about 4 million within
one mile of a Superfund site. Residential proximity itself, however, does not
mean that exposures and health risks are occurring, only that the potential for
exposure is increased.

At the request of the Agency for Toxic Substances and Disease Registry
(ATSDR), the National Research Council (NRC) convened the Committee on
Environmental Epidemiology to review current knowledge of the human health
effects caused by exposure to substances emanating from hazardous-waste sites
and to clarify and suggest how to improve the scientific bases for evaluating the
effects of environmental pollution on public health, including specifically the
conduct of health assessments at hazardous-waste sites. With additional support
from the Environmental Protection Agency, the committee is preparing a
second volume that will examine relevant information from state health
departments, and selected unpublished studies from other sources that are
relevant to this field.

This first report of the committee reviews and assesses the published
scientific literature on health effects that could be linked with exposure to
substances from hazardous-waste disposal sites and makes recommendations
about major data gaps that need to be filled as scientists go on to answer
important questions in the field. A second volume will review state-generated
reports and studies emerging from other countries and will recommend research
opportunities for the field of environmental epidemiology.

ORGANIZATION OF THE REPORT

This report is organized into two broad sections; it contains eight chapters
overall. The first section—Chapters 1, 2, and 3—introduces the study of the
public health impact of exposure to hazardous-waste sites; discusses the role of
state, local, and federal regulations in shaping the development of studies in this
area; and sets forth the complexity of assessing exposures to hazardous materials.

The introductory chapter defines environmental epidemiology and
discusses conventional views of statistical significance and guidelines for
inferring causation based on epidemiologic evidence. After that, the principles
of statistical inference are evaluated in the context of constraints associated with
the litigious and controversial world of hazardous-waste sites and toxic torts.
Toxic torts is a rapidly growing field of litigation that involves legal claims of
injuries allegedly caused by exposure to toxic chemicals. The relatively small
number
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of studies published reflects the difficulties of conducting valid studies of this
complex issue, the tendency of courts to seal records of resolved disputes on
these matters, and the meager resources committed to such studies.

In recognition of the role of government agencies in generating
information, Chapter 2 discusses relevant federal and state laws, regulations,
and programs for assessing and remediating hazardous-waste sites. Chapter 3
discusses available data on materials commonly found at listed hazardous-waste
sites and notes some problems in estimating human exposures to these agents.

The remainder of the report reviews the published literature and considers
the problems of obtaining epidemiologic information about specific routes of
exposure to hazardous-wastes. Chapters 4, 5, and 6 review evidence on health
effects associated with toxic pollution of air, water, and soil and food,
respectively, noting those few studies on hazardous-waste sites and other
relevant studies of adverse health effects of materials found at such sites.
Chapter 7 describes important developments in the study of biologic markers as
they relate directly to the environmental epidemiology of hazardous-waste sites.
Chapter 8 identifies data gaps in the areas discussed in preceding chapters,
summarizes the literature reviewed in this report, and recommends that a six-
part program in environmental epidemiology be developed to inform policy
decisions about risks to public health presented by hazardous-waste sites.

Section One: Public Health And Hazardous Wastes: The
Context

Chapter 1: Introduction

In recent years the term ''environmental epidemiology" has seen extensive
use, although it has not been well defined. In Chapter 1, the Committee on
Environmental Epidemiology therefore adopts the following definition:

Environmental epidemiology is the study of the effect on human health of
physical, biologic, and chemical factors in the external environment, broadly
conceived. By examining specific populations or communities exposed to
different ambient environments, it seeks to clarify the relationship between
physical, biologic or chemical factors and human health.

Real world constraints impede the ability to estimate health effects
associated with exposures to hazardous-wastes. The committee relies on a
combination of evidence from different sources to reach
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conclusions in accordance with its mandate to estimate health effects associated
with hazardous-wastes.

•   Knowledge of potential exposures is derived from studies that characterize
the substances found at hazardous-waste sites.

•   Knowledge of health risks to humans from potential exposures can be
obtained from a variety of sources. For some chemicals such knowledge
will be available from published studies of occupational risks, usually
involving higher exposures than those in the general environment. For
others, especially for airborne and waterborne exposures, knowledge of
health risks will come from studies of the general effects of the pollutants
and from clinical reports, case-comparison studies, and animal studies, and
it can be extended to circumstances where such pollutants are emitted from
hazardous-waste sites.

•   Knowledge of symptomatology or disease occurrence has in some instances
been derived from studies of populations exposed to hazardous-waste sites.
Often, these reports have not described exposures accurately, or they have
failed completely to identify a specific causal factor. Nevertheless, with the
knowledge that is available about exposure elsewhere, and from the
knowledge that some of these exposures can result in the observed
symptomatology or diseases found in excess in those exposed to hazardous-
waste sites, sufficient indirect evidence of causality can sometimes be
inferred.

The world of epidemiology, like that of any human science, seldom
permits elegant inferences to be drawn about causation. The object domain of
epidemiology consists of numerous uncontrollable aspects, with considerable
variations. To make a reasonable inference of causation in environmental
epidemiology, eight basic characteristics of the findings should be considered:
the strength, specificity, and consistency of the association, the period of
exposure, the relationship between the dose and the response, the effects of the
removal of the suggested cause, the biologic plausibility of the association, and
the overall coherence of the findings.

The advent of meta-analysis as a technique that pools related studies offers
an important opportunity to strengthen the inferences that can be drawn from
epidemiologic research. Potentially misleading conclusions can be drawn from
single studies because of insufficient sample size, inadequacies of exposure
determination, or publication and other biases. Meta-analysis reduces these
problems and can lessen the danger of misinterpretation because it allows for
combining relevant studies. Meta-analysis is limited by lack of routine
publication of negative findings, and interpretation must be tempered by the
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awareness that reporting and publication biases can distort the sample of studies
available for pooling.

Chapter 2: State and Federal Context for Environmental Epidemiology of
Hazardous Wastes

Chapter 2 discusses how federal and state environmental policies have
largely shaped the development of environmental epidemiology as it pertains to
the study of hazardous-waste sites in the U.S. First, scientists working for state
and federal agencies perform most of such studies. Second, federal and state
regulations determine the nature and limitations of available data on
environmental contamination related to hazardous-waste sites. Third, federal
and state agencies are continuously involved in the process of defining which
chemicals found in the environment are of concern for human health and the
levels at which action should be taken to protect human health.

The legislation that produced these state and federal programs was clearly
intended to protect human health. Congress and the states enacted the
legislation which created Superfund in the early 1980s in response to public
concern about the effect of hazardous-waste sites on the health of nearby
communities—concerns that persisted and escalated through the decade as the
dimensions of the problem continued to expand. ATSDR was also established
by this legislation to provide health assessments and other relevant information
on hazardous-waste sites. These programs have not allayed public concerns.
Public opinion surveys consistently rank hazardous-waste sites among the most
serious environmental risks and the environment as an issue of great public
concern. Hazardous-waste sites are a major public health management issue in
every state. Half of the U.S. population and 95 percent of the rural population
relies on groundwater as the main source of drinking water. Each year
thousands of wells are closed because of hazardous-waste contamination.
According to a number of polls, the public fears hazardous-waste, wants it
cleaned up, and is willing to pay the enormous sums currently spent on
Superfund because of the belief that this program will protect public health.

Chapter 2 questions how so much effort and money could have been spent
with such a moderate yield in knowledge. It reviews federal and state
legislation, policies, and programs that determine how hazardous-waste sites are
evaluated; what information on exposure and health effects is collected; how
the data are analyzed and used in setting priorities and planning remediation
programs; and what proportion of hazardous-waste-control budgets is spent on
assessing
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population exposures and risks. It also discusses the nature and extent of
environmental epidemiology carried out by federal and state agencies, and
recommends a program for the field that will generate needed information.

The intent of Congress in enacting legislation on hazardous-waste sites
was clear. As set forth in the legislative history of the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA), passed
in 1980 and generally known as Superfund, the goals of the bill included

[establishment of] an inventory of inactive hazardous-waste sites in a
systematic manner, establishment of priorities among the sites based on
relative danger, a response program to contain dangerous releases from
inactive hazardous-waste sites, acceleration of the elimination of unsafe
hazardous-waste sites, and a systematic program of funding to identify,
evaluate and take responsive actions at inactive hazardous-waste sites to assure
protection of public health and the environment in a cost-effective manner.

In essence, Congress wanted to know how much environmental
contamination has been caused by hazardous-waste sites and how serious a
threat this is to human health. It also wanted to ensure that the sites that
presented the worst problems would be dealt with first. The actual health risks
to communities living around specific hazardous-waste sites were to be
identified, so that the information could be used in making decisions about
remediation. Finally, Congress's intent was that the remediation programs
would do the most possible, with limited resources, to protect the health of the
public.

These objectives are in fact the traditional elements of a public health
strategy: The discovery and preliminary assessment of as many sites as possible
to describe the universe of potential exposures; the priority ranking of sites by a
defined protocol, to identify and act on those most urgently requiring attention;
the collection and use of data on current human exposures and health effects
early in the triage and evaluation processes; and the development of
remediation programs with direct and continuous attention to the public health
effects of releases from the sites. Analyses of the limited federal and state
regulatory support for environmental epidemiology reveal, however, that the
intent of Congress in creating Superfund has not been realized, in that the public
health consequences of exposures to substances from hazardous-waste sites
have not been adequately assessed.

Moreover, there is little reason to believe that current procedures identify
the most important abandoned hazardous-waste sites, from
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the point of view of public health. Decisions have been made not to list some
sites on the National Priority List (NPL) of Superfund even though those sites
have never been fully characterized. The congressional Office of Technology
Assessment (OTA) notes that efforts to assess candidate NPL sites typically
relegate public health concerns to a minor role; the process as a whole is
directed at remediation, rather than at the assessment of public health risks.

The absence of a comprehensive national program to identify and evaluate
hazardous-waste sites makes it difficult to assess fully the nature and magnitude
of the problem for the health of the public. Similar difficulties attend efforts to
estimate the public health effects of exposures to other potentially hazardous
materials, such as unregulated nonconventional pollutants that can result from
agricultural practices and industrial processes. The current regulatory system
has failed to devise a protocol for managing hazardous-waste sites that
incorporates the essential components of public health policy. Not only is it
possible that the public residing in some of these neighborhoods is imperiled,
but the conditions for development of environmental epidemiology programs
and methods are so adverse as to impede useful scientific investigations of
many important questions.

As the committee's review of federal programs concludes, there is no
comprehensive national inventory of hazardous-waste sites, no site discovery
program, no minimum data set on potential human exposures, no adequate
system for the early identification of sites for which immediate action to protect
public health or continued surveillance of health effects could be necessary, and
no validation or evaluation of the components of the site assessment process.
The Environmental Protection Agency (EPA) and the ATSDR are instituting
some improvements in each of these areas, but these improvements are largely
limited to sites proposed for or already on the NPL.

A six-part environmental epidemiology program needs to be developed to
improve the bases for policy decisions about hazardous-waste sites.

•   Establish an active and coordinated system of site discovery for hazardous-
waste sites, based in EPA and providing technical assistance to other
federal and state programs. An aggressive site discovery program, in
combination with improved assessments and triage of sites for interim and
final remediation, will restore the original congressional intent to protect
the health of the public from exposure to hazardous-waste sites.

•   Define a revised approach to site assessments that integrates epidemiologic
determinations of population exposures, health effects,
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and the necessity of interim and final remediation or other actions into a
continuum of site evaluation. Establish protocols and criteria for the revised
preliminary assessment of all sites, with triggers for interim remediation or
other action, such as relocation, and require that all sites undergo a revised
preliminary assessment within one year of discovery.

•   Establish a comprehensive national inventory of hazardous-waste sites that
will track the status of all sites through assessment and remediation or
closure and include health hazard assessments. Use the inventory to ensure
that sites are not deferred or placed in closure status without a revised
preliminary assessment as described above.

•   Rigorously evaluate the data and methodologies used in site assessment,
including the characterization of potential and actual releases of
contaminants to groundwater, surface water, air, and soil that result in
human exposure. Evaluate the methodologies for estimating which
populations are exposed to hazardous-waste site emissions, and use this
information in preliminary assessments and in deciding how to protect the
public health. Evaluate compliance with public health recommendations for
the protection of exposed populations and site remediation.

•   Improve and expand research in environmental epidemiology to illuminate
the distribution and severity of exposures, risks, and health effects
associated with hazardous-waste sites. Authorize ATSDR to direct
responsible parties to conduct research to fill data gaps on critical
substances. Expand the ATSDR mandate to establish an extensive program
of applied research, including exposure registries linked to priority
substances, and further the development of surveillance methods such as
community health data bases, biologic monitoring, and sentinel events, that
is, events that may signal environmental health problems.

•   ATSDR, the National Institute of Environmental Health Sciences (NIEHS),
and other relevant agencies should expand cooperative agreements with
states and develop a comprehensive program of technical assistance for
state and local agencies. They also should provide funding for competitive
research grants and contracts in environmental epidemiology.

Chapter 3: Dimensions of the Problem: Exposure Assessment

Chapter 3 notes that exposure assessment is a crucial, and often
inadequate, component of studies in environmental epidemiology. In order to
establish causal relationships between exposure to chemical
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and physical agents from hazardous-waste sites and adverse consequences to
human health, obtaining valid measures or estimates of exposure is essential.

The field of exposure assessment entails numerous techniques to measure
or estimate the contaminant, its source, the environmental media of exposure,
avenues of transport through each medium, chemical and physical
transformations, routes of entry to the body, intensity and frequency of contact,
and its spatial and temporal concentration patterns. It also includes estimations
of total exposure to different compounds and mixtures. Exposure assessment
has proved difficult, because epidemiologic research typically involves
retrospective studies. Records of ambient pollutant concentrations can
sometimes provide a surrogate for exposure, but these surrogates are not always
available, and direct measures of past exposures have not usually been recorded
and must be estimated with models.

Within the past decade, estimates of the number of potential NPL sites
have grown dramatically. OTA concludes that there could be as many as
439,000 candidate sites. These sites include mining waste sites, leaking
underground storage tanks, pesticide-contaminated sites, federal facilities,
radioactive release sites, underground injection wells, municipal gas facilities,
and wood-preserving plants, among others. As of December 1988, one ATSDR
report concluded, 109 NPL sites (11 percent of the total) were associated with a
risk to human health because of actual exposure (11 sites) or probable exposure
(98 sites) to hazardous chemical agents that could cause harm to human health.
Chiefly on the basis of exposure assessments, these sites were placed in the
categories of "urgent public health concern" or "public health concern."

Repositories of potentially dangerous substances can be found at a number
of hazardous-waste sites that have been generated by a wide range of activities.
Information about the materials generally reflects the data requirements of
environmental engineering and site remediation, rather than public health
considerations. Accordingly, whether the materials pose a risk to public health
cannot readily be determined in the absence of more detailed information about
potential human exposures.

The focus of many studies has been on site-specific characterization, even
though pollutants do not respect such boundaries. Given the potential for
movement of materials in groundwater and air and the importance of multiple
routes of exposure, efforts need to proceed to estimate plume characteristics and
groundwater staging to improve the ability to anticipate the movement of
pollutants and ultimately to prevent greater exposures. Similarly, exposure from
domestic water is not limited to ingestion, but includes airborne exposures
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from materials released during showering, bathing, or cooking. Therefore,
estimates of exposure from domestic water need to be expanded to take into
account the role of airborne exposures.

The best estimates are that groundwater is the major source of drinking
water for about 50 percent of the U.S. population. In California, groundwater
provides drinking water to nearly 70 percent of the population. Millions of tons
of hazardous materials are slowly migrating into groundwater in areas where
they could pose problems in the future, even though current risks could be
negligible. For instance, plumes of chemicals, including many nonconventional
pollutants (NCPs) that are not currently regulated, are moving down the canyon
from the Superfund site at Stringfellow Pits in California and may pose
important problems in the future.

There is evidence that NCPs are a potentially important source of
hazardous exposure. Some preliminary toxicologic studies suggest that NCPs
have important biologic properties, environmental persistence, and mobility.
Additional studies are needed to characterize the mixture of materials deposited
as hazardous-wastes and to give better estimates of their potential transport and
fate in the environment. In the broadest sense these unidentified, unregulated
substances represent a risk of unknown magnitude. The absence of evidence of
their risk is solely the result of the failure to conduct research; it should not be
misconstrued as demonstrating that NCPs and "inert" pesticide components are
without risk.

Section Two: Hazardous Wastes In Air, Water, Soil, And
Food; Biologic Markers

Chapter 4: Air Exposures

Chapter 4 notes that although there is an extensive body of literature on the
epidemiology of air pollution, there is little information about airborne
exposures from hazardous-waste sites. To improve the scientific basis for
studying those potential effects, methodological approaches to the study of air
pollution are reviewed and discussed in terms of their applicability to the study
of hazardous-wastes. Also, relevant studies on airborne exposure to materials
similar to those found at hazardous-waste sites are assessed, along with some
evidence of exposures from hazardous-waste sites or other related exposures,
such as might occur with the sick building syndrome.

Many approaches have been taken to the study of air pollution
epidemiology. The methods can be used in the study of hazardous-
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wastes, but their successful application will vary. Thus, studies of trends over
time in air pollution and disease patterns have produced a growing body of
literature that has associated day-to-day fluctuations in air pollution with daily
fluctuations in mortality across a wide range of exposures with no evidence of
thresholds. It is not likely to be worthwhile to conduct such studies at hazardous-
waste sites, especially because the pollutants are complex and because there are
no long-term records, such as exist for a number of monitored air pollutants.

Cross-sectional studies provide epidemiologic snapshots of a given area at
one point in time. Recent computer technology has permitted maps to be drawn
that show comparative mortality data from different regions of the U.S.,
Canada, and other industrial countries. Such maps can show county-wide cancer
and other mortality data by decade, for example, as a hypothesis-generating tool
to detect geographic variations in these diseases and to infer possible causes. Of
more relevance to hazardous-waste studies are small-scale comparisons of
adjacent counties or ZIP codes, where differences could be better highlighted.
The study of health effects that have shorter latency than most cancers—such as
birth defects, neurologic effects, and other acute and chronic effects—increases
the likelihood that a connection can be drawn between environmental exposures
and disease.

Cross-sectional community studies typically compare communities with
different levels of air pollution or populations that live different distances from
a hazardous-waste site. All such studies have several problems: Measurement
error occurs because of the assumption of the same exposure for every subject
within a group. There can be undetected differences between communities for
risk factors, such as illness, tobacco use, or occupational exposures. There can
be "recall bias" if one group knows it is in the high exposure category. There is
little standardization of the equipment used to measure exposure in different
locations.

In spite of these difficulties, successful community studies have been done
on air pollution patterns. In contrast to purely descriptive studies, which lack
information on potential confounders, community studies generally contain data
on nonpollution risk factors. A few studies have involved materials like those
which occur at hazardous-waste sites. Excesses of the rare cancer angiosarcoma
occurred in residents near a vinyl chloride manufacturing plant. Another study
found increased rates of birth defects in children whose parents lived near such
plants.

Longitudinal analyses also have been developed for the epidemiologic
study of air pollution. These have some direct bearing on the study
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of hazardous-wastes, and they include long-term studies of actively exposed
persons, prospective studies of a distinct group, and follow-up studies of
exposed children. Here, problems of execution relate to the emotional turmoil
that usually surrounds suspicion of exposure to hazardous-wastes, the difficulty
of following residents who might have moved away, and the climate of distrust
that sometimes arises after the discovery of a hazardous-waste site. In addition,
because the courts often seal resolved lawsuits, potentially valuable information
on long-term consequences of exposure is unavailable for scientific review and
analysis. The committee's second report will discuss this further.

Although few studies directly assess airborne exposures to hazardous-
wastes, the committee finds persuasive evidence that health effects can occur
from such exposures. Review of the relevant animal literature on compounds
known to occur at hazardous-waste sites, along with the few epidemiologic
studies, shows that a wide range of effects may occur, including such serious
diseases as cancer, birth defects, and neurologic disease. Studies of populations
near hazardous-waste sites have detected complaints of neurobehavioral
symptoms. Although it might be concluded that recall bias explains the
differences in such subjectively reported symptoms, the real possibility
nevertheless exists that the symptoms complained of are more sensitive as
indicators of significant exposure than are more severe diseases that have long
latencies, such as cancer and other chronic diseases.

The constellation of self-reported symptoms in persons living near some
hazardous-waste sites shows remarkable consistency in populations with similar
exposures in different countries. These symptoms have recently been provoked
in double blinded tests using subjects who might or might not have previously
reported symptoms. Those exposed to odorless test agents developed
neurobehavioral symptoms, further strengthening the argument that there is a
physiologic basis to some of the complaints.

Symptom reports appear to be sensitive indicators of adverse health
effects. Simultaneous use of air monitoring and diary records could reduce the
problem of recall bias, which is especially troubling in situations where people
suspect ill effects could be produced by their exposures. These methods are
particularly valuable when small changes in pollutant levels cannot be detected
by the subjects in a study. The committee believes that further studies of acute
symptoms linked to monitoring data, based on concurrent exposure
measurements, are likely to reveal that reported symptoms are not completely
explained by recall bias. The current data base clearly indicates the importance
of continued use of these techniques.
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Chapter 5: Domestic Water Consumption

Water is the key medium of concern in most hazardous-waste sites.
Chapter 5 reviews evidence on the possible impact on health of waterborne
exposures that could emanate from hazardous-waste sites, and it discusses
several abandoned hazardous-waste sites in the U.S., such as Love Canal, New
York, and Woburn, Massachusetts. Contamination of groundwater and aquifers
occurs where the waste dumps are poorly constructed or managed, or where
wastes have been disposed of improperly, sometimes over long periods.

Few studies have been conducted directly on populations exposed to water
contaminated with hazardous-wastes. Accordingly, this chapter reviews
evidence about some compounds commonly found at hazardous-waste sites that
have been shown to cause adverse effects in humans exposed to these materials
through the use of domestic water. Epidemiologic evidence on the risk to health
from contaminated water from hazardous-waste sites or from other sources of
contamination, such as pesticide runoff, has largely been derived from ecologic
(descriptive) studies, and therefore is seldom conclusive as to cause. The
ecologic studies that involve broad-scale comparisons of available data are
unable to control for important confounding variables such as smoking,
occupational exposures, dietary factors, or other relevant exposures.

A number of descriptive and case-control studies indicate that drinking
water can include by-products of domestic water chlorination that pose
increased risks of cancer. Some chlorination by-products, particularly
halogenated hydrocarbons or trihalomethanes (THMs), occur in greater
quantities in drinking water if large amounts of organic matter are present. Two
THMs, chloroform and carbon tetrachloride, have been commonly found in the
chemical mixtures at some toxic dump sites at levels above those permitted in
drinking water. The by-products of chlorination can include dichloroacetic acid
and trichloroacetic acid, which are metabolites of trichloroethylene (TCE), one
of the most common contaminants at Superfund sites. Of course, chlorinated
water and its by-products do not come from hazardous-waste sites. Still, studies
of the impact of these materials on public health are relevant to this report,
insofar as exposures can occur in connection with hazardous-waste sites.

The largest individual- and population-based case-control study of cancer
and exposure to contaminated drinking water was performed in 1978 in 10 areas
of the U.S. by researchers from the National Cancer Institute. Their results
showed the risk of bladder cancer increased with intake of beverages made with
tap water. In particular,
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women and nonsmokers of both sexes who consumed chlorinated surface water
at rates above the median for 60 or more years had rates of bladder cancer that
were more than three times the rates of those who had not consumed surface
water. The gender difference could be due to the fact that men are subject to
other, more important risk factors for bladder cancer.

In New Jersey, descriptive studies have linked exposures to hazardous-
waste sites to increased cancer risks. These studies have related cancer mortality
at the county and municipal levels to environmental variables, including the
location of chemical toxic-waste-disposal sites, and presumed contamination of
water and air. One analysis of age-adjusted female reproductive organ and
breast cancer mortality showed significant positive associations between breast
cancer mortality and proximity to toxic disposal sites among whites in 21 New
Jersey counties. The clusters of excess cancer mortality were confined for the
most part to the highly urban and industrial northeastern part of the state. Such
descriptive investigations provide, at best, suggestive evidence.

Other evidence linking consumption of industrially polluted, domestic
water use with cancer is provided by an unusually strong cohort study of
residents of North Carolina, who consumed raw, industrially polluted river
water from 1947 to 1976. Residents had rates of all forms of cancer that were
more than twice those expected, at times corresponding to the expected latency
for cancer. Moreover, once exposure ceased, rates returned to the expected
level, adjusting for latency.

The study of adverse reproductive effects on males and females exposed to
hazardous-waste sites remains surprisingly sparse. Nonetheless, several
important reports have found adverse reproductive effects associated with use
of contaminated domestic water. In a case-control study it was found that
women in the Mount Gambier area of South Australia who consumed
principally groundwater had nearly a threefold increase in the risk of bearing
malformed children who had defects of the central nervous system compared
with women who drank only rainwater. The children of parents who regularly
used water that contained nitrate at more than 15 parts per million had four
times more central nervous system defects. It was recognized, however, that
other, as-yet-undetected chemicals could have been responsible for the excess.

Despite the serious problems that must be overcome in developing reliable
data on the connection between birth defects and environmental contamination,
several lines of evidence point to a causal nexus between exposure to TCE and
cardiac congenital anomalies. Both animal and human studies have found that
exposure to TCE increases
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the risk of some cardiac anomalies. Persons living in a small valley of Tucson,
Arizona, who consumed contaminated water were three times more likely to
produce offspring with congenital heart disease.

A limited number of reports in the peer-reviewed scientific literature have
linked spontaneous abortion, low birth weight, and birth defects to the
consumption of domestic water or to other environmental exposures. A variety
of other health effects, including liver and neurologic disease, have also been
associated with waterborne exposure to substances from hazardous-waste sites.
Some studies have detected increased rates of neurologic deficits in persons
with chronic exposures to contaminants such as TCE.

Several factors lead us to conclude that contamination of domestic water
supplies with a number of hazardous chemicals, such as those that could be
encountered at hazardous-waste sites, is injurious to human health, although the
magnitude of the risk cannot be determined. Some of the common by-products
of chlorination also occur as contaminants at Superfund sites, such as
dichloroacetic and trichloroacetic acid, metabolites of TCE. Moreover,
exposures are not limited to ingestion, but include those due to volatization of
hazardous gases and dermal absorption.

There is also evidence from epidemiologic studies that neurologic, hepatic,
and immunologic function can be damaged by exposure to domestic water
contaminated with some toxic chemicals. The long-term consequences of the
abnormalities detected, however, are largely unknown and must be the subject
of further research, on which the committee will comment in more detail in its
next report.

Chapter 6: Soil and Food as Potential Sources of Exposure at
Hazardous Waste Sites

Soil provides a usually unrecognized source of exposure to contaminants.
Models indicate that adults can be exposed directly or indirectly, through the
food chain, and that children incur greater exposures per unit of body weight.
Home gardening and ingestion of subsistence or recreational fish can be
important sources of these contaminants. In addition, commercial shellfish and
finfish may also be contaminated. Epidemiologic studies of hazardous-waste
sites need to incorporate broader consideration of soil and food as routes of
exposure.

It is difficult to identify completely the routes of exposure when ill health
effects are suspected from hazardous-waste sites, as Chapter 5 notes. The same
problem of determining precisely who is exposed exists for exposure through
ingestion of soil as it does for exposure
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through domestic water use, in that direct ingestion does not constitute the sole
route. Soil ingestion suffers from an additional complexity. Except among small
children, it is unusual for soil to be ingested directly, although adults do ingest
small amounts of soil nonetheless. Unless a chemical is extremely potent, the
exposure is particularly direct (as with certain occupations), or there is
extensive dust contamination of food and residences, exposure due chiefly to
contaminated soil is unusual. However, contaminated soil and domestic water
can act as vehicles for contamination of plant or animal foods that are
subsequently ingested—as is the case for mercury and pesticide contamination
of fish and heavy metal or pesticide contamination of fruits and vegetables. The
questions of the effects of pesticide residues on foods and the subsequent health
risks for children are the subject of study for another NRC committee, and are
not considered here.

A recent report from the Institute of Medicine documents the extent to
which fish may bioconcentrate lipophilic pollutants from the surrounding water.
Persons that consume fish taken from contaminated waters have average blood
levels of polychlorinated biphenyls (PCBs) that are several times those found in
other general population groups, in ranges that extend into concentrations
typically found in industrially exposed workers. In the U.S., mercury
contamination of fish is especially prevalent in the Great Lakes region.
Although advisories have been issued to pregnant women, nursing mothers, and
women who intend to have children, no such advisory has been developed for
men who may wish to reproduce, despite evidence that sperm are also
vulnerable to subtle toxic effects.

The routes of exposure to PCBs are not well characterized, despite the
ubiquity of this compound and its occurrence at some level in most persons
tested in the U.S. PCBs also occur at many Superfund sites. Studies from a
number of research institutions confirm that exposure to background levels of
PCB below both the relevant standards for occupational exposure and those for
food contamination produces developmental deficits in children. In addition,
studies of Japanese children exposed to higher levels of PCBs prenatally and
through lactation indicate higher rates of abnormalities of lungs, skin, nails,
teeth, and gums, low birth weight, and reduced growth. In investigations of a
number of species, perinatal exposure to PCBs causes similar effects. However,
humans appear to be particularly sensitive. Other studies have indicated that
exposure to PCBs occupationally or through transformer fires is linked to a
range of neurobehavioral and functional problems, including muscle pain, skin
color changes, nervousness, or sleep problems.

SUMMARY 16

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Environmental Epidemiology, Volume 1: Public Health and Hazardous Wastes
http://www.nap.edu/catalog/1802.html

http://www.nap.edu/catalog/1802.html


Because of the difficulties of determining relevant exposures and health
outcomes, studies of sentinel animals can provide some hypothesis-generating
results. Wild mice trapped in Love Canal, New York, showed weight loss and
impeded development associated with areas of the greatest contamination.
Similar studies of wildlife and of domestic animals could provide useful
indicators of, or sentinels for, potential exposure at hazardous-waste sites,
especially for playgrounds or other sites that have been used for recreation that
involves frequent contact with soil.

Chapter 7: Biologic Markers in Studies of Hazardous-Waste Sites

Chapter 7 draws on emerging developments in molecular biology to
describe a conceptual framework for using biologic markers in the study of
hazardous-waste sites. This chapter reviews studies of biologic markers in
persons exposed to materials such as those commonly encountered at hazardous-
waste sites, along with the few studies of persons directly exposed at sites.
Examples of markers of exposure, effect, and susceptibility are provided and
methodologic or other important considerations in their use are presented.
Important ethical and legal issues are involved in the use of biologic markers in
studies at hazardous-waste sites.

As defined by the NRC Committee on Biologic Markers, a biologic marker
is any cellular or molecular indicator of toxic exposure, adverse health effects,
or susceptibility. It is useful to classify biologic markers into three types—
exposure, effect, and susceptibility—and to describe the conditions (normal
exposure, disease, or susceptibility) that each kind of marker represents. A
biologic marker of exposure is an exogenous substance or its metabolites or the
product of an interaction between a xenobiotic agent and some target molecule
or cell that is measured in a compartment within an organism. A biologic
marker of effect is a measurable biochemical, physiologic, or other alteration
within an organism that, depending on magnitude, can be recognized as an
established or potential health impairment or disease. A biologic marker of
susceptibility is an indicator of an inherent or acquired limitation of an
organism's ability to respond to the challenge of exposure to a specific
xenobiotic substance.

Biologic markers have been used occasionally in epidemiologic studies of
hazardous-waste sites, predominantly as indicators of effect. An array of
dermatologic, behavioral, and neurological symptoms have been identified that
might provide markers of exposure to toxic chemicals, or early indicators of
effect. Not counting symptoms or frank signs of morbidity, changes in liver
enzymes, which indicate liver function,
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are among the most commonly used, presumably because of their nonspecificity
and ease of analysis. Sometimes these effects are transitory, as was shown in a
study of persons with increases in the liver enzyme alkaline phosphatase who
had been exposed to chlorinated chemicals in domestic water in Hardeman
County, Tennessee.

Other multiphasic tests to find markers of exposure or effect in blood and
urine also have been used, but to a lesser extent. For example, serum
cholesterol, gamma-glutamyl transpeptidase (an indicator of enzyme induction
in the liver), and blood pressure have been studied as markers of effect in
residents of Triana, Alabama, who were exposed to PCBs chiefly from
subsistence eating of contaminated fish. Eighty to 90 percent of the population
in Triana had levels of PCB within the range found in other community groups.
For those with elevated levels, results indicated that PCB was positively
associated with measures of blood pressure and other indicators, independent of
age, sex, body mass, and social class. Similar findings have been reported in
studies of workers exposed to PCBs in capacitor manufacturing.

Researchers also have studied markers of neurologic function in persons
from Woburn, Massachusetts, some six years after exposure to TCE ceased, and
in others with similar exposure. In Woburn, TCE levels in domestic water had
been from 30 to 80 times higher than the recommended EPA Maximum
Contamination Level of 5 parts per billion (ppb). Exposed and control subjects
were studied with a neurobehavioral evaluation protocol that included clinical
tests, nerve conduction studies, blink reflex measurements, and extensive
neuropsychological testing. The highly significant differences in a variety of
neuropsychologic tests indicate that neurotoxic effects occurred in those who
had been exposed.

Although they are not commonly thought of as constituting markers, the
results of neurobehavioral tests can provide a diverse range of measures of toxic
exposures and effects. A battery of neurobehavioral tests has been applied to the
study of persons exposed to materials that occur at hazardous-waste sites. A
comprehensive review of developing techniques in neurobehavioral assessment
found consistent and significant neurobehavioral effects and a range of other
subtle neurological alterations in persons exposed to metals, solvents, and
insecticides, with some indication of greater effects in those with higher
estimated exposures. These findings corroborate studies that reveal that TCE
inhalation induces a range of neurotoxic effects in rodents.

Although the risk of cancer provides a central focus for much research on
markers, risks to human reproduction offer another focal point for which much
shorter time periods between exposure and
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evidence of a related health effect are involved. Several studies have revealed
that workplace exposures to hazardous materials, as well as consumption of
alcohol, drugs, and tobacco, influence both the ability of males and females to
reproduce and the health of their off-spring. Whether environmental exposures
could also create such effects on reproductive function needs to be studied
further.

A series of studies using refined and automated measures of sperm
concentration and sperm head morphology has recently found significant effects
on male reproductive capacity related to exposures to pesticides. Studies of
Vietnam veterans noted that those who served in Vietnam were twice as likely
to have lowered sperm concentrations and significantly different sperm
morphology, with longer axis length and greater head circumference. The
number of children fathered by both groups was comparable. Whatever the
mechanism, a variety of characteristics of sperm have been detected and found
to change with exposures to pesticides and other toxic chemicals, including
those encountered at hazardous-waste sites or through other channels. Markers
of exposure or effect can include changes in sperm shape, concentration, pH,
viability, velocity, and motility.

CONCLUSIONS

Whether Superfund and other hazardous-waste programs actually protect
human health is a critical question with respect to federal and state efforts to
cleanup hazardous-wastes. To answer this question requires information on the
scope of potential and actual human exposures to hazardous-wastes and about
the health effects that could be associated with these exposures. Based on its
review of the published literature on the subject, the committee finds that the
question cannot be answered. Although billions of dollars have been spent
during the past decade to study and manage hazardous-waste sites in the U.S.,
an insignificant portion has been devoted to evaluate the attendant health risks.
This has resulted in an inadequate amount of information about the connection
between exposure and effect.

A decade after implementation of Superfund, and despite congressional
efforts to redirect the program, substantial public health concerns remain, and
critical information on the distribution of exposures and health effects
associated with hazardous-waste sites is still lacking. Whether for the purposes
of environmental epidemiology or for the protection of public health, the nation
is failing to adequately identify, assess, or prioritize hazardous-waste site
exposures.

In spite of the complex limitations of epidemiologic studies of hazardous-
waste sites, several investigations at specific sites have documented
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a variety of symptoms of ill health in exposed persons, including low birth
weight, cardiac anomalies, headache, fatigue, and a constellation of
neurobehavioral problems. It is less clear whether outcomes with a long delay
between exposure and disease also have occurred, because of complex
methodological problems in assessing these outcomes. However, some studies
have detected excesses of cancer in residents exposed to compounds, such as
those that occur at hazardous-waste sites.

Although current public health burdens from hazardous-waste sites appear
to be small, the future risk might be greater insofar as many of the substances
involved are highly persistent, and other materials already in the groundwater
can migrate into areas where exposure potential is greater. In some cases,
unnecessary or inappropriate remediation might create more of a hazard than
would be caused by leaving such materials undisturbed.

Despite the lack of adequate data with which to characterize the effects of
hazardous-wastes on public health in general, the committee does find sufficient
evidence that hazardous-wastes have produced serious health effects in some
populations. We are concerned that populations may be at risk that have not
been adequately identified, because of the inadequate program of site
identification and assessment.

To improve the ability to evaluate health effects associated with exposures
to hazardous-wastes sites, a number of important data gaps and resource
constraints need to be remedied, as this report illustrates. There is a need to
make public health assessments an early priority in the routine evaluation of
hazardous-waste disposal sites and a need to create mechanisms for sharing this
information and epidemiologic investigations of these sites nationwide. There
must be adequate support for state and local health department investigations of
hazardous-waste sites. Better measurements or estimates of human exposure are
needed from a variety of sources, including abandoned hazardous-waste
disposal sites, and other point sources such as leaking storage tanks, and from
agricultural and industrial practices that may produce nonconventional
pollutants. Monitoring of sentinel health events, and increased use of disease
registries and vital statistics systems will be required to assess the public health
impacts of all of these sources of exposures.

Although the effect on large populations of very low levels of toxic
pollutants is unknown, measures must now be taken to protect future public
health. According to a number of previous assessments from the NRC, a
substantial risk of contamination of the groundwater is not being averted by
current remediation practices. Moreover,
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the Institute of Medicine recently noted that pollution of lakes and rivers
increases contamination in fish. It should be recognized that if exposure
becomes general and almost uniform, current epidemiologic techniques will not
be able to ascertain any related health effects. There is a window of opportunity
to initiate studies in areas where groundwater pollution has remained high and
localized. There is also an important opportunity for prevention that could
forestall major public health problems in the future.

The legislative mandates, policies, and programs of the federal and state
agencies that currently manage hazardous-waste sites are inadequate to the task
of protecting public health. The distribution and frequency of exposures of
specific populations near specific hazardous-waste sites cannot be ascertained,
because the needed data have not been gathered.

Our report indicates that the nation is not adequately identifying, assessing,
or ranking hazardous-waste site exposures and their potential effects on public
health. We are currently unable to answer the question of the overall impact on
public health of hazardous-wastes. Until better evidence is developed, prudent
public policy demands that a margin of safety be provided regarding potential
health risks from exposures to substances from hazardous-waste sites. We do no
less in designing bridges and buildings. We do no less in establishing criteria
for scientific credibility. We must surely do no less when the health and quality
of life of Americans are at stake.
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1

Introduction

WASTE HAS BEEN A PRODUCT OF human activity since the dawn of human
history. In the early stages of industrial development, workplace wastes were
generated on site and swept, sent, or poured ''away." Occasionally, "away"
meant literally out of the door and into the street or into local stoves or
community incinerators. Later, waste materials were sold as fill for uneven
ground and spread over large expanses of unsettled land that was subsequently
urbanized. Waste oils were used as dust suppressants; unneeded products were
poured down drains, or directly or indirectly dumped into streams, rivers, lakes,
and oceans. Recognition that such wastes were potentially hazardous usually
came long after they had been generated and distributed.

During the nineteenth century, improvements in basic sanitation, housing,
nutrition, and sewage treatment substantially improved life expectancy
throughout the industrial world by reducing deaths from such infectious
diseases as tuberculosis, diphtheria, and pertussis (McKeown, 1976). Attention
in the twentieth century has shifted to chronic illnesses, such as some kinds of
cancer (NCI, 1990) and neurologic disease (Lilienfeld et al., 1989), that have
become more common in industrial societies than before. Questions have come
to be raised about the possible relationship of industrial waste and other aspects
of modern life to chronic diseases.
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Part of our modern heritage is the increasing volume of waste created by
all industrial societies. There also is an unprecedented concern over the
potential consequences for public health and the environment caused by
exposure to wastes that are deemed hazardous under a variety of regulatory
regimes. Since the earliest days of industrialization, substantial volumes of
wastes have been produced and sometimes disposed of in ways that could create
problems for later generations. In the U.S. more than 6 billion tons of waste is
produced annually—nearly 50,000 pounds per person (OTA, 1989). Some
analyses indicate that in the U.S. racial and ethnic minorities are more likely
than are non-minorities to live in areas where abandoned hazardous-waste
dumps or operating waste disposal facilities are located (Bullard, 1990). One
study noted that in communities with two or more commercial waste disposal
facilities, the average minority percentage of the population was more than
three times that of communities without such facilities (Commission for Racial
Justice, 1987).

In many industrial countries, a number of highly publicized episodes of
pollution have made it clear that pollutants can migrate in complex and not
completely understood ways. Accordingly, a variety of laws now require that
public policy should provide for better waste disposal practices. The legacy of
past practices, however, provides a series of difficult challenges to policy
makers and scientists regarding how to analyze the public health and
environmental effects of old methods of disposal, how to set appropriate
policies to reduce harm in the future, and how much resources should be
devoted to these issues.

At the request of the Agency for Toxic Substances and Disease Registry
(ATSDR), the National Research Council (NRC) convened the Committee on
Environmental Epidemiology to review current knowledge of the human health
effects caused by exposure to hazardous-waste sites and to suggest how to
improve the scientific bases for evaluating the effects of environmental
pollution on public health, including specifically the conduct of health
assessments at Superfund sites. With additional support from the Environmental
Protection Agency (EPA), the Committee also is examining the role of state
health departments in generating relevant information on this topic. This first
report of the committee reviews and assesses the published scientific literature
on health effects that could be linked with exposure to hazardous-waste disposal
sites, and makes recommendations about major data gaps that need to be filled
as scientists go on to answer important questions in the field.

A second report of the committee will identify research opportunities
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and issues in methodology for the general field of environmental epidemiology
and will evaluate selected non-peer-reviewed reports on the subject of the
epidemiologic study of hazardous-wastes. This literature includes such sources
as state health department reports and selected technical reports from the legal
literature. While not accessible in the peer-reviewed literature, such reports can
also be found in recent court decisions in which evidence about hazardous-
wastes sites has been extensively reviewed and is at issue. To the extent
feasible, the second report also will evaluate emerging reports from a variety of
newly available international sources that bear on these questions, such as those
from Eastern Europe (Environment and Health in Developing Countries, 1991).

This first report, to be consistent with the sponsors' requests, focuses on an
evaluation of the published literature on the health effects of exposures from
hazardous-waste sites. Because of this limited scope and also because a number
of other NRC committees are concerned with environmental issues, the
Committee on Environmental Epidemiology is excluding from its consideration
dietary factors and the effects of radiation, including the hazards of exposure to
radon, low-level radioactive waste contamination, and electromagnetic fields.

The first section of this chapter defines environmental epidemiology. The
second section discusses conventional views of statistical significance and
principles for inferring causation based on epidemiologic evidence. After that,
the principles of statistical inference are evaluated in the context of constraints
associated with the litigious and controversial world of hazardous-waste sites
and toxic torts. Toxic torts are among the fastest growing field of litigation
involving legal claims of alleged injuries caused by exposure to toxic
chemicals. The next section describes the historical context for the committee's
work. The chapter concludes with an outline of the rest of this volume.

ENVIRONMENTAL EPIDEMIOLOGY

In recent years the term "environmental epidemiology" has seen extensive
use, although it has not been well defined. For example, Report 27 in the
Environmental Health Criteria series, published under the joint sponsorship of
the United Nations Environment Program, the International Labor Organization,
and the World Health Organization, was entitled Guidelines on Studies in
Environmental Epidemiology (WHO, 1983). The report considered "[The use
of] … epidemiological methods for assessing the effects of environmental
agents on human health." Similarly, neither a compendium published as
Environmental Epidemiology in 1986 (Kopfler and Craun, 1986)

INTRODUCTION 27

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Environmental Epidemiology, Volume 1: Public Health and Hazardous Wastes
http://www.nap.edu/catalog/1802.html

http://www.nap.edu/catalog/1802.html


nor a didactic volume with the same title (Goldsmith, 1986) presented a
definition of the field of environmental epidemiology. The recently established
International Society for Environmental Epidemiology devised a definition in
its charter in 1988: epidemiologic studies on the effects of environmental
exposures of human populations.

The Committee on Environmental Epidemiology has adopted the
following definition:

Environmental epidemiology is the study of the effect on human health of
physical, biologic, and chemical factors in the external environment, broadly
conceived. By examining specific populations or communities exposed to
different ambient environments, it seeks to clarify the relationship between
physical, biologic or chemical factors and human health.

One challenging question that confronts environmental epidemiologists is
how to estimate the health effects associated with past patterns of disposal of
hazardous chemicals and effects that could occur in the future as a result of
continued or projected exposure from failures to cleanup sites, or from proposed
remediation plans. Investigating these problems is technically difficult, time
consuming, and expensive (Ozonoff and Boden, 1987). As part of its project on
environmental epidemiology, the committee elected to focus first on an
evaluation of available scientific and technical literature that concerns the health
effects of exposure to materials found in and issuing from hazardous-waste
sites. In using this focal point, the committee has not restricted itself to sites
officially listed under various state and federal laws, but has undertaken a broad
review of available evidence on the human health effects that could be linked to
exposures from materials at sites where disposal of hazardous-wastes has taken
place.

The committee's members acknowledge that the published literature
regarding toxic chemical waste disposal sites is limited and uneven and that
profound methodological and practical problems attend the field, as others have
noted (Grisham, 1986). However, the committee members believe that a
deliberate and systematic assessment of current knowledge will provide a useful
foundation for their later work in developing and extending the intellectual
framework of the larger field of environmental epidemiology.

Epidemiologic Research

In general, epidemiologists conduct two major types of studies to assess
relationships between suspected risk factors and disease: descriptive and
analytic. Descriptive studies portray disease patterns
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in populations according to person, time, and place and include time-series
analyses and prevalence studies that analyze large sets of data and are usually
used to generate hypotheses. Analytic studies include case-control
(retrospective) and cohort (prospective) studies and typically test hypotheses. In
case-control studies, comparable series of cases of a disease and controls drawn
from the same population are investigated to determine past exposures that
could have resulted in the development of the disease. In cohort studies,
comparable series of exposed and unexposed persons are followed to ascertain
the incidence of disease or mortality caused by disease in association with the
exposure. This traditional delineation between descriptive and analytic studies
has fostered the notion that distinct research principles apply to each type of
study. In fact, both descriptive and analytic studies can generate and test
hypotheses.

It is readily apparent that studies of hazardous-waste sites pose some
special practical and ethical challenges. Long-term cohort studies of continued
exposures cannot ethically be conducted on persons who have reasons for
assuming they are at risk of chronic disease as a consequence of exposure. For
instance, persons living near most hazardous-waste sites have in common a
measured or estimated exposure to toxic substances in the area. Researchers
cannot both verify this exposure and expect people to remain near the sites and
continue to be exposed. Moreover, at many sites, citizens groups and neighbors
have provided the first information about the existence of a suspected health
problem associated with exposure to hazardous-wastes. Once suspicions are
expressed publicly, residents often leave the area if they can, and the study
becomes mired in public fears and expectations. Who can be expected to wait
patiently for scientists to gather and analyze data when they fear for their own
and their children's safety—even if these fears later prove unfounded?

Because all the major methods of epidemiology are essentially
observational and nonexperimental, drawing inferences about causation is
considerably more difficult than it is for those controlled experiments that use
random samples and controls. People move around, eat different foods, engage
in different social and recreational activities, have different genetic
backgrounds, and live their lives with the full diversity of the human
experience. Yet, all of these factors can directly or indirectly influence their
health at any given time. To sort out the relative role of such factors,
epidemiologists, like other scientists who study human events, must rely on
inductive methods for drawing inferences about their data.

The committee acknowledges that experimental (e.g., toxicologic) studies
and epidemiologic studies each have their strong points and
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that they complement each other with respect to making causal inferences. To a
large extent, all empirical scientists rely on inductive methods. Moreover, while
one can frame and often answer precise questions experimentally, experimental
constraints may make it very difficult to generalize from them. In this regard,
continued support for epidemiologic studies constitutes a linchpin of public
health research.

Causal Inference

As we expect to describe more fully in the second report, an optimal
investigation of potential adverse health effects from hazardous-waste sites
would proceed from an adequate assessment of past as well as current
exposures to chemicals at a site (see Chapter 3 of this report) to the formulation
of testable hypotheses of effects to be studied in a specific population. Then, an
assessment would be made of adverse health effects in exposed and unexposed
persons and would take account of all potential confounders. No study that fits
this ideal has been published, and it seems unlikely that any such study could be
conducted in the immediate future.

Accordingly, the committee must rely on a combination of evidence from
different sources to reach any conclusion in accordance with its mandate to
estimate health effects associated with hazardous-wastes. Figure 1-1 illustrates
the types of information on which the committee has relied.

A.  Knowledge of potential exposures is derived from studies that
characterize the substances present in or migrating from hazardous-
waste sites. As discussed more fully in Chapter 3, these must be
described in terms of their toxicity—including their carcinogenicity and
other effects studied experimentally in animals; and where the
knowledge is available, effects studied on humans. Information about
the nature of toxic substances is derived from the general scientific
literature.

B.  Knowledge of health risks to humans from potential exposures can be
obtained from other sources, including, sometimes, related
epidemiologic studies involving analogous exposures. For some
chemicals such sources will include published studies of occupational
risks, usually involving higher exposures than those in the general
environment. For others, especially for airborne exposures, it will come
from studies of the general effects of specific pollutants and may be
extended to circumstances where such pollutants are emitted from
hazardous-waste sites.
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FIGURE 1-1 Sources of evidence for inferring whether exposures from
hazardous-waste sites cause an impact on public health.

C.  Knowledge of symptomatology or disease occurrence has in some
instances been derived from studies of populations exposed to
hazardous-waste sites. Often, these have not described exposures
accurately, or they have failed completely to identify a specific causal
factor. Nevertheless, with the knowledge that is available about
exposure elsewhere, and from the knowledge that some of these
exposures can result in the observed symptomatology or diseases found
in excess in those exposed to hazardous-waste sites when compared to
suitable controls, sufficient indirect evidence of causality might have
been accumulated to justify remedial action for purposes of protecting
public health.

In adopting the above framework, the committee does not follow the
approach traditionally used by epidemiologists in deriving inferences of
causality (Hill, 1953; USDHHS, 1976). Historically, discussions on causality
have proceeded once a statistically significant relationship between a potential
causal factor and a disease has been found, as is discussed below. However,
what constitutes the best
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means of evaluating statistical significance itself is evolving, as are the grounds
for inferring causation in some circumstances. Small numbers, rare events, or
small populations are often involved in hazardous-waste sites. Consequently,
the committee does not adhere strictly to conventional approaches to
establishing causality only after a finding of statistical significance has been
made. Before detailing the committee's reasons for relying on an inferential
approach in developing an understanding of causation in environmental
epidemiology, it is useful to consider the function and limits of statistically
significant findings in studies of the health effects of hazardous-wastes.

Statistical Significance

The requirement that a finding be statistically significant has been a
convention of epidemiologic research. If results have a likelihood of only 5
percent or less of occurring by chance, then they are usually considered
statistically significant, as measured by a number of customary tests, such as p 
and t values. Under some circumstances, this stipulation can stifle innovations
in research when studies that fail to meet the conventional criteria for a positive
finding are prematurely dismissed. Thus, a study of a common disease in a
small number of people might not achieve a level of statistical significance,
even though a causal association could, in fact, exist.

Several analysts maintain that the indiscriminate application of tests for
statistical significance to epidemiologic studies has discouraged advances in
research and conferred undue importance on negative findings. Rothman (1986)
argues that conventionally applied tests of statistical significance, such as p 
values, are inadequate and subject to extensive misinterpretation. He favors the
broad application of confidence intervals, so that results are depicted as ranging
over a set of possible values, viz., there is a 90 percent chance that a given
finding falls between some high value and some low value. Ahlbom et al.
(1990) describe two general categories of negative studies that can result from
an overreliance on traditional tests of statistical significance: those that actually
suggest that a given exposure lacks an effect of a detectable size on the studied
disease risk, and those that might miss such an effect because of inadequate
sample size, random error, or because systematic error biases the study toward
finding no such effect. Random error increases the chance that inaccurate
measures of the effect will imply that there is no difference between those
exposed and unexposed. Discussions of negative studies must recognize the
importance of the size and detectability of the effects being missed.
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According to some philosophers of science, the hypothesis that a given
exposure has no effect on increasing the risk of a particular disease can be
rejected (Buck, 1975), but can never be proved (Bunge, 1963). Greenland
(1988) has criticized this strict application of philosophy for its failure to meet
the requirements of epidemiology regarding public health. Several analysts have
noted that an inductive approach can be more appropriately applied to
epidemiologic study, considering epidemiologic study a measurement exercise
with which relevant measures of effect are estimated (Miettinen, 1985).

Even the inductive approach to causation in epidemiology is vulnerable to
random or systematic error. Where the size of a study is small, random error can
overwhelm a finding. Whether the level of statistical significance exceeds or
fails to meet the 0.05 level does not necessarily bear on whether the effect
parameter is biologically important or is equal to the null value, that is, does not
differ significantly from what is expected to occur by chance. A better
indication of the statistically plausible range of values can be provided by
identifying the estimated confidence interval, that is, the range within which
there is a 90 percent chance that the true value is contained. The confidence
interval brackets the interval or range of values that may occur and provides a
clearer indication of the significance of a study than does strict application of p 
values and other measures of statistical significance.

Systematic error in classifying disease or exposure produces invalid
results. Error arising from a misclassification of exposure can occur under a
number of conditions, including the following: if the exposure measurement is
random or subject to error; if an invalid or systematically inaccurate proxy for
exposure is used, such as distance from a hazardous-waste site independent of
relevant wind patterns or sources of domestic water; if a biologically inaccurate
indication of exposure is applied, such as the use of a point-in-time exposure
intensity rather than a cumulative dose; or if people either do not know the
amount of exposure or exaggerate it. The problem of reconstructing exposures
is especially subject to recall bias. Recall bias occurs where persons who have
learned that they may be at risk from an exposure associate nonspecific health
problems with the exposure or develop a health problem that they seek to
attribute to the exposure and then "remember" specific symptoms better than do
non-exposed persons. Error also can be introduced through misclassification of
disease. For instance, including persons who do not, in fact, have a given
disease along with those who do have the disease, produces low specificity in
the results.

Ahlbom et al. (1990) warn that over-interpretation of epidemiologic
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results can occur when results that show no effect are believed to prove no
effect, even though they are actually inconclusive. Among the factors that can
contribute to this over-interpretation of negative studies are failure to achieve
statistical significance, too small a sample size, the poor assessment of
exposure, the presence of confounding factors, and the lack of known biologic
mechanisms that may account for the particular relationship between exposure
and disease.

Causation In Epidemiology

The world of epidemiology, as that of any human science, seldom permits
elegant inferences to be drawn about causation. The object domain of
epidemiology consists of numerous uncontrollable aspects, with considerable
variations in precedents, so that we cannot vary only one factor at a time. With
human sciences, causation usually must be inferred, and is never proved
absolutely.

Human minds seem to be more credulous than skeptical, and most people need
protection against being gulled. Undue skepticism, however, can be as
dangerous as credulity to scientific progress and the improvement of health.
Only judgment can prevent the hypercritical rejection of useful results. (Susser,
1973, p. 141)

Susser's statement reminds us that the judgment of experts is a critical
component for interpreting any findings in epidemiology. A fundamental
dilemma for epidemiologic research on hazardous-waste sites, or any other
topic involving multiple causes and results, derives from the fact that the
statistical correlation of variables does not necessarily indicate any causal
relationship among them, even where tests of statistical significance may be
met. Mere coincident occurrence of variables says nothing about their essential
connection. Moreover, partial correlations between variables that exclude other
relevant variables can be misleading.

To estimate the relationship between exposure and health status it is
necessary to include relevant variables or their appropriate proxies, to the extent
that these can be determined. Efficient use of that information requires the
choice of a functional form that is compatible with the health-related practices
and decisions of the individuals who are under study. No matter how carefully
such proxy variables are estimated, causal inference should not be equated with
statistical inference. Nor can statistical expertise alone establish causation. In
order to facilitate the inference of causation from statistical information,
contemporary epidemiologists have developed guidelines based on the view
that absolute truth cannot be determined scientifically
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(Mill, 1865). The relative likelihood that a finding is true must be inferred from
careful, systematic, and repeated observations of recurring phenomena. Thus,
association can be proved beyond a reasonable doubt, but not refuted, while
causation can be refuted, but cannot be proved.

To make a reasonable inference of causation in environmental
epidemiology, eight basic characteristics of the findings should be considered:
the strength, specificity, and consistency of the association; the period of
exposure; the biologic gradient or the relationship between the dose and the
response; the effects of the removal of the suggested cause; the biologic
plausibility of the association (Hill, 1953; USDHHS, 1986), including how well
it coheres with other findings.

Strength of the Association

How great is the risk of disease apparently induced by a given factor
(exposure)? This is often expressed as relative risk (RR), standard mortality
ratio (SMR), odds ratio (OR), or standard fertility ratio (SFR), each of which
compares the risk of disease incurred by exposed persons with that of
unexposed persons. The greater the RR, SFR, or SMR, the stronger the inferred
link for exposed individuals. Of equal concern for public health, however, is the
attributable risk, which might be much harder to detect, study, and estimate in
environmental epidemiology, given the problems of evaluating baseline rates
for a disease of interest. An RR of 3 for a lifetime that affects 1 of 100 persons
in a small population produces a much smaller impact on public health than
does a lifetime RR of 1.1 that affects several million persons.

Epidemiologists have long appreciated that high RRs are relatively easy to
detect. Thus, evidence linking lung cancer and cigarette smoking is strong;
active smokers have a tenfold or greater risk of contracting lung cancer than
nonsmokers do. In contrast, evidence linking lung cancer and passive smoking
is less firmly established; a variety of studies (NRC, 1986a) place the RR
between 1.2 and 2.0, with the 95 percent confidence interval for a summary of
the case-control studies ranging from 0.9 to more than 2.

The difficulty with the use of this criterion of the strength of the
association in environmental epidemiology is that misclassification of exposure
can greatly attenuate the strength of a relatively weak observed association.
Other sources can contribute to a specific chemical exposure, and the same
health effect can be caused by different pollutants. Most of the results of
concern are common, chronic diseases, for which the baselines—their normally
expected rates—are not clearly
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established. It is possible to validate a true elevation in a rate only if it can be
demonstrated that an event is unusual (or improbable); this implies that the
researcher drawing the inference has a good grasp of what is usual (Rothenberg
et al., 1990). For instance, the assessment of time trends in birth defects or
reproductive health must contend with the lack of well-established national and
regional information about rates of major birth defects and spontaneous
abortion. Moreover, the system used to code and classify minor and major birth
defects can differ from one place to the next. Evaluating the occurrence of
spontaneous abortions requires information about regional and cultural
variations in rates and kinds of contraceptives used, rates of elective abortion,
and genetic-screening tests that can provide the basis for such procedures. In
areas where proportionally more pregnancies are voluntarily terminated,
reported rates of spontaneous abortion might be lower.

For multiply caused diseases the strength of association measured depends
on many factors, including the power of the overall study to detect an effect.
Power is a statistical measure of the potential of the study to find an association.
It varies with the inverse of the square root of size of the population studied and
the expected relative risk of the disease. In order to detect significant patterns,
rare diseases are best studied in larger populations. More common diseases can
be studied in smaller populations. However, to the extent that multiple causes
are involved, as they are with most chronic diseases, larger populations are
generally required in order to obtain significant results in studies of more
common diseases as well. Refining the measures of diseases and the assessment
of exposure can improve the power of a study to detect an association. ''Strong"
associations are not more biologically correct then "weak" associations. They
may be less readily dismissed as confounding, however, and are more readily
detected.

Cancer clusters and spontaneous abortion clusters are among the most
commonly reported events linked to exposure to hazardous-waste sites. These
clusters also rank as among the most difficult outcome for which causation can
be inferred. In part, this is because both outcomes reflect multiple causes and
because it is difficult to determine the relevant regional baseline rate. Also, for
cancer, the latent period (between exposure and onset of disease) is often long.

Neutra (1990) notes that because of the small populations exposed at many
hazardous-waste sites, the observed rates of occurrences for diseases studied in
a given cluster often must be at least 20 times greater than expected to support
an inference of causation. Today,
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one of three people in the U.S. will develop some form of cancer; one in four
will die of it (NCI, 1990). The expected rate of spontaneous abortion is
estimated to be as much as one in four of all pregnancies (NRC, 1989).
Therefore, clusters of cancer, spontaneous abortion, or other common diseases
can easily arise by chance. Assessing whether a given cluster of these common
health problems could be linked to environmental exposure requires either the
study of very large numbers of persons or the finding of extraordinarily elevated
rates. Further, most hazardous-waste sites involve potential or actual exposures
of only small numbers of persons. Because many of them no longer live in the
area when a cluster is identified, tracking down all who potentially could have
contributed to a cluster is extremely difficult.

Another problem relates to the fact that analyses of health effects possibly
linked with exposures from hazardous-waste sites usually involve making
implicit multiple comparisons, which results in increased rates of disease due to
chance alone. "When eager environmental epidemiologists check to see if
cancer registry data suggest that a particular waste site has increased the
incidence of any one of the 80 types of cancer with a p value of 0.01 or less, …
we know that there is a 0.99 probability of escaping an increase in all of these
cancers. … So there is a better-than-even chance that the risk of some kind of
cancer will be elevated around the site" (Neutra, 1990, p. 5). Multiple
comparisons are being made in an implicit manner, in that only the single type
of cancer that is elevated becomes the subject of public concern and study,
rather than each type of cancer separately or all cancers combined. In the state
of California 55 percent of the 5,000 census tracts will have at least one type of
cancer elevated because of chance alone. Hence, there are potentially 2750 false-
positive clusters to investigate each decade.

Finally, for many hazardous-waste sites, there usually are no data on
relevant exposures that could have occurred several decades earlier, given the
long and indefinite period for development of many forms of cancer. This and
the other considerations described in this section explain why the observed
strength of an association between pathology and exposure to hazardous-wastes
can be weak, even though the link may be causal.

Specificity of the Association

Specificity implies that a putative cause induces a specific disease.
However, a one agent-one disease model has been shown not to apply for many
diseases, such as lung cancer, in which multiple causes are involved. Further,
many agents, such as cigarette smoke, produce
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different diseases, making the determination of their relative role more difficult
(Lilienfeld and Lilienfeld, 1980).

Specificity also is diminished when diseases are inappropriately grouped
together, or inaccurately classified, obscuring important differences. Thus, a
proposed study of vinyl chloride-exposed workers in 1973 would have failed to
detect the real effect of increased cancer, because it lumped the relatively rare
form of cancer involved, namely angiosarcoma of the liver, into the category of
all cancer. This particular study included over 10,000 workers in 37 plants, the
majority of the industry at the time. In preparing the analysis of this group, the
researchers calculated the SMRs in which the expected numbers of deaths from
specific causes were derived from national mortality statistics for all cancers
combined. This aggregation of cancer would have obscured the extraordinary
finding that one fifth of all recorded incident cases of angiosarcoma for the U.S.
in a single year occurred in this group of highly exposed vinyl chloride workers
(Utidjian, 1988). Subsequent studies that used appropriate classifications of
disease detected significant excesses of angiosarcoma and brain cancer in
exposed workers (Utidjian, 1988). Excesses of angiosarcoma have also been
detected in residents living near a vinyl chloride manufacturing plant in New
York (Brady et al., 1977).

Where a given factor is related to many diseases, its specific causal
association with a single disease can prove difficult to demonstrate. Thus, vinyl
chloride emissions have also been tied to clusters of birth defects, but the study
lacked sufficient power and the findings were not significant (Rosenman et al.,
1989). In general, hazardous-wastes have been linked in toxicological studies to
a wide range of diseases, some of which have long latencies and many of which
have multiple causes. Moreover, the common nature of many of the health
problems suspected to be caused by exposure to hazardous-waste sites makes
the identification of their specific causes problematic. Here again, the problem
of multiple comparisons occurs, in that the study of a number of different
diseases in different locations will randomly produce some elevations due to
chance alone.

Consistency of the Association

Does the relationship between exposure and disease occur regularly in
independently conducted studies? To revert to the example of passive smoking
and lung cancer, although the RR might be 2.0 or less, this elevated risk was
reported consistently in more than 30 different studies conducted in six
countries (NRC, 1986a). Even where
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statistical significance is not attained in all studies, their results may be
combined, so long as they comply with sound methods. Data may be pooled to
determine whether a particular effect is linked to a particular exposure.
However, such pooling does not readily allow estimation of the size of that
effect. To facilitate syntheses of different studies, general criteria need to be
developed for evaluating their overall compliance with basic standards of good
epidemiologic practice (CMA, 1991). To bolster the finding of consistency, a
number of studies that meet these criteria of good epidemiologic practice can be
grouped for meta-analyses. This grouping allows for statistical pooling of
results in different studies (Chalmers et al., 1987). Such groupings of studies are
feasible, provided that the studies are selected or excluded from the group
solely on the basis of their conforming to stringent methodologic criteria for
what constitutes good epidemiologic practice, independently of their results.
Similarly, repeated findings of clusters in time and space of exposure and effect
strengthen the plausibility of the inferred relationship.

Consistency of findings in different populations and in different countries
especially strengthens a finding of causation. It is unlikely that the same
relationship would occur by chance alone in different populations, unless, of
course, the studies were subject to the same biases. Assessing the consistency of
an association in the arena of hazardous-wastes is also hampered by the
diversity of exposures. In principle, studies can be conducted in several
communities where there have been varying levels of exposure after those
exposures are reasonably well defined. Estimates can be roughly correlated with
degrees of exposure, after controlling for confounding by other variables
(Neutra, 1990, citing Robbins, 1988).

Many hazardous-waste sites entail multiple exposures to a mixture of
chemicals. Further, the multicommunity approach assumes that the high
exposure communities are homogeneous as to the risk they convey to the
public. This assumption could be unwarranted if major differences in industrial
hygiene and disposal practices are involved. Unfortunately, consistency is not
easily achieved for studies of hazardous-waste sites; we do not have enough
data to be able to determine for which sites similar health effects might be
anticipated, as is illustrated in Chapter 3. This is because of the lack of data on
potential exposures that would permit characterization of sites in similar
groupings of exposures to single or multiple chemicals. In this regard, insisting
upon consistency between studies could pose an unreasonable burden where
other factors mitigate the actual and potential exposures incurred.
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Temporality

Does exposure occur at a reasonable interval before the development of the
symptoms or disease of interest? The amount of time between exposure and
onset of disease should comply with the underlying biological concept of the
disease at hand. For tobacco-induced lung cancer, the latency between exposure
and disease often is 25 years or more, although a few cases occur within 10
years of first exposure (Doll and Peto, 1978). Theoretically, higher doses
shorten latency. For diseases of shorter latency, periods of hours of acute
exposure can be involved. In general, the period of observation should be
consistent with the hypothesized relationship, taking into account that variable
latencies may be involved. With diseases of long latency, accurate recall or
reconstruction of exposures remains a serious problem.

For studies of hazardous-waste sites, the temporality requirements of
inferring causation could prove difficult to pin down, given the mobility and the
diversity of the study population and the lack of models of many chronic
diseases in the human populations. Despite this, studies of diseases with short
latencies can sometimes provide useful information. For example, Vianna and
Polan (1984) reported that the peak in low birth weight in children born to
women who were residents of Love Canal, New York, occurred during the time
of greatest estimated exposure to contaminants at that site.

Biologic Gradient or Relationship Between Estimated Exposure and Disease

In general, the greater the exposure, the stronger the effect. The
relationship between dose (either estimated or measured) and response should
be logical and uniform. The risk of contracting lung cancer increases with the
number of cigarettes smoked. Although dose usually equals the concentration
integrated over time, there are some important exceptions in which dosing
patterns can be more important than overall dose. For instance, early and high
exposure to alkylating agents, such as ethylene oxide, could produce a greater
response than continual low exposure to the same quantity over a long period of
time (Vesselinovitch, 1969).

Also, timing of exposure and host condition can be critical. Exposures to
toxic chemicals in infancy and childhood or exposures of persons who are
already compromised by some preexisting chronic disease can produce a
stronger effect than that found in healthy adults. It is well known that exposures
to some toxic agents during the first trimester of pregnancy are critical for many
teratologic and reproductive effects. Thus, there can be long-term and
permanent effects
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from short-term exposure, such as that resulting from a single episode of
exposure that occurs at the critical time in pregnancy, and other windows of
vulnerability exist for neurodevelopmental effects (NRC, 1989). Such time- and
dose-dependent exposure also could be involved in the development of other
chronic diseases, such as learning and behavioral disabilities caused by
exposure to lead.

For studies of hazardous-waste sites where common diseases with multiple
causes are found, the finding of a dose-response relationship can be obscured by
the operation of multiple causal factors and the absence of valid estimates of
exposure. As Neutra (1990) notes, we can rarely reconstruct the individual
exposures accurately, especially because they can stem from periods several
decades past. In the absence of detailed measurements of exposure, we are
forced to assume that people in a given neighborhood endured comparable and
uniform exposures, even where that is not likely to have been the case.

Effects of the Removal of a Suspected Cause

Where an assumed causal relationship exists, removal of the suspected
cause in individuals should reduce or eliminate the suspected effect, unless the
effect is irreversible. Thus, those who stop smoking reduce their risk of
contracting lung cancer. At the population level, reductions in cigarette smoking
among men and women in the United Kingdom and among men in the U.S.
have resulted in reduced rates of lung cancer (NCI, 1990). Where different
causes contribute to a single disease, this principle will be relevant only for the
specific causal factor removed.

The above considerations explain why it is not easy to evaluate the effects
of removal of an exposure at many hazardous-waste sites. Despite these
problems, after the fact analyses have been produced that permit some causal
inferences regarding a few studies. Thus, allowing for a five year latency, no
new cases of leukemia have occurred in families in Woburn, Massachusetts,
since those families stopped using contaminated wells (R. Clapp, Center for
Environmental Health Studies, JSI, personal communication, 1991). Similarly,
in the Lipari Landfill study by the state of New Jersey (NJDOH, 1989) and at
Love Canal, after exposure from hazardous materials declined, birth weights
returned to normal (Goldman et al., 1985; Vianna and Polan, 1984).

Biological Plausibility

Does the association make sense in terms of the current understanding of
basic human biology? Animal studies or other experimental
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evidence can enhance the credibility of epidemiologic findings by indicating
mechanisms of disease or by corroborating the basic association between
exposure and disease (Davis, 1988). However, the absence of such information
does not necessarily invalidate a causal association. The underlying
mechanisms for many modern diseases are not readily apparent. Thus, the
precise mechanisms by which cigarette smoking induces lung cancer are
unknown, although the causal relationship is clear (Doll and Peto, 1978).

CHALLENGES IN THE STUDY OF HAZARDOUS-WASTE
SITES

Among the major challenges for this field are the small populations and
small numbers of events usually involved in such studies and the consequent
lack of significance of findings, even when the confidence interval is used. The
advent of meta-analysis offers an important opportunity to strengthen the
inferences that can be drawn from epidemiologic research (Chalmers et al.,
1987). Potentially misleading conclusions can be extracted from single studies
because of insufficient sample size, inadequacies of exposure determination, or
publication and other biases. Meta-analysis can combine data from a variety of
studies and reduce the danger of misinterpretation because it allows for pooling
of all available information (Greenland, 1990). Meta-analyses must be carried
out properly if they are to supply useful information. Retrospective
combinations of research must be approached with caution. Searches for
primary studies must be as exhaustive as possible. Biases must be minimized by
blinding the evaluators of the methods of the studies with regard to the authors,
institutional sources, and findings of the original studies. Opportunities for bias
in the original research must be tabulated and used to temper conclusions. The
statistical methods must be logical and reliable. The interpretation of meta-
analyses must also be tempered by the awareness that reporting and publication
biases can distort the sample of studies available for pooling. The future
widespread application of meta-analytic techniques to studies of hazardous-
waste sites will require recognition of deficiencies in primary research and
consequent improvements in the gathering and reporting of data in a way that
will facilitate meta-analysis later.

Another challenge to environmental epidemiology is the major effect that
emerging case and tort law wield on the subject matter. In most tort cases, a
plaintiff must demonstrate by a preponderance of the evidence that his or her
version of the facts is correct. The number of lawsuits that request monetary
payment in compensation for injury induced by exposure to toxic substances
has skyrocketed in
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the past two decades (Black, 1990). A substantial number of tort cases involve
listed Superfund sites and other hazardous-waste disposal sites. Because courts
have sealed disputes on these matters that have been resolved, some potentially
relevant information is not routinely available to the scientific community
regarding the health effects associated with exposures from hazardous-waste
sites.

As a number of legal theorists have noted, the requirements for inferring
causation in law and for inferring them in science differ in several important
ways (Henderson, 1990). Chief among these is that science, by conventional
practice, infers causation where a statement has a 5 in 100 chance of being
false. However, in the law, a "but for" showing can be sufficient to establish
causation. That is, it is acceptable to establish that a causal agent was more
probably than not a substantial factor in producing a given result. Indeed, some
case law specifically denies the need to make a statistically significant showing
of a relationship to imply causation, and it allows that damages can be awarded
so long as an expert can testify that in his or her opinion a cause-and-effect
relationship is more likely than not to exist between the substances involved and
the injuries incurred (Davis, 1985). The fact that a few courts have ruled that
fear of contracting a disease such as cancer is a compensable harm, per se,
further complicates the arena. These legal trends will continue to have a major
influence on the field of environmental epidemiology and on the public demand
for studies of the health effects associated with exposures to hazardous-wastes
sites.

One important difference of focus is apparent. In epidemiology we want to
know whether a population of exposed persons has an increased risk, and by
what proportion their mean risk is elevated. In law, what matters is whether a
specific individual's disease was more probably caused than not caused by the
specific exposures encountered. In fact, epidemiology cannot answer questions
about the causes of illness in a specific individual. However, such evidence can
indicate the likelihood that particular exposures are linked with specific
diseases. A risk in a specific individual is in practice assigned from the
experience of the group (NRC, 1984).

Like most environmental sciences, epidemiology derives a substantial part
of its current support from renewed concern about the consequences of
environmental factors for public health and the environment. Unfortunately, the
intense public arena in which epidemiology operates can have a chilling effect
on the ability of scientists to assess the health effects of a particular hazardous-
waste site if that site is the subject of active litigation. The pressures of
environmental laws, lawsuits, and news media disclosures about suspected
contamination or
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outbreaks of disease substantially impair the ability of epidemiologists to obtain
unbiased information on past exposure. Experts who are privy to the discovery
process may acquire useful information, but this information may not be
available in the peer-reviewed literature on which most scientists rely. In
response to these pressures, the legal arena is fundamentally shifting its use of
the definitions of causation applied to epidemiologic study and to
environmental issues broadly conceived. The recent proliferation of mass
exposure cases, such as the Agent Orange litigation, and the class action
lawsuits and courtmaster reviews on asbestos, the Dalkon Shield, and DDT
contamination, are forcing a fundamental reassessment not only of traditional
causation standards, but of the underlying concept of causation (Schuck, 1991).
Where case law previously resisted reliance on probabilistic and statistical
information, such as that generated by epidemiologic studies, recent decisions
have accepted this line of evidence.

The Committee on Environmental Epidemiology recognizes that, whether
in law or science, the inference of causation must be understood as a process
that involves judgment and interpretation. Because the basic mechanisms of
most modern chronic diseases are not well understood, analysts are forced to
interpret observational data to find clues about etiology. Despite the immense
public interest in the effect of hazardous-wastes on public health, rather few
empirical data are available. nevertheless, public health policy requires that
decisions be made despite the incomplete evidence, with the aim of protecting
public health in the future.

Historical Context Of The Study

Lethal episodes of severe air pollution, such as those in Donora,
Pennsylvania in 1948; London in 1952; and the Meuse Valley in 1930, raised
public consciousness about environmental epidemiology. The London episode
led directly to the British Clean Air Act in the 1950s. The environmental decade
of the 1970s included the passage of a host of laws intended to address, prevent,
or control such major environmental pollution problems in the United States.
Subsequently, incidents at Love Canal; Michigan feed contamination with the
fire retardant chemical polybrominated biphenyls (PBBs); the James River; the
Hudson River pollution with the pesticide kepone; Times Beach, Missouri;
Bhopal, India; and most recently burning Kuwaiti oilfields and oil spills have
provided the global village with vivid images of devastating pollution.

In response to concerns spawned by several of these earlier episodes,
Congress passed laws that included requirements for scientific
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assessments at the very frontiers of the environmental sciences (Davis, 1985).
Thus, under terms of the Toxic Substances Control Act, the EPA was charged
with developing policies to control new and existing chemicals. To effect this
control, EPA must incorporate evidence on whether agents pose or could pose
an unreasonable risk of causing significant adverse health effects, including
birth defects, neurological disease, synergistic effects, environmental effects,
and other not-well-specified harms to public health and the environment. To
make such assessments, EPA relies on a series of risk assessment models that
use animal and other experimental data to estimate effects on humans.
Unfortunately, many important synthetic and natural chemicals have not been
adequately tested and most have not been tested at all. Risk assessment
techniques are highly speculative, and almost all rely on multiple assumptions
of fact—some of which are entirely untestable (NRC, 1983; 1986b). The
anticipatory, preventive intention of these environmental laws has resulted in
their heavy reliance on experimental models and theoretical inferences.

As recognition mounted that past disposal practices had contaminated
neighborhoods near disposal sites, Congress promulgated the Superfund law
(the Comprehensive Environmental Response, Compensation, and Liability
Act, CERCLA, Public Law 96-510, 94 Statute 2767) in 1980 to provide a short-
term remedy for abandoned hazardous-waste sites. The precise number of these
sites is unknown, although estimates go as high as the tens of thousands—an
issue discussed in more detail in Chapter 2. Reauthorizing amendments in 1986
further strengthened the provisions of the Superfund law to address the issue of
assessing health effects of persons exposed to hazardous-wastes.

In 1980, a Congressional Research Service report for the Senate
Committee on Environment and Public Works noted that in many cases
adequate data on the extent of contamination and its effects on public health and
the environment could not readily be obtained (CRS, 1980). A decade later, the
congressional Office of Technology Assessment reiterated that conclusion,
faulting the regulatory process and the failure to seek scientific and technical
studies of many key questions, including the health effects attendant to
exposure to hazardous-wastes (OTA, 1989).

Agency For Toxic Substances And Disease Registry

The original Superfund law, in 1980, established ATSDR as a new agency
of the Public Health Service within the U.S. Department of Health and Human
Services. The agency's "mission is to prevent or mitigate adverse human health
effects and diminished quality of life
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resulting from environmental exposure to hazardous substances'' (Johnson,
1988, p. 10132).

ATSDR did not come into operating existence until 1983, after a lawsuit
was filed jointly by the Environmental Defense Fund, the Chemical
Manufacturers Association, and the American Petroleum Institute (Siegel,
1990). When ATSDR was still in the early stages of development, Congress
expanded the agency's responsibilities with the passage of the Superfund
Amendment and Reauthorization Act of 1986 (SARA, Public Law No. 99-499,
100 Statute 1613) (Johnson, 1990). ATSDR is required to conduct health
assessments of every site listed on, or proposed for inclusion on, the NPL;
establish a priority list of hazardous substances found at CERCLA sites;
produce toxicological profiles for each substance on this list; and undertake
various research and health studies related to hazardous substances.

As its charter indicates, ATSDR can rely on a broad spectrum of evidence
in conducting health assessments at a hazardous-waste site. This spectrum
encompasses experimental models of chemical structure and activity patterns, in
vitro test systems, whole-animal long-term and short-term studies, and clinical
studies and epidemiologic investigations of potentially exposed persons. The
animal and experimental models on which site assessments can depend are
designed to anticipate human and environmental effects. Their results affect
decisions that can cost tens of millions of dollars. Validation and development
of these models are the subject of intense debate, reflecting both technical
problems and their substantial impact.

Animal studies and other experimental models of toxicity should remain
important to the development of environmental policies, because new materials
cannot be studied with the tools of epidemiology. Moreover, many recently
introduced compounds of interest, such as the new generation of pesticides, are
of such recent vintage that it will not be possible to obtain evidence on their
chronic effects in humans for a decade or more. Further bolstering the
importance of animal and other experimental studies is the fact that all of the 52
compounds known to cause cancer in humans also produce it in animals.
However, evidence of the carcinogenicity of only 9 of these compounds was
first demonstrated in animals, and later confirmed in humans (Rall, 1991). For
the remaining 43 compounds, evidence that humans were at increased risk of
contracting cancer was subsequently confirmed in animal studies. Reliance on
results from improved animal and other experimental studies remains an
important tool for preventing chronic disease in humans.

Efforts to validate experimental models that predict health effects on
humans are always faced with a paradox. Animal models and

INTRODUCTION 46

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Environmental Epidemiology, Volume 1: Public Health and Hazardous Wastes
http://www.nap.edu/catalog/1802.html

http://www.nap.edu/catalog/1802.html


computer-based algorithms are generated in an effort to anticipate human health
effects—ultimately, to prevent their occurrence—and to suggest appropriate
remedies. Requiring epidemiologic confirmation of the validity of animal and
other models is often not possible and may be questioned ethically. In addition,
the exposures can be self-limiting; people often move away once they become
aware or afraid that they face exposure or once they become symptomatic.
Moreover, people have prior exposures to other substances that affect their
uptake and response to later exposures to hazardous-waste site contaminants.

OVERVIEW OF THIS VOLUME

Because the basic mechanisms of many modern chronic diseases are not
well understood, analysts must interpret observational data to find clues about
etiology and also must rely on experimental observations. Table 1-1
summarizes published studies that the Committee reviews for this report on the
health effects linked with exposures from hazardous-waste disposal sites. The
relatively small number of studies published to date reflects the difficulties of
conducting valid studies of this complex issue, the tendency of courts to seal
resolved disputes in this area, and the meager resources committed to such
studies. The first section of this report presents the Committee's framework of
the field of environmental epidemiology as applied to the study of exposures
from hazardous-waste sites and discusses the governmental context under
which most relevant data are generated. Chapter 2 discusses relevant federal
and state legislation and programs for assessing and remediating hazardous-
waste sites. Chapter 3 discusses available data on common materials at listed
hazardous-waste sites and notes a number of secondary problems in estimating
human exposures to these agents. The remainder of this report assesses
problems of obtaining epidemiologic information about hazardous-waste
exposures through the air, water, and other media. Chapters 4 and 5 review
evidence on the health effects associated with hazardous-waste pollution of air
and water. Chapter 6 assesses studies on soil and food pollution, noting those
few studies on hazardous-waste sites and other relevant studies of adverse
health effects of materials found at such sites. Chapter 7 describes important
developments in the field of biologic markers as they relate directly to studies
of the environmental epidemiology of hazardous-waste. Chapter 8 identifies
data gaps in the areas discussed in preceding chapters and summarizes our
findings.

Our next report will complete the review of selected state health
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department reports on this subject, emerging international reports, and case
studies of legal decisions that have evaluated epidemiologic evidence not
otherwise available in the published literature. On the basis of this review, we
will recommend research opportunities and developments for the field of
environmental epidemiology.
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2

State and Federal Context for
Environmental Epidemiology of

Hazardous Wastes
FEDERAL AND STATE ENVIRONMENTAL policies have largely shaped the

development of environmental epidemiology as it pertains to the study of
hazardous-waste sites in the U.S. First, scientists working for state and federal
agencies perform most of such studies. Second, federal and state regulations
determine the nature and limitations of available data on environmental
contamination related to hazardous-waste sites. Third, federal and state agencies
are continuously involved in the process of defining which chemicals found in
the environment are of concern for human health and the levels at which action
should be taken to protect human health.

The environmental legislation that produced these government programs
was clearly intended to protect human health. Congress and the states enacted
strengthened legislation in the early 1980s in response to public concern about
the impact of hazardous-waste sites on the health of nearby communities—
concerns that persisted and escalated through the decade as the dimensions of
the problem continued to expand. The U.S. Environmental Protection Agency
(EPA) estimated that in 1981, 264 million metric tons of hazardous-waste were
produced (NRC, 1985). (One million metric tons equal approximately 1.1
million English [short] tons.) By 1988 the figure had risen: 5.5 billion metric
tons of hazardous-waste is produced each year in the U.S. (EPA, 1989a). Public
opinion polls consistently rank hazardous-waste
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sites among the most serious environmental risks and the environment as the
greatest public concern (Roberts, 1990). Hazardous-waste sites are a major
public health management issue in every state. Half of the entire U.S.
population and 95 percent of the rural population rely on groundwater as the
main source of drinking water, and each year thousands of wells are closed
because of hazardous-waste contamination (Wells, 1990). The public fears
hazardous-waste, wants it cleaned up, and is willing to pay the enormous sums
currently spent on Superfund because of the belief that this program will protect
public health.

Whether Superfund and other environmental programs are actually
protecting human health is a critical question for environmental epidemiology
with respect to federal and state efforts in environmental protection. To answer
it would require information on the scope of potential and actual human
exposures to hazardous-wastes and on the health effects that could be associated
with these exposures. Yet during the past 10 years, of the estimated $4.2 billion
spent each year on hazardous-waste sites in the U.S. (OTA, 1989), less than 1
percent has been devoted to the evaluation of health risks at these sites. As a
result, existing data on exposures and health effects are inadequate not only for
decisions on the management of hazardous-waste sites, but for epidemiologic
investigations of the health impact of the sites as well.

The purpose of this chapter is to describe how so much effort and money
could have been spent with such a moderate yield in knowledge. This chapter
will describe federal and state legislation, policies, and programs that determine
how hazardous-waste sites are evaluated; what information on exposure and
health effects is collected; how the data are analyzed and used in setting
priorities and planning remediation programs; what proportion of hazardous-
waste-control budgets is spent on assessing population exposures and risks; and
what are the nature and extent of environmental epidemiology carried out by
these agencies.

The intent of Congress in enacting legislation on hazardous-waste sites
was clear. As set forth in the legislative history of the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA), passed
in 1980 and generally known as Superfund, the goals of the bill included

an inventory of inactive hazardous-waste sites in a systematic manner,
establishment of priorities among the sites based on relative danger, a response
program to contain dangerous releases from inactive hazardous-waste sites,
acceleration of the elimination of unsafe hazardous-waste sites, and a
systematic program of funding
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to identify, evaluate and take responsive actions at inactive hazardous-waste
sites to assure protection of public health and the environment in a cost-
effective manner. (Legislative History, P.L. 96-510, p. 25)

In essence, Congress wanted to know how widespread the problem of
environmental contamination due to hazardous-waste sites is, and how serious a
threat this is to human health; that the sites which present the worst problems
would be dealt with first; what the actual health risks to communities living
around specific hazardous-waste sites are, so that information could be used in
making decisions about remediation; and that the remediation programs would
do the most possible with limited resources to protect the health of the public.

These objectives are in fact the traditional elements of a public health
strategy: The discovery and preliminary assessment of as many sites as
possible, to describe the universe of potential exposures; the priority ranking of
sites by a defined protocol, to identify and act on those most urgently requiring
attention; the collection and use of data on current human exposures and health
effects early in the triage and evaluation processes; and the development of
remediation programs with direct and continuous attention to the public health
effects of releases from the sites. As this review of the federal and state
regulatory context for environmental epidemiology will reveal, however, the
intent of Congress in creating Superfund has not been realized. Some 10 years
after the program began, we are still unable to assess the impact of hazardous-
wastes on public health.

FEDERAL LEGISLATION, POLICIES, AND PROGRAMS

In 1980, CERCLA established the Superfund program as part of the
Environmental Protection Agency. Under CERCLA, more than 31,000 sites
have been reported to the CERCLA Information System (CERCLIS) inventory
of sites that potentially require cleanup. EPA has completed more than 27,000
preliminary assessments and has conducted detailed investigations of more than
9000 sites (EPA, 1989a). As of March 1991, 1,189 sites were on EPA's final
National Priorities List (NPL) (EPA, 1991). CERCLA was amended in 1986 in
the Superfund Amendments and Reauthorization Act (SARA), and in 1990 it
was reauthorized without amendment.

The Superfund program is responsible for the greatest part of hazardous-
waste site evaluation and control at the federal level. It should be noted that
CERCLA excludes the following from Superfund/EPA jurisdiction: petroleum
and natural gas releases of nuclear materials or by-products; normal field
application of fertilizers; engine exhausts;
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certain workplace releases; and releases allowed by permits under other federal
pollution control statutes (Wolf, 1988). Data on environmental releases of toxic
substances, and more recently on health effects, are collected and analyzed at
several stages of the evaluation and remediation processes. For readers not
familiar with the organization and terminology of Superfund evaluations, the
following is a brief description of activities proceeding from site identification
to cleanup.

Hazardous-Waste Site Evaluation And Remediation

Identification: Sites are reported by states to Superfund; EPA decides
whether to enter a site in the CERCLIS inventory.

Removal Action: This action starts any time after a site is identified
because of emergency conditions that require fast action or to prevent
deteriorating conditions that would make cleanup more difficult.

Preremedial Process

Preliminary Assessment (PA): Review of existing information on
chemicals present at the site and on potential releases.

Site Inspection (SI): On-site inspection of some sites, as suggested by PA,
and review of data.

Hazard Ranking System (HRS): Calculation of the HRS score: if the
score is high enough, the site will be proposed for the NPL and will go on to the
remedial process.

Remedial Process

Remedial Investigation/Feasibility Study (RI/FS): Evaluation of
contamination, associated risks, and cleanup options.

Project Scoping: Review of SI data and sampling plans; formulation of
preliminary remediation goals.

Site Characterization: Baseline risk assessment.
Remedial Action Objectives: Remedial goals refined, based on risk

assessment and applicable or relevant and appropriate requirements (existing
standards and guidelines).

Development and Screening of Alternatives

Detailed Analysis of Alternatives: Risk evaluation of alternative remedial
strategies.
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Record of Decision (ROD): Selected remedial strategies identified,
federal government committed to actions that will reduce contamination to the
level specified by the remedial objectives.

Remedial Design (RD): Plan for engineering and construction of the
chosen remedy.

Remedial Action (RA): Implementation of remedial strategies. (based on
OTA, 1989; EPA, 1989b)

The time required from the entry of a site into CERCLIS to the beginning
of the remedial investigation and feasibility study (RI/FS) is usually four to five
years. The entire process, through remediation, can take more than a decade
under the best of circumstances. EPA Administrator Reilly has estimated that it
will be 30 years before all of the sites currently on the NPL are fully
remediated. Less than 10 percent of all sites in the CERCLIS inventory make it
to the NPL, however; the rest are either referred to other federal or state
authorities or determined not to require Superfund action (OTA, 1989).
Complex sites are frequently divided into several parts for evaluation and
cleanup, and the same site can have a number of distinct RI/FSs and RODs
proceeding at different paces.

The preliminary assessment (PA) is usually a paper review of available
information on the history and current contamination at the site. The site
inspection (SI) involves at least a walk-around inspection of the site.
Information gathered in the PA and SI are used to calculate a projected
numerical site score using a standard formula, the hazard ranking system
(HRS). This score is used to determine whether the site will merit further
investigation, including placement on the NPL and progression to a full RI/FS.
In general, only existing data on hazardous-waste releases, environmental
contamination, and off-site migration are used in the preremedial process;
extensive new sampling can be undertaken later, as part of the RI/FS.

The purpose of the remedial investigation (RI) is to develop a risk
assessment for the site, representing the likely current and future risk associated
with human exposures to releases from the site. The risk assessment includes
hazard identification, a dose-response assessment, an exposure assessment, and
risk characterization. The product of the risk assessment is "a numerical
estimate of the public health consequences of exposure to an agent," used to
establish cleanup goals; to set permit levels for discharge, storage, or transport
of hazardous-wastes, and to determine allowable levels of contamination
(ATSDR, 1990a, pp. 2-5).

The exposure assessment developed as part of the RI/FS depends heavily
on modeling rather than on actual measurement of exposure
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for people living near the site (EPA, 1989b). Sampling data are used to model
the potential exposures of nearby residents, although the models employed in
these assessments have not been adequately validated. The lack of sound
exposure data for populations living near hazardous-waste sites not only
undermines the capacity of federal agencies and other investigators to conduct
epidemiologic studies, but it impedes the ability of Superfund managers to
assess the public health impact of hazardous-waste site exposures.

The original CERCLA legislation also created a new public health agency
to deal with the human health effects of hazardous-wastes: the Agency for
Toxic Substances and Disease Registry (ATSDR), within the U.S. Public
Health Service. Under CERCLA, EPA is the regulatory agency that administers
Superfund, while ATSDR is the non-regulatory public health agency. ATSDR
depends on EPA to endorse its funding requests, and EPA has initial approval
over ATSDR's annual appropriation (Siegel, 1990). Although ATSDR was
authorized by CERCLA in 1980, it was not until 1983 that it was formally
established by the U.S. Public Health Service, following a lawsuit by the
Environmental Defense Fund, the Chemical Manufacturers Association, and the
American Petroleum Institute (Siegel, 1990). By the time Superfund was due
for reauthorization in 1985, ATSDR—crippled by this late start, low budgets,
and a lack of staff positions—still did not have a clear agenda and work plan
and had not produced any significant work on the health aspects of hazardous-
waste sites.

Although Congress was sharply critical of the early failure of the
Superfund program to address the health effects of hazardous-wastes, Congress
in fact may have contributed to this problem by creating ATSDR (without
authorization of staff and fiscal support adequate to influence the remediation
process), thereby achieving the unintended effect of appearing to absolve EPA
of the need to directly incorporate public health considerations into site
assessments. Nevertheless, Congress attempted to resolve this problem with
SARA. EPA was directed to revise its site evaluation process, and Congress
gave new prominence and responsibility to ATSDR, which was directed to
produce public health assessments of all Superfund sites proposed for the NPL,
and for other sites in response to public petition. In addition, ATSDR was
required to establish a priority list of hazardous substances found at CERCLA
sites, to produce toxicologic profiles for each substance on this list, and to
conduct research on the health effects of hazardous substances and hazardous-
waste sites (P.L. 99-499).

SARA defined ATSDR's health assessments to include:

preliminary assessments of the potential risk to human health posed by
individual sites and facilities, based on such factors as
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the nature and extent of contamination, the existence of potential pathways of
human exposure…the size and potential susceptibility of the community
within the likely pathways of exposure, the comparison of expected human
exposure levels to the short-term and long-term health effects associated with
identified hazardous substances and any available recommended exposure or
tolerance limits for such hazardous substances, and the comparison of existing
morbidity and mortality data on diseases that may be associated with the
observed levels of exposure. (ATSDR, 1990a, pp. 2-3, 4)

Although many aspects of EPA's risk assessment process and ATSDR's
health assessment process overlap, the distinction between them is based
primarily on the intended purpose of each type of assessment. The EPA risk
assessment is intended to serve as the quantitative basis for the selection of
remedial objectives and strategies for the site; the ATSDR health assessment is
intended to provide the community with qualitative information on the public
health implications of the site and to identify the need for further action to
protect the health of the community or to research the health effects associated
with current or past releases from the site.

In response to ATSDR's slow start-up, Congress also set deadlines for
many of these mandated activities. Health assessments were to be completed by
the end of 1988 for all 951 Superfund sites listed on the NPL before Oct. 17,
1986, and subsequent health assessments were due within one year of proposal
for NPL status. Significantly, this meant that ATSDR's health assessment would
normally be completed well before each RI/FS began. Because the RI/FS is the
stage at which the most extensive exposure and risk assessment information is
produced, ATSDR has divided its health assessments into two stages: the
preliminary health assessment (PHA), prepared in the first year after a site is
proposed for listing, and the full health assessment, prepared when the RI/FS is
complete. The full assessment is used in determining the remediation objectives
and the final record of decision. As of Dec. 12, 1990, ATSDR had completed
600 preliminary assessments and 469 full assessments (J. Andrews, ATSDR,
personal communication, 1991). With the backlog of unevaluated sites now
essentially eliminated, ATSDR can begin to evaluate sites as soon as they are
proposed for NPL listing, and it can begin to play a more active role in the
development of the RI/FS work plan.

Of the 951 NPL sites evaluated in the first round, ATSDR found that 109
(11.5 percent) constituted a risk to human health because of actual exposures
(11 sites) or probable exposures (98 sites) to hazardous chemical agents that
could have adverse health consequences.
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These sites were listed in the categories of ''urgent public health concern"
or "public health concern." It is estimated that 725,000 persons live within a
one-mile radius of the 109 sites (ATSDR, 1989a). In 1151 health assessments at
NPL sites completed by mid-1990, ATSDR determined that 85 percent of the
sites involved releases of hazardous substances and that about 15 percent of
these merited further public health investigation (Johnson, 1990). More
intensive analyses of 76 sites identified 32 percent (24) as needing some kind of
health action (ATSDR, 1991). In characterizing the distribution of hazardous
exposures at NPL sites, ATSDR reported frequent detection of a substantial
number of hazardous substances, including lead at 43 percent of the sites and
trichloroethylene at 42 percent of the sites (ATSDR, 1989a). These summary
data indicate the breadth of the potential exposures associated with hazardous-
waste sites. Figures 2-1, 2-2, and 2-3 indicate the types of exposure and sources
of contamination at Superfund sites.

ATSDR found that the data available were adequate for evaluating
environmental contamination and public health risks in only 31 percent of the
951 NPL sites assessed. Evaluation of the adequacy of

FIGURE 2-1 What were the potential threats to the environment that led to
listing on the NPL? Source: Environmental Protection Agency, National
Priorities List, Characterization Report, 1990.
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FIGURE 2-2 Wastes at NPL sites come from many sources. Source:
Environmental Protection Agency, National Priorities List, Characterization
Report, 1990.

data was conducted by ATSDR staff (ATSDR, 1989a). In all, there were
adequate data for only 39 sites that could be eliminated as sources of public
health concern either because remedial action had already mitigated earlier
concerns or because there was no feasible pathway for human exposure
(ATSDR, 1989a). Moreover, the population potentially exposed to these
uncertain risks is quite large: ATSDR estimates that 4.1 million people live
within one mile of 725 of the NPL sites for which population data exist, and 1.9
million of these persons are women of childbearing age, young children, or
elderly persons—all of whom can be considered at particular risk from toxic
chemical exposure.

Under CERCLA, ATSDR also was directed to issue public health
advisories in cases of urgent public health concern. These notify the EPA
administrator, state agencies, and the immediate community of
recommendations for interim remediate actions, such as containment or the
provision of alternative drinking-water supplies, required to protect the health
of the public. In response to these advisories, the EPA administrator can direct
an immediate removal action, place a
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FIGURE 2-3 NPL sites are located in all settings and areas. Source:
Environmental Protection Agency, National Priorities List, Characterization
Report, 1990.

site on the NPL or, if it is already listed, give it a higher priority (ATSDR,
1990a).

The Forest Glen site in Niagara Falls, New York, is illustrative of many of
the limitations of these processes for site discovery, assessment, and the
protection of public health. Previously used as an industrial landfill, Forest Glen
had been developed as a mobile home park during the late 1970s. By 1989, a
total of 150 people lived in 51 mobile homes atop the site. Hazardous-wastes in
the surface and subsurface soils included extraordinarily high concentrations of
aniline, phenothiazine, benzothiazole, 2-mercaptobenzothiazole, and
polyaromatic hydrocarbons, with dermal, ingestion, and inhalation exposures
that carried associated risks of dermatitis, phytotoxic skin reactions, and cancer.
The corrosion of drinking-water pipes by the chemicals raised the further
possibility that drinking-water supplies could be, or had been, contaminated.

Although the Niagara County Health Department reportedly excavated
some soil from the area in 1980 and EPA conducted an initial site inspection in
1987, no action had been taken to further assess the site, remediate the hazards,
or relocate the residents until New York State and EPA invited ATSDR to
conduct a public health assessment in 1989. ATSDR's assessment noted the
potentially serious exposures for the families at the site and recommended the
immediate relocation
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of the residents. By issuing the report as a public health advisory, ATSDR
enabled EPA to immediately place Forest Glen on the NPL and allowed the
Federal Emergency Management Agency to provide temporary relocation
assistance for the residents. Within one month of the initial ATSDR site visit,
all residents were notified of the health risks and offered the opportunity to
relocate (J. Melius, New York State Department of Health, personal
communication, 1991; ATSDR, 1989b).

Of the dozen public health advisories released by ATSDR to date, only
two have been for sites that were already listed on the NPL but that required
further immediate action to protect the health of the public. The other ten also
represented urgent public health concerns, but they had not been reported to the
Superfund program, had been rejected by CERCLIS, or were inventoried in
CERCLIS but had not been proposed for the NPL. As listed in Table 2-1, these
sites included a variety of hazardous substances, contaminated media, and
routes of exposure.

Congress also directed ATSDR to undertake a further set of
responsibilities, beyond the assessment of NPL sites, that were intended to build
a science base for the health evaluation of hazardous-waste sites and exposures.
With EPA, ATSDR has developed a priority list of 225 hazardous substances
found at Superfund sites (see Table 3-2, and Appendixes 3-A and 3-B). These
substances were chosen for their toxicity, their frequency of occurrence at NPL
sites, and the potential for human contact. Toxicology profiles have been
prepared for almost half of them. ATSDR has established criteria for
determining the data gaps and research needs for each chemical, and is
attempting to fill the gaps in collaboration with the National Institute for
Environmental Health Sciences (NIEHS) and private industry. The lack of a
specific congressional mandate and funding mechanism for this research has
made it difficult for ATSDR to organize a logical and timely sequence of
investigations in many cases.

In addition, ATSDR conducts pilot studies of human exposure to
hazardous-waste site releases, usually through biological monitoring or
evaluations of symptom prevalence in surrounding populations (28 studies are
in progress or complete); epidemiological studies (28 studies are in progress or
complete); and a disease surveillance program, using health outcome data bases
in 10 states. It also establishes registries of persons environmentally exposed to
hazardous substances (trichloroethylene and dioxin, so far; a registry is
proposed for benzene) and, in response to additional legislation, it prepares
special reports for Congress (childhood lead poisoning, the health impact of
medical waste) (Johnson, 1990).
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Finally, as its name—the Agency for Toxic Substances and Disease Registry
—implies, Congress intended that the Public Health Service establish registries
of populations exposed to hazardous-wastes and follow these populations over
time to observe associated health effects. Because of the uncertain end points
and utility and great expense of starting and maintaining site-specific, open-
ended registries, ATSDR has resisted congressional and community pressures
to establish them. Instead, the agency has developed specialized registries to
study the long-term health effects of exposure to specific chemicals at
hazardous-waste sites, with the intention of combining data from several sites
where similar exposures have occurred to achieve populations large enough that
the associated health effects can be detected.

Other federal statutes have established programs that are much more
limited in their capacity to evaluate and control exposures at active and
abandoned sites. Although Resource Conservation and Recovery Act (RCRA)
amendments authorized ATSDR to conduct health assessments at the request of
EPA at landfills and surface impoundments, many of these sites are still held by
EPA from entry into the CERCLIS system and will not reach ATSDR's
attention for some time. The Safe Drinking Water Act and the Clean Air Act
mandate monitoring of a limited set of priority chemicals, but they are not
intended to identify or track specific sources of pollution, such as hazardous-
waste sites, and are therefore of limited use in characterizing the releases from
such sites. In particular, the Safe Drinking Water Act does not include domestic
wells, which are frequently the pathway of exposure of greatest concern at NPL
sites. Although routine monitoring of drinking water and air quality are state
responsibilities, state direction of this monitoring to assess potential emissions
from hazardous-waste sites is made even less likely by the fact that EPA's
regional offices do not notify the relevant state agencies when off-site migration
is suspected or confirmed.

DISTRIBUTION OF EXPOSURE

How well does this system characterize the distribution of human
exposures to chemicals released from hazardous-waste sites? For the purposes
of environmental epidemiology, this question has two parts: For each site, how
well are the potential human exposures characterized in terms of the
contamination of media; the identification of on-site human contact,
environmental pathways, and off-site migration; of off-site human contact with
contaminated media; of populations at risk; and of indicators of human
exposure? For hazardous-waste
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sites as a whole—including non-NPL sites—how well known is the range and
distribution of human exposure to hazardous substances? The importance of the
latter is often poorly understood. While epidemiology may fruitfully investigate
the physiologic changes and disease end points associated with one or more
exposures at a particular site, the tasks of epidemiology include the
characterization of the extent and nature of such outcomes resulting from
hazardous-waste sites (and other environmental sources) in the entire population.

Universe Of Potential Exposures

A substantial number of hazardous-waste sites are not reported to
CERCLIS. Sites also are reported to or known to the Emergency Response
Notification System, the Federal Facilities Hazardous-Waste Compliance
Docket, RCRA, the Department of Defense, the Department of the Interior's
Abandoned Mine Lands Remediation Program, and the Leaking Underground
Storage Tank (LUST) program. Not all of these agencies or programs maintain
inventories or data bases of sites reported to them. The congressional Office of
Technology Assessment (OTA) recently concluded that the maximum number
of potential sites from which CERCLIS and NPL sites are drawn is
approximately 439,000. These sites include RCRA Subtitle C and D facilities,
mining waste sites, nonpetroleum leaking underground storage tanks, pesticide-
contaminated sites, federal facilities, radioactive releases, underground injection
wells, municipal gas facilities, and wood-preserving plants, among others, but
not sites assigned to the other remediation programs listed above. If even 10
percent of the CERCLIS-eligible sites ultimately require cleanup, the result
would be a total NPL of 43,900 sites (OTA, 1989).

State programs also track and record hazardous-waste sites. A 1986 survey
found 32,910 sites on state lists, in comparison with 24,544 sites then in
CERCLIS (OTA, 1989). No guidance exists on the criteria and processes for
reporting sites to CERCLIS, and many states screen sites and report to EPA
only those sites for which they regard EPA management as potentially helpful.
OTA reports that EPA itself holds thousands of hazardous-waste sites outside
the CERCLIS inventory, to control the resource and management problems
posed by congressional deadlines for preliminary assessments on CERCLIS
sites. As a result, there is no single, common inventory of hazardous-waste sites
in the U.S. (OTA, 1989).

There also is no national program of hazardous-waste site discovery. As
the 1989 OTA report on Superfund states, "EPA has never requested funds from
Congress for site discovery. EPA has no site
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discovery program, has no budget for site discovery, and does not allow States
to spend Superfund monies for site discovery'' (OTA, 1989, p. 88). EPA had
initiated a comprehensive site discovery program in 1980, known as the 200
Cities Hazardous-waste Site Discovery Plan, but canceled it a year later when
the agency's comptroller informed the contracting laboratory that EPA already
had more sites than there was money for, and did not need more (OTA, 1989).
EPA's Office of Research and Development later produced guidelines for an
expanded program to finish the 200-city search and to analyze 150 sites. OTA
estimated the total costs through fiscal year (FY) 1986 at $6.4 million for
discovery and site analysis; these funds were never requested by the agency.

In FY90, the total EPA budget request for PAs, SIs, and HRS scoring work
was $47 million. This annual cost of preremedial site evaluation is comparable
to the cost of cleaning up one large site, and it represents only about 3 percent
of the annual Superfund budget (OTA, 1989). OTA has estimated that a revised
200 cities plan would cost about $100 million over a five year period, including
assessment of an estimated 7500 sites found as a result of the program. As OTA
points out, this would be well within the current Superfund expenditures for site
characterization and remediation. OTA further estimates all current
expenditures on site characterization and remediation, public and private, at
$242-612 million annually (OTA, 1989).

The lack of a site discovery system—and of a common site inventory—are
the result of the federal policy of controlling CERCLIS to manage EPA's work
load. EPA's resources are already strained by the need to meet congressional
deadlines for assessing CERCLIS and NPL sites. By far the greatest share of
this burden occurs in the remedial phase after a site is listed on the NPL, during
the lengthy and expensive processes of the RI/FS and in the ultimate cleanup. In
comparison, the preremedial evaluation of sites is relatively inexpensive.
Relevant cost estimates are summarized in Table 2-2. It is important to note that
only a relatively small portion of the cost estimates for EPA's PA and SI
evaluations presented here are devoted to assessments of potential or actual
human exposures. The bulk of the costs are incurred in engineering studies of
the need for and feasibility of remediation.

The lack of a site discovery program and a comprehensive inventory
presents a particular problem from a public health perspective. The range and
distribution of human exposure to releases from hazardous-waste sites is both
unknown and unknowable. EPA now acknowledges that undiscovered sites
could well represent significant health risks (OTA, 1989). This is a reversal of
previous statements
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TABLE 2-2 Cost Estimates: Preremedial Assessments of Hazardous-Waste Sites

Agency Stage Cost ($ Million)
EPA (FY91) Preliminary Assessment 7

Site Inspection 25
Listing Site Inspection 75
NPL Listing 88
Subtotal 195

ATSDR (FY89) Preliminary Health Assessment 25

that most sites with serious potential for harm had been detected (OTA,
1989). The assumption that potential health risks are missed in the current
nonsystem of reporting to CERCLIS is supported by several state reviews of the
subject. The California State Department of Health, in reviewing the 93 sites on
the state's Superfund list in 1984, found that 19 of the sites were also on the
federal NPL. Yet 46 of the sites showed evidence of waste release into
groundwater, and in 34 of these cases the groundwater was known to be used
for drinking. Extensive or systematic sampling existed for only 22 of the sites,
despite the evidence of potential human exposure. In all 19 of the California
sites with known contamination of groundwater, moreover, more than 10,000
persons were potentially exposed (Layefsky et al., 1988).

The discovery and preliminary assessment of hazardous-waste sites
represent, in epidemiologic terms, case-finding: identifying potentially serious
exposures that require both further assessment and intervention to protect the
health of the community. For environmental epidemiology to be of help to us in
understanding the overall health risks associated with hazardous-waste releases,
the ability to know the universe of potential risk is critical (Marsh and Caplan,
1986). Because exposures vary so greatly from one site to the next, the
incomplete descriptions of the sites and the failure to fully assess the exposures
that result from releases at many identified sites put the epidemiologist at risk of
missing health effects associated with high levels of exposure at undetected
sites, of incorrectly estimating the frequency or amount of population exposures
to specific releases, and of missing opportunities to combine data from several
populations to achieve greater power in studies of specific chemicals.
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CHARACTERIZATION OF EXPOSURE

Preremediation Phase

Because less than 10 percent of CERCLIS sites are ever placed on the NPL
by EPA, it is important to examine both the nature of the preremedial
assessment itself and the criteria used to select sites for the NPL. For most of
the sites reported to Superfund, the only environmental contamination and
health assessment data available are those assembled during preremedial
assessment: the preliminary assessment (PA), the site inspection (SI), and the
hazard ranking system (HRS) score.

In most cases, the PA is simply a review of existing data about the site. As
a part of the PA, a probable HRS score is calculated; if it is below the cut-off
for proposal for the NPL, the site will be designated "no further remedial action
planned" (NFRAP). NFRAP sites also include those that never received
CERCLA hazardous substances, those that have no potential to release
CERCLA hazardous substances into the environment, and those that do not fall
under EPA jurisdiction (such as uranium mill tailings that fall under a
Department of Energy program). According to OTA and EPA documents, the
PA was originally applied as a screen to identify sites that required immediate
removal actions (OTA, 1989). All other sites were automatically forwarded to
SI unless the information was sufficient to conclude that no threat existed. Now,
however, sites that could represent a threat to public health but that lie beyond
Superfund jurisdiction or that do not score high enough on the projected HRS
are eliminated before the SI stage. In other words, sites with clearly present or
potential hazards can be rejected after a paper review and deferred to the states
or simply held on CERCLIS with no further action. EPA has revised its
management of the site evaluation process to limit the number of sites going
through the system at each stage. Although limiting the number of sites
evaluated because of resource constraints makes good sense for the purposes of
program management, this approach has had an unfortunate effect as well. It
has artificially constrained the number of sites recognized as needing further
evaluation. Congressional deadlines for the evaluation of sites are clocked from
the date of listing on CERCLIS or of proposal for the NPL and do not permit
EPA to maintain lists of sites that need evaluation but cannot be processed
because funds are limited.

As a result, there is a growing body of "rejects" from the preremedial
Superfund process. A substantial proportion of these sites could present serious
threats to the health of the public and thereby merit
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both immediate public health assessment and, in some cases, environmental
epidemiology investigations. EPA's Region 5 compared HRS scores projected
during the preremedial process with actual HRS scores assigned after an SI, and
found both false positives and false negatives: Only 30 percent of sites with
high projected scores actually ended up with scores above the Superfund
threshold, and 10 percent of the sites with low priority projections ultimately
received HRS scores above the Superfund threshold for NPL ranking. OTA
estimates that as many as 2000 of the 17,000 CERCLIS sites rejected for the
NPL could be "false negatives"—sites not listed on the NPL because of
incorrect decisions or errors (OTA, 1989, pp. 112-114).

EPA is now re-evaluating a subset of sites rejected for NPL listing during
the preremedial process, although the criteria for review and the quality of the
data available could limit the validity of this review. A 1989 EPA report on the
congressionally mandated revision of the hazard ranking system stated that the
legislative intent in SARA "makes clear that this mandate does not require
detailed risk assessments, but directs EPA to rank sites as accurately as feasible
based simply on information available from preliminary assessments and site
inspections consistent with the goal of 'expeditiously' identifying candidates for
response actions" (EPA, 1990a, p. i).

This implies that the only consequence of the preremedial assessment is to
prioritize sites for more detailed assessment. For most sites, in fact, no attempt
is made to characterize the potential public health impact or the need for action
to protect the health of the public in this preremedial phase. Because the vast
majority of sites never receive more than a preremedial assessment, moreover,
the implications for accurate evaluation of health hazards at these sites and for
environmental epidemiology are critical. The problem is particularly serious
because of the growing number of sites in the CERCLIS inventory, as seen in
Figure 2-4.

Remediation Phase

As noted earlier, less than 10 percent of CERCLIS sites assessed in the
preremedial phase are proposed for NPL listing. Sites listed on the NPL enter
what is known as the remedial phase, and are subjected to a full remedial
investigation and feasibility study (RI/FS) for the purposes of selecting and
implementing a remediation strategy. It is in this stage that extensive sampling
is conducted at the direction of Superfund managers and contractors.

Over the past decade, the Superfund RI/FS has relied almost exclusively
on measurements of on-site releases and contamination of
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FIGURE 2-4 CERCLIS inventory and NPL sites. Source: OTA, 1989.

media. Off-site contamination and human exposure have been modeled
rather than measured directly in off-site sampling of groundwater, drinking
water, soil, and air. The estimates of off-site contamination of media derived
from these models are then used as surrogates for actual exposure
measurements in the calculation of risk assessments for each contaminant. The
lack of validation studies for many of these modeling approaches may introduce
errors in exposure estimates, which in turn introduce further uncertainty in the
risk-assessment process. In ATSDR's review of 951 NPL sites, 75-80 percent
were found to have reached the NPL without adequate off-site sampling, such
as sampling of nearby homeowners' wells for drinking-water contamination
suggested by migration models or sampling of soil in near off-site locations
where lead contamination was likely (H. Emmett, ATSDR, personal
communication, 1990). Groundwater was most likely to be monitored off-site;
surface water, air, and soil releases were even more rarely sampled, although
citizen reports of odors and concerns about airborne chemicals frequently are
the complaints that lead to site evaluations (Layefsky et al., 1988). Recently,
EPA has begun to direct more resources to off-site sampling, and the agency
has incorporated more direct measures of population exposure in the revised
HRS (EPA, 1990b).

Minimum data requirements for sampling pathways of exposure
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and points of human contact have not been established, although extensive
requirements exist for on-site exposures. The EPA manual for risk assessment
prepared in 1989 gives substantial attention to on-site monitoring and to
modeling of off-site migration, but it offers little guidance for off-site sampling
of current human exposure points or for the use of such data in the calculation
of risk (EPA, 1989b). If the earlier emphasis on environmental monitoring to
evaluate the feasibility of remediation strategies is to be balanced by monitoring
to address human health concerns, the development of a minimum data set and
of usable, standard measurements of exposure will be increasingly important.
As Buffler (Buffler et al., 1985) and others have underscored, moreover,
obtaining accurate information on routes of exposure and doses received will be
particularly critical to selecting appropriate target organs and health end points
for epidemiologic study.

An internal review of Superfund management in 1988 discussed the need
to strengthen the public health aspects of site evaluations (EPA, 1989a).
Nevertheless, EPA documents and operations reflect a continuing ambivalence
about the agency's capacity for, and interest in, integrating health considerations
into this process, which has been driven almost exclusively by risk assessment.
The EPA risk assessment manual reports that the agency's staff "considers the
information in a health assessment along with the results of the baseline risk
assessment to give a complete picture of health threats" (EPA, 1989b, pp. 3-2,
3-3). But EPA has no public health professionals or other staff members trained
in the public health aspects of site evaluation to rely upon in this regard; it is
ATSDR, in fact, that incorporates the EPA risk assessments generated in the RI/
FS process into EPA's full health assessment (EPA, 1989b).

The EPA remedial project manager (RPM) is responsible for "scoping" at
each site, that is, for determining the appropriate level of effort and the level of
detail necessary for the RI/FS, including the evaluation of potential and actual
human exposures and health effects. Without public health training or input, the
RPM "must make up-front decisions about, for example, the scope of the
baseline risk assessment, the appropriate level of detail and documentation,
trade-offs between depth and breadth in the analysis and the staff and monetary
resources to commit" (EPA, 1989b, p. 2). Detailed instructions are given in the
EPA manual for planning data needs for the RI/FS, without reference either to
ATSDR's preliminary health assessment or to the need for consultation with
ATSDR staff (EPA, 1989b).

EPA and ATSDR are beginning to experiment with the coordination of
agency efforts in the initial stages of the RI/FS. ATSDR participation
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with EPA regional staff in the scoping phase of Superfund remedial
investigations—during which both the sampling plans and the preliminary
remedial goals are established—will be tested at six sites during FY91 (H.
Emmett, ATSDR, personal communication, 1991). As ATSDR has cleared the
backlog of health assessments on preexisting NPL sites, moreover, an important
role has emerged for ATSDR's health assessments in the selection of
remediation strategies by EPA. The preliminary health assessment is initiated
by ATSDR when EPA proposes a site for NPL listing in the Federal Register,
that is, after the EPA preremedial evaluation has been completed but well
before the RI/FS begins (the RI/FS frequently does not begin for another four to
five years). Under these conditions the health assessment becomes the main
evaluation of the public health impact of a site proposed for NPL listing, and
this information is directly available to the community, to policy makers, and to
research scientists, including environmental epidemiologists.

Although the full ATSDR health assessment is not completed until the RI/
FS has been concluded, the preliminary health assessment attempts to cover
much of the same ground with the data at hand. ATSDR's deputy administrator
has argued that the agency's assessments need to draw on more information
about the health concerns of the community and local health care providers
(Johnson, 1990). This is particularly important because ATSDR increasingly
functions as a "communication" arm of the Superfund program with concerned
communities. Finally, ATSDR is now compiling the results of the more than
1000 health assessments completed to date at NPL sites to create a data base of
health-related information. This data base will be used to identify patterns of
hazardous-chemical releases from particular types of sites and to identify those
releases most frequently found among all sites (ATSDR, 1989a).

Deferral Of Sites And Nfrap Designation

Sites submitted to the Superfund program for initial entry in the CERCLIS
inventory can be rejected and deferred to the responsibility of other federal or
state agencies that have jurisdiction. A site that enters the CERCLIS inventory
can subsequently be designated "no further remedial action planned" (NFRAP)
if it is determined to be outside Superfund jurisdiction or if its projected HRS
score is too low for proposal for NPL status. Superfund responsibility for the
site is then terminated. In most cases responsibility for these sites reverts to the
states, although it can revert to another federal agency, such as the Department
of Defense or the Department of Energy. Because
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most sites designated NFRAP have at best had a preliminary assessment, the
quality and quantity of information available usually is inadequate to support a
clear conclusion about the potential hazard of the site. Thus, an undetermined
number of sites with potentially significant public health hazards are dropped
from the CERCLIS inventory each year. Because there is no federal system for
tracking sites after they are deferred, no information is available about the
subsequent evaluation or remediation of these sites or of changes in their use
and associated human exposures.

FEDERAL POLICIES AND ENVIRONMENTAL
EPIDEMIOLOGY

The result of the federal programs and policies described here has been to
create multiple and overlapping, but incomplete, inventories of hazardous-waste
sites. On-site sampling of environmental contamination to estimate off-site
human exposure is in some cases inadequate for the assessment of potential
human exposure; these cases should be identified and off-site samples obtained.
There is no routine review of early site assessments to determine the need for
public health interventions or epidemiologic studies. The information used in
decisions about subsequent site listing and remediation is inadequate as well.
The attendant cost has been a great deal of confusion about the actual risks that
hazardous-waste sites pose to human health and the loss of multiple
opportunities for epidemiologic research. Clues to the potential scale of human
exposure to toxic chemicals released from hazardous-waste sites are emerging,
however.

As one of the federal agencies with responsibility for environmental
epidemiology, ATSDR has assembled a small professional staff in
epidemiology and the related fields of toxicology, environmental medicine, and
risk communication. Because the agency has only limited authority and a
narrow mandate, and because of its equally limited budget, ATSDR's current
programs can do little more than establish a framework for evaluating health
effects and for developing research that will be needed to address the issue of
hazardous-waste sites adequately in the future. The agency conducts or supports
epidemiologic investigations in cases where human exposure to hazardous
substances has occurred or is occurring, where a potentially exposed population
can be identified, where the exposure can be measured, and where the possible
health effects are known or biologically plausible (ATSDR, 1989a).

The broader plan for ATSDR health surveillance activities prepared for
FY90 includes site-specific studies at sites that contain compounds of public
health importance and for which there are significant data
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gaps; studies that combine data from multiple sites; long-term surveillance of
populations that have been permanently relocated because of exposure to
hazardous-waste releases in their original communities; state-based
surveillance, usually conducted as ecologic studies that link existing data bases
such as birth weight, birth defects, and cancer incidence to geographic
distributions of environmental contamination; surveillance of workers
employed in the cleanup of hazardous-waste; and development of a public
health reporting and surveillance system for hazardous-waste material
emergencies (ATSDR, 1990b).

ATSDR also is investigating the use of "sentinel health events" as
additional indicators of environmental contamination. The concept was first
developed for public health surveillance of morbidity and mortality that results
from preventable causes, such as deaths from infectious diseases that are
preventable by immunization or chronic obstructive pulmonary disease that
results from cigarette smoking (Rutstein et al., 1983). Such indicators are most
useful when they identify causes of morbidity and mortality that are uniquely or
predominantly associated with specific and preventable exposures. For
example, mesothelioma is almost exclusively associated with exposure to
asbestos fibers, and hepatic angiosarcoma is predominantly associated with
exposure to vinyl chloride.

Environmental sentinel health events are designed to serve as warning
signals of particular environmental exposures, using existing data systems such
as vital records, hospital discharge data, and tumor registries. Some illnesses,
such as methemoglobinemia that results from excessive amounts of nitrate in
water, indicate hazardous environmental exposure even when they occur as
single cases. Other diseases indicate potential environmental exposures when
they occur at elevated rates among larger populations, such as bladder cancer
among nonsmokers or chronic respiratory disease among children. The further
development and application of this approach to environmental surveillance
holds particular promise for the epidemiologic investigation of populations
exposed to hazardous-wastes.

Although ATSDR is vigorously pursuing the development of an intramural
research program in environmental epidemiology and has extended this to
include a number of states through cooperative agreements, in FY90 ATSDR's
total budget for programs that assess hazardous-waste sites was $15.8 million
(J. Andrews, ATSDR, personal communication, 1990). The National Institute of
Environmental Health Sciences (NIEHS), a sister agency within the U.S. Public
Health Service, also receives Superfund monies to support a basic research
program in ecology, engineering, and hydrogeology integrated with biomedical

STATE AND FEDERAL CONTEXT FOR ENVIRONMENTAL EPIDEMIOLOGY OF
HAZARDOUS WASTES

85

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Environmental Epidemiology, Volume 1: Public Health and Hazardous Wastes
http://www.nap.edu/catalog/1802.html

http://www.nap.edu/catalog/1802.html


research to improve the sensitivity and specificity of techniques for detecting
adverse effects in humans or in ecologic systems. In FY91, NIEHS received
$21.9 million for the program, which it distributed in 11 grants to academic
institutions. In addition, NIEHS sponsors research in environmental
epidemiology, using $13.7 million for the support of 39 epidemiologic studies
by the end of calendar year 1990, although most of these studies do not assess
populations exposed to hazardous-waste sites (A.P. Sassaman, NIEHS, personal
communication, 1991). Table 2-3 shows funding sources and the kinds of
affiliations of the principal investigators reporting environmental epidemiologic
studies in the published literature.

STATE PROGRAMS

The public concerns that led to the enactment of CERCLA also led to the
development of similar laws in state legislatures. In many states, new
departments for handling hazardous-waste sites were founded, or existing
environmental protection agencies were expanded. The formal organization of
these agencies varied greatly among the states, as did their statutory and
programmatic mandates. The development of separate environmental agencies
exacerbated the previous separation and lack of coordination between
environmental and other public health programs (Institute of Medicine, 1988).

State hazardous-waste site programs were largely modeled after the
Superfund program. Site evaluation depended mainly on exposure modeling
and risk assessment. Program staff were drawn primarily from engineering and
law. With little training in risk communication and with little capacity for
assessing actual health effects, state programs initially faced public concerns
similar to those faced by the federal programs, but with much greater pressure
from local constituents. A common result was the emergence of large
departments devoted to environmental management that became entangled in
the processes of risk assessment and prolonged legal battles, and remediation
that, from the public point of view, seemed to do little either to reassure or to
protect it.

Exceptions to this general pattern occurred, primarily when public health
professionals were more involved in evaluating the sites and in working with
the affected communities. For example, New York State has developed a
program in which Department of Health staff work closely with Department of
Environmental Conservation staff at every stage of the site assessment and
remediation process. This integration helps to ensure that public health concerns
(off-site exposures, drinking water) are appropriately evaluated and controlled

STATE AND FEDERAL CONTEXT FOR ENVIRONMENTAL EPIDEMIOLOGY OF
HAZARDOUS WASTES

86

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Environmental Epidemiology, Volume 1: Public Health and Hazardous Wastes
http://www.nap.edu/catalog/1802.html

http://www.nap.edu/catalog/1802.html


T
A

B
L

E
 2

-3
 E

nv
ir

on
m

en
ta

l 
E

pi
de

m
io

lo
gy

: 
In

ve
st

ig
at

or
s 

an
d 

F
un

di
ng

 S
ou

rc
es

S
tu

dy
 L

oc
at

io
n 

an
d

Y
ea

r 
of

 P
ub

li
ca

ti
on

S
tu

dy
 D

es
ig

n 
an

d
P

er
io

d 
of

 O
bs

er
va

ti
on

E
xp

os
ur

e 
M

ea
su

re
R

ep
or

te
d 

O
ut

co
m

e
P

ri
nc

ip
al

 I
nv

es
ti

ga
to

r
A

ff
il

ia
ti

on
F

un
di

ng
 S

ou
rc

e

T
uc

so
n,

 A
Z

 1
99

0
G

ol
db

er
g 

et
 a

l.
C

as
e-

co
nt

ro
l

19
69

-1
98

7
C

hi
ld

 c
on

ce
iv

ed
 a

nd
fi

rs
t t

ri
m

es
te

r 
sp

en
t i

n
T

uc
so

n 
V

al
le

y

S
ig

ni
fi

ca
nt

 a
ss

oc
ia

ti
on

be
tw

ee
n 

pa
re

nt
al

ex
po

su
re

 to
 C

W
A

 a
nd

in
cr

ea
se

d 
pr

op
or

ti
on

 o
f

co
ng

en
it

al
 h

ea
rt

di
se

as
e 

am
on

g 
li

ve
bi

rt
hs

U
ni

ve
rs

it
y 

of
 A

ri
zo

na
S

ta
te

 o
f 

A
ri

zo
na

F
re

sn
o 

C
ou

nt
y,

 C
A

19
88

 W
on

g 
et

 a
l.

R
et

ro
sp

ec
ti

ve
 f

ol
lo

w
-

up
 1

97
8-

19
82

S
ur

ro
ga

te
: r

es
id

en
ce

in
 F

re
sn

o 
co

un
ty

N
o 

de
cr

ea
se

 in
 b

ir
th

 ra
te

E
nv

ir
on

m
en

ta
l 

H
ea

lt
h

A
ss

oc
ia

te
s,

 I
nc

.
N

ot
 a

va
il

ab
le

S
tr

in
gf

el
lo

w
 S

it
e

G
le

n 
A

vo
n,

 C
A

 1
98

8
B

ak
er

 e
t a

l.

C
ro

ss
-s

ec
ti

on
al

 1
98

3
P

ro
xi

m
it

y 
to

 s
it

e
W

ea
k 

to
 m

od
er

at
e

po
si

ti
ve

 a
ss

oc
ia

ti
on

s:
ea

r i
nf

ec
ti

on
,

br
on

ch
it

is
, a

st
hm

a,
an

gi
na

 p
ec

to
ri

s,
 a

nd
sk

in
 r

as
h

M
ou

nt
 S

in
ai

 S
ch

oo
l o

f
M

ed
ic

in
e

S
ta

te
 o

f 
C

al
if

or
ni

a

S
an

ta
 C

la
ra

 C
ou

nt
y,

C
A

 1
98

5 
C

A
 D

ep
t.

of
 H

ea
lt

h 
S

er
vi

ce
s

R
et

ro
sp

ec
ti

ve
 f

ol
lo

w
-

up
 1

98
0-

19
81

;
19

81
-1

98
2

S
ur

ro
ga

te
: r

es
id

en
ce

in
 h

ou
se

ho
ld

s 
se

rv
ed

by
 c

on
ta

m
in

at
ed

w
at

er
 a

t t
he

 ti
m

e 
of

ch
em

ic
al

 le
ak

19
80

-1
98

2:
 s

ig
ni

fi
ca

nt
ex

ce
ss

 o
f 

sp
on

ta
ne

ou
s

ab
or

ti
on

s 
an

d
co

ng
en

ti
al

m
al

fo
rm

at
io

ns

C
A

 D
ep

t. 
of

 H
ea

lt
h

S
ta

te
 o

f 
C

al
if

or
ni

a

STATE AND FEDERAL CONTEXT FOR ENVIRONMENTAL EPIDEMIOLOGY OF
HAZARDOUS WASTES

87

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Environmental Epidemiology, Volume 1: Public Health and Hazardous Wastes
http://www.nap.edu/catalog/1802.html

http://www.nap.edu/catalog/1802.html


S
tu

dy
 L

oc
at

io
n 

an
d

Y
ea

r 
of

 P
ub

li
ca

ti
on

S
tu

dy
 D

es
ig

n 
an

d
P

er
io

d 
of

 O
bs

er
va

ti
on

E
xp

os
ur

e 
M

ea
su

re
R

ep
or

te
d 

O
ut

co
m

e
P

ri
nc

ip
al

In
ve

st
ig

at
or

A
ff

il
ia

ti
on

F
un

di
ng

 S
ou

rc
e

19
81

-1
98

2:
 e

xc
es

s
in

ci
de

nc
e 

of
 c

ar
di

ac
de

fe
ct

s 
w

it
hi

n 
an

d
ou

ts
id

e 
th

e 
st

ud
y

ar
ea

. N
o 

su
pp

or
t f

or
an

 a
ss

oc
ia

ti
on

 w
it

h
th

e 
ch

em
ic

al
 le

ak
S

an
ta

 C
la

ra
C

ou
nt

y,
 C

A
 1

98
9

S
w

an
 e

t a
l.

R
et

ro
sp

ec
ti

ve
 f

ol
lo

w
-

up
 1

98
1-

19
83

S
ur

ro
ga

te
: r

es
id

en
ce

in
 h

ou
se

ho
ld

s 
se

rv
ed

by
 c

on
ta

m
in

at
ed

 w
at

er

In
cr

ea
se

d 
pr

ev
al

en
ce

of
 c

ar
di

ac
 a

no
m

al
ie

s
bu

t t
em

po
ra

l
di

st
ri

bu
ti

on
 s

ug
ge

st
s

so
lv

en
t l

ea
k 

no
t

re
sp

on
si

bl
e

C
A

 D
ep

t. 
of

 H
ea

lt
h

S
er

vi
ce

s
S

ta
te

 o
f 

C
al

if
or

ni
a

G
al

en
a,

 K
S

 1
99

0
N

eu
be

rg
er

 e
t a

l.
R

et
ro

sp
ec

ti
ve

 f
ol

lo
w

-
up

 1
98

0-
19

85
R

es
id

en
ce

 in
 to

w
ns

fo
r 

at
 le

as
t 5

 y
ea

rs
pr

io
r 

to
 1

98
0

S
ig

ni
fi

ca
nt

as
so

ci
at

io
ns

 o
f 

st
ro

ke
,

an
em

ia
, h

yp
er

te
ns

io
n,

he
ar

t d
is

ea
se

, s
ki

n
ca

nc
er

 w
it

h 
ex

po
su

re

U
ni

ve
rs

it
y 

of
 K

an
sa

s
U

ni
ve

rs
it

y

L
ow

el
l, 

M
A

 1
98

7
O

zo
no

ff
 e

t a
l.

C
ro

ss
-s

ec
ti

on
al

 1
98

3
S

ur
ro

ga
te

: r
es

id
en

ce
in

 h
ou

se
ho

ld
s 

w
it

hi
n

a 
gi

ve
n 

di
st

an
ce

 f
ro

m
si

te

In
cr

ea
se

d 
pr

ev
al

en
ce

of
 m

in
or

 s
ym

pt
om

s,
ir

re
gu

la
r 

he
ar

t b
ea

t,
fa

ti
gu

e,
 b

ow
el

co
m

pl
ai

nt
s

B
os

to
n 

U
ni

ve
rs

it
y

C
om

m
on

w
ea

lt
h 

of
M

as
sa

ch
us

et
ts

STATE AND FEDERAL CONTEXT FOR ENVIRONMENTAL EPIDEMIOLOGY OF
HAZARDOUS WASTES

88

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Environmental Epidemiology, Volume 1: Public Health and Hazardous Wastes
http://www.nap.edu/catalog/1802.html

http://www.nap.edu/catalog/1802.html


W
ob

ur
n,

 M
A

 1
98

6
L

ag
ak

os
 e

t a
l.

C
as

e-
co

nt
ro

l
19

64
-1

98
3

S
ur

ro
ga

te
: r

es
id

en
ce

in
 h

ou
se

ho
ld

s 
se

rv
ed

by
 c

on
ta

m
in

at
ed

 w
el

ls

S
ig

ni
fi

ca
nt

 a
ss

oc
ia

ti
on

of
 c

hi
ld

ho
od

 le
uk

em
ia

w
it

h 
es

ti
m

at
ed

 e
xp

os
ur

e

H
ar

va
rd

 S
ch

oo
l o

f
P

ub
li

c 
H

ea
lt

h
P

ri
va

te
 a

nd
 F

ed
er

al

W
ob

ur
n,

 M
A

 1
98

6
L

ag
ak

os
 e

t a
l.

R
et

ro
sp

ec
ti

ve
 f

ol
lo

w
-

up
 1

96
0-

19
82

S
ur

ro
ga

te
: r

es
id

en
ce

in
 h

ou
se

ho
ld

s 
se

rv
ed

by
 c

on
ta

m
in

at
ed

 w
el

ls

A
ss

oc
ia

tio
n 

w
ith

pe
ri

na
ta

l d
ea

th
s,

 e
ye

 /
ea

r 
an

om
al

ie
s,

 C
N

S
an

om
al

ie
s;

 a
ss

oc
ia

ti
on

w
it

h 
ki

dn
ey

 / 
ur

in
ar

y
tr

ac
t i

nf
ec

ti
on

H
ar

va
rd

 S
ch

oo
l o

f
P

ub
li

c 
H

ea
lt

h
P

ri
va

te
 a

nd
 F

ed
er

al

W
ob

ur
n,

 M
A

 1
98

8
F

el
dm

an
 e

t a
l.

C
li

ni
ca

l c
as

e-
co

nt
ro

l
19

87
(?

)
S

ur
ro

ga
te

: r
es

id
en

ce
in

 h
ou

se
ho

ld
s 

se
rv

ed
by

 c
on

ta
m

in
at

ed
 w

el
ls

Si
gn

if
ic

an
t d

if
fe

re
nc

es
in

 b
li

nk
 r

ef
le

x 
fu

nc
ti

on
w

he
n 

m
ea

ns
 w

er
e

co
m

pa
re

d

B
os

to
n 

U
ni

ve
rs

it
y

U
ni

ve
rs

it
y

R
ut

he
rf

or
d,

 N
J

19
80

 B
ur

ke
 e

t a
l.,

H
al

pe
ri

n 
et

 a
l.

C
as

e-
co

nt
ro

l
19

73
-1

97
8

S
ur

ro
ga

te
: r

es
id

en
ce

in
 th

e 
ar

ea
R

ed
uc

ed
 p

re
va

le
nc

e 
of

ru
be

ll
a 

va
cc

in
at

io
n 

in
le

uk
em

ia
 c

as
es

. E
xc

es
s

of
 p

ri
or

 v
ac

ci
na

ti
on

s
an

d 
to

ns
el

le
ct

om
ie

s 
in

H
od

gk
in

's
 c

as
es

N
J 

D
ep

ts
. H

ea
lth

,
E

nv
ir

on
m

en
ta

l
P

ro
te

ct
io

n

S
ta

te
 o

f 
N

ew
 J

er
se

y

H
yd

e 
P

ar
k,

 N
Y

19
81

 R
ot

he
nb

er
g

C
ro

ss
-s

ec
ti

on
al

 1
97

9
S

ur
ro

ga
te

:
em

pl
oy

m
en

t 
in

 p
la

nt
s

ne
ar

 s
it

e

In
cr

ea
se

d 
pr

ev
al

en
ce

 o
f

hi
at

us
 h

er
ni

a 
an

d 
ot

he
r

m
in

or
 g

as
tr

oi
nt

es
ti

na
l

pr
ob

le
m

s

N
Y

 S
ta

te
 D

ep
t. 

of
H

ea
lt

h;
 N

at
io

na
l

In
st

it
ut

e 
fo

r
O

cc
up

at
io

na
l 

S
af

et
y

an
d 

H
ea

lt
h

F
ed

er
al

STATE AND FEDERAL CONTEXT FOR ENVIRONMENTAL EPIDEMIOLOGY OF
HAZARDOUS WASTES

89

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Environmental Epidemiology, Volume 1: Public Health and Hazardous Wastes
http://www.nap.edu/catalog/1802.html

http://www.nap.edu/catalog/1802.html


S
tu

dy
 L

oc
at

io
n 

an
d

Y
ea

r 
of

 P
ub

li
ca

ti
on

S
tu

dy
 D

es
ig

n 
an

d
P

er
io

d 
of

 O
bs

er
va

ti
on

E
xp

os
ur

e 
M

ea
su

re
R

ep
or

te
d 

O
ut

co
m

e
P

ri
nc

ip
al

 I
nv

es
ti

ga
to

r
A

ff
il

ia
ti

on
F

un
di

ng
 S

ou
rc

e

L
ov

e 
C

an
al

, N
Y

19
81

 J
an

er
ic

h 
et

 a
l.

R
et

ro
sp

ec
ti

ve
 f

ol
lo

w
-

up
 (

ce
ns

us
 tr

ac
t)

19
55

-1
97

7

S
ur

ro
ga

te
:

pr
ox

im
it

y 
to

 d
um

p
si

te

In
ci

de
nc

e:
 n

o 
in

cr
ea

se
in

 c
an

ce
r

N
Y

 D
ep

t. 
of

 H
ea

lth
S

ta
te

 o
f 

N
ew

 Y
or

k

L
ov

e 
C

an
al

, N
Y

19
84

 H
ea

lt
h 

et
 a

l.
C

ro
ss

-s
ec

ti
on

al
 1

98
2

S
ur

ro
ga

te
: t

es
ti

ng
 o

f
ch

em
ic

al
s 

(t
w

o
ye

ar
s 

be
fo

re
) 

in
 th

e
ho

us
e 

of
 e

xp
os

ed

N
o 

di
ff

er
en

ce
 in

 S
C

E
or

 c
hr

om
os

al
 a

be
rr

at
io

ns
C

en
te

rs
 f

or
 D

is
ea

se
C

on
tr

ol
F

ed
er

al

L
ov

e 
C

an
al

, N
Y

19
84

 V
ia

nn
a 

an
d

P
ol

an

R
et

ro
sp

ec
ti

ve
 f

ol
lo

w
-

up
 1

94
1-

19
78

S
ur

ro
ga

te
:

pr
ox

im
it

y 
to

 d
um

p
si

te
 a

nd
 a

t l
ea

st
 5

m
on

th
s 

re
si

de
nc

e

E
le

va
te

d 
in

ci
de

nc
e 

of
lo

w
 b

ir
th

 w
ei

gh
t a

m
on

g
ex

po
se

d

N
Y

 D
ep

t. 
of

 H
ea

lth
S

ta
te

 o
f 

N
ew

 Y
or

k

L
ov

e 
C

an
al

, N
Y

19
85

 P
ai

ge
n 

et
 a

l.
C

ro
ss

-s
ec

ti
on

al
 1

98
0

S
ur

ro
ga

te
:

pr
ox

im
it

y 
to

 d
um

p
si

te

In
cr

ea
se

d 
pr

ev
al

en
ce

 o
f

he
al

th
 p

ro
bl

em
s:

se
iz

ur
es

, l
ea

rn
in

g
pr

ob
le

m
s,

hy
pe

ra
ct

iv
it

y,
 e

ye
ir

ri
ta

ti
on

, s
ki

n 
ra

sh
,

ab
do

m
in

al
 p

ai
n,

in
co

nt
in

en
ce

C
hi

ld
re

n'
s 

H
os

pi
ta

l
M

ed
ic

al
 C

en
te

r
P

ri
va

te
 f

ou
nd

at
io

n

L
ov

e 
C

an
al

, N
Y

19
87

 P
ai

ge
n 

et
 a

l.
C

ro
ss

-s
ec

ti
on

al
 1

98
0

S
ur

ro
ga

te
:

pr
ox

im
it

y 
to

 d
um

p
si

te

In
cr

ea
se

d 
pr

ev
al

en
ce

 o
f

sh
or

te
r 

st
at

ur
e

C
hi

ld
re

n'
s 

H
os

pi
ta

l
M

ed
ic

al
 C

en
te

r
P

ri
va

te
 f

ou
nd

at
io

n

STATE AND FEDERAL CONTEXT FOR ENVIRONMENTAL EPIDEMIOLOGY OF
HAZARDOUS WASTES

90

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Environmental Epidemiology, Volume 1: Public Health and Hazardous Wastes
http://www.nap.edu/catalog/1802.html

http://www.nap.edu/catalog/1802.html


H
am

il
to

n,
 O

nt
ar

io
19

87
 H

er
tz

m
an

 e
t

al
.

R
et

ro
sp

ec
ti

ve
 f

ol
lo

w
-

up
 W

or
ke

rs
:

19
65

-1
98

0;
R

es
id

en
ts

: 
19

76
-1

98
0

W
or

ke
rs

: o
ut

do
or

em
pl

oy
m

en
t 

on
 o

r
ad

ja
ce

nt
 to

 s
it

e;
R

es
id

en
ts

: l
on

g/
sh

or
t-

te
rm

 r
es

id
en

ce
 in

 a
re

a
du

ri
ng

 1
97

6-
19

80

W
or

ke
rs

: c
lu

st
er

s 
of

re
sp

ir
at

or
y,

 s
ki

n,
na

rc
ot

ic
, a

nd
 m

oo
d

di
so

rd
er

s;
 R

es
id

en
ts

:
co

nf
ir

m
ed

 a
ss

oc
ia

ti
on

be
tw

ee
n 

la
nd

fi
ll

 s
it

e
ex

po
su

re
 a

nd
 m

oo
d,

na
rc

ot
ic

, s
ki

n,
 a

nd
re

sp
ir

at
or

y 
co

nd
it

io
ns

U
ni

ve
rs

it
y 

of
 B

ri
ti

sh
C

ol
um

bi
a

P
ro

vi
nc

e 
of

 O
nt

ar
io

C
li

nt
on

 C
ou

nt
y,

P
A

 1
98

4 
B

ud
ni

ck
et

 a
l.

M
or

ta
li

ty
 1

95
0-

19
79

S
ur

ro
ga

te
: r

es
id

en
ce

in
 th

e 
ar

ea
In

cr
ea

se
d 

bl
ad

de
r

ca
nc

er
 m

or
ta

li
ty

 in
m

al
e 

re
si

de
nt

po
pu

la
ti

on
 a

ft
er

 1
97

0

C
hr

on
ic

 D
is

ea
se

D
iv

is
io

n,
 C

en
te

r 
fo

r
H

ea
lt

h 
S

er
vi

ce
s,

 U
.S

.
D

ep
t. 

of
 H

ea
lt

h 
an

d
H

um
an

 S
er

vi
ce

s

F
ed

er
al

C
li

nt
on

 C
ou

nt
y,

P
A

 1
98

5 
L

og
ue

 e
t

al
.

C
ro

ss
-s

ec
ti

on
al

 1
98

3
S

ur
ro

ga
te

: r
es

id
en

ce
in

 th
e 

ar
ea

In
cr

ea
se

d 
pr

ev
al

en
ce

of
 s

ki
n 

pr
ob

le
m

s 
an

d
sl

ee
pi

ne
ss

D
iv

is
io

n 
of

E
nv

ir
on

m
en

ta
l 

H
ea

lt
h,

P
A

 D
ep

t. 
of

 H
ea

lt
h

S
ta

te
 o

f 
P

en
ns

yl
va

ni
a

D
au

ph
in

 C
ou

nt
y,

P
A

 1
98

6 
L

og
ue

an
d 

F
ox

C
ro

ss
-s

ec
ti

on
al

 1
98

3
S

ur
ro

ga
te

: r
es

id
en

ce
in

 h
ou

se
ho

ld
s 

w
it

h
pa

st
 c

on
ta

m
in

at
io

n 
of

w
at

er
 w

it
h 

T
C

E

In
cr

ea
se

d 
pr

ev
al

en
ce

of
 e

ye
 ir

ri
ta

ti
on

,
di

ar
rh

ea
, a

nd
sl

ee
pi

ne
ss

D
iv

is
io

n 
of

E
nv

ir
on

m
en

ta
l 

H
ea

lt
h,

P
A

 D
ep

t. 
of

 H
ea

lt
h

S
ta

te
 o

f 
P

en
ns

yl
va

ni
a

H
ar

de
m

an
 C

ou
nt

y,
T

N
 1

98
2 

C
la

rk
 e

t
al

. M
ey

er
, 1

98
3

H
ar

ri
s 

et
 a

l.,
 1

98
4

C
ro

ss
-s

ec
ti

on
al

 1
97

8
C

ar
bo

n 
te

tr
ac

hl
or

id
e

in
 w

el
l w

at
er

 >
15

0
µg

/1
 (

hi
gh

 e
xp

os
ur

e
<

45
 µ

g/
1

(i
nt

er
m

ed
ia

te
 e

xp
os

ur
e)

T
ra

ns
ie

nt
ab

no
rm

al
iti

es
 o

f 
liv

er
fu

nc
ti

on
s 

in
 e

xp
os

ed

D
ep

t. 
of

E
nv

ir
on

m
en

ta
l 

H
ea

lt
h,

U
ni

ve
rs

it
y 

of
C

in
ci

nn
at

i M
ed

ic
al

C
en

te
r

F
ed

er
al

So
ur

ce
: E

xp
an

de
d 

an
d 

ad
ap

te
d 

fr
om

 U
pt

on
 e

t a
l.,

 1
98

9,
 w

it
h 

pe
rm

is
si

on
.

STATE AND FEDERAL CONTEXT FOR ENVIRONMENTAL EPIDEMIOLOGY OF
HAZARDOUS WASTES

91

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Environmental Epidemiology, Volume 1: Public Health and Hazardous Wastes
http://www.nap.edu/catalog/1802.html

http://www.nap.edu/catalog/1802.html


early in the assessment process. State health departments have been
assisted by ATSDR funding through cooperative agreements, representing $5.2
million of the total $15.8 million ATSDR budget for health assessments in
FY90 (J. Andrews, ATSDR, personal communication, 1990). ATSDR also has
provided support for private sector organizations, such as the Association of
State and Territorial Health Officers, the Association of State and Territorial
Risk Assessors, and the National Governors' Association, to establish programs
within state health departments and to provide policy leadership within
professional organizations.

States have taken independent action to close or restrict access to more
than 1705 sites because of contamination with toxic substances, as reported in a
1989 survey conducted by the National Governors' Association with ATSDR
support. The most common reason for site restrictions is groundwater
contamination (69 percent of sites), because this affects drinking-water supplies
(7479 groundwater wells were closed at these sites) (Wells, 1990). In the same
survey, state environmental (and combined environmental and health) agencies
reported having the most extensive authority to identify, restrict, and remediate
contaminated sites. Mirroring the distinction between EPA and ATSDR, most
state health agencies have primary responsibility for assessing human exposures
and for epidemiologic studies of associated health effects (Wells, 1990).

The major source of funding for state programs for the evaluation and
cleanup of hazardous-waste sites is that provided by the Superfund program
under cooperative agreements. EPA does not allow states to use cooperative
agreement funds for site discovery. Some states have invested additional funds
in site discovery, in more complete initial assessments, and in outreach
programs to work with groups of citizens who are concerned about waste sites
in their communities. The most recent survey of state expenditures estimates
that about $500 million is spent on hazardous-waste site cleanups each year; no
similar information is available for the health assessment aspect of these
activities alone (OTA, 1989).

Most environmental epidemiology studies of health effects associated with
hazardous-wastes are conducted by state health departments, even in states that
have separate departments for environmental management. State capacity in
environmental epidemiology varies greatly. Some have several doctoral-level
epidemiologists who conduct environmental epidemiology studies full time; in
others, communicable disease or chronic disease epidemiologists also respond
to environmental concerns when necessary; other states simply refer these
issues to ATSDR or the Centers for Disease Control.
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Although ATSDR funding for state health departments has provided
impetus for studies of exposed populations, the most compelling pressure has
been the continuous public demand for health studies of specific sites.
Politically, such studies are an appealing way to cope with frightened and
outraged communities, particularly when cleanup is far in the future. In many
states, these demands for health studies are focused on reported clusters of
cancer or other illnesses. The states with the largest programs, California, New
York, New Jersey, and Minnesota, have developed triage systems that sort out
the scientific plausibility and methodologic feasibility of responding to the
increasing stream of requests (R.R. Neutra, California State Department of
Health Services, personal communication, 1990). These programs also have led
to extensive discussions within the field of epidemiology about the
methodologic issues associated with the study of reported clusters (American
Journal of Epidemiology, 1990). Relatively few of the environmental
epidemiology studies conducted by the states make their way into the published
literature. Directly published state reports often serve the agencies better, and
many investigations are not designed or completed in a form that is appropriate
for publication in the regular scientific literature.

A REVISED FORM OF INITIAL SITE ASSESSMENT

Congress has charged the federal government—EPA, along with ATSDR
and NIEHS—with the job of protecting the health of the public from hazardous-
waste sites. Three components of this responsibility are also among the critical
tasks of environmental epidemiology: characterizing current and potential
human exposures; evaluating the potential harm to human health of these
exposures; and investigating the actual health effects associated with the
exposures.

As our review of federal programs concludes, there is no comprehensive
national inventory of hazardous-waste sites, no site discovery program, no
minimum data set on potential human exposures, no adequate system for the
early identification of sites for which immediate action to protect public health
or continued surveillance of health effects could be necessary, and no validation
or evaluation of the component parts of the site assessment process. EPA and
ATSDR are instituting some improvements in each of these areas, but these
improvements are largely limited to sites that are proposed for or already listed
on the NPL.

During the past 10 years, of the estimated $4.2 billion spent each year on
hazardous-waste sites in the U.S. (OTA, 1989), less than 1 percent has been
devoted to the study of health risks at these sites.
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As a result, existing data on exposures and health effects are inadequate
not only for decisions on the management of hazardous-waste sites, but for
epidemiologic investigations of the health impact of the sites as well.

Some states have mounted systematic discovery programs, have
comprehensive inventories, and routinely undertake off-site sampling to
identify potential human exposures. The California State Department of Health,
in reviewing the 93 sites on the state's Superfund list in 1984, found that 19 of
the sites were also on the federal NPL. Yet 46 of the sites showed evidence of
waste release into groundwater, and in 34 of these cases the groundwater was
known to be used for drinking. Extensive or systematic sampling existed for
only 22 of the sites, despite the evidence of potential human exposure. In all 19
of the California sites with known contamination of groundwater, moreover,
more than 10,000 persons were potentially exposed (Layefsky et al., 1988).
Their experiences could serve as a model for the development of an effective
discovery and initial assessment program. Such a program might rapidly
establish public confidence that the ''worst" sites are aggressively sought and
dealt with, and that Superfund resources are effectively applied to remove the
most serious risks. Data collected by such a national program would also
provide a comprehensive data base containing preliminary (and later, more
refined) information on the substances known to be present at hazardous-waste
sites, on the media contaminated, on the routes of exposure, and on the human
populations potentially at risk.

Even without the establishment of a site discovery program, the
development and validation of an adequate initial assessment methodology for
hazardous-waste sites is an urgent recommendation of this committee.
Epidemiology is not merely a passive science, cataloguing exposures and
effects. It is an active tool for identifying potentially hazardous exposures and
directing interventions to prevent further exposures. Because the evaluation of
human exposures and health effects associated with hazardous-waste sites is not
integrated into early site evaluation and interim remediation decisions, the real
contributions of public health and epidemiology are lost.

This is of grave concern, because some hazardous-wastes do constitute a
significant public health hazard to specific populations at specific sites, as
discussed in Chapters 4, 5, and 6. As ATSDR has documented, and other
reports confirm, human exposure to hazardous-chemical releases are common at
some of these sites. The health of the public has remained in jeopardy at many
sites long after the risks could have—and should have—been identified
(Hazardous-Waste Treatment Council, 1990).
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To explore the feasibility of a revised approach to the preliminary
assessment of hazardous-waste sites, we provide an estimate (Table 2-4) of the
cost of EPA's preremedial engineering and exposure assessments (the
preliminary assessment and site inspection) in combination with ATSDR's
preremedial health assessment (the preliminary health assessment).

This revised preliminary assessment includes both the preliminary
engineering studies (physical characteristics of the site, estimates of
contamination, and feasibility of remediation strategies) and the preliminary
health assessment. Nevertheless, applying the full revised preliminary
assessment (PA, SI + PHA) at all currently listed CERCLIS sites would cost
$1.824 billion. Spread over a five year period, this would come to
approximately $365 million per year, or one-third of the total FY91 Superfund
budget. Because many sites will require only the EPA PA and the ATSDR
PHA, this in fact is an overestimate of the actual costs of applying such an
approach. If the EPA and ATSDR functions are maintained separately, $165
million per year would be allocated to the ATSDR budget for health
assessments, a substantial increase from the ATSDR FY89 budget of $15.8
million. Savings could be realized by reorganizing the assessment process to
directly incorporate health assessments—and staff with health expertise—into
the management and implementation of preliminary assessments.

CONCLUSION

We know enough about some exposures at some sites—chiefly from
ATSDR's assessments of those sites on the NPL—to suggest the potential
benefit of further epidemiologic studies at these and other sites. A site discovery
program and a revised preliminary site assessment would identify sites for such
studies, as well as for the purposes of public health protection, and would
provide the basis for a significantly expanded national program of
environmental epidemiology. Some of the necessary support and related
components for an

TABLE 2-4 Revised Prelimary Assessment: Estimated Costs
EPA Preliminary Assessment (PA) and Site Inspection (SI) $32,000
ATSDR Preliminary Health Assessment (PHA) $25,000
TOTAL $57,000

32,000 CERCLIS sites × $57,000 / site = $1824 billion
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environmental epidemiology program are now under development at ATSDR,
including toxicologic profiles, screening values as benchmarks for hazardous
levels of exposure to priority substances (ATSDR, 1990a), pilot studies of
human exposure, standardized protocols for the collection of data, and the
identification of data gaps and the development of a research agenda.

An expanded and strengthened program of environmental epidemiology
must be developed as an integral part of federal environmental programs.

•   Establish an active and coordinated system of site discovery for hazardous-
waste sites, based in the EPA and providing technical assistance to other
federal and state programs. An aggressive site discovery program, in
combination with improved assessments and triage of sites for interim and
final remediation, will restore the original congressional intent to protect
the health of the public from hazardous-waste site exposures.

•   Define a revised approach to site assessments that integrates public health
determinations of population exposures, health effects, and the necessity of
interim and final remediation or other actions into a continuum of site
evaluation. Establish protocols and criteria for the revised preliminary
assessment of all sites, with triggers for interim remediation or other action,
such as relocation, and require that all sites undergo a revised preliminary
assessment within one year of discovery.

•   Establish a comprehensive national inventory of hazardous-waste sites that
will track the status of all sites through assessment and remediation or
closure. Use the inventory to ensure that sites are not deferred or placed in
closure status without a revised preliminary assessment as described above.

•   Rigorously evaluate the data and methodologies used in site assessment,
including the characterization of potential and actual releases to
groundwater, surface water, air, and soil that result in human exposure;
methodologies for the estimation of populations exposed to hazardous-
waste site emissions; the use of this information in the preliminary
assessment and in determining actions to protect the public health; and
compliance with public health recommendations for the protection of
exposed populations and site remediation. In fact, the entire process from
the preliminary assessment (PA) through the site inspection (SI) and the RI/
FS is largely conducted by contractors working for EPA or by "potentially
responsible parties"—those responsible for the original deposition or
management of the waste. The process as a whole is directed at remediation
rather than at the assessment of public health risks.
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•   Improve and expand research in environmental epidemiology to illuminate
the distribution and severity of exposures, risks, and health effects
associated with hazardous-waste sites. Authorize ATSDR to direct
responsible parties to conduct research to fill prioritized data gaps on
critical substances. Expand the ATSDR mandate to establish an extensive
program of applied research, including exposure registries linked to priority
substances, and further the development of surveillance methods such as
community health data bases, biologic monitoring, and sentinel events.
Regularly monitor the literature on health effects of toxic-waste sites and
publish reviews when indicated. As appropriate, meta-analyses can be
conducted of these studies, provided that the studies meet the criteria
required for such aggregate analysis.

•   Direct ATSDR to expand cooperative agreements with states and to
develop a comprehensive program of technical assistance for state and local
agencies. Provide increased funding for competitive grants in
environmental epidemiology through ATSDR and NIEHS.

A decade after implementation of Superfund, and despite congressional
efforts to redirect the program, substantial public health concerns remain, and
critical information on the distribution of exposures and health effects
associated with hazardous-waste sites is still lacking. Whether for the purposes
of environmental epidemiology or for the protection of public health, the nation
is failing to adequately identify, assess, or prioritize hazardous-waste site
exposures.

The legislative mandates, policies, and programs of the federal and state
agencies that currently manage hazardous-waste sites are inadequate to the task
of protecting the health of the public. Although extensive evidence suggests that
specific populations near specific sites are exposed to substantial risks, the
distribution and frequency of these exposures are impossible to ascertain. At
sites where potentially critical exposures are detected, there is no regular
application of an adequate system of early assessment of the health risks
involved or of the need for interim action to protect the health of exposed
populations. As a result of the failure to construct a system for managing
hazardous-waste sites that incorporates these essential components, we find that
the health of some members of the public is in danger, and that the conditions
for development of environmental epidemiology are so adverse as to impede the
development of useful scientific investigations of many important questions.
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3

Dimensions of the Problem: Exposure
Assessment

EXPOSURE ASSESSMENT IS A crucial component of environmental
epidemiology studies that seek to establish causal relationships between
exposure to chemical and physical agents from hazardous-waste sites and
adverse consequences to human health. The discipline of exposure assessment
encompasses numerous techniques to measure or estimate the contaminant, its
source, the environmental media of exposure, avenues of transport through each
medium, chemical and physical transformations, routes of entry to the body,
intensity and frequency of contact, and spatial and temporal concentration
patterns. Exposure to a contaminant is defined as "an event that occurs when
there is contact at a boundary between a human and the environment at a
specific contaminant concentration for a specified period of time; the units to
express exposure are concentration multiplied by time" (NRC, 1991, p. 3).

In environmental epidemiology, exposure assessment has proved difficult.
Epidemiologic research typically involves retrospective studies. When data are
gathered retrospectively, there is an enormous opportunity for exposure
assessment to be influenced by apparent disease occurrence, and vice versa.
Records of environmental pollution can sometimes provide a surrogate for
exposure, but these surrogates are not always available, and direct measures of
past exposures have not usually been recorded.
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Rothman (1990) noted estimates of exposure are very often heterogenious,
poorly described, and involve low concentrations of toxicants. Although
essential to well-designed epidemiologic investigations, exposure assessment
has been and continues to be an inadequately developed component of
environmental epidemiology, because

•   the temporal characteristics of site discovery and investigation make it
difficult;

•   the conceptual framework and techniques for evaluation have only recently
been established;

•   epidemiologists often have not understood or given sufficient attention to
exposure evaluation.

This chapter has three sections. The first describes the potential for human
exposure by identifying toxic chemicals found at hazardous-waste sites. This
includes direct site contamination, contamination by unidentified or
uncharacterized pollutants, and groundwater contamination from other sources.
The second section discusses approaches to exposure assessment and their
attendant problems. The third section examines reported exposure assessments
associated with hazardous-waste sites and reviews the strengths and weaknesses
of the reports.

TOXIC-CHEMICAL EXPOSURE AT WASTE SITES

Although much of the waste produced annually in the U.S. is not listed as
hazardous, the U.S. Environmental Protection Agency (EPA) estimated in 1988
that the amount of hazardous-waste managed by approximately 3000 licensed
facilities was 275 million metric tons (EPA, 1988). In addition, there are a
substantial number of uncontrolled disposal sites that contain hazardous-wastes
and that could present serious environmental or public health problems. For
example, municipal waste sludge and incinerator ash can contain toxic materials
such as lead, cadmium, mercury, and other toxic materials.

In the late 1970s there was widespread publicity about the indiscriminate
dumping of waste that was resulting in release of toxic agents into the
environment. The national failure to address the many known and suspected
hazards from uncontrolled hazardous-waste sites led Congress to pass the
Comprehensive Environmental Response, Compensation, and Liability Act of
1980 (CERCLA), generally known as the Superfund law. Under CERCLA's
terms, more than 31,000 sites have been reported to EPA's CERCLA
Information System (CERCLIS) inventory of sites that could require cleanup.
EPA
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has completed more than 27,000 preliminary assessments, and more than 9000
sites have been investigated in detail (EPA, 1988). As of June 1988, EPA's
National Priorities List (NPL), included 1236 sites, about 30 percent of which
have had initial actions to reduce immediate threats. The number of identified
sites represents a small proportion of the sites that are expected to be identified
in the future (OTA, 1989).

Hazardous-Waste Sites

Within the past decade, estimates of the number of potential NPL sites
have shifted dramatically. The Office of Technology Assessment (OTA, 1989)
concludes that there could be as many as 439,000 candidate sites. This is more
than 10 times that estimated earlier by EPA. These sites include Resource
Conservation and Recovery Act (RCRA) Subtitle C and D facilities, mining
waste sites, underground leaking storage tanks (nonpetroleum), pesticide-
contaminated sites, federal facilities, radioactive release sites, underground
injection wells, municipal gas facilities, and wood-preserving plants, among
others.

One recent EPA survey found that more than 40 million people live within
four miles and about 4 million reside within one mile of a Superfund site.
Residential proximity does not per se mean that exposures and health risks are
occurring, but the potential for exposure is increased. As of December 1988, the
Agency for Toxic Substances and Disease Registry (ATSDR) concluded that
109 NPL sites (11.5 percent) were associated with a risk to human health
because of actual exposures (11 sites) or probable exposure (98 sites) to
hazardous chemical agents that could cause harm to human health. These NPL
sites were listed in the categories of "urgent public health concern" or "public
health concern."

The states with the largest number of NPL sites are New Jersey,
Pennsylvania, California, Michigan, and New York. They accounted for 464 of
1236 (37.5 percent) sites as of 1991 (Figure 3-1). The activities associated with
these sites are shown in Table 3-1. Figure 3-2 depicts the observed
contamination of various media as a percentage of 1189 final sites on the NPL
as of February 1991. Note that a site can have more than one type of
contamination.

Data derived from the 951 ATSDR health assessments at hazardous-waste
sites indicate the existence of more than 600 different chemical substances.
Some of them are listed in Table 3-2. The documented migration of substances
into water, soil, air, and food also is listed in Table 3-2. Most of the identified
agents are toxic and represent potential threats to the public health, depending
on the degree of exposure.
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FIGURE 3-1 Few Superfund sites completely cleaned up.
Source: Adapted from Viviano, 1991, with permission.

Of the compounds identified at more than 100 sites, lead, chromium,
arsenic, cadmium, nickel, trichloroethylene (TCE), perchloroethylene (PCE),
vinyl chloride, methylene chloride, chloroform, benzene, ethylene dichloride
(EDC), and polychlorinated biphenyls (PCB) have been identified as either
human or animal carcinogens and are classified in group 1 of the ATSDR-EPA
list of the 100 most hazardous substances. A list of agents identified at more
than 10 proposed and final NPL sites is listed in Appendix 3-A to this chapter,
and the original ATSDR list of priority substances can be found in Appendix 3-B.

Buffler et al. (1985) have reviewed the adverse health effects associated
with specific toxicants identified at hazardous-waste sites. While discussing the
types of chemicals found, the review addresses whether health effects could be
detected in studies of populations exposed to these chemicals at waste-disposal
sites. Skin and central nervous
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TABLE 3-1 Types of Activities at Hazardous-Waste Sites in the United States
(Includes 1177 Final and Proposed Sites Placed on the National Priorities List as of
June 1988)
Activity Final Proposed Total
Surface impoundments 295 137 432
Landfills, commercial/industrial 299 113 412
Containers/drums 229 64 293
Other manufacturing/industrial 102 137 239
Landfills, municipal 157 56 213
Spills 111 73 184
Chemical processing/manufacturing 82 78 160
Waste piles 73 46 119
Leaking containers 80 36 116
Tanks, above-ground 80 28 108
Tanks, below-ground 46 42 88
Groundwater plumes 63 12 75
Electroplating 36 27 63
Wood preserving 39 16 55
Waste oil processing 34 16 50
Ore processing/refining smelting 27 9 36
Open burning 24 12 36
Solvent recovery 24 11 35
Outfall, surface water 20 15 35
Military ordnance production/storage/disposal 19 14 33
Military testing & maintenance 16 10 26
Landfarm, land treatment/spreading 18 7 25
Battery recycling 17 6 23
Incinerators 17 1 18
Mining sites, surface 11 4 15
Underground injection 11 2 13
Drum recycling 8 4 12
Sand and gravel pits 7 3 10
Mining sites, subsurface 6 3 9
Road oiling 7 1 8
Laundries/dry cleaners 2 5 7
Sinkholes 6 1 7
Explosive disposal/detonation 2 1 3
Tire storage/recycling 2 0 2
Total sitesa: 799 378 1177

a Since each site may have more than one activity, the number of activities is greater than the
number of sites.
Source: U.S. Environmental Protection Agency, Office of Emergency Response, Washington, D.C.
20460.
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FIGURE 3-2 NPL: Types of activities at 1189 final sites.
Source: Environmental Protection Agency, Office of Solid Waste and
Emergency Response, 1991.

system (CNS) effects were the most likely effects to occur from direct
contact with waste site chemicals. Hepatic, hematopoietic, renal, reproductive,
and CNS effects were the most likely indicators of chronic, low-dose exposure
through ingestion.

Unidentified Or Uncharacterized Contaminants

To date, attention has focused on a relatively small number of chemical
contaminants identified at hazardous-waste sites. Many identified or
unidentified potential contaminants have received little scrutiny. These
uncharacterized pollutants include substances that are not on the ATSDR-EPA
list of 100 most hazardous substances, compounds that cannot be identified by
standardized or accepted analytical methods, previously unidentified substances
that result from in situ transformation processes, and by-products of treatment
techniques. MacKay et al. (1989) suggest that large quantities of these
potentially toxic compounds may be relatively mobile in the subsurface
environment, and a potential exists for these compounds to contaminate
groundwater.
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One EPA evaluation (Bramlett et al., 1987) of the composition of leachates
from hazardous-waste sites documents the potential problem. The chemical
composition of leachates from 13 sites located throughout the U.S. wa analyzed.
Only 4 percent of the total organic carbon (TOC) in the leachate was
characterized by gas chromatography/mass spectroscopy according to their
chemical structure. More than 200 separate compounds were identified in the 4
percent fraction. This included 42 organic acids, 43 oxygenated and
heteroaromatic hydrocarbons, 39 halogenated hydrocarbons, 26 organic bases,
32 aromatic hydrocarbons, 8 alkanes, and 13 metals. The unidentified 96
percent of organic carbon is of unknown toxicity. Overall, the number of
chemical agents found in the 4 percent of the leachate studied is large, and yet
this represents only a fraction of the overall organic contribution. In addition to
the toxicity of these chemical agents, whether the mobile compounds promote
transport of chemical toxicants is an important subject for research.

Research in California by MacKay et al. (1989) has documented the
examples of uncharacterized compounds that could have important toxicologic
properties or significance for transport. Chlorobenzenesulfonic acids have been
identified at the Stringfellow Acid Pits in Glen Avon and at the BKK landfill in
West Covina; arsenicals were found at a site in Rancho Cordova; and
brominated alkanes were found at the Casmalia hazardous-waste disposal site,
along with high melting explosive (HMX) (cyclotetramethylene
tetramintriamine), research department explosive (RDX) (cyclonite), and
mutagenic explosive by-products from the Lawrence Livermore National
Laboratory, to name just a few.

Nonpoint Sources

As important as the NPL sites are, focusing attention solely on the
chemicals identified at these sites understates the potential scope of the problem
of groundwater contamination. Toxic contaminants in groundwater can be
considered as ''hazardous-waste" in a public health or toxicologic context, in
contrast to the regulatory framework for defining hazardous-waste. Secondly,
contaminated groundwater close to defined hazardous-waste sites may act as a
confounder in environmental epidemiologic investigation. In California, for
example, 70 percent of public drinking water comes from groundwater (Leeden
et al., 1990). Moreover, recent surveys show that problems with groundwater
are not unique to California. In 1986, EPA reported to Congress that
groundwater contamination from organic chemicals had occurred or was
occurring in 70 percent of the states; 65 percent and
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60 percent had groundwater contamination from metals and pesticides,
respectively (EPA, 1987a). Contamination from nonpoint sources, such as
agricultural runoff, may not derive from a specific hazardous-waste site, but is
toxic waste and could pose significant health hazards unless recognized and
controlled. For example, according to EPA (Appendix 3-A), the reproductive
toxicant and carcinogen dibromochloropropane (DBCP) has been identified at
only one NPL site. Although DBCP use was suspended in California in 1979, it
persists in the environment and has been detected in more than one-fifth of
drinking water wells in California not related to NPL sites. MacKay and Smith
(1990) have reviewed the status of groundwater monitoring in California for
"active" ingredients from pesticides, based on samplings from 1975 to 1988 of
10,929 wells. DBCP was detected in 2353 wells; in more than 1000 wells, it
exceeded the state maximum contaminant level (MCL) of 0.2 parts per billion
(ppb). About 100 of the wells that exceeded the limit were in public supply
systems that serve large numbers of customers. One hundred were in smaller
public supply systems, and others were private supply wells. It is estimated that
approximately 500,000 Californians have DBCP in their drinking water supply.

In addition to the active ingredients in pesticides, so-called "inert"
ingredients also contaminate groundwater in California and elsewhere. Cohen
and Bowes (1984) have estimated that 200 million pounds of inert ingredients
were released to the land in pesticide use between 1971 and 1981. These are
rough estimates because the composition of inert ingredients in a commercial
pesticide formulation is proprietary. In some cases, materials that have been
banned as active ingredients continued to be used as inert ingredients. Reports
published by MacKay and co-workers (MacKay et al., 1987; Smith et al., 1990)
note that inert ingredients can include TCE, PCE, formaldehyde,
pentachlorophenol, ethylene dichloride, and 1,4-dichlorobenzene, all of which
are known to be toxic. In 1987, EPA confirmed that these and other inert
ingredients can have toxicologic significance (EPA, 1987b). Of the
approximately 1200 substances used as inert ingredients in pesticide products,
EPA (1987b) has determined that about 50 are of "significant toxicological
concern" on the basis of their carcinogenicity, adverse reproductive effects,
neurotoxicity, or other chronic effects. An additional 60 compounds were
considered "potentially toxic." These pollutants are not derived from hazardous-
waste sites, but they illustrate the potential for groundwater contamination from
agricultural chemical waste. They constitute a hazardous-waste hazard in
themselves, whereas their impact on epidemiologic investigation of hazardous-
waste sites would be that of a confounder.

DIMENSIONS OF THE PROBLEM: EXPOSURE ASSESSMENT 110

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Environmental Epidemiology, Volume 1: Public Health and Hazardous Wastes
http://www.nap.edu/catalog/1802.html

http://www.nap.edu/catalog/1802.html


Since 1984, public drinking water supplies in California have been
investigated by the California Department of Health Services (DHS) to
determine the extent of groundwater contamination in the state (Smith et al.,
1990). During the period 1984-1988, approximately 7000 large and small
supply systems were evaluated, and about 1500 wells were found to be
contaminated with organic chemicals. The chemicals identified in this
monitoring included pesticides and solvents such as PCE, TCE, chloroform,
EDC, TCA, and carbon tetrachloride. A total of 409 (5.6 percent) wells had one
or more chemicals exceeding the state's action level or the Maximum
Contaminant Level (MCL), and 18.3 percent of the wells had some
contamination. Since early 1986, the state has sought to identify the sources of
organic chemical pollution of contaminated supply wells identified by the
monitoring program, but there is no comprehensive effort to identify new
sources of groundwater contamination, and the evaluation of existing sources is
slow. The MacKay and Smith study (1990) also documents groundwater
contamination from a variety of solvents and toxic active ingredients in
pesticides. These include 1,2-dichloropropane and ethylene dibromide (EDB),
atrazine, simazine, bentazon, aldicarb, diuron, prometon, and bromacil, all of
which have been linked with adverse human health effects. These data indicate
the need for periodic screening of groundwater supplies in areas of high
chemical use.

Table 3-3 lists the major causes of groundwater contamination reported by
states. NPL sites are included, but other sources of contamination are also
important. The groundwater contamination from sources other than hazardous-
waste sites is relevant to the conduct of exposure assessment in environmental
epidemiology. For example, in the city of Santa Maria, California, which is
adjacent to the operating Casmalia hazardous-waste site, numerous wells were
closed because of contamination by organic solvents (Breslow et al., 1989).
Possible sources of well water contamination include leaching from the
Casmalia hazardous-waste disposal site (unlikely), use of such solvents as TCE
and PCE to clean septic tanks (likely), and runoff of agricultural chemicals
(likely). Groundwater contamination of this type from unrecognized nonpoint
sources poses a twofold problem. Such contamination may provide important
additional exposures that increase the overall health risk and can reduce the
likelihood of finding effects in studies that fail to take these exposures into
account.

ASSESSMENT OF THE NATURE AND EXTENT OF EXPOSURE

There is no question that large quantities of highly toxic chemicals are
found at hazardous-waste sites. Even though it is not always
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TABLE 3-3 Activities Contributing to Groundwater Contamination in the United
States
Activity States

Citing
Estimated Sites Contaminants

Frequently Cited as
Result of Activity

Waste disposal:
Septic systems 41 22 million Bacteria, viruses,

nitrate, phosphate,
chloride, and organic
compounds such as
trichloroethylene.

Landfills (active) 51 16,400 Dissolved solids, iron,
manganese, trace
metals, acids, organic
compounds, and
pesticides.

Surface
impoundments

32 191,800 Brines, acidic mine
wastes, feedlot
wastes, trace metals,
and organic
compounds.

Injection wells 10 280,800 Dissolved solids,
bacteria, sodium,
chloride, nitrate,
phosphate, organic
compounds,
pesticides, and acids.

Land application of
wastes

12 19,000 land
application units

Bacteria, nitrate,
phosphate, trace
metals, and organic
compounds.

Storage and handling of materials:
Underground
storage tanks

39 2.4-4.8 million Benzene, toluene,
xylene, and petroleum
products.

Above-ground
storage tanks

16 Unknown Organic compounds,
acids, metals, and
petroleum products.

Material handling
and transfers

29 10,000-16,000
spills per year

Petroleum products,
aluminum, iron,
sulfate, and trace
metals.

Mining activities:
Mining and spoil
disposal-coal mines

23 15,000 active;
67,000 inactive

Acids, iron,
manganese, sulfate,
uranium, thorium,
radium, molybdenum,
selenium, and trace
metals.

Oil and gas activities:
Wells 20 55,000 production;

1.2 million
abandoned

Brines.
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Activity States Citing Estimated Sites Contaminants
Frequently Cited as
Result of Activity

Agricultural activities:
Fertilizer and
pesticide
applications

44 363 million acres Nitrate, phosphate,
and pesticides.

Irrigation practices 22 376,000 wells; 49
million acres
irrigated

Dissolved solids,
nitrate, phosphate,
and pesticides

Animal feedlots 17 1900 Nitrate, phosphate,
and bacteria.

Urban activities:
Runoff 15 47.3 million

acres urban land
Bacteria,
hydrocarbons,
dissolved solids, lead,
cadmium, and trace
metals.

Deicing chemical
storage and use

14 Not reported Sodium chloride,
ferric ferrocyanide,
sodium ferrocyanide,
phosphate, and
chromate.

Other:
Saline intrusion or
upcoming

29 Not reported Dissolved solids and
brines.

Source: Adapted from U.S. Geological Survey, 1988.

feasible to identify them completely, there is little doubt that the sites are
large repositories of potentially dangerous substances. That information
notwithstanding, the issue in an epidemiologic and public health context is
whether there are pathways from a hazardous-waste site to nearby residents that
will allow exposures that can damage human health (see Figure 3-3). The issue
of whether off-site migration results in public exposure is a matter of concern in
exposure assessment associated with epidemiologic studies of waste-chemical
facilities.

The purpose of exposure assessment in environmental epidemiology is to
facilitate investigation of and to establish cause-effect relationships between
environmental exposure and adverse health outcomes. Causation may be
implied in descriptive studies in which no direct determination of exposure is
carried out, but well-conducted studies of population exposure enhance
confidence in the interpretation of a causal relationship between exposure and
health outcome.
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FIGURE 3-3a NPL sites and population resident within 1 and 4 miles. Source:
Environmental Protection Agency, Office of Solid Waste and Emergency
Response, 1991.

Within this overall context, exposure assessment strategies have several
secondary objectives:

1.  To facilitate identification of persons at risk for adverse health
consequences from exposure to toxic chemical agents—i.e., to identify
with reasonable accuracy persons who are being or have been exposed
to materials considered hazardous-waste.

2.  To define the nature of the exposure—e.g., whether exposure is derived
from a single source, such as inhalation of materials, or from multiple
sources, such as air and water. This objective requires identification of
specific toxic chemicals. Assessment of potential interactive effects
(such as potentiation or synergy) of simultaneous chemical exposures is
advantageous.
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FIGURE 3-3b Proximity to NPL sites. Source: Environmental Protection
Agency, Office of Solid Waste and Emergency Response, 1991.

FIGURE 3-3c Population living within 1 mile of a Superfund site(s).
* Regions likely to be undercounted because of missing location data.
Source: Environmental Protection Agency, Office of Solid Waste and
Emergency Response, 1991.
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FIGURE 3-3d Population living within 4 miles of a Superfund site(s).
* Regions likely to be undercounted because of missing location data.
Source: Environmental Protection Agency, Office of Solid Waste and
Emergency Response, 1991.

3.  To assess the nature of potentially confounding exposures, including
groundwater contamination that may occur from numerous sources,
such as agricultural runoff, and may increase the health risk of a study
population or inhibit population identification and characterization and
identification of causal factors in epidemiologic investigations.

4.  To determine the temporal characteristics of exposure—to identify the
period over which exposure has occurred and the duration of exposure.
Exposure within a given geographic area may change as a result of
contamination migration, so surrogate measures of exposure based on
distance from a point source (fixed site) have the disadvantage of not
taking the movement of chemicals into consideration.

5.  To quantify the degree of exposure of individuals or defined
populations. This may be accomplished by direct measurement of
exposure (including personal sampling, and use of biologic biomarkers)
or indirect measurement (e.g., measurement of contaminant
concentrations in water or air, that is, microenvironmental monitoring).
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The NRC report (1991) on human exposure assessment for airborne
pollutants, which reviews progress in addressing total human exposure, is
particularly valuable for pursuing those objectives. The report describes the
framework and specific methods for exposure assessment. It recommends that
scientists and regulators consistently use its definitions of exposure and
exposure assessment to ensure standardization across disciplines. This approach
has special significance for studies of possible adverse health outcomes
associated with hazardous-waste sites because of the potential for multiple
chemical exposure, the wide range of pathways for transport of contaminants,
and the complex temporal characteristics of exposure.

The NRC report (1991) summarized the requisite entities to be determined
in exposure assessment:

•   concentration distributions in time and space for different environmental
media;

•   populations or groups at high and low risk;
•   chemical and physical contributions of various sources;
•   factors that control contaminant release into environmental media, routes of

environmental transport, and routes of entry into humans.

Routes Of Exposure

In general, all routes of exposure and all environmental media should be
assessed to determine their relative contribution to the overall exposure
associated with a waste site. Such work has been done, but generally not in the
context of epidemiologic investigation. Likely media of exposure from
hazardous-waste sites include air, water, food, and soil (Figure 3-4). Exposure
to toxic chemicals would most likely occur through contaminated groundwater
that has leached or run off from waste sites to enter the drinking water supply.
Other sources of exposure include direct contact with contaminated sediment;
accidental ingestion of contaminated soil or surface water; release of volatile
agents into the air; and ingestion of contaminated vegetables, fruit, meat,
poultry, or fish.

Exposure to contaminated water can derive from showering or bathing,
from drinking water, and from using water in food preparation. Those routes of
exposure have received considerable attention as a result of EPA's Total
Exposure Assessment Methodology (TEAM) studies (Wallace et al., 1986,
1987, 1988), the work of Andelman et al. (1986, 1990), and the work of Lioy
and co-workers (Jo et al., 1990a,b). The results of the investigations illustrate
the importance of indoor
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FIGURE 3-4 Physical and biological routes of transport of hazardous
substances, their release from disposal sites, and potential for human exposure.
Source: Adapted from Grisham, 1986, with permission.

environment exposure to volatile organic compounds (VOCs). For
example, Andelman (1990) has developed an indoor air model validated by air
measurements of TCE from residential bathrooms. He found that TCE
inhalation exposures from a six-minute shower are comparable to ingestion of
TCE in drinking water. Jo et al. (1990a,b) found that breath concentration after
showering was approximately twice as high as that after inhalation-only
exposure; thus dermal absorption was equivalent to inhalation absorption.

Percolation of VOCs into the home from contaminated soil under or
around houses is another pathway for exposure. For example, at Love Canal,
New York, migration of chemical leachates through the soil and evaporation
through porous basement walls resulted in the presence of benzene, toluene,
chloroform, TCE, PCE, and hexane in the air inside homes (Paigen et al., 1987).

Lioy (1990) has pointed out that contaminant exposure through ingestion
of soil and inhalation of dust from soil has begun to receive attention (Pierce,
1985; Travis and Hattemer-Frey, 1987; Severn, 1987). Estimates of the quantity
of soil ingested by children and adults have been made (Lioy, 1990). Daily
ingestion rates range from milligrams per kilogram of body weight per day to
grams per kilogram per day and are important for estimating exposure.
Exposure to soil dust through inhalation has received little attention.

The relevance of the total environmental exposure model in assessing
exposure to risk from hazardous-waste sites has been illustrated

DIMENSIONS OF THE PROBLEM: EXPOSURE ASSESSMENT 118

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Environmental Epidemiology, Volume 1: Public Health and Hazardous Wastes
http://www.nap.edu/catalog/1802.html

http://www.nap.edu/catalog/1802.html


by Lioy et al. (1988) as these authors sought to define total exposure to
benzopyrene (BAP). The study was carried out in Phillipsburg, New Jersey,
where there is a metal pipe foundry. The foundry was the point source for BAP
emissions and could represent a surrogate for a hazardous-waste site. In this
study indoor and outdoor air, food, and water exposure analyses were
conducted. Additional multimedia studies of this type will be useful in defining
protocols for exposure assessment at hazardous-waste sites.

Measurement Of Exposure

This section addresses what constitutes appropriate approaches to the
measurement of exposure in order to identify and characterize an exposed
population and then considers potential problems in the estimation of exposure
to the public associated with hazardous-waste sites.

ATSDR health assessments could be important sources of information
about the possible routes of human exposure and the types and amounts of
hazardous materials present at NPL sites. The conceptual model ATSDR has
adopted for conducting its health assessments seeks to emphasize early
identification of potential public health problems and interventions that would
ameliorate problems at a site. The health assessments have generally not been
published in the peer-reviewed literature and are therefore not within the scope
of this report. The committee has reviewed the abstracts for the 951 health
assessments and evaluated some assessments in detail.

The assessments provide information about the specific toxic chemicals
found at NPL sites, the degree of contamination, and potential routes of off-site
exposure of the public. There is little information about the degree of off-site
contamination. Virtually no information about actual exposure to the public is
derived from personal sampling, direct measurement of exposure of individuals,
or total exposure assessment modeling. The ATSDR health assessments are in
reality hazard assessments with limited information about potential human
health effects from off-site migration of chemical wastes. They do not constitute
epidemiologic investigations nor were they intended to be used for those
purposes. They provide a starting point for epidemiologic investigations, insofar
as they contain information about some of the chemicals identified at hazardous-
waste sites. Their lack of information on the fate and transport of contaminants
and on exposures of persons near the sites makes them of limited use for
identification of a potentially exposed population in environmental
epidemiologic investigations.
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Site-specific investigations have also not proceeded to the steps of defining
the populations at risk and quantitatively evaluating exposure to toxic
contaminants. The characterizations of the sites more often reflect requirements
of environmental engineering and site remediation than assessment of public
health considerations. Whether the toxic contaminants pose a risk to the
exposed population cannot be determined in the absence of more detailed
information about human exposures. Instead of focusing on the toxic chemicals
that have been identified at a site itself, it is necessary to develop estimates of
exposure to define and assess the population at risk, including estimation of the
size and exposure-related characteristics.

In development of estimates of human exposure and estimating population
exposure in connection with waste sites, a hierarchy of exposure or surrogate
exposure data can be useful in establishing a sampling strategy (Table 3-4).
Direct measurement of exposure assessment includes personal monitoring and
use of biologic markers (see Chapter 7) (NRC, 1991). Personal monitoring is
advantageous insofar as it enables direct measurement of the concentration of
air contaminants in the breathing zone of a subject. Biologic markers are
potentially indicative of total dose, in that they integrate the dose from multiple
routes of exposure. For environmental epidemiologic investigations, these types
of data provide a basis for analysis of exposure as a continuous variable and are
potentially valuable for identifying the etiologic basis of an adverse outcome as
a function of dose. Other types of data (categories 2-7 on Table 3-4) are generally

TABLE 3-4 Hierarchy of Exposure Data or Surrogates
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considered indirect measurements of dose and can be subdivided into
information derived from quantification of the concentration of toxic
contaminants in a particular microenvironment and information that does not
use quantitative estimates of exposure but rather surrogates of exposure, such as
proximity to a site or county of residence.

Quantification of microenvironment concentrations implies monitoring of
contaminant concentrations in the location where exposures occur—for
example, monitoring of contaminants in drinking water, measurement of the
concentration of air contaminants in the general location of the subjects in the
study, and determination of the degree of contamination of food and soil.
Monitoring of this nature provides a realistic basis for assessment of individual
exposure. But it is often not possible to obtain either personal or
microenvironmental data in a timely fashion. The studies reviewed to date make
limited use of these approaches and instead use surrogates of exposure (types
4-7) including proximity to a site, duration of residence, or residence in a
specific geographic region, such as a county. Data derived from studies of this
type are easier to obtain and may provide useful inferences about causative
factors for adverse health effects associated with hazardous-waste sites, but they
are clearly limited in scope and prone to misclassification (see below).

Gann (1986) has asked what kind of exposure data epidemiologists need.
The answer should depend on the research question before the investigator and
will depend, in part, on the biologic model of the exposure-response
relationship. Marsh and Caplan (1987) define three levels of a health effects
investigation: Level I includes ecologic studies and is based on existing,
routine, and easily accessible records of exposure. Exposure assessment in
ecologic studies has generally made use of the type of information found in
categories 4-7 (Table 3-4) of the exposure information hierarchy. Many of the
studies to be reviewed here fall into this category. Level II studies as defined by
Marsh and Caplan (1987) include cross-sectional, case-control, or short-term
cohort studies. Level III consists of prospective studies. Quantitative assessment
of personal exposure and microenvironment monitoring to determine the
concentrations of chemical toxicants in a variety of media are especially
appropriate for Level II and III studies. Improved quantitative exposure data
could enhance study population identification and improve ecologic studies, but
that information has not been pursued, because ecologic studies have relied on
surrogates of exposure. Ecologic studies are often considered hypothesis-
generating, and in-depth exposure evaluations would not necessarily be
considered appropriate to a design of this type. However, failure to
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identify the population at risk accurately may limit study findings, and more
careful attention to the exposure question is probably warranted.

There are three relevant approaches to estimating personal exposure:
measurement of potential dose, measurement of internal dose, and measurement
of the dose at the biologic target (Figure 3-5). The dose at the target site, or the
biologically effective dose, is the fraction of the contaminant or its metabolite
identified at the site of action in the body from which the ensuing health effect
derives. Investigators would prefer to have information on the biologically
effective dose for each exposed individual over time (see Chapter 7).

Absent such information, internal dose measures the contribution of
exposure to a contaminant from all media. Internal dose is generally assessed by
means of biologic monitoring when biological monitoring techniques are
available. But biologic monitoring is difficult if the investigator must assess
exposure to multiple chemicals. The difficulty derives in part from paucity of
validated biologic monitoring assays and the sparseness of development of
toxicokinetic models to describe toxicant metabolism. Method development for
biologic monitoring is a priority for assessment of exposure to chemical
mixtures. Biologic monitoring is useful if the object of a study is to find or
characterize an association between specific chemicals and various health end
points, because it enables an investigator to determine dose from inhalation,
ingestion, and dermal contact. Evaluation

FIGURE 3-5 Continuum from emission of a contaminant to a health effect.
Source: Lioy et al., 1990. Reprinted with permission from Environ. Sci.
Technol. 1990, 24, 940[942]. Copyright 1990 American Chemical Society.
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of exposure based on determination of concentrations of contaminants in
various media requires multiple measurements, each with its own limitations,
such as the accuracy of monitoring systems, whereas biologic monitoring
integrates an exposure dose.

Biologic monitoring has additional limitations as a measure of internal
dose in exposure assessment of hazardous-waste sites. How to address complex
mixtures is one issue, whereas a second concerns the question of how to address
variability in biological monitoring (Droz and Wu, 1991). Third, biologic
monitoring generally addresses current exposure although there are notable
exceptions such as x-ray fluorescence of lead in bone, which serves as a basis to
estimate long-term absorption of lead (EHP, 1991).

Toxicokinetic models that quantitatively describe rates of absorption,
distribution, biotransformation, and excretion of toxicants are necessary for the
development and validation of biologic monitoring techniques that address
assessment of both short- and long-term exposures. Toxicokinetic modeling has
been particularly valuable in describing the overall dynamics of lead
metabolism (Landrigan, et al., 1985), nonlinearities in the biotransformation of
methylene chloride (Hattis, 1990), the relationship between sperm count and
ethylene oxide exposure (Smith 1988) and the neurotoxicity of acrylamide
(Hattis and Shapiro, 1990); for better estimation of target-tissue dose for
purposes of risk assessment for butadiene (Hattis and Wasson, 1987) and
ethylene oxide (Hattis, 1987); and for risk assessment of drinking water with
particular reference to the quantitative estimation of uncertainty (NRC, 1987;
Hattis and Froines, in press). Advancing the development and use of
toxicokinetic modeling should have high priority.

The problem of using biologic monitoring or contaminant concentration to
assess exposure where there are complex mixtures can be addressed in part by
using a marker which serves as a surrogate for the complex mixture. Hammond
(1991) has suggested that within a population exposed to a mixture which is
qualitatively similar to a known toxicant, a marker of exposure can make
possible a quantitative estimate of exposure level. This approach does assume
that given a situation in which exposure to a complex mixture is related to some
adverse health consequences, that there will be a relationship between the
marker of exposure and the disease outcome. The use of pack years as a
surrogate for exposure estimation in the investigation of health risk from
smoking is a good example of the utility of estimates of exposure where the
specific etiologic agents have not been identified.

Personal monitoring of exposure to airborne toxicants provides a
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direct measurement of their concentrations in the breathing zone of an
individual. However, exposure derived from hazardous-waste sites may be
derived primarily from ingestion, e.g., drinking water and food, or dermal
exposure, e.g., soil contamination, and inhalation may not represent the most
significant exposure route. In this context microenvironmental monitoring in the
locations where exposure occurs in the particular media of concern will
represent the approach of choice. Lioy (1990) and the National Research
Council (NRC, 1991) have described the parameters required to calculate the
potential and internal dose (Figure 3-6). These parameters derive from the need
to link environmental source, transport, and receptor models to estimate
exposure.

Limited attention has been given to date to the development of models to
estimate exposure. A model in this context would make use of both measured
and modeled microenvironmental concentrations and would address the
temporal characteristics of the exposures. The NRC report on estimation of
human exposure described the principal advantage of models as their ability to
estimate concentrations in different microenvironments or exposures on which
there is little direct information.

Where personal or biologic monitoring, microenvironment
characterization, and modeling cannot be readily accomplished, surrogate
measures of exposures are the last resort; they were the method of choice in the
earlier ecologic investigations reviewed here. With one exception (Clark et al.,
1982), virtually no studies have attempted to quantify personal exposure to
contaminants that have migrated off-site from waste sites. There have been no
estimates of exposure from microenvironment monitoring, such as the EPA
TEAM studies (Wallace et al., 1986, 1987, 1988). These are excellent examples
of the type of microenvironmental monitoring that would usefully be models for
assessment of exposure associated with waste sites.

Surrogates of exposure may provide evidence that adverse health outcomes
are related to a hazardous-waste site exposure. They have some utility for initial
screening, although a negative result could result in no follow-up studies and a
false-negative finding. In this regard, Baker and colleagues (1988) have
strongly warned against the presumption of no adverse effects of exposure to
toxic agents from Stringfellow Acid Pits in Glen Avon, California. They
caution investigators that lack of good exposure estimates may have biased their
results. Use of surrogate exposures should generally be viewed in this context.
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FIGURE 3-6 Parameters required to calculate the potential and internal dose.
Source: Lioy, 1990, with permission.
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Limitations Of Data On Exposure

All too often, the data on exposure available to the epidemiologic
investigator are limited, especially if the study was triggered by public concern
about a disease or illness cluster or by perceived rather than documented
exposures to toxicants at a hazardous-waste site. In some cases no quantitative
information on exposure is available and investigators are forced to use a
dichotomous approach rather than having estimates of continuous variables.
They are required to divide the study population into groups of exposed and
unexposed persons (ever/never) or even into groups of those who are likely to
have been exposed and those who are not likely to have been exposed. This
approach may represent the only alternative where exposure occurred in the
past, but in many cases some estimate of exposure could be made by monitoring
the concentration of contaminants. The fact that monitoring may not have
occurred may be more a matter of resources, especially where the investigations
are carried out by state health departments.

Lioy (1990) has suggested that scientific techniques and tools to measure
exposure have advanced more quickly than have the strategies currently used to
assess exposure in environmental epidemiologic studies. As Rothman (1990)
points out, exposure assessment receives a low level of attention in study after
study of chronic disease clusters. Upton et al. (1989) have suggested that a
major weakness of environmental epidemiologic studies is their lack of
exposure assessment. They report that the vast majority of the studies use
surrogate measures of exposure based on the location of the at-risk population
in relation to the hazardous-waste site or source of contamination. Buffler et al.
(1985) have reviewed exposure assessment associated with environmental
episodes at waste sites and other point sources. Their review cites 24
investigations that used indirect exposure estimates; 4 used surrogate indicators,
although 15 had used some form of biological monitoring assessment. They
concluded that direct measures of exposure were rarely available.

The specific aim of an environmental epidemiologic study of hazardous-
waste sites is to identify and establish a relationship between exposures derived
from a site and adverse health outcomes. Identification and subsequent
characterization of the study population represents the challenge before the
investigator. The selection of sampling site is then crucial and the sampling site
chosen should be relevant to potential human exposure (NRC, 1988). Table 3-5
is a summary of designs that can be used in the choice of sampling sites (NRC,
1988 and discussions therein).
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TABLE 3-5 Spatial Considerations: Summary of Sampling Designs and When They
Are Most Useful
Sampling Design Condition for Most Useful Application
Haphazard sampling Only valid when target population is homogeneous in

space and time; hence, not generally recommended
Purposive sampling Target population well defined and homogeneous, so

sample-selection bias is not a problem; or specific
environmental samples selected for unique value and
interest, rather than for making inferences to wider
population

Probability sampling
Simple random sampling Homogeneous population
Stratified random sampling Homogeneous population within strata (subregions);

might consider strata as domains of study
Systematic sampling Frequently most useful; trends over time and space

must be quantified
Multistage sampling Target population large and homogeneous; simple

random sampling used to select contiguous groups of
population units

Cluster sampling Economical when population units cluster (e.g.,
schools of fish); ideally, cluster means are similar in
value, but concentrations within clusters should vary
widely

Double sampling Must be strong linear relation between variable of
interest and less expensive or more easily measured
variable

Source: NRC, 1988, 1991.

How exposures are characterized across individuals, locations, and time is
a crucial issue in the design of an exposure assessment strategy. The precision
of derived risk estimates is proportional to the population size under study, and
validity is improved by reducing measurement error in the actual exposure data
(Checkoway et al., 1989). Therefore, an exposure assessment strategy that
gathers in-depth, quantitative exposure data on individuals might reduce
measurement error, but it will probably do so at the expense of study size
because of resource limitations. The loss in number of subjects
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needs to be juxtaposed against the possible gain in quantitative information
about exposure.

For purposes of epidemiologic investigation, the larger the study
population, the greater the ability to detect an effect when present. However, the
conduct of extensive personal and microenvironmental monitoring is both time
consuming and resource intensive. For example, the TEAM study in New
Jersey evaluated exposure to volatile organic compounds (VOCs) of 355
residents. This in-depth evaluation involved giving each resident a diary and a
specially designed, miniaturized pump connected to a 6-inch Tenax cartridge
which was carried throughout the day. The TEAM New Jersey study concluded
that the levels of 11 important organic compounds were significantly higher
indoors than outdoors. These data appeared to reject the hypothesis that
personal exposures to VOCs were directly related to releases from point
sources. The study may have had sufficient sample size and probability
sampling to permit extrapolation to the general population. However, whether a
study of this size would meet the requirements of an epidemiologic
investigation of hazardous-waste site consequences is questionable. Studies
which focus on low prevalence diseases such as cancer are particularly difficult
because of low statistical power associated with small sample sizes (Ozonoff et
al., 1987). Thus, there is a potential conflict between an in-depth exposure study
in a small population versus the requirements of an epidemiologic investigation
which must be addressed. Case-control approaches such as the two radon
exposure studies being conducted by the New Jersey Health Department and the
Argonne National Laboratories are useful examples of approaches to the in-
depth estimation of exposure in a defined study population (NRC, 1991).

One useful approach for resolving the apparent contradiction between the
requirements for in-depth exposure assessment and study population size is
through the use of nested exposure-assessment designs in which a small number
of the overall study population is subject to extensive direct and indirect
measurements of exposure including personal and microenvironmental
monitoring, biomarkers, and modeling. This population will serve as a surrogate
to the larger study population and may be linked via indirect measures such as
questionnaires or by modeling (NRC, 1991).

A second approach to resolving the apparent contradiction between
population size and exposure assessment involves modeling exposure in which
the results of microenvironmental monitoring are combined with individual
activity patterns (NRC, 1991). This indirect approach seeks to develop exposure
profiles by combining activity patterns with the expected concentrations of
contaminants. Mathematical
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modeling is of particular value here. (A larger discussion of these issues will be
addressed in Volume II.)

Bailar (1989) lists a number of common problems with all types of human
exposure data (Table 3-6). The NRC reports on Human Exposure Assessment
for Airborne Pollutants (1991) and Complex Mixtures (1988) have discussed
these issues in detail and they will be addressed in our second report. This
section will only highlight certain issues for purposes of illustration. For
example, Bailar raises the important question of what to measure: Are we
interested in peak exposure or cumulative exposure? Gillette (1987) expands the
question to ask whether the incidence and magnitude of the biological response
are most closely related to maximum concentration, average concentration,
minimum concentration, or the total dose of the biologically active form of the
toxicant. Our theoretical and practical understanding of how to address dose
rate, an analogue of exposure concentration that can vary over time, is a
problem that has been given no attention in environmental epidemiologic
studies. Effects of exposure pattern or dose rate on health or biologic end points
are more readily assessed once the relationship between exposure and response
has been ascertained. The exploratory nature of many environmental
epidemiologic investigations precludes this level of analysis.

Buffler et al. (1985) suggest that estimating the extent of exposures

TABLE 3-6 Some Common Problems with All Types of Human Exposure Data
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from waste sites can be extremely difficult. Where contamination results in a
study population exposed to low concentrations of contaminant, the probability
of detecting adverse health outcomes is also low. This problem is made more
difficult when many toxic substances are found at low levels, and multiple
health outcomes need to be studied. Nonspecificity of many potential health
effects associated with chemical exposure, especially those with high
background sites, represent important study constraints.

As discussed in the first chapter of this monograph, to determine whether a
coincident finding is likely to be causal, the finding should make sense
biologically, that is, the results should reflect a plausible hypothesis of the
relationship between the studied exposures and diseases. In studies of
groundwater and public health, associations have sometimes been proposed
between chemical exposures and adverse health outcomes that are not well
rooted in biology, but chiefly derive from the analytic capability to detect
pollutants. Failure to conduct adequate exposure assessments can result in false-
positive associations because the true causative agent has not been identified.

In evaluating biological plausibility, sometimes acute effects associated
with higher occupational exposures are studied to see whether such effects may
be caused by much lower concentrations from environmental exposures.
Caution must be evident in associating signs and symptoms to certain chemicals
known to be toxic at levels that are orders of magnitude greater than those
commonly encountered by populations in proximity to waste sites.

Another problem in exposure assessment stems from the misclassification
of exposure, a failure to place subjects in correct categories according to their
levels of exposure. Misclassification generally weakens the association between
exposure and outcome, and thereby compromises a study's validity.
Unfortunately, the availability of more accurate information on exposure solves
only part of the problem of misclassification. Even where the specific exposures
studied may be correctly classified, other relevant exposures are crucial,
including such confounding factors as tobacco smoke, workplace exposures, or
the effect of other chemicals found at a site. Accurate assessment for the
important exposure covariates is important, especially where the other exposure
classification includes a strong risk factor for the disease such as occurs with
cigarette smoking and lung cancer. In general, low levels of risk are found in
environmental epidemiology studies (Gann, 1986; NRC, 1991), making
accurate exposure information even more critical.

Landrigan (1983) has illustrated the problem of grouped versus individual
data in comments on a study of arsenic in drinking water
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conducted by the Centers for Disease Control and the Alaska Division of Public
Health. The concentration of arsenic in well water was a poor indicator of
individual exposure because some of the persons studied had supplemented
their consumption or switched completely to drinking bottled water. When
estimates of bottled drinking water consumption were incorporated, the
correlation between arsenic exposure and well water consumption strengthened
the dose-response relationship.

EXPOSURE ASSESSMENT IN SPECIFIC EPIDEMIOLOGIC
INVESTIGATIONS

The committee reviewed epidemiologic studies of hazardous-waste sites or
water contamination to evaluate the exposure assessment in each. Landrigan
(1983), Heath (1983), Anderson (1985), Marsh and Caplan (1987), and
Hertzmann et al. (1987) argue that it is difficult at best to establish etiologic
associations in relation to hazardous-waste sites unless some conditions are met
before a study is done. These include identification of the nature and quantity of
pollutant emissions from the site under study, identification of probable routes
of human exposure, assessment of individual exposure in contrast to population-
based data, and identification of populations that had high exposures and so are
high-risk groups, such as persons who are exposed in the workplace. To meet
these criteria, high-quality exposure information would have to have been
collected.

The studies reviewed here all used surrogate measures to gather
population-based exposure data. These studies were noteworthy for their
attempts to define surrogates to characterize exposure and, in particular, to use a
continuous, cumulative metric of exposure, rather than the more common
dichotomous (ever-never) approach.

Woburn, Massachusetts

A study of the association between childhood leukemia and exposure to
solvent-contaminated drinking water from two wells in Woburn, Massachusetts,
by Lagakos et al. (1986) used both a dichotomous and a continuous approach.
In this study there was concern regarding public exposure to water from two
wells (G and H) contaminated with chlorinated organic solvents that operated
during the 15 years from 1964 to 1979. Residents of Woburn received a blend
of water from eight wells including wells G and H, and the specific blend
depended on the location of the residence and time the water was received.

In developing the exposure estimates the authors made use of a
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report prepared by the state (Waldorf and Cleary, 1983), which estimated the
regional and temporal distribution of water from wells G and H during the study
period. The study was possible because the monthly amounts of water pumped
by each of Woburn's wells was routinely recorded, and therefore, the proportion
of water to each household from G and H could be identified. The state's report
made possible an estimate of each household's annual water supply from wells
G and H, and these data were merged with other data to determine an exposure
history for each child in the study. The exposure determination also took into
account changes in residence over each child's lifetime and the proportion of G
and H water supplied to each child's home during each year of life.

Several problems with the exposure assessment for the Woburn study
mitigate the success of the estimation of each household's exposure to the
contaminated water. First, there are no qualitative or quantitative data on the
nature and amount of chemicals in the wells before 1979, when the chlorinated
solvents were first detected. Second, estimates of exposure could be made only
on the household samples; there was no way to estimate additional exposure
outside the home—for example, in schools.

The authors acknowledge that the entire leukemia excess could not be
explained by exposure to water from wells G and H. MacMahon (1986) has
criticized the Woburn study on a number of grounds and has suggested that the
greater complexity of measurement of exposure has not been successful in
illuminating the limited associations that have been identified. The levels of
contaminants in G and H water are low and would not be expected to result in a
doubling of leukemia risk. MacMahon (1986) argues that the data are
inconsistent with an underlying linear relationship between cumulative
exposure and rate of disease. These criticisms notwithstanding, the exposure
assessment in this study is relevant insofar as it reaches beyond the traditional
dichotomous approach to exposure and establishes limited estimates of
individual dose.

Fresno County, California

Whorton and co-workers (Whorton et al., 1988; Wong et al., 1988, 1989)
conducted an ecologic and case-control study of the relationship between
drinking water contaminated with DBCP and birth rates, gastric cancer, and
leukemia in Fresno County, California. The ecologic study required an exposure
estimate for each census tract, and the case-control study required determination
of the drinking water source and its quality for the residence of the individual.
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First, drinking water systems and private wells were identified, mean
contaminant levels of DBCP for individual wells were determined from state-
derived data, and an evaluation was made of which water system supplied
drinking water to each census tract. By using mapping techniques, the authors
were able to estimate the geographic percentage of the census tract supplied by
each water system. Based on these data, specific weighted averages of arsenic,
nitrate, and DBCP by census tract were determined and used in the subsequent
ecologic and case-control studies. Mean DBCP levels ranged from 0.0041 to
5.7543 ppb among census tracts. Fourteen (12.8 percent) census tracts had
DBCP concentrations in excess of the state's MCL of 1.0 ppb.

There are limitations associated with the studies—for example, no estimate
of individual exposure accounts for bottled-water use or other use patterns and
whether there is sufficient latency, that is time from first exposure to the
development of the disease. But the DBCP studies are serious attempts at
defining the historical exposure in greater detail than is generally found in
environmental studies, and they should serve as useful models for future
investigations.

The findings of the studies are complex. No correlation was found between
gastric cancer or leukemia and DBCP exposure in the ecologic analysis. The
case-control study did not identify any relationship between gastric cancer and
DBCP in drinking water. However, the variable "Hispanic surname" was a risk
factor for gastric cancer; Hispanics had a relative risk of gastric cancer of 2.77,
compared with non-Hispanics. Hispanics tended to live in areas where the
drinking water was more contaminated than did other groups. In addition, farm
workers seem to have an increased risk of leukemia, possibly because of
occupational exposures—although this will require further study. Dietary
factors have not been evaluated. Overall, the case-control study found no
association between exposure to DBCP and risk of developing leukemia in
persons who live in Fresno County.

Santa Clara County, California

The California Department of Health Services (Deane et al., 1989; Swan et
al., 1989; Wrensch et al., 1990a,b) has reported on a number of studies designed
to assess the basis for an excess of adverse pregnancy outcomes, such as
statistically significant spontaneous abortions and birth defects, in Santa Clara
County. There were significant concerns in the community that adverse
pregnancy outcomes might have occurred as a result of contamination of a
single well with trichloroethane (TCA) that had leaked from an underground
storage tank owned by a semiconductor manufacturer.
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The exposure assessment was designed to investigate two census tracts,
both of which were assumed to have comparable exposure to well water
contaminated by the leaking tank. This assessment had two distinct
components. The first component estimated the time of initiation of the leak, the
rate at which the TCA plume migrated to the well in question, and the
concentrations of TCA found in this and other wells. The second component
estimated the water flow from the contaminated well to the two census tracts.
The model developed to estimate water flow was validated through field testing.
The water distribution analysis gave the probability that water from the
contaminated well was delivered to each of 112 specific water pipe junctions
within the water system. Quantitative modeling was restricted to 1981, but
pumping logs were also reviewed for 1979 through 1980 and showed there were
no major differences in water distribution to the study areas during that period
as well. Both components of the exposure assessment were conducted by a
consulting engineer who had no knowledge of the temporal and spatial
distribution of pregnancy outcome in the study census tracts. The probabilities
of exposure to contaminated water were multiplied by the estimated
concentration of TCA to give an estimated exposure by month.

Estimated exposures to TCA could then be compared to the frequency of
spontaneous abortions and congenital malformations. In comparing two census
tracts, the tract with the highest spontaneous abortion and birth defects rates had
a lower TCA exposure than a comparable tract. Women with adverse pregnancy
outcomes did not appear to have been exposed to higher concentrations of TCA
than women with live births (see Chapter 5 for further discussion of these
investigations). Uncertainties in the modeling have resulted in criticism of the
conclusions of this study although the hydrogeologic modeling was carefully
constructed. The controversy surrounding this study illustrates the difficulties
encountered in exposure assessment that seeks to recreate environmental
exposures. Unfortunately, there is no obvious approach that would resolve these
ambiguities. Toxicologic investigations that evaluate the potential of the
chemicals in question to produce adverse reproductive effects might be valuable
in providing indirect confirmation of the epidemiologic investigations.

Mccoll Site, Fullerton, California

An interesting surrogate of exposure was used by California researchers
(Lipscomb et al., in press) to investigate community concerns about potential
health problems from the McColl Waste Disposal
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Site in Fullerton Hills, California. Rather than measure chemical concentrations
in ambient air, the researchers investigated the relative frequency of detecting
odors from the site. This 20-acre site consists of 12 waste pits that were in use
from the early 1940s to 1946. In 1978, residents complained of odors in the
neighborhood surrounding the site and were concerned that there might be
health problems associated with chemical exposure. Results of an early survey
demonstrated higher than expected rates of complaints about noxious odors and
of complaints of 22 symptoms such as nausea, skin irritation, wheezing,
dizziness, chest pain, loss of appetite, fatigue, and earaches (Satin et al., 1983).

A study by Duffee and Errera (1982) was based on the use of an extensive
odor survey in which the McColl study area was divided into five ''odor zones."
Exposure was then defined by surrogate measures, such as the relative
frequency of detecting odors or the proximity to the waste site. The odor zones
were used to classify exposure areas. In the most recent survey (Lipscomb et al.,
in press), the highest three odor zones (92 households), the lowest odor zone
(217 households), and a comparison area (242 households) were selected to
attempt to identify a dose-response relationship between areas. The study
determined that prevalence odds ratios comparing symptom reporting between
high exposed and comparison area residents were greater than they were for an
earlier survey (Duffee and Errera, 1982) for 89 percent of the symptoms. The
authors noted symptoms reported in excess did not represent a single organ
system or suggest a mechanism of response. They suggest that living near a
hazardous-waste site and being concerned about the environment can result in
"recall bias" that could affect findings more than does the toxicity of the
chemicals found in the site. Unfortunately, the report provides no environmental
monitoring data. Although the exposures are presumably in the parts-per-billion
range, considerably below the levels at which health effects have been
identified, this site contains a large number of chemicals, combinations of
which could be harmful. Even if the primary effects were derived from stress
and concern, there might have been a contribution from chemical exposure.
These issues are treated as dichotomous variables. The authors' conclusions
would have been strengthened by a more detailed exposure evaluation.

Stringfellow Site, Glen Avon, California

A study by Baker et al. (1988) used surrogates of exposure to evaluate
nonspecific symptoms. Baker and his co-workers investigated public
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concern over potential health problems among residents living near the
Stringfellow Waste Disposal Site in Glen Avon, California. This site operated
from 1956 to 1976, when approximately 33 million gallons of liquid industrial
waste was discharged at the site. It is approximately 4000 feet from the nearest
residential property in Glen Avon and is located in Pyrite Canyon. Heavy
rainfall has resulted in the waste ponds at the site overflowing their containment
berms, washing waste down the channel that runs through the town of Glen
Avon. Baker and co-workers conducted a health survey to assess whether there
were increased rates of mortality, adverse pregnancy outcomes, disease
incidence, or symptom prevalence, such as blurred vision, pain in ears, daily
cough for more than a month, nausea, frequent diarrhea, unsteadiness when
walking, and frequent urination among individuals living near the waste site.

The exposure surrogate they chose was based on "relative exposure
likelihood of residents to toxic waste from the Stringfellow site" (Baker et al.,
1988, p. 326). The investigators assumed that the most likely routes of exposure
were surface water runoff and airborne contamination, and their exposure
classifications were determined primarily by proximity to the site and to the
Pyrite channel. Three communities were chosen: residents with the highest
likelihood of exposure, those with small potential for exposure, and a reference
group of unexposed persons. The study revealed that mortality, cancer
incidence, and pregnancy outcomes did not differ among the three study areas;
there were differences among the study areas for reported diseases (ear
infections, bronchitis, asthma, angina pectoris, and skin rashes) and symptoms.
The authors conclude that the apparent broad-based elevation in reported
diseases and symptoms derives from increased perception or recall of
conditions by subjects living near the site. This is similar to the conclusions
reached by Lipscomb et al. (in press). In the Baker study (1988), the lack of
exposure assessment weakens the conclusions, and exposure misclassification
could be an important issue. The authors do discuss the possible "toxicological
mechanisms" associated with various end points and with the uniform increase
in symptom prevalence. Because no toxicants were identified or quantified as
part of an exposure evaluation, the discussion of toxicologic mechanism has no
objective validity. Baker et al. acknowledge these weaknesses and conclude,
"Our experience indicates the fundamental need for health studies of toxic
waste disposal sites to be based on environmental monitoring and modeling of
past exposures sufficient to identify potential exposure to specific chemicals at
an individual or household level'' (Baker et al., 1988, p. 333).
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Lowell, Massachusetts

Ozonoff et al. (1987) conducted a symptom prevalence survey in a
neighborhood assumed to be exposed to airborne hazardous-wastes. The study
population included households within 400 meters of a hazardous-waste site in
Lowell, Massachusetts; the unexposed controls were those households within a
radius of 800 to 1200 meters from the site. Linear distance of each residence to
the center of the site was determined, thereby providing a further breakdown of
potential exposure. The exposure surrogate was distance from the hazardous-
waste site. In contrast to the aforementioned studies by Baker et al. (1988) and
Lipscomb et al. (in press), Ozonoff et al. concluded that the study "raised the
possibility that exposure to relatively low levels of airborne chemicals may
have increased the prevalence of respiratory and constitutional symptoms in
adults in the affected neighborhood" (Ozonoff et al., 1987, p. 596). They noted
that the most serious potential problem in the study was recall bias—special
importance being given by respondents to particular symptoms. Careful
evaluation of the potential for recall bias indicated that six symptoms exhibited
a "biological gradient" (a dose-response relationship) and recall bias does not
account for the study findings.

It is outside the scope of this chapter to review each of the last three
studies described (Stringfellow, McColl, and Lowell) in more detail, but it is
important to point out that their exposure assessments were very sparse. That
limits the confidence in a positive association between the exposed populations
and subjective health outcomes. Absence of an association is equally
problematic, given the lack of individual exposure data, information derived
from microenvironmental monitoring, or indirect methods based on modeling.
The potential for misclassification in these studies seems to be particularly high.

The problem of chemical identification and false linkages is even more
intractable when we consider findings based on subjective reporting. It will be
difficult to resolve these differences entirely without an improved
understanding of the nature and scope of exposure.

Hamilton, Ontario

Like Ozonoff et al. (1987), who studied distance from the waste site,
Hertzman et al. (1987) used distance as their surrogate for exposure in
investigations of adverse health effects associated with the Upper Ottawa Street
Landfill Site in Hamilton, Ontario. In addition, they carried out a prospective
morbidity study of workers as a hy-
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pothesis-generating study. There was no individual exposure assessment of
workers, and no specific chemical agents were suggested as being causative in
the employee study. The resident study identified six groups for health survey
interviews, combining distance and time of residence as a basis for selection.
For example, Group A consisted of those living 250-500 meters from the
dumpface at the time of interview and who had been residents there for three or
more years between 1976 and 1980. Group D was made up of those who lived
500-750 meters from the landfill and who had been residents for fewer than
three years during the same period—the period of highest volume of disposal of
industrial waste.

The authors report an association between psychological, narcotic
(headaches, dizziness, lethargy, and balance problems), skin, and respiratory
conditions with landfill site exposure that was confirmed by the following
criteria: strength of association, consistency with a simultaneous study of
workers at the landfill, risk gradient by duration of residence and proximity to
the landfill, absence of evidence that less healthy people had moved to the area,
specificity, and lack of recall bias. These data resulted in a conclusion that the
adverse effects were more likely the result of chemical exposure than of
perception of risk. Unfortunately, it was difficult to evaluate the accuracy of the
conclusions of this study because there were more than 100 substances found at
the landfill and the health end points in the study population were common and
nonspecific. Although no environmental measurements are reported in this
study, the authors assume that exposures occurred from airborne contact or
from direct skin exposure during recreational activities in and around the
landfill. There was no discussion of the potential for groundwater
contamination which could result in infiltration of homes from the cellar or
through ingestion.

Love Canal, New York

A number of studies have been published (Vianna and Polan, 1984;
Goldman et al., 1985; Paigen et al., 1985, 1987) on the hazardous-waste site at
Love Canal. These reports are discussed elsewhere in this monograph. The
authors briefly review the potential exposures to citizens in the Love Canal area
and correctly point out that exposure to residents of Love Canal is not well
understood, especially given the fact that more than 200 chemicals have been
found in the Love Canal dump site. Selection of the study population and the
exposure surrogate were based on residence in the Love Canal neighborhoods.
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County Of Residence As Surrogate

Studies by Day et al. (1990) and Budnick et al. (1984) used residence in a
county known to have chemical contamination as the surrogate of exposure.
These ecologic studies used other counties, the state in which the counties were
located, and U.S. rates for comparison. Day and co-workers point out the
difficulty in drawing inferences from ecologic studies where the study
population could have been occupationally exposed and suggest that
occupational histories will need to be taken in future studies, or surrogate
indications of occupation entered into such analyses to increase their utility.

The study by Budnick et al. (1984) focuses on a particular Superfund site
in Clinton County, Pennsylvania. These authors were careful to document that
the Drake Chemical Company, the American Color Chemical Corporation, and
their predecessor companies used, manufactured, or stored the known human
carcinogens -naphthylamine, benzidine, and benzene. Thus, their finding of
an increased number of bladder cancer deaths among white males in the area
has biologic plausibility, but the authors note that white females did not exhibit
an increase in bladder cancer deaths. The excess of cancer-caused deaths in
males could reflect occupational rather than environmental exposure. The
authors suggest that more definitive studies will be needed to further assess
health risks that could play a role in other excess cancers found. An in-depth
case-control study of bladder cancers with exposure ascertainment would help
address the question of the possible environmental sources of some cancer
deaths. A subsequent community survey of health complaints (Logue and Fox,
1986) did not find evidence of any serious and chronic health conditions.

Other Studies Of Contaminated Drinking Water

Drinking water contaminated by hazardous-wastes has served as the basis
for exposure assessment in a number of studies. The adverse health end points
of concern included leukemia, liver dysfunction, congenital cardiac
malformations, eye irritation, diarrhea, sleepiness, and an electrophysiologic
measurement of the blink reflex.

With the exception of the leachate from a pesticide waste dump in
Hardeman County, Tennessee (Clark et al., 1982), the principal toxicant
identified in the other studies was trichloroethylene (TCE). Thus, one finds very
low levels of TCE associated with leukemia, cardiac malformations, eye
irritation, diarrhea, sleepiness, and neurologic changes. These results suggest
the need to conduct more detailed studies of
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the toxicology of TCE. It is hoped that the ease of identification of TCE by
analytic chemical methods—that is, the ability to detect low levels of TCE—is
not the basis for the association.

Dawson et al. (1990) approached the problem of associating specific health
end points to chemical exposure by developing an animal model to explain the
cardiac malformations associated with exposure to drinking water
contamination by TCE and dichloroethylene (DCE) in Tucson, Arizona
(Goldberg et al., 1990). These authors conclude that both DCE and TCE could
be potent cardiac teratogens. The epidemiologic findings of cardiac
malformations associated with drinking water contaminated with TCE and DCE
are strengthened by the toxicologic research of Dawson et al. (1990). The value
of the toxicologic confirmation of the association is relevant insofar as one of
the limitations of the epidemiologic study cited by its authors was the inability
to estimate individual doses because of limited sampling data, variability in
exposure, lack of precise information on the geographic area of contamination,
and the temporal characteristics of the contamination and exposures.

There also is ample evidence that TCE can act as a chemical
neurotoxicant, as Feldman et al. (1988) have cited. However, other findings of
TCE-related illnesses where the exposure levels are very low must be
confirmed by additional epidemiologic findings or by toxicologic study or both.

The paper by Feldman et al. (1988) on blink reflex latency after exposure
to TCE in well water from Woburn, Massachusetts, used a control group that
had no stated history of occupational or environmental exposure to
neurotoxicants. The authors conclude that the study subjects may have suffered
subclinical cranial nerve damage as a result of their chronic ingestion of TCE
contaminated water.

In studies, such as Feldman's, that rely on subjects' and controls' self-
reporting of other occupational or environmental exposures, it might be useful
to use hazard surveillance data on industry and occupation versus chemical
exposure to ensure that neither group has an unrecognized workplace exposure
that could compromise the validity of the results. The four-digit Standard
Industrial Classification (SIC) code can be used to identify potential exposures
that can be confirmed in interviews if necessary (Froines et al., 1986, 1989).

The ecologic study by Fagliano et al. (1990) examined the relation of the
incidence of leukemia and the presence of volatile organic compounds (VOCs)
in public drinking water supplies in several cities in New Jersey. The authors
conclude that the results appear to suggest an association between
nontrihalomethane (non-THM) VOCs and an increased incidence of leukemia
among women. The incidence was elevated
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only in towns in the category ranked highest for potential exposure to VOCs
based on actual water-sampling data collected by the State of New Jersey
during 1984-1985. However, the authors acknowledge that misclassification of
exposure may exist at both the population and individual level, in that the actual
sampling data were collected after exposure was known to have occurred.
Occupational exposures and local toxic air emissions were not accounted for in
this study. The authors do note that ecologic studies of this type with potential
biases and multicolinearity are improved by using narrow exposure strata and
regression to estimate effect. The study could not verify whether subjects
actually drank tap water or purchased bottled water. Similarly, occupational
exposures were not studied.

The research by Clark et al. (1982), of the Hardeman County, Tennessee,
dump site, was rooted in a clear understanding of the toxicology of the
contaminants, namely that carbon tetrachloride is a potent hepatotoxicant (a
toxicant that destroys liver cells). Carbon tetrachloride was the most abundant
contaminant detected in wells serving individuals living near the 200-acre
pesticide waste dump site. The dump operated between 1964 and 1972, during
which time approximately 300,000 barrels of liquid and solid waste were buried
in shallow trenches. In 1977 residents became alarmed by unusual odors and
tastes in their well water and reported a high number of symptoms (skin and eye
irritation; weakness in the upper and lower extremities; upper respiratory
infection; shortness of breath; and severe gastrointestinal symptoms including
nausea, diarrhea, and abdominal cramping) which they associated with
contaminated drinking water. The most common contaminant detected in
private wells serving the exposed study population was carbon tetrachloride,
which was identified in concentrations as high as 18,700 micrograms per liter.
The study found that residents who drank contaminated water had elevated
concentrations of the serum enzymes alkaline phosphatase and serum glutamic
oxaloacetic transaminase. The finding of a relationship between ingestion of
drinking water contaminated with carbon tetrachloride and liver abnormalities
is an example of a finding with significant biologic plausibility, because of the
numerous toxicologic data identifying carbon tetrachloride as a potent
hepatotoxin. In addition, the study's authors made a significant effort to assess
actual exposures to solvents. For example, water from selected homes was
analyzed, air samples were collected from bathrooms while showers were
running, and urine samples were analyzed for the presence of solvents.
Measurements of indoor air concentrations of selected organic compounds in
houses with contaminated groundwater demonstrated detectable levels of
hexachlorocyclopentadiene, carbon tetrachloride,
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and tetrachloroethylene. As other evidence of the effect of exposure to
contaminated water, abnormalities in the liver tests were significantly reduced
when the investigators rescreened subjects two months after all use of
contaminated water had ceased. This study stands in marked contrast to other
investigations that used surrogates of exposure.

Harris et al. (1984) conducted a follow-up risk assessment of the
Hardeman County population based on animal toxicity data and concluded that
adults and children living near the landfill were at high risk of sustaining liver
damage and thereby at increased risk of contracting cancer. This research
suggests that the health risk assessments should play an important role in
guiding epidemiologic investigation and that risk estimates that use animal
toxicity data will also be of value.

Logue and Fox (1986) investigated potential health effects associated with
contaminated well water from a dump site in Pennsylvania. They found that
significantly more individuals in the exposed group than in the control group
experienced eye irritation, diarrhea, and sleepiness during the 12-month period
before the survey. Exposure was defined as the experience of residential well-
water contamination from a dump site at the former Olmsted Air Force Base. A
possible linkage with TCE exposure was made, but the authors hypothesize that
the finding could derive from the limitations of the exposure assessment.

CONCLUSIONS

Repositories of potentially dangerous substances can be found at a number
of hazardous-waste sites and have been generated by agricultural, mining,
storage, and other activities. The available characterizations of these materials
generally reflect data requirements of environmental engineering and site
remediation, rather than public health considerations. Accordingly, whether
these materials pose a future risk to public health cannot readily be determined,
in the absence of more detailed information about potential human exposures.
Also, their current impact on public health, while likely to be negligible in the
majority of cases, may be substantial in a smaller number of cases, and cannot
readily be estimated.

This chapter has detailed major difficulties in assessing the more than 600
chemical compounds identified at hazardous-waste sites, along with the
hundreds or thousands of unidentified pollutants, in the context of
environmental epidemiology. The potential for exposure is of such a magnitude
that researchers who develop exposure
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assessment strategies will have to direct their attention to an analysis of
contaminants at hazardous-waste sites, and to off-site migration and public
exposure. In this context, methods for exposure assessment—including direct
methods, such as personal exposure monitoring, and indirect methods, such as
microenvironmental monitoring and mathematical models—although often
difficult, must receive greater scientific attention, if appropriate associations are
to be made between contaminants, exposures, and potential health effects.
Evaluations of exposure associated with hazardous-waste sites must consider all
possible media as potential sources of toxic contaminants.

Regarding the specific pollutants measured, evidence indicates that
uncharacterized pollutants are a potentially important source of chemical
exposures. In some cases, these compounds have recognized toxicity; in others,
the toxicity is unknown. Moreover, some preliminary toxicologic studies
suggest that these contaminants and so-called inert pesticide ingredients may
have important biologic properties, environmental persistence, and mobility.
Additional studies need to be conducted to characterize the mixture of materials
deposited as hazardous-wastes and to estimate better their potential transport
and fate in the environment. Toxicologic evaluation of the concentration of
leachate appears to represent an appropriate subject of investigation. Short-term
in vitro assays and long-term animal studies to assess toxicity of the mixtures
would be useful. In the broadest sense, these unidentified, unregulated
substances represent a risk of unknown magnitude.

The focus of many studies has been on site-specific characterization, but
pollutants do not respect such boundaries. Given the potential movement of
materials in groundwater and the importance of multiple routes of exposure,
efforts need to proceed to estimate plume characteristics and groundwater
staging in order to improve the ability to anticipate movements of pollutants and
ultimately to prevent greater exposures.

Similarly, exposure from domestic water is not limited to ingestion, but
includes airborne exposures to materials that outgas during showering, bathing,
cooking, or other uses. Therefore, estimates of exposure from domestic water
need to be expanded to take into account the role of airborne and transdermal
exposures.

Although direct ingestion of soil poses a risk chiefly to children, risks may
also be incurred by adults who eat food grown in such soil or who otherwise
come into regular contact through their work or personal habits. Sophisticated
methods have recently been devised for improving the ability to assess soil
exposures. These refined methods need to be applied in epidemiologic studies
to improve the ability to estimate
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exposures in connection with soil, including studies of ingested plants and fish
from contaminated water, characterization of chemical transformation, and
better measurements of residues.

Weaknesses in data employed on exposure are common to most studies of
hazardous-waste sites that the committee has reviewed. The flaws reflect
historical tendencies to collect data to conform to environmental needs, rather
than to meet the needs of public health assessment. Usually, exposure estimates
are made with one medium—water—although others may be critical. Site
assessments should use more realistic exposure measures, including direct
studies of contaminants at the tap of incoming domestic water supplies, in order
to improve their utility for epidemiologic research. In addition, where concerns
have been raised, efforts should be made to include relevant soil and airborne
measurements, so that integrated exposure assessment can be conducted.

APPENDIX 3-A

Frequency of Substances Reported at Final and Proposed NPL Sites* (3/91)
1,1,2-TRICHLOROETHYLENE (TCE) 401
LEAD (PB) 395
CHROMIUM AND COMPOUNDS, NOS (CR) 310
TOLUENE 281
BENZENE 249
TETRACHLOROETHENE 210
1,1,1-TRICHLOROETHANE 202
CHLOROFORM 196
ARSENIC 187
POLYCHLORINATED BIPHENYLS, NOS 185
CADMIUM (CD) 179
ZINC AND COMPOUNDS, NOS (ZN) 159
COPPER AND COMPOUNDS, NOS (CU) 150
XYLENE 136
1,2-TRANS-DICHLOROETHYLENE 134
ETHYLBENZENE 130
PHENOL 126
1,1-DICHLOROETHANE 124
METHYLENE CHLORIDE 107
1,1-DICHLOROETHENE 106
MERCURY 97
VINYL CHLORIDE 92
CYANIDES (SOLUBLE SALTS), NOS 90
NICKEL AND COMPOUNDS, NOS (NI) 83
CARBON TETRACHLORIDE 81
1,2-DICHLOROETHANE 77
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CHLOROBENZENE 65
PENTACHLOROPHENOL (PCP) 62
NAPHTHALENE 60
DDT 50
METHYL ETHYL KETONE 56
TRICHLOROETHANE, NOS 49
MORE THAN 15 SUBSTANCES LISTED 48
BARIUM 47
MANGANESE AND COMPOUNDS, NOS (MN) 44
PHENANTHRENE 41
HEAVY METALS, NOS 40
ACETONE 40
BENZO(A)PYRENE 37
IRON AND COMPOUNDS, NOS (FE) 33
CHLORDANE 33
VOLATILE ORGANICS, NOS 33
BENZO(J,K)FLUORENE 30
CHROMIUM, HEXAVALENT 30
PYRENE 29
CIS-1,2-DICHLOROETHYLENE 29
LINDANE 28
1,1,2-TRICHLOROETHANE 28
ARSENIC AND COMPOUNDS, NOS (AS) 27
BIS(2-ETHYLHEXYL)PHTHALATE 27
DICHLOROETHYLENE, NOS 26
ANTHRACENE 26
1,1,2,2-TETRACHLOROETHANE 26
STYRENE 23
URANIUM AND COMPOUNDS, NOS (U) 22
DDE 22
TETRACHLOROETHANE, NOS 21
CREOSOTE 19
FLUORENE, NOS 19
DIOXIN 18
SELENIUM 19
ETHYL CHLORIDE 18
CHRYSENE 18
RADON AND COMPOUNDS, NOS (RN) 18
ASBESTOS 17
TRINITROTOLUENE (TNT) 17
DDD 17
DICHLOROETHANE, NOS 17
DIELDRIN 17
SULFURIC ACID 17
WASTE OILS/SLUDGES 17
ACENAPHTHENE 16
RADIUM AND COMPOUNDS, NOS (RA) 16
ALDRIN 16
AROCLOR 1260 16
ENDRIN 16
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TRICHLOROFLUOROMETHANE 16
1,4-DICHLOROBENZENE 16
ACID, NOS 15
DI-N-BUTYL PHTHALATE 15
DICHLOROBENZENE, NOS 15
METHYL ISOBUTYL KETONE 15
M-XYLENE 14
1,2-DICHLOROBENZENE 14
ALUMINUM AND COMPOUNDS, NOS (AL) 14
CHLOROMETHANE 14
AMMONIA 13
TETRAHYDROFURAN 12
THORIUM AND COMPOUNDS, NOS (TH) 12
HEXACHLOROBENZENE 12
HEPTACHLOR 11
TOXAPHENE 11
TRIBROMOMETHANE 11
1,2-DICHLOROPROPANE 11
RDX (CYCLOTRIMETHYLENETRINITRAMINE) 10
ANTIMONY AND COMPOUNDS, NOS (SB) 10
BARIUM AND COMPOUNDS, NOS (BA) 10
BERYLLIUM AND COMPOUNDS, NOS (BE) 10

* This list is a frequency of substances documented during HRS score preparation, not a
complete inventory of substances at all sites.
''NOS"—Not otherwise specified, e.g., not identified as to specific isomer or congener.

APPENDIX 3-B

ATSDR Priority List of Substances for Toxicological Profiles (Listed in Federal
Register 52(74), Friday April 17, 1987, p. 12869)
CAS No. Substance Name
Priority Group 1
50328 Benzo(a)pyrene
53703 Dibenzo(a,h)anthracene
56553 Benzo(a)anthracene
57125 Cyanide
60571 Dieldrin/aldrin
67663 Chloroform
71432 Benzene
75014 Vinyl chloride
75092 Methylene chloride
76448 Heptachlor/heptachlor epoxide
79016 Trichloroethene
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86306 N-Nitrosodiphenylamine
106467 1,4-Dichlorobenzene
117817 Bis(2-ethylhexyl)phthalate
127184 Tetrachloroethene
205992 Benzo(b)fluoranthene
218019 Chrysene
1745016 p-Dioxin
7439921 Lead
7440020 Nickel
7440382 Arsenic
7440417 Beryllium
7440439 Cadmium
7440473 Chromium
11196825 PCB-1260,54,48,42,32,21,1016
Priority Group 2
56235 Carbon tetrachloride
57749 Chlordane
62759 N-Nitrosodimethylamine
72559 4,4'DDE, DDT, DDD
75003 Chloroethane
75274 Bromodichloromethane
75354 1,1-Dichloroethene
78591 Isophorone
78875 1,2-Dichloropropane
79005 1,1,2-Trichloroethane
79435 1,1,2,2-Tetrachloroethane
87865 Pentachlorophenol
91941 3,3'-Dichlorobenzidine
92875 Benzidine
107062 1,2-Dichloroethane
108883 Toluene
108952 Phenol
111444 Bis(2-chloroethyl)ether
121142 2,4,-Dinitrotoluene
319846 BHC-alpha, gamma, beta, delta
542881 Bis(chloromethyl)ether
621647 N-nitrosodi-n-propylamino
7439976 Mercury
7440666 Zinc
7782492 Selenium
Priority Group 3
71556 1,1,1-Trichloroethane
74873 Chloromethane
75218 Oxirane
75252 Bromoform
75343 1,1-Dichloroethane
84742 Di-N-butyl phthalate
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88062 2,4,6-Trichlorophenol
91203 Naphthalene
98953 Nitrobenzene
100414 Ethylbenzene
107028 Acrolein
107131 Acrylonitrile
108907 Chlorobenzene
118741 Hexachlorobenzene
122667 1,2-Diphenylhydrazine
124481 Chlorodibromomethane
156606 1,2-Trans-dichloroethene
193395 Indeno(1,2,3-cd)pyrene
606202 2,6-Dinitrotoluene
1330207 Total xylenes
7221934 Endrin aldehyde/endrin
7440224 Silver
7440508 Copper
7664417 Ammonia
8001352 Toxaphene
Priority Group 4
51285 2,4-Diitrophenol
59507 p-Chloro-m-cresol
62533 Aniline
65850 Benzoic acid
67721 Hexachloroethane
74839 Bromomethane
75150 Carbon disulfide
75694 Fluorotrichloromethane
75718 Dichlorodifluoromethane
78933 2-Butanone
84662 Diethyl phthalate
85018 Phenanthrene
87683 Hexachlorobutadiene
95487 Phenol,2-methyl
95501 1,2-Dichlorobenzene
105679 2,4-Dimethylphenol
108101 2-Pentanone,4-methyl
120821 1,2,4-Trichlorobenzene
120832 2,4-Dichlorophenol
123911 1,4-Dioxane
131113 Dimethyl phthalate
206440 Fluoranthene
534521 4,6-Dinitro-2-methylphenol
541731 1,3-Dichlorobenzene
7440280 Thallium
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4

Air Exposures

AN EXTENSIVE BODY OF literature exists on the epidemiology of air pollution.
Rather limited information is available about airborne exposures from
hazardous-waste sites. In order to improve the scientific basis for studying
health effects of such exposures, this chapter reviews methodologic approaches
to the study of air pollution, and discusses how these approaches may be
applied to the study of airborne exposure to hazardous-wastes. Also, relevant
studies on airborne exposure to materials similar to those found at hazardous-
waste sites are assessed, along with some evidence of exposures from
hazardous-waste sites or other related exposures, such as may occur with the
sick building syndrome.

This chapter is organized into four sections. The first part reviews
longitudinal and cross-sectional studies of mortality. The second part details a
variety of studies of morbidity. The third section discusses emerging evidence
about the sick building syndrome, as similar constellations of symptoms have
been reported at hazardous-waste sites. Conclusions are found in the fourth
section. This chapter follows a methodologic sequence, but emphasizes
questions, problems, and conclusions that apply to exposures from hazardous-
waste sites and to exposures from single-point sources.

An increasing portion of recent epidemiologic studies involves studies of
diseases with multifactorial causes, low relative risks, exposures
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to large populations, and therefore high attributable risks. This has also been
true for the study of air pollution, because entire populations of cities or regions
are exposed. In contrast, studies of hazardous-waste sites will often have to deal
with risks from multifactorial outcomes, and small populations are usually
involved. Questions of analysis and sample size addressed in air pollution
studies also must be addressed in any epidemiologic assessment of hazardous-
waste exposure. Furthermore, exposure through air is recognized as a feature in
the epidemiology of hazardous-waste sites, not only because lead dust can blow
off such sites and volatile organic compounds can be encountered, but because
the outgassing of volatile contaminants in domestic water is a recognized
phenomenon (Andelman et al., 1986; McKone, 1987). As noted in Chapter 3,
trichlorethylene, which has been shown to outgas in domestic water (Andelman
et al., 1986), is the second most commonly found compound at hazardous-waste
sites.

MORTALITY STUDIES

Longitudinal Analysis

Studies of trends over time in air pollution and disease patterns have
produced a growing body of literature that has associated day-to-day
fluctuations in air pollution with daily fluctuations in mortality across a wide
range of exposures with no evidence of thresholds. The early studies of
pollution and daily mortality in London examined discrete episodes (Great
Britain Ministry of Health, 1954), and recent analyses show a strong and
consistent association between daily particulate concentration and daily
mortality across 14 years of data (Schwartz and Marcus, 1990). Figure 4-1
illustrates that relationship. In both cases, the relationship with particulates held
independently of sulfur dioxide but not vice versa. One report that analyzes
mortality in Steubenville, Ohio (Schwartz and Dockery, 1990), finds a
significant association between mortality and airborne particulate matter at
concentrations well below the ambient air quality standard of 150 micrograms
per cubic meter. The consistency of findings in these studies is complemented
by a consistency in the magnitude of the effect. Assuming a log linear model for
mortality counts, the Steubenville analysis associates an increase of 100
micrograms per cubic meter in particle concentration with a 3.8 percent increase
in the daily rate of mortality; in London it was associated with a 4 percent
increase, and in New York with about a 3 percent increase. In separate analyses
of the relationship between particulates
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FIGURE 4-1 Mean daily deaths in London versus mean smoke (µg/m3), 1958–
1972. Source: Schwartz and Marcus, 1990, with permission.

and the daily rate of mortality for each year in London, the regression
coefficients of particulates were consistent as well.

Acute mortality from exposure to hazardous industrial products occurred
in Bhopal, India, in 1984. The analytical issues raised in studies of such acute
events are relevant to the study of hazardous-wastes. Longitudinal studies of
such episodes within a single population are confounded by multiple factors
that occur when different geographic regions are compared. These issues are
discussed in more detail in the section on longitudinal studies of morbidity.

CROSS-SECTIONAL STUDIES OF MORTALITY

Cross-sectional studies provide epidemiologic snapshots or pulses of a
given area at one point in time. Recent computer technology has permitted
easier preparation of maps of comparative mortality data from different regions
of the U.S. and Canada. Of more relevance to
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hazardous-waste studies are smaller scale comparisons of adjacent counties or
Zip Codes. Although such indicators are relatively crude and insensitive, they
have been used to compare mortality data in populations close to or more
distant from point sources of emissions, such as smelters that emit arsenic. In
one study in Sweden, Pershagen (1985) found significant small-scale regional
differences in lung cancer rates that could be attributable to such air emissions,
and Lloyd et al. (1984) suggest that changes in sex ratio of births might also be
found in a similar polluted environment. In general, area studies of health
patterns linked to hazardous-waste sites have been too small to permit
significant mortality comparisons. Moreover, exposures in such studies
certainly involve multiple routes and can induce multiple adverse effects.

At least one cross-sectional ecological study (Lave and Seskin, 1977)
found associations between long-term airborne exposures to sulfate pollution
and age-, race-, and sex-adjusted mortality rates in urban areas of the U.S.
These studies were criticized because of their highly ecological nature and poor
control for other factors that could explain geographic variations in mortality
rates. Subsequent studies (Lipfert, 1980; Chappie and Lave, 1982) obtained
better data on other relevant risk factors, such as smoking and industrial
employment. A more recent study by Griffith et al. (1989) reports an
association between the presence of hazardous-waste sites in counties in the
U.S. and excess cancer mortality. No effort was made to control for cigarette
sales by county, employment in high-risk industries, or presence of industrial
facilities that might emit carcinogens. Without these controls, such studies may
be of limited value.

Vinyl chloride (VC) is a substance found at many hazardous-waste sites
(see Appendix 3-A of this volume). In the 1970s, several epidemiologic
investigations indicated that occupational exposure to VC was associated with
an increased risk of angiosarcoma of the liver as well as cancer of other sites
(Infante, 1981). In addition, epidemiologic study and case reports associated
angiosarcoma of the liver with community exposure to VC. Brady et al. (1977)
reported the results of a New York State case control study of 26 confirmed
cases of angiosarcoma of the liver. Controls were comprised of individuals who
had an internal malignant tumor other than primary liver cancer; they were
matched with cases on the basis of age at diagnosis, race, sex, place of
residence and vital status. Of 10 women with angiosarcoma of the liver, five
lived within one mile of VC polymerization or fabrication plants (1 case lived
within 1700 feet for 62 years; 4 cases lived from 500 to 4500 feet for 8 to 27
years), whereas none of their matched controls lived as close. According to the
authors,
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this observation added support to the hypothesis that exposure to VC outside the
industrial setting may be an important factor in the etiology of angiosarcoma of
the liver. In addition to the above study, Christine et al. (1974) noted six cases
of angiosarcoma of the liver in Connecticut. Of these, one lived within two
miles of a plant producing wire coated with polyvinyl chloride while a second
lived within 0.5 mile of a plant producing vinyl sheets. None of the individuals
was known to have had occupational exposure to VC or arsenic or diagnostic
exposure to thorium dioxide. Rosenman et al. (1989) recently reported higher
odds ratios for central nervous system birth defects in areas around two VC
polymerization facilities in New Jersey.

One review of age-adjusted, sex-, race- and site-specific cancer mortality
rates in U.S. counties for three time periods found significantly elevated rates of
bladder cancer in males in counties surrounding the Drake Superfund site in
Pennsylvania (Budnick et al., 1984). Elevations of birth defects also occurred,
but were not statistically significant. This site, in Clinton County, Pennsylvania,
included the volatile human carcinogens beta-naphthylamine, benzidine, and
benzene dispersed over a 46-acre area. Airborne exposure was suspected to
have occurred, given the nature of the chemicals involved. Subsequent
investigation determined that males in these counties had between 20 and 30
times the rate of bladder cancer as nonexposed males; their primary
employment was in the manufacture of beta-naphthyl-amine, a potent bladder
carcinogen (Marsh et al., 1991). No general evidence of environmental effects
was obtained, as Chapter 3 noted.

CHRONIC MORBIDITY STUDIES

Longitudinal Analysis

These studies have been of three types: long-term studies of actively
exposed persons, prospective studies of a distinct group, and follow-up studies
of exposed children.

Long-term studies of individuals acutely exposed to an initial single dose
of a pollutant and then subjected to some chronic exposure have included a
follow-up of the population exposed to dioxins at Seveso, Italy (Bertazzi et al.,
1989). Follow-up studies of a small group of people acutely exposed to chlorine
from an accidental release (Weill et al., 1969) have been published. These
studies are required if long-term changes or risks are to be identified. In some
instances, full recovery occurs; in others, involving sulfur dioxide, sulfuric acid,
oxides of nitrogen, or ammonia, recovery may be very slow and incomplete
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(Bates, 1989). Where increased rates of cancer are involved, long-term follow-
up will be needed.

One prospective study of a distinct group (such as Seventh Day Adventists—
Euler et al., 1988—which have a stable population for which health outcomes
can reliably be recorded) has been useful in identifying associations between
total suspended particulates and respiratory symptoms and bronchitis, and
between ozone levels and the incidence of asthma. Such studies are not
applicable to hazardous-waste sites, however. Follow-up studies of residents of
Love Canal, New York, chronically exposed for varying periods have been
reported (Janerich et al., 1981). In general, these have not revealed striking long-
term effects, although an increase in prevalence of low birth weight babies in
Love Canal was linked to exposures from wastes deposited there (Vianna and
Polan, 1984; Goldman et al., 1985).

There also are important data on children with chronic elevations of lead in
their blood in whom subsequent effects have been detected with long-term
follow-up studies. Follow-up studies of children known to have suffered from
lead exposure showed that lead levels in umbilical cord blood predict a child's
performance on the Bailey scales of mental development at 6 months and at 18
months of age (Bellinger et al., 1987). Exposure categories were in three
groups, <5 µg/dL (micrograms per deciliter), 5-10 µg/dL, and >10 µg/dL. The
fall-off in performance was significantly different between the lowest and
highest exposure categories; in the middle it depended on economic
circumstance, and poorer children performed worse than did others for the same
lead level. Needleman et al. (1990) demonstrated that poorer school
performance, reading problems, and deficits in intelligence tests persist into
adolescence. Needleman's follow-up of children known to have been exposed to
lead indicates an odds ratio of 5 for failure to graduate from high school and of
7 for reading disabilities (Needleman et al., 1990).

As noted in Chapter 3, lead is the commonest contaminant of hazardous-
waste sites. It also is present in mining wastes, house paint, and urban soils
contaminated by leaded gasoline and flaking house paint. Studies of the effects
of lead are therefore clearly relevant to hazardous-waste site exposures, and
they indicate the importance of ensuring that exposures of children to lead from
hazardous-waste sites does not occur.

If adequate markers of exposure to developmental toxins can be secured
(as was relatively easy in the case of lead), the outcome measurements can be
sensitive enough to demonstrate significant long-term adverse effects.
Unfortunately, markers of exposure often do
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not exist; where available they can provide reliable evidence of long-term effects.

Cross-Sectional Studies Of Morbidity

Community Studies

Cross-sectional community studies typically compare communities with
different levels of air pollution or populations that live different distances from
a hazardous-waste site. All such studies have several problems: Measurement
error can occur when the same exposure is assumed for every subject within a
group. There are undetected differences between communities for risk factors.
There can be ''recall bias" if one group knows it is in the high exposure
category. There is little standardization of the equipment used to measure
exposure in different locations. Recent studies, such as that by Flessel et al.
(1991), suggest that more detailed population exposure measurements over
time, in this example to DNA adducts of polycyclic aromatic hydrocarbons,
may permit more precise analyses of long-term consequences.

In spite of these difficulties, successful community studies have been done.
In contrast to ecologic studies that lack information on potential confounders,
community studies generally have collected individual data on nonpollution risk
factors. One early study (Holland and Reid, 1965) compared lung function in
groups of male postal workers in London and in a number of provincial towns
where levels of particulate matter and sulfur dioxide were much lower. In all
smoking categories, they found a significant decrement of pulmonary function,
measured as Forced Expiratory Volume 1 (FEV1), in the London workers. A
more recent study (Groupe Cooperatif PAARC, 1982) found significant
regressions in men, women, and children of FEV1 against sulfur dioxide
pollution levels in 10 French cities. In the U.S., the best example of such studies
is the six-city study that found a strong association between respirable particles
and prevalence of acute bronchitis in children, although no differences were
found in FEV1 (Dockery et al., 1989).

Other studies of this kind, including one report from Israel (Goren and
Hellman, 1988), document that different respiratory symptoms occur in
communities with different pollutant exposures. A report from Finland
(Jaakkola et al., 1990) indicates that malodorous emissions from kraft pulp
mills are associated with eye, nasal, and respiratory symptoms, although
reporting bias cannot be ruled out in this case. Schwartz (1989) presents an
analysis of pulmonary performance,
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spirometric data from several thousand randomly selected children in the
National Health and Nutrition Survey, which shows that those with greater
chronic exposure to ozone experience reductions in lung capacity, as measured
by forced vital capacity. An important aspect of most of these studies is that
exposure was continuous, but to various levels, rather than dichotomous. This
allows one to examine the dose-response relationship and to determine if the
pattern suggests a direct linear, monotonic association, or some other dose-
response relationship.

In addition to epidemiologic study results (Wagoner et al., 1980) and case
reports (Sprince and Kazemi, 1980) among workers exposed to beryllium
compounds, neighborhood cases of beryllium disease also have been observed
in cross-sectional studies. Chronic beryllium disease is a pulmonary and
systemic granulomatous disease caused by inhalation of beryllium. The interval
between initial exposure and the clinical manifestation of disease varies from
several months to years. Exertional dyspnea is the most common symptom.
Other symptoms are cough, fatigue, weight loss, chest pain and arthralgia.
Through the study of subjects admitted to the U.S. Beryllium Case Registry,
specific criteria for the diagnosis of chronic beryllium disease have been
established (Sprince and Kazemi, 1983). In 1948, Hardy reported chronic
beryllium disease in persons who lived adjacent to a fluorescent lamp plant in
Massachusetts. Additional cases of beryllium disease have been reported among
persons living in the vicinity of a beryllium extraction plant (Eisenbud et al.,
1949). Atmospheric pollution resulting from stack discharge was thought to be
responsible for the latter diseases. By 1960, 47 cases of neighborhood beryllium
disease were in the Beryllium Case Registry (Tepper et al., 1961); between
1966 and 1974, 76 new cases were added (Hasan and Kazemi, 1974).

Examples of cross-sectional morbidity studies that involve hazardous-
waste sites include one on the Upper Ottawa Street Landfill in Hamilton,
Ontario (Hertzman et al., 1987), in which significant differences in symptoms
were found between an exposed and a control population, and a study (Baker et
al., 1988) of 2039 persons in 606 households located near the Stringfellow
Hazardous-Waste Disposal Site in California. Both reports contain considerable
discussion of how differences in symptom perception and recall can be reduced.
A similar study involving a waste site in Lowell, Massachusetts, was reported
by Ozonoff et al. (1987). The target population included all households within
400 meters of the site, and the control area was a ring of households between
800 meters and 1200 meters from the site. None of these studies found
differences in reproductive outcome
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or cancer mortality, but all three documented significant differences in
symptoms recording. The symptoms varied widely, with headache, irritability,
and fatigue being common in all three studies. However, all of these symptoms
may also increase due to other factors, such as perceived risk.

The authors of these reports drew somewhat different conclusions from
their studies, based on the degree to which they believed recall bias accounted
for differences in reported symptoms. Recall bias is difficult to avoid if a
community is episodically exposed to a noxious agent (such as hydrogen
sulfide) with a very powerful odor. Recent studies of such communities in
Alberta report that symptoms were more common in exposed groups than in
controls, but that there were no difference in objective data of morbidity or
mortality (Dales et al., 1989). This paper includes considerable discussion of the
problem of recall bias. Hopwood and Guidotti (1988) also show that recall bias
operates in the recalling of incidents of acute exposure.

Although it might be concluded that recall bias explains the symptom
differences in all of these studies, the real possibility nevertheless exists that the
symptoms complained of are more sensitive as indicators of significant
exposure than are more severe outcomes. In air pollution studies, recall bias
cannot account for daily diary records of respiratory symptoms that relate to
variations in air pollution. Longitudinal studies of recorded symptoms and
exposure around hazardous-waste sites could similarly avoid much of the
problem, although this has not so far, to our knowledge, been attempted.

A different example of the use of cross-sectional community studies is the
use of data on birth defects from different localities separated by their proximity
to known hazardous-waste sites or contaminated water supplies. The Lipari
Landfill study (NJDOH, 1989) found low average birth weight in children born
or conceived while the Gloucester County, New Jersey, landfill was operating.
After the landfill closed, the differences disappeared, adding plausibility to the
association between exposure to airborne pollutants and low birth weight.
Follow-up studies of residents close to Love Canal yielded similar results with
this end point, with some evidence of an effect that subsided in later years
(Goldman et al., 1985).

Individual Studies

In community studies, the same exposure is assigned or assumed for all
individuals. Individual cross-sectional studies use measures of individual rather
than community levels of exposure and correlate them with differences in
outcome variables across individuals rather
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than mean differences between communities. Many studies of the epidemiology
of low-level lead toxicity fall into this category. Tooth lead levels in children
have been related to intelligence and attention span deficits since the pioneering
work of Needleman et al. (1972). Other studies have linked blood lead levels to
children's stature (Schwartz et al., 1986), umbilical cord lead levels to
congenital anomalies (Needleman et al., 1984), and identified bone
demineralization as an internal source of lead exposure (Silbergeld et al., 1988).

It is clear that whenever one can use an individual marker of exposure, the
power of such studies is greatly augmented. Monster and Smolders (1984) did
an imaginative analysis of exhaled air for tetrachlorethane in teachers and their
five-year-old pupils at a kindergarten near a factory with fugitive emissions.
They then compared these levels to those found in a control group. Exhaled
tetrachlorethane was then measured in a group of residents of an old people's
home situated near a chemical-waste dump. Significant differences were found
between the two groups of children, with those closer to the factory having
higher levels. It was also shown that residents living on the first floor of the
home (which is closer to the waste site) had significantly higher levels than did
residents who lived on the second floor.

ACUTE MORBIDITY STUDIES

There are three categories of studies of acute morbidity: diary studies,
population-based studies, and analysis of large data banks.

Diary Studies

Diary studies of respiratory symptoms were first used in the 1950s as
indicators of the pulmonary effects of air pollution (Lawther et al., 1970). These
involved analyses of daily subjective records of respiratory symptoms, as they
relate to pollution. There has recently been a resurgence of interest in this
method, because it reduces the possibility of confounding by other factors that
are difficult to control in cross-sectional studies, which compare rates of illness
or symptoms across areas with different pollutant concentrations. In the
longitudinal diary study, the population acts as its own control. Hence,
variations between subjects in reporting rates due to subjective factors,
differences in susceptibility, and passive smoke exposure are normalized and do
not confound the pollution relationship.

Despite the inherent subjectivity of self-recorded data on symptoms,
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diaries of symptoms and medication use have been effective in identifying air
pollution as a risk factor for respiratory illness in recent years. Most of these
studies also demonstrate a lack of association between air pollution and
nonrespiratory illness, giving credence to the primary findings. Monitoring of
peak flow rates and symptoms was also useful in the analysis of occupational
asthma in electronic workers employed in soldering (Burge et al., 1979).

Schwartz and Zeger (1990) re-examined an earlier diary study of student
nurses in Los Angeles, California (Hammer et al., 1974), and found significant
associations between exposure to ozone and the incidence of coughing, between
exposure to nitrogen dioxide and daily incidence rates of sore throats, and
between exposure to carbon monoxide and headaches. Analysis of the diary
entries also proved a sensitive instrument for detecting the connection between
chronic exposure to passive smoke and coughing with phlegm production.

A study in Utah of respirtory symptoms, medication use, and daily Peak
Expiratory Flow (PEF) measurements of children and adults with asthma (Pope,
1991) finds a clear association between increased symptoms and decreased PEF
values and levels of PM10 particulate pollution, which originated mostly from a
nearby steel mill. This study was not complicated by the presence of other
pollutants, such as ozone, sulfur dioxide, or sulfuric acid aerosol. Ozone has
been associated with symptom reporting in persons with asthma (Whittemore
and Korn, 1980). Ostro et al. (1991) report that symptoms worsened in a group
of asthma patients studied in Denver, Colorado, in relation to daily aerosol
hydrogen ion levels.

Studies reported by Lippman (1989), Raizenne et al. (1989), and Kinney et
al. (1988) of children attending summer camps are a special case, because daily
symptom reporting and daily measurements of lung function can be correlated
to pollution levels measured continuously at the same site. The researchers
found it difficult to attribute symptoms of function loss to specific pollutants,
but they did show that combinations of pollutants, such as ozone, aerosol
sulfates, and sulfuric acid, are associated with a variety of adverse respiratory
effects. In these studies, daily measurements of lung function have generally
been used as the outcome measurement.

Diary data might be useful in assessing the occurrence of symptoms when
exposure to a single-point source (such as a factory) is intermittent because of
changes in wind direction, and they would of course be much easier to interpret
where the individuals have not been aware of fluctuations in the concentrations
of the pollutants.
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Population-Based Studies

Population-based studies assay all persons within a given region. They
offer many of the advantages of diary studies because they deal with an entire
community, and they allow the examination of rarer outcomes, such as
physician visits or hospital admissions. Pope (1989) reports an association
between hospitalization for respiratory illness and PM10 concentrations in Utah
Valley, located in Utah County of central Utah. The relationship was found at
levels well below the current ambient air quality standard (24-hour PM10 

standard of 150 micrograms per cubic meter and an annual PM10 standard of an
expected arithmetic mean  of 50 g/m3). A particularly striking effect was seen
for the opening, closing, and reopening of a local steel mill. Further analysis
shows a significant association in Salt Lake County as well (Pope et al., in
press). Bates and Sizto (1987) found a significant relationship between summer
air pollutants and hospital admissions for acute respiratory disease in southern
Ontario. Data from acute-care facilities in the region's 79 hospitals were taken
over a nine year observation period.

An example of a population-based case-control study relevant to airborne
toxic substances, although not specific to hazardous-waste sites, is the one
conducted by Linos et al. (1991). Mortality rates for leukemia and non-
Hodgkin's lymphoma (NHL) have been rising in the central region of the U.S.
Linos and colleagues were interested in the hypothesis that general
environmental factors might account for this increase. Subjects consisted of
white males in Iowa and Minnesota diagnosed between 1980 and 1983; there
were 520 cases of leukemias and 572 of NHL, who were matched to 1130
controls. The relative risks (RR) were adjusted for factors associated with NHL
and leukemia, e.g., pesticide exposure, occupational exposure, social class, use
of hair dyes, smoking, and family history of hematopoietic malignancy. The
authors found a statistically significant increase in the risk of developing NHL
(RR=1.4) and a slight, nonsignificant excess for leukemia (RR=1.2) among men
who lived 0.8-3.2 km (0.5-2 miles) from a factory. Petroleum or chemical
factories were associated with the leukemia risk, while stone, clay, and glass
factories correlated with NHL. The authors state: "These environmental
associations may provide clues to the unexplained rising morality rates of
leukemia and NHL in the central United States" (Linos et al., 1991, p. 73).

Other studies have reported a correlation between visits to hospital
emergency departments and pollutant levels. Some of these have been positive
(Levy et al., 1977; Bates et al., 1990); in another the association was present but
weak (Samet et al., 1981), and in others
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no association was found (Richards et al., 1981; Goldstein and Weinstein,
1986). Because the mix of pollutants varies, and a number of other factors
affect hospital emergencies, such results are not unexpected. Hospital studies
that include all hospitals in the area can provide data comparable with those
generated in population-based studies.

Hospital-based studies are very relevant to future research on hazardous-
wastes and point sources of pollution in several ways. First, they provide broad
support for the use of systematic and longitudinal symptom reporting, or
hospital visits, as valid outcome measurements and investigative tools. Such
reports are easier to obtain than are physiologic measurements, and in the case
of respiratory illness they appear to be as useful in some cases as are
measurements of function test change. Second, the critical feature of such
studies is their longitudinal nature. Many of the difficulties that arise from
reporting bias in using data from questionnaires administered once for
hazardous-waste exposures (detailed in the next section) could be avoided by
using monitored data of temporal fluctuations in exposure in a population,
together with diary information. This might be more effective than depending
on cross-sectional comparisons between groups of subjects who probably are
aware of their relative exposure ranking and who therefore are prone to recall
bias.

Large Data Bank Analyses

Recent analyses of the Health Interview Survey of the U.S. National
Center for Health Statistics have permitted studies of associations between the
number of days people report being restricted due to respiratory conditions and
levels of air pollutants (Portney and Mullahy, 1986; Ostro and Rothschild,
1989). Strong associations were found with fine particles and weaker ones with
ozone. The large numbers of subjects in these studies have permitted significant
associations to be found. An important strength of their analyses is the random
selection of the subjects.

SPECIAL CONSIDERATIONS

The Sick Building Syndrome

Initial reports of the occurrence of mild symptoms in people working in
sealed, usually recently constructed, office buildings were generally discounted.
However, the syndrome has been firmly established for several reasons. First, a
remarkable concordance has been found in the kinds of complaints made by
workers in different locations
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and in different countries: Headaches, fatigue, inability to concentrate, and mild
inflammation of the eyes and pharynx were the most common complaints
(Mendell and Smith, 1990). The complaints were generally more common in air-
conditioned buildings, and they could not be attributed to fungi (such as
Aspergillus) known to be responsible for the infection "humidifier fever." Work
from Denmark (Molhave, 1985; Kjaergaard et al., 1989) has not only identified
a group of volatile organic compounds most commonly present when
complaints are recorded, but has shown that controlled exposures to these
compounds (and not to others) elicit the same symptoms in groups of subjects
who might or might not have reported adverse symptoms previously. The recent
controlled-exposure study of n-decane (common in building materials) from the
Aarhus group (Kjaergaard et al., 1989) provides an excellent example of how
subjective symptoms, such as eye irritation, can be objectively studied. Effects
on humans were demonstrated at 1/500th of the exposure level that produced
effects on rats. In the study, 63 healthy subjects randomly selected from the
regular Danish population were exposed to n-decane in concentrations of 10,
35, or 100 microliters/liter in a controlled double-blind study. Subjects were
exposed for 6 hours per exposure day for a total of 4 exposure days. Dose-
dependent changes in irritation of mucous membranes (measured by decreased
tear film stability and an increase in conjunctival polymorphs), as well as
subjective observations of increased sensation of odor intensity and perception
of reduced air quality, were documented.

Diary data also can be used to compare complaints of symptoms that arise
from working in new office buildings (Mendell and Smith, 1990). Reports of
similar symptoms (fatigue, headache, and inability to concentrate) by
populations in North American and European cities lends credibility to the
phenomenon being reported.

Although the unravelling of the genesis of this syndrome is not yet
complete, it contains important lessons for studies of hazardous-waste site
epidemiology. In many cases involving hazardous-waste sites, the complaints
are subjective and similar to those of the sick building syndrome. In addition,
objective markers of exposure have not been identified. Furthermore, many of
the volatile compounds found in sealed modern buildings, including
formaldehyde, toluene, and trichlorethylene, also are common constituents of
waste dumps.

It has recently been suggested that exposure to low levels of formaldehyde
is followed by changes in cells that indicate that the immune system has been
affected (Thrasher et al., 1987). Although the precise significance of such
changes is unclear, the possibility must
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be considered that exposure to toxic substances from hazardous-waste dumps
causes similar or related changes.

Asthma And Other Respiratory Problems

During the past decade, our knowledge of factors related to asthma and
other examples of increased airway responsiveness has expanded greatly (NRC,
1989). Exposures to a wide range of substances (more than 200 are listed in a
review (Taylor, 1980)) can induce airway responsiveness that can be specific
for the substance. Asthma is a common and well-studied disturbance of the
human immune system. More commonly, exposure leads to a nonspecific
increase in airway responsiveness as measured by inhaled histamine or
methacholine aerosols. This response is not always immunologic. Toluene
diisocyanate, widely used in industry as a solvent, is a powerful inducer of
asthma and adult-onset hypersensitivity (Paggiaro et al., 1986), as are platinum
salts, anhydides, and some acids (NRC, 1989). Exposure to ozone can increase
the sensitivity of the subject to a subsequent exposure to an allergen (Boushey,
1989) or to sulfur dioxide (Koenig et al., 1990); and asthma patients are much
more sensitive to inhaled sulfur dioxide than are those who do not have asthma
(Sheppard, 1989).

At the same time this knowledge was being secured, and when summer
pollutant levels were being shown to be associated with respiratory morbidity as
indicated by hospital admission data (Bates and Sizto, 1987), it became
apparent that hospital admissions for asthma were increasing (Mao et al., 1987;
Gergen and Weiss, 1990) and that increases in asthma mortality were occurring
(Sly, 1988; Weiss and Wagener, 1990). Prevalence surveys also indicated an
increase in asthma, both in the U.S. (Gergen et al., 1988) and in Britain (Burney
et al., 1990).

A full discussion of these phenomena is beyond the scope of this volume;
it is not yet established why these increases have occurred. A number of studies
of hazardous-waste sites document complaints of "chest tightness" and
"shortness of breath" or other respiratory symptoms (Ozonoff et al., 1987).
Therefore, the possibility must be entertained that proximity to some of these
sites has induced increased airway responsiveness. To our knowledge, this has
not yet been specifically evaluated in hazardous-waste site studies. One study
found no evidence of an increased prevalence of asthma in people living close
to a polyurethane factory in Finland (Nuorteva et al., 1987).
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Although the role of ambient air pollution in asthma prevalence has not yet
been determined, it seems likely that air pollution is an aggravating factor. It
seems unlikely, however, that exposures from hazardous-waste sites could have
played a part in the generally increased prevalence of asthma, given the
relatively small size of the potentially exposed populations. The role of
exposures from hazardous-waste sites in the development of respiratory
symptoms cannot be readily evaluated.

Monitoring Of Air Pollutants

A crucial lesson from the recent history of environmental epidemiology
has been the critical role played by the general availability of monitoring data
for a number of air pollutants. Many of the analyses discussed above could not
have been undertaken without this extensive data base on pollutants for which
monitoring data are routinely acquired. The nature of the data base also has
shaped epidemiologic studies. For example, fewer studies of daily exposure
have been done for particulates, because these often are sampled only every
sixth day. This has hindered the attempt to replicate the London mortality
analyses, except in rare cases, such as Steubenville, Ohio, where sampling
results were available on a daily basis (Schwartz and Marcus, 1990) or in the
Utah studies (Pope, 1989; Pope et al., in press). Exposure to hydrocarbons in
urban air has not been monitored routinely since the 1970s and there has been
little work on their direct effects except in studies of the sick building syndrome
(Molhave, 1985; Kjaergaard et al., 1989). Routine monitoring of ambient air
around hazardous-waste sites is not feasible because of their number, the low
likelihood of detection in most cases, and cost. In addition, the small size of the
exposed populations in most cases makes the sites difficult to study with
standard epidemiologic techniques. Nevertheless, more systematic assessments
of where such monitoring and such studies might be appropriate needs to be
done early in the process of identifying and describing sites for study. It might
well be appropriate that one major site with a nearby exposed population should
be intensively studied over a period of a year or so, to acquire data that might be
applicable to similar sites.

CONCLUSIONS

A variety of methodological approaches have been taken to the study of air
pollution epidemiology. These can be applied to the study of hazardous-wastes,
but are likely to vary as to their success.
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Thus, studies of trends over time in air pollution and disease patterns have
produced a growing body of literature that has associated day-to-day
fluctuations in air pollution with daily fluctuations in mortality across a wide
range of exposures with no evidence of thresholds. It is not likely to be
worthwhile to conduct such studies at hazardous-waste sites, especially in light
of the complex and changing nature of the pollutants, the absence of long-term
records, such as exist for criteria air pollutants, and problems of determining the
baseline, or expected rates, of a variety of subtle health end points of interest,
such as neurological, behavioral, and reproductive problems.

Lessons that have been learned in air pollution studies are relevant to
epidemiologic studies of hazardous-waste sites. Of particular importance are the
need to measure exposure as precisely as possible, and the value of obtaining
longitudinal data on exposures and disease outcomes in order to strengthen time-
series analyses. The recent symposium organized by the National Academy of
Sciences (NRC, 1991) stressed the paramount importance (and difficulties) of
exposure measurement.

Symptom reports appear to be sensitive indicators of adverse health
effects. Simultaneous use of air monitoring and diary records could reduce the
problem of recall bias, and are particularly valuable when small changes in
pollutant levels cannot be detected by the subjects in a study. It is likely that air
emissions from hazardous-waste sites have caused a variety of symptoms
indicating low-level interference with normal function. These are often
comparable to the symptoms reported in the sick building syndrome. There are
insufficient data to determine whether or not airborne exposure to toxics from
hazardous-waste sites has resulted in nationwide increases in cancer mortality,
or adverse pregnancy outcomes. However, the limited number and low power
of studies, and the long latency of some cancers and other chronic diseases,
mean that these effects cannot be completely ruled out in most areas.

It is not easy to decide whether to launch an epidemiologic study. With
more detailed assessment of exposure, the extent of possible adverse effects will
be better understood. We think it is important to draw attention to resource
needs for adequate study designs. While a decision to conduct an epidemiologic
study of hazardous-waste sites must take account of expressed public concern,
this concern should, especially in an era of scarce resources, be balanced by the
best available scientific evidence, including the quality of exposure and
outcome data and the probability that an answer could be obtained that would
be interpretable per se or after combination with the data from multiple studies.
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5

Domestic Water Consumption

IN THE LATE NINETEENTH AND early twentieth centuries, industrial wastes
contaminated many rivers and streams (Tarr, 1985). These waterways often
supplied drinking water for urban populations, so gross contamination of many
sources of drinking water became widespread. This eventually led to laws
initially passed by state legislatures and later Congress (such as the Federal
Water Pollution Control Act of 1948), that required intervention by the U.S.
Public Health Service and subsequently by the U.S. Environmental Protection
Agency (EPA) to ensure the safety of the nation's water supply. In general,
water supplies are now safe bacteriologically, and usually free of gross
contamination or obvious chemical pollution. However, drinking water can still
be a source of harm to human health, particularly in areas where there are
chemical dumps and where aquifers have been contaminated (Ram and
Schwartz, 1987). Runoff from fields after nitrate and pesticide use for
agricultural purposes also can contaminate drinking water, as can aromatic and
aliphatic compounds that leak from underground gasoline storage tanks.
Moreover, exposure is not limited to ingestion, but occurs through outgassing or
volatilization in other uses of domestic water, as discussed in Chapter 3.

Marsh and Caplan (1987) point out that the existence of abandoned
hazardous-waste sites largely stems from the strong sanctions that
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were enacted between 1952 and 1977 to control air and water pollution.
Because of the Federal Water Pollution Control Act (1952), the Clean Air Act
(1963), and the Clean Water Act (1977) surface water and ambient air were no
longer considered acceptable outlets for the disposal of wastes. Consequently,
industries and municipalities turned increasingly to the land for waste disposal.
Contamination of groundwater and aquifers occurred where the waste dumps
were poorly constructed or managed, or where wastes were disposed of
improperly.

This chapter reviews evidence about some compounds commonly found at
hazardous-waste sites that have been shown to cause adverse effects in humans
exposed to these materials from consumption of domestic water. First it
discusses studies of cancer risk posed by trihalomethanes (THMs) as an
indicator of the sort of effects that can be anticipated from contamination of
drinking water by such compounds. Then it assesses the relatively scanty
literature on adverse effects that can be linked to the contamination of drinking
water from toxic dump sites, including congenital anomalies, cancer, and other
chronic diseases. As the importance of lead in drinking water is currently the
subject of extensive analysis and regulatory attention, this chapter does not
review this topic.

Epidemiologic evidence on the risk to health from contaminated water
from hazardous-waste sites or other sources of contamination, such as pesticide
runoff, has largely been derived from ecologic or descriptive studies, and
therefore is seldom conclusive as to cause. The ecologic studies involving
broad-scale comparisons of available data are unable to control for important
confounding variables, such as smoking or other relevant exposures. Recent
literature on the contamination of drinking water include a number of ecologic
and case-control studies that evaluate the cancer risk of by-products of
chlorination on human health (Jolley et al., 1990). Some chlorination by-
products, particularly halogenated hydrocarbons or THMs, occur in greater
quantities in drinking water if large amounts of organic matter are present
(Burke et al., 1983). Two of these, chloroform and carbon tetrachloride, have
been commonly found in the chemical mixtures at some toxic dump sites.
Chloroform tends to be readily identified because it is more easily measured.
Whether or not they, or other chemicals also present, increase the risk of cancer
for exposed residents is unclear (Crump and Guess, 1982).

Several case-control studies based on examinations of death certificates
have found an increased risk for cancers of the colon, rectum, bladder, breast,
brain, and lung in persons who have consumed chlorinated drinking water
(Velema, 1987). However the results have not always been consistent and
causality cannot reliably be inferred.
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THMS AND OTHER WATER QUALITY VARIABLES

Several hypothesis-generating ecologic studies have been based on cancer
incidence data provided by the Iowa cancer registry for 1969 to 1978. The data
were taken from municipalities that had populations of at least 1000 and public
water supplied by a single source that had remained stable for a minimum of 14
years. Rates for cancers of the lung and rectum among males and females were
higher for municipalities using chlorinated surface water compared to those
with groundwater sources (Bean et al., 1982a). Subsequently Isacson et al.
(1985) studied cancer incidence data for the years 1969-1981 from the Iowa
cancer registry for towns with a public water supply from a single stable ground
source and the levels of volatile organic compounds and metals found in the
finished drinking water of these towns in 1979. This study lessened one of the
problems common to ecologic investigations, namely, misclassification of
exposure. Early studies of cancer and drinking water associated consumption of
water and rates of cancer by comparing the proportion of county or parish
residents supplied by surface water sources with overall cancer mortality rates
for the total area. In these early studies, the lack of data on individual
consumption patterns hampered interpretation of the results. Isacson et al.
(1985) used cancer incidence by municipality, along with a survey on drinking
water habits, in order to reduce misclassification of exposure. Associations
between 1,2-dichloroethane and the incidence of cancers of the colon and
rectum and between nickel and cancers of the bladder and lung were most
clearly seen in males. Although nickel, 1,2-dichloroethane and trichloroethane
are known to be carcinogens, the levels of these materials found in this study
were well below the nondetectable-response level estimated from the
experimental literature on these compounds. The researchers concluded that one
plausible explanation of their result is that the mere presence of these industrial
effluents in groundwater indicates that exposures have occurred from
anthropogenic sources. Thus, the measured substances do not necessarily
account for the increased rate of cancer, but rather indicate the presence of other
materials.

In an earlier report from the Iowa cancer registry, Bean et al. (1982b)
considered the contribution of waterborne radioactivity to differences in cancer
incidence. They found that incidence rates of cancers of the lung and bladder
among males and of cancers of the breast and lung among females were higher
in towns where the water supply contained more than 5.0 picocuries per liter of
radium-226. A gradient of increasing incidence associated with rising
radioactivity levels for
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three periods also was seen for lung cancer among males. These findings were
not explained by smoking patterns or water treatment methods.

A nationwide ecologic study examined cancer mortality from 1950 to 1969
and organic contamination of drinking water, using the data on carbon
chloroform extract (CCE) and carbon alcohol extract (CAE), available through
monitoring for varying periods between 1957 and 1972 at 129 stations
throughout the U.S. (Clark et al., 1986). The researchers found strong
associations of CCE and CAE with total cancer mortality and mortality from
grouped gastrointestinal and urinary tract cancers (Clark et al., 1986). However,
scattergrams reveal that much of the associations result from a small number of
outliers where mortality rates or pollution levels were unusually high. Although
the regression coefficients are statistically significant, they might not represent
causal associations, given these outliers.

A similar study in Canada evaluated mortality rates in 66 cities between
1973 and 1979 and selected drinking-water characteristics with adjustment for
socioeconomic factors (Wigle et al., 1986). Water source, chlorine dose, and the
concentrations of asbestos, chloroform, total THMs except chloroform, and
total THMs were not significantly correlated with any of the disease categories
examined, which comprised all causes of death, all cancers, various cancer
sites, and coronary heart disease mortality. When dose of total organic carbon
was substituted for chlorine dose in a multivariate analysis, there was a
significant association with large intestine cancer among males. One possible
reason for the findings could be that in the total data age-standardized mortality
rates for overall mortality (males), all cancers combined (males), and stomach
cancer (both sexes) had a strong correlation with lower average level of
education. The analysis was adjusted for low education in the examination for
possible associations with the water variables, as lower education and
socioeconomic status are strongly associated with increased cancer risk.

In Houston, Texas, an opportunity arose to assess the effect of changing
from a lightly chlorinated drinking water source to one that was heavily
chlorinated after the construction in 1954 of Lake Houston, which became the
source of drinking water for a sizable portion of the city's population (Cech et
al., 1987). The concentrations of THMs ranged from below detectable limits to
more than 200 micrograms per liter (twice the level allowed by U.S. drinking
water standards) in treated lake water. These exposures were described by
census tract, and the trends in mortality from urinary tract cancer from 1940
through 1974 were compared with the trends for three other causes of death—
respiratory cancer, bronchitis and emphysema, and homicide. Al
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though an increase in urinary tract mortality in white females was noted for
those exposed to treated lake water by 1970-1974, no increase was noted in
white males or in the nonwhite population. It was concluded that a detrimental
effect of the switch to chlorinated surface water had not been demonstrated.

The largest individual- and population-based case-control study of cancer
with evaluations of exposure to by-products of chlorination in drinking water
was performed in 1978 in 10 areas of the U.S. (Cantor et al., 1987). These by-
products include THMs generated by chlorination, as well as chloroform. A
group of 2982 persons with bladder cancer and 5782 control subjects were
interviewed in the original study and individual year-by-year profiles of water
source and treatment were developed by linking lifetime residential information
with historical water utility data from an ancillary survey of 2805 cases and
5258 controls. Risk of bladder cancer increased with intake of beverages made
with tap water. The odds ratio for the highest versus the lowest quintile of tap
water consumption was 1.43 (95 percent CI 1.23-1.67). The increased risk was
largely restricted to persons with at least a 40 year exposure to chlorinated
surface water and was not found among long-term users of nonchlorinated
groundwater. There was no evidence of confounding by other causes of bladder
cancer, including smoking. In particular, women and nonsmokers of both sexes,
who consumed chlorinated surface water at rates above the median for 60 or
more years, had rates of bladder cancer that were more than three times the
rates of those who had not consumed treated surface water.

In an analysis of the Iowa portion of a national bladder case-control study
on bladder cancer, the effect of misclassification on estimates of years of
exposure to chlorinated drinking water was investigated (Lynch et al., 1989). It
was shown that only with detailed information of the type used by Cantor et al.
(1987) would it be possible to derive a significant association of duration of
consumption of chlorinated surface water with bladder cancer, while taking
account of potential confounders.

A case-control study of colon cancer (366 cases, 785 cancer controls, and
654 population controls) in Wisconsin did not find an increased risk associated
with an index of THM exposure (Young et al., 1987). Only a small risk of
marginal significance was found for exposure to chlorinated water for 0-10
years before diagnosis. The authors noted that the majority of water supplies in
Wisconsin contain low levels of THMs and that it is unlikely that a small risk, if
present, could have been detected.

A case-control study that used interviews with informants of 614
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individuals who had died of bladder cancer and 1074 individuals who had died
of other causes found that the rate of death from bladder cancer among
individuals who resided only in communities supplied with chlorine-disinfected
drinking water relative to those who resided only in communities supplied with
chloramine-disinfected drinking water was 1.6 (95 percent CI 1.2-2.1) (Zierler
et al., 1988a). Chloramination of drinking water is a process that results in
lower amounts of THMs than result from chlorine disinfection.

The effect of contamination of drinking water with arsenic has been
investigated in an area of Taiwan with endemic blackfoot disease, a peripheral
vascular disease related to continuous exposure to arsenic in artesian well water.
Elevated mortality from cancers of the bladder, kidney, skin, lung, liver, and
colon was found in association with such exposure (Chen et al., 1985). A
subsequent study related arsenic levels in well water in 1964-1966 to age-
adjusted mortality rates for 1973-1986 (Wu et al., 1989). A significant dose-
response relationship was found for cancers of the bladder, kidney, skin, and
lung in both sexes and for cancers of the prostate and liver in males. Another
study examined ecologic correlations between arsenic content in well water and
mortality from various neoplasms in 314 precincts and townships of Taiwan as
a whole (Chen and Wang, 1990). A significant association with the arsenic level
in well water was observed for cancers of the liver, nasal cavity, lung, skin,
bladder, and kidney in males and females and for prostate cancer in males.
Although arsenic is regarded as a cause of blackfoot disease, there has been
speculation that other factors in artesian well water, such as humic acid, are
involved in what is probably a multistage, multifactorial disease that results
from chronic progressive arteriosclerosis (Chen and Wang, 1990).

The relationship between chlorinated water and serum cholesterol (SC)
levels has also been investigated (Zeighami et al., 1990). Significantly higher
SC levels were found in females from chlorinated communities.

TOXIC DUMP SITE EXPOSURES

Cancer As The End Point

Love Canal, New York, is perhaps the best known of toxic dump sites.
Human exposure there to chemicals was through contaminated water, although
not strictly through drinking water. Rather, contaminated water seeped into the
basements of homes and subsequently exposure was largely through inhalation;
contaminated soil also played
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a role. The possibility that Love Canal residents could develop cancer was
raised because benzene and  -hexachlorobenzene, both carcinogens, were
found in the wastes at the site. Janerich et al. (1981) published a report that
compared cancer incidence for census tracts in the Love Canal area with cancer
incidence throughout the state except for New York City. No significant
elevation of rates was found among Love Canal residents for any cancer,
including those selected a priori for special attention—liver cancer, lymphoma,
and leukemia—though the numbers of cancers in the Love Canal census tracts
were very small. Thus the standardized incidence ratio for liver cancer was 2.0
in males and 2.9 in females, but this was based on only two observed cases for
each sex and was not significant. A further difficulty relates to the fact that
numerous other hazardous-waste sites exist in the state. Comparing Love Canal
to this area may have produced some dilution of effect, as both populations
have incurred exposures from hazardous-waste sites.

New Jersey also has a large number of toxic dump sites. Najem et al.
(1983, 1985) conducted ecologic studies that related cancer mortality at the
county and municipal level to environmental variables, including the location of
chemical toxic-waste-disposal sites. At the county level they found associations
with most gastrointestinal cancers (Najem et al., 1983). In addition, an analysis
of age-adjusted female reproductive organ and breast cancer mortality showed
significant positive associations between breast cancer mortality and proximity
to toxic disposal sites among whites in 21 New Jersey counties (Najem and
Greer, 1985). At the municipal level, statistically significant positive
associations were found for 8 of 12 cancers considered, with stomach, colon,
and rectal cancer clusters being particularly noted (Najem et al., 1985). The
clusters of excess cancer mortality were confined for the most part to the highly
urban and industrial northeastern part of the state, and air pollution and lack of
information on other possible confounders complicated interpretation of the
results.

In a reinvestigation of health effects potentially arising from two
contiguous wells supplying part of the drinking water for Woburn,
Massachusetts, Lagakos et al. (1986) found positive associations between
access to domestic water from two contaminated wells and the incidence of
childhood leukemia. The wells were contaminated with trichloroethylene,
tetrachloroethylene, and chloroform. Large pits of buried animal hides,
solvents, and other chemical wastes were discovered as was an abandoned
lagoon that was heavily contaminated with lead, arsenic, and other metals.
However, Woburn has been an industrial site for more than 130 years, and at
the time of this study, EPA had not yet determined the precise sources of the
contamination.
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The wells were closed in 1979, and the leukemia cases studied were diagnosed
between 1964—the year the wells began pumping—and 1983. It had previously
been determined that 12 cases diagnosed between 1969 and 1979 were in excess—
only 5.3 were expected—and these 12 were included in the 20 evaluated by
Lagakos et al. (1986). The authors confirm that the 20 cases were significantly
higher than the 9.1 expected from national rates. They used two different
methods for estimating exposure. A cumulative estimate of exposure from the
two wells from birth until age t; and a binary indicator of whether there had
been any exposure by age t. Each of these exposure metrics was associated with
the incidence of childhood leukemia. The cumulative metric statistically
explained about four cases, while the ''ever-never" metric explained about six
cases. This leaves an excess of five or six cases for which no explanation may
be inferred from the reconstructions of well water exposure. Four of the recent
leukemia cases occurred in West Woburn, where exposures to contaminated
water did not occur, confounding the determination of causality. Analyses of
time trends since the wells were closed suggests that the rate of leukemia has
fallen significantly, strengthening the inference of a causal association with past
exposures. However, this finding does not rule out the possibility that other
unrecognized factors may also have been involved in explaining the leukemia
cluster, or the possibility that the cluster was a random event. In a commentary,
MacMahon (1986) noted that a more complex exposure metric (which might
have been expected to more precisely measure exposure than an "ever-never"
comparison) in fact led to a lesser degree of association with leukemia. Perhaps
the major difficulty with this study is that it was unable to overcome problems
in exposure assessment already discussed in Chapter 3. Nevertheless, because
the exploration of the incidence of leukemia followed the identification of the
contamination of the wells, this study avoids the pitfalls that can arise when
many of the cases of leukemia are first identified as part of an original "index"
set. Therefore, the same cases did not contribute to the derivation but only to the
testing of the hypothesis.

The New Jersey Department of Health (Fagliano et al., 1987, 1990)
conducted an ecologic study to determine whether there was a relationship
between incidence of leukemia and contamination of public drinking-water
supplies with volatile organic compounds (trichloroethylene,
tetrachloroethylene, 1,1,1-trichloroethane, and related chlorinated solvents)
known to have been derived from improper disposal. These compounds are
used in metal degreasing, dry cleaning, and in some household products. An
excess of leukemia among females, but not among males, was found in towns in
the highest of
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three exposure categories in the study years 1979-1984. The standardized
incidence ratio for females was 1.53 (95 percent CI 1.02-2.21); for males it was
1.00. The authors were unable to explain this gender difference, but it would
seem to weaken the argument that the leukemia was caused by exposure to the
toxins. However, for males other exposures, such as those in the workplace,
could be more important determinants of leukemia than environmental
exposures.

A nationwide ecologic study was conducted by Griffith et al. (1989) using
the National Priorities Listing (NPL) of hazardous-waste sites developed by
EPA and cancer mortality data for 13 major cancer sites by county for
1970-1979. The NPL identified 593 waste sites in 339 U.S. counties in 49 states
with analytical evidence of contamination in groundwater that provided a sole
source of potable water supply. Significant associations between excess deaths
and all counties with hazardous-waste sites were shown for cancers of the lung,
bladder, esophagus, stomach, large intestine, and rectum for white males and
for cancers of the lung, breast, bladder, stomach, large intestine, and rectum for
white females, when compared with the counties that did not have hazardous-
waste sites. No adjustment was possible for the effect of industrialization or
other confounders at the individual level, such as factors related to lifestyle,
including cigarette smoking. Many of the associations were strong and of a
similar order in both sexes; there were odds ratios of 5.9 in males and 4.3 in
females for cancer of the large intestine. The odds ratio for lung cancer was
higher in females (5.2) than it was in males (2.0). These associations could have
resulted from factors not considered in the analysis or from other problems with
the method of the studies. For example, Greenland (1990) has shown that
ecologic estimates can be more sensitive to misspecification and
misclassification than are individual-level estimates, primarily because ecologic
estimates are based on assumptions and inferences rather than on direct
measurements.

Wong et al. (1989) conducted ecologic and case-control analyses to
evaluate the possibility that contamination of drinking water in Fresno County,
California, with dibromochloropropane (DBCP) increased mortality from
gastric cancer and leukemia. The study was conducted because a previous
ecologic analysis by the California Department of Health Services for 1970 to
1979 found such an association. Mortality data for 1960-1983 were included in
the ecologic analyses, and deaths for the period 1975 to mid-1984 were used in
the case-control studies; nongastric cancer or leukemia deaths served as
controls. The only positive association was an increased risk of leukemia for
farm workers. No relationship was found for gastric cancer or leukemia with
DBCP contamination of drinking water.
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Evaluation of the cancer maps by county produced by the National Cancer
Institute for 1950 through 1979 reveals areas of high mortality from bladder
cancer in several northwestern Illinois counties. This led to an incidence study
of bladder cancer cases diagnosed between 1978 and 1985 in those counties
(Mallin, 1990). A cluster in males and females was identified by zip code
within Winnebago County, a county that had been known in advance of the
study to be at risk of groundwater contamination because of the dumping of
solid and liquid waste in water supply zones over the last 100 years. It was
found that one of four public water wells had been closed due to contamination;
two wells were within a half-mile of a landfill site that had ceased to operate in
1970. Tests of these two wells revealed traces of trichloroethylene,
tetrachloroethylene, and other solvents.

Concern by residents led to the evaluation of another cancer cluster in
North Carolina (Osborne et al., 1990). Comparison of cancer deaths for the
rural community of Bynum with those expected for the state as a whole showed
no increase in the proportion of deaths due to cancer between 1947 and 1964
(range, 9-14 percent), but thereafter there was a steady increase to 58 percent in
1980-1985. Standardized proportionate mortality ratios for cancer for 1957 to
1985 were 2.4 to 2.6 times greater than expected. The number of cancer deaths
was small, and the cancers were diverse. The hypothesized cause was the
consumption of raw river water by a majority of residents from 1947 to 1976.
The river was contaminated with pollutants, including known carcinogens, from
industrial and agricultural contamination upstream of the town.

Cancer clusters like those investigated by Mallin (1990) and Osborne et al.
(1990) often are reported under circumstances that are difficult to evaluate, and
it seems likely that few with negative outcomes are reported in the literature.
One exception is a study by Day et al. (1989). The investigation was prompted
by public concern in Randolph, Massachusetts, that led to a survey of
households, with data on cancer supplemented by records from the town, the
state, and the Massachusetts cancer registry. Although a cancer cluster was
confirmed, overall cancer incidence and mortality in the neighborhood were not
elevated. No unusual feature of the cancer data was identified and no
environmental hazard was suspected.

From 1980 through 1982, 183 patients with esophageal cancer, or 17
percent of all such cases referred to the King Faisal Specialist Research Center,
came from the Gassim region of Saudi Arabia, compared with 5 percent of the
total cancer patient referrals from this region (Amer et al., 1990). This
observation prompted a case-control study of cases diagnosed between 1983
and 1987. The regional disparity

DOMESTIC WATER CONSUMPTION 188

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Environmental Epidemiology, Volume 1: Public Health and Hazardous Wastes
http://www.nap.edu/catalog/1802.html

http://www.nap.edu/catalog/1802.html


in referrals persisted, and the only differences noted with referrals from other
regions were for sources of drinking water. Traces of petroleum oil were found
in five of six water samples from the Gassim region during 1983, compared
with 3 of 49 from other areas. Mutagenicity tests on 12 water samples from
Gassim showed significant activity in two-thirds of the samples, with up to a 26-
fold increase in mutagenic activity in the TA98 bacterial system. The authors
also note that aromatic hydrocarbons can occur at higher levels in groundwater
than in surface water, due to the lack of evaporation. They point to
corroborating evidence on the importance of petroleum and petrochemical
exposures. Gottlieb and Carr (1981) report that workers in these industries have
more than three times the average rate of esophageal cancer. The authors
suggest that contamination of drinking water combined with malnutrition could
promote esophageal cancer in the Gassim region. Although this is a reasonable
inference from the data presented, it is unclear whether other differences
between the regions can explain the differences seen. There are marked
variations in esophageal cancer incidence in many areas, some of which could
be attributable to differences in nutrition or use of opium. Few data were
collected in the study on nutrition, and no data were reported on opium use.

ADVERSE PREGNANCY OUTCOMES

Following the identification of a cluster of central nervous system defects
in the Mount Gambier area of South Australia, a case-control study was
performed of 218 pairs from the period 1951-1979 (Dorsch et al., 1984).
Compared with women who drank only rainwater, women who consumed
principally groundwater had an increase in the risk of bearing a malformed
child (RR=2.8, 95 percent CI 1.6-4.4). The malformations in excess of expected
rates were of the musculoskeletal central nervous systems. An even stronger
association was found after reanalysis for estimated water nitrate concentration
(a fourfold increase in risk for those consuming 15 parts per million
nitrate). It was recognized that other, as-yet-undetected chemicals could have
been responsible for the excess. These might include brominated phenols,
which occasionally have been detected in one of the groundwater sources,
believed to have resulted from aerial contamination from nearby timber
preservation plants.

In the investigation of health effects associated with the two wells that
supplied part of the drinking water for Woburn, Massachusetts, Lagakos et al.
(1986) found positive associations between access to water from the
contaminated wells and perinatal deaths, two of five
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categories of congenital anomalies (central nervous system, eye, ear,
chromosomal, and oral cleft), and two of nine categories of childhood disorders
(infections of the kidney and urinary tract and disorders of the respiratory tract).
There was no positive association with spontaneous abortions or low birth
weight. The wells, which were closed in 1979, were contaminated with
trichloroethylene, tetrachloroethylene, and chloroform. The health outcomes
evaluated were identified by a telephone sample survey conducted in 1982 of
4936 pregnancies and 5018 residents of Woburn aged 18 or younger. Several of
these outcomes were grouped according to "assertions in the literature of
potential links with chemicals, pesticides or trace elements," a grouping that
was subsequently criticized (MacMahon, 1986). MacMahon (1986) also
commented on the lack of correction for the multiple comparisons made as a
result of the health survey and the fact that six of the interviewers were from
families of the leukemia patients.

Several studies have reported low birth weight as a consequence of
exposure to toxins at Love Canal (Vianna and Polan, 1984; Goldman et al.,
1985; Paigen and Goldman, 1987). The timing and extent of the effect differed
in these studies. Vianna and Polan (1984) evaluated the cohort of infants born in
the Love Canal area from 1940 through 1978. As a surrogate for exposure, they
considered whether or not a family resided in an area known to have more water
that percolated up to the ground through swales. Such homes arguably could be
expected to incur greater exposure to contaminants in these swales and to
outgassing emissions from them that could enter basements, especially during
times of sewer overflows. Using a five year moving average, they found a
significant excess of low birth weight babies occurred during the time when
dumping was estimated to be most active in the area, namely 1940 through
1953. No such excess was evident for later years.

Goldman et al. (1985) studied a larger population and a somewhat different
cohort of births. Using single family homes in the entire Love Canal
neighborhood—an area three times as large as that included in Vianna and Polan
—they found an excess of low birth weight between the years 1963 and 1980.
The adjusted odds ratio was 3.0 (range, 1.3 to 7.0) for 131 exposed and 357
controls, with a prevalence of low birth weight babies of 16 percent for the
swale area, 10 percent for the nonswale area, and 4.8 percent for the controls.
Paigen and Goldman (1987) defined exposure in two ways: distance of the
home from the canal and proximity of the homes to possible paths of chemical
migration, inferred from hydrogeological information about the migration of
groundwater pollutants from the abandoned site into homes and basements, via
swales, or large subterranean, wet
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paths via which pollutants can move. However, there remains a possibility of
misclassification of exposure that could have biased the findings toward the null
(Paigen and Goldman, 1987). No significant difference in prematurity was
found. Birth defects also were more common among the exposed than the
unexposed children born to homeowners or renters living in Love Canal, with
odds ratios of 1.95 (95 percent CI 1.03-3.72) and 2.87 (95 percent CI
1.15-7.18), respectively. A study conducted by Vianna and Polan (1984) of all
children born in single-family houses on a series of parallel streets in the area
between 1940 and 1978 found that the significant rates of low birth weight in
infants born in the same areas between 1954 and 1978, after dumping of
chemical wastes had ceased, were similar to those of upstate New York as a
whole. However, from 1940 through 1953, the period when various chemicals
were dumped in the site, there was a significant excess of low birth weight
among infants born in the Love Canal swale area, an area of natural, low-lying
drainage depressions that traverse the dump site.

An ecologic study was performed to evaluate the relationship between
dibromochloropropane (DBCP) contamination of drinking water and birth ratios
between 1978 and 1982 in Fresno County, California (Wong et al., 1988). No
relationship between birth ratios and DBCP contamination in drinking water
was found.

A case-control study of residents of Massachusetts born alive between
April 1, 1980, and March 31, 1983, with severe congenital heart disease has
been reported (Zierler et al., 1988b). Controls were randomly selected from
birth certificates filed with the Massachusetts Division of Health Statistics
during the study period. Of 440 identified cases, 170 were excluded for various
reasons, as were 264 of 929 controls. The toxins of interest were chemicals
routinely monitored in public water supplies (arsenic, barium, cadmium,
chromium, lead, mercury, selenium, fluoride, nitrate, and sodium); these were
assigned according to the maternal residential history obtained by telephone
interview. There was no indication of any association of exposure to the
chemicals of concern above the minimal detectable limit for congenital heart
disease as a whole. Only for coarctation of the aorta was there any association, a
prevalence odds ratio of 3.4 (95 percent CI 1.3-8.9) for exposure to arsenic.
Given the large number of comparisons made, at least one would have been
expected to be significant by chance. The authors comment that nondifferential
errors in the measurement and classification of exposures, as well as the paucity
of contaminant levels above the minimal detectable limits, could explain the
lack of positive findings.

A series of studies conducted in Santa Clara County, California,
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followed discovery of a leak of toxic chemicals in November 1981. The point
source was an underground waste solvent storage tank at a semiconductor plant,
0.7 kilometers from a well that supplied drinking water to nearby industrial and
residential areas (Swan et al., 1989). The well was removed from service in
December 1981 after contamination with solvents (predominantly 1,1,1-
trichloroethane or methyl chloroform) was discovered. Because of the concern
of residents, the California Department of Health Services conducted two
studies. In one, there was an increased prevalence of major cardiac anomalies in
children born to persons who lived in the service area of the water company that
operated the contaminated well (Swan et al., 1989). A relative risk of 2.2 (95
percent CI 1.2-4.0) was determined for the contaminated area in comparison
with the remainder of the county. No excess was observed for the period
between September 1982 and December 1983. However, on the assumption that
the greatest degree of chemical contamination of drinking water occurred in the
three-month period before the leak was discovered, it was expected that the
excess cases would be found in children born between May and August 1982.
Cases were not found in excess of the expected rate. Therefore, it seemed that
the chemical contamination of the drinking water could not explain the excess
of cardiac anomalies in children. This conclusion was reinforced by a follow-up
telephone interview of 145 mothers of children born with severe cardiac
anomalies and 176 mothers of children without such anomalies (Shaw et al.,
1990). However, longer-term analyses were not conducted. Although there was
a positive association between a mother's consumption of tap water during the
first trimester of pregnancy and cardiac anomalies in her infant for the year
1981 that was not present for 1982 or 1983, this appeared unrelated to the
source of water and to the incident of contamination. Chlorination by-products
should be considered further, given recent studies of TCE and cardiac
anomalies discussed below. Consumption of bottled water appeared protective,
however. The data could not be used to distinguish between a potential causal
agent in the water and differential reporting of exposure by study subjects.

In the second study, a cluster of adverse pregnancy outcomes, including
spontaneous abortions, low birth weight, and congenital malformations, was
identified (Deane et al., 1989). An odds ratio of 2.3 for spontaneous abortion
was found in comparison to a census tract free of contaminated water, while the
odds ratio for congenital malformations was 3.1. In a subsequent study,
Wrensch et al. (1990a) also investigated adverse pregnancy outcomes during
1980-1985 in two communities where solvents had leaked from the underground
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storage tank to contaminate local drinking water. Two demographically similar
unexposed communities also were studied. The period 1980-1981 was
considered as that of exposure; 1982-1985 was the post-contamination period.
The study did not produce internally consistent results. Thus, the odds ratio
(OR) for the original study area of those exposed versus those unexposed for
1980-1981 was 3.5. This may have been due to a low rate of spontaneous
abortions in the unexposed community for 1982-1985. This rate for 1982-1985
was substantially below the rate in the same community and that in the exposed
community for the same period (the OR for 1982-1985 was 1.0). The rate for
spontaneous abortions in 1980-1981 in the exposed community was only
marginally higher than that in the same community for 1982-1985. Similarly,
the OR for 1980-1981 in the new study area for exposed versus unexposed
persons was 0.3, due to a low rate of spontaneous abortions in the new exposed
study area. Further, exposure estimates based on hydrogeologic modeling and
contaminant distribution within the exposed areas (Wrensch et al., 1990b) also
indicate that the leak was not likely to have caused the observed excesses of
adverse pregnancy outcomes in the originally studied area. The adverse
pregnancy outcomes occurred in areas with lower exposure levels, as opposed
to those with higher exposure levels; causes remain unknown.

An association has been reported between congenital heart disease and
contamination of groundwater in the Tucson valley of Arizona (Goldberg et al.,
1990). It had been noted that approximately one-third of patients with
congenital heart disease lived in a small area of the Tucson valley in 1973. In
1981, groundwater for a nearly identical area was found to be contaminated
with trichloroethylene and to a lesser extent with dichloroethylene and
chromium. It was believed that contamination began in the 1950s, and the
affected wells were closed after the contamination was discovered. Interviews
with parents of 707 children with congenital heart disease, who between 1969
and 1987 had conceived the children in and resided in the Tucson valley for the
first trimester of pregnancy, revealed that 35 percent had work or residential
contact with the contaminated water. Two random telephone surveys showed
that 10.5 percent of the Tucson valley population had such contact. The OR for
children with congenital heart disease born to parents where there was active
water contamination was 3 compared to those without contact with
contaminated water; the ratio decreased to near unity for those who arrived in
the contaminated water area after the wells closed. A recent report from the
Centers for Disease Control Birth Defects Monitoring Program indicates that
cardiac defects made up almost half
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the malformations that showed increasing trends from 1979 to 1987 (Edmonds
and James, 1990). Recorded time trends for such anomalies are likely to include
artifacts, such as improved case finding and other improvements in diagnosis,
but merit further study.

Although causality cannot be assumed from a single study, a study that
used a rat model identified a variety of cardiac defects caused by the
administration of trichloroethylene and dichloroethylene in solutions delivered
through a catheter into the gravid uterus from an intraperitoneal osmotic pump
(Dawson et al., 1990). There was a dose-response relationship: 9 percent and
12.5 percent of congenital cardiac anomalies were found in the lower-dose
trichloroethylene and dichloroethylene groups; 14 percent and 21 percent,
respectively, were found in the higher-dose groups compared with 3 percent in
the control group. Experimental studies have also found that TCE applied
through a catheter directly into the gravid uterus during the period of heart
development induces cardiac anomalies in both chicks (Loeber et al., 1988) and
rats (Dawson et al., 1990). Dichloroacetic acid (DCA) and trichloroacetic acid
(TCA) are both by-products of chlorine disinfection of water containing natural
organic material; TCA is a metabolite of TCE. DCA or TCA exposure of
pregnant Long-Evans rats by oral intubation produced dose-related cardiac
malformations in fetuses (Smith et al., 1989a,b).

Taken together the preceding evidence strengthens the empirical basis for
concluding that TCE induces cardiac anomalies in humans. The grounds for this
inference include evidence that the relationship is biologically plausible, in that
exposure to TCE or its metabolites experimentally induces cardiac teratogenesis
in exposed animals (Loeber et al., 1988; Dawson et al., 1990). Moreover, these
same effects have been significantly detected in exposed humans, with some
evidence of a dose-response relationship in the animal studies. In addition,
markers of exposure to TCE have been detected in humans and animals, and the
findings are statistically significant. Thus, a chain of evidence links TCE to
cardiac anomalies, although additional studies need to be conducted to confirm
the association. In addition, extensive studies in animals demonstrate a range of
other effects of TCE from reproductive impairment to effects on DNA
(ATSDR, 1989), for which corroborating human data do not exist.

One cross-sectional study of health problems compared rates of morbidity
and mortality from 1980-1985 for a number of chronic diseases, including heart
disease, anemia, skin cancer, hypertension, stroke, and chronic kidney disease,
in residents of three towns surrounding an abandoned Superfund site in Galena,
Kansas, with those of residents in two control towns (Neuberger et al., 1990).
Environmental
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exposures to lead and cadmium and other mine wastes occurred chiefly through
domestic water use. Some surface soils may also have provided airborne
exposure. Significant elevations in rates of a number of causes of death and
disease were evident in persons over age 44. Among residents of the three
towns who had lived there at least five years, there was either a statistically
significant or borderline excess in women for chronic kidney disease (aged 65),
heart disease (aged 45 and older), and anemia (aged 45 and above). This sex
difference may reflect the fact that factors such as smoking, work, and drinking
are more important determinants of some of these diseases in men than women.
A significant excess of mortality also occurred from ischemic heart disease in
males and females (aged 65 and older). The authors conclude that
environmental agents in Galena City may have contributed to the causation of
several chronic diseases in residents.

OTHER HEALTH END POINTS

An environmental health survey of residents who had consumed drinking
water contaminated with leachate from a waste dump where a pesticide plant
had deposited large amounts of liquid and solid waste between 1964 and 1972
was conducted in Hardeman County, Tennessee (Clark et al., 1982). Twelve
chlorinated organic compounds were found in wells that served individuals
living near the dump site. Carbon tetrachloride was the most abundant, and
residents had complained of a number of symptoms, including eye and skin
irritation; upper respiratory infection; and gastrointestinal symptoms including
nausea, diarrhea, and abdominal cramping. The survey used a health
questionnaire, a clinical examination, and biochemical screening for liver and
kidney dysfunction. Results of the physical examination of 118 individuals
found six of 48 individuals in the exposed group had slight hepatomegaly
(enlargement of the liver), compared to one of 24 in an intermediate exposed
group and none in the 46-member group of unexposed control subjects. The
difference between the groups was significant (p=.034) with the Pearson chi-
square test. Elevated concentrations of alkaline phosphatase and serum glutamic
oxaloacetic transaminase, measures of liver function, were found more often in
the exposed group than in the controls. The concentrations fell significantly in
follow-up testing two months after use of the contaminated water had ceased.
The authors conclude that the clinical and biochemical observations were
consistent with transitory liver injury. In a subsequent independent study,
Rhamy (1982, cited by Harris et al., 1984) collected health histories and
conducted physical examinations on 112 persons who then lived or had formerly
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lived within three miles of the site. Analyses were restricted to 102 persons who
claimed to be exposed. A large number of symptoms was reported, as were
liver, eye, and neurological abnormalities on examination. The Rhamy study is
almost impossible to interpret because there was no control group, questions on
symptoms were asked repeatedly during examinations, and the study was
conducted after the contamination had been widely publicized. Thus, recall bias
may well explain much of the reported symptomatology. However, after a
comprehensive evaluation of this same exposed population, Meyer (1983)
reported evidence of hepatomegaly and elevated liver function tests (alkaline
phosphatase and serum glutamic oxaloacetic transaminase (SGOT) were
elevated at levels of 0.016 and 0.010, respectively, when compared to the
control population; albumin and total bilirubin levels were significantly lower)
that he attributed to ingestion of organic chemicals, including hepatotoxins. The
second larger and more comprehensive study, performed three months after the
wells had been closed, showed no difference between the control, intermediate,
and exposed groups.

Rothenberg (1981) reported on a cross-sectional health survey of residents
near a Hyde Park, New York, landfill. The landfill was inactive, but exposure
through groundwater to diverse chemicals, including chlorinated hydrocarbons,
was suspected. Nine positive associations were found among the 180 variables
assessed. With multiple comparisons, such results may chiefly be due to chance
variations.

It was noted above that the exposures that caused concern in the Love
Canal area were not derived from drinking water per se, which came from an
uncontaminated municipal source, but from contaminated groundwater from the
site that seeped into the basements of homes and led to exposure through sump
pumps, soil, and air inside the homes. To evaluate general health effects from
such exposures Paigen et al. (1985) conducted a general health survey with
interviewers inquiring about physician-diagnosed complaints of the parents of
523 Love Canal and 440 control children. An excess of seizures, learning
problems, hyperactivity, eye irritation, skin rashes, abdominal pain, and
incontinence was found in Love Canal children. It was not possible to eliminate
the effects of respondent bias, recall bias, or stress in this study, although the
authors believe that the true differences had been under rather than
overestimated. The same group reported on factors related to growth in 493
Love Canal and 428 control children (Paigen et al., 1987), using technicians
(who were unaware of the children's place of residence) to conduct the
measurements. Of the Love Canal children, the 172 born there who had spent at
least 75 percent of their lives in the Love Canal area were significantly shorter
for age percentile than were the control children. Mean
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weight for age percentile also was less in the Love Canal group. These
differences could not be accounted for by various potential confounders.

Some of the chemicals that contaminate drinking water, such as
trichloroethylene (TCE), are known to have neurotoxic effects, although
specific neuropsychological testing of potentially exposed subjects has rarely
been performed. Feldman et al. (1988) administered a questionnaire and
performed clinical testing, nerve-conduction studies, and neuropsychological
testing on 28 members of 8 families who had alleged chronic exposure to
industrial chemicals as a result of contamination of two public drinking-water
wells in Woburn, Massachusetts. Electrophysiological measurement of the blink
reflex was used to quantify damage to two cranial nerves known to be affected
by TCE exposure. Of the 28 potentially exposed subjects, 4 were not tested
because they were too young. The results for three of the subjects were not used
because of potential confounders (diabetes, working with TCE, and treatment
for leukemia). The results from the remaining 21 were compared with those
from 27 laboratory controls. There was a highly significant difference in the
conduction latency means of the blink reflex, or the speed with which nerves
responded, between the test subjects and the controls, suggesting a subclinical
alteration of cranial nerve function due to exposure to TCE.

Substantial environmental contamination with chemicals in drinking water
has occurred in a number of places in Eastern Europe and in developing
countries. One study of pesticide contamination was done in a village in
Nicaragua, where children from a community in the path of rainwater runoff
from a large crop-dusting airport were tested for cholinesterase levels in
comparison with children from an unexposed community (McConnell et al.,
1990). Six of 17 children from the exposed community had low cholinesterase
levels, the mean level for the 17 being 0.5 international units/milliliter/minute
lower (95 percent CI 0.24-0.76) than that for 43 children from the unexposed
community. A sample of water from a well in the exposed community showed
contamination with toxaphene and chlordimeform at levels above the U.S. Food
and Drug Administration's Recommended Acceptable Daily Intake. However,
the children also were exposed because they played barefoot in grossly
contaminated rainwater runoff from the airport, and the authors believe this was
the more important source of exposure.

CONCLUSIONS

We have commented elsewhere in this report that complete accounts of
investigations of cancer and other risks in relation to human
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exposure to hazardous-waste sites are not generally available because of legal
restrictions. Hence, the available literature on the epidemiology of drinking-
water contamination and adverse health outcomes is scanty and not conclusive.
Nevertheless, several factors lead us to conclude that drinking-water
contamination with a number of chemicals is injurious to human health,
although the magnitude of the risk cannot be determined. Perhaps the most
persuasive evidence now derives from studies of drinking-water contamination
with trihalomethanes linked to increased risk of bladder cancer (Cantor et al.,
1987). Bladder cancer also has been associated in a large ecologic study with
exposure to contaminated drinking water from hazardous-waste sites (Griffith et
al., 1989). Bladder cancer is well recognized as chemically induced, and the fact
that individual studies have not found an increased incidence of bladder cancer
in persons exposed to toxic-waste sites could result from the long latency period
generally anticipated for this cancer, and the fact that multiple causes are likely
to be involved. Continued surveillance of exposed populations for this sentinel
cancer are well justified. Osborne et al. (1990) found a cancer cluster for all
cancers with an exceptionally high rate; moreover, the period of the excess
corresponded to the estimated time of peak exposure to contaminated domestic
water, taking into account the normal latency for cancer.

Where increased risk might be anticipated after solvent contamination of
drinking water, leukemia and lymphoma are of obvious concern. Unfortunately,
the rarity of these diseases and the greater likelihood that a rare cancer will
come to notice if clusters occur have resulted in a dearth of studies with
sufficient power to detect an increase in risk. Neutra (1990) advocates
restricting studies of clusters to those where very high risks are anticipated.
However, the number of heavily exposed individuals that might be expected to
show an increase in risk of fivefold or more is generally so small that with a
cancer as rare as leukemia or lymphoma such risks would be difficult to detect.
Meta-analysis might overcome the limitations resulting from the small numbers.
This will be discussed in the next report of the committee.

A limited number of reports in the peer-reviewed scientific literature have
linked spontaneous abortion, low birth weight, and birth defects to drinking-
water contamination. The studies in Santa Clara County have been inconclusive
as to the cause of the cluster observed. Indeed, it seems likely that the study
population was too small to prevent chance variation in frequency of events (as
appears to have occurred) from obfuscating the issue. In Love Canal, low birth
weight was clearly linked to exposures from the hazardous-wastes,
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although the extent of the time during which it continued is unclear. Such
outcomes should continue to be monitored because there is far less difficulty
with the latency period for reproductive effects than for cancer.

Concerning other health effects, there is evidence that neurologic, hepatic,
and immunologic function can be damaged by exposure to drinking water
contaminated with toxic chemicals. The long-term consequences of the
abnormalities detected, however, are largely unknown and must be the subject
of further research, on which the committee will comment in more detail in its
next report.
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6

Soil and Food as Potential Sources of
Exposure at Hazardous-Waste Sites

AT TIMES IT IS DIFFICULT TO identify completely the routes of exposure when
ill health effects are suspected from hazardous-waste sites. The same problem
of determining precisely who is exposed to what compounds and in what
concentrations exists for exposure through ingestion of soil as it does for
exposure through domestic water consumption, in that direct ingestion is not
likely to constitute the sole route. Soil ingestion suffers from an additional
complexity. Except among small children, it is unusual for soil to be ingested
directly, although adults do ingest modest amounts of soil nonetheless
(Calabrese et al., 1990). Unless a chemical is extremely potent, the exposure is
unusually direct as with certain occupations, or there is extensive dust
contamination of food and residences (the contaminated dust being available to
be resuspended in the air and inhaled), contamination due chiefly to exposure to
soil is unusual. However, contaminated soil and domestic water can act as
vehicles for contamination of plant or animal foods that are subsequently ingested
—as is the case for mercury and pesticide contamination of fish and heavy
metal or pesticide contamination of fruits and vegetables. The questions of the
effects of pesticide residues on foods and the subsequent health risks for
children are the subject of study by another National Research Council
committee, and they will not be considered here.
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This chapter reviews the health effects linked to exposure to contaminants
in soil or food, other than those resulting from direct pesticide applications to
crops. These include home gardening in contaminated soil, some exposures
involving work with soil, and consumption of fish from contaminated waters.
Although heavily exposed persons could have a high risk of disease, in general,
small numbers of persons have been exposed directly or indirectly through
ingestion of foods that have absorbed contaminants from soil or water, or
through avocational or vocational exposures to contaminated materials. Studies
of soil and food contamination usually encompass many individuals with
relatively low or negligible exposure in the ''exposed" group. Accordingly, low
estimates of risk, as well as low attributable risks in the general population, can
be discerned, although some highly exposed individuals can incur serious risks,
especially when contaminated soil has been used as topsoil in building
construction.

CHEMICAL EXPOSURE THROUGH FISH AND OTHER
FOODS

In accordance with Figure 1-1 of this report, animal studies on the
consumption of contaminated fish are relevant to this discussion. Animals
experimentally exposed to fish contaminated with polychlorinated biphenyl
(PCB) congeners and other pollutants display a range of neurologic,
immunologic, and enzymatic impairments. Hertzler (1990) reports that rats fed
different concentrations of Lake Ontario salmon consistently evidence lower
activity, rearing, and other behaviors, when compared to rats fed ocean salmon
or rat chow. Studies of the levels of two common pesticides, Mirex and PCBs in
rat brain and fish, found dose-related neurobehavioral effects. Cleland et al.
(1989) similarly report that mice fed diets of Lake Ontario salmon had reduced
immune function, including lowered immunoglobulin, which correlated with
elevated PCB levels in the ingested salmon. An earlier study by Cleland et al.
(1987) produced both hepatomegaly and suppression of important detoxifying
enzymes in mice fed Lake Ontario coho salmon, compared to unexposed
control mice.

Regarding environmental contamination of finfish and shellfish and other
freshwater species, inadequate harvest management and control is in effect for
environmental chemicals such as mercury, lead, cadmium, PCBs, dioxin, and
pesticides, according to a recent report of the Institute of Medicine (1991).
Regional agricultural or industrial pollution varies considerably and can be
substantial in some small areas. One fifth of the fish and shellfish eaten in the
United States comes from recreational or subsistence fishing, and is not subject
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to health-based control or monitoring. One study reported that regular fish
eaters have dichlorodiphenyl trichloroethane (DDT) and PCB levels
significantly higher than those who are not regular fish eaters (Fiore et al.,
1989). In addition, well over half of the U.S. supply of seafood is imported
(Institute of Medicine, 1991). Seafood may also be contaminated by bacterial,
viral, and other biologic agents (Teitelbaum, 1990). Whether these may be
affected by environmental agents is unclear.

Mercury Contamination

In 1953, a severe neurological disorder was first recognized among
persons living in several villages near Minamata Bay, Japan. Mercury-
containing effluent from a vinyl chloride production process emptied into the
bay from a nearby chemical factory was responsible for the contamination of
fish and shellfish consumed by inhabitants of small villages along the shore.
The onset of Minamata disease usually began with a progressive numbness in
the fingers and toes and often in the lips and tongue (Kurland et al., 1960). This
was followed by lack of muscle coordination, clumsiness, difficulty in
swallowing, deafness, and blurring of vision. Spasticity and muscle rigidity
often were present. Most cases ended in death or severe, permanent disability.
The incidence of the disease for the period 1953-1960 in the total of about
10,000 inhabitants varied from 4 percent for those in a village near the
industrial facility to 0.2 percent for those in a distant village. Cats and fish-
eating birds were affected, and laboratory animals fed fish and shellfish from
Minamata Bay also developed the disease (Tsubaki and Irukayama, 1977).

In the U.S., mercury contamination of fish is especially prevalent in the
Great Lakes region; for example, the State of Michigan has issued advisories
based on its monitoring of mercury and other contaminants in sport fish
(Institute of Medicine, 1991). Since 1983, levels of methylmercury exceeded
levels of concern in about 3 out of 4 of the 60 Michigan inland lakes tested.
Because of methylmercury contamination the state advised pregnant women,
nursing mothers, women who intended to have children, and children over age
15 to eat no large-mouth bass, walleye, northern pike, or muskie from these
lakes and to eat no more than one meal per month of rock bass, crappie, and
yellow perch over 5 inches in length (Institute of Medicine, 1991). No advisory
was issued for men who may wish to reproduce, despite evidence that sperm
may be vulnerable to subtle effects as well (NRC, 1989).
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Cadmium Contamination

The mining and refining of metals such as zinc, copper, lead, and cadmium
from ore have given rise to substantial cadmium pollution in several areas of the
world. Cadmium emissions in water from mines upstream of farming areas and
deposition of atmospheric emissions from zinc smelters have resulted in
pollution of soil. Basic foodstuffs, such as rice and wheat, constitute major
hazards when they are grown in such polluted areas. The best-known example
is the case of contaminated rice grown in cadmium-polluted areas of Japan
(Friberg et al., 1985a). River water used for irrigation had been polluted by
cadmium-containing wastes from a nearby mine. In 1946, Itai-Itai byo, the
"ouch-ouch disease," was first identified. Its symptoms were later recognized to
be the result of osteomalacia—a softening of the bones caused by a deficiency
of vitamin D or of calcium and phosphorous—from chronic cadmium poisoning
that developed through the consumption of the contaminated rice (Friberg et al.,
1985b). Nakagawa et al. (1990) recently found that both definitely diagnosed
and suspected Itai-Itai subjects showed a significantly lower cumulative
survival rate than the controls. In the past three decades, a number of
epidemiologic studies demonstrated that cadmium soil pollution is associated
with a number of diseases. A dose-response relationship between cadmium in
rice and the prevalence of tubular proteinuria (an excess of serum proteins in
the urine) has been demonstrated (Nogawa and Ishizaki, 1979). Further, pH of
the water supply can directly or indirectly affect the levels of a number of heavy
metals, including mercury, lead, and cadmium that may leach into domestic
water (Graham et al., 1990).

DDT

The widespread distribution and recycling of DDT, a heavily used
pesticide in the 1950s and 1960s, illustrates how hazards to humans can remain
in the food chain. High levels of metabolites of DDT in fish caught for
subsistence eating near Triana, Alabama, in 1978 were mirrored in similarly
high levels in the persons eating those fish. An initial study of 12 residents
showed blood levels of metabolites of DDT among the highest ever recorded
(Anonymous, 1979). A subsequent cross-sectional study of residents of Triana
and the surrounding rural area used a questionnaire and blood and urine analysis
for DDT residues. It found a positive association of elevated serum triglyceride
with DDT (Kreiss et al., 1981). There were no associations with other health
effects. Other studies of residents also detected
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elevated levels of PCB, presumably ingested from fish as well (Kreiss, 1985).
Levels were linked with elevations in blood pressure and a host of other
indications of altered systemic effects, as discussed in the following chapter.
The route of exposure was believed to be to DDT, PCB, and related chemicals
derived from industrial waste dumped into a stream. The case was the subject of
intense litigation, and after its settlement, no efforts were made to obtain
additional health data. This highlights a general problem, which will be
discussed further in the next report of the committee.

Dioxin

Recent research shows that humans who regularly consume fish from
certain regions of the U.S. have higher levels of dioxin than those who do not
regularly eat fish (Kuehl et al., 1989; Schwartz et al., 1983). A European study
(Svennsson et al., 1991) has shown a statistically significant association
between reported amount of fish eaten (from polluted waters) and plasma levels
of dioxin. Fries and Paustenbach (1990) reviewed potential food sources of
dioxins. They conclude that beef is a more important pathway than milk for
dioxins.

On the matter of the toxicity to humans from dioxin, the published
literature is uneven. In animals, dioxin remains one of the most potent
carcinogens ever studied. In humans, the evidence remains mixed, although the
burden of proof has recently shifted. A study of the largest cohort of exposed
workers ever studied finds that workers exposed to dioxin have increased death
rates from overall cancer, as well as from soft-tissue sarcoma and non-
Hodgkin's lymphoma (Fingerhut et al., 1991). Many of the previous studies of
this problem have been plagued with errors in classification of exposed and
unexposed groups, according to some reports, and hence have been biased
toward a finding of no effect. Thus, Zack and Gaffey (1983) reported no
increase in cancer in a series of studies on a subgroup of the same workers in
which the positive finding has just been noted by Fingerhut et al. (1991).
However, their study excluded workers in maintenance and repair from the
exposed study group; these workers are, in fact, likely to have had high
intermittent exposures when repairing product machinery.

Studies of agricultural and forest workers directly exposed to pesticides
have also found elevations in non-Hodgkin's lymphoma and other cancers
(Alavanja et al., 1989; Wigle et al., 1990). The net result of these studies has
been to strengthen the case for considering that dioxin, a common contaminant
of some pesticides, does increase the
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risk of cancer in humans. Although a number of issues remain to be resolved,
the risk involved for humans is likely to be substantially less than that predicted
by animal studies. Bailar (1991) notes that while the results on the Fingerhut et
al. (1991) study are equivocal, they do effectively shift the burden on proof.
"The hypothesis that low exposures [to dioxin] are entirely safe for humans is
distinctly less tenable now than before" (Bailar, 1991, p. 262).

PCBs

Reports of increasing incidence of tumors in fish in the Great Lakes and
other bodies of water (Baumann, 1984) were regarded as indicators of a
potential human hazard, especially to groups such as sport fishermen and their
families. Subpopulations that consume fish taken from contaminated waters,
such as Lake Michigan and near Triana, Alabama, have mean serum
polychlorinated biphenyl (PCB) levels several times those found in other
general population groups in ranges that extend into concentrations found in
industrial populations involved in capacitor manufacture (Kreiss, 1985).
Because of concerns over prenatal exposure to PCBs and related contaminants,
236 children born to women who had consumed Lake Michigan fish were
assessed at four years of age (Jacobson et al., 1990a,b). Prenatal exposure
(indicated by umbilical cord serum PCB level) was associated with lower
weight (Jacobson et al., 1990a). The children with the greatest exposure
weighed 1.8 kilograms less on the average than did the least exposed children.
In addition, tests showed a dose-response relationship for prenatal exposure that
led to poorer short-term memory function on verbal and quantitative tests. The
effects were not attributable to a range of confounding factors, including lead
exposure.

In 1985, Rogan et al. (1988) examined 117 children born to women
affected by the 1979 mass poisoning of cooking oil with thermally degraded
PCBs in Taiwan, and 108 exposed controls. The exposed children were shorter
and lighter than the controls, and had more frequent abnormalities of gingiva,
skin, nails, teeth, and lungs. The exposed also showed higher frequency of delay
of developmental milestones, deficits on developmental testing, and
abnormalities of behavioral assessment.

Exposure To PCBs Through Other Routes

PCBs were widely used in the U.S. for two decades, and are now
restricted. Manufacture is prohibited, but exposure continues from PCBs used in
the past, primarily in electric capacitors. Capacitor
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fires can produce emissions of PCBs, along with dioxin (2,3,7,8-
tetrachlorodibenzodioxin, a common contaminant of incomplete combustion of
PCBs). Further, PCBs are a major contaminant at Superfund sites, as noted in
Chapter 3.

As an indicator of the types of effects that might be sought in those
potentially exposed to PCBs from hazardous- waste sites, data from those
exposed to PCBs under other circumstances are potentially relevant. Kilburn et
al. (1989) studied 14 firemen 6 months after exposure to PCBs and their by-
products generated in a transformer fire. Comparison with other firemen not
involved in the fire showed that those exposed had significant neurobehavioral
(cognitive function) impairment. No relationship, however, was found between
the firemen's serum or fat levels of PCBs such as Arochlor 1258 and their type
or degree of neurobehavioral impairment. These levels varied widely and were
within the ranges described for environmentally exposed populations. There
were improvements in some signs after a detoxification program. It is possible
that much of this symptomatology was related to toxic by-products of PCBs
generated in the fire.

After an office building electrical transformer fire in Binghamton, New
York, in 1981, a medical surveillance program was established for 482 fire
fighters, police, cleanup workers and others involved (Fitzgerald et al., 1989).
Of those followed, 33 percent had never worked in the building but were in the
vicinity and were included as a low-exposure control. Over a three year period
there was no reduction in fertility, fetal loss, or excess cancer incidence in
comparison to that expected from New York state rates. However, there was an
excess of reported unexplained weight loss, muscle pain, frequent coughing,
skin color changes, and nervousness or sleep problems in the heavily exposed
compared to the low-exposure group. Many of the subjects knew their exposure
status and possible health effects, so recall bias could not be excluded as an
explanation for these differences. Nevertheless, there were higher mean serum
PCB levels measured immediately after the fire in those who subsequently
reported excessive weakness, skin color changes, or loss of appetite compared
to those without such symptoms.

In a case report, Shalat et al. (1989) described three kidney
adenocarcinomas in men who worked for a public utility company and were
exposed to PCBs. The authors commented on the relatively young age of the
subjects (34, 43, and 56) but gave no details of the population from which the
cases were drawn, or the time period of observation.

In a series of studies, Rogan and his colleagues at the National Institute of
Environmental Health Sciences (NIEHS) have studied the
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effects of transplacental exposure to PCBs and DDE (dichlorodiphenyl
dichloroethene). The routes of exposure are unknown, but believed to include
contaminated soil. In a study of 912 infants born in North Carolina, samples of
placenta, maternal and cord serum, and milk/colostrum were obtained and
analyzed for PCB and DDE levels (Rogan et al., 1986). No relationship was
found between birth weight, head circumference, or neonatal jaundice and PCB
or DDE levels. However, higher PCB levels were associated with hypotonicity
and hyporeflexia and higher DDE levels with hyporeflexia. In a subsequent
follow-up of 858 of these children, examinations were conducted at 6 months
and 1 year (Gladen et al., 1988). Psychomotor testing using a scale of infant
development was related to the estimated PCB and DDE body burden of the
mother at birth. Low psychomotor development index (PDI) scores were related
to higher transplacental exposure to PCBs at 6 and 12 months of age, but no
relationship was found for the mental index (MDI) score. For high DDE levels
there was no relationship to the PDI at either 6 or 12 months, while for the MDI
higher transplacental exposure to DDE was associated with higher scores at 6
months, but there was no association at 12 months. No association was found
for breast milk PCB or DDE levels and either score. There is evidence that
prenatal exposure to PCBs shortens gestational age (Taylor et al., 1984).

In a review, Tilson et al. (1990) point to the similarity of effects from
perinatal exposure to PCBs in a variety of species (rodents, rhesus monkeys,
and humans). However, humans appear to be the most sensitive species to show
adverse effects on development and behavior in the young in terms of measured
levels of PCBs. It is also worth noting that such effects were detected after
exposure of mothers to PCBs at levels below both the relevant standards for
occupational exposure and those for food contamination.

DIRECT EXPOSURE FROM DUMPS

Arsenic

ATSDR (1989) conducted a human exposure study to determine whether
adults or children living near an abandoned arsenic production site who
frequented the area had elevated levels of urinary arsenic, and if so whether
time spent at the site was correlated with elevated urinary arsenic levels. The
only indication of unusual exposure was the finding that three children had
elevated levels of urine arsenic. These levels fell after residents were cautioned
to stay away from contaminated and potentially contaminated areas.
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The Anaconda Company Smelter in Montana operated from 1884 to 1980,
extracting copper from ore. Wastes from the smelter contaminated the area
surrounding it, including the upwind town of Anaconda (population 10,000) and
the closer, downwind community of Mill Creek (population 100). The site was
listed on the National Priorities List final list in 1983 (EPA, 1990). Binder et al.
(1987) conducted a population-based survey of the Anaconda area, studying the
relation of arsenic soil contamination levels with urinary arsenic levels in
children. It was known that the children had elevated arsenic levels when the
smelter was operating, and they were interested in seeing whether new exposure
data would verify several exposure models that predicted that the children
would have continuing significant and measurable exposure to arsenic. Soil
levels (measured in 1985) of arsenic ranged from 140-1950 ppm (mean = 715
ppm) for Mill Creek, 27-345 ppm (mean = 144 ppm) for Anaconda, to 19-146
ppm (mean = 44 ppm) for Livingston, the control community that was
demographically similar to Anaconda but had no history of mining or smelting
industries; housedust levels were also measured. Urinary arsenic levels of the
Mill Creek children were significantly higher than the Livingston children for
both March  (66.1 g/1  to 10.6 g/1)  and July (54 g/1  to 16.6 g/1).
Surprisingly, the urinary arsenic levels for Anaconda and Opportunity (6
kilometers from the smelter stack) were not significantly higher than
Livingston, thereby contradicting the prediction of the exposure models. EPA
(1990) decided to temporarily relocate all Mill Creek residents between 1986
and 1987; by 1988 all residents were permanently relocated.

Lead Exposure

Mined and processed since antiquity, lead remains a ubiquitous, persistent
environmental pollutant that is also one of those most common at Superfund
sites. Lead enters the environment through a broad range of pathways,
reflecting the diverse uses to which industrial societies have put this heavy
metal. These range from automobile and industrial emissions to paint pigments
and solder. In addition, lead enters drinking water through old lead pipes,
common in many older northeastern cities, through leaching of lead solder
applied to water pipes in homes prior to 1988, or through brass faucets that
contain some lead. Once lead is emitted into the air, it ultimately settles by
means of wet and dry deposition as soil dust and into waterways, where it can
be recycled through the environment and into humans.

Natural sources of lead provide a minimal contribution to the total
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human burden. Levels of lead in the atmosphere now are estimated to be 10 to
20 thousand times higher in some urban areas compared to more remote regions
of the globe. Lead deposited on soils can bind to a number of other naturally
occurring materials, including other dusts, clays, hydrous oxides, and humic and
fulvic acids. Soil is logically the most common repository, or sink, for airborne
lead, but it cannot be considered a permanent sink. As with other soil
contaminants, once lead pollutes soil, opportunities are enhanced for lead to be
absorbed and recycled into the human food chain through grazing animals,
home gardening, and general agricultural activity. Also, lead exposure can
occur directly from soil exposure to young children who play outdoors, mouth
objects on the ground, or engage in extensive pica. In addition, millions of
children are at risk of exposure to lead dust from old lead paint in their homes
and schools. The amount of lead that can be toxic to a young child is quite
small. The average toddler should consume no more than 100 micrograms per
day of lead, according to the World Health Organization. In the 1970s, a person
running her hand along a table top could acquire more than that amount on her
fingertip because of deposits from ambient air. Because such small amounts of
lead can be toxic, efforts are continuing to reduce exposures.

ATSDR is conducting a number of studies involving mining wastes. A
study of residential surface soils in Leadville, Colorado, located near the
California Gulch Superfund site, found that more than 60 percent of the
residential soil levels were higher than 1000 ppm and more than 80 percent had
levels higher than 500 ppm (CDOH et al., 1990). Soil lead levels of more than
500-100 ppm are associated with increased in blood lead concentrations,
especially in young children (CDC, 1985). The Leadville study found that 41
percent of  the children had blood lead levels  greater than 10 g/dl and 15
percent had greater  than 15 g/dl.  The authors note that the Bunker Hill
Superfund site in Idaho had similar findings of 41 percent of the children
having levels of 10 g/dl and above, and 14  percent had greater  than 15 g/
dl; the Silver Creek (Utah) mine tailings exposure study found a mean blood
lead level of 7.8 g/dl compared to the 4.0 g/dl of their control population
(CDOH, 1990). EPA  uses  a level of 1.4 g/dl as  its estimate of background
blood level. This indicated that at all these sites, children have elevated levels of
lead.

Studies of community residents living near metal smelters have found that
their blood lead levels correlate directly with the distance that they live from
these facilities (Landrigan et al., 1975; Baker et al., 1977), as have studies of
children living near major highways (Mahaffey, 1983). For those Superfund
sites that involve previously operating
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waste incinerators, similar patterns of exposure may also have occurred.
ATSDR issued a health advisory for the Caldwell incinerator, located in
Lenore, North Carolina, based on a health assessment that found significant
elevations of blood lead both in workers at the small incinerator and in residents
of the community (ATSDR, 1990). In addition, more than half of the 80
workers had advanced neuropathies. Although this advisory has not been
published in the literature that this report generally reviews, we cite it here as an
illustration of the fact that such community effects have been documented. Soil
lead levels in these circumstances can be an important reservoir for continuous
re-exposure of the population.

Mixed Chemical Exposure

Under many circumstances, the route of exposure is unclear. This applies
to potential chemical exposures from many toxic-waste sites. One example is a
study of residents near a landfill site in Hamilton Ontario, used from the early
1950s until 1980 for disposal of solid and liquid industrial wastes (Hertzman et
al., 1987). The study of residents was preceded by a study of workers to help
focus on relevant symptomatology. Both groups exhibited mood, narcotic, skin,
and respiratory disorders. Although perception of exposure could explain the
results of the study, it was the authors' conclusion that the adverse effects seen
were more likely than not the result of chemical exposure.

DETECTION OF CONTAMINANTS

Where residents near hazardous-waste sites have engaged in home
gardening, residues in their foods need to be carefully evaluated. In order to
evaluate these residues, background levels need to be determined. The Food and
Drug Administration (FDA) Market Basket Survey consists of four samples of
grocery products purchased annually in each of four regions of the U.S., and
prepared for eating. In the Total Diet Study, 234 different food items are
collected and analyzed four times each year in three cities in each of four
regions. Analyses are conducted on chemical residues in this market basket, in
some cases evaluating contaminants in samples as small as three raisins, and
extrapolated to the general food supply. Comparisons are made between the
residues measured and the Acceptable Daily Intakes (ADI) established for
individual contaminants. The ADI is established by panels of scientific experts
at the FDA and other international organizations and are estimated to be the
daily amount of a chemical that can be safely
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ingested, without substantially increasing an individual's lifetime risk. The FDA
Total Diet Study includes very few seafood samples. Those included, such as
haddock, pollock and fish sticks, are among the products least likely to include
significant lipophilic pesticide or other chemical contamination (Institute of
Medicine, 1991). A number of analysts have questioned the validity of applying
such a limited sampling strategy to generalizations about the nation's overall
food supply (Institute of Medicine, 1991). ADIs are set for individual
compounds; the cumulative effect cannot be calculated by such means. In
addition, the market basket survey cannot estimate contributions from either
imported or home grown produce.

Pesticide Contamination Of Food

Accidental or illegal pesticide contamination of food can result in acute
epidemics of illness. This is demonstrated by a study of one such episode in
California in 1985 (Goldman et al., 1990). Aldicarb, a carbamate pesticide, can
be incorporated into the flesh of fruits, and was found to be the source of an
extensive outbreak of illness associated with contaminated watermelons. As in
restaurant food-poisoning episodes, detection of the contamination was aided by
the fact that watermelon was consumed by a group of persons, which made it
easier to trace the cause of the multiple illnesses.

Several hazardous-waste sites contain pesticide residues and therefore
could be potential sources of foodborne exposure if they were to contaminate
nearby areas. To the committee's knowledge, such episodes have not been
reported. For example, the Hardeman County, Tennessee site (discussed in
Chapter 5) contained pesticide wastes, but the studies focussed on groundwater
as the route of exposure (Clark et al., 1982; Harris et al., 1984). While it is
probable that chronic exposure of the general population to pesticides is mainly
through the food chain (Kutz et al., 1991), accurate exposure assessment of this
route is difficult (McKone and Ryan, 1989).

Animals As Sentinels

Studies on animals provide a useful additional source of information with
which to evaluate chemical contamination in soil. Rowley et al. (1983) studied
the natural vole population at Love Canal. Voles were trapped in three areas: I-
the immediate Love Canal area, II-very close to Love Canal, and III-an area
about one kilometer away, whose vole population served as the control. They
found significant differences in mortality. The mean life expectancy after
weaning for
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voles in areas I and II being 23.6 and 29.2 days, respectively, compared to 48.8
days for the control animals from area III. Liver and adrenal weights in females
and seminal vesicle weights in males were also significantly reduced in area I
compared to area III voles. Also, levels of contaminants such as
hexachlorocyclohexane and other chlorinated hydrocarbons were detected in
voles from areas I and II, but not in those from the control area.

Another relevant study in this regard was recently completed by Hayes et
al. (1990). They conducted a case-control study of Military Working Dogs
(MWD) that served in Vietnam during the war, compared with control dogs that
served in the continental U.S. during the same time period. They found a
statistically significant elevation in the risk of testicular tumors for MWD from
Vietnam. Other laboratory studies have also detected a link between exposure to
some of the chemicals used in Vietnam, which include dioxin as a contaminant,
and a variety of cancers.

These studies of wildlife may be useful indicators of potential exposure at
hazardous-waste sites, especially for those sites that have previously been used
as playgrounds or sites for other recreational activities involving extensive
contact with soil. For further exploration of this topic, see the recent National
Research Council report on the use of animals as sentinals of environmental
health hazards (NRC, 1991).

CONCLUSIONS

Soil provides a usually unrecognized source of exposure to contaminants.
Models indicate that adults may be exposed directly or indirectly, through the
food chain, and that children incur greater exposures per unit of body weight.
Home gardening and ingestion of subsistence or recreational fish can be
important sources of these contaminants, according to a number of sources. In
addition, commercial shellfish and finfish may also be contaminated.
Epidemiologic studies of hazardous-waste sites need to incorporate
consideration of soil as a route of exposure.
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7

Biologic Markers in Studies of Hazardous-
Waste Sites

THE EPIDEMIOLOGIC STUDY of hazardous-waste sites can benefit by
incorporating into study designs analyses of biologic specimens collected from
people potentially at risk. In accord with the framework in Figure 1-1, this
chapter reviews studies of biologic markers in persons exposed to materials like
those commonly encountered at hazardous-waste sites and the few studies of
persons directly exposed at such sites. Examples of markers of exposure, effect,
and susceptibility are provided, and methodologic or other important
considerations in their use are presented. The final section discusses some of the
ethical and legal issues in the use of biologic markers in studies at hazardous-
waste sites.

TYPES OF MARKERS

As defined by the NRC Board on Environmental Studies and Toxicology,
a ''biologic marker" is any cellular or molecular indicator of toxic exposure,
adverse health effects, or susceptibility (NRC, 1987).

It is useful to classify biologic markers into three types—exposure, effect,
and susceptibility. A biologic marker of exposure is an exogenous substance or
its metabolites or the product of an interaction between a xenobiotic agent and
some target molecule or cell that is measured in a compartment within an
organism. A biologic marker
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of effect is a measurable biochemical, physiologic, or other alteration within an
organism that, depending on magnitude, can be recognized as an established or
potential health impairment or disease. A biologic marker of susceptibility is an
indicator of an inherent or acquired limitation of an organism's ability to
respond to the challenge of exposure to a specific xenobiotic substance (NRC,
1987).

Biologic markers have been discussed extensively in the scientific
literature in the past ten years but rarely with regard to hazardous-waste
research (Perera and Weinstein 1982; Fowle, 1984; CEQ, 1985; Underhill and
Radford, 1986; Harris et al., 1987; Perera, 1987a,b; Hatch and Stein, 1987;
NRC, 1987; Schulte, 1987, 1989; Hulka and Wilcosky, 1988; Hulka et al., 1990).

Biologic markers are not new. Markers such as blood lead, urinary phenol
levels in benzene exposure, and liver function assays after solvent exposure
have long been used in occupational and public health research and practice to
indicate recent exposures to these compounds. What distinguishes the current
generation of research on markers from previous markers is the greater degree
of analytical sensitivity available to detect markers and the ability these markers
offer researchers to describe events that occur all along the continuum between
exposure and clinical disease. There are domains of biologic response and
levels of resolution that were unknown 20 years ago (Schulte, 1990). For
instance, within the past few years more than 400 proteins have been identified
on sperm. In theory, chemical adducts to these can form and they have already
been detected in protamine, hemoglobin, and other vital human proteins (NRC,
1987).

Accompanying these advances in sensitivity is the requirement to consider
that numerous factors can influence the appearance of biological markers. All
people with similar exposures do not develop disease or markers indicative of
exposure or disease. Various acquired and hereditary host factors are
responsible for this variation in responses.

Biologic markers may represent signals in a continuum or progression of
events between a causal environmental exposure and resultant disease (NRC,
1987). Current technological advances and developments in basic sciences
allow for detection of smaller signals at diverse points in the continuum. These
markers are generally biochemical, molecular, genetic, immunologic, or
physiologic signals of an event. The current method for estimating risks by
relating exposure to clinical disease (morbidity and mortality) can now be
supplemented by a fuller method, one that identifies intervening relationships
more precisely or with greater detail than in the past. As a result, health events
are less likely to be viewed as binary phenomena

BIOLOGIC MARKERS IN STUDIES OF HAZARDOUS-WASTE SITES 220

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Environmental Epidemiology, Volume 1: Public Health and Hazardous Wastes
http://www.nap.edu/catalog/1802.html

http://www.nap.edu/catalog/1802.html


(presence or absence of disease) than they are to be seen as a series of changes
on a continuum—through homeostatic adaptation, dysfunction, to disease and
death.

The progression from exposure to disease has been characterized by a
number of authors and scientific committees (NRC, 1987, 1991; Perera,
1987a,b; Hatch and Stein, 1987; Schulte, 1989) and is shown in Figure 7-1.
Along the progression from exposure (E) in the environment to the
development of clinical disease (CD), four generic component classes of
biologic markers can be delineated: those that show the internal dose (ID), and
those that show the biologically effective dose (BED), early biologic effects
(EBE), and altered structure and function (ASF). Clinical disease also can be
represented by biologic markers for the current disease as well as by markers
for prognostic significance (PS). Internal dose (ID) is the amount of a
xenobiotic substance found in a biologic medium; the biologically effective
dose (BED) is the amount of that xenobiotic material that interacts with critical
subcellular, cellular, and tissue targets or with an established surrogate tissue. A
marker of early biologic effect represents an event that is correlated with, and
possibly predictive of, health impairment. Altered structure and function (ASF)
are precursor biologic changes more closely related to the development of
disease. Markers of clinical disease (CD) and of prognostic significance (PS)
show the presence and predict the future of developed disease, respectively.
Markers of susceptibility are indicators of increased (or decreased) risk for any
component in the continuum.

FIGURE 7-1 Relationship between biomarkers of susceptibility, exposure,
and effect.
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The relationship among the markers that represent events in the continuum
is influenced by various factors that reflect susceptibility for occurrence (such
as genetic or other host characteristics). These can also be represented by
markers. The definition of all the marked events has been elaborated elsewhere
(NRC, 1987; Hulka and Wilcosky, 1988).

Some biologic markers of exposure, such as DNA or protein adducts, can
be specific. DNA adducts, hemoglobin adducts, and other directly altered
proteins indicate both the presence of the xenobiotic substance and its
interaction with a critical macromolecule or the macromolecule's surrogate.
Validated markers of effect also can be used to resolve questions of whether a
constellation of signs and symptoms does or does not indicate a disease or early
pathologic process. Moreover, recognition of markers of effect can allow for
timely or prudent interventions.

It now appears possible that where valid markers can be found in exposed
persons it will not be necessary to wait for disease to occur before an
association can be made between exposure and disease. If, for example, a
preclinical change predictive of disease is identified, then the same clinical and
epidemiologic methods used in traditional epidemiology can be used to
determine an association between an exposure and a marker representing the
disease. For instance, Hemstreet et al. (1988) found that DNA hyperploidy
correlated with disease risk in workers exposed to 2-naphthylamine, a
compound known to cause bladder cancer.

Eventually, as an optimistic goal, it should be possible to identify markers
of effect that appear very early in the exposure-disease continuum, that is,
closer to the time of exposure. Similarly, exposure characterization no longer
needs to be chiefly an ecologic assessment, that is, the lumping of subgroups of
individuals into a single category or into a few categories of presumed exposure
(Hulka and Wilcosky, 1988). For instance, with biologic markers of lead
exposure, it is usually possible to distinguish workers and community residents
by evaluating the dose to target tissues: This is the true "exposure" that occurs
in people with different lifestyles, work practices, physiologic and metabolic
characteristics, and levels of exposure. Hence, from the exposure end of the
continuum, using biologic markers of dose makes it possible to move forward
in time toward the disease end. The classic epidemiologic paradigm of a
dichotomous classification of exposure and disease (exposed or not, diseased or
not) worked well in the past when exposures were large and effects were
detectable by alert clinicians and epidemiologists. However, because it is
difficult to characterize exposure accurately by using such categorical
descriptors, epidemiologic analyses can misclassify
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people in terms of exposure. Biologic markers encompass all the exposure that
occurs by various routes and from various sources and are thus of great utility
for environmental epidemiology.

Exposures to complex mixtures and multiple substances are characteristic
of hazardous-waste sites. Perera et al. (1990) have presented a stepwise
approach for separating the effects of specific constituents of a mixture. First,
external exposure is characterized as completely as possible through ambient or
personal monitoring and questionnaires. This provides an estimate of the level
and pattern of exposure both to the mixture and to its individual components.
The next step is to analyze the relationship between integrated and specific
exposure variables on the one hand and total genotoxic and procarcinogenic
effect, the broad spectrum of DNA adducts (by the postlabeling assay), class-
specific adducts (e.g., polycyclic aromatic hydro carbons by immunoassay), and
individual chemical-specific adducts (e.g., 4-ABP-Hb or BP-DNA) on the
other. For substances that do not form adducts, other indicators of biologically
effective dose can be used. Correlations between biologic markers are also
examined. Of interest is the proportion of the total genotoxic and
procarcinogenic effect of exposure to complex mixtures that is attributable to
specific constituents in the mixture. Also, there is need to know whether there is
an interaction between individual constituents or whether the effects are to be
additive. The answers could allow identification of the major pathogenic agents
present in a chemical mixture.

USE OF BIOLOGIC MARKERS IN STUDIES OF HAZARDOUS
SUBSTANCES

Biologic markers have been used occasionally in epidemiologic studies of
hazardous-waste sites (Levine and Chitwood, 1985; Phillips and Silbergeld,
1985; Buffler et al., 1985; Upton et al., 1989), predominantly as indicators of
effect. In a comprehensive review of the literature, Buffler et al. (1985)
identified an array of dermatologic, behavioral, and neurological symptoms that
might provide markers of exposure to toxic chemicals, or early indicators of
effect. Not counting symptoms or frank signs of morbidity, changes in liver
enzymes, which indicate liver function, are among the most commonly used,
presumably because of their nonspecificity and ease of analysis. Sometimes
these effects are transitory, as with a study of elevated liver function tests
(alkaline phosphatase) in persons exposed to chlorinated chemicals in domestic
water. After exposure ceased, liver function returned to normal in persons
exposed to a variety of pollutants in
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Hardeman County, Tennessee (Clark et al., 1982). The possible long-term
effects of temporary alterations in liver enzymes are unknown.

Other multiphasic tests to find markers of exposure or effect in blood and
urine also have been used, but to a lesser extent. For example, serum
cholesterol, gamma-glutamyl transpeptidase level (an indicator of enzyme
induction in the liver), and blood pressure have been studied as markers of
effect in residents of Triana, Alabama who were exposed to polychlorinated
biphenyls (PCBs) from eating fish (Kreiss et al., 1981). Eighty to ninety percent
of the levels of PCB found in the Triana study population fell within the range
found in other community groups. Results indicated that serum PCB levels were
positively associated with all the preceding measures, independent of age, sex,
body mass, and social class. Similar findings of an effect of PCB exposure on
blood pressure have been reported in studies of workers exposed to PCBs from
capacitor manufacturing (Fischbein et al., 1979).

Other studies of environmental exposure to PCB have identified additional
markers of effect in children exposed transplacentally (Rogan et al., 1988) or
through nursing or eating contaminated foods (Jacobson et al., 1990a,b).
Children born to mothers in Taiwan who previously consumed contaminated oil
have characteristic skin lesions and pigmentation, lower birth weights, impeded
neurobehavioral development, and reduced head circumference (Rogan et al.,
1988). Children with PCB levels that fall in the range of background for the
U.S. in their cord blood at birth were more likely to be developmentally
retarded than children with lower PCB levels (Rogan and Miller, 1989).
Jacobson et al. (1990a) found that the highest exposed children on average
weighed 1.8 kg less than the least exposed. Follow-up studies of these children
at age 4 showed that serum PCB levels were associated with reduced activity
and some decrements in neurobehavioral performance (Jacobson et al., 1990b).

The development of markers of exposure and markers of effect is
proceeding rapidly in the field of neurotoxicology (NRC, in press). Studies that
use nerve conduction velocity as a marker of potential neurotoxic effects have
been conducted on persons exposed to mixtures from some dump sites
(Schaumburg et al., 1983); they found significant impedance of normal
conduction linked to such exposures.

More recently, researchers at Boston University have studied markers of
neurological function in persons from Woburn, Massachusetts, six years after
exposure ceased to trichloroethylene (TCE) (Feldman et al., 1990). TCE levels
in domestic water had been from 30 to 80 times higher than the recommended
EPA Maximum Contamination Levels (MCL) of 5 ppb. As Chapter 3 noted,
TCE is one of the most common pollutants at Superfund sites and also is
emitted by drycleaners, household
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cleaning agents, and degreasers. Exposed and control subjects were studied with
a neurobehavioral evaluation protocol that included clinical tests, nerve
conduction studies, blink reflex measurements, and extensive
neuropsychological testing. The blink reflex indicates the physiological
integrity of the afferent and efferent circuitry of the Vth (trigeminal) and VIIth 

(facial) cranial nerves. A physician using electromyographic equipment,
quantitatively evaluated reflex latency responses with an automated
oscilloscope for several modalities of stimulation. Highly significant differences
were detected between the two groups, with a level of significance of 0.0001.
Feldman et al. (1990) conclude that the blink reflex measurement appears useful
in evaluating a population group with a history of chronic low-dose exposure to
TCE, providing a sensitive method for evaluating subclinical neurotoxic effects
on the Vth-VIIth cranial nerve circuitry.

While not commonly thought of as constituting markers, neurobehavioral
tests can provide a diverse range of measures of toxic exposures and effects. A
battery of neurobehavioral tests has been applied to the study of persons
exposed to materials that occur at hazardous-waste sites (Table 7-1). This
battery includes numerous expressions of neurotoxic central and peripheral
neuropathy and covers a wide array of functions. A comprehensive review of
developing techniques in neurobehavioral assessment found consistent and
significant neurobehavioral effects and a range of other subtle neurological
alterations in persons exposed to metals, solvents, and insecticides, with some
indication of greater effects in those with greater estimated exposures (White et
al., 1990). Animal studies reveal that TCE inhalation also induces a range of
neurotoxic effects in rodents (Dorfmueller et al., 1979).

As discussed in Chapter 6, biologic monitoring for neurotoxic chemicals
such as TCE has also identified specific markers of exposure. Levels of
metabolites of TCE in urine have been determined in persons exposed
environmentally and in human volunteers. About 60 percent of TCE is
metabolized and excreted in the urine as one of three compounds, di- and
trichloroacetic acid, trichloroethanol, and trichloroethanol glucuronide; a small
amount (about 10 percent) is exhaled by the lungs as TCE. The typical kinetics
and compartments for excretion or uptake of the remaining 30 percent of TCE
are unknown, according to studies that have used human volunteers (Monster et
al., 1979). There is no evidence of saturation in humans, that is, an exposure
above and beyond which there is no uptake; but studies in mice and rats
exposed to TCE in water or air indicate metabolic saturation in those species
(ATSDR, 1989). Dichloroacetic acid (DCA) is both a by-product of chlorine
disinfection of water containing natural organic material and a key metabolite
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TABLE 7-1 Neuropsychological Test Battery

Test Description Function
1. Wechsler Adult Intelligence Scale, Wechsler Adult Intelligence Scale—Revised
Subtests:
Information Questions of an

academic nature
Basic academic verbal
skills

Digit span Digits forward and
backward

Attention

Vocabulary Word definitions Verbal concept formation
Arithmetic Oral calculations Attention, calculation
Comprehension Questions involving

problem solving,
judgment, social
knowledge, proverb
interpretation

Verbal concept formation

Similarities Deduction of
similarities between
nouns

Verbal concept formation

Picture completion Identification of
missing parts of pictures

Visuospatial (analysis)

Picture arrangement Sequencing pictures to
tell a story

Sequencing, visuospatial
(reasoning)

Block design Replicating designs of
red &#038; white blocks

Visuospatial
(organization)

Object assembly Puzzle assembly Visuospatial
(organization)

Digit symbol (with
incidental learning tast)

Coding Motor speed (visual
short-term memory)
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Test Description Function
2. Weschler Memory Scale, Weschler Memory Scale—Revised
Information Personal information

and political names
Orientation Time and place
Mental control Count backwards 20-1;

recite alphabet; count by
3's beginning with 1

Cognitive tracking,
attention

Digit span Digits forward and
backward

Attention

Visual spans Pointing Span on visual
array

Attention (visual)

Logical memories with
delayed recall

Recall of narrative
material presented in 2
paragraphs

Verbal memory
acquisition, retention

Visual reproductions with
delayed recall

Drawing visual designs
from immediate recall

Visual memory
acquisition, retention

Verbal paired associates Learning of 10 paired
associates

Verbal memory
acquisition, retention

Visual paired associates Recognition memory for
colors paired with designs

Visual memory

Figural memory Multiple-choice memory
for visual designs

Visual memory

3. Continuous
Performance Testing

Subject sees rapidly
presented letters, must
press button when X
appears

Attention reaction time
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Test Description Function
4. Trails Connecting numbered

dots, then alternating
between numbered and
lettered dots

Attention, tracking
sequencing

5. Wisconsin Card Sorting
Test

Categorical sorting of
cards

Concept formation

6. FAS-Verbal Fluency Production of words with
F, A, and S in 1' each

Language (fluency)

7. Boston Naming Test Naming objects depicted
in line drawings

Language

8. Reading
Comprehension Subtest,
Boston Diagnostic
Aphasia Examination

Screening test of reading
comprehension

Language (reading)

9. Wide Range
Achievement Test

Reading, spelling,
arithmetic

Basic academic skills

10. Boston Visuospatial
Quantitative Battery

Drawing objects
spontaneously and to
copy, clocks, U.S. map
locations

Visuospatial

11. Santa Ana Form
Board Test

Turn pegs 90 degrees
with each hand separately
and both hands

Motor speed

12. Milner Facial
Recognition Test

Matching and
remembering similar
unknown faces

Visual memory,
visuospatial (analysis)

13. Benton Visual
Retention Test

Multiple choice recall of
visual designs

Visual memory

14. Difficult Paired
Learning

10 paired associates low
in associative value

Verbal memory

15. Albert's Famous Faces
Test

Recall of famous faces
from past decades

Retrograde memory
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Test Description Function
16. Profile of Mood States Mood testing on 6

dimensions: anger, vigor,
tension, depression, fatigue,
confusion

Affect

17. Minnesota Multiphasic
Personality Inventory,
MMPI-R

Personality test Personality, affect

18. Interview Extensive clinical interview
re: medical and cognitive
symptoms, psychiatric
symptoms, personal
background, and work and
educational history

Source: Adapted from draft of White et al., 1990, with permission of the authors.

of TCE. DCA exposure of pregnant Long-Evans rats by oral intubation
produced dose-related cardiac malformations in fetuses (Smith et al., 1990).
Other studies of environmental exposures to TCE have found significant
associations between exposures to TCE in workers in chemical or paint
manufacturing facilities plants and levels of TCE in exhaled breath (Wallace et
al., 1986).

There is a growing literature on cytogenetic changes and somatic
mutations as markers that indicate either exposures to carcinogens or as
potential early effects predictive of cancer (Albertini, 1982; Marx, 1989).
Cytogenetic markers, sister chromatid exchanges, and chromosome aberrations
were assessed in residents of Love Canal, New York (Heath et al., 1984), but
otherwise use of these markers in epidemiologic studies of hazardous-waste
sites has been limited.

One potentially useful marker is the T-cell assay for the hypoxanthine-
guanine phosphoribosyltransferase (HPRT) gene as a mutation indicator. This
assay has been shown to detect HPRT mutations in human T-cells of atomic
bomb survivors 40 years after the explosion (Hakoda et al., 1988). To assess the
mutational impact of various types of environmental exposures, an HPRT
Mutational Spectra Repository has been established (Marx, 1989). This could
assist in assessing hazardous-waste exposures. In addition to determining
whether there has been an HPRT mutation, it is now possible to identify
particular
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sequences, with a gene, that are mutated (Thilly et al., 1982). This capability
may allow for the differentiation of the mutational changes that occur
spontaneously in a person's cells from those gene changes that might be induced
by environmental exposures (Marx, 1989).

Markers of exposure, because of their accessibility and relative ease of
interpretation, have been used more often than have markers of effect. In a
number of studies markers of exposure have been used to show internal doses
of such substances as lead, TCE or its metabolites, or PCBs in serum. No direct
studies on persons living near hazardous-waste or Superfund sites have thus far
used more sophisticated cellular and biochemical markers, such as DNA or
protein adducts, to assess exposure in epidemiologic studies. However, a
number of studies have detected adducts to chemicals that may also be found at
such sites (see discussion of Hemminki et al., 1990, below). No epidemiologic
studies have been found involving hazardous-waste sites that use biologic
markers of susceptibility.

For the most part, biologic markers have not been extensively used in
epidemiologic studies of hazardous-waste sites because research has not yet
linked cellular and molecular biochemical tests with specific disease risks and
with other biologic markers (Heath, 1983). There appears to be no impetus for
performing the preparatory studies necessary to take a marker at the laboratory
development stage and adequately characterize it for use in field studies of
waste site populations. This latter use requires understanding of the natural
history, persistence, background levels, variability, and confounding factors for
candidate markers. Also, cost considerations may be pivotal, insofar as some of
the techniques involve expensive and time-consuming instrumentation. New
technologies will offer some exciting options, which will be discussed further in
Report 2.

The Centers for Disease Control (CDC) and the Agency for Toxic
Substances and Disease Registry (ATSDR) Subcommittee on Biomarkers of
Organ Damage has assessed the potential of markers for use in screening
populations near hazardous-waste sites (CDC/ATSDR, 1990). The
subcommittee's report discusses markers for the renal, hepatobiliary, and
immune systems. It distinguishes tests that are performed routinely in clinical
laboratories from those that are used in epidemiologic population studies. The
criteria for the usefulness of markers will vary according to their purpose. The
report concludes that the ideal marker should be relatively specific to a narrow
range of toxicants and that it should be relatively absent or constant in
unexposed controls. It should be possible to measure by minimally invasive
means that are acceptable to the subject, and it should be inexpensive to
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measure, especially for intervention programs and epidemiologic studies. The
ideal marker should be measurable with high sensitivity, specificity, and
reproducibility, and it should yield predictive values with high probability.
Changes in the marker caused by exposure to the toxicant should be larger than
the normal variation in unexposed populations, and changes caused by possible
confounding factors (such as diet, age, gender, and lifestyle) should be known
and understood by those who interpret test results. It is important to know the
extent to which a marker signals relatively recent or past exposure, the extent to
which it indicates peak as opposed to integrated (chronic) exposures, and the
extent to which it shows cumulative rather than noncumulative effects. Rarely
does any marker meet these objectives completely (CDC/ATSDR, 1990).

Biologic Monitoring Of Hazardous-Waste And Other Workers

One of the first opportunities for extensive use of biologic markers will be
in monitoring the health of workers at hazardous-waste sites. Even though they
wear protective equipment, their exposures are qualitatively similar to those that
may be encountered by residents before an area has been certified as a
hazardous-waste site. Studies on these workers are relevant to the
environmental epidemiologic study of waste sites. The hazardous-waste
disposal industry is burgeoning (Gochfeld et al., 1990), and it is covered by an
Occupational Safety and Health Administration standard that requires medical
surveillance of workers. Site owners and unions already conduct health
monitoring, and their experience could be applicable to groups in the
community. Like community exposures, occupational exposures often will be to
unknown mixtures that can react to form new substances.

The use of biologic markers of exposure generally has been limited to
studies that monitor the health of hazardous-waste workers, generally for
exposure to heavy metals and pesticides, and the yield of these efforts has been
low to date, reflecting the evolving nature of the field (Gochfeld, 1990).
Biologic markers of effect also have been identified in occupational studies
(Hodgson et al., 1990). Traditional liver injury tests provide insensitive
measures of overall liver function and cannot reflect specific chemical
exposures. The liver is a target organ for many toxicants found at waste sites.
Newer techniques that detect urinary excretion of metabolites and other specific
abnormalities need to be validated, so that they can be incorporated into
biologic monitoring (Hodgson et al., 1990). The interpretation of liver injury in
hazardous-waste workers with potential exposure to
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hepatotoxins is difficult for several reasons: The true predictive value of the
tests for liver injury is not known, the long-term prognosis of transient or minor
elevation of liver function is undefined or poorly developed, the mathematic
foundations of surveillance are poorly developed, and competing causes of
nonspecific liver disease (such as viral illness, alcohol consumption, and minor
exposure to hepatotoxins) are undefined (Hodgson et al., 1990).

Although other markers of effect, such as cytogenetic effects, have been
used in populations near hazardous-waste sites, they have not been generally
reported for workers. One impressive exception is a number of studies that use
proteins that show mutated or overexpressed oncogenes in pilot studies of
workers in the hazardous-waste and foundry industries. A study of 16 municipal
workers engaged in hazardous-waste cleanup showed a serum oncoprotein (ras
p21) abnormality not found in unexposed controls, in half the workers (Brandt-
Rauf and Niman, 1988). Brandt-Rauf (1988) demonstrated the predictive utility
of using protein products of oncogenes as potential markers of cancer risk.
Abnormal patterns of oncogene-related protein products were detected both in
the biologic fluids of individuals who had contracted cancer and in an
individual who later developed a premalignant colonic polyp. At the time of the
evaluation of oncogene-related proteins, all the workers surveyed were
clinically healthy. Within 18 months, the individual with the abnormal ras
oncogene product, who had workplace exposures to PCBs, asbestos, and
pesticides and also smoked 20 cigarettes a day, had developed the colonic polyp
(Brandt-Rauf et al., 1990a). The ras oncogene can be activated by two
mechanisms: point mutations or overexpression of proto-oncogene. The authors
speculate that asbestos exposure in this case may have produced oncogene
activation by the latter process, in that asbestos fibers are capable of
transfecting exogenous DNA segments, such as oncogenes and promoter
sequences. Following removal of the colonic polyp, ras-encoded p21 protein
was no longer detected in the patient's serum. This case points out the potential
utility of oncogene protein products as markers for the early detection of cancer.
Additional studies are underway to assess this possibility (Brandt-Rauf et al.,
1990a).

Similar findings were obtained in a comparison of 16 municipal hazardous-
waste cleanup workers handling PCBs and 17 more protected employees of a
state agency, with those exposed showing higher frequencies of various serum
oncogene proteins. Nine of the municipal workers had positive findings for fes,
ras, or sis oncoproteins compared with two of the state workers. Some of these
findings may have been attributable to smoking, but the investigators conclude
than an exposure related effect was also present (Brandt-Rauf et al.,
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1989). A related study of foundry workers used a new technique for detecting
oncogene activation based on immunoblotting for oncogene proteins in serum.
In this study, 3 of 18 foundry workers with exposures to known carcinogens,
such as polycyclic aromatic hydrocarbons, exhibited abnormal expression of the
proteins of the ras and fes oncogenes, in contrast to none of the unexposed
workers (Brandt-Rauf et al., 1990b). This approach has promise because it uses
only a small amount of serum, and appears to be a general signal for the
oncogenic process (Brandt-Rauf et al., 1989).

While the risk of cancer provides a central focus for much research on
markers, risks to human reproduction offer another focal point, for which much
shorter time periods between exposure and evidence of a related health effect
are involved (NRC, 1989). Several studies have revealed that workplace
exposures to males influence their ability to reproduce, as well as the health of
their offspring. After a group of workers exposed to the pesticide
dibromochloropropane (DBCP) had determined that they had all been unable to
father children (Whorton et al., 1977), researchers confirmed that the exposed
workers had abnormal sperm morphology and motility (Babich et al., 1981).
Earlier studies revealed similar effects in multiple species, including testicular
atrophy (Torkelson et al., 1961).

A series of studies using refined and automated measures of sperm
concentration and sperm head morphology have recently found significant
effects on male reproductive capacity related to exposures to pesticides or to
general environmental exposures. DeStefano et al. (1989) conducted studies of
reproductive effects in Vietnam veterans and reported that those who served in
Vietnam were twice as likely to have lowered sperm concentrations and
significantly reduced sperm morphology, with longer axis length and head
circumference. The number of children fathered in both groups were
comparable. However, whether the children of Vietnam veterans may have
incurred other teratospermic or genetic defects has not been determined. In this
context, it is noteworthy that Silbergeld et al. (1990) report that rats exposed to
low levels of lead fathered defective offspring when mated with unexposed
females. Thus, male mediated exposures may allow fertilization, but
nonetheless convey hazards to offspring. The possibility of germ cell mutation
needs to be carefully assessed in these circumstances.

Whatever the mechanism may be, a variety of characteristics of sperm
have been detected and found to change with exposures to pesticides and other
chemicals, such as those encountered at hazardous-waste sites or through other
channels. Markers of exposure or effect can include changes in sperm shape,
concentration, pH, viability, velocity, and motility. In addition, protamine
adducts have been
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studied in exposed animals (NRC, 1989), and adducts may also be found for
other important sperm proteins. Welch et al. (1988) report that painters with
exposures to ethylene glycol ethers had increased rates of sperm abnormalities,
such as oligospermia and azoospermia, along with lower sperm counts.
Ratcliffe et al. (1989) similarly find that workers with long-term exposure to 2-
ethoxyethanol, a known animal reproductive toxin, have significantly reduced
sperm count, when compared to unexposed workers. Studies of pesticide
exposures show similar effects in workers. Ratcliffe et al. (1987) investigated
men who had long-term exposures to ethylene dibromide (EDB) a now banned
pesticide, known to cause reproductive dysfunction in animals. Exposed
workers had significant impairments in a number of measures of sperm,
including sperm count, the percentage of viable and motile sperm, and increases
in the proportion of sperm with physical abnormalities (such as missing heads
and abnormal tails), even though their exposures were well below the existing
federal safety standard. Further work on EDB-exposed workers confirmed this
finding and noted that long-term and short exposure produced distinct effects.
Longer-term exposure resulted in decreased sperm motility and viability, and
increased cell death, while short-term exposure slowed sperm velocity
(Schrader et al., 1988).

Biologic markers of effect, such as alterations in sperm, can be used in
studies of hazardous-waste workers and community residents even if the effects
have not been related to specific diseases. Such markers show various routes of
exposure to a multiplicity of substances and provide an indicator of total
mutagenic load, which could have direct implications for reproductive or
carcinogenic diseases. In this regard, such markers of effect also can be
considered markers of exposure.

General Environmental And Occupational Health Research

A broader picture of the use of biologic markers can be gleaned by
reviewing the general environmental and occupational health literature,
especially the few reports that involve exposure to materials commonly found at
hazardous-waste sites. Schulte et al. (1987) reviewed papers published in nine
environmental and occupational health journals between 1981 and 1985. The
articles are described according to trends (by year and journal) for type of
markers, substances monitored, study design, biologic media sampled, and the
studies' goals.

In all, 3738 articles were listed, of which 585 (15.6 percent) involved
biologic monitoring. This percentage was relatively constant
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over the period; the highest percentage (18 percent) appeared in 1983, and the
lowest (12 percent) appeared in 1985. When the articles were grouped into three
categories suggested by Zielhuis (1984, 1985) it was shown that 69 percent of
the studies measured a toxin, 19 percent of the studies measured a metabolite,
and 12 percent measured an agent-specific nonadverse effect (a reversible
biologic change that is related to a specific exposure).

Then the articles were grouped into six categories, the three previously
mentioned and three others. The most frequent topics were measurements of
biologic substances that were not agent-specific but that caused nonadverse
biological effects. This group, exemplified by changes in routine clinical
chemistries, could be termed ambiguous effects, and it accounted for 26 percent
of studies. Another group of measures of health effects, such as abnormal urine
cytology, made up 14 percent of the studies. A third group of studies constituted
31 papers (5.3 percent) involving genetic monitoring and 4 papers (0.6 percent)
involving genetic screening. Overall, it was found that 41 percent of the studies
measured a toxic substance, 11 percent measured a metabolite, and 7 percent
measured an agent-specific nonadverse effect.

Approximately half of the studies involved sampling blood for biologic
monitoring. There appears to be an increasing trend in the use of blood
specimens for monitoring. Urine was monitored in 28.3 percent, lung tissue in
4.3 percent, expired air in 2.3 percent, hair in 2.2 percent, adipose tissue in 1.2
percent, and saliva in 1.1 percent. Other media, such as breast milk, teeth,
semen, bone, feces, liver, conjunctival fluid, and skin, were 14.9 percent of the
media evaluated. Each of these other media was examined in 1-2 percent of the
studies. Except for blood, the trends in all other media were fairly constant.

Goal Of Biologic Monitoring Studies

Bernard and Lauwerys (1986) observe that most biologic monitoring
studies focus on the relationships between internal dose and external exposure
rather than between internal dose and adverse effect. Schulte et al. (1987)
confirmed this observation—74 percent of the studies reviewed in their paper
evaluate the relationship between the level of environmental exposure and the
biologic level of the toxicant or metabolite. Typical among this type of study
was the correlation of lead measured in air and the concentration of lead in
blood. Approximately 21 percent of studies attempt to link the results of
biologic monitoring done concurrently with the assessment of a health outcome.
Similarly, but to a lesser degree, approximately 3 percent
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of studies attempt to link historical biologic monitoring data with a subsequent
health outcome. One example is a study that links past levels of mercury in
urine with current evidence of neurotoxicity (Williamson et al., 1982).

In 2 percent of the studies (Schulte et al., 1987), biologic monitoring was
used to supplement or confirm indirect data on exposures. For example, several
studies involving biologic monitoring of heavy metals relate blood and urine
levels to job classifications and length of employment or to historical air
monitoring records in company personnel information (Hesley and Wimbish,
1981; Hassler et al., 1983; Piikivi et al., 1984).

VALIDATION

Few biologic markers have been validated as tools for environmental
epidemiology. The validity of a biologic marker can be viewed in terms of
''measurement validity" as used in epidemiology (Last, 1983). Three aspects of
measurement validity have been defined: construct validity, content validity,
and criterion validity. The construct validity of a biologic marker is its ability to
correspond to theoretical constructs under study. For example, if kidney
function changes with age, then a biologic marker of kidney function with
construct validity should change as well. A biologic marker has content validity
if it incorporates the domain of the phenomenon under study. For example, a
DNA adduct for aromatic amines will represent exposure from various routes
and from occupational and lifestyle exposures. A biologic marker will have
criterion validity according to the extent to which the measurement correlates
with an external criterion of the phenomenon under study. The two types of
criterion validity that have been distinguished are concurrent validity and
predictive validity (Last, 1983). A marker has concurrent validity if it and the
criterion refer to the same point in time. For example, ambient air measures of
occupational exposure to TCE could be validated against breath analysis of
TCE. Predictive validity indicates the ability of a marker to predict a criterion.
For example, detection of the immunologic marker HLA B27 can be validated
against the appearance of ankylosing spondylitis, a degenerative joint disease.

Validation of the relationship between various components of the
continuum from exposure to disease involves four levels of effort, as adapted
from Gann (1986): (1) the determination of an association between a marker
and a preceding exposure or subsequent effect; (2) the location, shape, and
slope of the exposure-marker or marker-effect relationship; (3) the threshold of
"no observed effect level" if it
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exists; and (4) the positive predictive value of the marker for exposure or
disease. For example, in validating a marker of exposure, the first step would be
to see whether there is an association between exposure, such as by air, and the
marker. The next step would be to seek the nature of that relationship: How
much exposure produces how much marker? The third step is an amplification
of the second. Are there levels of exposure that might not result in the
appearance of a marker? Finally, how well does the marker indicate what
exposure has occurred?

The validity of biologic markers can be assessed in terms of sensitivity,
specificity, event frequency, and predictive value. The relationship between
these characteristics and the frequency with which a marker is found is
exhibited by the equation m = bp + (1 - a)(1 - p); m is marker frequency, b is
sensitivity, p is disease frequency, and a is specificity (Khoury et al., 1985). The
positive predictive value (PPV) of a marker is the probability that persons with
the marker will have experienced the event it represents. The ultimate criterion
of the utility of a marker is strong positive predictive value.

Ultimately, as discussed by Hatch and Stein (1987), an essential
requirement for a biologic marker of effect is that it should identify from among
all exposed individuals those most likely to become diseased. Ideally, we
should be able to observe a considerable gradient proceeding from left to right
in the continuum between exposure and early biologic change (Figure 7-1). If
the numbers scored positive for the left-most markers do not include those
positive for altered structure and function or clinical disease, the marker is of
dubious value (Hatch and Stein, 1987).

It is useful to consider two other definitions of validity: laboratory validity
and population validity. Laboratory validity is the characteristic of a marker
assay or test system to be sensitive and specific (Griffith et al., 1989). To be
able to measure a marker or declare it absent, laboratory validity depends on the
characteristics of the test (reliability, accuracy, precision) and on the biologic
characteristics of the marker. Population validity refers to how well the markers
depict an event in a population. It does not matter how well you can measure a
marker if there is too little to find among those being studied (i.e., in a particular
sample from a population). Hence, in assessing the validity of a marker in a
population, it is necessary to consider the prevalence of the marker in the
population and the specificity of the test. Both affect the predictive value.
Despite high test sensitivity, some markers will have little predictive value if
they have a low prevalence in the study population, unless they also have
perfect specificity.
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Validation studies in humans should include determinations of sensitivity,
specificity, predictive value, and the range of normal values of a marker
(Schulte, 1987, 1989). Important aspects of such studies are adequate sample
size; control for confounders such as age, sex, and race; and variability. It is
also important that researchers understand the purpose of the marker, that is,
why the marker is being considered and what aspect of the exposure-disease
association it is supposed to indicate. It is also necessary to determine the extent
that a marker reflects recent or past exposures, peak as opposed to integrated
exposures, and cumulative rather than noncumulative biologic effects (Valanis,
1986).

Most validation studies proceed from laboratory evaluations of animals to
experimental studies of small groups of humans to larger cross-sectional
studies. The assessment of risk of disease or of the ability of a marker to predict
disease, however, requires that temporal considerations be included in the
design. Hence, retrospective or prospective studies that allow for evaluation of
the presence of a marker and of a subsequent rate of disease development are
necessary for true validation. Before instituting a large-scale study of the
usefulness of a biologic marker, it is necessary to examine critically the initial
research on the marker, including the milieu in which the research was done.
Early research on tumor markers demonstrates the problems that can arise.
Research on tests for tumor markers involves both the laboratory carrying out
(and perhaps still developing) tests and the clinicians treating the patients. To
generate mutual interest and enthusiasm, neither will have been "blind" to the
findings of the other. As a result, the data available in the early stages are likely
to be biased or opportunistic (Tate, 1983). To avoid this, it is important that the
design of marker studies, particularly at the validation stage, be oriented toward
controlling for selection or other biases and that the studies be "blinded."

The validation of biologic markers for use in epidemiologic research
requires extensive laboratory work prior to testing in humans. Key to the
validation procedure is agreement on what constitutes a "critical effect"
(Hernberg, 1987; Perera, 1987b)—one that must occur in the progression
between exposure and disease. Exposure to toxic substances results in a range
of effects on biologic systems. There is a need to have general agreement on
which of these effects are critical (that is, which indicate some aspect of a
disease response) and which are merely adaptive. Subsequently, it is necessary
to relate critical effects to dose estimates, to determine what factors affect dose
and to define a level of exposure for which there is no discernible toxic effect
(Hernberg, 1987; Perera, 1987b).
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The U.S. Environmental Protection Agency (EPA) has commissioned the
development of a decision model for biologic markers of exposure. The
objective of the program is to identify and test appropriate markers for use in
conjunction with other environmental data to provide better measures of
exposure, and ultimately of risk, to individuals and populations (Bull, 1989;
Nauman et al., 1990). The 10 steps in the process, which uses a mix of
laboratory and field studies, are shown in Table 7-2. After confirmation in tests
with animals, the markers will have been shown capable of reliably indicating
exposure to a target chemical in a small population for which gradients of
exposure are established. The final validation step will demonstrate that results
are within the limits of variability defined by lifestyle, disease state, therapeutic
agents, and genetic and environmental factors. This effort requires an
epidemiologic design and will involve a population large enough to allow the
variables to be evaluated (Bull, 1989).

MARKERS OF EXPOSURE, EFFECT, AND SUSCEPTIBILITY

This section reviews examples of the three broad categories of biologic
markers—exposure, effect, and susceptibility—to identify some of the
methodologic issues that pertain to using markers in epidemiologic studies of
people exposed to hazardous-wastes. For each type of marker, pertinent issues
in the study of hazardous-waste sites will be identified. Not all of the markers
discussed have been validated. In some cases, they represent potentially useful
indicators. In other cases, they are included only to illustrate an issue.

Whether a marker is indicative of exposure, disease, or susceptibility will
depend on the state of knowledge concerning the relationship between the
marker and the conditions of exposure, disease, or susceptibility that the
markers represent. The allocation of markers to one of three categories is
subjective and could change.

DNA And Protein Adducts, Markers Of Exposure

DNA and protein adducts hold great promise as markers of exposure in
environmental epidemiology because they allow for measurement of the
amount of xenobiotic substances that interact with critical macromolecules.
This is of major interest in the studies of mutagenesis and carcinogenesis in
which DNA is involved. However, DNA and protein adducts also can be used
to measure exposures that cause other diseases that do not have a genotoxic
etiology. For example, albumin adducts could indicate a xenobiotic dose to the
liver. The
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TABLE 7-2 Steps in the Development of a Biomarker

Step Action Required Relative Importancea

1. Chemical Selection Prioritize based on
occurrence, significant
human exposure, potential
for adverse human health
effects.

C

2. Conceptualization Identify logical
consequence of chemical
exposure that might serve
as a useful measure of
exposure.

C

3. Confirmation of Concept Experimentally confirm the
validity of the basic concept.

C

4. Develop Method of
Measurement

Identify method for
detecting changes in
biomarker at doses at or
below those producing
toxic effects.

C

5. Biomarker Practical for
Field?

Develop plausible field
methodology and develop
sufficient sensitivity of
biomarker to monitor
existing exposures.

L

6. Establish Dose-Response
Relationship

Characterize
pharmacokinetics and
metabolism of chemical.
(Consistent relationship to
systematic dose is critical;
knowledge of effective
dose is limiting.)

C,L

7. Identify Variables
Affecting Relation-ship
with Dose

Establish specificity of
response and identify
lifestyle, genetic, disease
state, therapeutic, or
occupational variables that
modify the response.

C,L

8. Measures Toxic Effect? Provides advantage only
among biomarkers of equal
ability as measures of
exposure.

N

9. Validation of
Applicability to Humans

Conduct pilot study in
small groups of humans
with defined exposure
gradients to the chemical of
interest.

C

10. Conduct Demonstration
Study

Determine whether
variation in response in
larger population can be
accounted for by known
variables.

C

a C = Critical to the application of the biomarker; L = Limiting to the application of the
biomarker, i.e., places limits on interpretation of results for secondary purposes, e.g., risk
assessment; N = Nice to have, but not essential to the application of the biomarker.
Source: Bull, 1989.
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key feature in adduct formation is that the substance binds covalently to
DNA or protein.

If a macromolecular adduct is to be useful as a marker of exposure, it
should meet the following criteria: Its formation should be able to be
characterized by a linear dose-response curve; for single exposures over the
dose range of interest, it must be stable enough to accumulate over a specific
period; and it must be detectable by existing methods of analysis (Schnell and
Chiang, 1990). These three requirements can be influenced by highly efficient
DNA repair mechanisms. Rates of DNA repair have been shown to vary
between adducts, tissues, and individuals (Perera et al., 1988). In addition, DNA
adducts can be "diluted" by cell proliferation (i.e., hyperplasia), a common
response to cytotoxic insult (Schnell and Chiang, 1990). Despite these
limitations, DNA adduct levels for some classes of compounds have been found
to correlate with genotoxic exposures (Törngvist et al., 1986a).

A study by Hemminki et al. (1990) illustrates some of the issues that must
be addressed in using DNA adducts in environmental epidemiology. These
investigators studied the effect of environmental pollution on DNA adducts in
humans in a highly industrialized area of Poland. DNA adducts in peripheral
lymphocytes were analyzed by P32-post-labeling and immunoassay. Specimens
were collected from three populations: coke workers who were exposed
occupationally to high levels of polycyclic aromatic hydrocarbons, residents of
towns around the coke ovens (local controls), and residents from rural Poland
(countryside controls). Overall, local controls exhibited adduct levels and
patterns similar to those of coke workers, whereas the levels in rural controls
were two to three times lower. Assays were performed in duplicate, by two
different laboratories, and they showed extensive interindividual variations of
approximately 10-fold among local and countryside controls and approximately
150-fold among coke workers. This indicates large interindividual variations in
exposure to or metabolic activation of the hydrocarbons or in the repair of
DNA. Although the results were correlated, there also were interlaboratory
variations. The results from one laboratory were generally twice those in the
other, but the patterns were similar. Important in the type of analysis was the
need to adjust the mean adduct level for age and smoking.

In addition to variability in the frequency and rate of repair of DNA
adducts, there is a question of the extent to which DNA adducts in lymphocytes
represent the historic exposure of an individual and the biologically effective
dose. Because lymphocytes are in contact with many body tissues, they can
provide an integrated measure of
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exposure (Perera et al., 1987; Golding and Lucier, 1990). The variable life span
of lymphocytes makes the number of adducts that persist after a given amount
of time extremely variable, even within the same person. However, any immune
disturbance, such as a common cold, can profoundly affect the number and life
span of lymphocytes, so controlling for these factors can be difficult (Golding
and Lucier, 1990).

Protein adducts could be better measures of dose than are DNA adducts for
some purposes. Protein adducts are not repaired and they tend to persist for the
life of the protein (about 18 weeks for hemoglobin). They also accumulate in a
dose-related manner (Schnell and Chiang, 1990). At least 60 compounds,
including examples of most of the important classes of mutagens and
carcinogens, have been shown to form hemoglobin adducts (Calleman, 1986).

The ability to monitor exposure through hemoglobin adducts is limited by
the presence in some cases of high background levels that tend to mask the
effects of low levels of exposure. The background levels of some human
hemoglobin adducts are listed in Table 7-3. As the data indicate, the problem is
greatest for methylating agents (Schnell and Chiang, 1990). Compound
exposures (different chemicals and different sources of the same chemical that
can produce identical adducts) from unknown sources contribute to high
background levels. Additional background levels of some adducts, such as those
for ethylene oxide, can be produced by endogenous metabolic reactions. The
role of genetic characteristics also could affect the formation of hemoglobin
adducts. Vineis et al. (1990) report that the formation of 4-aminobiphenyl-
hemoglobin adducts in smokers is associated with whether they are slow or fast
acetylators, which is a genetically determined metabolic characteristic.

Despite these limitations, several investigators have established a
relationship between exposure to toxicants and the formation of hemoglobin
adducts and DNA adducts. For example, the studies of Osterman-Golkar and
Bergmark (1988) and Brugnone et al. (1986) demonstrate that the extent of in
vivo hemoglobin alkylation is proportional to the concentrations of ethylene
oxide in the blood, and Calleman et al. (1978) and Törngvist et al. (1986a) have
shown that the amount of hemoglobin adducts is proportional to that of DNA
adducts.

Immune-System Markers Of Effect

The sensitivity of the immune system to xenobiotic substances could mean
that it produces biologic markers of effect that could indicate illness or other
damage to health resulting from exposure to toxicants. The immune system
reacts to the environment. One challenge
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TABLE 7-3 Background Levels of Some Human Hemoglobin Adducts (Average
Levels Expressed as nmol/g Hemoglobin or nmol/g Globin)
Adduct Background Level Reference
MeCys 16 Segerbäck et al. (1978)

16.4 Bailey et al. (1981)
13-34 Farmer (1982)

MeHis 12-42 Törnqvist et al. (1988)
MeVal 0.4-0.7 Törnqvist et al. (1988)
HOEtCys 1.5-4.3 Calleman (1986)
HOEtHis 1.41 Törnqvist et al. (1986a)
Nt-(2-HOEt) His 0.11-0.29 Calleman (1986)

0.53-1.6 Farmer et al. (1986)
0.02-4.7 Van Sittert and DeJong (1985)
0.17-1.5 Osterman-Golkar (1983)

Nt-(2-HOEt)His 0.06-0.30 Calleman (1986)
HOEtVal 0.12-0.72 Törnqvist et al. (1986b)

0.03-0.80 Törnqvist et al. (1986b)
0.03-0.53 Calleman (1986)
0.03-0.93 Farmer et al. (1986)

Nt-(2-HOPr)His <0.1-0.38 Osterman-Golkar et al. (1984)
ABP-Cys <001 Bryant et al. (1987)

<0.001 Perera et al. (1987)
<0.001 Skipper et al. (1986)

"Nt" refers to the tau nitrogen of the imidazole ring of histidine (also call "N3"). Source:
Schnell and Chiang, 1990.

in using immune-system markers is to distinguish homeostatic changes
from pathognomic ones (Weill and Turner-Warwick, 1981). Various
investigators (Bekesi et al., 1987; Levin and Byers, 1987; Thrasher et al., 1990)
have used immune-system markers to indicate biologic response to low-doses
of toxic substances (Burger et al., 1987). One study illustrates some of the
strengths and limitations in using markers of effect in immune activation and
autoantibodies in persons who have had long-term inhalation exposure to
formaldehyde. Thrasher et al. (1990) compared four groups of patients with
controls who had short-term periodic exposure. The patients were residents of
mobile homes where formaldehyde concentrations were measured that ranged
from 0.05 to 0.5 parts per million (ppm); office workers with estimated
exposures ranging from 0.01 to 0.77 ppm; patients removed for at least one year
from the original sources of formaldehyde exposure,
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where exposures had been measured at 0.14 to 0.81 ppm; and persons who were
occupationally exposed but for whom no measure of exposure was given. The
controls were anatomy students who had been exposed to ambient classroom
concentrations of 0.43 ppm. For each group, they determined total white cells,
lymphocyte and T-cell counts; T-helper/suppressor ratios; total Tal+, IL2+, and
B-cell counts; antibodies to formaldehyde-human serum albumin (HCHO-HSA)
conjugate; and autoantibodies. When compared with the control group of
students, the four patient groups had higher antibody titers to HCHO-HSA and
increases in Tal+; IL2+, B cells, and autoantibodies were observed.

The biologic markers used in this study in some instances lack appropriate
standardization and preparatory testing for human field studies. The specificity
of antibodies to HCHO-HSA has not been documented by reports of
appropriate inhibition assays, and no assays have demonstrated that specific
antibodies are formed after airborne exposures to formaldehyde. The assays for
the autoantibodies are not sufficiently standardized to measure weak reactions
reliably. There has been no independent verification of the findings of these
assays.

The Thrasher et al. (1990) study illustrates the problems in assessing
biologic markers of effect. First, all of the cases were self-selected; the subjects
had sought medical attention because of multiple symptoms that involved the
central nervous system (headache, memory loss, difficulty with completing
tasks, dizziness), the upper and lower respiratory tract, and the skeleton and
muscles. They also had symptoms of gastroenteritis. Three common symptoms
were expressed: An initial flulike illness from which the subjects had not fully
recovered, chronic fatigue, and a sensitivity to odors produced by low
concentrations of chemicals. Hence, the case definition is broad and consists of
a range of diverse symptoms.

Second, despite the fact that the controls were 5 to 15 years younger than
the patients were (and the group contained a greater percentage of males), the
investigators report no effect for age or gender, but no data are presented to
support the conclusion. Studies of markers of effect are of little use when data
are not provided to allow the reader to rule out confounding factors.

Similarly, no mention is made of other confounding factors, such as race;
whether all assays were performed blind to the laboratory personnel; whether
all assays were performed on blood collected during the same season; and
whether the study subjects received more medications than did controls. Third,
the study groups each had long-term exposures, whereas the students in the
control group had periodic exposures that generally were as high as the
exposures of one
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group of patients. Hence, in comparing study subjects and controls, the marker
levels could have been the result of the disease status or differences in exposure,
but it is not clear which was responsible. Finally, the lower titers in most cases
(1:4 was the most prevalent) make these findings difficult to interpret clinically.
In contrast, the patterns of these changes were consistent between groups for
most of the markers and generally correlated with putative exposure to
formaldehyde. It is much better to use a collection of immune-system markers
than to use single markers because no single marker will accurately reflect the
state of the immune system as a whole.

Alpha-1-Antitrypsin, Marker Of Susceptibility

Emphysema and other chronic obstructive pulmonary diseases (COPDs)
are often studied as end points in environmental or occupational epidemiology.
These conditions can result from exposure to ambient air pollution, cigarette
smoke, or occupational substances, but not all similarly exposed persons will
develop COPDs. A biologic marker of susceptibility, the alpha-1-antitrypsin ZZ
allele, has been found to be associated with emphysema. Kueppers (1978, 1984)
estimates that the risk of emphysema developing in people with the genetic ZZ
homozygote is about 30 times higher than it is in the general population. The
ZZ homozygote has approximately 10-15 percent the normal concentration of
alpha-1-antitrypsin, and the prevalence for the trait is 1/4000 to 1/8000. The risk
for individuals with the heterozygous allele is less clear. Kueppers (1978)
reports that despite considerable variation, the prevalence of heterozygous MZ
and FZ individuals among patients with COPD is increased. In an industrial
community in northern Sweden in which the major pollutants were sulfur
dioxide and chlorine from a sulfite pulp factory, persons with COPD were more
likely to be heterozygotic for alpha-1-antitrypsin (MS, MZ, or MF alleles) or to
have other rare allele types. Ninety-one percent of the 3466 residents of this
town responded to a questionnaire about their respiratory problems and were
tested for serum alpha-1-antitrypsin. Eight percent of the 3466 reported
symptoms were connected with COPD (Beckman et al., 1980). Persons with the
heterozygote have 55-60 percent of the normal concentrations alpha-1-
antitrypsin. Other, larger controlled studies show no risk of emphysema from
one allelic state, the MZ heterozygote (Cole et al., 1976; McDonagh et al.,
1979). The population sizes of these two studies were small and hence there
was a limitation in the ability to detect an association of heterozygotes with
emphysema, which might occur in only 10 percent of heterozygotes.
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Available studies do not adequately address the presence or absence of
coexisting factors, such as environmental exposures that could be necessary to
cause emphysema. In fact, because emphysema is a disease that has several
causes, the heterozygous state—although not itself predisposing—could
combine with multiple environmental factors (for example, exposure to
cadmium, ozone, or cigarette smoke) to present an increased risk. Other genetic
abnormalities might increase a person's susceptibility to emphysema, such as
mutations in the structural gene for elastin, those that lead to increased protease
activity in the alveolar macrophages, those that produce decreased antiprotease
in bronchial secretions, and those that alter the structure of the chest wall
(Kazazian, 1976; Koenig and Omenn, 1988).

The use of markers of susceptibility in environmental epidemiology has
the potential to increase both the precision and the strength of putative exposure-
disease associations by avoiding the dilution effect that occurs in populations
with a large proportion of nonsusceptible persons (Brain, 1988; Hulka et al.,
1990). However, certain practical limitations will affect whether determining a
genetic marker in a population is warranted (Mattison and Brewer, 1988). When
the prevalence of a particular genetic marker, such as with some of the alpha-1-
antitrypsin alleles, is low in a population, even a highly specific test will give a
relatively large number of false positives, resulting in nondifferential
misclassification, that is, the inaccurate classification of groups to be compared
in terms of some characteristic such as exposure (OTA, 1983). This can lead to
the mistaken impression that the difference between two groups is less than it
actually is. If, however, there is differential misclassification, it can bias in
either direction (toward or away from a conclusion of no difference between
study groups). The predictive value of a screening test will vary from 0 percent
to 92 percent as the frequency of the genotype varies between 1 per 100,000
(0.001 percent) and 10,000 per 100,000 (10 percent) of the persons screened
(OTA, 1983). This should be considered in the use of markers of genetic
susceptibility in epidemiologic studies.

In some instances the limitation to using biological markers is the absence
of markers. For example, the paucity of validated markers for reproductive
events and toxic effects is likely to result in extensive misclassification with
respect to reproductive performance and xenobiotic exposure (Mattison and
Brewer, 1988). Since these types of studies involve both the individual (i.e.,
male and female) as well as couple specific factors, there is a need for sensitive
measures that define the wide variation in characteristics and responses.
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ETHICAL AND LEGAL ISSUES

In addition to the scientific concerns noted above, many ethical and legal
issues arise in the use of biologic markers (Schulte, 1987, 1990; Samuels, 1988;
Ashford et al., 1990). The major ethical issues involve what to tell individuals
with ''abnormal" marker results about their disease risk, and then how society
should treat such people. The CDC/ATSDR subcommittee concludes that when
a biologic marker is included in a study, it must be evaluated against established
batteries of tests. A separate, statistically valid evaluation of the new marker
must be conducted. The marker assay results produced in this evaluation should
be used only for marker description and evaluation, and they should not be
presented to the study subjects as individual marker assay results until all
relevant data have been compiled and reviewed. Results released before the
physiologic significance of the marker is thoroughly assessed could cause
unnecessary public alarm and spur demand for the test before the meaning of
the results is fully understood (CDC/ATSDR, 1990).

The CDC/ATSDR subcommittee also concludes that the evaluation
process to find new markers should be conducted anonymously, with informed
consent of the subjects and coding of specimens to delete identification of all
study subjects. Before a test for a marker is considered to have completed the
investigative phases, the biochemical or physical abnormality associated with
the marker should be identified, and the probability that the abnormality will
progress to disease and the nature of the disease should be known (CDC/
ATSDR, 1990).

One suggestion for handling uncertainty about the meaning of markers
with regard to health risk is to couple such research with conventional screening
of high-risk groups (Schulte, 1986). This offers the opportunity at least to
provide study subjects with some information (from the conventional screening)
that can be interpreted with a known degree of certainty.

The societal response to people with "abnormal" levels of markers can
involve ethical issues pertaining to discrimination, the need for medical follow-
up, and the removal of workers or residents from areas of imminent danger
(Schulte, 1987, 1990; Ashford et al., 1990). Do people with a certain biologic
marker of susceptibility have the same right to be protected against
discrimination as do people with other, more visible disabilities? Increasingly,
these types of questions will be asked by residents and workers who live or
work near hazardous-waste sites and who receive biologic monitoring as part of
epidemiologic studies or routine medical surveillance.
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Biologic monitoring data can also have an effect on litigation over alleged
health effects that result from exposure to hazardous-wastes. Ashford et al.
(1990) maintain that human monitoring has the potential to bring about a
change in the nature of evidence used in such cases. Typically, the evidence
offered to prove causation in chemical exposure cases is premised on a
statistical correlation between disease and exposure. Whether the underlying
data are from epidemiologic studies, from toxicological experiments, or from
the results of a complicated risk assessment model, they usually are population-
based. As markers become refined, it will eventually be possible to use them to
assess the probability that an individual's exposure is linked to disease.

CONCLUSIONS

The developing science of human monitoring and research on biologic
markers offer methods to improve the characterization of exposure to hazardous-
wastes and detect relevant pathologic changes earlier. Conceivably, the data
generated by various human monitoring procedures will

•   Increase our knowledge of the "subclinical" effects of toxic substances, thus
permitting us to track the effect of a chemical exposure over time and
expanding the universe of "medical conditions" for which compensation
may be provided.

•   Eventually enable us to establish that a particular person has been exposed
to a particular chemical (or class of chemicals).

•   Eventually enable us to establish that a particular person's medical
condition (or subclinical effect) was caused by exposure to a particular
chemical (or class of chemicals).

Although epidemiologists could use biologic markers to reduce
misclassification or to obviate the need for long periods of study, markers also
could be used for purposes that are inappropriate or unethical. For example, the
screening of workers for the appearance of "unvalidated" markers and the
development of job placements on the basis of results have been vigorously
denounced (Lappe, 1982; Murray, 1983). Screening residents who live near
waste dumps also can be problematic because it can produce uninterpretable
information, promote unfounded anxiety, and initiate reckless litigation—all
without a strong scientific basis. Researchers and public health practitioners
need to consider these ethical and legal questions before embarking on studies
that use biologic markers.

A concerted effort should be made to validate biologic markers of
exposure, effect, and susceptibility as applied to hazardous-wastes.
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This would involve interdisciplinary collaboration on a range of laboratory
and field studies to ascertain not only the association between a marker with the
event it indicates, but also the factors that affect the marker, the range of
normal, and variability.
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8

General Conclusions

ACCORDING TO A NUMBER OF recent opinion polls, the American public
believes that hazardous-wastes constitute a serious threat to public health. In
contrast, many scientists and administrators in the field do not share this belief.
On the basis of its best efforts to evaluate the published literature relevant to
this subject, the committee cannot confirm either viewpoint. Regrettably,
insufficient data are available for evaluating the impact on public health of
exposure to substances from hazardous-waste sites. Without doubt, substances
toxic to several animal species abound in hazardous-waste sites. Many sites
have not been adequately assessed for content, or for potential routes of human
exposure. Human health studies, while mixed in quality and persuasiveness,
provide evidence that serious health effects cannot be ruled out, and have been
documented to occur at some hazardous-waste sites. More and better health
studies need to be conducted.

Whether Superfund and other hazardous-waste programs actually protect
human health is a critical question for environmental epidemiology, at least
with respect to federal and state efforts to cleanup hazardous-waste sites. To
answer it would require information on the scope of potential and actual human
exposures to hazardous-wastes and about the health effects that could be
associated with these exposures. Based on its review of the published literature
on the subject,

GENERAL CONCLUSIONS 256

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Environmental Epidemiology, Volume 1: Public Health and Hazardous Wastes
http://www.nap.edu/catalog/1802.html

http://www.nap.edu/catalog/1802.html


the committee finds that this question cannot be answered. One recent EPA
survey found that more than 40 million people live within four miles of a
Superfund site. Residential proximity does not per se mean that exposures and
health risks are occurring, but the potential for exposure is increased.

National decisions to cleanup hazardous-waste sites have been made
independently of studies about the overall impact such sites may have on public
health. During the past 10 years, less than 1 percent of the estimated $4.2 billion
spent each year on hazardous-waste sites in the U.S. has been used to evaluate
health risks at listed Superfund sites. As a result, existing data on exposures and
health effects are inadequate either to support decisions on the management of
hazardous-waste sites or to allow the conduct of epidemiologic investigations of
the health impact of these sites. However, recent efforts by the Agency for
Toxic Substances and Disease Registry (ATSDR) and EPA have improved the
information base and should be further extended.

Although billions of dollars have been spent during the past decade to
study and manage hazardous-waste sites in the U.S., an insignificant portion has
been devoted to the evaluation of attendant health risks. For that reason and
because of technical obstacles, information about the connection between
exposures from hazardous-waste sites and health effects remains inadequate.

This chapter draws on the preceding ones and recapitulates the committee's
major findings about the epidemiologic study of hazardous-waste sites. Despite
the lack of adequate data with which to characterize the effects of hazardous-
wastes on public health in general, the committee concludes that exposures
from hazardous-waste sites have produced serious health effects in some
populations. Table 1-1 summarizes the peer-reviewed literature on this subject.
A limited number of epidemiologic studies indicate that increased rates of birth
defects, spontaneous abortion, neurologic impairment, and cancer have
occurred in some residential populations exposed to hazardous-wastes. We are
concerned that other populations at risk might not have been adequately
identified.

To improve the ability to evaluate health effects associated with exposures
to hazardous-wastes, a number of important data gaps need to be filled and
several resource constraints need to be remedied, as this report illustrates. There
is a need to make health assessments a priority in the routine evaluation of
hazardous-waste sites. There is also a need to create mechanisms for sharing
this information as well as information from epidemiologic investigations of
these sites nationwide. Accordingly, state and local health department
investigations of hazardous-waste sites must be adequately supported.
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Better measurements or estimates are needed of human exposure from a variety
of sources, including abandoned hazardous-waste sites; other point sources,
such as leaking storage tanks and industrial operations; and from nonpoint
sources, such as agriculture, all of which can produce nonconventional
pollutants (NCPs). Monitoring of sentinel health events and increased use of
disease registries and vital statistics systems will be required to assess the public
health impacts of all of these sources of exposure.

STATE AND FEDERAL CONSTRAINTS

There are reasons to suppose that current procedures might not be
identifying the most important abandoned hazardous-waste sites, from the point
of view of public health. The congressional Office of Technology Assessment
(OTA) notes that efforts to assess candidate National Priority List (NPL) sites
typically relegate public health concerns to a minor role and that the process as
a whole is directed at engineering aspects of remediation rather than at the
assessment of public health risk. Because public health concerns have been
given only minor importance, many potential Superfund sites have never been
considered for inclusion on the NPL or have been dropped from the list, even
though their public health impacts have not been studied adequately.

At NPL sites where potentially critical exposures are detected, there is no
regular application of an adequate system of early assessment of the health risks
involved or of the need for interim action to protect the health of exposed
populations. The failure to construct a system for managing hazardous-waste
sites that incorporates the early assessment of health risk means that the health
of nearby residents could be imperiled. Moreover, the conditions for
development of environmental epidemiology are adverse and impede the
development of useful scientific investigations of many important questions.

OTA recently concluded that the maximum number of potential sites from
which Comprehensive Environmental Release and Compensation Liability
Inventory System (CERCLIS) and NPL sites are drawn is approximately
439,000. These sites include facilities covered under the Resource Conservation
and Recovery Act (RCRA) as Subtitle C and D facilities, mining waste sites,
nonpetroleum leaking underground storage tanks, pesticide-contaminated sites,
federal facilities, radioactive releases, underground injection wells, municipal
gas facilities, and wood-preserving plants, among others.

The lack of a site discovery program and of a comprehensive inventory
presents a particular problem for public health. The range
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and distribution of human exposure to releases from hazardous-waste sites is
unknown. EPA now acknowledges that undiscovered sites could well present
significant health risks, even though previously the agency had announced that
most sites with serious potential for harm had been detected. Reviews in several
states show that the current system of CERCLIS reporting misses potential
health risks. In 1984 an evaluation of 93 sites on the California Department of
Health State Superfund list showed that only 19 of the sites were on the federal
NPL. Forty-six of the sites showed evidence of waste release into groundwater,
and in 34 of these cases the groundwater was known to be used for drinking.
Extensive or systematic sampling existed for only 22 of the sites where release
into groundwater had occurred, despite the evidence of potential human
exposure. Moreover, in all of the sites where there was known contamination of
groundwater, more than 10,000 persons were potentially exposed.

PROBLEMS OF EXPOSURE ASSESSMENT

Exposure assessment provides critical information about potential human
contact with relevant materials. Best estimates are that groundwater provides
the major source of drinking water for about 50 percent of the U.S. population.
In California, groundwater provides drinking water to nearly 70 percent of the
population. Although current risks could be negligible, studies show that
millions of tons of hazardous materials are slowly migrating into groundwater
in areas where they could pose problems in the future. For instance, plumes of
chemicals, including many nonconventional pollutants, are moving down the
canyon from the Superfund site at Stringfellow Pits in California and could pose
important problems in the future.

The public health component of the information base for decisions about
site listing and remediation is inadequate, and there is no systematic tracking of
deferred sites. The attendant cost has been confusion about the actual risks that
hazardous-waste sites pose to human health. Clues to the potential scale of
human exposure to toxic chemicals released from hazardous-waste sites are
emerging, however. By mid-1990, ATSDR had completed 1151 health
assessments at NPL sites. ATSDR determined that hazardous substances had
been released at 85 percent of the sites and that about 15 percent of these sites
merited further public health investigation.

The committee urgently recommends the development and validation of an
adequate initial health assessment methodology for hazardous-waste sites. The
committee recommends that initial site characterization include at least minimal
information on potential exposure.
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This should include sampling of tap water, estimating outgassing from
showers as relevant, absorption through cooking or eating, and other residential
uses, and surface soil. Epidemiology is not merely a passive science,
cataloguing exposures and effects. It is an active tool for evaluating the link
between potentially hazardous exposures and disease and for directing
interventions to prevent further exposures. Where the evaluation of human
exposures and health effects associated with hazardous-waste sites is not
integrated into early site evaluation and interim remediation decisions, the real
contributions of epidemiology are lost.

This is of grave concern because hazardous-wastes have constituted a
significant public health hazard to specific populations at specific sites,
summarized in Table 1-1. Further, in 1988, ATSDR reported that conditions at
about 11 percent of all 951 NPL sites constituted ongoing or probable public
health concerns. During 1990, 32 percent of a specially reviewed subgroup of
sites were identified as requiring some kind of protective health action. The
health of the public has remained in jeopardy at many sites long after the risks
could have—and should have—been identified.

As Chapter 3 reports, repositories of potentially dangerous substances can
be found at a number of hazardous-waste sites. Dangerous substances also have
been generated by leaking underground storage tanks, nonpoint sources such as
agricultural pesticide runoff, automobile emissions, agricultural, mining,
storage, and other activities. Information about these materials generally reflects
the data requirements of environmental engineering and site remediation, rather
than public health considerations. Accordingly, whether these materials pose a
risk to public health cannot readily be determined in the absence of more
detailed information about potential human exposures.

Improvements must be made in the ability to assess the more than 600
chemical compounds identified at hazardous-waste sites, along with the
hundreds or thousands of unidentified pollutants that could enter the
groundwater. The potential for exposure is of such magnitude that researchers
who develop exposure assessment strategies will have to direct their attention
not solely to an analysis of the contaminants at a hazardous-waste site, but to
off-site migration and public exposure as well. In this context, measures of
personal exposure, including the use of biologic markers and biologic
monitoring as discussed in Chapter 7, along with personal sampling, although
often difficult and time consuming, must receive greater scientific attention if
appropriate associations are to be made between contaminants, exposures, and
health effects.

Enough hazardous-waste sites have been identified where the population
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exposed is large and the exposures are great that it should be feasible to conduct
environmental epidemiologic studies. The difficulty has been primarily with the
lack of resources to conduct adequate exposure characterization or to collect
sufficient outcome measures. It should be recognized, however, that for most
sites the populations are too small to provide studies of sufficient power for
risks to be detectable unless it is possible to combine data from a number of
sites. Combining studies of small populations into meta-analyses might generate
sufficient statistical power to reach conclusions, provided that the basic
measures involved are comparable and that sound methods are used in all
separate studies.

Several chapters explain that NCPs could be an important source of
hazardous exposure. Some important pollutants are not regulated under a
variety of acts, including the Safe Drinking Water Act, the Clean Air Act, and
the Toxic Substances Control Act. These NCPs need to be identified and placed
under appropriate regulatory control. Some preliminary toxicologic studies
suggest that NCPs and so-called inert pesticide ingredients have important
biologic properties of environmental persistence and mobility. More studies are
needed to characterize the mixture of materials deposited as hazardous-wastes
and to give better estimates of their transport and fate in the environment. In the
broadest sense, these unidentified, unregulated substances present a risk of
unknown magnitude. The absence of evidence of their effects reflects the failure
to conduct research; it should not be misconstrued as demonstrating that NCPs
and ''inert" pesticide components are without risk.

Where the potential for human exposure exists, exposure assessment
should be conducted for important pollutants that can migrate from hazardous-
waste sites. For the purposes of epidemiologic study, better characterizations of
exposure are required than those usually available from engineering and
hydrogeologic models and other estimates. Such models based on cursory local
data often have been overemphasized while actual measurements or estimates
of human exposure have gone undone. Models are only as valid as the
assumptions and data on which they are based. Modeling needs to be improved
both for health risks and for site assessment.

Many studies have focused on site-specific characterizations, even though
pollutants do not respect boundaries. These site-specific investigations have
often not proceeded to the steps of defining the populations at risk and
quantitatively evaluating exposure to toxic contaminants. The characterizations
of the sites more often reflect requirements of environmental engineering and
site remediation than assessment of public health considerations. Whether the
toxic contaminants
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pose a risk to the exposed population cannot be determined in the absence of
more detailed information about human exposures. Instead of focusing on the
toxic chemicals that have been identified at a site itself, it is necessary to
develop estimates of exposure to define and assess the population at risk,
including estimation of the population size and exposure-related characteristics.

AIR POLLUTION FROM HAZARDOUS WASTES

Although few studies directly assess airborne exposures to hazardous-
wastes, the committee finds persuasive evidence that health effects can occur
from such exposures. Review of the relevant animal literature on compounds
known to occur at hazardous-waste sites, along with those few epidemiologic
studies of airborne exposures from sites, shows that a wide range of effects may
occur, and they include serious diseases, such as cancer, neurobehavioral
complaints, and constellations of self-reported symptoms. In addition, a few
studies have explicitly linked airborne exposures from hazardous-waste sites to
increased rates of birth defects, low birth weight, and chronic diseases in some
small populations.

Lessons that have been learned in air pollution studies are relevant to
epidemiologic studies of hazardous-waste sites. As with the assessment of other
health effects, a crucial lesson from the recent history of epidemiologic studies
of air pollution has been the critical role played by the general availability of
monitoring data for criteria air pollutants. Without the extensive network of data
on those pollutants for which monitoring data are routinely acquired, such as
respirable particulates, epidemiologic studies of air pollution would not have
been possible. Many of the pollutants of interest at hazardous-waste sites are
not routinely evaluated. Exposure to hydrocarbons in urban air has not been
monitored regularly since the 1970s, and there has been little work on their
direct effects except in studies of the sick building syndrome and occupational
studies. The committee understands that routine monitoring of ambient air
around hazardous-waste sites is not generally feasible because of the number of
sites, the low likelihood of detection in most cases, and the cost of monitoring.
The small populations near most sites make the sites difficult to study with
standard epidemiologic techniques. Nevertheless, more systematic
determinations of where such specific monitoring and studies might be
appropriate need to be made early in the process of identifying and describing
sites for study. The methods of meta-analysis also could prove useful to the
extent that examples of similar exposures at different sites could be combined.
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The committee examined several cross-sectional morbidity studies of
hazardous-waste sites, in which significant differences in symptoms were found
between an exposed and a control population. None of these studies found
differences in reproductive outcome or cancer mortality, but several
documented significant self-reported symptoms including headache, irritability,
and fatigue. These reports contain considerable discussion of how differences in
symptom perception and recall can be avoided, but neither factor can be
avoided altogether. The authors of these reports drew somewhat different
conclusions from these studies, based on the degree to which they believed
recall bias accounted for differences in reported symptoms. Recall bias is
difficult to rule out if a community is episodically exposed to a noxious agent
with a powerful odor or in other incidents of acute exposure.

Although it might be concluded that recall bias explains the symptom
differences in all of the studies of self-reported symptoms, it is plausible that the
symptoms complained of are more sensitive indicators of significant exposure
than are more severe outcomes. The fact that disparate populations in different
countries experience similar symptoms indicates that a common set of
exposures may be involved. Our belief that a constellation of symptoms may be
associated with airborne exposures to emissions from hazardous-waste sites
relies on a number of recent studies on the sick building syndrome and other
studies of neurologic symptoms in solvent-exposed workers, which have found
similar effects in exposed persons in different countries. The syndrome has been
firmly established for several reasons. First, a remarkable concordance has been
found in the kinds of complaints made by workers in different locations and in
different countries: Headaches, fatigue, inability to concentrate, and mild
inflammation of the eyes and pharynx were the most common complaints. The
complaints were generally more common in air-conditioned buildings, and they
could not be attributed to fungi (such as Aspergillus) known to be responsible
for the "humidifier fever" infection.

The sick building syndrome contains important lessons for hazardous-
waste site epidemiology. In many cases involving hazardous-waste sites the
complaints are subjective and similar to those associated with the sick building
syndrome. Furthermore, many of the volatile organic compounds found in
modern sealed buildings, including formaldehyde, toluene, and
trichloroethylene, also are common constituents of waste dumps.

Recent controlled exposure work from Denmark noted in Chapter 4 can
play an important role in clarifying the specificity of reported
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symptoms. Symptom reports appear to be sensitive indicators of adverse health
effects. The simultaneous use of air monitoring and diary records could reduce
the problem of recall bias, and these methods are particularly valuable when
small changes in pollutant levels cannot be detected by the subjects in a study.
It has been suggested that airborne exposure to low levels of formaldehyde is
followed by changes in cells that indicate that the immune system has been
affected. Although the precise significance of such changes is unclear, the
possibility must be considered that exposure to toxic substances from hazardous-
waste dumps causes similar or related changes, as these involve similar
exposures. It is likely that air emissions from hazardous-waste sites have caused
a variety of symptoms that indicate low-level interference with normal function.

Asthma and other respiratory diseases are common and well-studied
disturbances of the respiratory system. During the past decade, our knowledge
of factors related to airway responsiveness has expanded greatly. Exposures to a
wide range of substances (more than 200 are listed in one review) can change
airway responsiveness or reduce the threshold for response to a specific
substance. More commonly, exposure leads to a nonspecific increase in airway
responsiveness as measured by inhaled histamine or methacholine aerosols. A
number of studies of hazardous-waste sites document complaints of chest
tightness and shortness of breath. Therefore, the possibility must be entertained
that proximity to some of these sites has induced increased airway
responsiveness. To our knowledge, this has not yet been specifically sought in
hazardous-waste site studies.

Although the role of ambient air pollution in asthma prevalence has not yet
been determined, it seems likely that air pollution is an aggravating factor. It
seems unlikely, however, that exposures from hazardous-waste sites could have
played a part in the generally increased prevalence of asthma. The role of
exposures from hazardous-waste sites in the development of respiratory
symptoms cannot be readily evaluated.

DOMESTIC WATER CONTAMINATED WITH HAZARDOUS
WASTES

As Chapter 5 makes clear, exposure from domestic water is not limited to
ingestion, but includes airborne exposures from materials that can outgas during
showering, bathing, or cooking, or can be absorbed through the skin. Therefore,
estimates of exposure from domestic water need to be expanded to take into
account the role of airborne exposures from volatile and nonvolatile substances.
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We have noted that complete accounts of the possible health effects
associated with human exposure to hazardous-waste sites are not generally
available, both because of legal restrictions that are often placed on findings by
attorneys and because of the limited government resources applied to the study
of the issue. However, several factors lead us to conclude that contamination of
domestic water supplies with hazardous chemicals, such as those that can be
encountered at hazardous-waste sites, is injurious to human health, even though
the magnitude of the risk cannot be determined. Perhaps the most persuasive
evidence now derives from studies that link an increased risk of bladder cancer
to exposure to chlorinated surface water contaminated with trihalomethanes
(THMs). Also, both experimental and epidemiologic studies link TCE exposure
to increased rates of some cardiac congenital anomalies. One large ecologic
study also associates bladder cancer with exposure to contaminated drinking
water from hazardous-waste sites.

Ample evidence shows an association between exposure to THMs and
bladder and other cancers in test animals. Some epidemiologic studies of
humans corroborate this relationship. The fact that other studies have not found
an increased incidence of bladder cancer in persons exposed to toxic-waste sites
could result from several factors, including the cancer's generally long latent
period, the small numbers of people usually studied, the relatively pervasive
exposure that occurs, and the fact that bladder cancer can have more than one
cause.

In a study in North Carolina strong evidence was found that increased
cancer mortality rates were associated with exposure over a period of two
decades to what was estimated to be a broad range of industrial by-products and
hazardous substances in domestic water supplies. In a rural area, significant
clusters of cancer developed about twenty years after residents had begun
drinking raw, untreated river water contaminated by hazardous-wastes. The
timing of the appearance of the excess in all forms of cancer corresponded to
the estimated time of peak exposure to contaminated domestic water, taking
into account the typical latency for cancer.

Increased rates of cancer might be anticipated in populations that have
experienced solvent contamination of drinking water. Leukemia and lymphoma
are of obvious concern, inasmuch as other studies have found increases linked
to such occupational exposures to solvents. Unfortunately, the rarity of these
diseases and the small populations usually exposed to solvents in drinking water
have resulted in a dearth of studies with sufficient power to detect an increase in
risk. Some researchers advocate restricting studies of clusters
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to those where very high rates have been found. However, the number of
heavily exposed individuals that might be expected to show an increase in risk
of fivefold or more is generally so small that for cancers as rare as leukemia or
lymphoma such risks would be difficult to detect. Meta-analysis, which allows
the appropriate pooling of relevant studies to increase the statistical power for
detecting an effect, could offer some solution. This will be discussed further in
the committee's next report on research opportunities in environmental
epidemiology.

A limited number of reports in the peer-reviewed scientific literature have
linked spontaneous abortion, low birth weight, and birth defects to the
consumption of contaminated domestic water supplies. Studies in Santa Clara
County, California, have been inconclusive as to the cause of a cluster of birth
defects observed there. Two distinct studies in Love Canal, New York,
however, link low birth weight to exposure to hazardous-wastes. In Tucson,
Arizona, the rate of congenital cardiac anomalies was three times higher in
children of persons who consumed water contaminated with TCE. Such effects
should continue to be monitored because there is far less difficulty with the
latent period for reproductive effects than for cancer. Human population studies
in Arizona and laboratory studies of animals provide evidence that cardiac
abnormalities can develop after exposure to TCE. Recent reports of increasing
trends in cardiac anomalies should be carefully evaluated, as improvements in
case finding may be involved, along with real increases.

There also is evidence that neurologic, hepatic, and immunologic function
can be damaged by exposure to domestic water contaminated with toxic
chemicals. The long-term consequences of the abnormalities detected, however,
are largely unknown and must be the subject of further research, on which the
committee will comment in more detail in its next report.

SOIL CONTAMINATED WITH HAZARDOUS WASTES

Although direct ingestion of contaminated soil poses a risk chiefly to
toddlers and children, as noted in Chapter 6, adults also could be at risk if they
eat food grown in contaminated soil, or fish that have absorbed contaminants, or
if they otherwise come into regular contact with contaminated soil through their
work or personal habits. Sophisticated methods have been devised for
improving assessments of soil exposures. These take into account peak,
average, or cumulative exposures, to determine relationships between exposure
and disease. Refined methods need to be applied in epidemiologic studies
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to improve the ability to estimate exposures from soil. These should include
detailed metabolic studies of ingested plants, adequate characterization of
chemical transformation, and better measurements of residues.

One area that should not be neglected entails estimating exposures from
consumption of fish that bioconcentrate lipophilic materials from sediment and
water. Site assessments should use more realistic exposure measures, including
direct studies of contaminants at the tap for domestic water supplies and
estimates of consumption of contaminated foods and fish. In addition, efforts
should be made to include relevant soil, food, and airborne measurements, so
that integrated exposure assessments can be made.

Current public health burdens from hazardous-waste sites appear to be
small, but the future risk could be greater insofar as many of the substances
involved are highly persistent and other materials already in the groundwater or
soil can migrate or be transported into areas where exposure potential is greater.
For instance, some of these materials in soil, such as chromium and other heavy
metals, can contaminate large and populous sections of urban areas and remain
persistent, as noted in Chapter 6. Similarly, lead is found at most Superfund
sites and also contaminates some sections of urban areas; it is a nondegradable,
persistent substance. Even for these materials, plausible routes of human
exposure must be carefully assessed. Occurrence only increases the potential for
risk. In some cases, unnecessary or inappropriate remediation can create more
of a hazard than would be caused by leaving such materials undisturbed.

CONCLUSIONS

Although the effect on large populations of very low levels of toxic
pollutants is unknown, action must be taken now to protect public health in the
future. Threats of contamination of groundwater merit serious preventive
policies. A substantial risk of contamination of groundwater is not being averted
by current remediation practices, according to a number of assessments. It
should be recognized that if exposure becomes general and almost uniform
through contamination of groundwater, current epidemiologic techniques might
not be able to ascertain any related health effects. There is now an opportunity
to begin studies in areas where groundwater pollution has remained high and
localized. There also is an important opportunity for prevention that could
forestall major public health problems in the future.

A number of research techniques should be extended to the study
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of health effects linked with hazardous-wastes, including the use of "sentinel
health events" as additional indicators of environmental contamination. Such
indicators are most useful when they identify causes of morbidity and mortality
that are uniquely or predominantly associated with specific and preventable
exposures. Some illnesses, such as methemoglobinemia, which results from
exposure to excessive amounts of nitrate in water, indicate hazardous
environmental exposure, even when they occur as single cases. Other diseases
indicate potential environmental exposures when they occur at elevated rates
among larger populations, such as bladder cancer among nonsmokers or chronic
respiratory disease among children. The committee believes that further studies
of acute symptoms, if combined with exposure measurements, are likely to
reveal that reported symptoms are not completely explained by recall bias. The
current data base clearly indicates the importance of continued study in this
area. Surveys of the similar constellations of subjective symptoms reported by
persons exposed in different countries to hazardous-wastes indicate that such
symptoms collectively can represent sentinel health events associated with such
exposures. The further development and application of this approach to
environmental surveillance holds particular promise for the epidemiologic
investigation of populations exposed to hazardous-wastes.

A six-part environmental epidemiology program needs to be developed to
inform policy decisions about risks to public health presented by hazardous-
waste sites.

•   Establish an active and coordinated system of site discovery for hazardous-
waste sites, based in EPA and providing technical assistance to federal and
state programs. An aggressive site discovery program, in combination with
improved assessments and triage of sites for interim and final remediation,
will restore the original congressional intent to protect the public from
hazardous-waste site exposures.

•   Define a revised approach to site assessments that integrates public health
determinations of population exposures, health effects, and the necessity of
interim and final remediation or other actions into a continuum of site
evaluation. Establish protocols and criteria for the revised preliminary
assessment of all sites, with triggers for interim remediation or other action
such as relocation, and require that all sites undergo a revised preliminary
assessment within one year of discovery.

•   Establish a comprehensive national inventory of hazardous-waste sites that
will track the status of all sites through assessment and
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remediation or closure. Use the inventory to ensure that sites are not
deferred or placed in closure status without a revised preliminary
assessment as described above.

•   Rigorously evaluate the data and methodologies used in site assessment,
including the characterization of potential and actual releases to
groundwater, surface water, air, and soil that result in human exposure; and
the methodologies for estimating the size and make-up of populations
exposed to hazardous-waste site emissions. Use this information in
preliminary assessments and in deciding how to protect the public health.
Evaluate compliance with public health recommendations for the protection
of exposed populations and site remediation.

•   Improve and expand research to fill data gaps in environmental
epidemiology to illuminate the distribution and severity of exposures, risks,
and health effects associated with hazardous-waste sites. Establish an
extensive program of applied research, including exposure registries linked
to priority substances, and further the development of surveillance methods
such as community health data bases, biologic monitoring, and sentinel
events.

•   Direct ATSDR and other relevant agencies to expand cooperative
agreements with states and develop a comprehensive program of technical
assistance for state and local agencies. Federal and state agencies, such as
ATSDR and the National Institute of Environmental Health Sciences, also
should provide increased support for university-based research in
environmental epidemiology.

The legislative mandates, policies, and programs of the federal and state
agencies that currently manage hazardous-waste sites are inadequate to the task
of protecting public health. Although evidence suggests that specific
populations near specific hazardous-waste sites are exposed to substantial risks,
the distribution and frequency of these exposures cannot be ascertained,
because the needed data have not been gathered.

A decade after implementation of Superfund, and despite congressional
efforts to redirect the program, substantial public health concerns remain, and
critical information on the distribution of exposures and health effects
associated with hazardous-waste sites is still lacking. Whether for the purposes
of environmental epidemiology or for the protection of public health, the nation
is failing to adequately identify, assess, or prioritize hazardous-waste site
exposures and their potential effects on public health. Our next report will
contain a review of selected state health department reports on this subject and
of case studies of legal decisions that have evaluated epidemiologic

GENERAL CONCLUSIONS 269

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Environmental Epidemiology, Volume 1: Public Health and Hazardous Wastes
http://www.nap.edu/catalog/1802.html

http://www.nap.edu/catalog/1802.html


evidence not otherwise available in the published literature. On the basis of this
review, we will recommend important research initiatives in the field.

Until better evidence is developed, prudent public policy demands that a
margin of safety be provided regarding potential health risks from exposures to
hazardous-waste sites. We do no less in designing bridges and buildings. We do
no less in establishing criteria for scientific credibility. We must surely do no
less when the health and quality of life of Americans are at stake.
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