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Executive Summary
Because living organisms, including humans, are part of the environment they reflect what is in their surroundings. Traces of a large
variety of both natural and man-made compounds can be found in the
tissues and fluids of humans as a result of exposure to these compounds
in air, soil, water, food, and consumer products.
As analytical capabilities have improved, it has become possible to
detect ever-increasing numbers of natural and synthetic environmental
chemicals at lower and lower concentrations. The mere ability to measure or detect the presence of a substance in the body is not an indication
that the substance poses any health risk, especially at the trace levels at
which we can now detect them. It has also become clear that because of
the persistent nature of some of these chemicals, they are likely to
remain in humans for some time to come. Thus, concerns about the possible health impacts of these chemicals will likely continue to be raised.
To address these concerns, it is important to understand what the
trends are in the levels of these trace contaminants and what the health
impacts may be from the levels that are currently being detected in
human fluids and tissues.
Evidence from analysis of foods and water, as well as from direct
measurements of fluids and tissues, reveals that the levels of the synthetic contaminants have decreased greatly over recent time. Studies of
lead and persistent organochlorine compounds, such as DDT and dieldrin, clearly document this trend and show a decrease of more than 90%
during the last quarter of the 20th century. While the levels have continued to decrease in the last decade, the rate of decrease has slowed. In
addition, the data reveal that there are some sub-populations that are
still exposed to unusually high amounts of some of these contaminants.
As a result of these large decreases in concentrations, current
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levels of environmental chemicals in the general population are well
below those considered to be associated with adverse effects and thus
do not pose a risk to public health. Efforts to improve environmental
health should thus focus on those populations with especially high
exposures; e.g., children living in homes with high levels of lead.

What are trace levels of environmental
chemicals?
The natural world contains a wide variety of different chemicals to
which humans may be exposed through their food, water, soil, and air.
At low levels, many of these natural substances are necessary for
human health: e.g., selenium.(1) Others may have no apparent health
benefit and, indeed, may be harmful at levels found in the environment
in some locations. Human exposure to these naturally occurring chemicals can be detected through analysis of body fluids and tissues. For
example, analysis of the hair of people who drink water containing
arsenic can provide a measure of arsenic exposure and help identify
areas where arsenic levels in drinking water may be a threat to public
health.
In addition to these naturally occurring substances, a large number
of chemicals were introduced into the environment as a result of
processes and products developed during the 20th century to improve
health, increase agricultural production, and improve the standard of
living. Because of the volumes produced or their chemical properties
(e.g., persistence), or a combination of both, some of these compounds
remained in the environment for long periods of time. As a result,
human exposure to such compounds was of long duration and evidence
of this exposure can be found in human fluids and tissues.
It is possible as well to detect a number of compounds in the
human body that result from the use of consumer products, such as
pharmaceuticals and dietary supplements, and from lifestyle choices,
such as smoking. Some of these chemicals (e.g., by-products of smoking) are also present in the environment due to other sources, so trace
levels of such compounds in the body reflect several types of exposures.
The very low levels of these naturally occurring and man-made
chemicals in humans are called trace levels in this report. They represent levels that have resulted from general environmental exposure that
has occurred around the world; that is, they represent traces of these
chemicals in the environment. Higher levels of human exposure that
sometimes occurred in people who were involved in the production and
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use of such chemicals (occupational exposure) or in people who lived
close to sources of high levels of environmental chemicals will not be
addressed here.

What kinds of chemicals are found at trace
levels in humans?
Chemicals that are foreign to the body are known as “xenobiotics.”
Such substances can be either naturally occurring (chemicals that are
part of the earth or produced by microorganisms, molds, plants, or animals) or man-made (such as drugs, industrial chemicals, pesticides, and
power generation by-products). The major routes of exposure to these
environmental chemicals are inhalation, ingestion, and absorption
through the skin.
As indicated previously, because of the volume and variety of environmental xenobiotics to which humans are exposed over their lifetimes, it is not surprising that traces of such substances can be found in
human fluids and tissues. Indeed, with the great improvements in analytical capabilities during the past twenty-five years traces of more and
more xenobiotics have been detected as it has become possible to measure ever smaller amounts of these substances. As a result, public awareness and concern about the possible human health impacts of such trace
levels have grown.
While the numbers of xenobiotics that have been detected is large,
the greatest concern has been focused on a small subset of these compounds that are persistent in the environment. Persistent chemicals are
of most concern since their longevity in the environment can lead to
continuous, chronic human exposures and, in some cases, to increasing
levels in human fluids and tissues.
Examples of such persistent chemicals include large organic molecules such as DDT, dieldrin, and polychlorinated biphenyls (PCBs), as
well as metals and their compounds, such as lead and methyl mercury.
While actions have been taken over a number of years to reduce the
introduction of such compounds into the environment, it is expected that
their persistence will lead to exposures for some time and so trace levels
will continue to be found in humans. Thus, it is important to understand
the significance, if any, of such trace levels for human health.
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How do we determine trace levels of xenobiotics in humans?
A. Fates of absorbed xenobiotics
To understand the methods available for detecting trace levels of
environmental xenobiotics, it is important to appreciate what happens in
the human body when exposure to such chemicals occurs. The human
body handles all chemicals including trace chemicals in numerous
ways. However, in general, the first step is absorption of the chemical
into the blood where it can be transported freely throughout the body
and distributed to various tissues in the body.
After absorption and distribution, the chemical may have three
fates: it may be stored in the body, it may be excreted from the body, or
it may interact with the body to cause changes that may be beneficial or
adverse. Depending on its characteristics, the chemical may be stored in
a variety of locations in the body. For example, lipophilic (fat-loving)
molecules such as DDT dissolve in and are stored largely in fat. Lead,
on the other hand, is stored mainly in bone. Mercury may be found in
hair and fingernails. Levels of chemicals that are stored in the body
tend to increase over time as long as exposure continues and the rate of
accumulation exceeds the rate of excretion.
Depending on its characteristics, a chemical may remain in the
body for varying amounts of time before it is excreted. Some chemicals
are very rapidly excreted—within a day or two—so they do not stay in
the body long. Unless exposures are repeated frequently, or unless
assessments are made immediately after exposure, measured levels of
such chemicals in the body are generally quite low and often nondetectable.
Chemicals that interact with the body may cause a wide variety of
changes. These can range from small alterations in the amounts and/or
nature of essential chemicals such as enzymes to fundamental changes
in the functioning of organs. According to the basic principle of toxicology, whether or not any effect will occur depends on the dose and the
time course of exposure, and it is very unlikely that effects seen at high
doses in laboratory experiments will occur at the trace levels to which
humans are typically exposed.
Often, after xenobiotics are absorbed by the body they are changed
into other compounds by a process called metabolism. The products of
metabolism (metabolites) may undergo the same fates as the compound
originally absorbed—storage, excretion, or interaction. For example,
acetylsalicylic acid (aspirin) is broken down into salicylic acid and
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acetic acid in the body. While each of these metabolites may share the
same fates as the original compound, the rates and extent of storage,
excretion, or interaction will be different. Metabolites may be more or
less toxic than the original compounds.
Because metabolism is often incomplete, traces of both the
absorbed xenobiotic and its metabolites may be found in human fluids
and tissues. How much of an absorbed chemical is metabolized and how
much remains unchanged generally depends on dose. This is one additional reason that caution must be used in applying the results of highdose toxicity studies in animals to trace level exposures of humans.

B. Implications of fates for determination of trace levels
Because of the varying fates of chemicals in the human body, a
number of different techniques must be used to detect their presence.
For example, if a chemical is stored in fat, analysis of samples of fat
can be used to detect and quantify the levels of this chemical in an individual. In nursing mothers, such compounds can often be measured in
breast milk since they tend to be associated with milk fat.
Taking samples of body fat is an invasive procedure with some
medical risk so it is rarely employed at present. With advances in analytical capabilities, it has become possible to take advantage of the fact
that not all of the xenobiotic moves to the fat; a small portion of it stays
in the blood where it may be detected using a routine blood sample.
Similarly, levels of chemicals stored in bone or hair may be measured
directly in these tissues. Chemicals that are not readily stored in the
body may be detected as they are excreted—for example, in urine or in
exhaled air.
Because many xenobiotics are metabolized, the absorbed chemical
may not be present at levels high enough to be measured. In this case,
analysis of its metabolites in fluids such as blood and urine must be performed. Xenobiotics and/or their metabolites in body fluids and tissues
are known as biomarkers of exposure. Simply stated, this means that
their presence indicates that exposure has occurred. The concentrations
of these biomarkers in the body reflect the environmental levels to
which the individuals were exposed.
However, the relationship between environmental levels and concentrations of biomarkers may be complicated if exposures occur from
other sources, such as smoking, as well as from environmental contamination. In such cases, it is often difficult to draw conclusions about
environmental contaminant levels from analysis of tissue or fluid levels.
For chemicals that interact with the body, a variety of techniques
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can be used to detect the effects of this interaction. In a simple case, the
interaction may influence the levels of one or more chemicals in the
blood (e.g. enzymes), and so enzyme level changes can be used as surrogates to indicate that exposure has occurred. Similarly, the interaction may result in changes in excretion patterns of other chemicals that
can be measured in urine. These substances that are neither the
absorbed xenobiotic nor its metabolites are known as biomarkers of
effect since they are indicative that effects have occurred. For example,
the members of the class of compounds known as organophosphate pesticides can cause alterations in the blood level of an enzyme,
cholinesterase.
In some cases, the changes detected in the body are so great that
they can be said to be indicators of adverse effects in that individual.
For example, if the enzyme levels have either increased or decreased to
a point where proper functioning of an organ system is compromised,
then it is clear that toxicity has occurred. Similarly, if a xenobiotic leads
to a significant change in either function or number of cells crucial for
normal health or functioning, this is also indicative of toxicity. An
example is exposure to high levels of benzene leading to decreases in
red blood cell counts. Such indicators of clear-cut toxicity are known as
biomarkers of adverse effect. Changes of this magnitude are rarely if
ever seen from trace level exposures.
Ideally, biomarkers of effect can provide better measures of the
toxic potential of trace chemicals than biomarkers of exposure since the
mere presence of a substance, while a reflection of exposure, is not necessarily an indicator of toxicity. For a number of reasons, however,
even biomarkers of effect may not be perfect indicators. One problem
in interpreting biomarkers of effect (or biomarkers of adverse effect) is
that often more than one xenobiotic can produce the same effect. For
example, the whole class of organophosphate pesticides (as noted
above) can cause alterations in the blood level of the same enzyme,
cholinesterase. Likewise, several solvent chemicals can affect liver
enzymes. In addition, it is possible that yet unidentified chemicals could
cause these same effects. Thus, in the absence of other data such as
measurements of levels in the environment, the biomarkers of effect are
less specific than biomarkers of exposure in reflecting human exposures
to trace levels of environmental xenobiotics. A number of studies have
been performed in different countries and by international organizations
to gain population-based data on biomarkers of exposure and, in some
cases, effect. In the United States, the largest effort has been the
National Health and Nutrition Examination Survey (NHANES), a con-
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tinuous survey which includes household interviews, a physical exam,
and blood analysis for a nationally representative sample of the noninstitutionalized population.

C. Using monitoring of intake to estimate trace levels
Since it is difficult and expensive to undertake population-based
studies of biomarkers of either exposure or effect, other techniques
have been employed to provide indirect measures of trace levels of
environmental xenobiotics. Perhaps one of the most comprehensive of
these is the effort of the U.S. Food and Drug Administration (FDA) to
estimate human intakes of selected pesticides, synthetic chemicals and
mineral elements through the diet. This effort is referred to as the
“Market Basket Survey” or the “Total Diet Studies.” First conducted in
1961, the Market Basket Survey involves the retail purchase of foods
considered to be representative of the “total diet” of the U.S. population. The survey includes analyses of 234 items that make up the diets
of eight population groups of different ages and both sexes.

What are the trends in trace levels of
environmental chemicals?
A. Trends from food data
Data from the Market Basket Surveys for the years 1986-1991 have
been used to provide a very good summary of the trends in the dietary
intakes of nearly 120 compounds in a variety of population groups.
These data clearly indicate that during this period the daily intake of
selected pesticides and metals either remained stable or decreased.
There was no indication of increasing human exposure to these substances through food.(2) (See Figure 1 on next page.)
In addition, the 1986-91 analysis shows that daily intakes of the
heavy metals lead, arsenic, cadmium, and mercury were well below the
provisional tolerable daily intakes during this period. Further, intakes of
all pesticides analyzed were far below the acceptable daily intake (ADI)
levels set by the World Health Organization and the United Nations
Food and Agriculture Organization.(3) The levels of the pesticide with
the highest intake, dieldrin, averaged about 1/30th of the ADI in the
most highly exposed population—teenage and young adult males.
The levels of pesticide residues found in individual foods in the
1986-1991 Market Basket Survey were much lower than the residue
tolerances for raw agricultural products established by the U.S.

11

Traces of Environmental Chemicals in the Human Body:
Figure 1. Trends in Intake by Children and Adults

of Three Environmental Chemicals *

* Adapted from data presented in Gunderson EL. FDA total diet study, July 1986–April 1991,

dietary intakes of pesticides, selected elements, and other chemicals. J AOAC Int.
1995;78:1353–1362.

12

Are They a Risk to Health?
Environmental Protection Agency (EPA).(4) This analysis also showed
that levels of certain persistent pesticides in food have declined steadily
since their use in agriculture was curtailed or eliminated.
The most recent data, for the year 2000, show that these persistent
pesticides are found in only a small percentage of agricultural products
and even in these cases at levels well below concentrations considered
by governmental organizations to pose any risk.(5) Thus, historical and
recent data confirm that while humans are exposed to trace levels of
chemicals in their food, these exposures occur only in a limited number
of foods and at concentrations generally well below levels thought to be
of concern. Thus, the presence of these chemicals in the food supply is
not expected to pose a risk to human health.

B. Trends from human tissue and fluid analyses
The environmental chemical that has been studied most intensively
in the United States during the past thirty years is undoubtedly lead, and
the biomarker in this case is blood-lead levels in young children. These
levels decreased dramatically from the late 1970s until the early 1990s
and then more slowly during the past decade. The most recent data,
from NHANES, comparing information from 1991-1994 with that from
1999, show that blood lead levels in children decreased from a mean of
2.7 µg/dl (micrograms per deciliter) to 2.0 µg/dl. These data are supported by state surveillance studies showing that the percentage of children with blood lead levels equal to or above 10 µg/dl decreased from
10.5% in 1996 to 7.6% in 1998.(6)
Another environmental chemical that has been studied in detail is
DDT, and the biomarker most often utilized is breast milk levels.
Studies in Sweden spanning over thirty years documented a greater than
90% decrease in DDT breast milk levels between the late 1960s and the
early 1990s. While the rate of decline has decreased in the last decade,
it appears that DDT breast milk levels have declined by about 50% during this time.(7) Studies in Canada have shown a similar decline in
DDT levels in breast milk.(8) (See Figure 2.) Data collected in many
other countries also reflect a similar trend in DDT breast milk concentrations, suggesting that these declines reflect worldwide phenomena.(9)
A third persistent chemical that has been studied extensively is dieldrin, and the biomarker in this case is also breast milk levels. Data from
Canada show about a 90% decline in breast milk dieldrin concentrations
from the mid-1960s to the mid-1980s.(10-12) Similar measurements in
Sweden, Denmark, Germany, and Japan over the same timeframe show
the same result, about a 90% decline.(12, 13) These data again suggest
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Figure 2. National Trends in Mean Levels of Total DDT,

pp’–DDE, and pp–DDT in Human Whole
Milk (ng/g, or ppb)—Canada, 1967–1992.

Source: Health Canada. State of Knowledge Report on Environmental Contaminants and
Human Health in the Great Lakes Basin. ISBN 0-662-26-169-0; 1998.

that the trends are worldwide in nature.
In addition to these population-based studies, research has also been
performed on sub-populations. Not surprisingly, levels tend to be higher, and declines over time lower, in sub-populations that have continuing significant exposures. For example, breast milk samples from
women living in an area of Mexico where DDT is still in use for malaria control show much higher DDT levels than is found in breast milk
from women in areas where this pesticide is not used.(14)

What can we learn from these trend data?
The population trend data provide very good indicators of the
effects of actions that have been taken to reduce exposures to particular
environmental chemicals. In the case of lead, when the blood lead level
data from the 1970s to the early 1990s are compared to the levels of
lead in gasoline, it is clear that the two decline in unison and that the
removal of lead from gasoline was the main contributor to the decline.
One reason for the leveling off of the decline may be that other sources
still persist and, indeed, lead in paint in older housing has been identified as the main remaining source. To the degree that the more recent
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declines reflect decreases in exposures to old lead-containing paint,
future trends will likely reflect how successful current and future efforts
are in minimizing this source.
In the cases of DDT and dieldrin, the dramatic decreases reflect the
banning of the uses of these substances in many parts of the world, and
reduced use in others. However, in contrast to lead, remobilization (the
slow release of persistent substances from fatty tissue storage areas
within the body back into the bloodstream) of these very persistent
chemicals is probably a significant contributor to the flattening out of
the decline curve currently observed(15). Because such chemicals are
still in use in some places in the world, the rate of decline of the body
burdens of these compounds will probably continue to lessen.
The trends in sub-populations showing lower rates of decline generally reflect local conditions where sources still persist. In many cases,
the sources are obvious, e.g., continuing use of large amounts of DDT
or deteriorating dwellings containing lead paint flakes and lead-contaminated dust. In other cases, these anomalous rates of decline may point
to previously undetected sources or to effects of unique environmental
circumstances that were not previously identified.

What is the human health significance of these
trace levels?
A. Establishing links between environmental exposures and
health effects
Two lines of evidence are used in establishing connections between
exposures to environmental contaminants and human health effects. The
first is based on toxicology data generated from studies on laboratory
animals and the second is based on epidemiological studies of human
populations—often in occupational situations.
A cornerstone of toxicological science is the ability to demonstrate a
relationship between the dose of a chemical (a reflection of exposure)
and the response of the body following this exposure. The demonstration of a dose-response relationship is an essential criterion for establishing that the chemical is responsible for the effects measured. For
most chemicals, exposure to low doses of an agent does not lead to any
observable effect; it is only after a threshold is reached that effects can
be detected. These effects may or may not be adverse. For example,
exposure to low levels of a chemical may mobilize the body’s defenses
to eliminate the compound from the body—clearly not an adverse
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effect. Exposure to higher levels of the same chemical may overwhelm
this defense mechanism, and the chemical may remain in the body
rather than be eliminated and cause damage to one or more organs—
clearly an adverse effect.
Laboratory animal toxicology studies are designed to elicit an
adverse effect, since the purpose is to determine the magnitude of the
dose required for such an effect to occur. Such studies are performed
under special conditions, such as use of groups of animals that contain
genetically uniform individuals and administration of the same dose
daily for up to a lifetime. These studies are generally the ones that form
the bases for regulatory levels set to protect human health. For regulatory purposes, the highest level at which no effect is observed or the lowest level at which an effect is observed is most often used as the starting
point for setting an acceptable exposure limit. Factors, generally
known as uncertainty or safety factors, are applied to these levels to
incorporate a significant margin of safety to account for uncertainties in
applying controlled laboratory animal data to uncontrolled human environmental exposures. The use of these factors also reflects the fact that
absolute safety cannot be achieved. There is no such thing as zero risk,
and the best that can be done is to limit exposures as much as possible
based on the best available science.
A different approach is applied to chemicals that are thought to
cause cancer. For these agents, very high doses are administered to the
laboratory animals so that the cancer will be detectable in the small
number of animals that it is feasible to study in the laboratory.
Generally, some percent of the animals in every dose group will have
cancer, so the approach described above for non-cancer causing chemicals (finding a no effect level) will not work. Instead, mathematical
models are used to extrapolate from the incidence of cancer at the high
doses to what the incidence might be at very low, possibly environmentally relevant doses.
Because of the great uncertainty in extrapolating from very high to
very low doses, a large margin of safety is built into the extrapolation
process when it is used for regulatory purposes. In addition, because
some regulatory agencies assume that no level of exposure is absolutely
safe, some acceptable incidence of cancer has to be established to set
quantitative exposure limits. Generally, this is in the range of one in ten
thousand to one in one million additional cancer cases. This approach
often overstates the risk since it is known that for some carcinogens
there is a threshold below which cancer will not occur. Many of the
trace chemicals discussed here, such as DDT, appear to be threshold
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carcinogens so it is not surprising that increased cancer incidence has
not been detected in environmentally exposed populations.
Epidemiological data are collected to see if a correlation can be
established between human exposures and adverse health effects. This is
generally very difficult when dealing with environmental exposures
because each individual is exposed to differing amounts of a large number of agents on a daily basis, making it very difficult to establish a connection between just one of these and an adverse effect. Most of the epidemiological data that are used in assessing the dangers of environmental chemicals are based on occupational studies, since worker populations’ exposures are much more regular and much higher than environmental exposures, and direct exposure measurements over a significant
period of time are more readily available.
Even so, because a range of worker exposures is generally not
available, it is most often impossible to establish a quantitative doseresponse relationship from such epidemiological data. Rather, occupational epidemiological studies are used qualitatively to suggest controlled laboratory studies that should be performed, or to support the
results of laboratory studies that have already been performed.
Recent research suggests that assessing the risk from trace elements
in human tissues and fluids is even more complex than the above analysis indicates. These studies reveal the existence of “hormesis,” a doseresponse relationship that reflects beneficial effects of a chemical at
very low doses as well as adverse effects at high ones.(16) Hormesis
has been recognized for a long time with respect to essential nutrients
that are necessary for good health at low doses but cause toxic effects
when levels are too high, such as vitamins A and D and trace minerals.
However, it is not clear if this phenomenon also applies to the environmental contaminants of most concern. It is evident that if this is the
case, it will require a re-evaluation of the risks (vs. possible benefits)
from the presence of low levels of trace substances in humans.
Another new field of research that should provide additional
insights into human responses to xenobiotics is toxicogenomics. This is
the study of the ways in which genetic differences affect individual
responses to foreign chemicals. While this research may provide a way
to predict individual responses more accurately, it does not alter the
well-established fact that human responses vary due not only to genetic
differences but also due to other factors such as age and health status.
This variability has been taken into account in the safety factors that
have been used to establish acceptable levels of exposure to environmental contaminants. Thus, the outcomes of toxicogenomics research
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will probably not affect the conclusion that current trace levels of environmental contaminants are unlikely to affect public health.

B. Applying these approaches to trace chemicals
In general, the toxicological studies described previously (i.e., those
performed on laboratory animals) are used to estimate an acceptable
daily intake—that is, the maximum amount of daily exposure to an
agent, including a margin of safety, that is thought to be without harm.
This value, in turn, is the basis for calculating the maximum acceptable
amounts of the agent in air, water, food, etc. The relationship between
exposure and levels in body tissues and fluids is a complex one. Thus,
it is difficult to estimate the latter from the former, and so regulators
have not set acceptable limits for fluid and tissue levels of most environmental contaminants.
However, breast milk is a special case: the World Health
Organization has set acceptable intake values for persistent chemicals,
such as DDT and dieldrin, and acceptable breast milk levels can be calculated based on these values. An acceptable concentration in breast
milk can be calculated based on the acceptable daily intake value.
Comparing these acceptable levels with those measured in populations
worldwide, it is clear that DDT and dieldrin concentrations in breast
milk are much lower than the acceptable values and have been for some
time. As noted before, it is possible that there are individuals in less
developed countries who may be highly exposed and whose breast milk
DDT levels may be above acceptable limits.
Lead represents another special case. While there is scientific dispute about the “safe” level of lead, the U.S. Centers for Disease Control
and Prevention considers blood lead levels of over 10 µg/dl as elevated
and thus of concern. As the data presented indicate, the average blood
lead levels are now about 2 µg/dl. This represents a dramatic decline
during the last quarter of the 20th century, a decline that had clear benefits to children’s health, as the higher levels were clearly linked to
adverse effects. (See the ACSH publication: “Lead and Health: An
Update, 2001.”)
However, the exposure data also show that currently a small but
significant percentage of children have elevated blood lead levels and
are thus at increased risk of adverse effects. Thus, these data suggest
that while lead exposure is not a general problem, there are populations
of children whose blood lead levels are of concern.
As indicated earlier, advances in analytical techniques have made it
possible to detect smaller and smaller amounts of trace contaminants in
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human fluids and tissues. The mere presence of such substances should
not be equated to toxicity from these agents. Even for DDT and dieldrin, substances that were applied to many areas in large amounts for
many years, current levels in the developed world are much too low to
be of concern.
While acceptable daily intakes used to evaluate the risks from environmental chemicals are almost always derived by applying a margin of
safety to the results of laboratory animal studies, epidemiological evidence also can assist in assessing the risks from trace contaminants.
Since cancer is commonly the toxic effect of most concern, especially
for organic chemicals such as dioxins, DDT, and dieldrin, it is instructive to examine cancer incidence as trace levels of these chemicals in
humans first rose and then declined precipitously. What is seen is that
the incidence of most cancers has remained essentially the same with
the exception of lung cancer where the incidence changed in response to
tobacco consumption patterns. Thus cancer incidence data do not appear
to provide any support for a connection between trace levels of environmental contaminants and that human disease.
While there have been occasional reports questioning this conclusion, further study has not borne out claims of a connection. For example, some epidemiological studies in the early 1990s claimed to show an
association between cancer, particularly breast cancer, and levels of
organochlorine compounds, mainly DDT and PCBs, in human tissues
and fluids. The resulting public concern spurred further work, including
a very well publicized large-scale study of women living on Long
Island, where the incidence of breast cancer in certain regions is above
average. Careful evaluation of the outcomes of about 30 epidemiological studies on the relationship between organochlorines and breast cancer(17), as well as the recently published results of the Long Island
research(18), reveals that an association between organochlorine compounds and elevated rates of breast cancer could not be established.
With regards to possible adverse effects of the levels of trace
metals in humans, epidemiological data do not reflect any change in the
incidence of neurobiological effects in children or adults associated with
the very significant decreases in blood lead levels and levels of mercury
in human food. This suggests that any effects of this type were small or
limited to a small sector of the population even when exposures were
high. Thus, they are unlikely to be detectable now in the general population given the significant decreases in these trace levels of metal elements and compounds that have occurred.
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Summary and Conclusions
The continuing detection of synthetic chemicals in human tissues
and fluids has led to legitimate concern about the possible health effects
of the presence of such chemicals in the human body. To evaluate this
concern, it is important to understand how these chemicals are detected,
what the trends are in the levels of such compounds, and what is known
about the health impacts of the levels that have been detected.
Advances in analytical capabilities have made it possible to detect
lower and lower levels of these contaminants in humans—down to parts
per trillion and lower—so that new compounds are identified regularly,
and older compounds continue to be detected even though these chemicals are no longer in use and even when their levels have declined drastically. The significance of these detections can only be understood by
looking at how these levels have changed over time and how the concentrations compare to those considered capable of causing adverse
health effects in humans.
Studies of contaminants in the food supply and direct measurements of human fluids and tissues reveal that the levels of contaminants
of concern, such as lead and DDT, have declined more than 90% in the
general populations during the past few decades. The declines appear to
be continuing but at a slower rate. These studies also reveal that there
are some special populations that continue to show high levels of contamination, generally because of local use of the chemical of concern.
Comparison of the current low levels with the lowest levels thought
to be of concern by international and national regulatory agencies
reveals that the trace amounts in humans are well below the levels of
concern for the general public. Thus, efforts to decrease these levels
further are unlikely to improve public health; instead, efforts should
focus on those populations that still experience high exposures. The
most important point to bear in mind is that detecting minuscule
amounts of a substance in our bodies is not equivalent to finding an
adverse effect on our health.

References
1. Lu FC. Recent advances in studies on selenium: an overview of a
symposium held in China. Reg. Toxicol. Pharmacol. 1998;27:204206.
2. Gunderson EL. FDA total diet study, July 1986-April 1991, dietary
intakes of pesticides, selected elements, and other chemicals. J.
AOAC Int. 1995;78:1353-1362.

20

Are They a Risk to Health?
3. World Health Organization. Evaluation of Certain Food Additives
and Contaminants—41st Report of the Joint FAO/WHO Expert
Committee on Food Additives. Geneva, Switzerland: World Health
Organization, 1993.
4. Code of Federal Regulations. Title 40. U.S. Government Printing
Office, 2001. Part 180.
5. U.S. Department of Agriculture. Pesticide Data Program: Annual
Summary Calendar Year 2000. Agricultural Marketing Service,
Washington, D.C., 2002.
6. Centers for Disease Control and Prevention (CDC). Blood Lead
Levels in Young Children—United States and Selected States,
1996-1999. MMWR 49(50):1133-1137, December 22, 2000.
7. Noren K, Meironyte D. Certain Organochlorine and Organobromine
Contaminants in Swedish Human Milk in Perspective of Past 20-30
Years. Chemosphere 2000;40:1111-1123.
8. Health Canada. State of Knowledge Report on Environmental
Contaminants and Human Health in the Great Lakes Basin, 1997.
9. Smith, D. Worldwide Trends in DDT Levels in Human Breast Milk.
Int. J. Epidemiol. 1999;28:179-188.
10. Currie RA, et al. Pesticide Residues in Human Milk, Alberta,
Canada. Pesticides Monitoring Journal 1979;13:52.
11. Jensen, AA. Chemical Contaminants in Human Milk. Residue
Reviews 1983;89:1-128.
12. Jensen, AA, Slorach, SA. Chemical Contaminants in Human Milk.
Boca Raton, FL: CRC Press, 1991.
13. Furst P, Furst C, Wilmers K. Human Milk as a Bioindicator for
Body Burden of PCDDs, PCDFs, Organochlorine Pesticides, and
PCBs. Env. Health Perspect. 1994;102:187-193.
14. Pardio VT, Waliszewski SM, Aguirre AA, Coronel H, Burelo GV,
Infanzon RM, Rivera RJ. DDT and its Metabolites in Human Milk
Collected in Veracruz City and Suburban Areas (Mexico). Bull.
Environ. Contam. Toxicol. 1998;60:852-857.
15. Calabrese EJ, Baldwin LA. Hormesis: A Generalizable and
Unifying Hypothesis. Critical Reviews in Toxicology 2001;31:353424.
16. Agency for Toxic Substances and Disease Registry (ATSDR).
Toxicological profile for DDT, DDE, DDD. Atlanta: U.S.
Department of Health and Human Services, Public Health Service,
2002.
17. Calle EE, Frumkin H, Henley SJ, Savitz DA, Thun MJ.
Organochlorines and Breast Cancer Risk. CA Cancer J. Clin.

21

2002;52:301-309.
18. Gammon MD, Wolff MS, Neugut AI, Eng SM, Teitelbaum SL,
Britton JA, Terry MB, Levin B, Stellman SD, Kabat GC, Hatch M,
Senie R, Berkowitz G, Bradlow HL, Garbowski G, Maffeo C,
Montalvan P, Kemeny M, Citron M, Schnabel F, Schuss A, Hajdu
S, Vinceguerra V, Niguidula N, Ireland K, Santella RM.
Environmental Toxins and Breast Cancer on Long Island II.
Organochlorine Compound Levels in Blood. Cancer Epidemiol.
Biomarkers Prev. 2002;11:686-697.

22

ACS H

E XE CUTI VE

S TAFF

Elizabeth M. Whelan, Sc.D., M.P.H.
President

ACS H

B OA R D

O F

DI RE CTORS

Fredric M. Steinberg, M.D.

Thomas R. DeGregori, Ph.D.

Stephen S. Sternberg, M.D.

Chairman of the Board, ACSH
Hertfordshire, England

University of Houston

Memorial Sloan-Kettering Cancer Center

Terry L. Anderson, Ph.D., M.S.
Political Economy Research Center

Elissa P. Benedek, M.D.
University of Michigan

Norman E. Borlaug, Ph.D.
Texas A&M University

Michael B. Bracken, Ph.D., M.P.H.
Yale University School of Medicine

Christine M. Bruhn, Ph.D.
University of California

Henry I. Miller, M.D.

Mark C. Taylor, M.D.

Hoover Institution

Physicians for a Smoke-Free Canada

A. Alan Moghissi, Ph.D.

Lorraine Thelian

Institute for Regulatory Science

Ketchum Public Relations

John H. Moore, Ph.D., M.B.A.

Kimberly M. Thompson, Sc.D.

Grove City College

Harvard School of Public Health

Albert G. Nickel

Elizabeth M. Whelan, Sc.D., M.P.H.

Lyons lavey Nickel swift, inc.

American Council on Science and Health

Kenneth M. Prager, M.D.

Robert J. White, M.D., Ph.D.

Columbia College of Physicians and
Surgeons

Case Western Reserve University

Taiwo K. Danmola, C.P.A.
Ernst & Young
AC S H

BOARD

Ernest L. Abel, Ph.D.
C.S. Mott Center

Julie A. Albrecht, Ph.D.

University of Nebraska, Lincoln

James E. Alcock, Ph.D.

Glendon College, York University

Thomas S. Allems, M.D., M.P.H.
San Francisco, CA

Richard G. Allison, Ph.D.

American Society for Nutritional
Sciences (FASEB)

John B. Allred, Ph.D.
Ohio State University

Philip R. Alper, M.D.

John Hopkins University

Edward E. Burns, Ph.D.

Nancy Cotugna, Dr.Ph., R.D.,
C.D.N.

Texas A&M University

Francis F. Busta, Ph.D.
University of Minnesota

Elwood F. Caldwell, Ph.D., M.B.A.
University of Minnesota

Zerle L. Carpenter, Ph.D.
Texas A&M University System

C. Jelleff Carr, Ph.D.
Columbia, MD

Ercole L. Cavalieri, D.Sc.

Robert S. Baratz, D.D.S.,
Ph.D., M.D.
International Medical
Consultation Services

University of Wisconsin, Madison

James J. Cerda, M.D.
University of Florida

Stephen Barrett, M.D.
Allentown, PA

University of Illinois, UrbanaChampaign

Thomas G. Baumgartner,
Pharm.D., M.Ed.

Dale J. Chodos, M.D.

Health Education Foundation

University of Florida

Kalamazoo, MI

Barry L. Beyerstein, Ph.D.

Martha A. Churchill, Esq.

Simon Fraser University

Milan, MI

Blaine L. Blad, Ph.D.

Emil William Chynn, M.D.

Kanosh, UT

Manhattan Eye, Ear & Throat Hospital

Hinrich L. Bohn, Ph.D.

Dean O. Cliver, Ph.D.

University of Arizona

University of California, Davis

Ben Bolch, Ph.D.

F. M. Clydesdale, Ph.D.

Rhodes College

University of Massachusetts

Joseph F. Borzelleca, Ph.D.

Donald G. Cochran, Ph.D.

Zarley Law Firm, P.L.C.

George A. Bray, M.D.

Pennington Biomedical Research
Center

Ronald W. Brecher, Ph.D.,
C.Chem., DABT

GlobalTox International Consultants, Inc.

Robert L. Brent, M.D., Ph.D.

Alfred I. duPont Hospital for Children

Allan Brett, M.D.

University of South Carolina

Gale A. Buchanan, Ph.D.
University of Georgia

Utah State University

Virginia Polytechnic Institute and
State University

W. Ronnie Coffman, Ph.D.
Cornell University

Bernard L. Cohen, D.Sc.
University of Pittsburgh

John J. Cohrssen, Esq.

Public Health Policy Advisory Board

Neville Colman, M.D., Ph.D.
St. Luke’s Roosevelt Hospital
Center

Gerald F. Combs, Jr., Ph.D.
Cornell University

Michael D. Corbett, Ph.D.
Omaha, NE

University of Wisconsin, Madison

M i chael W. Easley, D.D.S., M.P.H.

F. J. Francis, Ph.D.

J. Gordon Edwards, Ph.D.

Glenn W. Froning, Ph.D.

George E. Ehrlich, M.D.,
F. A. C . P., M.A.C.R., FRCP (Edin)

Vincent A. Fulginiti, M.D.

San José State University

Philadelphia, PA

H. Russell Cross, Ph.D.

Michael P. Elston, M.D., M.S.

Charles R. Curtis, Ph.D.

William N. Elwood, Ph.D.

Ohio State University

University of Miami School of
Medicine

Ilene R. Danse, M.D.

James E. Enstrom, Ph.D., M.P.H.

Future Beef Operations, L.L.C.

Bolinas, CA

Ernst M. Davis, Ph.D.

University of Texas, Houston

Robert M. Devlin, Ph.D.

Bruce M. Chassy, Ph.D.

Michael K. Botts, Esq.

Roger A. Coulombe, Jr., Ph.D.

Russell N. A. Cecil, M.D., Ph.D.

Morris E. Chafetz, M.D.

Medical College of Virginia

University of Delaware

Harry G. Day, Sc.D.

Mohawk Valley Orthopedics, NY

ADVISORS

University of Rhode Island
State University of New York, Buffalo

University of Nebraska Medical
Center

Nigel M. Bark, M.D.

Albert Einstein College of Medicine

POL I CY

Bell, Boyd & Lloyd LLC

Karl E. Anderson, M.D.

Hudson Institute

AND

George M. Burditt, J.D.

Robert G. Cassens, Ph.D.

Dennis T. Avery

S CI E NTI FI C

Morton Corn, Ph.D.

University of California, San Francisco
University of Texas, Medical Branch

O F

Indiana University

University of Massachusetts

Seymour Diamond, M.D.
Diamond Headache Clinic

Rapid City Regional Hospital

University of California, Los Angeles

Stephen K. Epstein, M.D.,
M.P.P., FACEP

Beth Israel Deaconess Medical Center

Myron E. Essex, D.V.M., Ph.D.
Harvard School of Public Health

Terry D. Etherton, Ph.D.
Pennsylvania State University

William Evans, Ph.D.

University of Massachusetts
University of Nebraska, Lincoln
University of Colorado

Arthur Furst, Ph.D., Sc.D.
University of San Francisco

Robert S. Gable, Ed.D., Ph.D.,
J.D.
Claremont Graduate University

Shayne C. Gad, Ph.D.,
D.A.B.T., A.T.S.
Gad Consulting Services

William G. Gaines, Jr., M.D.,
M.P.H.
Scott & White Clinic

Charles O. Gallina, Ph.D.

Professional Nuclear Associates

Raymond Gambino, M.D.
Quest Diagnostics, Inc.

Donald C. Dickson, M.S.E.E.

University of Alabama

Randy R. Gaugler, Ph.D.

John Diebold

Daniel F. Farkas, Ph.D., M.S.,
P.E.

LaNelle E. Geddes, Ph.D., R.N.

Gilbert, AZ

The Diebold Institute for Public
Policy Studies

Ralph Dittman, M.D., M.P.H.
Houston, TX

John E. Dodes, D.D.S.

National Council Against Health Fraud

Sir Richard Doll, M.D., D.Sc.,
D.M.
University of Oxford

John Doull, M.D., Ph.D.
University of Kansas

Theron W. Downes, Ph.D.
Michigan State University

Adam Drewnowski, Ph.D.
University of Washington

Michael A. Dubick, Ph.D.

U.S. Army Institute of Surgical Research

Greg Dubord, M.D., M.P.H.
RAM Institute

Edward R. Duffie, Jr., M.D.
Savannah, GA

David F. Duncan, Dr.Ph.
Brown University

James R. Dunn, Ph.D.
Averill Park, NY

Robert L. DuPont, M.D.

Institute for Behavior and Health, Inc.

Henry A. Dymsza, Ph.D.

Oregon State University

Richard S. Fawcett, Ph.D.
Huxley, IA

John B. Fenger, M.D.

Rutgers University
Purdue University

J. Bernard L. Gee, M.D.

Yale University School of Medicine

K. H. Ginzel, M.D.

Phoenix, AZ

University of Arkansas for
Medical Sciences

Owen R. Fennema, Ph.D.

William Paul Glezen, M.D.

University of Wisconsin, Madison

Frederick L. Ferris, III, M.D.
National Eye Institute

David N. Ferro, Ph.D.

University of Massachusetts

Madelon L. Finkel, Ph.D.

Cornell University Medical College

Jack C. Fisher, M.D.

University of California, San Diego

Baylor College of Medicine

Jay A. Gold, M.D., J.D., M.P.H.
Medical College of Wisconsin

Roger E. Gold, Ph.D.
Texas A&M University

Reneé M. Goodrich, Ph.D.
University of Florida

Frederick K. Goodwin, M.D.

Kenneth D. Fisher, Ph.D.

The George Washington
University Medical Center

L e o n a rdT. Flynn, Ph.D., M.B.A.

Timothy N. Gorski, M.D.,
F.A.C.O.G.

Morganville, NJ

Arlington, TX

William H. Foege, M.D., M.P.H.

Ronald E. Gots, M.D., Ph.D.

Washington, DC

Emory University

Ralph W. Fogleman, D.V.M.
Upper Black Eddy, PA

Christopher H. Foreman, Jr.,
Ph.D.
University of Maryland

E. M. Foster, Ph.D.

International Center for
Toxicology and Medicine

Michael Gough, Ph.D.
Bethedsa, MD

Henry G. Grabowski, Ph.D.
Duke University

James Ian Gray, Ph.D.
Michigan State University

ACS H

William W. Greaves, M.D.,
M.S.P.H.
Medical College of Wisconsin

B OAR D

OF

S CI E NTI F I C

Marvin J. Schissel, D.D.S.

Michael Kamrin, Ph.D.

Howard D. Maccabee, Ph.D.,
M.D.

James E. Oldfield, Ph.D.

Lawrence J. Schneiderman, M.D.

Stanley T. Omaye, Ph.D., F.A.T.S., F.ACN, C.N.S.

Edgar J. Schoen, M.D.

Dow Agroscience, LLC.

Medscape

Radiation Oncology Center

Laura C. Green, Ph.D., D.A. B . T.

John B. Kaneene,Ph.D.,
M.P.H., D.V.M.

Cambridge Environmental, Inc.

Michigan State University

Saul Green, Ph.D.

Philip G. Keeney, Ph.D.

Houston, TX

Zol Consultants

Pennsylvania State University

Richard A. Greenberg, Ph.D.

John G. Keller, Ph.D.

Hinsdale, IL

Olney, MD

Sander Greenland, Dr.P.H., M.S.,
M . A.

Kathryn E. Kelly, Dr.P.H.

Gordon W. Gribble, Ph.D.
Dartmouth College

William Grierson, Ph.D.

Delta Toxicology

George R. Kerr, M.D.

University of Texas, Houston

George A. Keyworth II, Ph.D.
Progress and Freedom Foundation

University of Florida

Lester Grinspoon, M.D.

Michael Kirsch, M.D.

Harvard Medical School

Highland Heights, OH

F. Peter Guengerich, Ph.D.

John C. Kirschman, Ph.D.

Vanderbilt University School of Medicine

Emmaus, PA

Caryl J. Guth, M.D.

Ronald E. Kleinman, M.D.

Hillsborough, CA

Massachusetts General Hospital

Philip S. Guzelian, M.D.

David M. Klurfeld, Ph.D.

University of Colorado

Wayne State University

Alfred E. Harper, Ph.D.

Kathryn M. Kolasa, Ph.D., R.D.

University of Wisconsin, Madison

East Carolina University

Clare M. Hasler, Ph.D.

Alan R. Kristal, Dr.P.H.

University of Illinois at UrbanaChampaign

Fred Hutchinson Cancer Research
Center

Robert D. Havener, M.P.A.

David Kritchevsky, Ph.D.

Sacramento, CA

The Wistar Institute

Virgil W. Hays, Ph.D.

Mitzi R. Krockover, M.D.

University of Kentucky

Humana, Inc.

Cheryl G. Healton, Dr.PH.

Manfred Kroger, Ph.D.

Columbia University, School of
Public Health

Pennsylvania State University

Clark W. Heath, Jr., M.D.

University of Washington

American Cancer Society
Brown University

Hebrew University of Jerusalem

Carolyn J. Lackey, Ph.D., R.D.
North Carolina State University

Robert Heimer, Ph.D.

Yale School of Public Health

J. Clayburn LaForce, Ph.D.

University of California, Los Angeles

Zane R. Helsel, Ph.D.

Rutgers University, Cook College

Donald A. Henderson, M.D.,
M.P.H.
Johns Hopkins University

James D. Herbert, Ph.D.
MCP Hahnemann University

Gene M. Heyman, Ph.D.

McLean Hospital/Harvard Medical
School

Richard M. Hoar, Ph.D.
Williamstown, MA

Robert M. Hollingworth, Ph.D.
Michigan State University

Edward S. Horton, M.D.
Joslin Diabetes Center

Joseph H. Hotchkiss, Ph.D.
Cornell University

Steve E. Hrudey, Ph.D.
University of Alberta

Susanne L. Huttner, Ph.D.

University of California, Berkeley

Robert H. Imrie, D.V.M.
Seattle, WA

Lucien R. Jacobs, M.D.

University of California, Los Angeles

Alejandro R. Jadad, M.D.,
D.Phil., F.R.C.P.C.
University of Toronto

Rudolph J. Jaeger, Ph.D.
Environmental Medicine, Inc.

William T. Jarvis, Ph.D.
Loma Linda University

Laurence J. Kulp, Ph.D.
Sandford F. Kuvin, M.D.

Dwight B. Heath, Ph.D.

A DV I S O R S

John Patrick O’Gr ady, M.D.

Haslett, MI

UCLA School of Public Health

POL I CY

George D. Lundberg, M.D.

Kenneth Green, D.Env.

Reason Public Policy Institute

AN D

Daland R. Juberg, Ph.D.

James C. Lamb, IV, Ph.D., J.D.
Blasland, Bouck & Lee, Inc.

Lawrence E. Lamb, M.D.
San Antonio, TX

Lillian Langseth, Dr.P.H.
Lyda Associates, Inc.

Brian A. Larkins, Ph.D.
University of Arizona

Larry Laudan, Ph.D.

National Autonomous University
of Mexico

Tom B. Leamon, Ph.D.

Liberty Mutual Insurance Company

Jay H. Lehr, Ph.D.

Janet E. Macheledt, M.D., M.S.,
M.P.H.

University of British Columbia

Floy Lilley, J.D.
Amelia Island, Fl

Paul J. Lioy, Ph.D.

UMDNJ-Robert Wood Johnson
Medical School

Purdue University

ican, Inc.

Henry G. Manne, J.S.D.

M. Alice Ottoboni, Ph.D.

George Mason University Law School

Sparks, NV

Karl Maramorosch, Ph.D.

Michael W. Pariza, Ph.D.

Rutgers University, Cook College

University of Wisconsin, Madison

Judith A. Marlett, Ph.D., R.D.

Stuart Patton, Ph.D.

University of Wisconsin, Madison

Pennsylvania State University

James R. Marshall, Ph.D.

Timothy Dukes Phillips, Ph.D.

Arizona Cancer Center

Texas A&M University

Margaret N. Maxey, Ph.D.

Mary Frances Picciano, Ph.D.

University of Texas at Austin

National Institutes of Health

Mary H. McGrath, M.D., M.P.H.

David R. Pike, Ph.D.

Loyola University Medical Center

Alan G. McHughen, D.Phil.
University of California, Riverside

James D. McKean, D.V.M., J.D.
Iowa State University

John J. McKetta, Ph.D.

University of Texas at Austin

Donald J. McNamara, Ph.D.
Egg Nutrition Center

Patrick J. Michaels, Ph.D.
University of Virginia

Thomas H. Milby, M.D., M.P.H.
Walnut Creek, CA

Joseph M. Miller, M.D., M.P.H.
University of New Hampshire

William J. Miller, Ph.D.
University of Georgia

Dade W. Moeller, Ph.D.
Harvard University

Grace P. Monaco, J.D.

Medical Care Management Corp.

Brian E. Mondell, M.D.

John Hopkins at Green Spring Station

Eric W. Mood, LL.D., M.P.H.
Yale University School of Medicine

John W. Morgan, Dr.P.H.

University of Rhode Island

Charles Poole, M.P.H., Sc.D
University of North Carolina
School of Public Health

Gary P. Posner, M.D.
Tampa, FL

John J. Powers, Ph.D.
University of Georgia

William D. Powrie, Ph.D.
University of British Columbia

Kary D. Presten

U.S. Trust Company of New York

Marvin P. Pritts, Ph.D.
Cornell University

Daniel J. Raiten, Ph.D.

National Institutes of Health

David W. Ramey, D.V.M.
Ramey Equine

R.T. Ravenholt, M.D., M.P.H.
Population Health Imperatives

Russel J. Reiter, Ph.D.

University of Texas, San Antonio

William O. Robertson, M.D.

W. K. C. Morgan, M.D.

J. D. Robinson, M.D.

Ontario, Canada

Stephen J. Moss, D.D.S., M.S.
New York University

Ian C. Munro, F.A.T.S., Ph.D.,
FRCPath
Cantox Health Sciences International

Kevin B. Murphy

Merrill Lynch, Pierce, Fenner & Smith

Daniel J. Ncayiyana, M.D.
University of Cape Town

Philip E. Nelson, Ph.D.
Purdue University

Malden C. Nesheim, Ph.D.
Cornell University

Joyce A. Nettleton, D.Sc., R.D.

Frank C. Lu, M.D., BCFE

Gordon W. Newell, Ph.D.,
M.S.,F.-A.T.S.

University of Wisconsin

Charles Polk, Ph.D.

University of Washington School
of Medicine

University of Kansas School of Medicine

Daryl Lund, Ph.D.

Cornell University

California Cancer Registry

Fort Lee, NJ

Oregon State University

University of Illinois, Urbana-Champaign

Thomas T. Poleman, Ph.D.

William M. London, Ed.D.,
M.P.H.

William M. Lunch, Ph.D.

University of Nevada, Reno

Roger P. Maickel, Ph.D.

Aurora, CO

Miami, FL

Oregon State University

Michael T. Osterholm, Ph.D.,
M.P.H.

Environmental Education Enterprises, Inc. Harris M. Nagler, M.D.
Beth Israel Medical Center

Brian C. Lentle, M.D., FRCPC,
DMRD

Tufts University School of Medicine

John S. Neuberger, Dr.P.H.

Palo Alto, CA

Steven P. Novella, M.D.

Yale University School of Medicine

James L. Oblinger, Ph.D.

North Carolina State University

Roslyn Heights, NY

University of California, San Diego
Kaiser Permanente Medical Center

D avid Sch ot te n feld, M.D., M.Sc.
University of Michigan

Joel M. Schwartz, M.S.
Reason Public Policy Institute

Patrick J. Shea, Ph.D.

University of Nebraska, Lincoln

Michael B. Shermer, Ph.D.
Skeptic Magazine

Sidney Shindell, M.D., LL.B.
Medical College of Wisconsin

S a rah Short, Ph.D., Ed.D., R.D.
Syracuse University

A. J. Siedler, Ph.D.

University of Illinois, Urbana-Champaign

Lee M. Silver, Ph.D.
Princeton University

Michael S. Simon, M.D., M.P.H.
Barbara Ann Kamonos Cancer Inst.

S. Fred Singer, Ph.D.

Science & Environmental Policy Project

Robert B. Sklaroff, M.D.
Elkins Park, PA

Gary C. Smith, Ph.D.

Colorado State University

Roy F. Spalding, Ph.D.

University of Nebraska, Lincoln

Leonard T. Sperry, M.D., Ph.D.
Barry University

Ro b e rt A. Squ i re, D.V.M., Ph.D.
Baltimore, MD

Ronald T. Stanko, M.D.

University of Pittsburgh Medical Center

James H. Steele, D.V.M., M.P.H.
University of Texas, Houston

Robert D. Steele, Ph.D.

Pennsylvania State University

Judith S. Stern, Sc.D., R.D.
University of California, Davis

Martha Barnes Stone, Ph.D.
Colorado State University

Michael M. Sveda, Ph.D.
Gaithersburg, MD

Glenn Swogger, Jr., M.D.
Menninger Clinic

Georgetown University School of
Medicine

Sita R. Tatini, Ph.D.

Bill D. Ro e b u ck, Ph.D., D.A.B.T.

Steve L. Taylor, Ph.D.

Dartmouth Medical School

David B. Roll, Ph.D.
University of Utah

Dale R. Romsos, Ph.D.
Michigan State University

Steven T. Rosen, M.D.

Northwestern University Medical School

Kenneth J. Rothman, Dr.P.H.
Editor, Epidemiology

Stanley Rothman, Ph.D.
Smith College

Edward C. A. Runge, Ph.D.
Texas A&M University

Stephen H. Safe, D.Phil.
Texas A&M University

University of Minnesota
University of Nebraska, Lincoln

Dimitrios Trichopoulos, M.D.
Harvard School of Public Health

Murray M. Tuckerman, Ph.D.
Winchendon, MA

Robert P. Upchurch, Ph.D.
University of Arizona

Mark J. Utell, M.D.

University of Rochester Medical Center

Shashi B. Verma, Ph.D.

University of Nebraska, Lincoln

Willard J. Visek, M.D., Ph.D.

University of Illinois College of Medicine

Donald M. Watkin, M.D.,
M.P.H., F.A.C.P.

Wallace I. Sampson, M.D.

George Washington University

Harold H. Sandstead, M.D.

University of Iowa Hospitals and Clinics

Herbert P. Sarett, Ph.D.

University of California at San Francisco

Lowell D. Satterlee, Ph.D.

Cleveland Clinic Florida

Stanford University School of Medicine
University of Texas Medical Branch
Sarasota, FL

Vergas, MN

Miles Weinberger, M.D.
Janet S. Weiss, M.D.

Steven D. Wexner, M.D.
Joel Elliot White, M.D., F.A.C.R.

The opinions expressed in ACSH publications do not necessarily represent the views of all ACSH Directors and Advisors.
ACSH Directors and Advisors serve without compensation.

