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Executive Summary

F
or years researchers have been investigating the hypothesis that trace
levels of such industrial chemicals as pesticides, chlorinated com-
pounds, and heavy metals are hazardous to human health. Although

studies have failed to establish a causal relationship, some scientists and
activist groups continue to emphasize the role of trace levels of synthetic
chemicals in human illness. This continuing focus may be attributed, in
part, to our increased ability to detect low levels of chemicals in the envi-
ronment. It may also stem, however, from a collective—and often irra-
tional—fear of such substances.

In this report the American Council on Science and Health (ACSH)
explores the endocrine disrupter hypothesis, which asserts that certain (pri-
marily man-made) chemicals act as, or interfere with, human hormones
(specifically estrogens) in the body and thus cause a range of defects and
diseases related to the endocrine system. This report also evaluates the
possible implications of endocrine disrupters—more appropriately called
“endocrine modulators”—for human health. 

The following points are central to ACSH’s analysis:

• High doses of some environmental contaminants have produced toxic
effects in certain wildlife species. In some instances the effects appear
to involve the endocrine system. Humans, however, have compara-
tively much lower exposures to these suspected endocrine modulators.
This fact is crucial to assessing the potential risks, if any, associated
with these substances.

• To date no consistent, convincing association has been made between
exposures to synthetic chemicals in the environment and increased
cancer in hormonally sensitive human tissues (breast and prostate tis-
sues, for example). While a chemical may cause cancer in certain lab-
oratory animals when given at high doses, it does not necessarily
cause cancer in humans—who, as indicated above, have much lower
exposures to synthetic environmental chemicals.

• Humans are exposed through their diet to estrogenic substances (sub-
stances having an effect similar to that of the human hormone estro-
gen) found in many plants. Dietary exposures to these plant estrogens
(phytoestrogens) are presumably greater than are exposures to sus-
pected synthetic endocrine modulators. No adverse health effects have
been associated with the overwhelming majority of these dietary
exposures.

• There currently is a trend in most environmental sectors (i.e. air,
water, and soil) toward decreasing concentrations of many environ-
mental contaminants, including several that are suspected of being
endocrine disrupters.

• Some of the key research findings that propelled the endocrine dis-
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rupter hypothesis have been retracted, are not reproducible, or have
not been reproduced. 

• The available human epidemiological data do not show any consistent,
convincing evidence of increases in detrimental health effects related
to industrial chemicals suspected of disrupting the endocrine system.

When examining the endocrine disrupter hypothesis, as with any
other hypothesis, it is important to validate studies and novel findings
before the media and others publicize them prematurely, exaggerate the
evidence, and create undue alarm. Unfortunately, once irrational fears have
been aroused, it becomes difficult to distinguish real risk from hypothetical
risk. 

The lack of quick results and definite answers can be frustrating, both
to the public and to policymakers, who are often pressured by their con-
stituents to impose the “precautionary principle”: Act now and confirm the
truth later. But we must proceed objectively, using sound scientific princi-
ples—or we will find ourselves misdirecting valuable public resources,
both intellectual and financial.

Introduction

T
he term “endocrine disrupter” (with its associated negative connota-
tion) has gained increased visibility as a public health issue. Some
researchers and advocacy groups are concerned that exposures to

trace amounts of certain man-made chemicals—those that mimic hor-
mones—may disrupt normal physiological events involving the body’s
endocrine system and so result in negative health effects. More specifi-
c a l l y, some authors now believe that exposures to these endocrine-
modulating chemicals (“endocrine disrupters”) can plausibly be linked to
such effects as birth defects of the reproductive organs, reductions in
sperm counts, and increased risk of breast, prostate, and testicular can-
cers.1,2 The alleged sources of these endocrine-modulating substances
range from certain plastics to pesticides.

The origins of the endocrine disrupter hypothesis can be traced to at
least four notable events or reports: 

• the appearance of reproductive cancers and defects in the daughters of
women who had taken diethylstilbestrol (DES)—a drug prescribed in
relatively large doses during the 1950s and 1960s to prevent miscar-
riage; 

• a 1994 study that reported reproductive and other anomalies—includ-
ing small phallus size, reduced hatching success, and poor survivor-
ship—in alligators from Lake Apopka, Florida. This body of water
was contaminated by a spill of the pesticide DDT (dichlorodiphenyl-
trichloroethane, banned from use in the United States in 1972)3;
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• a Danish study that reported a decrease in sperm counts in men from
industrialized countries between 1938 and 19904,5; and 

• a 1996 study that contended that various combinations of environ-
mental chemicals may act synergistically.6

Taken collectively, these and other reports have prompted some sci-
entists to consider the endocrine disrupter hypothesis. While it is biologi-
cally plausible that exposures to potent estrogenic chemicals, such as DES,
or very high exposures to weaker estrogenic chemicals, such as DDT, may
result in toxic effects, no convincing evidence exists to support the con-
tention that low concentrations of these estrogenlike substances cause
abnormalities or disease, either in humans or in animals. 

The issue of endocrine disruption—or, more accurately, of endocrine
modulation—is important, if for no other reason than that it has generated
public fear. Many scientists question both the credibility and the signifi-
cance of the data that have been used to link human health risks to envi-
ronmental levels of endocrine modulators. 

While both natural and synthetic chemicals can act as hormones in
the body, and while exposure to large amounts of these substances can
cause adverse effects, some important questions remain: Can exposure to
small concentrations of endocrine-active substances (substances capable of
stimulating the endocrine system) result in adverse hormonal effects in
humans? At what levels, if any, are humans exposed to endocrine modula-
tors? If humans are, indeed, exposed to these substances, is this exposure
sufficient to cause harm?

The Human Endocrine System

T
o understand the endocrine disrupter hypothesis, it is important, first,
to understand the human endocrine system.* The endocrine system is
one of the more complex systems in the human body. It is critical to

normal growth, development, and physiological functioning and affects
everything from skeletal growth to reproduction. The endocrine system is
actually made up of a number of components—glands that include the
adrenal cortex, the ovaries, the parathyroid, the pituitary gland, the testes
and the thyroid (see Figure 1, page 8). These glands secrete hormones that
activate receptors in tissues and organs throughout the body.

The endocrine system is one of the body’s key communication net-
works. The endocrine system uses hormones as carriers of critical infor-
mation. Hormones produced by endocrine glands throughout the body
travel through the blood and influence the function of other organs.

* The human endocrine system comprises a number of systems. For the purposes
of the present discussion, however, we will refer to these systems collectively as
the “endocrine system.”
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Hormones affect human emotions as well as such processes as sperm pro-
duction in men and the menstrual cycle in women. Estrogen, progesterone,
and testosterone are some of the key hormones in the human endocrine
system. The primary estrogen in the human body is 17b-estradiol. This
hormone represents the standard by which “estrogen activity”—the ability
of a substance to elicit estrogen’s hormonal response—is measured. 

FIGURE 1. THE HUMAN ENDOCRINE SYSTEM: SELECTED GLANDS AND

ASSOCIATED STRUCTURES/ORGANS.*

* Adapted from Tortora GJ, Anagnostakos NP. Principles of Anatomy and
Physiology. 5th ed. New York: Harper & Row, Publishers; 1987:398.
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Hormones occur naturally in the human body, and they are essential
to normal functioning. Too much of them can be harmful, however; an
overabundance of unopposed estrogen, for example, can promote uterine
tumors.

In addition to responding to human hormones, the human endocrine
system also responds to a wide variety of external environmental stimuli
and internal chemical signals. Exercise, pregnancy, malnutrition, and such
pharmaceuticals as oral contraceptives and antithyroid medication can pro-
foundly affect hormonal systems. Even seasonal changes of light and tem-
perature can alter the body’s endocrine system.

Some synthetic chemicals have been shown to influence the
endocrine system. These so-called endocrine disrupters, however, are
much less potent in terms of their ability to prompt a hormonal response
than are naturally occurring estrogens. Because the human body is contin-
ually exposed to much higher concentrations of its own, stronger, hor-
mones, the extent to which trace levels of chemicals in foods, other con-
sumer products, and the environment can influence endocrine activity (if,
indeed, they can at all) remains speculative. As we learn more about
endocrine modulators, determining the relative potency of these sub-
stances in comparison to the standard human estrogen 17b-estradiol will
continue to be critical.

What Is an Endocrine Disrupter?

T
he U.S. Environmental Protection Agency (EPA) defines an
“endocrine disrupter” as “an exogenous agent [one originating out-
side the body] that interferes with the synthesis, secretion, transport,

binding, action, or elimination of natural hormones in the body that are
responsible for the maintenance of homeostasis, reproduction, develop-
ment, and/or behavior.”7 The vagueness of this description reflects the
uncertainty surrounding the specific mechanisms of endocrine modulation.

The term “endocrine disrupter” is often used interchangeably with
the terms “environmental estrogen” and “endocrine modulator.” There are
subtle but important differences among the meanings of these three terms,
however.

The term “endocrine disrupter” suggests that the effects of such sub-
stances are negative. But it is also conceivable that typical exposures to
these hormonally active substances may lead to benign, or even beneficial,
outcomes. 

The term “environmental estrogens” is problematic. It omits the possi-
bility that substances other than estrogen—that is, androgens (male hor-
mones), anti-androgens, and anti-estrogens—may affect the endocrine system.

In light of these subtle but significant distinctions, the term
“endocrine modulator” is a preferable description for such substances.

The initial concern over endocrine-modulating substances focused on
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industrial chemicals, such as polychlorinated biphenyls, or PCBs (chemi-
cals formerly used as coolants and lubricants in electrical equipment), and
on the pesticide DDT. Many of these substances are no longer produced
but may still be found at trace levels in the environment. Today, industrial
chemicals are still being targeted, but the category of endocrine modulators
has been broadened to encompass a variety of substances. These include
phytoestrogens—the estrogenlike compounds found in plants—as well as
pharmaceutical and therapeutic agents (see Table 1, below). 

Researchers are also examining the effects of hormone residues,
among them the residues associated with birth-control pills, that enter the
environment from sewage treatment processes.8 Endogenous estrogens
(those such as 17b-estradiol that are produced naturally by the human
body) resist degradation in the course of typical sewage treatment. Such
estrogens may also appear in effluents as a result of human excretion.9

Industrial or Pesticides, Medical or Phytoestrogen-
Commercial Fungicides, Pharmaceutical Containing
Chemicals Herbicides Agents Foods

PCBs DDT DES cabbage 

alkyl phenols Methoxychlor RU-486 soybeans
and polyeth-
oxylates   

dibenzofurans Chlordecone the “pill” sprouts
and dioxins

Bisphenol A Vinclozolin estrogen legumes
replacement
therapy

Trifluralin Tamoxifen

Parathion testosterone-
enhancing
drugs

TABLE 1. A SAMPLING OF SUBSTANCES ASSOCIATED WITH ENDOCRINE-

MODULATION POTENTIAL.



Putting Things into Perspective

A
side from the exposure itself, perhaps the most important factors
related to any exposure to a substance are potency and dose. These
two factors are critical in any attempt to assess the potential risk of

endocrine modulators. 
“Potency” can be defined as the ability of a chemical to elicit a

response (in this case, a hormonal response). The “dose” is the actual
amount of the substance being received. These toxicological concepts are
distinct, yet related. A high dose of weak substance “A,” for example, may
cause the same level of response, whether harmful or benign, as a low
dose of the more potent substance “B.” Received at equal doses, these two
substances may yield significantly different levels of response. What dif-
ferentiates substance “A” from substance “B” is relative potency.

Most environmental endocrine disrupters are very weak relative to
17b-estradiol, the primary human estrogen (see Table 2, page 12).
Furthermore, human exposures to industrial chemicals, including those
chemicals suspected of being endocrine disrupters, generally occur at very
low doses.

The principles of potency and dose likely explain why some studies
have shown deleterious effects in certain wildlife exposed to massive lev-
els of such suspected endocrine modulators as DDT. The harmful effects
seen in these cases may not have resulted from the mere existence of the
chemicals involved but, rather, from the overwhelming doses that
occurred. 

Similarly, the chemical DES—a drug formerly prescribed to prevent
miscarriage—is a potent estrogen. DES has many times the strength of
endocrine modulators found in the environment. It is likely that this prop-
erty of DES—its great potency—was a major factor in the detrimental
effects associated with its use (see page 17).10

Chlorinated compounds such as PCBs and DDT have been the
objects of much scientific study, perhaps because of their persistence in
the environment. But while these substances are not easily broken down,
either in the body or in the environment, their persistence alone does not
signal harm—and they are not potent estrogens.

Assessing a chemical’s potency relative to that of 17b-estradiol is
crucial. This major human estrogen is very potent. The comparison of a
chemical to 17b-estradiol therefore offers a good perspective on the chem-
ical’s possible risks to humans. 

It is also important to compare such compounds to the many other
types of hormonally active substances to which humans are exposed. For
example, many natural phytoestrogens and estrogen supplements are more
potent and are taken in higher doses than are man-made chemicals com-
monly encountered by humans in trace amounts. Some studies have sug-
gested that phytoestrogens potentially play a role in preventing meno-

A Scientific Perspective
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Chemical

Estradiol
(the primary human estrogen)

DES
(a drug previously prescribed to
prevent miscarriage)

Coumestrol
(a phytoestrogen—an estrogenlike
compound found in plants)

p-Nonylphenol
(a chemical used in certain plastics)

Bisphenol A
(a chemical used in certain plastics)

ß-Sitosterol
(a natural plant chemical used as
an anticholesterol agent)

Methoxychlor
(a pesticide)

o
´
p´-DDT

(a pesticide banned from use in
the U.S. in 1970)

o
´
p´-DDE

(a breakdown product of the pesti-
cide DDT)

Table 2. RELATIVE POTENCIES OF SELECTED ESTROGENIC SUBSTANCES AS

COMPARED WITH ESTRADIOL USING A YEAST-BASED ESTROGEN

RECEPTOR ASSAY.*

* Adapted from Gaido KW, Leonard LS, Lovell S, et al. Evaluation of chemicals
with endocrine modulating activity in a yeast-based steroid hormone receptor
gene transcription assay. Texicol Appl Pharmacol. 1997b;143:205–212.

Estrogenic Potency Ratio
(Ratio of the potency of the
chemical to that of estradiol)

1
R e p resents the greatest estro g e n i c
potency and the standard by which
e s t rogen activity is measure d

.64 (1/1.57)
DES is .6 times (slightly more
than half) as potent as estradiol.

.01 (1/77.00)
Coumestrol is 77 times less potent
than estradiol.

.0002 (1/5,000)
p-Nonylphenol is five thousand
times less potent than estradiol.

.00007 (1/15,000)
Bisphenol A is fifteen thousand
times less potent than estradiol.

.000004 (1/220,000)
ß-Sitosterol is two hundred and
twenty thousand times less potent
than estradiol.

.0000002 (1/5,000,000)
Methoxychlor is five million times
less potent than estradiol.

.0000001 (1/8,000,000)
DDT is eight million times less
potent than estradiol.

.00000004 (1/24,000,000)
DDE is twenty-four million times
less potent than estradiol.



pausal symptoms and in reducing the incidence of certain cancers of the
breast, colon, prostate, rectum, and stomach.11–19 There is not sufficient
evidence to prove that these effects are associated with phytoestrogens,
however.

Studies have also indicated that postmenopausal hormone replace-
ment results in health benefits that extend beyond the treatment of
menopausal symptoms such as hot flashes. Long-term hormone replace-
ment therapy (HRT) has clearly been shown to prevent osteoporotic bone
fractures in postmenopausal women. HRT has also been shown to have
beneficial effects on cholesterol profiles, and it may also prevent heart dis-
ease in older women.14

These few examples serve to remind us of the myriad bodily respons-
es that hormonally active substances may elicit. 

Clearly, a wide range of effects, both positive and negative, are asso-
ciated with hormonally active substances. Evidence has suggested that
environmental chemicals may not only be acting as estrogens, but also as
anti-estrogens, androgens, and anti-androgens.20,21,22 Researchers thus
must explore various mechanisms of action when evaluating endocrine
modulation.

A Scientific Perspective

Humans are continually exposed to their own naturally pro-
duced estrogens, primarily one called estradiol. These estrogens,
like other hormones, influence the human endocrine system and
are essential to human functioning and good health. When assess-
ing chemicals (i.e., so-called “endocrine disrupters”) for their
estrogenic potency or their ability to elicit a hormonal response
similar to that of estrogen, it is helpful to compare them with the
human estrogen estradiol. In this way, estradiol can be used as the
standard by which estrogen activity or potency is measured.

In Table 2 the potency of selected chemicals with endocrine-
modulating activity (as assessed by a yeast-based estrogen receptor
assay) is compared with the potency of estradiol. As can be seen in
the table, the chemicals suspected of disrupting the human
endocrine system and thereby causing adverse health effects are
many times less potent than the estrogens produced by the human
body. Moreover, levels of human exposure to these endocrine-
modulating chemicals are very low when compared with levels of
exposure to estradiol.
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Evidence or Assumption:

The Studies Behind the Hypothesis

T
he endocrine disrupter hypothesis gained momentum after laboratory
tests using various types of cells showed that certain substances may
have caused positive estrogenic responses in the systems in which

they were tested. Scientists screened many compounds for their hormonal
activity and their potency relative to 17b-estradiol. In 1997 researchers
Gaido and associates reported a wide variation in the estrogenic strength of
these compounds.23 Chemicals such as DDT and the insecticide methoxy-
chlor were found to be roughly one million times less potent than 17b-
estradiol, the benchmark human estrogen. 

The most potent synthetic estrogen, DES, has been studied extensive-
ly in a variety of laboratory tests. DES, as measured by a yeast-based
estrogen receptor assay, is slightly more than half as potent as estradiol
(see Table 2, page 12). The effects of DES on human and animal offspring
exposed to the chemical in utero (in the womb) have been well character-
ized. Numerous rodent studies have demonstrated that sufficiently large
doses of DES produce a spectrum of adverse effects in the offspring of
exposed mothers. These effects include sperm abnormalities, infertility,
and vaginal cancer.24

The class of chemicals known as PCBs has also been implicated as
endocrine modulators. Laboratory tests have shown that a few PCBs
appear to have a slight degree of estrogenic activity. Yet, in one study only
one out of a series of PCB types showed estrogenlike effects at approxi-
mately 1 millionth the potency of the human estrogen 17b-estradiol.25

Other studies assessing PCB exposure in rats have reported effects on
mating behavior, on menstrual cycling, and on reproductive success. The
doses of PCBs that caused these effects were much higher, however, than
concentrations of PCBs to which humans would be exposed from environ-
mental sources.26 In 1996 researchers Cooke and colleagues reported that
certain types of PCBs may both inhibit and stimulate reproductive func-
tions in laboratory rats, depending on whether the PCBs are administered
in infancy or in adulthood.27

Studies in rats have compared the effect of 17b-estradiol to that of the
synthetic chemical p-nonylphenol, another so-called endocrine disrupter.28

Adverse reproductive changes appeared at relatively low doses—10 parts
per million (ppm)—of estradiol, but a 1998 study by Cunny and associates
reported that p-nonylphenol did not cause any estrogenic activity at dietary
concentrations as high as 2,000 ppm.29 All of these studies illustrate the
importance of estrogen potency in the occurrence of adverse effects.

One of the more well-publicized laboratory research investigations on
endocrine modulators came from Tulane University. In a 1996 study, a



group of Tulane researchers used a simple yeast estrogen assay to screen
combinations of environmental estrogens for estrogenic potency.6 The
researchers reported that certain endocrine modulators, while weakly
estrogenic on their own, were more than 1,000 times as potent when com-
bined.

The synergistic effect reported by the Tulane researchers created con-
siderable alarm. Yet, several laboratories failed to replicate this find-
ing.30–34 Even some of the original researchers could not duplicate their
initial work. As a result, they formally retracted their study.35 But despite
this lack of evidence, this “synergism myth” still persists—and fuels many
of the misperceptions about endocrine modulators that exist today.

The endocrine disrupter hypothesis was propelled further by several
wildlife studies—particularly those involving high exposures to chemi-
cals—that reported reproductive abnormalities in some species. In most
such cases, however, the types and magnitude of the exposures are not
known. It is therefore difficult to make useful comparisons to humans.

One widely cited wildlife report involved alligators in Lake Apopka,
Florida. This lake had been contaminated by a nearby spill of DDT; and
the resident alligators were found to have, among other adverse health
effects, reduced hatching success, small phallus size, and shortened life-
spans.3 Researchers also reported that alligator eggs from Lake Apopka
contained levels of DDT and DDE (a breakdown product of DDT) that
were 5 to 8 times higher than the levels found in eggs taken from two ref-
erence sites elsewhere in Florida.36

While this highly contaminated site provided a good opportunity to
study the possible relationship between synthetic chemicals and wildlife
populations, the Lake Apopka observations must be interpreted within the
context of dose. As mentioned above, the adverse effects noted in these
animals likely resulted from toxic levels of chemical exposure. Lake
Apopka is not representative of the vast majority of habitats elsewhere in
the United States or in the world, and the status of ecosystem health
should not be assessed and judged by this anomalous example. 

The Great Lakes have received considerable attention from wildlife
biologists and population ecologists because of these lakes’importance as
a large freshwater resource and as a home to many aquatic and terrestrial
species. A number of studies have examined the relationships between
reproductive and developmental impairments in a variety of Great Lakes
species and the industrial chemicals found in the lakes.37–42 Evidence that
specific industrial chemicals have caused negative effects in a few select
species is, at best, weak.

In 1987 researchers Peakall and Fox reported on the decline of the
reproductive capacity of herring gulls in the Great Lakes in the 1960s and
early 1970s, a period during which chemical deposits were presumably at

A Scientific Perspective
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their highest.43 Peakall and Fox concluded that by the end of the 1970s the
gulls’reproduction had returned to normal. Studies in the 1990s have
reported a relationship between residues of dioxinlike substances and
reproductive and developmental problems in several fish-eating bird popu-
lations in the Great Lakes region.39,44

Most current hypotheses linking reproductive and developmental
effects in Great Lakes wildlife to endocrine disrupters come at a time when
levels of contamination in the Great Lakes have declined significantly
from the levels seen in previous decades.45,46 A recent International Joint
Commission (IJC) review of the Great Lakes Basin reported that environ-
mental media—air, water, and soil—show decreasing levels of persistent
toxic substances and that once-affected animal species have recovered sig-
nificantly.39,43,47 Two other comprehensive reviews have concluded that, by
most measures, the health of the Great Lakes ecosystem has improved.48,49

Apparently, there is a threshold level of contamination below which
various populations of animal species can thrive and prosper. For recover-
ing species in the Great Lakes region, levels of environmental contami-
nants are evidently beneath the apparent threshold.

Runoffs from sewage treatment plants and pulp and paper mills have
also been considered possible sources of endocrine modulators. Some sci-
entists have reported, for example, that sewage treatment effluents lead to
estrogenic effects in rainbow trout.50

Numerous chemicals have been suspected of being responsible for
these effects, but some evidence indicates that the human hormones
estrone and 17b-estradiol and breakdown products of the oral contracep-
tive pill that have passed through sewage treatment facilities may be caus-
ing endocrine-related effects in some fish populations.51 The ecological
significance of these effects is unclear, however, as some aquatic species—
rainbow trout, for example—appear to exhibit a hormonal response while
others, such as carp, do not.

Other scientists have linked pulp mill runoff to a range of develop-
mental disorders in fish.52,53,54 The effects resulting from such effluents
(and the lethality of such effects) have been reduced by the use of treat-
ment facilities at many mills, but various effects on fish reproduction per-
sist.54,55 Interestingly, these responses have been observed at mills regard-
less of the treatment of effluents or of the mills’use of chlorine to bleach
pulp.56,57 This suggests that the reproductive disorders may be caused by
naturally produced organic compounds released from the wood during
pulping rather than by chlorinated substances as first suspected.

Endocrine-related effects in wildlife are not a widespread phenome-
non, but contaminated hotspots may affect certain species. While wildlife
observations may raise questions about the potential effects in humans of
endocrine modulators, the usefulness of wildlife observations as warning
signals is limited. Differences in exposure and in susceptibility to environ-
mental chemicals complicate extrapolations from wildlife to humans.



Some of the concern about the effects of endocrine modulators on
humans began after adverse reproductive effects were associated with the
use of the prescription drug DES. The observation of recent trends in hor-
monally related cancers (such as prostate cancer) and other hormonally
sensitive events (sperm production, for example) have also been proposed
by some as evidence of endocrine disruption.

ADVERSE REPRODUCTIVE EFFECTS OF DES

During the 1950s and 1960s, diethylstilbestrol (DES)—a synthetic
pharmaceutical—was available to women as a prescription drug for the
prevention of miscarriage. Then, years after its introduction, DES was
found to cause sexual deformities, sterility, and increased incidence of
vaginal cancer in some of the daughters of women who had used the
drug. 5 8 – 6 1

Given the potency of DES as an estrogen (it is roughly equal in
potency to 17b-estradiol), and the fact that DES was administered to
women during pregnancy (and therefore during fetal development), DES
may have specifically affected the reproductive and endocrine systems of
the offspring of those women who took it. It is crucial to note, however,
that both the potency of DES and the dosage at which it was prescribed
were extremely high as compared to usual levels of endocrine-modulating
chemicals to which humans may be exposed.

DECLINING SPERM COUNTS

A hypothesis that has received much attention links endocrine modu-
lators to declining sperm counts. A 1992 Danish analysis of studies made
on human semen between 1938 and 1991 found an overall decline of 50
percent in the sperm counts of men from industrialized countries.4 This
work prompted other investigators to speculate that the reported drop was
caused by in utero exposure to chemicals with hormonal—that is, estro-
genic—activity.5 This notion was partly based on previous research that
had demonstrated that in utero exposure to the highly potent estrogen DES
(see above) could impair male sexual development.61

In recent years, however, both the Danish research and this hypothe-
sis have lost some support. A number of recent reports have contradicted
the assertions of declining semen quality.62–65 One report indicates that the
original Danish analysis was heavily influenced by reports from New York
State. Without those reports, no significant decrease in sperm counts exist-
ed. Other reports revealed substantial geographical variation in sperm
counts within the United States. One investigation of men in the Seattle
area found no decline in semen quality over the past 21 years. So, despite
some biological plausibility for tying sperm counts to endocrine-modulat-
ing chemicals, evidence does not support this link.
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PCBS, DDT, AND BREAST CANCER

In 1992 researchers Falck and colleagues reported elevated levels of
PCBs, DDT, and DDE in a group of 20 women with breast cancer when
those women were compared with a control population of women with
benign breast disease.66 Then, in 1993, the New York University Women’s
Health Study examined another group of women and found an association
between breast cancer and serum DDE but not between breast cancer and
PCBs.67 For many, these studies provided important evidence that the low
levels of organochlorine residues suspected of “disrupting” the endocrine
system increased the risk of breast cancer in women.

In 1994 some of the same investigators ran a follow-up study of 150
breast cancer patients and 150 controls (women without breast cancer).
This time the researchers found that blood levels of organochlorine con-
taminants such as DDE and PCBs were not significantly elevated in the
patients with breast cancer. The researchers concluded that “the data do not
support the hypothesis that exposure to DDE and PCBs increases the risk
of breast cancer.”68

Epidemiological studies of women exposed to PCBs at work—pre-
sumably at levels higher than those they would have encountered from
general environmental sources—have not shown an increased incidence of
breast cancer.69 Additionally, in a 1995 review of organochlorine com-
pounds such as PCBs and DDT and their relationship to breast cancer,
endometrial cancer, and endometriosis (overgrowth of the uterine lining),
researchers Ahlborg and associates concluded that no such relationship
could be “supported by the existing in vitro, animal, and epidemiological
evidence.”70

Thus, while early studies suggested that a link existed between
organochlorine compounds and breast cancer, larger, more rigorous, and
more recent studies have indicated that these compounds do not appear to
be risk factors for breast cancer.71

Considering the many known risk factors for breast cancer, the lack
of a clear response for the disease to high doses of DES, and the continu-
ing decline in exposures to environmental contaminants, it is unlikely that
endocrine modulators are measurably influencing breast cancer rates. 

TRENDS IN REPRODUCTIVE CANCERS

Some scientists have tried to correlate the incidence of some repro-
ductive cancers (see Figure 2, opposite) with exposures to endocrine mod-
ulators. When making such leaps, however, it is important first to assess
whether the observed increase in disease is real. 

An apparent rise in a particular disease may be the result of a specific
agent. Such an apparent rise may also be due, however, to a change in the
reporting or detection of the disease or to a study bias—meaning that the
apparent rise is not a real rise at all. Even if a trend appears to be signifi-
cant, many factors must be evaluated to determine the causes for the trend.
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FIGURE 2. TRENDS IN INCIDENCE RATES OF BREAST, CERVICAL, PROSTATE,

TESTICULAR, AND UTERINE CANCERS.*

* Adapted from Ries LAG, Kosary CL, Hankey BF, Miller BA, Edwards BK,
eds. SEER Cancer Statistics Review, 1973–1996. Bethesda, MD: National
Cancer Institute, National Institutes of Health; 1999.
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These factors include changes in lifestyle risk factors such as diet and
smoking, changes in sexual practices, changes in reproduction, and
changes in environmental exposures. Accounting for all of these factors is
often very difficult. In most cases the available evidence consists of crude
correlations between trends and variable exposures to nonspecific environ-
mental chemicals.

The incidence of testicular cancer has increased over the last 30
years.72,73 Large differences in incidences and mortality, both in terms of
geography and in terms of ethnic groups, have led some researchers to
question the role that endocrine modulators might play.

The incidence of testicular cancer in white males in the United States
is at least five times higher than the rate in black males.74 But while the
incidence in white males has been increasing, the trend in black males has
remained neutral. 

It is improbable that an environmental factor is selectively causing an
increase in testicular cancer in white males. Furthermore, the rates for this
disease began rising before the use of PCBs and DDT became widespread,
a fact that lessens the probability of a direct effect from these chemicals.
Thus, while the observed increased incidence rates are real, an association
with exposure to particular environmental factors such as endocrine modu-
lators remains to be established.24

A sharp increase in the incidence of prostate cancer in both black and
white males in the United States occurred between 1989 and 1992.75 This
increase coincided very closely with the introduction of new diagnostic
techniques, among them the Prostate Specific Antigen (PSA) and
transurethral ultrasound (TRUS) tests. Diagnostic procedures therefore
offer a likely explanation for the rise in reported prostate cancer incidence
in the United States.76,77

Worldwide, the incidence of prostate cancer has generally increased;
but adequate explanations for this rise—whether related to genetic, dietary,
lifestyle, or environmental factors—have not surfaced.

There was a clear increase in the incidence of uterine cancer in white
women in the 1970s—an increase that corresponded to the increasing use
of estrogen therapy (ERT) to relieve symptoms of menopause. The addi-
tion of synthetic progesterone to estrogen therapy, however, has greatly
reduced the associated risk of uterine cancer. Rates of uterine cancer have
remained relatively stable over the past 10 years, and there is no evidence
to suggest that endocrine modulators are contributing to the disease.

Both the incidence and the mortality rate of cervical cancer have been
declining steadily in the United States since data collection began in
1973.74 As with cancers of several other hormonally sensitive tissues, the
argument that environmental contaminants acting as weak estrogens influ-
ence the incidence of cervical cancer is not supported. This is particularly
evident when the downward trend in cervical cancer is considered. 

In short, the epidemiological data on cancers of hormonally sensitive



tissues and the data on sperm counts in men do not provide consistent or
convincing evidence of an effect associated with exposure to those chemi-
cals accused of being “endocrine disrupters.”

The EPA’s Response to the Issue

of Endocrine Modulators

I
n 1997 the Office of Prevention, Pesticides, and Toxic Substances of
the U.S. Environmental Protection Agency (EPA) issued a Special
Report on Environmental Endocrine Disruption: An Effects Assessment

and Analysis. The report stated:

7

The EPA had already established the Endocrine Disrupter Screening
and Testing Advisory Committee (EDSTAC) in 1996 to provide advice in
developing and implementing new screening and testing procedures for
endocrine effects. Such screening and testing were mandated by the U.S.
Congress in the Food Quality Protection Act of 1996.

The Endocrine Disrupter Screening Program (EDSP) was developed
under the direction of the EPA to screen and test more than 86,000 chemi-
cals. These chemicals include some of those listed in the Toxic Substances
Control Act (TSCA) inventory, active pesticide ingredients, chemicals
used in consumer products, naturally occurring estrogens, and ingredients
in dietary supplements, cosmetics and food additives. The EDSTAC has
also recommended that the EPA screen and test representative samples of
contaminants in human breast milk, phytoestrogens in soy-based infant
formula, mixtures of chemicals commonly found at hazardous waste sites,
pesticide/fertilizer mixtures, disinfection by-products, and gasoline for
potential estrogenic activity.

While the concerns prompting the initiation of the Endocrine
Disrupter Screening Program are relatively new, testing for hormonal
activity is not new to the field of toxicology. Traditional toxicology testing
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detects adverse outcomes relating to the estrogen activity of given com-
pounds. 

The EPA’s revised testing guidelines for reproductive and develop-
mental effects of toxic substances and pesticides address potential
endocrine effects.78,79 The EPA has altered some of its risk-assessment
guidelines to account for potential effects of endocrine modulation.80,81,82

Thus, regulatory mechanisms in addition to EDSP are already in place to
assess the potential hormonal activity of a substance. 

The EDSP process involves the expensive testing of thousands of
chemicals. The aims of the EDSP are to determine whether health risks
may exist due to “endocrine-active” chemicals and, if it is established that
such risks do exist, to ascertain which chemicals, substances, or mixtures
are harmful. The role of the EDSP in human health risk assessment should
be clearly understood, however.

The screening program administered through the EDSP is a potential
hazard–identification step. It is not a human health risk assessment. The
EDSP is designed to identify substances with some degree of endocrine-
modulating activity. It is not designed to assess whether those substances
pose a risk to human health, because the EDSP testing program does not
measure human exposure to the substances. Unfortunately, a probable
result of the EDSP is that any substance or chemical shown to be “posi-
tive” through the various tests administered under the EDSP will be
labeled an “endocrine-active substance” and assumed to pose a danger,
either to humans or to other organisms. Policymakers must therefore be
made aware of the limited utility of the EDSP as they develop public poli-
cies relating to endocrine modulators. 

Conclusion

B
eyond the unique case of DES (formerly used as a drug at high doses
during pregnancy), epidemiological data fail to support an associa-
tion between exposure to environmental endocrine modulators and

adverse effects in humans. While a number of pesticides, chlorinated com-
pounds, and other environmental contaminants have been targeted as
“endocrine disrupters” in humans, harmful effects have not been consis-
tently observed. Nor, for that matter, have confounding variables been ade-
quately addressed. 

Before a causal relationship can be inferred, there must be biological
plausibility, a known mechanism of action, and supporting evidence. But,
quite simply, studies have not demonstrated that ambient low level expo-
sures to environmental chemicals result in adverse health effects, either in
wildlife or in humans.

Policies to protect ecosystems and policies to protect human health
must be based on sound science and defensible data. Premature use of test-
ing results or anecdotal case reports that ignore scientific principles may



lead policymakers to make decisions that satisfy the public’s anxieties but
that fail to address the major factors that potentially affect both wildlife
and human populations.

To focus a disproportionate amount of our attention—and a dispro-
portionate share of our often-scarce public health resources—on endocrine
modulators, particularly to the exclusion of other potential hazards, does
not best serve the public health needs of the United States. Rather, we
would do well to remember these words from John Graham, the director
of the Harvard Center for Risk Analysis: “Phantom risks and real risks
compete not only for our resources but also for our attention. It’s a shame
when a mother is worried about toxic chemicals and yet her kids are run-
ning around unvaccinated and without bicycle helmets.”83
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