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Environmental Estrogens and Related
Endocrine Disrupters—
Are They Affecting Male

Reproductive Health and Increasing
Breast Cancer in Women?

Stephen H. Safe

Introduction

The chemical revolution during the past
60 years has resulted in dramatic improve-
ments in the overall standard of living in
developed and some less-developed coun-
tries. Consumer and industrial products
derived from synthetic chemicals impact
every segment of human activity, including
new drugs for treatment of diseases, con-
sumer products from plastics to new con-
struction materials, and agricultural chemi-
cals that have resulted in remarkable im-
provements in crop yields worldwide.

Despite the innumerable benefits de-
rived from the chemical revolution, these
advances in chemistry have been accom-
panied by numerous chemical poisonings,
primarily in the workplace, and increased
levels of chemical pollution in every com-
ponent of the environment, including the
water, air and innumerable land-based
chemical dumpsites. Many of these prob-
lems associated with production and use
of chemicals have been recognized, and
regulatory agencies such as the U.S. Envi-
ronmental Protection Agency (US-EPA) and
the Food and Drug Administration have set
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Decreased environmental levels
of many persistent organic pol-
lutants in areas, such as the
Great Lakes, have coincided

with the resurgence of fish and
wildlife populations.

increasingly strict standards for release of
chemicals into the environment and for
human exposures to drugs and environ-
mental contaminants in the diet.

One specific class of chemicals, persis-
tent halogenated aromatic pollutants, or
persistent organic pollutants (POPs), have
been of particular concern because these
compounds not only have long environ-
mental half-lives but also preferentially
bioaccumulate in fish, wildlife, and human
fatty tissue and serum. Halogenated aro-
matic industrial chemicals and their
byproducts include a wide variety of orga-
nochlorine pesticides such as DDT and its
major metabolite DDE; commercial prod-
ucts containing polychlorinated biphenyls
(PCBs) and polybrominated diphenyl-
ethers; and combustion byproducts con-
taining polychlorinated dibenzo-p-dioxin
(PCDDs, dioxins) and polychlorinated
dibenzofurans (PCDFs).

The detection of DDT/DDE and PCBs
in the environment in the late 1960s re-
sulted in restrictions on their uses. Both
PCBs and DDT were banned in the United
States and other developed countries in the
late 1970s. Environmental levels of DDE
have subsequently decreased by 80 to 90
percent in most locations. PCB concentra-
tions have also significantly decreased, al-
though levels in some highly contaminated
regions are still of concern. Not surpris-
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ingly, decreased environmental levels of
many POPs in areas such as the Great
Lakes have coincided with the resurgence
of fish and wildlife populations.1

Despite these improvements in environ-
mental quality, several scientific publica-
tions in the early 1990s suggested that
POPs and other synthetic chemicals may
be causal endocrine disruptors responsible
for a worldwide decrease in male reproduc-
tive capacity and the increased incidence
of breast cancer in women.2  Colborn and
coworkers pointed out that a large num-
ber of synthetic industrial chemicals ex-
hibit a wide range of endocrine disruptive
effects in wildlife populations and in labo-
ratory animal studies.3 Of particular con-
cern were those chemicals that exhibited
estrogenic activity, because previous stud-
ies with the potent estrogenic drug diethyl-
stilbestrol (DES) in both laboratory animals
and humans demonstrated that in utero
and early postnatal exposures resulted in
both toxic and carcinogenic responses in
reproductive tracts of male and female off-
spring.  Thus, based in part on results ob-
served in the children of women treated
with DES, it was hypothesized that syn-
thetic estrogens (or xenoestrogens), other
endocrine-disruptive chemicals (EDCs),
and possibly natural estrogenic com-
pounds may be responsible for decreased
male reproductive capacity, including de-
creased sperm quality, increased incidence
of testicular cancer in young males, and
increases in hypospadias and cryptorchid-
ism in newborn males.4

The endocrine disruptor hypothesis
stimulated considerable public, regulatory,
and scientific concern regarding our expo-
sures to these compounds, resulting in
numerous articles in the popular press and
television programs, including “Assault on
the Male” (BBC Horizon) and “Fooling with
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Nature” (PBS Frontline). In addition, the
U.S. Congress passed the Food Quality
Protection Act, which mandates that the
US-EPA develop screening and testing pro-
cedures for EDCs. More importantly, sev-
eral research programs were initiated
worldwide to further identify and charac-
terize xenoestrogens and other EDCs, and
also to determine the magnitude of de-
creased male reproductive capacity and the
association of synthetic chemicals with this
problem.

Decreased Male Reproductive Capacity
and the Role of EDCs

Sperm Counts and Quality

In 1992, Carlsen and coworkers5 re-
ported in the British Medical Journal results
of their analysis of 61 sperm count stud-
ies published during the period between
1940 and 1990. The studies were carefully
selected, and they reported that there was
a linear decrease in sperm counts from 113
million per milliliter in 1940 to 66 million
per milliliter in 1990. This represented a
nearly 50 percent decline in sperm counts.

This observation, coupled with reports
on other increased male reproductive tract
abnormalities, including cryptorchidism,
hypospadias, and testicular cancer, led to
publication of a paper in the medical jour-
nal Lancet entitled “Are Oestrogens In-
volved in Falling Sperm Counts and Dis-
orders of the Male Reproductive
Tract?”6 The authors, Richard Sharpe, a re-
productive biologist from the University of
Edinburgh, and Niels Skakkebaek, a phy-
sician-scientist from the University of
Copenhagen, answered the question by
stating, “We argue that the increasing in-
cidence of reproductive tract abnormalities
in the human male may be related to in-
creased oestrogen exposure in utero and
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we identify mechanisms by which this ex-
posure could occur.”

Subsequent research has both support-
ed and criticized the initial meta-analysis
studies, and more importantly, several
groups have investigated temporal changes
in sperm counts and quality among pa-
tients in various clinics in developed coun-
tries. In 1995, Auger and coworkers7 pub-
lished one of the first reports on the time-
dependent changes in sperm quality of over
1,000 patients in a fertility clinic in Paris.
This study showed that the mean concen-
tration of sperm decreased by 2.1 percent
per year, from 86 million per milliliter in
1973 to 60 million per milliliter in 1992.

However, a subsequent study8 in
Toulouse, France using a similar study
group and analysis procedures concluded,
“Sperm concentration has not changed
with time in the Toulouse area” (1977-
1992). Moreover, in 1992, sperm counts
in Toulouse and Paris varied from 83 mil-
lion per milliliter to 60 million per millili-
ter, respectively, suggesting that male
sperm counts in various regions of France
may be significantly different.

In the meantime, several subsequent
studies at clinics in various countries in-
dicated either decreased or unchanged
sperm counts. For example, Irvine and
coworkers9 examined 577 volunteer semen
donors at the Center for Reproductive Bi-
ology in Edinburgh, Scotland, and they
chose to analyze their results by year of
birth (i.e. birth cohort analysis). Most of
their data on sperm quality suggested that
there was a decrease with earlier year of
birth. For example, although overall sperm
concentration in this group was 104.5 mil-
lion per milliliter, concentrations in the
birth cohorts 1959 or earlier, 1960-1964,
1965-1969, and 1970-1974 were 117.9
million, 114.4 million, 91.3 million, and
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93.9 million per milliliter, respectively. It
was concluded, “This study provides direct
evidence that semen quality is deteriorat-
ing,” and “it is consistent with the hypoth-
esis advanced by Sharpe and Skakkebaek
that environmental or other factors acting
during fetal and perinatal life can have
profound effects on subsequent adult re-
production function.”

Rasmussen and coworkers10 investi-
gated sperm quality of male partners of
women with tubal infertility who were
treated at the Odense University Hospital
in Odense, Denmark. Their results were
in direct contrast to those reported by the
Scottish group, which found, “When four
birth cohorts were compared, a later year
of birth was not associated with any change
in sperm concentration or semen volume.”

It is well-known that differing methods
for semen analysis can give different results,
and there are many other factors that can
cause variability in semen counts, making
it difficult to directly compare results from
one study to another. Handelsman11 re-
viewed semen analysis of men donating
sperm from 1980 to 1995 at the Royal
Prince Alfred Hospital in Sydney and did
not observe changes in semen quality over
time or by birth cohort analysis.

Moreover, Handelsman and his col-
leagues recruited five groups of semen do-
nors for male contraception research
studies during the period 1987-1994, and

These results demonstrated that
geographical location

(i.e. demography) might be an
important determinant of

sperm counts.
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the median sperm concentrations in
groups 1-5 were 103 million, 142 million,
84 million, 67 million, and 63 million per
milliliter, respectively. He concluded, “the
inconsistency of these estimates illustrates
the magnitude of bias (up to 100 percent)
in sperm output that may occur in recruit-
ing groups of self-referred volunteers within
a single center.” Moreover, Handelsman ar-
gues that self-selected volunteers that have
been used in nearly all semen quality stud-
ies are not appropriate for estimating sperm
output in so-called randomly selected nor-
mal male populations.

In 1996, Harry Fisch, a physician at
Columbia-Presbyterian Medical Center in
New York, and his coworkers published a
paper in Fertility and Sterility on the analy-
ses of semen from 1,283 men who banked
sperm prior to vasectomy.12 There was a
slight but significant increase in sperm
concentration from 77 million per millili-
ter in 1970 to 89 million per milliliter in
1994, whereas sperm volume and motility
were unchanged.

This study was the first to demonstrate
another important variable that had not
been recognized in previous reports, in-
cluding the meta-analysis paper by Carlsen
and coworkers.13 Individuals analyzed by
Fisch and coworkers came from sperm
banks in New York, Minnesota, and Cali-
fornia, and their mean sperm concentra-
tions were 131.5 million, 100.8 million, and
72.7 million per milliliter, respectively.
These results demonstrated that geographi-
cal location (i.e. demography) might be an
important determinant of sperm counts.
This finding has been confirmed by recent
studies in France, Denmark, and Canada.14

The importance of demography was
particularly evident in a study of semen
quality in 11 fertility centers across
Canada.15  Overall, there was a decrease in
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semen concentration from 1984 to 1996;
however, when the data from earlier stud-
ies (1975-1983) were taken into account,
there was no significant trend in sperm
density. However, it was apparent that
there were dramatic differences in sperm
densities between the 11 centers. For ex-
ample, in 1984 the mean sperm densities
ranged from a low of 51 million per millili-
ter to a high of 121 million per milliliter
and an even larger degree of variability was
observed in 1996 (43 million to 137 mil-
lion per milliliter).

A recent study by Skakkebaek and co-
workers16 at the University of Copenhagen
showed that mean sperm concentrations
increased from 53.0 million per milliliter
in 1977 to 72.7 million per milliliter in
1995. However, they also observed consis-
tent seasonal variations, with higher val-
ues observed in samples collected during
the winter and spring and lower values in
summer and fall. Many of the co-authors
of this report also co-authored the meta-
analysis study by Carlsen and coworkers,17

and they concede that geographical differ-
ences in semen quality may also be impor-
tant, even though they do not cite the ex-
tensive evidence showing the importance
of demography.

In summary, the issue of declining
sperm counts has been the subject of in-

Current evidence showing the
importance of demography and
other factors does not support
the hypothesis that there has
been a global decline in sperm

counts or semen quality.
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tense scientific debate; however, current
evidence showing the importance of de-
mography and other factors does not sup-
port the hypothesis that there has been a
global decline in sperm counts or semen
quality. None of these studies has ad-
dressed the issue of exposures to estro-
gens or other environmental contaminants.
However, since organochlorine contami-
nant concentrations are comparable within
regions as large as the United States and
Canada, it is unlikely that these trace en-
vironmental levels of these compounds play
a role in modulating semen quality.

Testicular Cancer

The hypothesis that there is a global
increase in problems of the male reproduc-
tive tract is supported by the increasing
incidence of testicular cancer in most coun-
tries. Since this type of cancer is predomi-
nant in young males, it is possible that in
utero/early postnatal exposures to chemi-
cals or other initiators may be etiologic
agents for this disease.

A paper by Kelce and coworkers18

showed that p,p’-DDE, the persistent me-
tabolite of DDT, was an antiandrogen in
both cell culture and rodent models. Since
androgens play an important role in de-
velopment of the male reproductive tract,
it was speculated that this compound
might contribute to male reproductive
problems. This issue was addressed by
Ekbom and coworkers,19 who compared
breast milk DDE levels vs. incidence of tes-
ticular cancer in Scandinavia. Rates of tes-
ticular cancer are particularly high in Den-
mark (14.5 per hundred thousand males
from 1985 to 1989), whereas lower rates
were observed in Norway (12.6 per hun-
dred thousand), Sweden (8.1 per hundred
thousand), and Finland (3.6 per hundred
thousand). However, breast milk DDE lev-
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els in the 1960s were not significantly dif-
ferent in the four Scandinavian countries,
suggesting the prior in utero exposure to
p,p’-DDE does not correlate with the dif-
ferent rates of testicular cancer in Scandi-
navia. This report also showed that DDE
levels have decreased by 90 percent from
their 1960s levels due to restricted use of
this pesticide, thus, there was an inverse
correlation with the increasing incidence
of testicular cancer.

It seems unlikely that persistent orga-
nochlorine compounds such as PCBs and
DDT/DDE contribute to increases in tes-
ticular cancer because environmental lev-
els are similar in many developed coun-
tries (such as Scandinavia), whereas there
are large country-specific differences in the
incidence of testicular cancer in young
men. These results do not exclude a role
for other environmental factors (including
chemicals); however, these have not been
identified.

Fertility and Sex Ratios

Decreased fertility has also been con-
sidered as a possible outcome of decreased
sperm counts and male reproductive
capacity. Laboratory animal studies with
mice show that in utero exposure to DES
decreases fertility in male offspring. Wilcox
and coworkers20 investigated the fertility of
253 sons of women exposed to DES in a
Chicago hospital (1950-1952) and 241

It seems unlikely that persistent
organochlorine compounds such

as PCBs and DDT/DDE
contribute to increases in

testicular cancer.
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unexposed males from the same clinical
trial. The incidence of deformed genitalia
was three times higher among the DES
sons, which was consistent with other DES
exposure studies.

Fertility of both groups was determined
by a questionnaire and by determining the
length of time to conception, a standard
measure of fertility. The results showed
that in utero exposure to high doses of di-
ethylstilbestrol “did not lead to impairment
of fertility or sexual function in adult men”
40 years after their initial exposures.

A more recent study21 examined the
effect of in utero exposure to estrogens and
progestins that were administered to
women in Helsinki from 1954 to 1963.
(Note: DES was not used in Finland.) The
results of this retrospective cohort study
showed that in utero exposure to relatively
high doses of estrogens or progestins did
not impact overall male or female fertility
of the offspring. Thus, high-dose in utero
exposure to estrogens and DES did not
affect fertility of offspring, suggesting that
exposures to trace levels of weakly estro-
genic EDCs are unlikely to affect fertility.

Male to female newborn sex ratios under-
go temporal and seasonal variations and
may be useful as indicators of exposure to
some environmental/occupational chemi-
cal toxins. For example, a report from
Seveso, Italy, indicated that there was a
significant decline in male/female sex
ratios in births (1977-1984) among indi-
viduals exposed to high levels of TCDD as
a result of an industrial accident on July
10, 1976 that released large amounts of
TCDD into the environment.22 Davis and
coworkers23 have proposed that decreased
male/female ratios of newborns may be
“a sentinel health event” that may be linked
to environmental factors. This proposal was
based, in part, on the observation that
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male/female sex ratios in the United
States, Canada, Denmark, and the Nether-
lands have slightly decreased during the
past 20 to 40 years.

Marcus and coworkers24 also observed
that in the United States between 1969 and
1995, there was an overall decline in the
male/female sex ratio from 1.053 to 1.049;
however, this decline was primarily ob-
served in Caucasians. In contrast, among
African-Americans there was an increase
in this ratio among newborns. The re-
searchers concluded that environmental
exposures are unlikely to account for the
observed trends.

The possible link between environmen-
tal chemicals and drugs with changing
birth ratios was also investigated in Fin-
land. This study used data accumulated
over 250 years.25 Their results showed an
increase in male/female sex ratios in the
years from 1751 to 1920. With the excep-
tion of increased ratios during and after
World Wars I and II, there has been a de-
cline in this ratio since 1920. Since the
downward trend of this ratio preceded the
high levels of environmental contamination
observed from 1950 to the late 1970s, the
researchers concluded, “We were not able
to confirm that chemical-ization (in the
sense of exposure to agricultural and in-
dustrial chemicals) is a significant source
of changes in sex ratio.”

Hypospadias and Cryptorchidism

Hypospadias are characterized by a dis-
placed urethral opening on the penis and
cryptorchidism is a condition in which one
or both testicles do not descend into the
scrotum. Based on limited studies, it was
hypothesized that increased incidences of
both defects were part of an overall global
decrease in male reproductive capacity.26

A recent study summarized international
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trends in both developmental defects in
various countries, and the results again
showed that demography was an impor-
tant factor.27

For example, hypospadias in New
Zealand occurred at approximately one-
half the rate observed in Canada. Finland
had the lowest rate of hypospadias among
Scandinavian countries, and the rate was
nearly threefold higher in Sweden. Large
demographic differences were also ob-
served for cryptorchidism, and this vari-
ability did not correlate with any obvious
chemical contaminant gradient. Moreover,
since 1985, the incidence of hypospadias
in most countries has been relatively
stable, whereas cryptorchidism has de-
clined in most regions. Thus, the initial
argument that the increasing incidence of
hypospadias and cryptorchidism sup-
ported the endocrine disruptor hypoth-
esis28 is not borne out by worldwide trends
for these birth defects.

Summary

These data suggest that human popu-
lations are not threatened with a global
decline in sperm counts or decreased male
reproductive capacity. There may be some
problems in specific areas, but these have

These data suggest that human
populations are not threatened
with a global decline in sperm

counts or decreased male repro-
ductive capacity. There may be

some problems in specific areas,
but these have not been corre-
lated with exposures to EDCs.
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not been correlated with exposures to
EDCs. Demography appears to be an im-
portant determinant for male reproductive
capacity. It will be a significant scientific
challenge to determine factors that are re-
sponsible for these region-dependent dif-
ferences.

Breast Cancer and Xenoestrogens

The suggestion that estrogenic com-
pounds may be causing a global decrease
in male reproductive capacity was paral-
leled by a hypothesis by other scientists
that these same compounds were also
“preventable” causes of breast cancer.29

Because it is well-known that a woman’s
overall lifetime exposure to estrogens is a
major risk factor for sporadic breast can-
cer, it seemed reasonable that additional
exposure to xenoestrogens would increase
the risk.

Two papers published in 1992 and 1993
that compared levels of PCBs and DDE in
breast cancer patients versus controls were
cited as support for the xenoestrogen
hypothesis.30 In a group of women from
Connecticut, PCB levels were higher in
tissue from breast cancer patients com-
pared to a control group, and DDE levels
were higher in serum from breast cancer
patients versus a control group in New York.

These results prompted widespread
concern regarding the potential impacts of
organochlorine pesticides and pollutants
and their possible role in breast cancer.
However, there have been many questions
regarding their role as xenoestrogens in
breast cancer. For example, neither DDT/
DDE or PCBs have been linked to increased
incidence of breast cancer in individuals
(e.g. workers) highly exposed to these com-
pounds. Studies in laboratory animals pro-
vide only minimal support for the estro-
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genic role of these compounds in develop-
ment of mammary tumors. In fact, a re-
cent paper shows that commercial PCBs
inhibit formation of breast tumors in female
Sprague-Dawley rats and thereby exhibit
antitumorigenic activity.31

Subsequent studies in several countries
have partially resolved the controversy re-
garding DDE/PCBs and breast cancer.
Levels of these organochlorine compounds
were not significantly different in breast
cancer patients versus control groups of
patients in the San Francisco Bay area, 11
states associated with the Nurses Health
Study, five European countries, Mexico
City, or many other areas.32

The role of environmental contaminants,
diet, and genetic factors may combine to
protect against or enhance development of
breast cancer in women. Future studies on
these complex interactions will not only help
identify risk factors but also suggest pos-
sible chemoprevention strategies.

Natural Estrogens and Xenoestrogens

One of the major problems in assess-
ing risks associated with exposure to
xenoestrogens is the lack of information
on our overall dietary intake of these com-
pounds, their estrogenic potencies, and
their persistence in the body. While it is
true that several weakly estrogenic organo-
chlorine pesticides have been identified in
a typical “food basket” survey, the maxi-

Neither DDT/DDE or PCBs have
been linked to increased

incidence of breast cancer in
individuals (e.g. workers) highly
exposed to these compounds.
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mal overall intake of these compounds is
relatively low—less than 3 micrograms a
day (3.0 mg/day). Moreover, their estrogen
equivalent intake is a tiny fraction of this
daily amount. The estrogenic potency of a
single glass of red wine (1.0 mg estrogen
equivalents) is at least 1,000 times higher
than the estrogen equivalents associated
with daily dietary intakes of organochlorine
pesticides in food.33 Many other food prod-
ucts contain “natural” estrogenic com-
pounds, including high levels of phyto-
estrogens (such as flavonoids) in fruits,
nuts, and vegetables.

Kenneth Setchell and his coworkers34

recently detected relatively high levels of
estrogenic flavonoids in serum from adults
on soy diets and infants on soy formula—
groups that are among the most highly
exposed to estrogenic compounds. The po-
tential harmful effects of these natural estro-
gens on adults or infants during critical
exposure periods is unknown; however,
most studies associate consumption of
diets rich in phytoestrogenic compounds
with positive health effects.

Conclusion

The endocrine disruptor hypothesis
continues to generate controversy and
debate among scientists and regulators,

 The estrogenic potency of a
single glass of red wine is at

least 1,000 times higher than the
estrogen equivalents associated

with daily dietary intakes of
organochlorine pesticides in food.
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and it is not surprising that the media and
public are confused regarding the poten-
tial impacts of these chemicals on the male
reproductive tract and on breast cancer in
women. It is paradoxical that on one hand,
there is concern regarding in utero/early
postnatal exposure to trace levels of indus-
trial estrogenic compounds, whereas
health-promoting estrogenic soy-derived
products are being marketed for all age
groups. Moreover, many pharmaceutical
companies are developing selective estro-
gen receptor modulators (SERMs) for treat-
ment of breast cancer and for postmeno-
pausal problems associated with estrogen
deficiency.

There has been considerable contro-
versy regarding the low-dose effects of some
xenoestrogens such as bisphenol-A, an im-
portant compound in the production of
polymers/plastics. Vom Saal and cowork-
ers have reported inverted U-shape dose
response curves showing that in utero ex-
posure to extremely low doses of bisphenol-
A results in increased prostate weight in
male offspring.35 In contrast, this same re-
sponse has not been observed in other
studies using similar protocols.36 Reasons
for these differences have not been re-
solved; however, there is evidence from
other studies that exposure to some
xenoestrogens can induce some re-
sponses/changes in laboratory animals at
relatively low doses.

The major emphasis of this article has
been to highlight some of the latest reports
on male reproductive capacity and breast
cancer and also to show that the major di-
etary sources of endocrine-active chemicals
are from plant-derived phyto-chemicals.

The National Research Council (NRC)
appointed a Committee on Hormonally-
Active Agents in the Environment and I
was a member of this committee. A report
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entitled “Hormonally Active Agents in the
Environment” was released in the fall of
1999, and it is clear from this report that
there were issues that divided the Com-
mittee. Despite these divisions and differ-
ences among committee members, the ex-
ecutive summary includes the following
statements:

Reported increases in the inci-
dence of male reproductive disor-
ders such as hypo-spadias (urethra
opening found at the bottom rather
than the top of the penis), cryp-
torchidism (undescended testes),
and testicular cancer cannot be
linked to exposures to environmen-
tal HAAs at this time. With respect
to the end point most closely stud-
ied, sperm concentration, retrospec-
tive analyses of trends over the past
half-century remain controversial.
When the data from large regions
are combined and analyzed, some
data sets indicate a statistically sig-
nificant trend consistent with de-
clining sperm concentrations. How-
ever, aggregation of the data over
larger geographic regions might not
be an appropriate spatial scale for
this analysis, given the significant
geographic heterogeneity.

An evaluation of the available
studies conducted to date does not
support an association between
adult exposure to DDT, DDE, TCDD,
and PCBs and cancer of the breast.37

The importance of geographical location
on analysis of sperm count data was re-
cently reviewed by Saidi and coworkers,
and they concluded: “When accounting for
this geographic difference and examining
all available data, there appears to be no
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significant change in sperm counts in the
U.S. during the last 60 years. Further stud-
ies addressing the causes of geographic
variations are needed.”38

This pattern of geographical differences
in sperm counts appears to be an impor-
tant variable that requires further study.

One of the important outcomes of the
endocrine disruptor hypothesis may be a
renewed focus on both natural and
xenoEDCs in our diet and their role in
human health. At present, the evidence
suggests that the dominant EDCs in our
diets are naturally occurring phytochem-
icals, including estrogens, antiestrogens,
antiandrogens, Ah receptor agonists, and
retinoids. The health benefits of foods con-
taining these compounds are well-known.
However, it is possible that some dietary
modifications during critical periods may
be warranted. This requires further inves-
tigation.



20

Notes

1. Tremblay, N.W. and Gilman, A.P., “Human Health,
the Great Lakes, and Environmental Pollution: A 1994
Perspective,” Environmental Health Perspectives 103
(1995): 3-5.

2. Colborn, T., Vom Saal, F.S., and Soto, A.M., “Develop-
mental Effects of Endocrine-Disrupting Chemicals in
Wildlife and Humans,” Environmental Health Perspec-
tives 101 (1993): 378-384; Sharpe, R.M. and Skak-
kebaek, N.F., “Are Oestrogens Involved in Falling
Sperm Counts and Disorders of the Male Reproduc-
tive Tract?” Lancet 341 (1993): 1392-1395; Davis,
D.L., Bradlow, H.L., Wolff, M., Woodruff, T., Hoel,
D.G., and Anton-Culver, H., “Medical Hypothesis:
Xeno-estrogens as Preventable Causes of Breast Can-
cer,” Environmental Health Perspectives 101 (1993):
372-377.

3. Colborn, T., Vom Saal, F.S., and Soto, A.M., “Devel-
opmental Effects of Endocrine-Disrupting Chemicals
in Wildlife and Humans,” Environmental Health Per-
spectives 101 (1993): 378-384.

4. Sharpe, R.M. and Skakkebaek, N.F., “Are Oestrogens
Involved in Falling Sperm Counts and Disorders of the
Male Reproductive Tract?” Lancet 341 (1993): 1392-
1395.

5. Carlsen, E., Giwercman, A., Keiding, N., and Skak-
kebaek, N.E., “Evidence for the Decreasing Quality of
Semen During the Past 50 Years,” British Medical
Journal 305 (1992): 609-612.

6. Sharpe, R.M. and Skakkebaek, N.F., “Are Oestrogens
Involved in Falling Sperm Counts and Disorders of the
Male Reproductive Tract?” Lancet 341 (1993): 1392-
1395.

7. Auger, J., Kuntsmann, J.M., Czyglik, F., and Jouannet,
P., “Decline in Semen Quality among Fertile Men in
Paris during the Past 20 Years,” New England Journal
of Medicine 332 (1995): 281-285.

8. Bujan, L., Mansat, A., Pontonnier, F., and Mieusset, R.,
“Time Series Analysis of Sperm Concentration in
Fertile Men in Toulouse, France between 1977 and
1992,” British Medical Journal 312 (1996): 471-472.

9. Irine, S., Cawood, E., Richardson, D., MacDonald, E.,
and Aitken, J., “Evidence of Deteriorating Semen Qual-
ity in the United Kingdom: Birth Cohort Study in 577
Men in Scotland over 11 Years,” British Medical Jour-
nal 312 (1996): 467-471.

10. Rasmussen, P.E., Erb, K., and Westergaard, L.G., “No
Evidence for Decreasing Semen Quality in Four Birth



Cohorts of 1,055 Danish Men Born between 1950 and
1970,” Fertility and Sterility 68 (1997): 1059-1069.

11. Handelsman, D.J., “Sperm Output of Healthy Men in
Australia: Magnitude of Bias Due to Self-selected
Volunteers,” Human Reproduction 12 (1997): 101-105.

12. Fisch, H., Goluboff, E.T., Olson, J.H., Feldshuh, J.,
Broder, S.J., and Barad, D.H., “Semen Analyses in
1,283 Men from the United States over a 25-year Pe-
riod: No Decline in Quality,” Fertility and Sterility 65
(1996): 1009-1014.

13. Carlsen, E., Giwercman, A., Keiding, N., and
Skakkebaek, N.E., “Evidence for the Decreasing Qual-
ity of Semen during the Past 50 Years,” British Medi-
cal Journal 305 (1992): 609-612.

14. Auger, J. and Jouannet, P., “Evidence for Regional Dif-
ferences of Semen Quality among Fertile French Men,”
Human Reproduction  12 (1997): 740-745; Zheng, Y.,
Bonde, J.P.E., Ernst, E., Mortensen, J.T., and Egense,
J., “Is Semen Quality Related to the Year of Birth
among Danish Infertility Clients,” International Jour-
nal of Epidemiology 26 (1997): 1289-1297; Younglai,
E.V., Collins, J.A., and Foster, W.G., “Canadian Se-
men Quality: An Analysis of Sperm Density among
Eleven Academic Fertility Centers,” Fertility and Ste-
rility  70 (1998): 76-80.

15. Younglai, E.V., Collins, J.A., and Foster, W.G.,
“Canadian Semen Quality: An Analysis of Sperm Den-
sity among Eleven Academic Fertility Centers,” Fer-
tility and Sterility 70 (1998): 76-80.

16. Gyllenborg, J., Skakkebaek, N.E., Nielsen, N.C.,
Keiding, N., and Giwercman, A., “Secular and Sea-
sonal Changes in Semen Quality among Young Dan-
ish Men: A Statistical Analysis of Semen Samples from
1927 Donor Candidates during 1977-1995,” Interna-
tional Journal of Andrology 22 (1999): 28-36.

17. Carlsen, E., Giwercman, A., Keiding, N., and Skak-
kebaek, N.E., “Evidence for the Decreasing Quality of
Semen during the Past 50 Years,” British Medical Jour-
nal 305 (1992): 609-612.

18. Kelce, W.R., Stone, C.R., Laws, S.C., and Gray, L.E.,
“Persistent DDT Metabolite p,p’-DDE is a Potent
Androgen Receptor Antagonist,” Nature 375 (1995):
581-586.

19. Ekbom, A., Wicklund-Glynn, A., and Adami, H.O.,
“DDT and Testicular Cancer,” Nature 347 (1996): 553-
554.

20. Wilcox, A.J., Baird, D.D., Weinberg, C.R., Hornsby,
P.P., and Herbst, A.L., “Fertility in Men Exposed Pre-
natally to Diethylstilbestrol,” New England Journal of

21



Medicine 332 (1995): 1411-1416.

21. Hemminki, E., Gissler, M., and Merilainen, J., “Re-
productive Effects of in utero Exposure to Estrogen
and Progestin Drugs,” Fertility and Sterility 71 (1998):
1092-1098.

22. Mocarelli, P., Brambilia, P., Gerthoux, P.M., Patterson,
D.G., and Needham, L.I., “Change in Sex Ratio with
Exposure to Dioxin,” Lancet 348 (1996): 409.

23. Davis, D.L., Gottlieb, M.B., and Stampnitzky, J.R.,
“Reduced Ratio of Male to Female Births in Several
Industrial Countries: A Sentinel Health Indicator,”
Journal of the American Medical Association 279
(1998): 1018-1023.

24. Marcus, M., Kiely, J., Xu, F., McGeehin, M., Jackson, R.,
and Sinks, T., “Changing Sex Ratio in the United States,
1969-1995,” Fertility and Sterility 70 (1998): 270-273.

25. Vartiainen, T., Kartovaara, L., and Tuomisto, J., “En-
vironmental Chemicals and Changes in Sex Ratio:
Analysis over 250 Years in Finland,” Environmental
Health Perspectives 107 (1999): 813-815.

26. Sharpe, R.M. and Skakkebaek, N.F., “Are Oestrogens
Involved in Falling Sperm Counts and Disorders of the
Male Reproductive Tract?,” Lancet 341 (1993): 1392-
1395.

27. Paulozzi, L.J., “International Trends in Rates of Hy-
pospadias and Cryptorchidism,” Environmental Health
Perspectives 107 (1999): 297-302.

28. Sharpe, R.M. and Skakkebaek, N.F., “Are Oestrogens
Involved in Falling Sperm Counts and Disorders of the
Male Reproductive Tract?,” Lancet 341 (1993): 1392-
1395.

29. Davis, D.L., Bradlow, H.L., Wolff, M., Woodruff, T.,
Hoel, D.G., and Anton-Culver, H., “Medical Hypothesis:
Xenoestrogens as Preventable Causes of Breast
Cancer,” Environmental Health Perspectives 101
(1993): 372-377.

30. Falck, F., Ricci, A., Wolff, M.S., Godbold, J., and
Deckers, P., “Pesticides and Polychlorinated Biphenyl
Residues in Human Breast Lipids and Their Relation
to Breast Cancer,” Archives of Environmental Health
47 (1992): 143-146; Wolff, M.S., Toniolo, P.G., Leel,
E.W., Rivera, M., and Dubin, N., “Blood Levels of
Organochlorine Residues and Risk of Breast Cancer,”
Journal of the National Cancer Institute 85 (1993):
648-652.

31. Mayes, B.A., McConnell, E.E., Neal, B.H., Brunner,
M.J., Hamilton, S.B., Sullivan, T.M., Peters, A.C.,
Ryan, M.J., Toft, J.D., Singer, A.W., Brown, Jr., J.F.,

22



Menton, R.G., and Moore, J.A., “Comparative Carcino-
genicity in Sprague-Dawley Rats of the Polychlorinated
Biphenyl Mixtures Aroclors 1016, 1242, 1254, and
1260,” Toxicology Science 41 (1998): 62-76.

32. López-Carrillo, L., Blair, A., López-Cervantes, M.,
Cebrián, M., Rueda, C., Reyes, R., Mohar, A., and
Bravo, J., “Dichlorodiphenyltrichloroethane Serum
Levels and Breast Cancer Risk: A Case-Control Study
from Mexico,” Cancer Research 57 (1997): 3728-3732;
Van’t Veer, P., Lobbezoo, I.R., Martin-Moreno, J.M.,
Guallar, F., Gomez-Aracena, J., Kardinaal, A.F.M.,
Kohlmeier, L., Martin, B.C., Strain, J.J., Thumm, M.,
Van Zoonen, P., Baumann, B.A., Huttunen, J.K., and
Kok, F.J., “DDT (dicophane) and Postmenopausal
Breast Cancer in Europe: Case Control Study,” British
Journal of Medicine 315 (1997): 81-85; Hunter, D.J.,
Hankinson, S.E., Laden, F., Colditz, G. , Munson, J.E.,
Willett, W.C., Speizer, F.E., and Wolff, M.S., “Plasma
Organochlorine Levels and the Risk of Breast Cancer,”
New England Journal of Medicine 337 (1997): 1253-
1258; Krieger, N., Wolff, M.S., Hiatt, R.A., Rivera,
M., Vogelman, J., and Orentreich, N., “Breast Cancer
and Serum Organochlorines: A Prospective Study
among White, Black, and Asian Women,” Journal of
the National Cancer Institute 86 (1994): 589-599.

33. Gaido, K., Dohme, L., Wang, F., Chen, I., Blankvoort,
B., Ramamoorthy, K., and Safe, S., “Comparative
Estrogenic Activity of Organochlorine Pesticide Resi-
dues in Food and Wine Extracts,” Environmental
Health Perspectives 106 (1998): 1347-1351.

34. Setchell, K.D., Zimmer-Nechemias, L., Cai, J., and
Heubi, J.E., “Exposure of Infants to Phyto-oestrogens
from Soy-based Infant Formula,” Lancet 350 (1997):
23-27.

35. Nagel, S.C., Vom Saal, F.S., Thayer, K.A., Dhar, M.G.,
Boechler, M., and Welshons, W.V., “Relative Binding
Affinity-serum Modified Access (RBA-SMA) Assay
Predicts the Relative in vivo Bioactivity of the
Xenoestrogens Bisphenol A and Octylphenol,” Envi-
ronmental Health Perspectives 105 (1997): 70-76.

36. Cagen, S.Z., Waechter, Jr., J.M., Dimond, S.S., Breslin,
W.J., Butala, J.H., Jekat, F.W., Joiner, R.L., Shiotsuka,
R.N., Veenstra, G.E., and Harris, L.R., “Normal Repro-
ductive Organ Development in CF-1 Mice Following
Prenatal Exposure to Bisphenol A,” Toxicology Scientist
50 (1999): 36-44.

37. Committee on Hormonally Active Agents in the Envi-
ronment, Hormonally Active Agents in the Environ-
ment, Washington, D.C.: National Research Council,

23



24

National Academy Press, 1999.

38. Saidi, J.A., Chang, D.T., Goluboff, E.T., Bagiella, E.,
Olsen, G., and Fisch, H., “Declining Sperm Counts in
the United States? A Critical Review,” Journal of Urol-
ogy 161 (1999): 460-462.



Stephen H. Safe is the Sid Kyle Profes-
sor of Toxicology in the Department of
Veterinary Physiology and Pharmacology
at Texas A&M University. He was a mem-
ber of the National Research Council’s
Committee on Hormonally Active Agents.



Other titles available in this series:

92. Giving Away the Store: The Flaws
in EPA’s Expanded Right to Know
Program, William H. Lash III,
August 1998.

93. How Public Policies Undermine the
Rules for Getting Rich in America,
Richard B. McKenzie and Dwight R.
Lee, February 1999.

94. A Current View of the Kyoto Climate
Change Treaty, William H. Lash III,
August 1999.

95. American Steel and International
Trade: The Challenge of Globaliza-
tion, James B. Burnham, Septem-
ber 1999.

96. What Do We Know about Human
Influence on Climate Change?
S. Fred Singer, November 1999.

97. Suburban Legends: Why “Smart
Growth” Is Not So Smart, Thomas J.
DiLorenzo, November 1999.

Additional copies are available from:

Center for the Study of American Business
Washington University
Campus Box 1027
One Brookings Drive
St. Louis, MO 63130-4899
Phone (314) 935-5630


