2 Endocrine disruptors - an
evaluation

Stephen Safe

My initial involvement with endocrine disruptors and the endocrine
disruption hypothesis began, unknowingly, in the early 1970s when
I was a research officer at the National Research Council of Canada
in the Atlantic Regional Laboratory in Halifax, Nova Scotia.

Following the identification of polychlorinated biphenyls (PCBs)
as highly stable environmental contaminants, my friend and col-
league, Otto Hutzinger, persuaded me to collaborate with him on
some of the first studies of those chemicals. To investigate concerns
that PCBs would not undergo degradation in the environment
through chemical/photochemical or metabolic pathways, our initial
studies focused on the synthesis of PCB standards that were then
used to demonstrate that PCBs undergo photochemical degradation
and are metabolized by rats, fish and birds.! We also carried out
similar studies with several different classes of halogenated
aromatic pollutants including the infamous and highly toxic 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD, dioxin) and related compounds.

During the 1980s, my research focused on the structure-activity
relationships for TCDD and related compounds, and this led to the
development of the toxic equivalency factor approach for risk
assessment of “dioxin-like” compounds (including PCBs).? Our
studies on the mechanism of action of TCDD were greatly influenced
by a paper by Kociba and co-workers who reported the results of
their two-year (“lifetime”) dioxin feeding studies in male and female
Sprague-Dawley rats.

In this study, male rats did not develop TCDD-induced tumours,
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whereas in female rats there was a significant increase in liver
tumours.? Buried within their extensive analysis of each tissue for
tumours or precancerous lesions were some intriguing results on
uterine and mammary tumours, both of which spontaneously
develop in older female rats that have normal oestrogen levels.
Decreases in both tumours were apparent in rats maintained on the
TCDD diet, consistent with the idea that TCDD inhibited oestrogen-
dependent tumour formation and development.

Thus, TCDD exhibited anti-tumourigenic activity by disrupting
or blocking the formation and growth of age- and oestrogen-depen-
dent mammary (and uterine) tumours in rats, and this observation
was subsequently confirmed in other laboratory animal studies.
Moreover, women accidentally exposed to TCDD in Seveso, Italy, had
reduced incidence of breast and endometrial cancers compared to
usual rates of these tumours.*

TCDD acts through the Ah receptor, a cellular component that
binds to the TCDD molecule, and my laboratory has been investi-
gating the unique Ah receptor-mediated anti-estrogenic/anti-car-
cinogenic actions of TCDD and developing new non-toxic analogs of
TCDD for treating breast cancer.> Some of these compounds are in
preclinical studies, and we are also investigating their use for treat-
ment of prostate cancer.

My involvement in the endocrine disruptor controversy began in
response to an article reporting that PCB and DDE levels were higher
in breast cancer patients than in women who did not have the
disease, “comparisons” or “controls”. It was suggested that the
estrogenic activity of organochlorine compounds such as PCBs and
DDE may increase the risk for breast cancer.®

I expressed several concerns regarding this hypothesis, includ-
ing the fact that the human diet contains contaminants such as
TCDD and PCBs, which exhibit anti-estrogenic activity, as well as
dietary phytochemicals, compounds found in plants that exhibit
both estrogenic and anti-estrogenic activity and have been linked
to disease prevention.”



42 Environment and Health

The endocrine disruptor hypothesis

In the early 1990s, authors of several publications increased
concerns about the potential adverse human health effects associ-
ated with background environmental exposures to chemicals that
disrupt endocrine signalling pathways.® The adverse effects of TCDD
and related compounds on wildlife and laboratory animals had
already been established,’ and it was hypothesized that other
endocrine-active compounds such as estrogenic chemicals that bind
directly to the oestrogen receptor (ER) (direct-acting estrogens) may
pose environmental and human health problems. Colborn and co-
workers also pointed out numerous environmental contaminant-
induced wildlife problems, especially those associated with
reproduction and development, and suggested that these could be
sentinels for ongoing human health problems.!°

They were particularly concerned about possible effects of in
utero or early postnatal exposures on the development of the male
and female reproductive tracts, which are highly sensitive to steroid
hormone levels.

In one of the first studies of data collected about sperm quality
over time, Carlsen and co-workers analyzed 61 sperm-count studies
from several countries published between 1938 and 1991 and
showed that there was “a significant decrease in mean sperm count
from 113 X 106/ml in 1940 to 66 X 106/ml in 1990 (p < 0.0001)” and
concluded that “there has been a genuine decline in semen quality
over the past 50 years.”!!

Sharpe and Skakkebaek later hypothesized, “that the increasing
incidence of reproductive abnormalities in the human male may be
related to increased oestrogen exposure in utero.”'? At about the
same time, Mary Wolff and her co-workers!® reported that either
PCBs or 1,1-dichloro-2,2-bis(p-chlorophenyl)ethylene (DDE, a long-
lived degradation product of DDT) levels were elevated in breast
cancer patients as compared to levels in controls, and it was subse-
quently hypothesized that synthetic estrogenic compounds (xenoe-
strogen) in combination with genetic factors may be preventable
causes of breast cancer.*
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The observed wildlife responses coupled with indications of a
worldwide decrease in sperm counts and reports of higher PCB/DDE
levels in breast cancer patients (vs. controls) immediately captured
the attention not only of scientists and government regulators but
also of the media and public. Numerous reports on television and in
newspapers and magazines highlighted decreased sperm counts,
smaller penises (in alligators living in a pond near a Superfund site),
and chemical-induced breast cancer.

Perhaps the classic statement belongs to Dr. Louis Guillette of
alligator penis fame, who informed a US Congressional panel that
“every man in this room is half the man his grandfather was.” In her
article entitled “Hormone Hell” in Discover Magazine (in September
1996), Catherine Dold wrote: “Industrial chemicals — from plastics to
pesticides — paved the road to modern life. Now it appears that
these same chemicals, by mimicking natural hormones, can wreak
havoc in developing animals. And the road we once thought led to
material heaven is heading somewhere else entirely.”

In his New Yorker article (15 January 1996) entitled “Silent
Sperm”, Lawrence Wright extensively discusses the falling sperm
count issue and the studies by Skakkebaek, Sharpe, and their col-
leagues. Mr. Wright also mentions an interview with Dr. Harry Fisch
who “claims that his work refutes the whole notion of a decline in
the world’s sperm count.” Unfortunately, Dr. Fisch’s paper could not
be released prior to its publication and therefore the impact of his
work was not fully appreciated.

My comments on the sperm count issue and the role of estrogens
were among the few statements in this (and many other) articles
that disputed the hypothesis:

“The estrogen link is total bunk,” Stephen Safe, a professor of toxi-
cology at Texas A&M University told me ... Safe admitted that he
didn’'thave a clue towhat could be causing lower sperm counts and
other male reproductive problems. “Lord only knows,” he said. “It
may be a very regional thing. But just because Denmark has a
problem and a few alligators in a swamp below a Superfund site
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develop small penises doesn't mean our sperm counts are going
down or our reproductive success has declined. | just don’t think
we should extrapolate.”

Other early articles in Newsweek (21 March, 1994, “The Estrogen
Complex”), Time (18 March, 1996, “What’s Wrong with Our
Sperm?”), Science News (8 January, 1994, “The Gender Benders,” and
22 January, 1994, “That Feminine Touch”), and a British television
special entitled “Assault on the Male” all forecast a gloomy future for
mankind.

Not surprisingly, environmental and health research and regula-
tory agencies in most developed countries have issued lengthy
reports on endocrine disruptors, and review articles on every aspect
of this hypothesized problem have appeared in scientific journals.

In addition, increased funding for research in endocrine disrup-
tors has resulted in new data, as well as the generation of several
controversies regarding interpretation of laboratory animal and cell
culture data from different laboratories. Those results and contro-
versies continue to attract media attention.

In contrast, results from human studies have been less contro-
versial and somewhat reassuring; however, reporting of this data
has been minimal. Who cares if we are more than half the men our
grandfathers were! Unfortunately, many in the news media fail to
report good news on environmental issues, which is a disservice to
their readers/viewers.

Endocrine disruptors and male reproductive capacity

The initial report suggesting a worldwide decrease in sperm counts
coupled with a hypothesis that this may be part of larger syndrome
(i.e. decreased male reproductive capacity)!® prompted research
efforts around the world. In addition to sperm counts, scientists
have investigated other potential indicators of diseases/problems
associated with the male reproductive tract including testicular
cancer, prostate cancer, fertility, male/female birth ratios, hypospa-
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dias (displaced wurethral opening), and cryptorchidism (un-
descended testicles) in infants.

All but one of these studies addressed only changes over time,
and did not attempt to measure exposures to chemicals. The one
study which attempted to correlate levels of exposure to endocrine
disruptor chemicals with an adverse response examined testicular
cancer. As summarized in this section, it should be clear that facts
do not support the frightening “assault on the male” scenarios pre-
sented in the media and by some scientists.

Sperm counts

The issue of time-dependent decreases or increases in sperm counts
had been frequently raised prior to the report by Carlsen and co-
workers on their meta-analysis of 61 selected sperm count studies.!®
Their work was extremely provocative, and the results of their meta-
analysis study have been hotly debated by academic and non-
academic scientists, and the difficulties in obtaining consistent
sperm count/quality data have also been documented. Since 1993,
there has been a host of new studies on sperm counts and quality
from men at various clinics (Table 5).!7 Results from some clinics
have indicated a decrease in sperm quality; however, most studies
indicate that there has not been a significant decline in sperm
quality during the last 15 to 25 years.

The work by Fisch and co-workers on sperm quality of men
from vasectomy clinics in New York, California and Minnesota
revealed no change in sperm counts, sperm volume, or sperm
motility in the period 1970 through 1994.!® They did, however,
show surprisingly large differences in sperm counts between the
three locations. Sperm counts in New York, California, and Min-
nesota were 131.5, 72.7, and 100.8 x 106/ml, respectively, and still
lower sperm counts, 52 X 106/ml, were reported from the state of
Washington,'? indicating large demographic differences in sperm
counts within the United States. Such variability has also been
observed in other countries.?° The effects of geographic differences
on sperm counts were particularly striking in Canada, where the
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Table 1 Sperm counts/quality studies: 1993—-present

A Decreased sperm counts/quality

Fertility clinic (20) Greece (Athens) 1977-1993  51-39
Husbands UK (London) 1978-1989 101-76
(infertile women) (21)

Sperm donors (22) France (Paris) 1973-1992  89-60
Sperm donors (23) Scotland birth cohort  98-78
Infertile men (24) Belgium birth cohort -

(1950-1970)

B No change or slightly increased sperm counts/quality

Volunteer donors (25) Denmark 1977-1995 53-72.7
(Copenhagen)
Infertile couples (26) Venezuela (Merida) 1981-1995  —
Volunteer donors (27) Australia (Sydney) ~ 1980-1995 69
Husbands Denmark (Odense)  birth cohort®  183.7
(infertile women) (28) (1950-1970)
Husbands Slovenia 1983-1996 81
(infertile women) (29)
Fertility clinics (30) Spain (Barcelona) 44
Vasectomy clinics (31) New York 1970-1994  131.5
California 1970-1994  72.7
Minnesota 1979-1994  100.8
Sperm donors (32) France (Toulouse) 1977-1992 68.4
Sperm donors (33) Washington (State) 1972-1993 52
Sperm donors (34) Japan (Sapporo) 1975-1998 70.9-79.6
C Variable results — depending on selection of time period
Infertile men (35) Denmark 1950-1971
(decrease)
1922-1971
(no change)
Fertility clinics (36) Canada 1984-1996  variable
(decrease)
1975-1996

(no change)

a This approach presents sperm counts based on a defined range of birth dates
(e.g., 1950-1970) for individuals in a study
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values from eleven different centres ranged from 51-121 X 106/ml
in 1984 and 48-137 x 106/ml in 1996.2!

These results suggest that persistent organic pollutants (POPs),
such as PCBs, DDE, and other organochlorine pesticides, are unlikely
to be causative agents for decreases in sperm counts (geographic or
temporal) because human levels of these environmental contami-
nants tend to be similar within most countries except for a few
specific groups (e.g., people whose diets include lots of fish). Since
sperm counts in males are extremely variable and are influenced by
many different factors, this parameter may not be a useful indicator
for determining potential adverse exposures to environmental
endocrine disruptors. Nevertheless, results of more recent studies
in Japan indicate that sperm counts are not decreasing in many
areas.?? Future studies that investigate differences in sperm counts
within various countries and regions may provide new insights on
sperm-count variability.

Fertility

Temporal changes in fertility may be a more reliable indicator than
sperm counts regarding possible alterations in male reproductive
capacity, and the World Health Organization has developed proto-
cols for determining human fertility changes.? At least two studies
have investigated the effects of in utero exposure to pharmacologic
(high) doses of oestrogen (with or without progestins) or the potent
synthetic estrogenic drug diethylstilbestrol (DES) on the fertility of
male offspring.

In the 1950s and early 1960s, oestrogens and DES were pre-
scribed for women experiencing problems during pregnancy, and a
study in Chicago in the early 1960s investigated the effects of DES
on pregnancy outcomes by comparing outcomes in women who
received DES to outcomes in a control group of women who
received a placebo. After data became available that demonstrated
harmful effects of DES, Wilcox and co-workers contacted the sons
of women in this study to evaluate the long-term effects of DES
exposure on their fertility.?* Based on their analyses, Wilcox and
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co-workers concluded that “High doses of DES did not lead to
impairment of fertility or sexual function in adult men who had
been exposed to the drug in utero.”

Lamuela-Raventos and co-workers studied a group of men and
women in Finland (1954-63) exposed in utero to pharmacologic
doses of oestrogens alone or oestrogens/progestins (combined) and
concluded that these “drugs as used in the study population did not
have much impact on the fertility of offspring.”?® These data,
coupled with studies which show no decrease in fertility in Sweden
and Britain,?® indicate that there is not a global decrease in male fer-
tility.

Sex ratios at birth

Davis and co-workers examined birth sex ratios in several industrial
countries and reported that the “usual” 1.06:1.0 male to female ratio
had declined.?” Their conclusions stated, “We propose that reduced
male proportion at birth be viewed as a sentinel health event that
may be linked to environmental factors,” and as a potentially useful
measurement for determining the role and identities of endocrine
active chemicals that could affect birth sex ratios. Interestingly,
some recent studies indicate that the male birth fraction is depen-
dent on multiple factors including race, parental age, and birth
weight.

A study in Finland investigated sex ratios in that country over a
period of 250 years (1751-1997), and concluded that decreased sex
ratios have not been observed since 1920.2% Moreover, after exami-
nation of multiple parameters including chemical usage and human
levels of organochlorine contaminants, they concluded that “we
were not able to confirm that chemicalisation (in the sense of
exposure to agricultural or industrial chemicals) is a significant
source of changes in sex ratio.”?

Another study examined sex ratios in families who were acci-
dentally exposed to high levels of dioxin (in Zone A) as a result of an
industrial accident that occurred in Seveso, Italy, in 1976.3° From
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April 1977 to December 1984, there was a decrease in the
male/female sex ratio (26/48); in contrast from 1985 to 1994 this
ratio increased to normal values (60/64). These results suggest that
high-level exposure to TCDD may affect birth sex ratios. However
no changes in sex ratios have been observed as a result of parental
occupational exposure to relatively high doses of TCDD,! and no
other data corroborate the Seveso findings.

Hypospadias and cryptorchidism

It has been hypothesized that hypospadia and cryptorchidism in
newborns may also be contributors to a global decrease in male
reproductive capacity. Paulozzi has summarized studies of interna-
tional trends in the rates for those conditions, which were highly
variable among different countries.3? For example, in 1990, hypospa-
dias for the following countries varied from 38 to 7 per 10,000
births, with the United States > Australia > Sweden > Norway >
New Zealand > Netherlands > Finland > Japan, and there were
also differences within countries. Inter-country variability was also
observed for cryptorchidism. There are, however, no correlations in
the rates of the two birth defects in various countries.

Paulozzi indicated that the increases in hypospadias “levelled off
in many systems after 1985,” whereas for cryptorchidism “since
1985, rates declined in most systems” (“systems” refers to health
systems in countries/regions that collect these data). Paulozzi sug-
gested that “it is unlikely that further inspection of international
trends alone will shed additional light on the question of endocrine
disruption as a cause of birth defects.”

Testicular cancer

The incidence of testicular cancer has been increasing in most coun-
tries, and since the risks are highest among younger men, it is
possible that initiation of this tumour could be related to in
utero/early postnatal exposure to some unknown factors including
oestrogens.3 There are large differences in the incidence rates of
testicular cancer in various countries, and such variability in rates
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is a common observation in studies of many male reproductive tract
problems. For example, between 1985 and 1989, the incidence rates
for testicular cancer in highly susceptible thirty- to thirty-four-year-
olds was 2.7, 3.3, 3.4, 5.6, 5.9, 11.1, 18.2, 22.2, and 24.5 per 10’ in
Lithuania, Latvia, Estonia, Finland, Poland, Sweden, Norway, East
Germany, and Denmark, respectively.3* Differences among these
northern European countries was 9-fold, and among the Scandina-
vian countries, there was a 4-fold difference between Denmark
(high) and Finland (low).

Sharpe suggested that DDE (which inhibits male sex hormones —
androgens — and is an “anti-androgen”) may play a role in the
hypothesized increases in diseases or problems in the male repro-
ductive tract.>> However, breast-milk levels of DDE (a commonly
used measure for DDE exposures) are comparable in all four Scandi-
navian countries and therefore do not correlate with different inci-
dence rates for testicular cancer in these countries.*® This
investigation of a possible linkage between an environmental
chemical and a specific disease of the male reproductive tract found
no support for an association of DDE with the development of tes-
ticular cancer.

Summary

The hypothesis that environmental endocrine disruptors may con-
tribute to diseases of the male reproductive tract has prompted con-
siderable research on this area, with a particular emphasis on
changes that have occurred over time. There are no apparent global
changes in sperm counts and fertility, rates of hypospadias and
cryptorchidism, and birth sex ratios. Testicular cancer is increasing
in most countries, but it is not correlated with other indicators of
male reproductive capacity. Moreover, testicular cancer is increasing
while DDE and other POPs are decreasing, suggesting that exposure
to these compounds is not linked to testicular cancer.

For many of these responses, there are large differences in inci-
dence rates between and within various countries, and possible eti-
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ologic factors that can account for these differences are unknown.
Persistent organic pollutants that bioaccumulate are not highly
variable within most countries/regions and therefore cannot be
responsible for the observed demographic-dependent differences in
incidence rates. Research designed to study the reason for region-
specific differences in diseases/problems in the male reproductive
tract will require new hypotheses and paradigms that include
genetic susceptibility, diet, lifestyle factors, and other environmen-
tal exposures (including chemical contaminants).

Role of PCBs/DDE in breast cancer

The reports of Falck and co-workers” and Wolff and co-workers®®
that levels of PCBs or DDE were higher in breast cancer patients
compared to controls in two cohorts from Connecticut and New York
raised concerns that such persistent xenoestrogen (oestrogens that
originate outside the body, and are often used to denote synthetic
oestrogens) may play a role in development of breast cancer. Other
authors and I*° criticized the xenoestrogen-breast cancer hypothe-
sis because PCBs/DDE are not mammary carcinogens in high-dose
human exposures or in animal tests, and some PCBs exhibit anti-
estrogenic activity in female rats.® Subsequent studies on cohorts
of breast cancer patients and controls in several countries have
demonstrated that total PCBs and DDE levels were not elevated in
patient groups.*!

Some investigators have used high-resolution analytical tech-
niques to show that one or more individual PCB congeners or other
organochlorine pesticides (e.g. dieldrin) were elevated in breast
cancer patients, but these increases have not been observed in other
studies. For example, Hoyer and co-workers reported that dieldrin
levels were higher in a cohort of Danish breast cancer patients and
were inversely correlated with breast cancer survival.*? In contrast,
serum levels of dieldrin were not elevated in Norwegian breast
cancer patients*® or in patients from Missouri.** Similar inconsis-
tencies between studies have been observed for PCBs where PCB
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congeners (but not mixtures) were higher in patients versus
controls.

Studies from several countries have vindicated early scepticism
about the postulated causal role of PCBs and DDE in the develop-
ment of breast cancer. Dr. Mary Wolff, a co-author of the two initial
studies showing higher levels of PCBs and/or DDE in breast cancer
patients, was also involved in several of the later studies and one of
these reports concluded, “combined evidence does not support an
association of breast cancer risk with plasma/serum concentrations
of PCBs or DDE.”*

Endocrine disruptors — personal reminiscences

My participation in the debate on environmental endocrine disrup-
tors and their potential adverse impacts on human health has been
a learning experience. During the 1970s and early 1980s, my
research on PCBs and related compounds and the TEF concept con-
tributed to the development of regulatory measures that have
resulted in reduced emissions and environmental levels of these
compounds. This research was primarily supported by federal
funding agencies (the US Environmental Protection Agency and the
US National Institute of Environmental Health Sciences).

Although I am still concerned about environmental impacts of
organochlorine pollutants and some endocrine disruptors, I have
remained sceptical of the hypothesis that these chemicals are cur-
rently having global impact on human health. My scepticism is rein-
forced by the recently published scientific data that have been
referenced in this chapter.

My views are also due, in part, to the concepts put forward by
Bruce Ames and Lois Gold, who pointed out that the human diet
contains multiple toxins and carcinogens that occur naturally in
food or are formed during cooking.*® Moreover, levels and often the
potencies of “natural” carcinogens in the diet are far higher than
those of carcinogenic industrial contaminants. A similar argument
also holds true for endocrine disruptors where dietary intakes of
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phytoestrogens, and other endocrine-active substances including
Ah receptor-active compounds, far outweigh the intakes of
endocrine-active manmade environmental contaminants.

Unlike many other scientific controversies, the endocrine dis-
ruptor issue has engendered partisan and inflammatory debate on
both sides of the issue. My views and statements contributed to this
problem, particularly in two articles written as editorials in the Wall
Street Journal (20 August 1997) and the New England Journal of
Medicine.*” Both articles commented on recently published data that
clearly did not support the endocrine disruptor hypothesis, and it
was (and is) my view that scientists and the public should be made
aware of these results and their significance.

I drew attention to the extensive worldwide coverage in 1996-97
of a report in Science indicating that combinations of weakly active
estrogenic pesticides interacted synergistically and that this obser-
vation strongly supported the endocrine disruptor hypothesis. Sci-
entists in my laboratory, among many others, had not observed
these interactions, and about a year later, the authors of the Science
paper withdrew it, stating that they had been unable to reproduce
their own results. In contrast to zealously reporting the original
finding, the media paid scant attention to scientific data showing
“no synergism,” and I believed (and believe) that it was important
to point this out.

The Wall Street Journal article resulted in a less than compli-
mentary letter from a member of the National Research Council
(NRC) panel on endocrine disruptors to NRC staff indicating that
“Safe has undermined the work of the panel” and has “contami-
nated the pending report.” Needless to say, there were demands
for my removal from the panel, and the letter asserted that my
article was part of a conspiracy linked to “specific interest groups
that Safe represents.”

At that time (1994-96), I had research support for a project on
estrogenic compounds funded by the Chemical Manufacturers
Association (CMA); my only official contact with the association
was Ann Mason, Director of Scientific and Regulatory Affairs
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(Chlorine Chemistry Council, CMA), who asked for a yearly report.
My opinions on the endocrine disruptor hypothesis have been based
on analysis of scientific publications and have been consistent prior
to, during, and after the research (not personal) support from the
CMA.

The editorial in the New England Journal of Medicine (NEJM) com-
mented on an article that showed that plasma DDE levels in breast
cancer patients from several states in this country were not signifi-
cantly different from levels in control patients.*® Similar results have
been reported in other studies,* and my final comments pointed
out that “it is incumbent on scientists, the media, legislators, and
regulators to distinguish between scientific evidence and hypothe-
sis, and not to allow a ‘paparazzi science’ approach to these
problems.” The editors received several negative reactions to my
article and these included complaints that I had not disclosed my
financial interests.

At the time, based on the then-current NEJM guidelines, which
asked for current support, I had not declared my previous grant
support from the CMA. In retrospect, I agree that full disclosure,
even of potential conflicts, is the best course and I should have been
more perceptive of this issue.

The subject of endocrine disruptors and fear of chemicals
(chemophobia) has been addressed in several recent books on both
sides of this contentious issue. Books such as Our Stolen Future;
Hormone Deception; Hormonal Chaos; and The Feminization of Nature
— Our Future at Risk chronicle the perceived, predicted, and
observed problems associated with endocrine disruptors.”® Scepti-
cism regarding the human impact of environmental contaminants
has been discussed in several books including The Sceptical Envi-
ronmentalist and Naturally Dangerous: Surprising Facts About Food,
Health and the Environment.>!

The concern regarding human exposure to relatively low envi-
ronmental levels of estrogenic contaminants and other endocrine
disruptors must take into account higher exposures to phytoestro-
gens and other naturally occurring endocrine-active compounds in
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the diet. Although there is evidence linking some wildlife problems
to chemical exposures (e.g. organochlorines) that act through
endocrine pathways, there have also been surprising observations.

Studies in Britain initially raised concern regarding feminization
of fish in British rivers, and this was initially linked to estrogenic
alkylphenols (industrial products) that contribute to this response in
the vicinity of sewage outflows. However, the problems in many of
the British rivers where feminization of male fish was observed
were not associated with synthetic alkylphenols. Instead, the
problem has now been linked to natural estrogens (177?-
estradiol/estrone) from human and animal waste and possibly
ethynylestradiol, used in birth control pills.>?

My sceptical comments on the endocrine disruptor hypothesis
have been extensively criticized from both a scientific and personal
point of view. In the book Hormonal Chaos, Dr. Krimsky states: “Safe’s
role in disputing different components of the hypothesis has also
raised eyebrows among some ofhis colleagues who considerhisindus-
trial funding sources a matter of dishonour in these sensitive areas of
science.” Tony Tweedale (whomIhave never met), writing for an envi-
ronmental group, referred to me as “one loud and inane mouth” and
“He’ll relatively soon get his come-uppance on these ridiculous argu-
ments of his ... I only hope we ensure he gets it good and hard.”

Mindless personal attacks by individuals whom you do not know
are disappointing, particularly in light of results of continuing
studies that have not identified linkages between exposure to
endocrine disruptors and human disease. I have always acknowl-
edged the adverse impact of environmental endocrine-active com-
pounds on fish and wildlife populations in some areas, but have
questioned their impact on human health. Scientific studies pub-
lished in the past six to eight years have addressed many of the
critical issues associated with endocrine disruptors and human
health, and extensive references to these papers have been inten-
tionally included in this chapter. Results of the more recent studies
indicate that initial concerns regarding hypothesized endocrine dis-
ruptor-induced human problems may not be justified.
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In an editorial entitled “Science Fiction” in the New Republic (30
August 1999), Gregg Easterbrook critically examines the endocrine
disruptor issue and concedes that there may be “dangerous
endocrine disruptors.” However, he concludes his editorial with a
statement that is highly relevant: “It’s strange to think how quickly
speculative, lightly researched claims, advanced by advocates with
a fund-raising interest can go straight to the top of the national
policy agenda, while so many undeniably genuine problems
languish.”

I do not entirely agree that the endocrine disruptor hypothesis
was lightly researched or did not deserve serious scientific study
and evaluation by regulatory agencies. The concern with this issue
and others is that scientists/regulators develop vested interests in
specific problems, and there is great reluctance on their (our) part to
say “enough is enough.” With limited funding available, this can
seriously impede research that addresses more pressing environ-
mental and human health issues.
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