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It has been hypothesized that environnental exposure to synthetic estrogenic
chenicals and rel ated endocrine-active conpounds nay be responsible for a globa
decrease in spermcounts, decreased mal e reproductive capacity, and breast
cancer in wormen. Results of recent studies show that there are | arge denographic
variations in spermcounts within countries or regions, and anal yses of North
Ameri can data show that sperm counts have not decreased over the |ast 60 years.
Anal yses of records for hypospadi as and cryptorchi di sm al so show denographi c

di fferences in these disorders before 1985; however, since 1985 rates of
hypospadi as have not changed and cryptorchidi smhas actually declined. Tenporal
changes in sex ratios and fertility are mininmal, whereas testicular cancer is

i ncreasing in nost countries; however, in Scandinavia, the difference between
hi gh (Denmark) and | ow (Finland) incidence areas are not well understood and are
unlikely to be correlated with differences in exposure to synthetic industria
chemicals. Results from studies on organochl orine contamni nants (DDE/ PCB) show
that levels were not significantly different in breast cancer patients versus
controls. Thus, many of the male and fermal e reproductive tract problens |inked
to the endocrine-disruptor hypothesis have not increased and are not correl ated
with synthetic industrial contami nants. This does not exclude an endocri ne-
etiology for sonme adverse environmental effects or human probl ens associ ated

wi th high exposures to sone chenicals. Key words: endocrine disruptors, human
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I ntroduction

In 1993, Colborn et al. (1) pointed out that |arge anounts of industrial-derived
endocrine-di srupting chenmicals have been rel eased into the environnent since
world War 11, and they hypot hesi zed that prenatal or early postnatal exposure to
t hese conpounds could result in permanent and irreversible damage to wildlife
and humans. Several studies on wildlife popul ations have docunented adverse
effects that correlate with exposure to one or nore putative endocri ne-

di srupting chem cals (2-9); however, in many instances it is difficult to assign
causal ity because of the conplexity of environmental contam nants and the | ack
of anal ytical data that document contam nant |levels during critical w ndows of
exposure. Neverthel ess, there have been several incidents in wildlife

popul ations that strongly correlate with exposure to specific industria
chemicals; this includes alligators in Lake Apopka, Florida, exposed to a spil

of organochl orine pesticides froma chem cal waste site (5,8,9). The alligators
di splay a host of norphol ogic and hornonally rel ated abnormalities of the nmale
and fermal e reproductive tracts, including reduced penis size in males. This
reduced penis size in male alligators (5,8,9) and a report (10) which suggested
that sperm counts had decreased globally (from 113 to 66 mL) during 1938-1990
gener ated consi derabl e public, nmedia, regulatory, and scientific concern about
the possible role of environmental exposures to endocrine disruptors and their
role in decreased nal e reproductive capacity and breast cancer in wonen. In
1995, | critically reviewed the endocrine-di sruptor hypothesis; based on the
avail abl e data, | was highly skeptical about the causal |inkage between exposure
to environnental (industrial-derived) endocrine disruptors and adverse hunman
health effects (11). Sonme of this skepticismwas related to the relatively | ow

| evel s of exposure to synthetic endocrine disruptors, particularly those with
estrogenic activity (xenoestrogens), as conmpared to high dietary concentrations
of naturally occurring endocrine-active conpounds in fruits and vegetabl es and
their derived food products. Since 1995, the endocrine-di sruptor hypothesis has
spurred new scientific studies that address several relevant issues, and | wll
hi ghl i ght and di scuss these in this paper. In addition, the National Research
Counci | has published a conprehensive report on "Hor-nonally Active Agents in
the Environnment" (12).

NAME="wi | d">W I dl i fe and Laboratory Ani mal Studies

The effects of environmental endocrine disruptors on wildlife populations are
bei ng extensively investigated; adverse devel opnmental and reproductive effects
have been primarily linked to organochl orine compounds such as pol ychl ori nated
bi phenyl s (PCBs), polychlorinated di benzo-p-dioxins (PCDDs), and pol ychl orinated
di benzof urans (PCDFs), as well as al kyl phenols derived from al kyl pheno

et hoxyl ate (AE) surfactants. Persistent organochlorine pollutants (POPs),

i ncludi ng both pesticides such as DDT/DDE and PCBs, were anmpong the first

i ndustrial conpounds identified in the environment. Mreover, wth inprovenent
of anal ytical techniques, an ever-increasing nunber of structurally diverse POPs
have been detected in environmental sanples at |ow concentrations (2,6,13,14).
The use and production of DDT and PCBs were restricted and banned in nost
countries in the 1970s; however, these conpounds are still the npbst abundant
POPs in nmost wildlife and human sanpl es, even though their concentrations have
significantly decreased over the past 30 years (14-16). Lower concentrations of



POPs in the Great Lakes region are correlated with "dramatic inprovenents in
reproductive success and significant increases in popul ations of cornorants,
gulls, terns, herons and other predatory birds in the Great Lakes basin" (16).

There has been particular concern about the discharge and environnmental

persi stence of AEs and their al kyl phenol degradati on products, which have been
identified in relatively high concentrations in industrial sewage effluents and
in sedinents in |lakes and rivers in Europe (4,17-21). Concentrations of these
compounds in North Anerican rivers and sedinents tend to be lower. Soto et al
(20) showed that nonyl phenols extracted from pol ystyrene were estrogenic, and
Jobling and Sunpter (17) showed that the estrogen-regul ated yol k protein

vitell ogenin, was induced in male fish collected near sewage outflows in the

Uni ted Ki ngdom Moreover, Fairchild et al. (22) hypothesized that the estrogenic
ef fects of nonyl phenol, a solvent/emulsifier (an AE) used in pesticide spraying,
may be related to declines of Atlantic salnon in Atlantic Canada. The wi despread
estrogeni zed fish populations in British rivers and estuari es have been
extensively investigated (23-25) and were initially linked to nonyl phenols and
rel ated conpounds; however, the recent identification of etiologic agents from
sewage treatnent effluents that received mainly donmestic wastes was sonewhat
surprising (23,24). The major estrogenic conponents were the natural hornones
17&szlig;-estradiol (E2) and estrone, with minor anmounts of the birth contro
pill ingredient 17 -ethinylestradiol. Routledge et al. (23) concluded that
environnental |y rel evant concentrations of natural steroidal estrogens are
sufficient to account for the |evels of vitellogenin synthesis observed in caged
mal e fish placed downstream of certain [sewage treatnent works] effluent

di scharges in British rivers.

Thus, although initial concern regarding the estrogenic disruption of fish in
U. K. rivers focused on synthetic estrogenic AE surfactants, human and possible
ani mal di scharges were the major sources of these environnmental endocrine

di sruptors. This highlights the difficulties in assigning causality to

envi ronnental endocrine-disrupting chem cals without thoroughly investigating
all potentially active agents.

Strong support for the endocrine-disruptor hypothesis has cone from | aboratory
ani mal studi es where increasing nunbers of synthetic chem cals have been shown
to exhibit estrogenic/antiestrogenic, androgenic/antiandrogenic, and other
endocrine-like activities (26-33). Included in this Ilist of chemicals is

p, p&#180; - DDE, a mmj or environnmental contamn nant that has been shown to exhibit
antiandrogenic activity in both in vivo and in vitro nodels (28). Research from
several | aboratories has shown that in utero exposure to extrenely |ow doses of
2,3,7,8-tetrachl orodi benzo-p-dioxin (TCDD 1 &#181; g/ kg), an aryl hydrocarbon
receptor (AhR) agonist, can result in a host of neurodevel opnental and
reproductive tract problens in juvenile and adult rodent offspring (26,27, 30-
32).

Studies on in utero exposure to the estrogenic drug diethylstilbestrol (DES)
have served as an inportant nodel for delineating problenms associated with
exposure to estrogeni c conpounds in both animal nodels and in humans; DES-

i nduced effects on the nmale and fenmal e reproductive tracts strongly support the
endocri ne-di sruptor hypot hesis (34,35). Bisphenol A an inportant internediate
in the production of polycarbonates, is a weakly estrogenic industrial compound
in nmost, but not all, assays (36-38). For exanple, bisphenol A induces manmary
gland growth in Noble rats at doses as low as 0.1 ng/kg/day; this is simlar to
the dose required for the potent estrogen DES to induce the sane response (34).
The estrogenic activity of bisphenol Ain CF-1 mice has also generated
controversy (39-41); vom Saal et al. (39) reported that fetal exposure to | ow
doses of bisphenol A (2 or 20 &#181; g/ kg/day) resulted in increased prostate
weight in the male offspring. Results for bisphenol A E2, and DES all gave | ow
dose inverted U-shape dose-response curves for this effect; at higher doses,
decreased prostate wei ght was observed in the offspring (39,40). In contrast,



Cagen et al. (41) did not observe this | ow dose effect for bisphenol A or DES in
CF-1 mice. Thus, the "l ow dose" hypothesis for this response should be resolved
for bisphenol A and other estrogenic conpounds.

Decreased Mal e Reproductive Capacity and Endocrine Di sruptors

Sperm counts. The concern over decreased spermcounts and mal e reproductive
capacity was triggered by a paper on the neta-analysis of 61 sperm count studies
whi ch concluded that "There has been a genui ne decline in senen quality over the
past 50 years" (10). This study (10) and a subsequent paper (42) hypothesized

t hat

We argue that the increasing incidence of reproductive abnornmalities in the
human mal e may be related to i ncreased oestrogen exposure in utero.

PCBs and TCDD-1i ke conpounds, as well as DDE, nmy also contribute to this
probl em (42,43). The validity of the nmeta-analysis (10) was quickly debated (44-
48), but nore inportantly, new research on this problemwas initiated throughout
the world. Results of single location and | aboratory studi es gave highly
variable results. Some reports showed that over the |ast 15-25 years, there were
significant decreases in spermquantity, whereas ot her studies showed either no
declines or slight increases (49-58). Auger et al. (49) investigated senen
quality anong fertile nen in Paris and reported that

The nean concentration of sperm decreased by 2.1% per year from 86 per
milliliter in 1973 to 60 per mlliliter in 1992,

In contrast, using a simlar approach, Bujan et al. (50) reported that from 1977
to 1992, "sperm concentration has not changed with tine in the Toul ouse area."
In 1996, Fisch et al. (59) reported that senmen quality of 1,283 nmen fromthree
sperm banks in the United States had not declined over the |last 25 years (1970-
1995). The surprising results of this study were the | arge denographic

di fferences in spermcounts: sperm donors from New York had the highest nunber
(131.5 &#177; 3.5 nlL, nean &#177; SEM), followed by M nnesota (100.8 &#177; 2.9
/m) and California (72.7 &#177; 3.1 /nl).

In a separate study, Paulsen et al. (54) reported no change in spermcounts in
Washi ngton State between 1972 and 1993 (46.5 /nL to 52 nlL); by accounting for
geographic differences in an analysis of 29 U S. studies from 1938 to 1996,
Saidi et al (60) reported "no significant change in spermcounts during the |ast
60 years." Geographic differences in spermcounts have been reported in French
men (61) and Dani sh men (62) and also in a Canadi an study anong 11 academ c
fertility centers (63). The latter report shows that anobng 48, 968 sanpl es of
sperm taken from Canadi an nmen between 1984 and 1996, there was a significant
overall downward trend in spermcounts (63); however, when the data from 1975 to
1983 were included, "there was no significant trend in spermdensity” (63). The
anal ysis of data fromthe individual centers (1984-1996) showed that 6 centers
had a downward trend and 5 centers had small but insignificant increases in
sperm counts. However, the nost remarkable results fromthese studies were the
di fferences (geographic) between centers: in 1984, spermcounts ranged from 51
/mL to 121 /L, and in 1996, these values ranged from48 /nL to 137 /nL (63).
The predictive value of spermcount data taken from sel f-sel ected volunteers is
clearly subject to multiple variables including neasurenent nethods,
tenperatures, tine of day, and seasonal variability. Handel sman (52) reported

t hat nmean sperm counts taken fromfive different sets of volunteers at the sane
hospital in Sydney, Australia, varied from142 nmL to 63 /nL, which exceeded the
differences in the decline in spermcounts reported in the 1992 neta-anal ysis by
Carlsen et al. (10). Handel sman (52) concl uded t hat



This highlights the invalidity of extrapolating simlar findings on spermcounts
of selected volunteers to the general male comrunity or in using such study
groups to characterize spermcounts in supposedly healthy nen.

These data suggest that we do not know if spermcounts are actually up or down.
Qur know edge of sperm counts and their tenporal variability in normal

popul ations is mninmal, and the contributions of the environnment (i.e.
lifestyle, diet, contam nants, etc.) are al so unknown.

Hypospadi as and cryptorchidism Cryptorchidismis a condition in which one or
both testicles have not descended, and hypospadi as occurs when the urethra
opening is displaced. Both of these responses have been observed in nale

of fspring of rodents exposed in utero to estrogenic and anti androgeni c conpounds
(64,65). Weidner et al. (66) reported a significantly increased risk of
cryptorchidi sm but not hypospadi as, anmong nmale offspring of female (but not
mal e) gardeners. This study suggests a possible |ink between in utero exposure
to agricultural chem cals used in gardening; however, the identity of potentia
toxi c chemi cals and their node of action are unknown.

Shar pe and Skakkeb&aelig; k (42), suggested that decreased mal e reproductive
capacity may be related to exposure to endocrine disruptors (42), and pointed
out that sonme studies reported increases in hypospadias and cryptochidismin
mal e i nfants. Paul ozzi (67) analyzed international trends in rates of
cryptorchidi smand hypospadi as from several different countries and categorized
regi ons by gross donestic product (in 1984). Hypospadi as increased in nore

af fl uent areas but not in less affluent areas up to 1985, whereas no increases
have been observed since 1985. Before 1985, there were al so region-specific
trends in rates of cryptorchidism (increases in two U S. and one South Anmerican
system); however, since 1985, rates have actually declined in nost systens (67).
Thus, the specter of a global decrease in male reproductive capacity is not
supported by international trends for hypospadi as or cryptorchidism however,
like the spermcount data, there is sone evidence that incidence of these

probl ems is al so dependent on denography.

Testicul ar cancer. Testicular cancer is one of the major types of cancer in
young nen, and there is evidence suggesting a prenatal etiology (68).
Cryptorchidismis one of the known risk factors for testicular cancer

suggesting that in utero or early postnatal exposure to estrogens or

anti androgens may contri bute to devel opment of this tunmor in young nen (68-72).
Testicular cancer is generally increasing in nost countries, and it was
suggested that p, p&#180;-DDE, an anti androgen, could play a role in the

devel opnent of this cancer (43). However, Ekbomet al. (15) pointed out that DDE
concentrations in breast mlk in the four Scandi navian countries are not
significantly different, whereas the incidence of testicular cancer (1985-1989)
varies from14.5/10 5 males in Denmark (highest) to 3.6/10 5 males in Finland

(l omest). Moreover, as the overall incidence of testicular cancer has increased
in all Scandi navian countries during the |last 25-30 years, there has been an 80-
90% decrease in average breast nmilk DDE concentrations, show ng an inverse

rel ati onshi p between testicular cancer and DDE concentration (15). Sinmlar

i nverse correlation can be observed in nost other devel oped countries, including
the United States (73). Many countries in simlar regions (e.g., bordering the
North Sea) do not have mmjor differences in human or environnenta
concentrations of persistent organochlorine pollutants, and differences in
producti on and hunman exposure to other synthetic chenmicals are unlikely.

Envi ronment al exposures have not been linked or correlated with testicular
cancer, and the environnental and |lifestyle factors, including diet and

occupati onal exposures, that are responsible for this disease are unknown and
shoul d be investigated.

Sex ratios and endocrine disruptors. A recent study (74) reported that
acci dental exposure to high concentrations of TCDD in Seveso resulted in | ower



sex ratios (male/female) at birth; this observati on has been noted for high

| evel occupational exposures to sone chemicals (74-76). There is evidence from
several countries, including a recent U. S. study, that in the past few decades
there have been snall but significant decreases in sex ratios (77-79). The
potential role of nmale/female sex ratios as sentinel health indicators "that may
be linked to environnmental factors" was proposed by Davis et al. (80), based on
their observations that the proportion of males born in Denmark (1950-1994), The
Net herl ands (1950-1994), Canada (1970-1990), and the United States (1970-1990)
had decreased. However, in the United States, although the overall sex ratio
decreased from 1.053 in 1969 to 1.049 in 1995, this snall decline was observed
only for Cau-casians but not African Americans (77); the authors concluded that
"environnmental exposures are unlikely to account for the observed trends.” In a
nore recent conprehensive study, Vartainen et al. (81) exam ned sex ratios in

Fi nl and over the past 250 years. From 1751 to 1920, there was an increase in

mal e/ female birth ratios, and with the exception of pre- and post-World War |
and |l years, there has been a decline in these ratios since 1920. The authors
concl uded that the present data do not support the hypothesis that agricultura
or industrial environmental estrogens play any significant role because, in

Fi nl and, maj or production and exposures to these types of chenicals occurred
after 1950. Janes (82) initially proposed that newborn sex ratios my be a
useful indicator of male reproductive hazard but has subsequently concl uded t hat
"popul ation sex ratios at birth are not useful nonitors of reproductive hazard."

Fertility. Tenporal changes in human fertility have not been extensively

i nvesti gated; however, a recent study in Sweden (83) concluded that a decrease
in mle fertility cannot be ruled out ... but if present, it is mnor and
totally outwei ghed by other favorable devel opnents.

Akre et al. (83) observed declining infertility anong successive birth cohorts,
and "this strongly argues agai nst a substantial deterioration in spermaquality.”
This was expl ai ned by the decreasing incidence of gonorrhea between 1970 and
1992. Previous studies that denonstrated adverse effects of DES on male and
femal e of fspring are unquestionable (34,35); however, Wlcox et al. (84)
reported that fertility of DES-exposed nmales was not significantly different
frommales in a control group. DES was not used in Finland, but in a recent
study, Hemm nki et al. (85) reported reproductive effects of in utero exposure
to estrogen and progestin drugs on male and femal e of fspring. There were sone
differences in times of birth between controls and hornone- or drug-exposed
individuals (e.g., time to first birth after marriage, nean tinme between first
and second live birth); however, the overall fertility in both groups was
simlar. Hemm nki et al. (85) concluded that

Estrogen- and progestin-containing drugs as used in the study popul ation did not
have much inpact on the fertility of offspring.

Thus, pharmacol ogi c doses of estrogenic drugs did not affect fertility, and it
is unlikely that nuch | ower concentrations of weakly estrogenic industria
conpounds woul d affect fertility. Thus, with the exception of testicular cancer
data from nmore recent studies suggest that there does not appear to be a
wor | dwi de decrease in disorders of the nmale reproductive tract.

Xenoestrogens and Breast Cancer

In 1992-1993, two studies from Connecticut and New York reported higher
concentrations of PCBs and DDE, respectively, in breast cancer patients as
conpared to controls (86,87); this generated the hypothesis that xenoestrogens,
such as PCBs and DDE, were preventable causes of breast cancer (88). This

hypot hesi s was supported by the two studies on breast cancer patients (86, 87)
and also by in vitro netabolic data on chemical -i nduced netabolismof E2 to 2-
hydr oxyestrone (2-CHEl) and 16- hydroxyestrone (16-OHEl) netabolites in MCF-7
human breast cancer cells (89). The hypothesis of Davis et al. (88) was



criticized on several counts (11), and new research on the role of
organochl ori ne contam nants in the incidence of breast cancer has clarified sonme
of these issues.

PCB and DDE concentrations in breast cancer patients. | was particularly
skeptical about the biologic plausibility of the xenoestrogen hypothesis because
occupati onal exposures to high concentrations of PCBs or DDE have not been
associated with increased risk for breast cancer (11). In rodent carcinogen-

i nduced mammary cancer nodels, DDE and 3, 3&#180; , 4, 4&#180; -t et rachl or obi phenyl
both increased and decreased mammary tunor formation and gromh (90-93), and the
increase in mammry tunor formation was primarily associated with altered

carci nogen netabolism (91,92). Both TCDD and hi gher chlorinated PCB m xtures

i nhibited formati on of spontaneous manmary tunors in 2-year-old fenal e Sprague-
Daw ey rats (33,94); this was consistent with the antiestrogenic activity
associated with AhR agonists in breast cancer (95, 96).

Several recent studies on DDE and PCB concentrations in breast cancer patients
versus controls have been carried out in Europe, Asia, North and South America,
and nost studies indicate that |levels of these organochl orine contam nants are
not significantly different in the two groups (Table 1) (97-106). These data are
consistent with an earlier report by Krieger et al. (107) in a California
cohort. Several studies have also investigated risk for breast cancer and
correlations with other organochl orine conpounds or other paraneters. For
exanpl e, Moyisch et al. (101,106) reported an odds ratio (OR) of 1.8 for wonen
(parous worren who had never |actated) with high concentrations of
hexachl or obenzene (HCB), but Zheng et al. (108) did not observe higher
concentrations of HCB in patients in Connecticut (304 cases and 186 control s)
and concl uded that our study does not support a positive association between
envi ronnental exposure to HCB and ri sk of breast cancer

In a study in Copenhagen, Hoyer et al. (102) reported that although correlations
for PCBs were not observed, the pesticide dieldrin was associated with an

i ncreased risk for breast cancer. The authors concluded that these findings
support the hypothesis that exposure to xenoestrogens may increase the risk of
breast cancer.

Dieldrin is an exceedingly weak estrogen in npost assays, and the biologic
plausibility that trace concentrations of this contam nant play a role in breast
cancer is mniml. Some recent studies have conbined differences in DDE or PCB
concentrations with drug-netabolizing enzynme pol ynorphi sms in breast cancer
patients and control groups (m xtures and congeners) to further investigate
correlations with breast cancer (106); this approach in future studies may |ead
to new insights.

Estrogen netabolite ratios. Bradlow et al. (89) investigated the effects of
various chem cal s, including several organochlorine pesticides, on the

met abolismof E2 to 2-OHE1 and 16 -OHE1 in MCF-7 human breast cancer cells and
concluded that "the ratio of 16-OHEl/2-OHE1 may provide a marker for the risk of
breast cancer." PCBs, DDE, and other weakly estrogenic pesticides induced higher
16 -OHELl/ 2-OHE1l ratios, and these data were initially used to support the
xenoestrogen hypothesis in early reports showi ng hi gher concentrations of PCBs
or DDE in breast cancer patients versus controls. The predictive utility of the
rati o was based on reports that 16 -OHEl1 was highly estrogeni c and hi gher |evels
of this nmetabolite were observed in a small cohort of breast cancer patients
(89,109,110). In contrast, 2-CHEl exhibits partial antiestrogenic activity and
was | abel ed by Bradlow et al. as "the 'good' estrogen" (110). In ny |aboratory,
we used the radi onetric assay, as previously described (89), to investigate the
effects of a diverse spectrum of estrogens, antiestrogens, and manmary

carci nogens on estrogen netabolism (111,112). The results showed that the
nmetabolite ratios in our study were not predictive of carcinogens, estrogens, or
antiestrogens, and nmetabolite ratios varied with the concentration of sone



conpounds in this assay. For exanple, the triphenylethyl ene antiestrogen
48#180; - hydr oxyt anoxi fen decreased the ratio, whereas the potent steroida
antiestrogen ICl 182,780 increased the ratio; we al so observed ot her

i nconsi stenci es between conpounds with simlar effects on manmary cancer

(111, 112). We concluded that induction of this netabolite ratio in MCF-7 breast
cancer cells was not predictive for a wide variety of chenicals that may affect
breast cancer in vivo> (112). Sone additional studies question the use of the
urinary 16-OHE1l/2-CHELl ratio as a predictor of risk for breast cancer (113-115).
In a recent study, Ursin et al. (115) reported that in 66 postnmenopausal breast
cancer patients and 76 control subjects, the ratio of 2-OHEl to 16a- OHE1l was
1.1% higher in the patients (p = 0.84) contrary to the hypothesis.

The authors concluded that this study does not support the hypothesis that the
ratio of the two hydroxylated netabolites (2-OHEL1/ 16 -OHEl) is an inportant risk
factor for breast cancer.

Endocrine Disruptors in the Diet

The potential adverse role of endocrine disruptors in the diet during critica
peri ods of devel opnent will depend not only on intake concentrations of these
conpounds but also on their concentrations in serumand in the fetus. Intake
concentrations of synthetic estrogenic conpounds and AhR agonists are | ow as
conpared to dietary intakes of natural phytoestrogens and AhR-active conpounds
(e.g., indole-3-carbinol) in fruits and vegetables (11). In one collaborative
study, we conpared the estrogenic potency of one glass of red wine (200 nmL) with
the correspondi ng potency of the estinated daily intake of organochlorine
pesticide residues in food (116) (Figure 1). The reconstituted m xture in this
study included the foll owi ng weakly estrogeni c organochl ori ne contam nants:
1,1,1-trichl oro-2-(p-chl orophenyl)-2-(0o>-chl orophenyl)ethane, 1,1, 1-trichloro-
2, 2- bi s(p-chl orophenyl ) et hane, 1, 1-dichloro-2, 2-bis(p-chlorophenyl)ethyl ene,
endosul fan-1, endosul fan-2, p, p&*#180; - met hoxychl or, and toxaphene. The relative
proportion of each chemical in the mxture resenbled the conposition reported in
a recent U S. Food and Drug Administration market basket survey (117). Using a
series of seven in vitro assays, the cal cul ated estrogen equivalents (EQ) in
extracts from 200 nL red cabernet wine varied fromO0.15 to 3.68 &#181;g/day. In
contrast, the EQ for consunption of organochlorine pesticides (2.44
&#181; g/ day) varied from nondetectable to 1.24 ng/day. These data, coupled with
EQs for other foods (118), dempnstrate that dietary intakes of naturally
occurring phytoestrogens far exceed intakes of organochl ori ne xenoestrogens.
However, these data should not be overinterpreted because organochl orine
conmpounds bi oaccumnul ate and can be identified in serum and because dietary

i ntake | evel s of other xenoestrogens are unknown.

Figure 1. Estrogen equivalents (EQ) in various food products and organochl ori ne
compounds (0OCs) (117) and (B) range of human serum concentrations of natura
estrogens, isoflavones, and OCs (116,119) in different groups. EQ (ng) were 0-1
for OC pesticides in food, 200-3,000 for red wi ne, 200-1,000 for beans, and
24,000 for cabbage.

Recent reports have investigated serum concentrati ons of sone phytoestrogens
(119, 120), and these can be conpared to endogenous hornmone and organochl orine
xenoestrogen serum concentrations in human popul ati ons. A recent study on wonen
in Long Island, New York, showed that total serum concentrations of
organochl ori ne pesticides plus PCBs were & t; 10 ng/nmL (121); these val ues
correspond to serum concentrations fromwonmen sanpled within the |ast 5-10 years
(Table 1). Setchell et al. (119) recently sunmarized serum concentrations of
endogenous estrogeni ¢ hornones in nen, wonen, and children as well as
concentrations of estrogenic isoflavones in various groups. Serum concentrations
of estradiol in nen, wonen, and neonates are variable (between 10 and 500

pg/ m.); however, concentrations in maternal blood and cord blood are sinmilar to



concentrations of organochl orine conpounds (10,000 pg/m). On the basis of the
| ow estrogeni c potencies of these xenoestrogens, it is unlikely that their
effects as estrogens are inportant. This does not exclude endocrine- and
estrogen-i ndependent toxic actions of organochlorine conpounds that are
currently being investigated in several |aboratories. Serum concentrations of
estrogenic isoflavones (primarily genistein, daidzein, and equol) can range from
552,000 to 1,755,000 pg/nL (nean = 988,000 pg/nmL) in soy-fed infants; these are
approxi mately 100-fol d higher than organochlorine concentrations (119). High

i sof | avone concentrations (~ 100,000 pg/nL) have al so been detected in Japanese
men (119,120). Thus, on the basis of current analytical data, soy-fed infants
are the group with the highest exposure to estrogenic conpounds during critica
peri ods of devel opnment. Most studi es associ ate consunpti on of phytoestrogen-
containing foods with health benefits (122,123); however, as reported by
Setchell et al. (119),

To allay increasing concerns about soy-based formulas, |ong-termfoll ow up
studi es are needed to assess the potential beneficial or adverse effects of
phyt o- oestrogen exposure in early life.

Envi ronnent al concentrati ons of persistent organochl ori ne conpounds have been
decreasi ng over the past two decades, and this correlates with renmarkabl e
advances in the detection of exceedingly low | evels of these conpounds in human
popul ati ons. Undoubtedly, correlational studies of human di seases with tissue

and serum concentrations of organochl orine conpounds will continue, and due to
the | arge nunber of these conpounds, positive correlations with sone diseases
wi |l undoubtedly be made. It is inportant that interpretation of data obtained

fromthese studies consider biologic plausibility and tenporal trends in
concentrations as well as additional correlative results fromother reports.

Results of recent studies suggest that there is not a gl obal decrease in nale
reproductive capacity and that an etiologic role for xenoestrogens in fenmale
breast cancer is unlikely. It is possible that new scientific evidence may
reinforce or weaken these conclusions; it is also inportant to carefully
validate and replicate findings before nmedia announcenents that may contribute
to unnecessary fear and worry by the public. A recent book, The Culture of Fear
(124), has addressed sonme of the issues regardi ng unreasonable fears by the
public; it states,

We compound our worries beyond all reason. Life expectancy in the United States
has doubl ed during the twentieth century. We are better able to cure and contro
di seases than any other civilization in history. Yet, we hear that phenonenal
nunbers of us are dreadfully ill.

The rol e of endocrine disruptors and hunan di sease has not been fully resolved;
however, at present the evidence is not conpelling.

Note: A recent paper by many of the sanme coauthors of the sperm count neta-
anal ysis study (10) have now reported "a significant increase in nean sperm
concentration from53.0 /nL in 1995" anpong donors to the Central Sperm Bank in
Copenhagen (125).
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