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n 1962, Rachel Carson’s Silent Spring was published, triggering
public concern over chemical residues in food and the environ -

ment. Her work helped lead to the founding of the United States
Environmental Protection Agency and international agreements
to ban or restrict several key synthetic chemicals (Lear 1998). Yet
while Carson drew international attention to the pollution prob-
lem, the decades that followed witnessed a dramatic increase,
rather than decrease, in chemical use. The modern chemical in -
dustry, now a two-trillion-dollar-a-year global enterprise, has be-
come central to the global economy, generating millions of jobs
and consuming enormous quantities of energy and raw materi -
als. Since 1952, more than 140000 synthetic chemical compounds
have been made, while each year over 70000 different industri-
al chemicals are synthesized and sold, which means that billions
of pounds of chemicals make their way annually into our bodies
and ecosystems (Langston 2010). More than 358 industrial chem-
icals and pesticides have been detected in the cord blood of mi-
nority American infants (EWG 2009). 

DDT, Gender, and Responses to Silent Spring

The publication of Rachel Carson’s Silent Spring ignited a contro -
versy over DDT(dichlorodiphenyltrichloroethane) residues, which
illustrates several important elements of gender in Carson’s lega-
cy. As a scientist, Carson had long worked with and been accept-
ed by male colleagues (see figure, p. 226), but nonetheless the con -
troversy about her book reveals assumptions about gender made
by Carson’s critics. Second, her approaches in Silent Spring chal-
lenged traditional gender stereotypes. Finally, as an estrogenic
chemical, DDT itself had the potential to disrupt sexual differen -
tiation in exposed animals. 

Like many other chemicals developed during the war years,
DDT was originally envisioned as a miracle chemical that would
improve the quality of human lives at relatively low risk to people
(Russell 2001). Researchers in the United States (U.S.) found that
low doses of DDT killed mosquitoes and lice, and the Allies be- >
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gan spraying DDT where soldiers were threatened by malaria and
civilians by typhoid. After World War II, despite the objections
of American army scientists, civilian uses and marketing of DDT
were permitted. The properties that made DDT so useful in the
war – persistence and a broad spectrum of activity – were the same
traits that caused concern within the scientific community about
its wider use (Russell 2001). 

Carson’s central argument against DDT in Silent Spring was
that humans could not separate themselves from nature, and that
science, while a powerful tool for understanding nature, could
on ly offer an illusion of control over it. She argued that excessive
use of DDT was indicative of a growing ideology of technologi-
cal control over nature’s unruliness that found expression in the
wholehearted adoption of the chemical miracle: synthetic hor-
mones in food systems, synthetic pesticides in field crops, syn -
thet ic plastics in the home. Scholars such as Hazlett (2004) and
Smith (2001) argue that in stressing the ways pesti cides such as
DDT made their way into the home and body – spac es seen as
tra ditionally belonging to the private, domestic sphere of wom -
en – Carson challenged contemporary gender boundaries. 

Critics were quick to attack Silent Spring in explicitly gendered
terms (Lear 1998, Sideris and Moore 2008, Smith 2001, Mauch
2012, in this issue). A letter to The New Yorker stated: “We can
live without birds and animals, but, as the current market slump
shows, we cannot live without business. As for insects, isn’t it just
like a woman to be scared to death of a few little bugs! As long
as we have the H-bomb everything will be O.K.” A review in the
popular American magazineTime accused Carson of using “emo -
tion-fanning words” and making an “unfair, one-sided, and hys-
terically overemphatic” case, based on her “mystical attachment
to the balance of nature” (Smith 2001, pp. 741 f.). The industry
representative Robert White Stevens said: “The crux, the fulcrum

over which the argument chiefly rests, is that Miss Carson main-
tains that the balance of nature is a major force in the survival
of man, whereas the modern chemist, the modern biologist and
scientist, believes that man is steadily controlling nature” (Gore
2007, pp. 65f.). Hazlett (2004, pp. 715f.) argues that “in question -
ing the boundaries between humans and nature, Carson uninten -
tionally had questioned the lines between humans, such as those
defined by gender. (…) In response, Carson’s detractors – includ-
ing some conservationists – tightened the entire cultural system
of oppositions. (…) Science and technology (…) kept humans and
nature separate. Carson and her supporters were hyster ical and
over-emotional (read, feminine) for suggesting otherwise.”

Transgenerational Effects

Endocrine disrupting chemicals (EDCs) such as DDT, polychlori -
nat ed biphenyls (PCBs), diethylstilbestrol (DES), and polybromi-
nated diphenyl ethers (PBDEs) have caused increasing concern
(Vandenberg et al. 2012). EDCs can interfere with the hormonal
signaling systems that control sexual and reproductive develop-
ment. Sources include pesticides, pharmaceuticals, plastics, and
increasingly flame retardants. Routes of human exposure include
water, atmosphere, and food (McKinlay et al. 2008, Scheringer
2012, in this issue, Werner and Hitzfeld 2012, in this issue).

Carson gave voice to growing concerns about the reproductive
risks posed by synthetic chemicals with hormonal actions. In par-
ticular, well before the development of epigenetics1 as a thriving
research field, Carson noted that DDT might have transgener-
ational effects, writing that “the insecticidal poison affects a gen -
er  a tion once removed from initial contact with it” (Carson 1962,
p. 121). Concerns about DDT’s effects on sexual differentiation
emerged even before the publication of Silent Spring. In 1950, the
American biologists Burlington and Lindeman found that DDT
effectively castrated male chicks: the testes of treated chicks were
less than one-fifth the size of those of control chicks (Burlington
and Lindeman 1950). Burlington and Lindeman urged further
in vestigations of these estrogenic effects of DDT, and other re-
searchers showed that DDT affected steroid hormones and re-
production (Conney et al.1967, Welch et al. 1969). After the publi -
cation of Silent Spring, journalists focused on DDT’s potential to
affect sexual traits and the expression of gender. Common head-
lines, such as Scientist Warns of DDT Peril to Sex Life, Scientist Fears
DDT Can Cause Sex Change, and DDT Termed Peril to the Sex Or-
gans, foreshadowed media responses to EDC research 25 years lat -
er (Dunlap 1981). Recent research in epigenetics has shown that
EDCs, particularly those that mimic the effects of estrogen, may
alter DNA methylation, promoting reproductive and sexual prob-
lems across subsequent generations (Crews et al. 2007).

Rachel Carson and U.S.Fish & Wildlife Service artist Bob Hines con-
ducting marine biology research in Florida in 1952. When Hines started his job
in 1948, he was chagrined to find that a female biologist was his supervisor. But
soon Carson and Hines developed a congenial working relationship that evolved
into a loyal friendship (Juriga 2010). 
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1 “Epigenetics” is the study of how the environment affects the genome of
the individual during its development (and in some cases the development
of its descendants) without changing the DNA sequence (Crews 2008).
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direct link to vaginal cancer in girls exposed in utero, its use to
stunt the height of tall girls was expanding. In 1946, a research
ab stract had suggested that by closing growth plates in bones,
DES could help limit the height of prepubescent girls who were
“becoming alarmed and unhappy about the extremes to which
their exuberant, albeit normal growth was carrying them” (Craw-
ford 1978, cited in Lee and Howell 2006, p. 1036). The abstract
received little attention until 1956, when the endocrinologist
Goldzieher began promoting DES to treat “excessive growth in
the adolescent female”(Goldzieher 1956). By 1977, when DES use
had long been shown to cause cancer in women, fully half of sur-
veyed pediatricians reported that they had treated tall girls with
DES and related estrogens to prevent them from getting taller
than feminine women “ought” to be (Lee and Howell 2006). As
Lee and Howell (2006, p.1039) point out, “idealized gender rela -
tions may be as important as scientific studies in determining
what we will do as practicing clinicians,” a lesson that also applied
to DES treatment for menopause and pregnancy. While DES is
no longer prescribed to pregnant women or girls who might be-
come tall, the fetal and transgenerational effects of current fertili -
ty drugs remain understudied (Elizur and Tulandi 2008), suggest -
ing that the lessons of DES have not yet been learned.

Sex Ratios

Carson used her examples of wildlife affected by synthetic chem-
icals to make an important point: chemicals that affect wildlife
and laboratory animals can also affect people. However, establish-
ing those relationships has proven difficult. Many researchers are
concerned that EDCs might lead to problems with human repro -
ductive health (Fowler et al. 2002, Caserta et al. 2011, Kortenkamp
et al. 2011).Yet studies of people exposed to estrogenic chemicals
have led to conflicting results, as sex ratio research illustrates.

Concern about endocrine disruptors has long been entangled
with questions of gender boundaries because even low doses of
hormone disrupting chemicals can have significant effects on
sexual differentiation (Vandenberg et al. 2012). Sex ratio has been
suggested as a potential environmental health indicator of expo -
sure to estrogenic chemicals (Jarrell 2002). Some wildlife popula -
tions exposed to EDCs have developed high rates of intersex con-
ditions and increased numbers of female offspring. In Britain, for
example, intersex fish have been found at 86 percent of river lo-
cations sampled (Jobling et al. 1996), and estrogenic chemicals
in sewage effluent have been linked to feminization of male fish
(Vajda et al. 2008). Whole-lake experiments on fathead minnows
in northwestern Ontario, Canada, showed that chronic, ecologi -
cal  ly relevant levels of estrogen exposure led to intersex males, al-
tered oogenesis in females, and resulted in the collapse and near-
extinction of the fish from the lake (Kidd et al. 2007). In the Great
Lakes basin of North America, several wildlife populations ex-
posed to organochlorines, including herring gulls, Caspian terns,
and bloaters, showed significant changes in sex ratio,producing
more females than expected (Fox 2001). Erikstad and colleagues

DES, Endocrine Disruption, and Gender Concerns

The case of DES, the first synthetic chemical to be marketed as
an estrogen and one of the first synthetic chemicals identified
as an endocrine disruptor, illustrates some complexities of EDCs
and gender. Starting in the 1940s, millions of women were pre-
scribed DES by doctors, at first to treat the symptoms of meno -
pause. In 1947 the Food and Drug Administration (FDA) approved
DES for pregnant women with diabetes, and drug companies ad -
vertised it widely, promoting the use of DES even in healthy preg-
nancies to reduce the risk of miscarriage. DES was also approved
in 1947 in the U.S. as a steroid to promote growth in livestock by
increasing fat deposition, first in poultry, then in cattle. At the
peak of its use in the 1960s, DES was given to nearly 95 percent
of feedlot cattle in the U.S., which meant that millions of people
consumed meat contaminated with low-level residues, while the
estrogenic wastes from feedlots made their way into aquatic eco -
systems. In 1971 researchers in Boston reported a cluster of for-
merly rare vaginal cancers in young women whose mothers had
taken DES while pregnant. These problems emerged only at pu -
ber ty or young adulthood, sometimes decades after fetal exposure
(Langston 2010). Recent research has shown that in utero expo-
sure to DES induces persistent epigenetic changes in the devel-
oping uterus and also increases the risk of breast cancer in adult
women (Doherty et al. 2010). 

Even before the FDA approved DES for human use in 1941,
researchers knew that it caused problems with sexual develop-
ment in laboratory animals, but these problems were not appar-
ent until adulthood (Langston 2010). These concerns led FDA
commissioner Walter Campbell to reject the drug in 1940, insist -
ing regulators must follow the “conservative principle”, essential -
ly adopting the precautionary principle 60 years before that term
came into common usage. Yet a year later, the agency abandoned
its position, and by 1947 the FDA was insisting that wom en with
concerns about DES exposure had to prove that DES had caused
harm, rather than drug companies having to show that it was safe.
When companies applied for approval to use DES in livestock and
for pregnant women, the same pattern unfolded twice more, with
the agency first refusing approval, citing the need for precaution
given the known risks of the drug, but then changing its position
under industry pressure, when short-term studies did not show
direct effects on exposed adults (Langston 2010).

While the reasons for the regulatory failure were complex, gen-
der assumptions were part of the picture. Many of the patterns
that Carson experienced in the DDT case were true for DES as
well: Regulators were far more skeptical of women’s claims of
harm from DES than they were of industry claims for its safety.
Many regulators shared with industry staff a modernist world-
view combining faith in scientific expertise with the belief that
technological progress could and should control nature. Cultural
assumptions about gender differences shaped the ways that sci -
en tists, regulators, medical practitioners and consumers under-
stood chemicals and their effects on the body. For example, even
while DES use in cattle was being banned due to the chemical’s
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(2009) found that female (but not male) gulls with the highest
loads of organochlorines produced significantly more daughters
than sons. More male than female fish embryos were found near
a pulp mill that discharged anti-estrogenic chemicals (Larsson et
al. 2000).

In humans, the evidence is conflicting. While human sex ra-
tios at birth do appear to be partially influenced by parental hor-
mone levels (James 2008), Terrell and colleagues (2011) reviewed
over a hundred studies on sex ratio and human exposure to EDCs
and concluded that the results were too variable and inconsistent
to provide a clear warning system for broader reproductive health
effects, as PCB exposures illustrate. 

People who eat large sport fish, which accumulate PCBs, have
some of the highest body burdens of PCBs (Turyk et al. 2006).
Kar maus and colleagues (2002) found that women with PCB expo -
sure via fish from the Great Lakes gave birth to more sons than
expected (sex ratio males/females: 2.29, 95 percent confidence in -
terval: 1.11 to 4.74), but in similar studies exposed women gave
birth to fewer sons than unexposed women (Weisskopf et al. 2003).
Hertz-Picciotto et al. (2008) note that “maternal exposure to PCBs
may be detrimental to the success of male sperm or to the surviv -
al of male embryos.Findings could be due to contaminants, metab -
olites or PCBs themselves.” When PCBs were divided into estro -
gen ic and anti-estrogenic congeners, Taylor and colleagues (2007)
found that the odds ratio (OR) of male births was slightly elevat-
ed among women with intermediate (in the second tertile)(OR =
1.29) and high (third tertile) (OR = 1.48) concentrations of estro -
gen ic PCBs; odds (OR = 0.70) were reduced among women in
the highest tertile of anti-estrogenic PCBs.

Because PCBs can travel from industrial countries up the food
chain into the blubber of large predatory fish and marine mam-
mals, Arctic indigenous people who eat traditional diets may be-
come exposed to high levels of PCBs. The Arctic Monitoring and
Assessment Programme (AMAP 2004) examined indigenous wom -
en in several Arctic communities in eastern Russia and Green-
land. Researchers found that women with the highest levels of
PCBs in their blood (greater than four micrograms per liter)
gave birth to fewer boys (sex ratio males/females: 0.41). Howev-
er, women with intermediate levels (two to four micrograms per
li ter) gave birth to more boys (sex ratio: 1.6). A recent review found
no significant differences in expected sex ratios across a wide
range of Arctic communities (Bjerregaard et al. 2012). PCB blood
levels were not measured, however, making it difficult to com-
pare these results with the AMAP results.

Conclusion

Because fetal development is so complex and because low-dose
ex posures to endocrine disrupting chemicals are so hard to moni -
tor, it can be difficult to determine exactly what exposures are like -
ly to cause significant harm. People are exposed not to one chem-
ical but to many chemicals, which may have effects that magnify
or counteract each other. 

Carson argued that “we are subjecting whole populations to
exposure to chemicals which animal experiments have proved to
be extremely poisonous and in many cases cumulative in their ef -
fects.These exposures now begin at or before birth and – unless
we change our methods – will continue through the lifetime of
those now living. No one knows what the results will be because
we have no previous experience to guide us” (Carson1963,pp.69f.).
Five decades later, we have more experience to guide us, yet two
of her critical insights still have relevance for understanding the
effects of EDCs on human and environmental health.

First, Carson recognized transgenerational effects of chemical
residues.With recent attention to epigenetics, this has emerged
as a key focus of concern for EDCs. Age at exposure is likely to be
a critical factor in understanding the outcomes. Just as DES expo -
sure had its most profound effects in utero (Doherty et al. 2010),
in utero exposure to PCBs or other hormone disruptors such as
bisphenol A or the PBDEs can lead to adult changes in reproduc -
tive and environmental health (Kortenkamp et al. 2011). With
PCBs, while adults often do not show measurable effects of expo -
sure, women who were exposed in utero later developed repro -
duc tive health problems such as increased time to pregnancy
(Cohn et al. 2011). People exposed to PCBs in utero have not yet
been examined to see if their offspring have altered sex ratios or
other impacts on reproductive health, but this would be an inter -
esting avenue for future research. 

Second, Carson recognized that scientists could not continue
to consider humans in isolation from their broader ecological con-
text. Recently, Crews and Gore (2011) and Wingfield and Mukai
(2009) have called for EDC research examining the effects of pop-
ulations and life history variables in changing environments. Cli -
mate change, habitat loss, and the complex effects of chemical mix-
tures all suggest that while mechanisms will remain important,
understanding the effects of EDCs will require broader ecologi -
cal studies. During a lively discussion about whether low levels
of organochlorine contaminants continued to affect fish recover -
ies in the Great Lakes, Carpenter and colleagues (1996) called for
whole-ecosystem experiments, which have used direct manipu -
la tion of entire ecosystems to unambiguously demonstrate the
impacts of environmental factors such as acid rain (for ethical con-
cerns of such experiments, see Farnsworth and Rosovsky 1993.)
When whole-ecosystem experiments were performed on estro-
gens and fish populations (Kidd et al. 2007) they showed that low
dose, environmentally relevant estradiol levels over several gener -
a tions could lead a population close to extinction. Similar whole-
ecosystem experiments on the environmental and health effects
of emerging contaminants like PBDEs should be a high priority.i
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