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Breast Cancer and Exposures from the 
Physical Environment: 

Introduction and Overarching Issues 
In May 2007, 200 leading environmental scientists 
convened in the Faroe Islands north of Scotland to 
consider the human health effects of early-life 
exposures to environmental toxicants.  This 
gathering, the International Conference on Fetal 
Programming and Developmental Toxicity, 
resulted in a signed declaration that made 
headlines around the world, for example, in the 
Los Angeles Times.1  The Faroes Statement 
warned that low-level exposures to common 
environmental chemicals during fetal life and 
early infancy increase risks for various health 
problems later in life.  According to the document, 
these problems include diabetes, attention deficit 
disorders, obesity, infertility, and thyroid 
disorders.  They also include breast cancer.2  
Singled out for mention were the common 
pesticide atrazine and the common plastics 
ingredient, bisphenol A, which, according to the 
document’s consensus statement, can alter breast 
development in early life in ways that increase 
susceptibility to breast cancer in adulthood. 

The Faroes Statement goes on to call for a fresh 
approach to research on breast cancer and other 
diseases that recognizes a new paradigm of 
toxicologic understanding: 

"The old paradigm, developed over 
four centuries ago by Paracelsus, 
was that 'the dose makes the 
poison.'  However, for exposures 
sustained during early 
development, the most important 

issue is that 'the timing makes the 
poison.'  This extended paradigm 
deserves wide attention….Among 
the mechanisms involved, 
particular concern is raised about 
changes in gene expression due to 
altered epigenetic marking, which 
may not only lead to increased 
susceptibility to diseases later in 
life, but the effects may also be 
passed on to subsequent 
generations.”2 

Andreas Kortenkamp, a toxicologist at the 
University of London, has likewise called for a 
new approach to breast cancer that recognizes the 
existence of critical periods in early life and 
during development that sensitize the breast to 
carcinogenesis by hormonally active chemicals.  
Emphasizing the biological plausibility of such an 
approach, Kortenkamp points out that the majority 
of cancers arise from the terminal end buds of the 
breast ducts.  Any environmental chemical that 
increases the number of cells in the end buds 
during early life or that delays the maturation of 
these structures can raise the risk for cancer—even 
without direct genetic damage.3, 4  The weed killer 
atrazine, to which 60 percent of the U.S. 
population is exposed daily, is such a chemical.  In 
laboratory animals, atrazine exposure in utero 
retards the maturation of the mammary gland in 
puberty and increases the number of end buds.5, 6  
The insecticide DDT may also be such a chemical.  
A study of women in Oakland, California has 
found that high serum levels of DDT predicted a 
five-fold increased risk of breast cancer among 
women exposed prior to age 14.  Women exposed 
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after age 14 showed no link between blood levels 
of DDT and breast cancer.7 

For environmental exposures that do induce 
genetic damage, such as ionizing radiation, timing 
of exposure also matters.  Among atomic bomb 
survivors in Hiroshima and Nagasaki, for 
example, breast cancer increased significantly 
only among those exposed during puberty.8  More 
recently, a study of breast cancer patients who had 
been treated previously with radiation therapy for 
childhood cancers found a link between timing of 
radiation exposure and the development of 
HER2-positive tumors:  the highest risk occurred 
in patients irradiated within four years of 
menarche.9  And yet, in spite of evidence such as 
this, conventional epidemiological and 
toxicological testing does not routinely take into 
account developmental differences at the time of 
exposure. 

Many leading researchers, including Kortenkamp, 
have also urged increased attention to chemical 
mixtures in environmental health research.  Real-
life exposures to environmental agents, these 
researchers point out, are not limited to one 
chemical but, most often, result from low-level 
exposures to a changing kaleidoscope of 
chemicals, some of which may operate down 
similar molecular pathways.3, 4, 10-12 

A recent Spanish study, for example, 
demonstrated that breast cancer risk among 
women was associated with the body burden of all 
estrogenic chemical contaminants, excluding 
natural hormones.13  Among grazing sheep in 
Scotland, males exposed in utero to a cocktail of 
chemicals found in sewage sludge developed 
testicular abnormalities,14 while females reared on 

pastures treated with sewage sludge showed 
abnormalities in mammary gland development.15  
In lab animals, exposure to dioxin in fetal life 
sensitizes mammary glands to carcinogenic assault 
by other chemical agents in later life.5  More 
specifically, dioxin-exposed breast tissue is less 
able to fend off the damage caused by subsequent 
free radical exposure.16  And yet, again, 
conventional testing has not routinely taken into 
account the effects of low-level exposures to 
chemicals in combination.  Like atrazine, 
bisphenol A has been detected in ground water 
and private wells.17, 18  What is the risk for a young 
girl whose drinking water contains both? 

Exposures from the physical environment may 
also play a role in the breast cancer story if they 
amplify the effects of known risk factors.  Early 
puberty – especially early menarche – is a well-
established risk factor for breast cancer.  As age of 
menarche decreases, overall risk of breast cancer 
increases.19  Menarche before age 12, for example, 
raises breast cancer risk by 50 percent when 
compared to menarche at age 16.20  Environmental 
factors that hasten the timing of sexual maturation 
may thus contribute to breast cancer risk.  Some 
researchers have posited that greater use of 
estrogen- or placenta-containing hair preparations 
may be contributing to the falling age of puberty 
among U.S. black girls.21, 22  If so, they may also 
contribute to racial disparities in breast cancer.  In 
addition, chemicals in the physical environment 
may contribute to early puberty – and thereby to 
breast cancer risk – if they shorten human 
gestation, lower birth weight, or increase the risk 
for obesity and insulin disregulation.  All of these 
factors are associated with earlier sexual 
maturation in girls.20, 23-25 
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In contrast to early puberty, breast-feeding is a 
reproductive factor known to lower breast cancer 
risk, especially among post-menopausal women.26  
Thus, chemical exposures that interfere with 
lactation may increase the risk for breast cancer.  
Some organochlorine chemicals have been 
associated with shortened duration of breast-
feeding among nursing mothers in North Carolina 
and Mexico27, 28 and decreased milk volume 
among mothers in the Netherlands.29  And yet, 
although pubertal timing and duration of breast-
feeding are both known to modify breast cancer 
risk, little research has explored the impact of the 
physical environment on these two reproductive 
factors. 

In sum, a fresh approach to the question of breast 
cancer’s environmental roots would take up the 
question of chemical mixtures, would consider the 
timing of exposure, (with an emphasis on 
exposures that happen in utero and in early life), 
and would expand the search to include 
environmental agents with the power to modify 
known reproductive risk factors. 

The chapters of this report that follow do not, for 
the most part, take this tack.  Instead, they 
summarize the evidence—from in vitro, animal, 
and human studies—for individual environmental 
agents in isolation from one another.  While there 
are obvious shortcomings to this kind of analysis, 
the hope is that the atomized organization of these 
chapters will, nevertheless, inspire the reader to 
consider the various ways in which these 
individual agents might interact with one another 
in a web of causality and, in so doing, will reveal 
potential avenues of inquiry that would be fruitful 
to pursue.  As two new papers reveal, exposure to 

mammary gland carcinogens is widespread.30  
Many of these have not yet been included in 
human studies.31  Among the 216 compounds 
identified as mammary carcinogens in animals, 73 
are found in food or consumer products; 35 are air 
pollutants; and 29 are produced in the U.S. in large 
amounts.30  Thus, even using old-fashioned 
criteria – investigating one mammary carcinogen 
at a time using conventional toxicological research 
– we still have much to learn about how to identify 
chemical contributors to breast cancer and 
eliminate them from the environment. 

Understanding the role of industrial chemicals and 
other environmental factors in the story of breast 
cancer, a disease characterized by complexity and 
multi-causality, will require bringing the best 
time-honored techniques of traditional toxicology 
and epidemiology together with holistic 
approaches that, so advise the authors of the 
Faroes Statement,2 focus on systems and tissue 
biology. 
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