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Executive Summary

reast cancer rates have been climbing steadily in the United
States and other industrialized countries since the 1940s,
amounting to more than one million cases per year worldwide.
In 2004, in the United States alone, an estimated 215,990 women

will be diagnosed with invasive breast cancer and more than 55,390
women will be diagnosed with in situ breast cancer, meaning the tumor 
is confined to its original location in the breast. This year, breast cancer 
is expected to kill more than 40,000 American women and more than
370,000 women worldwide. Billions of dollars have been spent in an effort

to stem this unrelenting tide, yet as many as half of all
breast cancers occur in women who have no known risk
factors for the disease. Less than one out of every 10 cases
occurs in women born with genetic predisposition for 
the disease. 

Research indicates that breast cancer arises for four
primary reasons: genetic mutation, altered gene expres-
sion, altered cell interaction or from exposure to agents

that alter the body’s natural production of estrogen and other hormones.
Not everyone exposed to a carcinogen will develop breast cancer, how-
ever. In fact, the development of breast cancer and other cancers is a
multi-step process that most commonly results from more than one
exposure over time. For example, one exposure might occur prenatally,
another during childhood and a third during adolescence. Each of these
exposures increase the risk of breast cancer in later life. Depending on the
individual, cancer might develop after just two exposures, perhaps after
dozens more, or may not develop at all. 

Ionizing radiation is the best-established environmental cause of human
breast cancer. A growing body of evidence also implicates non-ionizing
radiation (electromagnetic fields and radio-frequency radiation) as a
possible contributor to the development of breast cancer. In addition,
compelling scientific evidence points to some of the 85,000 synthetic
chemicals in use today as contributing to the development of breast
cancer, either by altering hormone function or gene expression. As with
ionizing radiation, some synthetic chemicals (called mutagens) also 
can cause gene mutations that lead to breast cancer. While there is no
simple method for linking chemical exposures to breast cancer, several
types of research—experimental, body burden and epidemiological
studies—yield evidence that such a link exists.

For women born without genetic predisposition for breast cancer, events
during their lifetimes contribute to producing the disease. But genetic
predisposition does not cause breast cancer. Rather, it means that women
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for the disease.
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with inherited predisposition are more sensitive 
to the effects of breast carcinogens than those
without a genetic predisposition.

There is broad agreement that exposure over time
to estrogens that are naturally produced in the
body increases the risk of breast cancer. Thus, the
earlier in life a woman’s menstrual cycle begins
and the later it ends, the higher her risk of breast
cancer. Hormones administered as pharmaceuti-
cals also increase this risk. The Women’s Health
Initiative study on Hormone Replacement
Therapy (HRT) was halted when it became clear
that women who regularly took HRT had signi-
ficantly higher rates of breast cancer (as well as
other potentially life-threatening diseases). The
National Toxicology Program now lists steroidal
estrogens as known human carcinogens.1 Since
1987, the International Agency for Research on
Cancer (IARC) has categorized nonsteroidal 
estrogens as known human carcinogens. Other
compounds with estrogenic activity, including
drugs such as diethylstilbestrol (DES) and pesti-
cides such as dieldrin, are understood to increase
the risk of breast cancer. In addition, plastic
additives such as bisphenol-A (BPA), polyvinyl
chloride (PVC, which is found in many consumer
products) and gasoline additives such as benzene,
solvents and degreasing agents may be linked 
with increased risk of breast cancer due to their
estrogenic activity.

Experimental studies have identified a number 
of synthetic chemicals that induce mammary
cancer in rodents. These include: organic solvents
(used in many manufacturing processes, including
the manufacture of computer components);
polycyclic aromatic hydrocarbons (PAHs, pro-
duced from combustion of gasoline, diesel, heating
oil, cigarettes and other tobacco products, or by
grilling meats and fish at high temperature); and
1,3-butadiene, which is both an air pollutant
created by internal combustion engines and petro-
leum refineries, as well as a chemical used in the

manufacture and processing of synthetic rubber
products and some fungicides. 

There also is experimental evidence that certain
chemicals can disrupt hormone function and
thereby may increase the risk of breast cancer.
These chemicals include the insecticide heptach-
lor, the herbicide atrazine and ingredients in some
sunscreens. Others include certain phthalates,
which are compounds
used to make plastic
soft and flexible, 
and parabens, which
are chemicals that 
act as preservatives. 
Both phthalates and
parabens are widely
used ingredients 
in personal care
products.

Body burden studies
measure the presence 
of chemicals in people
by analyzing blood,
urine, body fat or
breast milk. Also called
biomonitoring, this
type of research is used
to study possible con-
nections between chemicals and breast cancer.
These studies cannot establish cause but can reveal
the internal contamination of women’s bodies.
Studies by the Centers for Disease Control and
Prevention (CDC) show that Americans of all ages
carry a body burden of at least 116 chemicals,
some of them banned for more than two decades
because of toxicity.2

Public health studies that have followed the
development of breast cancer in women over time
have identified a number of other compounds 
as likely contributors to the development of the
disease, although the evidence remains incon-
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sistent. These chemicals include: dioxin, created
when chlorinated materials such as plastics are
burned; the pesticide DDT (dichloro-diphenyl-
trichloroethane) and its metabolite and environ-
mental breakdown product DDE; and some 
forms of PCBs (polychlorinated biphenyls), once
widely used in the manufacture of electrical equip-
ment, carbonless paper and other industrial 
and consumer products. 

We clearly have major gaps in our current
knowledge about the links between breast cancer
and the environment. Research efforts should be
focused, therefore, in areas most likely to provide
useful information for shaping public policies
around environmental exposures and public
health. The types of research most likely to pro-
duce useful evidence will be those examining: 
(1) the interplay between the timing of exposures
(especially periods of vulnerability), multiple
exposures and chronic exposures (including
occupational exposures and secondhand smoke);
(2) disparities in health outcomes and differences
in exposures among racial groups; (3) human 
contamination, measured by biomonitoring; and
(4) public health studies examining unexplained
patterns of breast cancer. 

To reduce the burden of breast cancer in our
society, public officials and the scientific and cor-
porate communities must act based on what is
already known about agents that increase the risk
of breast cancer. More research on avoidable
causes of the disease is also required. Studies that
ask tough and honest questions about the under-
lying causes of breast cancer, including research
based on recommendations from the first Inter-
national Summit on Breast Cancer and the
Environment, must be pursued. This 2002 summit
was sponsored by the CDC. While this research
proceeds, fundamental changes are needed in 
both the public and private sectors regarding the

production, use and disposal of chemicals found
to increase the risk of breast cancer, specifically
controlling or removing many of these substances
from the environment and reducing exposure to
both ionizing and non-ionizing radiation. 

Considerable resources are spent encouraging
women to make changes in their personal lives
that might reduce their risk of breast cancer. But
many factors that contribute to the disease lie far
beyond an individual’s personal control and can
only be addressed by government policy and
private sector changes. Breast cancer is not just a
personal tragedy; it is a public health crisis that
requires political will to change the status quo. 

This crisis must be addressed by implementing 
the precautionary principle as a matter of public
policy. Under this principle, evidence of harm,
rather than definitive proof of harm, becomes the
trigger for policy action. In addition, the precau-
tionary principle mandates that proponents of
chemicals and radiological products and processes
assess their health, safety and environmental
impacts before introducing them to the market-
place, and make that information publicly
available. The burden to provide such information
thus lies with manufacturers and sellers, not with
the public. An obligation exists for manufacturers
to examine a full range of alternatives to toxic
ingredients and to select the alternative with the
least potential impact on human health and the
environment, including the alternative of not
bringing questionable products to the market at
all. The precautionary principle rests on the demo-
cratic principle that government officials are
obligated to serve the public interest by protecting
human health and the environment. Decisions
applying the precautionary principle must be
transparent, participatory and informed by the
best available information.
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Implementing this plan depends on collaboration
and cooperation among individuals and
organizations with varying agendas. There 
are well-established networks of experienced
environmental and health organizations that can
act as resources to move this effort forward.

Increasing evidence that chemicals and radiation
are contributing to the rising tide of breast cancer
must not be ignored. Government and the private
sector have an obligation to act on this evidence by
supporting and implementing public policies that
put health first. Now is the time to change the
dangerous course we are on.

Six-point Plan to Help Reduce the Risk of Breast
Cancer and Ultimately End the Epidemic

1. Phase out chemicals known to cause cancer or genetic harm. Test all other
chemicals currently in use and proposed for market to determine the effects on
human health and the environment. Make this information available to the public. 

2. Educate the public about the health effects of radiation and on how to
reduce exposure to both ionizing and non-ionizing radiation. 

3. Monitor the chemical body burden and resultant health outcomes in
humans using biospecimens (blood, urine, fat and breast milk). Establish a
comprehensive community program to detect synthetic chemicals and their
metabolic products in people, document any geographic distribution patterns and
health outcomes, and initiate a plan to eliminate these contaminants.

4. Hold corporations accountable for hazardous practices and offer incentives
for clean, green practices.

5. Enact “sunshine” laws and enforce existing environmental protection laws.

6. Practice “healthy purchasing,” with local, state and federal governments
leading the way in purchasing environmentally preferable products, so as to create
an example for corporations and individuals to follow. 
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reast cancer now strikes more women in the world than any
other type of cancer except skin cancer. During the past half-
century, the lifetime risk of breast cancer more than tripled in
the United States. In the 1940s, a woman’s lifetime risk of breast

cancer was one in 22. In 2004, it is one in seven. Breast cancer is the
leading cause of death in American women ages 34 to 44.3,4 Although
breast cancer in men accounts for less than one percent of the disease, in
the United States the incidence has increased by 25 percent in the past 
25 years.5 An estimated 1,600 men are expected to be diagnosed with
breast cancer this year.6

Once a disease almost exclusively of postmenopausal women, breast
cancer now strikes women in their 20s and 30s. Of the estimated 211,000
women in the United States diagnosed with breast cancer in 2002,
approximately 10,500 were women under 40.7

More American women have died of breast cancer in the last 20 years
than the number of Americans killed in World War I, World War II, the
Korean War and the Vietnam War combined.

Several factors associated with elevated risk of breast cancer exist. 
They include alcohol consumption,8,9 personal characteristics such as
early puberty, late menopause and a woman’s age at her first full-term
pregnancy, and social factors such as higher income. Even when all known
risk factors and characteristics including family history and genetics are
aggregated, however, as many as 50 percent of breast cancer cases 
remain unexplained.10, 11

Purpose Of  This Report
The effort to understand and explain the major reasons for today’s high
incidence of breast cancer has produced an ongoing, unsettled debate
with differing findings in existing epidemiological and biological research.
A significant body of evidence indicates, however, that exposure to
radiation and synthetic chemicals must be understood as contributing to
the increased incidence of breast cancer. 

This report summarizes that evidence—based on experimental, body
burden and epidemiological studies—and recommends new directions
for future research. It also outlines a six-part plan to act on the evidence

and reduce the
burden of synthetic
chemicals in our
environment and in
our bodies, and
reduce our exposure
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to radiation. This plan is based primarily on 
the precautionary principle,12 which states that 
evidence of harm rather than proof of harm
should be the trigger for action.

History Of  This Report
On February 20, 2002, Breast Cancer Fund 
and Breast Cancer Action introduced State of
the Evidence: What Is the Connection Between
Chemicals and Breast Cancer? at the first infor-
mational hearing on breast cancer and the
environment of the California State Senate Health
and Human Services Committee in Sacramento,
Calif. The hearing was sponsored by Sen. Deborah
Ortiz. Since then, previous editions of the report
have been widely distributed to scientists, advo-
cates, policymakers, the public and the media. 

State of the Evidence also served as a core docu-
ment for participants at the first International
Summit on Breast Cancer and the Environment,
convened in Santa Cruz, Calif. from May 22-25,
2002. Sponsored by the U.S. Centers for Disease
Control and Prevention (CDC) and the University
of California Berkeley School of Public Health, the
Summit brought together more than 100 scientists,
advocates and community representatives to
create a new agenda for breast cancer research and
public policy. The primary policy recommenda-
tion from the Summit was to establish a national
program of biomonitoring, using breast milk and
other biospecimens as markers of community
health. A report on the Summit was submitted to
the CDC on January 23, 2003.13

On October 23, 2002, State of the Evidence was 
distributed at a joint informational hearing 
of the California State Senate Health and Human
Services Committee and the State Assembly
Health Committee, held in San Francisco. State
Sen. Deborah Ortiz and Assemblymember Dario
Frommer co-chaired the hearing. At this hearing,
scientists, advocates and physicians presented
testimony on breast cancer and the environment,

including research and policy recommendations
that emerged from the International Summit. 
The Healthy Californians Biomonitoring Program
legislation was introduced
in two successive sessions
of the California state
Legislature and progressed
significantly in each effort.
The legislation will be 
reintroduced in the 2005
session amid growing
support from the public,
legislators, California
Department of Health
Services and non-govern-
mental organizations
across the state. A state-
wide public opinion poll
conducted by Lake Snell
Perry & Associates showed
that nearly 80 percent of
California voters voiced strong support for such
legislation and 97 percent agreed that industrial
pollutants can cause health problems and disease.

New In This Edition
This edition includes expanded coverage of
radiation, both ionizing and non-ionizing radia-
tion, to broaden and deepen discussion of the
environmental causes of breast cancer. 

Previous editions have acknowledged ionizing
radiation as a known cause of breast cancer. 
The continued aggressive promotion of mammo-
graphy screening as “an important part of 
preventive care,”14 however, suggests the need for
clarification and a more thorough examination 
of the role of radiation in carcinogenesis. The
evidence that ionizing radiation causes breast
cancer is indisputable.15,16 This edition includes a
more detailed presentation on ionizing radiation
and the decades of research that established
radiation exposure as a major factor in the current
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epidemic of breast cancer (see page 20). As science
editor Peter Montague wrote, “Radiation is a
known cause of breast cancer in women; it is not
speculative or uncertain. It is widely accepted. 
It just is not widely discussed.”17

In addition, there is evidence that non-ionizing
radiation such as electromagnetic fields (EMFs)
and radio-frequency radiation also increases 
the risk of breast cancer. Scientific research on this
issue is incomplete but important to pursue, 
given that even a small increase in risk for such a
common cancer will result in a significant increase
in the number of cases.

Exposure to non-ionizing radiation is chronic,
ubiquitous and increasing throughout the indus-
trialized world. Health effects of EMF exposure
are difficult to study because there is no unex-
posed population, i.e., no control group, and,
unlike many chemicals, exposure to non-ionizing
radiation cannot be traced through biomon-
itoring. Therefore, the differences in health effects
between workers who have chronic occupational
exposure to EMF and people without occupa-
tional exposure may be merely twofold. Nonethe-
less, numerous research studies have shown an
association between EMF exposure and increased
risk of breast cancer, other cancers and other
chronic health conditions.

Three recent studies on EMF and breast cancer are
cited below and discussed on p. 37. 

Since publication of the second
edition of State of the Evidence in
2003, several pertinent research
studies have been completed.
This third edition reports on those
studies to further our under-

standing of environmental links to breast cancer and
the implications for research and public policy.

Germane research published since February 2003
includes the following studies, some of which are
discussed in this document:

n All types of postmenopausal hormone
replacement therapy (HRT) were shown to
significantly increase the risk of breast
cancer in the Million Women Study in the United
Kingdom.The risk was greatest among users of
estrogen-progestin combination therapy.18 This
study confirmed the findings relevant to HRT in 
the Women’s Health Initiative Study, reported in
2002 (see page 24). However, the findings about
estrogen-only replacement therapy (ERT) differed
in these two large studies.The Million Women
Study found an increased risk of breast cancer
among estrogen-only users whereas the Women’s
Health Initiative study found no increase in risk with
estrogen-only users.

n In a Swedish trial, use of HRT after previously
being diagnosed with breast cancer tripled a
woman’s risk of recurrence or development
of a new breast tumor, causing researchers to halt
what had been planned as a five-year study after
only two years.19

n Chlorinated chemicals were associated
with elevated risk of breast cancer in three
new studies.Taiwanese electronics workers
exposed to chlorinated solvents were found to
have an increased risk of breast cancer.20 Massa-
chusetts women exposed to perchlorethlylene-
contaminated drinking water were found to have a
small to moderate increased risk of breast cancer.21

A biomonitoring study in Belgium found higher 

New Research Highlights
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levels of DDT and hexachlorobenzene (HCB)
among breast cancer patients than in women
without the disease.22 (See pages 32-33.)

n The solvent ethylene glycol methyl ether
(EGME) and its metabolite, 2-methoxyacetic acid
(MAA) were found to sensitize breast tissue
cells to the effects of estrogens and progestins,
thereby increasing the risk of breast cancer. EGME 
is used in the semiconductor industry and is also 
a component in varnishes, paints, dyes and fuel 
additives.23, 24

n Polychlorinated biphenyls (PCBs) were
implicated in breast cancer recurrences in 
a study of 224 women on Long Island, N.Y.25

n Several metals, including cadmium, copper,
cobalt, nickel, lead, mercury, tin and 
chromium demonstrated estrogen-like
activity in MCF-7 breast cancer cells,
according to Georgetown University researchers.26

An animal study by the same researchers found
that in utero exposure to cadmium caused early
puberty and altered mammary gland development
in female offspring.27 The presence of both 
cadmium and mercury in women’s bodies has 
been confirmed through several breast milk
monitoring studies.28, 29, 30, 31

n Zeranol, a hormone used to help fatten 
beef cattle more quickly, caused breast cancer
cells to proliferate even when exposed to 
much lower levels of the hormone than the FDA
has approved as safe, according to a study at Ohio
State University School of Medicine (see page 41).32

n Flight attendants were found to have varying
degrees of increased incidence of breast
cancer in studies in Iceland, Sweden and
California.33, 34, 35 These findings confirm earlier
studies showing similar results.

n Two occupational health studies, one from Yale
University, the other from Mt. Sinai School of
Medicine, found increased breast cancer risk

among teachers and librarians.36, 37 The Mt.
Sinai study, which looked only at women ages 20 to
44, also found elevated risk among computer
equipment operators (which includes persons
operating input/output devices such as tape drives,
disk drives and printers). (See page 44.)

n Exposure to ethylene oxide was linked to
increased incidence of breast cancer among
female workers in commercial sterilization facilities,
according to scientists at the National Institute for
Occupational Safety and Health.38 (See page 35.)

n Radiation treatment for Hodgkin’s disease
greatly increased the risk of breast cancer
in four new studies (see page 20).39,40,41,42

n Radiological technologists were found to 
have an elevated risk of breast cancer, melanoma
and thyroid cancer, based on a study by National
Cancer Institute scientists.43

n Both residential and occupational EMF
exposure were linked to increased risk of
breast cancer in Norwegian women.This 
population-based study used data from Statistics
Norway and the Norwegian national cancer
registry and found a higher incidence of estrogen-
negative breast cancer in women of all ages.44

n EMF exposure from electrically heated
bedding (electric blankets, mattress pads and
heated water beds) was associated with increased
risk of breast cancer among African
American women in a study by researchers at
Walter Reed Army Medical Center and Meharry
Medical College (see page 37).45

n EMF exposure was associated with
increased breast cancer risk in a study of
female radio and telegraph operators by 
the Cancer Registry of Norway (see page 37).46



ederal spending on breast cancer research increased dramatically
in the past decade, totalling $6.8 billion since 1991.47 Only a small
percentage has been directed toward studying environmental
connections to breast cancer, however. In 2002 and 2003, for

example, just one of every nine research dollars spent on breast cancer at
the National Cancer Institute was to examine environmental links to 
the disease.48 The relatively few environmental studies that have been

undertaken often defined the environment to include
nutrition, exercise and other lifestyle factors—
i.e. broadly—and focused largely on voluntary
exposures and individual behaviors. It is not
surprising, therefore, that many questions about
involuntary environmental links to breast cancer
remain unanswered.

The authors of this report recognize that the envi-
ronment includes the totality of living and working
conditions as well as the physical, biological, social
and cultural responses to these conditions. For the
purposes of this report, however, we are concerned
primarily with people’s exposures to environmental
agents beyond their control, such as pesticides,
dioxin, secondhand tobacco smoke and other
chemicals. Some of these agents may be present in
air, food, water, medications and soil. 

Radiation (both ionizing and non-ionizing) is also
discussed as an environmental exposure, even

though some exposure to radiation is voluntary, as in the case of X-rays
and other radiological procedures. Patients may choose whether to
undergo these procedures; however, these are often uninformed choices
since little or no specific information about radiation dose or potential
risk usually is provided by health professionals. Exposure to non-ionizing
radiation is largely involuntary and ubiquitous.
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What Does Environment Mean?

F
Environmental Exposures
n Environmental exposures can occur daily at 

home, at school, in the workplace, in health 
care facilities and in other settings.

n Environmental exposures can also occur in the
womb, when chemicals in the mother’s body 
or diet cross the placenta to the fetus.

n Environmental exposures are often influenced 
by social, economic and cultural factors such as
employment, income, housing, access to food
and the way food is produced and processed.

n These exposures may be chronic (from occu-
pation or residence, for example) or acute 
(from an industrial accident, such as a release 
of radioactive materials or other hazardous
substances).

In 2002 and 2003, for example,only1 of every 9
research dollars spent on breast cancer at the National Cancer Institute

was to examine environmental links to the disease.



hree types of research have been used to study possible 
connections between breast cancer and environmental factors:
experimental, body burden and epidemiological, and ecological.
Each type has advantages and limitations, as explained below.

1. Experimental (Laboratory) Research
One method of investigating possible links between synthetic chemicals
and breast cancer is laboratory experiments in which animals or human
breast cancer cells are exposed to particular chemicals. Some of these
compounds are eliminated quickly from the body, leaving no residue.
Others are lipophilic (fat-seeking) and once they enter the body
through diet or other means can remain in body fat for decades.
Although studies of cancer in animals have not always provided
information that can be extrapolated to humans, scientific research
has consistently found that substances causing cancer in animals
also cause cancer in humans. The International Agency for
Research on Cancer (IARC) recommended that: 

In the absence of adequate data on humans, it is biologically 
plausible and prudent to regard agents and mixtures for which
there is sufficient evidence of carcinogenicity in experimental
animals as if they presented a carcinogenic risk to humans.49 

The U.S. National Toxicology Program adheres to the same principle 
in evaluating chemicals and considers that, in the absence of human
evidence of cancer causation, chemicals shown to cause cancer in animals
as being “reasonably anticipated to be carcinogenic to humans.”50

In addition, laboratory animals are generally exposed to one or two
chemicals under controlled conditions, whereas humans are exposed to 
a complex array of chemicals in uncontrolled conditions, making it more
difficult to prove cause and effect in cancer. Research on the health 
effects of chemical mixtures is limited due to the extreme difficulty they
pose to researchers. Scientists have yet to develop a sound way to study
the effects of mixtures on human health. While there is already a method
to measure the additive effect of dioxin mixtures in “toxic equivalencies”
(TEQs) and a method for measuring total xenoestrogen burden in 
“estradiol equivalents,” the need to study the effects of mixtures is recog-
nized by scientists as essential to understanding the causes of cancer 
and other conditions.51
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Types of Research
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“I wanted to increase and

supplement the pitifully small

federal budget for research, and

understand what caused our

cancers and how we could stop

the disease from spreading.”

n Andrea Ravinett Martin,
Founder, Breast Cancer Fund



Studies of breast cancer cells, known as in vitro
studies, allow scientists to observe how various
chemicals affect many biological processes that 
are part of the normal functioning of the cell.
Careful manipulation of the cellular environment 
enables scientists to learn how the cell responds 
to chemical stressors. In vitro studies permit
researchers to closely observe the way in which
normal cells develop abnormally and to investigate
cell proliferation—a process essential to tumor

formation—and other
cellular phenomena
that are part of the
progression toward
cancer. However, in
vitro studies have a 
limitation in that the
behavior of cells in a
laboratory dish cannot
duplicate the behavior
of cells within a living
organism. Each organ-
ism is a unique and
living laboratory 

with its own molecular, cellular, hormonal and
genetic environment. 

For nearly a century, most breast cancer researchers
have operated on the premise that cancer 
(1) originates at the cellular level of biological
organization and (2) is caused by mutations in the
DNA of epithelial cells which, in turn, cause
changes in the tissue architecture. This premise is
termed the Somatic Mutation Theory. In the last
decade, some researchers have challenged this
theory, proposing that cancer occurs at the tissue
level of biological organization and that carcino-
gens alter stromal-epithelial cell interaction,
disrupting normal development. This newer
approach, called the Tissue Organization Field
Theory, assumes that cancer can occur without

DNA mutation and, conversely, that DNA muta-
tion can occur without causing cancer.52,53,54,55,56

This new research is discussed further on page 48.

2. Body Burden (Biomonitoring)
and Epidemiologic Research

A second method of studying possible connections
between chemicals and breast cancer is epidemio-
logical research, and in particular, biomonitoring.
This measures and compares levels of suspect
chemicals in the blood, urine, body fat or other
biospecimens of women with breast cancer to
levels in women without breast cancer. These
methods are incapable of establishing cause but
can point researchers toward important questions
and concerns. The presence of chemicals in
humans is referred to as “body burden.” Although
body burden studies have their limitations, they
provide an understanding of the internal con-
tamination of women’s bodies and, in the case of
breast milk, contamination of the breast itself.

Body burden studies may produce “false negative”
effects because they only measure residues at 
a particular point in time, not when cancer may
actually have begun to develop. Measuring the
current body burden does not show whether the
level of a chemical was always low or whether 
it was once high and simply declined over time, or
perhaps was reduced by breastfeeding or changes
in body weight. Similarly, biomonitoring cannot
determine whether levels of a chemical have always
been high. 

Body burden studies are unable to show the
timing of exposure to a chemical, which scientists
now believe is as critical as the dose of that chemi-
cal.57 The female breast is most vulnerable to
chemical absorption during periods of significant
development, including the prentatal period,
adolescence, pregnancy and lactation.58 Exposure
at age 12 may well lead to cancer at age 32 or 42.
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“A major focus of our 

organization is to influence

the availability and

prioritization of funds for

medical research toward

the prevention and cure of

breast cancer.”

n Elenore G. Pred,
Founder, Breast Cancer Action 



Body burden measurement at or near the time of
diagnosis will not reflect levels at the time of
exposure. In addition, some chemicals known to
cause cancer, such as methylene chloride, benzene,
chlorinated organic solvents and certain prescrip-
tion drugs, do not linger in the body but are
excreted without a trace.59 Methods for measuring
exposures to these chemicals are complex and
expensive, and reveal only recent exposure, not
past exposures that may be implicated in the
development of breast cancer and other diseases. 

Body burden studies are a tool that, combined
with health outcomes data, help us understand
whether environmental factors are linked to 
unusually high rates of disease in particular com-
munities. Other measures such as total dioxin
exposure and total xenoestrogen exposure could
be even more relevant to understanding the rising
incidence of breast cancer. 

Despite these limitations, body burden studies
show that human contamination with multiple
chemicals is persistent, ubiquitous and often
chronic. The First National Human Exposure to
Environmental Chemicals report, released by the
CDC in March 2001, revealed the presence of 27
chemicals in the bodies of Americans. The second
CDC report, published in January 2003, measured
body burden levels of 116 chemicals, some of them
banned for two decades due to toxicity. Based on
blood and urine samples from 8,000 people of all
ages, the 2003 report includes
chemicals associated with
increased risk of breast cancer,
such as polycyclic aromatic
hydrocarbons 
(PAHs) and dioxin, as well as
many compounds known to 
be endocrine disruptors.60

3. Ecological Research 
A third method of studying possible links between
chemicals and breast cancer involves ecological
studies. This type of research examines environ-
mental and socioeconomic
characteristics in geographic
areas with a high incidence of
breast cancer, and compares
these findings with areas of
low incidence.For example, a
2003 study by researchers at
Silent Spring Institute found
a correlation between a
woman’s length of residence
on Cape Cod, Mass., and 
her risk of breast cancer.61

Ecological studies alone 
are not considered strong 
evidence of a causal link to
breast cancer but are helpful for generating envi-
ronmental or health hypotheses. They are often
used to justify conducting analytical studies that
measure individual exposure. 

No research has found complete proof that
synthetic chemicals are responsible for the current
breast cancer epidemic. Yet experimental, body
burden and epidemiological, and ecological
research all have yielded compelling evidence that
exposure to certain chemicals contributes to
increased risk of breast cancer.

116116 chemicals
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wo decades of research on laboratory animals, in wildlife and
on cell behavior (in vitro)62 have shown the inadequacy of the
long-held belief that “the dose makes the poison.” Scientists
now know that the timing, duration and pattern of exposure

are just as important as the dose. Low dose exposure to environmental
chemicals—parts per billion or even per trillion—during a critical
window of development can cause permanent damage to organs and

systems. For example, fetal exposure of mice to low-dose
bisphenol-A changed the timing of DNA synthesis in 
the epithelium and stroma of the mammary gland of the
animals, and increased the number of terminal ducts and
terminal end buds. According to Markey et al., these findings
“strengthen the hypothesis that in utero exposure to envi-
ronmental estrogens may predispose the developing fetus to
mammary gland carcinogenesis in adulthood.”63 Another
study in laboratory animals showed that exposure to bis-
phenol-A caused earlier onset of puberty.64

Two animal studies found that intrauterine exposure to
TCDD dioxin predisposed offspring to mammary cancer.
The first showed that dioxin exposure of the pregnant mouse
caused proliferation of terminal end buds of the female
offspring’s mammary gland, making the gland more
vulnerable to carcinogen exposure.65 The second study, on

rats, showed that intrauterine exposure interfered with maturation of the
mammary gland, widening the window of vulnerability to cancer.66

Georgetown University scientists reported similar findings from a study of
pregnant rodents exposed to cadmium. The female offspring experienced
earlier onset of puberty and altered development of the mammary gland,
increasing the risk of mammary cancer in adulthood.67 The younger the
organism, the more vulnerable the developing cells and tissues are to envi-
ronmental exposures. The most critical windows of vulnerability for the
developing breast, therefore, are the prenatal, prepubertal and adolescent
periods, through to a woman’s first full-term pregnancy. 
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Evidence that Timing of 
Exposure Matters
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“I grew up in two of the most 

toxic regions in the country. Last

year [2000], I learned that my

blood is filled with residues of

chemicals I was exposed to when I

was just a child. I still carry those

toxins with me; my body is a

record of the environmental

history of my life.”

n Andrea Ravinett Martin,
Founder, Breast Cancer Fund



“More is known about the relationship between radiation dose 
and cancer risk than any other human carcinogen, and female
breast cancer is the best quantified radiation-related cancer.”68

xposure to ionizing radiation is the best-established
environmental cause of human breast cancer, and radiation
damage to genes is cumulative over a lifetime.69 Repeated low-dose
exposures over time may have the same harmful effects as a single

large-dose exposure. As noted earlier, however, exposure to a carcinogen
does not mean that everyone exposed will develop cancer, only that 
the risk of developing cancer is increased.

Ionizing radiation is a form of radiant energy with enough
power to break off electrons from atoms (to ionize the
atoms) and energize the electrons, which then travel at
high speed through body tissue, damaging genetic
material.70 X-rays and gamma rays are the only forms of
radiant energy with sufficient power to penetrate and
damage body tissue below the surface.

The ability of ionizing radiation to kill cells has made
radiation therapy a standard of care following lumpec-
tomy for breast cancer. Yet this cell-killing ability is
sometimes overlooked or underestimated when screening
or diagnostic radiation is prescribed and/or administered.

There are many sources of ionizing radiation, including
X-rays, CT scans, fluoroscopy and other medical radio-
logical procedures, nuclear fallout and radionuclides 
in drinking water. All Americans were exposed to nuclear
fallout from above-ground testing in Nevada between
1951 and 1958.71 When annual mammography screening
was first promoted in 1972, the radiation dose per mammogram averaged
two rads, a dose 10 times greater than current mammograms. CT scans,
introduced in the 1970s, greatly increased the radiation dose per examina-
tion compared with ordinary X-rays.72 According to the National Cancer
Institute, CT scans “comprise about 10 percent of diagnostic radiological
procedures in large U.S. hospitals,” but contribute an estimated 65
percent of the effective radiation dose to the public from all medical 
X-ray examinations.73 Increased radiation exposure from multiple sources
may have contributed to a rising incidence of breast cancer between 
1950 and 1991. During that period, the incidence of breast cancer in the
United States increased by 90 percent.74
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Evidence That Radiation Causes 
Breast Cancer
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There is no safe dose of radiation:75,76,77,78 “A single
X-ray photon is physically capable of causing
irreparable and consequential damage to genetic
molecules in a cell. Risk of such damage is propor-
tional to dose, right down to zero dose.”79

There is credible evidence that medical X-rays
(including fluoroscopy and CT scans) are an
important and controllable cause of breast
cancer.80,81 Although X-rays have been a valuable
diagnostic tool for more than a century, the
radiation dose has not always been carefully

controlled and sometimes
has been higher than
needed to obtain high
quality images, parti-
cularly in the case of 
fluoroscopy and CT
scans. Dose reduction 
can be achieved without
sacrificing image quality.
In mammography, for
example, efforts to 
reduce the radiation dose
to as low as reasonably
achievable (ALARA)

levels have reduced the radiation dose from an
estimated two rads in 1976 to 0.2 rads today.82

One of the first physicians to recognize the
association between medical radiation 
exposure and increased breast cancer risk was 
Ian MacKenzie, who studied 800 women who 
had undergone repeated fluoroscopy examination 
for tuberculosis.83 His study, published in 1965,
found that the irradiated women had 24 times 
the risk of breast cancer as other patients with
tuberculosis who had not been radiated. Decades
of research have confirmed the link between 
radiation and breast cancer in women who were
radiated for many different conditions, including
benign breast disease,84 acute postpartum

mastitis,85 enlarged thymus,86 skin hemangiomas,87

and Hodgkin’s disease.88,89,90,91,92

The type of cancer that can result from radiation
exposure depends on the area most directly
exposed and the age at which an individual is
exposed. Radiological examination of the spine,
heart, lungs, ribs, shoulders, and esophagus also
exposes parts of the breast to radiation. X-rays 
and fluoroscopy of infants constitute whole 
body irradiation. 

Indeed, childhood exposure to radiation creates
the greatest cancer risk while exposure after age 40
confers the lowest risk.93 A study of 5,573 women
who were radiographically examined for scoliosis
before age 20 showed that breast cancer risk
increased in direct proportion to the number of
radiographic examinations. Patients who had 50 
or more radiographic exposures had nearly four
times the risk as those unexposed to radiation.94

The link between radiation exposure and breast
cancer also has been confirmed in atomic bomb
survivors.95,96,97 Rates of breast cancer were 
highest among women who were under 20 when 
the United States dropped atomic bombs on
Hiroshima and Nagasaki.98

Computed tomography (CT) scans are of parti-
cular concern, especially in children, because 
(1) the radiation dosage is much greater than 
X-rays, (2) the use of CT scans increased about
sevenfold between 1992 and 2002 and (3) children
have a longer life expectancy and therefore a
greater opportunity to develop a radiation-
induced cancer.99 For example, the same radiation
dose given to a 40-year-old and a newborn is
several times more likely to cause a cancer during
the child’s lifetime than in the adult’s. In 2001, 
several researchers pointed out that many hospitals
were using the same CT radiation exposure
parameters for infants, children, adolescents and

“This is not an

individual woman’s

personal tragedy; 

it is a tragedy for all

women and together

we have the power to

change things. ”

n Elenore G. Pred, Founder,
Breast Cancer Action
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adults, despite the extreme differences in body
size.100,101,102,103 A CT scan of the chest may expose
much of the chest to 10 times the dose from a
mammogram.104 Such a large dose of radiation
delivered to a girl during the critical window of
adolescence may dramatically increase her risk of
breast cancer later in life. Experts estimate that CT
radiation exposure can be cut by 50 percent during
examinations of children without sacrificing
diagnostic information.105

Many physicians, especially non-radiologists, 
are not fully aware of the risks to the patient that
radiological procdures involve. One small study 
in the United Kingdom revealed that no doctors
interviewed knew the approximate dosage of
radiation received by a patient during a chest 
X-ray. Asked to estimate the equivalent doses of
radiation for various imaging examinations, all
underestimated the actual doses involved—the
average mean dose of radiation was 16 times larger
than the doctors believed.106

Patients who ask about the radiation dose involved
in a procedure are often dismissed with the answer
that it’s similar to the exposure one would get in
a cross-country plane flight. This is seldom true,
however. An average radiation dose of one rad (or
centigray) to the breast is equivalent to the breast
irradiation received during about 3,300 hours of
flying.107 Thus a typical mammogram of 0.3 rads
would equal the radiation dose received by the
breast in 1,000 hours of flying, not a single trip. 

Although the benefit of medical procedures
involving radiation exposure most likely outweighs
the risk, it is essential that physicians and the
public recognize the inherent risk of radiation
exposure and where feasible and practical, seek
alternative diagnostic and therapeutic methods. 

Radiation is not the sole cause of breast cancer,
only the best-established cause. Other potential
contributors to increased breast cancer risk
include genetic predisposition, electromagnetic
fields, chemicals, and hormones. Many of the
environmental exposures discussed in this report
may interact to increase the risk of breast cancer.
Radiation is a mutagen as well as a carcinogen; the
same is true of some chemicals. Indeed, radiation
may enhance the ability of hormones or other
chemicals to cause cancer.108,109

Increased radiation exposure

from multiple sources may have

contributed to a rising incidence

of breast cancer between 1950

and 1991. During that period,

the incidence of breast cancer in

the United States increased by

90 percent.



he scientific evidence connecting chemicals and breast cancer
does not, in most cases, constitute proof of cause and effect 
but it is nonetheless powerful. A cause-effect link is very
difficult to establish since it is a life history of exposure, not

only to ionizing radiation or to a single chemical but to complex mixtures
of agents, including endogenous hormones, that counts. For example,
researchers at Tufts University showed in 1994 that xenoestrogens acted
additively with each other.110 In 2002, scientists in London demonstrated
that weak estrogens act additively with steroidal estrogens.111

Breast cancer rates continue to rise around the world.112 Within this 
broad demographic picture, there is a discernible relationship between the
rates of breast cancer and the widespread use of man-made chemicals.
The highest rates of breast cancer are found in the industrialized nations
of North America and northern Europe, while the lowest rates are in 

Asia and Central Africa. In northern Africa, as 
in many countries either developing or in
transition,113,114,115,116,117,118 breast cancer rates are
escalating sharply.119 In Tunisia, for example, the rate
has increased by a third, from 15 cases per 100,000
in 1994120 to 20 cases per 100,000 in 2000.121

The increasing risk of breast cancer and other
cancers has paralleled the proliferation of synthetic
chemicals since World War II. An estimated 85,000
synthetic chemicals are registered for use today in
the United States. Another 2,000 are added each
year. Complete toxicological screening data is
available for just seven percent of these chemicals.
More than 90 percent have never been tested for
their effects on human health.122 Many chemicals
persist in the environment, accumulate in body fat,
and remain in breast tissue for decades. Studies of

women’s chemical body burden show that all of us carry pollutants in our
bodies. Some of these pollutants, commonly used as fuels, solvents and
other industrial applications, have been linked to mammary tumors in
animals.123,124 (See Appendix, page 56, for a complete listing of chemicals
shown to induce mammary tumors in animals.) 

Groups of people who move to industrialized countries from countries
with low breast cancer rates soon develop the higher rates of the indus-
trialized country. For example, women who emigrate to the United 
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States from Asian countries, where the rate is four
to seven times lower, experience an 80 percent
increase in risk within one generation.125 A genera-
tion later, the rate for their daughters approaches
that of U.S.-born women. This change in risk over
two generations suggests that in utero exposures,
such as nutrition, affect subsequent disease risk.
As immigrants adopt a western diet, they may be
increasing their—and their daughters’—breast
cancer risk. 
It is difficult to know, however, whether the
dramatic increase in risk through dietary changes
comes from nutritional content, contaminants,
food additives or other factors. Emigration to 
the United States also may affect reproductive
behavior, such as the use of oral contraceptives, as
well as environmental exposures.126

A person’s age at the time of emigration also
affects cancer risk. A Swedish study of many
different cancers showed that age at emigration
determined whether the individual acquired the
cancer risk of the country of origin or the country
of destination. Researchers concluded that “birth
in Sweden sets the Swedish pattern for cancer 
incidence, irrespective of the nationality of
descent, while entering Sweden in the 20s is
already too late to influence the environmentally
imprinted program for the cancer destiny.”127

Inherited genetic mutations have received much
attention recently but they account for only a
small fraction—five to 10 percent—of the breast
cancer epidemic.128 Women with an inherited
mutation on the BRCA1 or BRCA2 genes have a 60
to 82 percent probability of getting breast cancer
in their lifetime.129 While these families are
devastated by cancer, all families share more than
genetic mutations. They also share a common
environment. A study in 1988 found that adopted
children whose adoptive parents died of cancer
were five times as likely to get the same disease,130

revealing a connection to common exposures and
lifestyles independent of inherited genes. 

In the largest study ever conducted among twins,
researchers found that inherited genes contributed
27 percent of breast cancer risk, shared environ-
mental factors six percent, and non-shared
environmental factors 67 percent of the risk.131

In other words, most breast cancer is acquired, 
not inherited.

While the scientific community has undertaken
relatively few research studies in humans aimed at
identifying specific links between breast cancer
and cancer-causing chemicals, there is strong
evidence from laboratory studies that such links
do exist. Tests performed on laboratory animals—
a standard for public health research—implicate
45 chemical compounds in breast cancer forma-
tion.132,133,134 Other research has demonstrated that
low levels of chemicals often found in the environ-
ment can act in synergy with ionizing radiation,
creating a greater cumulative effect.135

Scientists also recognize that testing one chemical
at a time ignores the reality that we are all exposed
to hundreds, if not thousands, of chemicals every
day. Combinations of chemicals can produce mul-
tiplied effects, creating a more toxic chemistry.136

Future research design must incorporate these
insights.
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The following sections examine the range of
evidence that exists linking synthetic chemicals to
breast cancer incidence and mortality. These
chemicals include synthetic estrogens, progestins,
solvents, polycyclic aromatic hydrocarbons
(PAHs), 1,3-butadiene and aromatic amines.

1. Estrogens, Progestins and
Breast Cancer

Although estrogens are necessary for childbearing,
strong bones and healthy hearts, research has
established that women who have prolonged 
exposure to estrogens are at higher risk for breast
cancer. This includes women who begin to

menstruate before
age 12, do not reach
menopause until
after age 55, have
children late in life
or not at all, do 
not breast-feed or
who use hormone
replacement therapy
(HRT) after meno-
pause. When

women’s own estrogens are supplemented by oral
contraceptives and/or HRT, hyperestrogeny
(abnormally high levels of circulating estrogens)
results, increasing the risk of breast cancer for
some women.137,138,139 Women who previously used
oral contraceptives and later received HRT face 
an even greater risk than those who have not used
either or have used only one.140 In 2002, the
National Toxicology Program added HRT and
steroidal estrogens, used in oral contraceptives, to
the list of known human carcinogens.141 The
International Agency for Research on Cancer
(IARC) has listed steroidal estrogens as known
human carcinogens since 1987.

In 2004, Swedish researchers halted a study 
of HRT in women with a history of breast cancer
because of an unacceptably high rate of recur-
rence. Originally planned as a five-year study, the
trial was stopped after just two years because
women taking HRT had three times the rate of
recurrence or new tumors compared to women
who received other treatment for menopausal
symptoms.142

In 2003, researchers in the Million Women Study
(MWS) in the United Kingdom reported that 
the use of all types of postmenopausal HRT143

significantly increased the risk of breast cancer and
that the risk was greatest among users of estrogen-
progestin combination therapy. The study 
enrolled more than one million women ages 50 
to 64. Researchers estimated that women who used
estrogen-progestin HRT for 10 years were almost
four times more likely to develop breast cancer 
as women who used estrogen-only HRT (19 addi-
tional breast cancers per 1,000 women compared
to five per 1,000). Researchers concluded: “Use 
of HRT by women ages 50-64 in the UK over the
past decade has resulted in an estimated 20,000
extra breast cancers, 15,000 of them associated
with estrogen-progestin combination; the extra
deaths cannot yet be reliably estimated.” 144

The MWS study further confirms the link between
HRT and breast cancer reported by the Women’s
Health Initiative (WHI) study in 2002. The WHI
study enrolled more than 16,000 women ages 
50 to 79 years of age. Half the women took Prem-
pro, a combination of estrogen plus progestin. 
The other half took a placebo. The trial was halted
at the end of five years when researchers saw a 
26 percent increase in the risk of breast cancer, in
addition to significant increases in the risk of heart
disease, stroke and blood clots.145
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During the course of the WHI study, 42 percent of
women withdrew. When the researchers rean-
alyzed the data, based on the number of women
actually treated with HRT, the risk of breast cancer
increased from 26 percent to 49 percent. Other
health risks also increased in the women taking
HRT. These two large studies confirm the decades
of research indicating that HRT increases the 
risk of breast cancer and other life-threatening
conditions. Furthermore, it indicates that both
endogenous hormones and exogenous substances
that act like hormones increase the risk of
hormone-related cancers such as breast cancer.

Prior to the WHI trial, two other studies found
that HRT that included progestins (EPRT)
increased the risk of breast cancer by 24 percent
for each five years of use. This effect was more
than twice as great as the effect of estrogen
replacement therapy (ERT).146 Progestins are often
combined with estrogen in HRT to help decrease
the known risk of endometrial cancer from
unopposed estrogen.

One predictor of higher risk for breast cancer is
the amount of body fat in women who have
completed menopause. Studies of postmenopausal
women have found a correlation between a higher
proportion of body fat, higher amounts of free 
circulating estrogens and an increased risk of the
disease.147 An international analysis of data from
eight prospective studies confirmed this link.148

Moreover, body fat becomes a reservoir for many
synthetic lipophilic (fat-seeking) chemicals, 
such as organochlorines. Some of these lipophilic
chemicals mimic the effects of natural estrogens.
Breasts are composed primarily of fat, making
them repositories for these contaminants.

Breast cancer in men also implicates estrogen 
as a contributing factor. Although breast cancer is
a rare disease among men, those who develop 
the disease have been found to have higher than
normal levels of estrogen.149

The evidence linking estrogens and progestins to
increased risk of breast cancer is undeniable.
Clinical trials, epidemiological studies and labora-
tory studies all point to estrogens and substances
that behave like estrogens as contributors to the
breast cancer epidemic. The most fundamental
biological evidence is seen in animal studies in
which chemicals known to cause breast cancer in
animals only do so if estrogens are present. If no
estrogens are present, no abnormal lesions appear.
Estrogens are necessary for tumor development
because they affect tissue organization, including
cell proliferation.150,151 Such studies indicate 
that women are most vulnerable to harm from
estrogens or substances that behave like estrogens.

2. Synthetic Estrogens
(Xenoestrogens)

In 1991, researchers at Tufts University discovered
that a chemical leaching from polystyrene
laboratory tubes was causing breast cancer cells to
grow, even though no estrogens had been added to
the culture medium. Subsequent investigation
showed that the substance leached was p-nonyl-
phenol, an additive commonly used in plastics.152

This landmark study created widespread interest
in xenoestrogens among scientists and the breast
cancer community. Xenoestrogens are synthetic
agents that mimic the actions of estrogens and are 

State of the Evidence: What Is the Connection Between the Environment and Breast Cancer? | 25

Clinical trials, epidemiological

studies and laboratory studies

all point to estrogens and

substances that behave like

estrogens as contributors to

the breast cancer epidemic.



contained in many pesticides, fuels, plastics, deter-
gents and prescription drugs.153

In 1993, a team of researchers developed the
hypothesis that xenoestrogens played a role in
some significant portion of breast cancer cases.154

Because xenoestrogens mimic naturally occurring
estrogens, they may also cause breast cells to pro-

liferate, increasing
the risk of breast
cancer. Since many
of the personal
characteristics
associated with
breast cancer 
(early puberty, late
menopause, delayed
childbearing or 
no children) were
related to increased
total lifetime expo-
sure to estrogens,
scientists reasoned

that environmental chemicals that affected estro-
gen metabolism also contributed to the disease.

The research on xenoestrogens intensified in 1994
when the Tufts University researchers identified
certain pesticides as xenoestrogens because they
caused breast cancer cells to proliferate in
culture.155 By 1997, a number of studies from other
laboratories reported on compounds that act like
estrogens when put in contact with breast cancer
cells in tissue culture and may, therefore, act as
estrogens in humans.156,157,158 A recent study found
that a number of metals, including copper, cobalt,
nickel, lead, mercury, tin and chromium had
estrogenic effects on breast cancer cells in the labo-
ratory.159 Other studies have found a broad array of
chemicals in the environment that interfere with
hormonal metabolism.160

Meanwhile, on Cape Cod, where nine of 15 
towns have breast cancer rates 20 percent above
the Massachusetts state average, researchers at the
Silent Spring Institute are engaged in a study that
has raised suspicions about synthetic estrogens in
the water.161 The vast sandy beaches of the Cape
create a fragile ecosystem that allows contaminants
to seep quickly through porous soil into under-
ground aquifers. Pesticides used on forests,
cranberry bogs, golf courses and lawns make their
way into the water supply. In the first stage of 
the study, synthetic estrogens were found in septic
tank contents, groundwater contaminated by
waste and some private wells.162 In the second stage
of the study, scientists measured synthetic estro-
gens in indoor air and house dust samples in 
120 homes on Cape Cod. They found a total of 
52 different compounds in air and 66 in dust,
including phthalates, parabens, alkyphenols, flame
retardants, PAHs, PCBs, banned and currently
used pesticides and bisphenol-A.163

Some of these endocrine disrupting chemicals
(EDCs), sometimes called xenoestrogens, and the
evidence linking them to breast cancer are
discussed below.

a. Bisphenol-A (BPA)
Several studies have shown drastic changes in the
development of the reproductive system and
mammary glands when laboratory animals are
exposed to xenoestrogens in utero. Researchers at
Tufts University exposed mice in utero to low
doses of bisphenol-A (BPA), a chemical
commonly found in some types of plastic food
containers, including some baby bottles. When
researchers examined the mammary glands of the
female animals at 10 days, one month and six
months after birth, they found the development of
the animals’ mammary glands had been altered in
ways associated with the development of breast
cancer in rodents and in humans.164 This evidence
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suggests that fetuses and embryos, whose growth
and development are regulated by the endocrine
system, are the most vulnerable to and may have
the most lasting effects from exposure to synthetic
estrogens. Researchers have theorized that 
chronic exposure to a number of widespread and
persistent xenoestrogens—such as BPA—may help
explain the increase in breast cancer in industri-
alized countries. Studies also show that BPA may
leach into food from containers made of polycar-
bonate plastics and from the lining of metal food
cans.165 A laboratory study from Spain suggests
that BPA acts through all the same response
pathways as natural estrogen (17-beta estradiol).166

This enables low dose BPA to increase breast cell
proliferation in vitro.

b. Polyvinyl chloride (PVC) 
Polyvinyl chloride (PVC) is used extensively in 
the manufacture of food packaging, as well as in
medical products, appliances, cars, toys, credit
cards and rainwear. During the manufacture of
PVC, vinyl chloride may be released into the air or
wastewater. Vinyl chloride has also been found in
the air near hazardous waste sites, landfills and
tobacco smoke. Animal studies of long-term expo-
sure to low levels of airborne vinyl chloride have
shown an increased risk of mammary tumors.167

Vinyl chloride has also been linked to increased
mortality from breast and liver cancer among
workers involved in its manufacture.168,169

c. Pesticides
From the 1950s until 1970, the pesticides aldrin
and dieldrin were widely used for crops such 
as corn and cotton. Because of concerns about
damage to the environment and, potentially, to
human health, the EPA banned all uses of aldrin
and dieldrin, except for termite control, in 1975. In
1987, the EPA banned these pesticides altogether.170

Thus most of the human body burden of this
chemical comes either from long-past exposures
or from lingering environmental residues. 

One body burden study showed a clear relation-
ship between breast cancer incidence and dieldrin.
Conducted by the Copenhagen Center for
Prospective Studies
in collaboration
with the CDC, the
study examined a
rare bank of blood
samples taken prior
to the development
of breast cancer.171

During the 1970s,
approximately 7,500
Danish women,
ranging from 30 to
75 years of age, 
had blood samples
taken. Organochlorine compounds were detected
in most of the 240 women who subsequently were
diagnosed with breast cancer. Dieldrin, which has
shown estrogenic activity during in vitro assays
(studies of cells in a laboratory dish), was found in
78 percent of those women later diagnosed with
breast cancer. Women who had the highest levels
of dieldrin long before cancer developed had more
than double the risk of breast cancer compared 
to women with the lowest levels. This study also
showed that exposure to dieldrin made breast can-
cer more aggressive: higher levels of dieldrin were
associated with higher breast cancer mortality.172

By contrast, a Long Island study investigating
organochlorines and breast cancer did not find an
association between dieldrin levels and increased
risk of breast cancer.173 However, unlike the Danish
study, dieldrin levels in Long Island women were
measured near the time of breast cancer diagnosis
and so the study did not show what the levels were
at the time of initial exposure. 
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In the Massachusetts town of Newton, researchers
at Silent Spring Institute have pointed to “hormone
mimicking” compounds in pesticides as a possible
explanation for why breast cancer risk is higher
among affluent women. The researchers surveyed
1,350 residents living in areas that had both high
and low breast cancer incidence. They found that
women in high-incidence areas generally had
larger disposable incomes and reported regular use
of professional lawn services, termite treatments 
or home pesticides.174

d. Household products
Chemicals that either mimic estrogen or are 
otherwise hormonally active (i.e., they interfere
with normal hormone metabolism) can be found
in many household products, particularly cleaning
agents and pesticides. Spray paints and paint
removers may contain methylene chloride, known
to cause mammary cancer in laboratory animals.175

Insecticides in current use include estrogenic 
compounds such as methoxychlor, endosulfan 
and lindane.176

e. Diethylstilbestrol (DES)
The most convincing evidence that synthetic
chemicals can act like hormones and produce
delayed detrimental effects is the tragic experience
with diethylstilbestrol (DES). Between 1941 and
1971, DES was prescribed for millions of pregnant
women to prevent miscarriages. The drug was
banned when daughters of women who took the
drug were found to have higher rates of an
extremely rare vaginal cancer than those who were
not exposed to DES in the womb.177,178,179 Research
indicates that DES may also have increased the 
risk of breast cancer in some women who took it
during the 1950s.180

Daughters of women who took DES during
pregnancy, now age 40 or older, have been found
to have more than twice the risk of breast cancer
compared to women of the same age who were
not exposed to DES in utero.181 This study adds to

the body of evidence that intrauterine exposures
can have lifetime effects on cancer development. 

3.The Phytoestrogens 
(Plant Estrogens) Hypothesis 

The prevailing evidence against synthetic estrogens
must also be understood alongside evidence about
the effects of plant estrogens (phytoestrogens).
Such foods as whole grains, dried beans, peas,
fruits, broccoli, cauliflower and, especially, soy
products are rich in phytoestrogens. Although
scientific evidence suggests that humans 
may benefit from plant-based estrogens, these 
substances are not completely benign. 

While some research indicates that phytoestrogens
may counteract the effects of synthetic xenoestro-
gens, scientists continue to investigate the
hypothesis that phytoestrogens are generally
beneficial. Adding soy products to women’s diets
has led to lower levels of harmful estrogens in their
bodies than women who don’t eat soy products.182

Some human and laboratory studies suggest that
plant-based estrogens may help reduce a woman’s
risk of breast cancer, citing diets in certain 
Asian countries as evidence.183 Women in Asian
countries, who traditionally consume more soy
products than American women, have both a
higher concentration of phytoestrogens in their
blood and urine and a lower risk of breast cancer.
These findings need to be interpreted cautiously,
however, because soy content is not the only
difference between Asian and American diets.
Asian diets generally include more fiber, different
fatty acids and less meat than a typical American
diet, all of which may contribute to protecting
Asian women from breast cancer. 

Both dosage and timing can also influence the
effect of phytoestrogens. In laboratory research,
high doses of genistein, a type of phytoestrogen
found in most soy products, have been shown to
inhibit the growth of isolated breast cancer cells.184
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At low doses, however, genistein can stimulate the
growth of cancer cells in vitro.185 High doses of
genistein correspond to the human exposure level
for Asians and Caucasians who consume a 
high-soy diet.186 These studies suggest a cautious
approach to consumption of soy products,
particularly in vegetarian diets and phytoestrogen-
based HRT.187

Timing of exposure to genistein has also been
shown to have health implications in animal
studies. One 1999 study showed that when
pregnant female rats were injected with genistein
late in the gestation period, the female offspring
were more likely to develop carcinogen-induced
mammary tumors at sexual maturity.188 Another
study showed a greater incidence of uterine cancer
in newborn mice which were given genistein
during the first five days of life than in mice given
DES, a known carcinogen, during the same 
time period. These findings suggest that exposure
to genistein during critical time periods may 
cause cancer.189

Despite evidence from animal studies linking
cancer susceptibility to intrauterine and newborn
exposure to genistein, there are no epidemiological
studies investigating the effects of maternal or fetal
soy consumption on later development of breast
cancer,190 nor on the effects of soy-based infant
formula consumption.

4. Solvents
Industrial use of organic solvents has increased
over the last several decades, particularly in the
manufacturing of computer components. Some
solvents used in this industry (such as benzene,
toluene, and trichloroethylene) have been 
shown to cause mammary tumors in laboratory
animals.191 Such solvents are also used in other
industries, including cosmetics manufacturing.
Until recently, there were no studies of cancer rates
among workers in the semiconductor industry.192

A 2003 Taiwanese study, however, showed an
increased risk of breast cancer among electronics
workers exposed to chlorinated organic solvents.193

And a government study of cancer rates in a
Scottish semiconductor plant showed a 30 percent
increase in the rate of breast cancer among female
workers.194 In addition, Danish women ages 20 
to 55 employed in solvent-using industries
(fabricated metal, lumber, furniture, printing,
chemical, textiles and clothing industries) had
double the risk of breast cancer compared with
women not employed in those industries,
according to a study there.195

It can be difficult to identify actual or probable
carcinogenic occupational exposures, unless
biomonitoring is coupled with both disease and
hazard surveillance.196 However, a 1995 study
suggested an increased breast cancer risk assoc-
iated with occupational exposure to styrene,197 as
well as with several organic solvents (carbon
tetrachloride, formaldehyde).198 These results have
been validated by studies in Finland, Sweden 
and Italy.199,200,201,202

Women who were exposed to perchloroethylene-
contaminated drinking water on Cape Cod, Mass.,
were found to have a small to moderate increase in
their risk of breast cancer. The contamination
occurred between the late 1960s and the early
1980s when perchloroethylene, a solvent, leached
from the vinyl lining of water-distribution pipes.203
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Studies by Duke University and NIEHS
researchers found that the solvent ethylene glycol
methyl ether (EGME) and its metabolite, 
2-methoxyacetic acid (MAA), act as hormone 
sensitizers both in vitro and in vivo, increasing 
cellular sensitivity to estrogens and progestins.
EGME is used in the semiconductor industry and
is also a component in varnishes, paints, dyes and
fuel additives. The scientists found that exposure
to EGME/MAA increased the activity of hormones
inside cells as much as eightfold. The researchers

emphasized caution for women exposed to 
EGME while taking HRT, oral contraceptives or
tamoxifen. These studies also found similar
hormone-sensitizing effects with another com-
pound, valproic acid, an anticonvulsant medi-
cation also prescribed for migraines and bipolar
disorder.204,205 These provocative studies under-
score the need for systematic evaluation of
hormone sensitizers and their possible effect on
breast cancer risk.

5. 1,3-butadiene
1,3-butadiene is an air pollutant created by internal
combustion engines and petroleum refineries. 
It is also a feedstock chemical used in the manu-
facture and processing of synthetic rubber
products and some fungicides. 1,3-butadiene is
also found in tobacco smoke.  According to the
EPA health assessment for 1,3-butadiene, the
substance is carcinogenic to humans by inhalation.
Data from research on animals indicate that
females may be more vulnerable to the carcino-
genic effects of 1,3 butadiene,206 which is known to
cause mammary and ovarian tumors in female
mice and rats. Research shows this pollutant
produces even greater toxic effects in younger
rodent populations.207, 208

6. Aromatic Amines
Aromatic amines make up a class of chemicals
found in the plastic and chemical industries. 
They are also found in environmental pollution,
tobacco smoke, and grilled meats and fish.209 There
are three types of aromatic amines: heterocyclic,
polycyclic and monocyclic. One type of mono-
cyclic amine, o-toluidine, is known to cause
mammary tumors in rodents.210, 211 Heterocyclic
amines are formed, along with PAHs, when meats
or fish are grilled or otherwise cooked at high 
temperatures. Since the female breast may be most
vulnerable to carcinogens during a critical window
of development between menarche and first full-
term pregnancy, exposure to heterocyclic amines
during adolescence may significantly increase the
risk of breast cancer.212 Other sources of hetero-
cyclic amines are polluted air and rivers, municipal
wastewater, cigarette smoke, diesel exhaust and
combustion of wood chips and rubber. 

30 | BREAST CANCER FUND AND BREAST CANCER ACTION

Plastic additives such as

bisphenol-A (BPA), polyvinyl

chloride (PVC, which is found in

many consumer products) and

gasoline additives such as

benzene, solvents and degreasing

agents may be linked with

increased risk of breast cancer

due to their estrogenic activity.



n addition to the experimental, body burden and ecological evidence
indicating a strong link between certain types of chemicals and 
breast cancer, evidence also exists indicating a probable link between
certain chemicals and breast cancer. 

1. DDT/DDE and PCBs
Two types of chemicals known to disrupt hormone function are the
organochlorine pesticide DDT (dichloro-diphenyl-trichloroethane) and
polychlorinated biphenyls (PCBs) used in the manufacture of electrical
equipment and many other industrial and consumer products. 
Both DDT and PCBs have been banned in the United States 
since the 1970s, yet both can be found in the body fat of humans
and animals, as well as in human breast milk.213,214 Levels of these
organochlorines have declined significantly since they were
banned, however.215

For more than 30 years prior to the EPA’s ban on domestic use 
of DDT in 1972, the pesticide was sprayed to control insects on
farms and in swamps. An early version of DDT contained an
estrogen-like form called o,p’-DDT. Today, DDT continues to
reach many homes as a residue on food because it deteriorates
very slowly in soil and much farmland is still contaminated. 
In fact, a 1995 study reported measurable levels of DDT residue
in house dust in 82 percent of homes studied.216 Although
banned in many countries for agricultural use, DDT is still used
for malaria control in 18 countries around the world.217

Many of the highly toxic synthetic chemical compounds known
as polychlorinated biphenyls (PCBs) have been identified as
carcinogenic in a number of studies. Although new products containing
PCBs were banned by the EPA in 1976, as many as two-thirds of all the
insulation fluids, plastics, adhesives, paper, inks, paints, dyes and other
products containing PCBs manufactured before 1976 remain in daily 
use. The remaining one-third has been discarded, eventually making its
way into landfills and waste dumps. Environmental exposures are the
most likely reason that measurable levels of PCBs are found in human
and animal tissue.218

One difficulty in studying the effect of PCBs on breast cancer is the
diversity within this broad class of compounds. PCBs are classified in
three types, based on their effect on cells. One type acts like an estrogen.
A second type acts like an anti-estrogen. A third type appears not to be
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hormonally active, but can stimulate enzyme
systems of animals and humans in a manner
similar to certain drugs (such as phenobarbital)
and toxic chemicals. Therefore, these compounds
have the ability to alter normal metabolism, 
either by hormonal disruption or enzyme changes.
Unfortunately, research studies generally have
looked at total PCB levels without identifying indi-
vidual types. In 1999, however, researchers showed

that certain types of
PCBs promote the
proliferation of breast
cancer cells in culture,
by stimulating the
production of key
proteins or structures in
the cancerous tissue.219

Researchers have done
more than 20 body 
burden studies
involving DDT and
PCBs since the mid-
1980s. These studies
have yielded conflicting
results, depending 
on their design and
methodology as well as
the interpretation of 
the findings. For

example, some researchers measured only DDE,
the principal metabolite and environmental break-
down product of DDT, some of which is stored in
body fat, including breast fat.220 Other studies
measured both DDE and several PCBs, but did not
distinguish between estrogenic PCBs and other
types of this contaminant.

While some studies have shown that women with
breast cancer had higher levels of some chlorinated
compounds compared to healthy women,221,222

most recent body burden studies have shown no
relationship between organochlorine contaminant
levels and breast cancer risk.223,224,225,226

One widely-reported study from the multi-study
Long Island Breast Cancer Study Project did not
find an association between DDT/DDE, PCBs and
breast cancer.227 Like many such studies, however,
this project measured contaminant levels near the
time that breast cancer was diagnosed, did not
consider the effect of chemical mixtures and did
not assess key metabolites. Levels of DDE in this
recent negative study were more than 10 times
lower than levels in the earlier positive studies. 

A meta-analysis of five recent studies of women in
the northeastern United States also failed to find
an association between elevated risk of breast
cancer and levels of PCBs present in blood.228

Although the original studies had suggested higher
breast cancer risk from PCBs in certain groups of
women grouped by reproductive and breast-
feeding history, the combined data did not show a
relationship between PCB levels and breast cancer.
This does not mean that a connection between
PCBs and breast cancer should be dismissed.
Pooling data from different studies and combining
data from premenopausal and postmenopausal
women, in whom risk factors for breast cancer
have a quantitatively different impact, can skew
the results. In this case, combining the data may
have affected the conclusion. For example, high
bodyweight decreases breast cancer risk before
menopause and increases it after menopause.

Despite studies that fail to show a connection
between organochlorines and breast cancer, it
appears some compounds may carry a higher risk
for some women. For example, certain chemical
compounds may make breast cancer more
aggressive. A Canadian study measuring plasma
concentrations of organochlorine compounds
found that higher levels of DDE were associated
with lymph node involvement and large tumors.229
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A connection was also established by laboratory
studies that found the estrogen-like form of DDT
enhances the growth of estrogen-dependent (ER+)
breast tumors,230,231 the most common type of
breast cancer. Estrogen-dependent breast cancer
has been increasing in the United States: Between
1973 and 1992, the percentage of ER+ tumors rose
from 73 to 78 percent.232

Another Canadian study published in 2000
measured DDE and specific types of PCBs in
breast biopsy tissue and showed that, compared
with healthy women, premenopausal women with
breast cancer had significantly higher levels of
PCBs 105 and 118, while postmenopausal women
with breast cancer had higher levels of PCBs 170
and 180. A 2004 Belgian case-control study of 120
women found significantly higher total blood
levels of PCBs in women with breast cancer than
in presumably healthy women, particularly
PCB153, which has shown estrogenic activity in
animal and in vitro studies.233

Researchers evaluating data from the Nurses’
Health Study revisited the issue of PCBs and breast
cancer risk. They had previously concluded:
“Combined evidence does not support an assoc-
iation of breast cancer risk with plasma/serum
concentrations of PCBs or DDE. Exposure to these
compounds, as measured in adult women, is
unlikely to explain the high rates of breast cancer
experienced in the northeastern United States.”234

Now, however, those researchers have reached a
different conclusion, based on further study that
took into account that individual genetic
differences may affect their susceptibility to PCBs.
In their 2002 study, the researchers wrote that,
“The majority of studies have concluded that
exposure to PCBs is unlikely to be a major cause 
of breast cancer but these findings indicate that
further studies of genetically susceptible
populations are warranted.”235

PCBs were implicated in breast cancer recurrence
among women with nonmetastatic breast 
cancer in a 2003 New York study. Women with 
the highest levels of one PCB congener in their
adipose tissue were found to be almost three times
as likely to have recurrent breast cancer as women
with lower levels.236

In 2003, scientists in Belgium measured levels 
of DDT, DDE and hexachlorobenzene (HCB) in
the blood of 159 women with breast cancer and
250 presumably healthy women. The results
showed that levels of all three contaminants were
significantly higher in women with breast cancer
than women in the control group.237

A Swedish study of postmenopausal women also
found higher residues of certain PCBs in women
with breast cancer compared to women with
benign breast disease.238 In Germany, researchers
measured PCBs, DDT, DDD, DDE and hexachlor-
ocyclohexane (lindane) in breast tissue samples
from 65 women. Of the 65 women, 45 were
diagnosed with breast cancer. After statistical
adjustment for age differences, higher levels of all
contaminants were detected in tissue from women
with breast cancer than in tissue from those
without breast cancer.239

A prospective nested-case-control study was per-
formed in a population exposed to DDT during
childhood and adolescence at the time of active
DDT use in the United States. Blood was drawn at
the time of exposure. In this study, increased risk
of breast cancer paralleled increasing concentra-
tions of serum DDT, and was significantly greater
in women exposed before age 15 than after.240
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2. Polycyclic Aromatic
Hydrocarbons (PAHs)

Polycyclic aromatic hydrocarbons (PAHs),
compounds found in soot and fumes from com-
bustion of diesel and other fuels, appear to play 
a role in the development of breast cancer. 
In August 2002, researchers reported that one
study in the Long Island Breast Cancer Study
Project had implicated PAHs as a risk factor for
breast cancer.241 PAHs create a distinctive type of
damage on genetic material—that some call a

“fingerprint”—where
the compounds 
are directly bound 
up with the basic
building blocks of
DNA into what is
called a DNA adduct.
Women with the
highest PAH body
burdens had a 50 per-
cent increased risk 
of breast cancer. The

Long Island study validated the earlier work of
researchers at Columbia University who also
found a close relationship between DNA damage
from exposure to PAHs in breast tissue and
increased risk of breast cancer.242 In addition, some
PAHs have shown estrogenic activity in laboratory
studies and may cause estrogenic effects in
addition to DNA damage.243,244

Tobacco smoke also contains PAHs, which may
explain a potential link between increased breast
cancer risk and both active and passive smoking. 
A large study of California teachers revealed 
an increased risk of breast cancer among smokers,
particularly those who began smoking during 

adolescence, at least five years before their first
full-term pregnancy, or who were long-time or
heavy smokers.245 Four earlier studies also suggest
that women who begin smoking cigarettes as
adolescents face an increased risk of breast
cancer.246,247,248,249

Recent studies suggest that the breast cancer risk
from exposure to secondhand smoke is also
increased by about the same amount as active
smoking.250,251 One possible explanation for the
similar effects of active and passive smoking,
despite the fact that nonsmokers receive a much
lower dose of carcinogens in the smoke than do
smokers, is that smoking acts as an anti-estrogen,
which tends to blunt—but not fully eliminate—
the effects of carcinogens in cigarette smoke.
Passive smokers, in contrast to active smokers, do
not get a large enough dose of smoke to depress
estrogen levels whereas active smokers have
depressed estrogen levels because of damage to
their ovaries. In 2004, a draft report from the Air
Resources Board of California EPA concluded: 

Overall, the weight of evidence (including
biomarker, animal and epidemiological
studies) is consistent with a causal
association between environmental
tobacco smoke (ETS) in breast cancer,
which appears to be stronger for pre-
menopausal women.”252

Tobacco smoke also contains two known human
carcinogens, polonium-210,253 a radioactive
element, and vinyl chloride, as well as benzene,
toluene and 1-3 butadiene, all of which are known
to cause mammary tumors in animals.
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3. Dioxin
When products containing polyvinyl chloride
(PVC), PCBs or other chlorinated compounds are
incinerated, among the chemicals released is
dioxin, a known human carcinogen that mimics
hormone activity. Dioxin is the name given to a
group of toxic by-products of incineration and
other industrial processes that use chlorine. One of
these chemicals (2,3,7,8-tetra chlorodibenzo-
para-dioxin-TCDD dioxin) has been classified by
the International Agency for Research on Cancer
(IARC) as a Group 1 carcinogen (i.e., known
human carcinogen).254 Dioxin was officially
declared a known carcinogen by the EPA in 2000
after more than a decade of controversy.

Of all toxic chemicals, dioxin may be the most
prevalent. The body fat of every human being,
including every newborn, contains dioxin. 
People are exposed to dioxin primarily through
consumption of animal products: meat, poultry,
dairy products and human breast milk.255 Dioxin
enters the food chain when diesel exhaust or soot
from incineration falls on grass which is later 
eaten by farm animals. It is then passed to humans
though dairy and meat products. Until recently,
only one study linked dioxin to increased risk of
breast cancer, a UK study that implicated the 
toxin in the development of mammary tumors in
laboratory mice.256 However, a new follow-up
study on women exposed to a chemical plant
explosion in 1976 in Seveso, Italy, makes a more
compelling case for a connection between dioxin
and breast cancer.257 Blood samples taken and
stored at the time of the explosion were analyzed
and the results correlated with cases of breast
cancer. The scientists found that a tenfold increase
in TCDD dioxin levels was associated with a more
than doubled risk for breast cancer. Of the 981
women in the study, just 15 have developed breast

cancer to date, but the results are compelling
because the stored samples allowed measurement
of dioxin levels at the time of exposure. The study
is continuing as the women age; there may yet be
additional cases resulting from this past exposure.

Another recent study showed that intrauterine
exposure to TCDD disrupted the development of
the rat mammary gland in a way that predisposed
offspring to mammary cancer. The mammary
gland never fully matured, which prolonged the
window of vulnerability to cancer-causing
chemicals.258 This study validates findings by U.K.
scientists, cited earlier, in which dioxin exposure 
of the pregnant mouse caused proliferation of
terminal end buds of the female offspring’s mam-
mary gland, making the gland more vulnerable 
to carcinogen exposure.259

4. Ethylene Oxide
Ethylene oxide is a fumigant used to sterilize 
surgical instruments. It is also used in some
cosmetics products.260 Ethylene oxide is a known
human carcinogen and one of 45 chemicals that
the National Toxicology Program identifies as
causing mammary tumors in animals. 

Scientists from the National Institute for Occupa-
tional Safety and Health studied breast cancer
incidence in a group of 7,576 women exposed to
ethylene oxide while working in commercial 
sterilization facilities. They found an increased
incidence of breast cancer among these women in
direct proportion to their cumulative exposure.261

 



veryone in the industrialized world is exposed to electromagnetic
fields (EMFs) every day. EMFs are a type of non-ionizing
radiation, i.e., low frequency radiation without enough energy to
break off electrons from their orbits around atoms and ionize

(charge) the atoms. Microwaves, radio waves, radar and power frequency
radiation associated with electricity are examples of non-ionizing radia-
tion. Fluorescent lights, computers and other electric and electronic
equipment all create electromagnetic fields of varying strength.

The International Agency for Research on Cancer (IARC) has classified
EMFs as a possible human carcinogen. In 1998, a National Institute 

of Environmental Health Sciences EMF Working Group
recommended that extremely low frequency EMFs, such as
those from power lines and electrical appliances, be class-
ified as possible human carcinogens.262

In 1997, an international panel stated that EMF and
environmental light may be considered potential risk
factors for breast cancer.263 They concluded that “studies
on human breast cancer from epidemiology, cell studies,
animal studies and some human studies indicate a plaus-
ible biological mechanism for increased risk of cancer
related to EMF and/or light exposure.”264

In 2001, a meta-analysis of 48 published studies on the association between
EMF exposure and breast cancer found the data “consistent with the 
idea that exposures to EMF, as defined, are associated with some increase
in breast cancer risks, albeit that the excess risk is small.”265

Health effects of EMF exposure are difficult to study because there is no
unexposed population, i.e., no control group. Thus the differences in
health effects between workers who have chronic occupational exposure
to EMF and people without occupational exposure may be merely twofold.

The mechanism by which EMF exposure can affect health is not com-
pletely understood. Some research suggests that EMF exposure lowers the
body’s level of melatonin, a hormone secreted by the pineal gland during
darkness. Melatonin appears to have anti-cancer properties. For example,
adding melatonin to cancer cells in a laboratory dish will cause them to
stop growing. Placing the dish in an electromagnetic field will cause the
cells to start growing again .266 In vitro studies have shown that EMF 
exposure interferes with the ability of tamoxifen to inhibit the growth of
breast cancer cells in culture.267

36 | BREAST CANCER FUND AND BREAST CANCER ACTION

Evidence Indicating a Possible Link
Between Electromagnetic Fields 
and Breast Cancer

E

Health effects of

EMF exposure are

difficult to study

because there is 

no unexposed

population, i.e.,

no control group.



State of the Evidence: What Is the Connection Between the Environment and Breast Cancer? | 37

Research has shown that exposure to light at night
also decreases melatonin levels. This finding led to
the hypothesis that working at night in a lighted
environment may increase the risk of breast 
cancer by lowering melatonin levels. Although this
hypothesis remains controversial, at least three
studies suggest a link between night-shift work
and increased risk of breast cancer, which may be
related to the change in melatonin levels created
by light at night.268,269,270

The potential interaction of EMFs with the
hormonal effects of night-shift work may 
help explain the elevated risk of breast cancer
among flight attendants. Studies in Iceland,
Sweden and California found varying degrees of
increased incidence of breast cancer among 
flight attendants.271,272,273 The Icelandic study also 
found that length on the job affected breast cancer
risk. Women who had been employed as flight
attendants for five years or longer had twice the
risk of breast cancer as women who had been
flying for shorter periods. Flight attendants are
also exposed to ionizing radiation from the sun
and, until recently, were exposed to secondhand
tobacco smoke.

Norwegian researchers reported an increased 
risk of breast cancer among female radio and
telegraph operators exposed to radiofrequency and
extremely low frequency EMF. Both premeno-
pausal and postmenopausal women were studied.
Premenopausal women showed an increased 
risk of estrogen-receptor-positive tumors and
postmenopausal women had an increased risk of
estrogen-receptor-negative tumors.274

Research on EMF exposure has shown increased
mortality from breast cancer in women employed
in the telephone industry.275 Further, premeno-
pausal women appear to be at higher risk than
postmenopausal women.276 Although breast cancer

is rare in men, research has shown links between
EMF exposure and male breast cancer in electrical
and telephone workers.277,278,279

In a 2004 study, residential electromagnetic field
(EMF) exposure from high voltage power lines was
linked to a 60 percent increased risk of breast
cancer in Norwegian women of all ages. This case-
control, population-based study of more than
5,400 women used data from Statistics Norway
and the national cancer registry, which minimized
selection bias. Occupational exposure also
increased risk but not as greatly as did residential
exposure. Women under 50 who were exposed 
to EMF both at home and at work also had a
modest increase in risk of breast cancer. Scientists
also found a higher incidence of estrogen-negative
breast cancer in women of all ages who were
exposed to EMF both at home and at work.280

An earlier study found that premenopausal
women are at higher risk for breast cancer related
to residential EMF exposure.281

A 2003 study suggests that EMF exposure from
electric bedding (electric blankets, mattress pads
and heated water beds) may increase the risk of
breast cancer in African American women.282

Researchers from Walter Reed Army Medical
Center and Meharry Medical College compared
304 African American women with breast cancer
to 305 African American women who did not 
have the disease. They found that the longer a
woman used an electric bedding device, the greater
her risk of cancer. Trends were similar in both
premenopausal and postmenopausal women and
in both estrogen-receptor-positive and estrogen-
receptor-negative tumors. Most earlier studies on
electric bedding use among Caucasian women 
did not show an association with increased breast 
cancer risk.



inally, there are chemicals that affect how the body functions in
ways that suggest a possible link to increased breast cancer risk.
These include: heptachlor, an insecticide; atrazine, an herbicide;
ingredients in some sunscreens; the group of chemicals known as

phthalates, found in many plastics and other products; and food additives,
including hormones used in milk and beef production.

1. Heptachlor
Heptachlor epoxide is a breakdown product of the insecticide heptachlor,
now banned by the EPA but widely used throughout the 1980s and
known to accumulate in fat, including breast tissue. Although heptachlor
itself does not act like estrogen, it does affect the way the liver processes
estrogen. Heptachlor also has been shown to disrupt cell-to-cell com-

munication in human breast cells in the laboratory.283

The body’s cells need to communicate with each other to
regulate their growth. By disrupting this growth regula-
tion mechanism, heptachlor could increase the risk of
breast cancer. 

Heptachlor is one of many pesticides used on Hawaiian
pineapple fields since the late 1950s, replacing mirex
when that chemical was banned. After the fruit was
harvested, the chopped up leaves, called “green chop,”
were sold to dairy farmers in Oahu to use in cattle feed, a
practice that continued until 1982. Thus heptachlor
contaminated the local milk and dairy supply for years.
Between 1981 and 1984, heptachlor levels in milk and
dairy products exceeded the FDA standard (0.3 ppm) ten-
fold. Follow-up studies found that heptachlor levels in the
breast milk of women who had consumed Oahu dairy
products averaged 200 ppm and in some cases exceeded
400 ppm. Despite a 1988 EPA ban on heptachlor, its use
continued until 1993 as growers were allowed to use up
pre-existing stocks.284

Breast cancer rates in Hawaii are among the highest in the world and 
the rate of increase is greater than any other U.S. state. According to the
International Agency for Research on Cancer (IARC), breast cancer
incidence among Japanese women in Hawaii increased 42 percent
between 1970 and 1985, while the increase in other U.S. states during that
period did not exceed 20 percent.285
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Heptachlor continues to contaminate soil and
crops such as cucumbers in some parts of Hawaii.
It can also be found in the Continental U.S. in soil
where it was used for termite control. Heptachlor
still contaminates humans as well, nearly two
decades after it was banned by the EPA.286

2.Triazine Herbicides
Atrazine is one of the triazine herbicides, which
also include simazine and cyanazine. All three have
been shown to cause mammary cancer in animals.
Triazines are the most heavily used agricultural
chemicals in the United States. About 80 million
pounds of atrazine are applied annually, primarily
to control broadleaf weeds in corn and sorghum
crops in the Midwest.287 The EPA re-registered
atrazine as a permissible chemical after a lengthy
and controversial risk assessment process; it is
banned in the European Union. Elevated levels of
atrazine are found each spring and summer in both
drinking water and groundwater in the Midwest.

Atrazine is a known endocrine disruptor. 
Recent laboratory research has shown that atrazine
exposure during gestation interferes with develop-
ment of the rat mammary gland at puberty,
leading to proliferation of terminal end buds.288

These biological structures have been shown to be
sensitive to carcinogens. Thus atrazine exposure in
utero widens the window of sensitivity to carcin-
ogens in animals. 

Simazine, another of the triazine herbicides, is
widely used in Florida, California and the
Midwest. It contaminates surface- and ground-
water after being applied to farmlands. Research
suggests that simazine also may contribute to
breast cancer. In 1994, the EPA banned the use of
simazine as an algicide in swimming pools, hot
tubs and whirlpools, citing “unacceptable cancer
and non-cancer health risks to children and
adults.”289 Some lawn chemicals also contain sima-
zine. One study reported an increase of breast
tumors in female rats that were fed simazine.290

Although simazine-treated animals did not have
elevated levels of estrogens, they did have elevated
levels of prolactin, another hormone known to
play a role in the development of breast tumors in
animals.291 Researchers are now trying to deter-
mine if simazine changes the levels of hormones in
animals, resulting in breast tumor formation. 

3. Sunscreens (UV screens)
Growing concern about ultraviolet (UV) radiation
and the risk of skin cancer has led to widespread
use of sunscreens, which are also added to 
cosmetics. Research has found that some chemicals
in these products not only are estrogenic but also
lipophilic. Studies show they are accumulating in
wildlife and humans.292 Swiss researchers who
tested six frequently used UV screens found that
five showed estrogenic activity in breast cancer
cells and three showed estrogenic activity in
laboratory animals.293

4. Phthalates (Endocrine Disrupt-
ing Chemicals in Plastics)

Phthalates, used to render plastics soft and flexible,
are a group of chemicals used in common house-
hold products, some of which have hormone
disrupting effects. Phthalates are found in soft
plastic “chew toys” marketed for infants and also
in some varieties of nail polish, perfumes, skin
moisturizers, flavorings and solvents. Phthalates
have also been found in indoor air and dust.294

Recent research indicates that phthalates increase
levels of testosterone and estrogen in humans.295

Studies of circulating levels of estrogen, testos-
terone and other hormones and their relationship
to breast cancer indicate that hormonal factors are
central to breast cancer risk.296,297,298 Much remains
to be learned about phthalates before a direct con-
nection to breast cancer risk can be established.
However, many phthalates are known to disrupt
hormonal processes, raising concern about their
implications for increasing breast cancer risk.299
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5. Food and Food Additives
(rBST and Zeranol)

Modern food-production methods open a major
avenue of exposure to environmental carcinogens.
Pesticides sprayed on crops, antibiotics used on
poultry, hormones used in cattle, sheep and hogs,
and to produce milk, expose us involuntarily to
contaminants that become part of our bodies.
Research suggests that some of these exposures
may increase breast cancer risk.

Animal products such as meat also may hold
inherent risks because they contain fat that may
retain chemicals such as pesticides and other
environmental toxicants. These lipophilic chem-
icals become more concentrated as they move
from plants, to animals and finally to humans,
who are at the top of the food chain. 

a. Bovine Growth Hormone (rBGH)/
Recombinant Bovine Somatotrophin (rBST)

In 1993, the Food and Drug Administration
approved Monsanto’s genetically engineered
hormone product, recombinant bovine growth
hormone (rBGH), subsequently renamed recom-
binant bovine somatotropin (rBST) for injection
in dairy cows to increase milk production. Since
its introduction, rBST has proved controversial
because of its possible link to increased risk of
breast cancer and other cancers. Injecting a cow
with rBST stimulates production of a naturally
occurring hormone called Insulin Growth Factor 1
(IGF-1), which in turn increases milk production.
IGF-1 is present in the bodies of both cows and
humans, increasing cell division and decreasing
cell death (apoptosis), changes that contribute to
cancer risk.300,301 A prospective study of American
women found that premenopausal women with
the highest levels of IGF-1 in their blood (drawn
before cancer developed) were seven times as likely

to develop breast cancer. No increased risk was
noted in postmenopausal women.302 Subsequent
studies of IGF-1 also have linked elevated levels of
IGF-1 with increased risk of breast cancer.303,304

Physicians, scientists and consumer advocacy
groups opposed FDA approval of rBST (its trade
name is Posilac), which quickly found its way into
the U.S. milk supply, and from there, into other
dairy products such as ice cream, buttermilk,
cheese and yogurt. Its use was not identified to
consumers on labels, however. In September 2003,
the FDA issued warning letters to four milk
producers stating that their use of labels claiming
“no hormones” and “hormone free” was false and
misleading. The FDA letter also said there is no
basis for claiming that milk from cows not treated
with rBST is safer than milk from rBST-treated
cows. In December 2003, Monsanto succeeded in
a lawsuit against a Maine dairy, forcing it to add
the FDA statement to their labels even though the
dairy does not use milk from rBST-treated cows.305

Proponents of rBST argue that IGF-1 is harmless
because it occurs naturally in humans, is
contained in human saliva and broken down
during digestion. However, digestion does not
break down IGF-1 in milk because casein, the
principal protein in cow’s milk, protects IGF-1
from the action of digestive enzymes.306

Research continues to suggest that elevated levels
of IGF-1 increase the risk of breast, prostate and
colon cancers.307
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The U.S. and Canadian beef, veal and lamb indus-
try have used synthetic growth hormones since the
1950s to fatten animals faster. A study by researchers
at Ohio State University suggests these hormones
may also elevate the risk of breast cancer. Concern
about this risk led the European Union to ban
U.S. and Canadian beef since 1999.308

b. Zeranol
One of the most widely-used hormones in U.S.
beef cattle is Zeranol, a nonsteroidal growth pro-
moter with estrogenic activity. Ohio State
University scientists found that Zeranol had
estrogenic activity in normal breast epitheial cells
and in breast cancer cell lines. The cell growth was
significant even at Zeranol levels 30 times lower
than the FDA has approved as safe.309 Researchers
are continuing their investigation of Zeranol,
measuring levels of the chemical in random
samples of supermarket beef and in samples of
normal and cancerous breast tissue from patients
undergoing biopsy or surgical breast reduction. 

Danish researchers compared the potency of
Zeranol to other endocrine disruptors and con-
cluded that “the very high potency of Zeranol…
suggests that Zeranol intake from beef products
could have greater impact on consumers than the
amounts of the known or suspected endocrine 
disruptors that have been found in food.”310

A recent study by Harvard researchers suggests
there is reason for concern about the use of
hormones in the meat industry. Scientists reported
that premenopausal consumption of red meat
may increase the risk of breast cancer later in life.
This prospective analysis of dietary fat intake 
in 90,000 women found that the risk of breast 
cancer was one-third higher among women whose
diets were highest in animal fat, primarily red
meat and milk.311
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t is essential, based on our knowledge of existing scientific evidence, 
to effect policy changes to reduce exposure to synthetic chemicals that
are linked to increased breast cancer risk. Failing to act on the evidence
summarized in this report would ignore the costly lesson learned from

the relationship between tobacco and lung cancer in the 20th century.

Meanwhile, research into possible environmental causes of breast cancer
must not only continue but expand, including testing and screening
industrial chemicals and pesticides for their toxicity and hormone-
mimicking effects, measuring and tracking the body burden levels of
these chemicals in the public and investigating how girls and women are
exposed to these chemicals.

Two decades of research on DDT, PCBs and breast
cancer have produced controversy in the scientific
community, confusion in the public and strong
opinions among all concerned. More research on
genetically-susceptible populations may indeed show
a link between PCB exposure and increased risk of
breast cancer. This will not alter the fact, however,
that all humans and other living things are conta-
minated with these compounds, which have been
banned for decades. Increasing competition for
research dollars will limit the resources available for
breast cancer research. Thus research priorities 
must focus primarily on the effects of exposures to
substances currently used in the United States and
other industrialized countries. 

One encouraging research development is the
funding of four new breast cancer and environ-

mental research centers by the National Cancer Institute and the National
Institute of Environmental Health Sciences. The agencies have allocated
$5 million each year for seven years, beginning in 2004. The four sites
include the University of California San Francisco, Fox Chase Cancer
Center, University of Cincinnati and Michigan State University. 

Recommendations from the International Summit on Breast Cancer 
and the Environment serve as a useful guide to research approaches and
methods to uncover the environmental causes of breast cancer and,
ultimately, lead to prevention of the disease. 
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The Summit also included public policy recom-
mendations to implement needed changes 
in research.312

The research recommendations include but are
not limited to the following:

1. Study the interplay between timing 
of exposures, multiple exposures 
and chronic exposures (including
occupational exposures and
secondhand smoke)

Timing of Exposures (periods of vulnerability)
As Dr. Annie J. Sasco explained, “There is a crucial
need to better define time windows of exposure.
Vulnerability periods correspond to in utero life,
as well as the prepubertal period both for girls 
and boys.”313 Studies are also needed to evaluate
childhood cancer, breast cancer in young women
and major developmental and structural defects as
combined indications of possible prenatal and
early childhood exposures to hormone-mimicking
chemicals.314

The tragic legacy of DES combined with decades
of animal research have shown that cancer can
begin in the womb. The developing organism is
very sensitive to hormonal influence. When 
any chemical disrupts normal development, the
damage can be devastating and permanent. 
Thus scientists, policy makers and advocates must
heed the comments of two EPA toxicologists in
designing future research on environmental links
to cancer:

All of these studies have demonstrated that
prenatal exposure to EDCs [endocrine-
disrupting chemicals] can alter the hor-
monal milieu, reproductive tissue develop-
ment, and susceptibility to potential
carcinogen exposure in the adult. These
compounds are not genotoxic, yet can have
significant adverse health outcomes. 

We must ask the questions: Are the
appropriate, sensitive animal strains being
utilized to test for endocrinologically based
diseases such as breast cancer? There have
been epidemiological studies investigating
the association of environmental chem-
icals, including both organochlorines, such
as PCBs and atrazine, with breast cancer
incidence. These particular studies have
measured the levels of exposure of these
chemicals in adult women who develop
breast cancer. Could we be trying to
correlate exposure and effect at the wrong
time? If it is prenatal or early life stage
exposure that is critical to disease
susceptibility, why are we measuring
environmental chemicals in people once
they have developed breast cancer? The
critical exposure window may have been
much earlier.315

Multiple Exposures
We urgently need breast cancer research methods
and approaches that reflect the reality of human
exposure to chemicals in the environment. We are
all exposed to hundreds, perhaps thousands, of
chemicals every day, many of which may interact.
Studying one or two chemicals at a time will not
yield meaningful results. The combined activity of
the multi-chemical mixtures we are exposed to
must be investigated. 

Xenoestrogens offer an example of why research
methods need to change. Scientists need to
find a method to measure an individual’s total

cumulative exposure to environmental xeno-
estrogens and determine how that total exposure
relates to breast cancer risk. As a 1999 National
Academy of Science report recommended,
“Markers of total xenoestrogen exposure and
chemical concentrations in blood or adipose tissue
should be measured to provide an accurate
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assessment of internal dose and, therefore, to iden-
tify groups experiencing different exposures.”316

Some scientists have begun that search and their
work can serve as a model for future studies.317,318,319

Chronic (Occupational) Exposures 
Since World War II, the number of women
employed outside the home has increased steadily;
today, women make up nearly half of the U.S.
workforce (46%).320 This increased participation in
the paid workforce parallels a steady increase in
the risk of breast cancer. One of the earliest studies
on workplace exposures found that more than half
a million women were occupationally exposed to
ionizing radiation and that tens of thousands were
exposed to carcinogenic chemicals.321 Despite these
findings, however, relatively few recent studies
have been carried out in the United States to
identify occupational risk factors for breast cancer.
Most occupational research on women comes
from Scandinavia and Canada, and many of those
report risk by job type rather than by specific
exposures. The limited research evidence to date
shows an increased risk of breast cancer among

two broad occupational categories: (1) those
workers who regularly work with toxic chemicals,
such as chemists, clinical laboratory technicians,
dental hygienists, paper mill workers, meat
wrappers and cutters, microelectronics and tele-
phone workers and (2) professionals who are
generally in higher socioeconomic groups such as
school teachers, social workers, physicians, dentists
and journalists.322,323,324

Research shows that nurses too face increased 
cancer risk, particularly chemotherapy nurses and
other healthcare workers who are exposed to drugs
used to treat cancer, some of which are known 
carcinogens.325 However, one of the largest long-
term studies of women’s health, the Nurses Health
Study at Harvard University, has only recently
begun to examine the occupational hazards of the
nursing profession. One epidemiologist described
the Nurses Health Study as “really a study of
women who happened to be nurses, rather than
women as nurses or even as workers.”

Two occupational health studies from Yale Uni-
versity326 and the Mt. Sinai Schol of Medicine327

found increased risk of breast cancer among
teachers and librarians. The Mt. Sinai study also
showed increased risk among computer and
peripheral equipment operators (includes persons
operating input/output devices such as tape drives,
disk drives and printers). This was the first occu-
pational study to focus on women ages 20 to 44
years of age. 

A Canadian study of more than 1,000 women with
breast cancer and an equal number of women who
did not have breast cancer reported elevated breast
cancer risk among women in a wide range of
occupations. Occupational risk differed according
to whether women had undergone menopause.
Premenopausal women were at higher risk if they
worked in electronic data-processing, as barbers
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and hairdressers, in sales and material processing
occupations, and in food, clothing, chemical and
transportation industries. Postmenopausal women
were at higher risk in teaching, medicine, health,
nursing, dry-cleaning and the aircraft and auto-
motive industries, including gasoline service
stations. Elevated risk was noted for both pre- and
postmenopausal women in crop farming, fruit 
and vegetable packing, publishing, printing and
motor vehicle repair industries.328

Elevated breast cancer incidence among profes-
sional women is often explained by reproductive
factors, primarily because of delayed childbearing
or having no children. The role of reproductive
factors as the sole reason for increased breast
cancer risk among professional women has been
challenged recently, based on an inadequate 
study of lifetime occupational exposures of these
women.329 Future studies should address where
women work and what risk factors are present in
these environments, including the possibility 
that occupational exposures may play a role in
increasing the risk of breast cancer.

Many women in the United States have two places
of work: in the home and in the (paid) workplace.
To accurately assess the environmental exposures
that may increase the risk of breast cancer,
researchers need to consider exposures at both
sites, individually and collectively. A study by the
Silent Spring Institute tested assessment methods
to measure complex mixtures of widespread,
hormonally-active agents in homes.330 Wider
application of these methods in future research
could offer new insights into the possible contri-
bution of chemical mixtures to breast cancer risk.

a. Melatonin, light-at-night and non-ionizing
radiation 

A growing body of evidence (see pages 36-37) on
the health impact of non-ionizing radiation
(EMF) and night-shift work on melatonin levels
indicates that more must be learned about these
exposures and their possible link to breast cancer.
However, there has been little federally-funded
research in this area in the United States since
1998. Ongoing research in Sweden, Norway and
other European countries continues to link EMF
exposure to increased risk of breast cancer and
other cancers. Until the actual cancer risk of EMF
and light-at-night (LAN) can be confirmed or
refuted by scientic evidence, research must continue
in the United States without further interruption.

b. Solvents
It can be difficult to identify which organic
solvents may be contributing to increased breast
cancer risk in workers because industries often use
combinations of solvents, many of which undergo
frequent changes in formulation. This is particu-
larly true in the electronics industry. Further study
is needed to identify which solvents increase the
risk of breast cancer and other cancers.

c. Household exposures, including personal 
care products

Homemakers face an increased risk of breast
cancer.331 Research is needed to determine what
conditions and exposures may be linked to those
increased breast cancer risks. 

Personal care products used by women, including
cosmetics, sunscreens and shampoos, may 
include endocrine-disrupting compounds (such 
as phthalates and parabens) that could increase
breast cancer risk. Parabens are a group of com-
pounds widely-used as anti-microbial preservatives
in food, pharmaceutical and cosmetics products,
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including underarm deodorants. Parabens are
quickly absorbed through (intact) skin, and from
the gastrointestinal tract and blood. Research has
shown that parabens have estrogenic activity in
human breast cancer cells in vitro332,333,334 and in
vivo.335,336 U.K. researchers reported finding
measurable concentrations of six different
parabens in 20 human breast tumors.337 Larger
studies are needed to determine whether the levels
of these chemicals in breast tumors differ from
levels in normal breast tissue and whether this
ubiquitous group of xenoestrogens is contributing
to increased risk of breast cancer. 

2. Increase research on disparities 
in health outcomes and differences 
in exposures.

More studies are needed to explain disparities in
breast cancer incidence, mortality and environ-
mental exposures among women of color. For
example, postmenopausal Hispanic women appear
to be at significantly greater risk of breast cancer
related to ERT than non-Hispanic white women.338

This difference could suggest greater sensitivity to
environmental estrogens. Breast cancer rates are
rising rapidly in Asian American women, particu-
larly in Japanese American women.339 Research is
needed to determine whether environmental
exposures are contributing to these differences. 

3. Develop and authorize less invasive,
more effective breast cancer
screening and diagnostic methods

Participants at the International Summit on 
Breast Cancer and the Environment called for
breast cancer screening and diagnostic methods
“that do not involve radiation exposure, such as
blood testing or ultrasound.” Another policy
recommendation from the Summit stated:
“Radiation use in medicine should be reassessed

by health professionals. Patients need better
information about radiation risk and doses and
better technology needs to be developed.”340

Ionizing radiation is the best-established environ-
mental cause of breast cancer and other cancers;
this is now commonly known thanks to decades of
research. Despite this, mammography continues 
as a “gold standard” for breast cancer detection. 
The American Cancer Society and the National
Cancer Institute now recommend that women
begin annual mammographic screening at age 40,
and even earlier if their family history, genetic
predisposition or previous medical treatment puts
them at high risk of developing breast cancer. 

Recommending that women at high risk for breast
cancer increase their exposure to the only proven
cause of breast cancer highlights the urgent need
for an alternative to mammography that does not
involve radiation exposure. The recommended
treatment for women who have already undergone
radiation therapy for Hodgkin’s disease illustrates
the contradiction in current medical practice. 
Four studies in 2003 found a greatly-increased risk
of breast cancer among young women who had
received radiation treatment for Hodgkin’s
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disease.341,342,343,344 These studies confirmed findings
from many earlier studies. Every year, 3,500
women are diagnosed with Hodgkin’s disease and
treated with radiation. The American Cancer
Society suggests that these women consider under-
going annual mammograms as young as 30, 
ignoring the risk of 10 additional years of radiation
exposure, in addition to the radiation exposure
that has already put them at high risk. A similar
recommendation is made for women with the
BRCA1 and BRCA2 gene mutation. However, the
Society’s own “Guidelines for Breast Cancer
Screening Update 2003”345 includes the following
risk assessment:

“Overall risk from single and cumulative
diagnostic exposures is small, but risk
increases with the amount of exposure and
with younger age at exposure…346,347 It has
also been hypothesized that some women
at increased inherited risk for breast cancer
may also have increased radiation sensitiv-
ity, which could increase their risk for 
radiation-induced breast cancer. This hypo-
thesis may be plausible because studies of
BRCA1 and BRCA2 suggest that these genes
code for functions related to repair of
radiation damage to DNA.348,349,350,351,352

Surely women at particularly high risk for 
breast cancer should not be repeatedly exposed 
to a known breast carcinogen as a “preventive” 
measure.

Women need a more effective method for breast
cancer detection, one that works for women of 
all ages and does not expose them to radiation.
Finding an alternative to mammography, a tech-
nology now more than half a century old, must
be a top research priority. It is time to redirect
scarce resources to answer this critical need.

Women also need better information about the
benefits and harms of mammography screening.
Researchers at the Nordic Cochrane Centre in
Copenhagen, Denmark found the information
provided by professional advocacy groups (includ-
ing the American Cancer Society, the Susan G.
Komen Foundation and Y-ME National Breast
Cancer Organization) to be “severely biased in
favour of screening. Few websites live up to
accepted standards for informed consent.”353 Web
sites of the three consumer organizations studied
(including Breast Cancer Action) mentioned the
harms of screening, overdiagnosis and treatment,
and were found to be “much more balanced and
comprehensive than other sites.”
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Additional Research
Recommendations
Dr. Annie J. Sasco, who commented on the
Summit recommendations, also suggested the
need to conduct studies in places “where there is
an epidemiologic transition of breast cancer, i.e.,
going from low to higher incidence rates. 
This should allow us to capture the reasons for
such a change and the discovery of new etiologic
links is often far easier in low risk populations. 
In addition, there is an issue of equity. The rest of
the world is also touched by breast cancer (more
than 1 million new breast cancer cases each year)
and deserves to get at least some investigation.”354

Studies in North African countries, where rates 
are now rising dramatically as the use of synthetic
chemicals increases, may provide important
insights into the causes of breast cancer.355

More research is needed on the Tissue Organiza-
tion Field Theory, i.e., the role of the stroma and
the extracellular matrix in the development of
breast cancer and other cancers discussed on page
16. Under this theory, cancer can arise within the
tissue without mutation or other direct damage to
DNA. Two recent studies using animal mammary
stroma supported this theory. In the first study,
researchers exposed rodent mammary stroma to
radiation, thereby initiating cancer in unirradiated
epithelial cells.356 In the second study, researchers
exposed rodent mammary epithelial cells to a
known carcinogen, N-nitrosomethylurea (NMU)
and implanted these cells into mammary gland
stromata of five groups of rodents, some of whose
stroma were exposed to NMU and some without
NMU exposure. Only the rodents whose stroma
was exposed to NMU developed epithelial cell
tumors.357 Additional research into tissue organiza-
tion could yield valuable insights into the 
development of carcinogenesis and perhaps lead
to effective measures that would interrupt the
development of the disease and ultimately lead to
the prevention of breast cancer.

Policy Recommendations
Participants at the International Summit on Breast
Cancer and the Environment identified major 
policy recommendations needed to implement the
research recommendations and to improve the
policies and strategies employed by legislators,
government agencies, law enforcement, breast
cancer advocacy groups and other affected com-
munities, scientists, clinicians, research funders
and industry. These policy recommendations are
reflected in the Six Point Plan that accompanies
this report. They include:

• Establish a national biomonitoring program to
track exposures, using breast milk and other
biospecimens to assess community health

Biomonitoring—using breast milk, fat, blood, 
urine and other biospecimens—affords an
effective supplement to classical epidemiology by
quantifying individual and community exposures
to particular environmental chemicals. Although
no systematic monitoring of chemical body
burden in humans in the United States exists, a
strong body of evidence indicates that many
synthetic chemicals accumulating in Americans’
bodies are known carcinogens. Levels of such
chemicals should be measured and changes over
time should be identified. A research effort of this
magnitude likely can only be accomplished with
public support and funding. 

Reports from the CDC have documented the 
presence of 116 environmental chemicals in the
blood and urine of Americans of all ages and
races.358 Many synthetic chemicals found in breast
milk, fat, blood and urine are suspected breast
carcinogens, having been found to cause
mammary tumors in laboratory animals. It is
essential that we study biospecimens to identify
the contaminants in our bodies and make policy
changes to eliminate these contaminants from 
the food chain. 
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Breast milk—once the purest food on the planet—
has become unacceptably contaminated. This
nourishment provided to 60 percent of newborns
in the USA has been found to contain some 200
chemicals. Biomonitoring programs in Sweden
and Germany have discovered PCBs, dioxins,
DDT and other organochlorine compounds linked
with increased breast cancer risk in human breast
milk.359 Many organic solvents have also been
found in breast milk.360 These include benzene and
toluene, known to cause mammary tumors in
animals.

The widespread presence of these contaminants 
in breast milk provides evidence of exposure of
both mother and infant to potential harm.
Women are faced with a dilemma when it comes
to breast-feeding. Breast milk is a source of
essential nutrients, many of which cannot be
duplicated in infant formula. But infant formula
poses problems, too: (1) it is more likely to be
contaminated with lead361 and (2) polycarbonate
baby bottles may leach bisphenol-A, an endocrine
disruptor, into the formula.362

Nevertheless, breast-feeding also transmits
contaminants to infants. Whether these chemicals
increase daughters’ risk of breast cancer has yet to
be determined. Despite contamination of breast
milk, however, scientists still consider it the best
nutrition for infants because of the developmental,
emotional, immunologic and neurological
benefits.363,364,365,366 All studies demonstrating the
benefits of breast-feeding have been done since
World War II, when the contamination of breast
milk by industrial chemicals began.

An alliance of breast-feeding and environmental
organizations stated in 2002: 

“The contamination of breast milk is 
one symptom of the environmental
contamination of our communities. The
individual decision to breastfeed must be
promoted and protected while we work 
collectively towards eliminating the chemi-
cals that contaminate the food we eat, the
water we drink, the air we breathe, and the
products we use.”367

Shared
• Track cancer incidence nationally

Health tracking, using biomonitoring techno-
logies, together with diligent surveillance of health
outcomes, can increase understanding of the 
role of environmental exposures in breast cancer.
Summit participants recommended that “all
cancer registries should be adequately funded to
cover the entire USA. With respect to breast
cancer, registries should also track the incidence 
of ductal carcinoma in situ (DCIS).”

Current U.S. cancer incidence statistics are estimates
based on data from 18 regional sites, calculated 
by the National Cancer Institute’s Surveillance,
Epidemiology and End Results (SEER) program.
These estimates are based on actual cancer cases 
in about 74 million people (26 percent of U.S.
population).368
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tudies of the health effects of some of the 85,000 synthetic
chemicals introduced since World War II are currently underway
but will take decades to complete. For nearly 3,000 of those
chemicals, more than one million pounds are produced annually.

Yet little data is publicly available about even the basic toxicity of 
75 percent of these high-production-volume chemicals, much less their
effects on the development of breast cancer. 

Evidence from the CDC shows that 116 chemicals have invaded the
bodies of Americans without our knowledge or consent. Some of these
chemicals, such as polycyclic aromatic hydrocarbons (PAHs), heptachlor

(an insecticide) and atrazine (an herbicide) are associated
with increased risk of breast cancer.369 Many of them, such as
atrazine, cadmium and various phthalates are known
endocrine disruptors, which may put developing fetuses at
greater risk of breast cancer in adulthood. The collective
impact of this chemical mixture is unknown (some speculate
it may be unknowable) but the uninvited presence of these
chemicals in our bodies is unacceptable. 

There is no shortage of advice for women about things they
can do in their personal lives to reduce the risk of breast
cancer. However, what many people see as personal choices
are, in fact, imposed limitations and restrictions. Many
people, for example, regardless of income or wealth, do not
have access to a year-round supply of organic or chemical-free

produce or meat. This current consumer reality is a result of industrial
and economic policy choices not made by consumers themselves.

Breast cancer is more than a personal issue; it is a public health crisis 
that demands action by society as a whole. A major public education
campaign is underway to help people understand the mounting evidence
linking synthetic chemicals with breast cancer and other cancers. Once
informed, the public can be mobilized to action, using this evidence 
to support measures to protect human health and the health of future
generations. 

The public’s health cannot and should not have to wait for absolute 
proof that certain chemicals cause breast cancer before moving to reduce
the risk of such harm occurring. Too many people will suffer from this
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disease if we delay action until a “scientific
standard” of proof is met. Such a standard
requires a 95 percent certainty of cause and effect.
While this strict standard is supported by industry
when policy changes under consideration would
have an impact on profits, in other settings less
stringent standards are set. For example, legal
remedies in a civil setting require only a
“preponderance of the evidence”—a more than 50
percent likelihood—that a challenged action
results from the behavior in question. And
California’s Environmental Quality Act (CEQA)
requires only “potential for significant impact”—
10 to 30 percent likelihood—as a basis for action.

What may work for science and industry does not,
in this case, work for the public’s health. The
public deserves protection from environmental
hazards based on a standard that acknowledges
that some evidence—not conclusive proof—
is sufficient. Public health policy based on the pre-
cautionary principle says that evidence of harm,
rather than proof of harm, serves as the trigger for
policy action. By that standard, there is ample
evidence of the need to reduce or, in some cases,
eliminate certain toxic chemicals. Understood by
doctors as “first, do no harm,” the precautionary
principle is sometimes abbreviated as “better safe
than sorry.”

In addition, the precautionary principle mandates
that proponents of chemicals and radiological
products and processes assess their health, safety
and environmental impacts before introducing
them to the marketplace, and make that informa-
tion publicly available. The burden to provide such
information thus lies with manufacturers and
sellers, not with the public.

As explained by the Science and Environmental
Health Network, the principle provides that:

When an activity raises threats of harm to
the environment or human health, precau-
tionary measures should be taken even 
if some cause and effect relationships are
not fully established. Implementing the
principle requires exploring alternatives to
possibly harmful actions… and using
democratic processes to carry out and
enforce the principle.

An obligation exists for manu-
facturers to examine a full
range of alternatives to toxic
ingredients and to select the
alternative with the least poten-
tial impact on human health
and the environment, including
the alternative of not bringing
questionable products to the
market at all. The precaution-
ary principle rests on the 
democratic principle that
government officials are
obligated to serve the public interest of protecting
human health and the environment. Decisions
applying the precautionary principle must be
transparent, participatory and informed by the
best available information.

To reduce the risk of breast cancer and ultimately
end the epidemic, fundamental and immediate
public policy changes must be made based on the
precautionary principle. No longer can we afford
to wait. The following six-point plan will help us
accomplish this goal:
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1. Phase Out Chemicals 
Known To Cause Cancer or
Genetic Harm

There is ample evidence of the need to phase out
unnecessary use of chemicals that cause cancer, 
or genetic harm, by requiring toxic-use-reduction
planning and clean-production planning by all
polluters and government agencies. Programs
should be established to encourage, and, if neces-
sary, require such planning by government
agencies and companies doing business with them. 

Efforts should be
advanced to implement
the Persistent Organic
Pollutants (POPs)
treaty.370 This global
treaty, negotiated
under the auspices of
the United Nations
Environment Program,

targets hexachlorobenzene, endrin, mirex,
toxaphene, chlordane, heptachlor, DDT, aldrin,
dieldrin, PCBs, dioxins and furans. The agreement
became legally-binding on May 17, 2004, when
France became the 50th nation to ratify it. The
first meeting of ratifying countries is to be held
within a year from that date. Countries that ratify
the treaty before the first meeting will be eligible 
to participate in discussions of how the treaty will
be implemented and the process for deciding what
additional POPs chemicals will be designated for
elimination. Although the United States is a signa-
tory, the U.S. Senate should now ratify this treaty
and help lead the way in expanding the list of toxic
chemicals to be phased out. 

The European Union (EU), the world’s second-
largest economy371 and largest chemical producer372

is taking major steps to ensure that all chemicals
released into the environment in EU countries are
not linked to serious health consequences. The new
policy proposed by the EU is known as REACH

(Registration, Evaluation and Authorization of
Chemicals). The final draft of legislation was pub-
lished on October 29, 2003, and is expected to
become law in 2006. 

REACH is a true precautionary approach to 
chemical regulation. Unlike current U.S. chemical
policy, which makes the victim prove that a 
chemical has caused harm, REACH would make
the manufacturer responsible. In many cases, such
a policy would prevent harm from occurring. 

REACH would apply not just to chemicals, but
also to products that contain harmful chemicals,
including cleaning solvents and cosmetics and 
personal care items.

In support of the REACH policy, members of the
European Parliament, scientists, physicians, ethi-
cists, and citizens from Europe, Canada, and the
United States signed the International Declaration
on Chemical Pollution Health Dangers in May,
2004, also known as the Paris Appeal. The Paris
Appeal declares the following:

1. The development of numerous current diseases
is a result of the deterioration of the environment.

2. Chemical pollution represents a serious threat
to children and to mankind’s survival.

3. As our own health, and that of our children and
future generations, is under threat, the human
race itself is in serious danger.

The signatories call on “national decision-makers,
European Authorities, international organizations,
and specifically the United Nations Organization
(UNO)” to ban all products that are certainly or
probably carcinogenic, mutagenic or contain
reproductive toxins for humans, and apply the
precautionary principle to all chemicals that are
persistent and bio-accumulative. Other recom-
mendations can be found on the following Web
site: http://appel.artac.info/anglais.htm
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Cancer prevention depends on reducing or
eliminating exposures to substances and processes
that cause cancer. A policy such as REACH would
help reverse the epidemic of breast cancer and
other cancers that now affect one in three women
and one in two men in the United States. 

2. Educate the Public About 
the Health Effects of Radiation
and on How to Reduce
Exposure to Both Ionizing and
Non-Ionizing Radiation

Health professionals and the public need to
understand that (1) exposure to ionizing radiation
can cause cancer, (2) genetic damage is cumulative
over a lifetime and (3) the younger one is at the
time of exposure, the greater the risk of cancer
development. Medical procedures involving
radiation exposure involve both risks and benefits,
and patients are entitled to know both in order to
provide informed consent.373 Physicians and others
referring patients for a radiological procedure
should tell the patient what radiation dose is
involved, just as they currently tell the patient the
dosage of a medication.

In addition, scientists must develop a non-
radiological replacement for mammography. The
public needs a method for accurate and early
detection of breast cancer that will be effective for
women of all ages without exposing them to a
known carcinogen.

Public education also is needed about the risks of
non-ionizing radiation (EMF) exposure, how
people can measure EMF levels in their environ-
ment and how they can mitigate them if necessary.
This educational effort should identify prudent
avoidance measures for consumers, particularly
women and their families, as well as for certain
labor and professional groups, such as teachers,
nurses and flight attendants. An informed public

can help shape public policy to reduce EMF
exposure at the local, state and national level. 

3. Monitor Chemical Body Burden
and Health Outcomes 

The documented contamination of our bodies
demands that we establish a comprehensive
program of biomonitoring, using breast milk and
other biospecimens such
as fat, urine and blood as
markers of community
health. Such a program
would reflect the prin-
ciples of community-
based participatory
research, involving the
community from the
outset and providing
support and practical
information to those 
who agree to be tested.
Identifying the chemical
constituents of a com-
munity’s body burden
and linking this infor-
mation to data on health
outcomes creates health
tracking that can and should underpin a plan to
eliminate these contaminants. 

The 2003 CDC report clearly demonstrates that
public policy changes based on biomonitoring
make a difference. Body burdens of PCBs, DDT
and cotinine (the metabolite of nicotine) have all
declined since PCBs and DDT were banned in the
United States and smoking controls were
implemented. Precautionary public health
measures, based on information that exists about
the dangers of chemical pollutants, can and do
make a difference.
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4. Hold Corporations Accountable
for Hazardous Practices and
Offer Incentives for Clean,
Green Practices

Companies should not only be held accountable
for releasing cancer-causing chemicals into our
environment and into our bodies but should 
also be rewarded for instituting new policies and
processes that are healthier for our environment
when alternatives to these chemicals exist. Many
companies are already learning that being “green”
builds consumer loyalty and increases profitability.
Offering additional incentives to corporations 
that encourage them to eliminate harmful chemi-
cals in their products and processes will help 
them initiate new policies. 

Such incentives might include: non-monetary
public awards; a labeling system to highlight
companies that use pollutant-reducing technol-
ogy; prioritizing “green” companies when award-
ing government contracts; investigating new tax
credits for companies that reduce their use of
natural resources; providing grants to small
businesses for one-time purchase of equipment or
materials that would help them reduce their use 
of cancer-causing chemicals. 

5. Enact “Sunshine” Laws and
Enforce Existing Environmental
Protection Laws

Federal and state governments should follow the
example of Massachusetts by passing a Toxics Use
Reduction Act, which requires corporations to dis-
close the names and quantities of chemicals they
use. Since passing the Toxics Use Reduction Act in
1990, the amount of toxic chemicals released into
the environment in Massachusetts has plummeted
by 73 percent, from 20.6 million pounds to 5.5
million pounds.374

Existing environmental protection laws need to be
enforced and, in some cases, toughened. Environ-
mental protection laws such as the Clean Air Act
and the Federal Insecticide, Fungicide and Roden-
ticide Act must be strengthened, not weakened.
Sufficient funding must be appropriated for
regulatory agencies and commissions, such as the
EPA and the Consumer Products Safety Com-
mission, to increase environmental surveillance
and enforcement of existing regulations.
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6. Practice “Healthy Purchasing”
Businesses, government, consumers and hospitals
should purchase products that are free from
chemicals linked to breast cancer, such as
chlorine-free paper or plastic products made 
without polyvinyl chloride. Such subtle changes in
purchasing practices would mean that fewer
cancer-causing chemicals would enter our homes,
be dumped in our landfills and pollute our air 
and water. Further, these actions will encourage
industry to provide non-hazardous products that
consumers want.

Local, state and federal governments should lead
the way by adopting environmentally-preferable
purchasing practices, thereby creating an example
for individuals, businesses and hospitals to follow.
Two San Francisco Bay Area municipalities are
leading the way. In August, 2003, San Francisco
adopted a precautionary principle ordinance as a
policy framework for decision-making. In October
2003, the city of Berkeley, Calif. adopted a precau-
tionary principle resolution. A “healthy purchas-
ing” ordinance is being readied for introduction in
San Francisco that would require the city to
choose the safest alternatives when purchasing city
vehicles, janitorial products and other commodi-
ties that make up the city’s $600 million in annual
purchasing power. In 2002, the Los Angeles
Unified School District, the second largest in the
United States, adopted an Integrated Pest Manage-
ment Policy based on the precautionary principle.
The California General Services Division of State
Architect (DSA) has launched a list of environ-
mentally-preferable building products to be used
in school construction. See www.eppbuilding
products.org for more information.

Local, state and international governments offer
many useful examples and models for policy
changes to protect public health. We ignore at our
peril evidence that chemicals are contributing to
the rising incidence of breast cancer. Stemming
that tide requires that we take action based on
existing evidence to protect the health of people
and the planet. Waiting for absolute proof only
means more needless loss of lives. It is in our
power to change the course we are on. Now is the
time to act on the evidence.
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• Acronycine

• Benzene

• 2,2-BIS(Bromomethyl)-1,3-
Propanediol

• 1,3-Butadiene

• 2-Chloroacetophenone (CN)

• Chloroprene

• C.I. Acid Red 114

• C.I. Basic Red 9
Monohydrochloride

• Clonitralid

• Cytembena

• 2,4-Diaminotoluene 
(2,4-Toluene Diamine)

• 1,2-Dibromo-3-
Chloropropane

• 1,2-Dibromomoethane

• 2,3-Dibromo-1-Propanol

• 1,1-Dichlorethane

• 1,2-Dichlorethane

• 1,2-Dichloropropane 
(Propylene Dichloride)

• Dichlorvos

• 3,3’-Dimethoxybenzidine
Dihydrochloride

• 3,3’-Dimethylbenzidine
Dihydrochloride 

• 2,4-Dinitrotoluene

• Ethylene Oxide

• Furosemide (Lasix)

• Glycidol

• Hydrazobenzene

• Indium Phosphide

• Isophosphamide

• Isoprene

• Methylene Chloride

• Methyleugenol

• Nithiazide

• 5-Nitroacenaphthene

• Nitrofurazone

• Nitromethane

• O-Nitrotoluene

• Ochratoxin A

• Phenesterin

• Procarbazine Hydrochloride

• Reserpine (Serpasil)

• Sulfallate

• 2,4- & 2,6-Toluene
Diisocyanate

• O-Toluidine Hydrochloride

• 1,2,3-Trichloropropane

• Urethane

• Urethane and Ethanol
Combination

Appendix
Chemicals Shown To Induce Mammary Tumors In Animals 

(National Toxicology Program, 2003) 
http://ntp-server.niehs.nih.gov/htdocs/Sites/MAMM.html
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Part A. Known to 
be a Human Carcinogen

Aflatoxins 

Alcoholic Beverage Consumption 

4-Aminobiphenyl

Analgesic Mixtures Containing
Phenacetin 

Arsenic Compounds, Inorganic 

Asbestos 

Azathioprine 

Benzene 

Benzidine 

Beryllium and Beryllium Compounds 

1,3-Butadiene 

1,4-Butanediol Dimethylsulfonate
(Myleran®) 

Cadmium and Cadmium Compounds 

Chlorambucil 

1-(2-Chloroethyl)-3-
(4-methylcyclohexyl)-1-nitrosourea
(MeCCNU) 

bis (Chloromethyl) Ether and
Technical-Grade Chloromethyl 
Methyl Ether 

Chromium Hexavalent Compounds 

Coal Tar Pitches 

Coal Tars 

Coke Oven Emissions 

Cyclophosphamide 

Cyclosporin A (Ciclosporin) 

Diethylstilbestrol 

Dyes Metabolized to Benzidine) 

Environmental Tobacco Smoke 

Erionite 

Estrogens, Steroidal

Ethylene Oxide 

Melphalan 

Methoxsalen with Ultraviolet A
Therapy (PUVA) 

Mineral Oils 
(Untreated and Mildly Treated) 

Mustard Gas 

2-Naphthylamine 

Nickel Compounds 

Radon 

Silica, Crystalline (Respirable Size) 

Smokeless Tobacco 

Solar Radiation 

Soots 

Strong Inorganic Acid Mists
Containing Sulfuric Acid 218

Sunlamps or Sunbeds, Exposure to 

Tamoxifen 

2,3,7,8-Tetrachlorodibenzo-p-dioxin
(TCDD); “Dioxin” 

Thiotepa 

Thorium Dioxide 

Tobacco Smoking 

Vinyl Chloride 

Ultraviolet Radiation, 
Broad Spectrum UV Radiation 

Wood Dust 

Part B. Reasonably Anticipated 
to be a Human Carcinogen.

Acetaldehyde 

2-Acetylaminofluorene 

Acrylamide 

Acrylonitrile 

Adriamycin® (Doxorubicin
Hydrochloride) 

2-Aminoanthraquinone 

o-Aminoazotoluene 

1-Amino-2-methylanthraquinone 

2-Amino-3-methylimidazo
[4,5-f]quinoline (IQ) 

Amitrole 

o-Anisidine Hydrochloride 

Azacitidine (5-Azacytidine®, 5-AzaC) 

Benz[a]anthracene 

Benzo[b]fluoranthene 

Benzo[j]fluoranthene 

Benzo[k]fluoranthene 

Benzo[a]pyrene 

Benzotrichloride 

Bromodichloromethane 

2,2-bis-(Bromoethyl)-1,3-propanediol
(Technical Grade) 

Butylated Hydroxyanisole (BHA) 

Carbon Tetrachloride 

Ceramic Fibers (Respirable Size) 

Chloramphenicol 

Chlorendic Acid 

Chlorinated Paraffins (C12, 60%
Chlorine) 

1-(2-Chloroethyl)-3-cyclohexyl-
1-nitrosourea 

bis(Chloroethyl) nitrosourea 

Chloroform 

3-Chloro-2-methylpropene 

4-Chloro-o-phenylenediamine 

Chloroprene 

p-Chloro-o-toluidine and 
p-Chloro-o-toluidine Hydrochloride

Chlorozotocin 

C.I. Basic Red 9 Monohydrochloride 

Cisplatin 

p-Cresidine 

Cupferron 

Dacarbazine 

Danthron 
(1,8-Dihydroxyanthraquinone) 

2,4-Diaminoanisole Sulfate 

2,4-Diaminotoluene 

Dibenz[a,h]acridine 

Dibenz[a,j]acridine 

Dibenz[a,h]anthracene 

7H-Dibenzo[c,g]carbazole 

Dibenzo[a,e]pyrene 

Dibenzo[a,h]pyrene 

Dibenzo[a,i]pyrene 

Dibenzo[a,l]pyrene 

1,2-Dibromo-3-chloropropane 

1,2-Dibromoethane 
(Ethylene Dibromide) 

2,3-Dibromo-1-propanol 

tris(2,3-Dibromopropyl) Phosphate 

1,4-Dichlorobenzene 

3,3’-Dichlorobenzidine and 3,3’-
Dichlorobenzidine Dihydrochloride 

Dichlorodiphenyltrichloroethane
(DDT) 

Substances listed in the U.S. National Toxicology Program’s 
10th Report on Carcinogens
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1,2-Dichloroethane 
(Ethylene Dichloride) 

Dichloromethane 
(Methylene Chloride) 

1,3-Dichloropropene 
(Technical Grade) 

Diepoxybutane 

Diesel Exhaust Particulates 

Diethyl Sulfate 

Diglycidyl Resorcinol Ether 

3,3’-Dimethoxybenzidine 

4-Dimethylaminoazobenzene 

3,3’-Dimethylbenzidine 

Dimethylcarbamoyl Chloride 

1,1-Dimethylhydrazine 

Dimethyl Sulfate 

Dimethylvinyl Chloride 

1,6-Dinitropyrene 

1,8-Dinitropyrene 

1,4-Dioxane 

Disperse Blue 1 

Dyes Metabolized to 3,3’-
Dimethoxybenzidine

Dyes Metabolized to 3,3’-
Dimethylbenzidine 

Epichlorohydrin 

Ethylene Thiourea 

di(2-Ethylhexyl) Phthalate 

Ethyl Methanesulfonate 

Formaldehyde (Gas) 

Furan 

Glasswool (Respirable Size) 

Glycidol 

Hexachlorobenzene 

Hexachlorocyclohexane Isomoers 

Hexachloroethane 

Hexamethylphosphoramide 

Hydrazine and Hydrazine Sulfate 

Hydrazobenzene 

Indeno[1,2,3-cd]pyrene 

Iron Dextran Complex 

Isoprene 

Kepone® (Chlordecone) 

Lead Acetate 

Lead Phosphate 

Lindane and Other
Hexachlorocyclohexane Isomers 

2-Methylaziridine (Propylenimine) 

5-Methylchrysene 

4,4’-Methylenebis(2-chloroaniline) 

4-4’-Methylenebis(N,N-dimethyl)
benzenamine 

4,4’-Methylenedianiline and 4,4’-
Methylenedianiline Dihydrochloride 

Methyleugenol 

Methyl Methanesulfonate 

N-Methyl-N’-nitro-N-
nitrosoguanidine 

Metronidazole 

Michler’s Ketone 
[4,4’-(Dimethylamino)benzophenone] 

Mirex 

Nickel (Metallic)

Nitrilotriacetic Acid 

o-Nitroanisole 

6-Nitrochrysene

Nitrofen (2,4-Dichlorophenyl-p-
nitrophenyl ether) 

Nitrogen Mustard Hydrochloride 

2-Nitropropane 

1-Nitropyrene

4-Nitropyrene

N-Nitrosodi-n-butylamine 

N-Nitrosodiethanolamine 

N-Nitrosodiethylamine 

N-Nitrosodimethylamine 

N-Nitrosodi-n-propylamine 

N-Nitroso-N-ethylurea 

4-(N-Nitrosomethylamino)-1-
(3-pyridyl)-1-butanone 

N-Nitroso-N-methylurea 

N-Nitrosomethylvinylamine 

N-Nitrosomorpholine 

N-Nitrosonornicotine 

N-Nitrosopiperidine 

N-Nitrosopyrrolidine 

N-Nitrososarcosine 

Norethisterone 

Ochratoxin A 

4,4’-Oxydianiline 

Oxymetholone 

Phenacetin 

Phenazopyridine Hydrochloride 

Phenolphthalein 

Phenoxybenzamine Hydrochloride 

Phenytoin 

Polybrominated Biphenyls (PBBs) 

Polychlorinated Biphenyls (PCBs) 

Polycyclic Aromatic Hydrocarbons
(PAHs) 

Procarbazine Hydrochloride 

Progesterone 

1,3-Propane Sultone 

_-Propiolactone 

Propylene Oxide 

Propylthiouracil 

Reserpine 

Safrole 

Selenium Sulfide 

Streptozotocin 

Styrene-7,8-oxide 

Sulfallate 

Tetrachloroethylene
(Perchloroethylene) 

Tetrafluoroethylene 

Tetranitromethane 

Thioacetamide 

Thiourea 

Toluene Diisocyanate 

o-Toluidine and o-Toluidine
Hydrochloride 

Toxaphene 

Trichloroethylene 

2,4,6-Trichlorophenol 

1,2,3-Trichloropropane 

Ultraviolet A Radiation

Ultraviolet B Radiation

Ultraviolet C Radiation

Urethane 

Vinyl Bromide 

4-Vinyl-1-cyclohexene Diepoxide 

Vinyl Fluoride

Bold entries indicate new or changed
listing in The Report on Carcinogens,
Tenth Edition

 



AROMATIC AMINE—A pollutant from the
chemical and plastics industries, and a by-
product of high temperature cooking of meat
and fish. Many aromatic amines are known to
cause mammary tumors in animals. 

CARCINOGEN—Any substance or process
known to cause cancer.

DIOXIN—The name given to a group of highly
toxic chemicals created by industrial processes
that use chlorine, such as the manufacture of
paper or the incineration of polyvinyl chloride
plastics. Dioxin is an endocrine (hormone)
disrupting chemical linked to several types of
cancer, birth defects, learning disabilities,
infertility, endometriosis and suppression of the
immune system. Dioxin persists in the environ-
ment and accumulates in the food chain. It is
found everywhere: in Arctic snow, in the blood-
stream of newborn babies, in breast milk and in
the body fat of every human being. 

ENDOCRINE DISRUPTING CHEMICALS
(EDCs)—Chemicals such as dioxin that disturb
the body’s finely tuned hormonal (endocrine)
balance. Any disruption in hormonal activity
can interfere with an organism’s ability to grow,
develop and function normally. Some EDCs act
like the hormone estrogen and may be referred
to as xenoestrogens. Prenatal exposure to these
chemicals may interfere with development of
the breast, predisposing it to cancer in adult life.
These chemicals also may be linked to 
increased rates of testicular cancer in young
men and birth defects such as cryptorchidism
(undescended testicles) and hypospadias
(misplaced urinary opening on the penis). 
The incidence of hypospadias doubled between
1970 and 1993. 

ELECTROMAGNETIC FIELDS (EMFs)—Non-
ionizing radiation that includes electrical fields,
magnetic fields, radio frequency transmissions
and microwaves. A growing body of research
evidence suggests an association between EMF
exposure and many cancers, including breast
cancer and childhood leukemia. 

IN VITRO—Derived from the Latin for “in glass,”
in vitro studies are those conducted in an arti-
ficial environment, on cells in a laboratory dish,
for example, rather than in a living organism.

IN VIVO—Studies conducted in a living organism
such as humans or other animals.

ORGANOCHLORINES—Any chemical
composed of carbon, hydrogen atoms and 
chlorine. Many pesticides such as DDT and
chlordane are organochlorines. Organochlor-
ines persist in body fat for years. They may also
be endocrine disruptors and xenoestrogens and,
just as with naturally occurring estrogens, are
believed to promote growth of cancer cells. 

METABOLITE—A chemical that has been
converted from its original form by the body’s
own chemical processes. For example, the
pesticide DDT is converted to DDE in the body.

PARABENS—Endocrine-disrupting compounds
used as preservatives in thousands of cosmetic,
food and pharmaceutical products. They are
absorbed from the gastrointestinal tract, from
blood and through (intact) skin. Parabens have
been shown to have estrogenic activity and have
been found in breast tumors.

PERSISTENT ORGANIC POLLUTANTS
(POPs)—Organic chemicals that are persistent
in the environment and in our bodies, usually
in fatty tissues. These include polychlorinated
biphenyls (PCBs) and organochlorines. 

PHTHALATES—A group of chemicals used to
render plastics soft and flexible and found in
many household products. Phthalates have
been found in women’s bodies at high levels.

PHYTOESTROGENS—Plant estrogens that
mimic the estrogen hormones and are com-
monly found in whole grains, dried beans, peas,
fruits, broccoli, cauliflower and soy products.
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POLYBROMINATED DIPHENYL ETHERS
(PBDEs)—Flame retardants used in hundreds
of consumer products including furniture,
computers, televisions and automobiles. PBDE
levels are accumulating in people’s bodies
worldwide and have been found in breast milk
and in breast tumors. Some flame retardants
are banned in California and in the European
Union.

POLYCHLORINATED BIPHENYLS (PCBs)—
A group of highly toxic, synthetic chemical
compounds once used as insulation fluid in
electrical transformers, lubricating oil in
pipelines, as components of plastics and mixed
with adhesives, paper, inks, paints and dyes.
When PCBs are burned, as in transformer
explosions and fires, dioxin is released. Sale of
PCBs was banned in the United States in 1976.
However, as many as two-thirds of all PCBs 
ever produced are still in use. The remaining
one-third persists in the environment; all living
animals, including humans, contain PCBs in
their fat. PCBs are implicated in breast cancer,
brain cancer, melanoma, lymphoma and soft
tissue sarcomas. 

POLYCYCLIC AROMATIC HYDROCARBONS
(PAHs)—Byproducts of combustion, including
high-temperature cooking of meats and fish,
the combustion of fuels such as diesel, gasoline
and heating oil, and the burning of cigarettes
and other tobacco products. 

POLYVINYL CHLORIDE (PVC)—A type of plastic
also referred to as vinyl, used in construction,
packaging, medical products, appliances, cars,
toys, credit cards and rainwear. The life cycle of
PVC is toxic from beginning to end. PVC is
linked to liver and breast cancer among workers
who manufacture it. It contains heavy metals
such as lead and cadmium as well as phthalates,
all of which can be ingested by children when
vinyl toys are sucked or chewed. When PVC is
incinerated in medical waste, for example, it
releases dioxin as well as heavy metals into the
environment. 

RADIATION—Energy transmitted in the form of
rays, waves or particles. There are two types of
radiation: ionizing and non-ionizing. Ionizing
radiation can strike our genetic material and
break off electrons, thereby changing the way
new cells are formed. Exposure to ionizing radi-
ation occurs during medical procedures such as
X-rays and other radiological diagnostic tests,
during mining and processing of uranium or
other radioactive ores, from nuclear weapons
manufacture and testing, from nuclear
accidents such as those at Chernobyl and 
Three Mile Island, and from hazardous waste
produced by nuclear power plants. Non-
ionizing radiation includes electromagnetic
fields (EMF) and radio frequency (RF) trans-
mission (explained earlier). How non-ionizing
radiation affects our health is not clearly under-
stood but is thought to affect hormone function.

SYNERGY—The interaction of two or more
elements or forces that creates an effect greater
than the sum of the individual effects. This is a
key concept in understanding why current
regulation of hazardous chemicals does not take
account of real world exposures. Chemicals are
often regulated as if people were exposed to
them one at a time when, in fact, we have
multiple chemical exposures every day in air,
water, food, at home and in the workplace.
Research has shown that chemicals can act in
synergy with with each other as well as with
radiation, either ionizing or non-ionizing. 

XENOESTROGENS—Chemicals that mimic the
action of the hormone estrogen but come from
outside the body (xeno means foreign), such as
organochlorine pesticides. 

60 | BREAST CANCER FUND AND BREAST CANCER ACTION

 



1 National Toxicology Program (2002). Tenth Report 
on Carcinogens. National Institute of Environmental
Health Sciences. National Institutes of Health. 
http://ntp-server.niehs.nih.gov.

2 CDC (2003) Second National Report on Human
Exposure to Environmental Chemicals. Atlanta: Centers
for Disease Control and Prevention. 

3 National Center for Health Statistics (2002). National
Vital Statistics Reports 50(15):32

4 Landis SH, Murray T, Bolden S, Wingo PA (1999). 
Cancer statistics, 1999. CA Cancer Journal for Clinicians
49(1):8-31

5 Giordano SH, Cohen DS, Buzdar AU, Perkins G,
Hortobagyi GN (2004). Breast carcinoma in men: 
A population-based study. Cancer onlinei May 24 DOI
10.1002/cncr.20312 Accessed 6/4/04

6 American Cancer Society (2003). Cancer Facts and
Figures 2004

7 American Cancer Society (2003). Cancer Facts and
Figures 2003

8 Singletary KW, Gapstur SM (2001 ). Alcohol and 
breast cancer: review of epidemiologic and experimental
evidence and potential mechanisms. Journal of the
American Medical Association 286(17):2143-2151.

9 Chen WY, Colditz GA, Rosner B, Hankinson SE, Hunter
DJ, Manson JE, Stampfer MJ, Willett WC, Speizer FE.
(2002). Use of postmenopausal hormones, alcohol, and
risk for invasive breast cancer. Annals of Internal
Medicine 137:798-804.

10 Madigan MP, Ziegler RG, Benichou J, Byrne C, Hoover
RN (1995). Proportion of breast cancer cases in the
United States explained by well-established risk factors.
Journal of the National Cancer Institute 87(22):1681-1685.

11 Seidman H, Stellman SD, Mushinski M (1982). A
different perspective on breast cancer risk factors: Some
implications of the non-attributable risk. CA Cancer
Journal for Clinicians 32:301-313

12 Horton R (1998). The new new public health of risk and
radical engagement. Lancet 352:251-252.

13 University of California. 2003. Report on the Interna-
tional Summit on Breast Cancer and the Environment:
Research Needs. University of California at Berkeley
Environmental Health Sciences Center.
http://socrates.berkeley.edu/mutagen

14 Smith RA, Saslow D, Sawyer KA, Burke W, Costanza ME,
Evans WP III, Foster RS, Hendrick E, Eyere HJ, Sener S
(2003). American Cancer Society Guidelines for Breast
Cancer Screening: Update 2003. CA Cancer a Journal for
Clinicians 53:141-169.

15 Land CE (1998). Epidemiology of radiation-related breast
cancer. Workshop Summary: National Action Plan on
Breast Cancer, Breast Cancer Etiology Working Group,
Workshop on Medical Ionizing Radiation and Human
Breast Cancer. November 17-18, 1997.

16 Boice JD (2001). Radiation and breast carcinogenesis.
Medical and Pediatric Oncology 36:508-513.

17 Montague P (1995). Radiation causes breast cancer.
Rachel’s Environment & Health Weekly 443. May 25.

18 Million Women Study Collaborators (2003). Breast
cancer and hormone-replacement therapy in the Million
Women Study. The Lancet 362:419-427.

19 Holmberg L, Anderson H (2004). HABITS (hormonal
replacement therapy after breast cancer-is it safe?), a
randomized comparison: trial stopped. Lancet 363:453.

20 Chang YM, Tai CF, Lin RS, Yang SC, Chen CJ, Shih TS,
Liou SH (2003). A proportionate cancer morbidity ratio
study of workers exposed to chlorinatedi organic solvents
in Taiwan. Industrial Health 41:77-87.

21 Aschengrau A, Rogers S, Ozonoff D (2003). Perchlor-
ethylene-conotaminated drinking water and the risk of
breast cancer: Additional results from Cape Cod,
Massachusetts, USA. Environmental Health Perspectives
111:167-173.

22 Charlier C, Albert A, Herman P, Hamoiri E, Gaspard U,
Meurisse M, Plomteus G (2003). Breast cancer and serum
organochlorine residues. Occupational and Environ-
mental Medicine 60:348-351.

23 Jansen MS, Nagel SC, Miranda PJ, Lobenhofer EK,
Afshari CA, McDonnell DP (2004). Short-chain fatty
acids enhance nuclear receptor activity through mitogen-
activated protein kinase activation and histone deacetylase
inhibition. Proceedings of the National Academy of
Sciences 101:7199-7204.

24 Almekinder JL, Lennard DE, Walmer D, Davis BJ (1997).
Toxicity of methoxyacetic acid in cultured human luteal
cells. Fundamental and Applied Toxicology 38:191-194.

25 Muscat JE, Britton JA, Djordjevic MV, Citron ML,
Kemeny M, Busch-Devereaus E, Pittman B, Stellman SD
(2003). Adipose concentrations of organochlorine
compounds and breast cancer recurrence in Long Island,
New York. Cancer Epidemiology, Biomarkers and
Prevention 12:1474-1478.

State of the Evidence: What Is the Connection Between the Environment and Breast Cancer? | 61

Endnotes



62 | BREAST CANCER FUND AND BREAST CANCER ACTION

26 Martin MG, Reiter R, Pham T, Avellanet YR, Camara J,
Lahm M, Pentecost E, Pratap K, Gilmore BA, Divekar S,
Dagata RS, Bull JL, Stoica A (2003). Estrogen-like activity
of metals in MCF-7 breast cancer cells. Endocrinology
144:24225-2436.

27 Johnson MD, Kenney N, Stoica A, Hilakivi-Clarke L,
Singh B, Chepko G, Clarke R, Sholler PF, Lirio AA, Foss C,
Reiter R, Trock B, Paik S, Martin MB (2003). Cadmium
mimics the in vivo effects of estrogen in the uterus and
mammary gland. Nature Medicine 9:1081-1084.

28 Radisch B, Luck W, Nau H (1987). Cadmium concentra-
tions in milk and blood of smoking mothers. Toxicology
Letters 36:147-153.

29 Oskarsson A, Palminger HI, Sundberg J, Petersson GK
(1998). Risk assessment in relation to neonatal metal
exposure. Analyst 123: 19-23.

30 Grandjean P, Josgensen PJ, Weihe P (1994). Human 
milk as a source of methylmercury exposure to infants.
Environmental Health Perspectives 102:74-77.

31 Oskarsson A, Ohlin I, Schutz A, Lagerkvist B, Skerfving S
(1996). Total and inorganic mercury in breast milk and
blood in relationto fish consumption and amalgam
fillings in lactating women. Archives of Enviironmental
Health 51:234-241

32 Liu S, Kulp SK, Sugimoto Y, Jiang J, Chang HL and Lin
YC (2002). Involvement of breast epithelial-stromal inter-
actions in the regulation of protein tyrosine phosphatase-
gamma (PTPgamma) mRNA expression by estrogenically
active agents. Breast Cancer Research and Treatment
71:21-35.

33 Rafnsson V, Sulem P, Tulinius H, Hrafnkelsson J (2003).
Breast cancer risk in airline cabin attendants: A nested
case-control study in Iceland. Occupational and
environmental medicine 60:807-9.

34 Linnersjso A, Hammar N, Dammstrom BG, Johansson
M, Eliasch H (2003). Cancer incidence in airline cabin
crew: Experience from Sweden. Occupational and
environmental medicine 60:810-14.

35 Reynolds P, Cone J, Layefsky M, Goldberg DE, Hurley S
(2002). Cancer incidence in California flight attendants.
Cancer Causes and Control 13:317-324.

36 Teitelbaum SL, Britton JA, Gammon MD, Schoenberg JB,
Brogan DJ, Coates RJ, Caling JR, Malone KE, Swanson
CA, Brinton LA (2003). Occupation and breast cancer in
women 20-44 years of age. Cancer Causes and Control
14:627-637. 

37 Zheng T, Holford TR, Taylor Mayne S, Luo J, Hansen
Owens P, Hoar Zahm S, Zhang B, Zhang Y, Zhang W,
Jiang Y, Boyle P (2002). A case-control study of occu-
pation and breast-cancer risk in Connecticut. Journal of
Cancer Epidemiology and Prevention 7:3-11.

38 Steenland K, Whelan E, Deddens J, Stayner L, Ward E
(2003). Ethylene oxide and breast cancer incidence in a
cohort study of 7576 women. Cancer Causes and Control
14:531-539.

39 Travis LB, Hill DA, Dores GM, Gospodarowicz M, van
Leeuwen FE, Holowaty E, Glimelius B, Andersson M,
Wiklund T, Lynch CF, Van’t Veer MB, Glimelius I, Storm
H, Pukkala E, Stovall M, Curtis R, Boice JD Jr, Gilbert E
(2003). Breast cancer following radiotherapy and
chemotherapy among young women with Hodgkin
disease. Journal of the American Medical Association
290:465-475.

40 Bhatia S, Yasui Y, Robison LL, Birth JM, Bogue MK, 
Diller L., DeLaat C, Fossati-Bellani F, Morgan E, Oberlin O,
Reaman , Ruymann FB, Tersak J, Meadows AT, Late
Effects Study Group (2003). High risk of subsequent neo-
plasms continues with extended follow-up of childhood
Hodgkin’s disease: report from the Late Effects Study
Group. Journal of Clinical Oncology 21:4386-94.

41 Wahner-Roedler DL, Nelson DF, Croghan IT, Achenbach
SJ, Crowson CS, Hartmann LC, O’Fallon WM (2003).
Risk of breast cancer and breast cancer characteristics in
women treated with supradiaphragmatic radiation for
Hodgkin lymphoma: Mayo Clinic experience. Mayo
Clinical Proceedings 87:708-715.

42 van Leeuwenw FE, Klokman WJ, Stovall M, Dahler EC,
van’t Veer MB, Noordijk EM, Crommelin MA, Aleman
BM, Broeks A, Gospodarowicz M, Travis LB, Russell 
NS (2003). Roles of radiation dose, chemotherapy, 
and hormonal factors in breast cancer following
Hodgkin’s disease. Journal of the National Cancer
Institute 95:971-980.

43 Sigurdson AJ, Doody MM, Rao RS, Freedman DM,
Alexander BH, Hauptmann M, Mohan AK, Yoshinaga S,
Hill DA, Tarone R, Mabuchi K, Ron E, Linet MS (2003).
Cancer incidence in the US radiologic technologists
health study, 1983-1998. Cancer 97:3080-3089.

44 Kliukiene J, Tynes T, Andersen A (2004). Residential 
and Occupational Exposures to 50-Hz magnetic fields
and beast cancer in women: A population-based study.
American Journal of Epidemiology 159:852-861.

45 Zhu K, Hunter S, Payne-Wilks K, Roland CL, Forbes DS
(2003). Use of electric bedding devices and risk of breast
cancer in African-American women. American Journal of
Epidemiology 158:798-806. 

 



46 Kliukiene J, Tynes T, Anderson A (2003). Follow-up of
radio and telegraph operators with exposure to electro-
magnetic fields and risk of breast cancer. European
Journal of Cancer Prevention 12:301-307.

47 National Breast Cancer Coalition (2004).
http://www.natlbcc.org/

48 Based on an analysis of the National Cancer Institute
Environmental Breast Cancer Funding for Fiscal Years
2002 and 2003, data base provided to The Breast Cancer
Fund by Weston R. Ricks, Financial Management Branch
of NCI. Analysis by Joan Reinhardt Reiss, M.S., Public
Policy Advocate for The Breast Cancer Fund, in
accordance with the State of the Evidence definition of
“environmental factors”.

49 International Agency for Research on Cancer (1998).
Preamble, In IARC Monographs on the evaluation of 
carcinogenic risk to humans. Supplement 7. Overall
evaluations of carcinogenicity: An updating of IARC
Monographs Volumes 1 to 42. IARC, Lyon, 17-36.

50 National Toxicology Program (2002). Tenth Report on
Carcinogens. National Institute of Environmental 
Health Sciences. National Institutes of Health. 
http://ntp-server.niehs.nih.gov.

51 Carpenter DO, Arcaro K, Spink DC. (2002). Under-
standing the human health effects of chemical mixtures.
Environmental Health Perspectives 110 (supp-6):25-42.

52 Folkman J, Hahnfeldt P, Hlatky L (2000). Cancer:
Looking outside the genome. National Review of
Molecular and Cellular Biology 1:76-79.

53 Sonnenschein C, Soto A (1999). The Society of Cells:
Cancer and Control of Cell Proliferation. New York:
Springer Verlag.

54 Sonnenschein C, Soto A (2000). The somatic mutation
theory of carcinogenesis: Why it should be dropped and
replaced. Molecular Carcinogenesis 29:1-7.

55 Bissell MJ, Radisky D (2001). Putting tumours in context.
National Review of Cancer 1:46-54.

56 Moss L (2003) What genes can’t do. Cambridge MA: 
MIT Press.

57 Axelrod D, Jones L, and Davis D (2001). It’s time to
rethink dose: The case for combining cancer and birth
and developmental defects. Environmental Health
Perspectives 109(6):A246-A249.

58 Davis DL, Axelrod D, Bailey L, Gaynor M, Sasco A (1998).
Rethinking breast cancer risk and the environment: 
The case for the precautionary principle. Environmental
Health Perspectives 106(9):523-529.

59 Andersen HR, Andersson AM, Arnold SF, Autrup H,
Barfoed M, Beresford NA, Bjerregaard P, Christiansen LB,
Gissel B, Hummel R, Jørgensen EB, Korsgaard B, Le
Guevel R, Leffers H, McLachlan J, Møller A, Nielsen JB,
Olea N, Oles-Karasko A, Pakdel F, Pederson KL, Perez P,
Skakkeboek NE, Sonnenschein C, Soto AM, Sumpter JP,
Thorpe SM, and Grandjean P (1999). Comparison of
short-term estrogenicity for identification of hormone-
disrupting chemicals. Environmental Health Perspectives
107:89-115.

60 CDC (2003) Second National Report on Human
Exposure to Environmental Chemicals. Atlanta: Centers
for Disease Control and Prevention. 

61 McKelvey W, Brody JG, Aschengrau A, Swartz CH (2003).
Association between residence on Cape Cod, Massachu-
setts, and breast cancer. Annals of Epidemiology14:89-94.

62 Calabrese EJ, Baldwin LA (2003). Toxicology rethinks its
central belief: Hormesis demands a reappraisal of the way
risks are assessed. Nature 421:691-692.

63 Markey CM, Luque EH, Munoz de Toro MM,
Sonnenschein C, Soto AM. (2001). In utero exposure to
bisphenol A alters the development and tissue organiza-
tion of the mouse mammary gland. Biology of Repro-
duction 65:1215-1223.

64 Howdeshell KL, Hotchkiss AK, Thayer KA, Vandenbergh
JG, vom Saal FS (1999). Exposure to bisphenol A
advances puberty. Nature 401:763-764.

65 Brown NM, Manzolillo PA, Zhang JX, Wang J,
Lamartiniere CA (1998). Prenatal TCDD and
predisposition to mammary cancer in rats. 
Carcinogenesis 19(9):1623-1629.

66 Fenton SE, Hamm JT, Birnbaum LS, Youngblood GL
(2002). Persistent abnormalities in the rat mammary
gland following gestational and lactational exposure to
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD).
Toxicological Science 67:63-74.

67 Johnson MD, Kenney N, Stoica A, Hilakivi-Clarke L,
Singh B, Chepko G, Clarke R, Sholler PF, Lirio AA, 
Foss C, Reiter R, Trock B, Paik S, Martin MB (2003).
Cadmium mimics the in vivo effects of estrogen 
in the uterus and mammary gland. Nature Medicine
9:1081-1084.

68 Land CE (1998). Epidemiology of radiation-related breast
cancer. Workshop Summary: National Action Plan on
Breast Cancer, Breast Cancer Etiology Working Group,
Workshop on Medical Ionizing Radiation and Human
Breast Cancer. November 17-18, 1997.

State of the Evidence: What Is the Connection Between the Environment and Breast Cancer? | 63



69 Boice JD (2001). Radiation and breast carcinogenesis.
Medical and Pediatric Oncology 36:508-513.

70 Gofman JW, O’Connor E (1985). X-rays: Health Effects 
of Common Exams. Sierra Club Books, p. 375

71 Nuclear Test ‘Hot Spots’ probably all over country: Radia-
tion hit hard from Nevada. Associated Press, July 26, 1997.

72 Kevles BH (1997). Naked to the bone: Medical imaging in
the twentieth century. Rutgers University Press, p. 160.

73 National Cancer Institute (2002). Radiation risks and
pediatric computed tomography (CT): A guide for
healthcare providers. www.cancer.gov

74 SEER Cancer Statistics Review 1975-2001. National
Cancer Institute. http://seer.cancer.gov/csr/1975_2001/
results_merged/topic_inc_mor_trends.pdf

75 U.S. Environmental Protection Agency: Federal radiation
protection guidance for exposure of the general public
(1994). . Notice, Federal Register December 23, 1994.

76 Brenner DJ, Doll R, Goodhead DT, Hall EJ, Land CE,
Little JB, Lubin JH, Preston DL, Preston RJ, Puskin JS,
Ron E, Sachs RK, Samet JM, Setlow RB, Zaider M (2003).
Cancer risks attributable to low doses of ionizing
radiation. Proceedings of the National Academy of
Sciences 100 (24):13761-13766.

77 United Nations Scientific Committee on the Effects of
Atomic Radiation (UNSCEAR) (1993). Sources and
Effects of Ionizing Radiation: UNSCEAR 1993 Report to
the General Assembly, with Scientific Annexes, p. 636.

78 National Radiological Protection Board (Britain) (1995).
Risk of radiation-induced cancer at low doses and low
dose rates for radiation protection purposes. Documents
of the NRPB 6(1):25.

79 Gofman JW (2001). Medical X-rays as an environmental
toxin: Proposal for professional action. San Francisco
Medicine 74 (3):24-29

80 Gofman J W (1996). Preventing breast cancer: The story
of a major, proven, preventable cause of this disease, 2nd
edition. CNR Book Division, Committee for Nuclear
Responsibility. San Francisco.

81 Gofman JW (1999). Radiation from medical procedures
in the pathogenesis of cancer and ischemic heart disease:
Dose-response studies with physicians per 100,000
population. CNR Book Division, Committee for Nuclear
Responsibility. San Francisco.

82 Bailar JC III (1976). Mammography: A contrary view.
Annals of Internal Medicine 84:77-84. 

83 MacKenzie I (1965). Breast cancer following multiple
fluoroscopies. British Journal of Cancer 19:1-8. 

84 Mattsson A, Ruden BI, Palmgren J, Rutqvist LE.(1995).
Dose-and time-response for breast cancer risk after radia-
tion therapy for benign breast disease. British Journal of
Cancer 72:1054-1061.

85 Shore RE, Hildreth N, Woodard E, Dvoretsky P,
Hempelmann L, Pasternack B (1986). Breast neoplasms in
women treated with X-rays for acute postpartum mastitis.
Journal of the National Cancer Institute 77:689-696.

86 Hildreth NG, Shore RE, Dvoretsky PM (1989). The risk 
of breast cancer after irradiaton of the thymus in infancy.
New England Journal of Medicine 1989: 1281-12-84.

87 Lundell M, Mattsson A, Karlsson P, Holmberg E,
Gustafsson A, Holm LE (1999). Breast cancer risk after
radiotherapy in infancy: A pooled analysis of two 
Swedish cohorts of 17,202 infants. Radiation Research 
151: 626-632.

88 Bhatia S, Robison LI, Oberlin O, et al (1996). Breast
cancer and other second neoplasms after childhood
Hodgkin’s disease. New England Journal of Medicine
334:745-751.

89 Travis LB, Hill DA, Dores GM, Gospodarowicz M, 
van Leeuwen FE, Holowaty E, Glimelius B, Andersson M,
Wiklund T, Lynch CF, Van’t Veer MB, Glimelius I, Storm
H, Pukkala E, Stovall M, Curtis R, Boice JD Jr, Gilbert E
(2003). Breast cancer following radiotherapy and
chemotherapy among young women with Hodgkin’s
disease. Journal of the American Medical Association
290:465-75.

90 Bhatia S, Yasui Y, Robison LL, Birth JM, Bogue MK, 
Diller L., DeLaat C, Fossati-Bellani F, Morgan E, 
Oberlin O, Reaman , Ruymann FB, Tersak J, Meadows
AT, Late Effects Study Group (2003). High risk of
subsequent neoplasms continues with extended follow-up
of childhood Hodgkin’s disease: report from the Late
Effects Study Group. Journal of Clinical Oncology
21:4386-94.

91 Wahner-Roedler DL, Nelson DF, Croghan IT, Achenbach
SJ, Crowson CS, Hartmann LC, O’Fallon WM (2003).
Risk of breast cancer and breast cancer characteristics in
women treated with supradiaphragmatic radiation for
Hodgkin lymphoma: Mayo Clinic experience. Mayo
Clinical Proceedings 87:708-15.

92 van Leeuwenw FE, Klokman WJ, Stovall M, Dahler EC,
van’t Veer MB, Noordijk EM, Crommelin MA, 
Aleman BM, Broeks A, Gospodarowicz M, Travis LB,
Russell NS (2003). Roles of radiation dose, chemotherapy,
and hormonal factors in breast cancer following
Hodgkin’s disease. Journal of the National Cancer
Institute 95:971-80.

64 | BREAST CANCER FUND AND BREAST CANCER ACTION

 



93 National Cancer Institute (2002). Radiation risks and
pediatric computed tomography (CT): A guide for
healthcare providers. www.cancer.gov

94 Morin Doody M, Lonstein JE, Stovall M, Hacker DG,
Luckyanov N, Land CE, for the U.S. Scoliosis Cohort
Study Collaborators (2000). Breast cancer mortality after
diagnostic radiography: Findings from the U.S. Scoliosis
Cohort Study. Spine 25:2052-2063. 

95 Tokunaga M, Land CE, Tokuoka S, Nishimori I, Soda M,
Akiba S (1994). Incidence of female breast cancer among
atomic bomb survivors, 1950-1985. Radiation Research
138:209-223.

96 Pierce DA, Shimizu Y, Preston DL, Vaeth M, Mabuchi K
(1996). Studies of the mortality of atomic bomb
survivors. Report 12, Part I. Cancer: 1950-1990. Radiation
Research 146:1-27.

97 Land CE (1995). Studies of cancer and radiation dose
among A-bomb survivors: The example of breast cancer.
Journal of the American Medical Association 274:402-407.

98 Land CD (1997). Radiation and breast cancer risk.
Progress in Clinical Biological Research 396:115-124.

99 National Cancer Institute (2002). Radiation risks and
pediatric computed tomography (CT): A guide for
healthcare providers. www.cancer.gov

100 Brenner DJ, Elliston CD, Hall EJ, Berdon WE (2001).
Estimated risks of radiation-induced fatal cancer from
pediatric CT. American Journal of Roentgenology
176:289-295.

101 Paterson A, Frush DP, Donnelly LF (2001. Helical CT 
of the body: Are settings adjusted for pediatric patients?
American Journal of Roentgenology 176:297-301.

102 Donnelly LF, Emery KH, Brody AS, Laor T, Gylys-
Morin VN, Anton CG, Thomas SR, Frush DP (2001)
Minimizing radiation dose for pediatric body appli-
cations of single-detector helical CT: Strategies at a large
children’s hospital. American Journal of Roentgenology
176:303-306.

103 Rogers LF (2001). Taking care of children: Check out 
the parameters used for helical CT. American Journal of
Roentgenology 176: 287.

104 Gofman J (1996). Preventing Breast Cancer: The story 
of a major, proven, preventable cause of this disease.
Committee for Nuclear Responsibility, Inc. 

105 Rogers LF (2001). Taking care of children: Check out the
parameters used for helical CT. American Journal of
Roentgenology 176: 287.

106 Shiralkar S, Rennie A, Snow M, Galland RB, Galland,
Lewis MH, Gower-Thomas K. Doctors’ knowledge of
radiation exposure: questionnaire study. British Medical
Journal 327:371-372.

107 Gofman JW (2000). Are X-ray procedures equivalent, 
in extra radiation dose, to taking an airplane trip? 
www.ratical.org/radiation/CNR/RMP/planes+xrays.html

108 Calaf GM, Hei TK (2000). Establishment of a radiation-
and estrogen-induced breast cancer model.
Carcinogenesis 21:769-776.

109 Segaloff A, Maxfield WS (1971). The synergism between
radiation and estrogen in the production of mammary
cancer in rat. Cancer Research 31:166-168.

110 Soto AM , Chung KL, Sonnenschein C (1994). The pesti-
cides endosulfan, toxaphene, and dieldrin have estrogenic
effects on human estrogen-sensitive cells. Environmental
Health Perspectives 102(1994):380-383.

111 Rajapakse N, Silva E, Kortenkamp A (2002). Combining
xenoestrogens at levels below individual no-observed-
effect concentrations dramatically enhances steroid
hormone action. Environmental Health Perspectives
110(9):917-921.

112 World Health Organization (1998). Cancer. In: The
World Health Report. Life in the 21st century. A vision
for all, pp. 98-99. Geneva: World Health Organization.

113 Parkin DM (2001). Global cancer statistics in the year
2000. Lancet Oncology 2(9):533-543.

114 Parkin DM, Laara E, Muir CS (1988). Estimates of the
worldwide frequency of sixteen major cancers in 1980.
International Journal of Cancer 41(2):184-197.

115 Parkin DM, Pisani P, Ferlay J (1993). E stimates of the
worldwide incidence of eighteen major cancers in 1985.
International Journal of Cancer 54(4):594-606.

116 Parkin DM, Pisani P, Ferlay J (1999). Estimates of the
worldwide incidence of 25 major cancers in 1990.
International Journal of Cancer 80((6):827-841.

117 Parkin DM, Ferlay J, Hamdi-Cherif M, Sitas F, Thomas
H, Wabbinga H, Whelan SL, Cancer in Africa. IARC
Scientific Publication No. 153. IARC Press. Lyon, 2003.

118 Parkin DM, Whelan SI, Ferlay J, Teppo L, Thomas DB
(eds) (2002). Cancer incidence in five continents.
Vol.VIII.IARC Scientific Publication No. 155. 
IARC Press. Lyon.

119 Ferlay J, Bray I, Pisani P, Parkin DM. Globocan 2000
(CD-ROM) (2001). Cancer incidence, mortality and
prevalence worldwide. IARC Press, Lyon France. 

State of the Evidence: What Is the Connection Between the Environment and Breast Cancer? | 65



120 Maalej M, Frikha H, benSalem S, Daoud J, Bouaouina N,
Ben Abdallah M, Ben Romdhane K (1999). Le cancer 
du sein en Tunisie (Breast cancer in Tunisia: Clinical and
epidemiological study). Bulletin cancer 86:302-306.

121 Ben Abdallah M (2003). Personal communication.

122 Bennett M, Davis BJ (2002). The identification of
mammary carcinogens in rodent bioassays. Environ-
mental and Molecular Mutagenesis. 39(2-3):150-157.

123 Dunnick JK, Elwell MR, Huff J, Barrett JC (1995).
Chemically induced mammary gland cancer in the
National Toxicology Program’s carcinogenesis bioassay.
Carcinogenesis 16:173-179.

124 Bennett M, Davis BJ (2002). The identification of
mammary carcinogens in rodent bioassays. Environ-
mental and Molecular Mutagenesis. 39(2-3):150-157.

125 Stellman SD, Wang QS (1994). Cancer mortality in
Chinese immigrants to New York City: Comparison with
Chinese in Tianjin and with White Americans. Cancer
73:1270-1275.

126 Ziegler RG, Hoover RN, Pike MC, Hildesheim A,
Nomura AM, West DW, Williams AH, Kolonel LN,
Horn-Ross L, Rosenthal JF (1993). Migration patterns
and breast cancer risk in Asian American women. Journal
of the National Cancer Institute 85(22):1819-1827.

127 Hemminki K, Li X (2002). Cancer risks in second-
generation immigrants to Sweden. International Journal
of Cancer 99:229-237.

128 Sasco A (2001). Epidemiology of breast cancer: An
environmental disease? APMIS 109:321-332. 

129 King MC, Marks JH, Mandell JB, New York Breast
Cancer Study Group (2003). Breast and ovarian cancer
risks due to interited mutations in BRCA1 and BRCA2.
Science 302:574-575.

130 Sorensen TI, Nielsen GG, Andersen PK, Teasdale TW
(1988). Genetic and environmental influences on prema-
ture death in adult adoptees. New England Journal of
Medicine 318(12):727-732.

131 Lichtenstein P, Niels V, Pia K (2000). Environmental and
heritable factors in the causation of cancer-Analyses of
cohorts of twins from Sweden, Denmark and Finland.
New England Journal of Medicine 343(2):78-85.

132 Stevens JT, Breckenridge CB, Wetzel LT, Gillis JH,
Luempert LG III, Eldridge JC (1994). Hypothesis for
mammary tumorigenesis in Sprague-Dawley rats exposed
to certain triazine herbicides. Journal of Toxicology and
Environmental Health 43:139-153.

133 Brown NM, Lamartiniere CA (1995). Xenoestrogens alter
mammary gland differentiation and cell proliferation in
the rat. Environmental Health Perspectives 103:708-713.

134 Bennett M, Davis BJ (2002). The identification of
mammary carcinogens in rodent bioassays. Environ-
mental and Molecular Mutagenesis. 39(2-3):150-157.

135 Gofman J (1996). Preventing Breast Cancer: The story 
of a major, proven, preventable cause of this disease.
Committee for Nuclear Responsibility, Inc. 5-6.

136 Carpenter DO, Arcaro K Bush B, Niemi WD, Pang S,
Vakharia DD (1998). Human health and chemical
mixtures: An overview. Environmental Health
Perspectives 106(S6):1263-1270

137 Collaborative Group on Hormonal Factors in Breast
Cancer (1996). Breast cancer and hormonal contra-
ceptives: Collaborative reanalysis of individual data on
53,297 women with breast cancer and 100,239 women
without breast cancer from 54 epidemiological studies.
Lancet 347:1713-1727.

138 Collaborative Group on Hormonal Factors in Breast
Cancer (1997). Breast cancer and hormone replacement
therapy: Collaborative reanalysis of data from 51 epide-
miological studies of 52,705 women with breast cancer
and 108, 411 women without breast cancer. Lancet
350:1047-1059

139 International Agency for Research on Cancer (1999).
IARC monographs on the evaluation of carcinogenic
risks to humans.Volume 72. Hormonal contraception
and postmenopausal hormonal therapy. IARC, Lyon.

140 Brinton LA, Brogan DR, Coates RJ, Swanson CA,
Potischman N, Stanford JL (1998). Breast cancer risk
among women under 55 years of age by joint effects of
usage of oral contraceptives and hormone replacement
therapy. Menopause 5(3):145-151.

141 National Toxicology Program (2002). Tenth Report 
on Carcinogens. National Institute of Environmental
Health Sciences. National Institutes of Health. 
http://ntp-server.niehs.nih.gov. .

142 Holmberg L, Anderson H (2004). HABITS (hormonal
replacement therapy after breast cancer-is it safe?), a 
randomized comparison: trial stopped. Lancet 363:453.

143 Types of HRT included estrogen only, estrogen-progestin
combination, and tibolone.

144 Million Women Study Collaborators (2003). Breast
cancer and hormone-replacement therapy in the Million
Women Study. The Lancet 362:419-427.

66 | BREAST CANCER FUND AND BREAST CANCER ACTION

 



145 Writing Group for the Women’s Health Initiative
Investigators (2002). Risks and benefits of estrogen plus
progestin in healthy postmenopausal women. Journal of
the American Medical Association 288(3):321-333.

146 Pike MC, Ross RK (2000). Progestins and menopause:
Epidemiological studies of risks of endometrial and
breast cancer. Steroids 65(10-11):659-664.

147 Holmes MD, Schisterman EF, Spiegelman D, Hunter DJ,
Willett WC (1999). Association of dietary intake of fat
and fatty acids with risk of breast cancer. Journal of the
American Medical Association 281(10):914-920.

148 Endogenous Hormones Breast Cancer Collaborative
Group (2003). Body mass index, serum sex hormones,
and breast cancer risk in postmenopausal women.
Journal of the National Cancer Institute 95:12-18-26.

149 De los Santos JF, Buchholz TA (2000) Carcinogenesis of
the male breast. Current Treatment Options in Oncology
1:221-227.

150 Russo IH, Russo J (1998). Role of hormones in mammary
cancer initiation and progression. Journal of Mammary
Gland Biology and Neoplasia 3:49-61.

151 Soule, HD, McGrath CM (1980). Estrogen responsive
proliferation of clonal human breast carcinoma cells in
athymic mice. Cancer Letter 10:177-189

152 Soto AM, Justicia H, Wray JW, Sonnenschein C (1991).
p-Nonyl-phenol: An estrogenic xenobiotic released 
from “modified” polystyrene. Environmental Health
Perspectives 92:167-173.

153 National Academy Press (1999). Hormonally active
agents in the environment. ISBN-0309-06419-8.

154 Davis DL, Bradlow HL, Wolff M, Woodruff T, Hoel DG,
Anton-Culver H (1993). Medical hypothesis:
Xenoestrogens as preventable causes of breast cancer.
Environmental Health Perspectives 101(5):371-377

155 Soto AM , Chung KL, Sonnenschein C (1994). The pesti-
cides endosulfan, toxaphene, and dieldrin have estrogenic
effects on human estrogen-sensitive cells. Environmental
Health Perspectives 102(1994):380-383.

156 Zava DT, Blen M, Duwe G (1997). Estrogenic activity of
natural and synthetic estrogens in human breast cancer
cells in culture. Environmental Health Perspectives 105
Supplement 3:637-645.

157 Dees C, Askari M, Foster JS, Ahamed S, Wimalasena J
(1997). DDT mimics estradiol stimulation of 
breast cancer cells to enter the cell cycle. Molecular
Carcinogeneis 18(2):107-114.

158 Steinmetz R, Young PC, Caperell-Grant A, Gize EA,
Madhukar BV, Ben-Jonathan N, Bigsby RM (1996).
Novel estrogenic action of the pesticide residue.
betahexachlorocyclohexane in human breast cancer cells.
Cancer Research 56(23):5403-5409.

159 Martin MD, Reiter R, Pham T, Avellanet YR, Camara J,
Lahm M, Pentecost E, Pratap K, Gilmore BA, Divekar S,
Dagata RS, Bull JL, Stoica A (2003). Estrogen-like activity
of metals in MCF-7 breast cancer cells. Endocrinology
144:2425-2436.

160 An extensive listing of these studies can be found on
http://www.ourstolenfuture.org/NewScience/human/
cancer/2001.

161 Brody JG, Rudel RA, Melly SJ, Maxwell NI (1998). Endo-
crine disruptors and breast cancer. Forum for Applied
Research and Public Policy 13(3):24-31.

162 Rudel RA, Geno P, Melly SJ, Sun G, Brody JG (1998).
Identification of alkylphenols and other estrogenic
phenolic compounds in wastewater, septage, and ground-
water on Cape Cod, Massachusetts. Environmental
Science & Technology 32(7):861-69.

163 Rudel RA, Camann JD, Spengler, Korn LR, Brody JG
(2003). Phthalates, alkylphenols, pesticides, polybro-
minated diphenyl ethers, and other endocrine disrupting
compounds sin indoor air and dust. Environmental
Science and Technology 37:4543-4553.

164 Markey CM, Luque EH, Munoz de Toro M,
Sonnenschein C, Soto AM (2001). In utero exposure to
bisphenol A alters the development and tissue organi-
zation of the mouse mammary gland. Biology of
Reproduction 65:1215-1223.

165 Brotons JA, Olea-Serrano MF, Villalobos M, Pedraza V,
Olea N (1995). Xenoestrogens released from lacquer
coatings in food cans. Environmental Health Perspectives
103:608-612. 

166 Rivas A, Lacroix M, Olea-Serrano F, Laios, I, Leclerq G,
Olea N (2002).Estrogenic effect of a series of bisphenol
analogues on gene and protein expression in MCF-7
breast cancer cells. Journal of Steroid Biochemical and
Molecular Biology 82:45-53.

167 US Centers for Disease Control and Prevention (1997).
Public health statement for Vinyl Chloride, CAS#75-
01-4, Agency for Toxic Substances and Disease Registry.

168 Chiazze L Jr., Ference LD (1981). Mortality among 
PVC fabricating employees. Environmental Health
Perspecctives 41:137-143.

169 Infante PF, Pesak J (1994). A historical perspective of
some occupationally related diseases of women. Journal
of Occupational Medicine 36:826-831.

State of the Evidence: What Is the Connection Between the Environment and Breast Cancer? | 67



68 | BREAST CANCER FUND AND BREAST CANCER ACTION

170 Agency for Toxic Substances and Disease Registry Fact
Sheet. www.atsdr.cdc.gov/tfacts1.html Accessed 3/17/04

171 Hoyer AP, Grandjean P, Jorgensen T, Brock JW, Hartvig HB
(1998). Organochlorine exposure and risk of breast
cancer. Lancet 352(9143):1816-1820.

172 Hoyer AP, Jorgensen T, Brock JW, Grandjean P (2000).
Organochlorine exposure and breast cancer survival.
Journal of Clinical Epidemiology 53:323-330.

173 Gammon MD, Wolf MS, Neugut AI, Eng SM,
Teitelbaum SL, Britton JA, Terry MB, Levin B, Stellman
SD, Kabat GC, Hatch M, Senie R, Berkowitz G, Bradlow
HL, Garbowski G, Maffeo C, Montalvan P, Kemeny M,
Citron M, Schnabel F, Schuss A, Hajdu S, Vinceguerra V,
Niguidula N, Ireland K, Santella RM (2002). Environ-
mental toxins and breast cancer on Long Island. 
II. Organochlorine compound levels in blood. Cancer
Epidemiology Biomarkers & Prevention 11: 677-685.

174 Maxwell NI, Polk R, Melly SJ, Brody JG (1999). Newton
Breast Cancer Study. Silent Spring Institute.

175 National Toxicology Program (2003). Chemicals
associated with site-specific tumor induction in
mammary gland.  http://ntp-server.niehs.nih.gov/
htdocs/sites/MAMM.html. 

176 Moses M (1995). Designer poisons: How to protect 
your health and home from toxic pesticides. Pesticide
Education Center, San Francisco

177 Herbst AL, Scully RE (1970). Adenocarcinoma of the
vagina in adolescence. A report of seven cases including
six clear cell carcinomas (so-called mesonephromas).
Cancer 25:745-757.

178 Herbst AL, Ulfelder H, Poskanzer DC (1971). Adeno-
carcinoma of the vagina: Association of maternal
stilbestrol therapy with tumor appearance in young
women. New England Journal of Medicine 284:878-881.

179 Bibbo M, Gill WB, Azizi F, Blough R, Fang VS, 
Rosenfield RL, Schumacher GFB, Sleeper DK, Sonek
MG, Wied GL (1977). Follow-up study of male and
female offspring of DES-exposed mothers. Obstetrics and
Gynecological Journal 49:1-8.

180 Colton T, Greenberg ER, Noller K, Resseguie L, 
Van Bennekom C, Heeren T, Zhang Y (1993). Breast can-
cer in mothers prescribed diethylstilbestrol in pregnancy.
Further follow-up. Journal of the American Medical
Association. 269:2096-2100

181 Palmer JR, Hatch EE, Rosenberg CL, Hartge P, Kaufman
RH, Titus-Ernsto L, Noller KL, Herbst AL, Rao RS,
Troisi,R, Colton T, Hoover RN (2002). Risk of breast
cancer in women exposed to diethylstilbestrol in utero:
preliminary results (United States). Cancer Causes and
Control 13: 753-758.

182 Jaga K, Duvvi H (2001). Risk reduction for DDT toxicity
and carcinogenesis through dietary modification. Journal
of Reproductive and Social Health 121(2):107-113

183 Barnes S (1998). Phytoestrogens and breast cancer. 
In: Phytoestrogens, Bailliere’s Clinical Endocrinology and
Metabolism (Adlercreutz H, Ed). Bailliere Tindall:
605-624.

184 Sava DT, Duwe G. 1997. Estrogenic and antiproliferative
properties of genistein and other flavonoids in human
breast cancer cells in vitro. Nutrition and Cancer 
27:31-40.

185 Hsieh CY, Santell RC, Haslam SZ, Helferich WG. 1998.
Estrogenic effects of genistein on the growth of estrogen
receptor-positive human breast cancer (MCF-7)cells in
vitro and in vivo. Cancer Research 58:3833-3838.

186 Bouker KB, Hilakivi-Clark L (2000). Genistein: Does it
prevent or promote breast cancer? Environmental Health
Perspectives 108(8):701-708. 

187 Sasco AJ (2003). Personal communication.

188 Hilakivi-Clarke L, Cho E, Onojafe I, Raygada M, 
Clarke R (1999). Maternal exposure to genistein during
pregnancy increases carcinogen-induced mammary
tumorigenesis in female rat offspring. Oncology and
Reproduction 6:1089-1095.

189 Newbold RR, Banks EP, Bullock B, Jefferson WN (2001).
Uterine adenocarcinoma in mice treated neonatally with
genistein. Cancer Research 61:4325-4328.

190 Birnbaum LS, Fenton SE (2003). Cancer and develop-
mental exposure to endocrine disruptors. Environmental
Health Perspectives 111:389-394. .

191 Labreche, FP, Goldberg, MS (1997). Exposure to organic
solvents and breast cancer in women: A hypothesis.
American Journal of Industrial Medicine 32(1):1-14. 

192 Chepesiuk R (1999). Where the chips fall: Environmental
health in the semiconductor industry. Environmental
Health Perspectives 107(9): A452-457.

193 Chang YM, Tai CF, Lin RS, Yang SC, Chen CJ, Shih TS,
Liou SH (2003). A proportionate cancer morbidity ratio
study of workers exposed to chlorinatedi organic solvents
in Taiwan. Industrial Health 41:77-87.

194 Health and Safety Executive (2001). Cancer among
current and former workers at National Semiconductor
(UK) LTD, Greenock: Results of an investigation by the
Health and Safety Executive.

195 Hansen J (1999). Breast cancer risk among relatively
young women employed in solvent-using industries.
American Journal of Industrial Medicine 36:43-47.

 



196 Wegman D, Stellman SD. (1998). Occupational hazard
surveillance. In: ILO Encyclopaedia of Occupational
Health and Safety. 4th Ed. Vol. 1. (Ed: Stellman JM).
Pp32.8-32.9. Geneva: ILO.

197 Styrene was added to the National Toxicology Program
list of chemicals “reasonably anticipated to be a human
carcinogen” in the Tenth Report on Carcinogens (2002).

198 Cantor KP, Stewart, PA, Brinton LA, Dosemeci M (1995).
Occupational exposures and female breast cancer mortal-
ity in the U.S. Journal of Occupational and Environ-
mental Medicine 37(3):336-348.

199 Weiderpass E, Pukkala E, Kauppinen T, Mutanen P,
Paakkulainen H, Vasama-Neuvonen K, Boffetta P,
Partanen T (1999). Breast cancer and occupational
exposures in women in Finland. American Journal of
Industrial Medicine 36:48-53.

200 Wennborg H, Yuen J, Axelsson G, Ahlbom A,
Gustavsson P, Sasco AJ (1999). Mortality and cancer
incidence in biomedical laboratory personnel in Sweden.
American Journal of Industrial Medicine 35:382-389.

201 Belli S, Comba P, De Santis M, Grignoli M, Sasco AJ
(1992). Mortality study of workers employed by the
Italian National Institute of Health, 1960-1989.
Scandinavian Journal of Work and Environmental
Health 18:64-67.

202 Walrath J, Li FP, Hoar SK, Mead MW, Fraumeni JF
(1985). Causes of death among female chemists.
American Journal of Public Health 15:883-885.

203 Aschengrau A, Rogers S, Ozonoff D (2003). Perchlore-
thylene-contaminated drinking water and the risk of
breast cancer: Additional results from Cape Cod,
Massachusetts, USA. Environmental Health Perspectives
111:167-173.

204 Jansen MS, Nagel SC, Miranda PJ, Lobenhofer EK,
Afshari CA, McDonnell DP (2004). Short-chain fatty
acids enhance nuclear receptor activity through
mitogen-activated protein kinase activation and histone
deacetylase inhibition. Proceedings of the National
Academy of Sciences 101:7199-7204.

205 Almekinder JL, Lennard DE, Walmer D, Davis BJ
(1997). Toxicity of methoxyacetic acid in cultured
human luteal cells. Fundamental and Applied
Toxicology 38:191-194.

206 U.S. Environmental Protectection Agency (2003).
Health Assessment of 1,3-Butadiene. http://cfpub.epa.
gov/ncea/cfm/recordisplay.cfm?deid=54499

207 Melnick RL, Sills RC, Portier CJ, Roycroft JH, Chou BJ,
Grumbein SL, Miller RA (1999). Multiple organ
carcinogenicity of inhaled chloroprene (2-chloro-1,3-
butadiene) in F344/N rats and B6C3F1 mice and
comparison of dose-response with 1,3-butadiene in
mice. Carcinogenesis 20:867-878.

208 National Toxicology Program (NTP), US Department 
of Health and Human Services (1993). Toxicology 
and carcinogenesis studies of 1,3-butadiene 
(CAS No. 106-99-0) in B6C3F1 mice (inhalation
studies). NTP TR 434, NIH Pub. No. 93-3165. 
Research Triangle Park, NC.

209 DeBruin LS, Josephy PD (2002). Perspectives on the
chemical etiology of breast cancer. Environmental
Health Perspectives 110:S1:119-128.

210 National Toxicology Program (2003). Chemicals 
associated with site-specific tumor induction in
mammary gland. http://ntp-server.niehs.nih.gov/
htdocs/sites/MAMM.html. 

211 Layton DW, Bogen KT, Knize MG, Hatch FT, Johnson
VM, Felton JS (1995). Cancer risk of heterocyclic amines
in cooked foods: An analysis and implications for
research. Carcinogenesis 16:39-52.

212 DeBruin LS, Josephy PD (2002). Perspectives on the
chemical etiology of breast cancer. Environmental
Health Perspectives 110:S1:119-128.

213 Zheng T, Holford T, Mayne S, Ward B, Carter D, 
Owens P, Dubrow R, Zahm S, Boyle P, Archibeque S,
Tessari J (1999). DDE and DDT in breast adipose tissue
and risk of female breast cancer. American Journal of
Epidemiology 150:453-458.

214 Rogan WJ (1996). Pollutants in breast milk. Archives of
Pediatric and Adolescent Medicine 150:81-90.

215 CDC (2003) Second National Report on Human
Exposure to Environmental Chemicals. Atlanta: Centers
for Disease Control and Prevention. 

216 Simcox NJ, Fenske RA, Wolz SA, Lee I, Kalman DA
(1995). Pesticides in household dust and soil: Exposure
pathways for children of agricultural families.
Environmental Health Perspectives 103:1126-1134.

217 Lopez-Carrillo L, Blair A, Lopez-Cervantes M, Cebrian
M, Rueda C, Reyes R, Mohar A, Bravo J (1997).
Dichlorodiphenyltrichloroethane serum levels and
breast cancer risk: A case-control study from Mexico.
Cancer Research 57:3728-3732.

218 Robinson PE, Mack GA, Remmers J, Levy R, Mohandjer
L (1990). Trends of PCB, hexachlorobenzene, and
benzene hexachloride levels in the adipose tissue of the
U.S. population. Environmental Research 53:175-192.

State of the Evidence: What Is the Connection Between the Environment and Breast Cancer? | 69



219 Hatakeyama M, Matsumura F (1999). Correlation
between the activation of Neu tyrosine kinase and pro-
motion of foci formation induced by selected organo-
chlorine compounds in the MCF-7 model system.
Journal of Biochemical and Molecular Toxicology
13(6):296-302

220 Wolff M, Zeleniuch-Jaquotte A, Dubin N, Toniolo P
(2000). Risk of breast cancer and organochlorine
exposure. Cancer Epidemiology, Biomarkers and
Prevention 9:271-277. 

221 Wolff MS, Toniolo PG, Lee EW, Rivera LM, Dubin N
(1993). Blood levels of organochlorine residues and risk
of breast cancer. Journal of the National Cancer Institute
85:648-652.

222 Dewailly E, Dodin S, Verreault R, Ayotte P, Sauve L,
Morin J, Brisson J (1994). High organochlorine body
burden in women with estrogen receptor-positive breast
cancer. Journal of the National Cancer Institute 
86:232-234.

223 Lopez-Carrillo L, Blair A, Lopez-Cervantes M, Cebrian
M, Rueda C, Reyes R, Mohar A, Bravo J (1997).
Dichlorodiphenyltrichloroethane serum levels and
breast cancer risk: A case-control study from Mexico.
Cancer Research 57:3728-3732.

224 Hunter DJ, Hankinson SE, Laden F, Colditz GA,
Manson JE, Willett WC, Speizer FE, Wolff MS (1997).
Plasma organochlorine levels and the risk of breast
cancer. New England Journal of Medicine 
337:1253-1258.

225 Zheng T, Holford TR, Mayne ST, Tessari J, Ward B,
Carter D, Owens PH, Boyle P, Dubrow R, Archibeque-
Engle S, Dawood O, Zahm SH (2000). Risk of female
breast cancer associated with serum polychlorinated 
biophenyls and 1,1-dichloro-2,2’-bis(p-chlorophenyl)
ethylene. Cancer Epidemiology, Biomarkers and
Prevention 9:167-174

226 Wolff MS, Zeleniuch-Jaquotte A, Dubin N, Toniolo P
(2000). Risk of breast cancer and organochlorine
exposure. Cancer Epidemiology, Biomarkers and
Prevention 9:271-277.

227 Gammon MD, Wolf MS, Neugut AI, Eng SM,
Teitelbaum SL, Britton JA, Terry MB, Levin B, Stellman
SD, Kabat GC, Hatch M, Senie R, Berkowitz G, Bradlow
HL, Garbowski G, Maffeo C, Montalvan P, Kemeny M,
Citron M, Schnabel F, Schuss A, Hajdu S, Vinceguerra V,
Niguidula N, Ireland K, Santella RM (2002). Environ-
mental toxins and breast cancer on Long Island.
II.Organochlorine compound levels in blood. Cancer
Epidemiology Biomarkers & Prevention 11: 677-685.

228 Laden F, Collman C, Iwamoto K, Alberg AJ, Berkowitz
GS, Freudenheim JJL, Hankinson SE, Helzlsouer KJ,
Holford RT, Huang HY, Moysich KB, Tessari JD, Wolff
MS, Zheng T, Hunter DJ (2001). 1,1-Dichloro-2,2-bis
(p-chlorophenyl)ethylene and polychlorinated biphenyls
and breast cancer: Combined analysis of five U.S.
studies. Journal of the National Cancer Institute
93(10):768-776.

229 Demers A, Qyotte P, Brisson J, Dodin S, Robert J,
Dewailly E (2000). Risk and aggressiveness of breast 
cancer in relation to plasma organochlorine concentra-
tions. Cancer Epidemiology, Biomarkers and 
Prevention 9:161-166.

230 Robison AK, Sirbasku DA, Stancel GM (1985). DDT
supports the growth of an estrogen-responsive tumor.
Toxicology Letters 27:109-113.

231 Scribner JD, Mottet NK (1981). DDT acceleration of
mammary gland tumors induced in the male Sprague-
Dawley rat by 2-acetamidophenanthrene. Carcino-
genesis 2:1235-1239.

232 Pujol P, Hilsenbeck SG, Chamness GC, Elledge RM
(1994). Rising levels of estrogen receptor in breast cancer
over 2 decades. Cancer 74(5):1601-1606.

233 Aronson KJ, Miller AB, Woolcott CG, Sterns EE,
McCready DR, Lickley LA, Fish EB, Hiraki GY,
Holloway C, Ross T, Hanna WM, SenGupta SK, Weber J
(2000). Breast adipose tissue concentrations of polychlo-
rinated biphenyls and other organochlorines and breast
cancer risk. Cancer Epidemiology Biomarkers and
Prevention 9:55-63. Charlier CJ, Albert Al, Zhang L,
Dubois NG, Plomteux GJ (2004). Polychlorinated
biphenyls contamination in women with breast cancer.
Clinica Chemica Acta 347:177-181.

234 Laden F, Collman G, Iwamoto K, Alberg AJ, Berkowitz
GS, Freudenheim JL, Hankinson SE, Helzlsouer KJ,
Holford TR, Huang HY, MOysick KB, Tessari JD, 
Wolff MS, Zheng T, Hunter DJ (2001). 1,1-Dichloro-
2,2-bis(pchloroophenyl) ethylene and polychlorinated
biphenyls and breast cancer: Combined analysis of five
U.S. studies. Journal of the National Cancer Institute
93:768-776.

235 Laden F, Ishibe N, Hankinson SE, Wolff MS, Gertig DM,
Hunter DJ, Kelsey KT (2002). Polychlorinated
biphenyls, cytochrome P450 1A1, and breast cancer risk
in the Nurses’ Health Study. Cancer Epidemiology,
Biomarkers and Prevention 11:1560-1565.

70 | BREAST CANCER FUND AND BREAST CANCER ACTION

 



236 Muscat JE, Britton JA, Djordjevic MV, Citron ML,
Kemeny M, Busch-Devereaus E, Pittman B, Stellman SD
(2003). Adipose concentrations of organochlorine
compounds and breast cancer recurrence in Long
Island, New York. Cancer Epidemiology, Biomarkers
and Prevention 12:1474-1478.

237 Charlier C, Albert A, Herman P, Hamoir E, Gaspard U,
Meurisse M, Plomteux G (2003). Breast cancer and
serum organochlorine residues. Occupational and
Environmental Medicine 60:348-351.

238 Liljegren G, Hardell L, Lindstrom G, Dahl P, Magnuson
A (1998). Case-control study on breast cancer and adi-
pose tissue concentrations of congener specific polychlo-
rinated biphenyls, DDE and hexachlorobenzene.
European Journal of Cancer Prevention 7(2):135-140.

239 Guttes S, Failing K, Neumann K, Kleinstein J, Georgii S,
Brunn H (1998). Chlororganic pesticides and poly-
chlorinated biphenyls in breast tissue of women with
benign and malignant breast disease. Archives of
Environmental Contaminant Toxicology 35(1):140-147. 

240 Cohn B, Wolff M, Cirillo P, Sholtz R, Christianson R,
van den Berg B, Siiteri K (2002). Timing of DDT
exposure and breast cancer before age 50. Proceedings of
the International Society for Environmental Epidem-
iology (Abstract): Epidemiology 13:S197.

241 Gammon MD, Santella RM, Neugut AI, Eng SM,
Teitelbaum SL, Paykin A, Levin B, Terry MB, Young TL,
Wang LW, Wang Q, Britton JA, Wolff MS, Stellman SD,
Hatch M, Kabat GC, Senie R, Garbowski G, Maffeo C,
Montalvan P, Berkowitz G, Kemeny M, Citron M,
Schnabel F, Schuss A, Hajdu S, Vinceguerra V (2002).
Environmental toxins and Breast Cancer on Long
Island. I. Polycyclic aromatic hydrocarbon DNA
adducts. Cancer Epidemiology Biomarkers & Prevention
11: 677-685.

242 Rundle A, Tang D, Hibshoosh H, Estabrook A, 
Schnabel F, Cao W, Grumet S, Perera FP (2000). 
The relation between genetic damage from polycyclic
aromatic hydrocarbons in breast tissue and breast
cancer. Carcinogenesis 21(7):1281-1289. 

243 Villeneuve DL, Khim JS, Kannan K, Giesy JP (2002).
Relative potencies of individual polycyclic aromatic
hydrocarbons to induce dioxinlike and estrogenic
responses in three cell lines. Environmental Toxicology
17:128-137.

244 Schultz TW, Sinks GD (2002). Xenoestrogenic gene
expression: structural features of active polycyclic
aromatic hydrocarbons. Environmental Toxicological
Chemistry 21:783-786.

245 Reynolds P, Hurley S, Goldberg DE, Anton-Culver H,
Bernstein L, Deapen D, Horn-Ross PL, Peel D, Pinder R,
Ross RK, West D, Wright WE, Ziogas A (2003). Actrive
smoking, household passive smoking, and breast cancer:
Evidence from the California Teachers Study. Journal of
the National Cancer Institute 96:29-37.

246 Band PR, Le ND, Fang R, Deschamps M (2002). Carcin-
ogenic and endocrine disrupting effects of cigarette
smoke and risk of breast cancer. Lancet 360:1033-1034.

247 Calle EE, Miracle-McMahill HL, Thun MJ, Heath CW Jr
(1994). Cigarette smoking and risk of fatal breast cancer.
American Journal of Epidemiology 139(10):1001-1007.

248 Marcus PM, Newman B, Millikan RC, Moorman PG,
Baird DD, Qaqish B (2000). The associations of
adolescent cigarette smoking, alcoholic beverage
consumption, environmental tobacco smoke, and ioniz-
ing radiation with subsequent breast cancer risk (United
States). Cancer Causes and Control 11(3):271-278

249 Johnson KC, Hu J, Mao Y (2000). Passive and active
smoking and breast cancer risk in Canada, 1994-1997,
The Canadian Cancer Registries Epidemiology Research
Group. Cancer Causes and Control 11:211-221.

250 Ambrosone CB, Freudenheim JL, Graham S, Marshall
JR, Vena JE, Brasure JR, Michalek AM, Laughlin R,
Neomto T, Gillenwater KA, Shields PG (1996). Cigarette
smoking, N-acetyltransferase 2 polymorphisms, and
breast cancer risk. Journal of the American Medical
Association 276:1494-1501.

251 Morabia A, Bernstein M, Heritier S, Khatchartrian N
(1996). Relation of breast cancer to active and passive
exposure to tobacco smoke. American Journal of
Epidemiology 143:918-928.

252 California Environmental Protection Agency, Air
Resources Board. (2004). Proposed identification of
environmental tobacco smoke as a toxic air contam-
inant. Draft Report Part B, Chapter 7. p. 147.

253 Kilthau GF (1996). Cancer risk in relation to radioact-
ivity in tobacco. Radiologic Technology 67(3):217-222.

254 International Agency for Research on Cancer (1997).
IARC Monographs on the evaluation of carcinogenic
risks to humans. Volume 69. Polychlorinated dibenzo-
dioxins and polychlorinated dibenzofurans. IARC, Lyon.

255 World Health Organization (1996). Levels of PCBs,
PCDDs, and PCDFs in human milk. WHO European
Centre for Environment and Health

256 Brown NM, Manzolillo PA, Zhang JX, Wang J,
Lamartiniere CA (1998). Prenatal TCDD and predispos-
ition to mammary cancer in rats. Carcinogenesis
19(9):1623-1629.

State of the Evidence: What Is the Connection Between the Environment and Breast Cancer? | 71



72 | BREAST CANCER FUND AND BREAST CANCER ACTION

257 Warner MB, Eskenazi B, Mocarelli P, Gerthoux PM,
Samuels S, Needham L (2002. Serum dioxin
concentrations and breast cancer risk in the Seveso
Women’s Health Study. Environmental Health
Perspectives 110:625-628. 

258 Fenton SE, Hamm JT, Birnbaum LS, Youngblood GL
(2002). Persistent abnormalities in the rat mammary
gland following gestational and lactational exposure to
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD).
Toxicological Science 67:63-74.

259 Brown NM, Manzolillo PA, Zhang JX, Wang J, Lamar-
tiniere CA (1998). Prenatal TCDD and predisposition 
to mammary cancer in rats. Carcinogenesis 19(9):
1623-1629.

260 Agency for Toxic Substances and Disease Registry
(ATSDR). Toxicological Profile for Ethylene Oxide. U.S.
Public Health Service, U.S. Department of Health and
Human Services, Atlanta, GA. 1990. 

261 Steenland K, Whelan E, Deddens J, Stayner L, Ward E
(2003). Ethylene oxide and breast cancer incidence 
in a cohort study of 7576 women. Cancer Causes and
Control 14:531-539.

262 NIEHS Working Group Report (1998). Assessment of
health effects from exposure to power-line frequency
electric and magnetic fields. National Institute of
Environmental Health Sciences of the National
Institutes of Health.

263 The scientists included the following: Robert P. Liburdy,
Lawrence Berkeley Laboratory; Wolfgang Loescher,
School of Veterinary Medicine, Hanover Germany,
David E. Blask, Bassett Research Institute, George C.
Brainard, Jefferson Medical College, M. Christina Leske,
State University of New York, Stony Brook, 
Charles Graham, Midwest Research Institute, Kansas
City, Louis Slesin, Microwave News, New York, 
Cindy Sage, Sage Associates, Santa Barbara, John Reif,
Colorado State University.

264 Workshop on Electromagnetic Fields, Light-at-Night
and Human Breast Cancer (1997). Etiology Working
Group, Radiation and Electromagnetic Fields, National
Action Plan on Breast Cancer. November 18, 1997.
Washington DC. 

265 Erren TC (2001). A meta-analysis of epidemiologic 
studies of electric and magnetic fields and breast cancer
in women and men. Bioelectromagnetics Supplement
5:S105-119.

266 Blask DE, Wilson ST, Zalatan F (1997). Physiological
melatonin inhibition of human breast cancer cell growth
in vitro: Evidence for a glutathione-mediated pathway.
Cancer Research 15;57(10):1909-1914

267 Blackman CF, Benane SG, House DE (2001). The
influence of 1.2 microT, 60 Hz magnetic fields on
melatonin-and tamoxifen-induced inhibition of MCF-7
cell growth. Bioelectromagnetics 22(2):122-128.

268 Hensen J (2001). Increased breast cancer risk among
women who work predominantly at night.
Epidemiology 12:74-77.

269 Davis S, Mirick DK, Stevens RG (2001). Night shift
work, light at night, and risk of breast cancer. Journal of
the National Cancer Institute 93:1557-1562.

270 Schemhammer ES, Laden F, Speizer FE, Willett WC,
Hunter DJ, Kawachi I, Colditz GA (2001). Rotating
night shifts and risk of breast cancer in women partici-
pating in the nurses’ health study. Journal of the
National Cancer Institute 93:1563-1568.

271 Rafnsson V, Sulem P, Tulinius H, Hrafnkelsson J (2003).
Breast cancer risk in airline cabin attendants: A nested
case-control study in Iceland. Occupational and
Environmental Medicine 60:807-809.

272 Linnersjso A, Hammar N, Dammstrom BG, Johansson
M, Eliasch H (2003). Cancer incidence in airline cabin
crew: Experience from Sweden. Occupational and
Environmental Medicine 60:810-814.

273 Reynolds P, Cone J, Layefsky M, Goldberg DE, Hurley S
(2002). Cancer incidence in California flight attendants.
Cancer Causes and Control 13:317-324.

274 Kliukiene J, Tynes T, Anderson A (2003). Follow-up of
radio and telegraph operators with exposure to electro-
magnetic fields and risk of breast cancer. European
Journal of Cancer Prevention 12:301-307.

275 Dosemeci M, Blair A (1994). Occupational cancer
mortality among women employed in the telephone
industry. Journal of Occupational Medicine 1204-1209. 

276 Coogan PF, Clapp RW, Newcomb PA, Wenzl TB,
Bogdan G, Mittendorf R, et al. (1996). Occupational
exposure to 60-hertz magnetic fields and risk of breast
cancer in women. Epidemiology 7:459-464.

277 Loomis DP (1992). Cancer of breast among men in 
electrical occupations (letter). Lancet 339:1482-1483.

278 Tynes T, Andersen A, Langmark F (1992). Incidence 
of cancer in Norwegian workers potentially exposed to
electromagnetic fields. American Journal of Epidemi-
ology 136:81-88. 

279 Matanoski GM, Breysse PN, Elliott EA (1991). Electro-
magnetic field exposure and male breast cancer. Lancet
337:737.

 



State of the Evidence: What Is the Connection Between the Environment and Breast Cancer? | 73

280 Kliukiene J,Tynes T, Andersen A. (2004). Residential 
and occupational exposures to 50-Hz magnetic fields
and breast cancer in women: A population-based study.
American Journal of Epidemiology 159:852-861.

281 Feychting M, Forssen U, Rutqvist LE, Ahlbom A (1998).
Magnetic fields and breast cancer in Swedish adults
residing near high-voltage power lines. Epiidemiology
9:392-397.

282 Zhu K, Hunter S, Payne-Wilks K, Roland CL, Forbes DS
(2003). Use of electric bedding devices and risk of breast
cancer in African-American women. American Journal
of Epidemiology 158:798-806. 

283 Dich J, Zahm SH, Hanberg A, Adami HO (1997).
Pesticides (heptachlor) and cancer. Cancer Causes and
Control 8, 420-443

284 Siegel BZ. Pesticide hazard assessment project 1981-1984.
Honolulu, HI: Pacific Biomedical Research Center,
University of Hawaii, 1995; 1-63.

285 Trends in Cancer Incidence and Mortality (1993). IARC
Scientific Publications No. 88. Lyon: International
Agency for Research on Cancer; 422.

286 CDC (2003) Second National Report on Human
Exposure to Environmental Chemicals. Atlanta: Centers
for Disease Control and Prevention. 

287 U.S. EPA (2000). Atrazine: Third report of the Hazard
Identification Assessment Review Committee. Office of
Pesticide Programs. U.S. Environmental Protection
Agency http://www.epa.gov/pesticides/reregistration/
atrazine/3rd_hiarc.pdf. 

288 Greiner SN, Youngblood GL, Fenton SE (2000).
Estrogen-independent effects of atrazine (ATR) on
mammary gland (MG) development in rats. (Abstract)
Toxicological Science 54:332.

289 U.S. Environmental Protection Agency (1994). Federal
Register Notice (59FR 18120). Voluntary cancellation of
the registrations of simazine for use in swimming pools,
hot tubs and whirlpool baths.

290 Stevens JT, Breckenridge CB, Wetzel LT, Gillis JH,
Luempert III LG, Eldridge JC (1994). Hypothesis for
mammary tumorigenesis in Sprague-Dawley rats
exposed to certain triazine herbicides. Journal of
Toxicology and Environmental Health 43: 139-153.

291 Welch CW, Nagasawa H (1977). Prolactin and murine
mammary tumorigenesis: A review. Cancer Research
37:951-963.

292 Hayden CGJ, Roberts MS, Benson HAE (1997). Systemic
absorption of sunscreen after topical application. Lancet
350:853-864.

293 Schlumpf M, Cotton B, Conscience M, Haller V,
Steinmann B, Lichtensteiger W. (2001). In vitro and in
vivo estrogenicity of UV screens. Environmental Health
Perspectives 109(3): 239-244.

294 Rudel RA, Brody JG, Spengler JD, Vallarino J, Geno PW,
Sun G, Yau A (2001). ). Methods to detect selected
potential mammary carcinogens and endocrine
disruptors in commercial and residential air and dust
samples. Journal of Air and Waste Management
Association 51(4):499-513.

295 Akingbemi B, Ge R, Klinefelter GR, Zirkin BR, Hardy
MP (2004). Phthalate-induced Leydig cell hyperplasia 
is associated with multiple endocrine disturbances.
Proceedings of the National Academy of Science
101:775-80: 

296 Wang DY, Allen DS, De Stavola GL, Fentiman IS,
Brussen J, Bulbrook RD, Thomas BS, Hayward JL, Reed
MJ (2000). Urinary androgens and breast cancer risk:
results from a long-term prospective study based in
Guernsey. British Journal of Cancer: 82:1577-1584.

297 Secreto G, Toniolo P, Berrino F, Recchione C, Cavalleri
A, Pisani P, Totis A, Fariselli G, DiPietro S(1991). Serum
and urinary androgens and risk of breast cancer in 
postmenopausal women. Cancer Research 51:2572-2576.

298 Bernstein L (2002). Epidemiology of endocrine-related
risk factors for breast cancer. Journal of Mammary
Gland Biology and Neoplasia 7:3-15.

299 Gray, LE, C Wolf, C Lambright, P Mann, M Price, RL
Cooper and J Ostby. 1999. Administration of potentially
antiandrogenic pesticides (procymidone, linuron,
iprodione, chlozolinate, p,p’-DDE, and ketoconazole)
and toxic substances (dibutyl- and diethylhexyl
phthalate, PCB 169, and ethane dimethane sulphonate)
during sexual differentiation produces diverse profiles of
reproductive malformations in the male rat. Toxicology
and Industrial Health. 15:94-118. 

300 Challacombe DN, Wheeler EE (1994). Safety of milk
from cows treated with bovine somatotropin. Lancet
344:815.

301 Resnicoff M, Baserga R ((1995). The insulin-like growth
factor I receptor protects tumor cells from apoptosis in
vivo. Cancer Research 55:2463-2469.

302 Hankinson S, Willett WC, Colditz GA, Hunter DJ,
Michaud DS, Deroo B, Rosner B, Speizer FE, Pollak M
(1998). Circulating concentrations of insulin-like growth
factor 1 and risk of breast cancer. Lancet 351:1393-1396.

303 Cift K, Su J, Trovitch PB (2003). Growth factors and
chemotherapeutic modulation of breast cancer cells.
Journal of Pharmacy and Pharmacology 55:1135-1141.

 



304 Furstenberger G, Morant R, Senn HJ (2003). Insulin-
like growth factors and breast cancer. Onkologie 
26:290-294.

305 Bradley T (2003). Monsanto’s victory in Main rBGH
lawsuit a setback for consumers. Portland Press Herald,
Portland ME. December 30,2003.
http://www.organicconsumers.org/rbgh/maine010304.cfm

306 Xian C (1995). Degradation of IGF-1 in the adult rat
gastrointestinal tract is limited by a specific antiserum or
the dietary protein casein. Journal of Endocrinology
146:215.

307 Holly J (1998). Insulin-like growth factor 1 and 
new opportunities for cancer prevention. Lancet
351:1373-1375.

308 Beef Hormones: EU scientific committee confirms
health risks to consumers (2002). European Union.
www.eurunion.org/news/press/2002/2002020.htm

309 Liu S, Kulp SK, Sugimoto Y, Jiang J, Chang HL and Lin
YC (2002). Involvement of breast epithelial-stromal
interactions in the regulation of protein tyrosine
phosphatase-gamma (PTPgamma) mRNA expression
by estrogenically active agents. Breast Cancer Research
and Treatment 71:21-35. 

310 Leffers H, Naesby M, Vendelbo B, Skakkebaek NE,
Jorgensen M. (2001) Oestrogenic potencies of Zeranol,
oestradiol, diethylstilbestrol, Bisphenol-A and genistein:
Implications for exposure assessment of potential endo-
crine disrupters. Human Reproduction 16:1037-1045.

311 Cho E, Spiegelman D, Hunter DJ, Chen WY, Stampfer
MJ, Colditz GA, Willett WC (2003). Premenopausal fat
intake and risk of breast cancer. Journal of the National
Cancer Institute 95:1079-1085. 

312 University of California. 2003. Report on the Interna-
tional Summit on Breast Cancer and the Environment:
Research Needs. University of California at Berkeley
Environmental Health Sciences Center.
http://socrates.berkeley.edu/mutagen

313 Sasco A. (2001). Epidemiology of breast cancer: an 
environmental disease? APMIS 109:321-332.

314 Axelrod D, Jones L, and Davis D (2001). It’s time to
rethink dose: The case for combining cancer and birth
and developmental defects. Environmental Health
Perspectives 109(6):A246-A249.

315 Birnbaum LS, Fenton SE (2003). Cancer and develop-
mental exposure to endocrine disruptors. Environ-
mental Health Perspectives 111:389-394.

316 National Academy Press (1999). Hormonally active
agents in the environment. ISBN 0309-06419-8.

317 Sonnenschein C, Soto AM, Fernandez MF, Olea N,
Olea-Serrano MF, Ruiz-Lopez MD (1995). Development
of marker of estrogenic exposure in human serum.
Clinical Chemistry 41:1888-1895

318 Soto AM, Fernandez MF, Luizzi MF, Oles-Karasko AS,
Sonnenschein C (1997). Developing a marker of
exposure to xenoestrogen mixtures in human serum.
Environmental Health Perspectives 105:647-654.

319 Olea N, Olea MF (2001). Endocrine disruptors and
breast cancer: An overview. Presentation, Conference on
Endocrine Disruptors and Human Health, Universidade
Independente de Lisboa and Luso-American Founda-
tion, November 30, Lisbon, Portugal.

320 National Institute for Occupational Safety and Health,
U.S. Centers for Disease Control and Prevention.
www.cdc.gov/niosh/01-123.html

321 Stellman SD, Stellman JM. (1981) Women’s
occupations, smoking, and cancer and other diseases.
Cancer: A Journal for Clinicians 31:29-43. 

322 Goldberg, MS, Labreche F (1996). Occupational risk 
factors for female breast cancer: A review. Occupational
and Environmental Medicine 53(3):145-156.

323 Habel LA, Stanford JL, Vaughan TL, Rossing MA, 
Voigt LF, Weiss NS, Daling JR (1995). Occupation and
breast cancer risk in middle-aged women. Journal of
Occupational and Environmental Medicine 
37(3):349-356.

324 Morton WE (1995). Major differences in breast cancer
risks among occupations. Journal of Occupational and
Environmental Medicine 37(3):328-335.

325 Coyle B, Polovich M (2004). Handling hazardous drugs:
How safe are you ? American Journal of Nursing
104(2):104.

326 Teitelbaum SL, Britton JA, Gammon MD, Schoenberg
JB, Brogan DJ, Coates RJ, Caling JR, Malone KE,
Swanson CA, Brinton LA (2003). Occupation and breast
cancer in women 20-44 years of age. Cancer Causes 
and Control 14:627-637.

327 Zheng T, Holford TR, Taylor Mayne S, Luo J, Hansen
Owens P, Hoar Zahm S, Zhang B, Zhang Y, Zhang W,
Jiang Y, Boyle P (2002). A case-control study of
occupation and breast-cancer risk in Connecticut.
Journal of Cancer Epidemiology and Prevention 7:3-11.

328 Band PR, Le ND, Fang R, Deschamps M, Gallagher RP,
Yang P (2000). Indentification of occupational cancer
risks in British Columbia: A population-based case-
control study of 995 incident breast cancer cases by
menopausal status, controlling for confounding factors.
Journal of Occupational and Environmental Medicine
42:284-310.

74 | BREAST CANCER FUND AND BREAST CANCER ACTION

 



329 Petralia SA, Fena JE, Freudenheim JL, Marshall JR,
Michalek A, Brasure J, Swanson M, Graham (1998).
Breast cancer risk and lifetime occupational history:
Employment in professional and managerial
occupations. Occupational and Environmental
Medicine 55(1):43-48.

330 Rudel RA, Brody JG, Spengler JD, Vallarino J, Geno PW,
Sun G, Yau A (2001). Identification of selelcted hormon-
ally active agents and animal mammary carcinogens in
commercial and residential air and dust samples.
Journal of the Air and Waste Management Association
51:499-513.

331 Morton WE (1995). Major differences in breast cancer
risks among occupations. Journal of Occupational 
and Environmental Medicine 37(3):328-335.

332 Byford JR, Shaw LE, Drew MGB, Pope GS, Sauer MJ,
Darbre PD (2002). Oestrogenic activity of parabens in
MCF7 human breast cancer cells. Journal of Steroid
Biochemistry and Molecular Biology 80:49-60.

333 Dabre PD, Byford JR, Shaw LE, Hall S, Coldham NG,
Pope GS, Sauer MJ (2003). Estrogenic activity of benzyl-
paraben. Journal of Applied Toxicology 23:43-51.

334 Okubo T, Yokoyama Y, Kano K, Kano I (2001). ER-
dependent estrogenic activity of parabens assessed by
proliferation of human breast cancer MCF7 cells and
expression of ER alpha and PR. Food Chemistry and
Toxicology 39:1225-1232.

335 Routledge EJ, Parker J, Odum J, Ashby J, Sumpter JP
(1998). Some alky hydroxyl benzoate preservatives
(parabens) are estrogenic. Toxicology and Applied
Pharmacology. 153:12-19.

336 Dabre PD, Byford JR, Shaw LE, Hall S, Coldham NG,
Pope GS, Sauer MJ (2003). Estrogenic activity of benzyl-
paraben. Journal of Applied Toxicology 23:43-51.

337 Darbre PD, Aljarrah A, Miller WR, Coldham NG, 
Sauer MJ, Pope GS (2004). Concentrations of parabens
in human breast tumors. Journal of Applied Toxicology
24:5-13.

338 Li R, Gilliland FD, Baumgartner K, Samet J (2002).
Hormone replacement therapy and breast carcinoma
risk in Hispanic and non-Hispanic women. Cancer
95(5):960-968.

339 Deapen D, Lieu L, Perkins C, Bernstein L, Ross RK.
2002. Rapidly rising breast cancer incidence rates among
Asian-American Women. International Journal of
Cancer 99(5):747-750.

340 University of California. 2003. Report on the Interna-
tional Summit on Breast Cancer and the Environment:
Research Needs. University of California at 
Berkeley Environmental Health Sciences Center.
http://socrates.berkeley.edu/mutagen 

341 Travis LB, Hill DA, Dores GM, Gospodarowicz M, 
van Leeuwen FE, Holowaty E, Glimelius B, 
Andersson M, Wiklund T, Lynch CF, Van’t Veer MB,
Glimelius I, Storm H, Pukkala E, Stovall M, Curtis R,
Boice JD Jr, Gilbert E (2003). Breast cancer following
radiotherapy and chemotherapy among young women
with Hodgkin’s disease. Journal of the American 
Medical Association 290:465-475.

342 Bhatia S, Yasui Y, Robison LL, Birth JM, Bogue MK,
Diller L., DeLaat C, Fossati-Bellani F, Morgan E, 
Oberlin O, Reaman , Ruymann FB, Tersak J, Meadows
AT, Late Effects Study Group (2003). High risk of 
subsequent neoplasms continues with extended follow-
up of childhood Hodgkin’s disease: report from the 
Late Effects Study Group. Journal of Clinical Oncology
21:4386-4394.

343 Wahner-Roedler DL, Nelson DF, Croghan IT,
Achenbach SJ, Crowson CS, Hartmann LC, O’Fallon
WM (2003). Risk of breast cancer and breast cancer
characteristics in women treated with supradiaphrag-
matic radiation for Hodgkin’s lymphoma: Mayo Clinic
experience. Mayo Clinical Proceedings 87:708-175.

344 van Leeuwenw FE, Klokman WJ, Stovall M, Dahler EC,
van’t Veer MB, Noordijk EM, Crommelin MA, 
Aleman BM, Broeks A, Gospodarowicz M, Travis LB,
Russell NS (2003). Roles of radiation dose, chemo-
therapy, and hormonal factors in breast cancer following
Hodgkin’s disease. Journal of the National Cancer
Institute 95:971-980.

345 Smith RA, Saslow D, Sawyer KA, Burke W, Costanza
ME, Evans WP III, Foster RS, Hendrick E, Eyere HJ,
Sener S (2003). American Cancer Society Guidelines for
Breast Cancer Screening: Update 2003. CA Cancer a
Journal for Clinicians 53:141-169.

346 Land CE (1997). Radiation and breast cancer risk.
Progress in Clinical Biological Research 396:115-124.

347 Boice JD Jr, Harvey EB, Blettner M, et al (1992) Cancer
in the contralateral breast after radiotherapy for breast
cancer. New England Journal of Medicine 326:781-785.

348 Callebaut I, Mormon JP (1997). From BRCA1 to RAP1:
A widespread BRCT module closely associated with
DNA repair. FEBS Lett 400:25-30.

349 Connor F, Bertwistle D, Mee PJ, et al (1997). Tumor-
igenesis and a DNA repair defect in mice with a truncat-
ing BRCA2 mutation. Nature Genetics 17:423-430.

State of the Evidence: What Is the Connection Between the Environment and Breast Cancer? | 75



350 Gowen LC, Avrutskaya AV, Latour AM, et al (1998).
BRCA1 required for transcription-coupled repair of
oxidative DNA damage. Science 281:1009-1012.

351 Brugarolas J, Jacks T. (1997). Double indemnity: p53,
BRCA and cancer. p53 mutation partially rescues
developmental arrest in BRCA1 and BRCA2 null mice,
suggesting a role for familial breast cancer genes in 
DNA damage repair. Nature Medicine 3:721-722. 

352 Morimatsu M, Donoho G, Hasty P (1998). Cells deleted
for BRCA2 COOH terminus exhibit hypersensitivity 
to gamma-radiation and premature senescence. Cancer
Research 58:3441-3447.

353 Jørgensen KJ, Gøtzsche PC (2004). Information in prac-
tice. Presentation on websites of possible benefits and
harms from screening for breast cancer: cross sectional
study. British Medical Journal 328:1-6. 

354 Sasco A (2003). Commentary on University of
California. 2003. Report on the International Summit
on Breast Cancer and the Environment: Research Needs.
University of California at Berkeley Environmental
Health Sciences Center.

355 Maalej M, Frikha H, benSalem S, Daoud J, Bouaouina
N, Ben Abdallah M, Ben Romdhane K (1999). Le cancer
du sein en Tunisie (Breast cancer in Tunisia: Clinical
and epidemiological study). Bulletin cancer 86:302-306.

356 Barcellos-Hoff MH, Ravani SA (2000). Irradiated
mammary gland stroma promotes the expression of
tomorigenic potential by unirradiated epithelial cells.
Cancer Research 60:1265-1260.

357 Maffini MV, Soto AM, Calabro JM, Ucci AA,
Sonnenschein C. (2004). The stroma as a crucial target
in rat mammary glandn carcinogenesis. Journal of 
Cell Science. In Press.

358 CDC (2003) Second National Report on Human
Exposure to Environmental Chemicals. Atlanta: Centers
for Disease Control and Prevention. 

359 World Health Organization (1996). Levels of PCBs,
PCDDs, and PCDFs in human milk. WHO European
Centre for Environment and Health.

360 Jensen AA (1991). Occupational chemicals in human
milk. In Chemical Contaminants in Human Milk
(Jensen AA, Slorach SA, Eds). CRC Press:209-214.

361 Newman J (1993). Would breastfeeding decrease risks of
lead intoxication? Pediatrics 90:131-132.

362 Hess G (1999). Activists push FDA to remove bisphenol-
A from baby bottles. Chemical Market Reporter 255:9.

363 Garofalo RP, Goldman AS (1998). Cytokines, chemo-
kines, and colony-stimulating factors in human milk:
The 1997 update. Biology of the Neonate 74:134-142

364 Goldman AS, Chheda S, Garofalo R (1998). Evolution of
immunologic functions of the mammary gland and the
postnatal development of immunity. Pediatric Research
43:155-162.

365 Anderson JW, Johnstone BM, Remley DT (1999). Breast-
feeding and cognitive development: A meta-analysis.
American Journal of Clinical Nutrition 70:525-535.

366 Horwood LJ, Fergusson DM (1998). Breast feeding 
and later cognitive and academic outcomes. Pediatrics
101:E9.

367 Working together for a Toxic-Free Future; a joint
statement by participating organizations of the World
Alliance for Breastfeeding Action (WABA) & Interna-
tional POPs Elimination Network (IPEN). May 2002.

368 National Cancer Institute (2004). Seer Registries.
http://seer.cancer.gov/registries Accessed 8/6/04

369 CDC (2003) Second National Report on Human
Exposure to Environmental Chemicals. Atlanta: Centers
for Disease Control and Prevention. 

370 Complete information on the POPs treaty, 
including current sign-on status, can be found on
http://irptc.unep.ch/pops/default.html. The U.S. 
Senate has yet to vote on ratification.

371 European Union: Learn about the “united states” 
of Europe (2004) StartSpot Network.
http://www.govspot.com/features/eu.htm

372 Becker E, Lee J (2003). Europe plan on chemicals seen 
as threat to U.S. exports. New York Times, May 8.

373 Gofman JW (2000). Eight key points: Your stake 
in the patients’ right-to-know about X-rays.
www.ratical.org/radiation/CNR/XHP/8keyPoints.html. 

374 Tenny H, Harriman E (2000). A detailed analysis of 
the TURA data by chemical category 1990-1997, p. 11.
The TUR Institute, University of Massachusetts, Lowell.

76 | BREAST CANCER FUND AND BREAST CANCER ACTION

 



Contact Information

BREAST CANCER FUND
1388 Sutter St., Suite 400
San Francisco, CA 94109
Toll-free: 866.760.TBCF
or 415.346.8223
415.346.2975 fax
info@breastcancerfund.org
www.breastcancerfund.org

BREAST CANCER  ACTION
55 New Montgomery St., Suite 323
San Francisco, CA 94105
Toll-free: 877.2STOPBC
or 415.243.9301
415.243.3996 fax
info@bcaction.org
www.bcaction.org

Printed on 100% recycled, chlorine-free paper.

Raging Light
by Susan Gray

Inspired by the Tibetan
prayer flags used on 
the Breast Cancer 
Fund’s Climb Against the
Odds expedition,
this quilt contains over
7,000 singatures and
memorial names squares.


