Background
The prenatal phase of development is a time of
rapid growth (1). Although the womb
is
traditionally exemplified as safe and protected,
there is growing concern that prenatal exposures
to harmful chemicals may lead to adverse health
effects in children, some of which may not
manifest until adulthood. Here, we explore the
potential links between prenatal environmental
chemical exposures and diseases that occur later
in life, with a specific focus on breast cancer.
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Overview of Foetal Development
The developmental stages of pregnancy are split into
three, 3-month periods known as trimesters.

The role of chemicals in human
development and disease

First trimester: The egg is fertilized and divides
rapidly. Within 3-5 days it implants into the wall of the
uterus. The dividing cells split into two sections,
forming an embryo and placenta (2). At 5 weeks (3
weeks after conception), the brain, spinal cord and
heart begin to form. At 6 weeks, arm and leg buds
appear. Brain and spinal cord development continue
throughout pregnancy. By 8 weeks all major organs
and external body structures have begun to form,
including sex organs and mammary glands.

During early development, when cells are dividing
rapidly and tissues and organs are forming, there
is no immune system to fight infection; no
detoxification system to remove toxins; and, no
DNA repair systems to repair damage that may
occur to genetic material. It is thus a period of
“critical vulnerability” when cells are particularly
sensitive to damage (5,6). Although the entire
duration of foetal development is a highly
susceptible period, different tissues and organs
will have heightened vulnerability at different
times, with varying sensitivities to different
chemicals (7) (see box).

Second trimester: Skin, muscle and bone continue to
form, creating a more complete skeleton. At 14 weeks
the baby’s sex is apparent; ovarian follicles begin
forming in girls and in boys the prostate appears. At 19
weeks, a vagina and uterus begin to form in girls. By 22
weeks, eyebrows, fingernails and toenails have formed
and the baby can hear and swallow. At 24 weeks the
bone marrow begins to make blood cells (3). Taste
buds form and hair begins to grow. The lungs are
formed, but do not yet function. In males, testicles
begin to move from the abdomen into the scrotum
and in females, eggs have formed in the ovaries.

The growth of a baby inside the womb (in utero)
and after birth, is mediated by hormones, such as
oestrogens, progesterone, androgens, insulin and
thyroid hormone, which are released from
endocrine glands (including the placenta) into the
bloodstream and transported to different tissues
and organs. For normal growth and development

Third trimester: Bones become fully formed, but are
still soft. The lungs practice "breathing" movements.
During the last few weeks of pregnancy, nipple and
milk ducts begin to form. Breast development in boys
stops following a surge of androgens (male hormones)
just before birth (4). By the end of 37 weeks, organs
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to occur, tissues require specific concentrations of
particular hormones at particular times (8). This is
why early development is especially susceptible to
those chemicals that disrupt the hormone
(endocrine) system (so called endocrine
disrupting chemicals or EDCs).
Chemicals and other agents which cause
abnormal development of unborn babies are
known as ‘teratogens’. At their very worst,
teratogens can cause a pregnancy to terminate,
but they can also cause birth defects and cancers.
There are a number of relatively well known
teratogens such as the anti-morning sickness
drug, thalidomide, used during the 1950s and
1960s (9) and responsible for multiple birth
defects and rubella (German measles virus) which
may lead to miscarriage or cause deafness or
heart disease in children, especially if contracted
by the mother early in pregnancy (10). Alcohol is
also a teratogen which can affect the central
nervous system (and so the brain and spinal cord)
if exposure occurs anytime during pregnancy (11).
Recent animal studies have shown that foetal
exposure to alcohol increases mammary tumour
susceptibility in adulthood (12). Teratogens that
are toxins include methylmercury and lead (13).
These metals are sometimes present in fish and
seafood, which, if consumed in large quantities,
may adversely affect neurological development.
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Prenatal exposure to some chemicals may affect the health of
unborn children

related activity or from medical X-rays) has been
linked with childhood cancers, neurological and
growth abnormalities and an increased risk of
spontaneous abortion (14). Polycyclic aromatic
hydrocarbons (PAHs) are carcinogenic compounds
formed following combustion of, for example,
tobacco, wood and meat. Certain PAHs are known
to cause mammary (and other) cancers in rodents
(15), especially if exposure occurs during the first
trimester (16).
Many factors determine how harmful the effects of
a chemical will be, for example its structure,
concentration, the duration of exposure to it, and
whether it is excreted quickly or builds up in tissues
of the body (bioaccumulation) (17). The mother or
child’s genetic make-up may also determine
individual response. For example, the presence of
the BRCA1 breast cancer susceptibility gene makes
some people more vulnerable to certain
environmental exposures (18).
Chemical
compounds may have gender-specific effects, or be
more damaging to one of the sexes (19).

Prenatal exposure to a range of different
carcinogens can affect the health of unborn
babies. Most carcinogens act by directly damaging
DNA, the genetic material present in all our cells.
For example, ionizing radiation exposure (via work
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Exposure to mixtures of chemicals is of particular
concern, as harmful effects may add up (20). In
some cases, chemical mixtures may have adverse
effects, even if each chemical is ineffective at an
individual level (21).

in utero exposures and EDCs
EDCs can interfere with the body’s normal
hormone function (endocrine system), often by
mimicking or blocking the action of hormones
naturally produced by the body. Often, they are
similar in structure to natural hormones. The
endocrine system is important for regulating many
physiological functions such as growth,
metabolism, reproduction and stress response.
EDCs therefore have the potential to disrupt the
normal function of many body processes.
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EDCs are present in a wide range of products but may affect an
unborn child’s development.

Some changes induced by exposure to EDCs
during early development may cause permanent
alterations that can be passed on to future
generations. Such changes may affect “epigenetic”
control mechanisms, a means by which cells
switch genes on or off, without altering the
primary DNA sequence of a gene (26). Different
cells require different genes to be active (switched
on) at specific times; disruption may result in
disease such as cancer or Alzheimer's in later life
(27). Diethylstillbestrol (DES), used in the U.S. until
the 1970s (and Europe until the 1980s) to help
prevent miscarriage, is an example of an
oestrogenic EDC which induces epigenetic changes
in breast cells (28). In the U.S., daughters of
exposed mothers have an increased risk of breast
(29) and uterine cancer (30). Similarly, DDT, an
insecticide once used widely in the U.S. until its
ban in 1972, has been identified as an oestrogenic
EDC (31). A recent U.S. study found that women
whose mothers had been exposed to significant
levels of DDT during pregnancy were four times as
likely to have had breast cancer by the age of 52,
as woman whose mothers were exposed to small
quantities (32). Despite its toxicity, environmental
persistence and worldwide restrictions on its use,
DDT is still employed in some countries, due to its
effectiveness against malaria-carrying insects (33).

Suspected EDCs are present in a wide variety of
everyday products including plastics, pesticides,
personal care products and cleaners. Examples of
suspected EDCs currently in use include bisphenol
A (BPA) used in polycarbonate plastics, phthalates
used in PVC plastics; pesticides such as
chlorpyrifos and vinclozolin; parabens, used as
preservatives in shampoo and cosmetics and the
antimicrobial agent triclosan, found in personal
care products (for further details see our website).

EDCs can affect the reproductive system of both
sexes by interfering with hormones such as
testosterone and oestrogens. Studies of wildlife
and laboratory animals demonstrate that foetal
exposure to EDCs may result in changes to sex
ratios, deformed reproductive organs and
decreased fertility in adult life (22, 23, 24). In
human studies, EDCs have been associated with
an increase in incidence of endometriosis,
infertility and reproductive cancers (25).
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A number of reports highlight the potential
problems following exposure to EDCs during
pregnancy (e.g. 34,35,36). Numerous studies have
demonstrated EDC effects on the immune system,
central nervous system, reproductive system,
urinary tract, thyroid function, behaviour and
increased miscarriage (e.g. 37,38,39).

increased breast cancer risk. Exposure to elevated
levels of certain polychlorinated biphenyls (PCBs),
may also be linked to increased breast cancer risk,
specifically in young women (51). PCBs were once
used widely in electrical insulating fluids and as
plasticisers, and, like DDT and its metabolites, are
common contaminants of soil and water.
Exposure occurs following consumption of
contaminated food and water.

EDCs are commonly identified in animal and
human body fluids and tissues (40). For example,
BPA is routinely found in human urine, blood,
amniotic fluid, breast milk, fat tissue and the
placenta (41). Phthalates, parabens, synthetic
musks (fragrances), pesticides and UV filters (42),
have been shown to be present in breast milk,
and polychlorinated biphenyls, dioxins and
methylmercury in placenta (43).

Associations between currently used EDCs and an
increased breast cancer risk are generally based
on extrapolations from animal and cell culture
studies. For example, studies in rodents suggest in
utero exposure to BPA increases the risk of
mammary gland tumours (52); enhances
sensitivity of mammary glands to carcinogeninduced tumours (53); could cause epigenetic
changes thought to contribute to the
development of pre-cancerous and cancerous
lesions (54); and may also induce mammary
carcinogenesis by binding to oestrogen receptors
present in foetal breast tissue (55).

in utero exposure to EDCs and
breast cancer

There is increasing evidence that in utero
exposure to certain EDCs may increase the risk of
developing breast cancer later in life. EDCs may
delay or inhibit post-natal breast development
and cause a lack of response to hormones (44).
They may also cause an increase in breast tissue
density, a known risk factor in breast cancer, or
increase sensitivity of the breast to carcinogens,
thereby increasing breast cancer risk following
carcinogen exposure (45). Some EDCs bind to
oestrogen receptors and mimic the action of
natural oestrogens (46). Binding of oestrogens to
their receptors results in increased breast cell
division which is thought to explain why lifelong
exposure to elevated levels of oestrogens is a
known breast cancer risk (47). Furthermore,
oestrogen metabolites (break-down products)
may increase mutations and promote cancer (48).

Prenatal exposure of rats to benzyl butyl
phthalate, (commonly used as a plasticiser in PVC
plastics), alters the mammary gland morphology,
resulting in changes in mammary tissue gene
expression, previously associated with an
increased susceptibility to carcer (56). Prenatal
exposure to the pesticide vinclozolin was found to
increase mammary cancer in offspring, and
subsequent generations (57). Prenatal exposure
to methoxychlor, a banned insecticide and
persistent aquatic environmental pollutant (58), is
also associated with increased mammary cancers
(59). Prenatal exposure of rats to mixtures of
common oestrogenic EDCs affected mammary gland
development of prepubertal female offspring.
When exposed to anti-androgenic EDCs mixtures

Prenatal exposure to EDCs no longer in use, such
as DES (49) and DDT (50), is associated with
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mammary gland development of adult offspring
was affected (60).

What can we do to reduce in utero
exposures?
EDCs and other hazardous chemicals may be
present in food and everyday products such as
household cleaners, fabrics, cosmetics and
medicines. There is uncertainty regarding the
detrimental effects of some of these
environmental contaminants. Nevertheless, we
believe that pregnant and breast feeding woman
should be made aware of the potential sources,
possible risks, routes of exposure, and ways to
reduce these. Currently, there are no UK
government publications which provide advice for
pregnant or breastfeeding women about the risks
that environmental chemical exposures might
pose for their unborn children (61). This contrasts
to other countries such as Denmark, which
publishes a guide for pregnant woman on how to
reduce exposures to environmental chemicals
(62). The Danish government also commissioned a
study (63) which examined the effects on
pregnant woman of EDCs present in food and the
environment and concluded that these
compounds
may
have
anti-androgenic,
oestrogenic and thyroid disrupting effects.
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exposure to paint fumes. Steps can be taken to
reduce or avoid EDC-containing personal care
products: such as those that include parabens,
phthalates and triclosan.
Taking these
precautionary steps can do no harm and may help
to protect your baby from future health problems.

Breast Cancer UK position:
 There is increasing evidence that in utero

exposure to environmental pollutants is
associated with disease and abnormalities in
infancy and later in life, including breast cancer;
 Breast Cancer UK is calling for the Government
and NHS advice services to publish a
comprehensive guide for pregnant woman which
explains the potential risk of in utero
environmental exposures and their possible
effects on the unborn child, and how they might
minimise exposures, similar to the guide
published by the Danish Environment Protection
Agency; and,
 Breast Cancer UK believes greater investment
should be directed towards research which helps
us to understand the environmental causes of
breast cancer in order that we can prevent the
disease before it starts.

There are a number of ways that pregnant woman
can minimize in utero exposures to EDCs (see our
guides “Protecting you and your baby during
pregnancy” and “Cosmetics and breast cancer
information sheet”). For example, consuming
fresh food and drink that is not pre-packaged may
reduce intake of plasticisers such as BPA or
phthalates, which can leach out of plastic
containers upon heating. Avoid pesticides in the
garden, buy organic where possible and minimize

We would like to thank Dr Michelle Bellingham
(University of Glasgow) for her help in the preparation
of this information sheet.

5

References
1.Vandenbergh, J. G. (2004) Animal Models and Studies of in utero Endocrine Disruptor Effects. Institute
for Laboratory Animal Research Journal 45 (4): 438-442. http://ilarjournal.oxfordjournals.org/
content/45/4/438.full
2.Mayo clinic (2014). Pregnancy week by week: Fetal development. http://www.mayoclinic.org/healthylifestyle/pregnancy-week-by-week/in-depth/prenatal-care/art-20045302 (Accessed May 26, 2015)
3.U. S. National library of Medicine (2015). Fetal Development. http://www.nlm.nih.gov/medlineplus/
ency/article/002398.htm (Accessed May 26, 2015)
4.Macon, M. B. and Fenton, S. E. (2013). Endocrine Disruptors and the Breast: Early Life Effects and Later
Life Disease. Journal of Mammary Gland Biology and Neoplasia 18: 43-61. http://www.ncbi.nlm.nih.gov/
pubmed/23417729
5.Gluckman, P. D. et al. (2007). Early Life Events and Their Consequences for Later Disease: A Life History
and Evolutionary Perspective. American Journal of Human Biology 19: 1-19. http://www.ncbi.nlm.nih.gov/
pubmed/17160980
6.Barouki, R. et al. (2012). Developmental origins of non-communicable disease: Implications for research
and public health. Environmental Health 11: 42. http://www.ncbi.nlm.nih.gov/pubmed/22715989
7.Choi, H. et al. (2012). Fetal Window of Vulnerability to Airborne Polycyclic Aromatic Hydrocarbons on
Proportional Intrauterine Growth Restriction. PLoS ONE 7(4): e35464. http://journals.plos.org/plosone/
article?id=10.1371/journal.pone.0035464
8.UNEP/WHO (2013). State of the science of endocrine disrupting chemicals 2012. http://www.who.int/
ceh/publications/endocrine/en/ (Accessed May 26, 2015)
9.Ito, T. et al. (2011). Teratogenic effects of thalidomide: molecular mechanisms. Cellular and Molecular
Life Sciences 68(9): 1569-1579. http://link.springer.com/article/10.1007%2Fs00018-010-0619-9
10.Thompson, K. M. et al. (2014). Characterization of the Risks of Adverse Outcomes Following Rubella
Infection in Pregnancy. Risk Analysis doi: 10.1111/risa.12264. http://onlinelibrary.wiley.com/doi/10.1111/
risa.12264/abstract
11.Kleiber, M. L. et al. (2014). Long-term genomic and epigenomic dysregulation as a consequence of
prenatal alcohol exposure: a model for fetal alcohol spectrum disorders. Frontiers in Genetics 5: 161
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4040446/
12.Polanco, T. A. et al. (2010). Fetal Alcohol Exposure Increases Mammary Tumor Susceptibility and Alters
Tumor Phenotype in Rats. Alcoholism: Clinical and Experimental Research 34(11): 1879-1887. http://
www.ncbi.nlm.nih.gov/pubmed/20662802
13.Gilbert-Barness, E. (2010). Teratogenic Causes of Malformations. Annals of Clinical and Laboratory
Science 40(2): 99-114. http://www.annclinlabsci.org/content/40/2/99.full
14.Williams, P. M. and Fletcher, S. (2010). Health Effects of Prenatal Radiation Exposure. American Family
Physician 82(5): 488-493. http://www.ncbi.nlm.nih.gov/pubmed/20822083
15.National Toxicology Program, Department of Health and Human Services (2011). Polycyclic Aromatic
Hydrocarbons: 15 Listings. Report on Carcinogens 13th edition. http://ntp.niehs.nih.gov/ntp/roc/content/
profiles/polycyclicaromatichydrocarbons.pdf
16.Choi, H. et al. (2012), op. cit.
17.Niebyl, J. and Simpson, J. (2008). Teratology and Drugs in Pregnancy. Global library of Women's
medicine (ISSN: 1756-2228). 2008; DOI 10.3843/GLOWM.10096 http://www.glowm.com/section_view/
heading/Teratology%20and%20Drugs%20in%20Pregnancy/item/96 (Accessed June 18, 2015)
18.Yoshida, K. and Miki, Y. (2004). Role of BRCA1 and BRCA2 as regulators of DNA repair, transcription,
and cell cycle in response to DNA damage. Cancer Science 95(11): 866-871. http://
onlinelibrary.wiley.com/doi/10.1111/j.1349-7006.2004.tb02195.x/
abstract;jsessionid=80EDB907844868D2C80D4B529858913A.f01t01
19.Rosenfeld, C. S. and Trainor, B. C. (2014). Environmental Health Factors and Sexually Dimorphic
Differences in Behavioral Disruptions. Current Environmental Health Reports 1(4): 287-301. http://
link.springer.com/article/10.1007/s40572-014-0027-7
20.Bellingham, M. and Sharpe, R. M. (2013). Chemical exposures during pregnancy (Scientific Impact
Paper No. 37). The Royal College of Obstetricians and Gynaecologists. http://www.rcog.org.uk/
globalassets/documents/guidelines/scientific-impact-papers/sip_37.pdf (Accessed May 26, 2015).
21.Kortenkamp, A. (2008). Low dose mixture effects of endocrine disrupters: implications for risk
assessment and epidemiology. International Journal of Andrology 31(2): 233-40. http://
www.ncbi.nlm.nih.gov/pubmed/18248400
22.UNEP/WHO (2013), op. cit.
23. Gross-Sorokin, M. Y. et al. (2006). Assessment of feminization of male fish in English rivers by the
Environment Agency of England and Wales. Environmental Health Perspectives 114 (1): 147-51. http://
www.unboundmedicine.com/medline/citation/16818261/
Assessment_of_feminization_of_malefish_in_English_rivers_by_the_Environment_Agency_of_England_a
nd_Wales
24.EEA (2012). The impacts of endocrine disrupters on wild-life, people and their environments—The
Weybridge+15 (1996–2011) report. http://www.eea.europa.eu/publications/the-impacts-of-endocrinedisrupters (Accessed June 18, 2015)
25.Diamanti-Kandarakis, E. et al. (2009). Endocrine- disrupting chemicals: an Endocrine Society scientific
statement. Endocrine Reviews 30(4): 293-342. http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2726844/
26.Skinner, M. K. et al. (2011). Epigenetic transgenerational actions of endocrine disruptors. Reproductive
Toxicology 31(3): 337-343. http://www.ncbi.nlm.nih.gov/pubmed/21055462
27.Nilsson, E. E. and Skinner, M. K. (2015). Environmentally induced epigenetic transgenerational
inheritance of disease susceptibility. Translational Research 165(1): 12-17. http://www.ncbi.nlm.nih.gov/
pubmed/24657180
28.Knower, K. C. et al. (2014). Endocrine disruption of the epigenome: a breast cancer link. Endocrine
Related Cancer 21(2): T33-55. http://www.ncbi.nlm.nih.gov/pubmed/24532474
29.Hilakivi-Clarke, L. (2014). Maternal exposure to diethylstilbestrol during pregnancy and increased
breast cancer risk in daughters. Breast Cancer Research 16(2): 208. http://www.ncbi.nlm.nih.gov/pmc/
articles/PMC4053091/

30.Smith, E. K. et al. (2012). Higher incidence of clear cell adenocarcinoma of the cervix and vagina among
women born between 1947 and 1971 in the United States. Cancer Causes Control 23(1): 207-211. http://
www.ncbi.nlm.nih.gov/pubmed/22015647
31.Kuiper, G. G. et al. (1998). Interaction of estrogenic chemicals and phytoestrogens with estrogen
receptor beta. Endocrinology 139: 4252-4263. http://www.ncbi.nlm.nih.gov/pubmed/9751507
32.Cohn, B. A. et al. (2015). DDT Exposure in utero and Breast Cancer. Journal of Clinical Endocrinology
and Metabolism Jun 16: jc20151841 [Epub ahead of print]. http://www.ncbi.nlm.nih.gov/
pubmed/26079774
33.World Health Organisation (2011). The use of DDT in malaria vector control: WHO position statement.
Global Malaria Programme. http://whqlibdoc.who.int/hq/2011/WHO_HTM_GMP_2011_eng.pdf
(Accessed 16 June 2015).
34.Bellingham, M. and Sharpe, R. M. (2013). op cit.
35.WHO (2012). Possible developmental early effects of endocrine disrupters on child health. http://
apps.who.int/iris/bitstream/10665/75342/1/9789241503761_eng.pdf?ua=1 (Accessed May 26, 2015).
36.Danish Ministry of the Environment: Environment Protection Agency (2012). Expecting a baby? Advice
about Chemicals and Pregnancy. http://eng.mst.dk/media/mst/69080/Expecting a baby.pdf (Accessed
May 27, 2015)
37.UNEP/WHO (2013), op. cit.
38.Kloas, W. et al. (2009) Endocrine disruption in aquatic vertebrates. Annual New York Academy of
Sciences. 1163: 187-200. http://www.ncbi.nlm.nih.gov/pubmed/19456339
39.Vos, J. G. et al. (2000). Health effects of endocrine-disrupting chemicals on wildlife, with special
reference to the European situation. Critical Reviews in Toxicology 30(1): 71-133. http://
www.ncbi.nlm.nih.gov/pubmed/10680769
40.UNEP/WHO (2013), op. cit.
41.Vandenberg, L. N. et al. (2010). Urinary, Circulating, and Tissue Biomonitoring Studies Indicate
Widespread Exposure to Bisphenol A. Environmental Health Perspectives 118 (8): 1055-1070. http://
www.ncbi.nlm.nih.gov/pubmed/20338858
42.Schlumpf, M. et al. (2010). Exposure patterns of UV filters, fragrances, parabens, phthalates,
organochlor pesticides, PBDEs, and PCBs in human milk: Correlation of UV filters with use of cosmetics.
Chemosphere 81: 1171–1183. http://www.ncbi.nlm.nih.gov/pubmed/21030064
43.Leino, O. et al. (2013). Pollutant concentrations in placenta. Food and Chemical Toxicology 54: 59-69.
http://www.ncbi.nlm.nih.gov/pubmed/22056334
44.Macon, M. B. and Fenton, S. E. (2013), op. cit.
45.Macon, M. B. and Fenton, S. E. (2013), ibid
46.Diamanti-Kandarakis, E. et al. (2009), op. cit.
47.Travis, R. C. and Key, T. J. (2003). Oestrogen exposure and breast cancer risk. Breast Cancer Research
5: 239-247. http://www.ncbi.nlm.nih.gov/pmc/articles/PMC314432/
48.Santen, R. J. et al. (2015). Estrogen metabolites and breast cancer. Steroids 99: 61-66. http://
www.ncbi.nlm.nih.gov/pubmed/25168343
49.Knower, K. C, et al. (2014), op. cit.
50.Cohn, B. A. et al. (2015), op. cit.
51.Cohn, B. A. et al. (2012). Exposure to polychlorinated biphenyl (PCB) congeners measured shortly after
giving birth and subsequent risk of maternal breast cancer before age 50. Breast Cancer Research and
Treatment 136(1): 267-275. http://www.ncbi.nlm.nih.gov/pubmed/23053646
52.Murray, T. J. (2007). Induction of mammary gland ductal hyperplasias and carcinoma in situ following
fetal bisphenol A exposure. Reproductive Toxicology 23: 383-390. http://www.ncbi.nlm.nih.gov/
pubmed/17123778
53.Betancourt, A. M. et al. (2010). In utero Exposure to Bisphenol A Shifts the Window of Susceptibility for
Mammary Carcinogenesis in the Rat. Environmental Health Perspectives 118: 1614-1619. http://
www.ncbi.nlm.nih.gov/pubmed/20675265
54.Dhimolea, E. et al. (2014). Prenatal Exposure to BPA Alters the Epigenome of the Rat Mammary Gland
and Increases the Propensity to Neoplastic Development. PLoS ONE 9(7): e99800. http://
journals.plos.org/plosone/article?id=10.1371/journal.pone.0099800
55.Paulose, T. et al. (2015). Estrogens in the wrong place at the wrong time: Fetal BPA exposure and
mammary cancer. Reproductive Toxicology 54: 58-65. http://dx.doi.org/10.1016/j.reprotox.2014.09.012
56.Moral, R. et al. (2001). In utero exposure to butyl benzyl phthalate induces modifications in the
morphology and the gene expression profile of the mammary gland: an experimental study in rats.
Environmental Health 10: 5. http://www.ehjournal.net/content/10/1/5
57.Nilsson, E. E. et al. (2008). Transgenerational epigenetic effects of the endocrine disruptor vinclozolin
on pregnancies and female adult onset disease. Reproduction 135: 713-721. http://www.reproductiononline.org/content/135/5/713
58.Murray, K. E. et al. (2010). Prioritizing research for trace pollutants and emerging contaminants in the
freshwater environment. Environmental Pollution. 158(12): 3462-3471. http://www.ncbi.nlm.nih.gov/
pubmed/20828905
59.Lee, H. R. et al. (2012). Treatment with bisphenol A and methoxychlor results in the growth of human
breast cancer cells and alteration of the expression of cell cycle-related genes, cyclin D1 and p21, via an
estrogen receptor-dependent signaling pathway. International Journal of Molecular Medicine 29(5): 883890. http://www.ncbi.nlm.nih.gov/pubmed/22307313
60.Mandrup, K. R. et al. (2015). Mixtures of environmentally relevant endocrine disrupting chemicals
affect mammary gland development in female and male rats. Reproductive Toxicology 54: 47-57. http://
www.sciencedirect.com/science/article/pii/S0890623814002536
61.Bellingham, M. and Sharpe, R. M. (2013), op. cit.
62.Danish Ministry of the Environment: Environment Protection Agency (2012), op. cit.
63.Andersen, D. N. et al. (2012). Exposure of pregnant consumers to suspected endocrine disruptors.
Danish EPA. http://www2.mst.dk/Udgiv/publications/2012/04/978-87-92903-02-0.pdf (Accessed May 27,
2015)

For further information and more web resources please visit our website www.breastcanceruk.org.uk
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