
Accompanying a societal shift to delayed childbearing,
there has been an increase in the number of couples
seeking infertility treatment. Most studies of the

short-term effects of infertility treatment among women have
indicated that it is generally not associated with the risk of
breast cancer. A number of different drugs have been used in
these treatments; some studies have examined these drugs
for an association with breast cancer risk. To date, the results
of these studies show conflicting results, and more study is
needed before the presence or absence of breast cancer risk
can be determined. The long-term effects of infertility
treatments on breast cancer risk are unknown. Most studies
to date have evaluated treatment of less than 10 years dura-
tion and groups of women at ages where breast cancer is
less common. Monitoring of women who have received
infertility treatments should continue.

Infertility
Infertility is common condition. Estimates of the percentage
of women of reproductive age (15 to 44), who have not con-
ceived a child after 12 months of trying, range between 8%
and 20% (1, 2). A significant contributor to these estimates
is the societal shift toward delayed childbearing over the last
three decades. This shift is made clear by the changes in age-
specific birth rates. Between 1970 and 2005, the birth rate
among women aged 20 to 24 years declined 39% and the
rate among women 25 to 29 years declined 20%. In contrast,
the birth rate increased among women 30-34 years by 31%,
among women 35-39 years by 46%, and among women
40-44 years by 12%. (3). There was also an increase in late
age at first birth (a risk factor for breast cancer). Over the
16-year period from 1970 to 1986, the number of first births
to mothers in their 30s more than quadrupled, while first
births to women between ages 40 and 44 doubled.

Maternal age plays an important role in infertility. As
women age there is a stepped decrease in fertility. Women
are most fertile around age 20. From this age fertility

steadily declines to about age
35, at which point it transitions
into a stage of rapid decline.
This step is followed by a
dramatic fall after age 40, such
that the likelihood of a failed
pregnancy at age 45 is 75%.
This is a more than six times
the risk for women under 20.

Use of fertility services has
increased greatly since their introduction in the late 1960s.
The use of fertility drugs increased 1.9 fold between 1973
and 1991. Data from a 1995 survey by the U.S. Centers
for Disease Control indicated that 17% of women 25 to 34
sought infertility services of some type. This value increased
to 23% for women between ages 35 and 45 (4).

Possible associations between infertility
treatment and breast cancer risk: direct and
indirect effects
A number of breast cancer risk factors can possibly come
into play with regard to breast cancer risk and infertility
treatment. Breast cancer risk may be increased by factors
associated with pregnancy and childbirth themselves, or
through direct effects of the infertility treatments. Breast
cancer risk factors associated with pregnancy and childbirth
include pregnancy itself, age at first birth and maternal age
for subsequent births. Pregnancy, while ultimately protective
against breast cancer risk for younger mothers, is associated
with an increase in breast cancer risk for a period of about
10 years following childbirth (5). This effect is especially
prominent and may last longer in mothers older than 35
years. Maternal age has further importance. Age of first birth
is well established to be associated with breast cancer risk
and is related to a progressive increase in risk. Relative risks
as large as 3.7 fold have been reported for comparisons of
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women at the extremes of reproductive age (6). A recent
study of a cohort of 1.5 million Danish women strongly
supports the idea that, above and beyond the effects of a
first birth, all births to older mothers are associated with
increased breast cancer risk. The investigators reported that
while childbirth among young mothers (age 25 to 30) was
associated with a decrease in breast cancer risk, childbirth
among women older than age 30 was associated with a
progressive increase in breast cancer risk as age at childbirth
increased. The level of increase depended on the birth
number; that is first, second, third, etc., but increased risk
was associated with all births (7).

Most studies have reported a weak or no relationship
between infertility itself and breast cancer risk. In addition,
studies of different types of infertility showed no consistent
associations with breast cancer risk (8-13). Direct effects of
infertility treatments may have a role in breast cancer risk.
The major goal of most infertility treatments is the
stimulation of ovulation resulting in, for most protocols,
“superovulation,” the maturation and release of multiple
eggs from the ovary. It is well recognized that breast cancer
risk is higher in women who undergo more ovulation cycles
over a lifetime (14). This effect may result from changes
associated with ovulation, which might potentially be greater
during superovulation cycles. Alternatively, or in addition,
ovulation stimulation affects estrogen and progestin levels.
This may be important because increased exposure to
estrogens and progestins has been clearly linked to increased
breast cancer risk (15). Commonly used infertility drugs,
that contain or affect the release of hormones controlling
ovulation, lead to increased levels of estrogens and
progestins (16, 17). However, it has also been argued that
such changes do not attain high enough hormone levels or
extend long enough to be likely to cause such deleterious
effects (18).

On the other hand, two of the commonly used
infertility drugs, clomophene citrate and human chorionic
gonadotrophin, have been considered as preventive
treatments for breast cancer (19, 20). Clomophene citrate has
a similar structure and activity to the estrogen antagonist,
tamoxifen. Tamoxifen is commonly used for adjuvant
treatment of breast cancer and clomophene citrate has also
been used in this manner. Studies in animals indicate that
human chorionic gonadotrophin, a hormone produced during
pregnancy, can have a protective effect against breast cancer
and such use has been proposed for humans (21). Thus, these
fertility drugs could potentially decrease breast cancer risk.

Infertility treatment and breast cancer risk:
many study types and designs
A diverse collection of studies has examined infertility
treatments and breast cancer risk. This includes five clinical
case reports (22-26), four case-control (retrospective) studies
(17, 27-29) and 16 cohort (prospective) studies (8-11, 24,
30-40). The design of the studies differed greatly. They
differed in the sources of study participants: some focused

on women undergoing in-vitro fertilization, some collected
subjects from infertility clinics in general, and others
examined women in existing cohorts. Differences also
existed in how information was collected. The most accurate
studies used medical records, while others used
questionnaires and interviews with the women themselves.

Determination of risk requires the use of a comparison
group. For example, to ideally examine the effects of
infertility treatments on breast cancer risk, a group of
infertile women with breast cancer who had received
infertility treatment would be compared to an identical group
of infertile women without breast cancer who had not
received infertility treatment. Assembly of these ideal
comparison groups is not possible, but if enough information
about the breast cancer risk factor profiles is collected for
both groups, the comparison can be adjusted to account for
group differences. Since infertility may affect breast cancer
risk, better-designed studies in this area used infertile women
as a comparison group, others used the general population.
Some studies also did a better job of adjusting for other
differences in breast cancer risk. One key risk factor in these
studies was whether the women in both groups had had
children and if so how many. This factor could differ greatly
between the treated and the comparison groups. Only a few
studies did this careful analysis. Finally, the studies also
differed to a large extent in the number of women with
breast cancer who were included in the analysis. Risk is a
statistical calculation and, in general, the more subjects
examined the more reliable the results. Most of the studies
were limited by the fact that they studied less than 50 cases
of breast cancer. Only a few of the studies had more than
100 cases.

Results of existing studies
Overall, the majority of the studies of associations between
infertility treatment and breast cancer risk did not detect an
association between the two. The results of the largest and
best designed studies supported this result. However, since
the follow-up time for the majority of these studies was less
than 10 years, these studies have really only evaluated the
short-term effects of these treatments. This is all the more
important as several studies found increased risk of breast
cancer among women that were monitored for more than
20 years. Studies that examined the association of specific
infertility drugs and treatments with breast cancer risk had
conflicting and inconclusive results; some studies reported
increased breast cancer risk, others decreased risk, and still
others no risk association among women who had those
specific treatments for infertility. Inconclusive results were
also reported for the examination of the risks associated with
treatment dosages and number of treatment cycles.

Need for continued monitoring
Continued monitoring of infertility treatments is warranted
for two reasons. First, most of the existing studies had short
follow-up periods. Second, the majority of the study groups
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included mostly premenopausal women. Since 80% of breast
cancer cases occur after menopause, a change in risk may
not yet be apparent. Finally, monitoring should also include
evaluation of different drugs and treatments. While most of
the treatments do act on the same pathway for control of
reproduction, this pathway is complex and the treatments are
diverse. This means that specific treatments could have
different effects on breast cancer risk.�
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v13infertility.cfm



Video topics include: 1) environmental estrogens in
cosmetics and personal care products, 2)
environmental estrogens in certain plastics, and 3)

estrogens that can be released into our environment, including
heavy metals like cadmium, nickel and lead found in
electronics, and ingredients released from surfactants used in
detergents. The videos on the BCERF website also offer fully
references articles with more information on each video topic.

Our target audience for these videos is young women,
who may be unaware of breast cancer risk factors and that
breast cancer can take decades to develop. Young adults,
especially those in high school and college, often are adopting
lifestyle changes they will carry with them throughout
adulthood. However, we are also aware that the mothers and
grandmothers of “Generation X” are very interested in these
videos, and are telling their daughters and granddaughters
about them. And we hope the “Boomer” generation is learning
something from watching the videos as well.

While our media and audience are new for this project,
our overall message is not new. Over the years, BCERF has
consistently provided information on environmental estrogens
and their potential to affect breast cancer risk here in The
Ribbon, and in fact sheets, BCERF Briefs, and slide shows.
Indeed, the central role of the hormone estrogen and how it
affects the risk of breast cancer has cut across much of our
translational research and educational
programming. Many of the environ-
mental risk factors on which we
have provided programming are
linked to estrogen exposure during
different life stages. This includes
hormonal therapies, alcohol use,
post-menopausal obesity, physical
activity, and exposure to a variety of
environmental chemicals, including
certain pesticides and estrogen
mimics in flame retardants.

What is new is that biomonitor-
ing studies conducted by the Centers
for Disease Control and Prevention

(CDC) have recently shown widespread exposure in the US
general population to a variety of environmental estrogens.
This includes bisphenol A (released from polycarbonate plas-
tics and liners of food cans), nonylphenol (released from cer-
tain detergents), benzophenone-3 (UV-screen in cosmetics),
and heavy metals (such as lead and cadmium). Until recently,
there was little data on population-level exposures for many
of these chemicals. (See the articles that accompany the
videos on our website for more information and citations.)

Researchers have also been studying mixtures of
environmental estrogens over the last 10 years, and have
developed predictive models of how they may work together.
This has culminated in a model that suggests that, even at very
low levels, there can be additive estrogenic effects when a
variety of environmental estrogens are present in a mixture
(this model is the work of Dr. Andreas Kortenkamp, from the
University of London School of Pharmacy). And, there is also
evidence from these modeling studies that mixtures of
environmental estrogens may work together with the body’s
own estrogen. This suggests a new way of thinking about how
environmental estrogens may contribute to breast cancer risk.

The Estrogen Connection Videos were a true
collaborative effort. We were very fortunate to work with a
talented development team directed by Dr. Jodi Korich.
Dr. Korich is the director of the Partners in Animal Health

Program, which produces videos and
outreach programming in our
College of Veterinary Medicine. In
our college, there is a strong link
between human and veterinary
medicine, since the common biology
of diseases, especially cancer
biology, is important in interpreting
how factors affect the development
of diseases in all species. Dr. Korich
was our producer, and with her
team of professional filmmakers
and animators, the project quickly
evolved from the pages of
spreadsheets in my original concept
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New Videos on Environmental Estrogens
in Everyday Products
By Suzanne Snedeker, Ph.D., Associate Director for Translational Research, BCERF

BCERF is on You Tube

On You Tube:
MAKE-UP:

Breast Cancer & The Estrogen Connection
http://youtube.com/watch?v=kI2V3jHuiQs

PLASTICS:
Breast Cancer & The Estrogen Connection
http://youtube.com/watch?v=jUSsbFN70KA

DUMP and DRAIN:
Breast Cancer & The Estrogen Connection
http://youtube.com/watch?v=dg0gN6LMZ8c

or, search “Cornell Breast Cancer” in the
search box at http://youtube.com

On May 19, 2008, BCERF launched three new videos on environmental estrogens on our own
website, as well as on the popular video posting site, You Tube. These videos are a part of the
“Estrogen Connection” project, which is designed to provide information on ways to reduce
exposure to environmental estrogens found in everyday products, and suggests ways to keep these
chemicals out of our common environment.



document and script, to three polished screenplays, and then
to the final videos that use a combination of live-action,
animation, and musical soundtracks to enhance our risk
prevention messages.

Students played a vital role in this project, including
participation in discussion and focus groups that helped us
hone the scope and pitch of the videos, and serving as
research assistants in assembling the scientific literature used
in writing the concept documents and the articles that
accompany the videos. We were very fortunate that Cynthia
Henderson and her drama students from Ithaca College took

on the role of actresses in the videos as a part a class project.
We hope you will view the videos on either the BCERF

website or on You Tube. Of course, please tell your daugh-
ters and granddaughters, because taking simple steps to avoid
environmental estrogens in everyday products is something
that you all can start today.�
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Dr. Suzanne Snedeker recently presented a talk on chronic
health effects associated with exposure to DDT, including the
risk of diabetes and cancer, at an international conference on
the health risks of DDT held at Alma College on March 14,
2008. Alma, Michigan (MI) is located a few miles from one of
the largest Superfund sites for DDT contamination in the US,
the former Velsicol Chemical Corporation plant in St. Louis,
MI, located on the banks of the Pine River. This article
describes Dr. Snedeker’s experiences visiting the Superfund
site, topics discussed at the conference, and the struggles that
the Community Advisory Group, the Pine River Superfund
Citizen Task Force, has had in getting support for conducting
health assessments of residents that live in close proximity to
this still active Superfund site. Since the World Health Organization now supports the limited use of DDT to spray interior walls
of dwellings in areas where malaria is endemic, it is critical to revisit the importance of continued research on the health effects
of DDT and why alternatives to DDT are equally important to pursue.
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Inmymany years in cancer risk assessment, I had never had anopportunity to visit a Superfund site. OnMarch 14, 2008, I rode
with others attending the Eugene Kenaga International DDT

Conference on Health and the Environment, to the Velsicol Chemical
Corporation site in St. Louis, MI. The conference was being held only
a fewmiles away, at Alma College. As we drove through this middle
class residential neighborhood, a chain link fence containing a large
dirt hill, dotted with large plastic tanks and equipment came into
view. As we drove along the fence, we passed a tombstone with the
words “WARNINGDONOTENTER.” The tombstone marked the
former site of theMichigan Chemical Company plant, later owned by
Velsicol Chemical Corporation, which manufactured DDT for global
use from 1943 to 1963.

The bus drove over a bridge to get to the opposite bank of
the Pine River. We exited the bus and walked along the side of
a children’s playground, to a roofed picnic area. There, a state
and a US Environmental Protection Agency (EPA) representa-
tive managing the Superfund site remediation efforts told us
about the history of the site.

The Velsicol Chemical Corporation Superfund Site
None of the plant buildings stands on the site anymore. By the
early 1980s, the manufacturing plant was torn down and, as part
of the Consent Agreement, Velsicol was required to build a slurry
wall around the site and bury the 54-acre manufacturing site
under a clay cap. The original agreement with Velsicol did not
require any remediation, since it was thought that the DDT in
river sediment would degrade over time and contamination on the
plant site would be contained within the slurry wall and clay cap.

But as water levels started to rise within the slurry wall and
DDT was detected in Pine River fish, studies were initiated to
sample river sediments. Hot spots of DDT up to 30,000 parts
per million (ppm) were detected. Remediation was required
wherever contamination exceeded 3,000 ppm. The goal was to
remove sediments so DDT levels would not exceed 5 ppm.

Steel girder pilings were driven along the riverbank, and water
was pumped out to access river sediments. In 2002, a “dense
non-aqueous phase liquid” (DNAPL), a slurry of chemicals
from the plant, was found to be migrating from the main plant
site to the underlying river sediment. During excavations, 256
pipes were located that had led from the manufacturing plant
into the Pine River.

During remediation efforts that started in 1999, the EPA
removed 640,000 cubic yards of river sediment, and pumped
out 4,355 gallons of DNAPL from the river bottom. It is
estimated these wastes contained 222 tons of DDT (EPA,
2008). However, during remediation efforts to remove river
sediments, excavations indicated the 20-year-old slurry wall
was starting to fail. In addition, the clay cap had started to form
cracks and was leaking contaminates into the river.

In 2005, a new chemical that is an acidic byproduct of the
manufacture of DDT, called para-chlorobenzene sulfonic acid
(p-CBSA), was first detected in groundwater drinking wells in
St. Louis, MI (Michigan DEQ, 2006). Unlike DNAPL, the
p-CBSA does not cling to river sediments. P-CBSA is very
water soluble, can be carried downriver, and can seep from
contaminated soil into groundwater and drinking water wells.
This chemical has only been found at DDT manufacturing or
waste sites. Relatively little is known about its toxicology or
possible health effects (Michigan DEQ, 2006). There is concern
about its continued detection in groundwater drinking wells
near contaminated DDT waste sites.

Currently, the EPA is developing feasibility studies to
determine the best way to remediate the Velsicol Chemical
Corporation Superfund site.

Eugene Kenaga International DDT Conference
on Health and the Environment
Because of their own concerns about the health impacts of DDT
and the changes internationally that have sanctioned limited use

View from the Pine River and Beyond:
The Legacy of DDT Use and Health Effects
By Suzanne Snedeker, Ph.D., Associate Director for Translational Research, BCERF
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of DDT (the World Health Organization has sanctioned limited
use of DDT for residual spraying of interior walls of dwellings)
for malaria control, Alma College, the Pine River Superfund
Citizen Task Force, the Society for Environmental Toxicology
and Chemistry (SETAC), and the International Society of
Environmental Epidemiology organized this international
conference on the health effects of DDT. Their goal was to
assemble an international panel of experts to dialogue with local
citizens on what we know and what we need to know about the
health impacts and policy implications of DDT’s use. I was
honored to participate on the panel of experts, and gave a
presentation on what is known about DDT and the risk of
cancer and diabetes.

The conference was named for Dr. Eugene Kenaga, who
had worked in an anti-malarial unit in the Pacific during World
War II, and later worked as a research scientist for Dow
Chemical. Dr. Kenaga became concerned about the use and
impacts of DDT in the 1960s, worked to limit its use, and
became a leader in environmental toxicology and risk assess-
ment. He was the founder and first president of SETAC, and an
active member of the Pine River Superfund Citizen Task Force.
The Task Force was founded in 1998 to establish a forum to
link government experts and local citizens, to secure appropriate
environmental health policies.

“The Task Force is guided by a theory that assumes
citizen involvement in technical decision making is
essential in a democracy. The Task Force believes that
such community groups can improve the effectiveness of
any technical work, research about risks, and decisions
about remediation. A failed remediation of the Velsicol
site in the 1980s, done with conscious exclusion of the
public by officials, seems to be proof of the validity
of the Task Force's assumptions regarding citizen
involvement. The Task Force and College are
determined not to allow similar mistakes to occur
today.” http://www.pinerivercag.org/About%20Us.php

The conference allowed me not only to interact with scien-
tists in other disciplines who are investigating and interpreting
new data on health risks associated with DDT, but also to talk
with members of the Pine River Superfund Citizen Task Force
and hear the stories of their dedication, accomplishments and
frustrations. The conference they and Alma College organized
was excellent. Speakers included historians, federal agency
personal, and academics in various human and wildlife health
areas from the US and South Africa.

Because many of the speakers presented new, unpublished
data, the details of their talks cannot be shared at this time, but I
can share the topics discussed at the conference. Many of these
areas are relatively new, emerging areas of research, and under-
score why additional support is needed investigate DDT’s
impact on human and wildlife health. Topics discussed included
the history of DDT use for malaria control and concern about
effects on biodiversity and wildlife, including the possible
effects on bird species. Most presentations focused on whether
there was evidence for effects on human health, including: the
risk of exposure with regard to different types of cancers;
emerging evidence of an association the prevalence of Type II

diabetes; evidence of effects on early neurological development
and cognition; whether DDT use in areas of malaria control
affects male reproductive function in adults (sperm indices); and
possible impacts of DDT use on infant health, including
decreased birth weight and lactation duration, and male offspring
urogenital malformations. (See list of presenters on conference
website at http://www.alma.edu/academics/ddt/presenters.)

The afternoon session was devoted to panel discussions
between area residents, members of the Task Force, and the
scientists. These discussions included summaries of what is
known about health effects of DDT from the earlier scientific
presentations, what we need to know, and policy implications of
DDT’s past and current use.

Many of the scientific presenters from the conference and
Alma College faculty are in the process of writing a review
article on the health effects of DDT for peer-review publication,
along with a consensus statement on policy implications. This
includes the need for monitoring health effects in populations
exposed to DDT, whether by living in the proximity of
Superfund sites or through DDT use in malaria control. The
confirmed and emerging health risks of DDT should form a
firm basis for not only the urgent need to seek alternatives to
DDT, but also the need to continue to monitor exposed
populations and determine wildlife and human health impacts.
There is much work to be done in seeking alternatives to DDT,
on both the efficacy of the alternatives as means of malaria
control, and the health implications of any alternatives.

Looking toward the future in DDT-contaminated
areas and populations
At the end of day, I returned to the Velsicol Chemical
Corporation Superfund site with Dr. Diane Henshel of Indiana
University, who was gathering health effects information of resi-
dents that live in proximity of the site. Her preliminary investiga-
tions will focus on whether there are any associations with cancer
incidence or birth defects that would require further study.

It was dusk when we arrived at the Pine River. A group
of teenagers were on the playground equipment in the park
across from the plant site. The sun was setting behind the steel
girders sticking out of the river. A prominent bright red “No
Swimming” sign stood on the riverbank. Diane and I took
pictures of the site. You could hear children playing in
surrounding yards. This community wants what every other
community wants. They want to know that they and future
generations will not be exposed to DDT. They want the river
restored so they can enjoy it with family and friends.

Despite the events that have unfolded in the 25 years since
the Velsicol Chemical Corporation plant was demolished, the
residents involved in the Task Force have been unable to secure
a firm commitment by state or federal agencies to initiate
studies monitoring levels of DDT in residents or to investigate
health outcomes.

“As in many older industrial regions of modest incomes,
residents of the Pine River watershed in Michigan have
experienced powerlessness periodically, powerlessness
in the face of resource exhaustion, environmental
contamination, corporate restructuring, and global

continued on page 10
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Following the News on Pharmaceuticals
in Drinking Water
By Carmi Orenstein, M.P.H., Ribbon Editor and BCERFAssistant Director

Many Ribbon readers may have seen the three-part
Associated Press (AP) story on pharmaceuticals in US

drinking water that appeared in newspapers around the coun-
try this spring. The articles reported on AP’s five-month
inquiry into the drinking water of 62 metropolitan areas and
51 smaller cities. They found that the drinking water of at
least 24 American cities contains trace amounts of a wide
array of pharmaceuticals and their by-products. These
include antibiotics, heart medications, psychiatric drugs, hor-
mones such as those in birth control pills, and others.

Municipal drinking water supplies are extensively regu-
lated by the US Environmental Protection Agency (EPA),
which sets limits on certain contaminants (see:
http://www.epa.gov/safewater/contaminants), but there are
no federal regulations handed down that include pharmaceu-
ticals. The 24 cities that detected pharmaceuticals through
voluntary testing efforts are under no obligation to report
them, nor treat for them. About half the water utilities sur-
veyed do not test for pharmaceuticals. The majority that do
test found some of these trace amounts.

With regard to bottled water, the AP story states, “bot-
tlers, some of which simply repackage tap water, do not typ-
ically treat or test for pharmaceuticals, according to the
industry's main trade group.”

Understanding the implications of exposure to
trace amounts of pharmaceuticals
The authors state that new developments in analytic chem-
istry are what allows the detection of these small amounts,
which are sometimes even measured as parts per trillion.
Some point to the fact that these levels are minute in order to
allay potential fears about exposure to pharmaceuticals from
these sources. But as emerging evidence shows, for example,
with hormone-disrupting chemicals, we do not know the
lower threshold of effects, nor do we have a full understand-
ing of implications for vulnerable populations or the conse-
quences of exposure to chemical mixtures. And, as the AP
author Jeff Donn underscores as a key consideration in
choosing to examine pharmaceuticals in particular as con-
taminants, these are substances designed to interact with the
body. He points to an emerging body of scientific research in
which human cells in a laboratory setting are demonstrating
responses to mixtures of drugs at levels found in water sys-
tems (Pomati, F., et al (2008), Effects and interactions in an
environmentally relevant mixture of pharmaceuticals,
Toxicological Sciences 102, 129-37). There is already a sub-
stantial body of evidence of adverse effects of endocrine-dis-
rupting compounds, such as those in some pharmaceuticals,
in wildlife populations; for example, the feminization of fish
by ethinyl estradiol, present in oral contraceptive pills.

Many pathways may lead to pharmaceuticals
in drinking water supplies
Pharmaceuticals enter wastewater systems in a number of
ways. Once individuals have ingested them, a portion of the
substance passes through the body and enters the sewage
stream. Both metabolized and unmetabolized substances are
excreted.

Unused medicines are often directly disposed of by
flushing. This was, and in some places remains, the directive
the public typically receives for disposal. The Pharmaceutical
Research and Manufacturers of America states that about
one-third of unused medicines are generated by long-term
care facilities, which have typically relied on flushing as
their primary disposal method. (This organization has
entered into a collaborative effort to change this practice,
described below.)

Processes in wastewater treatment may alter the chemi-
cals, depending on the chemical itself and the form of treat-
ment. There are no regulations that specifically require treat-
ment of pharmaceuticals. It is not known exactly how any of
the detected pharmaceuticals enter drinking water supplies
from wastewater, but wastewater treatment plants are com-
monly found upstream from drinking water intakes. Drinking
water treatment, which is effective in treating microorgan-
isms, is not designed to remove pharmaceuticals, and it is not
known what effects it does have on pharmaceuticals.

Animal husbandry contributes to the pharmaceutical
load in the environment. A percentage of the antibiotics
used in large animal feeding operations are excreted and can
persist in the soil and enter groundwater. Anabolic steroids
are commonly used in feedlots, and have been shown to
have breakdown products that have endocrine-disrupting
effects in fish.

Education and policy addressing
pharmaceuticals in the environment
Around the US, there has been increased activity recently on
the part of various agencies and organizations addressing

There have been a variety of previous and ongoing
studies on human and veterinary drugs finding their way
into water systems. The US Geological Survey’s Toxic
Substance Hydrology Program has reported for a decade
on these issues. See for example:
• Pharmaceuticals, Hormones, and Other Organic

Wastewater Contaminants in U.S. Streams
http://toxics.usgs.gov/highlights/DM_top100.html

• Veterinary Medicines in the Environment
http://toxics.usgs.gov/highlights/vet_meds.html
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pharmaceuticals in the environment, some of which is high-
lighted below.

There is increased examination of the sheer amount of
pharmaceutical susbtances entering the waste stream. A
recent study by Medco Health Solutions, Inc., which man-
ages prescription benefits for one in five Americans, showed
that for the first time, in 2007 more than half of insured
Americans take prescription medicines for chronic health
problems. The report noted that the largest increase in use
of medications was in the 20- to 44-year-old age group and
involved medications for depression, diabetes, asthma, atten-
tion deficit disorder and seizures. They also cited children’s
rising use of medicines to treat weight-related problems.
Pharmaceuticals detected in water systems seem to be
another society-wide challenge that stands to benefit from a
strategy of primary prevention of chronic disease.

SMARxT DISPOSAL. On March 17, 2008 the
Pharmaceutical Research and Manufacturers of America
signed an agreement with the US Fish and Wildlife Service
and the American Pharmacists Association to "help protect
the nation's fish and aquatic resources from the improper
disposal of medication." The campaign is called SMARxT
DISPOSAL, and emphasizes the disposal of medications
in the trash as opposed to flushing them. See http://www.
smarxtdisposal.net/

Senate Hearings. On April 15, 2008 the US Senate
Committee on Environment and Public Works held hearings
entitled, “Pharmaceuticals in the Nation’s Water: Assessing
Potential Risks and Actions to Address the Issue.” Senator

Barbara Boxer, Chair of the Committee, praised the AP and
the US Geological Survey (USGS) in her opening remarks,
but was particularly critical of the federal agencies and the
US Environmental Protection Agency (EPA) in doing “very
little” to address this issue (see box on the Natural
Resources Defense Council’s recommendations to EPA and
Congress). The hearings include testimony by:
• Jennifer Sass, Ph.D., Natural Resources Defense Council
• Benjamin H. Grumbles, EPA
• Robert M. Hirsch, Ph.D., USGS
• Alan Goldhammer, Ph.D., Pharmaceutical Research and
Manufacturers of America

• Shane Snyder, Ph.D., Southern Nevada Water Authority
• David Pringler, New Jersey Environmental Federation
The hearings are available on line as webcasts and PDFs:
Go to: http://epw.senate.gov/public/
Select “Hearings” from top left links
Select April 15, 2008

States’ attention to the issue of disposal of pharma-
ceuticals.Many states have introduced or passed legislation
initiating a coordinated approach to the problem of disposing
unwanted pharmaceuticals. These may include community
solid waste programs accepting pharmaceuticals on a single-
day or continuous basis, and/or pharmacy take-back pro-
grams. (These types of programs are common outside of the
US: drop-off of unwanted pharmaceuticals at pharmacies
exists in parts of Canada, in Australia, and in eleven European
Union nations.) California recently passed legislation that

Under the Safe Drinking Water Act
and the Food Quality Protection Act,
EPA has the authority and obligation
to ensure the safety of our drinking
water. EPA should:
• Include pharmaceuticals and per-
sonal care products in the unregu-
lated contaminated monitoring rule
to require public water systems to
monitor for their presence in our
drinking water and to identify in
consumer confidence reports the
levels found in the drinking water;
in the meantime water systems
should test for pharmaceuticals and
personal care products and report
the results to their customers;

• Add pharmaceuticals and personal
care products to the candidate con-
taminant list 3 and evaluate the
need to regulate the presence of
these chemicals in drinking water;

• Immediately finalize and imple-
ment testing under the endocrine
disruptor screening program and
add drinking water contaminants,
including mixtures of pharmaceuti-
cals and personal care products to
the list of chemicals that must be
screened under that program;

• Evaluate and identify wastewater
and drinking water treatment prac-
tices for removing pharmaceuticals
and personal care products;

• In consultation with FDA and other
federal research bodies, conduct
studies to understand the health
effects of discarded pharmaceuti-
cals and personal care products on
the nation’s waterways and drink-
ing water supplies; and

• Work with other federal agencies
and states to prevent or limit the
overuse of antibiotics in agricul-

ture, particularly those that are
critical for human use.

Congress needs to take additional
steps to help address this issue,
including:
• Establish take back programs for
pharmaceuticals;

• Increase funding for wastewater
and drinking water infrastructure;
and

• Reform the Toxic Substances
Control Act to reduce the number
and amount of persistent, bioaccu-
mulative and toxic chemicals that
are released into the environment.

A version of Jennifer Sass’s
testimony will appear in a coming
issue of the International Journal of
Occupational and Environmental
Health

Natural Resources Defense Council Recommendations to EPA and the US Congress
Excerpted from testimony of Jennifer Sass, Ph.D. to the US Senate Committee on Environment and
Public Works on April 15, 2008

continued on page 10
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economic trends. Perhaps the most extreme proof of this
powerlessness is the willingness of many residents of the
region to accept as inevitable the health problems which
they believe grow from the contamination to which they
have been repeatedly exposed.” Pine River Task Force,
http://www.pinerivercag.org/About%20Us.php

At lunch, during panel discussions, and at dinner, I talked
with the current Secretary of the Task Force, Dr. Melissa Strait,
Chair and Professor of Chemistry at Alma College, about the
desire of the Task Force to work with scientists in determining
health effects of not only DDT contamination, but also of the
many other chemicals that leaked from the Velsicol plant and
other industries located on the Pine River.

It is important that there is recognition that regulation and
remediation are only the first steps in addressing chemical
contamination; there is still the obligation to determine health
effects of chemicals in exposed populations. To this end,
because many of our Ribbon readers are epidemiologists and
risk assessors, I urge you to consider collaborations that may

help Pine River Superfund Citizen Task Force conduct health
assessments. Indeed, this information would not only be impor-
tant to residents near other DDT Superfund sites, but would
have important implications for design of studies globally, in
areas where DDT is still actively being used.
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Chlorobenzenesulfonic Acid, CAS #98-66-B, January 2006,
Michigan Department of Environmental Quality (DEQ),
http://www.deq.state.mi.us/documents/deq-rrd-p-CBSAToxAss.pdf

EPA (2008) Region 5 Superfund, Velsicol Chemical Corp.
(Michigan) EPA ID #MID0002439, April 2008,
http://www.epa.gov/region5superfund/npl/michigan/MID0007224
39.htm). cited May 11, 2008.

creates model disposal programs and requires the California
Integrated Waste Management Board to report back to the
legislature on their progress on statewide implementation.
There are a variety of collection projects being tried in
various regions around the country.

For example, Alachua County in Florida ran a pilot project
for “continuous collection system for pharmaceutical wastes”
and documented their results in detail that could help other
such trials. They found “programs could succeed by endeavor-
ing to include convenient, public locations to increase partici-
pation;” they found that “the addition of larger chain pharmacy
locations enhances the number of participants and allows
greater flexibility for customers when dropping off pharma-
ceutical waste;” and “future flexibility may include mail-in
programs with envelopes for return of unused medications
to manufacturers or collection centers.” (http://www.
entrepreneur.com/tradejournals/article/166778956_1.html)

In Maine, the EPA and the state are sharing cost of a
four-county trial, as the first step in implementing the Maine
Unused Pharmaceutical Disposal Project, adopted by the state
legislature in 2004. This pilot project involves postage-paid
mailers available to the public through participating pharma-
cies. It includes an inventory of the types and quantities of
drugs being returned, which could be used by the medical
community to change prescription practices in an effort to
reduce the amount of unused medications in people's homes.

Here in New York State, the Department of
Environmental Conservation (DEC) facilitated a roundtable
discussion meeting on May 15, 2008 to explore issues such
as current pharmaceutical disposal practices, federal and state
regulations, transporting of pharmaceuticals, and policy and

programmatic options for proper waste management. The
New York State Department of Health (DOH), which
partnered with the DEC to host this roundtable discussion,
has been investigating potential pharmaceutical
contamination since the 1990s and plans to work with the
health care industry on disposal issues. The goal for the
discussion was for DEC and DOH staff and outside experts to
exchange information on pharmaceutical waste issues,
implications for the environment and public health, research
needs and data gaps, and to identify possible policy solutions.
Also in New York State there are related bills under
consideration, sponsored by Assemblyman Steve Englebright
and Senator Jim Alesi, which put forth a number of
pharmaceutical disposal-related requirements on the part of
drug manufacturers, consumers, the DEC, and pharmacies
and other retailers. See: http://assembly.state.ny.us/leg/?bn=
a+840 and/or http://www.assembly.state.ny.us/leg/?bn=
S07560&sh=t

Even as research continues on health effects of our envi-
ronmental exposures to chemicals including pharmaceuticals,
as policymaking confronts this particular source of potential
environmental contamination, and as advanced water treat-
ment technologies become more routine, the public will
inevitably have a large role to play in the way we handle and
dispose of our medications.�

Following the News on Pharmaceuticals in Drinking Water continued from page 9

View from the Pine River and Beyond: The Legacy of DDT Use and Health Effects continued from page 7

This article can be found on our website at:
http://envirocancer.cornell.edu/Newsletter/articles/
v13DrinkingWater.cfm

This article can be found on our website at:
http://envirocancer.cornell.edu/Newsletter/articles/
v13DDTLegacy.cfm
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What is the purpose of the report? This draft report,
called a Brief, is considered to be a preliminary report. It
provides both the public and government-based health,
regulatory and research agencies with the NTP’s conclusions
on the potential for BPA to adversely affect human
reproduction and the development of children. The NTP’s
conclusions in the Brief will be peer reviewed by a panel of
experts on June 11, 2008. The draft report is not a
comprehensive evaluation of all toxicological aspects of BPA;
it only covers areas in the realm of reproduction and
development. Why, then, did this report also review data on
certain aspects of BPA’s ability to affect breast cancer risk?
This is because animal modeling studies that have looked at
the question of whether early fetal exposure to BPA, when the
mammary gland is in its early development phase, results in
the formation of any pre-cancerous mammary lesions later in
life. Such an effect would be considered to be a developmental
effect, since chemical exposure occurred during a critical
window of mammary gland development.

What is BPA? BPA is a high-volume industrial chemical
primarily used in making certain plastics and resins. Over 6
billion pounds of BPA are produced globally each year, and
according to the report, this includes 2.3 million pounds pro-
duced per year in the US. The major use of this chemical is to
produce a hard, transparent plastic called polycarbonate, used
in the manufacturing of sports water and baby bottles, goggles,
sports equipment, CDs and DVDs. BPA is also used in epoxy
resins used to coat the inside of metal food cans.

Is there evidence for exposure in people? Yes, the
report cites biomonitoring studies by the Centers for Disease
Control and Prevention (CDC) that report low-level,
widespread exposure of BPA in the general US population. In
a study of urinary levels of BPA and its metabolites, BPA was
detected in 93% of the 2,517 urine samples analyzed by the
CDC. The major source of BPA is from food and beverages.
BPA can migrate from the lining of epoxy coated food cans
into food, and from polycarbonate plastics (sports bottles and
baby bottles) into beverages. High heat (e.g. high canning
temperature in canned foods, and hot beverages in sports or
baby bottles) is the major condition that causes BPA to

migrate from containers into the food and beverages. BPA has
also been detected in breast milk. The report states that the
highest levels of exposure in the general population occur in
infants and children, because they eat and drink more per
pound of body weight than adults, they mouth plastic items,
and have more hand-to-mouth behaviors that enhance the level
of exposure compared to adults.

Infant exposure is of concern because it is thought that the
body handles BPA differently in infants and children, com-
pared to adults. BPA that is in a “free” form seems to act like
a number of hormones, including as a weak estrogen mimic.
Eventually, BPA is converted from the free form to a “conju-
gated” form by the liver, and in humans this conjugated form
is excreted in the urine. This conjugated form does not appear
to be estrogenic. In laboratory animal studies, young animals
are less efficient at converting the free form to the conjugated
form compared to adults. Hence, the concern is that there
is a greater potential for children not only to be exposed to
more BPA than adults, but they also may be exposed to the
hormonally active free form of BPA more than adults.

Is there evidence early exposure to BPA can affect
breast cancer risk? There is some, limited concern. There
have been no studies on early exposures to BPA in humans
and subsequent effects on breast cancer risk later in life. There
are, however, studies conducted in laboratory animals that
show early life exposures to BPA can cause pre-cancerous
mammary gland (breast) lesions to form later in life.
Researchers at Tufts University used small pumps under the
skin to deliver low doses of BPA to fetal rat pups during
pregnancy. As the pups grew older and approached adulthood,
there was a higher frequency of pre-cancerous lesions, includ-
ing hyperplasias, in the animals that had early-life exposures to
BPA compared to those that only received the solvent used to
deliver the BPA. It is thought that early exposure to BPA may
be causing developmental changes in the mammary gland that
may be linked to the pre-cancerous changes observed later in
life. If the BPA-treated animals were challenged when they
were adults with another chemical that was a known carcino-
gen, there was some evidence of a higher level of mammary
tumors, but this effect was not statistically significant.

The purpose of the National Toxicology Program’s Center for the Evaluation of Risks to Human Reproduction (NTP-CERHR) is to
provide unbiased evaluations, based on the current strength of scientific evidence, on whether exposure to certain chemicals in
the environment could cause harmful effects on human reproduction or development. On April 14, 2008 they released a draft
report on the potential for the chemical bisphenol A (BPA) to affect human reproduction and development, including possible
developmental effects on the mammary gland. The NTP report calls for more studies to determine BPA’s potential to affect the
development of the mammary gland in laboratory animal models, since this is needed to assess possible human implications for
low-level exposures and effects on breast cancer risk.

NATIONAL TOXICOLOGY PROGRAM’S DRAFT REPORT ON BISPHENOL A

Are there implications for developmental
effects on breast cancer risk?
By Suzanne Snedeker, Ph.D., Associate Director for Translational Research, BCERF

continued on back cover



The NTP report states that there are similar-
ities between the development of rat and human
breast tumors. For instance, in both species
hyperplasias and other precancerous lesions are
considered to be an intermediary step in tumor
formation. Hence, the preneoplastic lesions
observed in rodent models are relevant to human
risk. However, they cautioned that more studies
are needed on BPA. As with any scientific find-
ing, the observation that gestational exposure to
BPA in fetal rats caused changes that resulted in
precancerous lesions later in life needs to be
confirmed by other investigators. Studies also
need to include a sufficient number of animals
so they can be followed for longer periods of
time to see to what extent BPA-induced hyper-
plasias have the capacity to progress to invasive
mammary tumors as the animals age. The NTP
states that additional studies are needed “to more
completely understand the possible long-term
consequences of disrupting mammary gland
development in animals by BPA exposure and
its significance for human health” (CEHR, 2008,
BPA Brief, pg. 22).

Conclusions of the NTP Report as they
pertain to breast risk factors. The NTP states,
“The evidence is not sufficient to conclude that

bisphenol A is a rodent mammary gland carcino-
gen or that bisphenol A presents a breast cancer
hazard to humans” (CEHR, 2008, pp 20). But,
the NTP also states that it cannot be dismissed
that BPA may have developmental effects in
humans. Therefore they express “some concern
for bisphenol A exposure” in fetuses, infants and
children, based on effects on the mammary
gland, as well as effects on other tissues.�
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