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Key Aspects of a Weight of Evidence Framework for the Evaluation of Bisphenol A 
 
 
1. Introduction 
 
A complete understanding of the potential risks of bisphenol A (BPA) to reproduction 
and development requires, at a minimum, detailed knowledge of several areas of research. 
 

• Metabolism and pharmacokinetics 
• Human exposure 
• Reproductive and developmental toxicity 

 
Bisphenol A is one of the best studied of all substances and each of these areas includes a 
large number of published studies, which vary substantially in size, scope, quality and 
relevance to human health.  Considering the large number of studies it is not surprising 
that some inconsistent results have been reported, in particular from studies that examine 
low doses of BPA. 
 
Given the large number and diversity of studies, it is of particular importance for the 
expert panel to apply a weight of evidence approach to systematically review and 
critically analyze the studies, leading to transparent conclusions based on all of the 
relevant evidence.  The panel should be allowed adequate time to conduct a thorough and 
comprehensive evaluation rather than a cursory overview with inadequate analysis to 
support sound conclusions. 
 
The need for a rigorous weight of evidence approach was highlighted in a November 
2005 report from the EU Scientific Committee on Health and Environmental Risks, 
which noted that reported BPA low-dose effects have not been reproduced.1  The 
committee recommended that “assessment of such effects requires a rigorous and science 
based weight-of-the-evidence approach, which needs to consider that the findings at low 
doses represent changes without, or, at best, unknown toxicological significance.”  
 
It is likely that the expert panel will evaluate many types of studies ranging from in vitro 
studies to multi-generational studies.  The findings reported in these studies will likewise 
cover a wide range.  The panel must distinguish between toxicological effects and other 
physiological responses that do not result in an adverse effect.  The panel must also 
distinguish between studies that may be relevant to human health and those that are of 
little or no relevance. 
 
 

                                                 
1 Scientific Committee on Health and Environmental Risks. Opinion on Endocrine Disrupting Chemicals: a 
Non-animal Testing Approach. November 25, 2005.  Available on the Internet at 
http://europa.eu.int/comm/health/ph_risk/committees/04_scher/docs/scher_o_015.pdf.  
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2. Weight of Evidence Framework 
 
A suitable weight of evidence framework includes the analytical elements described 
below.2 
 

Elements Focused on Internal Validity 
 
• Rigor – Studies should be evaluated for their proper conduct and analysis.  

Greater weight should be given to better-conducted studies.  Some studies may 
have been performed so poorly that their results should be substantially or entirely 
discounted. 

 
Additional weight should be given to studies conducted under Good Laboratory 
Practice (GLP) regulations or principles, which would be followed by any studies 
submitted by industry for regulatory purposes.  Extensive monitoring, auditing, 
and quality assurance are integral parts of the GLP process, resulting in increased 
reliability of data from GLP studies.  Numerous other aspects of GLP should be 
part of any good scientific practice (e.g., written protocol with justification for the 
study design and test methods, standard operating procedures, data collection 
records, data retention procedures, confirmation of dose administered, 
independent quality assurance review).  These aspects may not exist or may not 
be readily determined from published non-GLP studies. 
 

• Power – The statistical power of an experimental design should be examined for 
its ability to detect effects of a given magnitude.  Studies of higher statistical 
power should be given higher weight over studies of lower statistical power that 
are otherwise comparable. 

 
• Corroboration – The replication of findings among similar studies and the 

observation of similar effects under relevant conditions increases the confidence 
that the findings represent a real effect in experimental animals.  Replication is a 
fundamental principle of the scientific process.  Conversely, lack of corroboration 
is grounds to doubt the validity of single experimental results.  In a multi-
generational study, an exposure-related effect should appear across generations.  

 
Elements Focused on External Validity 

 
• Universality – The degree to which an effect is consistently reproduced in valid 

test systems increases the confidence that it applies to humans.  In contrast, if an 
effect is restricted to a certain species, strain, or route of administration, the ability 
to generalize the response to other species or routes becomes more questionable. 

 

                                                 
2 Gray, G. M., Baskin, S. I., Charnley, G., et al. 2001. The Annapolis accords on the use of toxicology in 
risk assessment and decision-making: An Annapolis Center workshop report. Toxicological Methods. 
11(3):225-231. 
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• Proximity – When effects have been shown in a species similar to humans or at a 
dose level similar to that expected in humans, such results weigh more heavily 
than those in dissimilar species, by inappropriate routes, or at markedly different 
dose levels.  In this regard, the significant differences in the metabolism and 
pharmacokinetics of bisphenol A between different routes of exposure and 
between rodents and humans must be taken into account.  In humans, the oral 
route of exposure is most relevant.  By this route, bisphenol A is subject to 
complete first-pass metabolism to a biologically inactive metabolite that is then 
rapidly eliminated in urine. 

 
• Relevance – From what is known about the underlying biological basis for a toxic 

response in animals, it may be possible to judge (based on knowledge of animal 
and human physiology) whether similar metabolism, mechanisms of damage and 
their repair, and molecular targets of action should be expected to operate in 
humans.  Confidence in applicability to humans can increase or decrease 
accordingly. 

 
• Cohesion – The extent to which all of the data are consistent and are subject to a 

single, biologically plausible explanation increases weight compared to a situation 
where inconsistencies require ad hoc explanations and exceptions to general 
patterns.  A common hypothesis is that bisphenol A acts via an estrogenic mode 
of action at low doses to cause adverse effects.  The weight of evidence analysis 
must look for and demonstrate a replicable pattern of estrogenic effects across the 
many studies.  Lack of a consistent pattern of effects significantly reduces the 
biological plausibility of the hypothesis that bisphenol A causes reproductive and 
developmental effects at low doses. 
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Bisphenol A Safety Overview 
 
 

1. What Is Bisphenol A and How It Is Used 
 
Bisphenol A (BPA) is a chemical building block used primarily to make polycarbonate 
plastic and epoxy resins.  The unique attributes of these materials make them ideal for use 
in a wide variety of products, many of which improve the health and safety of consumers.  
Both materials have a long history of safe use, more than 50 years, and an equally long 
history of testing to support the safety of these products. 
 
Polycarbonate is a lightweight, heat-resistant and nearly shatter-proof plastic that is as 
clear as glass.  Examples of the many uses of polycarbonate include: 
 

• Shatter-resistant food storage containers, bottles and tableware.  The transparency 
of polycarbonate makes it easy to check on the contents or cleanliness of a 
container while eliminating the risk of injury from broken glass. 

• Corrective eyeglass lenses are lightweight and virtually unbreakable. 
• Sports safety equipment, such as bicycle helmets, visors and goggles, provide 

protection from injury while being lightweight and comfortable to wear. 
• Many home appliances and electronic equipment, ranging from cell phones and 

computers to food processors and hairdryers are safer and more durable due to the 
shatter-resistance, heat-resistance and electrical insulating properties of 
polycarbonate.  In addition, optical media (i.e., CDs, DVDs) are made from 
polycarbonate. 

• Polycarbonate sheets are used as paneling and glazing wherever people and 
property need to be protected from injury and damage, for example factory safety 
guards, hockey rink sideboard panels, and bullet-resistant windows in banks. 

 
Epoxy resins have an exceptional combination of toughness, chemical resistance and 
adhesion, which makes them particularly useful as protective coatings in a wide variety 
of applications.  Most notably, epoxy resins provide an invaluable public health benefit as 
the coating on the interior surface of most metal food and beverage cans.  The coating 
provides an essential public health benefit by preventing corrosion of the can and 
contamination of food.  In addition to protecting contents from spoilage, these coatings 
make it possible for food products to maintain their quality and taste, while extending 
shelf life. 
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2. Government Bodies Worldwide Support the Safety of BPA 
 
The scientific evidence supporting the safety of BPA has been repeatedly and 
comprehensively examined by government bodies worldwide in recent years.  In each 
case, these assessments support the conclusion that BPA is not a risk to human health at 
the extremely low levels to which people might be exposed. 
 
Key examples of the most recent government assessments are described below: 
 

• US Food and Drug Administration (FDA) - 2005   
In response to a request from the California legislature, FDA provided their views 
on the safety of polycarbonate plastic and epoxy resins in contact with food and 
beverages1 (emphasis added): 

“However, based on all the evidence available at this time, FDA sees no 
reason to change its long-held position that current uses with food are 
safe.” 

Likewise, in regard to the proposed product bans, FDA stated: 
“Considering all the evidence, including measurements by FDA chemists 
of levels found in canned foods or migrating from baby bottles, FDA sees 
no reason at this time to ban or otherwise restrict the uses now in 
practice.” 

 
• Japanese Ministry of Economy, Trade and Industry (METI) – 2005 

A comprehensive risk assessment report on BPA was published by the Research 
Center for Chemical Risk Management of the National Institute of Advanced 
Industrial Science and Technology, which is an independent institution associated 
with METI, in November 2005.2  Based on a thorough review of safety and 
exposure information, the key conclusions of the report confirm no risk of 
BPA to human health, including infants and children.  A No Observed 
Adverse Effect Level of 50 mg/kg-bodyweight/day was established for 
reproductive and developmental toxicity based on the results of a multi-
generation study in laboratory animals.  No adjustment was made for claimed 
low-dose effects because the findings in the low-dose studies were not robust, 
while those in negative studies were consistent.  Based on this report, no risk 
management actions have been proposed for polycarbonate plastic or epoxy resin 
products. 

 
• Japanese Ministry of Environment (MOE) – 2005 

After conducting their own tests on BPA, including a comprehensive reproduction 
test in laboratory animals, MOE concluded there were no clear endocrine 
disrupting effects found at low doses and that no regulatory action is 
required to manage risks.3 
 

• EU Risk Assessment Report – 2003 
A comprehensive risk assessment report on BPA was published by the European 
Union in 2003.4,5  Based on a thorough review of safety and exposure information, 
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the key conclusions of the risk assessment confirm low risk of BPA to human 
health, including use of polycarbonate plastic and epoxy resins in consumer 
products.  The report established a No Observed Adverse Effect Level of 50 
mg/kg-bodyweight/day based on the results of a multi-generation study in 
laboratory animals.  Based on this report, no risk management actions have been 
proposed for polycarbonate plastic or epoxy resin products. 

 
• EU Scientific Committee on Toxicity, Ecotoxcity and the Environment 

(CSTEE) – 2002 
The CSTEE is an independent expert scientific committee that reviews risk 
assessment reports before they are published in final form.  Their detailed 
opinion affirmed the key conclusions of the BPA risk assessment report.6  
This independent scientific review confirms that the results of the risk assessment 
report are valid. 

 
• EU Scientific Committee on Food (SCF) – 2002 

The SCF is an independent scientific committee that advises the European Union 
on food safety matters.  In April 2002 the SCF published their detailed assessment 
of BPA focused on food contact applications of polycarbonate plastic and epoxy 
resins.7  After comprehensively reviewing both safety and exposure information, 
the SCF concluded that worst-case human exposures to BPA are well below their 
Tolerable Daily Intake (TDI) for BPA.  The TDI was conservatively based on the 
results of a multi-generation study in laboratory animals and is intended to protect 
against harmful effects over a lifetime.  These conclusions support the 
continued safe use of polycarbonate plastic and epoxy resins in contact with 
food and beverages. 

 
• US National Toxicology Program (NTP) – 2001 

The NTP conducted a scientific peer review of the evidence for reproductive and 
developmental effects from exposure to low doses of chemicals, specifically 
including BPA.  The overall conclusion of this review confirmed that “low-dose” 
effects for BPA have not been conclusively established as a general or 
reproducible finding.”8  This conclusion, which supports the safety of BPA, has 
been affirmed in each of the more recent reviews described above. 
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3. Safety of Bisphenol A Confirmed by the Weight of Scientific Evidence 
 
Along with more than 50 years of safe use, BPA has an equally long history of testing to 
support the safety of polycarbonate plastic and epoxy resins.  The weight of scientific 
evidence demonstrates that BPA is not a risk to human health at the extremely low 
levels to which people might be exposed. 
 
A complete understanding of the safety of BPA requires detailed knowledge of several 
areas of research:  metabolism and pharmacokinetics, toxicity, and human exposure.   
 

A. Metabolism and Pharmacokinetics 
 
Pharmacokinetics describes the processes by which a substance is absorbed, distributed, 
metabolized and eliminated from the body.  These parameters have a substantial 
influence on the potential for a substance to cause adverse health effects since they 
determine whether and where a substance is present in the body, in what form it is 
present, and for how long.  For example, substances that are poorly absorbed or rapidly 
eliminated will have a lower potential to cause adverse health effects because the 
substance has only a limited presence in the body.  Similarly, metabolism is often a way 
for the body to convert a potentially toxic substance into a non-toxic metabolite that can 
be readily eliminated, thus reducing the potential to cause adverse health effects while in 
the body. 
 
The pharmacokinetics and metabolism of BPA have been very well characterized in 
numerous animal studies (i.e., rodents and primates) and in several studies on human 
volunteers.  Overall, these studies indicate that BPA has a low potential to cause 
adverse health effects in humans and, in particular, estrogenic effects. 
 
Key findings from these studies are summarized below: 
 

• Humans Efficiently Metabolize and Eliminate BPA from the Body  
Human volunteer studies confirm that BPA is efficiently converted to a 
metabolite (BPA-glucuronide) after oral exposure.9,10,11  Studies in animals and 
with isolated liver cells have shown that this metabolic process occurs in the 
intestinal wall12 and in the liver,13,14,15,16 both of which are passed before BPA can 
enter into circulation in the body after absorption.  As a result, the human body 
has two layers of protection to prevent any significant amount of BPA from 
entering the body.   

 
The efficiency of this metabolic process was highlighted by the first human study 
in which the volunteers were treated with 5 mg of BPA per person in a single dose.  
This dose is approximately 1000 times greater than a typical daily intake of BPA, 
which has been measured at approximately 1-2 µg/day or 0.001-0.002 mg/day 
(see below).  Both blood and urine were monitored to determine the fate of BPA 
in the body.  No parent BPA was found in blood at any time point and all BPA 
was excreted in urine as the glucuronide metabolite.  The half-life for 
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elimination is approximately 4 hours, which means that any BPA to which 
people are exposed will be eliminated from the body within a day.9 

  
• BPA Does Not Accumulate in the Body and has Low Bioavailability 

The human volunteer studies confirm that BPA has very low bioavailability in 
humans (i.e., very little, if any, BPA will reach tissues) since little, if any, BPA 
actually enters circulation in the body.  In addition, the rapid elimination of 
BPA indicates that BPA does not bioaccumulate in the body.9,10 

 
Low bioavailability, efficient metabolism of BPA to the glucuronide, and low 
potential to bioaccumulate have also been demonstrated in numerous studies on 
laboratory animals, some of which are cited here.17,18,19,20,21,22,23 

 
• Human Metabolism and Elimination of BPA is More Efficient than Rodents 

By excretion of the BPA-glucuronide metabolite into urine, humans more 
efficiently eliminate BPA from the body compared to rodents, which 
predominately excrete the metabolite in bile.24,25  With biliary excretion into the 
intestine, BPA can be reabsorbed and pass through the body multiple times before 
eventual elimination, a phenomenon known as enterohepatic recirculation.  In 
addition, studies on isolated liver cells from rodents and humans have shown that 
humans have significantly greater hepatic capacity to metabolize BPA to the 
glucuronide compared to rodents.13 

 
These differences indicate that humans are likely to be less sensitive, 
compared to rodents, to any potential effects from a given dose of BPA, 
which suggests caution in extrapolating from rodent toxicity tests to humans. 

 
• Metabolism of BPA is Not Altered during Pregnancy 

The metabolism and pharmacokinetics of BPA in pregnant laboratory animals 
after oral dosing were not substantially different compared to non-pregnant 
animals.26  These results indicate that pregnancy does not inhibit the efficient 
metabolism and rapid excretion of BPA, and that BPA does not bioaccumulate 
during pregnancy.  Consequently, pregnant women are not expected to be 
more sensitive to the potential effects of BPA. 

 
• Neonates Efficiently Metabolize BPA 

From early in neonatal life, BPA is efficiently metabolized by laboratory animals 
to the glucuronide metabolite.27  These results indicate that children are also 
capable of efficiently metabolizing and rapidly eliminating BPA. 
 

• BPA Metabolites are Not Estrogenic 
The primary metabolite of BPA, the glucuronide, has been shown to exhibit no 
estrogenic activity.28  Although not expected to be present at any significant level, 
the BPA sulfate metabolite has also been shown to not exhibit estrogenic 
activity.29  These studies indicate that BPA is not likely to cause estrogenic 
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effects since the metabolites of BPA that actually enter the body have no 
known biological activity and, in particular, have no estrogenic activity. 

 
• Non-Oral Routes of Exposure Are of Limited Relevance to Humans 

Studies in laboratory animals show a significant difference in the bioavailability 
of BPA with oral exposure compared to non-oral routes of exposure (citations 
above).  Since non-oral routes of exposure bypass the efficient metabolism of 
BPA in the intestinal wall and liver, bioavailability with non-oral routes is 
substantially higher than with oral exposure.  Several additional metabolites are 
also observed after non-oral exposure of laboratory animals to BPA.30  Since oral 
exposure is the most relevant route of exposure for humans, these studies indicate 
that studies of toxicity or estrogenic potency involving non-oral routes of 
exposure in laboratory animals are of limited relevance for assessing the 
safety of BPA in humans.   

 
 

B. Human Exposure 
 
As described in the section above on metabolism and pharmacokinetics, BPA is rapidly 
and entirely excreted by humans in urine in the form of the glucuronide metabolite.  Thus, 
analysis of urine for this metabolite (i.e., biomonitoring) is the most direct way to 
measure human exposure to BPA.  Because the half-life of BPA in the body is only about 
4 hours, the amount of BPA found in urine represents recent exposure from the preceding 
24 hours or less. 
 
Numerous biomonitoring studies on BPA have been reported by researchers worldwide.  
These studies consistently indicate that human daily intake of BPA is extremely low and 
typically in the range of 20-30 nanograms/kg-body weight/day.  These levels are about 
1,000,000 times below levels where there were no adverse effects in multi-generation 
animal studies.  Similarly, these levels are about 400-2,000 times below lifetime daily 
intake levels set by government bodies in the US and Europe that are expected to be 
without adverse effect. 
 
These comparisons indicate a substantial margin of safety between actual and safe 
exposure levels.  Overall, the biomonitoring data on bisphenol A supports the 
conclusion that exposure to bisphenol A is extremely low and poses no known risk to 
human health. 
 
Key findings from these studies are summarized below: 
 

• Human Exposure to BPA Confirmed to be Very Low 
Recently published studies in which human urine samples were analyzed for BPA 
indicate that exposure to BPA is extremely low, in the range of 1-2 
micrograms/day, or 20-30 nanograms/kg-bodyweight/day.   
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Included are two studies in which urine samples were collected over 24-hour 
periods.31,32  The amount of bisphenol A excreted in a 24-hour period is a good 
estimate of bisphenol A daily intake because of the short half-life of bisphenol A 
in the body.  In one of these studies, the median level of BPA excreted by 36 
males was estimated as 1.2 micrograms/day.  This study also examined day-to-
day variation by collecting 24-hour urine samples for 5 consecutive days for 4 
males and 1 female.  Although some day-to-day variation was observed, the 
median value was 1.3 micrograms/day.  A second study reported the average level 
of BPA excreted by 11 males and 11 females to be 1.68 micrograms/day. 
 
Numerous other studies conducted in Japan33,34,35,36,37, Korea,38,39 Europe,40 and 
the US41,42,43,44,45,46,47 have reported measurements of BPA in spot samples of 
urine.  The largest study was conducted in the US by the Centers for Disease 
Control and Prevention.  Estimates of daily BPA intake based on these spot 
sample measurements are generally very consistent with each other and with the 
24-hour urine measurements.   
 
Overall, these studies consistently indicate that typical long-term human 
exposure to bisphenol A is extremely low and likely to be in the range of 20-
30 nanograms/kg-bodyweight/day. 

 
• Children’s Exposure to BPA is Very Low 

The results of a study on exposure of preschool children to various chemicals 
from all environmental sources, including food and beverages, indicate that 
children are exposed to very low levels.  The mean estimated aggregate exposure 
to BPA was 43 nanograms/kg-bodyweight/day.48  

 
• Consumer Products Contain Very Little BPA 

The manufacturing processes to make polycarbonate plastic and epoxy resins 
convert virtually all of the BPA into the plastic or resin, leaving behind only trace 
levels of residual BPA, typically less than 50 parts per million (0.005% by 
weight), in the finished material.  Consumers frequently benefit from products 
made from polycarbonate or epoxy resins, but come into contact with very 
little BPA from use of these products. 

 
• Migration Studies Show Low Potential for Human Exposure 

Numerous studies have been conducted to examine the potential for BPA to 
migrate from polycarbonate plastic containers into a food or beverage.  Of 
particular interest are the many studies on polycarbonate baby bottles.  The Dutch 
national Food and Consumer Product Safety Authority recently published their 
study of the migration of BPA from new and used polycarbonate baby bottles.49  
Their results on new bottles, which represent a wide range of bottles on the 
market, show no migration from any bottle with a limit of detection of less than 4 
parts per billion.  The same testing on bottles collected from households where 
they were used for up to three years showed no detectable migration from most of 
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the bottles, and only a trace level of migration (3-5 parts per billion) in a few of 
the bottles.   

 
These levels are far below the safe limits established by the Dutch and EU 
regulatory authorities and the findings are consistent with many other studies 
that have been published around the world, of which several examples are cited 
here, including studies conducted by FDA and UK government 
researchers.50,51,52,53,54 

 
• Exposure to BPA Poses No Known Risk to Human Health 

To put the biomonitoring data into perspective, it is helpful to compare typical 
daily intakes to acceptable daily intakes set by government bodies.  These 
acceptable daily intakes are derived from toxicity studies to which conservative 
safety factors are applied to estimate lifetime exposure levels that are expected to 
be without adverse effects.   
 
The US Environmental Protection Agency has set a Reference Dose of 50 
micrograms/kg-bodyweight/day55 and the European Commission’s Scientific 
Committee on Food has set a Tolerable Daily Intake of 10 micrograms/kg-body 
weight/day.7  A typical daily bisphenol A intake is about 400-2,000 times 
lower than the levels considered to be safe to government bodies, which 
indicates a large margin of safety. 
 
Typical daily intake values can also be compared directly to doses that have been 
shown to cause no adverse effects in toxicity studies.  A typical daily intake is 
about 1,000,000 times lower than levels shown to cause no adverse effects in 
multi-generation animal studies, which also indicates a large margin of safety. 
 
It is notable that actual human exposure levels are well below the “low doses” 
claimed to cause endocrine effects in animal studies.  The “low doses” tested in 
animal studies are almost all at the level of 1000 nanograms/kg-bodyweight/day 
or higher, compared to typical human exposure levels of 20-30 nanograms/kg-
bodyweight/day. 
 
 

C. Toxicity and Endocrine Disrupting Effects 
 
A very large number of studies have been reported that examine the potential for BPA to 
cause toxic effects and, in particular, endocrine disrupting effects.  These studies cover a 
very wide range of study types, sizes and designs.  The relevance of many of the reported 
studies to human health is limited, for example by use of an inappropriate route of 
exposure.  In general though, high-quality comprehensive studies have been conducted 
that allow a thorough assessment of the potential risk to human health from exposure to 
BPA. 
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Given the number and range of studies reported, it is not appropriate to base conclusions 
on any single study.  Rather, a rigorous and science-based weight of evidence assessment 
is required to fully evaluate the potential for BPA to cause adverse health effects.  Such 
assessments have been conducted by government agencies worldwide, as described in 
Section 2 of the overview.  In addition to the reviews by government agencies, the weight 
of evidence assessments discussed below are of particular relevance for potential 
endocrine disrupting effects.   
 
Overall, these many studies and weight of evidence assessments demonstrate that 
BPA is not a risk to human health at the very low levels of BPA to which humans 
are exposed.  As discussed in the overview, this conclusion is supported by 
government bodies worldwide. 
 
Key findings from these studies are summarized below: 
 

• Low Oral Toxicity 
In general BPA has low oral toxicity in acute, subchronic and chronic studies, 
with No-Observed-Adverse-Effect-Levels (NOAEL) values at 50 mg/kg/day and 
higher for repeat dose studies.4,5 

 
• Not Carcinogenic or Mutagenic 

Life time studies in rats and mice conducted by the US National Toxicology 
program indicate that BPA is not carcinogenic.56  The European Union risk 
assessment report4,5 concluded “Taking into account all of the animal data 
available the evidence suggests that bisphenol-A does not have carcinogenic 
potential” and “Considering all of the available genotoxicity data … it does not 
appear that bisphenol-A has significant mutagenic potential in vivo.” 

 
Similarly, the EU Scientific Committee on Toxicity, Ecotoxicity and the 
Environment6 concluded “Based on the overall evaluation of the available data, 
including those from repeated dose and mutagenicity studies, the CSTEE agrees ... 
that bisphenol A does not have a significant carcinogenic potential” and “The 
CSTEE, therefore, agrees with the overall conclusion that bisphenol A has no 
significant mutagenic potential in vivo.” 

 
A recent comprehensive weight-of-evidence review of the potential 
carcinogenicity of BPA published in a peer-reviewed journal57 concluded that 
“BPA is not likely to be carcinogenic to humans” and “BPA is without genotoxic 
or mutagenic activity in vivo.”  More recently, one study claimed that BPA 
exposure causes meiotic aneuploidy in the female mouse.  However, those results 
have not been replicated in a comprehensive series of studies sponsored by the 
EU.58 

 
• Not Teratogenic or a Selective Reproductive Toxicant 
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Studies conducted in rats and mice by the US National Toxicology Program 
indicate that BPA is not teratogenic, meaning it does not cause birth detects or 
malformations.59 

 
As demonstrated by several studies, BPA is not a selective reproductive toxicant.  
These studies include a continuous breeding study in mice conducted by the US 
National Toxicology Program,60 which was confirmed in an abbreviated one-
generation study in mice,61 a three-generation reproductive toxicity study in rats,62 
a two-generation study in rats sponsored by the Japanese Ministry of Health, 
Labor and Welfare,63 and, most recently, a one-generation study in rats conducted 
by the Japanese Ministry of Environment.64 

 
• Estrogenic Effects at Low Doses Not Confirmed 

BPA has long been known to be weakly estrogenic with estrogenic potency versus 
estradiol being ~1,000-100,000 times weaker.  Estrogenic potency is determined 
in screening assays that measure a biological property but do not assess whether 
the substance causes adverse health effects in laboratory animals at relevant 
exposure levels. 

 
In recent years, various reproductive and developmental effects have been 
reported to occur at very low doses in small-scale studies.  However, attempts to 
replicate key studies reporting low-dose effects have not found the reported 
effects in independent laboratories, even though the repeat studies have 
generally been larger, high quality studies.65   
 
More importantly, low-dose findings have not been found in the much larger-
scale multi-generation studies that follow internationally accepted guidelines 
and are conducted under Good Laboratory Practices.62,63,64  These studies, 
which follow laboratory animals through multiple generations, are designed to 
detect adverse health effects and are the studies relied upon by regulatory 
agencies worldwide to assess safety. 
  

• Weight of Scientific Evidence Does Not Support Low-Dose Effects 
In November 2005, the EU Scientific Committee on Health and Environmental 
Risks (SCHER, which is an independent scientific advisory committee), noted 
that reported BPA low-dose effects have not been reproduced.66  The committee 
recommended that “assessment of such effects requires a rigorous and science 
based weight-of-the-evidence approach, which needs to consider that the 
findings at low doses represent changes without, or, at best, unknown 
toxicological significance.”  
 
Consistent with the SCHER recommendation a weight-of-the-evidence evaluation 
of low-dose BPA reproductive and developmental effects was conducted by an 
expert scientific panel convened by the Harvard Center for Risk Analysis.67  The 
panel reviewed all published studies through April 2002 that examined 
reproductive and developmental endpoints in laboratory animals at low 
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doses.62,63,65a-d,68  The review followed a rigorous analytical framework that 
considered a series of aspects to evaluate internal validity (i.e., rigor, power, 
corroboration) and external validity (i.e., universality, proximity, relevance, 
coherence). 
 
In their overall conclusion, the panel stated “the weight of evidence for low-dose 
effects is very weak, and “the panel found no consistent affirmative evidence 
of low-dose BPA effects for any endpoint.” 
 
Between April 2002 and November 2005, more than 50 additional studies that 
examined reproductive and developmental endpoints in laboratory animals at low 
doses have been published.65e,69,70,71,72  These studies have been reviewed using 
the same rigorous analytical framework used in the initial evaluation. 
 
After review of more than 70 studies plus extensive additional relevant 
information, a scientific panel of experts drawn from the Harvard panel and 
elsewhere stated “Taken together, we conclude that the weight of evidence 
does not support the hypothesis that low oral doses of BPA adversely affect 
human reproductive and developmental health.”73 
 
All of the data reviewed by the scientific panel is summarized in the attached two 
tables, which include all available published data on low-dose BPA reproductive 
and developmental endpoints.  In these tables, the symbol “0” indicates a 
datapoint where no effect was observed.  The data is split between oral and non-
oral routes of exposure.  Since the most relevant route of exposure for humans is 
oral, and because of the significant pharmacokinetic differences between the 
different routes of exposure, studies with non-oral exposures are of limited 
relevance for assessing the safety of BPA for humans.  Note that the exposure 
levels examined in these “low-dose” studies are much higher than actual human 
exposure, typically by several orders of magnitude. 
 
It can be seen at a glance that the vast majority of available data shows no 
effect whatsoever.  There are no endpoints with marked or consistently 
repeatable effects that occur in a consistent pattern between dose groups and 
evaluation times.  In addition, there is no common pattern of effects among 
endpoints that would be expected if BPA were functioning with an estrogenic 
mode of action.  
 
The depth and rigor of these two weight-of-evidence evaluations stand in stark 
contrast to more simplistic approaches that suggest BPA acts as an endocrine 
disruptor to cause adverse health effects at low doses.  For example, attempts to 
simply characterize entire studies as “positive” or “negative” ignore most of the 
data within the studies.74  Without a thorough evaluation of all available data with 
a weight-of-evidence approach, as recommended by SCHER, mistaken 
conclusions are likely to be reached. 
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The conclusions of these weight-of-evidence evaluations are consistent with the 
conclusion of an earlier scientific panel convened by the US National Toxicology 
Program (NTP).  In 2001, NTP issued a report on the findings of a peer review 
panel that examined the scientific evidence for low-dose effects, with a particular 
focus on BPA.  In regard to the potential for low-dose effects from BPA, the 
panel concluded (emphasis added): “There is credible evidence that low doses of 
BPA can cause effects on specific endpoints.  However, due to the inability of 
other credible studies in several different laboratories to observe low dose effects 
of BPA, and the consistency of these negative studies, the Subpanel is not 
persuaded that a low dose effect of BPA has been conclusively established as 
a general or reproducible finding.  In addition, for those studies in which low 
dose effects have been observed, the mechanism(s) is uncertain (i.e., hormone 
related or otherwise) and the biological relevance is unclear.”8 

 
In addition, as described in Section 2, multiple government agencies worldwide 
have reviewed, but not accepted, the validity of low-dose effects for BPA.  Based 
on the weight of scientific evidence, no regulatory body worldwide has accepted 
low-dose effects for BPA as the basis for regulatory action. 
 

• No Confirmed Endocrine Disrupting Effects From BPA Have Been Found in 
Humans 
Only a few limited studies have attempted to look for endocrine effects from BPA 
in humans and each suffers from critical study design flaws that prevent any 
meaningful conclusions from being drawn.75,76  The few studies reported are quite 
small and have not been confirmed in larger-scale studies with appropriate 
methodology.  A particular study design flaw is the use of an inappropriate 
analytical method that is incapable of measuring BPA.   
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Outcome by Dose for Rat and Mouse Studies – Oral Administration 

 
Dose (mg/kg–day) Order of Magnitude 

Endpoint 
≤10-5 10-4 10-3 10-2 10-1 1 

Body and Organ Weights       

Body 0000 000000 
+0000000
00000000
–++– –00

0000000000
0000000000
0000– –00 

0000000+00
000000– –

000 

0000000000–
0000000 

Male       

Epididymis 00 00–0 0000–
0000–0 

000000 
0–

0000000+0

0000000000–
0 00000 

Preputial gland   00+0 0000 000 0 

Prostate and ventral prostate 00 00+0 000000+0
00+ 

000000 
0+00–000+ 000000000+ 00000 

Seminal vesicles 00 0000 00000–0–
000– – 

0000000000
0000– 

00000000000
0 0000 

Testes 0000 000–00 0000000–
0000+00–

0000000– 
–00–

0000+00 

0000000+00
0000 0000000– – 

Female       
Cervix   0 000 00  
Ovaries  0 00000 00000000 000000+ 00 
Uterus  0 0000000 000000000+ 0000000++ 00000 
Vagina   0 000 00  
Organ Morphology/Cytology       
Male  – – –0 – –0000 00+00 0000– 
Female   00 0–00 00+0+– – – 0000000 
Sperm Characteristics       

Sperm characteristics 000000 000– – –
000000–

0000– – –
–0 00000–

+– 

000– –0–00–
–00000000–
00–000–00+

000–
000000000–

0–0000 
00–000–000

Perinatal        
AGD 00 00 000 000000 00000+ 0 
Puberty        
Male       
Preputial separation date 00 000 000 00000 0000  
Testis descent date  0 0 00 00  
Female       
Time until first estrus   – 00 00  
Vaginal opening date  0 00000 000000 00000  
Other Reproductive Endpoints       
Sex ratio  0 0000 0000000 000 000 
Pup survival  0 00–0 000 000 00 

Fertility 00 –00 00000000
00000+ 

0000000000
0000–0+++

000000000–
+++ 000000 

Estrous cycle   00 00000 00000 0–000 –000 
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Outcome by Dose for Rat and Mouse Studies – Non–oral Administration 

 
Dose (mg/kg–day) Order of Magnitude 

Endpoint 
10-5 10-4 10-3 10-2 10-1 1 

Body and Organ Weights       
Body  0 –00 0 0000000000

00 
00000000+
00000000 

00000000– –
0000 

Male       
Epididymis    00000 0000 00000 
Preputial gland    000 00 0 
Prostate and ventral prostate    0000 000 +0 
Seminal vesicles    00000 000000 00000 
Testes    0000000 0000000 000000 
Female       
Ovaries 0 0  000 +00 00+00 

Uterus 000 00–0 0 0000+ 0+0000 0000000000
0 

Vagina 00 –0     
Organ Morphology/Cytology       
Male  0 0 +–+0+0 +–

+0+++00 0000+0 

Female 00000000++
+–00 

–00000+–
++0–+0 0 000++++00 

0++0+++0
0+++0000+

0–+00 
+00000000

Sperm Characteristics       

Sperm characteristics    0–+000–
0000 

– –+00– – 
– –0000++ 

–0–000+00–
–00+ 

Perinatal       
AGD   0 000 0  
Puberty       
Female       
Mammary gland maturation date +      
Age at first estrus   0 –   
Vaginal opening date 0 0 0 – 0+ 00– 
Other Reproductive 
Endpoints 

      

% of time in diestrus     +  
Sex ratio 0 0 0 00000 00000 000 
Pup survival  –  0 00 0 

Fertility 0 00 0–0 000000000 000000000
0 000000 

Estrous cycle (offspring) + + 0+ + +  
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4. Planned and Ongoing Studies 
 
Two studies of particular relevance are underway or in press. 
 

A. Two-Generation Reproductive Toxicity Study of Bisphenol A in CD-1 Mice 
 
As described in the protocol,77 the objectives of this study are to evaluate the potential of 
a wide range of dietary BPA concentrations to produce alterations in parental fertility, 
maternal pregnancy, and growth and development of offspring for two offspring 
generations with one litter per generation in mice.  The study will also examine the 
potential for BPA to produce possible parental and offspring systemic toxicity.  The BPA 
dietary concentrations used in this study range from approximately 0.018 - 3500 ppm 
(approximately 0.003 – 600 mg/kg/day).   
 
In addition, the study includes a single dietary concentration of 0.5 ppm 17β-estradiol 
(approximately 100µg/kg/day) as a positive control to confirm the sensitivity of the 
mouse model to a potent endogenous estrogen.  The study further includes two vehicle 
control groups to increase the baseline historical database in mice and to define the 
intrinsic variability in the endpoints of interest. 
 
The study is being conducted at RTI International with Dr. Rochelle Tyl as the Study 
Director.  The in-life phase of the study has been completed and an audited draft final 
report is expected by November 2006.  The study is being conducted according to OECD 
Good Laboratory Practice guidelines. 
 
The two-generation study on BPA was preceded by an equivalent two-generation 
reproductive toxicity study of 17β-estradiol in CD-1 mice.  One of the objectives of this 
study was to develop a baseline by which to judge possible xenoestrogen effects in mice.  
The study also led to identification of a suitable dose of 17β-estradiol for use as a positive 
control in the BPA two-generation study.  The study was conducted under OECD Good 
Laboratory Practice guidelines.  The final report for this study and the corresponding 
rangefinder study78 are complete and manuscripts are in preparation. 
 

B. Updated Weight of the Evidence Evaluation of Reproductive and 
Developmental Effects of Low Doses of Bisphenol A 

 
As noted above in Section 3C, the weight of evidence evaluation of low-dose 
reproductive and developmental effects of BPA originally conducted by an expert 
scientific panel at the Harvard Center for Risk Analysis has been updated.  The original 
and updated evaluations include more than 70 studies that examine in vivo reproductive 
and developmental toxicity in mammals at low doses.   
 
The updated evaluation applied the same systematic and rigorous analytical framework 
used by the original Harvard panel and builds upon the evaluation results of the Harvard 
panel.  The updated evaluation is in press and will be provided as soon as it is available. 
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5. Conclusions 
 
The safety of BPA has been evaluated in a very large number of studies that examined 
metabolism and pharmacokinetics, human exposure, and toxicity.  In particular the 
potential for BPA to cause endocrine effects at low doses has been extensively studied. 
 
Overall, the weight of scientific evidence from the many studies summarized above 
demonstrates that BPA is not a risk to human health at the extremely low levels to 
which people might be exposed.  This conclusion is supported by multiple weight-of-
evidence assessments conducted recently by scientific and government bodies worldwide.  
Notably, each of these assessments has included or specifically focused on claims that 
BPA can cause adverse health effects at low doses by disruption of natural hormonal 
processes.  In every case, these assessments have found that the scientific evidence does 
not support the validity of low-dose health effects from BPA. 
 
 



 18

6. Citations 
                                                 
1 Letter from Dr. George H. Pauli of the Food and Drug Administration to Greg Aghazarian, California 
State Assemblymember, April 6, 2005. 
2 Japanese Ministry of Economy, Trade and Industry. November 2005. Summary – Bisphenol A Risk 
Assessment Document. National Institute of Advanced Industrial Science and Technology, Research 
Center for Chemical Risk Management. November 2005, http://unit.aist.go.jp/crm/mainmenu/e_1-10.html.  
3 Japanese Ministry of Environment. March 2005. MOE’s Perspectives on Endocrine Disrupting Effects of 
Substances. 
4 European Union Summary Risk Assessment Report – 4,4’-isopropylidenediphenol (Bisphenol-A). 2003. 
5 European Union Risk Assessment Report – 4,4’-isopropylidenediphenol (Bisphenol-A). 2003. 
6 European Commission. May 22, 2002. Scientific Committee on Toxicity, Ecotoxicity and the 
Environment (CSTEE); Opinion on the results of the Risk Assessment of: Bisphenol A; Human Health Part. 
7 European Commission. April 17, 2002. Opinion of the Scientific Committee on Food on Bisphenol A. 
8 Toxicology Program’s Report of the Endocrine Disruptors Low Dose Peer Review. August 2001, 
http://ntp-server.niehs.nih.gov/htdocs/liason/LowDoseWebPage.html. 
9 Völkel, W., Bittner, N., and Dekant, W. 2005. Quantitation of bisphenol A and bisphenol A glucuronide 
in biological samples by HPLC-MS/MS. Drug Metabolism and Disposition. 33:1748-1757. 
10 Völkel, W., Colnot, T., Csanady, G.A., Filser, J.G., and Dekant, W. 2002. Metabolism and kinetics of 
bisphenol A in humans at low doses following oral administration. Chemical Research in Toxicology. 
15:1281-1287. 
11 Tsukioka, T., Terasawa, J., Sato, S., Hatayama, Y., Makino, T., and Nakazawa, H. 2004. Development of 
analytical method for determining trace amounts of BPA in urine samples and estimation of exposure to 
BPA. Journal of Environmental Chemistry. 14:57-63. 
12 Inoue, H., Yuki, G., Yokota, H., and Kato, S. 2003. Bisphenol A glucuronidation and absorption in rat 
intestine. Drug Metabolism and Disposition. 31:140-144. 
13 Pritchett, J. J., Kuester, R. K., and Sipes, I. G. 2002. Metabolism of bisphenol A in primary cultured 
hepatocytes from mice, rats, and human. Drug Metabolism and Disposition. 30:1180-1185. 
14 Elsby, R., Maggs, J. L., Ashby, J., and Park, B. K. 2001. Comparison of the modulatory effects of human 
and rat liver microsomal on the estrogenicity of bisphenol A: Implications for extrapolation to humans. The 
Journal of Pharmacology and Experimental Therapeutics. 297:103-113. 
15 Nakagawa, Y. and Tayama, S. 2000. Metabolism and cytotoxicity of bisphenol A and other bisphenols in 
isolated rat hepatocytes. Archives of Toxicology. 74:99-105. 
16 Yokota, H., Iwano, H., Endo, M., Kobayashi, T., Inoue, H., Ikushiro, S., and Yuasa, A. 1999. 
Glucuronidation of the environmental oestrogen bisphenol A by an isoform of UDP-
glucuronosyltransferase, UGT2B1 in the rat liver. Biochemical Journal. 340:405-409. 
17 Knaak, J. B. and Sullivan, L. J. 1966. Metabolism of bisphenol A in the rat. Toxicology and Applied 
Pharmacology. 8:175-184. 
18 Upmeier, A., Degen, G. H., Diel, P., Michna, H., and Bolt, H. 2000. Toxicokinetics of bisphenol A in 
female DA/Han rats after a single i.v. and oral administration. Archives of Toxicology. 74:431-436. 
19 Pottenger, L. H., Domoradzki, J. Y., Markham, D. A., Hansen, S. C., Cagen, S. Z., and Waechter, J. M. 
2000. The relative bioavailability and metabolism of bisphenol A in rats is dependent upon the route of 
administration. Toxicological Sciences. 54:3-18. 
20 Yoo, S. D., Shin, B. S., Lee, B. M., Lee, K. C., Han, S.-Y., Kim, H. S., Kwack, S. J., and Park, K. L. 
2001. Bioavailability and mammary excretion of bisphenol A in Sprague-Dawley rats. Journal of 
Toxicology and Environmental Health, Part A. 64:417-426. 
21 Takahashi, O. and Oishi, S. 2000. Disposition of orally administered 2,2-bis(4-hydroxyphenyl)propane 
(Bisphenol A) in pregnant rats and the placental transfer to fetuses. Environmental Health Perspectives. 
108:931-935. 
22 Kurebayashi, H., Harada, R., Stewart, R. K., Numata, H., and Ohno, Y. 2002. Disposition of a low dose 
of bisphenol A in male and female Cynomolgus monkeys. Toxicological Sciences. 68:32-42. 
23 Kurebayashi, H., Nagatsuka, S.-I., Nemoto, H., Noguchi, H., and Ohno, Y. 2005. Disposition of low 
doses of 14C-bisphenol A in male, female, pregnant, fetal, and neonatal rats. Archives of Toxicology. 
79:243-252. 



 19

                                                                                                                                                 
24 Kurebayashi, H., Betsui, H., and Ohno, Y. 2003. Disposition of a low dose of 14C-bisphenol A in male 
rates and its main biliary excretion as BPA glucuronide. 73:17-25. 
25 Sakamoto, H., Yokota, H., Kibe, R., Sayama, Y., and Yuasa, A. 2002. Excretion of bisphenol A-
glucuronide into the small intestine and deconjugation in the cecum of the rat. Biochimica et Biophysica 
Acta. 1573:171-176. 
26 Domoradzki, J. Y., Pottenger, L. H., Thornton, C. M., Hansen, S. C., Card, T. L., Markham, D. A., 
Dryzga, M. D., Shiotsuka, R. N., and Waechter Jr., J. M. 2003. Metabolism and pharmacokinetics of 
bisphenol A (BPA) and the embryo-fetal distribution of BPA and BPA-monoglucuronide in CD Sprague-
Dawley rats at three gestational stages. Toxicological Sciences. 76:21-34. 
27 Domoradzki, J. Y., Thornton, C. M., Pottenger, L. H., Hansen, S. C., Card, T. L., Markham, D. A., 
Dryzga, M. D., Shiotsuka, R. N., and Waechter, J. M. 2004. Age and dose dependency of the 
pharmacokinetics and metabolism of bisphenol A in neonatal Sprague-Dawley rats following oral 
administration. Toxicological Sciences. 77:230-242. 
28 Matthews, J.B., Twomey, K., and Zacharewski, T.R. 2001. In vitro and in vivo interactions of bisphenol 
A and its metabolite, bisphenol A glucuronide, with estrogen receptors α and β. Chemical Research in 
Toxicology. 14:149-157. 
29 Shimizu, M., Ohta, K., Matsumoto, Y., Fukuoka, M., Ohno, Y., and Ozawa, S.  Sulfation of bisphenol A 
abolished its estrogenicity based on proliferation and gene expression in human breast cancer MCF-7 cells.  
Toxicology in Vitro.  16:549-556 (2002).   
30 Zalko, D., Soto, A. M., Dolo, L., Dorio, C., Rathahao, E., Debrauwer, L., Faure, R., and Cravedi, J.-P. 
2003. Biotransformations of bisphenol A in a mammalian model: Answers and new questions raised by 
low-dose metabolic fate studies in pregnant CD-1 mice. Environmental Health Perspectives. 111:309-319. 
31 Arakawa, C., Fujimaki, K., Yoshinaga, J., Imai, H., Serizawa, S., and Shiraishi, H. 2004. Daily urinary 
excretion of bisphenol A. Environmental Health and Preventive Medicine. 9:22-26. 
32 Tsukioka, T., Terasawa, J., Sato, S., Hatayama, Y., Makino, T., and Nakazawa, H. 2004. Development of 
analytical method for determining trace amounts of BPA in urine samples and estimation of exposure to 
BPA. Journal of Environmental Chemistry. 14:57-63. 
33 Ouchi, K. and Watanabe, S. 2002. Measurement of bisphenol A in human urine using liquid 
chromatography with multi-channel coulometric electrochemical detection. Journal of Chromatography B. 
780:365-370. 
34 Hanaoka, T., Kawamura, N., Hara, K., and Tsugane, S. 2002. Urinary bisphenol A and plasma hormone 
concentrations in male workers exposed to bisphenol A diglycidyl ether and mixed organic solvents. 
Occupational and Environmental Medicine. 59:625-628. 
35 Matsumoto, A., Kunugita, N., Kitagawa, K., Isse, T., Oyama, T., Foureman, G. L., Morita, M., and 
Kawamoto, T. 2003. Bisphenol A levels in human urine. Environmental Health Perspectives. 111:101-104. 
36 Fujimaki, K., Arakawa, C., Yoshinaga, J., Watanabe, C., Serizawa, S., Imai, H., Shiraishi, H., and 
Mizumoto, Y. Estimation of intake level of bisphenol A in Japanese pregnant women based on 
measurement of urinary excretion level of the metabolite. Japanese Journal of Hygiene. 59:403-408. 
37 Kawaguchi, M., Sakui, N., Okanouchi, N., Ito, R., Saito, K., Izumi, S., Makino, T., and Nakazawa, H. 
2005. Stir bar sorptive extraction with in situ derivatization and thermal desorption-gas chromatography-
mass spectrometry for measurement of phenolic xenoestrogens in human urine samples. Journal of 
Chromatogrpahy B. 820:49-57. 
38 Kim, Y.-H., Kim, C.-S., Park, S., Han, S. Y., Pyo, M.-Y., and Yang, M. 2003. Gender differences in the 
levels of bisphenol A metabolites in urine. Biochemical and Biophysical Communications. 312:441-448. 
39 Yang, M., Kim, S.-Y., Lee, S.-M., Chang, S.-S., Kawamoto, T., Jang, J.-Y., and Ahn, Y.-O. 2003. 
Biological monitoring of bisphenol A in a Korean population. Archives of Environmental Contamination. 
44:546-551. 
40 Völkel, W., Bittner, N., and Dekant, W. 2005. Quantitation of bisphenol A and bisphenol A glucuronide 
in biological samples by HPLC-MS/MS. Drug Metabolism and Disposition. 33:1748-1757. 
41 Brock, J. W., Yoshimura, Y., Barr, J. R., Maggio, V. L., Graiser, S. R., Nakazawa, H., and Needham, L. 
L. 2001. Measurement of bisphenol A levels in human urine. Journal of Exposure Analysis and 
Environmental Epidemiology. 11:323-328. 
42 Calafat, A. M., Kuklenyik, Z., Reidy, J. A., Caudill, S. P., Ekong, J., and Needham, L. L. 2005. Urinary 
concentrations of bisphenol A and 4-nonyl phenol in a human reference population. Environmental Health 
Perspectives. 113:391-395. 



 20

                                                                                                                                                 
43 Tsukioka, T., Brock, J., Graiser, S., Nguyen, J., Nakazawa, H., and Makino, T., 2003. Determination of 
trace amounts of bisphenol A in urine by negative-ion chemical-ionization-gas chromatography/mass 
spectrometry. 19:151-153. 
44 Kuklenyik, Z., Ekong, J., Cutchins, C. D., Needham, L. L., and Calafat, A. M. 2003. Simultaneous 
measurement of urinary bisphenol A and alkylphenols by automated solid-phase extractive derivatization 
gas chromatography/mass spectrometry. Analytical Chemistry. 75:6820-6825. 
45 Ye, X., Kuklenyik, Z., Needham, L. L., and Calafat, A. M. 2005. Quantification of urinary conjugates of 
bisphenol A, 2,5-dichlorophenol, and 2-hydroxy-4-methoxybenzophenone in humans by online solid phase 
extraction-high performance liquid chromatography-tandem mass spectrometry. In Press. 
46 Ye, X., Kuklenyik, Z., Needham, L. L., and Calafat, A. M. 2005. Automated on-line column-switching 
HPLC-MS/MS method with peak focusing for the determination of nine environmental phenols in urine. 
Analytical Chemistry. 77:5407-5413. 
47 Liu, Z., Wolff, M. S., and Moline, J. 2005. Analysis of environmental biomarkers in urine using an 
electrochemical detector. Journal of Chromatography B. 819:155-159. 
48 Wilson, N.K., Chuang, J.C., Lyu, C., Menton, R., and Morgan, M.K.  2003. Aggregate exposures of nine 
preschool children to persistent organic pollutants at day care and at home.  Journal of Exposure Analysis 
and Environmental Epidemiology.  13:187-202. 
49 Food and Consumer Product Safety Authority. 2005. Migration of bisphenol  A and plasticizers from 
plastic feeding utensils for babies. Report No. ND05o410. 
50 Central Science Laboratory. 2004. A study of the migration of bisphenol A from polycarbonate feeding 
bottles into food simulants. Test Report L6BB-1008. 
51 Brede, C., Fjeldal, P., Skjevrak, I., and Herikstad, H. 2003. Increased migration levels of bisphenol A 
from polycarbonate baby bottles after dishwashing, boiling and brushing. Food Additives and 
Contaminants. 20:684-689. 
52 Earls, A. O., Clay, C. A., and Braybrook, J. H. 2000. Preliminary investigation into the migration of 
bisphenol A from commercially-available polycarbonate baby feeding bottles. Final Report prepared by 
LGC Consumer Safety Team for the Consumer Affairs Directorate, Department of Trade and Industry. 
53 Biles, J. E., McNeal, T. P., Begley, T. H., and Hollifield, H. C. 1997. Determination of bisphenol-A in 
reusable polycarbonate food-contact plastics and migration to food-simulating liquids. Journal of Food and 
Agricultural Chemistry. 45:3541-3544. 
54 Mountfort, K. A., Kelly, J., Jickells, S. M.,  and Castle, L. 1997. Investigations into the potential 
degradation of polycarbonate baby bottles during sterilization with consequent release of bisphenol A. 
Food Additives and Contaminants. 14:737-740. 
55 Available on the internet at http://www.epa.gov/iris.  
56 Available on the internet at http://ntp-server.niehs.nih.gov/htdocs/LT-studies/tr215.html. 
57 Haighton, L.A., Hlywka, J.J., Doull, J., Kroes, R., Lynch, B.S., and Munro, I.C.  2002. An evaluation of 
the possible carcinogenicity of bisphenol A to humans.  Regulatory Toxicology and Pharmacology. 35:238-
254.   
58 (a) Hunt, P. A., Koehler, K. E., Susiarjo, M., Hodges, C. A., Ilagan, A., Voigt, R. C., Thomas, S., 
Thomas, B. F., and Hassold, T. J. 2003. Bisphenol A exposure causes meiotic aneuploidy in the female 
mouse. Current Biology. 13:546-553; (b) Attia, M. S., Adler, I. D., Eichenlaub-Ritter, U., Ranaldi, R., and 
Pacchiorotti, F. 2004. Aneuploidy studies in mouse germ cells with bisphenol A. 34th Annual Meeting of 
the European Environmental Mutagen Society. Abstract No. 6022; (c) Parry, J. M. 2005. Protection of the 
European population from aneugenic chemicals. PEPFAC Project Progress Summary. 
59 Available on the internet at http://ntp.niehs.nih.gov/index.cfm?objectid=07301413-F7C9-8EE4-
F367703CBBEACF9F and http://ntp.niehs.nih.gov/index.cfm?objectid=0730125D-D137-A526-
2A35A3476C74F4A3. 
60 Available on the internet at http://ntp-server.niehs.nih.gov/htdocs/RT-studies/RACB84080.html. 
61 Unpublished study. 
62 Tyl, R.W., Myer, C.B., Marr, M.C., Thomas, B.F., Keimowitz, A.R., Brine, D.R., Veselica, M.M., Fail, 
P.A., Chang, T.Y., Seely, J.C., Joiner, R.L., Butala, J.H., Dimond, S.S., Cagen, S.Z., Shiotsuka, R.N., 
Stropp, G.D., and Waechter, J.M.  2002. Three-generation reproductive toxicity study of dietary bisphenol 
A in CD Sprague-Dawley rats.  Toxicological Sciences. 68:121-146. 
63 Ema, M., Fujii, S., Furukawa, M., Kiguchi, M., Ikka, T., and Harazono, A. 2001.  Rat two-generation 
reproductive toxicity study of bisphenol A.  Reproductive Toxicology. 15:505-523. 



 21

                                                                                                                                                 
64 Available on the internet at http://www.env.go.jp/chemi/end/repindex.html.  
65 Key examples of studies that did not confirm reported low-dose effects are:  (a) Ashby, J., Tinwell, H., 
and Haseman, J. 1999. Lack of effects for low dose levels of bisphenol A and diethylstilbestrol on the 
prostate gland of CF1 mice exposed in utero.  Regulatory Toxicology and Pharmacology.  30:156-166; (b) 
Cagen, S.Z., Waechter, J.M., Dimond, S.S., Breslin, W.J., Butala, J.H., Jekat, F.W., Joiner, R.L., Shiotsuka, 
R.N., Veenstra G.E., and Harris, L.R. 1999. Normal reproductive organ development in CF-1 mice 
following prenatal exposure to bisphenol A.  Toxicological Sciences.  50:36-44; (c) Cagen, S.Z., Waechter, 
J.M., Dimond, S.S., Breslin, W.J., Butala, J.H., Jekat, F.W., Joiner, R.L., Shiotsuka, R.N., Veenstra, G.E., 
and Harris, L.R. 1999. Normal reproductive organ development in Wistar rats exposed to bisphenol A in 
the drinking water.  Regulatory Toxicology and Pharmacology.  30:130-139; (d) Tinwell, H., Haseman, J., 
Lefevre, P.A., Wallis, N., and Ashby, J. 2002. Normal sexual development of two strains of rat exposed in 
utero to low doses of bisphenol A.  Toxicological Sciences.  68:339-348; (e) Ashby, J., Tinwell, H., 
Lefevre, P.A., Joiner, R., and Haseman, J. 2003. The effect of sperm production in adult Sprague-Dawley 
rats exposed by gavage to bisphenol A between postnatal days 91-97.  Toxicological Sciences.  74:129-
138; (f) Attia, M. S., Adler, I. D., Eichenlaub-Ritter, U., Ranaldi, R., and Pacchierotti, F.  Aneuploidy 
studies in mouse germ cells with bisphenol A.  34th Annual Meeting of the European Environmental 
Mutagen Society, Abstract Nr. 6022.  Abstract available on the Internet at http://www.parthen-
impact.com/cgi-
bin/pco/50_04111/public/index.cgi?unit=pub_search_results&form_id=303&abstract_id=142&fsession=ye
s.  
66 Scientific Committee on Health and Environmental Risks. Opinion on Endocrine Disrupting Chemicals: 
a Non-animal Testing Approach. November 25, 2005. 
67 Gray, G. M., Cohen, J. T., Cunha, G., Hughes, C., McConnell, E. E., Rhomberg, L., Sipes, I. G., and 
Mattison, D. 2004.  Weight of the evidence evaluation of low-dose reproductive and developmental effects 
of bisphenol A.  Human and Ecological Risk Assessment.  10:875-921. 
68 (a) Sakaue, M., Ohsako, S., Ishimura, R., et al. 2001. Bisphenol-A affects spermatogenesis in the adult 
rat even at a low dose. Journal of Occupational Health. 43:185–190; (b) Kubo, K., Arai, O., Ogata R, et al. 
2001. Exposure to bisphenol A during the fetal and suckling periods disrupts sexual differentiation of the 
locus coeruleus and of behavior in the rat. Neuroscience Letters. 304:73–76; (c) Colerangle, J. B. and Roy 
D. 1997. Profound effects of the weak environmental estrogen-like chemical bisphenol Aon the growth of 
the mammary gland of Noble rats. Journal of Steroid Biochemistry and Molecular Biology. 60(1–2):153–
160; (d) Steinmetz, R., Mitchner, N. A., Grant A., et al. 1998. The xenoestrogen bisphenol A induces 
growth, differentiation, and c-fos gene expression in the female reproductive tract. Endocrinology. 
139(6):2741–2747; (e) Long, X., Steinmetz, R., Ben-Jonathan, N., et al. 2000. Strain differences in vaginal 
responses to the xenoestrogen bisphenol A. Environmental Health Perspectives. 108(3):243–247; (f) Ramos, 
J. G., Varayoud, J., Kass, L., et al. 2001. Prenatal exposure to low doses of bisphenol A alters the 
periductal stroma and glandular cell function in the rat ventral prostate. Biology of Reproduction. 65:1271–
1277; (g) vom Saal, F. S., Cooke, P. S., Buchanan, D. L., et al. 1998. A physiologically based approach to 
the study of bisphenol A and other estrogenic chemicals on the size of reproductive organs, daily sperm 
production, and behavior. Toxicology and Industrial Health. 14(1–2):239–260; (h) Nagel, S. C., vom Saal, 
F. S., Thayer, K. A., et al. 1997. Relative binding affinity-serum modified access (RBA-SMA) assay 
predicts the relative in vivo bioactivity of the xenoestrogens bisphenol A and octylphenol. Environmental 
Health Perspectives 105(1):70–76; (i) Gupta, C. 2000. Reproductive malformation of the male offspring 
following maternal exposure to estrogenic chemicals. Proceedings of the Society for Experimental Biology 
and Medicine. 224(2):61–68; (j) Howdeshell, K. L., Hotchkiss, A. K., Thayer, K. A., et al. 1999. Exposure 
to bisphenol A advances puberty. Nature 401(6755):763–764; (k) Howdeshell, K. L. and vom Saal, F. S.. 
2000. Developmental exposure to bisphenol A: Interaction with endogenous estradiol during pregnancy in 
mice. American Zoologist. 40(3):429–437; (l) Tinwell, H., Joiner, R., Pate, I., et al. 2000. Uterotrophic 
activity of bisphenol A in the immature mouse. Regulatory Toxicology and Pharmacology. 32(1):118–126; 
(m) Nagao, T., Saito, Y., Usumi, K., et al. 2002. Low-dose bisphenol A does not affect reproductive organs 
in estrogen sensitive C57BL/6N mice exposed at the sexually mature, juvenile, or embryonic stage. 
Reproductive Toxicology. 16:123–130; (n) Markey, C. M., Luque, E. H., Munoz De Toro, M., et al. 2001. 
In utero exposure to bisphenol A alters the development and tissue organization of the mouse mammary 
gland. Biology of Reproduction. 65(4):1215–1223. 
69 (a) Akingbemi BT, Sottas CM, Koulova AI, et al. 2004. Inhibition of testicular steroidogenesis by the 



 22

                                                                                                                                                 
xenoestrogen bisphenol A is associated with reduced pituitary luteinizing hormone secretion and decreased 
steroidogenic enzyme gene expression in rat Leydig cells. Endocrinol 145:592-603; (b) Ashby J, Tinwell H, 
Odum J, et al. 2004. Natural variability and the influence of concurrent control values on the detection and 
interpretation of low-dose or weak endocrine toxicities. Environ Health Perspect 112(8):847-853; (c) Chitra 
KC, Rao KR, Mathur PP. 2003b. Effect of bisphenol A and co-administration of bisphenol A and vitamin C 
on epididymis of adult rats: A histological and biochemical study. Asian J Androl 5(3):203-208; (d) Chitra 
KC, Latchoumycandane C, Mathur PP. 2003a. Induction of oxidative stress by bisphenol A in the 
epididymal sperm of rats. Toxicol 185:119-127; (e) Diel P, Schmidt S, Vollmer G, et al. 2004. 
Comparative responses of three rat strains (DA/Han, Sprague-Dawley and Wistar) to treatment with 
environmental estrogens. Arch Toxicol 78:183-193; (f) Ichihara T, Yoshino H, Imai N, et al. 2003. Lack of 
carcinogenic risk in the prostate with transplacental and lactational exposure to bisphenol A in rats. J 
Toxicol Sci 28(3):165-171; (g) Kim M, Choi B, Park J, et al. 2002. Male reproductive toxicity of 
subchronic bisphenol A exposure in F344 rats. Chung Ang Ui Dai Chi 24(3-4):111-120; (h) Kim P, Lee N, 
and Hwang S. 2003. The bisphenol A: A modulator of pregnancy in rats. Kor J Env Hlth Soc 29(4):27-34; 
(i) Kobayashi K, Miyagawa M, Wang R, et al. 2002. Effects of in utero and lactational exposure to 
bisphenol A on somatic growth and anogenital distance in F1 rat offspring. Ind Health 40:375-381; (j) 
Kubo K, Arai O, Ogata R, et al. 2001. Exposure to bisphenol A during the fetal and suckling periods 
disrupts sexual differentiation of the locus coeruleus and of behavior in the rat. Neurosci Lett 304:73-76; 
(k) Negishi T, Kawasaki K, Takatori A, et al. 2003. Effects of perinatal exposure to bisphenol A on the 
behavior of offspring in F344 rats. Environ Toxicol Pharmacol 14:99-108 ; (l) Schönfelder G, Flick B, 
Mayr E, et al. 2002. In utero exposure to low doses of bisphenol A lead to long-term deleterious effects in 
the vagina. Neoplasia 4(2):98-102; (m) Schönfelder G, Friedrich K, Paul M, Cahoud I. 2004. 
Developmental effects of prenatal exposure to bisphenol A on the uterus of rat offspring. Neoplasia 
6(5):584-594; (n) Seidlova-Wuttke D, Jarry H, Christoffel J, Rimoldi G, Wuttke W. 2005. Effects of 
bisphenol-A (BPA), dibutylphtalate (DBP), benzophenone-2 (BP2), procymidone (Proc), and linurone 
(Lin) on fat tissue, a variety of hormones and metabolic parameters: A 3 months comparison with effects of 
estradiol (E2) in ovariectomized (ovx) rats. Toxicology 213:13-24; (o) Seidlova-Wuttke D, Jarry H, and 
Wuttke W. 2004. Pure estrogenic effect of benzophenone-2 (BP2) but not of bisphenol A (BPA) and 
dibutylphtalate (DBP) in uterus, vagina and bone. Toxicology 205:103-112; (p) Seta DD, Minder I, Dessi-
Fulgheri F, et al. 2005. Bisphenol-A exposure during pregnancy and lactation affects maternal behavior in 
rats. Brain Res Bull 65:255-260; (q) Wistuba J, Brinkworth MH, Schlatt S, et al. 2003. Intrauterine 
bisphenol A exposure leads to stimulatory effects on Sertoli cell number in rats. Environ Res 91:95-103; (r) 
Yoshida M, Shimomoto T, Katashima S, et al. 2004. Maternal exposure to low doses of bisphenol A has no 
effects on development of female reproductive tract and uterine carcinogenesis in Donryu rats. J Reprod 
Dev 50(3):349-360; (s) Zoeller RT, Bansal R, and Parris C. 2005. Bisphenol-A, an environmental 
contaminant that acts as a thyroid hormone receptor antagonist in vitro, increases serum thyroxine, and 
alters RC3/neurogranin expression in the developing rat brain. Endocrinology 146(2):607-612. 
70 (a) Fukumori N, Tayama K, Ando H, et al. 2003. Low dose effects of bisphenol A on the ultrastructure 
of prostate in suckling male rats. Ann Rep Tokyo Metr Inst PH 54:347-352; (b) Herath CB, Jin W, 
Watanabe G, et al. 2004. Adverse effects of environmental toxicants, octylphenol and bisphenol A, on male 
reproductive functions in pubertal rats. Endocrine 25(2):163-172; (c) Koda T, Umezu T, Kamata R, et al. 
2005. Uterotrophic effects of benzophenone derivatives and a p-hydroxybenzoate used in ultraviolet 
screens. Environ Res 98:40-45; (d) Ramos JG, Varayoud J, Kass L, et al. 2003. Bisphenol A induces both 
transient and permanent histofunctional alterations of the hypothalamic-pituitary-gonadal axis in prenatally 
exposed male rats. Endocrinology 144(7):3206-3215; (e) Rivas A, Fisher JS, McKinnell C, et al. 2002. 
Induction of reproductive tract developmental abnormalities in the male rat by lowering androgen 
production or action in combination with a low dose of diethylstilbestrol: Evidence for importance of the 
androgen-estrogen balance. Endocrinology 143(12):4797-4808; (f) Saito D, Minamida G, Izukuri K, et al. 
2003. Effects of pubertal treatment with bisphenol A and Bis-GMA on sex hormone level in male rats. 
Environ Sci 10(1):55-61; (g) Takahashi O and Oishi S. 2003. Testicular toxicity of dietarily or parenterally 
administered bisphenol A in rats and mice. Food Chem Toxicol 41:1035-1044; (h) Toyama Y, Suzuki-
Toyota F, Maekawa M, et al. 2004. Adverse effects of bisphenol A to spermiogenesis in mice and rats. 
Arch Histol Cytol 67(4):373-381; (i) Toyama Y and Yuasa S. 2004. Effects of neonatal administration of 
17β-estradiol, β-estradiol 3-benzoate, or bisphenol A on mouse and rat spermatogenesis. Reprod Toxicol 
19:181-188; (j) Yamasaki K, Sawaki M, Noda S, et al. 2002. Immature uterotrophic assay of estrogenic 



 23

                                                                                                                                                 
compounds in rats given diets of different phytoestrogen content and the ovarian changes with ICI 182,780 
or antide. Arch Toxicol 76:613-620. 
71 (a) Al-Hiyasat AS, Darmani H, and Elbetieha AM. 2002. Effects of bisphenol A on adult male mouse 
fertility. Eur J Oral Sci 110:163-167; (b) Al-Hiyasat AS, Darmani H, and Elbetieha AM. 2003. Erratum in 
‘Effects of bisphenol A on adult male mouse fertility.’ Eur J Oral Sci 111:547; (c) Iida H, Mori T, Kaneko 
T, et al. 2002. Disturbed spermatogenesis in mice prenatally exposed to an endocrine disruptor, bisphenol 
A. Mammal Study 27:73-82; (d) Kabuto H, Amakawa M, and Shishibori T. 2004. Exposure to bisphenol A 
during embryonic/fetal life and infancy increases oxidative injury and causes underdevelopment of the 
brain and testis in mice. Life Sci 74:2931-2940; (e) Kawai K, Nozaki T, Nishikata H, et al. 2003. 
Aggressive behavior and serum testosterone concentration during the maturation process of male mice: the 
effects of fetal exposure to Bisphenol A. Environ Health Perspect 111(2):175-178; (f) Laviola G, Gioiosa L, 
Adriani W, et al. 2005. D-amphetamine-related reinforcing effects are reduced in mice exposed prenatally 
to estrogenic endocrine disruptors. Brain Res Bull 65:235-240; (g) Peknicova J, Kyselova V, Buckiova D, 
et al. 2002. Effect of an endocrine disruptor on mammalian fertility. Application of monoclonal antibodies 
against sperm proteins as markers for testing sperm damage. Am J Reprod Immunol 47:311-318; (h) Takao 
T, Nanamiya W, Nazarloo HP, et al. 2003. Exposure to the environmental estrogen bisphenol A 
differentially modulated estrogen receptor-α and -β immunoreactivity and mRNA in male mouse testis. 
Life Sci 72:1159-1169; (i) Timms BG, Howdeshell KL, Barton L, et al. 2005. Estrogenic chemicals in 
plastic and oral contraceptives disrupt development of the fetal mouse prostate and urethra. Proc Natl Acad 
Sci USA 102:7014-7019; (j) Yoshino S, Yamaki K, Li X, et al. 2004. Prenatal exposure to bisphenol A up-
regulates immune responses, including T helper 1 and T helper 2 responses, in mice. Immunology 112:489-
495. 
72 (a) Aikawa H, Koyama S, Matsuda M, et al. 2004. Relief effect of vitamin A on the decreased motility of 
sperm and the increased incidence of malformed sperm in mice exposed neonatally to bisphenol A. Cell 
Tissue Res 315:119-124; (b) Honma S, Suzuki A, Buchanan DL, et al. 2002. Low dose effect of in utero 
exposure bisphenol A and diethylstilbestrol on female mouse reproduction. Reprod Toxicol 16:117-122; (c) 
Iwasaki T and Totsukawa K. 2003. Change in sexual maturation and estrogen receptor expression in mouse 
fetuses exposed to bisphenol A. Environ Sci 10(4):239-246; (d) Markey CM, Coombs MA, Sonnenschein 
C, et al. 2003. Mammalian development in a changing environment: Exposure to endocrine disruptors 
reveals the developmental plasticity of steroid-hormone target organs. Evol Dev 5(1):67-75; (e) Markey 
CM, Wadia PR, Rubin BS, et al. 2005 Long-term effects of fetal exposure to low doses of the xenoestrogen 
bisphenol-A in the female mouse genital tract. Biol Reprod 72(6):1344-51; (f) Munoz-de-Toro M, Markey 
CM, Wadia PR, et al. 2005. Perinatal exposure to bisphenol-A alters peripubertal mammary gland 
development in mice. Endocrinology 146:4138-4147; (g) Nikaido Y, Yoshizawa K, Danbara N, et al. 2004. 
Effects of maternal xenoestrogen exposure on development of the reproductive tract and mammary gland in 
female CD-1 mouse offspring. Reprod Toxicol 18:803-811; (h) Park DH, Jang HY, Park CK, et al. 2004. 
Effect of bisphenol A administration on reproductive characteristic and blood metabolite in mice. J Anim 
Sci Technol 46(6):957-966; (i) Park DH, Jang HY, Kim CI, et al. 2005a. Effect of bisphenol A 
administration on reproductive toxicant of dam and sex ratio of pups in pregnant mice. Journal of 
Toxicology and Public Health 21(2):161-165; (j) Park DH, Jang HY, Kim CI, et al. 2005b. Studies on the 
reproductive toxicant and blood metabolite in pups born after bisphenol A administration in pregnant mice. 
Journal of Toxicology and Public Health 21(2):167-173. 
73 Goodman, J., McConnell, E. E., Sipes, I. G., et al. An Updated Weight of the Evidence Evaluation of 
Reproductive and Developmental Effects of Low Doses of Bisphenol A. In press. 
74 vom Saal FS and Hughes C. 2005. An extensive new literature concerning low-dose effects of bisphenol 
A shows the need for a new risk assessment. Environ Health Perspect 113(8):926-933. 
75 (a) Sugiura-Ogasawara, M., Ozaki, Y., Sonta, S., Makino, T., and Suzumori, K. 2005. Exposure to 
bisphenol A is associated with recurrent miscarriage. Human Reproduction. 20(8):2325-2329; (b) 
Berkowitz, G. 2006. Limitations of a case-control study on bisphenol A (BPA) serum levels and recurrent 
miscarriage. Human Reproduction. 21(2):565-566; (c) Sugiura-Ogasawara, M. 2006. Reply to: ‘Limitations 
of a case-control study on bisphenol A (BPA) serum levels and recurrent miscarriage. Human Reproduction. 
21(2):566-567. 
76 (a) Takeuchi, T., Tsutsumi, O., Ikezuki, Y., Takai, Y., and Taketani, Y. 2004. Positive relationship 
between androgen and the endocrine disruptor, bisphenol A, in normal women and women with ovarian 
dysfunction. Endocrine Journal. 51(2):165-169; (b) Politch, J. A. 2006. Bisphenol A and risk assessment. 



 24

                                                                                                                                                 
Environmental Health Perspectives. 114(1):A16; (c) vom Saal, F. S. and Hughes, C. 2006. Bisphenol A: 
vom Saal and Hughes respond. Environmental Health Perspectives. 114(1):A16-17. 
77 RTI International. 2005. Two-generation reproductive toxicity evaluation of bisphenol A (BPA; CAS No. 
80-05-7) administered in the feed to CD-1® Swiss mice (modified OECD 416). 
78 (a) RTI International. 2004. Range-finding study for the two-generation reproductive toxicity evaluation 
of 17β-estradiol (E2; CAS No. 50-28-2) administered in the feed to CD-1® (Swiss) mice; (b) RTI 
International. 2005. Two-generation reproductive toxicity evaluation of 17β-estradiol (E2; CAS No. 50-28-
2) administered in the feed to CD-1® Swiss mice (modified OECD 416). 




