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EXECUTIVE SUMMARY

When the Developmental and Reproductive Toxicant Identification Committee (“DART
IC” or “Committee”) convenes to consider Bisphenol-A (“BPA”) for listing under Proposition
65,! it will not do so in a vacuum. It will not be possible to ignore the controversy that has
developed among advocacy groups and the popular media concerning this chemical, or the many
legislative initiatives to ban the use of products that contain BPA. Equally conspicuous,
however, is the fact that at least six respected agencies of at least four different governments and
international governing authorities independently and exhaustively have reviewed BPA for
reproductive and developmental toxicity and have issued detailed assessments.

Agencies that have recently reviewed BPA for potential to cause reproductive and
developmental effects include the:

*  National Toxicology Program Center for the Evaluation of Risks to Human
Reproduction (“NTP” or “CERHR”) (an “authoritative body” for purposes of
Proposition 65);

* U. S. Food and Drug Administration (“FDA”) (an authoritative body);
*  European Food Safety Authority (“EFSA”);
e European Union Institute for Health and Consumer Protection (“EU”),

e Japanese National Institute of Advanced Industrial Science and Technology
(“NIAIST”); and

*  Health Canada.

None of these expert agencies has reached any regulatory conclusion that would
support a decision by this Committee to list BPA as “clearly shown, through scientifically valid
testing according to generally accepted princgples to cause... reproductive toxicity,” the
standard established by law under Proposition 65.

The conclusions of these agencies are not dispositive by themselves, because the function
of each agency is to assess risks according to regulatory standards, rather than to identify hazards
without concern for risk as Proposition 65 requires. Nevertheless, these unbiased agency
analyses of the data are extremely relevant for two reasons. First, these agencies reviewed the
same data that the DART IC is charged to review now. Second, risk assessment requires an
assessment of hazard, and therefore the agency findings necessarily include detailed analyses of
the human and animal data. Thus, the determinations of the NTP, for example, that exposure of
pregnant women to BPA presents a “negligible concern” of fetal or neonatal mortality or birth
defects, or that exposure to non-occupationally exposed adults presents a “negligible concern”
of reproductive effects, or that exposure to the fetus presents in the worst case only “some
concern” of developmental effects, would be extraordinarily inconsistent with a finding by this
Committee that BPA is “clearly shown” to cause any of these effects, based on the same data.

! Proposition 65 is the popular name for California’s Safe Drinking Water & Toxic Enforcement Act of

1986, Cal. Health & Safety Code § 25249.5 et seq.
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To assist the Committee in its review of the data, we have summarized in Section I of our
detailed comments the pertinent portions of five agency reviews. These assessments, singly or
collectively, do not support a finding that BPA is “clearly shown to cause reproductive toxicity”
for purposes of Proposition 65. Thus, as the Committee evaluates the data, we urge you to
consider these agency findings, from which the following observations are clear:

1. There is an abundance of consistent, high quality data from multiple well-
conducted conventional studies that support the conclusion that BPA is not a selective
developmental or reproductive toxicant. BPA has been studied more extensively than most
chemicals. In Sections IV and V of our detailed comments, we have summarized five
comprehensive reproductive toxicity studies encompassing both low and high doses and three
comprehensive developmental toxicity studies that the reviewing agencies all accepted, indeed
praised. These include a three-generation reproductive study in rats (Tyl et al., 2002b); a two-
generation reproductive study in rats (Ema et al., 2001); a two-generation reproductive study in
mice (Tyl et al., 2008b); a one-generation reproductive study in mice (Tyl ef al, 2002a); a
continuous breeding reproductive study in mice by the NTP (Morrissey et al, 1989);
developmental studies in mice and rats by the NTP (Morissey ef al., 1987); and a developmental
study in rats (Kim et al., 2001).

Collectively, these studies consistently demonstrate that:

» BPA is not a selective developmental or reproductive toxicant in rats or mice;
« BPA does not cause treatment-related effects at low doses;

« Treatment-related effects were seen only at high doses that cause significant
systemic toxicity in the parental animals, and these effects were attributed to
systemic toxicity; and

»  BPA does not produce the reproductive effects that were observed with the

estrogen 17B-estradiol in multigeneration reproductive toxicity studies by the
same investigators.

Regarding the quality of these studies, FDA audited the Tyl et al. multigeneration studies
thoroughly in 2009, found them scientifically valid, and described them, along with Ema et al.,
2001, as “most useful in a safety assessment because of their size, comprehensive endpoint
evaluation, rigorous attention to the certification of doses, and control of experimental
conditions.” The EU Institute for Health and Consumer Protection referred to Tyl et al., 2008b
as the “gold standard” for measuring reproductive effects of BPA.

CONCLUSION: In the words of Proposition 65 and its implementing regulations, the data
from these “scientifically valid” tests conducted according to “generally accepted principles”
do not support listing BPA as a developmental or reproductive toxicant.

3 FDA, 2008 at p. 29.
4 Cal. Health & Safety Code § 25249.8(b); Cal. Code Regs., #it. 22, § 12305(b)(1).
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2. The unconventional, “low-dose” studies that suggest BPA may cause adverse
reproductive or developmental effects have been characterized as inadequate or of limited
utility for assessing risk by every regulatory agency that has reviewed them. NTP, FDA,
EFSA, EU, NIAIST and Health Canada reviewed both the high quality studies addressed above
and many unconventional, “low-dose” studies of BPA and judged the latter studies to be
inadequate or of limited utility. No regulatory agency has relied on an NOAEL from any of
these unconventional studies.

FDA and NTP, as well as other reviewers, regarded these “low-dose” studies as
inadequate for assessing risk, for a variety of reasons, including:

« insufficient replication by independent investigators;
* unsuitability of various experimental approaches;
* undetermined relevance of the animal model in evaluating human risks; and

e incomplete understanding or agreement on the adverse nature of reported
effects.

Many investigators did not attempt to replicate their studies; in some cases, independent
investigators concluded that findings were mnot reproducible. Many used unvalidated
experimental protocols. In many of these studies, BPA was administered by injection and other
routes of exposure not relevant to human exposure. Additional experimental shortcomings
include small group size, administration of only ome dose, inappropriate control groups,
inadequate reporting of experimental details, and failure to consider the appropriate statistical
unit (the litter rather than the pup).

The majority of the unconventional studies were “low-dose” studies that investigated the
hypothesis that very low doses of BPA are capable of disrupting the development or functioning
of the reproductive system. The weight of the evidence does not support the “low-dose”
hypothesis, particularly in light of the robust “conventional” studies summarized above. As
CERHR stated:

“....the failure of BPA to produce reproducible adverse effects via a relevant
route of exposure, coupled with the lack of robustness of the many of the low
dose studies (sample size, dose range, statistical analyses and experimental
design, GLP) and the inability to reproduce many of these effects of (sic) any
adverse effect strains the credibility of some of these study results. They need to
be replicated using appropriate routes of exposures, adequate experimental
designs and statistical analyses and linked to higher dose adverse effects if they
are to elevate our concerns about the effects of BPA on human health.”

CONCLUSION: Returning to the words of Proposition 65 and its implementing
regulations, the unconventional, “low-dose” studies are not “scientifically valid tests conducted
according to generally accepted principles” for purposes of the statute. Even if they did satisfy
that standard, they do not provide sufficient evidence to support a finding that BPA is “clearly
shown to cause developmental or reproductive toxicity” for purposes of Proposition 65.°

> CERHR, 2008, Chapin et al., at p. 382 (emphasis added).
6 Cal. Health & Safety Code § 25249.8(b); Cal. Code Regs., tit. 22, § 12305(b)(1) (emphasis added).
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3. The metabolism and pharmacokinetic properties of BPA indicate that
extrapolation of animal study results to humans is tenuous, and that reproductive or
developmental effects from BPA are not biologically plausible in humans. The metabolism
and pharmacokinetic properties of BPA have been well characterized in numerous studies in
humans, non-human primates and rodents. Several key aspects of these properties have been
applied consistently by regulatory agencies for assessing hazard and risk, and are relevant for the
Committee for assessing hazard under Proposition 65.

In humans, “first pass” metabolism of BPA to non-estrogenic metabolites (primarily
BPA-glucuronide) is essentially complete after oral exposure (the route of exposure relevant to
humans), and the metabolites are rapidly excreted into urine with a half-life of 4-6 hours.
Efficient metabolism has been demonstrated in adults and premature infants, indicating that
infants and children also have the ability to deactivate and eliminate BPA after oral exposure.

In rodents, biliary excretion is the predominant elimination pathway, resulting in
extensive enterohepatic recirculation, higher bioavailability and a significantly longer half-life in
rodents than in humans. In addition, significant route-dependent differences in metabolism and
pharmacokinetics have been demonstrated in rodent studies. Most notably, the efficient “first
pass” metabolic pathway that is operative following oral exposure, which is most relevant to
humans, is by-passed when exposure occurs via non-oral routes.

For human hazard assessment, these properties lead to several significant conclusions:

» The weak estrogenicity of BPA that is observed in vitro is not relevant in vivo,
because BPA is converted to non-estrogenic metabolites after oral exposure,
which limits the biological plausibility of reproductive or developmental
effects in humans by an estrogenic mechanism.

* Due to significant inter-species differences between rodents and humans,
which result in higher bioavailability and longer half-life in rodents, the
extrapolation of any effects observed in rodents to humans is extremely
conservative (i.e., effects in rodents would over-predict potential responses in
humans, because the doses that elicited those responses in rodents would not
elicit the same responses in humans).

» Significant route-dependent differences indicate that rodent studies with non-
oral routes of exposure are of limited relevance to humans.

*  Due to the very short half-life of BPA in the human body, cross-sectional
epidemiology studies that rely on measurement of BPA or its metabolites in
single urine or blood spot samples cannot determine exposure levels in the
past (or future) during the onset and development of a disease.

CONCLUSION: In the words of this Committee’s Guidance Criteria, animal data alone will
support listing only if there is “[s]ufficient evidence in experimental animals (mammals), such
that extrapolation to humans is appropriate.”’ Extrapolation from effects observed in rodent
studies on BPA to humans is tenuous at best because the pharmacokinetic data show significant
differences between species and routes of exposure. These differences indicate that reproductive
or developmental effects in humans from exposure to BPA are not biologically plausible.

7 DART IC, 1993, Section 4.B, at p. 6.
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4. The weak estrogenic activity of BPA is not an adequate basis for listing BPA in
the absence of sufficient evidence of developmental and reproductive toxicity. Scientists have
known for decades that BPA binds weakly to the estrogen receptor. A weak potential to bind to
estrogen receptors is not enough to list a chemical under Proposition 65. Rather, the chemical
must be clearly shown to cause developmental or reproductive toxicity.

The estrogenic activity of BPA has been assessed in many in vitro and in vivo assays.
Although the results vary, the estrogenic activity of BPA appears to be four to five orders of
magnitude less potent than the endogenous estrogen 173-estradiol. Based on this difference in
estrogenic activity alone, BPA would not be expected to cause developmental or reproductive
toxicity by an estrogenic mechanism. And, as noted previously, there is no significant
opportunity for BPA to exhibit an estrogenic effect in humans because orally ingested BPA is
converted efficiently to non-estrogenic metabolites and excreted rapidly.

Many components of the human diet, such as phytoestrogens and lignans, have a similar
or greater affinity than BPA to bind to estrogen receptors. Humans are exposed daily to
significant levels of many estrogenic chemicals from foods such as nuts, cereals, and bread. For
example, genistein, a phytoestrogen found in soy, has a much higher affinity than BPA for both
estrogen receptors (ERa and ERB). Any trace amounts of BPA that might be available in vivo
must compete with endogenous estrogen and much higher levels of these dietary phytoestrogens,
both of which have a higher affinity than BPA, for the ability to bind with estrogen receptors.

CoNcLUSION:  Turning again to the Committee’s Guidance Criteria, the term
“reproductive toxicity,” even in its sub-categories of “developmental toxicity,” “female
reproductive toxicity” and “male reproductive toxicity,” do not include estrogenic activity.®
Thus, estrogenic activity is not a reproductive effect per se, but rather a potential mechanism that
might induce such an effect under certain circumstances. The many well-conducted
conventional reproductive and developmental toxicity studies, and the pharmacokinetic data
show that those circumstances are not present in the case of BPA. Therefore, the weak
estrogenic activity of BPA is not a sufficient basis to support a conclusion that BPA is “clearly
shown . . . to cause reproductive toxicity.”

5. The weight of the evidence does not support a finding of developmental or
reproductive toxicity for any of the endpoints of concern identified in the Hazard
Identification Document. The OEHHA Hazard Identification Document (OEHHA, 2009
(“HID”)) identifies effects in a variety of reproductive endpoints that reportedly were caused by
exposure to low doses of BPA in one or more studies. Sections IV and V of our detailed
comments summarize these data briefly by endpoint, and demonstrate why the data do not
provide an adequate basis for listing BPA.

As a starting point, the weight of the scientific evidence in the most reliable studies
consistently indicates that BPA is not a selective developmental or reproductive toxicant.
Proceeding endpoint by endpoint, the “low-dose” studies suggest thought-provoking and
intriguing hypotheses regarding potential developmental or reproductive effects, but are not
suitable for proving hypotheses because of significant study design limitations and flaws. In

8 Id. Section 2.C (defining “developmental toxicity”), Section 2.D (defining “female reproductive toxicity”)

and Section 2.E. (defining “male reproductive toxicity™).



addition, their results conflict frequently with the consistent results from the robust high quality
studies. Finally, the results of many of the low-dose studies are inconsistent among themselves,
and most of these endpoints are not affected in a consistent or reliable manner.

CONCLUSION: In general, these studies do not represent “scientifically valid testing
according to generally accepted principles,” as required by Proposition 65. Regulatory agencies
have consistently asserted that these studies need to be replicated using appropriate routes of
exposure, adequate experimental designs and statistical analyses and linked to higher-dose
adverse effects if they are to be considered more than suggestive evidence.

CONCLUSION

Taking into account the weight of the evidence, the statutory and regulatory criteria for
listing, and the guidance articulated in the Committee’s Guidance Criteria, BPA cannot be
characterized as “clearly shown, through scientifically accepted testing conducted according to
generally accepted principles, to cause” developmental or reproductive toxicity.

Applying those Proposition 65 standards to the data on BPA, it is undisputed that the
human data do not support listing. Therefore, any finding that the chemical merits listing would
have to rest on the animal data alone. The high-quality conventional animal studies, summarized
in Sections IV and V of our detailed comments, demonstrate consistently and convincingly that
BPA is not a selective developmental or reproductive toxicant in rodents.

The unconventional, “low-dose” studies, characterized as inadequate or of limited utility
for risk assessment purposes by every regulatory agency that has reviewed them, do not provide
a basis for listing because they provide no consistent or compelling evidence, for all of the
reasons discussed in Sections [V.B.3 and V.B.3 of our detailed comments. Indeed, many of the
unconventional studies do not represent “scientifically valid testing according to generally
accepted principles,” and cannot be relied upon here for that reason alone. In addition, strong
pharmacokinetic data show that the effects observed in rodents are not directly applicable to
humans because humans metabolize and eliminate BPA more rapidly and efficiently than
rodents. As a result, developmental and reproductive effects are biologically implausible in
humans.
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I. THE FINDINGS BY AGENCIES THAT HAVE EXAMINED BPA WouLD NOT
SUPPORT A FINDING THAT BPA SHOULD BE LISTED

A. NTP-CERHR Evaluation (2008)

The National Toxicology Program Center for the Evaluation of Risks to Human
Reproduction (“CERHR”) recently completed an exhaustive review of the human and animal
studies on BPA that are relevant to reproduction and development. In September 2008, CERHR
issued a monograph summarizing its findings (“CERHR Monograph™), which consists of: (1) the
NTP Brief and (2) the NTP-CERHR Expert Panel Report, which was also published in the
scientific literature (Chapin et al., 2008). While the CERHR Monograph evaluates both hazard
and exposure data, the majority of this document is focused on hazard identification.

CERHR Conclusions Relevant to Proposition 65

CERHR has not formally identified BPA as causing developmental or reproductive
toxicity.” To the contrary, CERHR reached a number of reassuring conclusions. Regarding
human studies, NTP concluded that “evidence from the limited number of studies in humans
exposed to bisphenol A is not sufficient to reach conclusions regarding possible developmental
or reproductive hazard.”" Regarding animal studies, CERHR extensively discussed both the
relatively standard reproductive toxicity and developmental toxicity studies using oral
administration, and the widely variant and numerous “low-dose” (defined by CERHR as < 5
mg/kg bw/day) studies that commonly used parenteral routes of administration. CERHR
observed that: “[reproductive effects in rats and mice] are observed at dose levels that are more
than 3,500-times higher than ‘worst case’ daily intakes of bisphenol A in infants and children
less than 6 years of age . ... The differences in exposure are much greater, more than 160,000-
times different, when the high oral dose level is compared to estimated daily intakes for children
ages 6-11 and adult women . .. !

“Low-Dose” Studies

With respect to the low-dose studies, CERHR stated: “the failure of BPA to produce
reproducible adverse effects via a relevant route of exposure, coupled with the lack of robustness
of the many of the low-dose studies (sample size, dose range, statistical analyses and
experimental design, GLP) and the inability to reproduce many of these effects of (sic) any
adverse effect strains the credibility of some of these study results.”*? CERHR concluded that
many of these studies are “inadequate,” which means it is highly unlikely that they would satisfy

? The NTP Brief within CERHR, 2008 designated “clear evidence of adverse effects” for “‘high’ dose
developmental toxicity” based on reduced survival in fetuses or newborns, reduced fetal or birth weight or growth of
offspring early in life, and delayed puberty in female rats. CERHR, 2008, NTP Brief at pp. 6-8. However, this does
not mean that BPA meets the Proposition 65 listing standard. First, and most importantly, all of these effects were
seen only at high doses associated with systemic toxicity. Second, many of these effects were observed in studies
with both prenatal and postnatal exposure; under Proposition 65, developmental toxicity is limited to effects caused
by prenatal exposure only.

10 CERHR, 2008, NTP Brief at p. 9.
H Id atp. 36.
12 CERHR, 2008, Chapin et al., at p. 382



Proposition 65’s requirements for “scientifically valid testing according to generally accepted
principles.”

CERHR Levels of Concern

CERHR normally classifies its level of concern into five categories: serious concern,
concern, some concern, minimal concern and negligible concern. The NTP summarized its
conclusions regarding the “possible effects of exposure to bisphenol A” as follows:

o The NTP has mnegligible concern that exposure of pregnant women to
bisphenol A will result in fetal or neonatal mortality, birth defects, or reduced
birth weight and growth in their offspring.

« The NTP has negligible concern that exposure to bisphenol A will cause
reproductive effects in non-occupationally exposed adults and mtmmal
concern for workers exposed to higher levels in occupational settings.'

 The NTP has minimal concern for effects on the mammary gland and an
earlier age for puberty for females in fetuses, infants, and children at current
human exposures to bisphenol A.

e The NTP has some concern for effects on the brain, behavior, and prostate
gland in fetuses, infants, and children at current human exposures to
bisphenol A.

The highest level of concern for BPA for any endpoint was “some concern,” and this
does not equate to a finding that BPA causes reproductive toxicity under the “clearly shown”
standard that applies under Proposition 65. For example, while CERHR expressed “some
concern” for effects on the brain and behavior, CERHR said that “additional research is needed”
and “the current literature cannot yet be fully interpreted for biological or experimental
consistency or for relevance to human health.”**

B. European Food Safety Authority Evaluations (EFSA, 2006; 2008)

The European Food Safety Authority Panel on Food Additives, Flavourings, Processing
Aids and Materials in contact with Food (“EFSA”) evaluated the developmental and
reproductive toxicity of BPA in 2006 and updated its evaluation in 2008. In general, the findings
and conclusions in the EFSA evaluations are consistent with those of the CERHR assessment.

High-Quality Data

Like CERHR, EFSA chose to use the results of two multigeneration reproductive toxicity
studies, both of which examined doses ranging from very low to very high, to derive a Tolerable
Daily Intake (“TDI”). After reviewing the available data, EFSA concluded that the TDI should
be based on the NOAELSs for systemic toxicity (not reproductive toxicity) derived from the three-
generation rat reproductive study (Tyl ef al., 2002b) and the two-generation mouse reproductive
study (Tyl et al., 2008b). In both studies, the NOAEL for systemic toxicity was 10-fold below
the NOAEL for other toxic effects.

1B Id. atp. (vii).
14 Id. atp. 20.



“Low-Dose” Studies

EFSA “considered that low-dose effects of BPA in rodents have not been demonstrated
in a robust and reproducible way, such that they could be used as pivotal studies for risk
assessment.” Due to “species differences in toxicokinetics, whereby BPA . . . is less bioavailable
in humans than in rodents,” and “the high sensitivity of the mouse to oestrogens,” the Panel
found “collgsidemble doubts about the relevance of any low-dose observations in rodents for
humans.”

Pharmacokinetics

The Panel observed that the “toxicokinetics of BPA in adult humans and in animals are
well characterized. (EFSA, 2006; Willhite, ef al., 2008). In humans, orally administered BPA is
well absorbed and undergoes complete first-pass metabolism in the liver to BPA-glucuronide as
major metabolite, which is rapidly excreted in the urine, with a half-life of less than 6 hours
(Volkel et al., 2002, 2008). ... Because this first-pass metabolism is so effective, there is
extremely low systemic availability of free BPA in humans after oral exposure. BPA-
glucuronide and the minor urinary metabolite BPA-sulphate do not interfere with hormonal
regulation of reproduction (Snyder et al., 2000; Shimizu et al., 2002; Willhite et al., 2008).
Therefore, these conjugation reactions represent detoxication pathways. In rats, BPA is also
predominantly glucuronidated, with sulphation representing a minor pathway (Pottenger et al,
2000), but the BPA-glucuronide formed is excreted from the liver via bile into the
gastrointestinal tract, cleaved back to BPA and reabsorbed into the blood. Thus it undergoes
enterohepatic recirculation resulting in slower elimination of BPA including its conjugate in
rodents compared with humans (EFSA, 2006) . . . . The enterohepatic cycling and decreased first
pass metabolism of BPA in rats results in higher plasma levels of unconjugated BPA in rats
compared to humans given the same dose.” These differences reflect the known species
difference in molecular mass threshold for biliary elimination in rats and humans. (Hirom ef al.,
1976; Walton et al., 2001; Ghibellini et al., 2006).'¢

In 2008, EFSA updated its evaluation of BPA in response to a request by the European
Commission, based on new information. According to EFSA, sulphation of BPA is a major
metabolic pathway in fetuses and infants, and “sulphation of BPA in fetuses and neonates is also
expected to efficiently detoxify BPA.”!" EFSA concluded that “there is sufficient capacity in the
neonate to conjugate BPA at doses below 1 mg/kg/day . . . . In addition, the Panel notes that
because of the metabolic differences described, exposure to free BPA in adult, fetal and neonatal
rats will be greater than in humans and that rats would therefore be more susceptible to BPA-
induced toxic effects than humans on a equivalent dose basis.”'®

15 EFSA, 2006 at p. 5 (emphasis added).
16 1d, at pp. 4-10.

17 Id. atpp. 5-10, 6 — 10.

18 Id. at pp. 6-10.



C.  FDA Draft Assessment (2008)

In early 2008, the FDA formed a Task Force to evaluate the safety of all FDA-regulated
products that contain BPA, focusing on the endpoints of carcinogenesis and reproductive and
developmental toxicity. The Agency issued a Draft Assessment of Bisphenol A for use in Food
Contact Applications on August 14, 2008." The FDA Task Force concentrated on endpoints of
concern identified in the NTP-CERHR evaluation and determined that the data on endpoints
such as the prostate gland and developmental neural and behavioral toxicity “were insufficient to
provide a basis to alter the NOAEL used to calculate the margins of safety.” Similar to EFSA,
FDA used the systemic toxicity NOAEL from two multigeneration reproductive toxicity studies
in rats and mice (Tyl et al., 2002b; Tyl ef al., 2008b) as the basis to conclude “that an adequate
margin of safety exists for BPA at current levels of exposure from food contact uses.”?
Subsequent to the release of the draft assessment, FDA staff conducted an extensive on-site audit
of the two multigeneration studies to confirm their scientific validity. Portions of FDA’s draft
assessment that are pertinent to the Committee’s review are summarized below.

Pharmacokinetics

The FDA Task Force noted that the absorption, disposition, metabolism and elimination
of BPA have been evaluated thoroughly in a number of studies, and that the primary metabolite
of BPA, BPA-glucuronide (“BPAG™), has no significant estrogenic activity in either in vitro or
in vivo test systems. Thus, to evaluate the safety of products that contain BPA, the Task Force
reviewed the cross-species pharmacokinetic properties of BPA, considering in vivo data
generated in 12 studies in rats, 3 studies in mice, 4 studies in monkeys and 3 studies in humans,
and observed that “all indicate rapid intestinal absorption, and very rapid conjugation of BPA
with UDP-glucuronic acid, forming BPAG. BPAG formation is followed by a slower process of
its elimination. Human (and monkey) BPAG elimination is relatively rapid (t1/2 = 3-4 hr) and
primarily via urine. Elimination of BPAG in rodents is complicated by the fact that it is routed
primarily into bile rather than urine (as in primates), and consequently enters the intestines,
where bacterial glucuronidases hydrolyze BPAG to re-form free BPA, allowing BPA to be
reabsorbed and re-circulated. The extent of re-absorption of BPA from rat intestines may be less
than 50%, but is sufficiently large to make kinetic measurements in the rat confusing and
emphasizes the fact that additional free, estrogenically-active BPA may be available in this
animal model as compared to humans. '

Acceleration of Puberty in Female Rodents

The Task Force reviewed the two multi-generational studies by Tyl et al. (2002b, 2008b
discussed above) and Ema et al. (2001).

“All three studies were conducted under GLP conditions and examined only the
day of vaginal opening as the endpoint for determination of the onset of puberty

1 FDA, 2008. It is important to recognize that this is a draft, and “it does not represent and should not be

construed to represent any agency determination or policy.”
2 Id atp. 2.
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in the female. Tyl ef al. (2008b) used mice; the other studies used rats. The study
by Ema et al. (2001) reported no effects on the day of vaginal opening at oral
doses up to 200 pg/kg bw/day. Although the authors did not identify a NOAEL,
it appears that 200 pg/kg bw/day would be a NOAEL for the timing of female
puberty; this was the maximum dose used in this study. Tyl et al. (2002b)
reported a delay in vaginal opening at 7500 ppm; this appeared to be due to a
decrease in body weight. Tyl ef al. (2008b) used CD-1 mice and reported no
effect on the day of vaginal opening at any dose, including the maximum dose of
3500 ppm; however, as indicated in Table 9 of the published study absolute day
of acquisition was not statistically significant at 3500 ppm. Day of acquisition
was statistically significantly accelerated when adjusted by body weight on PND
21 for F1 (only animals measured). Again, no findings were reported at the lower
doses. Due to the very thorough nature of these studies, FDA has a high level of

. . 2 2
confidence in their results.”?, 3

Altered Prostate and Urinary Tract Development in Males

The Task Force concluded that the two Tyl studies (Tyl et al., 2002b; Tyl ef al., 2008b)
“show no evidence of selective reproductive toxicity or effects on male development or prostate
at doses at or below 750 ppm (approximate intake of 50 mg/kg bw/day) in the rat or 300 ppm
(approximate intake of 50 mg/kg bw/day) in the mouse” and that “the NOAEL for reproductive
and offspring toxicity was 50 mg/kg bw/day.” Moreover, the study by Ema (Ema et al., 2001)
“likewise found no effect on prostate weight or histology at doses up to 200 pg/kg bw/day.”
FDA observed that “these studies clearly contain datasets that are most useful in a safety
assessment because of their size, comprehensive endpoint evaluation, rigorous attention to the
certification of doses, and control of experimental conditions. The study of Tyl et al. (2008Db) is
particularly important because it utilizes a strain of mouse that has been reported by others to be
sensitive to BPA under different treatment conditions. These studies indicate that perinatal BPA
exposureziloes not adversely affect prostate weight or histology at doses of 0.2 - 50 mg/kg
bw/day.”

The Task Force again acknowledged “conflicting results” in other studies, including
“smaller studies ... us[ing] non traditional dose routes and endpoints.” The Task Force
discounted these results because they were “not repeatable” because the use of a low dose of
“DES as a positive control . . .is questionable,” and concluded that “the relevance of these
findings to safety assessment is unresolved.”

2 Id. atp. 26.

23 The Task Force also reviewed other studies determining puberty by the first estrus, but concluded them to

be “of questionable significance.” Id. at p. 27.
2 Id. atp. 28.

» Id. atp. 29.



Developmental Neurotoxicity

Finally, the Task Force addressed “recently released assessments,” noting “concerns for
developmental exposure and neural and behavioral effects of BPA.” FDA thus performed its
own “updated review for neurotoxicity as a whole.”?®

In the Agency’s view, the most appropriate route of exposure is oral. Several studies
reviewed by the Task Force dosed the test animals by a variety of unconventional routes
(including subcutaneous and intraperitoneal injection). Unconventional exposure regimens were
used in which test animals were given BPA “for various intervals during gestation, lactation
and/or after weaning.” According to the Task Force, the “varied treatment-related findings in a
majority of the reviewed studies collectively appear to suggest that developmental BPA exposure
in rodents may have the potential to alter brain development and behavior. However, in view of
the limitations in study design and study conditions that confound the interpretability of the study
findings, without appropriate confirmation of these findings using well-designed experimental
protocols and/or clarification of their biological significance, the utility and relevance of the
study findings to an assessment of the safety of BPA from food contact uses is unknown. Until
these disparate experimental findings are examined in well-designed safety assessment studies
using appropriate biomarkers of effect, FDA has concluded that the reviewed studies are
inadeq%ate for use in supporting a safety assessment determination or regulatory decision for
BPA.”

D.  European Union Risk Assessment Report (EU RAR 2008)

The European Union’s Institute for Health and Consumer Protection updated its Risk
Assessment Report (RAR) in 2008 to consider the new two-generation mouse study (Tyl ef al,
2008b), and other new data that had been developed since 2003 in the fields of human exposure
and pharmacokinetics, among others (EU RAR, 2008). This review resulted in the EU’s
“Updated Risk Assessment of BPA,” which was completed in April 2008 and is awaiting
publication, and is referred to herein as the “EU RAR 2008.7%8

Reproductive Toxicity

Regarding reproductive toxicity, the EU RAR 2008 states: “The effects of BPA on
fertility have been investigated in three good quality studies: two generation and multigeneration
studies in the rat, and a continuous breeding study in the mouse. . . . [N]o effect on fertility was
seen in the rat two-generation study [although at low doses]. In the multigeneration study, an
effect on fertility ... was seen in all three generations at the top dose of 500 mg/kg. Although
this effect was seen only at a dose level causing parental toxicity . . . it is not clear whether or not
the finding could be a secondary consequence of parental toxicity, or a direct effect of
BPA. . .. No effects on fertility were seen at 50 mg/kg.”29

% Id.

2 Id. at p. 30.

= EU RAR, 2008 at p. 1.

» Id. at p. 84 (emphasis added).



Developmental Toxicity

Regarding developmental toxicity, the report concludes that “in standard development
studies in rodents, there is no convincing evidence that BPA is a developmental toxicant.” The
authors acknowledged some disagreement regarding “apparently conflicting data from studies
conducted using low doses . . . based on differing views about the uncertainties surrounding the
reproducibility of the findings and their biological significance, if any, to human health.”*

“Low-Dose” Studies

In addition to Tyl ef al. (2008b), the report also considered “approximately 40-50”
studies “investigat[ing] the same standard reproductive and developmental endpoints as those
examined by Tyl e al. (2008b") . ... performed on a range of animal species and strains, at
different life stages, over a wide array of doses, using a variety of exposure routes, for varying
exposure durations, and ... investigat[ing] a large assortment of endpoints.” The authors
reported that the “majority of these studies have reported only small changes (unrelated to dose)
in organ weight, tissue architecture, receptor expression or hormone levels of unknown
pathophysiological consequences. Some have found no effect, but, overall, no consistent,
reproductive, adverse effects have been observed. Furthermore, the results from these studies
have been in contrast to the results of investigations conducted according to internationally
recognized guidelines and in compliance with GLP, including the recent 2-generation study in
the mouse by Tyl et al (2008b),” which the report then referred to as the “gold standard,
definitive study of the reproductive toxicity of BPA . ...” Therefore, the EU RAR (2008) does
not evaluate those studies in detail. >

No Observable Adverse Effects Level

Upon referral of this issue to the Competent Authorities after the completion of the
original risk assessment in 2003, the EU Member States requested the two-generation mouse
study (Tyl et al, 2008b) to address uncertainties regarding potential reproductive and
developmental toxicity. Based on the data available at the time, “it was agreed that a
provisional NOAEL of 50 mg/kg/day for developmental effects, derived from the rat-
multigenerational study, should be used in the risk characterization in the interim, whilst
awaiting the outcome of further testing, with the aim of identifying those scenarios which are
clearly of concern irrespective of the outcome of the further testing.”™

Thus, the NOAEL was set for provisional purposes for risk assessment, and was not
intended as a statement that BPA actually does cause reproductively toxic effects by any pre-
determined standard. The requested two-generation mouse study conducted by Tyl (Tyl et al.,
2008b) effectively disposed of any concerns for reproductive effects at the so-called “low doses.”

30 Id. at pp. 85-86 (emphasis added).

3 Note that EU RAR (2008) refers to the two-generation reproductive toxicity study on mice, published and

referred to in the HID and our Comments as “Tyl et al, 2008b” as “Tyl et al, 2007”7, which refers to the
unpublished report that preceeded the published version. They are equivalent references.
52 Id. at p. 86.

3 1d. at p. 86 (emphasis added).
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Thus having ruled out any low-dose concerns, the EU left in place the NOAEL of 50 mg/kg/day,
to be used for risk assessment purposes.

E. Health Canada (2008)

In October 2008, Health Canada issued a “final screening assessment report” on the
potential for BPA to cause harm to human health. (Health Canada, 2008). The report surveyed
the same animal data reviewed in the NTP, FDA and EFSA reports discussed above, and in fact
extensively referred to those reports. Health Canada concluded that the collective weight of non-
traditional, low-dose animal studies suggested a potential for neurobehavioral effects on humans.
The agency’s summary of its “Characterization of Risk to Human Health,” however, makes it
quite clear that it did not find that the animal data “clearly show” developmental effects.

Weight of Evidence

Similar to other agencies that have reviewed the evidence, Health Canada chose the
multigeneration studies in rats and mice as the basis for their overall conclusions: “The
NOAELs from the multigeneration reproductive toxicity studies in Sprague- Dawley rats and
CD-1 mice of 5 mg/kg-bw per day for systemic effects (reduced body weight gain in rats and
minimal to mild hepatocyte hypertrophy in adult male and female mice) and 50 mg/kg-bw per
day for reproductive and developmental toxicity (Tyl et al., 2002b; 2008b) are considered an
appggpriate departure point for characterizing risk to human health from exposure to bisphenol
A

Health Canada’s views on low-dose studies, in particular neurodevelopmental and
behavior studies, also are similar to the views of other agencies.

“While collectively these studies provide evidence that exposure to bisphenol-A
during gestation and early postnatal life may be affecting neural development and
some aspects of behaviour in rodents, the overall weight of evidence was
considered limited from the perspective of rigour (e.g., study design limitations
such as conduct of behavioral assessments as a single time point); power (e.g.,
limited number of animals per test group), corroboration/consistency (limited
consistency of studies) and biological plausibility (e.g., certain studies involve use
of a single dose, lack of dose response relationship). These limitations make it
difficult to determine actual significance of findings to human health risk
assessment.”

“The neurodevelopmental and behavioral dataset in rodents, though highly
uncertain, is suggestive of potential effects at doses at the same order of
magnitude to 1-2 orders of magnitude higher than exposures. Given that
toxicokinetics and metabolism data indicate potential sensitivity to the pregnant
woman/fetus and infant, and that animal studies suggest a trend towards
heightened susceptibility during stages of development in rodents, it is considered
appropriate to apply a precautionary approach when characterizing risk. As
such, it is concluded that bisphenol A be considered as a substance that may be

34 Health Canada, 2008 at p. 72.



entering the environment in a quantity or concentration or under conditions that
constitute or may constitute a danger in Canada to human life or health.”*?

In essence, then, Health Canada’s screening assessment reached conclusions very
consistent with those in the assessments conducted by the other regulatory agencies discussed
above. The subsequent policy actions of the Canadian government were based upon the
application of the precautionary principle, which is required under Canadian law.

I1. PROPOSITION 65 AUTHORIZES LisTING ONLY IF BPA Is ”CLEARLY
SHOWN” TO CAUSE REPRODUCTIVE TOXICITY

The standard that this Committee must apply in determining whether to list a chemical as
a reproductive toxicant under Proposition 65 is stringent. The statute provides that:

“A chemical is known to the state to cause cancer or reproductive toxicity . . . if in
the opinion of the state’s qualified experts it has been clearly shown through
scientifically valid testing according to genmerally accepted principles to cause
cancer or reproductive toxicity . . ..”

Health & Safety Code § 25249.8(b) (emphasis added). The question before this Committee is
restricted to reproductive toxicity, of course. Nevertheless, it is this Committee’s task to
determine whether this stringent statutory standard has been met in the case of BPA.

Specifically, it is the Committee’s duty to:

“Render an opinion . . . as to whether specific chemicals have been clearly shown,
through scientifically valid testing according to generally accepted principles, to
cause reproductive toxicity.”

Cal. Code Regs., tit. 27, § 25305(b)(1) (emphasis added).

Although this statutory standard is clearly stringent, it is not very specific, so this
Committee has developed Guidance Criteria (DART IC, 1993) that provide both general
principles and specific factors for the Committee to weigh in assessing whether the scientific
data on a particular chemical satisfy the “clearly shown” standard. The general principles
include the following:

“In evaluating the sufficiency of data, a weight of evidence approach shall be
used to evaluate the body of information available for a given chemical.”

Guidance Criteria at 1.D. (emphasis added).

“In determining whether a chemical is to be...listed as known...to cause
reproductive toxicity, the biological plausibility of the association between the
adverse reproductive effects observed and the chemical in question should be
considered. Confidence is increased when . .. a sound scientific basis exists for
the observed adverse effects and the known characteristics of the particular

3 Id. atp. 73 (emphasis added).



chemical. Conversely, confidence is decreased if the observed adverse effects are
contradictory to the known characteristics of the particular chemical.”

Guidance Criteria at 4.B. (emphasis added).

“Developmental, and female and male reproductive effects shall meet at least one of the
Jfollowing criteria for recommendation as known to the State to cause reproductive toxicity.

(a) Sufficient evidence in humans. . . .

(b) Limited evidence or suggestive evidence in humans, supported by
sufficient experimental animal (mammalian) data . . . .

() Sufficient evidence in experimental animals (mammals), such that
extrapolation to humans is appropriate.”

Guidance Criteria at 3.A.-C. (emphasis added).

The Guidance Criteria identify specific factors for the Committee to consider in
evaluating whether the available data on a particular compound qualify as “sufficient evidence in
humans” or “sufficient evidence in experimental animals.”

“Sufficient evidence in humans,” in the case of epidemiology studies, means studies that
provide:

“convincing evidence to support a causal relationship between exposure to the
chemical and the ... effect in question. This requires accurate exposure and
toxicity endpoint classification and proper control of confounding factors, bias,
and effect modifiers.”

Guidance Criteria at 3.A.(1) (emphasis added).

As discussed below, there is no epidemiological evidence that would support listing BPA.
Therefore, any decision to list BPA as a reproductive toxicant would need to be supported on
the basis of “sufficient evidence in experimental animals” alone. Whether animal studies are
“sufficient evidence” to support extrapolation to humans, in most cases, is based on the
following:

“(1) The experimental design, including overall protocol and numbers of
animals and presence of appropriate controls.

(2) The exposure, in terms of route of administration, is relevant to expected
human exposures . . . .

(3) Number of dose levels, so that the presence of a dose-response
relationship can be evaluated . . . .

(4) Consideration of maternal and systemic toxicity.”

‘Guidance Criteria at 3.C.(1)~(4) (emphasis added).
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Finally, with respect to developmental toxicity in particular, Proposition 65 regulates
developmental effects caused only by pre-natal exposures, and not by post-natal exposures.
(OEHHA General Counsel William Soo Hoo, 1996.)

III. PHARMACOKINETIC DATA SHOW THAT REPRODUCTIVE Or
DEVELOPMENTAL EFFECTS IN HUMANS ARE NOT BIOLOGICALLY
PLAUSIBLE AND THAT DIRECT EXTRAPOLATION OF RODENT DATA TO
HUMANS Is NOT APPROPRIATE

A clear understanding of the pharmacokinetics of BPA is critical to the determination of
whether exposure to humans could result in reproductive or developmental effects. The
pharmacokinetics and metabolism of BPA have been very well characterized in rodents, humans
and non-human primates. Differences between species and routes of exposure in the
pharmacokinetics and metabolism of BPA indicate that extrapolation of animal study results to
humans is tenuous and that reproductive or developmental effects in humans are not biologically
plausible.

The pharmacokinetic data illustrate that humans efficiently metabolize BPA after oral
exposure, which is most relevant to humans, via “first pass” conjugation into non-estrogenic
metabolites that are eliminated from the body rapidly and completely through urinary excretion.
Accordingly, serum concentrations of parent BPA in controlled human studies are non-
detectable. Comparative data show that hepatic conjugation is more efficient in humans than in
rodents. In addition, biliary excretion is the primary route of elimination in rodents, leading to
enterohepatic recirculation after hydrolysis of conjugated BPA metabolites in the intestines and
re-absorption of parent BPA. As aresult, parent BPA can be detected transiently in the blood of
rodents following oral dosing. Finally, non-oral routes of exposure result in dramatically
different pharmacokinetics compared to oral exposure, the consequences of which include a
significantly longer half-life, higher circulating concentrations of systemically available parent
BPA, and a different spectrum of metabolites. Because of these differences, the results of rodent
toxicity studies using non-oral routes of exposure are irrelevant to human health hazard
identification.

A.  Humans Metabolize and Eliminate BPA Efficiently

Following oral exposure in humans, BPA is biotransformed by the intestine walls and the
liver to BPA-glucuronide (Vdolkel ef al., 2002). This extensive “first-pass” metabolism virtually
precludes parent BPA from entering the systemic circulation. Metabolism at both sites takes
place before BPA in any form can enter into circulation in the body. This is a classic example of
presystemic elimination or the “first pass effect” that limits systemic exposure and minimizes
toxic potential (Lehman-McKeeman, 2008). In essence, the human body has two layers of
protection in the metabolic capacity of the intestine and the liver to prevent any toxicologically
significant amount of parent BPA from entering the systemic circulation.

B. BPA Metabolites Are Inactive and Non-Estrogenic

The primary metabolite of BPA, BPA-glucuronide (“BPAG”), has been shown to exhibit
no estrogenic activity (Mathews et al., 2001). A secondary metabolite, BPA-sulfate, may be
formed at lower levels and also does not have estrogenic activity (Shimizu et al., 2002). These
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studies indicate that BPA is not likely to cause estrogenic effects in humans, because the
metabolites that actually enter the body following oral exposure have no known biological
activity and, in particular, are not estrogenic.

C. BPA Does Not Accumulate in the Human Body and Has Low
Bioavailability

BPA has very low bioavailability in humans since very little, if any, parent BPA actually
enters circulation in the body (due to efficient first-pass metabolism). In addition, the rapid
elimination of BPA metabolites (the half-life for elimination of BPA is approximately 4-6 hours)
indicates that BPA does not bioaccumulate in the human body (Voélkel et al., 2005, 2002).

D.  Metabolism and Elimination of BPA Are Movre Efficient in Humans
Than in Rodents

By excreting the conjugated BPA metabolites into urine, humans eliminate BPA more
rapidly than rodents, which predominately rely on biliary excretion (Kurebayashi et al., 2003;
Sakamoto et al., 2002). In rodents, BPA undergoes enterohepatic recirculation where the BPA
metabolites are hydrolyzed in the intestines back to parent BPA, which can then be absorbed,
metabolized and excreted multiple times before eventual elimination in feces. Enterohepatic
recirculation results in a longer half-life and higher bioavailability in rodents compared to
humans. In addition, humans have been shown to have significantly greater hepatic capacity
than rodents to metabolize BPA (Pritchett ef al., 2002).

E. Neonates Metabolize BPA Efficiently

Metabolism of BPA to non-estrogenic metabolites occurs in rodent and human neonates
as well as adults (Calafat et al., 2009; Domoradzki et al., 2003). The data indicate that infants
and children also are capable of efficiently metabolizing and eliminating BPA.

F. Non-Oral Routes of Exposure Are Irrelevant to Humans

Experimental systems that utilize non-oral routes of exposure (i.e., parenteral routes)
have a significant difference in the bioavailability of BPA than systems that utilize oral routes.
Non-oral routes of exposure by-pass the rapid and complete first-pass presystemic conjugation
that BPA undergoes following oral exposures. As a result, systemic concentrations of parent
BPA are much higher and the identity and distribution of metabolites are different (Zalko et al.,
2003). Because oral exposure is the relevant route of exposure for humans, studies of toxicity or
estrogenic potency involving non-oral routes of exposure in laboratory animals are of limited
relevance for assessing the hazards of BPA in humans.

IV. THE Data DO NOT SUPPORT A FINDING THAT BPA HAS BEEN
“CLEARLY SHOWN” ToO CAUSE DEVELOPMENTAL TOXICITY

The many studies that have evaluated the potential of BPA to cause developmentally
toxic effects are discussed below. For the most part, these are the same studies reviewed so
thoroughly by the NTP, the FDA, EFSA, the EU Institute and Health Canada. These data do not
support a finding that BPA is “clearly shown” to cause developmental toxicity for purposes of
Proposition 65.

12



The HID identified three developmentally toxic endpoints of concern:
e Offspring viability
e Sex-differentiation of exploratory and affective behavior

» Immune hyper-responsiveness

The first endpoint, offspring viability, has been evaluated in multiple robust, well-
conducted studies of both developmental and reproductive toxicity. The HID states: “In general
these studies suggest that fetal viability is sensitive to BPA at doses >500 mg/kg bw/day by the
oral route in these experimental paradigms. Based on limited data, malformations and variations
do not seem to be affected by BPA.”*° Importantly, reduced viability was observed only at the
high dose and only in the presence of significant maternal toxicity, including maternal death. By
any measure, even putting the stringent Proposition 65 standard aside, these studies clearly
demonstrate that BPA is nof a selective developmental toxicant.

Effects on the other two endpoints, sex-differentiation of exploratory and affective
behavior and immune hyper-responsiveness, have been elicited only in unconventional studies
which, as the CERHR, EFSA assessments, FDA draft assessment, EU RAR and the Health
Canada assessment noted, have major limitations and inadequacies. None of these studies would
support a finding that BPA has been clearly shown to cause developmental toxicity.

A. The Human Data Do Not Show an Association Between BPA and
Developmental Toxicity

Epidemiological studies of exposure to BPA and developmental outcomes consist of two
recent studies (Padmanabhan et al., 2008; Wolff et al., 2008b). As noted in the HID, “neither
study reported an association between BPA and birth outcomes . . ..” Thus, there are no human
data to suggest an association between BPA and developmental toxicity.

Most of the human studies attempting to correlate exposure to BPA with adverse health
outcomes are of cross-sectional design. This design is practical and inexpensive for investigators
because all exposure and health information are collected simultaneously. As noted in a standard
epidemiology textbook, cross-sectional studies have demonstrated contributions to public health
for factors that are unchanging (e.g., race) or persistent (e.g., blood lead levels). However, the
critical problem with cross-sectional data is that “current exposure may have little relation to
exposure during the time etiologically relevant to current disease” (Rothman KJ and Greenland
S. 1998).

This flaw is prominent in the studies on BPA, with its short half-life in the human body.
The primary source of BPA is the diet, which varies day-to-day and over longer periods of time.
Without a known source of consistent but heterogeneous exposure, investigators cannot know,
for example, if persons at the upper quartile of exposure would remain in the same quartile when
sampled even a few days later. Studies of other short-lived chemicals with repeated measures on
individuals have shown that variability within individuals is high (Maclntosh et al., 1999) and
persons with the highest levels on day one may be near the 5 0™ percentile on day two (Hoppin et

3 OEHHA, 2009 HID at p. 31.
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al., 2002). Therefore, cross-sectional epidemiology studies are of limited value, because the
investigator cannot adequately characterize exposure prior to or during the onset and
development of disease.

The two studies that attempted to correlate developmental toxicity in humans with
exposure to BPA found no association between maternal BPA levels and infant health indicators
(i.e., birth weight, birth length). The study by Padmanabhan et al. (2008) had low statistical
power, with only 40 subjects, and was cross-sectional, measuring maternal blood at the time of
delivery. The larger study by Wolff ef al. (2008b) collected maternal urine prospectively in the
third trimester.

B. The Animal Data Do Not Demonstrate That BPA Causes
Teratogenicity or Selective Developmental Toxicity

Three conventional developmental toxicity studies were reported in the scientific
literature and are discussed below. Each was based on oral administration of BPA during
pregnancy. None of these studies demonstrated teratogenicity or selective developmental
toxicity. In addition to studies conducted for developmental toxicity per se, data from
reproductive toxicity studies also may be useful in evaluating the potential for developmental
toxicity. Thus, the findings of four well-conducted conventional studies for reproductive toxicity
also are discussed below. The unconventional studies that purport to “suggest” developmental
effects are discussed separately, and are identified by the effect that they purport to identify,
rather than by study title.

1. Well-Conducted Conventional Developmental Toxicity
Studies Show No Adverse Effects in the Absence of Maternal
Toxicity

The National Toxicology Program conducted developmental toxicity studies in rats and
mice (Morrissey et al, 1987). BPA was administered by gavage on gestation days (“GD”) 6-15.
Fetotoxicity was observed in mice, but not in rats, at a maternally toxic dose during
organogenesis. Fetotoxicity (increased resorptions and decreased fetal body weight) was
observed only in mice, and only at the high dose (1250 mg/kg bw/day), which was associated
with severe maternal toxicity, including maternal death (18%). Administration of lower doses to
mice produced maternal toxicity, but not fetotoxicity. Signs of maternal toxicity in the rat were
reported at all doses up to 640 mg/kg bw/day (the high dose), but no evidence of developmental
toxicity was observed at any dose.

Another rat developmental toxicity study showed no evidence of teratogenicity in the
offspring of dams administered BPA by gavage on GD 1-20. The study reported fetotoxicity
(increased resorptions and decreased fetal body weight) and “severe maternal toxicity” at the
high dose (1000 mg/kg bw/day). Fetotoxicity was not observed in the absence of significant
maternal toxicity (Kim et al., 2001).

IN SUMMARY, the evidence of developmental toxicity in these studies in animals is limited
to fetotoxicity (increased resorptions and decreased fetal body weight) at dose levels associated
with severe maternal toxicity, including maternal death.
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2. Well-Conducted Conventional Reproductive Toxicity Studies
Also Demonstrate That BPA Is Not a Developmental
Toxicant

As noted above, there are four well conducted, reproductive toxicity studies. Three of
these studies were conducted by Dr. Rochelle W. Tyl and colleagues at Research Triangle
Institute and the fourth was performed at the Safety Research Institute for Chemical Compounds
(Sapporo, Japan) and was supported by grants from the Japanese Ministry of Health and Welfare
(Ema et al., 2001). Three of the four studies exceed regulatory guidelines. (For example, Tyl et
al., 2002b and 2008b included additional low-dose levels that the guidelines did not require.
Similarly, Ema et al. measured behavioral endpoints beyond those required under the
guidelines.) None of these studies indicate that BPA is a selective developmental toxicant. All
four demonstrate that BPA does not produce developmental toxicity on PND 0, or that any
symptorr317s of developmental toxicity occur only in association with significant adult systemic
toxicity.

(a)  Three-Generation Reproductive Toxicity Study in Rats
(Tyl et al., 2002b)

Tyl et al. (2002b) investigated the potential for reproductive toxicity in a three-generation
study in rats. This is one of the most comprehensive studies conducted for BPA or any chemical.
Rats were exposed to BPA in the diet at concentrations of 0, 0.015, 0.3, 4.5, 75, 750 and 750
ppm, the approximate equivalent to doses of 0, 0.001, 0.02, 0.3, 5, 50, and 500 mg/kg bw/day. A
decrease in litter size at birth was observed in all three generations, but only at the high dose
(500 mg/kg bw/day), which exceeded the maximum tolerated dose in the parental rats. Doses of
50 mg/kg bw/day or greater were associated with significant systemic toxicity, including
decreased body weight, weight gain and organ weight changes. The LOAELs for developmental
and systemic toxicity were 500 and 50 mg/kg bw/day, respectively. The study concluded:
“Based on the absence of reproductive and developmental effects in offspring in this study, at
doses where there was no significant maternal systemic toxicity, BPA should not be considered a
selective reproductive or developmental toxicant.”*®

(b) Two-Generation Reproductive Toxicity Study in Rats
(Ema et al., 2001)

Ema et al. (2001) investigated the potential for reproductive toxicity in a two-generation
study in rats. The animals were exposed to BPA at doses of 0.2, 2, 20, 200 ug/kg bw/day. There
was no evidence of developmental or adult systemic toxicity attributable to the test material in
this study (Ema et al., 2001).

37 Proposition 65 defines developmental effects as effects that occur as a result of prenatal (not postnatal)

exposure. Accordingly, effects observed at PND 0 in a reproductive toxicity study may be relevant to the
determination of developmental toxicity under Proposition 65. However, effects occurring after PND 0 in
reproductive toxicity studies are of questionable relevance to a determination of developmental toxicity under
Proposition 65 since they may be due to postnatal exposure.

38 Tyl et al., 2002b at p. 144.
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(c) Two-Generation Reproductive Toxicity Study in Mice
(Tyl et al., 2008b)

Tyl et al. (2008b) investigated the potential for reproductive toxicity in a two-generation
study in mice. The animals were exposed to BPA in the diet at concentrations of 0, 0.018, 0.18,
1.8, 30, 300 and 3500 ppm, approximately equivalent to doses of 0, 0.003, 0.03, 0.3, 5, 50 and
600 mg/kg bw/day. Adult systemic toxicity, including decreased body weight, increased organ
weights (liver, kidney), centrilobular hepatocyte hypertrophy, and renal nephropathy in males
was observed at the high dose (600 mg/kg bw/day). Centrilobular hepatocyte hypertrophy was
observed at 50 mg/kg bw/day.

There was no evidence of developmental toxicity at birth at any dose level in either
generation. Pup survival on PND 0 was not significantly affected.®,*® The study reported no
effects in the F1/F2 generations on the number of implantation sites per litter; total number of
live litters on PND 0; live birth index; and the number of total, live, and dead pups and sex ratio
(% males) per litter on PND 0. Postimplantation loss per litter and still birth index were
statistically equivalent across all groups. Pup weight at birth was not significantly affected.
Other changes were reported among pups, but none of these were observed at or near the time of
birth; these findings are discussed later in the sections on reproductive toxicity. The study
conclu:iled: “BPA is not considered a selective reproductive or developmental toxicant in
mice.”

(d)  One-Generation Reproductive Toxicity Study in Mice
(Tyl et al., 2002a)

Prior to conducting the two-generation study in mice discussed above, Tyl performed an
“abbreviated” one-generation reproductive toxicity study in mice (Tyl et al, 2002a). Male and
female mice were administered diets containing BPA at concentrations of 0, 5000 or 10,000 ppm
for two weeks prior to and during mating, and the females were exposed throughout gestation.
Dams and litters were necropsied on PND 0.

Maternal toxicity was observed at both 5000 and 10,000 ppm. Fetotoxicity was observed
“only at 10,000 ppm, expressed as slightly (statistically significant) reduced total and live
pups/litter, with no significant effects on pre- or postimplantation in utero loss or on pup body
weights per litter (sexes separately or combined).” At 10,000 ppm, BPA produced significant
maternal toxicity, including decreased body weight, decreased body weight gain, decreased food
consumption, increased relative liver and kidney weights, and altered histopathology of the liver
and kidneys. The results of the one-generation reproductive toxicity study are consistent with
those of the two-generation study, Tyl ef al. (2008b). Both studies showed that BPA is not a
selective developmental toxicant in mice.

3 See footnote 37.

Although the HID indicates that this study “found significant treatment ANOV As for a number of variables
reflecting pup survival,” the ANOV As included the positive control group (estradiol). As noted in the HID, none of
the BPA-treated groups was statistically significantly different from the negative control group.

4 Tyl et al., 2008b at p. 362.
2 Tyl et al, 2002a at p. 6.
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IN SUMMARY, all four reproductive toxicity studies demonstrate that BPA is not a
selective developmental toxicant.

3. The Unconventional Studies Are of Questionable
Toxicological Significance and Do Not Support Listing

As discussed in Section II above, BPA has been evaluated for a variety of developmental
toxicity endpoints in many studies that are aptly described as “unconventional.” Without
enumerating the flaws of those studies here, it must be emphasized that many of the studies
employed unvalidated methodologies. One of the most common flaws was the use of an
inappropriate route of exposure. The primary route of exposure to BPA in humans is oral, and
BPA is not metabolized and eliminated as rapidly with non-oral routes of exposure compared to
the oral route. Many of the unconventional studies administered BPA by parenteral routes (i.e.,
intraperitoneal and subcutaneous) and are thus irrelevant to human hazard identification. In
addition, as the HID notes, most of these unconventional studies have not been replicated.
Indeed, in a number of cases, investigators in independent laboratories were unable to replicate
the original results. More generally, results from these studies have not been found or
corroborated consistently in similar studies conducted in independent laboratories.

Most of these studies have been conducted at very low doses, which are orders of
magnitude lower than the NOAELSs in the conventional developmental and reproductive toxicity
studies. In many cases, only a single low dose was used, precluding any evaluation of dose-
response. FDA, NTP and other reviewers have regarded these “low-dose” studies as inadequate
for a variety of reasons, including: insufficient replication by independent investigators (many
investigators did not attempt to replicate their studies; in some cases, independent investigators
concluded that findings were not reproducible); unsuitability of various experimental
approaches; undetermined relevance of the specific animal model in evaluating potential human
risks; and incomplete understanding or agreement on the potential adverse nature of reported
effects.”® Consequently, these unconventional studies do not provide a reliable or adequate basis
to conclude that BPA is clearly shown to cause developmental toxicity.

a. Sex Differentiation of Exploratory and Affective
Behavior

CERHR reviewed these “low-dose” studies and concluded: “Rodent studies suggest that
bisphenol A causes neural and behavioral alterations related to disruptions in normal sex
differences in rats and mice.”* The NTP-CERHR Brief states: “NTP also concurs with the
CERHR Expert Panel on Bisphenol A that additional research is needed to more fully assess the
functional, long-term impacts of exposures to bisphenol A on the developing brain and behavior.
Overall, the current literature cannot yet be fully interpreted for biological or experimental
consistency or for relevance to human health. Part of the difficulty for evaluating consistency

“ CERHR, 2008, NTP Brief at p. 9.
4 CERHR, 2008, Chapin et al., at p. 381 (emphasis added).
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lies in reconciling findings of different studies that use different experimental designs and
different specific behavioral tests to measure the same dimension of behavior.”*

Results of studies evaluating these endpoints are inconsistent. Only three of the 19
studies of potential effects on sex-differentiation in Tables B7-B9 of the HID used exclusively
prenatal exposure. All three of these studies were reviewed in detail by CERHR, which
determined that each of these studies is “inadequate for the evaluation process” due to
problllcgms with statistical methodology, lack of experimental detail, and/or insufficient sample
size.

In the two studies identified in Table B-11 of the HID, pregnant mice were administered
a low dose (10 pg/kg bw/day) by gavage on GD 14-18 (Palanza et al., 2002) or GD 11-18
(Laviola et al., 2005). These studies provide evidence that is only “suggestive” of behavioral
effects. The studies examined completely different endpoints, and there were inconsistencies in
results within each study. In addition, the administration of only one dose level precludes
evaluation of a dose-response relationship.

b. Immune Hyper-Responsiveness

The HID identified only two studies that examined immune response after prenatal
exposure (and in the absence of post-natal exposure).”’ Neither supports a conclusion that BPA
is clearly shown to cause developmental toxicity.

The first study (Yoshino ef al, 2004) reported hypersensitivity in weanlings after
immunization with protein antigen following prenatal exposure of mice to BPA “for 17 days,
beginning 1 day before mating.” CERHR concluded that this study is “inadequate for the
evaluation process” due to “small sample size (n=5) and lack of clarity regarding statistical
analysis of factors such as litter and sex effects.”*®

The second study (Yan et al., 2008) reported that mice exposed to BPA prenatally or in
adulthood showed a dose-dependent increase in footpad swelling after being infected with
Leishmania major, among other immune system effects. CERHR did not review this study,
because it was not published until after the CERHR evaluation was completed. The study suffers
from many of the major limitations and inadequacies that CERHR attributed to other studies,
however. For example, the number of animals per group (n=3-4) was inadequate. No
information on the statistical unit was provided in the prenatal experiment. Furthermore, the
time of exposure was unusual for a study evaluating prenatal exposure because the exposure
period included only the early days of gestation (prior to organogenesis). According to the study
authors, female mice were exposed to BPA in drinking water for two weeks, then mated, and
then given BPA for another week. The offspring used in this experiment were born within 16 to
19 days after the BPA treatment was finished. Since the gestation period of the mouse is

45 CERHR, 2008, NTP Brief at p. 20 (emphasis added).

46 CERHR, 2008, Chapin et al., at pp. 243 — 44, 259 — 60 (emphasis added).

47 OEHHA, 2009 HID at p. 41. The HID identified four studies that examined immune response, two of
which included both prenatal and post-natal exposure.

8 Id. atp. 288 (emphasis added).
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typically not more than 19 days, this indicates that prenatal exposure to BPA was limited to only
the first few days of gestation.

IN SUMMARY, the data taken as a whole, including both the well-conducted conventional
studies and the unconventional studies, do not demonstrate that BPA is clearly shown to cause
developmental toxicity.

V. THE DATA DO NOT SUPPORT A FINDING THAT BPA HAS BEEN
“CLEARLY SHOWN” To CAUSE MALE OR FEMALE REPRODUCTIVE
ToXiCcIiTy

The many studies of BPA for reproductive effects are discussed below. None of these
studies, nor all of them together, would support a finding that BPA is “clearly shown to cause
reproductive toxicity.” As in the case of developmental toxicity discussed above, most of these
studies have been reviewed and were the basis of conclusions reached by CERHR, FDA, EFSA,
the EU Institute, and Health Canada. All of the well-conducted conventional studies are
discussed separately below, in considerable detail. As above, the unconventional studies are
discussed in summary. Finally, we provide below a summary of all of the data relevant to the
endpoints identified in the HID, and demonstrate why the weight of the evidence does not
support listing based on adverse effects in any of those endpoints.

A. The Human Data Do Not Demonstrate That BPA Causes
Reproductive Toxicity

Studies in humans do not demonstrate that BPA causes male or female reproductive
toxicity. The HID states that “[hjuman studies examining the effects of BPA on reproduction are
of limited study design and correspondingly limited in their findings.”* CERHR similarly states
that “[d]rawing firm conclusions about potential reproductive or developmental effects of
bisphenol A in humans from these [epidemiological] studies is difficult because of factors such
as small sample size, cross-sectional design, lack of large variations in exposure, or lack of
adjustment for potential confounders.””® CERHR thus concluded (as noted earlier), that the
“NTP concurs with findings of the recent evaluations that while these studies may suggest
directions for future research, there is currently insufficient evidence to determine if bisphenol A
causes or does not cause reproductive toxicity in exposed adults. "’

As discussed in Section IV.A., the cross-sectional design of these studies imposes a
significant limitation on their usefulness. Due to the short half-life of BPA in humans, cross-
sectional studies that rely on measurements of BPA or its metabolites in single urine or blood
spot samples are of limited value, because the study cannot adequately characterize exposure
prior to or during the onset and development of disease.

9 OEHHA, 2009 HID at p. 66.
%0 CERHR, 2008, NTP Brief at p. 15.
o Id atp. 15.
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1. Female Reproductive Toxicity

There are seven epidemiology studies that examined associations between BPA and
female reproduction. Six of these studies are cross-sectional and therefore do not provide
sufficient evidence of causality. (Takeuchi and Tsutsumi, 2002; Takeuchi et al., 2004; Hiroi et
al., 2004; Yang et al., 2006; Itoh et al., 2007; Wolff et al., 2008a) Four studies used the ELISA
analytical method for measuring BPA in blood. This method was subsequently found to be
unsuitable for measuring BPA in human blood samples, because it does not positively identify
BPA and cross-reacts with other substances (e.g., phytoestrogens) likely to be present (Fukata et
al., 2006).

The single case-control study by Sugiura-Ogasawara et al., 2005 does not show a clear
relationship between exposure and effect and has some critical limitations. First, it is one of the
studies that used the ELISA method; therefore the validity of the measured concentrations of
BPA is suspect. Second, the authors state that serum BPA levels were collected serially in
patients with a history of recurrent miscarriages (n=45) and controls who had never been
pregnant (n=32). No data are provided, however, on the number or timing of serial samples or
the time of sample collection in relation to subsequent miscarriages or successful pregnancies.
The absence of these data prevents any understanding of a connection between BPA levels and
pregnancy or miscarriage. BPA has a very short half-life in the body (4-6 hours), so the timing
of the measurements is critical. It seems unlikely that serum samples were collected in a time-
frame that would be relevant to the serial miscarriages since the patients were selected after their
history of miscarriage had been established. Notably, the median BPA levels for the cases and
controls are virtually identical.

The authors also report that 35 of the 45 patients subsequently became pregnant and 17
(48.6%) miscarried again. The authors highlight the fact that the mean BPA levels in the women
who miscarried again tended to be higher, albeit without significance, than the levels in those
who had successful pregnancies. However, the median BPA levels were actually higher in the
women with successful pregnancies, which means that at least half the women with successful
pregnancies had higher BPA levels than half of those who miscarried again, which is
inconsistent with the hypothesis that BPA levels are associated with increased risk of
miscarriages.

2. Male Reproductive Toxicity

There are two epidemiology studies related to male reproduction. Both are occupational
studies of epoxy resin sprayers and demonstrated BPA levels approximately twice the levels of
the unexposed comparison group. Both are cross-sectional. As summarized in Table D1 of the
HID, the findings of the two studies are directly opposed. Hanaoka ef al. (2002) identified lower
FSH in the exposed workers, and Cha et al. (2008) reported higher levels. Together, these
studies do not show an association between exposure to BPA and male reproductive adverse
effects.
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B. The Animal Data Do Not Demonstrate That BPA Is a Selective
Reproductive Toxicant

CERHR described the weight of the evidence that BPA causes adverse reproductive
effects in laboratory animals as only “some evidence” (not “clear evidence”). In a recent review
of the scientific literature on the reproductive and developmental toxicity of BPA, Willhite et al.
(2008) stated: “There is little evidence for reduced fertility, impaired reproductive performance,
or adverse pregnancy outcome in the rodent oral developmental toxicity, reproductive toxicity,
and multigeneration studies — even at low (Ema et al., 2001) or high oral bolus (Kwon et al.,
2000; Ichihara et al., 2003), drinking-water (Elswick et al., 2000b), or dietary exposures (Tyl, et
al., 2002b, 2008b).”*

1. The Well-Conducted Conventional Studies Show That BPA Is
Not a Selective Reproductive Toxicant

There is an abundance of reproductive toxicity data on BPA from well-conducted,
conventional studies. The potential effects of BPA on fertility and reproductive performance
have been investigated in five high-quality conventional reproductive toxicity studies in rats and
mice, three of which used internationally validated guidelines (the three-generation and two-
generation studies in the rat and the two-generation study in the mouse); a one-generation
reproductive toxicity study in mice; and the NTP continuous breeding study in mice. None of
these studies, nor all of them collectively, would support a finding that BPA is “clearly shown to
cause reproductive toxicity.”

a. Three-Generation Reproductive Toxicity Study in Rats
(Tyl et al., 2002b)

This study evaluated BPA for reproductive toxicity from dietary exposure to three
generations of CD Sprague-Dawley rats. The study was conducted according to the US EPA
OPPTS test guidelines, with additional assessments beyond the guideline requirements., and is is
regarded as one of the largest and most comprehensive multi-generation reproductive toxicity
studies ever conducted for any substance. This study is relied upon by regulatory agencies
around the world in risk assessments and as the basis for establishing NOAELs for BPA.

Strengths of this study include:

* Route of Administration: Oral (most relevant for human exposure)
*  Number of Dose Levels: Six (0.001, 0.02, 0.3, 5, 50, and
500 mg/kg bw/day)
*  Number of Animals: 30 per dosing level
*  Endpoints Examined: Multiple
*  Genders Evaluated
for Systemic Toxicity: Maternal and paternal
52 Willhite et al., 2008 at p. 117.
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Doses of 50 and 500 mg/kg bw/day were associated with significant systemic toxicity in
all generations of parental rats, including decreased body weight, weight gain and organ weight
changes. With respect to reproductive endpoints, exposure to BPA had no effect on: mating,
fertility, gestational indices; ovarian primordial follicle counts; estrous cyclicity; precoital
interval; gestational length; offspring sex ratios; postnatal survival; nipple/areolae retention in
preweanling males; epididymal sperm number, motility, or morphology; daily sperm production
(“DSP”), or efficiency of DSP. Reproductive organ histopathology and function were
unaffected. As noted in the discussion of developmental toxicity above, a decrease in litter size
and pup weight was observed in all three generations at the high dose (500 mg/kg bw/day). This
dose produced significant systemic toxicity and exceeded the maximum tolerated dose in the
parental rats.

At the highest dose (500 mg/kg bw/day), vaginal patency and preputial separation were
delayed in all three generations of offspring. The study concluded, however, that reduced body
weights are “most likely the cause of the significant delay in acquisition of puberty in both
sexes.””” Importantly, if BPA was acting as an estrogen, an acceleration, not a delay, in vaginal
patency would be expected.

Anogenital distance was statistically significantly increased among some dose groups
(not dose-related) among the F2 female pups, but not among the F3 female pups or F2 or F3
male pups.’ * The study concluded, however, that “the effects reported on F2 female AGD
[anogenital distance] are considered of no biological significance and not due to BPA
exposure.”S ° The authors arrived at this conclusion because (1) the effect was not observed in
the F3 female pups, (2) “the magnitude of the difference was minimal,” (3) “these changes along
with the similarly minor delays in acquisition of [preputial separation] and [vaginal patency] are
not associated with any alterations in reproductive organ structures or function in the animals
exhibiting them,” (4) anogenital distance is under androgenic control and is not affected by
estrogens, and (5) “BPA was shown to be neither an androgen nor anti-androgen in vivo.”*

IN SUMMARY, BPA did not cause selective reproductive toxicity in this study. The study
showed that the NOAELSs for systemic and reproductive toxicity were 5 and 50 mg/kg bw/day,
respectively. No treatment-related effects were found at doses ranging from 0.001 to 5 mg/kg
bw/day, and this study did not corroborate effects claimed to occur in the low dose range (<5
mg/kg bw/day); nor were there non-monotonic does responses as claimed in unconventional
studies. The study concluded that “BPA should not be considered a selective reproductive

toxicant, based on the results of this study. 7

53 Tyl et al., 2002b at p. 137.

> Anogenital distance was not measured in the F1 pups.
5 Tyl et al,, 2002b at p. 138.

56 Id. atp. 138.

57 Id. atp. 121 (emphasis added).
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b. Two-Generation Reproductive Toxicity Study in Rats
(Ema et al., 2001)

A two-generation reproductive toxicity study of BPA in rats was conducted by the Safety
Research Institute for Chemical Compounds (Sapporo, Japan) and supported by grants from the
Japanese Ministry of Health and Welfare (Ema ef al., 2001). This study evaluated a range of low
doses and followed the internationally accepted OCED 416 guidelines.

Strengths of this study included:

* Route of Administration: Oral

*  Number of Dose Levels: Four (0.2, 2, 20, 200 ug/kg bw/day)

*  Number of animals: 25 per dosing level

*  Endpoints examined: Multiple (including a wide variety of
hormonally sensitive behavioral
measurements)

Consistent with the three-generation rat study, no treatment-related effects were found in
the low dose range used in this study. Some statistically significant changes were observed.
Those changes were sporadic, however, and were inconsistent or not dose-dependent.
Accordingly, findings were considered non-treatment-related. This study did not corroborate
findings of effects that were claimed to occur in the low dose range (<5 mg/kg bw/day); nor were
there non-monotonic does responses as claimed in unconventional studies.

c. Two-Generation Reproductive Toxicity Study in Mice
(Tyl et al., 2008b)

A two-generation reproductive toxicity study of BPA was performed in CD-1 mice by
Tyl et al. (2008b). The EU RAR 2008 refers to this study as the “gold standard.”® The study
followed the internationally accepted OECD 416 guidelines, with additional assessments beyond
the guidelines. The study was preceded by a one-generation (Tyl et al., 2008a) and a full two-
generation reproductive toxicity study on 17B-estradiol (Tyl et al., 2008b), which also was also
used as a positive control in the BPA study.

Strengths of this study include:

* Route of Administration: Oral

e Number of Dose Levels: Six (verified dietary concentrations ranging
from 0.018 to 3500 ppm)

e Number of animals: 28 per dosing level

*  Endpoints examined: Multiple, including a thorough histological
evaluation

+ Positive control: 17B-estradiol

58 EU RAR, 2008 at p. 86 and 128 in Part Il Human Health.
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*  Number of Negative
Control Groups: Two

Mice were exposed to BPA in the diet at levels of 0, 0.003, 0.03, 0.3, 5, 50 and 600
mg/kg bw/day. Systemic toxicity was observed at the two highest doses. At the highest dose
(600 mg/kg bw/day), adult systemic toxicity included: decreased body weight, increased organ
weights (liver, kidney), centrilobular hepatocyte hypertrophy, and renal nephropathy in males.
At 50 mg/kg bw/day, the evidence of adult systemic toxicity was limited to a liver effect (i.e.,
centrilobular hepatocyte hypertrophy).

There were no BPA-related effects on adult mating, fertility or gestational indices,
ovarian primordial follicle counts, estrous cyclicity, precoital interval, offspring sex ratios or
postnatal survival, sperm parameters or reproductive organ weights or histopathology (including
the testes and prostate). There was limited evidence of reproductive toxicity at the highest dose
(600 mg/kg bw/day), which was associated with significant systemic toxicity. At lower doses
(50 mg/kg bw/day or less), there were no treatment-related reproductive effects.

The study reported, at the highest dose, reduced weanling body weight, reduced weanling
spleen and testes weights (with seminiferous tubule hypoplasia) in the F1/F2 generations, and
slightly delayed preputial separation in the F1 generation. In addition, there appeared to be a
transient increase at the high dose in the incidence of treatment-related, undescended testes in
weanlings, which did not result in adverse effects on adult reproductive structures or functions.
This finding is considered a developmental delay in the normal process of testes descent.
According to the study authors, “[i]t is likely that these transient effects were secondary to (and
caused by) systemic toxicity.”” Gestational length also was increased by 0.3 days in F1/F2
generations at the high dose. According to the study authors, “[t]he toxicological significance, if
any, of this marginal difference is unknown.”®

The same investigators conducted a one- and two-generation reproductive toxicity study
of 17B-estradiol in mice to demonstrate that their test model is sensitive to the effects of
estrogenic substances (Tyl et al, 20082, 2008¢).®! Many reproductive effects were produced by
17B-estradiol in these studies, and the NOAEL for the developmental toxicity of 17B-estradiol
was approximately 0.001 mg/kg bw/day, or approximately 50,000 times lower than the NOAEL
for developmental toxicity for BPA in the same test system. Thus, unlike BPA, 17B-estradiol
clearly caused reproductive toxicity in conventional reproductive toxicity studies by Tyl et al.
(2008a,b,c¢).

The systemic and reproductive NOAELs in this study were 5 and 50 mg/kg bw/day,
respectively. This study did not corroborate findings of effects that were claimed to occur in the
low dose range (commonly defined as <5 mg/kg bw/day); nor were there non-monotonic dose
responses as claimed in unconventional studies. The study concluded that “BPA is not
considered a selective reproductive or developmental toxicant in mice.”®?

5 Tyl et al., 2008b at p. 362.

60 Id.

o Tyl et al., 2008b at pp. 144-160
62 Id.
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d. One-Generation Reproductive Toxicity Study in Mice
(Tyl et al., 2002a)

As noted above, Tyl also performed an “abbreviated” one-generation reproductive
toxicity study in mice (Tyl et al., 2002a) prior to conducting her two-generation study in mice.
In the one-generation study, male and female mice were administered diets containing 0, 5000 or
10,000 ppm of BPA for 2 weeks prior to and during mating, and the females were also exposed
throughout gestation.

The results of the one-generation reproductive toxicity study are consistent with those of
the two-generation mouse study. Parental systemic toxicity was clearly evident at both 5000 and
10,000 ppm. At 10,000 ppm, BPA produced significant maternal toxicity, including decreased
body weight, decreased body weight gain, decreased food consumption, increased relative liver
and kidney weights, and altered histopathology of the liver and kidneys. The evidence of
reproductive toxicity was limited to a decrease in litter size observed “only at 10,000 ppm,
expressed as slightly (statistically significant) reduced total and live pups/litter, with no
significant effects on pre- or postimplantation in utero loss or on pup body weights per litter
(sexes separately or combined).”63

e. NTP Continuous Breeding Reproductive Toxicity Study
in Mice (Morrissey et al., 1989)

In a National Toxicology Program study, Morrissey et al. (1989) administered BPA to
mice in the diet at doses of 0, 470, 900, or 1880 mg/kg bw/day and used a continuous breeding
protocol. Groups of 20 males and 20 females at each dose were fed the diet for one week, after
which the mating trial began and cohabitation continued for 14 weeks. The offspring of up to
five litters were evaluated and the last litter delivered was used for the second generation. The
data were compared to a concurrent control group of 40 mice of each gender. The only
significant changes observed were increased fertility indices and elevated combined male and
female pup body weights at the two highest doses.**

IN SUMMARY, all five conventional reproductive toxicity studies demonstrate that BPA is
not a selective reproductive toxicant.

2. The Unconventional Studies Are of Questionable Significance
and Do Not Support Listing

As discussed in Section IV.B.3. above, many studies have been conducted to evaluate the
potential of BPA to cause reproductive toxicity, which are appropriately categorized as
“unconventional.” To summarize, many are small-scale, screening studies and/or used
experimental protocols that have not been validated. Some were conducted on small numbers of
animals; some used only one dosing level (so a dose-response relationship could not be
determined), and some lacked experimental details that would allow complete analysis of the
reported results. BPA was often administered by injection and other routes of exposure not

63 Tylet al, 2002a at p. 6.
o4 Willhite et al., 2008 at p. 100.
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relevant to human hazard evaluation. Additional experimental shortcomings included selective
use of only male or female offspring, inadequate control procedures, lack of positive controls,
absence of correlative morphological and functional endpoints, and failure to consider litter as
the appropriate statistical unit.®®

The majority of the unconventional studies were “low-dose” studies that investigated the
hypothesis that very low oral doses of BPA are capable of disrupting the development or
functioning of the reproductive system. However, the “conventional” studies described above
robustly examined validated endpoints at low doses and found no effects. The weight of the
scientific evidence does not currently support the “low-dose” hypothesis. For example, CERHR
stated:

“Hence, the failure of BPA to produce reproducible adverse effects via a relevant
route of exposure, coupled with the lack of robustness of the many of the low
dose studies (sample size, dose range, statistical analyses and experimental
design, GLP) and the inability to reproduce many of these effects of any adverse
effect strains the credibility of some of these study results. They need to be
replicated using appropriate routes of exposures, adequate experimental designs
and statistical analyses and linked to higher dose adverse effects if they are to
elevate our concerns about the effects of BPA on human health. The lack of
reproducibility of the low-dose effects, the absence of toxicity in those low-dose-
affected tissues at high-doses, and the uncertain adversity of the reported effects
led the panel to express ‘minimal’ concern for reproductive effects.”

After reviewing the weight of evidence for “low-dose” reproductive and developmental
studies, Goodman ef al. (2009) reached a similar conclusion: “We found some statistically
significant positive findings, but these were all countered by null findings in more numerous
studies, have not been replicated, do not exhibit coherence and plausibility, and/or do not show
consistency across species, doses and time points. In addition, many of the effects noted were
not corroborated by the large, robust, multigenerational studies.”®’

IN SUMMARY, for all the reasons above, the unconventional reproductive toxicity studies
of BPA do not provide a basis to conclude that BPA has been clearly shown to cause
reproductive or developmental toxicity.

3. The Data Do Not Support Listing for Any of the
Reproductive Endpoints Identified in the HID

The HID identified a variety of reproductive endpoints that were reportedly affected by
exposure to BPA in one or more studies. The discussion below explains briefly, endpoint by
endpoint, why the data do not support a conclusion that BPA should be listed.

65 FDA, 2008 at p. 25.
66 CERHR, 2008, Chapin et al., at p. 382 (emphasis added).
67 Goodman ef al.,, 2009 at p. 68.
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(a)  Uterine and Estrogenic Effects

It is well documented that BPA binds weakly to estrogen receptors. However, the
estrogen binding affinity of BPA is orders of magnitude lower than that of endogenous estrogen.

In vitro studies evaluating the estrogen receptor binding capacity of BPA indicate that
BPA is 4-5 orders of magnitude less potent than endogenous estrogen (17B-estradiol). A
standard screening test for estrogenic activity is the measurement of changes in uterine weight in
ovariectomized rodents. /n vivo studies of the effects of oral BPA on uterine weight confirm that
BPA is typically 4-5 orders of magnitude less potent than endogenous estrogen. Based on this
difference in estrogenic activity alone (in non-human assays), BPA would not be expected to
cause developmental or reproductive toxicity via an estrogenic mechanism. Furthermore, as
noted previously, there is no significant opportunity for BPA to exhibit an estrogenic effect in
humans because orally ingested BPA is rapidly metabolized to BPA-glucuronide in the intestines
and during its first pass through the liver and because BPA-glucuronide does not exhibit
estrogenic activity.

In addition, and very importantly, the potency of BPA would be expected to be lower in
humans than rodents, because BPA undergoes enterohepatic recirculation in rodents.
Uterotrophic evaluations are typically performed twenty-four hours after the last dose of the test
agent is administered. Laws et al. (2000) showed no significant effect from exposure to BPA at
doses up to 400 mg/kg bw/day, administered orally on rat uterine wet weight assessed 24 hours
after administering the last dose. Many components of the human diet, such as phytoestrogens
and lignans, have a similar or greater affinity than BPA to bind to estrogen receptors. For
example, genistein, a phytoestrogen found in soy, has a much higher affinity than BPA for both
estrogen receptors (ERa and ERP): Any BPA available in vivo competes with endogenous
estrogen and with much higher levels of these dietary phytoestrogens for the ability to bind with
estrogen receptors.

Estrogenic activity in itself is not an adverse reproductive toxic or developmental effect
per se. Rather it is a mechanism that might induce such an effect under certain circumstances,
which are not present in the case of BPA. Therefore, the weak estrogenic activity of BPA is not
a sufficient basis to support a conclusion that BPA is “clearly shown to cause reproductive
toxicity” for purposes of Proposition 65. Moreover, even if estrogenic activity were a basis for
listing a chemical, there is no significant opportunity for BPA to exhibit an estrogenic effect in
humans, because orally ingested BPA is efficiently metabolized to BPA-glucuronide in the
intestines and during its first pass through the liver, and BPA—glucuronide does not exhibit
estrogenic activity.

(b)  Estrous Cycle Effects

Reports of estrous cycle alterations in “low-dose” studies (Talsness et al., 2000; Rubin et
al., 2001) are inconsistent and unreliable. The findings in Talsness et al. (2000) varied
depending on whether the estrous phase length and reproductive cycles phase length were
evaluated per female rat in each group or as a percent of total cycles in each group. In addition,
it has been reported that the Talsness et al. (2000) controls were not run concurrently with the
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animals exposed to BPA. NTP, 2001. Regarding the findings in Rubin et a/. (2001), changes in
the estrous cycle were qualitatively inconsistent across individual animals.”® Estrous cycle
alterations were not reported in most studies of BPA, including the multigeneration reproductive
toxicity studies in rats and mice (Tyl et al, 2002b, 2008b; Ema ef al., 2001), at low or high
doses.”’ Overall, there is no consistent evidence in rodents to support an association between
BPA and alterations in estrous cycle.

(c) Onset of Puberty

CERHR concluded: “There are sufficient data to conclude that bisphenol A does not
change the age of puberty in male or female rats [NOAELs of 0.2 mg/kg bw/day (Ema et al,
2001) and 1823 mg/kg bw/day (Tyl et al., 2002b)]. While limited data available suggest an
effect on the onset of female puberty in mice [LOAEL 0.2 mgkg bw/day (Ryan and
Vandenbergh, 2006) and 0.002 mg/kg bw/day (Howdeshell et al, 1999)], the data are
insufficient to conclude that bisphenol A accelerates puberty in female mice. The limited data
that are available suggest, but are insufficient to conclude, that bisphenol A slightly delays the
age of puberty in male mice at a LOAEL of ca. 550-800 mg/kg bw/day (Tyl et al., 2008b).”"

FDA reached a similar conclusion after reviewing the available scientific evidence:
“Taken together, these results suggest that within the context of laboratory animal studies,
limited evidence exists regarding an acceleration of puberty . . . .>""

(d) Neural and Behavioral Alterations

A number of studies screened for neural and behavioral alterations in rats and mice
following BPA exposure. As noted in the HID, “comprehensive screening of BPA for
developmental neurotoxicity has not yet been conducted. Routine guidelines are available for
developmental neurotoxicity screening but have not yet been used for BPA.” (Note, however,
that Ema et al. (2001) conducted a limited behavioral screen on offspring in their two-generation
study and found no effects.) Nonetheless, most of the neurotoxicity screening studies of BPA
conducted to date are unconventional, low-dose studies that included both prenatal and postnatal
exposure. At most, they provide suggestive evidence, and suggestive evidence does not meet the
“clearly shown to cause” standard.

Thus, CERHR concluded: “Rodent studies suggest that bisphenol A: causes neural and
behavioral alterations related to disruptions in normal sex differences in rats and mice.””> The
NTP-CERHR Brief states: “NTP also concurs with the CERHR Expert Panel on Bisphenol A
that additional research is needed to more fully assess the functional, long-term impacts of
exposures to bisphenol A on the developing brain and behavior. Overall, the current literature
cannot yet be fully interpreted for biological or experimental consistency or for relevance to

6 Goodman ef al., 2009 at p. 54.

6 Id. at pp. 37-40.

7 CERHR, 2008, Chapin e al., at p. 329.

n FDA, 2008 at p. 27.

& OEHHA, 2009 HID at p. 63.

73 CERHR, 2008, Chapin et al., at p. 381 (emphasis added).
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human health. Part of the difficulty for evaluating consistency lies in reconciling findings of
different studies that use different experimental designs and different specific behavioral tests to
measure the same dimension of behavior.””*

FDA also reviewed studies in the scientific literature on BPA and neural and behavioral
alteration:

“The varied treatment-related findings in a majority of the reviewed studies
collectively appear to suggest that developmental BPA exposure in rodents may
have the potential to alter brain development and behavior. However, in view of
the limitations in study design and study conditions that confound the
interpretability of the study findings, without appropriate confirmation of these
findings using well-designed experimental protocols and/or clarification of
their biological significance, the utility and relevance of the study findings to an
assessment of the safety of BPA from food contact uses is unknown. Until these
disparate experimental findings are examined in well-designed safety assessment
studies using appropriate biomarkers of effect, FDA has concluded that the
reviewed studies are inadequate for use in supporting a safety assessment
determination or regulatory decision for BPA."

(e)  Anogenital Distance

CERHR stated: “Although some sporadic effects were reported for anogenital distance in
male and female rats, study authors concluded that the endpoint was not affected by prenatal,
lactational, and/or post-weaning exposure to bisphenol A (Ema et al., 2001; Tinwell ef al., 2002;
Tyl et al., 20()2b).”76 In evaluating the effects estradiol on reproduction, Tyl et al. (2008b) also
found: “It is clear that AGD on PND 0 or 21 is not an indicator of estrogenicity in rodents,
consistent with the evidence that AGD is driven by androgen (5a-dihydrotestosterone; DHT)
secretion rather than by estrogens (Imperato-McGinley et al, 1992).”

Honma et al. (2002) reported a longer anogenital distance (masculinized) in offspring
after prenatal BPA exposure. In contrast, Talsness ef al. (2000) reported shorter anogenital
distance in male rats after prenatal exposure to BPA (although, as noted above, the Talsness et
al. controls were not run concurrently with the BPA treated animals (NTP, 2001)). And another
study using similar doses and time of exposure but with a smaller sample size (Tinwell et al.,
2002), found no effect. In high dose studies, no consistent differences in anogenital distance
were reported.

The magnitude of the differences in anogenital distance in these studies was very small.
As noted in the HID, anogenital distance can be difficult to measure accurately depending on
how the animal is restrained for the measurement, the measuring tool, ete.”” Newborn ano genital
distance is approximately 5 mm in rats and 1 mm in mice, making accuracy an important issue.

I CERHR, 2008, NTP Brief at p. 20 (emphasis added).
» FDA, 2008 at p. 30 {emphasis added).

7 CERHR, 2008, Chapin ef al., at p. 328.

7 OEHHA, 2009 HID at p. 43.
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(f)  Testis

The weight of the evidence indicates that testis weight was not affected by exposure to
BPA. The HID states: “The majority of studies that measured this endpoint did not find any
significant reduction, regardless of the strain of animals, exposure period, doses, or dosing
methods.””® Similarly, for rats, the HID states: “As was the case with studies in mice, most
studies in rats either did not report testis weight or found no effect on it.””

The HID further states that “/i/n vitro studies consistently show effects of BPA on
cultured cells or tissues from the testis (Sertoli or Leydig cells) or the prostate.”®® The results of
these in vitro studies are not useful for human hazard or risk assessment, however, since in vitro
studies provide no opportunity for the rapid metabolism of BPA known to occur in vivo in the
intestines and liver (first pass effect). More importantly, the weight of evidence from in vivo
studies does not demonstrate adverse effects consistently on the testis or prostate.

(g)  Prostate

The HID correctly notes that BPA did not cause effects on the prostate when evaluated
by traditional methods such as organ weight or routine histopathological evaluation.®! However,
the HID states that prostate effects “can be detected with advanced molecular and/or cellular
approaches.”82 In fact, these effects were seen in only three out of 14 studies that evaluated the
histopathology of the prostate, and in all three of these studies, BPA was administered via a
subcutaneous implant. Two of the three studies were found to be “inadequate” by CERHR. The
third study, which was published after the review by the CERHR Expert Committee, suffers
from the same flaws.®> These studies are not useful for human hazard identification, because
administration of BPA in the form of a subcutaneous implant is designed to provide a constant
blood level of BPA, which is very different from the rapidly declining or undetectable blood
levels of BPA in humans (due to the efficient metabolism and rapid elimination of ingested
BPA). Furthermore, subcutaneous administration to rats has been shown to produce unique
metabolites not present following oral administration (Pottenger et al., 2000) that may contribute
to the production of effects not relevant for oral exposure.

Regarding prostate weight, CERHR concluded: “There are sufficient data to conclude
that bisphenol A exposure during development does not permanently affect prostate weight in

" Id. atp. 136.

” Id.

80 OEHHA, 2009 HID at p. 136.
8 Id at p. 144.

82 Id

8 The HID identified 33 studies that evaluated the prostate in rats or mice exposed to BPA in Tables D6 and

D7. Of these 33, 14 specifically evaluated the histopathology of the prostate. The three studies that appeared to
show effects on the prostate were Ramos ef al. (2001, 2003) and Ogura et al. (2007). CERHR evaluated the two
studies by Ramos et al. and considered them to be “inadequate” for multiple reasons. The Ogura et al. (2007) study
was published after the CERHR Expert Panel completed its review, and it suffers from many of the same serious
limitations as the Ramos et al. studies, including the use of a subcutaneous pellet as the route of administration.
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adult rats or mice.”® Decreased prostate weight or changes in prostate ducts were reported in a
small number of studies. However, no effects on the prostate were observed in more robust
studies with multiple dose levels and larger group sizes.

h) Fertility

CERHR concluded that BPA “does not alter male or female fertility after gestational
exposure up to doses of 450 mg/kg bw/day in the rat and 600 mg/kg bw/day in the mouse
(highest dose levels evaluated).” As noted earlier, effects on litter size were observed in
studies at higher dose levels that exceeded the maximum tolerated dose and caused significant
systemic toxicity.

i) Sperm

The NTP-CERHR Brief concluded that effects on sperm “are not reported consistently
enough to be considered reproducible.”® According to CERHR, “Effects on rat sperm
parameters were inconsistent.”®’ A number of “low-dose” studies identified changes in rates of
genital maturation or sperm counts and motility in rats and mice given low doses of as little as 2-
20 pg/kg bw/day (Sakaue et al., 2001; Chitra et al., 2003a, 2003b; Al Hiyasat et al., 2002).
Others, however, were unable to reproduce these findings in rodents (Ashby et al., 2003). In
fact, most studies of BPA that evaluated sperm did not find effects on sperm parameters
following exposure during development at either low or high dose levels ranging from 0.0002 to
600 mg/kg bw/day (Cagen et al., 1999a, 1999b; Ashby et al, 1999; Kwon et al., 2000;
Takashima et al., 2001; Tyl et al.,, 2008b; Ema et al., 2001; Kato et al., 2006; Howdeshell et al.,
2008; Nagao et al., 2002; Kim et al., 2002 ).

In some of the studies reporting changes at very low doses, the control daily sperm
production data are more variable than those generally reported; variability between control
populations and the care and source of the animals may account for some of the discrepancies in
the rodent data (Ashby et al., 2003).

4 Mammary Gland

Various changes in the mammary gland were reported in several unconventional “low-
dose” studies. The NTP-CERHR Brief, which reviewed these studies (including Moral et al.,
2008; Durando et al., 2007; Murray et al., 2007), observed that: “[t]he current literature is not
sufficient to establish the reproducibility of the ductal lesion findings by multiple independent
investigators.”®® Thus, the NTP-CERHR Brief concluded that additional data in better-designed
studies is needed:

84 CERHR, 2008, Chapin et al., at p. 384.
8 Id. atp. 381.

86 CERHR, 2008, NTP Brief at p. 30.

8 CERHR, 2008, Chapin ef al., at p. 328.
88 CERHR, 2008, NTP Brief at p. 23.
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“The NTP concurs with recent reviews that additional data are needed to more
completely understand the possible long-term consequences of disrupting
mammary gland development in animals by bisphenol A exposure and its
significance for human health. Namely, long-term follow-up studies with
sufficient statistical power should be conducted to evaluate if the ductal
hyperplasia and carcinoma in situ progress to mammary gland tumors, preferably
without the use of a secondary chemical challenge in adulthood.®

Only one of the unconventional studies (Moral et al., 2008) administered BPA orally.
This study reported changes in gene expression and an increased number of mammary gland
terminal ducts in the female offspring of rats treated during gestation at 0.025 or 0.25 mg/kg
bw/day. However, there was no consistent dose-response relationship, and the results of this
study have not been replicated by others.

In all of the other studies of mammary gland effects, BPA was administered by
subcutaneous injection or by surgically implanting a subcutaneous osmotic mini-pump. The
CERHR Expert Panel considered these studies to be inadequate. For example, Durando ef al.
(2007) ““is inadequate for inclusion [in its evaluation] due to the use of 99.9% DMSO as a vehicle
to administer bisphenol A via s.c. osmotic pump.”®® Murray et al. (2007) “was inadequate due
to small sample size, route of administration, and lack of clarity on statistical analysis.””!
Further, the NTP Brief noted that “a number of pathologists questioned the classification of the
[mammary gland] lesions” observed in both of these studies. The EU RAR (2008) was also
critical of both Durando et al. (2007) and Murray ef al. (2007): “due to the small sample size,
lack of clarity on statistical analysis and use of a single dose level, it is difficult to establish
whether the effects reported [in the Durando ef al. (2007) study] were due to chance or were real,
treatment-related effects. Furthermore, because of the subcutaneous route of administration, it is
questionable whether the reported findings are relevant to normal routes of exposures.”

VI. CONCLUSION

BPA should not be listed. Taking into account the weight of the evidence, the statutory
and regulatory criteria for listing, and the guidance articulated in the Committee’s Guidance
Criteria, the chemical simply cannot be characterized as “clearly shown, through scientifically
accepted testing conducted according to generally accepted principles, to cause” developmental
or reproductive toxicity.

Applying those Proposition 65 standards to the testing data available here, it is
undisputed that the human data do not support listing. Therefore, any finding that the chemical
merits listing would have to rest on the animal data alone. The high-quality conventional animal
data, summarized in Sections IV and V, demonstrate consistently and convincingly that BPA is
not a selective developmental or reproductive toxicant in rodents.

89 Id. atpp. 23 — 24.

%0 CERHR, 2008, Chapin et al., at p. 247.
o Id. at p. 246.

o EU RAR, 2008 at p. 82.
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The unconventional, “low-dose” studies, characterized as inadequate for risk assessment
purposes by every regulatory agency that has reviewed them, do not provide a basis for listing
because they provide no consistent or compelling evidence, for all of the reasons discussed in
Sections IV.B.3 and V.B.3. Indeed, many of the unconventional studies do not represent
“scientifically valid testing according to generally accepted principles,” and cannot be relied
upon here for that reason alone. In addition, strong pharmacokinetic data show that the effects
observed in rodents are not directly applicable to humans, because humans metabolize and
eliminate BPA more rapidly and efficiently than rodents. As a result, the developmental and
reproductive effects observed in rodents are biologically implausible in humans. Therefore, the
weight of the evidence does not support a conclusion that BPA is “clearly shown to cause
reproductive toxicity.”

We urge the Committee to apply these standards in reviewing the data for BPA. Indeed,
they are the only standards that the Committee may apply under Proposition 65. In applying
these standards, the Committee can take comfort that other highly respected agencies have
examined the same data and have reached well-supported conclusions that BPA may be used
safely, including in food contact applications. The data support those findings, and similarly
support a finding that BPA should not be listed under Proposition 65.
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