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BACKGROUND: The European Food Safety Authority (EFSA) recommended lowering their estimated tolerable daily intake (TDI) for bisphenol A
(BPA) 20,000-fold to 0:2 ng=kg bodyweight ðBWÞ=day. BPA is an extensively studied high production volume endocrine disrupting chemical (EDC)
associated with a vast array of diseases. Prior risk assessments of BPA by EFSA as well as the US Food and Drug Administration (FDA) have relied
on industry-funded studies conducted under good laboratory practice protocols (GLP) requiring guideline end points and detailed record keeping,

Address correspondence to Frederick S. vom Saal, Division of Biological
Sciences, 105 Lefevre Hall, University of Missouri—Columbia, Columbia,
MO 65211 USA. Telephone: (573) 356-9621. Email: vomsaalf@missouri.edu
J.P.M. and T.J.C. are on the board of a chemical company, Sudoc.com, but

have given all shares to an irrevocable grantor trust so that they cannot benefit
personally from the company’s financial success. All other authors declare
they have no actual or potential competing financial interests.
Conclusions and opinions are those of the individual authors and do not

necessarily reflect the policies or views of EHP Publishing or the National
Institute of Environmental Health Sciences.

Received 13 August 2023; Revised 5 March 2024; Accepted 5 March 2024;
Published 9 April 2024.
Note to readers with disabilities: EHP strives to ensure that all journal

content is accessible to all readers. However, some figures and Supplemental
Material published in EHP articles may not conform to 508 standards due to
the complexity of the information being presented. If you need assistance
accessing journal content, please contact ehpsubmissions@niehs.nih.gov. Our
staff will work with you to assess and meet your accessibility needs within 3
working days.

Environmental Health Perspectives 045001-1 132(4) April 2024

A Section 508–conformant HTML version of this article
is available at https://doi.org/10.1289/EHP13812.Commentary

https://orcid.org/0000-0002-0488-3264
https://orcid.org/0000-0002-0488-3264
mailto:vomsaalf@missouri.edu
http://ehp.niehs.nih.gov/accessibility/
mailto:ehpsubmissions@niehs.nih.gov
https://doi.org/10.1289/EHP13812


while also claiming to examine (but rejecting) thousands of published findings by academic scientists. Guideline protocols initially formalized in the
mid-twentieth century are still used by many regulatory agencies. EFSA used a 21st century approach in its reassessment of BPA and conducted a
transparent, but time-limited, systematic review that included both guideline and academic research. The German Federal Institute for Risk
Assessment (BfR) opposed EFSA’s revision of the TDI for BPA.

OBJECTIVES:We identify the flaws in the assumptions that the German BfR, as well as the FDA, have used to justify maintaining the TDI for BPA at
levels above what a vast amount of academic research shows to cause harm. We argue that regulatory agencies need to incorporate 21st century sci-
ence into chemical hazard identifications using the CLARITY-BPA (Consortium Linking Academic and Regulatory Insights on BPA Toxicity) non-
guideline academic studies in a collaborative government–academic program model.

DISCUSSION: We strongly endorse EFSA’s revised TDI for BPA and support the European Commission’s (EC) apparent acceptance of this updated
BPA risk assessment. We discuss challenges to current chemical risk assessment assumptions about EDCs that need to be addressed by regulatory
agencies to, in our opinion, become truly protective of public health. Addressing these challenges will hopefully result in BPA, and eventually other
structurally similar bisphenols (called regrettable substitutions) for which there are known adverse effects, being eliminated from all food-related and
many other uses in the EU and elsewhere. https://doi.org/10.1289/EHP13812

Introduction
Bisphenol A (BPA) (CAS number 80-05-7) is worldwide one of
the highest volume petroleum-based chemicals that is used in a
wide range of products, including plastics, food and beverage
packaging materials, as an additive in personal care products, and
in thermal paper used in receipts.1 BPA is classified as an endo-
crine disrupting chemical (EDC), which is defined as an exoge-
nous agent that interferes with the production, release, transport,
metabolism, binding, action, or elimination of natural hormones
in the body responsible for the maintenance of homeostasis and
the regulation of developmental processes.2

As scientists and clinicians involved in studies of EDCs such as
BPA, we strongly support the European Food Safety Authority’s
(EFSA’s) recent recommendation to lower by 20,000-fold their
prior temporary estimate of the daily human exposure to BPA
that is safe, referred to in their reevaluation as the tolerable daily
intake (TDI). The EFSA expert Panel on Food Contact Materials,
Enzymes and Processing Aids (EFSA-CEP) stated “By compar-
ing the new TDI with estimates of dietary exposure to BPA, our
experts concluded that consumers with both average and high ex-
posure to BPA in all age groups exceeded the newTDI, indicating
health concerns.”3 The major change in approach by the EFSA-
CEP in their BPA risk assessment included a review of inde-
pendent academic research findings in addition to industry and
government guideline research findings. This also was preceded
by a process that was transparent and included publishing the
review protocol and requesting comments prior to the initiation
of the review.4

The inclusion of nonguideline studies by the EFSA-CEP to reach
this decision has resulted in disagreement by other regulatory agen-
cies. In particular, the German Bundesinstitut für Risikobewertung
(German Federal Institute for Risk Assessment) (BfR) considers that
EFSA-CEP’s chemical risk assessment methods are contrary to the
traditional approach used in hazard characterization for risk assess-
ments.5,6 The European Medicines Agency (EMA) also disputed the
reevaluation methods used by the EFSA-CEP,7 which are reviewed
in Zoeller et al.8 Interestingly, in the US, resistance to the EFSA-CEP
systematic review approach may be changing9 due to the ongoing
reorganization of the food safety division of the US Food and Drug
Administration (FDA)10 after years of regulatory inaction,11–13 par-
ticularly for EDCs.2,14

The European Commission (EC) in August 2023 published that
it was planning to propose adopting the EFSA-CEP revision of the
TDI for BPA, including a ban on its use in food packaging materi-
als. Specifically, the EC published the following online: “This initi-
ative will impose a ban on the use of BPA in food contact materials
(FCMs), including plastic and coated packaging. This follows the
publication of the European Food Safety Authority’s opinion
which indicates a concern for human health. The measure will also
address the use of other bisphenols in FCMs to avoid replacing
BPAwith other harmful substances,”which has been updated as of

February 2024.15–18 This initial decision was also supported by the
European Environment Agency (EEA) based on unsafe levels of
BPA reported in biomonitoring studies in the EU.19,20

Dozens of other bisphenols (BPA analogues) are currently
used in products, many of which are labeled “BPA free.” This is
a label that erroneously suggests to the public that the product
does not contain a chemical (BPA) that has gained wide accep-
tance to pose a health hazard; these replacement bisphenols are
referred to as “regrettable substitutions” (Table 1). In the case of
bisphenols, many BPA analogues are structurally similar to BPA,
although their EDC activity, potency, and pharmacokinetics can
vary.62,63 For example, bisphenol S (BPS), bisphenol F (BPF),
and other structurally similar bisphenols had previously been
unregulated in the EU and thus have already become ubiquitous
environmental contaminants.56 Rat and mouse studies by aca-
demic scientists of some BPA analogues, particularly BPS and
BPF, have revealed similar harm to that caused by BPA.57 This
problem applies to replacement chemicals for many classes of
chemicals in addition to BPA64 [e.g., polychlorinated biphenyls
(PCBs), polybrominated diphenyl ethers (PBDEs), phthalates,
per- and polyfluoroalkyl substances (PFAS), and organochlor-
ine pesticides65].

The first part of this commentary covers the hazards posed
by BPA identified in academic hypothesis-driven studies. These
peer-reviewed published findings from academic investigator
studies have not been included by EFSA, the FDA, or German
BfR in previous hazard identifications of BPA. This summary of
selected published health effects of BPA emphasizes the impor-
tance that their inclusion in the recent EFSA-CEP systematic
review had on the dramatic revision of the TDI for BPA. Second,
we provide suggestions for using the Consortium Linking
Academic and Regulatory Insights on BPA Toxicity (CLARITY-
BPA) collaborative project as a cost-effective model to bring chem-
ical risk assessments into the 21st century.26,52 Third, we focus on
the rationale for the revised TDI by the EFSA-CEP and the basis
for our disagreement with the attempt by the German BfR to block
its implementation. We also contrast the EFSA-CEP decision with
the FDA declarations in both 2008 and 2018 that the public can be
assured that BPA is safe. Fourth, we discuss the unique issues
EDCs pose for traditional risk assessments that are directed at poi-
sons. Our view is that the current approaches used in chemical risk
assessments that were developed to test for poisons are not appro-
priate for determining the risks posed by BPA and other EDCs that
interfere with hormones and that are not poisons.1 This will require
approaches that can be used to identify if a chemical is an EDC.
For example, La Merrill et al. identified how ten key characteristics
could be used to identify, organize, and utilize mechanistic data
when evaluating whether chemicals could be classified as EDCs,
and 9 of the 10 EDC key characteristics were met by BPA.66

We provide suggestions to eliminate the current approaches
used in chemical risk assessments for EDCs and to replace them
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with risk assessment methods and assumptions based on 21st
century endocrine science (Table 1). Statements of Principles
from the Endocrine Society have emphasized the importance of
testing low, human-relevant, levels of exposure rather than just
very high doses in hazard assessments of EDCs, such as BPA.2
Fifth, we identify a number of additional issues critical for sus-
tainability (including “sustainable chemistry”) and for improving
the assessment of hazards to the environment and public health
posed by EDCs and other chemicals present in a myriad of prod-
ucts (Table 1). Our hope is that these critical improvements will
happen in the near future in the EU, US, Asia, and elsewhere. We
propose that while the approach used by the EFSA-CEP in revi-
sing the TDI for BPA is an initial step in the right direction,
much more remains to be done.3

Adverse Effects of BPA Reported in Academic
Studies
The decision by EFSA to lower by 20,000-fold the tolerable daily
exposure to BPA is supported by research that hundreds of scien-
tists around the world have conducted over the last 25 years show-
ing that exceedingly small exposures to BPA are related to a wide
range of disease in humans and by research with experimental ani-
mals demonstrating that low doses of BPA cause the same dis-
eases.1,26 The list of adverse effects associated with exposure via
different routes to BPA is truly vast based on examination of the
totality of the published literature on BPA. These include studies
of mechanisms involving cell culture and cell-free systems, envi-
ronmental and wildlife/human biomonitoring, pharmacokinetics,
and adverse effects in wildlife, laboratory animals, and humans.
The total number of citations retrieved in PubMed when bisphenol
A/BPA was the search term resulted in over 13,000 entries as of
February 2024, indicating that BPA is a highly researched syn-
thetic petroleum-based chemical. While it is beyond the scope of
this paper to survey this vast published literature, we describe
below evidence for some of the adverse health effects associated
with developmental and adult exposure to environmentally rele-
vant doses of BPA.

Exposure to BPA is related to neurological disorders such as
ADHD,67 autism,68 other behavioral effects that are sex specific,24
neuroendocrine disorders,69,70 and reduction of synaptic connec-
tions between neurons in the hippocampus impacting cognition
and memory in both rats and monkeys.71 Neurobehavioral effects
are not commonly examined in guideline studies conducted for
risk assessments. BPA is also implicated in metabolic diseases
such as obesity and fatty liver disease,72 stimulation of insulin
secretion by the pancreas, disruption of glucose regulation, and
increased risk of diabetes mellitus.73 A prospective study reported
that elevated BPA in human urine is also related to an increase in
the future risk of cardiovascular disease, including heart attack and
death.74

A large portion of the literature relates BPA exposure to
adverse reproductive effects involving all reproductive organs and
functions in males and females. Considerable attention has been
paid to the increase in male reproductive system disorders related
to fetal exposure to EDCs, including BPA; these are referred to col-
lectively as testicular dysgenesis syndrome,75 which is associated
with declining fertility. There is also evidence for an accelerating
decrease in sperm count and quality in men during the first two
decades of the 21st century (when BPA production increased dra-
matically) relative to the rate of sperm count and quality decline
that had been documented during the 20th century.76 BPA is one of
the EDCs associated with genital defects in men when exposure
occurs during the fetal period of sexual differentiation.77 Research
in mice showed that BPA negatively, and irreversibly, impacted
the spermatogonial stem cell pool when exposure occurred

during development of the testes.78 Developmental BPA expo-
sure is also related to reduced adult sperm production in
men.45,79 Developmental and adult BPA exposure is associated
with decreased libido and disruption of the neuroendocrine
control of testicular function in human80–83 and in animal84
studies. Adult exposure to BPA also resulted in obstructive
voiding disorder in male mice.85 BPA exposure during devel-
opment followed by an elevation in estrogen later in life, which
happens in men as they age (a two-hit model), has been related
to prostate cancer in male rats86,87 as well as benign prostatic
hyperplasia (BPH), prostatitis, and obstructive voiding disorder
in male mice.88

The global decline in fertility also involves effects of BPA in
women, including disruption of oocyte development,89,90 low fer-
tility, and, if fertilization does occur, increased incidence of mis-
carriage.91 An extensive literature relates developmental92,93 or
adult94 exposure to BPA to mammary gland abnormalities in ani-
mals, and in vitro studies with human breast tissue demonstrates
disrupted gene pathways using BPA doses relevant to current
human exposures.95 These findings have led to predictions that
breast cancer in women is likely impacted by exposure to BPA as
well as other EDCs with estrogenic activity.86 Similarly, BPA
impacts uterine glands in rats after exposure during development96
or in adulthood,97 leading to concern about its potential as a risk
factor in cancer and other diseases of the uterus.

While BPA has primarily been studied for its estrogen-
mimicking hormonal activity, it can activate or interfere with
numerous other hormone receptors and enzymes,2 thus account-
ing for the large number of diseases related to chronic exposure
to BPA.1,36,98 We have not attempted to dissect each refenced study
above to determine if it would meet the requirements demanded by
risk assessors. However, most studies of BPA by academic scien-
tists in the biomedical community are focused on hypothesis-driven
experiments relating to diseases, unlike guideline studies. These
very expensive academic studies are virtually always subjected to
prior review by university, state, or government funding panels and
then again by expert reviewers for journals in order to be accepted
for publication. In contrast, many guideline studies used in risk
assessments are funded by chemical corporations, are not published,
the data are not available to the public, and sometimes not all data
are provided to regulatory agencies99 except through litigation,
whichwe refer to as “regulation by litigation.”

In 1965, the importance of dealing with uncertainty in assessing
cause and effect relationships was articulated by Austin Bradford
Hill: “All scientific work is incomplete. . .That does not confer upon
us a freedom to ignore the knowledge we already have, or to post-
pone the action that it appears to demand at a given time.”100 BPA is
not just a threat to human health but to the global environment. The
1992 Rio Declaration on Environment and Development,101 which
the US and EU signed, included the following: “Where there are
threats of serious or irreversible damage, lack of full scientific cer-
tainty shall not be used as a reason for postponing cost-effective
measures to prevent environmental degradation.” Our view is that
the vast number of human, animal, and environmental adverse
effects of BPA shown in multiple experiments by different inde-
pendent academic investigators cannot continue to be ignored by
risk assessors in Germany, the US, and elsewhere, who need to fol-
lowEFSA’s lead.

CLARITY-BPA: A New Approach to Assess
Chemical Hazards and Dose Responses
The Consortium Linking Academic and Regulatory Insights on
BPA Toxicity (CLARITY-BPA) was a government–academia
collaboration to link a guideline study (funded by the FDA) with
hypothesis-driven, academic investigator studies, funded by the
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Table 1. Issues that need to be addressed by regulatory agencies to bring 21st century endocrine and chemical science into the assessment of risks posed by
EDCs to human health and the environment.

Issue Rationale Ref

Risk assessment methods Risk assessment assumptions do not apply to EDCs. Vom Saal and Vandenberg1 and
Vandenberg et al.21

Hazard identification: uses only high-
doses to predict low-dose effects

Assessing hazard currently involves rejection of known receptor-
mediated low-dose effects of EDCs.

Vom Saal and Vandenberg,1
Welshons et al.,22 and
Vandenberg et al.21

Group assessment: this is needed instead
of testing individual chemicals

Regulate chemicals such as BPA and analogue bisphenols as a
group prior to replacing BPA with other bisphenols in
products.

ECHA23

Sex differences: expectation that EDCs
act the same in males and females

Sex-differences in outcomes are a common feature of exposure to
EDCs but are either ignored or if found are used to reject the
findings.

Palanza et al.,24 Williams
et al.,25 and Heindel et al.26

Epigenetics: need to be included in
hazard identification

Endocrine disruptors can alter the epigenome and are implicated
in the development of disease, but this is ignored in risk
assessments.

Kundakovic et al.27

Transgenerational effects: need to be
included in hazard identification

Adverse effects of BPA and other EDCs can be transmitted to
future (even unexposed) generations, but this is ignored in risk
assessments.

Jung et al.28 and Kundakovic
et al.27

Dose–response assessment NDMR mechanisms: low dose stimulation of a hormone’s own
and other receptors and high-dose inhibition of the hormone’s
own and other receptors is referred to as receptor up-regulation
and down-regulation.

Vandenberg et al.,21 Vom Saal
et al.,29 Medlock et al.,30 and
Gupta31

Activation of expression of a regulated gene can be maximal at
low doses while inhibition of expression of the same gene
occurs at high doses. Entirely different genes can be activated
at low vs. high doses.

Coser et al.32 and Taylor et al.33

BPA is a SERM that does not fully replicate the actions of endog-
enous estrogens, similar to the drug tamoxifen.

Vom Saal and Vandenberg1 and
Jordan et al.34

Low-dose BPA inhibits or induces enzymes (e.g., aromatase
increase results in an increase in intracellular estradiol).

Arase et al.35

Opposing responses can be triggered through different estrogen
receptors (such as ERa and ERb) or thyroid, androgen, and
aryl hydrocarbon receptors.

Reif et al.,36 Vom Saal and
Vandenberg,1 Vandenberg
et al.,21 and Villar-Pazos et al.37

Threshold hypothesis: regulators accept
the validity of thresholds for EDCs

Assumption of a threshold for EDCs is false if background hor-
mone levels being disrupted are already above threshold.

Zoeller et al.,2 Hoel,38 Blair
et al.,39 and Sheehan40

Exposure assessment: route of administra-
tion that is relevant to humans needs to
be assessed

Exposure to BPA via sublingual, respiratory, and transdermal
routes can lead to higher levels of bioactive (free) BPA in
blood compared with free BPA levels following gavage
administration.

Gayrard et al.41 and Hormann
et al.42

Transparency: need to know chemicals in
products

Corporations do not reveal all chemicals used in products, limit-
ing biomonitoring.

van Deelen43 and Maffini et al.44

Human relevant mixtures: need to be
examined

Chemicals in mixtures relevant to human exposures need to be
examined, not individually (including chemicals not structur-
ally related).

Kortenkamp et al.45 and Luijten
et al.46

Risk characterization: based on the
assumption of negligible exposure to
BPA

Regulatory agencies have ignored the academic studies showing
BPA hazards at low doses and have assumed human exposure
is negligible.

Vom Saal and Vandenberg1 and
Vandenberg et al.47

Risk management: cost–benefit analysis
is not protective of the public health

“Cost–benefit analysis” has emphasized costs to industry, while
ignoring the public health costs, which are over 10-fold higher.

Trasande et al.,48 Attina et al.,49
and Davenport50

Precautionary principle: accepted in the
EU but rejected in the US

Chemical regulatory bodies should always err on the side of pre-
caution. Risk managers in the US have rejected a precautionary
approach to chemical safety.

Sachs51

CLARITY-BPA: provides a cost-effective
model for including 21st century science
in hazard identification

CLARITY-BPA was designed to create a collaboration between
government and academic scientists to bring 21st century sci-
ence into the assessment of BPA (and other chemical) hazards.

Heindel et al.,26 Schug et al.,52

Heindel et al.,53 Vandenberg
et al.,54 and Howdeshell
et al.55

Regrettable substitutions: regulatory
agencies need to stop this from
happening

Hazardous analogues are replacing BPA (e.g., BPS) that are more
potent than BPA and are now ubiquitous human contaminants.

Chen et al.,56 Ullah et al.,57

Hormann et al.,42 and Gayrard
et al.58

Sustainable chemistry: these critical
issues need to be considered by regula-
tory agencies

Principles of sustainable chemistry should be added to the chem-
istry curriculum so that the chemists who synthesizing chemi-
cals know the basics of biology and modern toxicology.

Collins59

The sustainable option for BPA, that is contributing to all non-
communicable diseases that are increasing in incidence, is to
reduce production, use, and disposal, as BPA-based products
are not recyclable.

Vom Saal and Vandenberg1

Development of new approaches and techniques to remove BPA
and other toxic chemicals from drinking water presents a
global challenge.

Schug et al.60 and Collins59

Remediation methods to remove EDCs from water that are not
overwhelmingly expensive are being developed.

Onundi et al.61

Note: BPA, bisphenol A; BPS, bisphenol S; CLARITY-BPA, Consortium Linking Academic and Regulatory Insights on BPA Toxicity; EDCs, endocrine disrupting chemicals; ERa,
estrogen receptor alpha; ERb, estrogen receptor beta; NMDR, nonmonotonic dose responses; Ref, reference; SERM, selective estrogen receptor modulator.
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National Institute of Environmental Health Sciences (NIEHS).
CLARITY-BPA was a comprehensive industry-standard Good
Laboratory Practice (GLP) guideline-compliant 2-year chronic ex-
posure study of BPA toxicity (Table 1). GLP guideline studies fol-
low prescribed protocols and record keeping requirements, and
results using these protocols are accepted by risk assessors as valid
(although this has been disputed).102,103 All tissues examined in
CLARITY-BPA were from rats produced under GLP protocols by
the FDA National Center for Toxicological Research (NCTR).
The guideline studies conducted by NCTR scientists were supple-
mented by 14 hypothesis-driven independent investigator-initiated
studies that involved observations of animal behavior or use of tis-
sues provided to the academic researchers who were blinded to
treatment. The NIEHS funded academic investigators, each with
demonstrated expertise in studying different outcomes known to
be caused by BPA, to participate in the unprecedented collabora-
tive approach used in CLARITY-BPA.

One of the primary objectives of CLARITY-BPAwas to greatly
expand the range and sensitivity of outcomes examined in hazard
identification studies for environmental chemicals and to examine
whether academic scientists could replicate their prior findings
using animals from a GLP government-controlled study.52,53 In a
2013 publication by representatives from all participating agencies
and the academic investigators, they explained the reason for choos-
ing BPA as the test chemical: “Given the body of diverse and often
difficult-to-interpret evidence on the health effects of BPA,NTP and
NIEHS determined in 2010 that a new guideline-compliant study
conducted in accordance with GLP was needed to reconcile uncer-
tainties on the toxicity of BPA and offer risk assessors and riskman-
agers a more comprehensive body of research to inform decision
making.”52

By providing researchers with blinded samples from rats pro-
duced under GLP protocols by the FDA-NCTR, the NIEHS/
National Toxicology Program (NTP) sought to compare the guide-
line study findings with the academic research results using state-
of-the-art methods, but in separate laboratories that in many cases
involved using tissues from the same animals.26 The findings were
then going to be compared in a final integrated review with the
results from a standard toxicological guideline study conducted by
toxicologists at the FDA-NCTR that was contractually agreed to
by all participants.53 The Crl:CD-SD rats (the animal model used
in FDA-NCTR research) were produced and exposed to a wide
range of doses of BPA as well as two doses of the estrogenic posi-
tive control drug, ethinylestradiol. Most guideline studies do not
include positive controls that provide information about the sensi-
tivity of the research approach and ensure that a response to BPA
could be detected by comparison with a drug with known effects
in humans on many of the systems being examined and at the
doses being used.104

In compliance with the NIEHS/NTP/FDA CLARITY-BPA
contract with the academic investigators,53 most of the aca-
demic investigators participated in an integrated review of their
BPA findings and compared them with results from the FDA’s
guideline study findings.26 A major finding from CLARITY-
BPA was that at the lowest dose of BPA that was examined
[2:5 lg=kg bodyweight ðBWÞ=day], still considered safe by the
FDA but now not the EFSA-CEP, the academic investigators
reported statistically significant results for the brain, prostate,
urinary tract, ovary, mammary gland, and heart. Nonmonotonic
dose–response (NMDR) relationships were also found, with
a breaking point between the 25 and 250 lg=kgBW=day doses.105

Specifically, an integrated analysis of the independent data sets26

revealed that in females, 2:5 lg=kgBW=day BPA affected white
adipose tissue, behavior, ovarian follicles, heart, mammary gland,
uterus, and peptide and steroid hormones analyzed by different

laboratories blind to treatment. In males, the 2:5 lg=kgBW=day
dose also showed strong correlations with white adipose tissue,
heart, prostate, and peptide hormones. These findings show that
results from independent studies on tissues from the same ani-
mals are statistically significantly related to each other. We pro-
pose that since these CLARITY-BPA findings came from one
large FDA-conducted experiment that followed GLP guidelines
and involved sharing tissues (blinded) from the same treated
animals with multiple academic investigators, the findings can-
not be dismissed as spurious or random. However, this is a
common criticism leveled at research published by independent
scientists showing that low doses of BPA cause adverse effects
on individual end points.26

The academic investigator integrated analysis26 demonstrated
that many of the guideline study end points were less likely to
reveal low-dose effects of BPA than were the academic end points
that involved using the most sensitive approaches available. In
addition, not all prior findings by the academic collaborators using
other animal models were replicated in the NCTR CD-SD rat,
revealing the importance of using an animal model that has been
demonstrated to be sensitive to the chemical being examined.106

For example, the NCTR CD-SD rats did not exhibit the expected
response to low doses of thyroxine (T4), showing this rat strain to
lack utility for studying effects of thyroid-disrupting chemicals.26

Crl:CD-SD rats, from which the NCTR CD-SD rats were derived
(the NCTR purchased Crl:CD-SD rats in 1972 from Charles
River), also show low sensitivity to estrogens compared with other
experimental animal models.106,107 Delclos et al.108 reported that
in the NCTR CD-SD rat, Ethinylestradiol (EE2) administered by
gavage at 5 lg EE2=kgBW=day resulted in an opposite effect on
the timing of puberty (delay in both vaginal opening and first
estrus) relative to other rat andmouse studies that show an advance
in the onset of puberty with developmental exposure to estrogenic
chemicals, such as low doses of BPA; examples include advanced
age at first estrus in CF-1 mice109 and advanced vaginal opening in
Wistar rats.110

In contrast to the academic investigators,26 the FDA did not par-
ticipate in a contractual tripartite (NTP/FDA/academic investigator)-
integrated review, and, instead, the FDA’s publication by Camacho
et al.111 was their only contribution after completion of CLARITY-
BPA studies, as described by Heindel et al.26 The NTP final report
states112: “This report does not attempt to integrate the findings or
offer interpretation of reported findings.” However, this integration
of core guideline and academic hypothesis-driven findings was a pri-
mary reason NIEHS initiated CLARITY-BPA, and so it was up to
the academic investigators, under the leadership of Dr. Jerrold
Heindel,26 to publish a “data integration” review; CLARITY-BPA
has also been reviewed by others.54,55

Importantly, there were statistically significant findings in the
FDA’s guideline study for a number of parameters at the
2:5 lg=kgBW=day dose: significant effects onmammary gland ad-
enocarcinoma and kidney pathology in females and prostate inflam-
mation in males.54,111 However, the FDA rejected their own
findings because the data regarding statistically significant low-dose
effects did not conform to the toxicological model that effect level
had to increase monotonically as dose increased.111 In the
CLARITY-BPA study, the dose range was 10,000-fold,111 and the
assumption that for a hormone-mimicking chemical this dose range
would result in a monotonic response requires ignoring decades of
research by endocrinologists.21,22 The FDA’s approach necessarily
leads to the prediction that only very high levels of exposure to BPA
and other EDCs are of concern. The FDA also has rejected data
from research showing that males and females do not show a similar
response to low-dose exposure tomost EDCs,113 while sex differen-
ces in the response to exposure to EDCs are, in fact, expected,24 due
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to the difference in background hormone levels inmales and females
that are being disrupted byEDCs (Table 1).113

The ability to conduct integrative analyses of multiple data sets
from CLARITY-BPA by Heindel et al.26 revealed that the effects
of low-dose BPA are not confined to a single tissue, organ, or sys-
tem. Instead, complex changes occurred in several systems in male
and female rats exposed to a 2:5 lg=kgBW=day dose of BPA that
was below the TDI (at that time the temporary TDI for BPA was
4 lg=kgBW=day in the EU). Thus, the CLARITY-BPA paradigm
of combining traditional guideline studies conducted by a GLP-
certified laboratory with a consortium of expert academic investi-
gators has the potential to move chemical risk assessments into the
21st century instead of just relying on guideline approaches that
were being used over 50 years ago (Table 1).114

The German BfR Objection to the Revised TDI for
BPA and the EFSA-CEP Response
BPA is related to disorders associated with chronic low-grade
inflammation in men and women72,115 and also disrupts immune
function in mice.115–117 The decision by the EFSA-CEP to use an
increase in Th17 cells as the most sensitive outcome in revising
the TDI,118 while acknowledging the wide range of harm associ-
ated with BPA exposure,119 led to an objection by the German
BfR. Importantly, “BfR acknowledged that there is evidence that
BPA can have this and other effects on the immune system.”6
Thus, while disputing the use by EFSA-CEP of an immune
response to establish the revised TDI, the German BfR did not dis-
pute that BPA disrupts normal immune function.

A main criticism by the German BfR of the EFSA-CEP’s
decision was that the use of mechanistic data from an academic
study reporting effects of BPA on Th17 cells was not based on
strong enough direct evidence of a link to “an apical adverse
outcome.”6 The position of the EFSA-CEP was that “The prob-
ability of an apical adverse effect occurring after triggering an
intermediate end point is influenced by several factors, includ-
ing other stressors, genetics and nutrition. Even though BPA is
an extremely data-rich substance, current knowledge is insufficient
to estimate the proportion of the population that may develop api-
cal adverse immune effects from BPA exposure.”3 As was pointed
out in the response by the EFSA-CEP,6 the German BfR cited as
support for their concern studies that did not examine Th17 cells.
The German BfR cited studies including a study120 conducted as
part of the CLARITY-BPA collaborative program (discussed fur-
ther below) that did not examine Th17 cells and a study conducted
by the FDA prior to CLARITY-BPA that did not examine Th17
cells but also reported that the negative control rats had been con-
taminated with BPA, negating the value of the study.108

The EFSA-CEP also correctly stated that there is no require-
ment that to be adverse, an apical (disease) end point had to be used
rather than an intermediate end point,6 such as stimulation of Th17
cells that release a potent inflammatory cytokine that is related to
disease outcomes. Relevant to this controversy, a subsequent pub-
lication identified multiple adverse outcomes in adult men and
women exposed to elevated levels of BPA, such as obesity and dys-
regulation of blood lipids.115 These adverse apical outcomes were
shown to be related to increased secretion of the inflammatory
cytokine interleukin-17A (IL17A), which is produced by Th17A
cells. In addition, the multiple adverse outcomes in humans were
consistent with extensive evidence of similar adverse effects of
BPA related to inflammation and an increase in Th17 cells and
IL17 in mice,115,117 negating the criticisms by the German BfR.
Narrowly defining “adversity” has been commonly used as a basis
for objecting to consideration of disruption of the endocrine system
by EDCs as adverse, even during the most vulnerable period, fetal
development, when effects are permanent and thus adverse.121

Kortenkamp et al.122 criticized EFSA-CEP for using a restricted
time frame, which eliminated critical studies from their time-limited
systematic review. TheEFSA-CEPwas thus criticized for not focus-
ing on other health hazards due to exposure toBPA, particularly dur-
ing pregnancy. Kortenkamp et al. emphasized the evidence for fetal
BPA exposure effects on a decrease in adult testicular spermproduc-
tion,79 which, interestingly, was one of the first effects identified in
adult male mice whose pregnant mothers had been exposed to an
oral BPA dose of 20 lg=kgBW=day.123 Kortenkamp et al. con-
cluded that, if used by the EFSA-CEP, a decrease in testicular
sperm count would have led to about a 10-fold higher TDI than
the 0:2 ng=kgBW=day proposed by the EFSA-CEP based on
Th17 data. However, the TDI based on testicular sperm effects
calculated by Kortenkamp et al. would still have been far lower
than the 1,000-fold higher TDI proposed by the German BfR rela-
tive to the EFSA-CEP-revised TDI. Interestingly, the German
BfR-proposed TDI was also based on their analysis of effects of
BPA on sperm count but only as a result of exposure to BPA in
adulthood, not exposure during the most sensitive period during
developmental,5 in contrast to Kortenkamp et al.79

The German BfR expressed concern that there was a lack of
the biological pathways by which BPA would lead to an adverse
outcome (e.g., chronic inflammation), referred to as an adverse
outcome pathway (AOP).6 An AOP is a conceptual model to
describe the sequence of biological events that link a chemical’s
interaction with a biological target to an adverse health outcome.
There is nothing wrong with scientists seeking to understand the
molecular pathways connecting EDCs with disease outcomes; in
fact, this is a primary goal of much academic research. However,
this argument is problematic when applied to risk assessments
because there are multiple initial triggers (molecular initiating
events) that have been identified for different pathways by which
BPA can cause effects as a result of interacting with multiple
receptors and enzymes.36 In addition, a focus on mode of action
does not take into account the multiple chemicals in a human-
relevant mixture of chemicals, acting through different pathways,
that can impact the same disease end point, such as a decline in
testicular sperm production.124 In its response to the German
BfR, the EFSA-CEP emphasized that establishing a “causal link”
between an “intermediate end point” and an “apical end point” is
not required to make a regulatory decision.6

Disagreement over the EFSA-CEP Conservative Approach
The German BfR6 argued that “conservative worst-case assump-
tions are used in every step of the risk assessment process [by
EFSA], . . . resulting in an over-conservative health based guidance
value; HBGV” (i.e., the revised TDI). Kortenkamp et al.122 con-
ducted a detailed analysis of the statistical approaches used by the
EFSA-CEP and German BfR in their risk assessments of BPA and
concluded: “Our deconstruction of the proposed alternative BfR
TDI shows that this value is the result of a procedure in which less
protective choices were made consistently at every possible turn.”
What is unusual is that within the EU, the precautionary principle
has already been applied by the European Commission to the regu-
lation of BPA in specific products: “A prohibition for BPA in Food
Contact Materials specifically for infants and young children also
applies based on the precautionary principle.”16 However, the
issue of a conservative (precautionary) approach by the EFSA-
CEP is an important part of the dispute by the German BfR regard-
ing the revised TDI by the EFSA-CEP. Importantly, the Endocrine
Society, comprised of over 18,000 physicians and basic endocrine
researchers, strongly endorses precaution when there is evidence
that warrants it, which is certainly the case for BPA.125

The mandate for regulatory agencies is to use the most sensi-
tive outcome in the most sensitive animal model to arrive at an
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estimation of the level of daily human exposure to a chemical
that is protective for those who are the most sensitive to the
effects, rather than just those at the median or the least sensitive
individuals.126 There is considerable variability in the sensitivity
to hormonally active drugs and thus likely also to EDCs, and
studies have revealed that pharmacokinetics of estrogenic drugs
can vary considerably among individuals.127

Relevant to the EFSA-CEP decision are data that the public
health costs due to environmental EDCs, including BPA, have
been estimated to be hundreds of billions of Euros per year just
in the EU,48 and much higher in the US.49 The public health costs
and environmental damage related to exposure to EDCs and other
types of toxic chemicals have been evaluated using a process
called “cost–benefit analysis” by Risk Managers (Table 1);
attempts to change this in the USA are underway.128,129

The Argument over BPA Pharmacokinetics
There was criticism by the German BfR published in the
“Diverging Views” report6 regarding whether the pharmacoki-
netic studies used to compare metabolic processes in animals to
estimate BPA disposition in humans were valid. We agree with
some of the arguments made by the German BfR regarding com-
ments about pharmacokinetics made by the EFSA-CEP (e.g.,
assertions that the study by Doerge et al.130 was useful by the
EFSA-CEP, while the German BfR pointed out that the Doerge
et al. study only reported being able to measure BPA in very few
of their samples and was thus not useful). There were other dis-
agreements about BPA pharmacokinetics, such as whether se-
rum BPA levels are linear with administered dose, which is the
case as shown in mice by Taylor et al.,131 where internal dose of
BPA was highly correlated (R2 = 0:98; i.e., linear) following an
oral administered dose between 2 and 100,000 lgBPA=kgBW.
We agree with the BfR that biomonitoring is important, but there
was previously a well-funded (74 million euro) biomonitoring
program in the EU, the HBM4EU project 2016–2021, which was
aimed at obtaining more data about environmental expo-
sures.20,132 However, increased funding for additional global bio-
monitoring studies in the EU, US, and elsewhere is essential.
Importantly, none of the disagreements over pharmacokinetics
change the conclusion by the EFSA-CEP that BPA is a human
health hazard at dramatically lower exposures than the TDIs esti-
mated in prior risk assessments by EFSA,133 the German BfR,134

and the FDA135 or the current approach to calculating the TDI by
the GermanBfR.122

Pharmacokinetics of BPA varies dramatically with route of
administration, and thus bioactive BPA in humans cannot just be
modeled by exposure in food, particularly if BPA is administered
experimentally by intragastric gavage, which bypasses rapid sub-
lingual absorption into the systemic circulation.41 Centers for
Disease Control and Prevention (CDC) data have shown that there
are multiple exposures to BPA throughout the day from unknown
sources, some leading to unexpectedly high BPA levels in urine.136

Thus, the use of one intragastric gavage administration per day in
laboratory animal studies, a common practice in toxicological
studies (and by the FDA in the CLARITY-BPA study), does not
reflect the “real world” exposure of people to BPA.41,42,137

Another important issue is that metabolic pathways have been
shown to lead to the formation of several reactive oxidative metabo-
lites/intermediates of BPA.138–140 In addition, one trace BPA
metabolite, 4-methyl-2,4-bis(4-hydroxyphenyl)pent-1-ene (MBP),
has been reported to be about 1,000-times more biologically active
than BPA.141 Also not taken into account are findings that the cur-
rent methods used to measure BPA in biomonitoring studies using
surrogate standards result in markedly lower values for total BPA

relative to newer analytical methods that use authentic standards for
conjugated (primarily glucuronidated) BPA.142

Changes in the FDA Food Safety Division
The former FDA Center for Food Safety and Applied Nutrition
(CFSAN), along with the EFSA, have in the past taken a very tra-
ditional approach in assessing the risks posed by BPA and other
EDCs in food and cosmetics.11,55 In contrast to the EFSA-CEP
approach in revising the TDI for BPA, the FDA-CFSAN chose to
reject inclusion of nonguideline study findings in its assessment
of the risks posed by BPA or any other chemical of concern in
food, food packaging, or personal care products.111,135,143,144 As
such, FDA-CFSAN rejected the use of all data generated through
grants from the US National Institutes of Health (NIH) when the
guideline portion of CLARITY-BPA was completed,144 although
NIH-funded research findings are heavily relied on by the FDA
Center for Drug Evaluation and Research (FDA-CDER).

In 2022, the FDA commissioner requested an external evalua-
tion of the food programs by the Reagan-Udall Foundation for
the FDA,10,145–147 Our expectation is that the changes recom-
mended by the Reagan-Udall Foundation, if implemented, would
alleviate some of the FDA food safety agency’s administrative
structural and functional problems. For example, the FDA-CDER
accepts that hormonal drugs show nonmonotonic dose responses,
examples being the breast cancer drug tamoxifen21 and leuprolide
acetate, which is a GnRH agonist that stimulates testosterone pro-
duction at low pulsatile doses but inhibits testosterone production
at the continuous high therapeutic dose used to treat prostate can-
cer.148 In sharp contrast, prior FDA-CFSAN leadership and sci-
entists have rejected that nonmonotonic dose responses exist for
hormonally active chemicals in food. FDA-CFSAN rejected as
not biologically plausible any data that did not show a monotonic
increase in response as dose increased.26,111 The expectation
would be that all centers within the FDA would work together
and continually assess an evolving scientific landscape and
update assessment approaches to incorporate the latest research
results and methodologies, but this has not been the case.11

For example, the prior FDA-CFSAN first conducted a risk
assessment for BPA in 2008 focusing on exposure from food-
contact materials, updated by the FDA in 2010.135 The FDA
Science Board charged with reviewing the document in 2008
rejected the BPA risk assessment and stated that: “The draft FDA
report does not articulate reasonable and appropriate scientific
support for the criteria applied to select data for use in the assess-
ment. Specifically, the Subcommittee does not agree that the
large number of nonGLP studies should be excluded from use in
the safety assessment.”143

In spite of the FDA Science Board’s rebuke of the FDA’s
2008 BPA risk assessment, the day after completing the guideline
portion of the NIEHS/NTP- and FDA-funded collaborative
CLARITY-BPA study in 2018, the FDA Deputy Commissioner
for Foods and Veterinary Medicine, Dr. Stephen Ostroff, issued a
press release that, based only on the guideline studies, the FDA
could assure the public that BPA was safe.144 Ten years after
being told that this rejection of nonguideline studies was unac-
ceptable by their own Science Review Board, the FDA had not
changed its position on rejecting all nonguideline findings, even
from the collaborative CLARITY-BPA GLP study that used ani-
mals raised and treated by technicians and scientists at the FDA.
At the time of Dr. Ostroff’s statement in 2018, there were almost
10,000 other published studies concerning the health effects of
BPA that were not being used by the FDA.1

The decision by the FDA to reject the use of academic investi-
gator nonguideline studies in its 2018 assessment of BPA144 is rel-
evant to the EFSA decision because the EFSA-CEP waited for all
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of the results from the NIEHS/NTP/FDA/investigator CLARITY-
BPA study to be published before reaching a final decision regard-
ing the TDI for BPA. Critically, the EFSA-CEP accepted findings
from the academic arm of CLARITY-BPA while the FDA
rejected those findings from their own research partners.111,119

Assumptions in Chemical Risk Assessments That
Cannot Be Applied to EDCs
Components of chemical risk assessment that require revision for
evaluation of EDCs have been identified in multiple publications
over the last 40 years. These include position statements from the
Endocrine Society, from scientists at NIEHS, academic scientists,
and even from scientists from the FDA-NCTR prior program on
environmental estrogens, as described below. Components of
chemical risk assessments are as follows: a) hazard identification,
b) dose–response evaluation, c) exposure assessment, d) risk
characterization, and e) risk management (Table 1).

Hazard Identification Has Required Use of Guideline
Studies and GLP
Toxicological hazard identification for chemicals is the identifica-
tion of intrinsic toxicological properties of a chemical and its
capacity to interfere with normal biological processes in living
organisms. The toxicological properties of a single chemical are
investigated by conducting a set of internationally approved ani-
mal (normally rat) studies; the results of these studies are gener-
ally accepted by risk assessors as valid, regardless of whether the
experimental design involved appropriate negative and positive
controls.103,104,149 These are referred to as “guideline studies”
that typically measure organ weights coupled with conventional
(hematoxylin and eosin staining) rather than more sophisticated
techniques, such as immunohistochemistry, to identify specific
targets of interest. Also, guideline studies are not focused on dis-
ease outcomes, unlike most academic studies.

The discovery that many environmental chemicals could dis-
rupt the endocrine system150 should have resulted in a paradigm
shift regarding the approaches used to assess the risks posed by
EDCs.151 Yet, after three decades of compounding evidence, en-
docrine disruption is shockingly still not recognized as a unique
problem by chemical risk assessment agencies in the US and
Germany as well as in Asian countries. Regulatory toxicology
approaches are geared toward detecting poisons, but EDCs are
not poisons in the classic sense. The ability of regulatory agency
toxicologists to protect the public from the harmful effects of
EDCs requires knowledge of the mechanisms of hormone action
and how the regulation of organ systems by hormones can be dis-
rupted by EDCs, as described in statements of principles spon-
sored by the Endocrine Society.2,121

We are concerned that commercial laboratories hired to con-
duct hazard identifications generally do not have the required ex-
pertise to conduct 21st century sophisticated research, which is
thus absent from guideline protocols.55,152 It is also not practical
for one contract lab to be expected to save all tissues for more
detailed molecular analysis using the many techniques available
today. This leads us to conclude that the collaborative program
based on the CLARITY-BPA model should be accepted as the
best approach to incorporate 21st century science into chemical
hazard identification. Recruiting a number of individual academic
investigators, each with extensive expertise studying a specific
issue of interest, and many with an advanced knowledge of statis-
tical approaches needed to analyze complex data sets,26,105 to
conduct (blinded to treatment) one component of the hazard iden-
tification could greatly enhance both hazard and dose–response
evaluation.26,55,103

Incorporate Sex, Transgenerational, and Epigenetic Effects
into Assessment of Chemical Hazards
Results from numerous experimental studies have not only dem-
onstrated adverse effects of BPA on a wide array of organs, but
also have provided evidence for sex-biased behavioral and physi-
ological outcomes. Sex differences are a common feature of ex-
posure to endocrine disruptors24,25 (Table 1).

There is also mounting evidence for effects of BPA and other
EDCs (e.g., pesticides, phthalates, dioxin153) that can be transmit-
ted to subsequent generations—even if those descendants are not
themselves exposed. These transgenerational effects include
decreased fertility in subsequent generations. The transgenera-
tional effects of BPA and other chemicals have been demon-
strated in animal models (from fish to mammals28,154) and thus
need to be considered in assessing the impact that current expo-
sures can have on future generations in humans. There is evi-
dence that transgenerational effects of BPA are mediated through
epigenetic mechanisms that are the subject of intensive investiga-
tion (Table 1).28,154 These findings also emphasize the need for a
greater focus by regulatory agencies on exposures during devel-
opmental periods of heightened vulnerability during which epige-
netic reprogramming is occurring. In addition, for the directly
exposed generation, we recommend a greater awareness regard-
ing long-latency disease expression after exposure during critical
periods in development when organ systems are forming, which
is referred to as the developmental origins of health and disease
(DOHaD).155

Dose–Response: Thresholds and Nonmonotonic Dose
Responses
The dose–response core assumptions in risk assessments are as
follows. a) The dose–response curve always increases (or
decreases) monotonically, although this is false for hormones,
hormonal drugs, and EDCs.21 b) High-dose testing predicts low-
dose safety estimates because dose responses are always mono-
tonic. The risk assessment community has refused to abandon the
assumption that high-dose testing predicts low-dose safety esti-
mates because dose responses are always monotonic, even
though for EDCs such as BPA, testing only high doses does not
predict receptor-mediated responses that occur at doses far below
the doses predicted to be safe by risk assessors.21 c) “Safe” doses
exist below a theoretical threshold. However, this has been shown
to be false for any chemical that mimics an endogenous hormone
that is already above any putative threshold.38–40 All of these cur-
rent risk assessment assumptions are accepted as fact even though
they contradict data from EDC, including BPA research,1 and
involve rejecting that the principles of hormone action and endo-
crinology apply to EDCs.2,121

The issue of whether or not there is a threshold below which
chemicals such as BPA will not cause an effect has been debated
by risk assessors, but in 1982 an FDA panel advised the FDA:
“Do not assume there is no hazard below an arbitrary thresh-
old.”156,157 However, in 1995 the FDA rejected this expert panel’s
advice and created the “Threshold of Regulation Rule,” which
exempts substances used in food contact materials from regulation
as food additives if the dietary concentration is below the arbitrary
limit of 0.5 parts per billion (ppb)158,159; concentrations of BPA
over 1,000-fold lower than this arbitrary FDA threshold have sig-
nificant effects in rat brain and pituitary cells.160,161

In summary, we propose that the risk assessment assumptions
related to the threshold and dose–response issues need to be
abandoned. Specifically, a) there cannot be a threshold below
which there are no adverse effects that exist for EDCs that alter
the activity of endogenous hormones already causing effects and
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are thus above any putative threshold. And, b) the belief that
thresholds exist for EDCs is coupled to rejection of data that non-
monotonic dose responses (NMDRs) are common for hormones,
hormonal drugs, and EDCs (Table 1).21

In more detail, the prediction of a threshold assumes that all
dose–response relationships are monotonic, which is required to
use “safety factors” to estimate the TDI based only on data from
guideline studies that typically only use a few very high doses, not
relevant to human exposures.21,40 In addition, the calculated TDI
[the FDA’s acceptable daily intake (ADI)] using these assumptions
is not experimentally determined to cause no adverse effects.151
Experiments that show effects below the TDI have been rejected
by the FDA, such as the FDA’s own statistically significant find-
ings of effects at a dose below the TDI in CLARITY-BPA that
were determined to be “not biologically plausible” and thus were
not taken into account.111

BPA disrupts endocrine systems that operate at very low con-
centrations in blood.1 The actions of hormones, including the ste-
roid hormone 17b-estradiol, can be adversely altered by numerous
EDCs, including BPA. Estrogenic endocrine disruptors were ini-
tially the most focused-on chemicals when scientists began study-
ing EDCs.150 Based on studies in mice29 and human cells in
culture,22 estradiol is active at levels below parts per trillion (pg/
mL or ng/L) concentrations in blood. These very low concentra-
tions are active because when a hormone, hormonal drug, or EDC
binds to any of the multiple estrogen or other receptors in target
cells (e.g., in the brain, breast, uterus, pancreas, adipose tissue,
prostate, etc.), there is a massive signal amplification that occurs
in the target cell, resulting in a large response.162 Receptor-
mediated amplification of low-dose effects is not considered in
studies examining the systemic effects of poisons.

The low-dose effects of BPA (that occur within the range of
exposure in the general population) are not predicted by only test-
ing a few high doses typically administered in guideline toxico-
logical research used for risk assessments.1,22 The arguments of
the German BfR against the proposed TDI for BPA by the
EFSA-CEP focused on retaining traditional approaches used in
guideline toxicity studies.5,6 This typically involves only examin-
ing a few very high doses starting at the maximum tolerated dose
(MTD) and the application of safety factors to calculate a TDI,
regardless of whether or not a no-effect dose is found, which just
results in application of an additional safety factor.2,21 The
Endocrine Society has applauded the decision by the EFSA-CEP
to revise the TDI for BPA163 and has also issued numerous posi-
tion papers urging regulators to accept the basic principles of en-
docrinology in regulating EDCs.2,121,125

Exposure Assessment
Methods to assess human exposure to chemicals are a very weak
part of chemical risk assessments because all of the possible
routes of exposure are not known for chemicals used in many
products. A problem is that in the US corporations are not
required to identify this information to the public or to the FDA,
due to the Generally Recognized as Safe (GRAS) loophole in the
law, discussed below.

We urge regulatory agencies in all countries to enforce the dis-
closure of chemicals in products. We also recommend adoption of
a requirement that a corporation that makes a chemical provide the
authentic standards required for government and independent sci-
entists to accurately measure the chemical and its major metabo-
lites in biomonitoring studies.142 This is essential for exposure
assessment, since without knowledge of how and where chemicals
are being used, regulators have to default to models rather than
data. The regulatory system in the EU, as a result of the chemical
regulation known as the Registration, Evaluation, Authorization,

and Restriction of Chemicals (REACH),164 provides for more
transparency regarding chemicals in products relative to the US,
but REACH still needs additional safeguards.43 For example, the
use of intragastric gavage administration as a default method of
exposing animals to chemicals, such as BPA, to assess exposure
has been criticized because it is clearly a stressful procedure137
and because gavage is not relevant to different routes of human ex-
posure to BPA or many other chemicals (e.g., in cosmetics, build-
ing materials, and aerosals165). This has also been shown by very
high BPA exposure from holding a thermal receipt when coupled
with the use of hand sanitizer,42 an issue that has been addressed
in the EU but, as yet, not in the US.166

We strongly support that in exposure assessments there is a
determination of the mixture of chemicals to which various pop-
ulations are exposed, which can then inform scientists regarding
the testing of mixtures at human-relevant concentrations.45 This
issue is thus complex, as it involves more than examining chemi-
cals that are just part of a class of structurally similar chemicals,
such as the dozens of BPA analogues being marketed in different
products as being “BPA free.”23 Importantly, it has been identi-
fied that multiple chemicals that are not structurally similar occur
within the mixture of chemicals to which human populations are
exposed and can contribute to the same disease outcome.45 This
would require a dramatic change in approaches used by regula-
tory agencies that only currently examine one chemical at a time
in hazard identifications. However, regulatory agencies, scientists,
and the public are largely in the dark regarding the hundreds or
even thousands of chemicals to which the public may be chroni-
cally exposed. We urge that the number of chemicals examined in
the ongoing National Health and Nutrition Examination Survey
(NHANES) conducted by the CDC be greatly expanded (this also
needs to occur in the EU), but they need to have a better idea
regarding what to look for, which requires transparency regarding
chemicals being used in products (Table 1).

Risk Characterization
As described above, the assumptions used to identify a chemi-
cal’s hazards do not apply to EDCs (based on only testing high
doses, assuming that the dose response is always monotonic, and
that there should not be sex differences in response to exposure).
Because these underlying assumptions in hazard assessments do
not apply to EDCs, then the characterization of risk for EDCs,
which is an estimation of the occurrence of known or potential
adverse health effects, will be false. Risk is calculated as equal to
hazard times exposure (R=H×E). We have reviewed above that
there are a vast number of human, experimental animal, and
mechanistic studies using cell culture or other in vitro methods
demonstrating that BPA is a hazardous EDC. It is clearly incor-
rect to conclude that BPA poses no risk based on the assumption
of negligible exposure to BPA, regardless of the published haz-
ards posed by BPA at human exposure levels.1 For example, pre-
viously, the FDA predicted that all reports of detectable bioactive
(free) BPA associated with adverse effects in human biomonitor-
ing studies47 were due to assay contamination, thus leading to
rejection of many published findings,130 which was shown to be
false.167,168

The toxicological model “the dose makes the poison,” results
in only BPA at levels far above exposures of the general popula-
tion being tested in hazard assessments, but this is not protective
of the health of the general population. Sadly, levels of BPA in
workers exposed occupationally to BPA are very high, but no reg-
ulatory agency in the US, such as the Occupational Safety and
Health Administration (OSHA), has acknowledged and acted on
these findings published by the National Institute for Occupational
Safety and Health (NIOSH).169,170
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Risk Management
In the US, the White House Office of Information and Regulatory
Affairs (OIRA), which is part of the Office of Management and
Budget (OMB), has been the gatekeeper for all new federal rules
and regulations. OIRA administrators have used “cost-benefit
analysis,” along with other factors, in chemical regulation deci-
sions, but there is an ongoing effort to prioritize the public
health128,129 (Table 1). Regulatory agencies could spend years
working on proposed regulatory changes, only to have them die
in this office.

Need for Transparent and Sustainable Approaches
to Protect the Environment and Public Health
There are critical issues that need to be addressed to result in a
sustainable chemical enterprise and improve the approaches to
evaluating chemicals for their potential to harm the environment
and public health prior to their use in products. A summary of
issues to achieve sustainability is presented in Table 1.

Regrettable Substitutions
The issue of replacing hazardous chemicals, such as BPA, with, in
many cases, chemicals not subjected to prior testing for their haz-
ards and that are later shown to be as bad or worse than the chemi-
cals they replaced, is referred to as “regrettable substitutions”
(Table 1).19,20 Little will be accomplished by banning BPA in
products, such as thermal receipt paper in the EU,166 although not
in the US, if potentially evenworse bisphenols, such as BPS, which
is metabolized at a significantly slower rate than BPA,63 are
allowed to be used, and these products are then labeled “BPA
free,” suggesting a safer product.

In October 2022 two German regulatory agencies, the Federal
Office for Chemicals (BfC) in collaboration with the German
Environment Agency (UBA), submitted a proposal to the European
Chemicals Agency (ECHA) to restrict bisphenol A and some other
bisphenol analogues, such as BPS, BPF, BPB (2,2-Bis(4-hydroxy-
phenyl)butane) and BPAF (4,40-(1,1,1,3,3,3-Hexafluoropropane-
2,2-diyl)diphenol) of similar concern for the environment.164 In
April 2022 ECHA had released a statement that they had examined
148 bisphenols and identified 34 bisphenols that would be covered
under a “group restriction.”23 But, in late August 2023, under heavy
pressure from industry,43 Germanywithdrew its restriction proposal
for bisphenols.164

The Food Additives Amendment law was passed in the US in
1958. However, chemicals such as polycarbonate resins (e.g.,
BPA-based chemicals) used in food and beverage packaging were
grandfathered in [labeled “generally recognized as safe” (GRAS)]
as an indirect food additive in 1963 by the FDA.159 However, this
law stipulated that regulators should take into consideration “the
cumulative effect of such additive in the diet of man or animals,
taking into account any chemically or pharmacologically related
substance or substances in such diet.”171 However, since being
tasked with assessing the impacts on human health of mixtures of
chemicals used as direct and indirect food additives, the FDA has
not faithfully implemented this law and has not considered struc-
turally similar chemicals (such as bisphenol analogues) when con-
ducting risk assessments.44

We also recognize that there are not adequate hazard data for
many of the bisphenol analogues currently being used in prod-
ucts, making such a ban on their use a matter of precautionary
action, consistent with the 1958 law. There should also be a man-
date for a requirement of proof of safety prior to allowing use,
which is required for drugs in the US but not chemicals in food,
food packaging, personal care products, or other common house-
hold products.

The Need for the FDA to Create a New Rule Governing
GRAS
When the Food Additives Amendment was signed into law in
1958 by the US Congress, it included that “Safe means that there
is reasonable certainty in the minds of competent scientists that
the substance is not harmful under the intended conditions of
use.”172 But, there was a gaping loophole in the law that allowed
for an exemption from the food additive requirements for sub-
stances “generally recognized as safe” by scientific experts in the
field. The GRAS exemption was supposedly based on a long his-
tory of use before 1958 or based on scientific studies. However, it
turns out that scientists who have been invited to serve on panels
to determine whether a chemical can be deemed as GRAS are
predominantly a small band of consultants who are being paid by
corporations that make the chemical.159 Using experts paid by
industry on panels to make decisions about the safety of new
chemicals is an opaque process that has prompted some skeptics
to characterize GRAS as more appropriately referred to as
“Generally Recognized as Secret.”173

While the concept of GRAS was initially supposed to apply
to chemicals such as table salt, the FDA now allows industry
to declare a chemical as GRAS without even notifying the
FDA.156,159 In the US, corporations can put chemicals into food
without informing the FDA. Thus, a large number of the esti-
mated 10,000 chemicals used as additives in food and food pack-
aging materials are not only not being regulated by the FDA, but
currently the FDA has no mechanism to require chemical corpo-
rations to inform them regarding what chemicals are in products
the FDA is supposed to be regulating.44

We strongly urge the FDA to initiate regulatory action to close
the GRAS loophole by corporations because we believe that with-
out action by the FDA, the food supply in the US will remain
unsafe,172 regardless of the administrative changes currently
underway in the food safety division of the FDA. The agency’s
lack of systematic pre- and post-market oversight continues to cre-
ate health risks, as companies determine that their new chemicals
are safe while keeping the FDA in the dark.44,172,173 We strongly
support premarket testing of chemicals in products and in food and
food packagingmaterials in the EU and propose that this needs to be
required in theUS. In the EU,we believe that issues specific to endo-
crine disruption that were on the initial agenda need to addressed in
revisingREACH.43

Apply the Principles of Sustainable Chemistry into
Designing the Next Generation of Chemicals
An important need is to add to the chemistry curriculum the prin-
ciples of safe and sustainable chemistry,59 so that the chemists
who are responsible for synthesizing chemicals have included in
their training the basics of biology and modern toxicology. This
information is critical in determining which products should or
should not be commercialized (Table 1). For example, BPA [di-
(p-hydroxyphenyl)dimethyl methane] was reported in the journal
Nature in 1936 to be 100% effective in a rat vaginal epithelium
cornification bioassay for estrogenic activity in a study whose
authors were looking for chemicals that could be used as fertility
drugs.174 However, in the 1950s, chemists synthesized polycar-
bonate from BPA, which was then used to make baby bottles, in
the resin lining of metal cans, and in other food and beverage
packaging. Organic chemistry textbooks cover that ester bonds
linking BPA molecules in polycarbonate (consisting of chains of
BPA molecules) would be subject to hydrolysis that would
release free (bioative) BPA under normal conditions of use (heat-
ing or an increase or decrease in pH), but this did not deter the
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use in food and beverage packaging of BPA with known estro-
genic activity (Table 1).

The consequence is that staggering amounts of BPA have
been produced over the past 70 years, and much is still present in
the environment.175 BPA is considered a nonpersistent chemical,
but BPA is actually persistent when it settles into a low-oxygen
environment (e.g., in river sediment).176 While reducing the pro-
duction and use of hazardous chemicals such as BPA is essential,
there is also a need to develop remediation methods that are not
overwhelmingly expensive. Techniques are being developed to
remove BPA and other toxic chemicals from drinking water,61

which is a tremendous global challenge, since BPA is a ubiqui-
tous contaminant.

Conclusions
From the perspective of both clinicians and scientists involved in
EDC research, we strongly support the EFSA-CEP proposed 20,000-
fold reduction of the TDI for BPA to 0:2 ng=kgBW=day.26,54 The
overwhelming scientific evidence points to the fact that BPA is a
hazardous chemical with endocrine disrupting properties that
adversely impacts the health of humans and wildlife, as well as the
environment, at exceedingly low concentrations, far below prior
estimates of safety based on the sole use by risk assessors of guide-
line study results. In its recent scientific opinion, the EFSA-CEP
correctly concluded that exposure to BPA at present levels is of
concern for the public health.3 The proposed 20,000-fold reduction
in the TDI for BPA by the EFSA-CEP is consistent with the con-
clusion reached based on the findings from the collaborative
CLARITY-BPA study (based on current risk assessment meth-
ods),26,54 although we reject the current risk assessment assump-
tion that creates the illusion that there is a threshold dose below
which any BPA exposure is safe. The EFSA-CEP revised TDI is so
low that it requires a ban of BPA use in food and food contactmate-
rials, whichwe support.

The EFSA-CEP revised TDI resulted from the decision to take
into account data of academic origin aswell as data generated using
systematic review guideline protocols, but the EFSA-CEP limited
the time period of their systematic review. We predict that the
EFSA-CEP would have reached a much stronger conclusion about
other BPA hazards if their risk assessment had not been limited to
only less than a 6-year time period (1 January 2013 to 15 October
2018). The EFSA-CEP’s rationale was that they had already
reviewed earlier findings in their 2015 risk assessment of BPA.177
Critically, this prior 2015 risk assessment had not used the system-
atic review protocol and had limited the literature review to only
include studies with oral exposure. EFSA had also previously dis-
missed numerous important academic findings, particularly devel-
opmental effects on the mammary gland, male reproductive
system, metabolic syndrome, and brain and behavior, which could
have led to stronger conclusions about BPAhazards to other organs
by the EFSA-CEP.122,178 Use of a transparent systematic review of
all of the data (not just data from a restricted time period) is a con-
ceptually revolutionary approach that we recommend be used by
government agencies in future chemical risk assessments.178

The EFSA-CEP recognized the value of the combined guide-
line and academic investigator findings from the CLARITY-BPA
project, which unequivocally demonstrated statistically significant
adverse effects at levels of BPA below the previous TDI.26,54,55
Critically, the FDA rejected the nonguideline findings from
CLARITY-BPA.111 Our proposal is that CLARITY-BPA should
serve as a model for integrating 21st century academic research
into a hybrid and pluralistic regulatory assessment process for
identifying hazards posed by chemicals, as initially envisioned by
administrators at the NIEHS and NTP.52,53,55 This will allow reg-
ulatory agencies to quickly integrate state-of-the-art research

approaches into chemical risk assessments instead of just relying
on rigid guideline protocols, some of which are obviously obso-
lete (e.g., weighing the brain to assess neurological effects).

Our advice is that while the CLARITY-BPA paradigm should
be the future for regulatory toxicology studies, there need to be
clear rules of governance to ensure adherence to unbreakable
rules and complete transparency. This was actually expected to
happen in CLARITY-BPA. Heindel et al.,53 with authors repre-
senting NIEHS, NTP, FDA, and independent investigators, stated:
“For CLARITY-BPA, we developed a set of articles of collabora-
tion, confidentiality statements, publication agreements, memos
describing transfer of data to the CEBS database, and an SOP for
decoding of all data, which have been critical to the functioning of
the program.” However, the FDA withdrew from this contractual
agreement, and the expected formal NTP report containing an inte-
grated review of guideline and academic findings never hap-
pened.26,55,112 One possibility would be to include involvement of
an independent third entity that would curate all of the data (while
blinded to the source and treatment) to ensure that rules governing
the analysis and presentation of all data are adhered to.

In the EU, REACH became law in 2007 and was supposed to
be revised in the fall of 2023 as part of the Green Deal in the
EU,179 but this was met with intense resistance from industry.43

In spite of the resistance, the European Commission Draft pub-
lished for public comment restricts BPA from food contact mate-
rials and also requires bisphenol analogues used to replace BPA
to undergo a full risk assessment and authorization prior to
use.15–18 In the US, the new Deputy Commissioner for Human
Foods in the FDA has proposed that one of the three core mis-
sions he has established is “safeguarding the food supply through
the safe use of chemicals and dietary supplements.”147

In summary, the EFSA decision on BPA is a significant step
in the right direction at a time when additional giant steps are
needed to completely redesign the methods used to regulate ex-
posure to tens-of-thousands of untested chemicals in food, bever-
ages, and household products (summarized in Table 1). We hope
the EFSA-CEP’s new risk assessment for BPA using systematic
review of the literature encourages the FDA, UK Environment
Agency, the German BfR, as well as other regulatory agencies,
such as in Japan and other countries in Asia, to rethink their
approaches and assumptions used to regulate chemicals and bring
rational, science-based chemical regulation into the 21st century.

We are optimistic that modern science will finally be used to
inform the assessment of risks posed by chemicals being used in
common household products leading to ubiquitous exposure,
with BPA being just one of a large number of examples. Now it
is up to regulators in Europe, the US, and the rest of the world to
implement effective regulations that truly protect human and
environmental health.
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