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Letter to the Editor

Implications for human health of the extensive
bisphenol A literature showing adverse effects at
low doses: A response to attempts to mislead the
public

Bisphenol A is the chemical monomer used in the
manufacture of resins that line cans, polycarbonate
plastic (including many food and beverage containers),
and as an additive in many other products. We respond
here to an article published inToxicology(202:1, 2004)
entitled: “Fraud, errors and gamesmanship in experi-
mental toxicology” by Dr. Iain Purchase in which he
criticized research we had conducted on bisphenol A,
a chemical that shows oestrogenic activity. Those who
read the article by Dr. Purchase were led to believe
that no studies had been published that confirmed our
seminal publication concerning oestrogenic effects of
very low doses of bisphenol A (Nagel et al., 1997). The
presumed absence of any replications (by us or anyone
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1. our prior demonstration of very high potency of
oestrogens during fetal development (vom Saal et
al., 1997), and

2. our finding of limited binding of bisphenol A to
oestrogen-binding proteins in human plasma, which
results in a markedly elevated free plasma con-
centration of bisphenol A relative to oestradiol
(Reviewed in:Nagel et al., 1999).

Our calculations (that were described in detail in
the initial article by Nagel) led us to propose that
this very low (and presumably safe) maternal dose of
bisphenol A would produce a change in development
of the reproductive system (including a permanently
enlarged prostate) in fetal mice that would be similar
to effects reported in response to a very small increase
in the endogenous hormone oestradiol and very low
maternal doses of the potent oestrogenic drugs, diethyl-
stilbestrol (DES) and ethinyloestradiol. In our initial
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lse) of our low-dose study of bisphenol A led Dr. Pur-
hase to identify our discussions of these findings as
form of “gamesmanship”. In reality, our article was

he first of a very large number of published studies
howing that bisphenol A has a wide range of adverse
ffects below the dose predicted to be safe for humans
the reference dose or tolerable daily intake).

In the initial article byNagel et al. (1997), we calcu-
ated that in vivo oestrogenic activity of bisphenol A in

test of this hypothesis, we focused on the effect
bisphenol A on the developing prostate and tes
lar sperm production in males and determined
bisphenol A at 2–20�g/kg/day caused effects simi
to oestradiol, DES and ethinyloestradiol (vom Saal e
al., 1997, 1998; Thayer et al., 2001). We then pub
lished a study inNature in which we reported tha
feeding pregnant mice a very low dose (2.4�g/kg/day)
of bisphenol A increased the rate of postnatal gro
etal mice would be detected at a 20�g/kg/day dose of
isphenol A. This prediction had major public health
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in male and female offspring and advanced puberty in
female offspring (Howdeshell et al., 1999). In another
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mplications in that the prediction was that bispheno
hould exhibit biological activity below the referen
ose of 50�g/kg/day. The prediction was based on

DOIs of original articles:10.1016/j.tox.2005.05.005,
0.1016/j.tox.2005.05.004.
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tudy we showed that a 10�g/kg/day dose of bisphen
decreased maternal behaviour in mice (Palanza et al

002). We have also conducted a detailed morphol
al and histochemical examination showing signific
ffects of low doses of bisphenol A, DES and eth

oestradiol on the fetal prostate in mice, which we
escribe in more detail below (Timms et al., 2005).

reserved.
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In addition, we determined that the rate of leaching
of bisphenol A into water at room temperature from
old, visibly worn polycarbonate animal cages is 1000-
fold greater than the rate of leaching from new cages
(Howdeshell et al., 2003), suggesting that the contin-
ued use of polycarbonate food or beverage products
after they show evidence of wear can result in very
high levels of exposure.

Out of a total of 125 published studies with low
doses of bisphenol A that we accessed via a PubMed
search in early March 2005, there have been 104 pub-
lished studies reporting in vivo oestrogenic activity
of bisphenol A at doses below the prior LOAEL of
50 mg/kg/day that was used to calculate the current
reference dose in the USA of 50�g/kg/day (IRIS,
1988). The US National Toxicology Program (NTP)
categorizes these as “low-dose” studies (NTP, 2001).
Low-dose effects refer to biological changes that occur
in the range of human exposures or at doses that
are lower than those typically used in the US-EPAs
standard testing paradigm for evaluating reproductive
and developmental toxicity (Reviewed in:vom Saal
and Welshons, 2000). Of the 104 low-dose studies
reporting significant effects, there are a total of 38
published studies that report effects caused by doses
of bisphenol A at and below the reference dose of
50�g/kg/day. A list of these publications and their find-
ings in invertebrates, fish, frogs, birds and mammals,
as well as information on mechanisms of action from
in vitro studies, pharmacokinetics, sources of expo-
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et al., 1999; Honma et al., 2002) and in another study at
500 (�g/kg/day, which was the lowest dose examined
(Nikaido et al., 2004).

Gestational and lactational exposure to bisphenol
A disrupts adult oestrous cycles in mice and rats at
doses between 100 and 500�g/kg/day (Talsness et al.,
2000; Nikaido et al., 2004), and increases postnatal
growth in both male and female mice and rats at mater-
nal doses between 2.4 and 500�g/kg/day (Howdeshell
et al., 1999; Takai et al., 2000; Rubin et al., 2001;
Nikaido et al., 2004). Neurochemical effects include
stimulation in the brain of an increase in progesterone
receptor mRNA levels at 400�g/kg/day (Funabashi
et al., 2003), as well as oestrogen receptor alpha
(ER�) levels at 40�g/kg/day (Aloisi et al., 2001), and
oestrogen receptor beta (ER�) mRNA at 25�g/kg/day
(Ramos et al., 2003). Bisphenol A also causes a
change in brain somatostatin receptors at the lowest
dose examined, which was 400�g/kg/day (Facciolo
et al., 2002). Behavioural effects include hyperactiv-
ity at 30�g/kg/day (Ishido et al., 2004), an increase
in aggressiveness at 2–40�g/kg/day (Farabollini et al.,
2002; Kawai et al., 2003), altered reactivity to painful
or fear-provoking stimuli at 40�g/kg/day (Aloisi et
al., 2002), and impaired learning at 100�g/kg/day
(Negishi et al., 2004). Developmental exposure to
bisphenol A also results in a significant change in the
locus coeruleus, where bisphenol A at 30�g/kg/day
had the interesting effect of reversing the normal sex
differences in this brain structure and eliminated sex
d
b e to
l iour
a
o
F
l
b ine at
4 l.,
2 or-
m ,
2 les at
2 l.,
2 ys-
t o
e es
a ,
2

ure, and blood and tissue levels in animal and hu
tudies, can be accessed at:http://rcp.missouri.edu
ndocrinedisruptors/vomsaal/vomsaal.html.

Examples of effects caused by exposure to
oses of bisphenol A in rats and mice are a signifi
ecrease in daily sperm production and fertility in m
ats and mice at doses between 0.2 and 20�g/kg/day
vom Saal et al., 1998; Sakaue et al., 2001; Al-Hiy
t al., 2002; Chitra et al., 2003). In female mice ther

s significant disruption of the alignment of chrom
omes during meiosis in developing oocytes du
eaching of bisphenol A from polycarbonate drink
ottles at doses between 15 and 70�g/kg/day (Hunt
t al., 2003), and an increase in mortality of embry

n mice at a maternal dose of 25�g/kg/day (Al-Hiyasat
t al., 2004). Fetal exposure (via the mother) to bisp
ol A results in an early onset of sexual matu

ion in female mice at 2.4–20�g/kg/day (Howdeshel
ifferences in behaviour (Kubo et al., 2003). Other
ehaviours impacted by developmental exposur

ow doses of bisphenol A are maternal behav
t 10�g/kg/day (Palanza et al., 2002), play and
ther socio-sexual behaviours at 40�g/kg/day (Dessi-
ulgheri et al., 2002; Farabollini et al., 2002), rate of

earning at 100�g/kg/day (Negishi et al., 2004), and the
ehavioural response to drugs such as amphetam
0–300�g/kg/day (Adriani et al., 2003; Suzuki et a
003). Bisphenol A also alters plasma luteinizing h
one (LH) levels at 2�g/kg/day (Akingbemi et al.
004) and decreases plasma testosterone in ma
�g/kg/day (Kawai et al., 2003; Akingbemi et a
004). Bisphenol A interferes with the immune s

em at 2.5–30�g/kg/day (Sawai et al., 2003; Yoshin
t al., 2003, 2004), as well as antioxidant enzym
t the very low dose of 0.2�g/kg/day (Chitra et al.
003).

http://rcp.missouri.edu/endocrinedisruptors/vomsaal/vomsaal.html
http://rcp.missouri.edu/endocrinedisruptors/vomsaal/vomsaal.html
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About one-half of the low-dose bisphenol A studies
have been published in just the last 2 years. A thorough
analysis of the entire published low-dose bisphenol A
literature by regulatory agencies that takes into account
the issues discussed here and elsewhere (vom Saal and
Hughes, 2005; vom Saal et al., 2005) is now warranted.
The most recent risk assessment for bisphenol A was
conducted by the European Union based on a review
of the literature published as of 1998, although a few
additional studies published after 1998 were also men-
tioned (Bureau, 2003).

While the above is not a comprehensive list, it is
clear that there is an overwhelming published litera-
ture supporting our initial hypothesis that bisphenol A
would have much greater oestrogenic activity in vivo
than had been predicted based on prior traditional tox-
icological studies that had only examined a few very
high doses (Morrissey et al., 1987). This fact stands in
stark contrast to the statements about this issue made
by Dr. Purchase, who included our publication as a
case study in fraud with the title: “Case Study 8: Envi-
ronmental oestrogens—are they really that potent?”
Dr. Purchase stated that: “Dr. Frederick vom Saal, the
corresponding author on the original Nagel paper, con-
tinues to advocate that the effects of bisphenol A and
other oestrogenic chemicals occur at low doses and that
there is an inverted dose–response relationship at these
low doses.” [In fact, Dr. Welshons was the correspond-
ing author for this article.] Dr. Purchase went on to
state: “He [Dr. vom Saal] has failed to publish any evi-
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prostate androgen receptors was observed in male off-
spring for both chemicals at three different postnatal
ages (Gupta, 2000). In the same article Gupta reported
that in primary culture, the fetal mouse prostate showed
an increase in size and prostate ducts in response to
DES at a dose of 0.1 pg/ml (0.1 parts per trillion or
ppt) and to bisphenol A at a dose of 50 pg/ml (50 ppt)
serum-free culture medium. It is important to note that
the scientist who conducted this successful replication
is a highly regarded reproductive endocrinologist with
over 25 years of publications concerning effects of
hormones and chemicals on development of the repro-
ductive system in male rats and mice.

Dr. Purchase repeatedly implied that replication by
us, rather than independent replication of our initial
finding regarding stimulation of growth of the fetal
prostate by bisphenol A, was the criterion for accep-
tance of these results as reliable by the scientific com-
munity. In fact, in a detailed follow-up to our initial
finding and the results reported by Gupta, we found
that a maternal bisphenol A oral dose of 10�g/kg/day
during the last 5 days of pregnancy in CD-1 mice signif-
icantly increased the number of primary prostate ducts
and the rate of proliferation of the primary duct epithe-
lium, resulting in the volume of the prostate being
increased by almost two fold relative to controls on
gestation day 19, 2 days after the initiation of prostate
duct development in male fetuses. This low dose of
bisphenol A also resulted in multiple malformations
of the urethra, including a marked constriction at the
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p. 19). “Advocating that effects are seen at low do
hen there is no evidence of its reproducibility a

ndeed evidence that it is not reproducible in other
ratories is a form of gamesmanship” (p. 8). Th
tatements by Dr. Purchase are clearly not consi
ith the facts reported above.
Dr. Purchase also stated in his article: “vom S

as reported on prostate weight in mice at very
oses; no such effects have been seen by other
0). Verification throughindependentreplication is the
riterion for acceptance of published findings as va
nd fraudulent research is unlikely to be validated
ontrast to the statement by Dr. Purchase, our spe
ndings were validated in a replication of our stu
n which 50�g/kg/day bisphenol A and 0.1�g/kg/day
ES (as a positive control) were fed to pregnant C
mice, and a significant increase in prostate size
ladder neck, and all of these effects were observ
esponse to both DES and ethinyloestradiol at a do
.1�g/kg/day (Timms et al., 2005). In a related study

emale CD-1 mice responded to a very low mate
isphenol A dose (administered by Alzet pump)
.025�g/kg/day by showing a permanent increas
ammary gland ducts (Markey et al., 2001a).
In addition to these findings in mice, stimulation

roliferation of cultured human prostate cancer c
y bisphenol A was reported at a dose of 23 ppt cu
edium, maximal proliferation occurred at 230 p
hile no response was observed at 23 parts pe

ion (ppb) (Wetherill et al., 2002). In contradiction
o the statement by Dr. Purchase about the issu
nverted-U dose–response curves, there are 16
ished examples of inverted-U dose–response cu
or bisphenol A (see website above and the rev
y Welshons et al., 2003). The presence of inverted
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dose–response curves showing unique effects at doses
far below the assumed no effect dose based on studies
that only examined a few very high doses of bisphe-
nol A has profound implications for risk assessment.
We discuss in detail elsewhere that the presence of
inverted-U dose–response curves invalidates the linear-
threshold model used in chemical risk assessment to
calculate “safe” doses for human exposure (vom Saal
and Sheehan, 1998; Welshons et al., 2003; vom Saal
and Hughes, 2005).

In his article inToxicology, Dr. Purchase’s review of
the state of research on low-level effects of bisphenol
A discusses only three published papers: our original
publication and two failed efforts at replication funded
by chemical corporations (Ashby et al., 1999; Cagen
et al., 1999). However, there are 104 published studies
showing significant effects at low doses of bisphenol
A previously assumed to cause no effect (some of
these are reviewed above). We are aware of 21 pub-
lished studies reporting no effects at doses of bisphe-
nol A below the prior LOAEL of 50 mg/kg/day. It
is thus important to examine the factors associated
with these reports of negative results for low doses of
bisphenol A.

Factor 1: Nine out of the 21 studies reporting only
negative results involved the use of the Charles River
Sprague–Dawley (CD-SD) rat, and no study that used
this rat reported positive effects of low doses of bisphe-
nol A. Studies have shown that this rat strain has a
low sensitivity to exogenous oestrogenic chemicals
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ity to exogenous oestrogens of the CD-SD rat that was
used if the study had included a positive control such
as ethinyloestradiol in the experimental design (Tyl
et al., 2002).

The study byTyl et al. (2002)was specifically criti-
cized by a panel convened by the US National Toxicol-
ogy Program to examine the issue of low-dose effects
of endocrine disrupting chemicals. The Low Dose NIH
Panel noted in the executive summary of the published
report that: “In selecting animal models for study, the
Panel advocated the use of species and strains that
are highly responsive to endocrine active agents of
concern (i.e. responsive to positive controls), not on
convenience and familiarity” (NTP, 2001). The very
low sensitivity of the CD-SD rat to ethinyloestradiol
contrasts with significant effects that were produced in
male CF-1 mice that we used in our initial experiments
at the much lower maternal ethinyloestradiol oral dose
of 0.002�g/kg/day (Thayer et al., 2001); it is thus not
surprising that effects similar to those caused by ethiny-
loestradiol were observed in male offspring in response
to 2–20�g/kg/day bisphenol A fed to pregnant CF-1
mice (vom Saal et al., 1998).

Factor 2: Dr. Purchase does not mention that one
of the failed replication studies he cited (Ashby et al.,
1999) was previously criticized by us (ENDS, 1998)
and by the Low Dose NIH Panel for errors in interpret-
ing the data (NTP, 2001). In fact, Dr. Purchase was
director of the ICI/Zeneca Central Toxicology Lab-
oratory in Macclesfield from 1981 to 1998 (IUTOX,
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ies. Specifically, the CD-SD rat required a high d
f ethinyloestradiol (50–200�g/kg/day), which wa

ncluded as a positive control, to show most respo
n a study in which no low-dose effects of bisp
ol A were found (Yamasaki et al., 2002); the typica
ose of ethinyloestradiol in oral contraceptives is ab
.5�g/kg/day for a 60 kg woman. In would be ina
ropriate to cite this article by Yamasaki as evide
f the absence of low-dose effects of bisphenol A w
ut reporting that the findings for the positive cont
thinyloestradiol, reveal the very low sensitivity of t
odel animal to any exogenous oestrogen. Failu

nd effects of low doses of bisphenol A in another la
tudy funded by the chemical industry would lik
ave been shown to be due to the very low sens
004), where he directed the laboratory in which t
ontroversial research on bisphenol A was condu
eaders should have been made aware at the beg
f the article about Dr. Purchase’s prior employmen

CI/Zeneca and involvement in one of the studies c
s the basis for criticizing our research.

Importantly, both of the industry-funded stud
ited by Dr. Purchase (Ashby et al., 1999; Cagen
l., 1999) failed to accurately identify that the dr
ES was included as a positive control rather than
nother test chemical. In the initial report on the re
ation by Cagen et al., issued at a press conferenc
n a press release (Toloken, 1998), industry spokesme
eported that DES was included as a positive co
nd that the research found no effects of either
ositive control (DES) or the test chemical (bisp
ol A). The failure to find a difference between
egative controls and the positive controls on any m
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sure should have led those involved in these studies to
conclude that some factor had rendered their animals
insensitive to even a highly potent oestrogenic drug.
Indeed the NIH Low Dose Panel noted that regard-
ing “a study in which the positive control does not
produce the expected positive response. The prudent
course of action in such cases may be to declare the
study inadequate and repeat it, regardless of the exper-
imental outcome in the test groups.” (NTP, 2001) (pp.
5–10).

Throughout Dr. Purchase’s article he repeatedly
suggests that risk assessments should only use informa-
tion from studies conducted by chemical corporations
using good laboratory practices (GLP). This proposal
is based on the assumption that GLP means that all
aspects of the research will be free of bias. Failure
of researchers to acknowledge to reviewers or the sci-
entific community that the positive control chemical
failed to show the expected positive effects is just one
example of how bias can impact the interpretation of
research.

Factor 3: Seven articles have been published that
show a markedly lower sensitivity of the rat and
mouse uterus to bisphenol A relative to other oestro-
genic chemicals, such as DES, in what is generally
regarded as the “gold standard” test in toxicology
for oestrogenic activity, the uterotrophic assay (see
website above for references). In prepubertal CD-1
mice, for example, a dose of 100 mg/kg/day that was
injected sc was required to stimulate an increase in
u
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term effects observed during postnatal life due to
developmental exposure to doses between 0.025 and
50�g/kg/day (at and below the current reference dose)
are: increased number of prostate glands and prostate
volume (Gupta, 2000; Timms et al., 2005), increased
aggression, decreased testis weight and decreased
serum testosterone (Kawai et al., 2003), decreased
maternal behaviour (Palanza et al., 2002), and stimu-
lation of mammary glands, an increase in body weight
and disruption of oestrous cycles (Markey et al., 2001a,
2003). Our decision to use the CD-1 mouse as a model
to study low-dose effects of bisphenol A was based on
the use of this mouse by the reproductive toxicology
program within the US-NTP to study xeno-oestrogens
(Newbold et al., 2004).

Taken together, the findings described above are
consistent with the view that the action of oestro-
genic chemicals such as bisphenol A in different tis-
sues varies as a function of receptor sub-type (alpha
or beta) as well as the co-regulators expressed in the
tissue (Routhledge et al., 2000). In addition, the sig-
nificant variability in the sensitivity of animal mod-
els to bisphenol A has to be taken into account in
designing experiments. Recent reports that bisphenol
A causes a variety of effects in cells that are far to
rapid (in seconds to a few minutes) for them to be
mediated by the classical nuclear receptors also has
to be taken into account in assessing whether low-dose
effects of bisphenol A that are being reported are plau-
sible. A variety of rapid, non-genomic effects are being
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terine weight (Markey et al., 2001b). No uterotrophic
esponse to 7 mg/kg/day bisphenol A (the highest
xamined) administered tonically via a Silastic imp

n neonatal CD-1 female mice was observed, wh
terotrophic response to 0.01�g/kg/day DES occurre
Howdeshell, 2002). This is in marked contrast
he fetal CD-1 mouse urogenital sinus, which sho
ignificant effects of maternal oral administration
.1�g/kg/day DES that were identical to effects of o
dministration of 10�g/kg/day bisphenol A (Timms et
l., 2005). Only by examining the uterus using mu
ore sophisticated methods than just measuring

ne weight are effects of low doses observed (Markey
t al., 2001b; Newbold et al., 2004).

In contrast to the very low sensitivity of th
terotrophic response as a bioassay to reveal the

n vivo potency of bisphenol A, in the CD-1 mou
train that we now use in our experiments, lo
eported at extremely low doses of oestradiol and x
estrogens, including bisphenol A. For example, in
ituitary tumor cells, bisphenol A significantly stim
lated a rapid (within 30 s) influx of calcium at t

owest dose that was examined (0.23 ppt or 10−12 M);
he greatest response occurred at 230 ppt, while
agnitude of the response decreased at 2.3 ppb,

ng an inverted-U dose–response curve. The cal
nflux response to bisphenol A at 230 ppt was a
lly greater than that for oestradiol or DES. Prola
elease, which is triggered by calcium influx in th
ells, was detected within 1 min at 0.23 ppt bisphe
, similar to the response to oestradiol (Wozniak et al.
005). Another response associated with rapid ind

ion of calcium influx in mouse pancreatic� cells is
ctivation (phosphorylation) of the transcription f

or CREB at 230 ppt (1 nM) bisphenol A, which
qual in magnitude to the response caused by the
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dose of oestradiol (Quesada et al., 2002). In addition,
rapid (within 1.5 min) influx of calcium was observed
in human MCF-7 breast cancer cells in response to
0.1 nM oestradiol or bisphenol A that was significant
at the lowest dose tested; for oestradiol the EC50 was
0.11 nM and for bisphenol A the EC50 was 0.15 nM or
about 34 ppt (Walsh et al., 2005).

The extensive evidence that bisphenol A can disrupt
mouse, rat and human cell function at low part per tril-
lion doses, and that disruption at the same low doses is
also found in snails (Schulte-Oehlmann et al., 2001),
has profound implications for human health, since the
range of unconjugated bisphenol A in human fetal
blood was reported to be 0.2–9 ppb (mean = 2.9 ppb),
the range in maternal blood at the end of pregnancy was
0.3–19 ppb (mean = 4.4 ppb) (Schonfelder et al., 2002),
and levels in human fetal amniotic fluid during sex-
ual differentiation between gestation week 15–18 were
even higher, averaging 8 ppb (Ikezuki et al., 2002). That
levels of bisphenol A in human blood are high enough
to result in abnormalities similar to those observed in
experimental animals is indicated by the results of a
case-control epidemiological study comparing bisphe-
nol A levels in non-obese and obese women in Japan
who had normal ovarian function or polycystic ovarian
disease. There were significantly higher blood levels of
bisphenol A in both obese women and in women with
polycystic ovarian disease. The lowest blood levels of
bisphenol A occurred in non-obese women with nor-
mal ovaries (mean± SEM = 0.71± 0.09 ppb), while
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mentally different from and not predicted by studies
that only examine toxic effects caused by very high
doses (Welshons et al., 2003). Receptors for oestro-
genic chemicals, including the classical nuclear ligand-
dependent transcription factors ER� and ER�, and
particularly the receptors associated with the cell mem-
brane and involved in initiating signaling cascades
leading to activation of kinases, evolved to provide
great amplifying capability, resulting in large responses
to extremely low doses of oestrogens (vom Saal et
al., 1997; Welshons et al., 2003). The article by Dr.
Purchase failed to acknowledge this reality and the
extensive published low-dose literature on bisphenol A
that is consistent with its ability to stimulate responses
mediated by oestrogen receptors associated with spe-
cific genes in the nucleus or associated with the cell
membrane. At the same time that the article appeared
in Toxicologyby Dr. Purchase, a report funded by the
American Chemistry Council based on a review of only
19 carefully selected low-dose studies of bisphenol A
also concluded that the evidence for low-dose effects of
bisphenol A was weak (Gray et al., 2004). This report
has been criticized as inaccurate, and initiation of a
new risk assessment for bisphenol A based on the cur-
rent published literature was proposed (vom Saal and
Hughes, 2005).

Everyone in science is harmed when misinformation
about a critical public health issue appears in scien-
tific journals. When an article by someone such as Dr.
Purchase with a long association with a chemical cor-
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he highest blood levels (1.17± 0.16 ppb) occurred i
bese women with ovarian disease (Takeuchi et al.
004).

The information presented here reveals that sc
ists are rapidly determining:

. the mechanisms by which very low doses of bisp
nol A can cause disruption of the endocrine me
anisms that regulate cell function,

. the adverse health effects caused by exposure to
low doses of bisphenol A during different life stag
in experimental animals,

. the correlation between exposure to bisphenol A
diseases in humans in studies based on findings
experimental animals.

The endocrine disrupting effects caused by very
oses of chemicals such as bisphenol A that can int
ith components of the endocrine system are fu
oration contains false information, it not only furth
rodes the public’s confidence in the ability of c
orations to engage in basic science, but also h
egative impact on the public’s perception regard

he credibility of all scientists. Only by being vigila
nd taking swift action when there is clear evide
f misbehaviour can the scientific community hop
aintain the public’s confidence.
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