ublished since I Vol.9,No. 2& 3
s Edocrine/Estrogen Letter Vo gtozs
Online Enterprises « 245 Visitacion Ave, Brisbane, CA 94005
Phone: (415) 467-8779 » Fax 415-468-3144« e-mail: info@eeletter.com

2 BPA Concerns: an E/E Letter Special Report

3  Toxicological Controversy

4  Whereitisbeingfound

Ord intake

Concerns about food containers
Polycarbonate containersand baby bottles
Cans

Other food containers

Dentd sedants

7/ Human exposure

9 BPA intheenvironment

Theimportance of basic research to drive down cost of core sensing technol ogiesfor chemicals
andtheir biological effects, standards, and knowledge management tools.

9 BPA Effects

BPA Invivo effectsonrats
BPA Invivo effectson mice
Invitro effects

BPA intheenvironment

17 Questionsabout effects

19 Government actionsand regulations

21 Paradigm shift in toxicology?

22 Conclusion

25 Footnote about the choiceto standardize on PPB

25 References



Endocrine/Estrogen Letter

2003: 2& 3 BPA Special Report

Blsphenol A Concerns Survey: An E/E Letter Special Report

| ntroduction

Theinfrastructure behind the I nternet revolution
rode on awave of compact disks madefrom
Bigphenal-A, themainingredient in polycarbonate
plastic. BPA isadso playingasignificant rolein new
baby bottles, lighter windshields, metal canliners,
and epoxy glues.

Yet at the same, aplethoraof recent research
has suggested that BPA may influenceawiderange
of health concernsincluding obesity, enlarged
prostates, the effectiveness of prostate cancer
medication, and changesin behavior. Thissurvey
representsan effort to highlight some of the concerns
that have been presented about BPA, and their
potential significance. Consequently morespaceis
givento theconcernsthat have beenraisedinthis
survey, even though an even larger body of research
has been conducted, which suggeststhereareno
low-dose concernsaround BPA.

Interest in the subject iskeen on both sides of
the debate, witha$2.2 billion (Greiner et al.2001)1
direct market at stake, and indirectly hundreds of
billionswhen one considersthevalue of software
and other productsdelivered using BPA.

Industry and governments continueto statethat
theweight of evidence doesnot appear to support
cause of concern. Meanwhile advocacy groupsare
pointing to agrowing body of studiessuggesting that
BPA iscapableof causing health effectsat levelsto
which humansare exposed. A large number of
studies have shown effectsin thetest tube, andin
liveanimas. Whileat |east one study suggesting low
dose effects have been repeated within the samelab,

no in-vivo experiments suggesting low-dose effects
have been repeated across|abs.

Researchersand activists have suggested that
thisisduetofunding priorities, sncefew ingitutions
areready to support research that isnot looking for
something new. Industry on the other hand suggests
that thisisan indication that low dose effectsdon’ t
redlly exist. Meanwhileabout 2 million metrictons
areflowing into CDs, baby bottles, and other
productsevery year.1 Another report estimatesthe
market grew from 600,000 to 1.8 milliontons
between 1990 and 2000.2

Toxicological Controversy

Asearly as 1938, researchersreported that
BPA wasestrogenic, when giventoanimalsat fairly
high doses.3 BPA wasmostly just ascientific
curiosity until 1953, when Dr. Daniel Fox at General
Electricand Dr. Hermann Schnell at Bayer AG
discovered polycarbonate plasticindependently.
Over timeit found itsway into space helmets, car
parts, computers, cell phones, glasses, and compact
disks.

Whiletheeffectsnoted by Doddset a were
interesting from ascientific point of view, they only
seemed to occur at concentrations orders of magni-
tude higher than what peoplewerelikely to be
exposed to. A comprehensiveanaysisof BPA by
Morrisey et a. (1987) set thelowest observed
adverseeffect level at 50,000 ppb of bodyweight/
day.4

Thetoxicological concernsaround BPA were
moreor lesssettled until 1997 when ateam at
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A survey of the number of BPA papers on STN Caplus restricted to biology showed the number of papers on BPA almost

doubled from 32 to 60 in 1998 and rose to 184 in 2002.

Frederick Vom Saal’slab reported on BPA effects
at only 2 ppb.5 The study received plenty of criti-
cismduetoitssmal size(only sevenanimasana-
lyzed) and thelack of repeatability. But at the same
timeit opened the gatesfor aplethoraresearchin
other labs.

Researcherslike Dr. Makoto Ema, with the
Nationd Ingtitute of Health Sciences Biological
Safety Research Center Division of Risk Assess-
ment in Japan believethesefindingsaredill vaid,
noting, “ Thereisnot adefinitivereport that denied
thefindingsdescribed by vom Sadl et a.” But Ema
alsonoted, “ Itisimportant to distinguish whether the
findingsreported by vom Sadl et al. aretoxicologi-
caly adverseor not.”

Dr. Ibrahim Chahoud, aresearcher with Freie
Universiteet, Ingtitute of Clinical Pharmacology and
Toxicology inBerlin, said, “1 believethe concerns
regarding BPA aredtill valid. Thereare several
positive and negative observationa studiesinthe
literature and until thisisresolved, oneneedsto
remain concerned. Theremay be asubpopulation,
i.e. the developing organism, that ismore senditiveto
the effects of endocrine active compoundsthan an
adult.” He a so noted, “ Themost important end-
pointswould include thosewhich would help usto

understand the mechanism of action of BPA invivo.”

Chiharu Tohyamawith Environmental Hedlth
SciencesDivisonNationd Ingtitutefor Environmen-
tal Studies, and who led the Sakaue study, said, “I
realizethat quite afew papershave comeout inthe
last 2 years, showing that low dose BPA affects
laboratory animalsin termsof some parameters,
such asimmunol ogic response, chromosomal
change, sexud differentiation of thebrain and sexua
behavior. Theseexperimenta resultsstrongly
suggest that exposureto BPA may have some
adverseeffectsinthe offspring.

“Ontheother hand, BPA may not be adverse
intheadult maleanimasintermsof fertility. We
found that low dose BPA treatment to adult rats
resulted in aclear-cut dose-dependent decreasein
spermatogenesisintheadult animasinadose-
dependent manner (from .002 to 200,000 ug/kg
b.w. ), but wewould speculate that daily sperm
productionlevelsweredtill high enoughfor fertility
even at the highest dose of BPA used (200,000 ug/
kg b.w.), although this speculation remainsto be
proven.”

Tohyamanoted that, “sexud differentiation of
thebrain, brainfunctions, immunologicfunctions,
and chromosomad aterationsshould be carefully
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studied withlow-dose BPA exposure.”

Toshihiro Takao with Kochi Medica School, in
Nankoku, Japan, said, “ The most important end-
pointsaretheeffectsfor human maereproduction.”

Dr. DanielaBuckiova, withtheInstitute of
Experimental Medicine Academy of Sciencesinthe
Czech Republic said, “Resultsfrom animal studies
arecontroversia. Wefound somethingon CD1
mice- astock characterized by John Ashby asnot
quitesuitablefor estrogenicity studies. Asfar asl
know, the Vom Saal team intended using just these
micefor BPA studies. And other groupsused CD1
miceaswdll. Thelr heterozygosity enablesan
explanation why wefound serilemalesintwo
consequent generations but not inthethird one. The
cause could belinked with water absorption depen-
denton Ersinepididymis(Hesset a, Nature’ 97).
Wefound (Peknicovaet al 2002) decreased
acrosoma reaction of epididymal sperm. Why lower
dose had more pronounced effect compared with
the higher dosel redlly do not understand.”

Whereit isBeing Found

According to a1999 report about 65% of the
bisphenol A produced isused to make polycarbon-
ate, and approximately 25% isused in epoxy resin
production. Theremaining 10%isusedin other
products such as speciaty resinsand in the manu-
factureof flame-retardants, such as
tetrabromobisphenol A.6 Ultimately about 2 million
metrictonsof BPA makeitsway into circulation
every year, and only asmall fraction of that is
recycled. What happensto therest?

Researchersarefinding BPA anditsderivatives
inavariety of sourcesincluding foods, food contain-
ers, and dental sealants. Intheory, most of the BPA
remainsbound up in plasticsor epoxies, whereit
remainsunavailableto peopleand animas. How-
ever, recent research by Koehler et al. 2003 has
suggested that harsh detergents can leach BPA from
polycarbonate lab cages.7

Experimentshave suggested that once BPA is
consumed it isreadily broken downinto anon-
estrogenicform by theliver.8

Ontheother hand, researchersarefinding
BPA anditsderivativesin human blood, embryos,
amnioticfluid, and theenvironment. Industry ques-

tionswhether thelevelsfound poseasubstantia

risk, whileenvironmental advocatesmaintainthat the
levelsbeing found in humansand environment are
significant and poseahuman and environmenta
hazard.

Oral Intake

Themost likely human exposurerouteis
through foods and beverages. Thiscould bearesult
of somestep inthe production process, leaching
from the polycarbonate bottles, epoxy can liners, or
recycled paper products.

TheAssociation of PlasticsManufacturersin
Europe (APME) has cal culated that under worst-
case conditions, themaximum intake of BPA from
food cansisapproximately .8 ppb/ bodyweight/
day.9

Research by Takao et a found amaximum
BPA level of 127 ppbin coffee, whilethe next
highest concentrationwasonly 10 ppb for tomato
juice. The coffee was subsequently reformul ated to
containlower levels.10

Concerns about food containers

BPA isbeing found infood and food contain-
ersat varyinglevels. Someof variousfood container
sourcesinclude polycarbonate water containers,
baby bottles, food and beverage cans, and dispos-
able paper food containers.

Polycarbonate containers and
baby bottles

Baby bottles pose one of the biggest potential
concernsfor BPA researcherssincethetarget
population (infants) islikely to beat highest human
risk from estrogen mimicking chemicals.

These concernsfirst arose after a1993 study
by Krishnan and colleaguesat Stanford Medical
School reported how polycarbonate |aboratory
flasksheated to 121 degrees C for 25 minutes
released 2-5 ppb of bisphenol A into water-filled
flasks.11

Research by Arizono and associatesfound that
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upto6.5ppbleac rom old polycarbonaie baby
bottles heated up to 95 C for 30 minutes, but new
bottlesonly leached up to 3.5 ppb. Bottlesfrom
outside of Japan had even higher leach rates.
Arizono found that scratched bottlesfromthe
Philippinesleached approximately 30 ppb and those
from Korealeached over 15 ppb, morethan 5times
theamount |eached by new bottles.12

A World Wild Life summary paper13 pub-
lished by Gwynne Lyonsmentionsan unpublished
study commissioned by the UK Government De-
partment of Trade and | ndustry which found BPA
leaching out at 10-20 ppb of BPA in used baby
bottles subject to brushing and/or dishwashing and
sterilization, and onevalue evenrecorded aleve of
50 ppb. It wasnot found in theliquid from new
baby bottles.14

A study of thewater stored in 5-gallon poly-
carbonatefor 39 weeksfound BPA levelsranging
fromzeroto 5 ppb.15 A range of studiesby indus-
try and governmentswere unableto detect signifi-
cant levelsof BPA from polycarbonateincluding one
by the Society of PlasticsIndustry (detectionlimit5
ppb), and by the UK Ministry of Agriculture (detec-
tionlimit 30 ppb).16

Cans

Brotonset a. (1995)17 reported BPA was
foundintheliquor in somecansof tinned vegetabl es.
Thehighest levelswerefound in some cans of peas
with an average of 23 ug per can. It wasalsofound
incansof artichokes, beans, mixed vegetables, corn
and mushrooms. Therewas no detectabl e bisphenol
A incansof palm hearts, asparagus, peppersand
tomatoes. Theseliquorswerefound to be estro-
genic, whilethe canswithout BPA werenot.

A study by Bileset a (1997)18 found that
autoclaving appeared toleach BPA from milk, pork
& bean, and concentrated infant milk formulacans
intowater. All canned foodsare normally auto-
claved after canning. Some questionsremain about
theimplicationsthat BPA leachesinto al food cans,
considering it was not detected in some of the
Brotonssamples. Thelevelsof BPA found varied
between .1 and 13.2 ppb, whichisoneto six times
lower than in the Brotons study.

Endocrine/Estrogen Letter 5

00d StandardSAgency Study on
theleaching of bisphenol afromfood cansfound
BPA levelsat upto 70 ppbin 37 samples, and at
350-420 ppb in one sample.19 Theindependent
Committeeon Toxicity of Chemicasin Food,
Consumer Productsand the Environment (COT)
concluded that thelevelsof BPA identified in canned
foodsanadyzedinthissurvey areunlikely to be of
concern to health, and that thereisno reason for
consumersto changetheir source of foodstuffsasa
result of thesefindings.

InaJapanese NIH study of BPA invarious
drinksKawamuraet a (1999)20 reported BPA
concentration and detection frequency in coffee,
black teaand other teadrinksat 3.3to 8.5 ppb.

A UK Food Standards Agency study21 found
BPA inavariety of sources. A valueof 420 ppb
wasfound inone sample of meat. No BPA was
detected in beveragesor infant formulas. Based on
the mean contaminant level theintake of BPA for the
97.5th percentile consumer of canned foods (eating
1.05kg/day for adultsand 0.38 kg/day for infants)
was estimated to be 0.37 ppb bodyweight/day for
adultsand 0.85 ppb bodyweight/day for infants.

A 2001 EU Risk Assessment Report on BPA
estimated theaverage daily intake of BPA at up to
.37 ppb/day for adultsand .85 for infants.22 It
noted that taking amorerealistic worst-case migra-
tionlevel of 10 ppb and the highest ratio of food
intaketo body weight for infants (a4.5 kginfant
consuming 0.7 liter of formulaeach day), anintake
of 1.6 ppb of bodyweight per day can be estimated.

Other food containers

The Asahi Shimbum newspaper reported ona
recent study by Ozaki et al that detected BPA in 13
out of 16itemsmadefromvirginpulpat levels
ranging from 34-360 ppb.23 The Osaka City
Ingtitute of Public Health and Environmental Sci-
ences conducted the study. BPA levelsbetween 190
and 26,000 ppb werefound in eight of thetwelve
food containersfrom recycled paper. Microscopic
tracesof ink and copy paper werefoundinitems
made from therecycled pulp. BPA hasbeen used as
aningredient inthermal fax paper, whichmight
explaintherdatively highlevelsfoundinsome
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recycled containers.

Ozaki wasquoted assaying, “Theleves
(detected inthetests) aren’t so high they could bea
direct threat to human hedlth, but there should be
some sort of guidelinefor paper products.”

Dental Sealants

Samplesof thesalivafrom 11 patientstaken 1
hour after dental treatment contai ned bisphenol A
and bissGMA (bisphenal A diglycidyl ether meth-
acrylate (bisGMA).24

Thereissomedispute about the detail sof this
research.25, 26, 27

Inalater study from Olea slaboratory,
samplesof compositesand sed antspolymerizedin
glassdisheswereextracted with water of varying
pH for twenty-four hours. Low levelsof BPA (<1
g BPA/mg sedl ant) werereported for these materi-
as28

Atkinson et a (2002) 29 have suggested that
theanalytical method used by Oleamay not have
been capabl e of distinguishing between BPA and
TEGDMA, whichisknown to be apredominant
component rel eased from dental seal antsbut not
reported at all by Olea. They maintain themaximum
amount of BPA that could reasonably bereleased
from the dental sealant has been estimated to beless
than thelowest level reported by Olea. Conse-
quently, TEGDMA may have been misidentified as
BPA inthe Oleastudy.

Imai wroteinan EHP letter26 onthe Olea
report24“Oleaet al. reported that 90-931 g of
BPA wasidentifiedin salivacollected from 18
subjectstreated with 50 mg of abisphenol A
diglycidyl methacrylate (bissGMA)-based sealant on
molarsduring al-hr period after treatment. How-
ever, based on datapresented intheir Table 1, thisis
unlikely. Accordingto Table 1, 50 mg of the sealant
should contain 3.7 ug of BPA or 78.7 ug of a
mixtureof biss GMA, bisphenol A diglycidyl ether
(BADGE), bisphenol A dimethyacrylate(BPDMA),
and BPA. Thismixture(78.7 ug) isequivalent to
48.2 ug of BPA. Assuming that all the components
of themixtureleached into the salivauncured and
weredegraded completely to BPA within 1 hr, the
amount of BPA collected from the salivashould be

48.2 ug. However, their Table2 showed 1.9-19.3-
fold higher valuesthan expected (89.9-931.0 ug).”

Imai concluded, “BPA and BADGE are not
components, but only atrace amount of these
materialsiscontained asimpuritiesin bisGMA and/
or BPDMA monomers. Therefore, theamount of
leached BPA isextremely small or not detectable, as
reported recently by other investigators. Onthe
other hand, BPDMA isacomponent of the sealant
usedintheir study. Therefore, leaching of asmal
amount of unpolymerized BPDMA islikely. Further-
more, the detection of BPA derived from BPDMA
insdivaislikely because BPDMA iseasly hydro-
lyzedto BPA insaliva. Thus, itisreasonableto
assumethat most of the BPA identifiedin saivaby
Oleaet a. can beattributed to leached BPDMA..
Therefore, the use of BPDMA should beextensively
examined.

“Datarelevant to HPL C analysis presented by
Oleaet d. (1996)24 arenot reliable. These data
should be corrected or withdrawn, and further
referenceto thisdatashould be avoided.”

Other researchersfound different resultsthan
Olea. For example, Fung et a (2000)30 reported
BPA was detected morethan 250 times|lower than
the maximum amount reported by Olea. They note
that BPA released orally from adenta sedlant may
either not be absorbed or isnot detectableat or
above 5ppb when measured in systemic circulation.

The American Dentdl Associationclaimsall 12
ADA approved sealantstested negativefor BPA
leaching, after 1 version’smanufacture was changed.
Thetest sengitivity was5 ppb.31

Another ADA survey of 40 dentistsfound no
BPA inany blood samples.32

Nathanson et a report inasurvey of seven
sedlants, that none of the seven seal ants showed
detectableamountsof BPA after extractingwith
ethanol with adetectionlimit of 0.0001 ug BPA/mg
sedant.33

Olearesponded27 to the concerns, “Imai
seemsto be upset about our recommendation to
curtail the use of bisphenol A-based sealantsand
clamsto havefound unscientific dataamong our
HPL C results. Hisopinions appear to be based ona
poor reading of our study and what herefersto as
“relevant papers.” Unfortunately, Imai revealsno



2003: 2& 3 BPA Special Report

Endocrine/Estrogen Letter 7

dataor hiSown and reportsno experimentsor time present inthesetormulations. Suppliersand other

spent actualy trying to solvethisproblem.

“Thework by Nathanson et al. (1997) was
largely devoted to refuting our paper on the estroge-
nicity of pit andfissuresedants. Their claimthat their
findingsonleachability contradict our resultsimplies
that thetwo studiesare comparable, whileinfact
their study differssubstantially fromours. Firt,
Nathanson’s paper does not test the estrogenicity of
sed ant € uates, although the demongtration of
estrogenic compoundsleaching from asea ant was
themost important finding of our study, apoint that
wasa soignored by Imai. Thenature of these
compounds could be diverse because severa
componentsof commercia sealantshavebeen
identified asestrogenic xenobiotics. We postul ated
that bisphenol A and thedimethyacrylate of
bisphenol A (hisDMA) are candidatesfor this
hormonal effect, but the presence of other chemicas
contributing to thiseffect cannot beruled out.”

Oleaconcluded, “Wethink that more data
should be gathered before adopting the compl acent
position proposed by Nathanson et al. (1997) and
Imai (1999). Recent observationshaveraised
concernsabout the estrogenicity of bisphenols. @) a
more potent in vivo effect of BPA than that assessed
by previousin vitro assays has been demonstrated;
b) BPA seemsto act on target organs other than
breast and uterus; ¢) genetic differencesin suscepti-
bility to the estrogenic effect of BPA haveincreased
concernsabout human subpopulationswith ahigher
sengtivity to thisestrogen; and d) bisphenol A isjust
oneof many compoundsused by theplastics
industry with demonstrated in vitro estrogenicity. By
taking these studiesinto account, the American
Denta Association may consider adoptingamore
realistic position regarding the use of bisGMA-
based composites and seal ants, asrecently sug-
gested by Soderholmand Mariotti.

“In short, theflawsin the paper by Nathanson
et d. (1997) undermineitsconclusionson the safety
of sedants, weregret the JADA Editor-in- Chief’s
decision not to publish our rebutta to theallegations
of Nathanson’sgroup. Imai should not have used
theseflawed datato support hisattack on our work.
Dental hedlth professiona sought to be aware of the
potentia risksof hormonaly active compounds

stakeholders should al so be encouraged to address
thispublic hedlthissue. Until dataare provided that
challenge our dataand arguments, the hypothesis of
human exposureto estrogenic compoundsleaching
from bis-GM A -based composites cannot be
withdrawn.”

Oleaa so noted that the Journal of the Ameri-
can Dental Associationrefusedto publish aletter
critiquing the Nathanson study, despite ever-shorter
versons. Theimplication being that the JADA did
not want to take abalanced approach to exploring
thispotential health concern.

Human Exposure

Thegreatest areaof concernaround BPA
involvesexposure by fetusesand infants, apopul a-
tion, whichislikely to bethe most sensitiveto
hormone modulators. Takahashi et al. (2000)34
reported that absorption and distribution of BPA in
materna organsand fetusesare extremely rapid and
that the placentadoes not act asabarrier to BPA.
Fetal |evelspeaked 20 minutes after the parent was
orally exposed to BPA. However, clearancewas
equally rapid. Thelevelsof BPA inmaterna blood
wereonly 2-5% of themaximum after 6 hours.

Dr. Pete Meyerswrote35 about thisstudy,
“Therapidity and efficiency of transfer hassignificant
implicationsfor epidemiol ogica studiesof bisphenol
A'simpact inhumans. Itimpliesthat Sngleexpo-
sures, for exampleviahighratesof leachingfroma
food contai ner marketed asusablein microwave
ovens, could quickly but ephemerally passintothe
mother, into thefetus, and after lingering for severd
hours disappear. If the passagetook placeduring a
critical, vulnerablewindow of development and
provoked an effect, theimpact would bevirtualy
impossibletolink statistically totheexposurevia
current epidemiologica practices. Thisephemerdity
of the contaminant coupled with itshigh potency
during passing windows of devel opment areimpor-
tant reasonswhy human epidemiology isstrongly
biased toward fal se negatives (concluding aproduct
issafewheninfact it causesharm) inthe study of
endocrinedisruption.”

Miyakodaet al. (1999)36 reported the con-
centration of bisphenol A inboth materna blood
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plasmaand fetuses peaked within 1 h after ora
administration. At 3 h, the concentration of
bisphenol A inmaternal blood plasmahad de-
creased to approximately 10% of the peak value.
The 3-h decreasein fetuseswas only about 40% of
the peak, and by 24 h, thefetal concentration had
increased again to the nearly 70% of the peak value.
Theresultssuggest that bisphenol A might easily
passthrough the placenta barrier, unlike sex hor-
mones such asestrogen. A subsequent report by
Miyakodaet al (2000)37, suggeststhat themain
BPA metabolite, BPA glucuronide doesnot easily
passthrough the placental barrier. However, BPA
and BPA glucuronide does appear to migrateinto
thetedtis.

Inastudy involving thes.c. injection of BPA
into pregnant monkeys, Uchidaet d, (2001)38
found that BPA wasfound in maternal and fetal sera,
liver, brain, placenta, and fetal uteri andtestesas
early as30 min after injection. They asofound BPA
inhuman umbilical cord (0.85-3.11 ng/g wet tissue,
Takadaet al., 1998). BPA wasfoundinall organs
investigated including feta liver, kidney, brainand
umbilica cord. Theseresultsindicatethat the
maternal placental barrier cannot protect thefetus
from the consequences of direct BPA exposure.

Inastudy of BPA contaminationinhumans
Ikezuki et al. (2002)39 reported BPA was present
inserumandfollicular fluid at approximately 1-2
ppb, aswdll asinfeta serumand full-termamniotic
fluid, confirming passagethrough the placenta.
Surprisingly, anapproximately 5-fold higher concen-
tration, 8.3 +/- 8.7 ppb, wasrevealedinamniotic
fluid at 15-18 weeks gestation, compared with other
fluids. They concluded, “ Theseresultssuggest
accumulation of BPA inearly fetusesand significant
exposureduring the prenatal period, which must be
consderedin evauating the potentid for human
exposureto endocrine-disrupting chemicals.”

A study conducted in Japan by O. Takahashi
et a. (2000)40 on rats showing that the placenta
doesnot serveasabarrier to transmission of BPA,
suggeststhat parent BPA can betransferred from
the human mother to thefetusviathe placenta.
Although parent BPA israpidly eliminated by first-
passmetabolismfollowing ord administration,
parent BPA can befound in human placental tissue

following norma food consumption.
Thisisparticularly interesting becausethe
parent BPA compound isthought to rapidly break-
downinto BPA monoglucuronide, whichisbiologi-
caly inactive. In14 of 37 parental-fetal subjectsthe
fetal levelsof BPA werehigher. It wassuggested this
might be dueto thelack of enzymes capable of
breaking down BPA. The authorsnoted, “ Further
studies on human exposureto BPA are needed to
addressthe question whether maternal exposureto
BPA canlead to adverse headlth effectsin offspring.”
Schonfelder et al. (2001)41, (2002)42 re-
ported concentrations of BPA ranged from 0.3to
18.9 ppb (median = 3.1 ppb) in materna plasma,
from 0.210 9.2 ppb (median= 2.3 ppb) infetal
plasma, and from 1.0to 104.9 ppb (median = 12.7
ppb) in placental tissue. BPA blood concentrations
werehigherinmalethaninfemaefetuses.
Inal0-year study of 200 pregnant Japanese
women, Yamadaet al (2002)43 reported that
median BPA concentrationinmaternal serumover a
ten- year period was 2.24 ppb ranging from 0.63 to
14.36 ppb. Median BPA concentrationinamniotic
fluid was 0.26 ppb, ranging from 0 to 5.62 ppb.
Eight of 200 fetuseswere surrounded inamniotic
fluid containing ardatively high concentration (2.80-
5.62 ppb) of BPA. BPA levelswerehigher inthe
blood of mothersin seven of theseeight fetuses.
Once BPA entersthe body, some studies44,
45suggest itisrapidly transformedinto BPA
monoglucuronide, which doesnot competewith
estradiol and unlike BPA doesnot cause estrogen
receptor gene expression n MCF-7 cellsor HEPG2
cdls
Other metabolitesand BPA related com-
pounds, which are not estrogeni c of themselvessuch
asBissGMA and BADGE could betransformed
into active compoundsin acid or dkaine media. 46

Human /Animal Comparisons

Oneof themaindifficultiesin extrapolating the
effectsof BPA from ratsand miceto humans
involvesthedifferencesin metabolic pathways
between thetwo species. Elsby et a (2001)47
reported a3/7 ratio of humantorat liver microsomal
metabolism. It has been suggested the human fetus
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may have evenlessability To makethisconverson
because the metabolic pathways does not devel op
until after birth. Theauthors* suggest that assessment
of theestrogenicity of BPA using theimmaturerat
uterotrophic assay might well underestimatethe
potency of BPA in humans.”

However, dthough eachrat liver cdll appears
to be moreefficient than those of humans, Pritchett
et a. (2002) suggestshumansarelikely tobemore
efficient at breaking down BPA dueto ardatively
larger liver.48

Another issueistherdativeliver sze. Witorsch
(2002)49 noted, “ Anissuethat ispotentialy relevant
to the hedthimplications of low-dose xenoestrogen
exposurein utero, and not previoudy addressed, is
the comparative physiology of gestationinthe mouse
and human. Thesetwo speciesdiffer withregardto
theextent of involvement and hormonal control of
the corpusluteum, organsinvolvedin progestin and
estrogen secretion, the specific estrogens produced,
and estrogen blood |evel sattained in the mother and
embryo. Onthe basisof these speciesdifferences
(particularly, themarkedly higher estrogenlevels
attained in human pregnancy compared tothe
mouse), it would appear unlikely that |ow doses of
BPA or other xenoestrogens produce adverse
endocrinedisruptive effectsduring human preg-

Major differenceson the effectsof BPA and
other estrogenic compounds have been observed
within genetic variantsof rats. For example, Long et
al (2000)50 report BPA stimulated the secretion of
thebrain hormonethat initiates|actation (prolactin)
in Fischer 344 ratsbut not in Sprague-Dawley rats.

Spearow et al. (1999)51 report CD-1 mice
appear to be 16 timeslessresponsiveto estradiol
than some other strains. It may be possiblethat
subtle genetic difference may explain how research-
erslikeVVom Sadl arefinding low-doseeffectswhile
othersarenot.

BPA In the Environment

Another set of concernsaround BPA involves
itsmigration into theenvironment, particularly water
streams. Kolpin et al (2002)52 report that approxi-
mately 60% of the streams contained no detectable
level of BPA (detection limit 0.09 ppb), the median
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ected concentration was 0.14 ppb, and only
streamswerereported to contain BPA at levels
above 1 ppb.

A Japanese Environment Agency Report53on
environmenta estrogensfound detectable BPA in67
of 124 water samples. Themedian concentration of
BPA, where detected, was 0.01 ppb and 95% of
the samples contained lessthan 0.24 ppb of BPA.

Stapleset al. (2000)54 report that aninitial
BPA survey did not find BPA inthewaterswas
upstream or downstream of five BPA factoriesand
two processing Sitestested with adetection limit of 1
ppb. A follow up study found BPA at levelsranging
from 2-8 ppb upstream and 7-8 ppb downstream of
one BPA factory. Some BPA was apparently
present inthe discharged effluent and likely flowed
back into the areawhere the upstream sampleswere
collected.

Rippen et d (1999)55 report finding BPA in
riversat levelsranging fromunder .005to 1.9 ppbin
thewater and at levelsranging from 5-100 ppbin
the stream sediment.

Kleckaet al, (2001)56 have suggested that
biodegradation playsamgor roleintheremoval of
BPA from theenvironment. They report BPA
degradesrapidly in surfacewatersand sediments
takenfrom awidevariety of geographies(including
thosewith no known exposurehistory), suggesting
that microorganismswith the capability to degrade
BPA are ubiquitousintheenvironment. It wasnoted
that studiesusing real world surfacewater samples
demonstrated ahalf-life of 1-4 daysof BPA.

Studiess7 using red world surfacewater
sampl estaken from various geographies demon-
straterapid degradation withahdf-lifeintherange
of 1to4 days(i.e., timefor 50% degradation). A
Cousinset a, (2002)58 survey reported themedian
reported water concentrationsfrom 21 European
and 13 United States studiesare 0.016 and 0.5 ppb
respectively. In caseswhereindividua concentration
dataare reported, many samples have no detectable
level of BPA.

BPA Effects

A widevariety of effectshave been reported
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fromrelatively low-doseexposuresto BPA, at levels  xenoestrogensthan infants.

comparabletowhat isbeing foundin human and
fetal bloodinbothin-vivoandin-vitro studies. The
in-vitro reportsareinteresting fromamechanistic
point of view. But in-vivo reports, which suggest the
living organismsinther entirety areaffected, are
moretoxicologicaly relevant for health assessment.
Despitethe growing body of in-vivo BPA low-dose
findingsnone have been successfully replicated
acrossmultiplelabs, and only one, Sakaueet al,
2001, has been repeated withinthe samelab. This
may explainthereluctancefor policy regulatorsto
takeany actionon BPA at thistime.

Thissurvey highlightssomeof themoreinter-
esting low dose effectsreported intheliterature.

BPA In Vivo Effects On Rats

20 ppb: +epididymis& seminal vesicleweight
(Fritz, 1999)59

Thisstudy, reportedin abstract only reported
on astudy inwhich male Sprague-Dawley CD rats
were exposed to 20 and 200 ppb bisphenol A per
gram diet from conception until day 70 postpartum.
Adult animaswerefound to consume 2.2 and 23.1
ppb bodyweight, respectively. Both groupshad
significantly reduced bodyweight comparedto
controls. Theseminal vesiclesand epididymiswere
increased in weight in adose-dependent manner,
and kidney and spleen weightswere decreased for
both concentrations. The SCF BPA report noted
that “ other the other effectsreported in the same
study, of reduced body weight, kidney and spleen
weightsat theselow doses, are not congruent with
other studieson BPA.”

20 ppb: Sperm and testes effects (Sakaue
2001)60

Inthisstudy maleratswereadministrated a
daily oral doseof BPA, ranging from 2 to 200,000
ppb. A dose aslow as 20 ppb tended to decrease
testicular weight and significantly reduced both daily
sperm production and the efficiency of spermatoge-
nesis. Theseeffectswerefoundinratsadministered
BPA after puberty, whichisinteresting because
adultsarethought to belesssensitiveto

The SCF BPA report noted the size of the
effect (25-30% reductionin daily sperm production
and efficiency of spermatogenesis) and theflat
nature of the dose-response are compatiblewith the
lack of any functiona consequencefor fertility inthat
species, recorded in other studies. Other labshave
been unableto replicatethesefindings. Conse-
guently the SCF has concluded, on the present
weight of evidence, that thereported findingson
juvenile/adult sperm parametersfrom onelaboratory
should not be considered apivotd effectinrisk
assessment of BPA.

But John Ashby said histeam failed to confirm
thiseffectin 5 repeats.

20 ppb prematurevaginal opening (Freien
Universitat)61, 62, 63,64,65,66,67

Chahoud et d reported inaseriesof articles
that exposure of pregnant Sprague-Dawley rats
delayed vagina opening at 20 or 100 ppb
bodyweight/day (but premature vagina opening at
50,000 ppb bodyweight/day) and anincreasein
prolongation of estrusby morethan 1 day at 100
ppb/day. They suggest that thelossof ER apha
expressioninthevaginaduring the estrus stageleads
tothesemorphologicd findings.

None of theresultscould bereplicated in either
Sprague-Dawley ratsor in another rat strain by
another lab (Tinwell et a, 2002).68 The Chahoud
study hasbeen criticized by the Nationa Toxicology
Program’ s stati stic subpanel for thelack of concur-
rent controlssincetreatment effects may be con-
founded by time-related changes (the controlswere
studied sequentially). TheNTP noted, “ Thelack of
concurrent controlsin thisstudy wasaserious
design deficiency. Thisconfounding of possible
treatment effectswithtime-related changespre-
cludesany reliableassessment.” 69

25ppb: Differentiation pattern of periductal
stromal cellsof theventral prostate affected
(Ramoset al, 2001)70

Ramoset al exposed fetal miceto BPA using
an osmotic pump implanted in pregnant ratsto doses
of 25 or 250 ppb. They found significant aterations
inthe devel opment of therat prostate. Some of
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€S2 cChangesresemblehuman prostaie conditions
that enhance the potential of anascent prostate
cancer tumor. The exposureincreased the expres-
sion of theprotein vimentin at all doses. The per-
centage of prostate stromal cellswith androgen
receptors al so appeared to decrease with BPA
exposure. Grossfield et al, 1998, report aterations
inthe stromaappear to enhancetheinvasiveor
maignant potentia of anew tumor. No epidemio-
logica studieshave been conducted exploring the
human link between BPA and prostate cance.

40 ppb: Behavior al Effects71

Researchersgavefemae Sprague-Dawley rats
40 ppb BPA from conception to weaning postnatal
day 21 and 400 ppb/day BPA from gestation day
14 to postnatal day 6. After exposure, they studied
socid behavior inaplay Stuationinjuvenilemae
andfemaeoffspring. They observed an early action
of BPA on severa behaviora categoriesin both
maesand females. In particular they observed a
masculinization of femaebehavior intwo behaviora
categories(play with fema esand sociosexua
exploration), an effect probably mediated by the
estrogenic activity of BPA inthe CNS. Theauthors
suggest theselong-lasting effectsof BPA could have
important consequencesat individual and population
levels

In aseparate report, Farabollini et al,
(2002) 72 report that reported anincreasein defen-
svebehavior in males, but not females. Sexua
performanceimpairment was noted in termsof
latency and frequency of intromissions. BPA was
correlated with increased sexua motivationand
receptivebehavior infemaes.

Inapersona communication, Dessi-Fulgheri
noted submitting astudy with F Farabollini onthe
effectsof BPA on maternal behavior inrats, and
with M Canonaco on the effectsof BPA perinatal
administration on somatostatin receptorssst3. While
theseresultsarefascinating, and raise some pro-
foundimplicationsregarding BPA effectson human
behavior, thisline of research doesnot seemto be
cons dered by mainstream toxicol ogistsin setting
exposurelimits,

Adriani et al (2002)73 report that femalerats
orally administered BPA at 40 ppb spent signifi-
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ylesstimethan did controlSin novelty explora
tion, whereas no effect wasfound in themale group.
In addition, areduced leve of impulsivebehavior
wasevidenced in BPA-treated rats. The authors
suggest “thesefindingsprovideclear indirect evi-
dence of long-term aterationsin brain monoaminer-
gicfunction after perinatal BPA exposure. Thismay
beacausefor concernfor public health, confirming
that exposureto aweak environmental estrogenin
theperiod of sexud differentiation of thebrain can
influenceadult behavior.”

100 ppb: Increasein body weight (Rubin,
2001)74

Reported effectsof orally delivered BPA at
levelsof approximately 100 ppb bodyweight/day to
pregnant rats. They found that BPA exposed rats
were heavier than control animalsat birth. They dso
found that 1200 ppb bodywei ght/day exposed
animal s appeared to have adefect in the pattern of
estrusactivity and lower plasmalLH levels.

100 ppb: Breast Effects(Colerangle, 1997)75

They found that the conversion of immature
structuresto mature structureswassignificantly
increased in response to exposureto both low (100
ppb/day) and high (54,000 ppb/day) doses of BPA
compared to controls. The proliferative activity of
epithelial cellswasincreased by 143% over controls
by the exposure of animalsto thelow dose of
bisphenol A, whereasa220% increase over con-
trolswas observed for the high dose of BPA. The
authorsnotethat theweak estrogenic activity of
BPA doesnot explainitsprofound effect on cell
proliferation observed in thisstudy. Perturbation of
thecell cycleisconsidered arisk factor for the
development of cancer.

It should be noted however that Ashby et al
haverai sed serious concerns about the methodol ogy
employed in these studiesbased on their own
attemptsto confirm effectsreported by Colerangle
and Roy.

100 ppb Reduction in testisweight and sperm
production in adulthood following single
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mater nal dose (Shar pe, 1996) 76

Onestudy reported areduction intestisweight
and sperm production after asingle 100-400 ppb
materna exposure. Subsequent studiesby the same
authorsreported shiftsin the sametesticular param-
etersin controls.77 Thesefindingswerenot repli-
cated by avariety of industry-funded studies.

Thisstudy could not bereplicated by Cagen et
al (1999)78, or Ashby et al (1997)79

100 ppb reduced sper m content (Bower's,
2001)80

Found that malerats given 100 or 250 ppb
BPA orally on days 1-14 postnatally had lower
sperm content inthetestisand epididymisat 44
days. It wasonly published in abstract form.

100 ppb: affectsexpression of Estrogen
Receptor alpha. ( Schonfelder 2002)81

Found that thefull-length ER aphaisnot
expressed during estrusinthevaginaof femae
offspring exposed to either dose of BPA when
compared to the control group, whereas ER alpha
expression doesnot differ from the control group
during thediestrus stage. ER aphadownregulation
seemsto beresponsiblefor the observed altered
vagind morphology.

BPA Effects on Mice

2 ppb: Increased Aggression; Lower Testis
Weight (Kawai 2003)82

Evauated effectsof BPA onaggressive
behavior and hormona changeinmalemicefed 2
and 20 ppb. Aggression scoresincreased signifi-
cantly (p<0.01) at 8 weeksof ageinmalemice
exposed to bisphenol A at both the2 ng/gand 20
ng/g concentrations compared with acontrol group,
but no differencewasfound after 12 weeks. Rela-
tivetestisweight (per gram of body weight) was
significantly lower at 8 and 12 weeksin micetreated
with 2 ng/g thanin controls(p < 0.05) and was
significantly lower at 12 weeksin micetreated with
20 ng/gthanincontrols(p < 0.01). Suggeststhat

bisphenol A temporarily activated aggressve
behavior inmiceat 8 weeks of ageand that low
dosesof bisphenol A interfered with the normal
development of reproductive organs.

2ppb: Increasein prostate& preputial gland
weight. Decreased daily sperm production &
epididymal weight (Nagel 1997)83, (vom Saal
1998)84

Thisisthe study that galvanized the debate
over the possiblelow-dose effectsof BPA. The
study hasbeencriticized for itssmall szeandthe
lack of repeatability.

Thissameteam hasal so reported in abstract
only increased prostate sizein another strain of
mouse after prenatal exposureto 10 ppb
bodyweight/day ordly. (Vom Saal 2000.)85

In asubsequent paper (Howdeshell 2000)86,
theseresearchersreport that intrauterine position
(IUP) can affect susceptibility to the effectsof BPA.
They noted that fetal exposureviathemother to
bisphenol A increased therate of postnatal growthin
malesand femal esand a so advanced thetiming of
puberty infemales. However, the greatest response
to bisphenol A occurredin malesand femaeswith
the highest background levelsof endogenous
edtradiol duringfetd lifeduetother intrauterine
position, whilefetuseswith thel owest endogenous
levelsof estradiol showed no responseto materna
bisphenol A treatment.

Other scientistshavetried unsuccessfully to
repeat these experiments. 87, 88

2.4 ppb: Increasein body weight; advancein
age of 1st estrus (Howdeshell 1999)89
Thesamevom Saa team reported that female
mice exposed to BPA inthewomb had areduced
delay between vaginal opening andfirst estrus.
Honmaet a. (2001)90 attempted to repeat
thisstudy. They foundthat inall DES- and BPA-
treated groups, body weight on day 22 wassignifi-
cantly lighter than controls. Theageat vaginad
openingwassgnificantly earlierinall trested groups
except for 2 ppb BPA-treated group compared to
controls. Body weight at vaginal opening waslighter
indl treated groupsthanin controls. Thefirst vagina
estruswasaso earlierinal treated groupsthanin
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CONtrols. To rousdaysin an -
treated groupswerelonger thanin controls. Their
resultsweredifferent from those of Howdeshell et
al, (1999); body weight at weaning waslighter
(different), ageat vaginal openingwasearlier
(different) and ageat thefirst estrouswasearlier
(same). Theseresultsindicatethat prenatal exposure
tolow dosesof DESand BPA acceleratevagina
opening, however, weight gain could not be con-
firmed.

Ashby etd. (1999)88inasmilar experiment
using 2 or 20 ppb BPA confirmed the absence of
any effect ontiming of vagina opening but did not
examinetimeof first estrusand did not find any
increasein femaleweaning weight.

4ppb: luminal epithelial cellsof the
endometrium taller and microvilli longer;
vaginal epithelium had increased; enlar gement
of thenuclel and widening of theinter cellular
gpaceamongthestratified cells(Fukumori,
2001)91

Miceweretreated with .8, 4, and 20 ppb / day
BPA by s.cinjection. At 4 ppb they reported the
lumind epithdlid cdlsof theendometrium showed
taller cell height than those of the control. Microvilli
of these cellsa so tended to belonger than those of
thecontrol. They aso showed increased cell layers
(5-7versusonly 3-4inthecontrol).

10 ppb: Fertility effects (Buckiova, 2001)92

Theseresearchers observed damage of invivo
fertility, reproductive organsand spermatogenesis
after BPA treatment. They also noted that effectson
thereproductive systemin offspring, predominantly
in2nd generation. Besidedecreased litter Sizein
BPA treated groupsthey observed sterile pairs of
micein every generation. No Sizechangeswere
noted. They noted that the datafrom thisstudy
indicatesthat effectsof BPA do not follow aclassi-
cal dose - response curve sincethe effect of lower
dosewas more pronounced.

Buckiovawrote, “ Enclosed pleasefind more
information about our BPA researchon CD 1 mice.
Thefirst attached document93is referringtousing
atest of theacrosomereaction for detecting sperm
damage after BPA treatment. Test of the acrosome
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reaction meansthal acapaci Sperm (epididy-
mal) isableto undergo the acrosomereactionin
responseto contact with the zonapellucida. Detec-
tion of the acrosome was made with the fluorescent
microscopy. It isone of parametersused for the
assessment of thefertility status.

“BPA effectsonfertility CD 1 micewere
compared with NP, GEN and DEStreatment.94
Referring to BPA treatment we observed decreased
testosteronelevelsin blood of 6 weeksold males.
Besidedecreased litter szeweobserved sterile
pairsof micein every generation. Testishistopathol -
ogy correlated with fertility invivo and observed
defectsin spermatogenesis, including pathol ogical
state of sperm.”

10 ppb: Maternal behavior affected in mice
exposed either in uteroor during adulthood
(Palanza 2002)95

20 ppb: Advancein ageat vaginal openingand
at 1st estrus(Honma, 2002)96

20 ppb: increasein chromosomal aberration
(Hunt, 2003)97

They found that BPA wasleaching from
polycarbonate cagesand drinking bottles, causing
genetic defectsin exposed mice. Miceweretreated
with 20, 40, or 100 ppb bodyweight. Therate of
congressionfailure, atypeof chromosomal aberra-
tionincreased significantly at thelowest dose. They
conclude, “Clearly, the possibility that BPA expo-
sureincreasesthelikelihood of genetically abnormal
offgpring istoo seriousto be dismissed without
further study.”

The American PlasticsCouncil’s
bi sphenol a.org website wrote98 about thisstudy,
“ Reproductive and developmental effects were
not examined in the new study and the experi-
mental system used has not been validated or
standardized for the evaluation of reproductive
effects. Indeed, the authors of the study note that
the relevance of the reported results to human
health has not been established. The potential for
BPA to cause reproductive or developmental
effects has been comprehensively examined in
two multi-generation studies. In these studies
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BPA did not cause reproductive or developmental
effects at any environmentally relevant dose. The
weight of scientific evidence provided by these
studies, as well as othersthat have looked
specifically at reproductive or devel opmental
effects, clearly supports the safety of BPA and
provides strong reassurance that thereis no basis
for human health concer ns from exposure to
environmentally relevant doses of BPA...

“ Although the paper might be read to
suggest that BPA or other environmental chemi-
cals could have an effect on reproduction or
development, no direct evidence to support this
suggestion is reported in the paper since the
experimental results did not examine reproduc-
tion or development. Indeed, as noted by the
authors, additional research isneeded to deter-
mine if their experimental system might provide
asendgitive, reliable, and reproducible assay
system for the evaluation of reproductive toxins.
At this point, the experimental system has not
been validated or standardized for usein assess-
ing potential risk to human health. Consequently,
as further noted by the authors, the relevance of
the reported results to humans has not been
established.

“ Environmentally Relevant Doses of BPA
Do Not Cause Reproductive or Developmental
Effects

“ Snce the Hunt et al. study did not examine
reproduction or development in their laboratory
animals, additional research is needed to deter-
mineif the reported chromosomal abnormalities
actually lead to functional effects. Although not
referenced in the paper, extensive research has
already been conducted to answer precisely this
guestion.

“ Most notably, thisincludes a three-genera-
tion reproduction and development study on BPA
conducted at the Research Triangle Institute
under the direction of Dr. Rochelle Tyl, 99 which
is one of the most comprehensive studies of its
kind ever conducted. In this study, Sprague-
Dawley rats were fed a diet containing BPA at
levels lower than those tested by Hunt et al. and
ranging to levels more than a thousand times
higher. A wide range of endpoints was examined

to determine if BPA had any effect on the repro-
ductive performance of the animals or on the
development of the offspring. Analysis of the
data for all of the endpoints for the parental and
three offspring generations revealed no evidence
for reproductive or developmental effects at any
environmentally relevant dose. This exceptionally
powerful study, which complied with Good
Laboratory Practice standards and was con-
ducted in accordance with internationally ac-
cepted guidelines, provides a definitive conclu-
sion that BPA does not cause reproductive or
offspring effects at low doses. Additional infor-
mation on this study is available at http://
www.bi sphenol-a.org/devel opment/whatsNew/
20020702D¢€finitivePeer.html.

“Theresults of a similar two-generation
study commissioned by the Japanese National
Institute of Health Sciences fully support the
conclusions of the three-generation study.100 “ In
this study, which also covered doses ranging
from below to above the doses tested by Hunt et
al., no effects on reproduction or development
were found at any dose. In addition, this study
also examined the offspring in two behavioral
tests, including a learning test, and found no
effects from exposure to BPA at any dose.

“1n addition, the results of a continuous
breeding study in mice, conducted by the U.S.
National Toxicology Program,101 showed no
effects on reproduction at a dose approximately
1000 times higher than the highest dose tested by
Hunt et al.

“ The weight of scientific evidence provided
by these studies clearly supports the safety of
BPA and provides strong reassurance that there
Isno basis for human health concerns from
exposure to environmentally relevant doses of
BPA. Additional information on the weight of
evidenceis available at http:// www.bisphenol-
a.org/pdf/LowDoseUnprovenOctober 2002.pdf
(33kb, PDF).

“ Consistent with this conclusion, the use of
polycarbonate plastic and epoxy resins for food
contact applications has been and continues to
be recognized as safe by the U.S. Food and Drug
Administration, the European Commission
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Scientific Commitiee on Food, the United
Kingdom Food Standards Agency, the Japanese
Ministry for Health, Labor and Welfare, and
other regulatory authorities worldwide.”

25 ppb implant Increased mammary gland
maturation (Markey, 2001)102

Mammary glands of BPA-exposed mice
showed differencesin therate of ductal migration
into thestromaat 1 mo of ageand asignificant
increaseinthe percentage of ducts, terminal ducts,
terminal end buds, and alveolar budsat 6 mo of age.

Female micewere exposed in uteroto BPA via
osmotic pumps at doses of 25 and 250 ppb
bodywei ght of the mother. The 25 ppb group
showed a“ greater ducta e ongation beyondthe
edge of thelymph node. The higher dosegroup
showed retarded growth. Both groupsaso have
lower rates of DNA synthesiscompared to controls.

Theresearchersnoted, “ In the present study,
two findings may suggest a predisposition of the
BPA- exposed mammary gland to neoplastic
change. The altered relationship in DNA synthe-
sis between the epithelium and the stroma that
was observed at all stages of development is
striking, because disruption of the communica-
tion between these two tissue compartmentsis
acknowledged as being critical to the devel op-
ment of neoplasia within both human breast and
rodent mammary gland. In addition, the signifi-
cant increasein terminal ducts and terminal end
buds in the 6-mo-old mice is also remarkable,
because an increasein these structuresin rats
and humans correlates positively with the inci-
dence of carcinomas that arise specifically from
such sites.”

“In summary, in utero exposure to low,
presumably environmentally rel evant doses of
BPA changes the timing of DNA synthesisin the
epithelium and stroma of the mammary gland,
resulting in an histoarchitecture that is atypical
for a virgin mouse. These changes, which are
apparent long after the period of exposureis
over, strengthen the hypothesis that in utero
exposure to environmental estrogens may predis-
pose the devel oping fetus to mammary gland
carcinogenesisin adulthood.”

25ppb s.c. decreasein fetusnumber and male
ratiolower (Hase, 2001)103

Thisstudy examined theinfluenceof s.c
injected BPA onfetal ratsat dosesof 25, 2500,
25,000, and 250,000 ppb bodyweight / day. At the
lowest dose, they reported adelay invagina open-
ing, and adecreasein thefetusnumber. Themae
ratio was also reduced from 52.5% for the control
t0 40.5% for the 25 ppb groups. Theratiosrecover
by BPA dose-dependently. Theseresults suggested
that low-dose BPA exposure prenatally affected not
only puberty of thefemalefetus but also reproduc-
tiveahility.

50 ppb Increased AGD & prostateweight;

decr eased epididymal weight (Gupta, 2000)104
Thisstudy could not bereplicated by Ashby et

al. (1999)105 or Cagen et a (1999)106

139 ppb Decr eased testoster one; testicular
mor phology affected (Takao, 1999)107

2000 ppb: Number of tyrosinehydr oxylase-
positive neuronsreduced; neuritisreduced;
glutamate decar boxylase-positive neur ons
increased; calbindin-positiveneurons
decreased ) (Fushiki, 2001)108

In BPA-treated animal's, the number of tyrosine
hydroxylase-positive neuronswas shownto de-
creasetogether with reduction of neurites. Glutamate
decarboxylase-positive neuronsincreased, whereas
calbindin-positive neurons decreased in the cerebral
cortex. During thefetal period, the pattern of
distribution of GAP43 wasdifferent in BPA-treated
mice compared to the control s, suggesting some
inhibition of theneurond differentiationintermsof
growth cone.

In Vitro Effects

1 nanomolar = (approximately 0.23 parts per
billion)

100 pM significantly affectsgranulosa cell
viability (Jiping, 2002)109
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.23 ppb interfereswith normal geneexpression
(Quesada, 2002)110

Thispaper identified anew pathway for BPA
todisrupt geneexpression at levelsaslow as.23
ppb. Thegenesaffected involvelong-term memory,
brain devel opment and weight regul ation. Of par-
ticular noteisthe suggestionthat BPA affectsan
estrogen receptor on the cellssurfacerather thanthe
nuclear receptor. Theseeffectsindicated that BPA is
just aspowerful asestrogenin activating these cell-
wall receptors. Theresearchersexposed human
pancreascellsto various substancesincluding BPA.

.23 ppb increasesa processin prostate cancer
cellsthat rendersthem lessresponsiveto the
standard hor monetreatment used toforce
prostatic adenocar cinomasintoremission
(Wetherill, 2002)111

Thefirst stage of prostate cancer isgenerdly
stimulated by androgens. The common treatment for
prostate cancer isto reducethe quantity of free
androgensavailableto stimulatethetumor. Over
time, the cancer can evolveinto tumors, which grow
independently of androgen. Wetherill et a reported
that BPA appearstoinitiate the proliferation of
androgen-independent cancer cellsthat do not
respond to androgen reduction therapy. They
studied human LNCaP cellsgrowing in BPA con-
centration of .1to 100 nanomolars. Thelargest
effect wasseen at 1 nanomolar (.23 ppb). They
noted, “these dataimplicate BPA exposureasa
potential mechanism that couldfacilitatethetrans-
tion of prostatic adenocarcinomasto androgen
independence.”

Breast Cancer Promotional Effects@ 2 ppb
(Krishnan, 1993)11

Krishnan et al 1993 reported BPA to be
estrogenicin the human M CF-7 human breast
cancer cell culture assay concentrationsaslow as2-
5 ppb.

1,000 ppb Egg Yolk atrophy (Akita, 2001)112,
113

After 48 hours, rat embryoscultured in 12000
ppb and 100,000 BPA. At 1000 ppb, the heart

rateswerelower and apronounced atrophy of the
vessel ontheyolk sac

.0069 ppb (.03nM) BPA affectsthyroid
transcription (Moriyama, 2001)114

BPA significantly suppressed thyroid transcrip-
tiona activitiesmediated in adose-dependent
manner. Thisisthefirst report of BPA disruptingthe
transcriptional activitiesof TRsasan antagoni<t.
BPA may havevarying effectsat thetranscriptional
level ondifferent nuclear receptorsand their cofac-
tors.

BPA and insulin causes 1300% risein fat levels
ver sus150% for insulin alone (M asuno,
2002)115

1,300% vs. 150%increaseinfat for insulin
done

They found that BPA modulatesthe action of
insulintoincreasethe number and sizeof fat cells.

BPA in the environment

Another areaof toxicological potentia concern
around BPA involvesenvironmenta effects. A
comprehensivereview of theliterature by Stapleset
al. (2002)116 suggested that adverse effects of BPA
only occur at concentrationsof 160 ppb and above.
Thestudy focused on biologically relevant endpoints
of survival, growth, development, and reproductive
success. Thelowest observed effect concentration
ranged from 160 to 11,000 ppb, whilethe No
Observed Effect Concentration rangefrom 16 to
3,640 ppb. They reported that BPA hasaminimal
effect onthesurvival of aguatic organisms.

A study of Japanese medakaexposed to 2.28
through 1,820 ppb water found no effectson
hatchling successand timeto hatching, mortaity, and
abnormal behavior.117 However, the growth of the
fishwas suppressed withincreasing concentration
resultinginsgnificant differencesintota lengthand
bodyweight at 1,820 ppb. When observed for their
external secondary sex characteristics, no males
wereidentified inthe 1,820 ppb treatment. In
addition, histol ogica examination showed that 32%
of fishinthe 1,820 ppb group had testis-ovacom-
posed of both testicular germ cellsand oocytes.
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onsequently, theTow Iveconcentrationtor
theearly life stage of medakawas between 355 and
1,820 ppb

A study of snailsexposed to BPA concentra-

tionsof reported that 1 ppb induced acomplex
syndromeof dterationsinfemaeMarisareferred to
as" super females’ at thelowest concentrations.118
Affected specimenswere characterized by the
formation of additiona femaleorgans, anenlarge-
ment of theaccessory pdlia sex glands, gross
malformationsof thepallid oviduct sectionresulting
inanincreased femaemortdity, andamassive
stimulation of oocyte and spawning mass produc-
tion.

Sex Ratio of Frogs

Kloaset al (1999)119 found that frog expo-
sureto BPA at 23 ppb wascorrelated with a
sgnificant increaseinthenumber of females.

In responseto thisreport, anew study was
commissioned by the BPA Environmental Research
Task Group. Therepeat study (Pickford et al.
Chemosphere, in press) was performed at Brixham
Environmental Laboratory (AstraZeneca), and
incorporated anumber of changesin study designin
order to provideamorerobust assessment of any
influence of BPA on sex differentiationin Xenopus.
A rangeof six BPA concentrationsweretested
(spanning and including thetwo tested by Kloaset
al.)119in order to investigate any concentration-
responserel ationship.

Whiletheorigind study used asingletank
containing 48 larvaeto each test concentration, the
repeat study employed 4 replicatetanksof 40 larvae
per test concentration, in order to provide greater
statistica power and to estimatethe experimental
variability of thesex ratio endpoint. Other differ-
encesin the conduct of the study werethediet (the
original diet wasnot available), and the exposure
sysem.

Intheoriginal study, asemi-static systemwas
used wherewater containing BPA (or solvent
control) wasreplaced 3 times per week. Owing to
the biodegradable natureof BPA, inlab systemsas
well asinthe environment, aflow-through exposure
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SySlemwasusedinther udy. Thisensur
that steady concentrationsof BPA were maintained
inthetanksthroughout the study, and thiswas
verified by regular chemica andysis.

Therepeat study found no significant effect of
BPA onlarva growth, development or sex ratio (as
assessed by gonadal morphology, asintheorigina
study), thoughtherewasasignificant femalebiasin
frogsexposed to the positive control substance
(estradiol, at the same concentration asused inthe
origind study).

Possibleexplanationsfor thelack of effect of
BPA inthePickford study includetheuseof a
different diet and adifferent exposure system.
However, thedegree of feminizationinthepostive
control wasidentical tothat inthepostive control in
theorigina study, indicating that thedifferencesin
test design did not have asignificant effect onthe
sengtivity of thelarvaeto exogenousestrogens.
Other explanationsfor the discrepancy may relateto
the degree of experimental replication, and thetype
of statistical analysisperformed. Kloasused anon-
parametric test, whilethe Pickford study used aChi-
squared typetest, which isthe standard method for
anayzing sex ratios.

Theresultsof the second, more comprehensive
study indicatethat BPA hasno effect on sex differ-
entiationin Xenopuslarvae (asassessed by gross
gonadal morphology) inthe concentration range
0.83-497mg/L.

Questionsabout Effects

Why are someresearchersand somelabsable
tofindlow-dose effectswhileothersarenot? Are
theseinherent differences between results caused by
some systematic biasby scientistson either sde of
thisdebate? 1nthe World Wildlife Fund BPA survey,
Lyonscitesarather interesting study of tobacco
research, finding that review articleswritten by
authorswith affiliationsto thetobacco industry have
been found to be 88 timesmorelikely to conclude
that passve smoking isnot harmful thanif thearticle
iswritten by authorswith no connectiontothe
tobacco industry Wise (1998)120.

Lyonscommented onthis, “ Theexperience
gainedwith BPA, and smilarly with tobacco,
underlinesthe need to ensure that research scientists
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with noindustry connectionsare properly
resourced.” 13

Part of thedifficulty intracking downlow-dose
effectsisthat they may be dueto mechanismsnot
previously considered. For example, someeffects
may be caused by surfacereceptorsonthecell wall,
rather than the nuclear receptors. Nagel et al
(2001)121 identified considerabledifferenceinthe
efficacy and potency of ER ligandsinthe uterus
when ER transcriptional activity wasassayed vs.
uterineweight gain. Specificaly, they observed that
theenvironmenta estrogen bisphenol A wasa
potent agonistin stimulating ER transcriptiona
activity, whereasit exhibited little uterotrophic
activity.

Another confounding factor may involvethe
cages or watering containers used to house and feed
theanimals. Howdeshdll et al. (2003)122 report
observing BPA leachinginto thewater contacting
polycarbonateanimal cages. Theimplicationsof this
study throw uncertainty on hormonemodul ation
experimentsusing polycarbonate cages. It may aso
explaintheinability for somelabsto find resultsthat
othersareseeing.

They found that old polycarbonate cages
leached themost BPA, while newer polycarbonate
and polysulfone cagesleached about atenth these
levels. No BPA wasdetected in polypropylene
cages. Thewater from old cagesexhibited estro-
genic effectsinthe M CF-7 assay, while newer cages
did not. Micegrown intheolder polycarbonate
cages had aprepubertal uterinewet weight 16%
heavier than micerearedin polypropylene, dthough
theresultswerenot Satistically sgnificant.

Theauthorsnote, “Our findings here suggest
that aquatic laboratory animalsmay be exposed to
sufficient BPA dueto leaching fromworn polycar-
bonate caging to resultinasignificant impact on
reproductive parameters. Thispredictionisbased on
anumber of recent reportsof significant effectsat
very low concentrationsof BPA infrogs, fishand
mollusks”

A number of possible BPA sourceswerecited
besides polycarbonate cages. For example, BPA
migration into humanshas been reported with
polycarbonate and polysulfone hemodiaysisequip-
ment. BPA isalso added asastabilizer inthe

production of PV C products.

Asnoted by Meyers123 animportant question
not addressed by the authorsishow many of the
BPA toxicology studiesconducted thusfar have
used polycarbonate cages?

Itisimportant to notethat despitethe plethora
of research indicating low-dose effectsfor BPA, a
number of comprehensive studieson BPA have
been unableto repeat thesefindings. Some of these
studiesinvolved multiplegenerationsand theeva ua-
tion of thousands of animals. Arethesedifferences
caused by someinherent biasby researcherson
elther sdeof thisdebate?sthissimply another
manifestation of that 88-fold differencefoundin
tobacco?

Cageneta (1999)124 evauated BPA effects
on male sexua development in CF-1 miceat doses
ranging from .2 to 200 ppb/day. Therewereno
treatment-rel ated effects of BPA or DESon testes
histopathology, daily sperm production, or sperm
count, or on prostate, preputia gland, semina
vesicle, or epididymisweightsat dosesprevioudy
reported to affect these organs or at dosesan order
of magnitudehigher or lower.

Waechter et al. (1999)125 eval uated repro-
ductiveeffectsinmale CE-1 miceexposed to BPA
at doses of .2t0 200 ppb. No treatment-rel ated
effectswere observed in adult femalesor on growth
or surviva of offspring from damstreated with any
dose of BPA. Therewere no treatment-rel ated
effectsof BPA on prostate wei ghts, sperm count or
daily sperm production, testishistopathol ogy, or
preputia gland, semind vesicle, or epididymis
weightsin offspring at any doseof BPA. Therewere
no effectson any parameter measured in damsor on
thegrowth or sexual development of maleoffspring
of damsexposed to DES during gestation. The
authorsconcluded “thosefindingsprevioudy re-
ported by Nagel et al. (1997) and vom Saal et al.
(1998) were not confirmed at dosesequivaent to
thelrsand at an order of magnitude higher and
lower.”

Tyl et al. (2002) 126 eva uated the effects of
BPA on CD Sprague Dawley ratsat dosesranging
from 1to 500 ppb. They found:

Normal monotonic dose-responserel ationships
for thefew treatment-rel ated effects observed at the
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fwohighest doses,

No effectson reproduction or devel opment at
low doses,

No significant changesin prostate or other
reproductive organ weightsin any of thethree
generationsof laboratory ratsat any dose;

No effectsondaily sperm production or
efficiency of sperm productioninany generation at
any dose; and

No significant changesin markersof sexua
maturity below the highest dosetested.

Dimond et d, (1999)127 Evauated potentia
effectsof BPA on sexua development asreported
by Sharpeet a 1996. Han Wistar Albino ratswere
orally dosed with BPA at dosesranging from 10to
10,000 ppb of BPA. No treatment-rel ated effects
on growth or reproductive endpointswere observed
in adult femal esexposed to any concentration of
BPA. Similarly, no treatment-rel ated effectson the
growth, survival, or reproductive parameters(in-
cluding testes, prostate and preputia gland weight,
sperm count, daily sperm production, or testes
histopathology) of offspring from damsexposedto
BPA during gestation and lactation were observed.

Why Aren’t In-vivo Low-Dose
Effects Repeatable

Thevom Saal |ab experiments have sparked
themost controversy. A variety of reasonshave
been noted for theinability of other labsto repeat
theminduding:

1) Technica competence;

Rebuttal: Thetechniciansweretrained by
thevom Saal team.

2) Dietrichin phytoestrogens;
Rebuttal: Thereare higher phytoestrogen
levelsinthe Purinadiet used by vom Saal team.
3) Needto play recorded music
4) Anima pensize

5) Study toolarge, makingit difficult for a
singletechnicianto conduct theeva uations.

6) Animalstoo heavy, and that asaresult their
reproductivetissuesand functionswereno longer
susceptibleto BPA-mediated perturbation

Rebuttal: Nonneman (1992)128 et d
reported higher control prostate weightsthan Ashby.

Janszen et d. (2000)129 has suggested that
divergenceof resultswith regard to prostate weights
isduetothenatura variability of the pupswithina
litter

But evenif theselow-dose prostate effects can
be repeated across|abs, mainstream toxicol ogists
may question thetoxicological relevanceto humans.
Milman et a (2002)130 reported, “ Studies con-
ductedinour laboratoriesand by othersfound no
consstent correl ation between prostate size, pros-
tate pathology, or the devel opment of prostate
cancer under avariety of experimental conditions.
Furthermore, an evaluation of eight published studies
that were conducted in miceand ratsfollowingin
utero exposure by ora treatment of damswith low
levelsof bisphenol A (BPA) and that focused onthe
prostateidentified severa discrepanciesthat affect
their adequacy for usein human risk assessment.

For exampl e, there wasinadequate reporting of the
purity of BPA and theanimal supplier used, and
housing of offspring was not the sameamong the
studies. In addition, therewere differences between
studieswith miceand ratsin exposureregimen,
route of exposure, and numbersof damsor pups
used per BPA dose group. Poor inter- and intraspe-
ciescorrelation (i.e., mouseto rat or between mouse
or rat strains) further complicatestheability touse
resultsfrom these studiesto predict potential pros-
tate effectsin humans. Thus, we concludethat a
finding of increased prostateweight in rodent studies
with perinatal exposurein the absence of associated
pathologic and/or functiona changesismeaningless
and not indicative of apotentia adverseeffectin
humans”

Government Actionsand
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Regulation

Government Pronouncements on
BPA

At themoment at |east, no government has
reported on causefor concern around the use of
BPA inany products. There appearsto beareluc-
tanceto take any action regarding theselow dose
studies, owingto aperceived lack of weight of
evidence supporting concern.

ExposureLimits

Both the US EPA and the European Commis-
son Scientific Committee on Food haverecom-
mended atolerabledaily intake of BPA of 50 ppb of
bodyweight/day. A report by Korean FDA scientists
suggested thematerndly tolerabledaily intake of
BPA should be controlled below 0.127 mg/kg/
day.131

Occupational limitsfor BPA exposurehave
been set at 5 mg/cubic meter inthe US, Germany,
andthe Netherlands.

At the moment, variousgovernmentsseemto
betaking await and see approach around the
possibility of low-dose BPA effects. Several govern-
mentsand rel ated agencies have eval uated many of
theselow-dose studies, but no radical shiftin BPA
regul ation has been mandated.

us

NIH NTP Low Dose Panel

In August 2001, thisgroup wrote, “ Thereis
credible evidencethat |low dosesof BPA can cause
effectson specific endpoints. However, duetothe
inability of other crediblestudiesin severa different
laboratoriesto observelow dose effectsof BPA,
and the consistency of these negative studies, the
Subpanel isnot persuaded that alow dose effect of
BPA hasbeen conclusively established asageneral
or reproduciblefinding. In addition, for those studies
inwhich low dose effects have been observed, the
mechanism(s) isuncertain (i.e., hormonerelated or
otherwise) and thebiologica relevanceisun-
clear.”132

Dr Pete Myerswrote about thisstudy on http://

www.ourstolenfuture.org, “ Additiona evidencehas
emerged sincethe panel met suggesting (1) contami-
nated food suppliesmay haveled somestudiesto
find noimpact; and (2) new independent corrobora-
tion of bisphenol A impactsat low levels’

EPA

For BPA, (CAS Number 80-05-7) the EPA
hasreported aL OAEL for a1000-ppm diet with an
effective dose of 50,000 ppb bodyweight/day.

On March 26, 2002 the EPA issued adocu-
ment referring to thelow-dose phenomenaasa
“hypothesis,” It concluded, “it would be premature
torequireroutinetesting of substancesfor low-dose
effects”

FDA

AsreportedintheintheMay 20, 1999 issue
of theE/E Letter:

George Pauli, director of thedivison of
product policy at the USFood and Drug Adminis-
tration (FDA) said theagency isfollowing thelow
doseissueclosaly and has seen no reason to take
any actions. Addressing the bisphenol A issue, he
said “itistroubling that peoplewho appear in good
faith to replicate [thevom Saal study] haven’t been
abletoreplicatethosefindings. When you have
larger studiesintended to replicateasmaller studly,
and when you do not seethe effects, it certainly
castsdoubt on relying on one study and ignoring the
larger ones,” Pauli said.

Pauli said that FDA cannot take actions based
onvom Saal’sresearch until it hasbeen replicated.
“Until you can replicate something, you can't
interpretitssignificance,” hesaid.

Pauli added that FDA has*beenworking on
thechemistry issues, trying tofind out if sgnificant
levels[of bisphenol A] areredlly getting into foods,
soif anything settlesout inthebiology area, we'll
haveagood ideaof what humansare exposed to.”
Hereported “with baby bottles, we haven't been
ableto detect bisphenol A if weusereasonable
extractiontechniques.”

Pauli said that bisphenol A leachesfrom
polycarbonate baby bottlesonly under exaggerated
conditions. “1f you heat abottlewith heat and liquid
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Tong enough, you canreversethe polymerizaiiontoa  whether we can concludethal thereareendocrine
certain extent [causing bisphenol A tomigrate].”” He  disrupting effectsinthelow doserange.” 135

said that thetesting conditions used by Consumers
Union (see E/E Letter Vol. 5,No. 8& 9), which
included boiling bottlesfor 30 minutes, arenot
realigtic. FDA officials*looked at several baby
bottles on the market, and we haven’t seen any
directionsto boil formulainthem,” Pauli said.

“Our conclusionisweshould go with thetrack
record. We have evaluated [food contact uses of
bisphenol A] inathorough manner, and concluded
itsuseissafe. We haven't seen anything that would
persuade usto changethat.”

European Union

Anindependent review of the EU Risk Assess-
ment conclusion by the CSTEE (Scientific Commit-
teefor Toxicity, Ecotoxicity, and the Environment, an
advisory committeeto the European Commission),
stated, “[A] number of studiesusing non-standard
protocols have reported effects of bisphenol A
administration on devel opment using substantialy
lower dosesthan the studies performed according to
testing guidelines. TheRAR criticaly describesthe
many weaknesses (lack of repeatability, problems
with experimental design and satistical evaluation,
poor reporting) of thelow dosestudies. The CSTEE
agreeswith the conclusion of theRAR that thereis
no convincing evidencethat low doses of bisphenol
A haveeffectson devel opmenta parametersin
offspring and remarksthat effects observed are not
adverse.” 133

The CSTEE aso noted, “anumber of high
quality studieson thereproductive and devel opmen-
tal effectsof bisphenol A areaready availableand
do not support low-dose effects.”

In April 2002, the European Commission’'s
Scientific Committee on Food concluded food
contact productsmadewith bisphenol A (BPA)
are, andremain, safefor their intended uses.134

Japan

The Japanese Ministry of Hedlth, Labor and
Welfare (MHLW) concludedinaDecember 2001
report, “ no reproduci ble experimental resultshave
been obtained, and at thispoint of time, itisdoubtful

A 2002 METI (Japanese Ministry of
Economy, Tradeand Industry), study report which
stated, “ Thoughitisnecessary to collect further
information on so-caled ‘low dose effects’ repre-
sented by BPA from academic point of view, it
seemsunnecessary to take any specific measure
other than the above, consdering theview ex-
pressed by NTP Low Dose Effect Panel that the
low dose effect of BPA at present isaphenomenon
observed under considerably limited experimental
conditionsanditishardly considered to bethe
general phenomenon.” 136

Paradigm Shift in Toxicology?

Thesgnificanceof thisrisnginterest and
reported low-dose effects of BPA also bringsup
guestionsaround thetoxicologica processused to
screenall chemicals. If new effectsand lower doses
of concern arediscovered for BPA what doesthat
say about thethousands of other widely used
chemicalsthat have not recelved thesamelevel of
scrutiny. If after al of thistestingand anadysisBPA is
found to be unsafe, what should be done about all of
theother chemicalslesswidely tested?

Thekey questionfor scientistsiswhether or
not these effectsexist and are relevant to humans.
Asthe Czech Ingtitute of Experimenta Medicine's
Buckiovanoted, “ A key questionis- what could be
animpact of BPA low doseeffects(if any exist) on
human health and/or reproduction. Toit | cannot say
aword. | wonder whether outgoing debate could
add something to thispoint.” She suggested one
study that might help resolvethe debate around BPA
would use DNA microarrays, and pubertal males
from sengitive and insensitive stocksto look for
effects.

Tohyamasaid, “ For somechemicalsor radia
tion, low-dose effects, characterized as* hormes's
have been noted quitealong time, but | would say
that not many researchersdid even think about the
presence of so-called ‘low-dose effects and that
the monotonous dose-response rel ation has consid-
ered asakind of dogmain toxicology.

“1 would think that so-called ‘inverted U-
shape' responsesfound in estrogen or DEStreat-
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ment by vom Saal group have evoked aconcern not
only torisk assessorsbut also toxicologistsinterms
of aparadigmshiftintoxicology. If thisunique
phenomenon can be often, even not always, seenin
dose-responserel ationship for variouschemicals,
toxicologica test guiddinesimplemented by interna
tiona and national bodieshaveto befundamentaly
reconsidered. Inaddition, thepossible
mechanism(s) behind hasto be clarified accordingly.
Inmy understanding, thereisseverd linesof experi-
menta evidence which showsthat very low doses of
BPA exerted physiologicd or toxicological re-
sponses, but there seemsno clear-cut dataon
‘inverted U-shape' response.”

Chahoud, whoseresearchteamiscurrently
doing the statistical analysison astudy looking at the
effectsof 2 ppb of BPA onmaleand femalesin-
utero noted, “Inthelast decade, increased attention
has been devoted to theidentification of Endocrine
Active Compoundsin consumer productsand the
environment and their possibleimpact on the health
of humansandwildlife.

“TheNOAEL (no observed adverse effect
level) doseisanimportant parameter intheevalua
tion and risk assessment of chemicals. Alongwitha
safety factor, it isused to determinethedaily accept-
ableintakefor humans. Use of the NOAEL isbased
on the assumption that the dose response curve of a
particular substanceislinear alowing oneto postu-
latethat no effects occur below it. In accordance,
attention of toxicological research and risk assess-
ment has been focused on exposurelevelsabovethe
NOAEL and those beneath it had remained practi-
cdlyignored.

“Currently, publicationsregarding endocrine
active compounds conducted with doses below the
NOAEL haveraised seriousconcernsamong the
scientific community and the public whether use of
the NOAEL intheassessment of compoundswith
hormone-likeactionsisappropriate. Analyses of
these studies support the notion that possible effects
occur inthelow doseregion. A low doseisgener-
ally defined asone below the NOAEL or one,
which approximates human exposure. Thesestudies
have also indicated that the dose-responserel ation-
shipscan take on variable shapes, such asU-
shaped, J-shaped or biphasic ones. Useof a

NOAEL doseto calculate acceptable human
exposurelevelsisinappropriatefor substances
exhibiting thesetypes of doseresponse curvesand,
therefore, knowledgeregarding the effectsinthelow
doseregionisof enormoussignificancefor the
evaluation of possiblerisksfor humansandthe
environment.

“ Substances can exhibit an hormetic dose-
responserelationship, i.e., oneinwhichlow doses
resultinastimulatory effect and high doseslead to
aninhibitory one. Thisisespecialy truefor hor-
mone-like substances. It isknown that the devel op-
ment of reproductive organsbeforeand after birthis
under hormona regulation. Thisregulationistime-
and concentration-dependent. Every variancein
termsof time point and concentration of exposure of
theregulating hormones can lead to serious abnor-
malitiesin devel opment which could manifest
themselvesinanirreversblefashion at later time
pointsinlife.

“All of thesefactsindicate the necessity for
discussionregarding the suitability of theguidelines
which exist for the determination, evaluation and risk
assessment of endocrine active compoundsand,
therefore, | think the* excitement” reflectsapotential
shiftin how toxicology isperformed and the ramifi-
cationsthismay have on proceduresfor risk assess-
ment. We have not arrived at the point wherewe
can make generad statementsfor modification of risk
assessment procedures and, therefore, alot more
additiona studiesarerequired.”

Dr. Francesco Dessi-Fulgheri Chair of Ethol-
ogy at the Dipartimentodi BiologiaAnimaee
Genetica, Universitadi Firenze noted, “ The use of
very low doses does not reflect the way toxicolo-
gistswork, but theway behaviora endocrinologist
facetheproblem of brain early development.” He
said that based on based on the ongoing BPA
research the concernsaround BPA arestill valid,
noting, “ Thereisan early action of very low doses
on behavior.” Dessi-Fulgheri believesthemost
important endpointstolook at regarding BPA are
sexudly dimorphic behaviors.

Ontheother hand, someresearcherslikeDr.
Makoto Ema, with the National Institute of Hedlth
SciencesBiologica Safety Research Center Division
of Risk Assessment, believe* thisexcitementismore
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Specificto BPA” rather than about the paradigm
used to assesschemicals.

Syngenta’'sAshby said, “ I rrespective of
whether low doses of BPA do, or do not, produce
effectsinrodents, two higher issueshavebeen
raised by thesefailuresto confirminitial observa-
tions. Firgt, insuchacomplex area, investigators
should take the timeto conduct repeat experiments-
abasicruleof good science, in any case. Second,
assuming that BPA does produce effects, we must
seek an explanation for why genuine attemptsto
confirmthese effects can be unsuccessful. Until the
|atter point isresolved no progress can bemadein
routinescreening for the assumed effects’

Conclusion

Thissurvey raised more questionsthan an-
swers. Itistruethat researchersarefinding lots of
different effectsat environmentally relevant doses.
But to our knowledge, no experiments suggesting
low-dose effectshave ever beenfaithfully replicated
acrosslabs. Then thereare questionsabout the
meaning of factorslike prostate size or behavior.
Should achemical bemoretightly regul ate because
it causeschangesin behavior?If so shouldtelevison
be next?

Ontheother hand, the Wetherill et d
(2002)111 results suggesting prostate changesthat
could interferewith cancer treatment areinteresting,
consdering the preva ence of thisdisease.

Andif based on the evidence, regulators
eventually decideto do something about BPA,
wheredo they start and stop? Baby bottles, baby
food cans, and medical devicesseem likean obvi-
ousplaceto start because of the higher potential
susceptibility. But then what would it bereplaced
with? Glass bottlesbreak and are heavy. If there
was aswitch how many kidswould get cut up by
broken bottles compared to those saved from
hormond disruption?

Therearea so questionsabout chemical
dternatives. If awiddy usedindustria chemical like
BPA isfoundto have profound problems 20 years
after it wasdeclared safeat environmental levels,
how arewe going to choose safer aternatives?

Sidebar 1: Why Bisphenol-A IS
Attractive

Polycarbonatesgenerally cost morethan other
plasticsbecausethey don't break easily; havea
higher melting point and can bemadein avariety of
colors.

CDs and DVDs

BPA'shigh heat resistance, excellent flowability
and optical characteristicshaveattracted CD
makers. Over 110 billionshiny BPA diskshave
been produced sincetheir debut in 1982, with about
25 hillion produced in 2001 a one, according to
Bayer Statistics. Bayer expectsthe demand for
polycarbonatein optical mediato reach 800,000
metrictonsfor the44 billion disksanticipatedin
2005.

Oncethe BPA hasbeen converted into plastic,
it becomesrelatively stable. Themain concernwith
the sheer number of CDshaslessto do with toxicol-
ogy than landfill. While 25 billion CDsmaketheir
way intotheworld, only atiny fraction arerecycled.
Only about 2,000 metric tonsof polycarbonate
becomeavailablefor recycling every year asrejects,
leaving the other 99% of the material tofinditsway
intolandfillsandinteresting artistic shiny disk ingtalla
tions.

Glass Replacement

BPA isattractiveasan dternativetoglassin
applicationslike car windshieldsand greenhouses.
However, it scratcheseasily, so manufacturersare
devel oping coatingsto protect the surface. Propo-
nentsof thisapproach believethat asmuchas 75
poundsinweight could be saved by the substitution
of plastic for glassinthe average 4-door sedan.
(http:/AMmww.usgl assmag.conmvbackissues'9901/
9901k98plagtics.html)
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Gummy Resin in Metal Cans

Thenumber of metal food cans(31 billionin
1972to 24 hillionin 1999) has been dropping while
beverage uses(33billionin 197210 102in 1998)
areontherise, according to the Can Institute

Other applications

Films, sheets, and laminations
Reinforced pipesfloorings
Waermanfilters

Ename sand vanishesadhesives
Artificid teeth

Nail polish

Electricinsulators

Epoxy resins

Food and Oral Uses of BPA

Plastic coating for children’ steeth to prevent
cavities

Coatinginmeta cansto prevent themetal from
contact with food contents

Pasticinfood containers

Refrigerator shelving

Baby bottles

Returnable containersfor juice, milk and
water,

Microwave ovenware

Eatingutensls
Sidebar 2: Who'sWhoin BPA
Biz

Generd Electric (Lexan) and Bayer
(Makrolon), and Dow (CALIBRE) aretheleading
BPA producers.

Sidebar 3: BPA Resourceson
the Web

Informational Sites

Polycarbonate overview: http://www.apme.org/
polycarbonate/

Resinsin Cans Overview: http://www.cancentral .com/
Epoxy Resin Systems Task Group: http://www.socplas.org/
about/epoxy/

Niosh: http://www.cdc.gov/niosh/rtecs/s 602160.html

SRI Consulting: http://cen.sric.sri.com/Public/Reports
619.5000/

Highlighting safety of BPA

Bisphenoal-A Site: http://www.bisphenol-a.org/

ADA on Bis-A: http://www.ada.org/prof/prac/issues/
statements/seal -est.html

NTP Report 2001: http://ntp-server.niehs.nih.gov/htdocs/
liason/L owDoseWebPage.html

Highlighting concer nsabout BPA

Our Stolen Future: Http://www.ourstolenfuture.org/
New Science/oncompounds/bi sphenol a/bpauses.htm
Warhurst: http://website.lineone.net/~mwarhurst/
bisphenol.html

WWF Report on Bis-A: http://www.wwf.org.uk/news/
n_0000000145.asp

BPA in baby bottles: http://www.mindfully.org/Plastic/
Pl asticizers/BPA-Baby-Bottle2aprO2.htm

National Environmental Trust on Baby bottles: http://
environet.policy.net/heal th/products/plasticwrap.vtml

Sidebar 4: Comments about
thedraft of thissurvey

Steve Hentges, withthe American Plastics
Council said, “For what isintended to beasurvey,
presumably thorough and balanced, thedraftis
surprisingly one-sided. Studiesthat claim effectsare
extensvely catal ogued and described, yet studies
that cannot replicatethe same effectsareonly
mentioned in passing, even though the attemptsto
replicate areinvariably larger and more comprehen-
svestudies. Samefor the comprehensive multi-
generation studies, which areonly briefly mentioned
inspiteof thesignificanceand weight applied to
these studiesfor safety assessmentsby governmental
bodiesworldwide. Overall, thedraft comesacross
asabiased view.”

“The section on human exposure mentions
reported measurements of BPA in blood but ignores
papersthat both report BPA (astheglucuronide
metabolite) in urineand thedaily dose estimates
directly derived from these measurements. For
example, I’ veattached apaper that summarizes
some of theseresults, but there are other more
recent onesthat may be even better (See ISEDR
BPA Assessment). These papersshow that actual
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human exposureto BPA 1Sextremely Tow.

“Thehuman/anima comparison sectionis
missing akey paper on thekinetics/metabolism of
BPA inhumans(Volkel et a, 2002)137, which
describesastudy on human volunteers.

“The section on Questions About Effectsstarts
off with acomparison to tobacco research. There
seemsto belittlerelevance of thisWWF quoteto
your survey.”

BarbaraElswick, aClIT researcher wrote,
“My one concern isthe emphasisonthe polycar-
bonate cages. | don’t believethey arelikely tobean
issuewith rodents. Rodentsdon’t lick cagesand
thereisbedding to soak up any water drips, so |
don’t see how they would get exposed.

“Our abstractsweren’tincluded whichisfine
as|’m closeto having manuscriptsready to submit
for publication. However, how about the Kwon138
negative study which wasout of theWelsch lab?’

Dr. Ibrahim Chahoud with the Ingtitute of
Clinica Pharmacology and Toxicology in Germany
wrote, “ Congratul ationsfor theexcellent survey on
BPA. | read thearticletoday and | agreewithit.
Thank you.”

Footnote

Part of the confusionin assessing therisksof
BPA lieinthedifferent waysof quantifying doses.
Researchersreport on ug/kg, mg/kg, parts per
million (ppm) and partsper billion (ppb). Further-
more these numbers can reflect either the absolute
concentration of BPA inasampleor asadaily dose
that reflectstheamount of BPA inrdationtothe
recipient’sbody weight. In order to smplify this
aspect of the BPA debatewearelisting all BPA
concentrationsin ppb or ppb/bodyweight/d (parts
per billion/bodyweight/day). It should also be noted
thereare substantial differenceintheamount of BPA
availabletotherecipient when givenoraly, com-
paredtovias.c. injection. Someof thereviewersof
thedraft felt that thisnon-standard approach was
confusing becauseit has not been used before.

Steve Hentgeswith the American Plastics
Council said, of thisapproach “ The non-standard
unitsyou’ ve used (e.g., ppb of bodyweight/day) are

confusing. T don' TThink T ve ever Seen anyone use
unitslikethis”

Our current view isthat choosing onerepre-
sentation of measurement, and sticking toiit provides
abetter way of comparing exposureand therelative
level at which effectsarereported.
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