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Effects of Water Bottle Materials and Filtration
on Bisphenol A Content in Laboratory Animal
Drinking Water

Jennifer A Honeycutt,' Jenny Q T Nguyen,? Amanda C Kentner,>* and Heather C Brenhouse,"*

Bisphenol A (BPA) is widely used in the polycarbonate plastics and epoxy resins that are found in laboratory animal hus-
bandry materials including cages and water bottles. Concerns about BPA exposure in humans has led to investigations that
suggest physiologic health risks including disruptions to the endocrine system and CNS. However, the extent of exposure
of laboratory animals to BPA in drinking water is unclear. In the first study, we compared the amount of BPA contamination
in water stored in plastic bottles used in research settings with that in glass bottles. The amount of BPA that leached into
water was measured across several time points ranging from 24 to 96 h by using a BPA ELISA assay. The results showed that
considerable amounts of BPA (approximately 0.15 ug/L) leached from polycarbonate bottles within the first 24 h of storage.
In the second study, BPA levels were measured directly from water taken from filtered compared with unfiltered taps. We
observed significantly higher BPA levels in water from unfiltered taps (approximately 0.40 ug/L) compared with taps with
filtration systems (approximately 0.04 pug/L). Taken together, our findings indicate that the use of different types of water bot-
tles and water sources, combined with the use of different laboratory products (food, caging systems) between laboratories,
likely contribute to decreased rigor and reproducibility in research. We suggest that researchers consider reporting the types
of water bottles used and that animal care facilities educate staff regarding the importance of flushing nonfiltered water taps

when filling animal water bottles.

Abbreviations: BPA, bisphenol A; HTPC: high-temperature polycarbonate

Bisphenol A (BPA) is a synthetic chemical used in the pro-
duction of epoxy resins, which are often used to join and coat
plumbing pipes, and polycarbonate plastics. A variety of labora-
tory products are produced from polycarbonate plastic, ranging
from rodent housing and feeding and watering supplies to food
and drink containers.'? Over the past decade, awareness of the
physiologic effects of acute and prolonged BPA exposure stem-
ming from research in both human populations and laboratory
animals has increased (see reference 22 for review). Of notable
concern are findings indicating that, in sufficient doses, BPA acts
as an endocrine-disrupting chemical, functioning similarly to
endogenous 17B-estradiol.'52¢

Although considerable steps have been taken to minimize
the exposure of humans to BPA from consumer products, less
attention has been given to products used in laboratory ani-
mal housing and feeding supplies—many of which are made
from inexpensive polycarbonate plastics. One group® recently
highlighted the potential effect of animal diet and caging and
watering supplies on BPA exposure and estrogenic activity. For
example, animal diets containing high levels of phytoestrogens
decreased the age of vaginal opening and puberty onset in
rodents.? This finding demonstrated a proof-of concept that
standard supplies present in the laboratory environment can
affect physiology, and potentially behavior, thereby undermin-
ing the results of experiments. However, many laboratories still
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use various types of plastics containing estrogenic compounds
in their husbandry equipment. Indeed, polycarbonate caging,
regularly used to house experimental rodents, has been shown
to leach BPA into neutral pH water at room temperature.?
Specifically, the most noteworthy culprit of BPA leaching was
polycarbonate caging (previously washed at high temperature
in an industrial cage cleaner), yielding levels as high as 310 ug/L
BPA over the course of 1 wk.2 Whereas the US Environmental
Protection Agency’s recommended maximal dose of BPA is
50 ug/kg per day in humans, mounting evidence derived from
rodent research suggests that daily doses as low as 0.25 to
40 pg/kg per day can have physiologic consequences (for review,
see reference 25). In contrast, other reports suggest that these
same doses do not affect behavior!® or endocrine regulation,
at least in adults.!® Notably, although BPA has been reported
to leach from polycarbonate water bottles intended for human
consumption,'® direct evidence of BPA derived from various
types of water bottles for laboratory animals is scant. Given
the risk of effects related to BPA exposure on animal physiol-
ogy and behavior, it is notable that many laboratories use tap
water to fill rodent water bottles, which may be compromised
by BPA leaching from epoxy resins used in piping.!8 In light
of these findings, it is crucial to evaluate the extent to which
commonplace laboratory products and procedures confound
research studies by determining the product(s) that minimize
BPA leaching into the experimental environment.

To determine whether commonly used rodent watering sup-
plies leach BPA into water intended for animal consumption,
the present study evaluated the level of BPA leaching among
several common brands and types of water bottles used in
animal facilities. We also evaluated the difference in BPA
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contamination between filtered and unfiltered tap water to
determine whether simply filtering water prior to filling water
bottles may, in itself, reduce the overall amount of BPA exposure
from the water source. Using a highly sensitive BPA ELISA kit
to evaluate BPA contamination, we found that polycarbonate
water bottles leached significantly more BPA into water sam-
ples, albeit at low levels (approximately 0.20 pg/L), than do
glass bottles (approximately 0.01 ug/L) during a 96-h evalua-
tion period. In addition, we report that filtered tap water had
significantly less BPA contamination (approximately 0.04 ug/L)
than primary samples of unfiltered tap water (approximately
0.4 ug/L). Taken together, these findings support the need for
increased oversight and reporting of the choice of materials for
laboratory animal care and that BPA exposure through drink-
ing water can be mitigated by using a filtered water source and
BPA-free water bottles.

Materials and Methods

Materials. HPLC-grade water (Pierce LC-MS grade, product
no. 51140, Thermo Fisher Scientific, Waltham, MA) was used for
washes and sample preparations. For comparison, we obtained 3
glass water bottles (16 oz., product no. FS-101, Ancare, Bellmore,
NY), 3 polysulfone bottles (16 oz. [500 mL]; product no. 30020ZF;
Lab Products, Seaford, DE), 3 polypropylene bottles (16 oz.
[500 mL]; product no. FSPC16PP, Ancare), 5 polycarbonate bot-
tles (16 oz. [500 mL]; product no. 30020, Lab Products), and 5
high-temperature polycarbonate (HTPC) bottles (16 oz. [500 mL];
product no. FSPC16HT, Ancare) from 3 different animal care
facilities. All bottles were used with standard husbandry treat-
ment for 1 to 5y. The bottles had minimal to no visible scratches
in the plastic.

Sample collection. In the first study, all water bottles (n =3 to
5 per bottle type) were washed through a standardized wash-
ing-rinsing protocol using an alkaline base detergent in the
automated cage washing system and allowed to air dry. Each
bottle was filled with 400 mL of HPLC-grade water on day 1 to
ensure that concentrations from potential BPA leaching would
be comparable. Bottles were left to incubate at room temperature
(approximately 22 °C). At 24, 48, 72, and 96 h, a glass Pasteur
pipette was used to remove 20 mL of water for transfer to a glass
scintillation vial for later analysis. An additional 80 mL of water
was removed from each bottle at each time point, to mimic the
decrease in volume due to 2 rats per cage drinking from each
bottle (that is, 10 to 12 mL per 100 g of body weight per rat). In
a second study, glass scintillation vials were directly filled from
reverse-osmosis—filtered (n = 3; EMD Millipore, Billerica, MA) or
unfiltered (1 = 4) water taps from wet labs and animal care facili-
ties at 2 different institutions (Northeastern University, Boston,
MA [1 filtered, 2 unfiltered], and MCPHS University, Boston,
MA [2 filtered, 2 unfiltered]) to assess BPA exposure levels in
untreated tap water. Water was collected as primary samples
(water samples collected directly from a tap without flushing)
from each regularly used tap. The water source of the filtered
and unfiltered taps was a reservoir. Lastly, HPLC-grade water
was collected in a glass scintillation vial as a negative control.

Measurement of BPA concentrations in water samples. A
highly sensitive ELISA kit (Ecologiena, Japan Environchemi-
cals, Tokyo, Japan) was used to evaluate BPA concentrations in
samples collected from different water taps and bottles. Briefly,
according to the manufacturer’s instructions, the competitive
ELISA was performed according to the standard test protocol
that achieved minimal and maximal quantitative detection lim-
its of 0.05 ng/mL and 10 ng/mL, respectively. This assay has
been shown to have high correlation (R? = 0.91) with traditional

gas chromatography-dual mass spectroscopy of BPA analysis
(http:/ /www.abraxiskits.com/moreinfo/PN590023USER.
pdf)l. The 96-wells were coated with monoclonal antibodies
that exclusively bind with BPA, thus limiting cross-reaction
with other chemicals of similar structure and making the assay
highly reproducible. All liquid transfers of 1 mL or less were
performed using new, sterile micropipette tips. Water sam-
ples for the ELISA were prepared by using 10% HPLC-grade
methanol in new polypropylene test tubes. A standard curve
was created by using samples of known BPA concentrations
(0.01, 0.05, 0.3, 1.0, and 10.0 pg/L), and nonlinear regression
analyses to determine BPA concentrations in all samples were
conducted for each test plate. In addition to the experimental
samples and known BPA concentrations, blank (buffer solu-
tion alone) and HPLC-grade water controls were analyzed
for comparison and to ensure correct assay performance. All
control and experimental samples were run in triplicates and
measured at 450 nm by using a microprocessor-controlled
microplate reader (SpectraFluor PLUS, Tecan, Mannedorf,
Switzerland).

Data were exported and fitted to a 4-parameter logistic curve,
and statistical analysis was conducted by using MyAssays
(MyAssays Limited; Brighton, UK). In study 1, BPA concentra-
tions were evaluated using a 2-way repeated measures ANOVA
(bottle type x time), and multiple comparisons were performed
by using Tukey posthoc tests. In study 2, a one-way ANOVA
compared BPA levels between different taps, with Tukey posthoc
tests for multiple comparisons. A P value less than 0.05 was used
to determine statistical significance.

Results

To determine the level of BPA exposure from standard plastic
water bottles, we quantified the amount of BPA leakage over
time from different types of water bottles (plastic compared with
glass) obtained from 2 different animal care facilities.

Study 1 revealed a significant main effect of time with regard
to the amount of BPA that leached into the water bottles (F, ,
=3.254; P = 0.0262; Figure 1 A), however post hoc tests did not
reveal further significant differences across time. Notably, a sig-
nificant main effect of bottle type (135,77 =34.55; P <0.0001; Figure
1 A and B) emerged. Overall, water stored in polycarbonate bot-
tles had a higher BPA concentration (approximately 0.2 ug/L)
compared with control HPLC-grade water (approximately
0.03ug/L;q,,=7.573; P <0.05) and compared with water stored
in glass bottles (approximately 0.01 ug/L; q,; = 13.37; P <0.05).
The HTPC bottles leached significantly less BPA (approximately
0.10 pg/L) than the polycarbonate bottles (q,, = 9.875; P < 0.05;
Figure 1 A and B) but more than glass (q,; = 4.822; P < 0.05).
Water stored in all other bottle types had BPA concentrations that
were similar to control HPLC-grade water. Two-way repeated-
measures ANOVA did not reveal any significant interactions
between water bottle type and time.

In study 2, nonfiltered taps were associated with significantly
higher BPA levels in water (approximately 0.40 pg/L) compared
with filtered tap locations (approximately 0.04 pg/L; F,,=11.18;
P < 0.05; Figure 2). It is important to note, however, that these
samples were taken from the tap without prior flushing. In a
posthoc pilot experiment, we compared the first sample from
the tap, stored 24 h in a polycarbonate bottle, with samples taken
after running the water for approximately 10 s, which then were
stored for 24 h in a polycarbonate bottle. The BPA concentration
of the first sample (without flushing) was 0.677 ug/L, whereas
that of the 3 samples taken after flushing ranged from 0.013
to 0.31 ug/L. Although these data require further empirical
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Figure 1. BPA leached from various types of water bottles used in ani-
mal care facilities. (A) BPA levels (ug/mL) in water stored in animal
water bottles over time. (B) Because no interaction with time occurred,
BPA (ug/mL) levels in water stored in each bottle type are presented
collapsed over time. HTPC, high-temperature polycarbonate; PC,
polycarbonate. Data are presented as mean + SEM; *, value is signifi-
cantly (P < 0.05) different from that for fresh HPLC-grade water con-
trol; #, value is significantly (P < 0.05) different from that from glass.
Note that BPA levels in samples from polysulfone and glass bottles at
the 24- and 72-h time points were below the level of detection.
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Figure 2. Comparison of BPA levels in water from filtered or unfiltered
taps with that from fresh HPLC-grade water. *, value significantly (P <
0.05) different from that for HPLC-grade water.

confirmation, it appears likely that simply flushing the tap might
significantly reduce the level of BPA attributed to the plumbing.

Discussion

Here, we report findings indicating significantly higher levels
of BPA in water samples stored in polycarbonate bottles com-
pared with glass. Moreover, we found increased levels of BPA
in primary samples of nonfiltered water compared with filtered
water samples. Therefore, animals in laboratory facilities might
be exposed to low levels of BPA from the use of polycarbon-
ate water bottles as well as from unfiltered tap water, which is
commonly used to fill watering bottles.

The current results support previous reports that polycar-
bonate bottles intended for humans leach BPA into water at
room temperature. For example, 2 groups have reported con-
centrations of approximately 0.3 ug/L in water stored at room

BPA in water bottles and after filtration

temperature in polycarbonate bottles.®!> Here, we compared
standard-grade polycarbonate with HTPC, which has a higher
temperature rating and considerably better resistance to alka-
line chemicals. We found that standard-grade polycarbonate
bottles leached the most BPA into water (approximately 0.2 to
0.3pg/L) compared with negligible leaching from HTPC. Previ-
ous repeated washing of these bottles, according to the minimal
standards outlined in the Guide for the Care and Use of Laboratory
Animals,? which specify washing with hot water of at least 180 °F
(82.2 °C) along with common alkaline detergents, might lead
to the elevated BPA release we observed.

In addition, we detected BPA levels of approximately 0.4 ug/L
in unfiltered compared with reverse-osmosis—filtered tap water.
Although we did not investigate the source of this BPA, the
levels we observed were likely due to leaching from epoxy resin
used in the joints and coatings of plumbing pipes. These find-
ings confirm earlier warnings that unfiltered tap water might
be a potential source of BPA to animals.2’ Notably, however, our
samples were collected directly as small primary samples from
the tap, and flushing water through the pipes may minimize
BPA levels that accumulate between uses.

The levels of BPA observed here yield a potential for exposure
to laboratory rats of approximately 0.04 to 0.08 ug/kg per day,
given that adult rats drink approximately 50 mL daily. This
result can be compared with studies showing that typical rat
feed contains approximately 0.7 to 2.2 parts per billion BPA °
which would yield an exposure of approximately 0.035 to 0.11
ng/kg per day, given that an adult rat eats approximately 20 g
daily. Therefore, water is only one of several potential sources
of low-dose exposure to BPA, and it may be useful to take all
sources into account. To our knowledge, few investigations have
directly evaluated whether BPA concentrations comparable to
those we measured in our water samples are biologically active
in vivo. Water with as little as 0.0023 ng/mL BPA reportedly
have estrogen-like activity on cultured developing cerebellar
neurons,!® whereas other in vivo studies report that estrogenic
activity is altered only after much higher doses of BPA. For
example, a 3-generation study conducted in 2002% investigated
Sprague-Dawley rats fed a diet containing BPA at levels from
0 to 7500 parts per million, yielding approximate intakes of 0,
0.001, 0.02, 0.3, 5, 50, or 500 png/kg daily. Analysis of several
endocrine-related end points including fertility, reproductive
behavior, and estrous cyclicity for the parental and 3 progeny
generations revealed no evidence of a low-dose effect of BPA.
A similar study’ investigated rats that were dosed orally by
stomach tube over 2 generations at doses of 0, 0.2, 2.0, 20, or 200
pg/kg daily revealed no evidence of a low-dose effect of BPA.
Several other groups have investigated the developmental con-
sequences of exposure to doses of BPA between 2 and 200 ng/kg
daily and have reported effects including abnormal neurogen-
esis and hyperplasia;''"* disrupted maternal care;!” decreased
plasma testosterone in males and increased aggressiveness;!®
altered immune functioning;?” hyperactivity;'° changes in
pain reactivity;? and decreased pyramidal cell dendritic spine
density. Moreover, these effects of early or lifetime BPA expo-
sure have been shown to be transmitted intergenerationally.?
Interestingly, sensitivity to the biologic effects of BPA differs
between species and strain,?! therefore these housing conditions
will differentially affect laboratory animal wellbeing depend-
ing on the model used. Therefore, although large-scale studies
indicate that many end points are not grossly affected by doses
of BPA due to exposure through drinking water, some evidence
exists for discrete effects of higher BPA doses, but those effects
have not been tested at the doses we report here. It is therefore
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important to consider that minimal exposure to BPA from tap
water or from polycarbonate water bottles has the potential for
physiologic consequences that might add to variability between
laboratories. The effects of low-dose BPA could be particularly
important over the course of early development and should be
considered by developmental labs using polycarbonate bottles.
Taken together, the use of different types of water bottles and
water sources and different laboratory products (that is, food,
caging systems), species, and strains between laboratories likely
contributes to decreased rigor and reproducibility in research.
Therefore, these variables require increased attention and vigi-
lance in reporting from investigators and animal facility staff.

In conclusion, results from the current studies showed that
potentially biologically relevant levels of BPA occur in unfil-
tered tap water and in water stored in standard polycarbonate
laboratory animal water bottles. We recommend flushing all
water taps before filling water bottles and reporting water bottle
material in published reports, to protect the reproducibility of
future studies using rodent models.
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