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Abstract
Purpose: To assess whether bisphenol A contamination occurred in seven brands of bottled drinking
water in Riyadh, Saudi Arabia.
Methods: Liquid-liquid extraction (using dichloromethane) was used to analytically extract bisphenol A
from drinking water bottles and a gas chromatograph-mass spectrometer was employed for its detection
using a splitless capillary column and helium as the carrier gas.
Results: The concentration of bisphenol A (BPA) was high in all the bottled water brands tested. The
mean concentration of BPA of the bottled water stored indoors (4.03 ng/L) was significantly lower than
that stored outdoors (7.5 ng/L).
Conclusion: Our results show that significant amounts of BPA leached from bottle containers into the
water. Long storage of bottled water under direct sunlight should be avoided to reduce the risk of human
exposure to BPA.
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INTRODUCTION

EXPERIMENTAL
Materials

Bisphenol A
(BPA)
has
been
well
characterized as an endocrine disruptor
which can mimic the body's own hormones
[1,2], potentially leading to reproductive
defects, cancer, obesity and diabetes [2,3].
BPA is a key monomer and plasticizer in the
production of epoxy resins and polycarbonate
plastic. Epoxy resins are used to coat the
interior of food cans, storage vats, water
containers, infant bottles, and other
consumer products and water pipes.
Human safety levels for BPA are currently
under review as a result of new scientific
studies [4,5]. A 2011 study that investigated
the number of chemicals to which pregnant
women in the U.S. are exposed found BPA in
96 % of the studied women [6]. Furthermore,
drinking water and other beverages from
plastic bottles made with BPA increased the
urinary levels of the toxic chemical by nearly
70 % [7]. Many questions had been raised
about the possibility of BPA migrating from
the bottles under poor conditions such as
high temperature and sun radiation.
General population exposure (99 %) is by
eating food or drinking beverages that
contain trace amounts of BPA. In general,
plastics that are marked with recycle codes 1,
2, 4, 5, and 6 are very unlikely to contain
BPA. Some, but not all, plastics that are
marked with recycle codes 3 or 7 may be
made with BPA. Type 7 is the catch-all
"other" class, and some type 7 plastics, such
as polycarbonate (sometimes identified with
the letters "PC" near the recycling symbol)
and epoxy resins, are made from BPA
monomer [8,9].
Bottled water consumption is important in
Saudi Arabia, being the main source of
drinking water. The aim of the present study
was to investigate the presence of BPA in
seven brands of bottled drinking water under
different storage situations in the province of
Riyadh, Saudi Arabia.

Bisphenol A, and bisphenol A (BPA-d16) were
purchased from Loba Chemie Labrotary
(Mumbai, India). Dichloromethane was
obtained from King Saud University, Riyadh,
Saudi Arabia. Bisphenol A (BPA-d16) was
used as an internal standard. Bottled water
samples were purchased from local stores in
Riyadh, Saudi Arabia.
Sample preparation
Seven brands (labeled 1 - 7) of commonly
consumed bottled water were randomly
purchased from local supermarkets in
Riyadh, Saudi Arabia. A set of seven different
brands of bottled water was purchased from
among those stored in indoors while the
second set (the same brands as those in the
first set) was set was purchased from among
those stored outdoors. In each case, water in
the bottles was immediately extracted and
analyzed. Seven water bottles per brand
were used in the analysis. The first set of
bottles was stored for a couple of days at
room temperature prior to extraction. A
sample of water (1 L) was transferred from
each bottle to a separating glass funnel.
Liquid-liquid extraction with dichloromethane
(3 x 50 ml) was employed for the isolation of
BPA. The extract was concentrated under a
gentle stream of nitrogen.
Determination of bisphenol A
Gas chromatography/mass spectrometric
(GC-MS) analysis of the BPA from water
samples was carried out using a Perkin
Elmer (Clarus 500) gas chromatography/
mass spectrometer. Separation was done
using a capillary column Elite-5-MS (30 m x
0.25 nm, 0.5 μm film thickness). Helium was
used as the carrier gas with a constant flow
rate of 0.1 ml/min. The temperature of both
ion source and quadropole was set at 150 °C.
A sample volume of 1 µL was injected in
splitless mode at an inlet temperature of 300
°C. The GC oven temperature was set at 100
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°C (for 2 min) and then at 300 °C
subsequently. The MS interface temperature
was at 310 °C.
The linearity of the method was tested with a
calibration standard curve at seven different
concentrations within the range of 0.2 - 1.0
ng/L. By using the internal standard,
calibration was done by linear least square
regression with concentration ranging from
0.2 to 1.0 ng/L for each of the BPA
concentrations. Using the GC-MS data
calibration handling method, the peak areas
of each standard and their respective internal
standards were calculated for each
concentration. The percent relative standard
deviation (RSD %) was taken as the measure
of precision of the method. It was calculated
by dividing the standard deviation of the
seven check standards by their theoretical
mean concentration and then multiplied by
100. All the glassware were carefully washed
with dichloromethane and left in a furnace at
500 °C for 2 h. Glassware and solvents were
carefully handled to avoid contamination.
Reagent procedural blanks were regularly
analyzed and all data presented in the study
were collected for blank values.
Statistical analysis
The Prism 5 software was used in a one-way
ANOVA analysis for statistical treatment of

the results. A p ≤ 0.05 was set as statistical
significance.

RESULTS
Table 1 shows the physical characteristics of
the examined bottled water brands. A linear
fit of the ratios of the BPA over the internal
standard peak areas was obtained with
2
correlation coefficients (R ) ≥ 0.99. Recovery
was in the range of 79 – 94 %. The detection
limit for BPA was calculated from the
standard deviation of seven replicates.
Bisphenol A identification was based on the
relative abundance (i.e., based on a
comparison between abundance of isotopes),
while quantification was carried out using the
relative response factor to the surrogate
internal standard, BPA-d16. Table 1 shows
that the mean concentration of BPA in the
seven bottled water was 4.03 ng/L for those
stored at 25 °C and 7.5 ng/L for those stored
at 40 °C. The concentration of BPA in bottled
water stored outdoors (40 °C) was
significantly higher (p ≤ 0.05) than in those
stored indoors (25 °C). Among the water
brands stored indoors, the difference
between their BPA concentrations was not
significant, e.g., 1 vs 5, 1 vs 7, 2 vs 3, 2 vs 4,
3 vs 4, and 5 vs 6. The same observation
applies to those stored at the outdoors.

Table 1: Characteristics of the examined water bottles
Characteristics

Bottle
Color
Resin identification code
Water
pH
Indoor storage (25 °C)
± SD
Outdoor storage (40 °C)
± SD

Bottled water brand code
1

2

3

4

5

6

7

Clear
8

Clear
7

Clear
2

LB
2

Clear
N/A

LB
N/A

Clear
12

7.5
4.23
±0.05
7.90
±0.36

7.1
3.53
±0.30
8.60
±0.25

7.6
3.23
±015
6.30
±0.15

7.2
3.13
±0.05
6.20
±0.20

7.5
4.83
±0.25
7.20
±0.25

7.4
5.13
±0.05
7.40
±0.32

8
4.16
±0.05
8.80
±0.10

Key: N/A = not available; LB = light blue; all bottles were made of polyethylene tetraphathalate (PET); bottle volume = 1
L
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DISCUSSION
Bisphenol A is a chemical building block used
primarily to make epoxy resins and
polycarbonate plastic. Toyo’oka and Oshige
found the concentration of BPA in drinking
water bottles made from PET to be between
3 and10 ng/L [10], while another study did not
detect BPA in different plastic containers for
beverages, including drinking water [11]. Our
results are in agreement with other studies
which reported the presence of plasticizer
residues in water stored in bottles [10,12].
This could be attributed to the migration of
plasticizers from the bottle material to the
water since bottle quality may vary depending
on the raw material and the technology used
in bottle production [12]. Cross contamination
during analytical procedure due to wide use
of plasticizer may be another cause.
Although it is recommended to store water
bottles in a cool place and away from the sun
and outdoors, in practice this is not always
the case. Various processes are involved in
water contamination by BPA, such as
leaching from the container due to photolytic
formation or degradation of organic
compounds that could take place during the
storage of bottled water [12]. BPA
concentration released from bottles increases
with storage time and under elevated
temperature [12]. It had been reported that
during the photolysis of BPA in deionized
water under natural sun radiation, the
concentration of BPA remained at 80% of the
initial concentration during the first 5 days of
exposure followed by a progressive decrease
[13]. However, another study reported that
BPA presents slow direct photolysis in neutral
pure water under simulated solar irradiation,
but the process is rapid in the presence of
humic substances [13]. Another study
determined endocrine disrupting chemicals
(EDCs) such as BPA in water samples from
PET and polyethylene (PE) bottles after
outdoor exposure for 10 weeks at
temperatures up to 30 ◦C [14]; the present
study, however, did not analyze samples over
different periods of time.

Food packaging could be a source of
xenobiotics, especially those with endocrine
disrupting properties. Chemical leaching from
food packaging into food contribute to human
EDCs exposure and might lead to chronic
disease in the light of current knowledge in
this field. Even at low concentrations, chronic
exposure to EDCs is toxicologically relevant.
Concern increases when humans are
exposed to combination of EDCs and/or
during embryonic development and growth
age.
Exposure to endocrine disruptors can occur
through direct contact with chemicals or
through ingestion of contaminated water and
food, or air. Bisphenol A is listed as a
possible priority substance subject to review
for identification in the field of water policy.
The ester bonds in BPA-based polymers are
subject to hydrolysis and, therefore, BPA
leaches into food and drinks from their
storage containers. Heat and/or acids speed
up the leaching process, and repeated
washing of polycarbonate products have all
been shown to result in an increase in the
rate of leaching of BPA [2].

CONCLUSION
Bottled drinking water is an important avenue
for human exposure to BPA. However, it is
not clear whether the BPA detected in this
study originated from the bottle or the water
itself, or both. This will be a subject of a
future study. Exposure to BPA poses risk to
human health. Further research is required to
study the broader effects and ingestion
routes including food and water to make
more realistic human health assessment of
daily intake of BPA.
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