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Abstract: The potential of leaching Bisphenol-A (BPA) from plastic baby feeding bottles, aluminum
cans, and thermal printed receipts was investigated under the aquatic condition at high temperatures.
BPA is often used to manufacture cross-linked epoxy resin to coat food cans to prevent direct contact
with metals and plastic materials. BPA leached from consumer product was analyzed using UV-Visible
Spectrophotometer based on the inhibitory effect of BPA on acridine orange oxidation, as a function of
change in temperature and time of contact of water with the samples. The proposed method of BPA
estimation method was found to be significant and useful for aquatic conditions without any extraction
and/or derivatization. The detection limit of BPA under the current experimental setup was 0.1 ng/ml.
The results of BPA leached from baby feeding PET bottles, aluminum can with epoxy resin lining, and
thermal paper were 87+10 ng/bottles, 685 ng/bottle, and 110£15 ng/receipt under the current
experimental conditions.
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1. Introduction

Metals and plastic cans used for food and beverage storage are often internally coated
with highly cross-linked thermoset resins materials to avoid undesirable interactions between
metals plastics with foods and beverages. Bisphenol-A (BPA) is the most important coatings
being used universally for both can bodies and ends for two and three-piece constructions,
although more usually for shallow draw cans in the case of two-piece [1, 2]. BPA is a high-
volume industrial chemical obtained by the condensation of phenol and acetone [3]. The global
attention on BPA has increased in recent years due to its potential to interfere with the
functioning of endocrine systems [4, 5]. As BPA-based polymers are clear and tough, their
application in the manufacturing of food storage containers, including feeding bottles and non-
returnable bottles, has rapidly increased [6]. Furthermore, BPA is also used as a color developer
in carbonless copy paper, thermal receipt papers, epoxy-based paints, printing inks, flame
retardants, and surface coatings [3, 7, 8].

Transport and processing of BPA and consumer products containing BPA are foremost
sources of pre-consumer release. However, post-consumer sources include those associated
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with the disposal of waste, including effluent discharge from municipal wastewater treatment
plants, leaching from landfills, combustion of domestic waste, and degradation of plastics in
the environment [9, 10]. It is acutely toxic to many organisms and belongs to category 1 of
endocrine-disruptive chemicals [3, 11, 12]. In addition, it has been associated with a wide range
of adverse effects, including carcinogenesis and increased sensitivity of certain cell types like
mammary, epithelial, and thyroid [13, 14]. Dermal and oral exposure is considered to be a main
source of human exposure to BPA [15-17]. Recently, it has been estimated that humans take
around 1-5 pg BPA/kg body weight on a daily basis due to extensive use and disposal of BPA-
containing products [18]. BPA detected in the environmental samples has been well correlated
with potential health effects and shown that BPA-exposed factory workers are at greater risk
of sexual dysfunction. Epidemiological evidence has shown significant effects on the offspring
of parents exposed to BPA during pregnancy [14].

The extensive use of BPA in plastic materials, such as food packaging, tableware, and
cookware, has been ubiquitously reported in the environment [19-21]. The survey, assessment,
and monitoring of BPA are highly crucial to understand human exposure likelihood. In
addition, quantifying trace amounts of BPA leached from food contact materials and other
human exposure sources could be crucial to managing these widespread pollutants. Several
analytical methods have been developed to monitor BPA in environmental compartments with
their limitations, including HPLC, GC-MS, FTIR, and Spectrophotometry [15,19]. However,
a UV-Visible Spectrophotometric method based on the inhibitory effect of BPA on acridine
orange oxidation with hydroxy| radical was reported to be simple, accurate, and rapid [22]. The
major goal of this study is to monitor and analyze the amount of BPA released from the baby
feeding plastic bottle, aluminum can, and thermal printed paper in the aquatic phase as a
function of time and temperature with the use of a simplified method.

2. Materials and Methods

2.1. Chemicals and materials.

BPA was purchased from Merck Limited, India. All other chemicals used were of high
purity and analytical grade. All experiments were performed in triplicate unless otherwise
specified. Baby feeding PET bottle and aluminum can with a carbonated cold drink of 200 ml
capacity were purchased from the local market of Vadodara, Gujarat, India (Figure 1). Thermal
printed paper of average size 12 cm x 6 cm was procured from local markets of VVadodara,
Guijarat, India. All the glassware was cleaned with 50% nitric acid and dried in the oven at
120°C before the experiments.

Figure 1. Camera images of consumer products chosen for BPA leachability study under aquatic conditions (a)
baby feeding PET bottles (b) aluminum cans and (c) thermal printed paper.
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2.2. Preparation of samples.

The thermal printed papers (12 cm X 6 cm) was emerged in 200 ml deionized water
and vigorously mixed at 60°C. However, in the case of Aluminium cans and baby feeding PET
bottles, 200 ml of deionized water was added inside to analyze BPA leached in aquatic
conditions at 60°C. Five ml samples were aliquoted at specific time intervals up to 96 hours
and filtered through 0.45 um filter paper to remove suspended particles before analysis. Nitric
acid-treated borosil glass was used as a control.

2.3. Analysis of BPA.

The stock solution of 1 mg/L of BPA was prepared by dissolving BPA in HPLC grade
deionized water. In order to homogenize, the stock solution was maintained at 40°C for 24
hours with constant stirring on a magnetic stirrer-cum hot plate. The stock solution was kept
away from light and stored in a refrigerator. Acridine orange oxidation reaction was set up as
per the optimized protocol developed by Zhange et al., 2014 with modification in a 25 mL
volumetric flask under the batch mode containing 0.3 mg Acridine Orange, 1.25 mmole
sulfuric acid, 2.5 mmole Ferrous sulfate, and 0.5 mmole H2O> in deionized water. In order to
find the inhibitory effect of BPA on acridine orange oxidation, varying concentrations of BPA
standard solution (1.0 pg/mL) were added to the reaction mixture. A blank experiment was set
up with all reaction mixtures except BPA solution to estimate total oxidation without inhibition.
To estimate concentrations of BPA in test samples, all the reaction mixtures were added along
with 5 mL of samples in place of standard BPA. The standard, blank, and test solutions were
heated in the water bath at 50.0 £ 0.2°C for 10 mins and then allowed to cool down at room
temperature before analysis using Agilent Cary 60 UV-visible Spectrophotometer. The
absorption spectra of standard BPA, blank and test solutions along with the reaction mixture
were measured in the range of 200 to 1100 nm to analyze the inhibitory effect of BPA and test
samples. The oxidation rate of the catalytic and non-catalytic reaction was calculated at an
absorbance at 265 nm to estimate the amount of BPA present in the analyzed sample.

3. Results and Discussion

The inhibitory effect of BPA on acridine orange oxidation by hydroxyl radical from
Fenton reaction in the acid medium was observed to be significant to establish co-relation
between trace amount of BPA with oxidation inhibition (Figure 2). Calibration curves were
derived from absorbance data at 265 nm for BPA estimation in the range of 1 ng to 100 ng with
a linear correlation coefficient of >0.94. Interference due to other inorganic and organic
constituents is the major reason for less usage of spectrophotometric techniques for analyzing
and monitoring specific chemicals in environmental samples [23]. However, the current
method has been reported with insignificant interferences with inorganic constituents. More
than 1000 times of Na*, K* and Mn?* than BPA did not show any significant interferences
during an analysis of BPA using this method [22]. However, the presence of organic
constituents such as phenol, p-nitrophenol, aniline, and salicylic acid up to 5 times than BPA
content showed a marginal effect on the accuracy of BPA determination [22].

Baby feeding PET bottles and aluminum can with epoxy resin lining leached 87+10
ng/bottles and 68+5 ng/can of BPA, respectively, in the course of 4 days at room temperature
followed by heating of 1 hour on day 1 at 60°C. However, tolerable daily intake (TDI) and
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specific migration limit of BPA have been reported as 4 pg/kg of body weight/day and 0.05
mg/kg, respectively [24]. On the other hand, the worst-case scenario has been reported to be
1.6 and 0.8 pg/kg of body weight for newly born and infant babies, respectively, by EU risk
assessment [9]. Leaching of BPA from polymers and aluminum can has been often linked with
manufacturer standards and environmental conditions, including temperature, duration of
storage, sunlight, humidity, and contact with other materials [25]. For example, Cooper et al.
(2011) has reported in the range of 0.08 to 1.9 mg/l due to different manufacturers' standards
followed during manufacturing of cans and exposure duration and time [26]. In the current
investigation, results were consistent with the literature, and the trend of BPA release in baby
bottles was increased by more than 54% from 24 hours to 48 hours. However, the maximum
amount of BPA was leached within 96 hours of incubation. Further incubation of baby bottles
with water did not show any significant change in the amount of BPA leached. The amount of
BPA leached under current experimental conditions is within the safe limit, considering
specific migration limits and worst-case scenarios for infants and newborns. Although there
was no BPA reported in the detectable range during heating in this study, it could be because
the temperature decided was 60°C considering real-life conditions as it cannot contain anything
boiling hot inside them. There was an increase of 72.7% in BPA leaching from day 2 to day 4,
which implies that in this particular study, time of contact played a more important role in BPA
migration in aluminum cans as compared to rise in temperature if that is the case beverage cans
which can be stored in the refrigerator may leach BPA over time even though the temperature
is low. Moreover, the method used in this study was only tested on plastic products before, so
interferences other than those reported in this paper can play a role in unusual BPA
determination. A study conducted by the University of Texas School of Public health in 2010
found BPA in 63 out of 105 samples of fresh and canned foods, including canned infant formula
[8]. Intentional heating for sterilization or unintentional heating during storage and
transportation of plastic bottles or aluminum cans can release BPA and its derivatives to food
and drinks in variable quantities [27].
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Figure 2. UV-Visible spectrum of acridine orange oxidation by Fenton reagent and their inhibition using BPA.

The results of BPA leached from the thermal paper were 110+15 ng/receipt considering
all the experimental conditions. Although, this method should not be considered very accurate
for BPA determination from thermal paper because soaking of paper in water involved
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degradation of paper, and that could have released more materials that would have interacted
with the actual concentration of BPA. A comparative study needs to be carried out of BPA
determination using the method reported in this study and compare the results with HPLC or
other methods. BPA in thermal papers is loosely bounded in monomeric forms that can be
readily transferred to any surface that comes in contact, even by touching them with our hands,
since leaching of BPA from thermal papers does not require any harsh acidic or heat conditions
[28, 29]. Even though nobody usually soaks thermal papers in water, thermal papers end up in
landfill sites and enterwater bodies due to the improper recycling process or bad disposal
practices.

4. Conclusions

Even trace amount of BPA has an environmental concern since it has been reported to
be an effective EDC and has synergistic toxic effects with other chemicals. However,
cumulative human exposure should be crucial to understand the overall risk of BPA since it
has been reported in all environmental compartments. To understand the environmental fate
and transport of BPA, it is crucial to monitor accurately without stringent procedures such as
multiple-phase extractions, derivatizations, etc., since it has been reported to be ubiquitous. In
addition, monitoring and assessment of leached BPA from consumer products such as baby
feeding bottles, aluminum cans, and thermal paper prints are vital to understanding consumer
products and associated health risks.

The method used under the current investigation showed a very accurate and significant
analysis of BPA up to the nanogram level in environmental samples without any extraction and
purification techniques. In this survey, the levels of BPA identified in plastic baby feeding
bottles, aluminum cans, and thermal printed receipts are unlikely to be of concern to human
health since the results obtained for all the samples were found to be below TDI and SML. As
of now, there is no reason for consumers to change their source of canned beverage, feeding
bottles, and thermal receipt due to these findings.
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