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Degradation study of BPA-containing plastics in
water samples collected from an urban reservoir

Abstract

Water pollution is a significant problem worldwide, particularly in Brazil where the
majority of urban populations rely on drinking water from surface water reservoirs.
The accumulation of plastic debris, such as polycarbonate blends, in reservoirs
and other waterways is a public health issue because of health and environmental
concerns associated with their chemical degradation. A compound commonly found
in plastics, 2,2-bis(4-hydroxyphenyl)propane (bisphenol-A; BPA), has become
a serious environmental problem due to its release in water and its estrogen-like
properties. This paper focuses on understanding the degradation process of two types
of plastics containing BPA, polypropylene (PP) and poly(lactic acid) (PLA), in surface
waters. The strength of the chemical binding of BPA to PP and PLA was examined
using thermogravimetric analysis (TGA) and Fourier transform infrared (FTIR)
spectroscopy. Release of BPA from both types of plastics was determined in surface
water samples collected from the Billings Reservoir, the largest source of drinking
water of Sao Paulo residents. The results show that BPA bound to PP-based plastics
is released more rapidly into surface waters than that bound to PLA-based plastics.
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Introduction

Contamination of water resources is one of the main environmental
problems nowadays, and the concern with micro pollutants, i.e.,
substances that are present in concentrations in the order of pgL™
and ngL™", has increased significantly in recent years.'? Despite being
detected in low concentrations, micro pollutants are capable of causing
serious effects to biota. Among the substances that can be classified
as micro pollutants, we highlight 2,2-bis(4-hydroxyphenyl)propane
(BPA), a substance that has estrogenic activity. BPA has become
ubiquitous in the environment over the past 80 years because of its
presence in a wide variety of products, including food and beverage
packaging, flame retardants, adhesives, construction materials,
electronic components, and paper coatings.” BPA is a non-steroidal
xenoestrogen that exhibits approximately 1/10000th of the activity of
estradiol.*

The estrogenic effects of BPA were initially reported by Dodds
& Lawson.’ Recent studies indicate that BPA may be as effective as
estradiol in triggering certain receptor responses and may act as an
androgen receptor antagonist.® There are an impressive number of
studies on the effects of BPA exposure on laboratory animals, but few
studies are dealing with the effects of BPA on wild species in field or
laboratory settings.’ BPA is considered a pseudo-persistent compound:
although short-lived, it is ubiquitous in the environment because of its
continuous release.” The release of BPA into the environment may
occur during chemical manufacturing, transportation, or processing as
well as via discharge of effluents from municipal wastewater treatment
plants, leaching from sanitary landfills, combustion of household
waste, and leaching from plastics. Some researchers were unaware
that BPA could leach from plastics until 1993,® and subsequent
studies have confirmed that BPA can also leach from polycarbonates

and epoxy resins. Several studies indicate that BPA concentrations
in various aqueous media, including surface water, saltwater, and
groundwater, have increased in recent years.” However, BPA leaching
is much faster in salt water than in freshwater as its bioavailability
increases with salinity.” The half-life of BPA in surface waters is 150
days.!” However, due to leaching and its inadequate disposal, BPA is
considered persistent in the environment.

BPA is present in a variety of products, such as soda cans, water
bottles, plastic cups, and food packaging. Polypropylene (PP) is
a plastic material widely used in various industrial applications;
however, PP has poorer mechanical strength and thermal stability
than most engineering polymers. To overcome these limitations, BPA
polycarbonate can be incorporated into PP."' Poly(lactic acid) (PLA)
also has limitations and the addition of BPA polycarbonate can be
beneficial in this regard.'”? PP and PLA are widely used in packaging
and can generate BPA and its derivatives during thermal degradation.
Metal water bottles, especially those made of aluminum, are coated
with epoxy resins that may contain BPA to combat corrosion. Food
stored in glassware may not be free of exposure to BPA because the
metal lids typically used in this type of storage often have an anti-
corrosive epoxy coating that contains BPA. Furthermore, plastic
bowls and other containers used for cooking in microwave oven may
release BPA during heating.'® This study evaluates the release of BPA
incorporated into two different formulations of plastic materials,
PLA, a biodegradable polyester, and PP, a polyolefin, as well as the
degradation of these two polymers. The two types of plastics were
tested in the form of pellets placed in contact with water samples
collected from the Billings Reservoir, which is one of the largest
and most important water reservoirs in the Metropolitan Region of
Sdo Paulo, Brazil. Certain parts of the reservoir are polluted with
chemicals and metals by domestic and industrial sewage and, for
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this reason, only the Taquecetuba and Riacho Grande distributaries
are used for water supply. Fishing is a popular recreational activity
in this area because of the abundance of fish, such as tilapia, lambari,
Hungarian carp, and trairas. Consequently, the presence of polymer
substances such as BPA in the Billings Reservoir may be an important
public health issue.

Materials and methods

Polymeric materials

For this study, PLA (Ingeo 3801-X, lot 653-89-01) was obtained
from Cargill Agricola S.A. (Sdo Paulo, SP, Brazil), and granulated
isotactic homo-polypropylene H603 (density 0.905 g.cm™ and melt
flow index 1.5g/10 min.) was supplied by Europol (Brazil). BPA
(analytical grade, 99.9%) was purchased from Sigma-Aldrich. The
incorporation of BPA into PP and PLA was performed using xylene
and chloroform as solvents, respectively.

Analysis of plastic materials

Thermogravimetric analyses (TGA) were performed on a Perkin
Elmer STA 6000 analyzer at a heating rate of 10°Cmin' from 25 to
600°C under a nitrogen atmosphere. Fourier transform infrared (FTIR)
spectra were recorded on a Perkin Elmer Frontier 94942 spectrometer
by applying a scanning range of 500 to 4000cm ' and 64 scans, using
thin polymer films.

Analysis of surface water samples

The surface water samples used in the tests were collected in
August 2015 from the Billings Reservoir using Van Dorn bottles.
The wvariables water temperature; dissolved oxygen, electrical
conductivity, and pH were measured in the field using an Oakton
PCD 650 multiparameter probe. In the laboratory, the primary nutrient
contents (nitrogen, phosphorus, and potassium),'* total Kjeldahl
and ammoniacal nitrogen,'> and nitrite and nitrate contents'® were
determined.

Determination of BPA

A high performance liquid chromatography (HPLC) method was
developed for the determination of BPA according to the validation
parameters proposed by Snyder et al.'” An Agilent 1220 HPLC-diode
array detection (DAD) apparatus was used, equipped with automatic
injector, column oven, Open LAB v. A.01.05 data acquisition software,
and Phenomenex kinetex C18 column (30mmx2.1mmx5Sum). The
parameters of the method were isocratic mode of separation, mobile
phase 50:50 (v/v) water acidified with orthophosphoric acid (PA,
LabSynth, final pH = 3.0, 3mmol L™ H,PO,) and acetonitrile (HPLC
grade, JT Baker), flow rate of ImL min', injection volume of 5uL, and
readings at L = 228nm. A 100mg L' BPA stock solution was prepared
with acetonitrile, and, after subsequent dilutions, a calibration curve
was plotted with concentrations between 5 mg L™ and 100 mg L™! in
order to evaluate the linearity of the method. Limits of quantification
and detection were determined by analyzing the standard deviation of
the response (o) and the slope of the curve (S), in a ratio of 3.36S™! for
detection and 100S™! for quantification. Caffeine (aqueous solution,
Agilent) and diethylstilbestrol (99.9%, Sigma-Aldrich) standards were
used to verify the method’s selectivity and specificity. The precision
of the method (repeatability and reproducibility) was assessed by
analyzing the intra-assay and inter-assay variance coefficients. In
order to study the degradation process of BPA-containing PP and PLA
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in surface waters, tests were performed as described below.

The water samples collected from the reservoir had their pH
adjusted to 7.5 using 0.1mol L' NaOH (Synth). Then, 100mL of
the samples was added to glass flasks, which were placed in a water
bath at 23°C, 53°C, or 83°C, in triplicate. Subsequently, 0.5g of PLA
incorporated with BPA (PLA-BPA) was added to each flask. After
Imin, a 1mL aliquot was collected and filtered through a 0.45um
membrane using a glass syringe. Immediately after sample collection,
the flasks were capped and returned to the water bath. Additional
aliquots were collected from each flask daily for 8 days and analyzed
using the HPLC method developed for BPA determination. To evaluate
the release of BPA from PP, S0mL of the collected water samples with
pH adjusted to 7.5 and approximately 0.1g of PP incorporated with
BPA (PP-BPA) were added to glass flasks, in triplicate. The flasks
were placed in a water bath under the same temperatures used in the
PLA assays. After 1min, 1mL aliquots were withdrawn from each
flask and filtered through a 0.45um membrane using a glass syringe.
Additional aliquots were withdrawn after 48h, 72h, and 7 days and
analyzed using the HPLC method developed for BPA determination.

Results and discussion

Analysis of plastic materials

Figure 1 shows the FTIR spectra and TGA curves of PLA, PLA-
BPA, PP, and PP-BPA samples. Regarding PLA, Figure 1A shows
FTIR spectra expanded between 500-4000cm!. The characteristic
peaks of PLA occur between 1180 and 1745cm " Peaks at 1033cm ™,
1045cm™, and 1160cm ™ correspond to the stretching of C-O bonds
of aromatic ethers present in the PLA structure. The 1312cm™ band
refers to the methyl group of PLA, and the peak of C-C bond is found at
1541cm™. Between 1720 and 1740cm™', a C=0 band that corresponds
to aldehydes'® was identified at 1734cm™!. Bands at 2329, 2852, and
2919cm™" correspond to the C-H aliphatic bonds. The vibrational
band at 2360cm ™ refers to the presence of atmospheric CO,, and the
peaks at 2850 and 2921cm™! probably correspond to asymmetric C-H
stretching of residual carbons. Regarding PP, Figure 1A shows FTIR
spectra expanded between 1370-1390cm™!. The peak at 1375cm™
corresponds to the angular deformation caused by the methyl bond.
Bands between 1430 and 1470cm ™' refer to the CH, functional group
present in the PP structure, whereas C-H bonds caused peaks at 2836
and 2952cm™'. The characteristic band of PP occurs between 2700 and
3000cm . The characteristic FTIR peaks of PP-BPA occur above
3000cm . Our results showed a peak at 3726¢cm ™!, corresponding to
the O-H bond of BPA, proving its presence in the material. The peak
at 1542cm™! corresponds to the C=C bond of aromatic rings of the
BPA molecular structure. Peaks between 2852 and 2919cm™ were
attributed to the C-H functional group present in the polypropylene
structure, similar to the results reported by Nikje et al.*®

The incorporation of BPA into PLA caused the disappearance of
the 1045 and 1160cm™ peaks, referring to the C-C and C-O bonds.
With respect to PP, the incorporation of BPA caused the disappearance
of the peaks 996, 1375, and 1460cm™!, which correspond to the C-C,
CH,, and CH, bonds, respectively. These results show the interaction
of BPA with the polymers. Figure 1B shows the TGA curves
describing the behavior of PLA and PP at different temperatures. For
PLA, there was no mass loss up to 300°C. PLA degradation occurred
in a single stage at 430°C, contrary to the results reported by Zhang
et al.?! in which PLA degradation occurred at approximately 400°C
using a heating rate of 10°C/min in an N, atmosphere. The TGA
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curve describing the behavior of PLA-BPA is similar to that of pure
PLA; the differences are given by the initial mass loss, which occurs
at slightly lower temperatures (at approximately 426°C), possibly
because of the thermal characteristic of BPA, which degrades at
temperatures in the range of 150°C. This result suggests that there is
some interaction between BPA and PLA, probably due to the polarity
of PLA and the hydroxyl groups of BPA, which prompts a sudden and
rapid separation of BPA from PLA at temperatures above 426°C. The
PP TGA curve in Figure 1B shows that mass loss started only at 360°C
and that polymer degradation occurred at approximately 482°C,
differently from the results of Pérez et al.”? in which degradation of
PP occurred at approximately 450°C, demonstrating a better thermal
stability than pure PLA, promoted by the same heating rate condition
at 10°C min " under N, atmosphere. The TGA curves of PP-BPA and
pure PP showed a similar mass loss due to the good mixing of the
components. The degradation of PP-BPA began in the range of 480°C,
and PP-BPA and pure PP curves showed that degradation took place
until 600°C.

Analysis of surface water samples

The results of the analysis of surface water samples were as
follows: electrical conductivity of 307.0uS ¢cm™, pH ranging from
7.8 to 8.4, and maximum total phosphorus concentrations of 740.0ug
L". The high nutrient load found in the selected sampling points of
the Billings Reservoir, especially the total phosphorus content, allows
the classification of these waters as hypereutrophic, according to the
criteria proposed by Cunha et al.”® for tropical and subtropical lake

Intensity (%)
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systems. This trophic state was also observed in previous studies
performed in different distributaries of the Billings Reservoir.*%
According to Yang et al.?® this trophic condition is quite common in
shallow reservoirs due to the high vulnerability of these ecosystems
to anthropogenic interventions. Under these conditions, the salinity of
water increases, which can facilitate the leaching of BPA from both
PP and PLA.

HPLC Analysis

The HPLC method validated and applied for BPA analyses,
presented limits of detection and quantification of 0.360mgL™" and
1.09mgL™", respectively. Values calculated based on the signal-to-
noise ratio based on the standard curve ( y = 2.2548 x 10° x +2.19469

; ¥’ =0.99451 ) suggest that the detection system is suitable for
the analyses performed. The figures of merit, repeatability and
reproducibility, determined using the concentration values of the
analytical curve, returned %CV (coefficient of variance) values of
1.5 to 3.9%, respectively, which are excellent results, as the analysis
employed complex environmental samples. In Figure 2, it is possible
to observe that PP rapidly released BPA into the medium under the
experimental conditions used and that PLA took longer to release BPA
into the medium. This occurs because PLA has oxygen in its chemical
structure, which makes it more polar and increases the strength of its
interaction with BPA through van der Walls interactions. This finding
corroborates the decrease in the immediate estrogenic activity that
BPA would have if released immediately under normal pH conditions
of surface water.”’
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Figure 2 Chromatogram of (A) PP-BPA at 83°C and 48h, (B) PLA-BPA at 83°C and 48h, (C) PLA-BPA at 83°C and Oh, (D) PLA-BPA at 83°C and Oh using
acetonitrile: acidified water (50:50, v/v) as the mobile phase, injection volume of 5uL, detection at 228nm, 40°C, and flow rate of ImL min~'. Graph showing

BPA release from PP and PLA at different temperatures.
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Conclusion

The results show that there is greater interaction between BPA
and PLA than between BPA and PP. TGA results further confirm this
observation. The interaction probably occurs due to the polarity of
PLA and the presence of hydroxyl groups in BPA. PP-based plastics
release BPA more rapidly into surface waters than PLA-based plastics.
The validated HPLC method is suitable for verifying that polymeric
materials containing BPA can be a leaching source of BPA in surface
waters. The presence of dissolved BPA in surface waters at sufficient
concentrations could cause estrogenic-related impacts on aquatic life
as well as humans, exposed through the consumption of drinking
water, especially considering that the studied water reservoir receives
a large amount of plastic waste and since traditional water treatment
can not eliminate residues of these materials it is necessary that we
have methodologies to verify the quantity of these substances in the
treated water that will go to the residences of the population
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