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PRELIMINARY STUDY OF THE BEHAVIOR OF
PACKAGING IN CONTACT WITH VARIOUS AQUEOUS
ENVIRONMENTS

Georgeta TEODORESCU (DIACONESCU)!, Alexa-Maria CROITORU??,
Dobrita ALEXANDRA*, Florentina Laura CHIRIAC?, Claudia BUTEANS®,
Florina IONITA!, Daniela Simina STEFAN’*

Plastic packaging is widely used for the marketing of beverages and food. For
a long time, they were considered chemically inert, meaning they do not interact with
the substances stored in them. This myth was dispelled with the technological
evolution of analytical measurement methods when concentrations of micro and
nanograms per liter of various toxic compounds began to be identified. Thus, it was
revealed that components of the packaging migrate from the packaging into beverages
and food. Thus, it was revealed that BPA, used as an additive in polymers, is found in
water and food in concentrations of nanograms per liter. It was also identified that
8BPA is an endocrine disruptor that seriously affects the health of consumers of
products packaged in plastic. In the present study, we wanted to highlight the
concentrations of BPA that migrate from polystyrene, PS, and polyethylene
terephthalate, PET, plastic packaging into aqueous solutions at two exposure
temperatures of 20 and 30 °C, at a pH variation in the range of 1.5-9 and a contact
time of maximum 50 days. We also studied the changes that appear in the IR spectra
of the packaging following the contact of PS and PET packaging with aqueous media
under the conditions mentioned above. It was found that all these parameters
influence the release of BPA, the extremes of basic and acidic pH favor the release of
BPA, both for PS and PET and generate structural changes, especially the PS polymer
matrix.
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1. Introduction

Global plastics production reached 390.7 million tonnes in 2021, according
to Plastics Europe, with around 40% of this used in packaging. Plastic packaging
contains various polymers to which numerous additives, colourants, solvents and
other components are added [1]. Additives in plastic packaging play a critical role
in protecting products, extending the shelf life of the packaging, and improving
processing and aesthetics. They contribute to food safety, UV resistance, flexibility,
and recyclability [2]. The studies showed it was revealed that components of the
packaging migrate from the packaging into beverages and food [3]. Bisphenol A
(BPA) is a chemical compound primarily used in the manufacture of polycarbonate
and epoxy resins, which is used to impart durability, transparency, and heat
resistance to plastics. It is commonly used in food packaging, reusable bottles,
epoxy-coated metal cans, medical equipment, water bottles, baby bottles
(formerly), bottle caps, and bottle tops [4].

Bisphenol A migrates from packaging under various conditions and can
contaminate food, beverages, fruits and vegetables with which it comes into
contact. The European Union first regulated its use through Directive (EEC) No.
90/128, which imposed a specific migration limit for BPA of 3 mg/kg. The Directive
2002/72/EC on plastic materials and articles intended to come into contact with
foodstuffs reduced the limit to 0.6 mg/kg. In addition the Regulation (EU) No.
213/2018 on the use of BPA in materials for the inner lining of containers intended
to come into contact with foodstuffs imposed the limit to 0.05 mg/kg [5, 6].

Bisphenol is a toxic compound that interferes with hormonal secretions, the
secretion of sex hormones, causing disruption of reproductive function, which can
lead to prostate cancer, breast cancer, metabolic problems manifested by obesity,
diabetes, cardiovascular problems, the release of high concentrations in urine, etc.
[7-10].

Studies in the literature have shown that BPA is rapidly absorbed in mammals
(including humans), and it is converted into BPA glucuronide and BPA sulfate in
the digestive tract and kidneys. Based on assessments by the European Food Safety
Authority (EFSA), the maximum daily exposure limit for BPA from food is 4 pg
per kg body weight per day (ng/kg body weight/day) [11].

Analyzes of various canned foods have shown that BPA concentrations can
reach: in meat and meat products - in the range 20 - 400 pg/kg [12], in fish - between
1 - 550 pg/kg, in fruits - between 0.3 - 2, vegetable like sweet corn - in the range
0.01 - 145 pg/kg, and in peas - in the range 2 - 303 ug/kg, [5], in bottled drinking
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water - BPA concentrations are ranging from 8.5 - 90 ng/L, depending on the type
of packaging [13].

The release of toxic compounds such as BPA, benzyl butyl phthalate (BBP),
di-n butyl phthalate (DBP), and di (2-ethylhexyl) phthalate (DEHP) was identified
after contact of the packaging with water. It was identified that the concentrations
of BPA, BBP, DBP and DEHP were of 5.7, 12.11, 82.8 and 64.0 pg/L respectively,
the highest concentration being that of DBP, with a share of 23.7% of the Tolerable
Daily Intake (TDI) [14]. Adriana C. Marsolea and collaborators identified that the
migration of BPA from polyethylene terephthalate, PET, packaging, is influenced
by the environmental temperature and the contact time. The concentrations of BPA
released ranged between 0.1 and 58 ng/L, depending on the working conditions.
[15]. The content and release of BPA from polystyrene into food and aqueous media
can reach very high concentrations depending on the country of origin of the raw
material [16]. The release of BPA from PS is temperature dependent, directly
proportionally with temperature, and ranging from 0.13 to 1,000 pg/kg for a
temperature range of 40 to 100 °C [17].

By contact with water, the packaging polymers suffer not only the release of
additives from the composition, but also structural changes. These have been
highlighted by changes in the IR spectrum of the plastic, for example oxidative
degradation generates bands attributed to OH and C=O stretching vibrations [18,
19].

The study aimed to identify the behavior of polystyrene (PS) and
polyethylene terephthalate (PET) packaging in contact with various aqueous media,
at various pHs and temperatures over a period of 50 days of contact. In this regard,
the release of bisphenol A (BPA) and the structural changes in the IR spectra were
analyzed.

2. Materials and Methods
2.1 Identification of structural changes

To carry out the experiments, polystyrene (PS) and polyethylene
terephthalate (PET) packaging with mass 0.15 g and 0.25 g respectively, was used,
which were introduced into 50 ml of aqueous medium. The pH of aqueous solutions
was in the range of 1.5 — 9, namely (1.5+0.1; 3+0.1; 5+0.1; 7£0.1 and 940.1). The
pH of the solutions was maintained constant by using buffer solutions at different
pHs. We worked at two temperatures of 20 °C and 30 °C. The packaging materials
used from PS and PET were cut into various geometric shapes (circle, rectangle,
rhombus, triangle, square, trapezoid), with relatively equal surfaces. Each
geometric shape was assigned a sampling time, namely: the 6™, 10, 215, 36, 44
and 50" day, respectively. Samples were taken from the system, washed with
distilled water and dried. The IR spectra of the samples were analyzed and
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compared with the IR spectra of the control samples. The chemical properties of the
scaffolds were examined under Fourier transform infrared spectroscopy (FT-IR)
using a Nicolet iS50FT-IR (Nicolet, Massachusetts, USA) spectrometer equipped
with a DTGS detector which provides information with a high sensitivity in the
range of 4000 cm ! and 100 cm™! at a resolution of 4 cm™'. The samples were shaken
using an ES20 orbital shaker, 18 positions for the temperature of 20 °C and an ES20
orbital shaker, 18 positions for those at 30 °C at a frequency of 3500 rpm.

2.2 BFA release study

The study of BPA release from PS and PET packaging was carried out, at
pHs of 1.5£0.1; 3+0.1; 5+£0.1; 7+0.1 and 940.1 and at the two temperatures of 20
°C and 30 °C. Systems of 6 identical samples were made for each pH (48 ml
distilled water and 2 ml buffer solution, with the same type and quantities of
packaging, 0.15 g for PS and 0.25 g for PET, at the same temperature). We mention
that the mass of a PS and PET package was 27 and 45 g, respectively, for a volume
of 1 I of water.

The samples were contacted for different times (0, 6, 10, 21, 36, 44 and 50
days), and the BPA concentration was determined from them. Triplicates of the
systems were used, the results presented being the arithmetic mean of the measured
results. The BPA concentration was determined by the GC-MS method (Gas
Chromatography and Mass Spectrometry). An Agilent 1260 series liquid
chromatograph system (Agilent, Waldbronn, Germany), coupled with an Agilent
6410B triple—quadrupole mass spectrometer, MS, with an electrospray ionization
source (ESI) was used.

The samples were shaken using an orbital shaker ES20, 16 positions for 20
°C, and an orbital shaker ES20, 18 positions for 30 °C, at a frequency of 3500 rpm.
Buffer solutions were prepared from different ratios of 0.1 N hydrochloric acid -
0.1 N glycol for pH 1.5 and 3, and from different ratios of 1/15 M potassium
dihydrogen phosphate, 1/15 M sodium monohydrogen phosphate, for pH 5 to 9.
The substances used are analytical reagents produced by Fluka, Switzerland.

3. Results and Discussion

The analyses carried out highlighted the evolution of the IR spectra of PS
and PET type packaging over a period of 50 days. The evolution of the BPA
concentrations released from the packaging over the same period of time was also
identified.

3.1. IR spectra of contacted with aqueous solutions at different pHs

3.1.1. IR spectra of PS
Figs. 1 and 2 present the characteristic IR spectra of polystyrene, PS, after
50 hours, at temperatures of 20 °C and 30 °C, respectively. From the analysis of the
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spectra, it can be observed that the signals at 1601 and 1492 cm™ indicate the
presence of the C=C stretching vibration of the benzene rings, the peaks at 906
cm’!, and the peaks at 754 and 695 cm™! being characteristic of the C-H bending
vibration of the substituted benzene ring. The peaks at 2921 and 3025 cm™ are
assigned to aromatic and aliphatic C-H stretching, respectively. The peaks at 538
cm! are specific to substituted C-H bonds.
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Fig. 1. IR spectra of PS at various pHs after 50 days of contact at T=20 °C
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Fig. 2. IR spectra of PS at various pHs after 50 days of contact at T=30 °C

After treating PS samples with different aqueous solutions with different
pH, significant changes can be observed. An increase in the relative intensity and a
visible broadening of the bands: of around 1200 - 1650 cm™ was found in PS
samples at pH 1.5, 3 and 9. This proves that, important structural changes occur in
the polymer matrix of polystyrene after 50 days, by rearrangements of atoms in the
polymer chains, but also by the introduction of hydroxyl groups manifested by
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changes in the band at 1640 cm™ [20, 21]. In order to better highlight when these
changes in the structure occur, IR curves were plotted for 6 times intervals, namely:
6, 10, 21, 36, 44 and 50 days. Figs. 3 and 4 show the IR spectra for PS at pH=9, at
different time intervals during the 50 days.
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Fig. 3. IR spectra for PS at pH=9 at different time intervals during the 50 days at T=20 °C
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Fig. 4. Details of IR spectra for PS at pH=9, at the Absorbance peaks at different time intervals
over the 50 days at T=20 °C.

It can be seen that the above-mentioned changes appear in the IR spectra of
PS at pH=9, after 10 days of contact. These changes become more pronounced as
time passes. From the analysis of the details of the IR spectra in Fig. 3, for the 400
- 800 cm™ range, it can be seen that, at the wavelengths of 754 cm! and 695 cm’!
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specific to the bending vibration of the C-H bond in the aromatic nuclei, an increase
in amplitude occurs at 754 cm’!, and a flattening at 695 cm™, which proves that
substitutions occur at the level of the aromatic nucleus. The changes are much more
evident after 21 days of contact. Another important change is at 538 cm™!, when a
rise in the vertical position and an amplification of the height occur. This change is
determined by the substitutions that occur at the C-H groups. These changes prove
that the polymer undergoes structural changes, with additions and substitutions.

3.1.2. IR spectra of PET
The FT-IR spectra of PET samples are shown in Figure 5. The characteristic
bands of the C-O bond of the ester group are highlighted at 1237 cm™ and 1090

1

cm™, respectively.
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Fig. 5. IR spectra of PET at various pHs after 50 days of contact at T=20 °C
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Also, in the fingerprint region (between 500 and 1500 cm™), a series of
absorption bands are highlighted, such as the C-H band of the aromatic ring at 722
cm’!, the CHa rocking at 872 cm™ and the O-CH: stretching vibration at 1041 cm”
!. The strong peak at 1712 cm™ is attributed to the stretching of the C=0 bond of
the ester group. The stretching vibration of the aromatic ring occurs at 3431 cm™,
and the peak at 2958 cm! is attributed to the average C-H stretching bond [22].

After contacting the PET samples with aqueous solutions of different pH,
no significant differences can be observed between the FT-IR spectra of the
samples. However, a slight increase in the intensity of the peaks can be observed,
which occurs with the increase in pH value. This proves that after 50 days no
significant structural changes occur in the polymer matrix.

3.1.3. Study of BPA released in liquid samples

Fig. 7 shows the variations in BPA concentrations in the aqueous solution
after 50 days of contact for the two types of materials, PS and PET, at the working
pHs and temperatures mentioned above.
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Fig. 9. Variation of BPA concentration released from PET and PS plastic packaging as a function
of pH at 20 °C and 30 °C, after 50 days.

At a temperature of 20 °C, it can be observed that, in an acidic medium
pH=1.5, PS releases the maximum amount of BPA the solution concentration being
4.72 ng/L, after which its concentration drops suddenly, so that, at a pH=3, it
reaches 1.04 ng/L and then, up to a pH lower than 7, it is relatively constant, having



Preliminary study of the behavior of packaging in contact with various aqueous environments 283

the value 0.83 ng/L. At a pH higher than 7, the BPA concentration drops suddenly
in the liquid medium, tending to zero. At a temperature of 30 °C, it can be observed
that, in an acidic medium at a pH=1.5, PS releases the maximum amount of BPA,
the solution concentration being 5.72 ng/L, after which its concentration drops
suddenly, so that, at a pH=3, it reaches 2.47 ng/L, and shows a constant decrease in
the BPA concentration, its value at a pH higher than 8 being 0.60 ng/L. PET has a
completely different behavior from PS. At 20 °C, the maximum amount of BPA is
released at a basic pH, this is 2.15 ng/L. At an acidic pH of 1.5, it is 1.04 ng/L, and
slowly increases to values of 1.60 ng/L for pH=3, and around 2 ng/L for pHs higher
than 3 and lower than 8. At 30 °C, the maximum amount of BPA is released at a
basic pH, this is 2.87 ng/L. At an acidic pH of 1.5, it is 1.32 ng/L, and slowly
increases to values of 1.76 ng/L for pH=3, and around 2.20 - 2.40 ng/L for pHs
higher than 3 and lower than 8. The amounts of BPA released from PS and PET
packaging are in large quantities, and pH is a very important factor in the economics
of the process.

Figures 10 and 11 show the variations in BPA concentrations over time, for
each type of material, PS and PET respectively, at each pH, at a temperature of 20
°C. From Figure 10, it can be seen that the release of BPA from PS at pH=1.5, very
acidic, is slow in the first 20 days, after which the release is very rapid, the
concentration increasing from 0.43 ng/L to 4.72 ng/L in the next 30 days. This
demonstrates what was expected, that a stationary acidic environment in a
polystyrene container causes a very high release of BPA.
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Fig.10. Variation of BPA concentration released from PS, over time, at different pHs, at T=20 °C.
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At less acidic pHs, from pH=3 to basic pH, the release is much reduced,
reaching 0.11 ng/L after 21 days at pH=3, 0.43 ng/L after 36 days, and only 1.04
ng/L after 50 days. The concentrations of BPA released gradually decrease with
increasing pH, so that, at pH 6.57 specific to distilled water, the release in the first
21 days is only 0.08 ng/L, reaching 0.83 ng/L after 50 days.

At a pH of 9, the amount released tends to zero in the first 21 days,
increasing to a maximum of 0.26 ng/L after 50 days.
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Fig. 11. Variation of BPA concentration released from PET, over time, at different pHs, at T=20
°C.

From the analysis of Figure 11, it can be seen that the release of BPA from
PET is very slow in the first 21 days of contact, and increasing with increasing pH.
After 21 days, it increases more and more with pH increasing, reaching a level
where, at neutral pH, it doubles or even triples within 30 days. So BPA is released
from PET over the entire pH range in significant quantities, this quantity increasing
over time proportionally to pH.

Figures 12 and 13 show the variations in BPA concentrations released from
PS and PET packaging, respectively, over a 50-day contact period at 30 °C. It can
be seen that for both packaging, BPA release increases with increasing contact time
and temperature. Increasing pH has a negative effect on BPA release from PS and a
positive effect on BPA release from PET. After 50 days of contact of PS packaging
with aqueous solutions with different pHs, BPA release is maximum at pH = 1.5
and reaches 5.72 ng/L at 30 °C, 1 ng/L more than at 20 °C. At higher pHs, the release
of BPA does not exceed 1 ng/L as seen in Figure 12.
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A significant release is identified after 21 days when the BPA concentration
increases from 0.8 ng/L to 5.72 ng/L at 50 days, this type of behavior was also
identified at 20 °C. The release of BPA from PET packaging increases constantly
over time, reaching values of 2.87 ng/L at a pH of 9. The BPA concentration values
after 50 days of contact, at 30 °C for the studied pH range of 1.5 - 9, are between
1.32 and 2.87 ng/L, higher than at 20 °C with values ranging between 0.6 and 2.2
ng/L as shown in the comparative analysis of Figures 11 and 13.
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4. Conclusions

The analyses showed that it was found that polymers have been recently

declared to be chemically inert, release additives used as plasticizers into the
environment, but also undergo structural changes.
Following the analyses carried out, it was found that, in contact with water at
different pHs, polystyrene, PS, releases both BPA-type compounds used as
additives to increase its plasticity. The maximum concentration is obtained at
pH=1.5 when 4.72 ng/L and 5.72 ng/L of BPA appear in the liquid medium after 50
days of contact, at temperatures of 20°C and 30°C, respectively. The release for
both temperatures is slow in the first 21 days, after which it is very rapid, the
concentration increasing 4.5 times in the following/ next 30 days. The release of
BPA decreases with increasing pH. PS also undergoes structural changes; these are
best seen at basic pH. The changes are very clearly evident after 10 days of contact,
for both working temperatures, these being supported both at the level of the
aromatic nucleus, and at the level of the aliphatic chains, where various
substitutions take place, and/ as well as introductions of oxydryl and hydroxyl
groups into the matrix.

Polyethylene terephthalate (PET) has a different behavior compared to PS,

the release of BPA increases proportionally with pH. Thus they increased from the
value of 1.04 ng/L at pH=1.5 of 2.1 5 ng/L at pH=9, respectively from the values
of 1.32 ng/L at pH=1.5 of 2.87 ng/L at pH=9, at 30°C after 50 days of contact. At
a temperature of 20°C, the release of BPA from PET is slow in the first 21 days,
reaching values between 0.33 and 0.91 ng/L, and then, the release reaches values
3-4 times higher. For 30 °C, the behavior is similar, with values increasing from the
range 0.42 -1.03 ng/L to 1.3 — 2.87 ng/L.
From the analysis of the IR spectra, it can be seen that the PET does not suffer major
changes in the polymer matrix during the 50 days in which the experiment was
carried out at both working temperatures. The stability of the polymer matrix of
polyethylene terephthalate (PET) is much higher than the stability of polystyrene
(PS).
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