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LEACHING BEHAVIOR OF POLYETHYLENE
TEREPHTHALATE CONTAINERS USED FOR WATER
BOTTLING
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The objective of this study was to investigate the leaching behavior of PET
containers used for water bottling by Toxicity Characteristic Leaching Procedure
(TCLP) test. It was highlighted that the leachability of organic contaminants
increases with storage time extension and temperature. An increase in the mobility of
organic contaminants was found with the decrease in the thickness of the walls of the
PET containers. This result could indicate a predominantly diffusional leaching
mechanism. The investigation of the mobility of contaminants in PET containers
based on tests and leaching models indicated a significant potential for their long-
term leaching and demonstrated the influence of storage conditions on it.
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1. Introduction

It is well known at present that polyethylene terephthalate (PET) containers
are very often used for bottling several types of alcoholic and non-alcoholic
beverages [1]. In the drinking water industry, PET containers occupy a leading
place, as there are currently different types with different characteristics on the
market [2]. Although one of the strengths of these PET containers is stability over
time and under different storage conditions, certain organic compounds added as
additives in the manufacturing process, or contaminants that appear during the PET

1 PhD student, Faculty of Chemical Engineering and Biotechnologies, National University of
Science and Technology POLITEHNICA Bucharest, Romania, marsolea22@yahoo.com

2 Department of Analytical Chemistry and Environmental Engineering, Faculty of Chemical
Engineering and Biotechnologies, National University of Science and Technology
POLITEHNICA Bucharest, Romania, cristina.orbeci@upb.ro *Corresponding author (Cristina.
ORBECI).

% Department of Analytical Chemistry and Environmental Engineering, Faculty of Chemical
Engineering and Biotechnologies, National University of Science and Technology
POLITEHNICA Bucharest, Romania, |_bobirica_ro@yahoo.com

“Department of Analytical Chemistry and Environmental Engineering, Faculty of Chemical
Engineering and Biotechnologies, National University of Science and Technology
POLITEHNICA Bucharest, Romania, ¢_bobirica@yahoo.com


mailto:marsolea22@yahoo.com
mailto:cristina.orbeci@upb.ro
mailto:l_bobirica_ro@yahoo.com
mailto:c_bobirica@yahoo.com

22 Adriana C. Marsolea , Cristina Orbeci, Liliana Bobiricd, Constantin Bobirica

recycling process pose a series of problems regarding the contamination of the
products bottled in them as well as the contamination of the environment in which
they can end up [3,4]. After single-use packaging, many of the PET containers still
end up into domestic landfills, and part of the organic constituents can pass into the
leachate [5]. The leaching potential of PET containers can be tested with the help
of the TCLP (Toxicity Characteristic Leaching Procedure) test, which is designed
to simulate the harshest leaching conditions that can occur in various situations,
especially in domestic landfills [6]. In fact, the leaching solution used in such a test
(the acetic acid solution) simulates the domestic landfill leachate [7]. Although
numerous deficiencies have been highlighted in this test over time, it still remains
the main compliance leaching test in this field [8,9]. However, there is very little
information about the long-term leaching potential of PET containers that have
arrived in different environmental conditions [10]. Evaluating the mobility of
various organic compounds present in PET containers could help to better
understand their leaching mechanisms [11-12].

Therefore, the objective of this work is to investigate, for the first time in
this field, through compliance leaching tests and leaching models, the leaching
behaviour of PET containers depending on their storage conditions and physical
characteristics. Thus, the calculation of observable diffusion coefficients is
considered, which quantifies the mobility of organic compounds susceptible to
leaching from PET containers under conditions like those in domestic landfills.

2. Material and Methods
2.1 Materials

Three types of polyethylene terephthalate (PET) containers used by three
different Romanian brands of non-carbonated mineral water were subjected to
leaching tests. Because it was not desired to divulge the brands, the PETs were
coded. Their codes and characteristics, as well as the experimental conditions are
presented in Table 1.

Table 1
Codification and experimental conditions
Brand Walls thickness, mm Storage time, h Storage temperature, °C
A 0.25
B 0.5 24, 48, 168 20, 40, 60, 80
C 0.8

2.2 Leaching tests

After the PET containers were cut into pieces with a size below 9.5 mm, as
specified in the TCLP (Toxicity Characteristic Leaching Procedure) test, they were
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kept in airtight containers for different times and at different temperatures in the
oven. Each experimental variety was subsequently subjected to the TCLP test. In
short, the TCLP test involves cutting or crushing the samples to be tested into pieces
to a particle size of less than 9.5 mm, and continuously mixing them with acetic
acid solution of pH 3 (leaching solution) at a solid-to-liquid ratio of 1/21 (m/V), for
18 hours. In order to make an estimate of the initial content of leachable organic
material in PET, each assortment of PET was kept at 150 °C for 2 weeks in acetic
acid solution at pH 3 under continuous stirring. The conditions were chosen so as
not to start the depolymerization of PET in acetic acid (i.e., 180°C, in the presence
of a catalyst) [13]. It should be noted that, to keep the thickness of the walls
constant, the neck and bottom of the PET containers were removed, and therefore
only their cylindrical part was used in the leaching tests. Next, the samples were
filtered and prepared for measuring the concentration of organic contaminants by
COD (Chemical Oxygen Demand) analysis according to the colorimetric method,
and by using a LT 200 digestion unit and DR 3800 spectrophotometer (Hach Lange
GmbH).

3. Results and discussion

The results of the leaching tests are presented in Fig. 1 and Fig 2. As it can
be seen, the concentration of organic contaminants in the leachate increases with
the increase of both the temperature and the storage time. Thus, the concentration
of organic contaminants in the leachate is approximately 1.6 times higher in the
case of PET (0.25 mm) stored for 168 hours at a temperature of 80 °C compared to
that stored for the same period at a temperature of 20 °C. Similarly, in the case of
PET (0.25 mm) stored at a temperature of 80 °C for 168 hours, the concentration of
organic contaminants in the leachate is approximately 1.8 times higher than that
corresponding to the leachate obtained for PET (0.25 mm) stored at the same
temperature but for 24 hours. This trend is also maintained for the other two
categories of PET (0.5 mm and 0.8 mm), but with a slight decreasing trend of the
concentration of organic contaminants in the leachate in the sense of increasing the
thickness of the PET containers. For the PET with 0.25 mm thickness stored at 20
°C for 168 hours, the concentration of contaminants in the leachate is 1.2 times
higher than that recorded for the PET with 0.8 mm thickness kept under the same
conditions. Although the difference is not very high, the results highlight the fact
that the thickness of the PET containers plays an important role in terms of the
stability of their manufacturing additives. It should be noted that between PET with
a wall thickness of 0.25 mm and that of 0.5 mm, the difference in terms of the
concentration of organic contaminants in the leachate is the same as the difference
recorded between PET with a wall thickness of 0.5 mm and that of 0.8 mm (it is
approximately 1.1 times higher). This trend is maintained for all storage conditions.
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Fig. 3 and Fig. 4 show the mobility of organic contaminants in PET
containers as a function of storage conditions as well as the thickness of PET
containers wall. The mobility was calculated based on the results of the TCLP
leaching tests as well as by using a leaching model adapted for this type of leaching
tests (equation 1) [14].

0.5
Crcrr = Co %%(%) ¢ 1)
where Co is the initial organic contaminant concentration into solid (g/kg), Mp/V, is
the solid-to-liquid ratio corresponding to the TCLP leaching test, Ap/Vp is the aria-
to-volume ratio of PET particles and Dobs (M?/s) is the observed diffusivity which
expresses the mobility of organic contaminants. It should be noted that mobility is
usually expressed as the negative logarithm of the observable diffusivity (-log Dobs
or pDobs), and therefore the higher its value, the lower the mobility of the
contaminant.
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Fig. 3. The mobility of organic contaminants depending on the storage temperature and analytical
time: a. 24 h; b. 48 h; c. 168 h.

The obtained results clearly indicate an increasing mobility of organic
contaminants in PET, regardless of its thickness, under the influence of temperature
and storage time. It should be taken into account that the observable diffusivity of
organic contaminants is a characteristic that describes the long-term mobility of
these contaminants in PET containers. Therefore, the results indicate that the
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tendency to increase the concentration of organic contaminants in the leachate with
the increase in temperature and storage time of PET, regardless of the thickness of
its walls, can be also long-term maintained, normally until the equilibrium is
reached for the organic compounds (added during the manufacture of PET or
entered into its composition through contamination during the recycling process)
susceptible to leaching. susceptible to leaching. The fact that the mobility increases
with the decrease in the thickness of the PET walls could indicate a predominantly
diffusive mechanism for leaching of the organic contaminants.
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Fig. 4. The mobility of organic contaminants depending on the storage time and temperature: a. 20
°C; b.40°C; c. 60 °C, d. 80 °C.

The above hypothesis is also supported by the fact that the results obtained
in this study regarding the mobility of organic contaminants (in general) in PET
containers are closely related to the results obtained in a similar study that aimed to
establish the mobility of Bisphenol A (a common contaminant of recycled PET
containers) through dynamic leaching tests [15]. Thus, for PET with a wall
thickness of 0.25 mm, an observable diffusivity (in terms of pDobs) of Bisphenol A
of 11.58 was established through dynamic leaching tests at a temperature of 20 °C,
while for the same type of PET it was established through TCLP leaching tests an
observable diffusivity of organic contaminants (in general) of 11.87 at the same
temperature. However, the experimental results indicate a medium mobility (11 <
pDobs < 12.5) of organic contaminants in PET in all situations [16].

4. Conclusions
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The main findings of the current work are:

1. The obtained results indicate an accentuated long-term leaching potential of
organic contaminants from PET depending on their storage conditions.

2. The mobility of organic compounds susceptible to leaching from PET
containers is influenced both by the PET storage conditions and by the
thickness of their walls.

3. The increase in the mobility of organic contaminants along with the decrease
in the thickness of the PET container walls indicates a predominantly
diffusional leaching mechanism.
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