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ABSTRACT

The demand for water consumption in plastic bottles has increased in recent years. Most consumers of this type of water
think that it is well sterilized. This is due to the high level of propaganda that accompanies its production regarding the extent of
its validity. It is also common to reuse these bottles for several times by filling it frequently for different uses, and their use for
preserving and storing different types of liquids.

This study is conducted for the purpose of detecting and evaluating the pollution caused by microplastics in plastic bottles
filled with water for one time, as well as water bottles reused more than once. Moreover, it evaluates the effect of storage period
and conditions on the abundance of microplastics when bottles are stored for different times and under the influence of different
conditions (shade, cooling and freezing). The results of the study show the presence of fine microplastics in open bottled water
exposed to different storage conditions. The highest concentration of microplastics is obtained in storage conditions under the
influence of shade with a limit of (1050) microplastics / liter, while the lowest concentration is obtained at around (20) microplastics
/ liter. The highest concentration of microplastics is obtained in storage conditions under the influence of cooling, with a limit of
(850) microplastics/ liter, whereas, the lowest concentration is obtained in the range of (16) microplastics/ liter. Under the influence
of freezing, the highest concentration of microplastics is obtained in the range of (648) microplasics / liter, while the lowest
concentration Is obtained in the range of (20) microplastics / liter.

Through the results, it is noted that there is a noticeable gradient in the concentration of microplastics for the samples
that have been studied. It is also noted that there is an increase in the concentration of microplastics with repeated reuse during
continuous periods of time. It is recommended that more studies and research be conducted indicating the extent of the impact of
microplastics on human health in addition to other environmental components with emphasis on finding treatment means to get
rid of microplastics.
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I.  INTRODUCTION

proportion of Americans throw away 28 billion plastic
bottles each year, which has led to an environmental

The consumption of fresh water for drinking disaster that requires spending huge amounts of money to

purposes is an essential and vital part of human life. It
works to increase the global demand for bottled water in
recent years, which has made it the fastest growing
element in the beverage economy around the world
(Doria, 2006). The massive consumption of plastic bottled
water results in great pollution due to plastic bottles that
become a burden on the ecosystem, and that do not
decompose easily if left untreated. The Environmental
Protection Agency (EPA, 2013) reports that a large

get rid of. This is what has prompted those concerned to
spread the culture of recycling which works to reduce
financial cost and reduce the damage to the environment.
The technology of recycling waste and especially plastic
waste is one of the environmentally friendly and harmless
techniques, in addition to its low economic cost. Despite
this, it has been observed that the behavior of most
consumers of plastic water bottles is that when reusing it,
they do not make any effort to clean, which may result in
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microbial pollution that harms human health. Due to its
light weight and durability, the use of plastic has
increased in various manufacturing processes, including
the production of water bottles, but it is noted that the
properties of molecular plastic change slightly if exposed
to certain conditions, which leads to its decomposition
into small and minute particles that spread in the water
(Kawecki et al., 2018; Meng et al., 2020). Various types
of microplastics have been detected in the environment,
as well as in foods and drinking water (Crawford and
Quinn, 2017; Mintenig et al., 2019; Sharma and
Chatterjee, 2017; Van Cauwenberghe and Janssen, 2014;
Yang et al., 2015).

Picheta (2018) confirms by his study of the
presence of plastic in human stool. Moreover,
microplastics can act as a carrier of many toxic pollutants,
including heavy elements that threaten human health
(Wang et al., 2017; Tang et al., 2020 and Barboza et.al,
2018). Several studies and researches have shown that the
composition of many microplastics in bottled water is
similar in composition to the material of the plastic bottle
and its lid (Bergmann et al. 2015). These microplastics are
produced and released into the water due to exposure to
photo-oxidation processes by sunlight when exposed
which is transmitted to the digestive system of humans
when they use and drink this water (Julienne et al, 2019).
In 2019, the World Health Organization (WHO) called on
scientists from all countries to strengthen research for the
impact of microplastics on human health (Laskar and
Kumar, 2019; WHO, 2019). Therefore, with the
increasing inputs of microplastics into the environment,
microplastic pollution has become a global problem and
concern (de Souza Machado et al., 2018). As
microplastics have attracted increasing attention
worldwide, previous reports have focused on the source,
distribution, fate and toxicity of microplastics. However,
many of these studies and reviews are not entirely
comprehensive, and most have focused solely on marine
environments. Microplastics come in a variety of sizes,
shapes, and colors with some being spherical, fibrous, or
random. According to Crawford and Quinn,2017), a
microplastic is generally defined as any piece of plastic in
size over its longest dimension length, whose standard
size can be classified into large plastic (>25 mm),
intermediate plastic (<25 mm to 5 mm), elastomers (< 5
mm), microplastics in addition to small microplastics
(smaller than 5 mm to 1 um), and finally nanoplastics
(smaller than 1 um). On the other hand, microplastics can
also be categorized as (granules, microbeads, fragments,
fibers, film, and foam). Fragments are solid particles of
angular and irregular shape, and some miicroplastics are
thick with sharp, twisted edges. (Wang, et.al, 2020). The
current study aims at verifying the presence of
microplastics in water-filled plastic bottles used for the
first time, and to verify the levels of microplastics at each
reuse of the plastic bottle and under the influence of
different storage conditions.

Collection and preparation of samples:

Samples of bottled water are randomly collected
starting from November 2021 until the end of March 2022
from the local markets of Mosul city within the
production validity period to avoid the possibility of
changing some water properties with the expiration date
of the water plastic bottles. The most commonly used
plastic bottles are selected with a volume of 0.5 liters. The
plastic bottle samples are divided into two groups that
included the first group, which consists of four samples
that are reused plastic bottles filled with filtered water
(0.45 micron) to be purified from microplastics for the
purpose of ascertaining the source of microplastics
generation for the reused bottles. The second group
consists of four standard samples (bottled water) as the
standard control group, for the purpose of comparing with
samples of reused bottles (Duwiejuah et al., 2013). The
two groups are placed under the influence of three
different storage conditions (under the influence of shade
(15-23) C, the influence of cooling in the refrigerator at a
degree of (4) C, finally under the influence of freezing at
a temperature of (-15) C (Alak, et. al,2021). The plastic
bottles are re-used during different periods of time, where
the first re-use occurred after three days. The first reuse of
plastic bottles starts at 3 days of storage, up to the 10th
reuse at 30 days of storage, in all conditions, in addition
to the standard control group (Chisupakitsin, et al. 2019).
Sample Analysis

The outer surface of the bottled water samples is
cleaned to avoid plastic contamination and to eliminate
the possibility of contamination from the outside
(Kankanige & Babel, 2020). This indicates the degree of
prevention through the use of a cotton lab coat and surface
wiping steps as confirmed by Wesch et al. (2017). The
laboratory preparations include clothing, work surface,
utensils should be free of microplastics to avoid
contamination, and cotton coats are worn throughout the
microplastics analysis and during sample analysis to
prevent sample contamination. Lab coats are used as a
single protection measure to avoid fabric fibers from
seeping out of clothing and contaminating samples since
cotton fibers are abundant in indoor air, including in the
laboratory. Hence, it is highly recommended that
microplastics analysis work surfaces are cleaned
intensively which indicates the presence of airborne
particles from the lab coat and the indoor environment and
that the glass Petri dishes are washed thoroughly between
experiments (Vianello et al., 2019). A certain volume of
the sample is filtered by a vacuum filtering device using
filter papers of the type (Grid Membrane, Diameter 47
mm, Size (0.45) um. The filter papers are placed in sterile
glass petri dishes to dry at room temperature, taking into
account their tightness to avoid laboratory contamination.
The optical analysis is performed using a Wild m7a
Microscope with an eyepiece magnification (10X) and an
objective lens of (40X) magnification (Kosuth et al.,
2017; Hidalgo- Ruz et al., 2012).
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Il. RESULTS AND DISCUSSION

The results of the plastic bottles stored under the
influence of the shade show that the number of plastic
particles begin to increase upon re-use six times, reaching
(140) microplastics / liter and for the sample used once by
(75) microplastics / liter. The number of microplastics
continued to multiply by a large amount during the
seventh, eighth and ninth reuse with the number of
microplastics reaching (640,410,200) particles / liter,
respectively. In contrast, the number of microplastics for
the one-time sample reached (100,100,90) microplastics /
liter. As for the tenth use, the number of microplastics
reached (1050) microplastics/ liter, compared to (120)
microplastics / liter for that used for one time, as shown
in Figure (1). The reason for the increase in the values of
the microplastics of the sample during storage in the shade
can be attributed to the effect of chlorine, as it is an
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effective element in scratching the plastic bottle over
time, which may lead to the deterioration of the polymers
that come into contact with these media due to oxidation,
as two main factors act: The first is the analysis of the
outer layer that deals with water, and this is observed as a
remarkable behavior during the use of plastic bottles that
are used and stored for a long period of time, as a weakly
bonded emulsion layer is formed with the basic substance
of the plastic material, which is one of the first items to
decompose plastics in water. As for the second factor, a
decomposition process may arise (a high probability) in
that the permeability is to be inward, which leads to the
opening of channels within the structure of the plastic
material. This process is very similar to the process of
creating porous holes, which after a while will lead to a
kind of swelling in the structure of the plastic material,
resulting in the generating of internal pressure that
increases the release of microplastics from outside its
structure (Samarth,. & Mahanwar,. 2021).

Effect of Shade
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Figure 1: Effect of reusing plastic water bottles on the concentration of plastic particles when storing in the shade

The results show that the number of
microplastics under the influence of cooling begins to rise
significantly upon re-use 6 times, reaching (150)
microplastics / liter, compared to (50) microplastics / liter
for the sample used for one time. It is noted that the
number of microplastics doubled significantly when the
plastic bottle is re-used for seven times, reaching (320)
microplastics / liter, and for the one-time sample reaching

(100) microplastics / liter. The increase continues clearly
until it reaches its highest value when the tenth reuse
amounts to (850) microplastics / liter compared to (120)
microplastics / liter for the single-use sample (See Figure
2). This indicates the deterioration of the plastic bottle
during repeated use, which has had a clear effect through
the process of emptying, filling and exposure to
mechanical stress.
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Effect of Cooling

No. of Microplastics p/Lp

0 2 4

6 8 10 12

No. of Reuse
—0— 5 ol Aaadiin —@— Lgaladind alaa

Figure 2: The effect of reusing plastic water bottles on the concentration of microplastics when stored in cooling

As for storage under freezing conditions, the
results show that there is an increase in the number of
microplastics when reusing plastic bottles. An increase is
noted when using for (5) times, as the number of
microplastics reached (110) microplastics/ liter, while the
number of microplastics for the sample used for one time
reached (56) microplastics / liter. The number of
microplastics continued to increase exponentially upon
reuse by (8) times, as the number of microplastics reached
(350) microplastics / liter, and for the one-time sample it
amounted to (120) microplastics / liter. The number of
microplastics upon the ninth use of the plastic bottle
reached (405) microplastics / liter compared to (119)
microplastics / liter for the sample that is used once. The
bottle began to collapse upon the reuse of (10) times, and
the number of microplastics increased dramatically
reaching (648) microplastics/I, as shown in Figure (4-8).

The reason for the increase in the release of
microplastics from the process of freezing and melting
leads to an increase in the mass of the bottle during
freezing and its return to its normal size upon melting. The
continuation of the process and repeated re-use creates
pressure on the bottle body, which may lead to cracks in
the polymeric matrix and the loosening of the bonds that
are connected with each other. This leads to its
deterioration and the release of microplastics. When
looking at the process of cooling plastic materials
accurately, we have to prove the following points.
Cooling is divided into two main parts: the first is normal
cooling, and the second is called deep cooling (freezing).
The basic difference between the two types of cooling can
be explained as follows: when plastic materials are cooled
to a temperature not exceeding zero degrees Celsius, this
stage leads to an effect only on the surface layer of the
plastic materials, because the thermal conductivity of

plastic materials in general is weak conduction and the
temperature within this range is limited to parts of a
micrometer of the surface of the plastic material that is
being dealt with. Thus, the amount of influence in such a
case is a superficial one (Ferrari, et al.2020). As for
exposure to deep cooling (freezing), the process causes an
impact on most of the depth of the plastic material, which
makes all the molecules and polymeric chains in the
material being affected (Kuo et al., 2020). In order to
explain why the microplastics observed in the case of
cooling are higher than those in the case of freezing (deep
cooling), the main reason for this is due to the fact that in
the case of deep cooling, all the body of the plastic
material is subject to the same influence, which makes the
absence of a difference between layers of the interior with
the surface layers, which in turn leads to the material
maintaining its relative cohesion (Pourzamani., et al.
2017). In the case of (normal cooling), there is a
difference in the temperatures of the different layers of the
plastic material, which makes a thermal gap between the
different layers.

This gap leads to a weakening of the bonding of
microplastics with each other between the different layers
and leads to an increase in the number of microplastics
ejected outside the structure of the plastic material
(Munno et al., 2018). When comparing the shape of
microplastics resulting from single-use of plastic bottles
with those of bottles used for several times, it is observed
that microplastics in the form of fibers and blue colored
fragments of single-used bottles, which can belong to the
cap of the plastic bottle, as shown in Figure (4). The
majority of microplastics in reused bottles are in the form
of flakes, transparent and white pellets, fibers of different
sizes, and foam often generated from the body and cap of
the samples.
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Effect of Freezing
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Figure (3): The effect of reusing plastic water bottles on the concentration of microplastics when stored in the
freezer

Figure (4): Shapes of microplastics of reused samples on filter paper under a microscope

When comparing Figures (1), (2) and (3), it is
noted that the values of the number of microplastics
during reuse of (1-5) times are very close and for all
conditions. This convergence can be explained on the
basis that the plastic material is still able to maintain its
properties, and has the ability to resist external influences,
but when plastic bottles are re-used from (6-8) times, the
beginning of the collapse of the plastic material is noticed
by increasing the release of microplastics. This change or

collapse is irregular depending on the nature of the
influence. For some influences, the plastic material has
had the ability to resist it, as opposed to not indicating its
ability to resist in harsher conditions. After re-use for (8)
times, rising up to (9-10) of re-use, the plastic bottles have
reached the stage of collapse and aging under most of the
storage conditions used in the research. The result is
consistent with what is reported by Ofmann, et al (2018).
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I11. CONCLUSIONS

Microplastics are found in water-filled plastic
bottles, single-use and reused. The number of
microplastics for plastic bottles increases at each reuse
and under the influence of storage conditions (shade,
cooling, and freezing). It is recommended that further
studies be conducted to find out how dangerous these
plastic particles are to the health of humans and
environmental components.
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