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Plastic pollution in marine ecosystems is one of the most important study topics in recent years.
The toxicity, mobility and long-term persistence characteristics of plastics create risk in ecosystems,
biota and human health. In this study, the levels of heterotrophic bacteria attached to the surfaces
of commonly used plastic types; polyvinylchloride (PVC), polyethylene (PE), and polypropylene (PP)
were tested in a mechanical experimental system prepared with seawater under controlled conditions in laboratory. The seawater, which was used in the experimental system, was taken under
aseptic conditions from the Golden Horn Estuary, located in the Istanbul region of Turkey. Three
different types of plastic (PVC, PE and PP), in two different (glass slide (76x26 cm) and virgin micro
pellets (5mm diameter) size, were placed in the experiment setup filled with seawater and incubated for 28 days at ambient temperature. At the end of 28 days, the counts of heterotrophic bacteria
were tested using the spread plate technique on Marine Agar (Difco), in both plastic surfaces and
surrounding seawater. The levels of heterotrophic bacteria were recorded to be lower in the seawater surrounding the micropellets and lam-size plastic samples. The seawater sample bacterial
levels were recorded as 12x109 CFU/ml, at the start of the experiment. At the end of the 28th days,
it was recorded to be 83x109 CFU/ml. The highest levels of heterotrophic bacteria were recorded
as 41x1010 CFU /cm-2 and 61x1010 CFU /cm-2 on the lam-size surfaces and the micropellet surface of
the polypropylene samples, respectively. In the experiments, the PP plastic type has been recorded
as a more preferred plastic derivative by heterotrophic bacteria according to the PVC and PE plastic types, but there has been no significant difference in the bacterial adhesion rates on the surfaces. The study contributed increasing knowledge on the bacterial approach to microplastics types.
However, there is a need for long term studies related to the mechanism of bacteria attached to
microplastics.
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INTRODUCTION
Plastics are synthetic polymers with high insulation against electricity and heat, light, easy to
operate structure, and are used in many areas in
our daily lives. With the development of synthetic organic polymers in the mid-twentieth century,
plastic production in 1950, which was 1.5 million
tons per year, exceeded 300 million tons over
the years. It is expected to reach 540 million tons
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in 2020, with the increase in production and consumption (Haward, 2018). Most polymer species
are highly persistent in the marine ecosystem.
Only when exposed to ultra-violet radiation,
they undergo photo catalysis and slowly dissolve. Plastic waste can be of any size, from visible large particles to invisible small particles.
On a global scale, it is estimated that 1.5 million
tons of primary plastic are dumped into the
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lection of bacterial communities. The localization of other microorganisms is a process related to the intensity of the initial bacteria (Hall-Stoodley et al., 2004). There are studies evaluating the
binding rates of bacteria depending on the materials. The studies on this subject indicate that the different media characteristics will also be different (Donlan, 2002; Davey and O’toole, 2000).

oceans (0.8 million tons/year in the optimist scenario, 2.5 million
tons/year in the pessimistic scenario). 98% of the primary microplastic reaching the sea constitutes terrestrial activities and 2%
from the activities carried out at sea (Boucher & Friot, 2017). In terrestrial activities, the ratio of those arriving by road transport is
49%, the ratio of those involved by waste water treatment plants is
25%, and the ratio of those transported by wind is 7%.

In this study, the aim is to obtain preliminary data related to the
levels of free living and plastic-associated bacteria, using the
macro (glass slide size) and micro dimensions of three types of
plastics (polyvinylchloride, polyethylene, polypropylene) which
are used frequently in Turkey.

It is known that microplastics can absorb contaminants in water,
toxic compounds such as polychlorobifenil (PCB), and harmful
compounds such as nonylphenol (International Pellet Watch,
2018). The release of microplastics with these contaminants in
the aquatic environment causes serious effects on the transport
of harmful compounds (Mato et al., 2001; Endo et al., 2005).

MATERIALS AND METHODS
The surface (0-30 cm) seawater sample was taken from Karaköy
Port Town in February 2018, under aseptic conditions. The sampling point is shown in Figure 1. The sample was brought to the
Istanbul University, Faculty of Aquatic Sciences, with the cold
chain on the same day.

In addition to the planktonic form, it has been determined that
bacteria, known to survive in water as individuals, have developed a different structure in the form of a community in order to
continue their lives, as seen in the studies and observations carried out over time (Çiftçi, 2005). The demands of bacteria to hold
onto any surface around the sea are intended to evaluate organic matter. The particles of the bacterium called “attachment bacteria” have been identified more intensively than the bacteria
that live freely in surface water (Costa, 2011). It is known that microplastics in the marine ecosystem form a suitable environment
for bacteria to hold on.
Plastisphere is a term used to describe the habitats on plastics in
aquatic ecosystems. The initiation of this mechanism, which is
formed by microorganisms, which develops in all kinds of materials, and which is defined as “biofouling”, is the attachment of gram
negative bacteria to the environment, and then diatoms, protozoa
and invertabrates are added to this structure. The long-term permanence of plastics in the marine ecosystem and the transport of
bacteria and other microorganisms due to currents causes them to
reach different marine areas as invasive species (Zettler et al., 2013;
Pauli et a., 2017; Gündoğdu et al., 2017; Hodgson et al., 2018; Rech
et al., 2018). These structures formed on plastics increase the
weight of micro-macroplastics, and cause them to be transported
from surface to bottom in aquatic ecosystems (Kaiser et al 2017;
Kooi et al., 2017). For this reasons, the determination of bacterial
levels on microplastic surfaces is very important.

Figure 1. Sampling Point.

Preparation of experimental setup
The experimental devices were prepared in two different ways.
The most common used three plastic types were chosen, and
they were purchased from a plastic factory. The plastics size tested were arranged considering the experimental setup measurement as glass slide size and 5 mm diameter of micropellet. Similar size materials were used to calculate and compare the area
where the bacteria attached. All sizes of polyvinylchloride (PVC),
Polyethylene (PE) and Polypropylene (PP) materials were prepared for analysis according to Palanichamy (2002). A 15-liter sea
water sample was put into the special design closed circuit system. PVC, PE, PP materials were cut to glass slide (76 x 26 mm)
size, and they were sterilized by washing with sterile distilled water. They were placed in the closed circuit system under aseptic
conditions to avoid airborne bacterial contamination, and the
water circulation rate was set to 13 Hz (Hi-RUN / N100) (Figure 2).

The main reason why plastic is widely talked about today and in
every aspect of human life is the fact that plastics are not easily
degraded and are resistant in nature (Shah et al., 2008; Shimao,
2001). It is known that microorganisms, especially bacteria, are
adaptable to ecological niches and natural habitats. The rapid
adaptation of microorganisms is also applied to exist in the artificial habitat called Plastic in the oceans. Microbial colonization
on the plastic particle in the ocean was reported for the first time
in 1972 (Carpenter et al., 1972; Carpenter et al., 1972). Floating
plastic parts in the ocean provide an environment for microorganisms to attach (Chen and He, 2015).
The attachment of bacteria to cling to any surface in order to
evaluate the nutrients in the environment is more than their tendency to live freely. These tendencies settle on different surfaces
in the marine environment and prepare the ground for the col-

In addition, the 100 ml of seawater samples were introduced into
the sterile Erlenmeyer (250 ml) under aseptic conditions. All the micropellet size samples (5 mm in diameter) were weighed as 1g un-
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der aseptic conditions, and they were placed in the Erlenmeyer containing seawater. The samples were placed in a shaking incubator,
and were incubated at ambient temperature for 28 days (Figure 3).

least 48-72 hours at 22±1 °C. The colony count was carried out
and recorded at the end of incubation. All bacteriological analyses were performed in triplicate (APHA, 1998). The first day of
bacterial level results were recorded as the bacterial level of the
control group, and this data were used to compare the results
obtained from the plastic surfaces after the system was shut
down (Bordalo et al., 2002).

Bacteriological analysis
The method of spreading plaque to Marine Agar (Difco) was
used to determine the heterotrophic bacteria levels in plastic
surfaces and the seawater. The Petri dishes were incubated at

Statistical analysis
Plastic types and bacterial level were compared by one-way
ANOVA, followed by Tukey’s post-hoc tests. The plastic size and
bacterial level tested with one-way ANOVA. Statistical analysis
was performed with the SPSS Statistics 21 program.
RESULTS AND DISCUSSION
The results of the first day and last day heterotrophic bacteria
levels obtained from the plastic (glass slide size [76 x 26 mm] and
micropellet-size [5 mm in diameter]) samples were summarized
in Table 1 and Figure 4.
The results of the first day and last day heterotrophic bacteria
levels obtained from the sea water samples were summarized in
Table 2 and Figure 5.

Table 1.

Heterotrophic Bacterial Levels data obtained from
plastic samples
Incubation Time
1st day

Figure 2. The special design closed circuit system.

Size

Type

Glass Slide

PVC
PP
PE
PVC
PP
PE

Micropellet

28th day
CFU/cm-2

-

45x1010
65x1010
60x1010
48x1010
97x1010
87x1010

Figure 4. Heterotrophic Bacterial Levels data obtained from
plastic samples. HPC: Heterotrophic Bacterial Count

Figure 3. The shaking incubator used in the experiment.

33

Aquat Sci Eng 2020; 35(2): 31-35
Çiftçi Türetken, Altuğ and Öksüzoğlu. The Levels of Plastic-associated Heterotrophic Bacteria on Three Different Types of Plastics

Table 2.

bial abundance on large surface areas of polystyrene foam. Researches on microbial biofilms on plastic wastes in water have
begun to be the subject of more studies in recent years (Davey
and O’toole, 2000; McKenney et al., 1998; Muthukumar & Veerappapilla, 2015; Oberbeckmann et al., 2018; Zettler et al., 2013).

Heterotrophic Bacterial Levels obtained from the
sea water samples
Incubation Time
1st day

28th day

Lobelle and Cunliffe (2011) reported that biofilm formation was
observed in sinking plastics with early stage biofilm formation on
marine microplastic wastes. In the first week of the study, while
the number of cultivable heterotrophic bacteria on the plastic
surface was 1.4x104 cm-2, it reached 1.2x105 cm-2 at the end of the
third week. They also did not encounter a species that degrades
plastic in early stage biofilm formation (Lobelle and Cunliffe,
2011). The average level of heterotrophic bacteria was reported
in the range of 6.4-7.9 CFU/cm2 in the study conducted on sheet
metal, aluminum, stainless steel, glass, galvanized, wood, cotton
and rope (Altuğ et al., 2007). In this study, the heterotrophic bacterial levels on PP, PVC and PE surfaces were determined at an
average of 11 CFU/cm2. Zettler et al. (2013) reported that the microbial community on polypropylene and polyethylene particles
differed from the community in seawater. In our study, we can
sort the plastic varieties according to the bacterial levels they
have on them as PP>PE>PVC. The research conducted by Oberbeckmann et al. (2018) examined the microbial biofilm structure
and variety on marine microplastics in North European waters in
different seasons.

CFU/ml
Glass Slide Size

Micropellet Size

Sea Water

12x109

83x109

Sea Water (PVC)

12x109

20x109

Sea Water (PE)

12x109

86x109

Sea Water (PP)

12x109

42x109

The levels of heterotrophic bacteria were detected as 12x109±7.8
CFU/ml in the seawater sample at the first day. 83x109±3.2 CFU/
ml was detected in the sea water sample of the closed-circuit system at the end of the 28th days’ incubation. High levels of heterotrophic bacteria in seawater samples have been associated with
the appropriate environmental conditions necessary for the bacterial vital activities. When the heterotrophic bacteria levels of
the seawater samples were compared with the first day and 28th
day, it was observed that there was an increase during the incubation. This situation showed that there were no negative effects
on bacterial growth during the experiment.
Figure 5. The levels of heterotrophic bacteria obtained from
the seawater samples at the first and the end of the
experiments. HPC: Heterotrophic Bacterial Count

The sector produced 3.5 million tons of plastic raw materials in
2017, and produced around 1.8 million tons in the first 6 months
of 2018 all over the world. In Turkey, the total plastic raw materials production was realized at the following rates: low-density
polyethylene (31%), high-density polyethylene (9%), PVC (15%),
PP (%12), PS (10%), and Polyethylene terephthalate (23%) (AT&T,
2017).

The bacteria levels were found as 45x1010±2.8 CFU/cm2,
65x1010±4.9 CFU/cm2 and 60x1010±5.4 CFU/cm2, respectively, in
the glass slide size samples of PVC, PP and PE surfaces. The
highest bacterial adhesion rate to glass slide size was detected
on the polypropylene (PP) surface. The mean levels of bacteria
detected in the PVC, PP and PE micro-pellets was 48x1010±3.2
CFU/ cm2, 97x1010±4.7 CFU/cm2, and 87x1010±5.5 CFU/cm2, respectively, as a result of the 28-day incubation in a shaking incubator. The mean bacterial levels of the seawater including PVC,
PP, PE micro pellet were determined as 20x109±8.2 CFU/ml,
86x109±8.2 CFU/ml and 42x109±8.2 CFU/ml, respectively.

The part of the plastic that is produced in the scope of recycling
is not clearly predictable. Plastics such as disposable bags, PET
bottles and packaging are known to play a major role as contaminants for our aquatic resources (Browne et al., 2011; Yurtsever,
2015).
CONCLUSION
This research confirms that the plastic surfaces, like all particles in
marine ecosystems, might have a potential to carry microbial
agents. The domestic and industrial wastes should be prevented
from reaching the sea, permanent pollutant sources should be
identified and the monitoring studies should be carried out in
marine ecosystems. Alternative organic materials should be preferred instead of disposable plastic materials. This study contributes scientific knowledge related for the first time to the levels of
heterotrophic bacteria, attached to the plastic surfaces, in our
country. Detailed and long-term studies are needed to determine the bacterial profiles and metabolical peculiarities of dominant bacterial species that hold onto plastic surfaces.

The highest total mesophilic aerobic bacteria level was detected
on the micro and macro sized polypropylene (PP) plastic surfaces. This finding has shown that the polypropylene plastic variety
for the adhesion of bacteria has the appropriate surface and, it
was found that there was a statistically significant relationship between the plastic type and the levels of bacteria (p<0.05).
Microplastic pellets have higher levels of bacteria than the glass
slide size samples (p<0.05). This situation is related to the fact
that the surface area is larger in the pellet samples. Similarly, Carson et al. (2013) compared microbial colonization on polypropylene, polystyrene and polyethylene in the North Pacific using
scanning electron microscopy, and recorded the highest micro-
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