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Abstract. The density of tourists in Cilacap Teluk Penyu (or Cilacap Turtle Bay) can be one of the causes
of pollution to the environment, especially from the disposal of plastic waste. If pollution due to plastic
waste continues to occur, it will have an impact on the environment and humans in the area. This
research will examine the type, density, and composition of plastic waste. Sampling was carried out on
eight repetitions using the line transect method. The samples taken were then grouped to be identified
based on their size and type. The grouping was carried out with reference to the 2020 KLHK guidelines,
and the data obtained were analyzed to calculate the abundance based on the weight, type, and
composition of plastic waste. Of the 17 types of plastic waste found, the density of the waste was
dominated by 95% macroplastics and 5% mesoplastics. Macroplastic waste is generally used more by
people in their daily activities compared to mesoplastic because it is strong, lightweight, flexible, and
easy to carry everywhere. Based on the composition of the types of plastic waste, on tourist beaches
you can find PLO4 (spoon, fork, and straw) and PLO7 (plastic bags) in macro waste and PLO1 (bottle
caps), PLO8 (toy flakes), and PL11 (cigarette butts) in meso waste which is a type of disposable waste
that is discarded by users. Awareness from the public needs to be increased again regarding
environmental awareness, especially plastic pollution. Promotion of environmental awareness through
several programs carried out by institutions or the community needs to be carried out to deal with
plastic waste pollution. Environmentally responsible behavior is also promoted among coastal tourists.
Key Words: coastal management, marine pollution, plastic debris, Teluk Penyu, tourism.

Introduction. Teluk Penyu, located on the south coast of Cilacap, is one of the beach
tourism objects with a high activity level in Cilacap City. In 2017-2021 it had the highest
tourist growth after Salatiga City at 141.4% (Kepemudaan et al 2021). The beach,
located only about £2 km from the city center and one of the main tourist attractions, is
the second tourist destination with an attraction of 143,209 tourists in 2021
(Kepemudaan et al 2021). The panoramic view of Nusakambangan Island and oil tankers
become the distinctive characteristic of Teluk Penyu. However, the density of tourists can
cause several problems, one of which being the increase in marine waste due to the use
of various food packaging by tourists (Syakti et al 2017). The number of tourists on
tourist beaches also affects the amount of marine debris generated, including plastics
(Garcés-Ordédriez et al 2020; Hayati et al 2020). Waste on the beach can be caused by
several factors, such as tourism activities, stores, and waste disposal from hotels or
restaurants along the beach (Retama et al 2016; Dowarah & Devipriya 2019; Maione
2021). Such waste generation can eventually have various negative effects on the
aquatic environment and human health.
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SCBD & STAP-GEF (2012) reported that plastic is the most dominant type of
marine debris. The same thing was reported by da Silva et al (2018) at Arraial do Cabo
tourist beach RJ, Brazil, Rakib et al (2022) on the Cox’s Bazar beach of the Bay of
Bengal, Bangladesh, and Abelouah et al (2021) on the central Atlantic coast of Morocco.
The oceans are estimated to contain 1 tonne of plastic for every 3 tonnes of fish in 2025,
and in 2050 there will be more plastic than fish in the oceans by weight (Ellen MacArthur
Foundation 2017). It is estimated that 10% of all plastics produced will be discharged
into rivers and end up on beaches and the ocean (Van Cauwenberghe et al 2013). Since
plastic is a common disposable material that humans often use because it is elastic,
lightweight, transparent, and cheap, it is usually considered unimportant after use and is
simply discarded.

Coastal issues due to interactions between humans who use coastal resources for
tourism activities are essential to study, one of which is Teluk Penyu Beach, Cilacap,
which is one of the areas that have the potential to contribute plastic waste that can
cause pollution problems in the area (Kusumawati et al 2018). In that case, it will impact
the environment and habitat in the area (Syakti et al 2017; Ningsih et al 2020; Sahami
et al 2020). Hence, this study aims to assess the type, density, and composition of
plastic waste. The results are expected to be used as a basis for monitoring for plastic
waste pollution in Teluk Penyu coastal, Cilacap.

Material and Method

Study sites. The research was conducted in Teluk Penyu, Cilacap coast, in September
2021. Sampling was carried out using the survey method, which was carried out by
observing a research object directly and conducting eight repetitions to obtain objective
data (Figure 1). The sampling location was determined based on the researcher’s
judgment that the sampling point was suitable. Syakti et al (2017) have also used this
sampling location for three consecutive years to monitor activities each year. The
sampling point was determined by dividing the length of the coast line obtained with an
interval of 100 m for the placement of each quadrant transect measuring 5 meters x 5
meters referring to Syakti et al (2017). The sample identification and analysis process
was carried out at the Water Quality and Productivity Laboratory, Faculty of Fisheries and
Marine Science, Universitas Jenderal Soedirman.
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Figure 1. Sampling location in Teluk Penyu, Cilacap.
Sample collection. Sampling was conducted using the line transect method to
determine the type, amount, and density of plastic waste. Sampling in the field refers to
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KLHK (2020) where the steps taken are determining one point, and then a line is drawn
along 100 m parallel to the shoreline, then a 5 meter x 5-meter quadrant transect is
placed at each sampling point for a transect length of 20 m which is used to collect macro
waste samples (Figure 2). Surface sediments 1-3 cm deep were collected using a shovel
and sieved using a 25 mm sieve. Any debris left above the sieve was categorized as
macro debris and collected for further identification.
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Figure 2. Illustration of sample plotting (a) and size of each transect (b) in Teluk Penyu, Cilacap.

Meso samples were taken from 1 meter x 1-meter transects laid out within 5 meters x
5-meter transects. In this transect, sediment 1-3 cm deep was taken using a shovel and
sieved using a 5 mm sieve. Retained debris was separated as meso-debris and further
identified. Samples were cleaned of adhering sediment, then placed in separate
containers of trash bags for each sampling point. The sampling process, in this case was
carried out in stages starting from the first 20 m to the fifth lane at eact point. After that,
the samples obtained were visually identified. The steps of plastic waste sampling are
presented in Figure 3.
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Figure 3. Steps of plastic waste sampling.

Data analysis. The data used is in the form of primary data on waste on the Teluk
Penyu coast. The obtained plastic samples were cleaned to remove sediment and residue
that was still attached, then separated based on the macro and meso waste size
categories, after which they were classified based on the waste code according to the
KLHK (2020). The plastic waste code for each group is presented in Table 1.
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Table 1
Classification of plastic waste by code (KLHK 2020)

No Waste Waste classification No Waste Waste classification
code code

1 PLO1 Bottle cap 13 PL13 Baskets, crates and trays

2 PLO2 Botttle < 2L 14 PL14  Plastic mooring buoy (buoy)

3 PLO3 Bottle, drums, jerry cans | 15 PL15 Mesh bags (vegetable,

and buckets > 2L oyster nets and clam bags)

4 PLO4 Knives, forks, spoons, 16 PL16 Tarpaulin (tarpaulin or

straws, stirrers, and other woven plastic bags,
cookware pallet wrap)

5 PLOS Food container beverage | 17 PL17 Fishing equipment (bait,
equipment package (fast traps and pots)
food, cups, lunch boxes,

etc.)
18 PL18 Monofilament string

6 PLO6 Food containers (fast
food, cups, lunch boxes,

etc.)

7 PLO7 Plastic bag (opaque or 19 PL19 Rope

clear)

8 PLOS Toys and party supplies 20 PL20 Fishing net

9 PLO9 Gloves 21 PL21 Plastic ribbon strap

10 PL10 Cigarette lighter 22 PL22 Fibreglass flakes

11 PL11 Cigarettes, butts and filters | 23 PL23 Plastic ore

12 PL12 Syringe 24 PL24 Other plastic materials

After classification, the weight, percentage, and density of each type and size of plastic
waste (both macro and meso waste) obtained are calculated, then the calculation results
were analyzed descriptively and visualized in the form of tables and graphs. The formulae
used in the calculation is as follows:

a. Weight of plastic waste. Litter collected per square meter (M) is the total weight of
litter per transect box area. The weight of waste per square meter is reported in grams
per square meter (g m?) (KLHK 2020):

Total weight of litter (g)
Length (m) x Width (m)

b. Density of plastic waste. Litter density (K) was calculated from the amount of litter per
type per transect box area. Waste density data is reported in units of number of waste
per type m™ (KLHK 2020):

Total amount of litter per type
Length (m) x Width (m)

Density (K) =

c. Composition of plastic waste. Waste composition was calculated as a percentage (%),
which is the weight of waste per type per total waste in the transect box (KLHK 2020):

Percentage (%)= 100

n.
=

where: X = weight of waste per type.
Results
Type and density of plastic waste. The plastic waste that is the object of this study is

divided into two sizes, macroplastics which are the most common of waste that can found
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and can be seen clearly because the size is more than 2.5 cm and mesoplastics with sizez
between 5 mm and 2.5 cm (Chubarenko et al 2020; Jeyasanta et al 2020; KLHK 2020).
Specifically, the plastic debris found consisted of PLO1, PLO2, PLO4, PLO5, PLO6, PLO7,
PLO8, PL10, PL11, PL12, PL13, PL16, PL17, PL19, PL20, PL21, PL22, and PL24 for macro
debris and PLO1, PLO4, PLO5, PLO6, PLO7, PLOS, PL11, PL13, PL16, PL19, PL20, PL21,
PL22, and PL24 for mesoplastics (Table 2). Litter density (K) was calculated from the
amount of litter per type per transect box area, litter density data is reported in units of
number of litter per item m™. Based on the results found in the field, macroplastic types
(PLO4) such as plastic forks or spoons and (PLO7) such as plastic bags had the highest
density of 12.24 types m™ each, then types (PLO6) such as fast food containers had the
second highest value of 8.68 types m™. The highest total mesoplastics density was in
type (PLO1) worth 0.68 types m™ with the plastic classification being bottle caps.

Table 2
Density of macro- and meso-plastics by weight and item

Weight (g m™?)  Density (item m™)

Code Waste classification Macro Meso Macro Meso
PLO1 Bottle cap 3.456 0.46 2.12 0.68
PLO2 Bottle < 2L 10.364 - 0.36 -
PLO3 Bottles, drums, jerry cans, and - - - -

buckets > 2L
PLO4 Knives, forks, spoons, straws, stirrers, 7.164 0.056 12.24 0.16
and cookware

PLOS Food container beverage equipment 3.228 0.008 2.44 0.04
package (fast food, cups, lunch boxes
and the like)
PLO6 Food containers (fast food, cups, lunch 10.144 0.012 8.68 0.04
boxes and the like)
PLO7 Plastic bag (opaque or clear) 24.348 0.056 12.24 0.16
PLO8 Toys and party supplies 1.868 0.252 1.24 0.44
PLOS Gloves - - - -
PL10O Cigarette lighter 1.752 - 0.12 -
PL11 Cigarettes, butts and filters 0.248 0.296 1 0.32
PL12 Syringe 0.108 - 0.08 -
PL13 Baskets, crates and trays 0.304 0.1 0.28 0.12
PL14 Plastic mooring buoy (buoy) - - - -
PL15 Mesh bags (vegetable, oyster net and - - - -
clam bags)
PL16 Tarpaulin (tarpaulin or other woven 3.936 0.068 0.24 0.08
plastic bags, pallet wrap)
PL17 Fishing equipment (bait, traps, pots) 1.02 - 0.32 -
PL18 Monofilament string - - - -
PL19 Rope 30.472 0.04 2.48 0.08
PL20 Fishing net 1.004 0.016 0.72 0.04
PL21 Plastic ribbon strap 0.548 0.04 1.88 0.12
PL22 Fibreglass flakes 0.196 0.072 0.2 0.08
PL23 Plastic ore - - - -
PL24 Other plastic materials 11.496 0.072 4.68 0.08

Composition of plastic waste. Based on the results, the waste density is dominated by
macroplastics, with a percentage of 95% and 5% for mesoplastics. The weight
percentage was also dominated by 99% macroplastics and 1% mesoplastics (Figure 4).
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Figure 4. Percentage composition comparison based on density (%) (a) and weight (%) (b) of
macro and meso-plastics in Teluk Penyu, Cilacap.

Composition of macroplastic. The types of macroplastics found during field sampling
are displayed in Figure 5. The results showed that the composition of macro litter was
dominated by PLO7 (plastic bags) both in terms of weight and quantity with the same
value, namely 25%. This is expected because plastic bags are a waste that tourists quite
often use in this area.
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Figure 5. Percentage composition by weight (%) (a) and amount (%) (b) of macroplastics in
Teluk Penyu, Cilacap.

Composition of mesoplastic. Based on the results of the weight and amount
percentage diagrams on mesoplastics (Figure 6), in the mesoplastic category, bottle caps
or PLO1 become plastic waste with the highest abundance of 28% compared to PLOS,
which is toy waste with the lowest abundance of 14% and PL11 is cigarette waste
totaling 19% between the of PLO1 and PLO8. Meanwhile, other plastic waste tends to have a
small percentage amount. In other types of plastic waste, the results are not comparable to
the third type of plastic that is very dominant in abundance on the tourist beach.
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Figure 6. Percentage composition by weight(%) (a) and amount(%) (b) of mesoplastics
in Teluk Penyu, Cilacap.
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Discussion. Macroplastic types PL0O4 (i.e. spoons) and PLO7 such as plastic bags had the
highest density of 12.24 item m™, then types (PL06) such as fast food containers had the
second highest value of 8.68 item m™. Tourists generally walk on the beach enjoying
nature's beauty while eating food they buy or bring themselves. However, the plastic
they use to carry or wrap food is often thrown on the beach after its use (Williams et al
2016). The same results were also reported by Syakti et al (2017), da Silva et al (2018),
Frigione et al (2021) and Rakib et al (2022); that single-use plastics are the most
dominating waste on tourist beaches, the level of visitor intensity in traveling can also
cause the accumulation of plastic waste due to tourist waste. If single-use plastic waste
continues accumulating, the effect on the environment will also adversely affect the
habitat by changing species distribution, entangling organisms, and causing damage or
even increasing mortality due to plastic waste (Welden 2020).

Based on the size, the marine debris is dominated by macroplastics (95%) for the
item density, as well as for the weight (99%) as shown in Figure 4. Plastic waste in Teluk
Penyu beach comes from floating debris carried by ocean currents and domestic waste
from community, especially from tourists who throw it directly on the beach area. The
community generally uses macroplastic waste in daily activities, such as plastic bags,
bottles, straws, and cups (Atmanti & Purwanti 2021). Macroplastic waste is more
common than mesoplastic waste, such as cigarette punting. It causes the density and
weight of macroplastic to be higher than mesoplastics. The same results were also
obtained by Damayanti et al (2022) that the type of waste in the plastic category is the
most dominating marine debris in the west coast tourist area of Mataram City. This is due
to the light mass of waste so that it easily floats, is carried by waves, and then
accumulates in the waters. In addition, research conducted by Schaduw et al (2021)
found that plastic waste has the highest composition than other types of waste at
Malayang Beach.

Beach users, including tourists and people conducting economic activites in the
beach area, have been identified as major sources of waste (Williams et al 2016). This is
expected from the high input of plastic packaging waste from human activites that are
not managed properly. Human activities are essential in contributing plastic pollutans to
the environment (Olivatto et al 2019). The same applies to tourism activites. In addition,
Teluk Penyu Beach is also a famous and crowded area visited by tourists. Significantly
during the holiday season, the number of tourist who come to the location also increases.
It shows that waste in coastal areas can increase by about twice the usual amount during
the holidays (Lasaliesanti 2019). The types of beach waste found in the research location
include bottle caps, bottles, jerry cans, and plastic bags (Figure 5). Teluk Penyu is one of
the largest industrial areas with various industrial activities in it such as the petroleum
industry that is still operating. In addition, the Teluk Penyu beach tourism area is the
most popular tourist attraction in Cilacap and in the tourist attraction that contributes the
most regional original revenue in Cilacap (Pamungkas 2019). This causes the types of
macro marine debris on this beach also to vary and have specific characteristics, as
evidenced by the discovery of macro marine debris in the form of used equipment
commonly used in industrial activities and macro marine debris from tourist attraction
visitors (Kusumawati et al 2018).

Based on Figure 5, it is evident that PLO7 (plastic bags) dominates the
composition of macro-sized waste. The amount of plastic waste far exceeds that of other
types of waste. According to Zhukov (2017), plastic is the most commonly found marine
debris. This is due to its durability, ability to float and its resistance to decomposition,
which makes it a significant pollutant that has spread globally throughout the waters. The
amount of plastic waste in the ocean originates and is influenced by human activity and
population, such as in highly populated areas of China and Indonesia (Jambeck et al
2015). It is undeniable that plastic bags are still favored and difficult to replace due to
their strong, lightweight, flexible, resistant, unbreakable, and malleable properties
(Surono & Ismanto 2016). In addition, people still often use plastic bags as necessities,
such as shopping, storing goods, and carrying things. Therefore, it takes awareness from
ourselves to reduce the use of plastic waste, especially plastic bags, which are the main
problem of the macroplastic category.
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The amount of marine waste that accumulates, especially from the type of plastic
waste, can have an impact on the aesthetic value of coastal areas and does not rule out
the possibility of having an impact on marine pollution and the health of marine animals
and even have an impact on human health. Plastic waste has an impact on marine
pollution because plastic will not disappear but only decompose in an ecosystem from
size of macroplastics to microplastics (Teuten et al 2009). Macroplastics can also injure
marine animals when entangled by plastic waste and can also cause death in marine
animals if macroplastic waste is swallowed so that marine animals experience irritation in
the digestive system (Cordova 2017). In research coducted by Djaguna et al (2019) the
same results were obtained that the types of marine debris generally found at the
research site were plastic, rubber, metal, glass, and wood. However, the most common
type of waste is plastic waste. The results showed that plastic debris was found in the
largest amount, followed by rubber, glass, and metal. The main factor causing the
abundance of marine litter at the study site was the population’s activities, indicating that
land-based (industrial) sources provide the primary input for plastic pollution at the
beach.

Figure 6 displays a diagram depicting the weight percentage and amount of
mesoplastic. Of the several varieties of mesoplastic, bottle caps (PLO1) have the most
plastic waste (28%), toy trash (PLO8) has the least waste (14%), and cigarette waste
(PL11) is among these sorts (19%). The percentage of other types of plastic trash is
comparatively low.

The primary reason for the dominance of plastic bottle caps in the mesoplastic
waste category is that they are made of polypropylene, which is highly resistant to high
temperatures and concentrated acidic liquids. Polypropylene is also recognised for its
exceptional resistance to halogenated and oxidising substances, as well as hydrocarbons,
aldehydes, esters, and ketones (Maddah 2016). Polyvinyl chloride (PVC) is the
thermoplastic material that is most frequently employed in the production of toys on a
global scale, with an annual demand of 35 million tonnes. PVC is a durable and cost-
effective material that can be utilised for an extended period (Sadat-Shojai et al 2011).
Cigarette waste is a semi-synthetic polymer that is frequently referred to as cellulose
acetate. Cellulose acetate polymers are employed in a variety of products, such as
cigarette filters, plastic films, and textiles (Puls et al 2011).

Tourist beach areas have a high amount of mesoplastics, which may be due to the
crowds of visitors. Additionally, it has been found that around 40% of the waste found on
beaches is actually associated with residential garbage (Jangga et al 2021). In addition,
currents directly affect the abundance of mesoplastics on the beach surface because the
smaller the particle size of the debris, the easier it is carried by currents (Bagaskara et al
2020). Jangga et al (2021) found that in the Malacca Regency, Indonesia, 76% of the
total amount of marine litter was plastic waste. The various types of plastic waste found
in the research location are types that are usually used in everyday life, such as bags,
beverage bottles, food wrappers, raffia ropes, nylon ropes, straws, and other hard
plastics. Kusumawati et al (2018) said that plastic waste is a type of waste that easily
floats and is carried away by currents. Therefore this is also conveyed by NOAA (2015)
that in research on marine debris in all waters of the world, plastic waste is the most
common type and harmful to marine organisms.

Conclusions. Based on the study’s results, it shows that the density and composition of
plastic waste in Teluk Penyu, Cilacap is dominated by general disposable plastic waste
due to waste from tourists or other beach activities. More specifically, of the 17 types of
plastic waste found, at the macroplastic size, the PL0O4 and PLO7 types dominate with
similar density values of 12.24 items m™. When viewed from the percentage of weight
and amount, the PLO7 type has a directly proportional value of 25%. At the mesoplastic
size dominated by PLO1 and PLO8 with density values of 0.68 and 0.44 items m™, when
viewed from the percentage of weight, PLO1 has a value of 19% and PLO8 has a value of
14%, and the percentage of the amount in PLO1 and PLO8 is 15% and 14%.

There is also a need for awareness from the community around the beach or
tourists to pay more attention to the plastic waste generated by them. Promoting
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environmental awareness through several programs carried out by the government or
the community is also essential to deal with plastic waste pollution like this. There needs
to be an institutional role to strengthen regulations and public awareness of
environmental pollution so that waste solutions can be prevented and handled together.
Enviromentally responsible behavior also need to be promoted among coastal tourists.
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