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Marine litter in coastal areas can bring economic, social, and environmental
damage, especially the loss of aesthetic value of a tourist site. Therefore,
research on the composition of marine litter to identify its sources is important
for planning strategic action to minimize the problem. This study analyzed beach
litter composition on five beaches (Kondangmerak, Balekambang, Ungapan,
Ngudel, and Goa Cina) along the Indian Ocean coastline in the eastern part of
the south Java region, Indonesia. All the beaches are known as the famous touristic
beaches of Malang City, and receive many visitors, especially during the holiday
season. Beach litter composition was obtained by collecting different types of litter
in a 5 x5 m square transect. Five square transects were placed along the beach
strandline at each beach, and intervals of 20 m separated each transect. In each
transect, the litter was collected and counted based on its category (plastic, paper,
rubber, fabric, processed wood, metal, glass, ceramic, and hazardous items) and
size (0.5-2.5cm, 2.5-5cm, 5-10 cm, and > 10 cm). There was a statistically
significant variation in the number of litters among the sizes (p<0.05). However,
the distribution of beach litter remained consistent across beaches regardless of its
size. In general, beach litter with a size > 10 cm was found least on all beaches (<
15%), while the other three size categories were found in similar numbers (in the
range of 20% to 50%). Plastic was the dominating type of litter on all beaches.
Based on the Clean Coastal Index, all beaches were considered dirty to extremely
dirty. All litter on the beaches was the product of tourism activities, and littering
habits play a significant role as the source of marine litter in the study areas. Since
this is the first study on the marine litter composition in the eastern part of south
Java, the results of this study can be used as a baseline for future studies to prevent
marine debris pollution and to develop management strategies for reducing the
impact of marine debris on the environment.
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tourist activity, beach typology, beach management, litter-sizes, marine debris, Clean
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Introduction

Marine litter is defined as solid material manufactured,
processed, discarded, disposed of, and abandoned in the coastal
and marine environment (UNEP, 2005). This litter is considered
persistent and accumulates in the environment for a long time,
especially glass and plastics (Cheshire et al., 2009; GESAMP, 2019).
Litter can be classified into several categories: plastic, paper, metal,
fabric, glass, rubber, and wood. Some authors have classified marine
litter into several technical terms. Tudor and Williams (2004)
classified litter into two types: land-based sources, which is litter
left by beach visitors and entering the sea via rivers; and marine-
based sources, which is from ship activities and offshore
installations. Silva-Iniguez and Fischer (2003) categorized litter
sources into three types: terrestrial key objects (TKO) and marine
key objects (MKO) for objects that come from land or marine
activities, respectively, and mixed origin (MiKO). According to its
buoyancy properties, Rech et al. (2014) differentiates litter into three
types: persistent buoyant litter (floating without sinking or
decomposing), short-term buoyant (floating and is carried away
by the current and will eventually sink or decompose) and non-
buoyant items (do not float and are too heavy to be transported over
long distances). Buoyancy influences the movement of litter and can
be used to identify the source of litter (Maclean et al., 2021; Eriiz
et al,, 2023). The classification of beach litter into several categories
can be used to identify the most likely sources of the litter, such as
beach users, land-based domestic activities, mixed, or fisheries
(Silva-Iniguez and Fischer, 2003; Aratjo et al., 2018). Moreover,
custom litter categories can be created to allow researchers to
identify litter within a nationally-standardized format or to tract
Llitter that is relevant to their area (Lippiatt et al., 2013).

There have been reports on the effects of plastic pollution on the
marine ecosystem, and numerous studies have found that plastics
are the primary source of marine litter (Iniguez et al., 2016). Plastic
debris can cause entanglement and be ingested by marine biota, and
the fragmentation of bigger plastic products into microplastic are
one of the main concerns of plastic pollution (Costa et al., 2022).
Microplastics in the ocean compartments, including the deep ocean,
surface waters, and water columns, have been the subject of
numerous studies (Cordova and Wahyudi, 2016; Cincinelli et al.,
2017; Kanhai et al, 2018; Yona et al, 2019). The ingestion of
microplastics has been studied in many different types of marine
species, from small size plankton to bigger size fishes (Kosore et al.,
2018; Sathish et al., 2020; Yona et al., 2021; Yona et al., 2022).

Human activities are the primary source of marine litter; studies
have found that 90% of litter is related to land-based sources, and
river transportation is the major contributor to its accumulation
(Rangel-Buitrago et al., 2017; Terzi et al,, 2020). Eventually, litter
can be found far away from its sources due to the influence of
oceanographic factors such as coastal currents, tides, wind, and
waves (Dobler et al, 2022). One of the regions that is prone to
marine litter pollution is the beach, being located between the land
and the ocean. According to Aratjo and Costa (2008), marine
debris is one significant problem affecting recreational beach
quality. Tourism is the main activity that could lead to the
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deterioration of beaches, followed by sewage, shipping, oftshore
installations, and fisheries activities (Schernewski et al., 2018).

Many studies have shown the abundance of beach litter
worldwide due to tourism activities (Araujo et al., 2018; Sajorne
etal., 2021; Pervez and Lai, 2022; Salazar et al., 2022). Those studies
discovered that the litter found on beaches is mostly produced by
the beachgoers. Cigarette buds, beverage cans, and food wrappers
are the most often discovered litter items (Schernewski et al., 2018;
Ribeiro et al., 2021). Rangel-Buitrago et al. (2017) found a
relationship between tourism activities and the type of beaches
regarding the presence of beach litter. According to the Bathing
Area Registration and Evaluation (BARE) classification of beaches,
resort, urban, rural, and village beaches contained litter from
tourism and their related activities. In contrast, in remote
beaches, vegetation debris is the most common item observed.

The study of marine litter is increasing in Indonesia. Purba et al.
(2019), in their extensive review of the research and status of marine
debris in Indonesia, found about 37 published manuscripts. The
articles mainly focused on the environmental studies of marine
litter in the coastal areas, surface, and water columns (Sur et al.,
2018; Cordova and Nurhati, 2019; Ondara and Dhiauddin, 2020;
Purba et al,, 2020; Yona et al, 2020). The southern part of Java
Island is a very long coastline facing the Indian Ocean. It has many
beaches from the western to the eastern part of Java Island, some of
which are well-known as tourist destinations. There have been
studies on marine debris in the western part of south Java Island
(Purba et al., 2018b; Faizal et al., 2022). However, studies have yet to
be conducted in the eastern part. This study was conducted in
Malang Regency, located in the eastern part of Java Island, with
several well-known beaches for locals and visitors. While some
beaches have limited accessibility owing to their location, others
have easy access since they are well-developed tourist sites. We
expected that different types of beaches would result in different
compositions of beach litter since human activities are the leading
cause of the litter.

This research aimed to identify the composition of beach litter
found on five different beaches in Malang Regency, namely,
Kondangmerak, Balekambang, Ungapan, Ngudel, and Goa Cina,
and to describe the spatial distribution of beach litter among those
beaches. The pollution level of the beaches was assessed using the
Clean Coast Index (CCI). The results of this study are expected to
provide the first baseline information on marine litter in the eastern
part of south Java Island, as well as suggestions for management
measures to lessen marine debris in coastal areas.

Materials and methods
Study area

This study was conducted on five different beaches along the
Indian Ocean coastline in the Malang Regency. Malang is one of the
popular cities in the East Java Province, Indonesia, and is known for
its natural beauty including its coastline. Its famous sandy beaches
attract many tourists, especially in the holiday season. The five
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beaches that are the subject of this study are: Kondang Merak (8°
24.20° S, 112°32.232’ E), Balekambang (8°23.7558’ S, 112°31.122’ E),
Ngudel (8°24.9414’ S, 112°53.07” E), Ungapan Beach (8°26.2578’ S,
112°38.55” E), and Goa Cina Beach (8°26.8218" S, 112°39.018" E)
(Figure 1). The studied beaches are characterized by their white
sand and are dominated by coarse to medium sand.

We divided the examined beaches into three categories using
the BARE classification method. They are the remote area for
Ngudel and Ungapan Beach, the village area for Kondang Merak,
and the rural area for Balekambang and Goa Cina Beach. This
classification is based on the accessibility, level of urbanization, and
availability of public transportation and facilities to the beach
(Asensio-Montesinos et al., 2020). Because they are situated
outside of an urban setting and lack access to public
transportation, Ngudel and Ungapan Beach are regarded as
remote areas with a small number of visitors. This can result in a
tiny amount of trash being discovered on the beach. Even though
there is no public transportation to the beach, Kondang Merak is
still regarded as a village area because the beach lies inside a small
community. The village community’s domestic activities may cause
the trash on this beach. Due to their location away from an urban
setting, Balekambang and Goa Cina Beach are categorized as rural
areas. The beaches are more managed than the other three and
contain public amenities like stores and small food shops. Given
that they are more well-known than the other three beaches, these
beaches may experience issues with beach litter. Detailed
information on the studied beaches is presented in Table 1.

Sampling method and marine
litter identification

Beach litter data were collected on December 2022 and the
sampling method was modified from several protocols (OSPAR,
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20105 Lippiatt et al., 2013; KLHK, 2020). December is the tourist
season, as well as the wet or rainy season. During this time, the wind
is stronger than usual and may affect the presence of marine debris.
A 100 m line transect was set up at each beach, divided into five
20 m sections, and put perpendicular to the shoreline along the
water’s edge. Since every beach has a long coastline, for comparison,
we sampled in a 100 m line, and each beach’s sampled area was
close to human or tourist activities. In each section, a 5 x 5 m
quadrat transect was positioned randomly inside the foreshore area
to the back of the beach (Figure 2). According to Lippiatt et al.
(2013), the back of the shoreline is defined as the area of the first
barrier or primary substrate change.

Within the quadrats, the surface area was scanned carefully, and
visually spotted litter was collected by hand. The litter was identified
using the following categories: plastic, paper, rubber, fabric,
processed wood, metal, glass, ceramic, and hazardous items.
Hazardous items are defined as litter that can generate a potential
direct or indirect danger to living creatures (Rangel-Buitrago et al.,
2019). In each category, marine litter was classified into several sub-
categories, and in total, there were 47 sub-categories. The 14 sub-
categories of plastics can be separated again into single-use and
recyclable plastics. Single-use plastics include plastic bags, cutlery,
straws, polystyrene cup, and food containers, including cigarettes
buds (Schnurr et al., 2018; Binetti et al., 2020), while recyclable
plastics include plastic bottles, including their caps, toys, jerry cans,
and others (Iniguez et al., 2018; Stapleton et al., 2023). The litter was
also categorized according to its buoyancy properties, which consist
of three categories: persistent buoyancy (straw, plastic, and
polystyrene), short-term buoyancy (cigarette buds, ropes, paper,
rubber, fabric, processed wood, and sanitary waste), and non-
buoyancy (metal, glass, and ceramic) (Rizzo et al., 2021).

Marine litter is classified into five size classes: nano (< 1 pum),
micro (1 pm-5 mm), meso (5 mm-2.5 cm), macro (2.5 cm-1 m),

and mega (> 1 m) (Lippiatt et al., 2013). In this study, the litter is
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Study area map showing all sampling beaches along the Indian Ocean coastline in the Malang Regency.
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TABLE 1 Characteristics of the studied beaches.

10.3389/fmars.2023.1220650

Beach name Latitude Longitude Length (m) Width (m) Beach category*
1 Kondang Merak 8°24.207°S 112°32.232°E 827.27 2292 Village
2 Balekambang 8°23.7558’S 112°31.122°E 1862.15 25.40 Rural
3 Ngudel 8°24.9414’ 112°35.07°E 493.31 26.62 Remote
4 Ungapan 8°26.2578’S 112°38.55'E 952.85 37.23 Remote
5 Goa Cina 8°26.8218’S 112°39.018'E 731.17 28.59 Rural

*According to the Bathing Area Registration and Evaluation (BARE) classification system.

differentiated into the sizes 0.5-2.5 c¢m, 2.5-5 ¢cm, 5-10 cm, and >
10 cm, covering meso and macro size litter. The size is determined
by the longest dimension for each litter item (Lippiatt et al., 2013).
All litter was counted (number of items), weighed (g), and recorded
on a datasheet to gather the information from each sampled beach.
Each category was immediately weighed after the litter was removed
from the sand because all of it was dry.

Data analysis

The density of beach litter was determined by dividing the
quantity and weight of litter samples by the transect area (da
Silva et al., 2022). The result is reported in items per square
meter and grams per square meter, respectively. The Clean Coast
Index (CCI), created by Alkalay et al. (2007), was used to assess
the level of cleanliness of the beaches due to litter. The index
rates the cleanliness of the beach according to the amount of
trash on it, and the results are divided into five categories: very
clean (0-2), clean (2-5), moderate (5-10), dirty (10-20), and
extremely dirty (> 20). The litter density (number of items) and
the coefficient factor, K (=20), are multiplied to determine the

CCIL For practical reasons and to prevent the CCI values from
falling between 0 and 1, the coefficient factor is used as a
multiplier (Alkalay et al., 2007; Sajorne et al, 2021). Some
studies have only used the CCI for plastic litter because it
makes up the majority of marine litter (Alkalay et al., 2007;
Paler et al., 2019; Akarsu et al., 2022; da Silva et al., 2022),
whereas others have used it for all types of litter (Rangel-
Buitrago et al., 2019; Terzi et al., 2020; Pervez and Lai, 2022).
Additionally, Akarsu et al. (2022) estimated the CCI values using
the diameters of plastic trash and discovered a substantial
variation in the outcomes. To better understand the
differences, this study calculated the CCI values for four
different litter densities: all litter sizes, all plastic sizes, macro-
size litter, and macro-size plastic (> 2.5 cm).

Statistical analysis was assessed for significance using a non-
parametric (Kruskal-Wallis) test since the normality data criteria
were unmet. The test was employed to determine the spatial
variance of the litter between the studied beaches. If there was a
significant difference, a post hoc test was conducted to test which
groups were different (Schernewski et al., 2018; Salazar et al., 2022).
A significance level of 0.05 was used in all tests. All statistical tests
were calculated using SPSS software version 26.

FIGURE 2
Visualization of the sampling method for litter collection.
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FIGURE 3

Spatial distribution of beach litter abundance (item m™2 and g m™2) in the study area.

Results

Composition and spatial distribution of
beach litter

A total of 1,250 items and 6.6 kg of beach litter were collected
from five separate beaches in the Malang Regency along the Indian
Ocean, with an average of 250 * 63.5 items of litter on each beach.
The study area had an abundance of beach litter ranging from 0.4
items m™ to 6.1 items m > with an average of 2.0 + 1.5 item m™> The
abundance ranged from 1.6 g m™ to 29.8 g m™> with an average of
10.5 + 9.1 g m ™ according to the litter weight. Figure 3 depicts the
spatial distribution of litter abundance based on the quantity and
weight of the litter on each beach. Litter items were observed in
similar numbers for all beaches, while, according to weight, the
most was found on Ungapan Beach, followed by Goa Cina,

Kondang Merak, Balekambang, and Ngudel Beach. Statistically,
the abundances of beach litter were not significantly different
among the study sites in terms of both the amount and weight of
litter (Kruskal-Wallis test; p > 0.05).

The percentage of beach litter varied between beaches based on
size (Figure 4). The majority of litter on Kondang Merak,
Balekambang, and Ungapan Beach was between 0.5 cm and
2.5 cm (meso), while on Ngudel and Goa Cina Beach, it was
between 2.5 cm and 5 cm. On all beaches, litter with a size of >
10 cm was collected in the lowest percentage. The Kruskal-Wallis
test revealed a statistically significant difference between litter sizes
regarding the amount of beach litter (p 0.05). The difference was
only seen in sizes > 10 cm, according to a post hoc analysis; smaller
sizes did not differ substantially.

Over 60% of all beach litter discovered on all sampling beaches
was in the plastic category, which was the most prevalent (Figure 5).

m0.5-25cm ®m25-5cm ®m5-10 cm

KM BK NG UN GC

100%

80%

60%

40%

20%

0%

FIGURE 4

>10 cm

Percentages of beach litter according to the size in the sampling sites: Kondang Merak (KM), Balekambang (BK), Ungapan (UN), Ngudel (NG), and

Goa Cina (GC).
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FIGURE 5

Composition of beach litter according to its categories on all beaches: Kondang Merak (KM), Balekambang (BK), Ungapan (UN), Ngudel (NG), and

Goa Cina (GQC).

Except for paper, which was found on Balekambang Beach in a
relatively high percentage (23%), the other forms of litter were
detected in nearly identical amounts in the 1% to 6% range. The
majority of the paper litter came from the tissues and food
packaging that beachgoers left behind. Cigarette lighters, medical
gloves, masks, and diapers—all harmful items—contributed to
hazardous material. The variability of litter categories found in
this study is supported by a statistical test that shows a significant
difference in the percentage composition of beach litter according to
its categories (p < 0.01).

We classified the 84% of litter in our study that was of the
plastic-type into two sub-categories: recyclable and single-use
plastics (Figure 6A). Out of 1,051 plastic items, 214 (20%) were
recyclable items and 837 (80%) were single-use plastics (Figure 6B).
Straws, plastic wrappers, and polystyrene from food packaging
comprised most of the single-use items on the beaches. Cigarette
buds were also included in this sub-category. Persistent and
temporary buoyancy items were collected in nearly equal
amounts (47% and 50%, respectively), while non-buoyant items
only showed up in very small amounts (3%) (Figure 7). Except for
Ungapan Beach, most beaches had more short-term buoyancy litter.
The large percentage of persistent buoyancy litter was caused by the
very high polystyrene items found on this beach.

® Plastics
= Others

FIGURE 6

Clean Coast Index

The Clean Coast Index was calculated according to four
categories: all litter type, only plastic-type, all types of litter, and
plastic in the macro-size (> 2.5 cm). The findings varied
significantly between some beaches (Figure 8). All beaches
appeared extremely dirty (CCI > 20) when the CCI was
computed using all types of beach litter and only plastic-type.
However, Kondang Merak and Balekambang Beach produced
slightly different findings when the computation was performed
according to all litter sizes and only macro-size litters were counted.
On Kondang Merak Beach, the index was smaller when the
calculation was made based on the plastic litter in the macro size
(CCI < 20). Meanwhile, on Balekambang Beach, the CCI was
smaller if only macro-size litters were counted. According to the
CCI, all beaches in the study area were considered dirty to
extremely dirty.

Discussion

Compared to monitoring floating or seabed litter, beach litter
monitoring is seen to be the simplest because it takes little

H Recyclable
= Single-use
80%

Composition of beach litter in this study; (A) percentage of plastics and other types of litter and (B) percentage of recyclable and single-use plastics.
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Beach litter percentages by buoyancy in the study area (left) and on each beach (right).

equipment or training and is frequently done in conjunction with
beach clean-up initiatives (Nelms et al., 2017). Although considered
the easiest form of monitoring, this study is the first to provide the
results of the distribution and composition of beach litter along the
Indian Ocean coastline in the southern part of the East Java
Province, Indonesia. Even though this study only examined a
small part of the eastern south Java coastline, the results can still
be used to manage marine debris and provide a recommendation
for the importance of waste management on public beaches.

The results of this study observed that the abundance of litter on
the beaches was not statistically different. The distances between the
studied beaches and the similarities in human activities could be the
reason for the results. Terzi et al. (2020) found that their study sites
separated by ~ 3 km distance did not give a statistically different
result regarding litter density. The distances between the beaches in
our study ranged from 2-16 km. The longest was between Kondang
Merak and Goa Cina Beach (15.82 km), while the shortest was
between Ungapan and Goa Cina Beach (1.86 km). Moreover, all
beaches are famous for recreational activities, thus resulting in a
similar composition of litter. This can be seen from the litter found,
such as foams, cigarette buds, and food wrappers (Schernewski
et al,, 2018; Terzi et al,, 2020; Ribeiro et al., 2021). Many studies
have found that most litter that enters the sea comes from the
riverine input of terrestrial origin (Turrell, 2020). However, in this

KM BK NG UN GC

FIGURE 8

Clean Coast Index values of the study areas (Kondangmerak-KM;
Balekambang-BK; Ngudel-NG; Ungapan-UN; and Goa Cina-GC)
according to four different litter densities: all litter sizes, all plastic
sizes, macro-size litter, and macro-size plastic (> 2.5 cm). Red
represents an extremely dirty beach (CCI > 20), while green
represents a dirty beach (CCl in the range of 10-20).
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study, the litter was dominantly from tourist activities, as most of
the litter can be considered “fresh” litter that did not show (or
showed little) signs of fragmentation (Purba et al., 2018a; Smith and
Turrell, 2021).

Table 2 compares beach litter from several other studies
worldwide, and the results were varied. The variability of beach
litter found in every study is due to the different sampling methods,
such as the size of the quadrat transects used in collecting the
samples, the size of the litter collected, and the sampling periods.
For example, Salazar et al. (2022) found a very high amount of
beach litter (12,362 items) because they collected the samples
during ten field surveys from three different beaches, and on each
beach, six stations with a 3 x 3 m quadrat were used to collect the
litter. In addition, they also collected the samples in the area that
had yet to be cleaned regularly by the local tour operators. In this
case, comparing beach litter according to the number per square
meter is suitable. Variability of litter densities (item m™) among
studies might result from the differences in coastal land use that can
affect the density and litter types (Jonidi Jafari et al., 2021). Coastal
areas affected by population, industry, and port activities will
experience an increase in litter density (Binetti et al, 2020;
Anastacio et al., 2023).

Regarding number (item m™2), the litter was observed in similar
values among the beaches. However, in term of weight (g m™),
Ungapan and Goa Cina Beach were observed to have higher values.
This results from bigger, heavier litter such as glass, processed
wood, and rubber being found on both beaches. Although these
items were found in a small number, their weight could significantly
increase the total litter mass. Thus, litter weight was not always in
line with total number of litter items found (Purba et al., 2018a). We
can predict the sources of beach litter based on its number and
weight. In their study, Smith and Turrell (2021) differentiated the
origin of litter into domestic activities and fishing activities. The
study found that, according to the number of items, domestic
activities accounted for a higher percentage of litter. In contrast,
according to the weight, fishing activities contributed to more litter.
In this study, domestic activities contributed the most to litter
composition because all studied beaches were famous for their
tourist activities rather than fishing activities.

Plastic was the most common item in this study, as was also
found by many other studies (Aratjo et al., 2018; Terzi et al., 2020;
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TABLE 2 Comparison of the abundance of beach litter with other studies.

10.3389/fmars.2023.1220650

Location Study site characteristics = Sampling method Number  Litter Litter Reference
of litter abundance weight
items (items m™)
Ecuadorian Three sandy beaches that are Six replicates of quadrat 12,362 «0-11.07 - - Salazar et al.
south coastal experiencing human population transects 3 x 3 m on each «An average (2022)
region expansion beach during 10 field of 1.95
samplings
Coast in Beaches of different levels of oThree replicates of 100 x 12,815 «2.3 (low) - - Aratjo et al.
Pernambuco, development and use (low, medium, 1 m transects 5.7 (middle) (2018)
Brazil and high levels of urbanization) oLitter > 2 cm 6.3 (high
urbanization)
Coast of Three recreational beaches, two A 300 m area along the coast - 0.76-5.24 - 4.46- Jonidi Jafari
northern Iran fishing beaches, and four residential 10.48 et al. (2021)
(Caspian Sea) and commercial areas
Beaches of The area is an important leisure «A 20 m length longitudinal | - 0.13-0.86 - 22- da Silva et al.
Niteroi center in Rio de Janeiro State transect on four different 16.0 (2022)
Oceanic beaches
Region, Brazil oLitter > 1 cm
Coasts of the The coasts are centers of attraction A 5-100 m? area from 11 4,138 0.00-22.00 0.00— 0- Terzi et al.
south-eastern for local and foreign tourists. stations 32.65 440.00 | (2020)
Black Sea
Qingdao Popular spots for recreational, A 25 x 25 m* quadrat transect | 3,220 0.07-0.30 - 0.50— Pervez & Lai
beaches, China fishing, booting and swimming from 10 beaches 6.10 (2022)
activities
Beaches in The beaches are nearby to A 2 x 2 m” quadrat 3,787 5.50 + 4.46 - 20.00- | Akarsu et al.
Istanbul, urbanized areas. transect 105.40 | (2022)
Marmara Sea oLitter > 0.5 cm
Beaches along The beaches are popular for the «Five replicates of 5 x 5 m? 1,250 0.4-6.1 1.6-29.8 11.2- This study
Southern local tourists. quadrat transects from five 47.4
Ocean, Malang beaches
oLitter > 0.5 cm

Smith and Turrell, 2021; Salazar et al, 2022). It is a problem
worldwide, resulting from the high consumption of plastic
products in society with poor waste management (Alpizar et al,
2020). The increased usage of single-use plastic items has worsened
the situation. Single-use plastic items can be found everywhere,
from beaches with good waste management to remote beaches with
poor waste management (Baxter et al., 2022; Salazar et al., 2022).
Plastic mainly contributed to persistent and short-term buoyancy
items. The domination of persistent and short-term buoyancy items
found in this study indicated that the litter came from nearby sources
related to tourism activities (Rangel-Buitrago et al., 2019). This was
supported by the high percentage of paper found on Balekambang
Beach due to tourism activities. The paper mostly came from food
wrappers, as beach visitors bring food to the beach and leave the paper
wrappers behind. Among the studied beaches, Balekambang Beach is
the most visited, resulting in more food wrapper litter.

Our study differentiated beach litter into four categories of size:
0.5-2.5 cm, 2.5-5 cm, 5-10 cm, and > 10 cm. Balekambang and
Ungapan Beach contained a higher percentage (> 40%) of small
litter in the meso-sized category (0.5-2.5 cm) compared with the
other three beaches. Daily beach cleanups may cause variation in
beach litter. Daily beach cleaning, according to da Silva et al. (2022),
may only successfully eliminate larger pieces of litter; smaller pieces
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may build up in the sand. Both beaches are well-known for being
recreational destinations, and they are regularly cleaned up to
remove larger pieces of trash while leaving smaller ones behind.
In their investigation, Lee et al. (2015) discovered a positive
relationship between meso- and micro-sized litter. They proposed
using meso-sized litter as a focal point to identify microplastic
contamination. Thus, research on microplastics in beach sediment
will be time-effective. Balekambang and Ungapan Beach were found
to have a higher percentage of meso-sized litter (0.5-2.5 cm) than
the other beaches, and they may have accumulated more
microplastic. The litter distribution was fairly similar for each
litter size on the other three beaches, ranging from 20% to 30%.
Similar to the findings of this study, Smith and Turrell (2021)
identified plastic particles between 2.5 cm and 5.0 ¢cm as the most
common type of litter. A minor percentage of litter larger than
10 cm was found on all beaches. We discovered a bag and a slipper
(> 10 cm), indicating that they had been on the beach for a
considerable amount of time (Figure 9A). As the daily cleanup
only swept the rubbish on the beach’s surface, these items must have
been missed.

The small sizes of the litter collected in the study is mainly the
result of the fragmentation of bigger-sized products. This
fragmentation depends on several external factors: the duration of
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FIGURE 9

Found litter: (A) a bag and slipper that were found buried under the sand and (B) glass pieces from Balekambang Beach.

the litter from first entry into the sea, the material composing the litter,
the intensity of UV radiation, and the physical structure of the
foreshore (Smith and Turrell, 2021). Bigger-sized products such as
plastic wrappers, styrofoam, and paper from food packaging are types
oflitter that break down quickly into small pieces and are too small to
be collected during the beach clean-up (Lee et al., 2015). In this study,
the physical structure of Balekambang Beach is also a reason for the
high number of glass pieces found (Figure 9B). The combination of the
wave energy and the rocky substrate of the beach breaks up the glass
bottles into smaller pieces (Rangel-Buitrago et al., 2019).

The calculation of the CCI values showed that all five beaches in
the study area were considered dirty to extremely dirty, with the
highest value of 47.4. This value was higher than the results of Jonidi
Jafari et al. (2021); da Silva et al. (2022), and Pervez and Lai (2022),
while it was very much lower compared with the studies by Terzi
et al. (2020) and Akarsu et al. (2022) (Table 2). Almost all of our
study beaches are cleaned regularly, although we cannot say it is a
daily clean-up. Despite the cleaning efforts from the beach
management, the beaches are still considered dirty because of the
lack of awareness of the beach visitors in disposing of their trash in
the rubbish bins. Another reason might come from the
oceanographic processes that could influence the accumulation of
beach litter, such as weather conditions, ocean currents, wave
actions, and coastal geomorphology (Asensio-Montesinos et al.,
2021). Regarding this issue, in-depth research is required.

A beach’s cleanliness may vary depending on the BARE rating
of beaches. Salazar et al. (2022) found that a remote beach
contained less litter and was considered cleaner based on the
CCI value than a touristic beach. On the other hand, beaches
connected to surrounding villages were categorized as being
extremely dirty. As remote beaches, Ngudel and Ungapan Beach
were expected to have less trash than the other beaches in our
study. However, the findings revealed that such beaches were
considered extremely dirty. This is a result of the accumulated
litter that needs to be cleaned periodically but is not, even though
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the beaches are still well-known among locals. Poor management
of solid waste in the nearby villages could facilitate the
accumulation of litter in various places in coastal areas (Salazar
et al., 2022). The studied beaches are cleaned up, but each beach’s
clean-up period might differ. Except for Balekambang Beach,
which is very popular and which has an established beach
management, the other beaches are managed only by local
people or small communities. As a result, this affects the
cleaning procedure. For instance, Balekambang Beach is cleaned
daily, while the other beaches are not. Additionally, it is connected
to the number of visitors. The beach might not be cleaned every
day if there are few visitors. Moreover, the beach cleaners only use
conventional tools, such as broomsticks, and the cleaning process
sometimes cannot cover the entire beach.

The CCI can be used to selectively choose the type of litter that
is considered to influence the cleanliness of a beach. Kondang
Merak and Balekambang Beach displayed different CCI values
depending on the type of litter used to calculate the CCI. For
Kondang Merak Beach, the values were lower when we only
considered macro-size plastic, while for Balekambang Beach, the
values were lower when the calculation was made only for macro-
sized litter of either all types of litter or only plastic. This study
demonstrated the differences between visual inspection and the CCI
in the degree of beach cleanliness. Normally, only larger-sized litter
can be used to visually determine whether or not a beach is clean.
However, the CCI can be used to detect the cleanliness of a beach
from small-sized litter. According to Akarsu et al. (2022), there is a
noticeable difference between indexes that merely take plastic into
account and those that also find the dimensions of plastics.
Additionally, Bat et al. (2022) discovered that beach cleanliness
was the same whether the calculation was conducted using only
plastic litter or other types of litter due to the significant
concentration of plastic in the investigated beaches. As a result,
the CCI can be applied to determine a clean beach index that
complies with the research objectives.
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Conclusion

The beach environment has been considered a sink of marine litter
and studied intensively worldwide. This is because beaches represent
the interface between land and sea and receive significant impact from
human activities. This study is the first to report the litter distribution
on different beaches along the Indian Ocean in the eastern part of Java
Island, Indonesia. The findings of this study provide baseline
information for mitigation strategies in combating marine litter
pollution in the coastal environment. According to the litter types
and sizes, we conclude that the litter is highly related to tourist activities
and beach management regulating the waste. Poor waste management
and lack of awareness from beach visitors regarding taking care of their
rubbish has resulted in the beaches being considered dirty to extremely
dirty based on the Clean Coast Index. Regular cleaning processes by
beach managements are a crucial factor to reduce the presence of beach
litter. These should include the strict surveillance and supervision of
people who litter on the beach. Moreover, the littering culture is still
high, especially for local people. Therefore, efforts are needed to raise
awareness of litter.
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