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Abstract: Sepanjang Beach, a popular tourist site, experiences significant plastic pollution, including microplastics, 

primarily introduced by visitors. This study investigates the presence and characteristics of microplastics in the 

digestive systems of gastropods and bivalves harvested for food and in the surrounding seawater. Sampling was 

conducted using purposive sampling and quadratic transects. The transect length was 50 meters, set perpendicular to 

the beach, with quadrant plots measuring 1x1 meters. In each plot, one individual from each species found was 

collected. Samples were prepared using 15 ml of 10% KOH solution and incubated overnight. Microplastics were 

analyzed optically using a stereo microscope at 40x magnification. The highest number of microplastics was found 

in the Turbo setosus species with 701 particles. Fibers were the most common form of microplastic found in both 

gastropods and bivalves, totaling 2,204 particles. Microplastics were also detected in seawater from the beach, with 

fibers again being the most prevalent at 553 particles. 
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1. Introduction  

Plastic waste production is increasing alongside 

the growing use of plastic in daily life. Plastic is a 

material that is cheap, lightweight, durable, and 

resistant to corrosion. It is made from long chains of 

polymer molecules derived from raw materials such as 

carbon, silicon, hydrogen, oxygen, and chlorine [1]. 

Due to its durability, plastic is difficult to degrade in the 

environment. 

According to data from the National Waste 

Management Information System (SIPSN) of the 

Ministry of Environment and Forestry (KLHK) in 2021, 

Indonesia generated 25,899 tons of waste per year. Of 

this amount, 33% was unmanageable. Plastic waste 

accounts for 15.4% of the total waste generated. Plastic 

waste has different buoyancy depending on its type. 

Plastic waste made from polyethylene (PE) and 

polypropylene (PP) floats well on water because of its 

good buoyancy. On the other hand, polyvinyl chloride 

(PVC) plastic tends to sink and settle at the bottom. It 

can also be carried along by water currents. Microbial 

activity also affects plastics by changing their 

physicochemical properties. This process causes the 

plastics to break down into smaller pieces [1].  These 

pieces, which measure less than 5 mm, are called 

microplastics [2], [3]. 

Microplastics are divided into two types based on 

their sources: primary and secondary microplastics. 

Primary microplastics are plastics manufactured in 

small sizes and are commonly found in facial cleansers, 

cosmetics, and toothpaste, which are generally made 

from polyethylene, polystyrene, and polypropylene. 

Secondary microplastics result from the fragmentation 

of larger plastics [4]–[6]. Generally, the types of 

microplastics found in the ocean primarily originate 

from secondary microplastics [6]. 

Research on microplastic pollution in Indonesian 

waters has already been extensively conducted, 

particularly focusing on coastal ecosystems [7]–[9]. In 

the Sei Sikambing River, Medan, microplastics were 

found in types of polyethylene, polypropylene, and 

polystyrene in forms of films, fragments, granules, 

foams, and fibers [10]. Meanwhile, in the Progo River, 

Yogyakarta, up to 1173.25 microplastic particles per 

kilogram were discovered, while in the Opak River, 

there were 3729.67 particles per kilogram. The high 

number of microplastic particles is attributed to the 

confluence of Rivers Code, Gadjahwong, Oyo, and 

wastewater discharge from the TPA Piyungan landfill 

in the Opak River [11]. Additionally, another study 

mentioned that in Barón Beach, Yogyakarta, 53.14% 

of the microplastics were fibers, 36.97% were films, 

and 9.89% were fragments [12]. 

Plastic waste carried by water currents poses a 

threat to aquatic animals. Larger plastic debris, 

measuring over 5mm, can be ingested by fish, turtles, 

birds, and cetaceans [13]. In contrast, microplastics 

can be swallowed by smaller animals. When animals 

ingest microplastics, these particles may become 

lodged in their digestive tracts, be expelled in feces, or 

absorbed into the intestinal epithelial layers through 

phagocytosis. Absorbed microplastics have the 

potential to enter other tissues within the body [14]. 

Research on rodents indicates that solid polystyrene 

can easily transfer from the intestines to the lymphatic 

system, which can then enter the bloodstream and 

spread to other tissues [15]. 
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Several studies have investigated the presence of 

microplastics in organisms. For example, 77% of 

anchovy samples from Tokyo Bay, Japan, contained 

microplastics. Among these, 52% were polyethylene 

and 43.3% were polypropylene [6]. In the UK, 

microplastics were detected in 63% of shrimp samples. 

This research also found that microplastics larger than 

20 µm cannot move into tissues [16]. Meanwhile, on 

Pramuka Island, Thousand Islands, Indonesia, 

microplastics in various forms (fibers, films, fragments, 

and granules) were present in 66.89% of snail samples 

and 68.72% of crab samples [4]. 

Given the ecological and commercial importance 

of mollusks and the potential human health risks posed 

by microplastic contamination, assessing microplastics 

in these organisms is critical, particularly in key areas 

such as Pantai Sepanjang. Mollusks contribute to 

nutrient cycling [17], [18] and serve ecological roles as 

detritivores, while also providing commercial value  

[19] and serving as food sources [20]. Microplastic 

contamination in their digestive systems poses risks to 

higher-level consumers through the food chain. This 

importance motivated research on microplastic content 

in mollusks at Pantai Sepanjang Yogyakarta, an area 

with identified microplastic pollution related to tourism 

and plastic waste. Studies in similar coastal areas 

highlight the presence and diversity of microplastics in 

mollusk populations and emphasize the need for 

continued monitoring and mitigation strategies to 

protect both ecosystem health and human consumers. 

2. Materials and Methods 

2.1. Materials  

The research aims to analyze the microplastic 

content in the digestive system of mollusks at Sepanjang 

Beach, Yogyakarta, Indonesia. This study was 

conducted using an exploratory descriptive method. 

Data collection techniques involved purposive sampling 

and quadrant transect methods. The tools used for data 

collection included a measuring tape, stakes, rope, 

camera, and swimming equipment. After collecting the 

mollusks, they were identified based on morphological 

characteristics using field guides from various articles. 

Environmental parameters were measured using 

universal pH indicator paper, a thermometer, and a DO 

meter. 

2.2. Methods 

2.2.1. Sample collection and preparation 

Sample collection was conducted at 4 stations, each 

station having 4 transects, and each transect containing 

5 plots. The determination of stations was based on the 

locations where gastropods were found on Sepanjang 

Beach. At each station, transects were drawn that 

extended 50 meters perpendicular to the shoreline. 

 

Figure 1. Plot Layout Sketch 

The plot used measures 1x1 meters. The distance 

between plots is 10 meters. Replication is done three 

times. In each plot, one individual from each species 

found is collected and stored in a specimen bottle. The 

layout sketch of the plots can be seen in Figure 1. 

 

Figure 2. Location of Each Data Collection Station 

2.3. Experimental variable and analytical 

procedures 

The researchers analyzed the mollusks obtained 

for microplastic content using protocol 1b, modified 

from Dehaut et al. (2016). First, they measured the 

length and weight of the mollusk samples. Then, they 

removed the mollusks from their shells and stored 

them in beakers. Next, they immersed the samples in 

10M NaOH and incubated them at 40°C for up to 7 

days at room temperature. After incubation, they 

added a NaCl solution to the mixture and incubated it 

for 24 hours to allow microplastic particles to float to 

the surface. They collected 20 ml of the surface 

solution containing the most microplastics. From this 

solution, the researchers performed three replicates by 

dripping 1 ml into each Sedgewick Rafter chamber. 

They observed the solutions under a light microscope 

at 100x magnification. They repeated this treatment 

with a control variable 20 ml of solution left open in 

the laboratory to ensure that the visible microplastics 

did not come from ambient air. Finally, they 

categorized the identified microplastics into 

fragments, fibers, films, and granules. 

Seawater samples were collected from four 

different stations. Researchers filtered the samples 

using a 350-mesh plankton net to remove sand, 

plankton, and salt, preparing the seawater for testing. 

Each station's water was divided into two 200 ml 

samples. Then, 218 g of NaCl was added, followed by 

a 24-hour sedimentation period at 40°C. After this, 

researchers took 20 ml of solution from the surface and 

repeated observations three times. For each 

observation, 1 ml of solution was randomly placed in a 

Sedgewick Rafter chamber. Finally, the solutions were 
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examined under a light microscope at 100x 

magnification. 

 

2.4. Data Analysis 

The data was analyzed using descriptive analysis by 

calculating the total, average, and percentage of the types 

of microplastics present in each species. The types of 

microplastics are categorized into fragments, fibers, 

films, and granules. This calculation is also compared 

with the body mass of each species. 

 

3. Results and Discussion 

Mollusks were found distributed across four 

stations at Sepanjang Beach, Yogyakarta. The types of 

mollusks discovered include six species, consisting of 

four gastropods and two bivalves. All samples were 

tested to determine the levels of microplastics present in 

the bodies of the mollusks. 

 

Table 1. Microplastic Recapitulation in Mollusks 

Samples 
 

Species 
Massa 

(gr) 
Total 

Particle / 

gr 

1.  Conus emaciatus 54.31* 594 10.94 

2.  Cyprea moneta 6.79 575 84.68 

3.  Cyprea lynx 9.01 570 63.23 

4.  Turbo setosus 23.35 701 30.02 

5.  Periglypta reticulata 11.61 520 44.79 

6.  Modiolus 

micropterus 

4.04 
618 152.97 

Total  3578 
 

Average  596.33 
 

* Body mass with shell 

Based on Table 1, it is known that the species with 

the highest number of microplastic particles is Modiolus 

micropterus, with 152.97 particles per gram, while the 

species with the lowest is Periglypta reticulata, with 

30.02 particles per gram. The highest microplastic 

abundance in Modiolus micropterus is presumed to be 

due to its bodily resilience, which allows it to inhabit 

diverse habitats and tolerate foreign contamination, 

thereby causing the contaminants to accumulate and be 

retained within its body [21]. Furthermore, four forms 

of microplastic pollution were identified: fragments, 

fibers, and granules. 

Microplastics found in mollusk samples can be 

categorized based on their particle shapes, which 

include fragments, fibers, granules, and films. 

Fragments are characterized as irregular pieces of 

plastic, while fibers are long and thin, resembling 

strands. Films are defined as thin and flexible 

microplastics that can easily conform to various shapes. 

In contrast, granules are small plastic beads that often 

originate from the breakdown of larger plastic items. 

This classification helps in understanding the diverse 

forms of microplastics present in marine ecosystems 

and their potential impact on mollusks health and the 

broader environment. 

 

 

Figure 1. Various forms of microplastics. a. Fragment 

form, b. Film form, c. Fiber form, d. Granule form 

Figure 2. Graph of the number and shape of 

microplastic samples in mollusks. 

Based on Figure 2, the most commonly found 

shape of microplastic particles in the mollusk samples 

is the fiber shape, with a total of 2,204 particles, while 

the least common shape is granules, with only 293 

particles. The fiber-shaped microplastics were most 

frequently found in Turbo setosus, totaling 448 

particles. Fibrous microplastics easily attach 

themselves to algae, which are a food source for Turbo 

setosus [22]. and can thus accumulate in the snail's 

body. 

Based on Figure 3, all forms of microplastics were 

found in the seawater samples. The most commonly 

found form was fiber, with a total of 553 particles, 

while the least common was granule, with only 42 

particles. Fiber microplastics were most abundant at 

Station II, with 193 particles, and least abundant at 

Station IV, with 83 particles. Granule microplastics 

were most frequently found at Station IV, with 22 

particles, and were not detected at Station I. 
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Figure 3. Graph of the number and shape of 

microplastics at each station. 

 

Based on images 2 and 3, the type of microplastic 

most commonly found in mollusk samples and seawater 

samples is fiber. Fibers resemble threads or fishing nets 

[23]. Fiber-type microplastics have thin shapes and 

sizes, which often lead to their presence floating on the 

surface [24]. These fiber microplastics originate from 

washing clothes, fishing nets, industrial raw materials, 

household items, plastic bags designed to degrade in the 

environment, or from the degradation of fishing 

products [23]. Unlike fibre, microplastics in the form of 

fragments and films originate from pieces of plastic 

containing strong synthetic polymers, such as those 

found in beverage bottles and plastic food packaging 

that are degraded by factors such as ultraviolet 

radiation, mechanical forces from ocean waves, 

oxidative agents from plastics, and the hydrolytic 

properties of seawater [25]. Meanwhile, granular 

microplastics generally originate from factories that use 

plastic in beauty and hygiene products, known as 

microbeads [26]. Granules are microplastics in the form 

of fine, transparent, round particles, similar to the 

microbeads found in hygiene and cosmetic products  

[24]. 

The presence of microplastics in seawater may be 

attributed to the accumulation of plastic waste from 

rivers in Yogyakarta that flow into Sepanjang beach. 

Reports have indicated contamination in Yogyakarta's 

rivers, with the Progo River showing up to 1,173.25 

microplastic particles/kg and the Opak River containing 

3,729.67 microplastic particles/kg [11]. One of the 

causes of this river pollution is the incomplete waste 

management at the landfill site. Research has reported 

no significant difference in microplastic abundance in 

leachate water before and after treatment [27]. This 

indicates that water from landfill waste processing can 

carry microplastic particles into the rivers, subsequently 

leading to the pollution of seawater. 

Microplastics can also spread due to currents and 

tides [28]. Coastal currents and wind transport can 

contribute to a higher distribution of microplastics near 

the coast. The lack of proper plastic management 

(incomplete burning, unplanned incineration, 

dumping, etc.) can be a major cause of the 

transportation of microplastics and their relatively 

high abundance on beaches [29]. Additionally, the 

larger the biota, the more microplastics are found 

within that biota  [23]. 

Mollusks, particularly shellfish, are filter feeders, 

meaning they absorb food found in seawater. Initially, 

microplastics enter through the gills and are 

transported by cilia to the labial palps for selection. 

The results of this selection are then passed to the 

digestive organs. If microplastics are found in the 

digestive organs, their size is typically less than 1500 

μm [30]. If the microplastics are larger than this, they 

are likely only attached to the gills [31]. Once 

microplastics are in the digestive organs, they can be 

excreted in feces or absorbed into the intestinal 

epithelial layer through phagocytosis. One study on 

the mussel M. edulis showed that polystyrene 

microplastics could move from the intestine to the 

hemolymph within three days [32]. Additionally, 

microplastics can carry heavy metals such as Pb, Cr, 

Cu, Cd, Ni, and Co. Large accumulations of 

microplastics in the digestive tract can hinder nutrient 

absorption [32]. 

Microplastics in gastropods enter through the 

food consumed, such as contaminated microalgae and 

zooplankton [4]. The small size of microplastics 

makes them difficult to distinguish from their food 

sources, allowing gastropods to ingest these particles 

[33]. In fact, L. stagnalis can swallow microplastics up 

to 90 μm in size [34]. High accumulation of 

microplastics in gastropods poses risks to their health, 

including carcinogenic effects and hormonal 

imbalances [32]. However, some gastropods can adapt 

to the presence of microplastics. For instance, L. 

stagnalis has the ability to select digestible food, 

enabling it to expel microplastics along with its feces 

[34]. This mechanism helps reduce microplastic 

accumulation in the digestive system of L. stagnalis. 

The presence of microplastics in seawater, 

Bivalvia, and Gastropoda affects humans. Some 

Bivalvia and Gastropoda are common foods 

consumed, allowing microplastics to inadvertently 

enter the human body [35]. Research indicates the 

presence of microplastics, specifically polypropylene 

and polyethylene terephthalate, in human feces. The 

estimated annual intake of microplastics by humans 

ranges up to 11,000 particles from shellfish, 1,000 

particles from salt, and 5,800 particles from tap water; 

additionally, microplastics can also originate from 

food processing, packaging, and airborne 

microplastics [36]. The accumulation of microplastics 

in the human body has the potential to cause health 

disturbances. At the cellular level, microplastics can 

increase oxidative stress in brain cells and epithelial 

cells, as well as enhance cytokine and histamine 

production [35]. The impacts of microplastics at the 
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tissue and organ levels remain significantly unknown; 

therefore, further research is needed to understand these 

effects. 

 

4. Conclusion 

The conclusion of this study is that gastropods and 

bivalves found on Sepanjang Beach, Gunungkidul, 

Yogyakarta, are contaminated with microplastics. 

Microplastics found on the bodies of gastropods and 

molluscs are in the form of fibres, fragments, films, and 

granules. Microplastics were also detected in the 

seawater at this beach. Contamination of gastropods, 

bivalves, and seawater has the potential to harm 

ecosystems and humans. 
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