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Abstract: Microplastics are pollutants commonly found in aquatic environments and have the
potential to accumulate in marine organisms, particularly filter-feeding organisms such as the
green mussel (Perna viridis). This study aims to analyze the abundance, characteristics, and
types of microplastic polymers using a microscope and FTIR (Fourier transform infrared)
spectroscopy at two stations in the waters of Gunung Jati, Cirebon, and their accumulation in
the hepatopancreas of green mussels. The results showed that the abundance of microplastics
in the waters of Station 1 was 0.425 particles/L, higher than that of Station 2 at 0.325
particles/L. In the hepatopancreas of green mussels, the abundance of microplastics was
higher in small mussels compared to large ones. At Station 1, the microplastic abundance in
small mussels reached 5.80 + 0.72 particles/g, while in large mussels it was 1.22 + 0.88
particles/g. A similar pattern was also found at Station 2 with values 0of 4.78 + 2.15 and 0.58 +
0.41 particles/g, respectively. Microplastics in the water and the hepatopancreas of green
mussels were dominated by fiber types with a percentage of 95-100%, and the color variation
was dominated by black. The identified microplastic polymers include polyester, polyvinyl
acetate, nylon, spandex, and polyethylene, as well as natural polymers such as cellulose. This
research demonstrates that green mussels have the potential to serve as bioindicators of
pollution in aquatic environments and provides a foundation for further research on ecological
impacts and marine environmental health. Therefore, there is a need to improve plastic waste
management in the Gunung Jati coastal area, as well as to educate the public on how to reduce
the use of plastic waste and improve its management.
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INTRODUCTION

Currently, marine pollution caused by plastic waste is a major challenge faced by
many countries, including Indonesia. Plastic is highly stable and difficult to degrade, so it can
persist for a long time in aquatic environments (Ningrum et al., 2022). In the ocean, plastic
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undergoes physical and chemical degradation due to exposure to sunlight, abrasion, and
oxidation, resulting in microplastic particles measuring <5 mm (Thompson et al., 2009; Mutlu
et al., 2025). Microplastics originate from the fragmentation of large plastic items, synthetic
fibers from textile activities, and microbeads from personal care products (Ogunola &
Palanisami, 2016; Mutlu et al., 2025). Microplastics commonly found in aquatic environments
are categorized into fragments, pellets, films, foams, and fibers. The primary materials used in
plastic production include polyethylene (PE), polyvinyl chloride (PVC), polystyrene (PS),
polyethylene terephthalate (PET), and polypropylene (PP) (Ragu Prasath et al., 2025). Their
extremely small size makes microplastics difficult to identify and remove from aquatic
environments.

Marine dynamics such as currents, waves, and wind can cause microplastics to spread
widely and be ingested by various aquatic organisms, ranging from zooplankton to
commercial fish (Botterell et al., 2019; Tian et al., 2024). The accumulation of microplastics
in marine biota has the potential to disrupt the food chain and can enter the human body
through the consumption of seafood (Rahman et al., 2021; Li et al., 2023). The green mussel
(Perna viridis) is a filter-feeding organism that is prone to accumulating microplastics from
the aquatic environment (Rahim & Yaqin, 2022). Microplastics filtered through the gills can
enter the digestive system and accumulate in the hepatopancreas, an organ involved in
digestion, nutrient absorption, and detoxification (Kolandhasamy et al., 2018; Rahim &
Yaqin, 2022). Previous research has shown that the hepatopancreas experiences the highest
level of damage due to microplastic exposure compared to other organs (Rahim & Yaqin,
2022).

The waters of Gunung Jati, Cirebon Regency, West Java, is a major site for green
mussel aquaculture, and the harvest is widely consumed by the local community. However,
domestic and fishing activities in the surrounding waters have the potential to increase plastic
waste pollution. Research on microplastic contamination in green mussels in the waters of
Gunung Jati remains limited. Therefore, this research was conducted to analyze the potential
for microplastic contamination in the hepatopancreas of green mussels.

METHOD
Date and Location
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Figure 1. Sampling site location in Gunung Jati Water, Cirebon
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The research was conducted from November 2025 to January 2026. Samples were
collected from the waters off Gunung Jati, Cirebon, West Java (Figure 1). Microplastic
identification was performed at the Biogeochemistry Laboratory of the Faculty of Fisheries
and Marine Sciences, the Finder Laboratory, and the Central Laboratory of Padjadjaran
University.

Tools and Materials

The equipment used for sampling included a GPSmap 60CSx to determine sampling
coordinates, a cool box for sample storage and temperature maintenance, a plankton net for
seawater filtration, glass bottles for sample collection, and water quality measurement
instruments including a pH meter, dissolved oxygen (DO) meter, thermometer, and
refractometer. A camera was also used to document field activities.

For laboratory analysis, samples were stored in a freezer to prevent degradation. An
analytical balance was used for weighing samples, while a ruler was used for measuring shell
length of green mussels. A magnetic hot plate stirrer and incubator were used for digestion
processes, and an alcohol thermometer was used to monitor solution temperature. A spatula
and tweezers were used for handling samples and microplastic particles, and surgical scissors
were used to open mussel shells. Filtration was carried out using a Buchner funnel and
Whatman No. 42 filter paper. Petri dishes and glass beakers were used for sample storage and
solution preparation, while measuring cylinders were used for volume measurement.
Microplastics were identified using a stereo microscope (ZEISS Stemi 508), and polymer
types were analyzed using a Fourier Transform Infrared (FTIR) spectrometer.

The materials used in this research included green mussel and seawater samples, 10%
KOH for digesting organic matter, saturated NaCl for separating microplastics based on
density, distilled water for solution preparation and rinsing equipment, 70% alcohol for
sterilizing work surfaces and equipment, labels for sample identification, aluminum foil for
preventing contamination, and zip-lock bags for storing green mussel samples.

Methods
1. Sea Water

Seawater sampling was conducted following a modified protocol from Phaksopa et al.
(2023), seawater was collected using glass containers from green mussel aquaculture sites,
water quality was measured, and the seawater was then filtered using a plankton net and
transferred into glass bottles. The seawater samples were treated with 10% KOH, then stirred
on a hot plate stirrer and incubated at 40°C for 24 hours. For density separation, saturated
NaCl was added, and the mixture was allowed to stand for 24 hours. The supernatant was
filtered using Whatman No. 42 filter paper, and microplastic characteristics and polymers
were identified.

2. Green Mussels

Sampling of green mussels was based on a modified protocol from the studies by
Ramli et al. (2021) and Tantanasarit et al. (2013). Green mussels were collected from two
different stations at a green mussel aquaculture site in the waters of Gunung Jati, Cirebon,
with 90 individuals collected per station. The green mussel samples were grouped into two
shell length categories: small (2.5-4.3 cm) and large (6.0-8.0 cm). Mussels were grouped to
represent differences in life stages and physiological capacity. Shell length was used as a
common indicator, where larger individuals assumed to have been exposed to contaminants
for a longer period of time. All green mussel samples were placed in ziplock bags and stored
in a coolbox for transport to the laboratory. Microplastic analysis followed a modified
protocol of Phaksopa et al. (2023). Green mussel samples were first cleaned to remove
contaminants adhering to the shells. Shell length measurements were taken, and samples were
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grouped into two shell size categories (small and large). Within each category, the samples
were pooled into three subgroups, with each composite sample consisting of 10
hepatopancreas organs.

The hepatopancreas organs were extracted using forceps and surgical scissors,
weighed using an analytical balance and placed into glass bottles, after which a 10% KOH
solution was added in a 1:5 (w/v) ratio. The mixture was stirred and heated on a hot plate for
15 minutes, followed by incubation at 40°C for 24 hours. A saturated NaCl solution was
added to the sample and stirred for 5 minutes, then allowed to stand for 24 hours. The
supernatant was then filtered using Whatman No. 42 filter paper. The characteristics of the
microplastics were then analyzed using a stereo microscope, and the microplastic polymers
were analyzed using FTIR.

Hepatopancreas

Figure 2. Hepatopancreas of the Green Mussel (Perna viridis)

3. Contamination Control

Lab coats and gloves must always be worn during microplastic analysis to prevent
contamination. Before beginning the procedure, the workbench is cleaned with 70% alcohol;
all glassware is rinsed with distilled water and covered with aluminum foil before use.
Distilled water and saturated NaCl solution are filtered using filter paper with a pore size of
15 um. Blank tests are performed by following the extraction and separation procedures
described earlier, without adding a sample. Afterward, the filter is examined under a stereo
microscope. If microplastic contamination is found in the blank test, the blank value is used as
a correction factor by subtracting the number of those particles from the sample analysis
results.

Data Analysis
1. Abundance of Microplastics
The abundance of microplastics in the hepatopancreas of green mussels (Phaksopa et

al., 2023) and in seawater (Nugroho et al., 2018) was calculated using the following equation:
N total (particles)

W organ (g)
amount of microplastics (particles)

Volume of filtered water (L)

A hepatopancreas =

A seawater =

A represents the abundance of microplastics in the hepatopancreas of green mussels
and in seawater; total N represents the number of microplastic particles in the sample; and
organ weight represents the weight of the composite organ. Microplastic abundance in the
hepatopancreas is expressed in particles/g, and in seawater it is expressed in particles/L.
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2. Statistical Analysis

Microplastic abundance in the hepatopancreas of green mussels is presented as the
mean =+ standard deviation (SD). Meanwhile, microplastic abundance in seawater is presented
descriptively. Polymer characteristics and types are presented as percentages. Statistical
analysis was performed using the Shapiro-Wilk normality test and Levene’s homogeneity test,
followed by a one-way ANOVA or a nonparametric Mann-Whitney test to analyze the
relationship between size categories and microplastic abundance.

RESULTS AND DISCUSSION
Environmental Conditions and Seawater Quality Parameters

The Gunung Jati waters are located in Mertasangi Village, Gunungjati Subdistrict,
Cirebon Regency, and are extensively utilized by local communities for activities such as
aquaculture, fishing, boat mooring, and agriculture. The results of seawater quality parameter
measurements are presented in Table 1. The water conditions are still considered suitable for
supporting the growth of green mussels (Perna viridis). Water temperature falls within the
optimal range for green mussel growth, namely 26-32°C (Soon & Ransangan, 2014). Green
mussels can also adapt well to salinities of 20-30 ppt (Patty, 2013). Additionally, the water
pH remains within the standard range for marine water quality for aquatic life, namely 7-8.5.
However, the dissolved oxygen (DO) level measured at 4 mg/L is below the standard
threshold of >5 mg/L.

Table 1. Seawater Quality Parameters in Gunung Jati Waters
Parameters  Unit ST 1 ST 2

Temperature °C 274 31.1
Salinity  ppt 24 26
pH - 7.33 7.24
DO mg/L 4.0 4.0
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Figure 3. Variations in Seawater Microplastics Among Sampling Sites: a. Abundance; b. Types; c. Color
Characteristics

The results of microplastic analysis at both sampling (Figure A) shows that Station 1
has a higher microplastic abundance of 0.425 particles/L compared to Station 2 at 0.325
particles/L. This difference may be due to Station 1 being located closer to the coastal area,
which has a higher potential for microplastic contamination. The microplastics found at both
stations were predominantly fiber-based. This suggests that the fiber particles may originate
from various human activities. Fibers are typically generated during the washing of synthetic
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clothing, where small fibers can detach and enter drainage systems, eventually accumulating
in water bodies. According to Dris et al. (2016), a single clothing wash cycle can generate
thousands of microplastic fibers that are discharged into the domestic wastewater system,
these fibers can be carried by wastewater into rivers and eventually end up in the ocean
(Tristanova et al., 2024).

Fiber microplastics may also originate from fishing activities. Fishing gear such as
nets and fishing lines is commonly made of synthetic polymers that can degrade over time
into microfibers (Pratita et al., 2022; Araajo et al., 2024). In addition, lost or abandoned
fishing equipment, often referred to as “ghost fishing” represents a significant source of fiber
pollution in aquatic environments (Aratjo et al., 2024). Other studies also indicate that fiber-
type microplastics are the most commonly found in water samples across various locations,
including coastal areas and ports (Cordova et al., 2024). At Station 1, microplastics fragment
accounted for 35.29%. Microplastics fragment typically originate from degraded
macroplastics. This degradation process can occur due to exposure to ultraviolet (UV) light
and interaction with microorganisms in the environment (Fatahi et al., 2021). Examples
include plastic bags, beverage bottles, food containers, cooking utensils, and mobile phone
accessories.

The color characteristics observed at both stations also varied. Black microplastics are
often produced by the incomplete combustion of plastics. For example, black PE-PP
fragments can form as a result of the burning of plastic waste, which is then transported into
the ocean (Senduk et al., 2021; Liu et al., 2019). Red, blue, and other colored microplastics
can originate from various types of plastic products such as textile clothing, food packaging,
containers, and plastic household items (Ibrahim et al., 2023). Transparent microplastics are
typically made from uncolored plastic products, such as water bottles, food packaging, or
plastic wrap (Azzahra et al., 2024). The presence of microplastics in water bodies has the
potential to disrupt the balance of marine ecosystems. Aquatic organisms may be exposed to
microplastics, posing a risk of affecting the health of marine life as well as humans who
utilize these marine resources.

Microplastics in the Hepatopancreas of Green Mussels
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Figure 4. Comparison of Microplastics in the Hepatopancreas of the Green Mussels (Perna viridis) by
Location and Size: a. Abundance; b. Types; ¢. Color Characteristics

Microplastics found in the hepatopancreas of green mussels (Perna viridis) showed a
higher abundance in smaller individuals compared to large ones (Figure A). At Station 1,
small mussels showed a microplastic abundance of 5.80 + 0.72 particles/g, whereas large
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mussels contained 1.22 + 0.88 particles/g. A similar pattern was observed at Station 2, with
values of 4.78 & 2.15 particles/g in small mussels and 0.58 & 0.41 particles/g in large mussels.
These differences were statistically significant, as the results of the Shapiro-Wilk normality
test indicated that the data for both size groups were normally distributed with a significance
level of p > 0.05 (Small: p = 0.472; Large: p = 0.138), although the Levene’s test for
homogeneity of variances indicated non-homogeneous variances (p = 0.042; p < 0.05).
However, the results of the One-Way ANOVA analysis still showed a highly significant
difference in microplastic abundance between small and large mussels (p < 0.001), with an F-
value of 40.26. To validate these results, the Mann-Whitney test also revealed a significant
difference between the two groups (p = 0.0039; p < 0.05) indicating that body size has a
significant effect on microplastic accumulation in the hepatopancreas.

The microplastics found in the hepatopancreas of green mussels were predominantly
fiber-type particles (Graph B). At stations 1 and 2, the percentage of fiber-type particles
ranged from 95% to 100%. In addition to fiber-type particles, fragments and granules were
also found, though in smaller quantities. The dominance of fiber-type microplastics in all
mussel samples aligns with conditions in the water, which are also dominated by the same
type (Figure 3). According to Rizaldi et al. (2025) and Stelzer et al. (2025), fibers are often
found in large quantities in the water, making them likely to enter the mussels’ filtration
system. Various studies on Bivalvia such as Mytilus and Crassostrea have also found
microplastics within soft tissues, with fiber being the most dominant composition compared
to other microplastic forms (Oanh et al., 2021; Wang et al., 2021; Parvaresh et al., 2024).
Furthermore, black is the most dominant color, accounting for 58% to 80%. In addition to
black, other color variations such as blue, red, yellow, and green were found (Graph C).

Green mussels are filter-feeding organisms with a high potential for exposure to
microplastics. Small mussels have a relatively large body surface area compared to their body
volume, resulting in more intensive interaction with the water and potentially increasing
microplastic accumulation. This aligns with the research by Ruairuen et al. (2022), in which
small mussels exhibited higher microplastic accumulation, which is believed to be influenced
by their relatively greater filtering capacity. Research by Mohd Amin & Azman (2022) also
indicates that high microplastic accumulation in small mussels is associated with a high
proportion of microplastics in the water they consume. The hepatopancreas in green mussels
plays a role in digestion and metabolism. Several studies indicate that mussels exposed to
microplastics may experience tissue damage (Maharajan et al., 2011; Kaddissi et al., 2014),
characterized by cellular vacuolization, hyperplasia, tubular regression, and necrosis (Rahim
& Yagqin, 2022).

Polymer Identification (FTIR)
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Figure S. FTIR Spectra of Microplastics by Fiber Type: a. Polyester (Seawater, Station 1); b. Polyvinyl
acetate (Hepatopancreas of Green Mussels, Station 1); c. Nylon & Spandex (Seawater, Station 2); d.
Polyethylene (Hepatopancreas of Green Mussels, Station 2)

Based on the FTIR analysis results (Figure 5), Spectrum A shows absorption bands
characteristic of polyester. This is indicated by the presence of an absorption band at a
wavenumber of approximately 1711 cm™ corresponding to the carbonyl group (C=0)
stretching. This finding is consistent with the results of a study by Mishra et al. (2024), who
reported that the peak at 1711 cm™ indicates the presence of carbonyl groups in polyester that
has undergone biodegradation due to changes in the polymer structure. Additionally, peaks
were observed at 1240 cm™ and 1090 cm™'. These peaks indicate the presence of ester bonds
(C-0O), which are a characteristic structural feature of all types of polyester (Mishra et al.,
2024). Polyester is lightweight, has high tensile strength, and offers optical transparency,
making it highly popular in the textile and packaging industries (Dhaka et al., 2022).
Furthermore, Waddel et al. (2020) note that synthetic fibers like polyester may contain
chemicals such as dyes, plasticizers, and contaminants absorbed from the environment. These
contaminants have the potential to transfer to organisms that consume them. Polyester has
also been found in the digestive tracts of various marine organisms such as dolphins
(Courville et al., 2024), penguins (Bessa et al., 2019), and blue crabs (Waddell et al., 2020).

Spectrum B shows a match with polyvinyl acetate (PVAc), as indicated by the
presence of an absorption band at a wavenumber of 1734 cm™. According to Brock et al.
(2017); Wei et al. (2012) and Miranda et al. (2008), the carbonyl (C=0O) band appearing in the
1720-1740 cm™ range is the most intense band in the PV Ac spectrum. Additionally, the peak
at 1230 cm™ is associated with the (C-O-C) bond stretching of the acetate group (Brock et al.,
2017; Miranda et al., 2008; Shamala et al., 2009). PVAc is widely used across various
industrial sectors. For example, in wood adhesives, paper, packaging, and carpet coatings
(Miranda et al., 2008; Jebrane et al., 2015).

Spectrum C shows an absorption band at a wavenumber of 3291 cm™ indicating the
presence of Amide A (N-H) stretching, which is characteristic of polyamide polymers such as
nylon (Bake et al., 2021). Additionally, the peak at 1537 cm™ is characteristic of the Amide II
band, associated with the combination of N-H bending and C-N stretching vibrations. The
absorption band in the region around 688 cm™ also indicates the characteristic amide
vibrations of the polyamide structure. This absorption pattern indicates that the primary
component of the sample is nylon (Bake et al., 2021). However, in the C results, there is a
strong absorption peak at 1726 cm™ indicating carbonyl (C=0O) stretching from urethane,
which is characteristic of polyurethane polymers—the base material for spandex. This is
supported by the presence of an absorption band in the 1236—-1067 cm™ region, which is
commonly observed in polyurethane structures (Zhou et al., 2019). The FTIR results indicate
that the sample is a polymer blend dominated by nylon with an additional spandex
component.

Spectrum D shows main absorption bands at wavenumbers around 2914 and 2847
cm'. According to Silva & Wiebeck (2022), the absorption bands in the regions around
2915-2920 cm™ and 28482850 cm™ are the asymmetric and symmetric stretching bands of
the methylene (-CH2) group, which is the primary repeating unit in the polyethylene chain.
Additionally, in the fingerprint region, an absorption band at approximately 718 cm™ is the
rocking band of the (-CH2) group, which is characteristic of polyethylene (Silva & Wiebeck,
2022).
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Figure 6. FTIR Spectra of Natural Cellulose Microfibers: a. Seawater from Station 1 (Black); b.
Hepatopancreas of Green Mussels from Station 1 (Blue); c. Seawater from Station 2 (Yellow); d.
Hepatopancreas of Green Mussels from Station 2 (Black)

In addition to microplastics, the analysis results also revealed the presence of cellulose
microfibers in seawater samples and the hepatopancreas of green mussels at two stations
(Figure 6). This was indicated by the presence of characteristic absorption bands at 1030 cm™
and 1053 cm™ associated with natural cellulose. According to Ugar et al. (1996), bands in the
1053-1058 cm™ and 1030-1034 cm™ ranges are associated with the (C-O-C) and (C-O)
stretching modes. Both of these bands exhibit high intensity in natural fibers, indicating the
presence of a dominant cellulose polysaccharide structure. According to Cai et al. (2019) as
well, the 10601053 cm™ wavelength range is a characteristic marker of natural cellulose
such as cotton, sisal, and jute.

Consistent with the present study, several previous studies have shown that, in
addition to microplastics, the majority of microfibers found are also made of natural cellulose
(Huntington et al., 2020). Although derived from natural cellulose, this material still
contributes to water pollution, as cellulose-based fibers can contain up to 27% of additional
chemicals (Adams et al., 2021; Sanchez et al., 2018; Xue et al.,, 2017). Research by
Santonicola et al. (2025) found that 80% of microfibers in commercial fish from the Adriatic
Sea consisted of natural and synthetic cellulose. This indicates that microfibers, whether
natural or synthetic, are commonly found in marine waters and aquatic organisms.

CONCLUSION

This research shows that microplastics are present in the waters of Gunung Jati,
Cirebon, and have accumulated in the hepatopancreas of green mussels, with higher
abundances at Station 1, which is closer to the coast. The types of microplastics found in the
water and in the hepatopancreas of green mussels are dominated by fibers of varying colors.
FTIR analysis results indicate that the detected microfibers consist of both synthetic and
natural polymers. Microplastic accumulation in the hepatopancreas of green mussels is
influenced by body size, with smaller mussels exhibiting higher accumulation levels
compared to larger ones. This study demonstrates that green mussels have the potential to
serve as bioindicators of microplastic pollution in marine waters and provide a foundation for
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further research on the evaluation of microplastic impacts on marine biota, as well as for
enhancing efforts to manage and control marine pollution.
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