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Abstract

Existence of plastic waste has continued an increase in the environment. Plastic breaks into particles in the size range
of 1-5000 pm called microplastics. Small plastic particles accumulate in aquatic biota, one of which is bivalves. Bivalves
are used as sentinel organisms and bioindicators of marine pollution, as they can accumulate microplastics carried by
seawater. In this context, two filter-feeding bivalve species are Gafrarium sp. and Anadara antiquata. The abundance of
microplastics in A. antiquata and Gafrarium sp. in Indonesian coastal waters indicates that almost all bivalve species are
contaminated with microplastics. The types of microplastics frequently found in A. antiquata and Gafrarium sp. are
fibers, fragments, films, and pellets. The smaller the average size of microplastics, the more they can enter the aquatic
food chain. Thus, the presence of plastic pollutants in seafood consumed by humans can pose a food safety risk. If
microplastic particles enter the body continuously and accumulate in certain amounts and reach the maximum limit the
body can tolerate, it will cause poisoning, tissue damage, disruption of vital organs, and cause death.
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1. Introduction

Plastic waste remains a serious problem worldwide, due to its ever-increasing volume and its very slow degradation in
the environment [1]. Global plastic production in 2020 reached approximately 367 million metric tons, with 4.8-12.7
million metric tons of plastic being dumped into the ocean every day, and this figure continues to rise [2]. The entry of
plastic waste into marine environments is primarily due to poorly managed final disposal sites in coastal areas, as well
as activities related to fishing and tourism [3][4]. Plastic waste in aquatic environments can degrade into small particles
known as microplastics (MPs) [5].

Based on their sources, microplastics are categorized into two groups: primary and secondary MPs [6]. Primary
microplastics are intentionally manufactured at microscopic sizes, such as microbeads found in skincare products,
which enter water systems through drainage. Furthermore, these primary MPs can easily escape industrial wastewater
treatment processes, eventually entering marine environments [7]. In contrast, secondary microplastics are fragments,
pieces, or degradation products resulting from the breakdown of larger plastic waste into smaller particles [8]. This
degradation is caused by exposure to high-intensity UV radiation and mechanical abrasion through physical, chemical,
and biological processes [9]. Microplastic particles typically range in size from 1 um to 5000 um, formed through such
degradation processes [10][11].

Microplastics can be found in water, sediments, and even in the air. They tend to accumulate in marine environments,
particularly within sediment layers. Indirectly, the abundance and microscopic size of microplastics in the ocean make
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them ubiquitous and highly bioavailable to aquatic organisms, leading to their potential ingestion by marine biota
[12][13]. Microplastics occur in various types, differing in size, shape, color, composition, density, and other physical
characteristics [14]. Based on their shapes, MPs can be classified into five categories: fibers, fragments, films, pellets,
and foams [15]. Morphological characteristics of microplastics can also serve as indicators of their origin [16].

These ingested plastic particles can cause physical damage and obstruct the digestive systems of organisms. Once
ingested, microplastics may either remain in the gastrointestinal tract and be excreted via defecation, or be transferred
across the intestinal epithelium into bodily tissues (translocation) [10]. Therefore, monitoring (biomonitoring) of MPs
in coastal marine waters using organisms is necessary to assess environmental conditions in marine areas.

2. Bivalves as microplastic monitoring

Bivalves, as part of the macrozoobenthic community inhabiting coastal regions and contributing to Indonesia’s
biodiversity, are commonly employed as sentinel organisms in aquatic environmental biomonitoring. This is due to
their sessile lifestyle, wide distribution, and high tolerance to pollutants [17]. There are over 7,500 known bivalve
species across tropical, temperate, and polar ecosystems [18]. The sensitivity of bivalves to environmental changes is a
key factor supporting their broad adaptability [19]. Consequently, bivalves are used as sentinel organisms and
bioindicators of marine pollution, as they can accumulate microplastics carried by seawater [20].

Bivalves feed either as filter feeders or deposit feeders, using their gills. Their diet includes phytoplankton, bacteria,
detritus, and zooplankton. They open their shells to allow large volumes of water to enter. The gills then filter the water
through ciliary movement, capturing food particles and microplastics that adhere to mucus on the gills [18][21]. As filter
feeders, bivalves can accumulate pollutants such as heavy metals in contaminated waters, which poses risks to human
consumption and simultaneously highlights their suitability as bioindicators [22][23]. Their ability to accumulate
microplastics also supports their potential role as microplastic bioindicators. This potential is reinforced by factors such
as their wide distribution, pollutant tolerance, and sessile nature, which makes them easy to sample [24].

This is further supported by a study by Qu et al., which found a positive correlation between microplastic levels in water
samples and in bivalves, with bivalves tending to ingest smaller microplastics than those present in the water [25].
Additionally, Gerhardt and D’costa et al. noted that bivalves live in close contact with sediments and feed by filtering
suspended organic materials from the water, allowing microplastic pollutants in water or sediment to enter their bodies
[26][27]. In this context, two filter-feeding bivalve species and widely distributed in Indonesian waters is Gafrarium sp.
and Anadara antiquata.

Gafrarium sp. belongs to the family Veneridae, while A. antiquata is part of the family Arcidae. Both species are typically
found in habitats with sandy or sandy-mud substrates. These substrates are rich in organic matter, making them
suitable habitats for both species [28]. Gafrarium sp. and A. antiquata demonstrate potential as sentinel organisms for
microplastic biomonitoring in marine environments. Gafrarium clams typically burrow into fine or muddy sand,
although their entire bodies do not completely enter the substrate due to their short siphons. Gafrarium sp. resides in a
vertical position, with its posterior often protruding above the sand surface, which is associated with its feeding
behavior as a filter feeder [29]. The maximum shell length is 4.8 cm, but generally has a shell length of up to 3.5 cm [30].
This species plays an important ecological role in coastal ecosystems, serving as a bioindicator of water quality and
contributing to ecosystem services. Its effectiveness as a filter feeder enables it to capture small particles, including
microplastics, from the water. This was evidenced in a study by Lam et al., which found that Gafrarium sp.in Hong Kong
accumulated microplastic contaminants in its body at levels of 0.79 * 0.90 particles per individual [31].

On the other hand, A. antiquata is bivalve species from the family Arcidae. This clam burrows into sandy or muddy
substrates and uses a structure called a siphon, which has separate channels for water intake and expulsion [32]. Known
as the cockle, this benthic species fulfills its nutritional needs by filtering water from its surroundings using its siphon
[33]. It is commonly found in muddy-bottomed substrates, in both intertidal and sublittoral zones, at depths of up to 25
meters. The shell length can grow up to 10.5 cm, although most individuals have shells around 7 cm in length [30]. This
species has potential as a biological monitor for microplastics in marine waters due to its ability as a filter feeder. This
was demonstrated in research by Mayoma et al., which showed that A. antiquata found in the Mtoni Kijichi River on the
Tanzanian coast reported an average of 2.1+1.8 microplastic particles per individual [34].

1321



International Journal of Science and Research Archive, 2025, 16(01), 1320-1325

3. Microplastic accumulation in Anadara antiquata and Gafrarium sp.

Microplastic consumption in A. antiquata and Gafrarium sp. collected from several coastal waters in Indonesia shows
differences in the abundance and types of microplastics found in them. The abundance of microplastics in A. antiquata
found in the coastal waters of Lamongan was 0.5 * 0.37 items/g, while at Ujung Gersik Beach, Belitung Regency, it was
0.81-1.94 particles per individual. Additionally, the abundance of microplastics in Gafrarium sp. found in coastal waters
of Lamongan was 3.2 * 2.52 items/g, while at Pari Island, Seribu Islands, Jakarta, it was 9.1 items/g (Table 1).

Table 1 Comparison of microplastics contamination reported by other studies

Species Location Abundance of | Type of microplastics References
microplastics
A. antiquata | Coastal waters of | 0.5+ 0.37 items/g | Fiber (92.31%), film (7.69%) [35]
Lamongan

Ujung Gersik Beach, | 0.81-1.94 particle | Fiber (1.42 particle per individual), | [36]
Belitung Regency per individual fragmen & film (0.43 particle per
individual)

Gafrarium sp. | Coastal waters of | 3.2+ 2.52 items/g | Fiber (74.28%), fragment (22.86%), | [35]

Lamongan pellet (2.85%)

Pari Island, 9.1 items/g Fragment (66.91%), fiber (33.09%) [37]
Seribu Islands,

Jakarta

Table 1 above shows differences in microplastic abundance between A. antiquata and Gafrarium sp., which may be
related to differences in pollution sources around those locations. Additionally, shellfish habitats belong to a group of
marine organisms with slow movement and a sedentary lifestyle (in sediments or on the seabed), leading to more
intensive bioaccumulation and bioconcentration [38]. Shellfish obtain food by filtering water (filter feeders), making
them prone to pollution accumulation, which makes them an excellent indicator for monitoring environmental
pollution.

The types of microplastics commonly found in A. antiquata and Gafrarium sp. are fibers, fragments, films, and pellets
(Table 1). Fiber-type microplastics originate from boat ropes, fishing activities, and coastal communities, which undergo
degradation into very small plastic particles in the water. As is known, coastal communities have a high potential for
generating plastic waste, particularly plastic bags and food or beverage packaging made of plastic [39]. Fragments, on
the other hand, have irregular shapes with a thick texture and can originate from thick plastic items such as bottles,
plastic bags, and PVC pipe pieces that later break down into smaller sizes [40]. Film-type plastic is thin and transparent,
resulting from the degradation of thin plastic waste like plastic bags, so this type has low density [36]. Pellet-type plastic
is small in size because this type of microplastic typically originates from primary sources. Primary sources include
scrubs used for bathing, which are already small in size (micrometers to millimeters) from the start, so when they
fragment further, they become even smaller pieces [41]. Therefore, microplastic contamination in bivalves can reflect
pollution in their habitat [42].

Microplastics in water pose a significant threat to marine organisms, particularly bivalves [43]. Bioaccumulation of
microplastics in water can have impacts on the health of biota, including hormonal disruption, changes in feeding
behavior, and potential mortality. The distribution of microplastics in water is highly dependent on polymer density
and physical-chemical factors of the water, such as currents, wind, and tides. Particle density is a highly influential factor
in the distribution of microplastics. Microplastics with lower density are more easily distributed by currents. Polymer
types with lower density tend to occupy the water surface and environment [36].

Microplastics of very small size result in their ubiquitous nature and high bioavailability for aquatic organisms [44]. As
a result, microplastics can be ingested by marine life such as fish and bivalves, allowing these pollutants to enter the
aquatic food chain. Thus, the presence of these plastic pollutants in seafood consumed by humans can pose a food safety
risk [45]. If microplastic particles continuously enter the body and accumulate to a certain amount, reaching the
maximum limit the body can tolerate, it can cause poisoning, tissue damage, organ dysfunction, and death [46].
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4., Conclusion

Microplastic consumption in A.antiquata and Gafrarium sp. in Indonesian coastal waters is widespread because almost
all bivalve species are contaminated with microplastics. In this context, the most common types of microplastics
consumed by mollusks are fibers, fragments, films, and particles. Therefore, this review provides additional evidence
that microplastic contamination impacts marine organisms and has the potential to bioaccumulate to higher trophic
levels through the food chain. If microplastic particles continue to enter the human body and accumulate beyond the
body's tolerance threshold, microplastics can cause poisoning, tissue damage, organ dysfunction, and even death.
Therefore, policies and regulations need to be implemented to reduce the release of synthetic fibers into the marine
environment.
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