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Abstract
Microplastics were extracted from Perna viridis (Asian green mussel), Venerupis philippinarum (Manila clam), and Corbicula manilensis (“tulya”, a freshwater clam), which were bought from Los Baños, Laguna and Lipa, Batangas, Philippines commercial markets, using hydrogen peroxide digestion and density floatation. The isolated microplastics were verified and characterized using hot needle test and Attenuated Total Reflectance Fourier Transform Infrared (ATR-FTIR). The microplastic concentration among these bivalves ranged from 0.52 ± 0.13 to 2.94 ± 0.65 MP/g FW and 1.50 ± 0.34 to 2.67 ± 0.66 MP/individual, which were compared to the values from existing studies. Fibers and fragments dominated the shape of the extracted microplastics. The possible types of microplastics identified were PP/EVA, PP, PP/PETE, PP/Nitrile, PU, dominated by LDPE/EVA using ATR-FTIR spectrometer. Their sources were linked to the origin of the samples namely Bacoor, Cavite and Lucena, Quezon. The implication of the level of microplastic pollution on the human diet was also analyzed to assess its risk on the consumers.
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Introduction
[bookmark: _Hlk200730406][bookmark: _Hlk200730438]Plastics have become a commodity used by most people worldwide due to its versatile properties, inexpensiveness, and persistent nature (Horton, 2022). These characteristics have made plastics durable and degrade slowly, allowing them to persist as marine litter (Andrady, 2015). Its buoyancy property, among its other physico-chemical properties, significantly affects its movement in the environment and its bioavailability (Wright et al., 2013). 
[bookmark: _Hlk200730453][bookmark: _Hlk200730485]Plastic pollution has become a global environmental threat to marine flora and fauna and to biodiversity and human life due to its harmful effects as plastic debris. Plastic debris enters the aquatic environment from the discharge of wastewater and run-off water and landfills (Thevenon et al., 2014). A serious aspect of plastic pollution is the manifestation of microplastics (MPs) in the aquatic ecosystems (Solomon and Palanisami, 2016, Du et al., 2021, Huang et al., 2021,). Microplastics are particles with size ranging from 1 nm to <5 mm. Its formation can be of direct manufacture origins such as industrial scrubbers, plastic powders, micro-beads for cosmetic purposes, and industrial plastic nanoparticles; and fragmentation and weathering controlled by environmental factors such as chemical, physical and biological processes (GESAMP, 2015).
[bookmark: _Hlk200730521][bookmark: _Hlk200730538][bookmark: _Hlk200730548][bookmark: _Hlk200730559]Microplastics contribute to pollution due to its particle size which makes it bioavailable to organisms. Marine species such as zooplankton, polychaetes, bivalves, ascidians, echinoderms, and sponges risk the ingestion of the microplastics (Santana et al., 2016) which results in adverse effects at the cells and tissues in some organisms as described by experiments done under laboratory conditions (von Moos et al., 2012; Browne et al., 2013; Besseling et al., 2013; Rochman et al., 2014). Microplastics have also been observed in fishes where they are categorized based on their size, shape, color, and polymer type (Motivarash et al., 2024). Furthermore, the bioavailability of microplastics among aquatic biota exposes humans to food safety risks and economic and livelihood threats (Santana et al. 2016). 
[bookmark: _Hlk200730611][bookmark: _Hlk200730623]Determination of the microplastic content was conducted in the three commercially available bivalves namely Perna viridis (Asian green mussels), Venerupis philippinarum (Manila clam), and Corbicula manilensis (a freshwater clam locally known as tulya) from the commercial markets of Los Baños, Laguna and Lipa, Batangas, Philippines, originating from various fishing ports. Bivalves were chosen as samples due to their extensive filter-feeding activity which then results in their direct contact with present microplastics (Li et al., 2015). Bivalves are benthic organisms and since microplastics have a buoyancy property, bivalves are prone to microplastic ingestion as they enter the benthos (Murray and Cowie, 2011). 	 
Seafood has been a major part of human consumption and it is significant to examine if it has been already affected by the microplastic pollution to maintain the safety of the consumers and retain the quality in the products of the seafood-based markets. The main objective of the study is to assess the microplastic content in the three commercially available bivalves from the commercial markets of Los Baños, Laguna and Lipa, Batangas, Philippines.

Materials and methods
[bookmark: _Hlk200730635]Bivalves samples were bought from commercial markets of Los Baños, Laguna (Perna viridis and Venerupis philippinarum) and Lipa, Batangas (Corbicula manilensis), originating from various fishing ports: Perna viridis and Corbicula manilensis from Bacoor, Cavite, and Venerupis philippinarum from Lucena, Quezon. The samples were washed with distilled water before storing at -20 °C (Naji et al., 2018). The methodology of the study conducted was adapted from Li and colleagues (2015) with some modifications.
Wet Digestion using Hydrogen Peroxide (H2O2)
The inner contents of 3-5 individuals per replicate of each bivalve were emptied into a pre-washed 400-mL beaker. Five replicates were prepared for each bivalve. Afterward, about 50-100 mL of 50% pre-filtered H2O2 (technical grade) was added to each replicate to digest the organic matter. The samples were allowed to stand for a short period of time and then heated intermittently for two to four hours at 60 °C. The samples were covered and allowed to stand for 48 hours. The digested inner contents were decanted and the remaining contents were washed with distilled water thrice and air-dried overnight. 
Density Separation
About 100 mL of filtered saturated sodium chloride solution (ρ = 1.2 g cm-3) was added to each beaker. The extraction was performed two to three times. Afterward, the liquid was filtered out using a filter paper (Advantec No. 2, pore size = 8μm) which was then rinsed with distilled water.
Identification and Characterization of Microplastics
Visual identification of the microplastics was done using a digital microscope with a magnification capacity of 200x. A hot needle test was performed for preliminary verification of microplastics. Verification of the polymer identity of the microplastics was conducted via Attenuated Total Reflectance Fourier Transform Infrared Spectrometer (ATR-FTIR, Shimadzu IR Spirit X).
Statistical Analysis
[bookmark: _Hlk200730671]Analysis of variance (ANOVA) and Welch’s t-test were applied to compare the microplastic content among the genera of the commercial bivalve samples (Mathalon & Hill, 2014) as well as the means of microplastics for each trial.

Results and Discussion 
The abundance of microplastics in the bivalves was measured by two microplastic units: microplastic per gram Fresh Weight (MP/g FW) and microplastic per individual (MP/individual). The average number of microplastics in Perna viridis was 0.52 MP/g FW and 2.67 MP/individual; in Venerupis philippinarum, 0.57 MP/g FW and 2.03 MP/individual; and in Corbicula manilensis, 2.94 MP/g FW and 1.50 MP/individual. Corbicula manilensis showed the highest MP/g FW while Perna viridis showed the highest MP/individual. Fibers, specifically black fibers, were found to dominate the type of microplastics present in the bivalves. The sizes of the microplastics vary from 0.25 mm to less than 5mm. 
For MP/g FW, Perna viridis versus Venerupis philippinarum showed no significant difference while Perna viridis versus Corbicula manilensis and Venerupis philippinarum versus Corbicula manilensis showed significant differences. For MP/individual, only Perna viridis versus Corbicula manilensis showed significant difference. Table 1 summarizes the values of the microplastics extracted from the bivalves.
Table 1. Microplastic values among the genera of the bivalves (n=10).
	SPECIES
	MP/g FW*
	      MP/INDIVIDUAL

	Perna viridis
	0.52 ± 0.13a, a
	2.67 ± 0.66a, a

	Venerupis philippinarum
	0.57 ± 0.16b, a
	2.03 ± 0.59b, ab

	Corbicula manilensis
	2.94 ± 0.65c, b 
	1.50 ± 0.34c, b


* Microplastic per gram Fresh Weight
Common superscript letter before comma in the same column indicates not significant difference at 95% confidence level based on one-way analysis of variance (ANOVA). Common superscript letter after comma in the same column indicates not significant difference based on Tukey’s multiple comparison test. 
[bookmark: _Hlk200730707][bookmark: _Hlk200730714][bookmark: _Hlk200730723][bookmark: _Hlk200730731][bookmark: _Hlk200730739][bookmark: _Hlk200730745][bookmark: _Hlk200730891][bookmark: _Hlk200730903][bookmark: _Hlk200730909][bookmark: _Hlk200730914][bookmark: _Hlk200730924][bookmark: _Hlk200730932][bookmark: _Hlk200730944]The MP/g FW results of the study were compared to the values from existing studies regarding microplastics in bivalves. Perna viridis (0.52 MP/g FW) has higher MP concentration than the results of the studies of De Witte and colleagues (2014), Van Cauwenberghe and Janssen (2014), Van Cauwenberghe and colleagues (2015), Vandermeersch and colleagues (2015), Cho and colleagues (2018), and Ding and colleagues (2019). Meanwhile, it has lower MP concentration compared to the studies of Mathalon and Hill (2014), Li and colleagues (2016), Li and colleagues (2015), Murphy (2018), Qu and colleagues (2018), and Khoironi and colleagues (2018). Venerupis philippinarum (0.57 MP/g FW) MP concentration is comparable with the range given by Davidson and Dudas (2016). However, it has a higher concentration compared to the study of Covernton and colleagues (2019) and lower concentration compared to the results of Murphy (2018). Corbicula manilensis (2.94 MP/g FW) MP concentration is comparable with the range of the study conducted by Su and colleagues (2016). Meanwhile, it has a higher concentration compared to the study of Nibalvos and colleagues (2024). The difference in the results of this study versus the literature results can be accounted by different methodologies and laboratory conditions employed in the studies.
Verification of microplastic under a digital microscope and a hot needle test showed curling of fiber, melting of the faint pink fragment, and sticking of a fragment to the needle as seen in Figure 1.
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Figure 1. Photographs of hot needle test: A) curling of black fiber; B) melting of faint pink fragment; and C) sticking of a black fragment to the hot needle (20x magnification).
The most commonly occurring type of microplastics extracted from the bivalves were fibers, followed by fragments as shown by Figure 2. The colors of the fibers ranged from black, red, and blue. Meanwhile, the colors of the fragments observed were brown, red, black, gray, transparent, faint pink, and pink.
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Figure 2. Photographs of different types of microplastics in Perna viridis, Venerupis philippinarum, and Corbicula manilensis from Los Baños and Lipa commercial markets, taken on a graphing paper using a cellular phone camera (Samsung J7 Pro, 13.0 megapixels) and on the filter paper using a digital microscope (200x magnification). (A-C) indicate fibers and (D-J) indicate fragments.
The identification of the suspected microplastics was done using ATR-FTIR and the results were summarized on Table 2. Black fibers were the most abundant type of microplastics among the bivalves. However, as per the IR spectrum for each sample, it was found that they were of different identities of microplastics. The most common identity among the tested microplastics was LDPE/EVA, followed by PP/EVA. 
Table 2. Summary of identified MPs from the samples.
	SPECIES
	TYPE OF MICROPLASTIC
	IDENTITY

	IMAGE

	Perna viridis
	black fiber
	PP/EVA
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	blue fiber
	LDPE/EVA
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	red fiber
	LDPE/EVA
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	brown fragment
	LDPE/EVA
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	red fragment
	PP
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	Venerupis philippinarum
	black fiber
	PP/PETE
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	red fiber
	LDPE/EVA
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	Corbicula manilensis
	black fiber
	LDPE/EVA
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	black fragment
	PP/Nitrile
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	gray fragment
	PU
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PP - polypropylene; EVA – ethylene vinyl acetate; LDPE – low density polyethylene; PETE – polyethylene terephthalate; PU - polyurethane
Bivalves uptake microplastics due to land-based and ocean-based sources of plastic wastes, facilitated by their filter-feeding mechanism. Microplastic concentration in bivalves can be influenced by proximity to sources (Murphy, 2018). Perna viridis and Corbicula manilensis samples, although bought from different markets, originated from a similar location which was Bacoor, Cavite. Meanwhile, the Venerupis philippinarum samples originated from Lucena, Quezon. Commercial establishments, subdivisions, business enterprises, manufacturing companies, and assembly plants are widespread in these locations which can be the sources of microplastics identified from sampled organisms. Another probable influence for the differences of microplastic content is the size of the bivalves. Perna viridis has the greatest size among the samples followed by Venerupis philippinarum then Corbicula manilensis. Microplastics have infiltrated Philippine local markets of bivalves as well as fishes, where MPs are detected from the samples caught in selected barangays of Borongan City, Samar Island (Nibalvos et al, 2024).   
[bookmark: _Hlk200730965][bookmark: _Hlk200730977][bookmark: _Hlk200730990]Mixtures of plastics were evident in the isolated MPs. This can originate from one type of plastic layered with another type of plastic depending on its manufacturing features. Another reason is polymer blending which results in the mixture of plastics of different properties compared to its original plastics. The ratio of the plastics to be mixed is important as it grants new properties to the blended plastic. LDPE/EVA has reduced volatility of essential oils, thus developing microbial activity for packing food and agricultural products (Wattananawinrat et al., 2014). Meanwhile, PP/EVA has enhanced impact strength which is useful for manufacturing companies (Dikobe and Luyt, 2009). PP/PETE blend is used in automotive and industrial applications (Omnexus, 2019). Lastly, PP/nitrile has enhanced elasticity which is useful for the industrial sector. 
[bookmark: _Hlk200731031][bookmark: _Hlk200731039][bookmark: _Hlk200731050][bookmark: _Hlk200731070][bookmark: _Hlk200731078]Both Perna viridis and Venerupis philippinarum are famous in aquaculture which supports the shellfish industry and livelihood of people. Microplastics in bivalves affect aquaculture, however, this sector also contributes to the alarming rate of plastic pollution. PA ropes are used for line culture (mussels), and plastic materials are used for bottom culture (clams). Spat collection utilizes monofilament PA, PE mesh bags, or PA or PP rope. Shellfish longline cultures which are often found in East Asia use extended polystyrene (EPS) floats to support floatation (Lusher et al. 2017). Previous studies have documented the contribution of fishing gear, local fisheries sources, and EPS buoys to microplastics in marine environment (Dantas, Barletta and Costa 2012; Lusher et al. 2013; De Witte et al. 2014; Mathalon and Hill 2014; and Jang et al. 2016; as cited in Lusher et al. 2017).  The cultured mussels from Bacoor, Cavite have been found with microplastics as stated in the study of Argamino and Janairo (2016).  
[bookmark: _Hlk200731090][bookmark: _Hlk200731099]Seafood is a pathway for dietary intake of microplastics. As of 2015, the global seafood consumption is over 20 kg/year per capita which converts to 54.76 g/day per capita (Smith et al. 2018). According to the 2013 Food and Agriculture Organization of the United Nations (FAO) (2017) data, one Filipino consumes 86.46 g of seafood per day. Microplastics have penetrated the food web and are found in many species eaten by humans. 
Perna viridis, Venerupis philippinarum, and Corbicula manilensis have been the commercially available bivalves in Los Baños and Lipa as observed in their public markets. Microplastics have also been found in these species which can pose a risk to the consumer population of the said locations. Using the Philippine data of Food and Agriculture Organization (FAO), the intake values of microplastics were derived by multiplying the microplastic concentration to the said data. The results are 45.26 MP/day, 49.56 MP/day, and 253.97 MP/day for Perna viridis, Venerupis philippinarum, and Corbicula manilensis, respectively. In the case of MP/individual, if a person eats at least 20 individuals of the three bivalves daily, the intake values of microplastics are 53.33 MP/day, 40.67 MP/day, and 30 MP/day, for Perna viridis, Venerupis philippinarum, and Corbicula manilensis, respectively. However, these estimations have limitations. The data from FAO account seafood consumption, thus the percentage for the shellfish intake is not specified. The description “shellfish” is also further shared by both crustaceans and mollusks. Therefore, there is a scarcity of the data of Perna viridis, Venerupis philippinarum, and Corbicula manilensis consumption in the Philippines. 
The presence of microplastics in the commercially available bivalves raises food safety and livelihood concerns due to its physical and chemical potential risk on human health which may subsequently affect the fishing and aquaculture industry. The MP/g FW and MP/individual values estimate the human exposure to the intake of microplastics. 

Conclusions
Microplastic contents of three commercially available bivalves namely Perna viridis  (Asian green mussel), Venerupis philippinarum (Manila clam), and Corbicula manilensis (tulya) bought from Los Baños, Laguna and Lipa, Batangas were assessed using hydrogen peroxide digestion and density floatation. The extracted microplastics were verified and identified using hot needle test and ATR-FTIR. The microplastic contents among the genera of the bivalves showed significant differences as influenced by proximity to sources and probably, their sizes. The level of microplastic pollution in the bivalves ranged from 0.52-2.94 MP/g FW and 1.50-2.67 MP/individual. These values were compared to the literature studies. The result of the FT-IR analysis suggested that the fibers composed of PP/EVA, LDPE/EVA, and PP/PETE dominated the extracted MPs, followed by fragments composed of LDPE/EVA, PP, PP/Nitrile, and PU. The sources of these microplastics were related to the origin of the samples namely Bacoor, Cavite and Lucena, Quezon. Estimations were also done to assess the risk of microplastics in bivalves on human health. 
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