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Abstract

:

Indonesia is among the largest fish-producing countries. The West Nusa Tenggara (WNT) region is one of the highest producers of fish in Indonesia. Hence, the levels of MP contamination in commercial fish should be assessed to ensure food safety, food security, and socio-economic sustainability. This study investigates MP contamination in commercial fish in one of the largest fish markets in the WNT region, the Bintaro fish market. Three commercial fish species were evaluated for MP contamination in this study, Nasso thynnoides, Auxis rochei, and Caesio teres. The highest number of MPs was detected in A. rochei (21.60 ± 8.70 MPs/100 g). The other pelagic fish species, N. thynnoides, also shown considerably high MP contamination (18.17 ± 7.93 MPs/100 g). On the other hand, the midwater fish Caesio teres showed the least MP contamination (7.07 MPs/100 g). In addition, most of the MPs detected in all three fish species were fiber MPs of small sizes (100–500 µm). Based on FTIR analyses, the MP samples from all three fish species mainly consisted of polyamide (PA), which is the polymer used to form fiber for textiles. These results potentially reveal the degree of microplastic pollution in not only coastal areas of WNT, but also Sulawesi and also East Nusa Tenggara (ENT) since the fish distributed at the Bintaro fish market came from these regions. Better solid waste management in Indonesia is needed to reduce plastic waste management, particularly household waste, which is the potential major source of fiber MPs.
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1. Introduction


The amount of global plastic waste generated in 2019 was twice that in 2000, totaling 353 million tons. Indonesia is among the top five countries that produce the most plastic waste [1]. In addition, most of the plastic waste ends up in our oceans. A large portion of plastic pollution in the ocean also originates from land-derived plastic waste that is transported into the ocean by rivers [2]. Due to the physical, chemical, and biological processes of the environment, plastics can be degraded into smaller fragments known as microplastics [3]. Microplastics (MPs) have a particle size smaller than 5 mm. This causes MPs to have a larger impact on the marine environment [4]. The small size of MPs could increase the possibility of their consumption by marine organisms such as fish [5,6,7]. The digestive system of marine organisms is not capable of breaking down the synthetic polymers that comprise the backbone of MPs such as polyethylene (PE), polypropylene (PP), polystyrene (PS), polyurethane (PU), polyethylene terephthalate (PET), and polyamide (PA) [8]. This means that MPs could be retained in marine organisms because it cannot be digested [9]. Furthermore, microplastics (MPs) have been suggested to have a role in the occurrence of various diseases in the nervous system, digestive system, and also the respiratory system [10]. MP exposure has been shown to cause cell death, inflammation, and metabolic disorders in laboratory animals [11,12]. In addition, an accumulation of MPs in humans may contribute to the development of other diseases. There is a significant correlation between urine BPA levels and both cardiovascular disease and type 2 diabetes [13]. Bisphenol A is a synthetic phenol used in the manufacture of polycarbonate plastics.



Indonesia is one of the largest producers of fish in the world [14]. In 2020, the West Nusa Tenggara (WNT) region was the second largest fish producer after South Sulawesi [15]. Hence, an evaluation of microplastic contamination in commercial fish from this area is important to ensure food security, food safety, and the sustainable growth of socio-economic sectors. Previous studies have reported MP contamination in Indonesia. A study by Ni’am et al. revealed microplastic pollution in the sediments of east Surabaya, which is one of the biggest cities in Indonesia [16]. Another study related to Surabaya also reported microplastic contamination in the river and coastal area [17,18]. Microplastic contamination was also reported in dug wells in another big city, Makassar, which is located in South Sulawesi [19]. These two cities are frequently overpopulated and surrounded by industrial facilities, such as the industrial area of Maros in Makassar [20,21].



However, there are fewer reports on microplastic contamination in rural areas of Indonesia, such as in the West Nusa Tenggara (WNT) region. The WNT region is more widely known as a tourism area, especially Lombok island, where the Bintaro fish market is located. This market is unique and serves as one of the biggest fish markets in the region; not only does it provide fish from the waters of WNT, but also from other regions such as Sulawesi, East Nusa Tenggara (ENT) and East Java. In addition, this market also accommodates buyers from outside the region. However, most importantly, this market also provides fresh fish for local hotels and resorts. Hence, this information would be important for future strategies for the sustainable development of the tourism sector in the region. In this study, we evaluated microplastic contamination in the top three most popular commercial fish species (Naso thymnoides, Auxis rochei, and Caesio teres) in the Bintaro fish market.




2. Results and Discussion


2.1. Total MPs Detected in Edible Tissue of Fish Species


The highest number of microplastic particles (MPs) was found in A. rochei (21.60 ± 8.70 MPs/100 g), followed by N. thynnoides (18.17 ± 7.93 MPs/100 g) and C. teres (7.07 MPs/100 g) (Figure 1). This is possibly because A. rochei feeds on a broader variety of marine species compared to the other two species. In addition to zooplanktons, the mackerel tuna A. rochei feeds on small fish, fish larvae, crustaceans, and also shrimp [22]. MP contamination has also been highly detected in fish larvae, with 66% being mostly fibers [23]. Previous reports have shown that lower trophic species show a higher risk of MP contamination [24]. This is due to the feeding strategies of lower trophic organisms [24]. Hence, higher-level organisms presumably suffer from the accumulative negative effects of MP contamination from lower food chain level organisms [25].



Notably, the pelagic fish N. thynnoides and A. rochei both showed significantly higher microplastic numbers compared to C. teres. A previous report by Pan et al. (2021) also showed that pelagic fish had more microplastic contamination compared to midwater fish [26]. There are less MPs in the midwater area, which mostly suspends to the surface, compared to the pelagic area, where MPs settle to the bottom of the ocean and attach to reefs.



The bullet tuna A. rochei has been reported in other studies to show MP contamination [27,28]. In Indonesia, this is also a popular fish for household consumption due to its affordable price. Hence, the possible human health effects related to the high MP contamination detected in this fish species is concerning. This tuna species tends to feed on almost any resource available, which also suggests that it could be utilized as a bioindicator to gain information on certain environmental pollution statuses. A previous study also demonstrated that this bullet tuna could be used to determine the mercury contamination status in the western Mediterranean Sea [29].



However, until now, the evidence related to the hazardous health effects of MP contamination in humans is still very limited [30]. An interesting study on the uptake of ingested polystyrene microplastic particles showed no acute health risks in in vitro macrophage models and in vivo trials in mice [31]. Another study suggested that MP ingestion caused mitochondrial dysfunction, ER stress, inflammation, and autophagy in the kidney of mice [32]. Further investigations are needed to conclude the effect of MP contamination in higher-level organisms, especially given that most experiments were conducted using pure plastic polymers. These contaminants are much more diluted and are found in lower concentrations when consumed from animal tissue.




2.2. Characterization of MPs


Particles of five different morphotypes were found in the edible skin and muscle tissues of the three evaluated fish species (Figure 2A). Fibers were the most common type of MP found, followed by films and fragments. The two least common types of MP found in all three species were foam and pellet. Consistently with previous studies reporting MP occurrence in fish, the MP type mainly detected was mostly fiber [33,34]. Fiber MPs are largely released into the environment from the washing of textiles. These can reach aquatic ecosystems from either sewers or river streams [35,36]. Fiber MPs are reported as the most dominant MP type ingested by marine organisms, and ingestion of these MPs has mostly been documented in pelagic organisms [37,38].



Another large source of fibers that are from textile materials can be derived from domestic washing products such as machine filters and wastewater treatment plants [39]. Indonesia is an archipelagic nation and has about 150 million people living in coastal areas. In addition, most of them live in poverty. Hence, there is poor household waste management in these areas, which potentially contributes a large portion to fiber MP contamination [40]. Due to the high rate of plastic pollution, several studies have ranked Indonesia as the second-largest plastic contributor in the world [17]. In addition, several studies have suggested that Indonesia is among the top countries that contribute to global plastic pollution [41]. However, Indonesia is still striving to construct a solid national strategy to significantly reduce plastic debris.



Other sources of fiber MPs are fishing nets made of nylon or PE [42]. Indonesia has a very long coastline, which is longer than that of most countries. This has resulted in the presence of large coastal communities in some regions of Indonesia, such as in the WNT and ENT regions. In addition, most of the population in these areas work as fishermen, fish farmers, or seaweed farmers. These activities all require nets or ropes made of nylon and PE, which possibly explains the large portion of fiber contamination. Up until now, the most commonly used material to manufacture fishing nets has been nylon, which is a polyamide (PA) [43]. Hence, there is a growing amount of research on developing the manufacture of fishing gear from biodegradable materials [44]. Recently, linen fishing nets were developed, which could be a valid alternative for a more sustainable option [45]. Linen is a natural fiber which can be subjected to degradation. Currently, linen is also developed into fabric material, as fabric wastes contribute to more than 10% of the total waste generated in the world in the form of fiber MPs [46].



The MP types fragment and film were also abundant in all three fish species. MP fragments are a result of the degradation of large, hard, and sturdy plastics [47]. One of the major sources of these MP fragments is electronic wastes (e-waste) such as electronic cables and devices [48]. Currently the average growth rate of e-waste in Indonesia is around 14%. In addition to Indonesia, other southeast Asian countries such as the Philippines, Singapore, and Thailand are also heavily contributing to e-waste due to the current economic growth [36].



MPs are formed by the degradation of plastic bags and wrappers [49]. Currently, there is no strict policy on limiting plastic bag production and use, such as policies on single-use plastic or re-using plastics [50]. Several human activities in Indonesia are large contributors to plastic waste. Not only does the waste from domestic households or local shops contribute to medical waste, but the healthcare system also contributes a large portion of it. In fact, medical waste was a major environmental problem in Indonesia even before the COVID-19 pandemic [51]. The MP types that appear in fewer amounts such as foams come from Styrofoam and cushioning, whereas pellet MPs are formed from cosmetics and facial cleansers [52,53]. In Indonesia, Styrofoam is commonly used for plates and food packaging. In some areas, Styrofoam appears in the largest percentage among other MP contaminants [54].



Based on MP size, the smaller MPs were more abundant compared to the larger MPs. This same trend was observed in all three fish species evaluated (Figure 2B). Previous reports have suggested that smaller MPs (100–500 µm) were more common compared to larger MPs (>500 µm) [55,56]. In addition, identifying very small MPs (<100 µm) by visual observation is less reliable. Hence, a cut off for MPs smaller than 100 µm was suggested in the European Commission (2013) [57]. In a related study, large plastic debris was found to undergo mechanical and chemical degradation into smaller particles. Hence, the number of smaller particles could increase exponentially in the environment. Another study also indicated the decrease in microplastic abundance due to the increased particle size [52].



However, the potential hazardous effects of MPs on humans remain a topic of debate. Although larger plastics are susceptible to degradation by photo-oxidative, thermal, chemical, and mechanical forces, the actual process is very slow. This potentially implies the durability of plastic material [58,59]. Hence, when ingested, it could potentially cause some harmful effects on the organism’s health. Furthermore, several studies have demonstrated the increase in metabolism, neurotoxicity and cancer disease risk in humans [60]. MPs were also reported to induce negative effects on the human gut and respiratory tract, and the reproductive systems of animals [61,62].




2.3. Chemical Determination of MPs with FTIR


The presence of plastic polymers in the samples was confirmed by Fourier-transform infrared (FTIR) analyses (Figure 3). FTIR spectroscopy is possibly the most efficient and effective method to determine microplastic contamination by the identification of the polymer composition in samples [63]. Another common method for the determination of MP contaminants is Raman microspectroscopy, which is capable of detecting particles of smaller sizes [64]. Within the FTIR spectrum of MP samples, not every region provides relevant information. Based on previous studies, the FTIR spectra of MPs can be divided into three regions, which are 4000–2750, 2750–1850, and 1850–700 cm−1. Notably, the fingerprint region, 1850–700, is suggested to be suitable for the identification of MPs due to its high specificity [65].



The materials that are identified as polymers that are commonly used to produce plastic products are polyethylene (PE), polypropylene (PP), polyethylene (PE), and polyamide (PA) [66]. A previous study identified polyethylene as the most abundant polymer found in Western Lake Superior [67]. Another study found that the polyamide (PA) polymer was the most abundant in MP samples collected from the Pearl River along Guangzhou City, China [68]. This shows that the polymers found in samples depends on the geographical location where the samples are collected. However, the current study could not provide information regarding the point source of contamination of the fish samples.



In the case of Indonesian waters, the polymers PP and PE are the most common and abundant polymers found [69]. In Surabaya, the polymers PP and PE were also found to be abundant not only in the marine and coastal areas but also in river bodies [70]. PE is one of the most important synthetic fibers, along with polyamide (PA), accounting for about 60% of the world’s fiber production [71]. The synthetic fiber PA is commonly known as nylon, which is also widely applied in fishing nets and ropes [72]. The toxic effects and mechanisms of PA have been well reported, and induce oxidative stress and also changes at the genomic level [73]. However, a robust dose–response model is needed to ensure the potential toxicological effects at human levels [74]. Table 1 shows our results based on the FTIR spectra of the samples which show similar vibrations to polyamide and polyester [75,76]. This possibly originates from the poor management of clothing waste and also nylon ropes used in the fishing industries.



Indonesia is among the top 10 textile-producing countries in the world. In 2020, Indonesia exported 57.2 million USD of polyamide fabric [78,79]. However, the country should take preventive measures regarding the potential microplastic contamination that is caused by this rapidly growing industry. In addition, the fashion industry in Indonesia is also growing rapidly. Hence, there is a need to develop recycling strategies to manage the large amount of waste produced by this industry [80].



Our study shows that polyamide is the largest polymer found in the edible tissues of fish with microplastic contamination. Previous studies have shown that most microplastic contamination is detected in inedible tissues of fish, such as gut organs [6,81]. However, currently, there are some other studies also showing that microplastic contamination is detected in the edible tissues of fish, including skin and muscle tissue [82,83]. However, the mechanism by which microplastics remain in fish muscles remains unclear.





3. Materials and Methods


3.1. Fish Collection


Fish were collected from Bintaro market, one of the major fish markets in the West Nusa Tenggara (WNT) province (8°33′30.4″ S 116°04′33.0″ E) from July to August 2022 (Figure 4). This market is located in the urban area of the city, which is also near agricultural activity and fishing sites. Fish species were selected based on local information regarding their consumption rates. The three most popular marine fish consumed from the market were used in this study: Naso thynnoides, Auxis rochei, and Caesio teres (Figure 5). The references used for the identification of the fish species in this study referred to the books of White et al. (2013) and the Food and Agriculture Organization of the United Nations (FAO, 1997) [84,85]. All fish samples were transported in ice boxes and stored in the freezer at −20 °C prior to analysis for the identification of microplastics.



Among these fish species, the bullet tuna A. rochei is the most commonly studied [86,87]. This species is widely distributed in temperate and also tropical waters [88]. Due to its high mobility, this species could provide information on the level of contamination in a broader area.



All the fish species were of variable lengths and weights (Table 2). The fish A. rochei was the smallest at a total length of 23.33 ± 0.76 cm, followed by N. thynnoides and C. teres which were of similar lengths, 27.43 ± 0.60 cm and 28.33 ± 2.31 cm, respectively. Similarly, the fish A. rochet was of the lowest weight (149.53 ± 10.76 g). However, the fish C. teres (342.53 ± 5.47) was significantly heavier compared to N. thynnoides (274.70 ± 6.74 g). The fish A. rochei and N. thynnoides are both semi-pelagic and appear in large schools [89,90]. Only the yellowback fusilier C. teres lives in large midwater groups [91]. All three fish species usually feed on zooplanktons. However, A. rochei fish also feed on smaller fish, particularly anchovies and also crustaceans [92].




3.2. Isolation of MPs


The isolation of MPs from edible tissues, which consist of skin and muscle tissue, were processed based on methods by the National Oceanic and Atmospheric Administration (NOAA, 2015) and Daniel et al. (2021) with minor modifications [82,94]. Before the isolation of MPs, the fish were cleansed with distilled water to remove unwanted debris such as sand which could interfere in further downstream analyses. This study focused on the edible part of the fish. Hence, the inedible parts such as gills and viscera were removed with a stainless steel dissection kit. The edible muscle tissue was cleansed and scrapped from the scales and placed on a metal tray. This cleansed edible part was then prepared in fillets and placed on a metal tray for further analyses.



A total of 60 fish were used in this study, and for each species, 20 individuals were randomly collected for the evaluation of microplastic contamination in this study. Currently, potassium hydroxide (KOH) digestion protocols are the most commonly applied method used to separate microplastics from biological samples. Treatment with KOH allows efficient degradation with the minor degradation of polymers occurring in a time- and cost-effective way [95]. Approximately 100 g of filleted fish tissue was soaked in a 10% KOH solution for 24 h of incubation. The concentration of KOH of 10% is a suitable digestion technique for the isolation of microplastics from biological tissues, even when the target particles are below a very small size [5]. This study chose the method of KOH digestion over that of wet peroxide oxidation (WPO) which involves 30 mL of 0.05 M Fe (II) oxide with 30 mL of 20% hydrogen peroxide (H2O2). The reason for the method chosen is that WPO is a more effective digestion method for environmental matrices but not for biological tissues. Morphological changes in polymers were observed in WPO treatments. This reaction is carried out by heating a sample on a hotplate at 70 °C; however, heating at 75 °C was reported to induce damage in the MPs isolated [96]. The digestion mixture was further cooled and filtered by a two-stage process to prevent the clogging of the filter cloth. First, it was filtered through a 12 mesh wire filter cloth, and the retentate was further filtered with a 1 mm stainless steel sieve. The obtained microplastics were collected in a 60 mm Petri dish for observation.




3.3. Microplastic Characterization


The filtered microplastic samples were observed under a brightfield microscope (Nikon Ti2 Eclipse, Melville, NY, USA). The microplastics were counted and measured with the ImageJ software 1.52v [97]. A classification of the microplastics was conducted based on their morphotypes and size. The microplastics appeared in various colors: black, yellow, red, blue, green, and white. The morphotypes of the microplastics were divided into fiber-type, film-type, fragment-type, foam-type, and pellet-type [98]. Fiber microplastics were classified based on the criterion of appearing in a film-type microplastics consisted of thin sheets, foam microplastics were sponge-like structured shapes, the fragment microplastic type was of a hard angular shape, and the pellet microplastic type was smooth and spherical (Figure 6) [99]. The microplastics were also classified into three different size groups: 100–500 µm, 500–1000 µm, and <1000 µm with a stainless steel sieve [99]. The MP samples collected from the fish species were subjected to Fourier-transform infrared spectroscopy (FTIR). The MP samples were analyzed by a FTIR machine (Bruker Tensor II, Ettlingen, Germany) of a size of 500–4000 cm−1. A plastic material with a particle size lower than 1 µm is currently categorized as a nanoplastic [100]. Compared to microplastics, nanoplastics are reported to be more abundant and harmful; however, the mechanism and processes are still less understood [101].




3.4. Quality Assurance and Control


In order to reduce possible plastic contamination during the processing of the samples, no plastic tools were used during the whole experiment. In addition, to prevent cross contamination between the samples, all experimental tools were rinsed with distilled water and sterilized before use. One blank sample was prepared for each fish species (a total of three blank samples).




3.5. Statistical Analyses


Map images were generated with ArcGIS Pro. Microplastic images were analyzed with the ImageJ software. All results were analyzed by a two-way analysis of variance (ANOVA) with Tukey’s multiple comparisons post-test. All experimental data provided are a result of mean ± SEM.





4. Conclusions


The levels of microplastic (MP) contamination were analyzed in the edible skin and muscle tissues of commercial marine fish from the Bintaro fish market in Lombok, West Nusa Tenggara, Indonesia. Three highly consumed commercial marine fish species were evaluated in this study, Nasso thynnoides, Auxis rochei, and Caesio teres. The abundance of MPs was found to be highest in A. rochei, followed by N. thynnoides and C. teres. Among the five MP morphotypes (fiber, fragment, film, pellet, and foam), fiber MP was the most abundant in all three fish species. In addition, smaller-sized MPs (100–500 µm) were more common compared to larger-sized MPs. The edible fish skin and muscle tissues evaluated in this study mostly represented polyamide (PA), which is also used to form fibers. As the fish in Bintaro market are also distributed from other regions in East Nusa Tenggara (ENT) and Sulawesi, it could also be suggested that the pollution in those areas should be addressed with preventive measures. However, further studies and investigations of samples directly from those areas are needed to confirm this. Nevertheless, the data in this study can provide a reference for the study of microplastic pollution in the WNT region, and can also provide data for governmental agencies to formulate microplastic pollution control policies in Indonesia.
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Figure 1. Microplastic (MP) abundance in different commercial fish species collected in Bintaro fish market. Values are represented as mean ± SEM from 20 fish specimens per species. <0.001 indicates highly significant difference. 
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Figure 2. Proportions of shape (A) and size (B) of microplastics in different fish species collected from Bintaro fish market. 
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Figure 3. FTIR spectra of representative MPs isolated from different commercial fish species, (A) N. thynnoides, (B) A. rochei, and (C) C. teres. 
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Figure 4. The location of fish collection site; Bintaro fish market (red circle). 
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Figure 5. Morphological features of the commercial fish species used in this study. 
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Figure 6. Examples of microplastic shapes collected from different commercial fish species from Bintaro fish market. (A) fiber; (B) fragment; (C) film; (D) pellet; (E) foam. 
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Table 1. FTIR spectra band assignment for MP samples from different fish species [65,77].
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Assignment

	
Wavenumbers/cm−1




	
N. thynnoides

	
A. rochei

	
C. teres






	
N-H stretching

	
3447

	
3434

	
3422




	
CH2 stretching (asymmetric)

	
2926

	
2966

	
2976




	
CH2 stretching (symmetric)

	
2856

	
2925

	
-




	
Amide I stretching

	
1645

	
1641

	
1644




	
Amide II stretching

	
1585

	
1581

	
1580




	
N-H deformation and CH2 wagging

	
1470 and 1419

	
1464 and 1409

	
1451 and 1409




	
C-C stretching

	
1052

	
1034

	
1036




	
aromatic rings

	
874

	
872 and 775

	
874 and 780




	
CC bending and deformation

	
604 and 567

	
603 and 566

	
577
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Table 2. Commercial fish species used in the present study and their morphometrics, marine and feeding habitats [93]. A total of 60 individual fish were used in this study, and each fish species group contained 20 individual fish.
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	Species
	Marine Habitats
	Feeding Habitats
	Body Length

(cm)
	Wet Weight

(g)





	Naso thynnoides
	Pelagic
	Zooplanktons,

algae
	27.43 ± 0.60
	274.70 ± 6.74



	Auxis rochei
	Pelagic
	Zooplanktons, small fish,

crustaceans
	23.33 ± 0.76
	149.53 ± 10.76



	Caesio teres
	Midwater
	Zooplanktons
	28.33 ± 2.31
	342.53 ± 5.47
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