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Abstract

:

Microplastics have been found to accumulate in freshwater, marine ecosystems, and biological organisms. The frequency of studies on microplastic contamination in organs has increased recently, although there have been relatively fewer investigations on fish eggs in Thailand. To extract microplastics from catfish samples for laboratory analysis (Osteogeneiosus militaris), we used 10% potassium hydroxide in the digestion process. A needle penetrated the fish eggs to investigate microplastic contamination. We examined microplastics under a stereomicroscope and used Fourier transform infrared spectroscopy to determine the type of polymer. We found microplastic contamination in organs, most commonly in the stomach (0.91 ± 0.13 items/g), followed by tissue (0.53 ± 0.09 items/g), and gills (0.30 ± 0.03 items/g) at the level of significance p < 0.01. We found a total of 349 fish eggs with 27 items of microplastic. The dominant microplastic we found in the stomach, tissue, and gills of the fish, as well as in fish eggs, was of fiber shape. We noted that fragments were found only in the stomach and tissue of fish. The dominant color of microplastics was black in organs and blue in fish eggs. The common polymer types in organs and fish eggs were polyethylene terephthalate, polypropylene, and cellulosic fiber.
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1. Introduction


Man-made waste is a significant global concern from the equator to the poles, and in a marine context, from estuaries and shorelines and from the sea surface to the ocean floor [1]. Microplastics are materials manufactured or used by humans that degrade due to various forces, such as wind and currents. According to Gordon [2], plastics are the most frequent type of marine debris, comprising over 90% of the floating particles. Marine debris is described as any manufactured or used material that is abandoned, disposed of, or discarded in the marine environment by humans—intentionally or unintentionally—through different sources [3]. Research conducted by van Sebille et al. [4] estimated the amount of floating plastic in the water at 236,000 metric tons.



Microplastics are tiny plastic fragments less than 5 mm long and come in many shapes and sizes [5,6,7]. They accumulate in the marine ecosystem and impact marine biota [8,9]. Microplastics are one of the major reasons for the extinction of 17% of the species recorded by the International Union for Conservation of Nature Red List [10,11], identified in the stomachs of marine organisms ranging from crustaceans to mammals during the last 40 years [12,13,14]. Potential effects of microplastic ingestion in the stomach include a false impression of satiation and physical injury to the gastrointestinal system of fish, leading to fish death due to malnutrition [15,16,17,18,19].



Osteogeneiosus militaris, commonly called the soldier catfish—commonly consumed by Thai people—is one marine species affected by microplastic pollution. According to Parida et al. [20], this species is distributed along the Indo-Pacific region from Singapore and the west coast of India to Bangladesh, Malacca, Pakistan, Myanmar, Brunei Darussalam, Indonesia, and Malaysia. The species lives in marine, brackish, and freshwater [20], feeding mainly on small fishes and invertebrates. Many studies have shown microplastic contamination in zooplankton [21,22,23] and larvae [24,25].



We, therefore, conducted this study to identify the abundance of microplastic in the gills, stomach, tissue, and fish eggs of O. militaris living in Songkhla Lagoon and the adjacent area of the U-Taphao canal, a natural river in Southern Thailand. Since the surrounding area has experienced tremendous economic growth and urbanization, the percentage of untreated discharged wastewater from industrial and other sectors has increased rapidly. The resulting introduction of toxic contaminants and pollutants into the freshwater environment has disrupted the ecosystem by deteriorating the water quality and ecology of the canal [26,27], with industrial effluent produced at a rate of 41,000 m3 per day by companies that produce seafood, plastic, rubber, and wood [28]. We hypothesized that microplastics may have contaminated the eggs of O. militaris. Here we focus mainly on classifying microplastics according to their size, color, and type. Our results may be used as baseline data for biota in the region.




2. Materials and Methods


2.1. Sample Collection


We bought fish samples of O. militaris in February 2022 from the local wet market at Khlong U-Taphao, Songkhla Province (Figure 1). Fish in the local wet market are sold by local fishermen who catch fish from the Khlong U-Taphao river and Songkhla lagoon. Khlong U-Taphao is situated in Songkhla Province in Southern Thailand. It is a waterway belonging to a sub-watershed of the Songkhla Lake Basin, situated to the west of Hat Yai city at latitude 7°9′24″ North and longitude 100°27′7″ East. We sent all samples to the laboratory and stored them in a freezer at −20 °C for further analysis. We investigated catfish, O. militaris, to determine the level of microplastic contamination. In Figure 2, we show O. militaris specimens used in this study.




2.2. Laboratory Analysis


2.2.1. Part of the Observed Microplastic in the Gills, Stomach, and Tissue of Fish


In the laboratory, we defrosted the fish samples (n = 40) at room temperature before the examination. We measured and recorded the biological characteristics of O. militaris, including total length (cm), standard length (cm), and mouth length (cm). Subsequently, we dissected each fish to remove the tissue (n = 40), stomach (n = 40), and gills (n = 40) and then placed them in 250 mL glass beakers filled with distilled water. We recorded the total weight (g) of each fish before removing the samples from the stomach. We weighed the dissected parts (g) before transferring them into the glass beakers. We then filled each glass beaker with 50 mL of 10% potassium hydroxide (KOH) solution, covered them with aluminum foil, and heated them at 60 °C for 12 h. Recent studies have identified KOH as the best base for digesting fish gut materials [29,30,31,32,33]. After digestion, we filtered the solution with 20 µm filter paper and transferred the filter papers into a clean Petri dish, and dried them thoroughly for 4 to 5 h in a hot oven at 50 °C to remove moisture.




2.2.2. The Observed Microplastic in Fish Eggs


We defrosted the fish samples at room temperature in the lab before examining them. First, we removed the egg sacs from the mother catfish, then removed 349 eggs from 10 fish (out of 40 fish samples, we found only 10 females with eggs) from the egg sacs. We carefully removed each egg from the egg sac and placed them in a Petri dish without breaking any egg cells. We weighed each egg cell using an electronic balance and measured the diameter using an electronic digital Vernier caliper. We placed each egg cell in an individual Petri dish and stored them in the refrigerator for further analysis.





2.3. Microplastic Identification


2.3.1. The Observed Microplastic in the Gills, Stomach, and Tissue of Fish


We conducted microplastic identification in O. militaris by visualizing the filter papers under a Leica EZ4 W stereomicroscope (Leica, Germany). We photographed the particles with the Leica Application Suite. We categorized the particles by type: fiber or fragment. Additionally, we measured particle sizes and classified them into the following size categories: 20–100 µm; 100–300 µm; 300–500 µm; 501–700 µm; and 701 µm−1 mm. We identified and recorded the color and abundance of the microplastics. We determined the characteristics of the polymer by Fourier transform infrared spectroscopy (FTIR) (Perkin Elmer, spotlight 200i) with the resolution set at 4 cm−1 and the spectrum range fixed from 4000 to 400 cm−1 wavelength. We compared the microplastic spectrum discovered in the fish samples to the spectrum library of each type of polymer.




2.3.2. The Observed Microplastics in Fish Eggs


We conducted microplastic identification in the O. militaris fish eggs by visualizing them with an Olympus SZ61 Light-Emitting Diode stereomicroscope. We photographed the particles with a Leica Application Suite and classified them by the general properties of microplastics—namely, size (µm), color, abundance, and shape. During the microplastic identification, we ruptured the egg cells using forceps and a fine needle. To distinguish the microplastic polymers, we performed FTIR (Perkin Elmer, spotlight 200i) using the same method used in the previous section.





2.4. Data Analysis


We used Microsoft Excel (Office Professional Plus 2019, Microsoft, Washington, USA) to analyze the size, color, type, and abundance of the MPs. We present the data as mean ± standard error (items/g). We tested for a normal distribution of data. We tested for differences in the number of microplastics in fish organs using one-way ANOVA. Because the characteristics of microplastic were not normally distributed, we used the Kruskal-Wallis Test to test for significant differences among different data groups with a significant difference level of 0.05. We analyzed fish eggs using the same descriptive statistical analysis as that used in the organ analysis of soldier catfish. We analyzed the correlation between the size and weight of the fish eggs and the size of microplastics found in fish eggs using the Pearson correlation.




2.5. Contamination Prevention


Throughout the experiment, we used no plastic instruments on the samples to minimize the impact of external microplastics [34]. During dissection, we used stainless steel pans and dissection tools to reduce microplastic contamination. We covered the sample fish in the beaker with aluminum foil during the experiment to protect them from any potential air-borne pollutants. We checked the surface of the eggs for microplastic contamination before classification under a microscope and then ruptured them with a small needle to check for microplastics within. While conducting lab analysis, all lab staff wore latex/nitrile gloves and cotton lab coats [35], as well as face masks and head covers throughout the microplastic analysis. We thoroughly cleaned and rinsed all the tools and Petri dishes used for the analysis with water and detergent. To observe possible air-borne contamination, we poured distilled water into a Petri dish and left it in the laboratory for 24 h. We found no microplastics in the Petri dish at the end of the experiment.





3. Results


3.1. Abundance of Microplastics in Fish Organs


We studied 120 samples (stomachs = 40; gills = 40; tissue = 40) from 40 catfish (O. militaris). We found microplastics in 97 samples (81%). The average standard length and body weight of O. militaris were 19.50 ± 0.35 cm and 100.32 ± 5.13 g. The weights of the studied organs, including gill, stomach, and tissue, were, on average, 4.34 ± 0.19 g, 1.72 ± 0.10 g, and 3.57 ± 0.19 g, respectively. O. militaris contained an average of 4.15 ± 0.30 microplastic items/individual, with microplastics in their gills, stomachs, and tissue with an average of 0.31 ± 0.03, 0.91 ± 0.13, 0.53 ± 0.09 items/g, respectively. In addition, in the gill, stomach, and tissue, we found 1.25 ± 0.13 microplastic items/gill, 1.35 ± 0.15 items/stomach, and 1.55 ± 0.19 items/tissue. According to the one-way ANOVA analysis, we found that the number of microplastics in all three organs differed significantly at p < 0.01. In Table 1, we present data for microplastic accumulation in the gills, stomach, and tissue of soldier catfish.




3.2. Characteristics of Microplastics in Catfish


In this study, we measured the fibers and fragments in the studied organs of O. militaris in grams. We found fiber in the stomach, tissue, and gills at 0.83 ± 0.13 items/g, 0.47 ± 0.07 items/g, and 0.30 ± 0.03 items/g, respectively. We found fragments only in the stomach and tissue in amounts of 0.08 ± 0.04 items/g and 0.06 ± 0.04 items/g, respectively, but no significant fragments in the gills when analyzed by Kruskal-Wallis-H at p < 0.01.



The size of microplastics found in the stomach was greater than that in both the tissue and the gills. The most common size of microplastics in all three organs was greater than 1 mm. In the stomach, we found 0.39 ± 0.11 items/g; in tissue, 0.24 ± 0.06 items/g; and in the gills, 0.18 ± 0.03 items/g, which all differed significantly at p < 0.01, followed by sizes 701 µm––1 mm, 501–700 µm, 300–500 µm, and <300 µm, respectively. However, we found no microplastics of <300 µm in the gills.



The colors of the microplastics in this study were black, blue, red, and others (green, transparent, and purple). The most abundant color in all three organs was black (p < 0.01)—in the stomach, at 15 items/g (9.56%), in the gills, at 5 items/g (37%), and in the tissue, at 6 items/g (3.93%). This was followed by blue in the stomach at 12 items/g (7.36%), in the gills at 6 items/g (4.07%), and in the tissue at 4 items/g (2.47%). In addition, red and others were found in amounts that did not differ significantly. In Figure 3, we show all these data.




3.3. Polymer Identification in O. militaris


We found three types of polymers in all samples of organs, including polypropylene (PP), polyethylene terephthalate (PET), and cellulosic fiber. As shown in Figure 4, Cellulosic fiber was the dominant polymer found in gills at around 50%, followed by PET (33%) and PP (17%). The polymer cellulosic fiber dominated in the stomach at the highest percentage (67%), followed by PP and PET at 17%. In the tissue, we found two polymers—cellulosic fiber and PET. For all organs, cellulosic fiber was the dominant polymer, followed by PET and then PP. In Figure 5, we illustrate the spectrum absorption of polymers in O. militaris.




3.4. Abundance of Microfibers in Fish Eggs


3.4.1. Fish Eggs


We extracted 349 spherical eggs in total from the mother soldier catfish. The entire bubble was pale yellow. The inside of the fish eggs was transparent, with no discernible differentiation, suggesting they were in the first stage of development. The fish eggs ranged in size (4.89–9.94 mm, average of 7.21 ± 0.05 mm) and weight (0.05–0.43 g, average of 0.17 ± 0.01 g). Increased egg size significantly increased egg weight (p < 0.05, Pearson Correlation = 0.768), as we show in Figure 6.




3.4.2. Microfibers in Fish Eggs of O. militaris


Microfibers appeared in this study in 25 out of 349 fish eggs. After we pierced the eggs, microfiber contamination was evident under the stereoscopic microscope, as shown in Figure 7. The size of the fish eggs found to contain microfibers was 5.82–8.95 mm in range, averaging 7.20 ± 0.17 mm, and their weight was 0.05–0.38 g in range, averaging 0.18 ± 0.02 g. This demonstrates that microfibers may enter fish eggs. We found 27 pieces of fiber ranging in size from 8–200 µm. We found 11 blue items (40.74%), 10 black items (37.04%), 3 red items (11.11%), 2 transparent items (7.41%), and 1 green item (3.70%), as we show in Figure 8. The Pearson correlation analysis showed that the relationship between egg size and microplastic size was not significant (p = 0.647, correlation coeffient −0.092).




3.4.3. Polymer Identification in Fish Eggs


We found 27 contaminating microplastic pieces (from 25 fish eggs) comprising three polymers determined by FTIR, as we show in Figure 9. The predominant polymers in fish eggs were rayon (50%), PET (30%), and natural-polymer cotton (20%).






4. Discussion


4.1. Microplastics in the Stomach, Tissue, and Gills of Catfish


This study demonstrates the presence of microplastics in the appendages of O. militaris. One gram of tissue contained the most microplastics in the stomach. This suggests that the gastrointestinal tract is involved in the accumulation of microplastics because of the feeding behavior of this fish species, which eats small organisms, such as small fish and krill [36]. Microplastic particles that contaminate the water column can be unintentionally ingested by marine biota, including fish [37,38,39]. Contaminated and accumulated microplastics in prey fish may enter nutrients and be present in predator fish on a large scale, known as the transmission of microplastics into the food chain [40,41]. However, microplastics reside in the stomach only temporarily and can migrate to other organs. At the same time, the accumulation of microplastics in the stomach can increase in the future [38,40], passing this contamination on to the tissue of the fish. In a study by Have et al. [42], more microplastics were found in the intestinal mucosa than in other organ samples. It has been shown that microplastics can migrate from the stomach to the intestines and be absorbed through the intestinal mucosa into the tissue [42]. The uptake of microplastics may be related to fish protein digestion. Proteins are large organic molecules that can be digested into amino acids and absorbed through the stomach and intestinal mucosa into the circulatory system for utilization [43]. Microplastics are polymers indigestible to fish, which may contaminate organic matter being digested. However, this study is the first study on the presence of microplastics in the fish organs of O. militaris from southern Thailand. Moreover, the diameter of the microplastics found in this study was approximately 20 µm, possibly passing through the intestinal mucosa and gastric wall through intestinal adsorption [44]. When microplastics are ingested, they accumulate in the tissue. In fish tissues, there is no mechanism for the excretion of polymeric waste. The organ with the least amount of microplastic contamination was the gills. This is consistent with a study by Wei et al. [45], who found a greater accumulation of microplastics in the gastrointestinal tract than in the gums [45]. In addition, fragments were not found in the gills of the fish samples, which may depend on the gill characteristics of each fish species [46]. This study found that fiber microplastics in the stomach, tissue, and gills may be caused by fish breathing when exposed to water through the mouth. Fibers can also be sucked into the mouth through the water [39]. Thus, fibrous microplastics can represent a source of fiber from urban communities that influences accumulation in fish. The main source of fiber is fishing gear, such as nets [47], textiles [48,49], and the discharge of water from washing machines [50,51].



Most microplastics found were larger than 1 mm in size, which may not be very detrimental for fish. According to Okamoto et al. [38], fish waste may be expelled with microplastics larger than 200 µm collected in the colon [38,52]. Meanwhile, a large accumulation of microplastics, especially fibers in large quantities, may cause internal clogging due to the curling of the fibers. This may affect the process of digestion and absorption of food, causing the fish to become sick [53]. In addition, the behavior of fish species and their environment affect the color ingestion of microplastics. Okamoto et al. [38] confirmed that light and darkness have a significant influence on the color perception of fish. Under dark conditions, the ingestion of microplastic particles is reduced [38], a finding consistent with the study by Clere et al. [54]. Black is the color of microplastics predominant in fish, and because benthic environments are quite dark, these fish unwittingly ingest microplastics in their food [54].



In Table 2, we show a comparison of these findings with other studies. The amount of microplastics in the stomach of O. militaris, found to be 1.55 ± 0.19 items/stomach, was higher than that of Johnius weberi, which had 1.14 ± 1.21 items/stomach, Johnius borneensis, which had 0.90 ± 0.88 items/stomach, Dendrophysa russelli, which had 0.88 ± 1.12 items/stomach, and Panna microdon, which had 0.85 ± 1.06 items/stomach [55], but lower than that of Arius maculatus, which had 2.73 ± 0.15 items/stomach [51]. This may depend on the habitat and feeding behavior of each fish species. When comparing the number of microplastics in the units of items per individual, we found the occurrence of microplastics in this study to average 4.15 ± 0.3 items/individual, higher than that of several studies, including microplastics in the stomach of Rexea solandri, found to be 1.96 ± 1.12 items/individual [56], Scyliorhinus canicular, which had 1.20 ± 0.45 items/individual, and Mullus barbatus, which had 1.75 ± 1.14 items/individual [57]. There are few reports of microplastic studies of the gills; however, our findings were still higher than those in the studies of Mullus surmuletus, which had 3.22 items/individual [58], and Clarias gariepinus, which had 3.8 ± 2.7 items/individual [59], and lower than those of Saurida undosquamis, which had 4.65 items/individual, and Mugil cephalus, which had 7.56 items/individual [58]. In tissue studies, we found the average microplastic in demersal fish to be 4.7 ± 1.7 items/individual [60], which was greater than that in the study of microplastics in the tissues.




4.2. Contamination of Microfibers in Fish Eggs


The presence of microfiber and microplastic (PET) in the eggs suggests the transmission of microplastics through the feeding of the mother fish to the yolk sac [61]. Although microplastics were found in small amounts, it is reassuring that the microplastic fibers had not yet affected the normal development of the embryo in the early stages of fish eggs [62]. Since the mother fish may need food to feed the embryo in the egg [63], microplastics may have the potential to increase in the eggs as they develop. We foresee more detailed studies on microplastic contamination during the developmental stages of fish eggs in the future.




4.3. Polymer Type Found in Fish Organs and Fish Eggs


The occurrence of plastic waste is caused mainly by the release of waste plastic products when they are still usable. When they enter the sea, they take a long time to become microplastics and are distributed to all water columns [55,64]. The polymers found in the catfish indicate potential sources of precursors such as PP, which could be food packaging and microwave-safe containers [65], and possibly single-use masks, which can release blue polypropylene fiber or other types of fiber [66]. PET could be from packaging [67] and clothing. Rayon may be released from clothing when washed in a washing machine [51,68]. Microplastics are polymers that can be degraded to a smaller size but cannot disappear in the environment and can also absorb toxins dissolved in water, resulting in microplastic particles that have attached to organic and inorganic substances that may be harmful to the bodies of fishes [69]. These tiny plastic fragments may have a greater or lesser impact on the fish that consume them. Fish exposed to microplastics may experience the potential for a variety of negative consequences, including growth and immunity suppression, reduced feeding efficiency, and the development of neurotransmission dysfunction, endocrine disruption, genotoxicity, and oxidative stress [44], which damage cells, impair development, and cause fecundity abnormalities that decrease the abundance of fish in the ecosystem [70]. From the FTIR results in Figure 5, it is difficult to confirm whether the fibers are mainly rayon or cotton fibers because both fibers are made from natural sources using different preparation processes. Most of the chemical functional groups detected by FTIR are greatly similar [71], and microfibers produced from cotton and rayon fabrics are similar [72]. After passing through the degradation process, the two fabrics are not easy to identify. However, the spectrum was confirmed to be a rayon fiber according to the FTIR database, which delivers more than 80% precision. Cotton and rayon fibers are commonly used for non-woven fabrics—apart from polyester and nylon fibers—to produce disposable masks [73]. In practice, rayon and cotton fibers are classified as cellulose fibers. Therefore, it is not easy to differentiate between them if there is no specific change in the structure or component. The detection of cellulose fiber pollution in the environment cannot be identified between cotton and rayon fibers. However, cotton is a natural fiber, and rayon is a man-made fiber based on natural sources such as wood, plants, or agricultural waste. Both materials could be decomposed in a few months [71,74] and are classified as biodegradable. However, the degradation of these materials is also dependent on the preparation technique and degradation conditions; their degradation behavior changes under different circumstances. For instance, neat cotton fiber can completely degrade in less than two months, but after the different treatment conditions, it took longer to degrade these cotton fibers [74,75]. The degradation of cotton fiber in soil took a shorter time than that in marine conditions, and a higher temperature tended to accelerate the degradation rate of the cotton [76]. Considering the degradation behavior of neat cotton and rayon, they might not contaminate the environment as microplastics because they can be degraded in a few months; however, they can remain in the environment for several months or a few years after certain treatments.





5. Conclusions


We discovered microplastics in every organ of the studied fish, raising concerns about the impact of microplastics on the marine environment and, ultimately, human fish consumption. The most common shape discovered in this study was fibrous. Interestingly, our study uncovered evidence of microfiber in fish eggs; thus, this study should serve as a starting point for future research. Possible sources of microplastic and microfiber discovered include clothing, fishing, packaging, and single-use masks; therefore, care should be taken to avoid or reduce their leakage into the marine environment.
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Figure 1. Sampling site at U-Taphao canal, a river flowing to Songkhla Lagoon, Southern Thailand. 






Figure 1. Sampling site at U-Taphao canal, a river flowing to Songkhla Lagoon, Southern Thailand.



[image: Jmse 11 00723 g001]







[image: Jmse 11 00723 g002 550] 





Figure 2. Fish samples in the study: (A) O. militaris or soldier catfish; (B) fish eggs randomly picked from mother catfish; (B1) fish eggs taken from mother catfish; (B2) each fish egg carefully separated; (B3) appearance of a fish egg under a microscope. 
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Figure 3. Distribution of microplastic characteristics in this study: (A) shape; (B) size; (C) color in the stomach, flesh, and gills of the soldier catfish O. militaris. 
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Figure 4. The percentage of polymer type found in each organ studied in O. militaris. 
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Figure 5. Three types of polymers analyzed by FTIR include: (A) PET; (B) Cellulosic fiber; and (C) PP found in all three organs studied in O. militaris. 
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Figure 6. A positive linear correlation between size (mm) and weight (g) of fish eggs (black line), r = 0.801, p < 0.01, n = 349. 
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Figure 7. The presence of microfiber contamination in fish eggs: (A) microfiber-free pierced eggs, and (B) microfiber-contaminated fish eggs. 
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Figure 8. The relative proportions of various microfiber colors and the amounts present in fish eggs. 
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Figure 9. Three types of polymers were found in fish eggs: PET, rayon, and cotton. 
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Table 1. Data of catfish size measurement and the quantity of microplastics found in catfish organs.
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	Fish Sample Data and MP Data
	Minimum
	Maximum
	Mean ± S.E.





	Weight data
	
	
	



	Standard length (cm)
	15.80
	23.50
	19.50 ± 0.35



	Body weight (g)
	51.39
	152.50
	100.32 ± 5.13



	Gill weight (g)
	2.17
	6.61
	4.34 ± 0.19



	Stomach weight (g)
	0.52
	2.94
	1.72 ± 0.10



	Tissue weight (g)
	1.23
	5.88
	3.57 ± 0.19



	MP data
	
	
	



	MPs in gills (items/gill)
	0.00
	3.00
	1.25 ± 0.13



	MPs in gills (items/g gill)
	0.00
	0.92
	(0.30 ± 0.03) a



	MPs in the stomach (items/stomach)
	0.00
	4.00
	1.35 ± 0.15



	MPs in the stomach (items/g stomach)
	0.00
	3.85
	(0.91 ± 0.13) c



	MPs in tissue (items/tissue)
	0.00
	4.00
	1.55 ± 0.19



	MPs in tissue (items/g tissue)
	0.00
	3.25
	(0.53 ± 0.09) b



	MPs in fish (items/ind)
	0.00
	8.00
	4.15 ± 0.30







Note: MPs = microplastics, S.E. = standard error, different letters in the same row indicate significant difference at p < 0.05 (One-way ANOVA).
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Table 2. Abundance and characteristics of microplastics in the stomach, tissue, and gills from several research studies.
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Fish Species

	
Habitat

	
Abundance MPs

	
Shape

	
Size (mm)

	
Reference






	
Stomach




	
Arius maculatus, n = 11

	
Benthic

	
2.73 ± 0.15 items/st *

	
Fiber

	
0.15–5

	
[51]




	
Rexea solandri

	
Deep waters

	
1.53 ± 1.08 items/g or

1.96 ± 1.12 items/ind

	
Film-like

	
<1

	
[56]




	
Scyliorhinus canicula, n = 72

	
Demersal

	
1.20 ± 0.45 items/ind

	
Fiber

	
0.5–1

	
[57]




	
Merluccius merluccius, n = 12

	
Demersal

	
1.0 items/ind

	
Fiber

	
0.5–1




	
Mullus barbatus, n = 128

	
Demersal

	
1.75 ± 1.14 items/ind

	
Fiber

	
0.5–1




	
Panna microdon

	
Demersal

	
0.85 ± 1.06items/st *

	
Fiber

	
-

	
[55]




	
Dendrophysa russelli

	
Demersal

	
0.88 ± 1.12 items/st *

	
Fiber

	
-




	
Johnius borneensis

	
Benthopelagic

	
0.90 ± 0.88 items/st *

	
Fiber

	
-




	
Johnius weberi

	
Benthopelagic

	
1.14 ± 1.21 items/st *

	
Fiber

	
-




	
O. militaris, n = 40

	
Benthic

	
1.35 ± 0.15items/st *

0.91 ± 0.13 items/g

	
Fiber

	
>1

	
This study




	
Tissue




	
Bagrus bayad, n = 14

	
Demersal

	
4.7 ± 1.7 items/ind

	
Fiber

	
>1

	
[60]




	
Mystus vittatus, n = 3

	
Demersal

	
Fiber

	
>1




	
Heteropneustes fossilis, n =2

	
Demersal

	
Fiber

	
>1




	
O. militaris, n = 40

	
Benthic

	
1.55 ± 0.19 items/tis * or

0.53 ± 0.09 items/g

	
Fiber

	
>1

	
This study




	
Gill




	
Mullus barbatus, n = 43

	
Demersal

	
3.54 items/ind

	
Fiber

	
<1

	
[58]




	
Mullus surmuletus, n = 41

	
Demersal

	
3.22 items/ind

	
Fiber




	
Saurida undosquamis, n = 39

	
Reef-associated

	
4.65 items/ind

	
Fiber




	
Mugil cephalus, n = 20

	
Benthopelagic

	
7.56 items/ind

	
Fiber




	
Clarias gariepinus, n = 10

	
Benthopelagic

	
3.8 ± 2.7 items/ind

	
Fiber

	
<0.25 to >5

	
[59]




	
O. militaris, n = 40

	
Benthic

	
1.25 ± 0.13 items/gill

0.30 ± 0.03 items/g

	
Fiber

	
>1

	
This study








Note: * St = Stomach, tis—Tissue.
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