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Abstract

:

Simple Summary


It is evident that microplastics can enter the human body via dermal contact, inhalation, and food intake and pose a significant threat to human health. Therefore, understanding microplastics is essential for protecting the environment and human health. This study identified 48.7 MPs on average in each fish of king mackerel, with varying concentrations in different tissues, such as the digestive tract, gills, and muscle. The size and characteristics of these MPs varied but many were <0.5 mm in size (97.74%) and fiber-like, with a lot in the muscle tissue, which raises concerns for human consumption. Three types of plastic polymers were identified in the MPs, likely from things like food packaging and plastic waste. The fish’s muscle and digestive tract were significantly contaminated with MPs, indicating a high level of pollution.




Abstract


Microplastics (MPs) ingestion by fish signifies a worldwide threat to human health but limited research has examined their existence within the consumable portions (muscle) of fish. Thus, this study was undertaken to unveil the prevalence, characterization, and contamination extent of MPs across various body tissues, including the muscle of the king mackerel (S. guttatus) from the lower Meghna estuary in Bangladesh—a pioneering investigation in this region. In our analysis, we identified a total of 487 MPs, with an average abundance of 48.7 ± 20.3 MPs/individual. These MPs were distributed across different tissues, with respective concentrations of 0.84 ± 0.45 items/g in the digestive tract, 2.56 ± 0.73 items/g in the gills, and 0.3 ± 1.72 items/g in the muscle tissue. The observed variations among these tissue types were statistically significant (p < 0.05). Moreover, a significant positive correlation indicated that fish with higher weight had higher MPs in their gills and DT (digestive tract). The majority were <0.5 mm in size (97.74%) and exhibited a fiber-like shape (97.74%), with a notable prevalence of transparent (25.87%) and a pink coloration (27.92%). Remarkably, the majority of MPs were discovered within the size range of <0.5–1 mm (100%), particularly in the muscle tissue, signifying a substantial transfer of MPs into the human diet. Besides, we discovered only three polymer types of microplastics which could be attributed to the extensive use of food packaging, plastic containers, wrapping plastics, residential garbage, and plastic pipes that end up in the aquatic environment via river discharges. The contamination factor (CF) values of fish muscle (5.75) and the digestive tract (5.50) indicated that these fish organs were considerably contaminated (3 < CF < 6) with MPs. The pollution index of MPs (PLI > 1) indicated a high contamination level for MPs pollution of S. guttatus in the lower Meghna River estuary.
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1. Introduction


Microplastics (MPs) (<5 mm in size), made of a synthetic polymeric matrix, significantly contribute to ocean plastic pollution by quantity due to their wide range of applications, including in medical devices, electrical safety materials, clothing and textiles, fisheries equipment, packaging, thermal insulation, and solid and water soluble particles [1,2,3]. More than five trillion plastic particles, totaling over 250,000 tons in mass, have been estimated to be floating in the surface ocean alone where more than 90% of these particles are classified as MPs [4]. The amounts are increasing every year with the increased population size globally and mismanagement of plastic waste. These plastics or MPs pose a global threat to aquatic ecosystems and animal and human health because they contain a variety of chemical additives, including polythene (PE), polypropylene (PP), polythene terephthalate (PET), polystyrene (PS), and polyvinyl chloride (PVC) [5]. They also act as carriers of pathogens that cause disease, heavy metals, and other life-threatening toxins [6].



Based on sources, MPs are categorized into two types: primary MPs (granules, pellets, and microspheres) manufactured for use in cleaning, personal care, and cosmetic products and secondary MPs, created when larger particles are broken down or fragmented by mechanical abrasion and photochemical oxidation in the environment and are thought to be readily bioavailable to organisms worldwide [7]. According to recent research, MPs can fragment in the environment, becoming progressively smaller and lower in density before finally forming nanoplastics (≤1 μm in size) [8].



A variety of organisms can ingest MPs since they are small and persistent in the ecosystem [9]. Fish, birds, invertebrates, and marine mammals have all been found to consume MPs [10,11]. Once MPs are consumed, they build up in body tissue and are likely to have adverse effects in fish, including decreased feeding and growth, low fecundity, and low survival rates [12]. In addition, fish, as sources of human food, have recently received significant attention because of the risks associated with the bioaccumulation of MPs and possible biomagnification for a variety of hydrocarbons, heavy metals, dyes, and other contaminants in it [13]. By realizing the facts, the detection of MPs in the gills and digestive tracts of fish in marine environments from neighboring countries, e.g., India and China, has received a great attention in earlier research [11,14,15,16]. In Bangladesh, despite several studies [17,18,19] that looked at the intake of plastics by various fish species from the marine environment, to our knowledge, there are no published documents detailing the consumption of MPs by king mackerel fish, S. guttatus. This migratory fish is found throughout the Indo-West Pacific, Bangladesh, India, and Sri Lanka as far as southeast Asia and is popularly eaten in Bangladesh [15,18]. Earlier studies did not focus on MPs levels in the muscle of any marine fish [15,18]. Given that the most edible part of fish is the muscle and that people are highly concerned about the potential risks of pollutants in muscles, it is imperative to examine the contaminants present in fish muscle [20]. Therefore, this study aimed to assess the prevalence, characterize and identify the polymer types of MPs in different body tissues including the muscle of S. guttatus fish, and assess their contamination level in a sub-tropical estuary of Bangladesh for the first time. The results will indicate the MPs contamination status of the Meghna Estuary and will be useful in determining any potential risks to human health from consuming this fish.




2. Materials and Methods


2.1. Study Area


The Meghna River Estuary, one of the largest, stretches for 160 km from Chandpur in the south to Tetulia. It is, however, spreading between the Tetulia and Shahbazpur rivers, both of which have a sea-face width of about 40 km. It has a noteworthy and varied ecosystem that contributes to the region’s socioeconomic well-being in a number of areas, including farmland, industrial use, drinking water sources for the millions of residents who live nearby, and fisheries. Fisheries’ resources serve as spawning, feeding, and nursery grounds for both freshwater and marine fish species; their availability changes according to the river’s water discharge volume and tidal range. The greatest effect on the environment in coastal zones around the globe comes from pollution caused by numerous small- and large-scale industrialization, modernized urbanization, and newly adopted farming techniques. Numerous types of agricultural waste, excrement and faces, oil spills from passenger and fishing vessels, and various minor industrial effluents are infiltrating estuarine systems which are home to enormous amounts of synthetic wastes like plastic and other wastes [21]. The highest concentrations of specific water parameters in comparison to the RPI index clearly show that the lower Meghna River Estuary has been chosen as a polluted estuary.




2.2. Fish Sample Collection and Preparation


The king mackerel, locally known as Surma (S. guttatus), one of the most edible estuarine fish in Bangladesh, was selected for this study. Samples were taken using the estuarine set bag net (ESBN or Behundi jal) which was used in the lower Meghna river in shallow littoral waters between 2–3 m deep . Between March and April 2022, a total of 10 S. guttatus fish specimens were collected for this research. Then, the fish were kept in an icebox and transported to the laboratory of Coastal and Marine Science, Noakhali, where they were kept in a −20 °C refrigerator for further MP analysis. After the fish samples had thawed at room temperature in a laboratory container, blood, debris, and sediments were washed away using Mill-Q distilled water. A digital weighing scale (BSA224S, Sartorius, Shanghai, China) was used to weigh the body weight [22] and a measuring tap or ruler was used to assess the standard length (SL), total length (TL), and fork length (FL). Then, the fish specimens were dissected using sharp clean scissors. The dissection was performed in a clean and controlled environment such as a laboratory with laminar flow hoods to minimize the introduction of external contaminants. Personnel involved in the dissection should wear appropriate personal protective equipment, including gloves and lab coats. The whole digestive tract (DT), gills, and only 5 g of fish muscle tissue were removed from each specimen independently, weighed, and then transferred to a Petri dish in order to determine the concentration of MPs ingestion in fish [18,23]. To minimize the chance of contamination for peroxide digestion, all the fish tissues were transferred into a 1 L glass beaker and wrapped in aluminum foil after dissection [15].




2.3. Digestion of Fish Tissue and Separation of MPs


Hydrogen peroxide (H2O2, Scharlab, Barcelona, Spain) was used to digest fish tissue, including the gills, digestive system, and muscle, in a manner similar to that described by Karami et al. [23] with a few minor adjustments (e.g., omitting density separation by (1.2 g/mL) NaCl after digestion because of less amount of organic matter left). In order to digest biogenic material, 30% hydrogen peroxide (H2O2) was added at a ratio of 1:20 (w/v) into a 1 L glass beaker containing fish tissue separately. This method is more efficient, according to studies [24], than using sodium hydroxide (NaOH) or hydrochloric acid (HCl) [25,26]. Before moving on to the next stage, the entire acid-tissue mixtures were left on the lab bench at room temperature for a short while. The digestion combination was warmed on a magnetic hotplate stirrer to a temperature of 55 to 65 °C at a speed of 75 rpm until H2O2 was evaporated [25]. If the organic substance had not been completely digested by then, additional H2O2 (nearly 1 mL, 1–2 mL) was added [26,27]. Samples were transferred to a density separator for 24 h with a NaCl (1.2 g/mL) solution after all the tissue had been removed through digestion [28]. Then, 5.0 µm cellulose nitrate filter paper (Minipore, Ghaziabad, India) with a 47 mm width was used to filter the supernatant solution from the separator [4].




2.4. Microscopic Analysis and Polymer Identification of MPs


A light stereomicroscope (Leica EZ4E, Leica Microsystems, Wetzlar, Germany) with 8× to 35× magnification was used to identify and quantify MP particles from the filter [29,30,31,32]. The MPs were counted individually on each quadrate of filter paper. We used a quadrant size of 47 mm × 47 mm (2209 square millimeters) for counting microplastics on filters. All microplastics found within that grid were counted individually. Once microplastics had been counted within the defined grid, the total number of microplastics on the entire filter was extrapolated. Then, the count of microplastics within the grid by the extrapolation factor was multiplied. (π × 0.02352)/(0.0472). Measurements were made using ImageJ software (version 2.0.0) and the MP images were obtained using a high-resolution camera (single-lens reflex digital camera, Nikkon D5600, The Nikon factory, Ayutthaya, Thailand) attached to the microscope [32]. To find non-synthetic sources, a heated needle test was performed [29]. The morphometric traits of MPs including type/shape, color, and sizes were determined by Hossain et al. [32]. Out of 487 possible particles, 15 were chosen for polymer detection. From filter papers, comparatively larger particles (seen 10× magnification under the microscope) were chosen for the Petri dish in order to identify the different types of MP polymers. The polymer type was determined using the potassium bromide (KBr) pellet technique and the Fourier Transform Infrared (FTIR) of an 8400S made by Shimadzu Corporation, Japan (wavenumber range of 4000–400 cm−1). For these, 200 mg of KBr powder and 1–3 mg of an MP sample that had been finely crushed were combined and the mixture was then compressed for 1 min under regular pressure of 10 tons in a pellet press, resulting in a clear pellet that was made using a Shimadzu (IR Prestige-21) hydraulic press [33]. The entire system was maintained under evacuation during the preparation of the pellet and this pellet was almost completely analyzed using an FTIR spectrometer with a resolution of 2 cm in 30 scans. The identification procedure involved an automated contrast with the vast spectral databases. By comparing the FTIR spectra with the previously published studies, the false identification relying only on automatic libraries can be eliminated [34,35]. In this case, the IRUG Spectral Database was used.




2.5. Contamination Assessment of MPs in Fish


Environmental danger is frequently measured using the pollutant load index (PLI) in both terrestrial and aquatic environments [36]. In this research, the amount of MPs found in fish from the lower Meghna River estuary was used to determine the environmental risk. PLI at the study location is related to MP concentration factors (CFi). The formulas mentioned below were used to create and categorize the PLI (Table S1) [36,37]. However, no research was conducted to establish baseline readings for MP contamination in the lower Meghna River estuary. Therefore, the background value for the corresponding fish was determined as the minimum concentration of MPs in the DT, gill, and muscle.




2.6. Control of Contamination


All liquids such as distilled water and hydrogen peroxide were filtered using cellulose nitrate filter paper with a 5 µm pore size and 47 mm diameter filters. All the laboratory equipment associated with this study were cleaned and rinsed with filtered distilled water before and after use. Necessary precautionary steps were taken to reduce all possible contamination of samples. Moreover, special care was taken throughout the study basically in the time of fish sample collection, transportation, and preservation as well as during the dissection of fish tissue (gill, DT, and muscle). To remove possible contamination by airborne fibers, all the dissecting tissues placed in Petri dishes were covered with aluminum foil paper [29,30]. For a control, one fully blank sample without fish tissue was conducted following the same protocol used to compare the present investigation. No MPs were found in the blank samples [31].




2.7. Statistical Analysis


Normality and homogeneity of the data were checked before doing descriptive statistics, ANOVA, and Tukey’s test. Correlation and linear regression between microplastic abundance and biological variables were analyzed [38]. The significance level was set at p < 0.05 or p < 0.01 for each case. All the analyses were performed using the PAST (V. 4.03) software, IBM SPSS statistics (V. 25), and R Studio (v. 3.5.1).





3. Results and Discussion


3.1. MPs Occurrence and Abundance in Fish


All 10 samples of fish specimens of S. guttatus contained MPs (Figure 1) with an average number of 48.7 ± 20.3 MPs/individual (Table 1). In the present study, the total number of microplastics in the gill, digestive tract (DT), and muscle were 152, 220, and 115, respectively. MPs were identified in the digestive tract, gill, and muscle of this species as 0.84 ± 0.45 MPs/g, 2.56 ± 0.73 MPs/g, and 2.3 ± 1.72 MPs/g, respectively (Figure 2). The output of one-way ANOVA demonstrated that the abundance of MPs significantly differed (F = 13.65, p ≤ 0.0001) between the DT, gill, and muscle of investigated species. The results of Tukey’s pairwise comparisons revealed that MPs/g BW highly significantly differed from MPs/g gill (p = 0.0001) and MPs/g muscle (p = 0.0002) whereas MPs/g gill did not differ significantly from MPs/g muscle (p = 0.9295). In contrast, MPs/g DT significantly differed (p = 0.02) from MPs/g muscle (Table 2). Moreover, the amount of MP in fish tissue was positively correlated with the body weight (r = 0.973, p < 0.001), muscle weight (r = 0.810, p < 0.01), gill weight (r = 0.739, p < 0.01), and DT weight (r = 0.701, p = 0.05), indicating that fish with a higher body weight will have higher MPs in their gill, DT, and muscle (Figure 3).



In summary, the data show that when plastics are swallowed, the fish species is harmful, with a maximum of 85 MPs being extracted from a single fish. Studies of fish species that are targeted for commercial purposes have found similar levels of microplastic ingestion in pelagic and demersal species from Turkey’s Mediterranean coast (34%) [39] and benthopelagic fish from Portugal’s western center coast (73%) [40]. The sole previous study in lower Meghna River estuarine waters revealed 100% of individuals ingesting MPs [17]. Nonetheless, ingestion ranges vary greatly among studies, habitats, and sites. The majority of these field studies have generally connected MP ingestion to various fish-feeding techniques [38], vertical dispersion [41], or location, such as closeness to urban or industrial zones [42].



The findings of the present study were compared with the other studies in Table 2. These findings were consistent with microplastic pollution analysis of fish by Hossain et al. [18] and Yagi et al. [43] The MPs concentration/g DT of S. guttatus was found to be lower than Sciades sona, Setipinna tenuifilis, Priacanthus hamrur, Carangoides chrysophrys, Otolithoides pama, Sardinella brachysoma, Harpadon nehereus, and Coilia neglecta fish from the Bay of Bengal [15] and Zeus faber fish from the west coast of Kyushu, Japan [43]. In contrast, Harpadon translucens and Harpadon nehereus from the Bay of Bengal had lower MP contamination in the DT compared to the present outcomes [15].



Previous studies showed that MPs were more common in certain fish organs than in other parts; significant plastic abundance variations between fish’s stomachs and intestines were found as a result of changes to the fish’s weights, structures, and morphologies [41]. However, the amount of plastic pollution in the environment and fish feeding patterns are directly related to the presence of MPs in fish [22]. As a result, when fish feed from the water column or sift through polluted sediment, MPs can be ingested directly (primary ingestion) or indirectly (secondary ingestion via contaminated prey) [44]. In one study, it was discovered that 500–20,000 MPs/km2 in the surface waters of the Bay of Bengal could affect the translocation of MPs in fish, which has a discernible effect on coastal plastic pollution [45]. The translocation of MPs from gut to muscle can occur through mechanisms such as absorption through the intestinal walls, entry into the lymphatic system, and distribution via the bloodstream. Factors such as the size and type of microplastics, the fish’s metabolism, and its feeding habits all influence the extent of translocation. Smaller microplastics, such as nanoplastics, may have a higher potential to be absorbed and distributed within the fish’s body due to their small size and ability to pass through cell membranes. The permeability of the fish’s gut plays a role in whether they can cross the gut barrier and enter the bloodstream. When they pass through the gut and enter the bloodstream, they can be distributed throughout the fish’s body via its circulatory system. As blood flows through various tissues, microplastics can become embedded in tissues, including the muscle tissue.





 





Table 2. Comparisons of microplastics (MPs) levels in fish from other tropical areas.
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Country

	
Study Region

	
Fish Species

	
No. of Fish

	
MPs/g DT

	
MPs/g Gill

	
MPs/g Muscle

	
MPs/ind.

	
References






	
Bangladesh

	
Meghna River estuary

	
S. guttatus

	
10

	
0.84 ± 0.45

	
2.56 ± 0.73

	
2.3 ± 1.72

	
48.7 ± 20.27

	
Present study




	
Karnafully River

	
Setipinna phasa

	
30

	
8.29 ± 1.75

	
-

	
-

	
13.17 ± 0.76

	
Hossain et al. [46]




	
Polynemus Paradiseus

	
30

	
5.44 ± 0.51

	
-

	
-

	
10.83 ± 0.81




	
Otolithoides pama

	
15

	
1.65 ± 0.19

	
-

	
-

	
5.93 ± 0.62




	
Bay of Bengal

	
Priacanthus hamrur

	
10

	
2.53

	
-

	
-

	
3.8

	
Ghosh et al. [15]




	
Setipinna tenuifilis

	
10

	
6.45

	
-

	
-

	
3.2




	
Sciades sona

	
10

	
1.67

	
-

	
-

	
3




	
Carangoides Chrysophrys

	
10

	
2.5

	
-

	
-

	
2




	
Sardinella brachysoma

	
10

	
1.82

	
-

	
-

	
2




	
Harpadon nehereus

	
10

	
1

	
-

	
-

	
1.8




	
Otolithoides pama

	
10

	
1.2

	
-

	
-

	
1.8




	
Coilia neglecta

	
10

	
0.94

	
-

	
-

	
1.5




	
Anodontostoma chacunda

	
10

	
0.45

	
-

	
-

	
1.4




	
Megalaspis cordyla

	
10

	
0.63

	
-

	
-

	
1




	
Bay of Bengal

	
Sardinella gibbose

	
25

	
1.55 ± 0.48

	
-

	
-

	
3.20 ± 1.16

	
Hossain et al. [18]




	
Harpadon translucens

	
25

	
1.10 ± 0.30

	
-

	
-

	
5.80 ± 1.41




	
Harpadon nehereus

	
25

	
0.37 ± 0.10

	
-

	
-

	
8.72 ± 1.54




	
India

	
Gulf of Mannar coast

	
Sufflamen fraenatus

	
20

	
0.22

	
-

	
0.18

	
-

	
Selvam et al. [47]




	
Heniochus acuminatus

	
25

	
0.10

	
-

	
0.06

	
-




	
Pseudotriacanthus

	
20

	
0.35

	
-

	
0.36

	
-




	
Leiognathus brevirostris

	
15

	
0.12

	
-

	
0.10

	
-




	
Japan

	
West coast of Kyushu

	
Scomber japonicus

	
40

	
38

	
-

	
-

	
0.95

	
Yagi et al. [43]




	
Trichiurus japonicus

	
38

	
17

	
-

	
-

	
0.45




	
D. tumifrons

	
15

	
1

	
-

	
-

	
0.07




	
Z. faber

	
9

	
3

	
-

	
-

	
0.33




	
M. scolopax

	
39

	
3

	
-

	
-

	
0.08




	
C. equula

	
73

	
11

	
-

	
-

	
0.15










3.2. Morphological Characteristics of Fish MPs


All fish samples contained MPs in various shapes, sizes, and colors (Figure 4). The majority of the MPs (97.74 percent of all MPs recorded in this research) were in the 25–500 micron size range, with 0.5 mm and 1 mm accounting for the remaining 5%. In addition, 98.2%, 98%, and 95.7% of the MPs in the DT, gill, and muscle samples, respectively, were smaller than 0.5 mm in size (Figure 4a). A maximum of 0.5 mm to 1 mm (4.3%) was discovered in muscle. The prevalences of the particle classes 0.5 mm and smaller, 0.5–1 mm, and 1–5 mm were 98%, 1.3%, and 0.7% in the gill, respectively. In comparison, DT and muscle did not exhibit any MPs in the 1–5 mm size range. This level is greater than the percentage of small MPs discovered in the DT of fish harvested for commercial purposes from the east Chinese coast and estuaries, which made up 40% of the total items [48]. Since the gills are responsible for performing the functions of respiration, osmoregulation, and excretion as well as providing fish with the ability to filter MP particles from the water [49], relatively larger-sized MPs were detected in the gills in this study. However, the gills are not as well protected as the skin and mouth [50]. According to Eriksen et al. [45], a large percentage of marine plastic debris was composed of fragments smaller than a millimeter, many of which are comparable in size to the tested fish’s natural prey. Similar to this, pelagic and demersal fish in the North Atlantic and the Baltic Sea consumed MPs that were smaller (<0.5 mm) along with their usual prey species [51]. In recent research, the muscles of commercial fish Serranus scriba from Tunisian coasts contained MPs that were <100 microns or smaller [52]. The danger of MPs varies depending on their size [53]. We have come to the conclusion that small MPs could pose a significant threat to fish if ingested and that toxicology studies should take note of the negative effects of small microplastics ingested by fish (including bathypelagic fish).



In S. guttatus, nearly all of the MPs were fibers of various colors and sizes (Figure 4b). In contrast to the decreasing order of MP types in fish gill, which were fiber (95.4%), films (3.3%), fragment (1.3%) in DT, fiber (98.2%) and fragment (1.8%) kinds of MPs were abundant. Additionally, the muscle of the experimental fish contained only fiber. Fibrous microplastics, however, were common in other investigations as well [15,41,54]. The fragmentation of fishing gear (such as ropes and nets) and recreational sailing gear are the next two main sources of fiber in the marine environment that come from wastewater treatment facilities [55]. MP fibers are more dangerous than other MP particle shapes and prolong the time that fiber accumulates in the gastrointestinal systems [13,56,57].



Transparent, pink-, violet-, blue-, and red-colored MPs were common in the DT, gill, and muscle samples of fish (Figure 4c). The total MPs’ color followed the decreasing order of pink (27.93%), transparent (25.87%), violet (20.33%), blue (15.81%), red (6.16%), and green (3.9%). Transparent MPs were more abundant than microplastics in other colors, contributing for 36.2% of MPs in the gill samples and 27.8% of items found in muscle samples. These proportions were in line with the results observed in fish from Chinese coastal waters [41] and the South China Sea [58]. According to Roch et al. [59], foraging fish were shown to consume MP particles of food-like hues more frequently than non-food-like colors. But the presence of colored MPs suggests that they could be caused by synthetic and organic chemicals, necessitating advanced thorough research.




3.3. Polymer Characteristics of MPs


MP samples from the S. guttatus fish were subjected to FTIR analysis. The findings revealed that PE was the most dominant polymer type (40%), followed by PP (20%), PET (20%), PS (10%), and PVC (10%). The identified polymers of FTIR spectra are showed in Figure 5 along with the respective MP. Previous studies also revealed these types of polymers in riverine ecosystems and different marine fish [15,16,50,60]. Meanwhile, there were some identical picks that were absent in the spectrum of the identified polymers because of the effects of weathering and aging [4].



The frequent occurrence of PE in the studied fish might originate from food packaging and the containers of oil, shampoo, soap, and other cosmetic products for leveling [61]. PP is used all around the world for food and beverage packages, plastic containers, and wrapping plastics. Furthermore, the potential sources of PET and PVC are domestic waste and plastic pipes which might be driven to the aquatic systems through river discharge and surface runoff. However, plastic debris deposited by tourists and locals also increases the load of plastic in the sediment of the marine environment. On the other side, the main potential source of PS is fishing activities in the river which are used by fishermen usually to extrude polystyrene (XPS) and expanded polystyrene (EPS) as buoyant. Moreover, further research is suggested to assess the point sources of MPs to prevent MP contamination in the aquatic ecosystem.




3.4. Contamination Level Assessment


The CF values of fish muscle (5.75) and the digestive tract (5.50) indicated that these fish organs were considerably contaminated (3 < CF < 6) with MPs whereas gill (1.69) had moderate contamination levels (1 < CF < 3). PLI is calculated to quantity the degree of MP pollution [16,62]. The PLI values of the fish organ samples were >1, indicating the contaminated condition of S. guttatus fish. The PLI values followed the decreasing order of the muscle (4.53), digestive tract (4.52), and gill (1.63). As PLI was calculated using the ratio of MP occurrence to background value, the polymer type of MPs appears to have no impact on PLI [63]. However, human activities such as industrialization, fishing, population density, water transportation, etc., are what cause MPs to occur in seawater [16,64].





4. Conclusions


This study highlighted the ubiquitous presence of MPs in a commonly consumed fish, S. guttatus, from a large subtropical estuary in Bangladesh for the first time. MPs were found with an average abundance 48.7 ± 20.27 item/individual which was higher compared with species from other estuarine environments. The abundance of MPs in gill was significantly higher than that in the DT and muscles due to the continuous contact with water and first reaction against any unfavorable conditions in an aquatic environment. Furthermore, MPs’ abundance was positively related to the body weight, DT weight, and gill weight of the pelagic fish indicating that fish with a higher weight will have higher MPs in their gill, DT, and muscles. The majority of the particles were of the fibrous type, transparent and pink in color, and generated primarily from synthetic origin; the breakdown and degradation of fishing equipment (plastic lines, ropes, and nets) as well as smaller size (<0.5 mm) plastics were prevalent in DT, inferring that MPs could be actively uptaken by fish because of their similarity with natural foods or by assuming plastics as prey or through trophic transfer microplastics. Different types of polymers such as PP, PE, and PET were isolated from the MPs. High PLI values (>1) indicated significant commination levels. Hence, the possibility of human exposure to microplastics through ingestion raises concerns owing to the probable transfer of smaller-sized MPs and hazardous contaminants into edible tissues.








Supplementary Materials


The following supporting information can be downloaded at https://www.mdpi.com/article/10.3390/biology12111422/s1.





Author Contributions


Sample collection, laboratory analysis, and draft writing: A.-A.U.N., P.B. and F.H.P.; Conceptualization, design, writing, and supervision: M.B.H.; FTIR sample processing and analysis: M.A.S.A.; Literature survey, reviewing, and editing: J.Y., T.A. and B.A.P.; Visualization and funding: B.A.P. and T.A. All authors have read and agreed to the published version of the manuscript.




Funding


This study was supported by Researchers Supporting Project Number (RSP2023R144), King Saud University, Riyadh, Saudi Arabia.




Institutional Review Board Statement


Ethical clearance was obtained from the Research Cell Director (acting) of Noakhali Science and Technology University. The reference number is EC/RSNSTU-Feb/2022.




Informed Consent Statement


Not Applicable.




Data Availability Statement


Data are contained within the article and supplementary materials.




Acknowledgments


Volunteers who assisted during sampling are acknowledged. The authors would like to extend their sincere appreciation to the Researchers Supporting Project number (RSP2023R144), King Saud University, Riyadh, Saudi Arabia.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Frias, J.P.G.L.; Nash, R. Microplastics: Finding a consensus on the definition. Mar. Pollut. Bull. 2019, 138, 145–147. [Google Scholar] [CrossRef] [PubMed]

	



Lusher, A.L.; Hernandez-Milian, G.; O’Brien, J.; Berrow, S.; O’Connor, I.; Officer, R. Microplastic and macroplastic ingestion by a deep diving, oceanic cetacean: The True’s beaked whale Mesoplodon mirus. Environ. Pollut. 2015, 199, 185–191. [Google Scholar] [CrossRef] [PubMed]

	



Yuan, F.; Zhao, H.; Sun, H.; Sun, Y.; Zhao, J.; Xia, T. Investigation of microplastics in sludge from five wastewater treatment plants in Nanjing, China. J. Environ. Manag. 2022, 301, 113793. [Google Scholar] [CrossRef] [PubMed]

	



Banik, P.; Hossain, M.B.; Nur, A.A.U.; Choudhury, T.R.; Liba, S.I.; Yu, J.; Noman, M.A.; Sun, J. Microplastics in Sediment of Kuakata Beach, Bangladesh: Occurrence, Spatial Distribution, and Risk Assessment. Front. Mar. Sci. 2022, 9, 348. [Google Scholar] [CrossRef]

	



Rochman, C.M.; Brookson, C.; Bikker, J.; Djuric, N.; Earn, A.; Bucci, K.; Athey, S.; Huntington, A.; McIlwraith, H.; Munno, K.; et al. Rethinking microplastics as a diverse contaminant suite. Environ. Toxicol. Chem. 2019, 38, 703–711. [Google Scholar] [CrossRef]

	



Alengebawy, A.; Abdelkhalek, S.T.; Qureshi, S.R.; Wang, M.Q. Heavy metals and pesticides toxicity in agricultural soil and plants: Ecological risks and human health implication. Toxics 2021, 9, 42. [Google Scholar] [CrossRef]

	



Andrady, A.L. Microplastics in the marine environment. Mar. Pollut. Bull. 2011, 62, 1596–1605. [Google Scholar] [CrossRef]

	



Koelmans, A.A.; Bakir, A.; Burton, G.A.; Janssen, C.R. Microplastic as a Vector for Chemicals in the Aquatic Environment: Critical Review and Model-Supported Reinterpretation of Empirical Studies. Environ. Sci. Technol. 2016, 50, 3315–3326. [Google Scholar] [CrossRef]

	



Lusher, A.L.; Welden, N.A.; Sobral, P.; Cole, M. Sampling, Isolating and Identifying Microplastics Ingested by Fish and Invertebrates. In Analysis of Nanoplastics and Microplastics in Food; CRC Press: Boca Raton, FL, USA, 2020; pp. 119–148. [Google Scholar] [CrossRef]

	



Wang, F.; Yu, Y.; Wu, H.; Wu, W.; Wang, L.; An, L.; Cai, W. Microplastics in spotted seal cubs (Phoca largha): Digestion after ingestion? Sci. Total Environ. 2021, 785, 147426. [Google Scholar] [CrossRef]

	



Zhang, F.; Wang, X.; Xu, J.; Zhu, L.; Peng, G.; Xu, P.; Li, D. Food-web transfer of microplastics between wild caught fish and crustaceans in East China Sea. Mar. Pollut. Bull. 2019, 146, 173–182. [Google Scholar] [CrossRef]

	



Cole, M.; Lindeque, P.K.; Fileman, E.; Clark, J.; Lewis, C.; Halsband, C.; Galloway, T.S. Microplastics Alter the Properties and Sinking Rates of Zooplankton Faecal Pellets. Environ. Sci. Technol. 2016, 50, 3239–3246. [Google Scholar] [CrossRef] [PubMed]

	



Kutralam-Muniasamy, G.; Pérez-Guevara, F.; Elizalde-Martínez, I.; Shruti, V.C. An overview of recent advances in micro/nano beads and microfibers research: Critical assessment and promoting the less known. Sci. Total Environ. 2020, 740, 139991. [Google Scholar] [CrossRef] [PubMed]

	



Fang, C.; Zheng, R.; Zhang, Y.; Hong, F.; Mu, J.; Chen, M.; Song, P.; Lin, L.; Lin, H.; Le, F.; et al. Microplastic contamination in benthic organisms from the Arctic and sub-Arctic regions. Chemosphere 2018, 209, 298–306. [Google Scholar] [CrossRef] [PubMed]

	



Ghosh, G.C.; Akter, S.M.; Islam, R.M.; Habib, A.; Chakraborty, T.K.; Zaman, S.; Kabir, A.H.M.E.; Shipin, O.V.; Wahid, M.A. Microplastics contamination in commercial marine fish from the Bay of Bengal. Reg. Stud. Mar. Sci. 2021, 44, 101728. [Google Scholar] [CrossRef]

	



Pan, Z.; Zhang, C.; Wang, S.; Sun, D.; Zhou, A.; Xie, S.; Xu, G.; Zou, J. Occurrence of microplastics in the gastrointestinal tract and gills of fish from Guangdong, South China. J. Mar. Sci. Eng. 2021, 9, 981. [Google Scholar] [CrossRef]

	



Siddique, M.A.M.; Uddin, A.; Rahman, S.M.A.; Rahman, M.; Islam, M.S.; Kibria, G. Microplastics in an anadromous national fish, Hilsa shad Tenualosa ilisha from the Bay of Bengal, Bangladesh. Mar. Pollut. Bull. 2022, 174, 113236. [Google Scholar] [CrossRef]

	



Hossain, M.S.; Sobhan, F.; Uddin, M.N.; Sharifuzzaman, S.M.; Chowdhury, S.R.; Sarker, S.; Chowdhury, M.S.N. Microplastics in fishes from the Northern Bay of Bengal. Sci. Total Environ. 2019, 690, 821–830. [Google Scholar] [CrossRef]

	



Hossain, M.S.; Rahman, M.S.; Uddin, M.N.; Sharifuzzaman, S.M.; Chowdhury, S.R.; Sarker, S.; Chowdhury, M.S.N. Microplastic contamination in Penaeid shrimp from the Northern Bay of Bengal. Chemosphere 2020, 238, 124688. [Google Scholar] [CrossRef]

	



Neves, D.; Sobral, P.; Ferreira, J.L.; Pereira, T. Ingestion of microplastics by commercial fish off the Portuguese coast. Mar. Pollut. Bull. 2015, 101, 119–126. [Google Scholar] [CrossRef]

	



Rahman, M.S.; Hossain, M.S.; Ahmed, M.K.; Akther, S.; Jolly, Y.N.; Akhter, S.; Kabir, M.J.; Choudhury, T.R. Assessment of heavy metals contamination in selected tropical marine fish species in Bangladesh and their impact on human health. Environ. Nanotechnol. Monit. Manag. 2019, 11, 100210. [Google Scholar]

	



Ory, N.; Chagnon, C.; Felix, F.; Fernández, C.; Ferreira, J.L.; Gallardo, C.; Garcés Ordóñez, O.; Henostroza, A.; Laaz, E.; Mizraji, R.; et al. Low prevalence of microplastic contamination in planktivorous fish species from the southeast Pacific Ocean. Mar. Pollut. Bull. 2017, 127, 211–216. [Google Scholar] [CrossRef] [PubMed]

	



Karami, A.; Golieskardi, A.; Keong Choo, C.; Larat, V.; Galloway, T.S.; Salamatinia, B. The presence of microplastics in commercial salts from different countries. Sci. Rep. 2017, 71, 46173. [Google Scholar] [CrossRef] [PubMed]

	



Cole, M.; Webb, H.; Lindeque, P.K.; Fileman, E.S.; Halsband, C.; Galloway, T.S. Isolation of microplastics in biota-rich seawater samples and marine organisms. Sci. Rep. 2014, 41, 4528. [Google Scholar] [CrossRef] [PubMed]

	



Avio, C.G.; Gorbi, S.; Regoli, F. Experimental development of a new protocol for extraction and characterization of microplastics in fish tissues: First observations in commercial species from Adriatic Sea. Mar. Environ. Res. 2015, 111, 18–26. [Google Scholar] [CrossRef]

	



Mathalon, A.; Hill, P. Microplastic fibers in the intertidal ecosystem surrounding Halifax Harbor, Nova Scotia. Mar. Pollut. Bull. 2014, 81, 69–79. [Google Scholar] [CrossRef]

	



Masura, J.; Baker, J.; Foster, G.; Arthur, C. Laboratory Methods for the Analysis of Microplastics in the Marine Environment: Recommendations for Quantifying Synthetic Particles in Waters and Sediments; Silver Spring: Montgomery County, MA, USA, 2015. [Google Scholar] [CrossRef]

	



Coppock, R.L.; Cole, M.; Lindeque, P.K.; Queirós, A.M.; Galloway, T.S. A small-scale, portable method for extracting microplastics from marine sediments. Environ. Pollut. 2017, 230, 829–837. [Google Scholar] [CrossRef]

	



De Witte, B.; Devriese, L.; Bekaert, K.; Hoffman, S.; Vandermeersch, G.; Cooreman, K.; Robbens, J. Quality assessment of the blue mussel (Mytilus edulis): Comparison between commercial and wild types. Mar. Pollut. Bull. 2014, 85, 146–155. [Google Scholar] [CrossRef]

	



Devriese, L.I.; van der Meulen, M.D.; Maes, T.; Bekaert, K.; Paul-Pont, I.; Frère, L.; Robbens, J.; Vethaak, A.D. Microplastic contamination in brown shrimp (Crangon crangon, Linnaeus 1758) from coastal waters of the Southern North Sea and Channel area. Mar. Pollut. Bull. 2015, 98, 179–187. [Google Scholar] [CrossRef]

	



Shruti, V.C.; Kutralam-Muniasamy, G. Blanks and bias in microplastic research: Implications for future quality assurance. Trends Environ. Anal. Chem. 2023, 2023, e00203. [Google Scholar] [CrossRef]

	



Hossain, M.B.; Banik, P.; Nur, A.A.U.; Rahman, T. Abundance and characteristics of microplastics in sediments from the world’s longest natural beach, Cox’s Bazar, Bangladesh. Mar. Pollut. Bull. 2021, 163, 111956. [Google Scholar] [CrossRef]

	



Ingebrigtson, D.N.; Smith, A.L. Infrared analysis of solids by potassium bromide pellet technique. Anal. Chem. 1954, 26, 1765–1768. [Google Scholar] [CrossRef]

	



Noda, I.; Dowrey, A.E.; Haynes, J.L.; Marcott, C. Group Frequency Assignments for Major Infrared Bands Observed in Common Synthetic Polymers. In Physical Properties of Polymers Handbook; Springer: New York, NY, USA, 2007; pp. 395–406. [Google Scholar] [CrossRef]

	



Jung, M.R.; Horgen, F.D.; Orski, S.V.; Rodriguez, C.V.; Beers, K.L.; Balazs, G.H.; Jones, T.T.; Work, T.M.; Brignac, K.C.; Royer, S.J.; et al. Validation of ATR FT-IR to identify polymers of plastic marine debris, including those ingested by marine organisms. Mar. Pollut. Bull. 2018, 127, 704–716. [Google Scholar] [CrossRef] [PubMed]

	



Tomlinson, D.L.; Wilson, J.G.; Harris, C.R.; Jeffrey, D.W. Problems in the assessment of heavy-metal levels in estuaries and the formation of a pollution index. Helgoländer Meeresun. 1980, 33, 566–575. [Google Scholar] [CrossRef]

	



Haque, M.R.; Ali, M.M.; Ahmed, W.; Siddique, M.A.B.; Akbor, M.A.; Islam, M.S.; Rahman, M.M. Assessment of microplastics pollution in aquatic species (fish, crab, and snail), water, and sediment from the Buriganga River, Bangladesh: An ecological risk appraisals. Sci. Total Environ. 2023, 857, 159344. [Google Scholar] [CrossRef] [PubMed]

	



Peters, C.A.; Thomas, P.A.; Rieper, K.B.; Bratton, S.P. Foraging preferences influence microplastic ingestion by six marine fish species from the Texas Gulf Coast. Mar. Pollut. Bull. 2017, 124, 82–88. [Google Scholar] [CrossRef] [PubMed]

	



Güven, O.; Gökdağ, K.; Jovanović, B.; Kıdeyş, A.E. Microplastic litter composition of the Turkish territorial waters of the Mediterranean Sea, and its occurrence in the gastrointestinal tract of fish. Environ. Pollut. 2017, 223, 286–294. [Google Scholar] [CrossRef]

	



Bessa, F.; Barría, P.; Neto, J.M.; Frias, J.P.G.L.; Otero, V.; Sobral, P.; Marques, J.C. Occurrence of microplastics in commercial fish from a natural estuarine environment. Mar. Pollut. Bull. 2018, 128, 575–584. [Google Scholar] [CrossRef]

	



Jabeen, K.; Su, L.; Li, J.; Yang, D.; Tong, C.; Mu, J.; Shi, H. Microplastics and mesoplastics in fish from coastal and fresh waters of China. Environ. Pollut. 2017, 221, 141–149. [Google Scholar] [CrossRef]

	



Silva-Cavalcanti, J.S.; Silva, J.D.B.; França, E.J.; Araújo, M.C.B.; Gusmão, F. Microplastics ingestion by a common tropical freshwater fishing resource. Environ. Pollut. 2017, 221, 218–226. [Google Scholar] [CrossRef]

	



Yagi, M.; Kobayashi, T.; Maruyama, Y.; Hoshina, S.; Masumi, S.; Aizawa, I.; Uchida, J.; Kinoshita, T.; Yamawaki, N.; Aoshima, T.; et al. Microplastic pollution of commercial fishes from coastal and offshore waters, Japan. bioRxiv 2021, 10, 465208. [Google Scholar] [CrossRef]

	



Jovanović, B.; Gökdağ, K.; Güven, O.; Emre, Y.; Whitley, E.M.; Kideys, A.E. Virgin microplastics are not causing imminent harm to fish after dietary exposure. Mar. Pollut. Bull. 2018, 130, 123–131. [Google Scholar] [CrossRef] [PubMed]

	



Eriksen, M.; Thiel, M.; Lebreton, L. Nature of Plastic Marine Pollution in the Subtropical Gyres. Handb. Environ. Chem. 2019, 78, 135–162. [Google Scholar]

	



Hossain, M.J.; AftabUddin, S.; Akhter, F.; Nusrat, N.; Rahaman, A.; Sikder, M.N.A.; Zhang, J. Surface water, sediment, and biota: The first multi-compartment analysis of microplastics in the Karnafully river, Bangladesh. Mar. Pollut. Bull. 2022, 180, 113820. [Google Scholar] [CrossRef] [PubMed]

	



Selvam, S.; Manisha, A.; Venkatramanan, S.; Chung, S.Y.; Paramasivam, C.R.; Singaraja, C. Microplastic presence in commercial marine sea salts: A baseline study along Tuticorin Coastal salt pan stations, Gulf of Mannar, South India. Mar. Pollut. Bull. 2020, 150, 110675. [Google Scholar] [CrossRef] [PubMed]

	



Su, L.; Deng, H.; Li, B.; Chen, Q.; Pettigrove, V.; Wu, C.; Shi, H. The occurrence of microplastic in specific organs in commercially caught fishes from coast and estuary area of east China. J. Hazard. Mater. 2019, 365, 716–724. [Google Scholar] [CrossRef] [PubMed]

	



Batel, A.; Linti, F.; Scherer, M.; Erdinger, L.; Braunbeck, T. Transfer of benzopyrene from microplastics to Artemia nauplii and further to zebrafish via a trophic food web experiment: CYP1A induction and visual tracking of persistent organic pollutants. Environ. Toxicol. Chem. 2016, 35, 1656–1666. [Google Scholar] [CrossRef]

	



Zhang, D.; Liu, X.; Huang, W.; Li, J.; Wang, C.; Zhang, D.; Zhang, C. Microplastic pollution in deep-sea sediments and organisms of the Western Pacific Ocean. Environ. Pollut. 2020, 259, 113948. [Google Scholar] [CrossRef]

	



Rummel, C.D.; Löder, M.G.J.; Fricke, N.F.; Lang, T.; Griebeler, E.M.; Janke, M.; Gerdts, G. Plastic ingestion by pelagic and demersal fish from the North Sea and Baltic Sea. Mar. Pollut. Bull. 2016, 102, 134–141. [Google Scholar] [CrossRef]

	



Zitouni, N.; Bousserrhine, N.; Belbekhouche, S.; Missawi, O.; Alphonse, V.; Boughatass, I.; Banni, M. First report on the presence of small microplastics (≤3 μm) in tissue of the commercial fish Serranus scriba (Linnaeus. 1758) from Tunisian coasts and associated cellular alterations. Environ. Pollut. 2020, 263, 114576. [Google Scholar] [CrossRef]

	



Jeong, C.B.; Won, E.J.; Kang, H.M.; Lee, M.C.; Hwang, D.S.; Hwang, U.K.; Zhou, B.; Souissi, S.; Lee, S.J.; Lee, J.S. Microplastic Size-Dependent Toxicity, Oxidative Stress Induction, and p-JNK and p-p38 Activation in the Monogonont Rotifer (Brachionus koreanus). Environ. Sci. Technol. 2016, 50, 8849–8857. [Google Scholar] [CrossRef]

	



Lin, L.; Ma, L.S.; Li, H.X.; Pan, Y.F.; Liu, S.; Zhang, L.; Peng, J.P.; Fok, L.; Xu, X.R.; He, W.H. Low level of microplastic contamination in wild fish from an urban estuary. Mar. Pollut. Bull. 2020, 160, 111650. [Google Scholar] [CrossRef] [PubMed]

	



Browne, M.A.; Crump, P.; Niven, S.J.; Teuten, E.; Tonkin, A.; Galloway, T.; Thompson, R. Accumulation of microplastic on shorelines woldwide: Sources and sinks. Environ. Sci. Technol. 2011, 45, 9175–9179. [Google Scholar] [CrossRef] [PubMed]

	



Lei, L.; Wu, S.; Lu, S.; Liu, M.; Song, Y.; Fu, Z.; Shi, H.; Raley-Susman, K.M.; He, D. Microplastic particles cause intestinal damage and other adverse effects in zebrafish Danio rerio and nematode. Caenorhabditis elegans. Sci. Total Environ. 2018, 619–620, 1–8. [Google Scholar] [CrossRef] [PubMed]

	



Ziajahromi, S.; Kumar, A.; Neale, P.A.; Leusch, F.D.L. Impact of Microplastic Beads and Fibers on Waterflea (Ceriodaphnia dubia) Survival, Growth, and Reproduction: Implications of Single and Mixture Exposures. Environ. Sci. Technol. 2017, 51, 13397–13406. [Google Scholar] [CrossRef] [PubMed]

	



Zhu, L.; Wang, H.; Chen, B.; Sun, X.; Qu, K.; Xia, B. Microplastic ingestion in deep-sea fish from the South China Sea. Sci. Total Environ. 2019, 677, 493–501. [Google Scholar] [CrossRef] [PubMed]

	



Roch, S.; Friedrich, C.; Brinker, A. Uptake routes of microplastics in fishes: Practical and theoretical approaches to test existing theories. Sci. Rep. 2020, 101, 3896. [Google Scholar] [CrossRef]

	



Yan, M.; Nie, H.; Xu, K.; He, Y.; Hu, Y.; Huang, Y.; Wang, J. Microplastic abundance, distribution and composition in the Pearl River along Guangzhou city and Pearl River estuary, China. Chemosphere 2019, 217, 879–886. [Google Scholar] [CrossRef]

	



Wu, F.; Misra, M.; Mohanty, A.K. Challenges and new opportunities on barrier performance of biodegradable polymers for sustainable packaging. Prog. Polym. Sci. 2021, 117, 101395. [Google Scholar] [CrossRef]

	



Ranjani, M.; Veerasingam, S.; Venkatachalapathy, R.; Mugilarasan, M.; Bagaev, A.; Mukhanov, V.; Vethamony, P. Assessment of potential ecological risk of microplastics in the coastal sediments of India: A meta-analysis. Mar. Pollut. Bull. 2021, 163, 111969. [Google Scholar] [CrossRef]

	



Nur, A.A.U.; Hossain, M.B.; Banik, P.; Choudhury, T.R.; Liba, S.I.; Umamaheswari, S.; Albeshr, M.F.; Senapathi, V.; Arai, T.; Yu, J. Microplastic contamination in processed and unprocessed sea salts from a developing country and potential risk assessment. Chemosphere 2022, 308, 136395. [Google Scholar]

	



Jang, M.; Shim, W.J.; Cho, Y.; Han, G.M.; Song, Y.K.; Hong, S.H. A close relationship between microplastic contamination and coastal area use pattern. Water Res. 2020, 171, 115400. [Google Scholar] [CrossRef] [PubMed]








[image: Biology 12 01422 g001] 





Figure 1. Occurrence of each type of microplastics in the fish examined under a stereomicroscope; (a) violet fiber, (b) black fiber, (c) red fiber, (d) blue fiber, (e) pink fiber, and (f) pink fragment. These particles were found in the gills, gut, and muscle of fish. 
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Figure 2. The abundance of MPs for each sample was analyzed by fish gill, muscle, and DT. 
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Figure 3. Bivariate plots of extracted MPs per fish species against (a) per unit digestive tract (DT) weight (MPs/g DT), (b) per unit gill weight (MPs/g gill), (c) per unit muscle weight (MPs/g muscle), and (d) per unit body weight (BW) (MPs/g BW). Here, solid line = predicted relationship and shaded regions = 95% confidence intervals. 
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Figure 4. Morphological characteristics of MPs (a) size ranges, (b) types, and (c) color. 
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Figure 5. Polymer types identified MPs from the sampled fish; PE (A), PET (B), PP (C), PS (D) and PVC (E). 
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Table 1. Fish morphometry and their corresponding levels of MP ingestion.
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	Scheme.
	TL (Range) cm
	BW (Range) g
	DT Weight (Range) g
	Gill Weight (Range) g
	MPs/g DT
	MPs/g Gill
	MPs/g Muscle
	MPs/g BW
	MPs/ind.





	S. guttatus
	36.68 ± 1.53

(33.9–38.2)
	325.22 ± 22.8

(269.3–342.8)
	26.74 ± 4.26

(17.8–30.93)
	6.0 ± 0.79

(4.9–7.2)
	0.84 ± 0.45
	2.56 ± 0.73
	2.3 ± 1.72
	0.15 ± 0.06
	48.7 ± 20.27
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