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Microplastics (MP) have been confirmed as emerging pollutants in the marine environment due to their ubiquity, bioavailability, persistence and potential toxicity. This study contributes with valuable data regarding the abundance and characteristics of the MP found in five species collected from Portugal. The mussel Mytilus galloprovincialis (n = 140) was collected from the Tagus estuary and Porto Covo coastal area, the peppery furrow shell Scrobicularia plana (n = 140) and the polychaete Marphysa sanguinea (n = 30) both from the Sado estuary, and Trachurus trachurus (n = 82) and Scomber colias (n = 82) fished off Figueira da Foz and Sesimbra. Soft tissues of all individuals were digested using a KOH (10%) solution, which allowed the extraction of MP. All studied species presented MP. In a total of 502 MP observed from all samples, 80% were fibers and 20% were fragments, with a size range of 73 μm–4,680 μm and blue was the most common color recorded (46%). The frequency of occurrence of MP was higher in T. trachurus (70%) and lowest in M. sanguinea (17%). MP abundance ranged from 0.30 ± 0.63 MP. ind−1 in S. plana, to 2.46 ± 4.12 MP. ind−1 in S. colias. No significant correlation was found between the individual biometric parameters and total MP, fibers and fragments ingested by each species. The FTIR analysis revealed that polyester and polyethylene were the most common polymers present. These results can be used as a reference for future studies regarding the use of indicator species for monitoring MP pollution in the coast of Portugal.
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HIGHLIGHTS

• Microplastics were recorded in Mytilus galloprovincialis, Scrobicularia plana, Marphysa sanguinea, Trachurus trachurus and Scomber colias from Portugal;
• S. plana presented the lowest quantities of ingested MP;
• T. trachurus presented the highest percentage of individuals contaminated with MP;
• Fibers were the most common MP in mussels, peppery furrow shell and fish, accounting for approximately 80%;
• In the polychaete M. sanguinea, plastic fragments were dominant (83%);
• Blue microplastics were dominant over other detected colors.
INTRODUCTION
Plastic production and consumption have been increasing since the 1950s (GESAMP, 2016), which completely changed the profile of the waste produced (Sheavly, 2005) and leads to plastic accumulation in the environment. In 2015, the global plastic production was 322 million tons (GESAMP, 2016), including high levels of production of specific polymers such as polyethylene (PE) and polypropylene (PP) (PlasticsEurope, 2018), which coincides with the two most common polymers found in marine debris (Erni-Cassola et al., 2017). It is estimated that 80% of marine litter is composed by plastics and that about 5–13 million metric tons of plastic end up in the oceans each year (Jambeck et al., 2015). It is also estimated that there are more than five trillion plastic pieces floating in the oceans, weighing over 250,000 tons (Eriksen et al., 2014). Due to their properties, plastics can last up to hundreds of years in the environment (Thompson and Moore, 2009). Microplastics (MP) are defined as any plastic particle with less than 5 mm in size (Arthur et al., 2009) and can be classified as primary or secondary, according to their source. Primary MP can be found in cosmetic and personal healthcare products, such as exfoliants (Godoy et al., 2019) and tooth pastes (UNEP, 2016), house cleaning products (Napper et al., 2015) and in the form of virgin or recycled plastic pellets used as raw material for production (Browne et al., 2011). Secondary MP are a result of the fragmentation and degradation of larger plastic debris on land or sea (GESAMP and Kershaw, 2016), which can be induced by factors such as light (and ultraviolet light), higher temperatures, availability of oxygen and mechanical actions and also by biological interactions (Veiga et al., 2016). These MP include fibers from synthetic fabrics that can be released during laundering, in which a single piece of clothing can release up to 1900 fibers per wash (De Falco et al., 2019). More recently, Frias and Nash (2019) proposed a new definition for MP: “Microplastics are any synthetic solid particle or polymeric matrix, with regular or irregular shape and with size ranging from 1 μm to 5 mm, of either primary or secondary manufacturing origin, which are insoluble in water.”
MP have been found in several aquatic environments such as oceans (Pan et al., 2019), rivers (Jiang et al., 2019), estuaries (Hitchcock and Mitrovic, 2019; Rodrigues et al., 2019; Yan et al., 2019) and regions from the Arctic (Kanhai et al., 2019) and the Antarctic (Suaria et al., 2020). Being sampled from the water surface (Cincinelli et al., 2019; Tan et al., 2019), beaches (Retama et al., 2016; Piperagkas et al., 2019), marine sediment (Reed et al., 2018) and biota (Stock et al., 2019), they pose a challenge in terms of determining sources, pathways and potential effects (Veiga et al., 2016). In fact, MP enter the ocean through wide variety of land- and sea-based sources, rivers, wastewater and coastline run-offs, losses or discharges at sea and atmospheric transport, and at every level of plastic’s life cycle (Fahrenfeld et al., 2019), and there is a general trend toward finding more MP near densely populated coastal environments (Ivar Do Sul and Costa, 2014). Once in the oceans, MP have complex dynamics determined by factors such as currents, waves, wind and their polymer composition types (Triebskorn et al., 2019). Due to their physicochemical properties, MP have the ability to sorb persistent organic pollutants (POPs) (Fred-Ahmadu et al., 2020). There are also other low-molecular weight chemical species that raise concern in MP, such as the additives used in the manufacture of plastics (stabilizers or flame-retardants) (Sun et al., 2019). These chemicals may be released when in contact with organisms and be a potential chemical hazard (Wang et al., 2018; Prokić et al., 2019). MP have been found in a wide variety of different organisms with different feeding strategies and trophic levels (Gall and Thompson, 2015). These include zooplankton (Desforges et al., 2015), sponges, cnidaria and echinoderms (de Sá et al., 2018), annelids (Hurley et al., 2017), molluscs (Su et al., 2018), fish (Bessa et al., 2018) and also seabirds (Tanaka et al., 2013) and turtles (Hoarau et al., 2014). More than 220 different species have been reported to ingest MP debris in wildlife and in some species, ingestion levels are as high as 80% of the sampled individuals (Ory et al., 2017). MP can be taken up by organisms via direct ingestion (Lusher, 2015), indirect ingestion through ingested prey (Farrell and Nelson, 2013), ventilation (Watts et al., 2014), absorption (Long et al., 2015) or adherence to soft tissues (Kolandhasamy et al., 2018). Contamination with these particles can lead to negative health effects in the individuals exposed to them (Galgani et al., 2010; Besseling et al., 2013; Avio et al., 2015).
Monitoring MP and identifying the potential sources is essential for the assessment of the levels, composition and type of plastic polymers entering the marine environment, to provide knowledge about the behavior and impacts of MP and to create mitigation methods to reduce their inputs (GESAMP, 2019). There are several international and national actions under development, focused in protecting the marine environment and minimizing MP pollution impacts, namely the European Plastics Strategy (European Commission, 2018a) and Single-use Plastics Directive to reduce marine litter (European Commission, 2018b). In Europe, the Marine Strategy Framework Directive is establishing environmental targets for marine litter (and in particular MP) and associated indicators to achieve Good Environmental Status (GES) until the present year.
This study investigates the presence of MP in Mytilus galloprovincialis, Scrobicularia plana, Marphysa sanguinea, Trachurus trachurus and Scomber colias, from the Portuguese coast. The species were selected due to their different feeding strategies and habitats, as well as economic importance. The study also aims to contribute to the Marine Strategy Framework Directive (MSFD) 2008/56/EC with baseline data and knowledge.
M. galloprovincialis are benthic bivalves, with a filter feeding strategy and wide geographical distribution (Gosling, 1992) and can survive under polluted conditions and accumulate pollutants (Arienzo et al., 2019). All these characteristics make mussels a successful indicator of marine pollution (Li et al., 2019). Mussels also have a high economic interest due to their use in gastronomy in Portugal.
S. plana is an endobenthic bivalve with a deposit feeding strategy and can accumulate contaminants from both sediments and water (González-Domínguez et al., 2016). S. plana has commercial value as a human food resource in Portugal and its ecological importance, extensive distribution and sedentary lifestyle makes it a valuable biomonitor organism for contaminants (Langston et al., 2007) including MP (Ribeiro et al., 2017).
M. sanguinea is a large-sized omnivore annelid (Fauchald and Jumars, 1979) that lives in the sediment (Prevedelli et al., 2007). This polychaete has an ecological value due to its sediment turnover and an economical value due to its use as live bait for line fishing (Seo et al., 2016).
T. trachurus and S. colias are characterized for being pelagic oceanodromous fish, however, T. trachurus also displays benthopelagic behavior (FAO, 2005). Their geographic distribution and depth ranges are similar. The feeding behaviors of S. colias are based on zooplankton (fish larvae, small crustaceans and pteropods) and T. trachurus feeds on crustaceans (copepods), shrimps, small fish and squids. T. trachurus tend to be in demersal waters during the day and at night they rise to the surface for feeding, while S. colias are in the pelagic zone and occurs in schools close to surface waters, feeding on living organisms and other organic particles present in these areas (FAO, 2005).
MATERIAL AND METHODS
Study Area and Sampling
M. galloprovincialis were collected by hand directly on site at the Tagus estuary (Portinho da Costa beach, on the South bank) and Porto Covo (Figure 1). Clams and polychaetes were collected from the Sado estuary (near Carrasqueira, on the South bank). Fish were made available by Docapesca, S.A. at Figueira da Foz and Sesimbra fishing ports. To prevent the possible loss of MP via physiological activities, all individuals were frozen within 1 h after being collected. All species were analyzed for MP presence. The total number of individuals sampled was 474: 70 M. galloprovincialis from the Tagus estuary (T); 70 M. galloprovincialis from the Porto Covo coastal area (PC); 140 S. plana and 30 M. sanguinea from the Sado estuary (SE), 82 fish (41 T. trachurus and 41 S. colias) from Sesimbra (S); and 82 fish (41 T. trachurus and 41 S. colias) from Figueira da Foz (F). Sampling campaigns were held in May 2017 and all sites were chosen primarily due to the ease of access.
[image: Figure 1]FIGURE 1 | Sampling sites and the species collected along the Portuguese coast—F: Figueira da Foz; T: Tagus Estuary; S: Sesimbra; SE: Sado Estuary; PC: Porto Covo.
Laboratory Procedures
Samples were processed in the laboratory for MP detection and identification. The shells of mussels and clams were measured to determine their length and width and, after dissection, the wet weight of each individual was recorded, as well as for polychaetes. Fish were measured (standard length and total length) and weighed (total wet weight) and the wet weight of individual gastrointestinal (GI) tracts was obtained after dissection.
All individuals (clams, mussels and polychaetes) and GI tracts from fish were stored in glass flasks for alkaline digestion. All the equipment used in the dissection was pre-washed using distilled MilliQ water. The samples were chemically digested by a solution of potassium hydroxide at 10% (KOH). This method was chosen after reviewing the works of other authors that confirmed the efficiency of KOH in removing biogenic material while preserving the polymers (Foekema et al., 2013; Kühn et al., 2017), and that it has no significant impact in polymer mass or form, except for cellulose acetate, which makes it suitable for the digestion of molluscs and fish tissues and considered one of the best methods for extraction and identification of MP from biota (Dehaut et al., 2016; Karami et al., 2017; Bessa et al., 2019). The jars were covered with aluminum foil and stored at room temperature for 2 days. The jars were not stirred or shaken to prevent damaging of MP by other hard particles such as sand or other inorganic compounds. On average, after 48 h, a complete digestion of the biological material was observed.
Once digestion of the biological material was completed, the solution was filtered with a vacuum filtration system onto Fiorini and Whatman glass fiber filters (∼1 μm pore size). Filters were stored in covered Petri dishes, dried at room temperature and observed under a Leica® stereoscopic microscope equipped with a Leica Microsystems DFC480 digital camera. MP were classified into two different types: fibers and fragments and counted for each species. All MP were measured using ImageJ® software and their color was noted, except for fish, where a subsample of 183 MP was pooled for both species. To account for airborne contamination, the number of fibers in the controls was subtracted from the total of fibers in the samples. Visual identification of MP is open to bias and chemical confirmation of the polymers present must be performed. In this work, and as suggested by Hanke et al. (2013), a subsample of 10% of the total MP observed was randomly selected and analyzed by Fourier transformed infrared spectroscopy in attenuated total reflectance mode (FTIR). Spectra were acquired using an Agilent Handheld 4300 FTIR Spectrometer with a DTGS detector, with controlled temperature, and a diamond ATR sample interface; the analysis was performed at the sample surface. All spectra were obtained with a resolution of 4 cm−1 and 32 scans. Spectra are shown as acquired, without any further manipulation. The identification of the samples relied on the match over 80% between the sample and the library data (Agilent FTIR Spectral Libraries and Nicolet™ Condensed phase Sampler FTIR Spectral Library), and on best expert judgment from the presence of specific absorption bands for degraded polymers or copolymers.
Quality Control
Special caution was taken regarding contamination by airborne MP, with the use of cotton lab coats and controls. During the dissection and digestion procedures, one control was created for each 5 samples processed, by following the same steps described for biological samples to account for possible airborne MP contamination. The control filters were then examined for MP. New blanks consisting of wet filters were placed close to the stereoscopic microscope (2 controls for each group of 10 samples examined) to assess airborne fibers contamination during microscope observation.
Statistical Analysis
All data was tested for normality using Kolmogorov-Smirnov and tested for homoscedasticity using Levene’s test. Statistical analysis was made using α = 0.05. As data was not normally distributed (Kolmogorov-Smirnov: p < 0.05) and not homoscedastic (Levene’s test: p < 0.05), non-parametric tests were performed. The Mann-Whitney U test was used for pairwise comparisons between the total number of MP found in M. galloprovincialis collected in the Tagus estuary and Porto Covo coastal area. The Spearman correlation coefficient was used to assess correlations between the individual biometric parameters and total MP, fibers and fragments ingested by species. In fish, Kruskal-Wallis H test was used for comparisons between the number of fibers and fragments for each species and sampling site, followed by the post-hoc Dunn’s test for pairwise comparisons. Significance level established was 95% (α = 0.05) for all the analysis. All calculations were performed with Statistica® software.
RESULTS
Biometric parameters for all species are shown in Table 1. Microplastics (fibers and fragments i.e., irregular shaped particles) were registered in all the species analyzed and showed variations in length, size and color. Figure 2 shows some examples of MP selected for polymer identification by FTIR.
TABLE 1 | Biometric parameters of the studied species (average ± standard deviation (SD), n—number of individuals).
[image: Table 1][image: Figure 2]FIGURE 2 | Different types of MP. (A) - PET fiber found in S. plana; (B) - PVC fragment found in S. plana; (C) - PE fragment found in S. colias; (D) - PET fiber found in M. galloprovincialis; (E) - PP fiber found in S. colias; (F) - PET fiber found in S. plana.
A total of 502 MP were registered, 80% being fibers and 20% fragments. Table 2 presents the number of MP per individual wet weight (MP.g−1) and per individual (MP.ind−1) for each species (average ± SD) as well as the percentage of individuals with MP.
TABLE 2 | Microplastics in the five species analyzed: MP per individual wet weight (MP.g−1) and per individual (MP.ind−1), fibers and fragments per individual (average ± SD and total number of each), percentage of individuals with ingested MP and size range of MP (μm), n—number of individuals.
[image: Table 2]From all the studied species, polychaetes showed the lowest percentage of individuals with MP (17%) while T. trachurus had the highest percentage (70%). S. colias had the highest average of MP per individual (2.46 ± 4.12 MP.ind−1) and the highest average of fragments per individual (0.72 ± 1.24 Fragm. ind−1). The number of MP found in a single individual ranged from one to three in mussels, one to two in polychaetes and clams and 1 to 20 in fish. Figure 3A presents the type of MP collected for each species, in percentage. As shown in Table 2, polychaetes showed the lowest average size of MP (223 ± 233 μm) and the highest average size was observed in fish (1,090 ± 1,011 μm). Average MP size for mussels was 890 ± 489 μm and for the clams was 927 ± 479 μm. MP sizes ranged from 90–2,574 μm in mussels, 90–1827 μm in S. plana, 73–822 μm in M. sanguinea and 87–4,680 μm in fish.
[image: Figure 3]FIGURE 3 | Microplastics (type (A), color (B), and polymer type (C)) found in fish, mussels, clams and polychaetes from the Portuguese coast (* pooled sample).
Fragment ingestion in mussels from Porto Covo was significantly higher when compared to mussels from Tagus (Mann-Whitney U, p < 0.05). No correlation was found between the individual biometric parameters and total MP, fibers and fragments ingested by each species (Spearman test, p > 0.05).
The presence of fibers in S. colias was significantly higher in Figueira da Foz, when compared with the same species from Sesimbra (Kruskal-Wallis H test, p < 0.05). At Sesimbra, fibers ingested by T. trachurus were significantly higher when compared to S. colias (Kruskal-Wallis H test, p < 0.05). At Figueira da Foz, the ingestion of fragments was significantly higher in S. colias when compared with T. trachurus (Kruskal-Wallis H test, p < 0.05).
Except for M. sanguinea, ingested fibers were dominant over fragments (Figure 3A). MP colors found were blue, black, red, green, brown and transparent (Figure 3B). Overall, blue was the most common color, representing 46% of all MP, followed by black with 26%. MP in polychaetes were only blue and black.
The FTIR spectral matches identified polyester (PET), polyethylene (PE), polypropylene (PP), polyvinyl chloride (PVC), polystyrene (PS) and nylon (PA). PET was the most common polymer found in MP extracted from M. galloprovincialis (60%), S. plana (65%) and T. trachurus (64%). In contrast, in polychaetes, PVC was the most common polymer (83%) and in S. colias the most common was PE (47%). Additionally, in mussels, 60% of the MP were identified as PET, 20% as PP and 20% as PS; in clams 75% as PET and 25% as PVC; in polychaetes 17% as PET and 83% as PVC; in the Horse mackerel 64% as PET, 27% as PE and 9% as PP; and in the Atlantic chub mackerel 34% as PET, 47 as PE, 16% as PP and 3% as PA. Selected spectra from the analyzed MP are shown in Figure 4.
[image: Figure 4]FIGURE 4 | Selected infrared spectra of microplastic in the studied species: PVC fragment found in S. plana; PE fragment found in S. colias; PET fiber found in S. plana; PP fiber found in M. galloprovincialis; PS fragment found in M. galloprovincialis (scale bar: 500 μm).
DISCUSSION
This study reports MP presence in five different species (Mytilus galloprovincialis, Scrobicularia plana, Marphysa sanguinea, Trachurus trachurus and Scomber colias), with different feeding strategies and habitats, collected in different locations from the coast of Portugal. The results showed that there was a constant and widespread presence of MP in these species, during the studied period. The plastic particles have been detected in several aquatic environments and in wild conditions in fish, mussels and other species of polychaetes, as already documented by several authors (Li et al., 2015; Van Cauwenberghe et al., 2015; Vandermeersch et al., 2015; Digka et al., 2018; Qu et al., 2018; Fernández and Albentosa, 2019; Li et al., 2019). MP in S. plana have also been recently reported (Piarulli et al., 2020).
A total of 502 MP was recorded in all the 474 individuals analyzed, and their size varied from 73 to 4,680 μm. Fibers were the most common MP recorded in mussels, clams and fish, accounting for approximately 80% of the total counted, which is consistent with other studies for aquatic species (Murphy et al., 2017; Li et al., 2018). The overall abundance of blue MP in all species (64%) might have occurred due to the attractiveness of this color shown by some marine organisms (Ory et al., 2017; Weis, 2020).
MP higher presence in bivalves comparatively to polychaetes probably occurred due to their feeding strategies. Mussels and clams are filter feeding organisms and filter high volumes of water, which can increase their exposure to MP ingestion (Filgueira et al., 2013).
Microplastics in M. galloprovincialis
Microplastic concentrations in mussels did not differ significantly between sites (Tagus and Porto Covo), although the contrary was expected as estuaries are generally more polluted (Vandermeersch et al., 2015), except for fragments which were higher in M. galloprovincialis from Porto Covo.
Mussels are sentinel organisms used for biomonitoring and are commercially important as seafood for human consumption. MP presence in wild mussels has been documented in field studies worldwide (De Witte et al., 2014; Mathalon and Hill, 2014; Li et al., 2015; Van Cauwenberghe et al., 2015; Vandermeersch et al., 2015; Qu et al., 2018). Our results showed a concentration of 0.18 ± 0.31 MP g−1 and 0.45 ± 0.67 MP.ind−1, with a frequency of occurrence of 44%. Fibers were the most common MP type and blue was the most observed color.
Our concentrations are lower than the ones reported in mussels from Belgium (0.51 fibers g−1 and 0.26 fibers g−1), the North Sea (0.36 ± 0.07 MP g−1), Tagus estuary (0.34 ± 0.33 MP g−1), China (1.52–5.36 MP g−1 and 0.77 to 8.22 MP ind−1) and the United Kingdom (between 0.7 and 2.9 MP g−1 and 1.1 to 6.4 MP ind−1) (De Witte et al., 2014; Vandermeersch et al., 2015; Li et al., 2018; Qu et al., 2018). Vandermeersch et al. (2015) reported 0.12 ± 0.04 MP g−1 in mussels collected in Europe and Van Cauwenerghe et al. (2015) 0.2 ± 0.3 fragments g−1 in mussels from the North Sea Coast. These concentrations are similar to the ones reported in this study. The prevalence of fibers as the most common MP is in accordance with other studies (Li et al., 2015; Li et al., 2018; Qu et al., 2018; Scott et al., 2019). The presence of MP in the mussels collected provides further evidence that mussels can be used as MP pollution bioindicator in coastal waters and estuaries (Li et al., 2019).
Microplastics in S. plana
The average concentrations of MP recorded in S. plana were the lowest recorded overall, probably due to the location they were collected, in a lower contaminated zone of Sado estuary (Carrasqueira) (Caeiro et al., 2005). Fibers were the most common MP recorded in clams, similarly to mussels and fish. Blue was the most common color registered in MP ingested by clams, probably due to the presence of intensive fish farms (Caeiro et al., 2005) using blue fishing nets.
Piarulli et al. (2020) studied the presence of MP in different salt marsh species, in which 10 S. plana were sampled from the Schelde estuary in the Netherlands. One MP was found in the S. plana sample: a polyacrylonitrile fiber. Due to the difference in the sample size, this result is not comparable to ours.
There were no significant correlations between the biometric parameters and total MP, fiber and fragment presence in S. plana (Spearman test, α = 0.05). This suggests that MP presence occurs regardless of the size, weight of the clams. In accordance with other authors (Ribeiro et al., 2017), it is suggested to use S. plana as a future biomonitor for MP environmental risks.
Microplastics in M. sanguinea
In polychaetes, fragments were the most common MP, representing 83% of the total MP observed. Accumulation of MP in lugworms has already been studied by some authors that also have detected impacts of exposure to chemicals (Wright et al., 2013; Besseling et al., 2017). Jang et al. (2018) reported 131 ± 131 particles.ind−1 and 24 ± 15 particles.g−1 in M. sanguinea. These results are much higher than the ones reported here and can be explained by the use of EPS buoys for M. sanguinea to live in.
No published work was found about MP presence in M. sanguinea in the field. In this study a total of 12MP was observed in 30 polychaetes, with average concentrations being 0.19 ± 0.40MP.g−1 and 0.40 ± 0.88MP.ind−1. Unlike the other species in this study, fragments were the most common MP in M. sanguinea (83%). The polychaetes also registered the lowest MP average size (223 ± 233 μm), which could be explained by fragments being, in general, smaller than the fibers and might suggest that polychaetes will ingest fragments more easily than fibers. The results obtained from S. plana (sampled from the same site and with a deposit feeding strategy) also seem to support this idea, since only 12% of MP in S. plana were fragments, when compared with 83% fragments found in M. sanguinea.
This study contributes with valuable data regarding the abundance and characteristics of MP found in wild M. sanguinea for the first time, suggesting it as a potential biomonitoring species for MP contamination in sediments.
Microplastics in T. trachurus and S. colias
T. trachurus and S. colias registered a frequency of occurrence of MP of 70% and 55% respectively. This result is higher than the ones observed in T. trachurus (30%) and Scomber spp. (27%) captured between Cape Cantin and Cape Boujdour, Central zone of the Atlantic (Maaghloud et al., 2020) and T. trachurus (42%) from the North East Atlantic Ocean (Barboza et al., 2020). Sparks and Immelman (2020) studied seven fish species including T. trachurus, from the Agulhas Bank, South Africa and reported a frequency of occurrence of 87%, and Herrera et al. (2019) conducted a study on S. colias from the Canary Islands with a 78,4% MP occurrence. Barboza et al. (2020) also studied S. colias and reported a frequency of 62% in the North East Atlantic Ocean. These results are more similar with the result reported by this study. Lopes el al (2020) studied T. trachurus and S. colias from the Western and Southern Iberia and reported a frequency of 100% and 64%, respectively. While the frequency in T. trachurus was higher, in S. colias the result obtained is similar to the one reported here.
Most of the MP found were fibers (79%). This finding is supported by previous studies where fibers were also the most common MP type for several fish species (Neves et al., 2015; Güven et al., 2017; Bessa et al., 2018; Compa et al., 2018; Herrera et al., 2019; Valente et al., 2019; Koongolla et al., 2020; Lopes et al., 2020; Sparks and Immelman, 2020). In more detail, Herrera et al. (2019) found that 74.23% of MP collected in S. colias were fibers, while Barboza et al. (2020) reported that T. trachurus and S. colias specimens from the North coast of Portugal had more fragments (76%) than fibers (22%) and pellets (2%) in the gastrointestinal tract, which is a different result than the one reported in this study. However, other studies conducted in fish from Portuguese waters show a prevalence of fibers as the most common MP even in different habitats and areas (Neves et al., 2015; Bessa et al., 2018; Lopes et al., 2020). Differences in results from different locations could be related to different sources of pollution and waste management strategies (Rochman et al., 2015), and should be monitored.
Blue and black were the most common colors in ingested MP. The predominance of these colors in microplastics has also been previously reported in T. trachurus and S. colias in different parts of the world (Herrera et al., 2019; Barboza et al., 2020) but also in Portuguese waters for the same species (Lopes et al., 2020) and other species of fish (Neves et al., 2015; Bessa et al., 2018; Lopes et al., 2020), which is a widely reported pattern.
Polymer Types
Polymer analyses revealed the presence of polyester (PET), polyethylene (PE), polypropylene (PP), polyvinyl chloride (PVC), polystyrene (PS) and nylon (PA), which is in accordance with the polymers commonly found in the environment, namely PET, PE and PP (Browne et al., 2011), and reflect the recently reported polymer diversity globally described for MP in water and sediments (Gago et al., 2018), since these polymers are the three most abundant worldwide (White et al., 2018). Polyester fibers were found in the majority of the individuals and blue was the predominant color and have probably originated from their massive use in clothing worldwide. These fibers are leached into the environment (Browne et al., 2011) and contribute to ocean plastic pollution (Napper and Thompson, 2016), with sediments being known as sinks for microplastic fibers (Law et al., 2010; Morét-Ferguson et al., 2010; Cózar et al., 2014). Polyester has already been found in mussels (Li et al., 2018) and fish (Rochman et al., 2015; Lefebvre et al., 2019; Koongolla et al., 2020). Our results are also comparable to previous studies in fish collected in Portugal (Neves et al., 2015; Bessa et al., 2018; Barboza et al., 2020). It is worth noticing that in this study we report ingestion of PVC by two endobenthic species, S. plana and M. sanguinea, which can be related to PVC’s deposition on the sediment due to its higher density, once it was not detected in any of the other studied species.
MP ingestion can be a threat to aquatic organisms because, depending on the animal size, MP can be small enough to be expelled along with feces or, if larger, can be retained in the organism causing a false sense of satiety (Butterworth et al., 2012; Woods et al., 2018), while synthetic fibers can get tangled and create agglomerates, blocking organs and therefore hindering or preventing food ingestion (Derraik, 2002). Though there is no evidence of effects in wild aquatic species, laboratory studies reported inflammatory responses upon plastic ingestion in mussels (Von Moos et al., 2012) and neurotoxicity and oxidative damage in fish (Barboza et al., 2020), as well as in other aquatic species as reviewed by Barboza et al. (2018).
It is also important to refer that the comparison of results between different studies is difficult, due to the heterogeneity of the number of individuals analyzed, variability of laboratory procedures and MP extraction and identification methods, and the inconsistency of the reporting units used in results. There is a huge effort being made by the scientific community for standardization of protocols regarding MP studies, which will make future analysis and comparisons more efficient.
The presence of MP in the five species analyzed confirms the current and comprehensive contamination of the marine environment. Despite the knowledge regarding the levels of microplastics in the water and sediments from the coast of Portugal (Frias et al., 2014, 2016; Antunes et al., 2018; Rodrigues et al., 2020), there is still limited information regarding the distribution of microplastics in inland waters and sediments (such as estuarine areas) like those analyzed in the present study. This information would be important for assessing if the levels of microplastics found in the studied species reflect the concentrations found in the environment.
Microplastics entering the marine food webs may affect important seafood species. The results obtained should raise concern regarding bioaccumulation and possible human health risks associated with the consumption of MP contaminated fish and shellfish (Li et al., 2019). Selecting suitable species for monitoring microplastics pollution is an essential step toward achieving the good environmental status aimed by the Marine Strategy Framework Directive (MSFD). The suitable monitoring species listed for the Mediterranean Sea and the Northeast Atlantic, such as the sea turtle Caretta caretta and the sea bird Fulmarus glacialis, respectively, are very rare in Portuguese coastal waters, making it necessary to find and select suitable species for monitoring (IPMA, 2018). Despite the need for more research, this work provides baseline data from five species representing different habitats and feeding strategies with the potential to be used for monitoring microplastics. In addition, these species are ecologically and economically important and can be found in several locations along the Portuguese coast.
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