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Resumo 

O descarte, o manejo e o tratamento inadequado do lixo são os principais motivos do acúmulo de plástico 

no ambiente. Pessoas, animais, vento, tempestades e correntes marinhas espalham continuamente o 

plástico em diferentes locais do mundo. Diversos grupos de animais têm ingerido e bioacumulado 

pequenas partículas de plástico, os microplásticos (MPs). Essa ingestão resulta em diversos efeitos 

negativos no organismo, como diminuição de taxas nutricionais. O objetivo desse trabalho foi utilizar dois 

grupos bentônicos para averiguar a presença de microplástico na biota marinha da Baía da Ilha Grande 

(BIG). Relatamos a ingestão de MP por Ascidiacea e Amphipoda, em diferentes localidades, inclusive em 

áreas consideradas mais preservadas como Dois Rios e em áreas de proteção ambiental como Piraquara 

de Fora. Esses dados refletem a necessidade de mais monitoramentos e estudos sobre os efeitos da 

ingestão de MPs na biota marinha da área, assim como alerta para novos perigos à biodiversidade na 

região, sendo este o primeiro estudo que identificou a presença de MPs em organismos da BIG. 

Palavras-chave: Lixo, contaminação por plástico, área de proteção ambiental, Sudoeste do 

Atlântico. 
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Abstract 

Inappropriate disposal, management, and treatment of litter are the main sources of plastic accumulation 

in the environment. People, animals, wind, storms, and ocean currents spread continuously the plastic in 

different sites of the world. Diverse animal groups have been ingesting and bioaccumulating small 

particles of plastic, the microplastics (MPs). This ingestion results in several negative effects on the body, 

such as a decrease in nutritional rates. The objective of this work was to investigate the presence of 

microplastics in marine biota from Ilha Grande Bay (IGB). We report the uptake of MP by Ascidiacea and 

Amphipoda collected in different sites around BIG. The sites included preserved areas such as Dois Rios 

and protected areas such as Piraquara de Fora. These data reflect the necessity for more monitoring 

programs and studies, and warning of new dangers to the biodiversity from the area. This is the first 

study identifying the presence of MP in organisms from BIG. 

Keywords: Litter, plastic contamination, environmental protected area, southwest Atlantic. 

 

Introduction 

The marine environment accumulates thousands of plastic debris. The lack of proper 

management of solid waste and the intense human activity on the beaches generate 

the extreme accumulation of debris in the environment (Silva et al., 2016). 

Microplastics (MPs) are particularly omnipresent in the marine environment due its 

diverse sources of origin. They are generated from marine, terrestrial, and 

atmospheric areas such as coastal sewage, fishing and shipping activities, car tires, 

textile products (Barnes et al., 2009; Browne et al., 2010; Bucci et al., 2020). Besides 

that, they are easily transported to long distances by wind, oceanic gyres, and deep 

ocean currents (Petersen et al., 2016). Shores with intense tourism and large coastal 

populations have higher levels of plastics and chemical pollutants (McCormick et al., 

2016). Animals from these areas accidentally ingest MPs or identified those with 

incrusted biofilms as food (Oberbeckmann, et al., 2015; Bancone et al., 2020). This 

contamination results in physiological impact, as entrapment and hormonal changes 

(Bucci et al., 2020). Several researchers about microplastics are carried out in Brazil 

(Castro et al., 2018). MPs particles have already been recorded in areas in Rio de 

Janeiro, mainly in polluted regions, such as Guanabara Bay (Carvalho and Baptista, 

2016; Silva et al., 2019), and in the inner shelf of the State of Rio de Janeiro 

(Baptista et al., 2019). However, it was also recorded in remote areas such as Ilha da 

Trindade, which is 1,200 km offshore the coast (Petersen et al., 2016), and in 

protected areas such as Ilha Grande Bay (IGB) (Macedo et al., 2019). Most of these 

studies are focused on MPs in environment. This bay possesses many Protected Areas 

and is recognized for its high ecological importance (MMA 2002). Despite the 
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numerous records of invasive animals and an enormous number of marinas and ports, 

this Bay possesses well-preserved ecosystems and high marine species endemism 

(Skinner et al., 2016). By this animal diversity, richness and abundance, IGB has 11 

conservation units (Creed et al., 2007). One of these areas is the Tamoios 

Environmental protected area, which was established in 1986. It includes the biggest 

marine area with integral protection (8,700 hectares) covering islands, slabs, and 

rocky shore within a 1 km of radius (INEA, 2020). However, the increasing of 

demography and tourist activities, and the deficiency of effective implementation of 

waste management (da Costa and Lima, 2019), tend to increase the accumulation of 

litter. Although there are monitoring studies of plastic contamination in IGB (Macedo 

et al., 2017), association with organisms has been not explored.  

It is suggested that seabed is a sink for MPs and benthic organisms and filters feeders 

are frequently exposed to MPs contamination (Cole et al., 2011; Wright et al., 2013). 

Hence, in this work, the ingestion of MP was analyzed in individuals of two benthic 

groups that are well distributed in the area, Ascidiacea and Amphipoda. This is the 

first report of MP ingestion by marine organisms in the Ilha Grande Bay. 

 

Material and methods 

Study site 

Ilha Grande Bay includes the municipalities of Mangaratiba, Angra dos Reis and 

Paraty, in the western region of Rio de Janeiro state in Brazil, and it is defined as a 

protected area, according to the State constitution (INEA, 2020). The main island has 

193 km2 in area, belongs to the southern escarpment of Serra do Mar and has coves, 

rock shores, beaches, mangroves, and streams. It includes 113 different beaches, 

some of them face the continent and are more sheltered from waves, and others are 

exposed to open sea and receive more impact from waves and oceanic currents 

(Godoi et al., 2011; Gralato, 2016). 

 

Sampling of Ascidiacea and microplastic survey: 

In 2018, from six sites along Ilha Grande Bay (Figure 1) sixty individuals (10 

individuals from each site) of Phallusia nigra Savigny, 1816 (Figure 2a) were manually 

collected from natural and artificial substrates by free diving in shallow waters (up to 

5 m deep). Clean plastic bags were used to cover and withdraw the specimens from 

the substrates. After removing, the individuals were anaesthetized with menthol 
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diluted in seawater and then fixed in individual pots with 10% formaldehyde (this 

method does not have the potential to affect plastic particles as studied by Courtene-

Jones et al. (2017)). The material was transported to the laboratory at Universidade 

do Estado do Rio de Janeiro (UERJ) and the animals were dissected to remove the 

digestive tract (stomach and intestine), and then they were kept in individual 

containers with 70% ethanol. The animals’ stomachs and all equipment used were 

externally cleaned with distilled water to avoid external MPs, then they were pooled 

together according to their location to optimize the analysis (10 individuals per site). 

The samples were then macerated and immersed in a hypersaline solution (358.9g of 

NaCl in 1L of distilled water) for 24 hours to suspend all MP particles. The samples 

were filtered with vacuum pump Prismatec 121, through 5µm mesh filters (Whatman 

AE98, cellulose nitrate). The paper filters were placed in Petri dishes to prevent 

external contamination and to analyze under a stereomicroscope. After drying the 

paper filters at room temperature, MP was quantified, measured, classified (fiber or 

fragment) (Syakti et al., 2018) and photographed using a camera (EUREKAM 5.0 mp) 

coupled with a stereoscope microscope (Bel Photonics, STEREO-ZOOM SERIE SZ/SZT 

(5.6x). During the experiments, behavioral measures were also considered, such as 

wearing cotton lab coats, keeping the laboratory with fewer people, turning off the air 

conditioning, and keeping a Petri dish with distilled water to control microplastic area 

contamination. Microplastics found in the control and similar to those found in the 

samples were discarded from data. 

 

Sampling of Amphipoda and microplastic survey: 

Amphipods collection was performed in August 2019, in the oceanic side, at Jorge 

Grego Island, Lopes Mendes and in September 2019 in Dois Rios Beach (Figure 1). In 

Jorge Grego and Lopes Mendes, algae were collected on the rocky shore to access the 

associated amphipods (Figure 2b). It was manually sampled, covering the tuff of algae 

with a cleaned plastic bag, with SCUBA and free diving. The material was fixed in 

ethanol 70% and taken to the lab. Amphipods have a small body size making hard the 

dissection of digestive tract. Hence, to access the ingestion of microplastic in 

amphipods, the body tissue was degraded with acid nitric 100% (HNO3). To avoid 

external contamination and to observe only the ingested plastic, each sample was 

washed with distilled water and analyzed in the microscope, then added in a Becker 

20 mL with 5 mL of HNO3 for 30 min at 60 °C (Desforges et al., 2015) in a fume hood 

to control contamination. After it, each sample was added in a Becker with distillate 

water and filtered as mentioned above. The microplastic were also measured and 
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classified as fragment or fiber. To avoid external contamination, the samples were 

washed externally with distilled water, as well as the equipment (tweezers, scissors) 

used during the process and a Petri dish with distilled water was displayed to air 

control.  

 

Figure 1: Sampling sites of Ascidiacea and Amphipoda in Ilha Grande Bay. Ponta Leste 

(PL) (23°03'S 44°14'W); Praia Grande (PG) (23°01'S 44°20'W); Piraquara (PQ) 

(23°00'S 44°26'W); Praia Vermelha (PV) (23°01'S 44°30'W); Paraty Mirim (PM) 

(23°14'23'S 44°38'W), Dois Rios (DR) (23°11'S 44°11'W), Jorge Grego (JG) (23°13'S 

44°09'W) and Lopes Mendes (LP) (23°11'S 44°07'W). Map designed using QGIS 3.16. 

 

Results  

The presence of MP in the digestive tract of P. nigra was detected in four of the six 

studied sites (excepted for Praia Grande and Paraty Mirim) (Table 1). The number of 

MP particles on samples from 10 pooled individuals ranged from zero to three (Table 

1).  
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Table 1: Number and size (maximum and minimum length in mm) of microplastics 

fragments (frag.) and fiber found in the digestive tract (mean length and width in cm) 

of Phallusia nigra during survey among sites at Ilha Grande Bay. 

Locality MP Nº 
 Frag. 

(mm)  

 Fiber 

(mm)  

Intestine mean size 

(length and width) 

Ponta Leste  3 0.4 0.6 - 2.7 2.8 cm x 1.6 cm 

Praia Vermelha 3 -- 0.5 - 1.4 1.7 cm x 1.2 cm 

Praia Grande 0 -- -- 2.9 cm x 1.8 cm 

Piraquara 2 1.3 2.3 2.7 cm x 1.7 cm 

Paraty Mirim 0 -- -- 2.5 cm x 1.7 cm 

Dois Rios 2 0.7 1.06 2.6 cm x 1.7 cm 

 

Surveys for Amphipods in Jorge Grego and Lopes Mendes resulted in 80 individuals 

containing five fragments. At Dois Rios, it was recorded 134 individuals having four 

fragments and five microfibers.  

 

Table 2: Number and size (maximum and minimum length in mm) of microplastics 

fragments (frag.) and fiber found within amphipods from Jorge Grego, Lopes Mendes 

and Dois Rios, Ilha Grande Bay, Rio de Janeiro state, Brazil. 

Site Ind. MP Nº 
Frag. 

(mm) 

Fiber  

(mm) 

Jorge Grego/Lopes Mendes 80 5 0.08 - 0.7 -- 

Dois Rios 134 9 0.1 – 1.1 0.07 - 0.8 

 

Discussion 

Even with a high sampling effort, we had low representativeness of Amphipoda around 

the area. This sampling was made after a period of strong waves and high tides, 

which compromised the collection of algae to access the amphipod specimens. 

Nevertheless, for the first time, the presence of microplastic on benthic animals at 

Ilha Grande Bay was investigated. Beyond the tourist importance and the presence of 

several conservation units in the region, Ilha Grande Bay has several shell farms 

(Angra dos Reis, 2021a, b). As microplastic contamination has been reported in a 

range of commercial marine animals (Barbosa et al., 2018), especially mollusks (De-

la-Torre et al., 2019), it may be a threat to this seafood commerce and to the local 

population. In monitoring studies in beaches of Ilha Grande, plastic was the most 

representative waste from all beaches, including that one exposed to open ocean, with 
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small villages or closer to the continent (Macedo et al., 2017; Madureira et al., 2017). 

This is the first evidence of microplastic presence in Lopes Mendes, which was not 

registered by Macedo et al., (2019). Regarding ingestion of microplastic, beaches 

closer to shipping and touristic activities (Ponta Leste and Dois Rios) have ascidians 

and amphipods with more MP. Praia Vermelha beach, beyond its easy access, has low 

parking facilities and beach waves break in high energy, reducing the number of 

tourists and anchored boats. On this site, close to the resident village of Eletronuclear 

and from Mambucaba estuary, ascidians had more MP ingested. Both proximities can 

contribute as a source of MPs.  

Domestic clothing washes are among the main sources of plastic fibers contamination 

in marine environment (Wright et al., 2015; Carr et al., 2016; Cole et al., 2016), but 

degradation of fishing gear, such as ropes, and nets can increase the amount of those 

particles in water. Ilha Grande Bay houses the highest concentration of recreational 

boats and marinas in Latin America (Skinner et al., 2016). It also has intense fishing 

and aquaculture activities. Fishing gear is one of the most frequent types of litter 

found in sand beaches in this region (Madureira et al., 2017; Macedo et al., 2017, 

2020). Despite the low concentration of ingested microplastics, our results support 

that both, benthic ascidians and amphipods, are ingesting microfragments and 

microfibers in natural contexts. Prior surveys already show some negative effects of 

microplastic contamination in ascidians and amphipods. Laboratory experiments with 

species of Ciona intestinalis (Linnaeus, 1767) and C. robusta Hoshino & Tokioka, 1967 

show that accumulation of MP in organisms can lead to deformation of individuals, 

delay of metamorphosis, and nutritional impairment that affects the growth of 

ascidians (Messinett et al., 2019; Vered et al., 2019). In amphipods negative effects 

on animal feeding behavior, influencing its growth and ecological function, have 

already been observed (Carrasco et al., 2019; Jamieson et al., 2019). Also, it shows 

that even in a conserved area, microplastics are present by many different factors. 

The analyzes can contribute to future conservation actions and the management of 

marine resources.  
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Study limitations 

It is important to highlight that this study had few limitations as the low density of 

amphipods. Notwithstanding, this is a baseline for future studies around the area, 

which may include other assemblages of organisms and report the consequences of 

microplastic pollution in this conservation area.  

 

 

Figure 2: Illustrative images of the species. (a) The Ascidiacea Phallusia nigra; (b) The 

Amphipoda: Ampithoidae Cymadusa sp.; Photos of microplastics found inside the 

amphipods and the digestive system of the ascidia Phallusia nigra. (c) Microplastic - 

Microfiber; (d) Microplastic - Fragment. 
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