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ABSTRACT 

Plastics are synthetic materials produced through the polymerization of monomers derived from oil or gas. 

Plastic waste causes several problems, affecting the environment, marine life, biodiversity, and the functioning 

of ecosystems. Plastic fragments can be ingested by various species, occurring records in the digestive system 

of various organisms. Microplastics (PMs) include small plastic particles ranging from 1 μm to 5 mm in size 

and are currently identified as one of the emerging environmental contaminants of greatest concern in aquatic 

ecosystems, especially in the marine environment. Microplastics can be transported into the body by dermal 

contact, ingestion, inhalation, and transfer through the food chain. The bioaccumulation of PMs can cause 

internal and external lesions, ulcers, blockage of the digestive tract, among other lethal and sublethal effects. 

Microplastics that enter the human body can contain chemicals that cause cancer, DNA mutations, toxic 

effects on reproduction, hormonal disruption, and affect various organs. Recurrent sources of microplastic for 

the aquatic system are sewage, drainage systems, tire wear, and plastic waste that is poorly managed or 

discarded on beaches. Microplastic contamination generates a decrease in fish stocks, influencing populations 

living in the vicinity of contaminated environments, such as the population living near the ALUMAR Private 

Use Terminal, São Luís, Maranhão. Therefore, research with microplastics is of fundamental importance for 

improving the quality of life of the population and the environment and can be associated with several 

Sustainable Development Goals (SDGs). 
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INTRODUCTION 

THE USE OF PLASTIC IN THE WORLD 

Plastics are synthetic materials produced through the polymerization of monomers derived 

from oil or gas, often accompanied by the incorporation of various chemical additives aimed at 

enhancing their properties. These additives contribute to giving plastics a high resistance to 

corrosion, in addition to significantly reducing their thermal and electrical conductivity (Barnes et 

al., 2009a). 

França et al. (2022) advocates other ways of classifying polymers, such as relating their 

origin and properties in the context of whether or not they are biodegradable (Figure 1). Polymers 

from non-renewable sources are those that derive from resources that do not form or renew 

themselves in a short period, such as the example of commercial materials made of polystyrene (PS), 

Polyethylene (PE) and Polypropylene (PP). 

 

Figure 1. Types of polymers and their potential for biodegradation 

 
Fonte: França et al. (2022) 

 

Currently, plastics are identified as one of the emerging types of environmental contaminants 

of greatest concern in aquatic ecosystems, especially in the marine environment (Alvarez et al., 

2020; Ribeiro, 2022; Hernandes, 2023). In 2010, between 4.8 and 12.7 million tons of plastic waste 

from the continent were discharged into the ocean, representing 1 to 4% of the estimated total 

volume of waste generated that year and 2 to 6% of the total waste disposed of (Jambeck et al., 2015; 

Mizoguchi, 2019).  

According to Eriksen et al. (2014), approximately 5 trillion pieces of plastic are floating in 

the oceans, being dispersed by sea currents. One of the consequences of this situation is the 

formation of the Great Pacific Garbage Patch (GPLP), an area where it is estimated that there are 79 
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thousand tons of plastic waste in an extension of 1.6 million km² (Mizoguchi, 2019). 

The Brazilian Government's National Plan to Combat Litter at Sea (Brazil, 2019) points out 

that approximately 80% of the garbage present in the oceans consists mainly of plastics, cigarette 

filters, rubber, metals, glass, textiles and paper, which originate on the continents. This suggests that 

the problem of solid waste is intrinsically linked to the poor management of these materials. 

The growing use of plastic was driven by the COVID-19 pandemic, a period that was marked 

by the exacerbated consumption of single-use plastic materials, such as masks, gloves, syringes used 

in vaccination, packaging, and delivery utensils (Tardim; Almada, 2022) 

To mitigate the impact of plastic on the environment, several measures have been explored 

for decades, such as the 4R strategy, which includes reduction, reuse, recycling and recovery 

(Klemeš et al., 2020). Reduction implies a series of tactics aimed at reducing the consumption of 

single-use plastic products by the population and companies, and this approach has been 

implemented for years as part of environmental policies in many countries (Fletcher, 2023). 

According to the UN (2023), plastic waste implies several problems for the environment, 

causing impacts on marine life ranging from physical or chemical damage to individual animals, to 

broader effects on biodiversity and the functioning of ecosystems.  

Plastic fragments have been discovered in the digestive systems of aquatic organisms, 

including all species of sea turtles and nearly half of the seabird species and marine mammals 

surveyed (Jambeck et al., 2015; Nelms et al., 2016; Gall, 2015; Claro et al., 2019; Almeida et al., 

2023) . This material poses a high risk, as they disintegrate over time into smaller sizes, known as 

microplastics and nanoplastics, which can have significant adverse impacts (Araujo, 2022). 

 

MICROPLASTICS 

Plastics can be classified for size into macroplastic and microplastic. It is distinguished as 

macroplastic when it has a size greater than 25 mm, which is the cause of visual pollution (Derraik, 

2002; Gregory, 2009, Heip et al., 2009). Macroplastic, when available in the environment, is exposed 

to ultraviolet radiation, temperature, oxidation, biodegradation, chemical agents and physical 

abrasion, and can generate smaller particles, microplastics (Athapaththu et al., 2020).  

Microplastics include all small plastic particles ranging from 1 μm to 5 mm in size (Cold; 

Nash, 2019). Because they have a very small size, they are considered bioavailable, that is, available 

for the accidental or intentional incorporation of an organism (Elías, 2015). They represent a large 

group of polluters that are made of different materials and can come in different sizes, shapes, and 

colors (Kiliç et al., 2022). 

According to Chart 1, it is possible to identify the problems of plastics and their subdivisions, 

including their detection and examples found in the sea. 
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Table 1. Garbage at sea: Detectability 

Garbage in the 

Sea: 

detectability 

and examples 

Garbage in the Sea: sizes 

 

Size 

 

Nano (< 1 nm) 

 

Micro (< 5 

mm) 

 

Meso 

(< 2.5 cm) 

 

Macro (< 1 m) 

 

   Mega (≥ 1 

m)  

Detection/M

ethod of 

Identificatio

n 

Need for special 

detection 

methods, since 

smaller particles 

are not detected 

by microscopes. 

It often needs 

microscopes and 

instrumentation 

to confirm that 

it is plastic; 

Larger items: 

visible/identifia

ble 

With the naked 

eye. 

Visible/identifia

ble to the naked 

eye. 

Visible/identifi

able to the 

naked eye. 

Visible/identifi

able to the 

naked eye. 

Examples of 

Garbage at 

Sea 

Nanofibers from 

clothing; rubber 

powder tire 

wear; 

nanoparticles in 

products. They 

have not yet 

been detected as 

litter due to 

technical 

limitations. 

Microbeads in 

personal care 

products; 

fragmentation of 

existing 

products 

(plastic); 

polystyrene; 

plastic from 

shipyards; 

particles of 

incineration 

waste. 

Bottle caps; 

filters and 

cigarette butts; 

plastic pellets; 

waste carried by 

the wind or 

carried by 

storms. 

Beverage 

bottles and 

cans; plastic 

bags; food 

packaging; 

other 

packaging; 

disposable 

cutlery; beer 

seals; fishing 

lines, floats 

and buoys; 

Tires; Tubes; 

Balloons; 

toys; textile. 

Abandoned 

fishing nets 

and traps; 

Strings; Boats; 

plastic films; 

polyvinyl 

chloride 

(PVC) from 

construction 

activities. 

Source: Watkins and Brink (2017). 
 

Plastic and microplastic pollution are global problems and their introduction into the aquatic 

environment can occur from various anthropogenic sources. According to Zhou (2020) and Khalid et 

al. (2021), the most recurrent sources of microplastic to the aquatic system are sewage, municipal 

drainage systems, tire wear, poorly managed plastic waste or even discarded on beaches.  

Some microplastics are absorbed by the body in the form of small pellets, which are small 

granules of plastics that constitute the main way in which plastic resins are produced and marketed 

(Nobre and Sousa, 2022). They constitute raw material in the manufacturing industries, originating 

the most varied objects, which are produced after their melting and molding of the final product 

(Manzano, 2009) or in cosmetics (Fendall; Sewell, 2009). They can also be released by accidental 

spillage, such as virgin plastic granules (Barnes et al., 2009b; Elías, 2015). 

Microplastics are plastic particles smaller than 5mm, they are classified into two forms: 

primary and secondary. Martins (2023) points out that the primers come from the transformation 

processes of polymers or products from the detachment of materials containing polymers and their 

arrival in the environment can be voluntary (disposal) or involuntary (abrasion of polymeric items). 

According to Montagner (2021), these are materials used in the formulation of cosmetics such as 
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glitter, personal hygiene products (scrubs, soaps, and toothpastes) and also in pellet format, the 

configuration of plastic raw material. 

Secondary plastics, on the other hand, originate from the fragmentation of larger plastics such 

as plastic bags, bottles, fishing nets and agricultural activities, such as the application of sewage 

sludge, vinyl coatings (Nizzetto et al., 2016; Miloloža et al., 2022). In freshwater environments, 

primary sources of PMs such as textiles and cosmetics, electronic equipment, tire abrasion through 

driving, city dust, road construction, and marine lining are reported (Rezania et al., 2018; Prokicet 

al., 2019; Miloloža et al., 2021).  

MPs draw attention from all over the world due to their chronic contamination. Kiliçet al., 

(2022), states that microplastics have become a major concern for aquatic environments due to their 

intense concentration. Microplastics are ubiquitous in the environment and are currently classified as 

emerging contaminants (Montagner, 2021). The potential risks to living beings, as well as the levels 

of contamination in different environmental compartments, need to be better elucidated, so this new 

class has been the focus of research worldwide.  

In view of these sources of contamination, Brahney (2020) estimates that the amount of 

plastic waste in the environment will reach 11 billion tons by 2025, most of which will be in the 

aquatic environment.  

 

CONSUMPTION OF MICROPLASTICS AND SDGS 

Although most studies have been directed to macroplastics over the last decades, there is 

currently a greater concern with smaller plastics, which due to their long permanence in the aquatic 

environment constitutes a growing risk of exposure to toxic agents for the biota.  

Microplastic pollution has become an emerging global environmental issue. A growing body 

of evidence indicates that microplastics have been detected in the aquatic environment, atmosphere, 

biota, and even in humans, raising concerns for food safety and human health (Zhang et al., 2022).  

Many studies and official records indicate that microplastic contamination in marine 

ecosystems is mainly caused by river and terrestrial sources (Gasperi et al., 2014). Transported from 

the aquatic environment or resulting from the decomposition of larger plastic debris (Cole et al., 

2011), microplastics represent the most abundant and dangerous fraction of marine plastic pollution 

(Eriksen et al., 2014). The physical properties of particles, hydrodynamic conditions, and biofouling 

influence the fate of microplastics and their effects on marine ecosystems (Kowalski; Reichardt; 

Waniek, 2016; Kaiser; Kowalsky; Waniek, 2017).  

This pollutant, when discarded into the environment, becomes bioavailable to organisms. 

Microplastics can be transported into the body by direct contact, i.e., dermal contact, ingestion, 

inhalation, and transfer through the food chain (Samandra et al., 2022). Islam (2022), states that the 
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bioaccumulation of PMs can cause internal and external lesions, ulcers, blockage of the digestive 

tract, among other lethal and sublethal effects. Approximately 74,000 to 113,000 microplastics enter 

the human body annually through caloric intake and inhalation (Mak, 2020; Caixeta., 2022).  

Even with few reports on their impact on humans, direct contact with these polymers can 

trigger several diseases. Wright and Kelly (2017) warn that many of the HOCs are highly toxic, 

resulting in endocrine disruptions, carcinogenic, mutagenic and immunotoxic effects in the human 

body.  

As pointed out by the UN (2023), the totality of the impact on human health has not yet been 

fully understood, since research is at an early stage. However, Almeida (2021) warns that 

microplastics can contain harmful chemicals that, when incorporated into the human body, can cause 

cancer, DNA mutations, toxic effects on reproduction, hormonal disruption, and mainly affect 

internal organs such as the liver, kidneys, heart, nervous system, and reproductive system. 

In view of this scenario, goals were established to control and mitigate global contamination, 

an initiative that began in 2015 with the 2030 Agenda for Sustainable Development. This agenda 

comprises the 17 Sustainable Development Goals (SDGs), which cover 19 targets and 230 indicators 

to be achieved over 15 years. Its main objective is to encourage the participation and cooperation of 

the 193 Member States of the UN General Assembly on issues of environmental, economic and 

social importance (UN, 2015). 

When considering research with microplastics, with the objective of improving the quality of 

life of man and the environment, the objectives that can be associated are: SDG 2, SDG 3, SDG 5, 

SDG 6, SDG 11, SDG 12 and SDG 14 (Chart 1). 
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Table 1. Objectives and targets associated with the sustainable development of the coastal zone. 

ODS OBJECTIVE GOALS 

 

2. Zero hunger and 

sustainable agriculture 

end hunger, achieve food 

security and improved 

nutrition, and promote 

sustainable agriculture. 

2.1: By 2030, end hunger and ensure access for all 

people, in particular the poor and people in vulnerable 

situations, including children, to safe, nutritious and 

sufficient food all year round. 

3. Health and Wellness 

ensure healthy lives and 

promote well-being for all 

people, at all ages. 

3.9: By 2030, substantially reduce the number of deaths 

and illnesses caused by hazardous chemicals and 

pollution and contamination of air, water, and soil. 

3.c: Substantially increase health financing and the 

recruitment, development, training and retention of 

health workers in developing countries, especially in 

least developed countries and small island developing 

states. 

 

3.d: Strengthen the capacity of all countries, in particular 

developing countries, to warn, reduce risk and manage 

national and global health risks. 

3.1: By 2030, reduce the global maternal mortality rate 

to less than 70 per 100,000 live births. 

5. Gender Equality 

 

Achieving Gender 

Equality and Empowering 

All Women and Girls 

5.5: Ensure the full and effective participation of women 

and equal opportunities for leadership at all levels of 

decision-making in political, economic and public life. 

5.c: Adopt and strengthen sound policies and enforceable 

legislation for the promotion of gender equality and 

empowerment of all women and girls at all levels. 

 

11. Sustainable Cities and 

Communities 

 

Making Cities and Human 

Settlements Inclusive, 

Safe, Resilient, and 

Sustainable 

11.1: By 2030, ensure access for all people to adequate 

and safe housing and basic services, as well as to 

significantly improve public transport, with particular 

attention to the needs of people in vulnerable situations. 

11.3: By 2030, increase inclusive and sustainable 

urbanization, and capacity for participatory, integrated, 

and sustainable planning and management of human 

settlements in all countries. 

11.6: By 2030, reduce the per capita negative 

environmental impact of cities, including by paying 

special attention to air quality and management of 

municipal and other waste. 

 

12. Sustainable 

Consumption and 

Production 

 

Ensure sustainable 

consumption and 

production patterns 

12.1: Implement the Ten-Year Programme Plan on 

Sustainable Production and Consumption, with all 

countries taking action, and developed countries taking 

the lead, taking into account the development and 

capacities of developing countries. 

 

12.2: By 2030, achieve sustainable management and 

efficient use of natural resources. 

14. Life on Water 

Conserving and 

Sustainably Using the 

Oceans, Seas and Marine 

14.1: By 2025, prevent and significantly reduce marine 

pollution of all kinds, especially from land-based 

activities, including marine debris and nutrient pollution. 
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Resources for Sustainable 

Development 

14.3: Minimise and address the impacts of ocean 

acidification, including through scientific cooperation at 

regional and global levels. 

Source: Modified from United Nations Brazil (2023). 
 

THE RIVERSIDE POPULATION AND THE CONSUMPTION OF CONTAMINATED 

LOCAL FISHERIES 

As disclosed by the United Nations (UN) in its report on "World Environment Day" 2023, it 

is estimated that annually between 19 and 23 million tons of plastic waste are dumped into lakes, 

rivers, and seas. This amount is roughly equivalent to the combined weight of 2200 Eiffel Towers, 

which has opened the door to the contamination of fish species around the world.  

According to Ory et al., (2018), the fishing and aquaculture industry has been affected by the 

reduction in the number of organisms and species, generating economic and ecological losses. Direct 

and constant contact with MPs generates a decrease in the fishing stock, influencing the population 

that survives in the surroundings of contaminated environments, as occurs with the population that 

lives in the vicinity of the ALUMAR Private Use Terminal, São Luís, Maranhão.  

Silva (2012) stated that ALUMAR's facilities attracted workers and land grabbers and that, 

from the 70s onwards, the occupation intensified. Cavalcante (2016) defines the area of this complex 

as a stronghold for the conservation of the main ecosystems that still encompasses a system of life of 

traditional peoples, that is, artisanal fishermen and agroextractivists.  

Thus, the consumption of fish contaminated by microplastics in the area of influence of 

ALUMAR's TUP may be carried out by the surrounding community, causing great concern, since 

according to Santos (2015), about 58% of this population does not have access or has difficulty 

accessing health services. 
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