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Plastic pollution is causing worldwide concern, especially after evidence that the various types of plastic degrade into particles 
of smaller sizes; known as micro- and nanoplastics. The origin of the plastics in the environment is related to human actions. The 
objective of this review is to describe the main routes of microplastic input in the Amazonian rivers and how local environmental 
characteristics can affect the transformation of plastics into microplastics until their absorption by aquatic organisms. The current 
situation regarding the presence of microplastic particles in freshwater is analyzed considering the environmental dynamics of the 
region, and focuses on rivers, estuaries and sediments, their effects on organisms, especially on fish, followed by the transportation 
of microplastic particles to the sea. Amapá, Amazonas, Pará and Mato-Grosso are the states of the Brazilian Amazon with scientific 
reports on the characterization of microplastic particles in sediment, water, and fish. These studies are local and descriptive and most 
of them highlight the characterization of microplastics. There is a need for field research in the various microregions of the Amazon, 
as well as actions to mitigate the damage, including to riverine populations, that is caused by these pollutants in the region.

Keywords: freshwater; plastic; aquatic contamination; fish.

INTRODUCTION 

“Life without plastic is hard to believe”,1 but its use on a 
global scale causes great consequences, since pollution of aquatic 
environments by plastic has continuously increased. Plastic pollution 
of aquatic environments has drawn attention worldwide, and is 
considered to be one of the top environmental issues of the decade.2 
In 2019, during the Basel Conference in Geneva, Switzerland, around 
180 governments identified plastics as hazardous waste due to their 
toxicity, their capacity to adsorb pollutants and their fragmentation.2 
Brazil ranks fourth in world production of plastics,3 and this is due 
to the industrialization which has brought about a multiplication 
of plastic producing industries in the Brazilian scenario.4 Brazil 
alone produces approximately 11 million tons of plastic waste per 
year, which, consequently, often ends up in the soil and in aquatic 
environments.3 

Because it has high versatility, the consumption and use of 
plastics have expanded significantly.5 Among the various utilities 
that this material provides, we can highlight its use in packaging, 
which allows better packaging of food; in automobiles, which makes 
them safer and lighter and which generates lower fuel consumption; 
in civil construction, which allows building costs to be reduced; 
in household appliances, with the use of materials that require 
less energy to produce; in the field of health, reducing the risk of 
contamination, such as in the manufacture of disposable face masks, 
currently used to combat the pandemic of the new coronavirus;3 in 
textile manufacturing, enabling the production of materials that are 
more resistant to moisture, and which require less effort to wash; 
in agriculture, and in irrigation systems, reducing losses and costs,5 
among others. On the other hand, on a global scale, plastics in the 
environment have been reported as a threat to all living beings, 
whether terrestrial or aquatic.5 

The Brazilian Amazon encompasses the states of Acre, Amapá, 
Amazonas, Pará, Rondônia, Roraima, Tocantins, Mato Grosso, 

and the western part of the state of Maranhão. It covers an area of 
5.21 million square kilometers, what corresponds to approximately 
61% of Brazilian territory.6 The Amazon basin is the largest river 
basin on earth and includes four out of the ten world’s largest rivers, 
among them the Amazon River.7 Given the growing use of plastics in 
the Amazon, there is increasing concern about its effects on aquatic 
organisms, in particular on fish. This is because, over time, through the 
mechanical and chemical actions of the wind and water,8 associated 
with high temperatures and the incidence of UV rays, plastic degrades 
into smaller particles, the micro- and nanoplastics.9 

In Brazil, specifically in the Amazon region, for example, the 
presence of plastic in sediments,10 rivers and aquatic biota has already 
been evidenced.11,12 Contamination by plastic particles has become a 
cause for great concern, both in terms of environmental contamination 
and the impact that it can have on the fish, the basis of the diet of 
the Amazonian people. However, we do not know how the chemical 
compounds present in plastic waste that enter the food chain will 
affect the health of populations that eat contaminated fish.

When it comes to the Amazon region, it is important to remember 
that it concentrates the greatest diversity of freshwater fish in the 
world.13,14 In addition, the amount of water bodies of different types 
existing in the region is incomparable, with 20% of all fresh water 
reaching the oceans coming from the rivers of the Amazon.15 However, 
the first evidence of microplastic ingestion by fish was only reported 
in 2018, in a study conducted in the estuary of the Amazon River, and 
involved 189 specimens belonging to 46 species and 22 families of 
fish. The study showed the presence of 228 microplastic particles in 
the gastrointestinal tract of 30% of the sampled species.11 

According to Galgani et al.,16 the accumulation of plastics in 
aquatic environments is often due to the erroneous way in which 
producers and manufacturers manage their production. Professionals 
directly affected by this problem, as in the case of fishers, recognize 
that pollution caused by plastic items is a threat to aquatic biological 
resources.17 Although recognized, the environmental problems caused 
by plastics have been growing and are likely to persist for centuries.18 
In addition to the harmful mechanical effects, the ingestion of 
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microplastics carrying various toxic compounds, such as pesticides, 
drugs and chemical additives poses aquatic organisms and humans 
in risk, as they can be bioaccumulate and cause health disturbances 
particularly to humans significantly dependent fish as major protein 
source, as occurs in the Amazon.19 Knowing this, and the socio-
environmental importance, richness and endemism of the Amazon 
fauna and flora, the concern with the environmental management 
and conservation emerges significantly, particularly in relation to 
plastics. Therefore, it is essential to know and evaluate which are 
the ways and means that microplastics disperse and move in the 
Amazonian environment, including the contact routes with living 
organisms. This information is required to design strategies to prevent 
the consequences of microplastic pollution in the Amazon region.

Despite the recent increase in the number of studies on the 
presence of microplastic particles in different environments, studies 
on the impacts of microplastics on Amazonian ecosystems are 
limited, and there is a need to understand the dynamics involving the 
transformation of microplastics in different freshwater environments, 
i.e., black, white, and clear water environments; transportation 
through water and air, and transformation of the polymers involving 
the unique aquatic biota of the Amazon. The main questions that 
still need to be answered are the following: Where are the largest 
plastic waste emissions to the Amazon region coming from? How are 
freshwater species being affected? Does the seasonal climate in the 
Amazon interfere with the microplastic cycle and its transformation? 
Are microplastics carrying and releasing contaminants along the 
food chain? Thus, this work aims to describe the main routes of 
microplastic input in the Amazonian rivers and how the characteristics 
of the local water system and environmental particularities can affect 
the transformation of microplastics until their absorption by aquatic 
organisms.

FROM DISCOVERY TO THE USE OF PLASTIC POLYMERS 

Plastic is a consumer good that has been widely used since 
the mastery of polymerization techniques between the years 
1930-1950.5,20 It is a resistant material that comes from of the synthesis 
of macromolecules from smaller molecules, known as monomers.5,21 
Plastics are synthetic polymers (in Latin poly means many, and mero 
means parts).5,21 The search for a resistant, durable and moldable 
material dates back to the 19th century, when John Wesley Hyatt 
developed a material to which he gave the name celluloid. Produced 
from nitrocellulose and camphor, celluloid became an alternative to 
the use of ivory, which was becoming scarce, in addition to involving 
the sacrifice of elephants.5

Celluloid at that time served its initial purpose, which was as a 
raw material for the manufacture of billiard balls.5 Its major problem 
was its two components, since nitrocellulose has explosive properties, 
and camphor degrades easily, thus compromising the safety and 
durability of the materials produced.5 In 1909, the first synthetic 
plastic was produced, which was a phenolic resin that became known 
as Bakelite.5 Bakelite is produced from the reaction between phenol 
and formaldehyde, forming a thermorigid composite with excellent 
electrical and thermal resistance, which lead it to be used in various 
household items, such as pot handles, telephones, radios, and toys, 
etc.5 Objects created from Bakelite retain their properties even 
after more than 100 years since their manufacture.5 Only 10 years 
after the creation of Bakelite, a process known as polymerization 
was discovered by Hermann Staudinger, thus giving rise to a new 
class of materials with a high molar mass and different properties 
from the already known materials.5 Examples of these materials are 
polystyrene (PS), low density polyethylene (LDPE), high density 
polyethylene (HDPE), polypropylene (PP), polyvinyl chloride (PVC) 

and polyethylene terephthalate (PET).5,20,22 Less than a century after 
mastering polymerization and polymer production, plastic has become 
a problem on a worldwide scale.23-25 Its production, marketing and 
consumption are the result of its physicochemical properties, such 
as high strength and durability, and it is these same properties that 
make it difficult to degrade in the environment.26 

The pollution caused by the incorrect use and disposal of plastic 
materials causes losses in different instances such as fishing and 
tourism, reaching around US$ 8 billion per year, according to the 
United Nations Environment Program. It is estimated that the total 
production of plastic materials is approximately 250 million tons, with 
the Brazilian participation in the world production of plastic materials 
reaching approximately 6.5 million tons year-1, representing 2.7% of 
world production.27 An example of this is the production of packaging 
that represents approximately 40% of the consumption of plastic 
material produced on the planet.28,29 However, the environmental and 
economic potential wasted through inadequate plastic management 
is, on average, US$ 2.04 billion year-1 according to IPEA (2012).30 
Nascimento and Cavalcante27 found that Brazil does not have adequate 
programs for the selective collection and effective treatment of 
municipal waste, including plastics, and that the lack of such programs 
causes economic, social and environmental disruptions. 

The increasing use of plastic materials and the evolution of 
their various applications are due to the greater convenience and 
practicality that every society receives in exchange for their use.27 
However, the concern about the rampant use of plastic materials 
should equally involve society as a whole and not just a part of it. A 
large part of society that does not have access to water, sanitation, 
selective collection in their neighbourhoods and communities, 
whether near or far from urban centres, should be included and 
informed as part of the fight against the use and disposal of plastic 
materials.3 According to De Aguiar et al.,31 the Brazilian Amazon 
contributes to the generation of approximately 10 million tons of 
solid waste  year-1. Urban solid waste generation, largely plastic,  
per capita day-1 for each state in the Brazilian Amazon is of the order of: 
Acre (0.99 kg); Amapá (0.64 kg); Amazonas (1.14 kg); Pará (1.26 kg); 
Rondônia (0.65 kg); Roraima (1.37 kg); Tocantins (0.88 kg).

The difficulty involved in the disposal and degradation of plastic, 
its lengthy decomposition time, added to its unrestricted use and the 
inadequate management of its residues20,25 have caused this material 
to accumulate in ecosystems, where it decomposes into particles of 
smaller sizes, known as micro- and nanoplastics, as mentioned.26,32,33 
These particles interact with the biota, and produce negative effects 
that are now being described by researchers.34-42 In the Amazon 
region, the impacts of micro- and nanoplastics on the biodiversity 
have only relatively recently begun to be the subject of research, 
with no information about waste plastic production and discharge in 
the Amazon basin, or other specific information from the Brazilian 
Amazon.

According to Margallo et al.,43 it is generally difficult to obtain 
information involving waste generation and the reliability and 
timeliness of data cannot be guaranteed. The same authors reviewed 
data for average relative waste composition in Latin American and 
the Caribbean (LA&C) and observed that 14.94% of the total waste 
produced by Brazil (total waste production: 62,730,096 ton year-1 
(according to the Waste Atlas) is plastic waste. Brazil is followed 
by Guyana (14.4%), Colombia (10.67%) Ecuador (8.05%), Peru 
(6.22%), Bolivia (6.15%), with no information for Venezuela and 
Suriname (Table 1).3,44 In the survey carried out by Valerio et al.,44 
it is clear that the recycling rate for plastic waste in South American 
countries is very low. In Colombia it equates to ~ 19.5%, Peru ~ 13%, 
Bolivia ~ 4.5 % and Brazil ~ 0.8%, with no information for Ecuador, 
Guyana, Suriname and Venezuela. The countries that are part of 
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the Amazon basin do not have well-established programs for waste 
management, much less for plastic waste. The big problem is the lack 
of updated information on waste disposal by the countries that form 
the Amazon Basin. Data on waste management is not recent and does 
not consider the increase in hospital plastic waste that accompanied 
the COVID-19 pandemic. The use of new technologies to prevent 
the SARS-CoV-2 virus infection, such as textile fibers impregnated 
with Ag and Cu nanoparticles for the manufacture of facemasks and 
commercial products could exacerbate plastic pollution, and there is 
no information in South America on the degree of contamination of 
synthetic nanoparticles in aquatic environments.45 To demonstrate 
how difficult, it is to manage the issue of plastic waste in the current 
scenario, we have the example of policies for the use of plastic straws. 
Mailes Neto et al.46 used as a proxy to examine the different points 
covered by the laws on the American continent related to the use 
of plastic straws. A total 363 regulations on straws in 22 American 
countries were examined. Brazil alone has 195 laws related to plastic 
straws and has the largest number (183) of municipal regulations 
involving straw consumption, concentrated primarily in São Paulo 
state, with municipal regulations in 65 cities, followed by Rio Grande 
do Sul state with 34 cities. Other countries that are part of the Amazon 
basin that stand out for regulations are Peru (7), Colombia (4), and 
Ecuador (2). Data like this involving legislation for the use of plastic 
straws raise questions related to regulation for the production, use and 
destination of everything that has plastic as its raw material. How will 
plastic waste be managed in the Amazon is still a question mark.46

FROM PLASTIC TO MICROPLASTIC

Microplastics (MPs) have been identified as an emerging 
contaminant in aquatic and terrestrial environments.53 Microplastics 
are commonly known as water-insoluble solid polymers. With less 
than 5 mm in size, they result from the degradation of the plastic 

polymer or are broken down into a smaller size.54,55 Plastic debris 
can also be degraded into particles smaller than 100 nm, and these 
are classified as nanoplastics (NPs).56 

Microplastics are categorized into primary and secondary 
microplastics based on their sources. Primary microplastics refer 
to plastic particles that are already manufactured in a small size 
for specific applications, such as resin beads for plastic production, 
and microbeads for facial washes or toothpaste.57 Secondary 
microplastics are formed by the fragmentation of larger plastic pieces 
as a consequence of physical, biological and chemical processes 
in the environment.58 Secondary microplastics are produced by 
photooxidative-, thermal-, ozone-, mechanochemical-, catalytic-  
and/or bio-degradation.59

The specific characteristics of plastics (chemical composition, 
shape, size and texture) determine how they will degrade in the 
environment. When exposed to UV radiation, plastics lying on the 
beach or floating in the water, for example, show different patterns 
of degradation.60 The plastic present in the environment ends up 
absorbing UV radiation, whose energy promotes the breakdown of 
the main chains of plastic polymers, initiating their degradation.61 
It is the external factors such as UV, oxygen, heat and water that 
contribute to the degradation and aging of polymers.62

The photodegradation of plastic is highly accelerated at the surface 
of the waters.63 According to Muthukumar et al.,64 the discrepancy in 
the degradation rates (between air and floating exposures) is further 
exacerbated by fouling effects. Floating plastics will readily develop 
extensive surface fouling, rapidly covering the debris surface first with 
a biofilm that is then followed by an algal mat and finally a colony 
of invertebrates.64 It is exactly this photodegradation that entails 
the aging of the plastic items, which tends to modify the behavior 
of these particles in aquatic environments, thus contributing to the 
adsorption of materials that are probably harmful to the formation of 
biofilms on the surface of these particles and, which thus amplifies 

Table 1. Plastic waste management in countries of the Amazon

Total waste 
produced 

(%)

Solid waste 
generation 

(t yr-1)

Waste intensive 
consumption 

(kg/$)

Percentage of 
recycling rate 

(%)
Plastic waste control Authors

Bolivia NI* 1,804,258 0.15 NI* NI* WasteAtlas.com47

Brazil 14.94 62,730,096 0.04 1

Creation of a national program to minimize 
the environmental impacts resulting from the 
pressures that municipal solid waste exerts 

on natural resources and make the necessary 
changes for environmentally adequate disposal 

of municipal solid waste

Ministério do Meio 
Ambiente 2022 - 

National Solid Waste 
Program;48 

WasteAtlas.com47

Colombia 10.67 11,300,000 0.05 20
Deficiencies in wastewater treatment and dis-
posal of solid waste, causing plastic pollution 

in marine-coastal ecosystems

Garcés-Ordónez 
et al.49

Ecuador 8.05 3,800,708 0.07 NI*

The absence of wastewater treatment may be 
one of the main factors contributing to plastic 

entering the Pacific Ocean, as less than 10% of 
the city’s wastewater is treated

Donoso and 
Rios-Touma;50 

WasteAtlas.com47

Guyana 14.4 422,248 0.22 NI* NI* WasteAtlas.com47

French Guiana NI* NI* NI* NI* NI* WasteAtlas.com47

Peru 6.22 8,048,200 0.07 NI*
Poor management of solid waste and wastewa-
ter that reach Peru’s coastal and marine areas 

affects fishing activities

Fernández-Ojeda 
et al.; 51 

WasteAtlas.com47

Suriname NI* 170,09 0.14 0 NI* WasteAtlas.com47

Venezuela NI* 9,190,364 0.04 NI*
Most of the waste generated in the country is of 
domestic origin, and the poor management of 

solid waste has been the main problem
Canãs et al.52

(NI*): No information. Countries in Amazon area that do not have data on microplastics.
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the toxicity of plastic particles. The aging process of microplastics is 
very slow.64 To date, it is known that the aging of these plastic particles 
can enhance the effect of micro- and nanoplastics due to the release 
of toxic additives present in the particles themselves.62

MICROPLASTICS IN FRESHWATER ENVIRONMENTS

There are many studies that report the presence and effects of 
microplastics on the aquatic biota of marine environments, but studies 
carried out in freshwater environments are still recent.32 The first report 
of the presence of microplastics in freshwater incloved Canadian lakes 
and was in 2013.65 Following this discovery, many researchers have 
focused attention on freshwater environments and organisms, such 
as the ingestion of microplastics by Squalius cephalus, a freshwater 
fish species found in rivers around Paris,66 as well as Rutilus rutilus 
in the Thames River, in London.67 

In South America, the presence of microplastics has been 
progressively reported in various aquatic environments. Pazos et al.68 
identified the presence of microplastics in plankton species in the 
Rio De La Plata estuary, between Paraná and Uruguay, most of 
which come from effluents from nearby cities. Fish species from an 
estuary in northern Colombia were investigated and the ingestion and 
presence of a total of 19 microplastic particles was found inside the 
stomach of the individuals analyzed.69 In Argentina, the first evidence 
of PET, PU, PS and PP microplastics was found in the nine of the 
Patagonian lakes sampled.70 Cabrera et al.71 also observed the presence 
of microplastics in Andean glaciers and in atmospheric air near the 
city of Quito in Ecuador. Lebreton et al.72 proposed an annual input 
of 38,900 tons of plastic per year from the Amazon River into the 
Atlantic Ocean. It is also estimated that more than a quarter of the 
plastic discarded in the world’s oceans originates in at least 14 of the 
world’s rivers, including rivers in South America such as the Amazon 
and the Paraná Rivers.72

The status of Brazilian research on microplastics in freshwater 
environments was observed by Rani-Borges et al.,73 and at least 18 
papers have been published throughout the country addressing the 
topic of microplastics. However, in the Amazon, this number is much 
lower, with countries such as Venezuela, Suriname and the Guianas that 
do not yet have research on the theme of microplastics10-12,49,51,69,71,74-78 
(Table 2). In Brazil, studies have been published on the contamination 
of the freshwater environments in the basin of the Paraná River,79 
where the authors found 704 microplastic particles per m2 in the 
sediments. In the floodplains of the Pantanal, microfibers accounted 
for 68% of the microplastics found in the water, followed by 32% 
of microfragments.80 In the Amazon, the presence of microplastics 
was identified in sediment samples from the Solimões, Negro and 
Amazon Rivers. A prevalence of microplastics in fiber format was 
observed, with sizes ranging between 0.063-5 mm, and the amounts 
of microplastics found in these sediments were up to 8,178 particles 
per kilogram of dry sediment.10 In the estuary of the Goiana River, 
located in the municipality of Goiana, in the state of Pernambuco, 
14,724 microplastic particles were identified in a one-year collection 
period.81 Despite all these studies being conducted in several regions 
of Brazil, as well as others around the world, there is still a need for 
more information on the fate of microplastics in different Brazilian 
biomes including the Amazon basin.

DYNAMICS OF THE RIVERS OF THE AMAZON BASIN

The Amazon biome has an area of 7,76 million km2, of which just 
over 5 million km2 are within Brazilian territory. In this region, the 
largest river in the world is found, the Amazon River.14 The Amazon 
biome presents particularities regarding the characterization of water 

types, as proposed by Sioli et al.,15 such as the blackwaters found, 
for example, in the Negro River, the whitewaters in the Solimões 
River and the clearwaters in the Tapajós River. The physicochemical 
characteristics of each type of water are distinct, with specific pH, 
ionic composition, transparency, and types of suspended material.82 
These features are related to the geological origin of the land that they 
drain. The Amazon also presents a hydrological dynamism related to 
flood pulses that vary seasonally and temporally, and which exert a 
strong influence on the behavior of the biota and the biogeochemical 
processes in the adjacent floodplain forests.83 In addition, the flood 
pulse is influenced by the dry and rainy seasons.84 The floodplains 
include permanent lotic and lentic habitats, as well as areas that are 
periodically exposed to advancing and retreating floods.83 

The Amazon basin is drained by the Amazon River, which 
discharges approximately 20% of all freshwater entering the oceans 
worldwide.85 The Amazon River system plays a significant role in 
the global hydrological cycle since its total river flow is greater than 
the combined flow of the ten next largest rivers. Recent research 
suggests that the Amazon River is a significant source of plastic 
pollution, with an estimated input into the Atlantic Ocean of 
32,000-64,000 t per year.72 Although there are estimates regarding 
the disposal of plastic waste in the region, in Amazonian lakes, for 
example, studies with microplastics are limited, and there is not 
enough information that enables us to estimate the concentration 
of microplastics in these environments.63 de Souza-Vasconcelos 
(in  prep)86 recently investigated the gastrointestinal tract of fish 
species from an Amazonian lake (Lake Janauacá) and identified 
the ingestion of microplastics in the form of fibers and threads with 
different colors and size, thus demonstrating that Amazonian lakes 
and their biota are exposed to plastic waste.86

In addition to the Amazon basin dynamic, which influences the 
distribution of plastics, the population of the region contributes to 
the increase in plastic pollution (Figure 1). The city of Manaus, for 
example, is located in the central Amazon, near the confluence of 
the Negro River and the upper Amazon (Solimões) River, and has 
an estimated population of 2.2 million people.6 There is no record 
in the literature about the estimated consumption of plastic by the 
population of the city of Manaus, and there is a lack of studies about 
the destination of plastics discharged in the industrial district of 
Manaus.87 The city of Manaus has more than 10 plastics industries, 
which increases the need to improve studies on the dynamics of 
microplastic in the region. As plastic pollution increases, so do 
concerns about the contamination of the environment and its aquatic 
biota, especially fish. In the Amazon region, the diets of riverine 
populations rely heavily on protein from fish, and their livelihoods 
depend on supplying fish to local and regional markets.88,89 

The colonization of the Amazon began on the banks of large rivers 
such as the Negro and Solimões Rivers. The migratory routes of the 
populations took place via the rivers and the dwellings were situated 
next to the water bodies of the region.90 Immense settlements constituted 
real cities on the banks of the Amazon River, with riverine populations 
living under the influence of the changes in the water levels.91 

The alternation of terrestrial and aquatic phases resulting from 
the flood pulse, seasonally modify the landscape and led the riverine 
populations to develop peculiar strategies for living in the region,92 
such as the so-called “marombas” that serve as suspended corrals 
and temporary shelters for man and animals during the flood period, 
and are also used as an area for the cultivation of perennial plants.93 
Riverine populations, which inhabit the banks of rivers, tend to be 
larger when compared to more inland populations, precisely because 
of their proximity to water bodies, which act as transport routes, and 
are used for irrigation, fishing and other means of subsistence.92 With 
this high population density on the banks of rivers, the accumulation 
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of products, including different types of plastic, discarded directly or 
indirectly in water bodies, increases.

Even in shallow waters, close to large urban centers, as in the 
case of the cities of Manaus and Belém, microplastics have already 
been found.10 Microplastics have already been described being 
found on several Amazonian beaches; and high concentrations (417 
to 8,178 microplastic particles per kilogram of dry sediment) have 
been found.10 The Amazon region has an aggravating factor in terms 
of pollution, since most of the rivers border and enter large urban 
centers, either in the capitals or in the cities of the interior. These urban 
centers end up contributing to plastic pollution due to the growing 
urban and industrial expansion and, consequently, incorrect waste 
disposal.94 It is estimated that 80% of the streams in the city of Manaus 
are affected by anthropogenic pollution.95 This pollution affects the 

aquatic biota; especially the fish that inhabit these regions and that 
are part of the economy and allow the subsistence of populations 
that depend on them. 

MICROPLASTICS IN THE AMAZON: INGESTION OF 
MICROPLASTICS BY FISH

The first record of microplastic contamination of fish in the 
Amazon area occurred in fish sampled in the estuary of the Amazon 
River. Costa and Barletta81 identified the estuary of the Amazon River 
as a priority area for future studies on marine plastic pollution as this 
area is the final collection point for the Amazon basin. Pegado et al.11 
hypothesized that the amount and size of particles ingested increases 
with body size, weight, and vertical trophic position of fish within 

Table 2. Additional information on microplastics found in the Amazon region evidencing the type of sample analyzed, the location and the type of plastic 
particles identified 

Sample Location
Shape and type of 

microplastic particles
Year of collection Reference

Andean Glacier

High concentration of microplastics in an Andean glacier 
at 5,400 meters

Quito, Ecuador PE, PA, Polyester, PU 2020 Cabrera et al. (2022)71 

Water 

5,819 microplastic particles on a beach
Corvina Beach, 

Salinópolis, Pará, Brazil
Fibers, nylon 2014

Martinelli Filho and 
Monteiro (2019)76

Sediments

Microplastic fibers in Amazonian Rivers; particles 
between 1 and 3 mm were dominant

Negro, Solimões and 
Amazon Rivers 

Fibers 2011 Gerolin et al. (2020)10

10.4-12.7 microplastic fragments/kg in the sediment
Magdalena River, 

Colombia

PP and PE comprising 
at least 75% of the total 
polymers in all samples

2020
Silva and Nanny 

(2020)77

Microplastic concentrations ranged from  
0 to 2,200 items/kg

The upper Amazon River 
basin, Ecuador

Blue fibers 2021
Lucas-Solis et al. 

(2021)78

Organisms 

139 microplastic particles in Anemone (Bunodosoma 
cangicum), in the colors blue, transparent, red, yellow, 
white and green

The Amazon coast, Pará, 
Brazil

Fibers: PET, PP, PA, PU, 
PE, ABS, PS, Rayon 

2018 Morais et al. (2020)10

383 microparticles in fish from streams

Guamá River, Barcarena, 
Pará and Acará Capim 

River, Concórdia do Pará 
and Tome-Açu, Pará, 

Brazil

Fibers 2018
Ribeiro-Brasil et al. 

(2020)75

Presence of 96 microplastic particles in Amazonian fish 
species with different feeding habits 

Xingu River, Brazil PE, PET, PMMA, Rayon 2012-2014 Andrade et al. (2019)12

69 microplastic particles in the digestive tract of 7% of 
the fish analyzed

Cispata, Colombian 
Caribbean

55% of the ingested 
microplastic particles were 
filaments, 23% fragments, 
19% films and 3% foam

2018-2019
Garcés-Ordóñez et al. 

(2020)49

Out of the most consumed fish species, 0.3% contained 
9 microplastic fragments (0.72-4.54 mm) and one 
mesoplastic fragment (6.65 mm) per animal

Huacho and Callao, Peru

Green and blue 
polyethylene (PE) and 

polypropylene (PP) 
plastics were the most 

common

2016-2019
Fernández-Ojeda et al. 

(2021)51

Hypanus guttatus stingrays 
Western Atlantic Ocean 

(Brazilian Amazon Coast)
– 2021 Pegado et al. (2021)11

Mugil incilis, Caranx hippos, Caquetaia kraussii, 
Eugerres plumieri

Ciénaga Grande de Santa 
Marta, Colombia

19 microplastic particles 
were found. 89.5% were 
fibers and 10.5% were 

fragments. Polyester and 
polyethylene

2019 Calderon et al. (2019)69

Polyethylene terephthalate (PET); Polypropylene (PP); Polyamide (PA); Polyurethane (PU); Polyethylene (PE); Acrylonitrile butadiene styrene (ABS); 
Polystyrene (PS); Polymethylmethacrylate (PMMA). 
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the estuary food web. They analyzed the digestive tract of 189 fish 
specimens and categorized the microplastics according to the number 
and size of ingested microplastic particles and the fish’s body size, the 
fish’s weight and its trophic level. A total of 228 microplastic particles 
were found in the digestive tract of 26 specimens. The microplastics 
were identified as pellets (97.4%), sheets (1.3%), fragments (0.4%), 
and threads (0.9%). Plastic particles were transparent, yellow, orange 
or blue. The predatory crevalle jack fish (Caranx hippos) was the 
species that ingested most microplastic particles. The findings of 
Pegado et al.11 indicate significant microplastic ingestion by various 
fish inhabiting the estuary of the Amazon.

Andrade et al.12 reported the ingestion of plastic by fish in the 
Xingu River, after analyzing the stomach contents of fish of the 
family Serrasalmidae that have distinct feeding habits. The authors 
compared the food intake results of the fish based on their diet. The 
carnivorous group consisted of six species of piranhas; the herbivorous 
group included five species; and the omnivorous group five species. 
In total, 96 plastic particles were recovered from stomachs of 46 
specimens (26.7%) out of the 172 specimens examined. Omnivorous 
fish had the highest percentage of occurrence of microplastics, and 
herbivores had the lowest percentage of occurrence of microplastic 
particles in their stomachs, though the three trophic groups did not 
differ significantly in the frequency or magnitude of plastic ingestion. 
In addition, the author reported concerns about the impact of plastic 
pollution on the aquatic biota of the Amazon, and the great potential to 
harm the health and food security of humans who depend on fisheries 
and other ecosystem services.12

Ribeiro-Brasil et al.75 conducted a study that evaluated the shape, 
size, and abundance of plastic particles in the gastrointestinal tract 
and gills of 14 fish species from 12 streams in the eastern Amazon. 
The fish specimens were collected in the Guamá River basin, in 
the municipality of Barcarena, and in the Acará-Capim basin, in 
the municipalities of Ipixuna, Concórdia, and Tomé Açu in eastern 
Pará, Brazil. The authors observed plastic particles in 67 (98%) out 
of the 68 individuals analyzed, and recorded a total of 383 plastic 
particles, of which 201 were located in the gastrointestinal tract and 
182 in the gills. The authors concluded that fish of the streams are 
extremely vulnerable to pollution by microplastic particles and that 
urbanization is an important contributing factor to the pollution of 
freshwater environments with plastic waste.75 It is therefore clear that 
plastic pollution is affecting aquatic biota in the Amazon basin.11,12,75 

More specific studies demonstrating the impacts of micro- and 
nanoplastics on economically and ecologically important fish species 
and how these plastic pollutants affect the physiology, genetics and 
reproduction of Amazonian fish species are urgently needed.

Recently, in the work of de Souza-Vasconcelos et al. (in prep),86 
the presence of microplastic particles was identified in commercial fish 
species, such as Semaprochilodus taeniurus, Hoplias malabaricus, 
Triportheus elongatus, and Cichla vazzoleri, which were collected in 
the Anavilhanas archipelago and Lake Janauacá, both conservation 
areas. In the 88 fish analyzed, a total of 183 microplastic particles 
were identified inside the gastrointestinal tract of 54 individuals. The 
microplastics found were classified as having secondary origin, from 
the disposal and fragmentation of larger plastics, such as nets and 
fishing lines, textile materials such as clothing threads, and plastic 
bags and bottles. The fish analyzed had different eating habits, but 
there was no difference between the intake of microplastic particles 
and the trophic level of the species (Figure 2).86

DYNAMICS OF MICROPLASTICS IN THE AMAZON: 
AMAZON RIVERS AS SOURCES OF PLASTIC 
PARTICLES FOR THE OCEANS

Rivers are the main entry routes for plastic into the oceans.72 It 
is estimated that per year about 1.15 to 2.41 million tons of plastic 
are carried from rivers to the oceans. Regardless of whether the 
plastics are floating, present in the water column or suspended, all 
plastics travel towards the oceans. South America has eight rivers that 
contribute significantly to plastic pollution in the oceans; in Central 
America, there are eight rivers that contribute significantly, as well 
as one in Europe, and one hundred and three in Asia.72 

Considering the complexity and dynamics of different water 
bodies in the Amazon, the dynamics of micro- and nanoplastics, 
needs to be assessed. However, the basin is an important collector 
and, therefore, carrier of microplastics to the estuary and the ocean.65,89 
There is a lack of information on plastic pollution in the main 
Amazonian rivers (Solimões, Negro and Amazon Rivers) and in the 
estuary. The Amazon River plume flows into the Western Tropical 
North Atlantic Ocean (WTNA) near the Equator and is carried north 
westwards along the Brazilian shelf by the North Brazil Current. This 
is the main source of freshwater discharge into the continental shelf 
of the equatorial Atlantic Ocean (Figure 3).96-98

Figure 1. Contribution of the population to the incorrect disposal of plastic and household plastic waste in the environment, and the consequent transformation 
of plastic into microplastic, through factors such as UV rays and the physicochemical actions of water
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According to Junk (1997),99 the Amazon basin oscillates 
between the aquatic and terrestrial phases, which is called the 
flood pulse. It is the periods of heavy rainfall that are directly 
associated with the monthly inflow of plastic from rivers into the 
oceans.72 The rainy season is also associated with a greater amount 
of microplastics found in the Goiana estuary (Pernambuco), which 
indicates that the flow of the river is responsible for influencing the 
flow and speed of transport of microplastics through the estuary 
until they reach the ocean.81 The runoff of microplastics in the 
Amazon River estuary, which covers the seasonal rainy periods, is 
responsible for increasing the flow of rivers and, consequently, the 
transport of microplastics to the ocean; and this is possibly similar 
to what is observed in the Goiana estuary. In this way, the Amazon 
River is considered an important source of plastics, especially for 
the Tropical North Atlantic Ocean region.98

MICROPLASTICS TRANSPORTED BY AIR MASSES 

In the environmental dynamics of microplastics, atmospheric 
transport mechanisms must be also considered. Cabrera et al.71 

found that large air masses and high precipitation rates have been 
contributing to microplastic pollution. The microplastic particles can 
travel long distances and even be found at high altitudes. It has been 
suggested that the Amazon biome may be a source of microplastic 
pollution for the rest of the country and even for neighboring countries 
in the Amazon region.71

Airborne transport of microplastic particles was first reported 
by Dris et al.100 when investigating contamination by MPs in urban 
environments in Paris, and the authors confirmed that atmospheric 
circulation contributes to the contamination of the freshwater 
environment by microplastic fibers. The use of synthetic fibers (nylon, 
polyester and acrylic) by the textile industry directly contributes to 
the release of microplastics into the atmosphere due to the washing 
and drying process.101 According to Browne et al.,102 a single garment 
can release about 1,900 fiber particles per wash. MPs can be released 
into the atmosphere via low-density polymeric materials that, in urban 
areas, can accumulate in soil and dust and are easily suspended in the 
atmosphere by vehicular traffic.103 The use of aerosols, wear of car 
tires, and modeling using 3D printers are also sources of emission 
of microplastics in atmosphere.104-107 

Figure 2. Types of microplastic particles found along the digestive tract of Amazonian fish species with different eating habits, from Lake Janauacá and the 
Anavilhanas archipelago, Amazonas, Brazil (scale bar: 1 mm) (Vasconcelos de Souza, 2022)86

Figure 3. The Amazon River plume carrying microplastics (colored dots) to the Atlantic Ocean source
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Studies have detected the presence of microplastics in remote 
places. Brahney et al.108 found plastic microfragments of 4 and 188 µm 
in 98% of airborne dust obtained from protected and uninhabited areas 
such as the Grand Canyon National Park in the United States.108 It is 
worth noting that particles of sizes less than 25 µm, which corresponds 
to 70% of the particles found in this study, are within the size range 
for long-range and even global dust transportation,109,110 which explains 
how these microplastics reach areas far from human interference. There 
are still few studies that analyze possible sources and transport of micro-
and nanoplastics into the atmosphere, among which we can mention 
the work of Wright et al.111 who reported the first evidence of airborne 
microplastics in London. In this study, microplastics were found in all 
air samples, ranging from 575 to 1,008 microplastic particles per m2, 
thus confirming the need to include the air environment as a source 
and means of transport of microplastic particles. Brahney et al.108 
also concluded in their study that the main sources of re-emission of 
microplastics into the atmosphere are roads (84%), due to tire friction 
with asphalt, the ocean (11%) due to aerosols generated by marine 
emissions and agricultural soil (5%), with microplastic particles 
being transported by dust from agriculture.108 The Amazon region is 
simultaneously influenced by all these factors; however, analyses of 
the atmospheric distribution of microplastics in the region do not exist. 
Atmospheric microplastics have become a global environmental issue 
that should not be overlooked, though the current studies reveal low 
sampling levels and analytical consistency.112

MICROPLASTICS PRESENT IN SEDIMENTS 

Of all the studies with microplastics present in sediments, 33% 
focused on observing the presence of microplastics in sediments in 
Brazil.113 Sediments have been identified as one of the main means of 
capture and storage of microplastic particles for aquatic environments, 
both saltwater and freshwater.114 Yang et al.115 concluded that 
microplastics are ubiquitous in the sediment of rivers, lakes, and 
reservoirs, with the fibers predominating in freshwater environments. 
High-density microplastics tend to sink and accumulate in these 
sediments. Low-density microplastics are affected by hydrodynamic 
processes, such as ocean currents that modify their density, thus 
facilitating their accumulation in sediments.116 

High concentrations of microplastics were found in sediments 
from different locations such as beaches along the coast of northern 
Europe,117 the North Sea coast,118 and in samples collected in the 
Mediterranean Sea and Atlantic Ocean.119 In Brazil, a study by 
Castro et al.120 found an average of 166.50 microplastic particles per 
kilo of sediment in samples of beach sediment and 20.74 microplastic 
particles per kilo of sediment in lower sediment samples, both in 
Guanabara Bay, Rio de Janeiro.120 According to Olivatto et al.,121 
Guanabara Bay is among the most polluted coastal systems in the 
world. Baptista Neto et al.122 also found microplastics in sediment 
samples in Vitória Bay in Espírito Santo state. In this study, 
247  microplastic particles were analyzed, with concentrations 
ranging from 0 to 38 particles per sediment sample. In the southern 
region of Brazil, in the Paranaguá estuarine complex, a recent study, 
developed in 2022 by Mengatto and Nagail,123 reported an abundance 

of microplastic particles in sediments of sandy beaches, where 389 
microplastic particles per m2 were counted. The findings indicated 
that almost all beaches in that region, including those located within 
areas of environmental pollution are contaminated by microplastics.123

In the Amazon region, microplastics were found in sediments 
of some rivers such as the lower Solimões, lower Negro and upper 
Amazon rivers. In sand samples from a beach on the Amazon 
coast, 5,819 microplastic particles were recorded per m2.76 
Sant’Anna et al.124 analyzed 30 sediment samples from 5 bathing 
spots near Itacoatiara, Amazonas state, and registered the presence 
of 202 microplastic particles per m3. Martinelli Filho and Monteiro76 
were the first to evaluate the horizontal and vertical distribution of 
MPs in the sand of the beach at Salinópolis in the state of Pará, and 
the MPs occurred in all samples of all strata collected. A total of 
5,819 microplastic fragments per m3 were identified, with an average 
of 492.5 ± 556.4 particles per m3.76

PLASTICS AND CLIMATE CHANGE

According to the IPCC (Intergovernmental Panel on Climate 
Change), climate change is characterized as a significant variation in 
average climate conditions and/or in their variability, which persist 
for a long period (decades or more), and which can arise from 
internal or external natural processes, or persistent anthropogenic 
changes in the composition of the atmosphere or in land use.125 At 
the moment, concern about these changes has intensified with the 
frequent increase in natural phenomena, such as severe droughts and 
floods, for example.126 In the Amazonian context, climate change has 
been observed since the 1940s, and data indicate increasingly higher 
temperatures and reduced precipitation,127 which may generate an 
imbalance in the relationships between the environment and man.127

For many years, climate change and plastic pollution were 
discussed separately; however, recently, it has been assumed that 
both topics are connected.128 According to the latest IPCC report 
(IR06), greenhouse gas emissions were the highest in human history 
between 2010 and 2019, across all sectors, including the plastics 
industry.129 Plastics contribute to the emission of greenhouse gases 
from the moment they are synthesized to their degradation.128,130 In 
a study conducted in China, Ren et al.131 performed an analysis of 
the environmental impacts of the life cycle of plastic according to its 
different production routes (Table 3),131 and found that 1 kg of PET 
fiber emits up to 3.9 kg of CO2 into the atmosphere. In addition, it was 
found that, in 2015 alone, billions of tons of cubic meters of carbon 
dioxide were released into the environment via the primary production 
of plastic.132 The impacts of plastics on climate continue after their 
use and disposal. Thus, depending on how plastic waste is treated, it 
poses a threat to global warming.130 Recycling, for example, reduces 
greenhouse gas emissions, but the incineration of one ton of plastic 
packaging waste contributes about 2.9 tons of CO2.133 

Plastic is a polymer, an organic molecule and, when discarded 
in the environment, decomposes aerobically, releasing greenhouse 
gases such as CO2 (Figure 4) that is a proxy to evaluate plastic 
degradation contribution to climate change.134,135 In some cases, 
anaerobic decomposition also releases other greenhouse gases, not 

Table 3. Amount of CO2 emission generated during the useful life of PET-type plastic, according to its production routes131

Production route Amount of plastic (kg) Amount of CO2 emitted (kg)

Virgin PET fiber produced from petroleum 1 2.4 

Virgin PET fiber produced from coal 1 3.9

PET fiber obtained from recycling 1 1.6

Source: Ren et al.131
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only CO2, but also methane gas (CH4). This release occurs mainly 
from additives to plastic materials because additives contain soluble 
carbon compounds, which can be metabolized by methanogenic 
organisms or sulfate reducers.59,136

The rampant and increasing production of plastics, if left 
unchecked, on its own will contribute to 15% of global greenhouse 
gases by 2050.137 This is because, at all stages of the plastic’s life cycle, 
gases such as carbon dioxide, methane and a host of other components 
that contribute to climate change are released.3 Royer et al.44 observed 
that even after disposal on the surface of oceans, plastics still release 
gases that are capable of increasing the greenhouse effect, which 
shows that from obtaining the raw material to its disposal, plastics 
continue to release greenhouse gases’. Even during their stay in the 
environment, in the period of degradation, plastics are known to 
release a wide range of chemicals. This means that the more plastic is 
produced and accumulated in the environment, the more greenhouse 
gases, such as methane and ethylene, accumulate in the air, negatively 
impacting the most diverse levels of living beings.138 

However, we know little about the impacts of microplastics on 
the freshwater environments of the Amazon; environments with 
equatorial temperatures that have been affected by climate change.

Extreme climate change is estimated to cause an increase of up to 
6.4 ºC in average temperatures by the end of the century, with variations 
in the Amazon mesoregions. This rise in ambient temperatures, along 
with the high incidence of UV rays, are factors that are known to 
accelerate the degradation of plastics.60 The exposed polymers that 
make up plastics are routinely affected by high temperatures, UV 
rays and high humidity,139 and these are ubiquitous conditions in the 
Amazon region. The effect of high temperatures on plastic accelerates 
the degradation process of macroplastics into microplastics, and the 
degradation time may vary depending on the type the polymer.60 There 
are still no studies in the Amazon region that relate the presence of 
plastics and climate change. For this reason, there is an urgent need 
for studies related to this theme to be carried out, considering the 
particularities of the various Amazonian ecosystems. The Amazon 
needs to be considered as a priority area that must avoid the impacts 
of plastic due to the importance of fishing activity for traditional 
communities and due to it being unique in terms of biodiversity.76

INTERGENERATIONAL DISTRIBUTION OF 
MICROPLASTICS

Recent studies that seek to understand how exposure to micro and 
nanoplastics can affect the reproductive process of organisms have 
shown that polystyrene-type nanoplastics can be transferred between 

generations. Pitt et al.,42 in an experiment with zebrafish exposed to 
polystyrene nanoplastic particles, observed that eggs and larvae of 
maternally and coparently exposed fish were contaminated by these 
nanoplastics. Something similar was also observed in humans by 
Ragusa et al.140 in which the presence of microplastics was observed 
in human placentas for the first time, both in maternal, fetal and 
amniocorial membranes. Of the 6 placentas analyzed, 12 microplastic 
fragments were found in 4 placentas. 

The intergenerational consequences of exposure to MPs 
are beginning to be described. Bringer et al.141 verified the 
intergenerational effects in oysters (Crassostrea gigas) exposed to 
MPs in water for a period of two months. The researchers found 
increased mortality in adults exposed to higher concentrations 
of MPs. Larvae resulting from the reproductive process of adults 
exposed to MPs revealed a significant increase in developmental 
abnormalities, including malformations during development; 
demonstrating that when parents are exposed to high concentrations 
of MPs, developmental abnormalities were more frequent in their 
offspring.141 Luo et al.142 demonstrated that maternal exposure of rats 
to polystyrene MPs in water affects the fatty acid metabolism of the 
F1 generation, when the relative expression of genes regulating fatty 
acid transport (Fabp1, Fatp2), b-oxidation (Ppar-a, Acox, Cpt1-a, 
Mcad) and acid synthesis (Srebp1c, Fas, Acl, Scd1) significantly 
decreased in descendants of the groups exposed to polystyrene MPs.

It is known that from the moment a nanoparticle enters the blood, 
plasma proteins adsorb to its surface almost instantly.143 In general, 
nanoparticles have a certain affinity for proteins, which form a kind 
of protein crown on the surface of plastic nanoparticles.144,145 The 
affinity for proteins and the formation of the protein crown on the 
surface of these nanoparticles may explain how nanoplastics enter 
and accumulate in organs, as well as explain the mechanism by which 
the maternal transfer of these materials occurs. To date, there are no 
studies on intergenerational distribution of MPs and NPs among fish 
species in the Amazon, evidencing the need for more studies to be 
developed in the region so that government policies are established, 
and aquatic species are not further affected.

CONCLUSIONS AND PERSPECTIVES 

Microplastics and nanoplastics are in fact pollutants of great 
concern for aquatic environments; not only for the organisms that 
inhabit them, but also for the populations that depends on them. 
However, scientific attention has predominantly concentrated on the 
oceans, with scarce research focused on freshwater environments, 
especially in the Amazon region, which is an area that has the greatest 

Figure 4. Environmental degradation routes of the polyethylene tetraphthalate (PET) molecule, which gives rise to smaller molecules and releases greenhouse 
gases. R and R’ are polymer chains of variable size (ACS Sustainable Chem. Eng.)59
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diversity of freshwater fish in the world, and for which there is still 
a lack of information about the impacts caused by plastic waste. It 
is important to highlight that the Amazon region has species with 
unique characteristics, due to its different aquatic environments 
(beaches, lakes, streams, rivers, waterfalls), different types of water 
(black, white, clear) that have different physicochemical properties 
(temperature, pH, dissolved oxygen), which cause Amazonian 
species to have particularities and adaptations that vary according 
to the type of environment they inhabit. It is precisely because of 
these singularities that future studies should focus on exploring 
and understanding the behavior of micro- and nanoplastics in these 
different environments. Thus, it is necessary to develop specific 
methods for monitoring that suits each environment in the region, in 
order to describe in detail how exposure to micro- and nanoplastics 
can affect local organisms and humans. It is noteworthy that, so far, 
no information has been found on the current state of nanoplastics in 
the Amazon, thus demonstrating the precariousness of information 
about these nanoparticles, which are capable of enter intracellular 
levels and even be transferred between generations.

Given the scenarios previously discussed, it is essential to 
carry out research on micro- and nanoplastics in the region, as well 
as taking preventive measures, such as environmental education, 
because the studies that have already been carried out have indicated 
which points are most vulnerable and susceptible to interaction with 
micro- and nanoplastics. Additionally, the following aspects should 
be considered:

1. The countries that are part of the Amazon basin (Brazil, Bolivia, 
Colombia, Guyana, French Guiana, Peru, Suriname and Venezuela) 
need to invest in the development of research that involves all the 
Amazonian microregions and deals with contamination by micro- 
and nanoplastics. Maps of the areas that consume and dispose the 
most plastic waste should be produced, and the most abundant types 
of plastic particles should be identified. The studies should seek to 
understand how these contaminants are being transported in the 
environment, how they contaminate the biota, and how they reach 
the ocean;

2. There is a need for integration among the Brazilian states, which 
are part of the Amazon, so that all of them can work simultaneously 
on policies and actions aimed at scientific research on microplastic 
particle contamination, as well as the development of actions to 
reduce plastic pollution; 

3. We do not know the consequences of microplastic particles 
that are transferred through the food chain. Riverside populations 
that eat fish as their main source of protein may be silently affected 
by contamination through microplastic particles. We need to know 
to what extent micro- and nanoplastic particles and the substances 
that are part of their composition are affecting human populations;

4. Although some countries have laws for waste management, we 
do not know if the laws are enforced as there is no unique management 
policy designed specifically for plastic materials in terms of its use 
and disposal. The available scientific information on how plastic 
waste is disposed of in countries that are part of the Amazon basin 
is still limited.

This reality must be changed. As microplastics and nanoplastics 
have been causing damage to fish, they possibly are causing unnoticed 
negative effects on the human health of the Amazonian riverine 
population too. In addition, given the flow of the Amazon basin to 
the Atlantic, which makes up about 20% of all fresh water entering 
the world’s oceans, and the volume of plastics carried to the Atlantic 
Ocean, a reduction in the contribution of plastic to the rivers of 
northern South America that form the Amazon basin is essential, as 
well as studies that monitor and analyze the oceanic distribution of 
said contribution.
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