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Abstract

No longer is it possible to get rid of contaminants, as fragments of plastics spread everywhere, with their micropollutants
and microorganisms loads. Microplastics are currently classified as emerging contaminants due to their negative ecological
or health effects. Governments demand clear and user-friendly information for decisions where they should address efforts
to reduce plastic emissions, chemical pollutants and healthcare waste. A case study of Brazil was used to classify hotspots
and priorities for intervention in relation to sources of plastic emissions, and mismanaged plastic waste along the coastline.
Correlations between sources of emissions in the country's rivers and results of national beach cleanup campaigns appear
divergent, but allow redirections, focusing on where pollution problems accumulate. However, this research also offers new
perspectives and insights, moving away from the commonplace of merely a solid waste management problem. Fault Tree
Analysis serves to verify the failures that result in microplastics as marine contaminants, to correct them and establish a
Strategic Intervention Plan to reduce plastic pollution, even reformulate cleanup campaigns, for greater social benefits.
We recommend that an International Fund should be essential to support least developed countries in implementing the

guidelines from a Global Treaty on Plastics and their own internal tasks.
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o
Introduction and natural contaminants, plastic items and fragments,
as well as microorganisms that can pose a danger to
The water that makes up and maintains us also people. These microelements often reach the sea via
threatens. The marine environment may contain synthetic rivers, or floating through the air, intentionally discarded
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or facilitated by individual habits uncommitted to urban
cleaning. Researchers are often unable to fully measure
these dangers, only with their field or laboratory tests,
presenting results and potential evidence to society that
the threat is out there or very close to us. Therefore, we
need to act with caution, thinking about changes in the way
we see the phenomena and even the actions taken, if we
are contributing to generating or increasing the hazardous
plight that threatens. However, there is no way to control
some natural phenomena, such as hurricanes, tornadoes,
typhoons and tsunamis, which worsen the scenario,
contributing to further increasing the spread of plastic
waste. Sometimes humanity itself produces stressors, such
as greenhouse gas emissions, which increase the frequency
and intensity of these phenomena, such as climate change,
leading to extreme events that combine with other vectors
to bring pollution to the marine environment.

If a hotspot of plastic emissions can be identified, then it
is possible to act on it, seeking to control, reduce or extinguish
it. This information needs to be clear, dynamic and friendly
for decision-making. But action plans to combat marine litter
do not always work as expected [1], sometimes the benefits
generated are not as significant as expected or efforts are
directed to places that are not as high a priority, generating
discrepancies in the control of mismanaged plastic waste
that reaches the marine environment. It is then necessary
to evaluate what is being done wrong for this scenario to be
so complex for public and private managers, and decision
makers, the faults that occurred so that the system did not
provide the desired effects, seeking course corrections
through strategic interventions and investments. It is about
the individuality and association of dangers, whose side
effects are channeled into the marine environment, that this
article deals firstly with microplastics, that are connecting
elements of many harmful vectors that move through rivers,
soils, the food chain and the air, unbalancing ecosystems and
species, representing a threat to human health itself. The
article also presents a case study with comparative analysis
to assess whether beach cleanup campaigns carried out
within the scope of the Brazilian National Plan to Combat
Marine Litter converged in their spatial focuses with data on
hotspots of mismanaged plastic waste along the country’s
coastline. Finally, yet importantly, Fault Tree Analysis (FTA)
methodology was applied to identify the causes that lead to
an undesirable fault of a system, resulting in microplastics as
marine contaminants.

The Background of the Problem

It has been almost 70 years since Carson
[2] expressed that “to find a diet free from DDT
(Dichlorodiphenyltrichloroethane) and related chemicals,
it seems one must go to a remote and primitive land, still
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lacking the amenities of civilizations. Such a land appears to
exist, at least marginally, on the far Arctic shores of Alaska -
although even there one may see the approaching shadow”.
This possibility no longer exists due to plastics, their
fragments and their dangerous companions, because they
are everywhere, omnipresent, particularly in the marine
environment. Polymers are divided into plastics, fibers and
elastomers, depending on their mechanical behavior [3].
However, in general, when talking about microplastics in
the sea, this distinction is not made, although they are not
conceptually the same thing, everything is plastic pollution.
On the other hand, there is a generalization of referring to
microplastics as pieces and fragments of plastic smaller than
5 mm, but there is no consensus about that [4]. The estimate
on the total annual intake of microplastic particles for adult
males and females is, respectively, 114,000 and 94,000 (L/

day) [5]-

The petrochemical industry produces microplastics,
called pellets or nurdles, among other names, which have a
spherical, domed or rounded, cylindrical shape, of different
colors, which are used by the transformation industry in
the extrusion or molding of larger plastics. When part of
exfoliants, toothpaste, powdered detergents, for example,
they are also called microbeads. After using these products,
the tendency for microbeads is to make their way through the
kitchen, bathroom and balcony drains towards wastewater
treatment plants, if they exist, but which are not capable of
retaining 100% of the load [6], even with tertiary treatments,
with microfiltration, thus reaching up water bodies and
entering the trophic chain.

Microplastics also come from weathering, fragmentation,
and degradation oflarger plastics when they fall to the ground
and break. When exposed to the sun and UV rays for a long
time, they fade and become fragile. In situations of extreme
events, such as storms, hurricanes, tornadoes, floods, and
earthquakes, they are ripped out from where they are
fixed and thrown against trees, buildings and asphalt, they
shatter into many pieces, or even resulting from tire wear
when rubbing against asphalt, concrete or unpaved areas. In
tsunamis, they are dragged, caused to crash into walls, ships,
furniture, moved to great distances, even floating without
boundaries between ocean currents and gyres, visible or
invisible to the naked eye. Natural and synthetic fibers are
also released from fabrics in washing machines or, equally,
from rugs and carpets. Fishing gears abandoned or lost
are sources of microplastics in the marine environment, as
well as containers that fall from ships in distress or facing
thunderstorms and large waves, letting their pellet loads
escape. In the incident involving the ship “X-Press Pearl”
in Sri Lankan waters in June 2021 alone, around 84 billion
pellets that were being transported as cargo were spilled
into the sea [7].
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They float through the air reaching isolated and distant
areas, and are inhaled by humans in their own homes,
worsening respiratory problems. Microplastic particles
are also inhaled by bottlenose dolphins [8], ingested by
fish, filtered by bivalves [9], eaten by seabirds [10] , which
also transport them in their beaks and feet. Domestically,
oven bags are a concern, as they are made of Polyethylene
Terephthalate (PET) and resistant to high temperatures, but
depending on the time and temperature applied for baking,
they can become fragile and fragmented, dispersing through
the air or directly contaminating the food itself, allowing

inhalation and ingestion of nano and microplastic at the
same time. The reality is that we ingest, absorb and inhale
microplastics and release them in our physiological needs
[11], there is no way to escape from or deny that. Especially
because it is very difficult to identify the presence and real
resistance of microplastics, with the naked eye, to avoid
them, unless it is a colored and elongated fiber, otherwise it
is only via Stereomicroscopes (Figure 1) or with devices such
as Fourier-Transform Infrared Spectroscopy - FTIR, to check
whether they are really polymers.

polypropylene between fragments of charcoal.

Figure 1: On the left EVA micro fragments stained with Nile red and excited with UV. On the right, a long green fiber of

Emerging contaminants refer to chemicals that are
not included in systematic environmental monitoring,
but may be introduced to the environment, including
the marine environment, and cause known or potential
negative ecological or health effects [12]. They include
pharmaceuticals and personal care products, endocrine
disrupting chemicals (EDCs), persistent organic pollutants
(POPs) and microplastics [12]. Stapleton, et al. [13]
also classify as such, not only because chemicals that
compose them, such as additives, are pollutants, but due to
microplastics serving as vehicles to move them from one
place to another, transporting other emerging contaminants
available in the environment, transferring to host organisms
capable of incorporating them. Yes, nowadays microplastics
are classified as emerging contaminants. Brandt, et al. [14]
expand the contaminants with analgesics, antibiotics, lipid
regulators, anti-inflammatories, synthetic hormones, and
compounds used in the production of resins and plastics,
pesticides, and natural hormones (as estrogen) and
their byproducts as well. These substances are currently
categorized as micropollutants, occurring at concentrations
on the order of micrograms per liter or lower, as in nano
measurements [14].

Among the micropollutants, the ones that cause the
most alarm, in their guise of the key (active ingredient)-
lock (organism’s bioreceptor proteins) coupling, are EDCs,
defined as “an exogenous substance or mixture that alters
function(s) of the endocrine system and consequently causes
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adverse health effects in an intact organism, or its progeny,
or (sub) populations” [15]. Human and other species need a
healthy endocrine system to reproduce and develop normally
[15], but there is evidence that EDCs interfere with this
system and the production of hormones, causing disorders
and anomalies. Among them, in people, the incidence of [15]:
(i) genital malformations, such as non-descending testicles
(cryptorchidisms) and penile malformations (hypospadias);
(ii) adverse pregnancy outcomes, such as preterm birth and
low birth weight; (iii) Neurobehavioural disorders associated
with thyroid disruption affect a high proportion of children
in some countries and have increased over past decades;
(iv) endocrine-related cancers (breast, endometrial, ovarian,
prostate, testicular and thyroid).

In marine species, there are evidences about [16]:
() accumulation of high levels in fatty tissue in marine
mammals that may cause adverse effects; (ii) severe
population declines in birds due to due to eggshell thinning
which caused the eggs to break during incubation; (iii)
effects in vertebrates are gonadal defects and reproductive
effects including feminization of males, masculinization
of females and reduced fertility in fish. One of the most
significant examples of the effects and impacts of EDCs on
marine species refers to the biocide Tributyltin (TBT) used
in antifouling paints, because it induces two types of male
characteristics in female gastropods, imposex and intersex,
in doses of ng per liter, the reason it was banned by the the
International Maritime Organization - Imo. Imposex refers
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to the growth of an entire or partial male organ in females,
while remaining with their female organs without changes,
and intersex is the transformation of the female sexual organ
into a male organ [16]. Both types of changes result in sterile
individuals, causing reproductive failures and subsequent
population declines [16].

Laboratory tests carried out with the gastropod Nucella
lapillus in England verified that imposex is readily induced
by exposure to 0.02 pg/1 of tin leaked from a TBT antifouling
paint [17]. Male characteristics were induced in the bivalve
Mpytilus edulis and aswell as Nucella lapillus at concentrations
as low as 2 ng/1 [18]. Within the freshwater environment, the
feminization of male river fish occurred due to the exposition
to oestrogens present in effluent from United Kingdom
sewage-treatment premises [19]. An experiment conducted
at the Experimental Lakes Area in north-western Ontario,
Canada, showed that chronic exposure of fathead minnow
(Pimephales promelas) to low concentrations (5- 6ng/1) of
the potent 17a-ethynylestradiol, a synthetic oestrogen, led to
feminization of males through the production of vitellogenin
mRNA and protein [20]. Vitellogenin (glycolipoprotein)
mRNA is used as a biomarker to detect the presence of EDCs.

The plastic chain is complex and highly fragmented, as
there are 100,000 plastic formulations and more than 30,000
additives, 16,000 pigments and 8,000 monomers [21].
Besides, there still are 15 groups of chemicals associated
with plastics being of major concern due to their toxicity
and potential to be released from plastics [21]. One of these
groups that has not been talked about much refers to Per-
and polyfluoroalkyl substances (PFAS) which due to their
stability and persistence, are known as “Forever Chemicals”
[22]. PFAS fluoropolymer resins together with reinforcing
additives, cover saucepans, casseroles and pans widely
sold as utensils in department stores, used on a daily basis
by families to cook their food. PFAS are also widely used
in firefighting foams, pesticides, cosmetics (lipsticks, for
example) and as waterproofing agents in fabrics, rain coats
and carpets.

If there is something that is extremely abundant in seas
and oceans, in addition to microplastics, it is microorganisms
(or microbes) and both are related, so much that this link was
called “Plastisphere” [23], which may contain communities
distinct from the environment where microplastics were
collected, in general, and distinct from each other in the
colonization of the polymers. The high ratio between
microplastic surface and volume, which favors the adsorption
of contaminants, also represents a suitable space for the
establishment of biofilm, that is, the base of the “Platisphere”.
Biofilm is defined as a community of microorganisms that
are capable of living and reproducing in the form of a colony,
but possessing a sophisticated social structure, which serves
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as a protection and expansion mechanism [24].

It is a fact that biofilms can protect microorganisms
from external stressors (UV, toxic substances that can be
aggressive to the colony) and facilitate nutrient accumulation,
in addition to horizontal gene exchanges [25]. Besides, they
may harbour pathogens that multiply only after they have
infected a host [25]. It is also worth mentioning that bacteria
that live in biofilms can increase resistance to antibiotics
[26]. Fungi are also present in the marine environment, in
much smaller numbers, but they also swarm microplastics
[27] and in high diversity [28]. In the transport service
offered by microplastics to organisms that inhabit seas and
oceans, it is not uncommon to find, for instance, coastal and
even terrestrial species cruising through the ocean [28,29],
which involves the process of transferring potentially
invasive exotic species. Not only that, the transport service
offers the chance to move pathogenic species [30], such as
the Vibrio cholerae, common bacteria in marine and estuarine
environments, associated with cholera outbreaks in different
parts of the world [31].

The first observed spherical plastic particles in plankton
nets in the coastal waters of New England, USA, was reported
in January 1971 [32]. The spherules varied in size, between
0.1 and 2 mm, with crystalline (clear) forms and white,
opaque forms [32]. Analysis indicated that they were made
of polystyrene and polychlorinated biphenyls (PCBs) and
bacteria covering their surfaces. Fish and a chaetognatha ate
them. Thatvery importantreport, from the 1970s, of the 20th
century, recognized the contamination by POPs in the sea,
that microplastics were already spreading throughout the
marine environment, beingincorporated by the trophic chain,
and microorganisms populate them, likely trough biofilm.
Under this background, it can be stated that microplastics
are connecting elements between micropollutants and
microorganisms in the marine environment. There are
already scientific clues, through various research on the
impacts they are having on marine species, such as swelling,
changes in the digestive tract, satiety induced by synthetic
food instead of natural food, reduction in fertility. Could
these repercussions be caused by the physical presence of
plastic? Due to the contaminants they carry? Because of the
respiratory diseases they cause? Because of the species from
different habitats that they carry? By the microorganisms
that organize and protect themselves in biofilms? Or the set
of these possibilities?.

It is not very well known yet how microplastics facilitate
diseases or the harm that they may be doing to humans,
requiring more investment and more research to resolve
doubts and show ways to be followed [33]. The adoption of
an International Treaty or Agreement on Plastics, even if it
brings brilliant regulations and solutions, and serves as a
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reference, will not be enough, and there is a long road ahead,
including for its successful implementation [34]. Countries
must take very concrete solutions to stop the load of plastic
waste they generate, identifying point and diffuse sources,

mapping the paths, land, water and air routes, to the sea. A
summary of the different aspects related to plastic pollution
is presented in Figure 2.

Figure 2: Summary of biological, physical, chemical and management aspects related to plastic pollution.

Hotspots-Brazil as a Case Study

In the case of Brazil, with almost 11,000 km of coastline,
around 5,600 municipalities, and 55% (117 million) of the
population living up to 150 km from the coast [35], with
refining plants in almost all regions, petrochemical plants
distributed in three coastal states (Bahia, Sdo Paulo and Rio
Grande do Sul), with activities linked to these industries in
practically all states, but with asymmetries and deficiencies
in solid waste management and sanitation, it is quite
complicated to control and combat plastic marine litter.
There was a first attempt with the Brazilian National Plan
to Combat Marine Litter, but it was not successful because
it was primarily invested in beach cleanup campaigns, with
few social benefits [1]. Regardless of failures and need for
revisions, it is necessary to be proactive and within the scope
of Brazil’s continental dimensions, envision priorities, what
to do, where to act and stop the polluting plastic load.

Rivers flow into the sea and thus channel their plastic
loads towards them. These telluric loads are attributed
to a coastal strip of 50 to 200 km and are assumed to be
proportional to the amount of mismanaged plastic waste
(MPW) generated [36]. Several researchers have sought to
calculate the global plastic burden from rivers into the sea.
Table 1 presents a summary of their estimates, with different
approaches, different criteria, different calculations, and
different resulting numbers. Regarding Brazil, there are
different numbers also (Table 2). Again, different numbers
and uncertainties, which reveal the urgency for the Brazilian
Government to take the necessary measures, internally, and
invest in knowledge of its plastic load to control it.
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Global Mismanaged Plastic
Waste (tonnes/year)

4,800,000 - 12,700,000
410,000 - 4,000,000
1,150,000 - 2,410,000

Lebreton, et al. [39] | 5,100,000 (3,100,000 - 8,200,000)
Meijer, et al. [40] 800,000 - 2,700,000

Table 1: Global Mismanaged Plastic Waste, which enters into
the sea estimated by different researchers.

Author

Jambeck, et al. [37]
Schmidst, et al. [36]
Lebreton, et al. [38]

Brazilian Mismanaged Plastic

Suthes Waste (tonnes/year)

Jambeck, et al.

37] 470,000

Amazon River about 38,900 (32,200
-63,800) - 7th among the top 20
polluting rivers

Lebreton, et al.
[38]

Lebreton, et al.
[39]

Meijer, et al. [40] 3,296,700
Oceana Brazil [41] 1,300,000

Table 2: Mismanaged Plastic Waste burden from rivers into
Brazilian maritime waters under national jurisdiction, under
different estimates.

3,680,000 (3,190,000 - 3,840,000)

Although no official consolidated data exists, is there any
scientific reference that could be used to help Brazil define
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its hotspots, in its continental dimensions? Meijer, et al.
[40] reviewed previous studies and based on precipitation,
wind, land use, slope, distance to river, river discharge and
distance to the river mouth, recalculated the probability
for MPW produced inside a river basin to leak into aquatic
environments. The results suggest that small- and medium-
sized rivers account for a substantial fraction of global plastic
burden emissions, and unlike [38], place the Pavuna River,
which flows into Guanabara Bay, in the state of Rio de Janeiro,
Brazil, as 35" among the top 50 plastic emitting rivers,
with 2,600 tonnes/year. Guanabara Bay is one of the main
Brazilian inputs of plastic waste into the sea [42]. However,
is this information enough for the Brazilian Government to
adopt concrete measures to manage, prevent and reduce the
plastic load that reaches its maritime waters?

Materials and Methods

The modeling studies Meijer [40] served as the basis
for the launch of the website “River Plastic Emissions to

the World’s Oceans” (RPEWO) by the company the Ocean
Cleanup (https://theoceancleanup.com/sources/). The
website presents a world map with several reference
points located at the mouths of rivers in different countries,
signaling river discharges into the marine environment. In
the case of Brazil (Figure 3), there are 71 main discharge
points (red dots) along its coast, with information regarding
MPW (kg/year), plastic emissions (kg/year), surface area
covered (km?), population and rainfall (mm/year). However,
the website does not indicate the geographic coordinates of
the points, a general MPW table, a ranking of information,
and the names of the rivers are not always clearly defined,
requiring searches in national sources for clarification.
The website is very useful and explicitly requests “sharing
information about the rivers and spreading the mission to
solve the problem”, but it is not possible to immediately
conclude the gradations of the MPW, plastic emissions and
what the priorities for intervention would be, among the
dozens of points flagged, in the case of Brazil.

on Brazil, South America. Accessed on November 1, 2024.

Figure 3: Image taken from the Ocean Cleanup Company’s “River Plastic Emissions to the World’s Oceans” website, zoomed in

To make the available information user-friendly and
decoded, as in a large visualization panel, a rework was
carried out with the help of the Microsoft Excel and Power
BI software, filling in information gaps, providing a ranking
and adding more precise spatial location data, from the
Artcom Google Earth software. For instance, to cover
gaps in information regarding river names, maps from the
Hydro-Telemetry System (in Portuguese), from the National
Hydrometeorological Network were used, accessing https://
www.snirh.gov.br/hidrotelemetria/Mapa.aspx.

On the other hand, in the context of the Brazilian
National Plan to Combat Marine Litter, 577 cleanup
campaigns were accomplished [1], from March 2019 to
January 2023, when it was suspended for reformulation. The
quantities of litter and the types of materials collected were
recorded and the percentages regarding its composition
have already presented [1]. However, no analysis was carried
out about relative predominance of the plastic loads among
the different collection points. This is what we intend for
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the current work, trying to verify whether it is possible to
establish any correlation and convergences with the website
RPEWO, ratify them or even capture new thoughts. After
an analysis of data quality and consistency on plastic load
collected (kg), we kept data from 538 cleanup campaigns
restricted to the 17 coastal states.

Results

The Dashboard created, exclusively for analyzes referring
to Brazil (Figure 4), offers a completely different new graphic
design and allows a quick visualization of the data expressed
by the website RPEWO, responding in a colorful and friendly
way to the following aspects: what is the ranking of the rivers
with the highest plasticemissions on the country’s coast, their
names, their total and relative plastic loads, corresponding
MPW, spatial location and nominal details, regional group,
percentage in relation to the total load, rainfall, population
involved. From data, we moved on to information and then
to visual guidance where, with more clarity, control efforts,
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investments and intervention actions can be directed. Thus, visual comparisons, aggregating and cross-referencing
a handful of individual numbers spread across a coastline information on where to prioritize efforts to control and
of almost 11,000 km gain new meaning, allowing for quick combat MPW hotspots.

Figure 4: Overview of the Dashboard created from data available on the Ocean Cleanup Company’s “River Plastic Emissions to
the World’s Oceans” website, exclusively for analyzes referring to Brazil.

Figure 5 shows two examples of details via Dashboard, emissions, when it is noted that the Sarapui-Iguacu River,
with the Meriti-Pavuna River, which flows into Guanabara which also releases its waters into Guanabara Bay, has plastic
Bay, Southeast, confirmed as being in first place in terms of emissions very close to the Meriti-Pavuna. It is noteworthy
plastic emissions in Brazil, and the Una Stream-do Galo-Sao that among these eight, only the Camarajibe River flows
Joaquim Channels, in the North Region, in third place. Table directly into the sea, the others flow into semi-enclosed
3 presents details of the eight rivers with the highest plastic water bodies.

Figure 5: Two examples of details via Dashboard. At the top the Meriti-Pavuna River in first place in terms of plastic emissions
in Brazil. At the bottom, the Una Stream-do Galo-Sao Joaquim Channels in third place.

Calixto de Lima R] and Coutinho R. Microplastics, Contaminants, and Waste Hotspots: Divergences and Copyright© Calixto de Lima R] and Coutinho R.
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Position River Name Region Plastic Emission (kg/year) MPW (kg/year)
12 Meriti-Pavuna (Guanabara Bay) SE 2,55 Mi 46 Mi
A Sarapui-Iguagu (Guanabara Bay) SE 2,07 Mi 42 Mi
39, Una Stream-do Galo-Sao Joaquim Channels N 1,32 Mi 9 Mi
42, Guandu (Sepetiba Bay) SE 1,15 Mi 34 Mi
59, Guaiba S 990,70 K 27 Mi
62, Jacui River-Gremio Island S 961,50 K 41 Mi
7°. Camarajibe NE 827,50 K 2 Mi
82, Guama N 823,60 K 18 Mi

Table 3: The eight Brazilian rivers with the highest plastic emissions.

The analyzes of the cleanup campaigns [1] showed
(Figure 6) very different results, with the state of Bahia,
where the Camarajibe River is located, having the highest
rate of marine litter collected (41,386 kg) and the state of
Rio de Janeiro, where the Guanabara Bay, in fifth place
(15,470 kg). Another aspect is that there was no concern
about weighing plastic items separately from others. The
collection aimed to remove litter and aesthetic aspects, not

differentiated analyzes aimed at guiding public managers,
visitors and the local population itself on how to reduce the
problem. Therefore, comparisons with the RPEWO website
values are not possible, but these differences provide other
understandings about prevention and control prioritization
(upstream), where to focus efforts according to locational
characteristics and response actions (downstream).

-

N
Marine Litter Collected - 528 Cleanup Campaigns (2019-2022)
45,000
41,386

40,000

35,000

30,000
25,000
= 22,085
w 20385 20,465
3 20,000
=

15,445 15,470
15,000 13,614
10,000 8,007
6,694 6,513
5 354
5 000 4072 4.508 4,818 4,305
1,730 1,345
0,000 -
mAP WPA mMA mPl mCE mRN mPE mPE MAL mSE WBA mES mRl mSP wPR msC
17 Brazilian Coastal States
Figure 6: Analyzes of the cleanup campaigns on marine litter in the Brazilian Coastal States from 2019 to January 2023.

Discussion

As a rule, cleanup campaigns are carried out on open
beaches, full of glamour, popular for sunbathing, leisure, sea

Calixto de Lima R] and Coutinho R. Microplastics, Contaminants, and Waste Hotspots: Divergences and
Faults in Prioritizing Control Efforts. Int ] Oceanogr Aquac 2025, 9(3): 000352.

bathing and diving. Aesthetic aspects are valued. The litter to
be collected is on the beach, in the intertidal zone or floating
on the sea surface. There is ease of circulation and movement
of volunteers and their equipment. When divers are
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available, litter that has sunk and is sitting on the sediments
can be collected. The focus is on litter and collection. On
the contrary, when litter accumulates in locations with
significant social asymmetries, deserts, difficult to access and
more complicated, whose bodies of water are more polluted,
unpleasant in appearance and have a bad smell, everything
presentsitself as a challenge. This is exactly what was pointed
out to the case of Brazil [40], redefined by Dahsboard, the
focus for prevention, control and response, hotspots, should
not primarily and mainly be focused on open beaches, but on
bodies of water whose neighborhoods are industries such as
petrochemicals and tanneries.

Focused on industrial effluents and untreated sewage
flows into semi-closed bodies, where urban waste
management systems are fragile or lacking, riverbanks
are occupied in a disorderly manner, slums and precarious
settlements are established, diseases proliferate, with
clandestine storm water connections, where litter is
burned in the open and emissions of particulate matters
spread through the air. Hotspots are, in this case,
intrinsically associated with emerging micropollutants, the
microplastics that adsorb them and the microorganisms
that stick to, colonize and stabilize, carrying out gene
exchange and become resistant to vital pharmaceutical
drugs - a synergistic effect. This is the case of rivers such as
Meriti-Pavuna and Sarapui-Iguacu, both at the top of plastic
emissions, as well as the Una Stream and the Guandu river,
the third and the fourth on the list.

The blatant and ubiquitous presence of plastic litter in
the marine environment is a catastrophic and unwanted
event, a fault of the economic system, of the chain of
responsibility. The null hypothesis (H)) assumes that “a
fault tree can be successful only if the analyst has a clear
and complete understanding of the system to be modeled”
[43]. This postulate suited the occasion well, however, it
contradicts Principle 15 of the Rio 92 Declaration on the
Precautionary Principle, thatis, “(...) Where there are threats
of serious or irreversible damage, lack of full scientific
certainty shall not be used as a reason for postponing cost-
effective measures to prevent environmental degradation”
[44]. Therefore, the null hypothesis is rejected and the
alternative hypothesis (H) is accepted, which states
that it is necessary to adopt cost-effective measures to
significantly reduce the problem. In Agenda 21 itself, there
is already a prescription that favors preventive and control
actions (upstream) over response actions (downstream)
[45]: “17.21. A precautionary and anticipatory rather than
areactive approach is necessary to prevent the degradation
of the marine environment. This requires, inter alia, the
adoption of precautionary measures, environmental impact
assessments, clean production techniques, recycling, waste
audits and minimization, construction and/or improvement
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of sewage treatment facilities, quality management criteria
for the proper handling of hazardous substances, and a
comprehensive approach to damaging impacts from air,
land and water”.

Fault Tree Analysis (FTA) is a top-down deduction
methodology using logical operators for obtaining
information about the causes that can lead to an
undesirable fault of a system, aiming at its correction.
The methodology was applied to a reliability analysis of a
wastewater treatment plant in Iran, to identify the system'’s
deficiencies [46]. The basic postulates for FTA [43], applied
to marine plastic litter, allows the obtaining of a simple and
non-exhaustive tree, with several sublevels of problems,
resulting microplastics as marine contaminants (Figure 7).

This tree is in line with that prescribed by Agenda 21,
as well as with the United Nations Sustainable Development
Goal 14 on conservation and sustainably use of the oceans,
seas and marine resources for sustainable development,
translating the complexity of the commands and controls
to be established. Examining the tree makes it obvious
that summarizing the problem of plastic litter into the sea
due to a simple failure in waste management and incipient
economic circularity [47], as is common, expresses a
simplistic view of its multiple facets and stakeholders.
It is necessary to think of new paths, new approaches,
observing the problem in its different sources of threat,
comprehensively. The tree also confirms that due to these
multiple facets, sectors, activities, actors and interest
groups, the adoption of a Global Treaty on Plastics will not
be enough. There will be a lot to do internally, but there is
no denying that having an international reference diploma
is a good point to catalyze the intervention process.

The FTA obtained is generic, but could serve as
a reference for any country, for the development and
implementation of a Strategic Intervention Plan, to be
applied, for example, in the eight Brazilian hotspots with
the highest plastic emissions, intending to close the taps
on plastic emissions, pollutants and potential sources
of microenvironments favorable to the proliferation of
pathogenic species and resistance to antibiotics.

The intervention must be accompanied by a search
for additional information, for the purposes of detailing
and adjustments to the FTA. the acquisition stages would
comprise [43]: (i) definition of what types of complementary
information are relevant; (ii) implementation of a
monitoring scheme to obtain pertinent information; (iii)
carrying out analytical diagnosis, modeling and decision-
making for supplementary interventions.
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Figure 7: FTA on unwanted event “Microplastic as Contaminant” in marine environment.

The FTA, together with the information obtained by the
Dashboard, can also assist in reviewing the procedures for
carrying out cleanup campaigns, aiming to make them more
effective in light of the breakdown of flaws in their intentions
linked to a National Plan to Combat Marine Litter, in particular
where they should prioritize their efforts in waste collection,
with greater social benefits and healthcare. Instead acting
only on open beaches, actions should migrate to areas
around petrochemical industries, with social asymmetries,
with untreated sewage flows and lacking of urban waste
management systems. Specific environmental standards
need to be nationally adopted also and more restrictive
environmental permitting and inspection procedures must
be strengthened, aiming for greater environmental safety.

Conclusions

That idyllic, remote, escape place, where one could stay
safe or have a contaminant-free diet [2], no longer exists, not
even on the seabed. Plastic pollution is the cause of this loss
and the solastalgiaimposesitself. Since the Second World War,
our relationship with plastic has been a bit schizophrenic.
From cultural positivity due to its multiple uses and
important functions, in cutting-edge industries, cheap price,
visual attractiveness, to negativity. The change occurred
because plastic waste started to be poorly managed, it has
become trash on the streets, it was spread by the wind, it has
become debris in the sea [48]. This negative perception may
increase when more and more people discover the reality

Calixto de Lima R] and Coutinho R. Microplastics, Contaminants, and Waste Hotspots: Divergences and
Faults in Prioritizing Control Efforts. Int ] Oceanogr Aquac 2025, 9(3): 000352.

of what they cannot see in plastics and their fragments and
represents a hazardous plight and a warning sign: (i) their
physical presence internally in the species, with physiological
repercussions; (iii) the contaminating chemical substances
that compose or micropollutants carry adsorbed; (iii) the
pathogenic microorganisms they can transport and move
fouled out. But the plastic itself is one thing, the chemical
pollutants and microorganisms that exist in the environment
are another.

In favor of plastics, attention must be paid to the
freedom of creation and production that they have provided
since their emergence, in terms of the process of replacing
natural materials from endangered species such as turtles
and elephants, in addition to innovations in the design sector
[48]. Against, the point is when plastics no longer met the
utility for which they were created, due to loss of quality, as
they were framed within an aesthetic of the expendable, in
addition to being considered of lower quality than natural
materials [48]. Rejection increased when it was seen as litter,
due to the large amount of waste generated and the ubiquity
of its fragments. The peak occurred when they began to be
seen as potentially harmful to species and human health.

In relation to the litter produced by maritime activities,
Imo defined a Strategy to Address Marine Plastic Litter from
Ships, especially concerning fishing vessels. The strategy aims
to reduce the contribution of marine plastic litter, improve
the effectiveness of port reception and facilities, enhanced
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public awareness, education and seafarer training, and
strengthen international cooperation [49]. Imo established
and expanded, with financial support from the Government
of Norway and partnerships via the Global Industry Alliance
- GIA, an international cooperation project, the GloLitter
Partnerships Project (https://glolitterimo.org/project/
about). GloLitter works with 30 countries engaged as either
Lead Partner Countries, as Brazil, or Partner Countries,
to support them in implementing the maritime strategy to
combat plastic litter.

For its part, the United Nations Environment Assembly
(Unea) has been leading the process of adopting a new global
agreement on plastics, comprising its full lifecycle, from
preventive measures in upstream to waste management in
downstream, despite the resistance it has been facing from
powerful political-economic agents. However, without an
International Fund that supports less developed countries
in changing their own production matrices, improving
their waste management and environmental permitting
licensing systems, engaging in sustainable entrepreneurship
in recycling plastics and replacing them with biodegradable
materials without toxic additives, and implementing
intervention, control and combat actions against plastic
waste, all of this will be very costly compared to other more
prominent demands. Furthermore, it will involve a long
time span and outside the forecasts defined in the global
agreement, given the complexities and multifaceted solutions
involved in the process. The website “River Plastic Emissions
to the World’s Oceans” serves as a reference for countries
to assess their response and the new Dashboard developed
has the potential to assist the Brazilian Government with
greater clarity in prioritizing rivers and areas where the
highest plastic emissions and mismanaged waste at high
rates occur along its wide coast, jointly redirecting efforts
to reduce chemical effluents, airborne particulate matters
and expanding control over healthcare waste destination.
The Dashboard highlighted the Meriti-Pavuna and Sarapui-
Iguacu rivers, in the state of Rio de Janeiro, as high priorities
for intervention. The FTA methodology, in addition to
the Dashboard, proves to be an important instrument for
countries to define Strategic Intervention Plans on plastic
litter spreading, which needs to be accompanied by the
collection of additional information for its detailing and
improvement, facing supplementary actions. Artificial
Intelligence resources can also be added to this kind of
analysis and in defining the strategies and actions.

Marine plastic litter is as a cross-cutting crisis impacting
globally natural and human environments [50] and for
its solution an interdisciplinary approach is necessary,
requestingbetter science, policy inventories, communication-
oriented efforts and scholarly research. In addition to these
aspects, investments must be channeled to foster innovations
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in areas such as marine biotechnology, so that in the coming
decades there can be a sustainable replacement of plastic
from oil.

Finally, it is worth highlighting that this research offers
new perspectives and insights into marine plastic pollution,
moving away from the commonplace of approaching it as
merely a solid waste management problem, focusing solely
on cleanup campaigns, collections, recycling, and economic
circularity. Given the real environmental challenges to be
stared at, which extend into our future, this perspective is
highly questionable, if not harmful to everyone.
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