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CHAPTER 7

Marine Sustainability against
contaminants and pollutants
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Abstract

Present oceans are jam-packed with contaminants
and pollutants released by irresponsible human activities.
Marine pollutants are of two folds; chemicals and litter.
Chemical pollutants are responsible for marine eutrophi-
cation induced by excess nutrients, whereas the majority of
marine litter comprises plastic products. They are not only
threats to oceanic life forms and sensitive marine ecosys-
tems but also effective indicators of the impact of the An-
thropocene on the earth. Addressing all impacts and pres-

sures on the oceans requires joint action and multi-focused
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Among the various types of plastics present in the marine environment, pellets stand out due to their wide
dispersion. This study aims to assess the trajectory of plastic pellets reaching Santa Catarina Island (southern
Brazil) from nearby port regions, and to investigate their distribution and fate. Using a Lagrangian particle
tracking model and outputs from a hydrodynamic model, we evaluated particle transport and sources. The results
indicate a predominant southward flow from Itajai harbor, suggesting this port region as the most likely source of
microplastics. From this source, particles reach the island in only 2 days, with their pathways following seasonal

oceanographic conditions in the region. These findings highlight the persistent threat of plastic pollution and
underscore the need for improvements in port management.

1. Introduction

Even though plastic pollution is one of the greatest threats to the
health of the ocean as well as to the maintenance of ecosystem services,
global plastics production has grown exponentially and reached >390
million tons by 2021 (Beaumont et al., 2019; Villarrubia-Gomez et al.,
2018; Kemarau et al., 2024; Plastics Europe, 2022). Several plastic
polymers, such as polyethylene, polypropylene and polystyrene are
produced and sold in the form of plastic pellets that will be used to
manufacture large-scale products (EPA, 1992). Due to their size (~5
mm) and origin, pellets are classified as primary microplastics (MP)
(Cole et al., 2011). During transportation and handling of this raw ma-
terial, accidental losses to the marine environment may occur, especially
in ports (Karlsson et al., 2018; EPA, 1992; Pereira, 2014). Pellet losses at
port terminals are considered a direct - and fast - source of plastic to the
marine environment, while those occurring at other stages of the pro-
duction chain travel a longer path until they reach the stormwater dis-
charges (Redford et al., 1997; EPA, 1992). In addition, accidents during
navigation can result in massive losses of pellets to the ocean, as
happened with the X-Press Pearl vessel that spilled approximately 1.680
tons of pellets off the west coast of Sri Lanka in 2021 (Vos et al., 2022).

Once in the ocean, pellets spreading and distribution depend on their
physical properties and the ocean dynamic conditions (Zhang, 2017).

* Corresponding author.
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The low density of these particles causes them to be suspended to the
surface of the ocean while being widely transported by winds and cur-
rents over long distances (EPA, 1992; Giindogdu et al., 2022). This
widespread transport can lead to the phenomenon known as “plastic
tides”, where microplastics are carried back to shore, often from distant
regions and not necessarily from local sources (Dabrowska et al., 2023).
Surface currents are the main mechanism responsible for the transport of
MPs in all regions of the ocean (van Sebille et al., 2020; Zhang, 2017).
Since wind stress is the main force acting in the surface circulation,
pellets are susceptible to large variations in their transport due to sea-
sonal differences in wind (Zhang, 2017).

When floating in the ocean, one of the ultimate destinations for
pellets is beaching. Beaches near port systems, which are continuous
sources of pellets, are more susceptible to this contamination, resulting
in higher levels of pollutants (Moreira et al., 2016). However, due to
different oceanographic conditions, pellets do not necessarily accumu-
late on nearby beaches closest to their source. For example, at the Port of
Itajai, Brazil's second largest port for pellet movement, the density of
pellets on adjacent beaches is lower than on more distant beaches
(Zanetti, 2019; Marin et al., 2019). Understanding the sources, path-
ways, and fate of these pellets is critical for effective pollution control,
but observational studies face challenges in sampling and quantifying
MPs (Hidalgo-Ruz et al., 2012). Therefore, numerical models, especially
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ABSTRACT

Sandy beaches are ecologically important coastal ecosystems that are increasingly threatened by plastic
pollution. This pollution disrupts their ecological balance and reduces their ability to provide ecosystem services.
This study case at Joaquina Beach, Santa Catarina Island, southern Brazil, aimed to assess the spatiotemporal
contamination by macro and mesoplastics concerning meteorological and anthropogenic variations, and to identify
potential plastic sources for the region. Over 18 months (December 2018 to March 2020), monthly collections
of macroplastics and mesoplastics were performed at 12 fixed sampling points. The amount of mesoplastics
found was 216 items, with an average of 2.18 items m? (range: 0-17.33 items m?), a higher density than that
of macroplastics, of which, 1069 items were found, at an average of 0.32 items m? (range: 0-2.2 items m2).
Fragments were the predominant plastic type in both size categories. The region was assessed as "very clean”
only once during the monitoring, with the Clean-Coast Index classifying it as “clean” in 59% of the months. March
2019 had the highest macroplastic amount, followed by April 2019 and February 2020. Meanwhile, mesoplastic
quantity was highest in April 2019, December 2018, and January 2019. For both categories, beach users were
identified as the main possible source of plastic litter, with a smaller contribution from fishing activities. However,
meteorological conditions, like wind direction, can also contribute to plastic accumulation in the area. The months
with the highest concentration of macro and meso occurrences had a prevailing pattern of southern winds.
This study contributes to the knowledge addressing macro and mesoplastics, providing useful information to
bridge scientific and management gaps regarding the distribution of different plastic sizes.

Keywords: Coastal ecosystem, Marine debris, Seasonal winds, Fragmentation

INTRODUCTION from storms or extreme events and thus provide

) coastal protection, especially when associated
Beaches are important coastal ecosystems, with mangrove or dune ecosystems (Asari

one of their key functions being to absorb energy et al., 2021; Jordan and Frohle, 2022). Beaches

also serve as nursery, spawning, and feeding
Submitted: 29-Nov-2023 areas for various organisms (Silva et al., 2004;
Approved: 27-Dec-2024 McLachlan and Defeo, 2018) and contribute to
Editor: Rubens Lopes human well-being via the ecosystem services
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