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Abstract

A ‘clean ocean’ is one of the societal outcomes expected for the UN Decade of Ocean Science
for Sustainable Development (2021-2030). To achieve this, we need to be able to understand
and map land and sea-based sources of pollutants. In the past decades, commercial plastic
production has significantly increased and microplastics, small plastic particles within the 1 um
to 5 mm size fraction, have become a major environmental health concern. Even tough, most
plastics are initially used and discarded on land, most of the plastic waste ends up in the ocean.
These particles enter the marine environment through a variety of routes and interact with
other chemical pollutants posing an additional threat to an already stressed environment. A
significant part of these particles is retained near the coast. In these land-ocean connecting
environments, microplastic pollution is particularly problematic, as they are essential habitats
for several species’ development. Our poor understanding regarding the sources, pathways and
sinks of these particles in coastal and oceanic environments hampers our capacity to assess and
manage microplastic pollution impacts. In this context, we aim to evaluate this pollutant
presence and distribution in space and time at the Parana coast, seeking to improve microplastic
pollution understanding and impact management.
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Introduction and background

A ‘clean ocean’ is one of the societal outcomes expected for the UN Decade of Ocean
Science for Sustainable Development (2021-2030). To achieve this, we need to be able to
understand and map land and sea-based sources of pollutants. In the past decades, commercial
plastic production has significantly increased and microplastics, small plastic particles within the
1 to 5,000 um size fraction (Frias and Nash, 2019), have become a major environmental health
concern. Hence, microplastics have captured widespread attention as a major global
environmental issue. These particles may be grouped considering their origin as primary
(intentionally manufactured within these sizes) or secondary (formed by fragmentation of larger
plastics) and shapes (e.g., fibers and fragments) (GESAMP, 2015). Even tough, most plastics are
initially used and discarded on land, most of the plastic waste ends up in the ocean.

In the marine environments these particles are ubiquitous, persistent and have negative
impacts on the environment and biota (Andrady, 2017; Anbumani and Kakkar, 2018; Botterell
et al.,, 2019), representing an additional stressor for marine environments. They enter the
marine environment through a variety of routes, including atmospheric fallout, stormwater, and
treated and untreated sewage discharges (SAPEA, 2019). Although, deep-sea sediments and
marine organisms are recognized as the carriers and final destinations of microplastic, their
journey often being on land. Hence, a significant part of the microplastics supplied to the marine
environment is retained near the coast on beaches, wetlands, and estuaries (Zhang, 2017).

Coastal areas connect the land and ocean, naturally controlling the transfer of particles
and dissolved substances between continental and marine systems. Moreover, due to their
nature and strategic position between terrestrial and marine environments, these areas have
been a center of attention for a variety of human activities including urban, industrial, and port
developments. In these land-ocean connecting environments, microplastic pollution is
particularly problematic, as they are essential habitats for several species’ development.
Microplastic accumulation in coastal environments, such as estuaries, is particularly
problematic, once these environments are essential habitats for species development in all
trophic levels (Gray et al., 2018). Given their ecologic and economic importance coastal zones
have been a target of recent microplastic research (e.g., Alves and Figueiredo, 2019; Baptista
Neto et al., 2019; Forero-Lépez et al., 2021; Gray et al., 2018; Hitchcock and Mitrovic, 2019;
Sruthy and Ramasamy, 2017; Zheng et al., 2019; Zuo et al., 2020). A major challenge for
assessing, preventing, and mitigating microplastic pollution impacts relies on our poor
knowledge regarding its presence in coastal and oceanic environments and knowledge of the
long-term processes involved in the spatial and temporal distribution.

The Parand coastal zone presents a contrast between urbanized and non-urbanized
areas. Tourism activities are less intense it’s in the northern portion (the Ilha do Superagui and
Ilha do Mel), and more urbanized beaches further south (i.e., Matinhos and Praia de Leste).
Additionally, the Paranagua Estuarine Complex, at the central portion of the Parand coastline, is
a subtropical estuary with vast mangrove forest belts surrounded by an Atlantic Forest Reserve
(Natural World Heritage Site — UNESCO, 1999). It comprises two environmental protection
areas: the Guaraquecaba Environmental Protection Area (RAMSAR site) and the Superagui
National Park. However, the estuary also harbors the second largest grain port in Brazil, and the
most populated city at the Parana state coast, at Paranagud. Recent studies reported the
presence of microplastics on the Paranagud Estuarine Complex sandy beaches (Mengatto and
Nagai, submitted) and oysters hepatopancreas Vieira et al. (2021), with plastic pellets also
reported at beaches located adjacent to the estuary mouth (Gorman et al., 2019; Moreira et al.,



2016). Additionally, macroplastics (>2.5 cm) have also been studied at the PEC water column
(Possatto et al., 2015), beaches (Krelling et al., 2017), and sea turtles Nunes et al. (2021). Yet,
little is known about the presence and distribution of these particles’ spatial and temporal
distribution at the Parana coastal zone. In this context, this project aims to unravel spatial and
temporal distribution of these particles. By acquiring microplastic data at different beaches and
at different time periods we will be able to identify potential sources of microplastics.

Objectives

This project aims to unravel spatial and temporal distribution of microplastic particles in the
Parana coastal zone. To achieve this the following goals are proposed:

i. Identify and determine the spatial distribution of microplastics in distinct beaches of the
Parana coastal zone;

ii. Identify and determine temporal changes in the distribution of microplastics in distinct
beaches of the Parana coastal zone;

iii. Identify potential sources of microplastics to the study area;

Study area

The Parana coast has 98 km of sandy beaches interrupted by the Paranagud Estuarine
Complex and Guaratuba Bay mouths (Angulo, 1992; Lana et al., 2001) (Figure 1). The region's
climate can be classified as humid temperate pluvial (Cfa), with precipitation of around 2000
mm, and averages above 22 °C (Lana et al., 2001). The tide is graduated as a semidiurnal micro-
tide, with amplitudes of about 1.5 m (Marone and Jamiyanaa, 1997).
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Figure 1 — Parana coastal zone location map.



Seasonal changes in wave and wind dynamics, such as higher intensity and frequency of
the atmospheric frontal systems during winter, result in beaches with intermediate
morphodynamic states and sediments dominated by fine and medium sands (Angulo et al.,
2016). During autumn and winter, these systems passage influence coastal and sedimentary
dynamics, resulting in erosion of the emerged portion of the beach (Angulo et al., 2016; Quadros
et al., 2009). In these events, sea height can reach 0.8 m above astronomical tide (Marone and
Camargo, 1994).

In terms of human occupation and activities, the beaches can be classified as: urban,
with active tourist activity and recreational use, beaches located in Matinhos and Pontal do
Parana; and more preserved beaches, with reduced human activity, such as the llha do
Superagui and llha do Mel, which have visiting limit. Additionally, the Paranagud Estuarine
Complex harbors an Atlantic Forest Reserve (Natural World Heritage Site — UNESCO, 1999)
protected by Brazilian federal law through the Guaraquecaba Environmental Protection Area
(Guaraquegaba EPA), Guaraquegaba Ecological Station, Superagui National Park, and Biological
Reserve of Bom lJesus. In the estuary, there is also the second-largest grain port in Brazil
(Paranagua Port), and the most populated city at the Parana state coast, Paranagua city. Even
comprising wastewater treatment plants, high concentrations of sewage indicators (chemical
markers and fecal indicator bacteria) are found around Paranagua (Cabral et al., 2018; Martins
et al.,, 2010), representing a potential MPs source (Cole et al., 2011). Near the Paranagua
Estuarine Complex mouth, Krelling and Turra (2019) reported higher concentration of macro-
waste (> 25 mm) in comparison to the rest of the coastal beaches.

Material and methods

Our sampling strategy includes acquisition of sediment samples at five distinct beaches
of the Parana coastline and still to be defined beaches located at Paranagua Estuarine Complex
in different time periods. This sampling strategy will allow us to recognize the spatial distribution
of microplastics in the Parand coastal zone and infer about temporal differences in their
distribution. The spatial distribution sampling campaign will be performed once; after spatial
distribution data analysis, two or three sites will be selected for temporal distribution sampling
campaigns.

For coastline sediment samples will be retrieved from three distinct zones (infralittoral,
high tide line, and supralittoral). For this, a 100-meter rope, marked at every 10-meters, will be
used extended parallel to the water line. A total of four sampling points will be randomly picked
at each beach. At inner Paranagua Estuarine Complex beaches, following Alvarez-Zeferino et al.
(2020), samples will be taken along four the high tide line. At selected sampling sites 10-meter
sections of beach define the sampling points, which were randomly picked for each beach. A 10-
meter rope marked at every 1-meter will be extended parallel to the high tide line to avoid
sampling bias. During fieldwork, samples will be retrieved with the aid of stainless-steel cylinders
(20 cm diameter and 5 cm depth), yielding approximately 1,570 cm? and 3 Kg of dry sediments.
Samples collected will be placed in aluminum trays until processing in the lab.

In the lab, samples will be processed following Enders et al. (2021) QUEChERS (Quick,
Easy, Cheap, Effective, Rugged, Safe) protocols. In the lab, each sample will be oven-dried at 60
oC for 24 hours to obtain sample weight. Samples will be subjected to flotation for microplastic
extraction. For this, a saturated sodium chloride solution NaCl (p=1,2 g.cm™) and Nal (p=1,6
g.cm?3) will be used. The NaCl solution will be added to the sample in a beaker glass, in a ratio of



four to one volume, respectively, stirred for 2 min with an overhead mechanical stirrer, and
allowed to settle for 3 minutes. The supernatant will then be filtered through a 300 um mesh
sieve and vacuum filtered with a Whatman® GF/C ~1 um (47 mm) filter. During MP extraction,
air contamination will be monitored by exposing a Petri dish with a wet glass fiber filter during
sample processing. All supernatant content will be placed on Petri dishes and visually inspected
with a ZEISS SteREO Discovery V8 (80x) optical stereomicroscope, and microplastic particles will
be separated.

Microplastics will be classified as hard plastic fragments, foam, film, line, pellet, and
paint fragment, following the morphological descriptors of the Guidelines for the Monitoring
and Assessment of Plastic Litter in the Ocean (GESAMP, 2019; Gaylarde et al., 2021). Particle
colors will be visually determined, considering for the multicolored particles the dominant color.
Additionally, chemical composition analysis of approximately 10% of microplastic particles will
be performed via RAMAN spectroscopy at the Centro de Microscopia Eletrénica (CME/UFPR).

Figure 2 - Microplastic morphologies (a) “yellowing” hard plastic fragment, (b) white foam, (c)
transparent pellet, (d) blue film, (e) pink paint fragment, and (f) black fiber identified at the sandy
beaches within the Paranagua Estuarine Complex. The red circle in panel (a) shows deformation
from the hot needle test (source: Mengatto and Nagai, submitted).

Data analysis and interpretation involves producing charts and georeferenced maps, and
statistical treatment of data with descriptive and multivariable statistics, which will aid the
understanding of the spatial and temporal distribution of microplastics in the Parana coastal
zone. Our results will made available to specialized academic public (scientific publications and
online databases) and other stakeholders (executive reports, news and media texts, infographic,
workshops). The Parand coastal zone is home to local fisherman communities, that depend
directly on its natural resources for food security. Besides the community, public agents
responsible for the RAMSAR site management (ICMBio agents) will also be directly impacted by



our project results. Additionally, our results are also of interest of the Parand State Government,
Environmental Secretary.

Scientific party

The successful development of this project will be a result of a team group effort composed by:
Dr. Renata Hanae Nagai (UFPR) — principal investigator; Dr. Cesar de Castro Martins (UFPR); Dr.
Maikon Di Domenico (UFPR); Dr. Camila Domit (UFPR); Yan Weber Mesquita, Masters’ student
at Coastal and Marine Systems Graduate Program; Cecilia Caroline Vieira Nunes Massignani
(PIBIC/TCC - Undergraduate Course in Oceanography). Additionally, other to be defined students
may be involved in this project: 03 graduate-level students (M/D — Coastal and Marine Systems
Graduate Program); and 05 undergraduate level students (PIBIC/TCC — Undergraduate Course
in Oceanography).

Project schedule

2022 2023 2024 2025 2026
J-M A-J J-S O-D J-M A-J J-S O-D J-M A-J J-§ O-D J-M A-J J-S O-D J-M A-J J-§ O-D

Project management

Review and evaluate project shedule
Review and evaluate problem approach
Data aquisition

Sampling Campaign H I
Microplastic extraction

Microplastic identification

Microplastic chemical composition analysis
Data analysis and interpretation

Products

Manuscript preparation and submission
Results presentation (scientific events)

Results presentation (stakeholders) -
Final scientific report

Available infrastructure

The project activities will be developed at the Laboratério de Paleoceanografia e
Paleoclimatologia (LabPaleo?) at the Center for Marine Studies/UFPR. Today, LabPaleo? has
sampling and laboratory equipment and materials for the project execution. Sampling costs
involve terrestrial and nautical transportation which are covered by the Center of Marine
Studies/UFPR.

Results and impacts

This project results will be planned and prepared focusing on the specific stakeholders
involved. As this is a research driven project, it is worth to note that this project results will be
presented as academic papers and conference presentations. Our results will have the potential
to improve our understanding of microplastic pollution in the Parana coastal zone. Aiming at
public agents and policy makers, we will prepare an executive report with this research findings
showing the baseline data of microplastic pollution and potential critical areas of microplastic
accumulation areas, with recommendations for this pollutant prevention and monitoring. We
hope that by raising awareness regarding this pollutant problem, public agents and state policy
makers may improve these areas management. To reach local fisherman communities we plan



on preparing simple and informative infographics, regarding its sources, sinks, and potential
solutions to these problems. This material will also be adaptable to reach a broader community,
as short media texts sent to local and regional media news. We hope that by improving local
communities and the understanding of microplastic sources, risks and solutions these
stakeholders will be inspired to change daily actions regarding litter disposal. Also, outreaching
and communication our findings we hope to raise the general public awareness of microplastic
pollution problem.

Referentes

ALVAREZ-ZEFERINO, J. C. et al. Method for quantifying and characterization of microplastics in
sand beaches. Revista Internacional de Contaminacion Ambiental, v. 36, n. 1, p. 151-164, 2020.

ALVES, V. E. N.; FIGUEIREDO, G. M. Microplastic in the sediments of a highly eutrophic tropical
estuary. Marine Pollution Bulletin, v. 146, n. February, p. 326-335, 2019.

ANBUMANI, S.; KAKKAR, P. Ecotoxicological effects of microplastics on biota: a review.
Environmental Science and Pollution Research, v. 25, n. 15, p. 14373-14396, 2018.

ANDRADY, A. L. The plastic in microplastics: A review. Marine Pollution Bulletin, v. 119, n. 1, p.
12-22, 2017.

ANGULO, R.. Geologia da Planicie Costeira do Estado do Parand. Tese de Doutorado,
Universidade de Sdo Paulo, Sdo Paulo, 334 p. 1992.

ANGULO, R.J; BORZONE, C.A., NOERNBERG, M.A., QUADROS, C.J.L., SOUZA, M.C., ROSA, L.C. The
State of Parana Beaches (Chapter). Brazilian Beach Systems. p. 419-464. 2016.

BAPTISTA NETO, J. A. et al. Microplastics and attached microorganisms in sediments of the
Vitdria bay estuarine system in SE Brazil. Ocean and Coastal Management, v. 169, p. 247-253,
2019.

BOTTERELL, Z. L. R. et al. Bioavailability and effects of microplastics on marine zooplankton: A
review. Environmental Pollution, v. 245, n. 2019, p. 98-110, 2019.

CABRAL, A. C. et al. An integrated evaluation of some faecal indicator bacteria (FIB) and chemical
markers as potential tools for monitoring sewage contamination in subtropical estuaries.
Environmental Pollution, v. 235, p. 739-749, 2018.

COLE, M. et al. Microplastics as contaminants in the marine environment: A review. Marine
Pollution Bulletin, v. 62, n. 12, p. 2588-2597, 2011.

ENDERS, K. et al. When every particle matters: a QUEChERS approach to extract microplastics
from environmental samples. MethodsX, v.7, p.100784, 2020.

FORERO-LOPEZ, A. D. et al. Occurrence, distribution, and characterization of suspended
microplastics in a highly impacted estuarine wetland in Argentina. Science of the Total
Environment, v. 785, p. 147141, 2021.

FRANZ, G. et al. Coastal Ocean Observing and Modeling Systems in Brazil: Initiatives and Future
Perspectives. Frontiers in Marine Science, v. 8, 2021.

FRIAS, J. P. G. L.; NASH, R. Microplastics: Finding a consensus on the definition. Marine Pollution
Bulletin, v. 138, p. 145-147, 2019.



GAYLARDE, C. C.; NETO, J. A. B.; DA FONSECA, E. M. Paint fragments as polluting microplastics:
A brief review. Marine Pollution Bulletin, v. 162, p. 111847, 2021.

GESAMP. Sources, fate and effects of microplastics in the marine environment: a global
assessment. (Kershaw, P. J., ed.). (IMO/FAO/UNESCO-IOC/UNIDO/WMO/IAEA/UN/UNEP/UNDP
Joint Group of Experts on the Scientific Aspects of Marine Environmental Protection). Reports
and Studies GESAMP, n. 90, 96 p., 2015.

GESAMP. Guidelines or the monitoring and assessment of plastic litter and microplastics in the
ocean (Kershaw P.J., Turra A. and Galgani F. editors). (IMO/FAO/UNESCO-
IOC/UNIDO/WMO/IAEA/UN/UNEP/UNDP/ISA Joint Group of Experts on the Scientific Aspects of
Marine Environmental Protection). Reports and Studies GESAMP, n. 99, 130p., 2019.

GORMAN, D. et al. Organic contamination of beached plastic pellets in the South Atlantic: Risk
assessments can benefit by considering spatial gradients. Chemosphere, v. 223, p. 608-615,
2019.

GRAY, A. D. et al. Microplastic in two South Carolina Estuaries: Occurrence, distribution, and
composition. Marine Pollution Bulletin, v. 128, n. October 2017, p. 223-233, 2018. Elsevier.

HITCHCOCK, J. N.; MITROVIC, S. M. Microplastic pollution in estuaries across a gradient of human
impact. Environmental Pollution, v. 247, p. 457-466, 2019.

KRELLING, A. P. et al. Transboundary movement of marine litter in an estuarine gradient:
Evaluating sources and sinks using hydrodynamic modelling and ground truthing estimates.
Marine Pollution Bulletin, v. 119, n. 1, p. 48-63, 2017.

KRELLING, A. P.; TURRA, A. Influence of oceanographic and meteorological events on the
quantity and quality of marine debris along an estuarine gradient. Mar. Pollut. Bull. v. 139, p.
282-298. 2019.

LANA, P. C. et al. The Subtropical Estuarine Complex of Paranagua Bay, Brazil. In: U. Seeliger; B.
Kjerfve (Orgs.). Coastal Marine Ecosystems of Latin America. Berlin, Heidelberg: Springer. p.131—
145, 2001.

MARONE, E; JAMIYANAA, D. Tidal characteristics and a variable boundary numerical model for
the M2 tide for the Estuarine Complex of the Bay of Paranagu3, PR, Brazil. Neritica. v.11(1-2), p.
95-107. 1997.

MARONE, E; CAMARGO, R. Marés meteoroldgicas no litoral do estado do Parand: o evento de
18 de agosto de 1993. Neritica. v. 8(1-2), p. 73—85. 1994.MATO, Y., ISOBE, T., TAKADA, H.,
KANEHIRO, H., OHTAKE, C., KAMINUMA, T. Plastic resin pellets as a transport medium for toxic
chemicals in the marine environment. Environ. Sci. Technol. v. 35 (2), p. 318-324. 2001.

MARTINS, C. C. et al. Anthropogenic organic matter inputs indicated by sedimentary fecal
steroids in a large South American tropical estuary (Paranagua estuarine system, Brazil). Marine
Pollution Bulletin, v. 60, n. 11, p. 2137-2143, 2010.

MENGATTO, M. F.; NAGAI, R. H. A first assessment of microplastic abundance in sandy beach
sediments of the Paranagua Estuarine Complex (RAMSAR site). Marine Pollution Bulletin. Under
review.



MOREIRA, F. T. et al. Small-scale temporal and spatial variability in the abundance of plastic
pellets on sandy beaches: Methodological considerations for estimating the input of
microplastics. Marine Pollution Bulletin, v. 102, n. 1, p. 114-121, 2016.

NUNES, T. Y.; BROADHURST, M. K.; DOMIT, C. Selectivity of marine-debris ingestion by juvenile
green turtles (Chelonia mydas) at a South American World Heritage Listed area. Marine Pollution
Bulletin, v. 169, n. April, p. 112574, 2021. Elsevier Ltd.

POSSATTO, F. E. et al. Marine debris in a World Heritage Listed Brazilian estuary. Marine
Pollution Bulletin, v. 91, n. 2, p. 548-553, 2015.

QUADROS C.J.L; MARONE E., ANGULO R.J., MARTINS G.J., PEREIRA BENTO, J. N. Dindmica
morfosedimentar associada a incidéncia de sistemas frontais em duas praias do litoral
paranaense. Boletim Paranaense de Geociéncias. v. 60-61: p. 65-74. 2009.

RIDGWAY, J.; SHIMMIELD, G. Estuaries as repositories of historical contamination and their
impact on shelf seas. Estuarine Coastal and Shelf Science, v. 55, p. 903-928. 2002.

SAPEA, Science Advice for Policy by European Academies. A Scientific Perspective on
Microplastics in Nature and Society. Berlin: SAPEA, 2019.

SRUTHY, S.; RAMASAMY, E. V. Microplastic pollution in Vembanad Lake, Kerala, India: The first
report of microplastics in lake and estuarine sediments in India. Environmental Pollution, v. 222,
p. 315-322, 2017.

UNESCO. United Nations Educational, Scientific and Cultural Organization. Atlantic Forest South-
East Reserves, 1999.

VIEIRA, K. S. et al. Occurrence of microplastics and heavy metals accumulation in native oysters
Crassostrea Gasar in the Paranagud estuarine system, Brazil. Marine Pollution Bulletin, v. 166,
p. 112225, 2021.

ZHANG, H. Transport of microplastics in coastal seas. Estuarine, Coastal and Shelf Science, v.
199, p. 74-86, 2017.

ZHENG, Y. et al. Distribution characteristics of microplastics in the seawater and sediment: A
case study in Jiaozhou Bay, China. Science of the Total Environment, v. 674, p. 27-35, 2019.

ZUOQ, L. et al. Microplastics in mangrove sediments of the Pearl River Estuary, South China:
Correlation with halogenated flame retardants’ levels. Science of the Total Environment, v. 725,
p. 138344, 2020.



