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Dr. Tommaso Giarrizzo

Instituto de Ciéncias do Mar da Universidade Federal do Ceara
Avenida da Aboligdo 3207, Meireles, 60165081 - Fortaleza, CE
tgiarrizzo@gmail.com

Fortaleza, 04 de julho de 2025
A quem possa interessar,

Eu, Dr Tommaso Giarrizzo, declaro, para os devidos fins, que Raqueline Cristina
Pereira Monteiro, portador(a) do CPF n° 992.562.662-53, sob minha orientacao da tese
de doutorado intitulada “Ingestdo de Plastico pela Biota e o Compartilhamento de Dados
Cientificos na Era do Plastico” atuou diretamente no desenvolvimento de todas as etapas
do projeto, incluindo a publicagdo de artigos, resumos e outras atividades para
comunicacdo e divulgacao cientifica entre o periodo de junho de 2019 a marco de 2024.

A pesquisadora atuou na concepgao da plataforma GLOVE - The Global Plastic Ingestion
Initiative for a cleaner world liderando o grupo de alunos para o levantamento,
planilhamento e organizagdo de informagdes oriundas de fontes secundarias por meio de
revisdo bibliografica. A pesquisadora organizou as informagdes por meio de descritores
padronizados para a visualizagdo das informagdes. A partir desses dados, como resultado,
a plataforma GLOVE foi langada e um artigo cientifico publicado sobre o produto.

Além disso, durante a sua tese, a pesquisadora atuou em atividades de laboratorio,
incluindo o desenvolvimento e aplicagao de metodologias para a digestdo com reagentes
quimicos, filtragem e extra¢do por densidade de microplasticos em tecidos organicos,
como estomagos de aves e peixes, em amostras de sedimentos estuarinos. Atuou também
na analise das amostras para a identifica¢do, medi¢do e contabilizacdo dos microplasticos,
por meio de andlise visual e fotografica. Finalmente, a pesquisadora era responsavel por
manter os dados organizados e disponiveis ao grupo de pesquisa.

Estou a disposicao para fornecer mais informacgdes, caso necessario.

Atenciosamente,

Dr. Tommaso Giarrizzo
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RESUMO
A poluigdo plastica se tornou uma ameaga global em que, at¢ o presente momento, a
ingestdo de plastico foi registrada para mais de 1.500 espécies. De pequenos
invertebrados a grandes mamiferos, diariamente, listas e listas de espécies que ingeriram
plasticos sdo publicadas e amplamente divulgadas em diversos meios de comunicagao,
entre artigos cientificos e sites especializados no tema. Contudo, essas listas ndo sao
atualizadas a medida que novas publicacdes sdo feitas. Além disso, essas publicagdes sdo
geralmente inacessiveis pela linguagem técnica e/ou paywalls das editoras tornando o
acesso a informagdo restrito a um seleto grupo e dificultando a disseminagdo de
informagao cientifica de qualidade. Desse modo, o primeiro capitulo desta tese trata sobre
o compartilhamento de dados em ingestdo de plastico, a plataforma intitulada GLOVE
(Global Plastic Ingestion Initiative), disponivel em

https://gloveinitiative.shinyapps.io/Glove/, ¢ um database aberto que permite a

visualizagdo de dados através de dashboards interativos com foco em fornecer
informagdes sobre a ingestdo de plastico e apoiar acdes a nivel local e global para
diferentes atores, incluindo cientistas, pesquisadores, agentes governamentais € o setor
privado. A plataforma permite o monitoramento de dados de ingestdo de pléstico por
grupo biologico e espécies de acordo com uma gama de descritores (e.g., tipologia, cor e
polimero). Com o desenvolvimento da plataforma foi possivel fazer o levantamento de
registros de ingestao de plastico por espécies brasileiras, inclusive da costa amazonica. A
partir do GLOVE, foi observada uma lacuna de conhecimento, a qual foi abordada no
capitulo 2 desta tese que incluem dados inéditos para a regido amazonica de ingestao de
plastico para as aves estuarinas Garga-branca-grande (Ardea alba (Linnaeus, 1758)) e
Garga-branca-pequena (Egretta thula (Molina, 1782)). A extracdo das particulas de
plasticos foi realizada através da digestdo do trato gastrointestinal dos individuos para a
recuperagdo de particulas maiores que 63 um. As particulas foram caracterizadas quanto
a frequéncia de ocorréncia (FO%), tipologia (e.g., fragmentos e fibras), cor, tamanho e
composi¢ao quimica dos polimeros. Dessa forma, o GLOVE e os resultados gerados nesta
tese trazem novas abordagens e registros para a poluig¢do plastica colaborando em prol
das metas propostas na Agenda 2030, em especial ao Objetivo de Desenvolvimento
Sustentavel (ODS) 14 - Vida na 4gua.

Palavras-chaves: GLOVE, Dashboard, Aves limicolas, Ingestdo de Plastico, Amazonia,

ODS 14
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i

. m Instituto de Pesquisas Cientificas e Tecnologicas do Estado do Amapa

Dr. Luis Roberto Takiyama

Gerente do Nucleo de Pesquisas Aquaticas — NUPAQ/IEPA - Decreto Estadual No. 8685 de 23/10/2023
Instituto de Pesquisas Cientificas e Tecnologicas do Estado do Amapé - IEPA

Rod. Josmar Chaves Pinto, s/n - Jardim Marco Zero, Macapa - AP, 68903-329
luistakiyama@hotmail.com

Macapa, 04 de julho de 2025

A quem possa interessar,

Declaro, para os devidos fins, que Raqueline Cristina Pereira Monteiro, portador(a)
do CPF n° 992.562.662-53, atuou como pesquisadora bolsista DTI-A no projeto
Observatorio do Lixo Antropogénico Marinho — OLAMAR, aprovado na Chamada
CNPg/MCTI-FNDCT CT-Petro No 43/2022, entre o periodo de junho de 2023 a abril
de 2025 no Laboratorio de Sensoriamento Remoto e Analises Espaciais aplicado a
Ecossistemas Aquaticos — LASA vinculado ao Nucleo de Pesquisas Aquaticas —
NUPAgq.

Durante esse periodo, a pesquisadora atuou na organizagdo e planejamento de campo de
macro e micropldsticos na zona costeira do Amapa, nos municipios de Amapa, Macapa
e Calcoene. As campanhas foram realizadas para coletas de macro residuos e de
amostras de agua sedimento e biota em ambientes estuarinos e costeiros, como
manguezal e praia no periodo citado acima. Além disso, atuou na comunicagdo e
divulgacao cientifica do projeto para sensibilizagdo sobre o tema no estado do Amapa.

Estou a disposi¢do para fornecer mais informacgdes, caso necessario.

Atenciosamente,

Documento assinado digitalmente

'%}' b LUIS ROBERTO TAKIYAMA
g e Data: 04/07,2025 16:45:29-0300

Verifique em hitps://validar iti. gov.br

Dr. Luis Roberto Takiyama
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PREFEITURA MUNICIPAL DE BELEM
SECRETARIA MUNICIPAL DE FINANCAS

Numero da Nota
00000004

Data e Hora da Emisséo
22/03/2023 14:06:46

NOTA FISCAL DE SERVICOS ELETRONICA - NFSe |Codigo de Verificagdo

5B33.37C1.A0FD.3A2B.46C6.7272.140B.94CF
PRESTADOR DE SERVICOS

Nome / Raz&o Social: RAQUELINE CRISTINA PEREIRA MONTEIRO 99256266253

CPF / CNPJ: 42.464.199/0001-59 Inscricdo 4074932

Endereco: SANTO ANTONIO N° 459 FU BAIRRO CURIO-UTINGA CEP 66610-180

Municipio: BELEM UF: PA

Email: ragmonteiro.oc@gmail.com Telefone: (81) 99671-1665

TOMADOR DE SERVICOS

Nome / Razdo Social: AQUASIS —- ASSOCIAGAO DE PESQUISA E PRESERVAGAO DE ECOSSISTEMAS AQUATICOS

Recolhimento: Isento/Imune/Fixo
Atividade:
Servigo:

Obrigagéao Tributaria: MEI

CPF/CNPJ: 00.129.688/0001-04
Endereco: AVENIDA PINTOR JOAO FIGUEIREDO, S/N, SESC IPARANA, PRAIA DE IPARANA CEP 61627-250
Municipio: CAUCAIA UF: CE
Email:
DESCRIGAO DOS SERVIGCOS
ENGAJAMENTO, FACILITAGAO E PRODUGAO DE RELATORIO E PLANO
Tributavel | Servigcos QTDe | Val. Uni. (R$) Val. Total
SIM ENGAJAMENTO, FACILITAGAO E PRODUGAO DE RELATORIO E PLANO (PT/EN) 1 7.110,00 7.110,00
PIS (0,0000%): COFINS (0,0000%): INSS (0,0000%): IR (0,0000%): CSLL (0,0000%):
R$ 0,00 R$ 0,00 R$ 0,00 R$ 0,00 R$ 0,00
VALOR TOTAL DA NOTA = R$ 7.110,00
Valor Total das Dedugdes: Base de Calculo: Aliquota: \Valor do ISS:
R$ 0,00 R$ 7.110,00
OUTRAS INFORMAGOES
Competéncia: 03/2023
Mun. de Prest. do Servigo: BELEM / PA
Tributagéao: Tributavel MEI
Mun. de Incid. do Imposto: BELEM / PA

821999900 - PREPARACAO DE DOCUMENTOS E SERVICOS ESPECIALIZADOS DE APOIO

1701 - ASSESSORIA OU CONSULTORIA DE QUALQUER NATUREZA, NAO CONTIDA EM
OUTROS ITENS DESTA LISTA; ANALISE, EXAME, PESQUISA, COLETA, COMPILACAO E




GUIDELINE DOCUMENT TO REDUCE PLASTIC
POLLUTION AND ITS EFFECTS ON MARINE BIOTA
IN THE NORTHEAST OF BRAZIL

NATIONAL
ﬁ«é[@nyéx §\"ERI\'4$\ D GEOGRAPHIC
e i AQUATICOS A8 SOCIETY

CAUCAIA, BRAZIL
2023




Arquivo 03

DATASHEET

COORDINATION WORKSHOP PARTICIPANTS
ONG Aquasis by Leticia Gongalves Anne Justino (Bioimpact, UFRPE)
Pereira and Vitor Luz Carvalho

Carlos Aguiar (Instituto Baleia Jubarte e

SUPPORTED BY Patrulha Ecolégica)
National Geographic Society Claudio Sampaio (UFAL)
TEAM FACILITATION Danielle Lima (Fundagcéo Mamiferos

Raqueline Cristina Pereira Monteiro Aquaticos)

Jodo Victor de Assis Peres . . o
Jodo Carneiro (Superintendéncia de

gestao de residuos)
COFACILITATION ASSISTANCE
Danilo Sena Garcia Jociery Einhardt (Fundagéo Mamiferos
Deisiane Cravo Dias Aquadticos)
Rayane Vitoria Damasceno Menezes

Kelen Melo (ONG Aquasis)

DESIGNED BY

Mika Holanda Leticia Pereira (ONG Aquasis)

Liliana Souza (Comisséao llha Ativa)

PHOTOS AND ILLUSTRATIONS
IBUIUNAS Luana Paulino (ONG Ecoassociados)

Raqueline Cristina Pereira Monteiro ) )
Luiza de Sa (RN Lixo Zero)

WRITING AND REVISION Robson Santos (UFAL)

Anne Karen da Silva Justino

Jodo Victor de Assis Peres Rodolfo Alves (Fundacdo Mamiferos
Leticia Gongalves Pereira Aquaticos)

Raqueline Cristina Pereira Monteiro

Vitor Luz Carvalho Vanessa Camara (Secretaria de

Infraestrutura, dos Recursos Hidricos e
do Meio Ambiente, PB)

Vitor Luz (ONG Aquasis)

William Dutra Teixeira (Superintendéncia
de Gestéo de Residuos Sélidos, MA)
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Numero da Nota

PREFEITURA MUNICIPAL DE BELEM 00000005

Data e Hora da Emisséo
SECRETARIA MUNICIPAL DE FINANGCAS 03/06/2023 10:43:38

NOTA FISCAL DE SERVIGOS ELETRONICA - NFSe |Cddigo de Verificagéo

B2F9.10DB.26C3.229D.CB48.7A4A.E13D.170C

PRESTADOR DE SERVICOS
Nome / Raz&o Social: RAQUELINE CRISTINA PEREIRA MONTEIRO 99256266253
CPF / CNPJ: 42.464.199/0001-59 Inscricdo 4074932
Endereco: SANTO ANTONIO N° 459 FU BAIRRO CURIO-UTINGA CEP 66610-180
Municipio: BELEM UF: PA
Email: ragmonteiro.oc@gmail.com Telefone: (96) 711665

TOMADOR DE SERVICOS
Nome / Raz&o Social: ASSOCIACAO RARE DO BRASIL

CPF/CNPJ: 20.883.176/0002-27 Inscricdo 3557195
Endereco: AVENIDA GOVERNADOR JOSE MALCHER N° 153 SALA 12 BAIRRO NAZARE CEP 66035-065
Municipio: BELEM UF: PA

Email: makahashi@ecrel.com.br Telefone: (55) 746711

DESCRICAO DOS SERVICOS
APRESENTAGAO DE PALESTRA TECNICA SOBRE CONTAMINAGAO POR RESIDUOS PLASTICOS NOS ECOSSISTEMAS COSTEIROS AMAZONICOS E SUAS IMPLICAGOES NA SAUDE
AMBIENTAL.

Tributavel | Servigcos QTDe | Val. Uni. (R$) Val. Total
SIM PALESTRA 1 1.200,00 1.200,00
PIS (0,0000%): COFINS (0,0000%): INSS (0,0000%): IR (0,0000%): CSLL (0,0000%):
R$ 0,00 R$ 0,00 R$ 0,00 R$ 0,00 R$ 0,00
VALOR TOTAL DA NOTA = R$ 1.200,00
Valor Total das Dedugdes: Base de Calculo: Aliquota: \Valor do ISS:
R$ 0,00 R$ 1.200,00
OUTRAS INFORMAGOES
Competéncia: 06/2023
Mun. de Prest. do Servigo: BELEM / PA
Tributagéao: Tributavel MEI
Mun. de Incid. do Imposto: BELEM / PA
Recolhimento: Isento/Imune/Fixo
Atividade: 859960400 - TREINAMENTO EM DESENVOLVIMENTO PROFISSIONAL E GERENCIAL
Servigo: 0802 - INSTRUCAO, TREINAMENTO, ORIENTACAO PEDAGOGICA E EDUCACIONAL,

AVALIACAO DE CONHECIMENTOS DE QUALQUER NATUREZA.
Obrigagéao Tributaria: MEI
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Emw)a

Amazdénia Oriental

PROGRAMA DE POS-GRADUAGAO EM ECOLOGIA
UNIVERSIDADE FEDERAL DO PARA
EMBRAPA AMAZONIA ORIENTAL

DECLARAGAO

Declaro para os devidos fins que a discente RAQUELINE CRISTINA PEREIRA
MONTEIRO; cursou como ALUNO ESPECIAL no 1° semestre de 2020, no Programa
de Poés-graduagcao em Ecologia UFPA/EMBRAPA, a seguinte disciplina ministrada

remotamente:
DISCIPLINA / CODIGO CH/CR |FREAQ. (%) | CONCEITO SITUA(;AO
TOPICOS ESPECIAIS EM
ECOLOGIA X -ECOLOGIAE
BIODIVERSIDADE: Impactos de 30h /2Cr 100% E APROVADO

residuos plasticos na biota
aquatica/ PGECO0045

Belém (PA), 26 de agosto de 2020

Vi

-

4 :‘V & Df/Raphael Ligeié";am‘s'o Sanf;i; -

Coordenador do Programa de Pés-graduacio em Ecologia

UFPA/EMBRAPA

Programa de P6s-graduagao em Ecologia

Universidade Federal do Para/Embrapa Amazénia Oriental
Instituto de Ciéncias Biolégicas — UFPA/Campus Guama
Rua Augusto Corréa, 01 - Guama. CEP 66075-110

Belém - Para — Brasil

E-mail: ppgecoufpa@gmail.com

Pagina eletrénica: http://ppgeco.webnode.com
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Plastic pollution in islands of the Atlantic Ocean™ R)

Raqueline C. P. Monteiro, Juliana A. Ivar do Sul !, Monica F. Costa”

Check for
updates

Laboratory of Ecology and Management of Estuarine and Coastal Environments — LEGECE, Departamento de Oceanografia - Universidade Federal de
Pernambuco, Av. Arquitetura s/n, 500740-540 Recife, Brazil

ARTICLE INFO

ABSTRACT

Article history:

Received 14 August 2017
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Available online 16 March 2018

Keywords:

Plastic debris
Caribbean Sea
Oceanic island
Marine conservation

Marine plastic pollution is present in all oceans, including remote oceanic islands. Despite the increasing
number of articles on plastic pollution in the last years, there is still a lack of studies in islands, that are
biodiversity hotspots when compared to the surrounding ocean, and even other recognized highly
biodiverse marine environments. Articles published in the peer reviewed literature (N =20) were ana-
lysed according to the presence of macro (>5 mm) and microplastics (<5 mm) on beaches and the marine
habitats immediately adjacent to 31 islands of the Atlantic Ocean and Caribbean Sea. The first articles
date from the 1980s, but most were published in the 2000s. Articles on macroplastics were predominant
in this review (N = 12). Beaches were the most studied environment, possibly due to easy access. The
main focus of most articles was the spatial distribution of plastics associated with variables such as
position of the beach in relation to wind and currents. Very few studies have analysed plastics coloni-
zation by organisms or the identification of persistent organic pollutants (POPs). Islands of the North/
South Atlantic and Caribbean Sea were influenced by different sources of macroplastics, being marine-
based sources (i.e., fishing activities) predominant in the Atlantic Ocean basin. On the other hand, in
the Caribbean Sea, land-based sources were more common.

© 2018 Elsevier Ltd. All rights reserved.

1. Introduction

Plastics are diverse, versatile and practical, reasons why they
have become indispensable in all aspects of modern life. However,
the present consumption model of most plastic items also results in
large amounts of waste with environmental, social and economic
consequences (Debrot et al., 1999, 2013). Coastal environments are
directly impacted by this form of pollution due to their proximity to
every land-based source (Jambeck et al, 2015). However, the
adjacent ocean is also vulnerable to land- and ocean-based sources
of plastics due to in situ generation and long-range transport (e.g.,
Eriksen et al., 2013; Cozar et al., 2014). Oceanic insular environ-
ments are even more vulnerable to plastic pollution because
populated islands are also potential sources of plastics; islands
retain plastics from the adjacent sea by different meteoceano-
graphic mechanisms; and, ecologically, they are unique ecosystems
in terms of biodiversity and endemism (e.g., Ivar do Sul et al., 2013).

* This paper has been recommended for acceptance by Maria Cristina Fossi.
* Corresponding author.
E-mail address: mfc@ufpe.br (M.E. Costa).
1 Present address: Leibniz Institute for Baltic Sea Research Warnemiinde, Sees-
trasse 15, 18119 Rostock, Germany.
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Oceanic islands are formed from the oceanic crust, usually as the
result of volcanic action. In the Atlantic Ocean they are widespread,
distributed along the whole basin, from North and South high lat-
itudes to the Equator (http://www.iho.int/). Some of these terri-
tories are under the responsibility of states that protect them
within different degrees and for historical and/or strategic reasons
(e.g., Tristan da Cunha). Being territorial extensions of developed
nations, they might (or not) share social and environmental policies
with their head-administrators. Others are island-nations (e.g.,
Cape Verde) with very different management options (e.g., Mohee
et al.,, 2015).

In the Atlantic Ocean, due to geologic, environmental and cli-
matic diversity, some islands are uninhabited, while others are
occupied by a few to thousands of people. The extreme scenery
frequently make these islands tourism destinations, and the local
economy grows heavily dependant on this income. However, often
they have to face a limited number and reach of services and re-
sources (water, space, locally produced food and wastes manage-
ment options). This is particularly relevant in the Carribean Sea,
where permanent and/or temporary occupation associated with
high costs for waste disposal result in potential land-based sources
of plastics to hundreds of insular environments and surrounding
waters (e.g., Curagao).
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The strandline is one of the first deposition habitats of microplastics before they are integrated to the beach as a
standing stock or finally removed. Beaches, entirely or partially protected by beachrocks, have different sedi-
ment dynamics and therefore may present variation in microplastic deposition. The aim of this work was to test
if protected and unprotected (i.e., exposed to waves) areas of a sandy beach present different microplastic
accumulation on the strandline — a habitat greatly influenced by both water and sediment dynamics.
Microplastic (MP) amounts were significantly higher at the protected area (Motected = 642.6 + 514.8 MP m~2

Meyposed = 130.6 + 126.8 MP m ™2, Mann-Whitney U test, U = 14.5, p = 0.0009), showing that beachrocks
influence microplastic accumulation on the beach face. Therefore, hard structures parallel to the beach may also
affect microplastics deposition on beach sediments, being important to consider these structures on microplastic

surveys.

Microplastics (MPs) have been now identified in all coastal and
oceanic compartments (e.g., [var do Sul and Costa, 2014). The in-
adequate disposal of plastic waste is the main source of fragments (i.e.,
secondary MPs) to the ocean because they are a result of the degrada-
tion and consequent fragmentation of larger plastics in the environ-
ment. Primary MPs, on the other hand, are already in the millimetre
size scale when reach the sea, and are represented by pellets lost during
handling and marine transport in ports; microbeads from cosmetics;
and fibres from synthetic clothes from domestic effluents (Avio et al.,
2017). Generally, fragments are numerically dominant over other pri-
mary MPs, but the proximity to specific sources, such as ports or was-
tewater treatment plants, might be relevant to determine prevalent
types of sampled MPs.

Most papers on MP pollution use the 5mm upper limit to char-
acterize this category of pollutant (see recent discussion by Frias and
Nash, 2019), but some also consider MPs as those with < 1 mm in size.
Probably the upper limit is chosen according to the aim of a specific
study (Morét-Ferguson et al., 2010), or if there are instrumental lim-
itations for visual inspection and/or chemical identification. For ex-
ample, applying the visual identification as the only tool to identify MPs
is generally acceptable to particles > 1 mm in size (Hidalgo-Ruz et al.,

2012). However, the fraction below 1 mm is apparently more sig-
nificant in terms of environmental effects (Costa et al., 2016), and,
therefore, techniques are now available to consistently extract and
identify MPs in smaller size ranges (e.g., Vianello et al., 2013).

Beaches are among the most studied environments in terms of MP
pollution. On the foreshore, MPs have already been identified on the
strandline, representing those MPs that are recently deposited on the
beach (i.e., last tidal cycles) (Costa et al., 2010). Different coastal
morphodynamics will result in different distribution, amounts and even
composition (according to the density of specific polymers) of stranded
MPs, but information on their small-scale (< 1 km) behaviour on the
beach face is rare in the literature (e.g., Lozoya et al., 2016). Also,
currents, tides, waves, winds and hard structures such as beachrocks
can significantly influence MPs transport on beaches, being important
to be noted when identifying their potential sources or preferential
accumulation zones (Critchell and Lambrechts, 2016). Beachrocks are
sedimentary deposits cemented by calcium carbonate that occur mainly
in the tropics, being more frequent in Australia, Greece, and Brazil
(Vousdoukas et al., 2007). In Brazil, beachrocks are disposed parallel to
the coastline and play a role by protecting the beach face against direct
wave action (Pereira et al., 2016).

* Corresponding author at: Leibniz Institute for Baltic Sea Research (IOW), Seestrasse 15, 18119 Rostock, Germany.
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Microplastics (MPs) are widespread and cause many impacts, yet their distribution and abundance are unknown
for the Amazon coast. We estimated the abundance and distribution of microplastics at a sandy beach on the
northern Brazilian coast during April 2014. Sand was collected and analyzed at three depth strata (0-20, 20-40
and 40-60 cm). MPs (250-500, 501-5000 um) from each depth were sieved and retrieved by flotation when
necessary. We found 492.5 + 556.4 particles m ~3, with fibers comprising up to 95%. The abundance decreased

with depth (61.5, 25 and 13.5% from the surface to 40-60 cm) and the deposition zone showed higher densities
compared to the erosion zone. Although present in low to moderate abundance, MPs were widespread on the
beach. The Amazon coast is an important area for fisheries and traditional communities, and further studies of its
potential as a source or sink of MPs are needed.

Plastics and microplastics (MPs) are widespread in the world's
oceans and coasts, from pristine to highly impacted environments. Most
studies of plastic pollution and its impacts have been conducted in the
marine environment, but research on estuarine and freshwater systems
has increased in recent years (e.g. Karthik et al., 2018; Zhang et al.,
2018), since rivers are important sources of debris for the oceans. MPs
flowing through river basins can be deposited along the river banks,
beaches, mangroves and urban coastal cities, and such areas may be
more vulnerable to plastic pollution and deposition (Leite et al., 2014).

The Amazon River may carry 3.22.10" tons per year of plastic waste,
making it the 7th highest polluter river in the world (Lebreton et al.,
2017). However, the flow, distribution and impacts of plastics are
barely known for the Amazon. The sparse published data on MPs in the
Amazon basin are limited to studies on accidental ingestion by marine
fish (Pegado et al., 2018) and freshwater fish (Andrade et al., 2019),
and laboratory experiments on the biological effects of MPs on Sym-
physodon aequifasciatus, a freshwater cichlid (Wen et al., 2018a, 2018b).

Amazon coastal beaches are generally wide, long, dissipative and
macrotidal environments, with the coastal current and winds as the
most important environmental forcing factors (e.g. Sissini et al., 2017).
Tourism is an intense activity in some regions; for instance, the muni-
cipality of Salinopdlis with about 40,000 residents, may receive >
280,000 vacationers during July and December (IBGE, 2018). Corvina
Beach in Salinépolis was selected for this study, since tourism may be
an important source of plastics and the beachfront is one of the main
tourist attractions of the municipality. In addition, the local fisheries

* Corresponding author.
E-mail address: martinelli@ufpa.br (J.E. Martinelli Filho).
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may also be marine- and land-based sources of plastics, since fishing is a
main commercial and subsistence activity for the Brazilian Amazon
coast (Castello et al., 2013).

Data on MPs from sandy beaches are scarce for the entire South
American Atlantic coast, particularly considering the vertical distribu-
tion and density of these particles (Turra et al., 2014; Moreira et al.,
2016). In order to study the occurrence and abundance of MPs, we
estimated for the first time the horizontal and vertical distribution of
these particles at an Amazon sandy beach with different social and
economic uses.

Corvina Beach (00°36713”S; 047°22/33”W) is located in Salinépolis
Municipality on the northeastern coast of Para state, Brazilian Amazon
(Fig. 1). This relatively well-preserved beach lacks a vehicle access and
has a single pedestrian access corridor. A vegetated buffer zone, com-
posed of mangrove, tidal channels, sandbanks and typical vegetation
(Silva et al., 2010) lies between the urbanized beachfront and the
beach, which is nearly 2km long and can be wider than 1km during
low tide. It is classified as dissipative and further divided into an ero-
sion and a deposition zone (Ranieri and El-Robrini, 2016).

During April 11 and 12 2,014, four quadrants, each 400 m? (Q01 to
Q04) were marked along the beach. Two quadrants were placed in each
zone: Q01 and Q02 in the erosion zone and Q03 and Q04 in the de-
position zone. Five trenches (each 1 m?) were randomly placed in each
quadrant, all located above the drift line and 350 to 600 m apart.

The sand from each trench was dug and separated into three depth
strata: from the surface to 20, 20-40, and 40-60 cm. The deepest

Received 24 October 2018; Received in revised form 20 May 2019; Accepted 22 May 2019
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Keywords: Plastics are one of the most used materials in the world. Their indiscriminate use and inappropriate disposal have

GLOVE dashboard database led to inevitable impacts, for instance ingestion, on the environment arousing the attention of the global com-

Z\hldhfe . munity. In addition, plastic ingestion studies are often written in scientific jargon or hidden behind paywalls,
onservation

which makes these studies inaccessible. GLOVE is an online and open-access dashboard database available at
gloveinitiative.shinyapps.io/Glove/ to support scientists, decision-makers, and society with information
collected from plastic ingestion studies. The platform was created in the R environment, with a web interface
developed through Shiny. It already comprises 530 studies, including all biological groups, with 245,366 indi-
vidual records of 1458 species found in marine, freshwater, and terrestrial environments. The main goal of the
GLOVE dashboard database is to improve data accessibility by being a scientifically useful grounded tool for
designing effective and innovative actions in the current scenario of upcoming global and local agreements and
actions on plastic pollution.

Plastic debris
Microplastics
Plastic crisis

1. Introduction efforts and involvement of all sectors, including scientists, governments,

industries, third sector entities, and society.

Currently, plastic pollution is recognized as a global crisis, and we
are moving forward to a global agreement to combat this issue. The
UNEP resolution named “End Plastic Pollution: Towards an interna-
tionally legally binding instrument” in the Fifth Session of the United
Nations Environment Assembly (UNEA-5) reinforced the creation a
plastic pollution international agreement by the end of 2024. The res-
olution addresses whole lifecycle of plastics, including their production,
design, and final disposal (UNEP, 2022). The transition to a global
agreement needs science-based information accessibility to support the

* Corresponding authors.

In this context, an open-access platform is a powerful tool to aid the
identification of knowledge gaps and provide guidance for ongoing and
future measures. Also, this is relevant to obtain accurate conclusions
reducing the number of redundant studies and rising and inspiring new
research-based solutions. The availability of web-based platform data
has a crucial role in the application of science-based management ac-
tions and public policies (e.g., Global Partnership on Marine Litter —
www.gpmarinelitter.org, Global Biodiversity Information Facility
(GBIF) —www.gbif.org, Freshwater Information Platform (FIP) — www.fr
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ABSTRACT

Oceanic islands are important areas of environmental, social, economic, and scientific interest. Therefore,
it is essential to identify pollutants in these environments, including large (1 mm to < 5 mm) and small
microplastics (SMP) (1 um to < 1 mm). Here, SMP were identified and characterized in the windward (WW)
and leeward (LW) beaches of Fernando de Noronha Island. Samples were collected from 900 cm? quadrants
on the strandline of 15 sandy beaches and were sieved through stainless steel sieves with 1 mm mesh. The
SMP were characterized according to their shape, colour, and size. Synthetic fibres and fragments were
identified, and synthetic fibres were predominant. Statistical differences were not found between the WW
and LW beaches (160.0+137.5 particles m? and 128.0+84.3 particles m? respectively; Mann-Whitney U
test: U=198.5; p=0.81) in relation to the total amount of SMP deposited on the beaches. Also, both types/
shapes were present in the two groups of beaches (Friedman'’s test, X? r=6.09; p=0.91). The environmental
forcings controlling the transport and potential deposition of synthetic fibres may have been different from
those acting on fragments that more resembled the grains of sand in the beaches. Although it is difficult to
prevent allochthonous sources of SMP at the small scale, management actions on the island are mandatory
to prevent autochthonous sources.

Descriptors: Plastic pollution, Oceanic islands, Marine conservation, Atlantic Ocean, Brazil.

al., 2015; Gigault et al., 2018). However, SMP and large
microplastics have the same sources (Boucher and Friot,
2017). Primary SMP are already at the microscopic scale

INTRODUCTION

Scientists, civil society, and governments have

recently (< 10y) increasing concerns about the impacts
of microplastic pollution on marine ecosystems (Hu
et al,, 2019; Van Wijnen et al., 2019). Microplastics are
plastic particles with a size of 1 um to 5 mm; because
they have diverse behaviours within marine habitats (i.e.
transport mechanisms and potential impacts), they can
be classified as large (1 mm to < 5 mm) or small (1 pm
to < 1T mm) microplastics (SMP) (Van Cauwenberghe et
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m ©2019 The authors. Thisis an open access article distributed under
the terms of the Creative Commons license.

when they reach the sea, such as microbeads used in
cosmetics; they can enter marine environments from
sewage discharge on land (Browne et al., 2011; Boucher
and Friot, 2017). On the other hand, secondary SMP
originate from the degradation and fragmentation of
relatively larger plastics in the environment (Frias and
Nash, 2019).

Generally, the smaller the size of the microplastics,
the greater the number of marine animals susceptible
to interaction (e.g. ingestion) with these particles; they
then have the potential to be introduced into marine
trophic webs (Gusmao et al., 2016; Wang et al., 2019).
Also, the harmful effects of SMP are potentially worse
when organic or inorganic pollutants are adsorbed onto

Ocean and Coastal Research 2020, v68:e600000 1
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A clean ocean

The role of Amazon on the transport and as a source of microplastics (MPs) to the ocean is uncertain. This study is
an assessment on the distribution of MPs and microfibers (MFs) in a portion of the Amazon delta. Guajard bay is a
potential source for surrounding waters, since a metropolis is located at the right margin. Surface water samples
were collected during the dry and rainy season of 2014/2015 at six stations. MP and MF abundance ranged from
218 to 5529.98 (1565.01 + 196.94) particles-m 2. Transparent, white and blue particles were frequent. Higher
values were detected on the right, urbanized margin of the bay (p = 0.0124). Most of the particles were

anthropogenic cellulose fibers (68.8 %). Polyethylene terephthalate (52.9 %) and polyamide (34.4 %) were the
dominant polymers. Our results indicate higher MP and MF abundances near to the potential source, the urban
nucleus, and related to local hydrodynamic characteristics.

Plastics are omnipresent in our daily products, but since these ma-
terials are not properly disposed of or recycled, they reach the aquatic
ecosystems. The plastics accumulated in the environment, coupled with
their slow fragmentation, resulted in a widespread distribution of micro-
sized plastic particles, even in relatively preserved (Morais et al., 2020)
and remote areas (Bergmann et al., 2017). In addition, tropical envi-
ronments are expected to be polluted by microplastics (MPs) since they
have a higher rate of plastic degradation and consequent MP formation
due to high temperatures, exposure to ultraviolet light and weathering
rate (Arias-Villamizar and Vazquez-Morillas, 2018).

The continent is the main source of plastics, transported primarily by
watersheds (Meijer et al., 2021) to the ocean. Amazon, the largest
world's river basin, is the natural source of huge loads of sediments,
associated to its massive freshwater discharge (>5 x 102 m?/y, Callede
et al., 2010) and the largest contributor to solute release to the Atlantic
(Nittrouer et al., 2021). Therefore, it is expected that the Amazon basin

* Corresponding author.
E-mail address: martinelli@ufpa.br (J.E. Martinelli Filho).
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becomes a significant source of plastics due to the intense discharge and
recent urbanization (Giarrizzo et al., 2019). In addition, Brazil is the 4th
country in the world in terms of plastic waste production and is one of
the least effective plastic recyclers (approximately 1.3 %), well below
the global average (Kaza et al., 2018).

Guajard bay, located at the southern region of the Amazon delta, may
be a potential source of MPs, since the second and fourth largest cities in
the Amazon are located at the right margin (IBGE, 2021). Sewage
collection and treatment are neglected at the Brazilian Amazon, being
nearly or totally absent in most cities (Mansur et al., 2016). In addition,
the Brazilian Amazon contributes around 6 million tonnes/year and 328
kg/capita/year of solid wastes, which lacks a significant recycling chain
(ABRELPE, 2021).

Rivers are the main MP transport route to the ocean, and these
particles can present long-term retention, putting at risk the freshwater
biota (Yuan et al.,, 2022). The Amazon biome presents the greatest

Received 7 July 2023; Received in revised form 2 September 2023; Accepted 6 September 2023

0025-326X/© 2023 Published by Elsevier Ltd.



Arquivo 15

Marine Pollution Bulletin 207 (2024) 116805

ELSEVIER

Contents lists available at ScienceDirect
Marine Pollution Bulletin

journal homepage: www.elsevier.com/locate/marpolbul

Baseline

™

Check for

Plastic nests: The first record of the Yellow-rumped Cacique (Cacicus cela) |
and the Great Kiskadee (Pitangus sulphuratus) building nests with discarded

fishing material on the Amazon Coast

Raqueline Monteiro ®™ ", Emarielle Coelho Pardal ", Marcelo Andrade *°,

a,

Dayene Santiago Mendes 4. Carine Gomes Moraes
Marcus Emanuel Barroncas Fernandes ¢

2 Observatério do Lixo Antropogenico Marinho (OLAMAR), AP, PA, MA, Brazil

a,c

, José Raimundo Salustiano Da Silva

a,d
)

® Laboratério de Sensoriamento Remoto e Andlises Espaciais Aplicado a Ecossistemas Aquaticos (LASA), Instituto de Pesquisas Cientificas e Tecnolégicas do Estado do

Amapa (IEPA), Macapa, AP, Brazil

¢ Grupo de Biodiversidade e Bioprodutos da Amazonia Maranhense, Universidade Federal do Maranhao (UFMA), Pinheiro, MA, Brazil
d Laboratorio de Ecologia de Manguezal (LAMA), Universidade Federal do Para (UFPA), Campus de Braganga, PA, Brazil

ARTICLE INFO ABSTRACT

Keywords: The Amazonian coastal ecosystems face a significant threat from plastic contamination, posing a major risk to
Nesting their biodiversity. Here, we provide the first evidence of using plastics in nest building by Yellow-cacique
Bird . Cacique (Cacicus cela) and Greater Kiskadee (Pitangus sulphuratus). During 2023 and 2024, 15 nests built with
E::jz;formes ropes and fishing lines were recorded in the Brazilian Amazon Coast, a colony of 12 nests in the State of Amapa

Fishing line
Plastic pollution

and one nest in Para for C. cela, and one nest for P. sulphuratus was observed in Maranhao during the fieldwork,
covering all Brazilian Amazon Coast. These nests were observed on the edge of mangroves, built with solid waste

from fishing activities, pointing out how environmental pollution can be incorporated into wildlife this issue. Our
records emphasize the effect of plastic pollution on two passerine species associated with mangrove forests and
the need for conservation measures and further research.

The Amazonian marine, coastal, and estuarine habitats are very
productive and diverse, supporting the hotspots for biodiversity, such as
mangroves (Miloslavich et al., 2011). Anthropogenic pressures like
overfishing, ocean acidification, altered land wuse, and pollu-
tion—including plastic waste—are negatively impacting these hotspots
(Hader et al., 2020) and the traditional communities along the Amazon
coast who depend on these environments for food, their subsistence, and
income generation (Watson et al., 2018). Plastics and microplastics are
being identified in different sample arrays from several reservoirs,
including biota in the Amazon (Morais et al., 2024). However, plastic
pollution studies in the area are still scarce, although it is essential to
preserve the biological diversity of the area and its people (Giarrizzo
et al., 2019; Morais et al., 2024).

Papers on the relationship between plastics and biota date back to
the 1960s (Thompson et al., 2009). The main focus of these studies is
plastic ingestion, entanglement (Thompson et al., 2009), and, more
recently, about using plastic in nests (Blettler and Mitchell, 2021;

Miloslavich et al., 2011). Hundreds of interactions between plastic and
coastal and marine biota have been observed (Flemming et al., 2022;
Kiihn et al., 2015; Kiihn and van Franeker, 2020; Monteiro et al., 2022).
Plastic ingestion has been documented extensively globally and is
known to cause negative effects on the digestive system. Plastics may
lead to issues like blockages and ulcers or induce a deceptive sense of
fullness (Kithn and van Franeker, 2020). Other interactions include the
use of plastic as nesting material for birds (Battisti et al., 2019; Blettler
and Mitchell, 2021), including studies in Brazil (Azevedo-Santos et al.,
2022). This use can be harmful to species at the individual or ecosystem
level since “decorated” nests (i.e., the presence of plastic in nests) could
be more susceptible to predation when compared to undecorated nests
(Mansfield et al., 2024). Also, studies have shown that adults and chicks
are entangled in plastics used to build nests (Antczak et al., 2010;
Blettler and Mitchell, 2021; Bond et al., 2012).

Birds, especially seabirds, are the most biological group studied
regarding interactions with macro- and microplastic, such as ingestion

* Corresponding author at: Instituto de Pesquisas Cientificas e Tecnoldgicas do Estado do Amapa, Brazil.

E-mail address: raqmonteiro.oc@gmail.com (R. Monteiro).
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Arquivo 18

_ MINISTERIO DA EDUCACAO ]
FUNDACAO UNIVERSIDADE FEDERAL DO AMAPA

CERTIFICADO N° 335/2023 - DPG (11.02.28.06)

N° do Protocolo: 23125.029483/2023-18
Macapa-AP, 13 de Novembro de 2023

Certificamos para os devidos fins que a MS.” Raqueline Cristina Pereira Monteiro ,
ministrou a palestra intitulada "Observatorio do lico antropogénico-OLAMAR", no dia 18 de
setembro de 2023 com carga horaria de 3h, na mesa redonda "A ERA DO PLASTICO NO
CONTEXTO AMAZONICO", ofertada pelo Programa de Poés-Graduagio em Ciéncias
Ambientais (PPGCA) da Universidade Federal do Amapa (UNIFAP), tendo como remediador,
o coordenador do curso Dr. Alexandro Cezar Florentino

(Assinado digitalmente em 13/11/2023 11:58 )

ALEXANDRO CEZAR FLORENTINO
COORDENADOR DE CURSO
Matricula: 2107910

Para verificar a autenticidade deste documento entre em https://sipac.unifap.br/documentos/ informando seu niimero, ano,
tipo, data de emissdo e o codigo de verificacdo: be4a84calf

https://sipac.unifap.br/sipac/protocolo/documento/documento_visualizacao.jsf?imprimir=true&idDoc=976913
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Arquivo 19

_ MINISTERIO DA EDUCACAO ]
FUNDACAO UNIVERSIDADE FEDERAL DO AMAPA

CERTIFICADO N° 327 /2023 - DPG (11.02.28.06)

N° do Protocolo: 23125.029435/2023-20
Macapa-AP, 13 de Novembro de 2023

Certificamos para os devidos fins que a Ms.” Raqueline Cristina Pereira Monteiro ministrou
a palestra intitulada "GLOVE-Global plastic intestion initiative", no dia 26 de outubro de
2023 com carga hordria de lh, na Disciplina Poluicdo Plastica: ocorréncia e impacto
ambiental, ofertada pelo Programa de Po6s-Graduagdo em Ciéncias Ambientais (PPGCA) da
Universidade Federal do Amapa (UNIFAP), tendo como professora responsavel a Dra.
Emarielle Coelho Pardal.

(Assinado digitalmente em 13/11/2023 10:31 )

ALEXANDRO CEZAR FLORENTINO
COORDENADOR DE CURSO
Matricula: 2107910

Para verificar a autenticidade deste documento entre em https://sipac.unifap.br/documentos/ informando seu niimero, ano,
tipo, data de emissdo e o codigo de verificacdo: ca9belc897

https://sipac.unifap.br/sipac/protocolo/documento/documento_visualizacao.jsf?imprimir=true&idDoc=976801
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UNIVERSIDADE DO ESTADO DO AMAPA
PRO-REITORIA DE GRADUACAO
DIVISAO DE APOIO AO ENSINO
COORDENACAO DO CURSO DE ENGENHARIA AMBIENTAL

DECLARACAO

A Coordenacio de Engenharia
Ambiental, no uso de suas atribuicoes
legais conferidas pelo Decreto n°.
3608/2022 e, de conformidade com o

Estatuto desta Universidade,

Declara para os devidos fins de direito que Zenaide Palheta Miranda (presidente),
William Kalhy Silva Xavier e Raqueline Cristina Pereira Monteiro participaram, como
avaliadores, da banca examinadora do Projeto de Trabalho de Conclusao de Curso I, intitulado
“Diagnéstico do Lixo Marinho na Area de Manguezais da Planicie costeira do Goiabal-
Calgoene-AP” apresentado pelo (a) académico (a) Jéssica Amaral Gama, do curso de

Engenharia Ambiental desta Universidade, realizado no dia 21 de Agosto de 2024.

Macapa-AP, 11 de Novembro de 2024.

Welliam Chaves Monteiro da Silva
Coordenador do Curso de Engenharia Ambiental
Decreto n° 3608/2022

Avenida Presidente Getulio Vargas, 650, Centro, Macapa (AP).
CEP: 68.900 — 070

Cod. verificador: 325146913. Cod. CRC: 1D621BA
SIG-DOCs | Documento assinado eletronicamente por WELLIAM CHAVES MONTEIRO DA SILVA,
AT @] DOCENTE/COORDENADOR DE CURSO DEC. 3608/2022, em 12/11/2024, conforme decreto n° 0829/2018. A

Elotrénica autenticidade do documento pode ser conferida no site: https://sigdoc.ap.gov.br/autenticador
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UNIVERSIDADE CENTRO ACADEMICO

FEDERAL

DE VITORIA
DE PERNAMBUCO

TRABALHO DE CONCLUSAO DE CURSO

DECLARACAO

Declaramos, para os devidos fins de comprovagdo, que o Trabalho de Conclusdao de Curso
intitulado: MICROPLASTICOS NO PLANCTON: UMA POLUICAO INVISIVEL,
desenvolvido por Paula de Melo Souza, sob orientagao do(a) Professor(a) Silvia Helena Lima
Schawamborn, foi apresentado e aprovado em 13/05/2022. Este trabalho esta vinculado ao

Curso de Licenciatura em Ciéncias Bioldgicas do Centro Académico de Vitoria (CAV-UFPE)
e faz parte da Disciplina TCC 2.

Participaram como membros titulares da comissdo examinadora:

Silvia Helena Lima Schawamborn
Centro Académico de Vitoria - UFPE

Ernani Nunes Ribeiro
Centro Académico de Vitoria - UFPE

Raqueline Cristina Pereira Monteiro
Universidade Federal do Para

Vitoria de Santo Antao, 13/05/2022

Centro Acadbemc de Visieia - UFPE
e
P SWE: 165403
Luiz Augustinho Menezes da Silva
Licenciatura em Ciéncias Biologicas — CAV
Coordenador(a) do TCC2
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