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Editorial on the Research Topic

Impacts of Marine Litter

INTRODUCTION: MOTIVATION AND SUBTOPICS

Marine litter is a global environmental concern. Between 61% and 87% of this litter is plastics
(Barboza et al., 2019; Tekman et al., 2019). In 2010 alone, the amount of plastics entering the oceans
varied between 4.8 million and 12.7 million metric tons (Jambeck et al., 2015), contributing to an
estimated total abundance of at least 5 trillion particles (Eriksen et al., 2014). In 2017, 348 million
tons of plastics were produced globally (PlasticsEurope, 2018) and in the next two decades, the
amount of plastics produced is expected to double (Geyer et al., 2017).

Continental plastic litter enters the ocean largely through storm-water runoff, is dumped on
shorelines during recreational activities or directly discharged at sea from ships (Walker et al.,
2019). The deep-sea floor is probably the final global sink for most marine litter that is not
decomposed or fractionated to the nanosize (Angiolillo, 2019). However, long-term data are scarce
and do not show any clear or significant trend with regards to variations in debris quantities
(Maes et al., 2018). In many coastal countries, mismanagement of solid waste has caused between
1.7% and 4.6% of the total plastic waste generated to end up in the sea (Hoornweg and Bhada-
Tata, 2012; Jambeck et al., 2015). Despite initiatives to monitor and reduce marine litter, such as
from United Nations Environmental Programme (UNEP), the G20, and G7, the European Marine
Strategy Framework Directive (European Commission, 2008) and action plans from the Regional
Seas Conventions (e.g., OSPAR Regional Action Plan for Marine Litter; UNEP/MAP-Barcelona
Convention Regional Plan on Marine Litter Management in the Mediterranean), harm is still far
from being understood. Moreover, standardization, and harmonization of sampling techniques,
result units and metrics is needed to achieve reliable monitoring and assessment, and threshold
values of good/not good status are still at an incipient stage, since ecotoxicological information
on the effects of the smaller fractions of plastic litter, microplastics and nanoplastics, in the
environment and on aquatic organisms is scarce (Gall and Thompson, 2015; De Sá et al., 2018;
Ogonowski et al., 2018).

The coastal landscape is frequently impacted by marine litter that impairs recreational uses
and causes a loss of touristic value. Beyond the aesthetic impact, marine litter also bears potential
economic implications to maritime activities, such as fisheries and the aquaculture sectors (UNEP,
2014). It may also affect the marine environment and the different ecosystem components (Gall
and Thompson, 2015; Rochman et al., 2016; Galloway et al., 2017; Barboza et al., 2019). First,
solid particles are ingested by fauna; whereas most of the litter will be excreted, some particles
may remain in the stomach undigested, including seafood (Rochman et al., 2015). Large differences
among taxa, resulting from differences in size and feeding habits, have been described (Kühn et al.,
2015; Bour et al., 2018; Fossi et al., 2018). Many studies have focused on selected species such as
seabirds or sea turtles which have even been proposed as bioindicators of oceanic plastic pollution
(Bonanno and Orlando-Bonaca, 2018; Fossi et al., 2018) because they feed exclusively at sea, they
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show a non-selective surface foraging, and in certain populations
most individuals present plastic debris in their stomachs (Wilcox
et al., 2015; Domènech et al., 2019). Second, plastic litter
can represent a relevant source of chemical additives, some
of them with suspected endocrine disrupting action, that
easily leach into the water since they are not bound to the
polymeric chains and become available to the estuarine and
marine fauna (Hermabessiere et al., 2017). Third, intentionally
or accidentally discarded fishing gears pose special risks for
large, air-breathing marine animals, including endangered
species, which get entangled in the nets (Lusher et al., 2018).
Conventional plastics are non-biodegradable and they may
persist in the environment for hundreds of years but also because
of hydrodynamics and exposure to light, they may fragment
into small particles readily taken up by marine organisms.
Microplastics and nanoplastics are of particular concern: ingested
by even the smallest zooplankton species they can transfer
hydrophobic pollutants (and plastic additives) into the trophic
webs, although thermodynamic models and experimental data
provide conflicting results and more research is needed in this
field (Beiras et al., 2018; Burns and Boxall, 2018; Ogonowski et al.,
2018). Finally, plastic at sea may transport alien species over long
distances or act as substratum for vagile and epistratum benthos,
providing a support to colonization (Casabianca et al., 2019).

This Research Topic includes, as yet, 13 papers covering broad
oceanic aspects of litter: development of methods, distribution in
different species and marine areas, ingestion of plastic, toxicity of
plastic associated chemicals, and policies dedicated to reduction
measures of marine litter. The impacts related to marine litter
have been evaluated from ecological, ecotoxicological, economic
and social perspectives, identifying four major subtopics for the
papers featured:

1. Sources of marine litter and environmental distribution and
sinks: surveys in water, sediments, coast and biota

2. Experimental approaches
3. Impacts on marine organisms: macro-, meio-, and micro-

fauna related to plastics and plastics’ associated contaminants
4. Regulations.

SUMMARY OF THE PAPERS

In this Research Topic, studies considering sources and
distributions of marine litter (subtopic 1) span over awide
geographic area and different environmental compartments,
presenting results from surveys in water, beaches, sediments
and biota.

Interactions between species and litter were reviewed for the
South East Pacific, indicating the importance of entanglement,
microplastic ingestion and the higher sensitivity of sea turtles to
marine litter (Thiel et al.). In the North Atlantic, a much higher
occurrence of microplastic fragments than previously reported
was found in the gut contents of mesopelagic fishes (Wieczorek
et al.). Regional surveys suggest that land-based inputs of plastics
are to be reconducted to different levels of coastal anthropogenic
pressure and population growth. In the Red Sea, low plastic
waste was found in surface waters suggesting reduced land-based

inputs from the coastal environment (Martí et al.). In Brazil, the
nature and predominance of beach litter were directly related
to beach users, with less urbanized beaches showing smaller
quantities of anthropogenic litter (Araújo et al.). In an urban
estuary in Tasmania, the type, distribution and abundance of
microplastics observed closely matched data on increasing plastic
production, coastal population growth, and proximity to urban
water outflows (Willis et al.). Some of the studies highlighted the
importance of fibers as part of microplastics with evidence of
their non-anthropic origin (Martí et al.; Willis et al.; Wieczorek
et al.), but also indicated the need of a careful assessment of the
amount of fibers in environmental samples that could be biased
by atmospheric contamination while conducting the laboratory
analysis (Willis et al.).

Methods were also addressed (subtopic 2) with a review on
constraints and priorities for conducting experimental exposures
of marine wildlife to microplastics (Paul-Pont et al.).

Impacts of marine litter and marine plastics can be varied and
concurrent, arising from entanglement, ingestion, and leaching
of plastic-associated contaminants and additives (subtopic 3). In
marine fauna, negative effects of marine litter are documented
on over 1,400 species and depend on a multiplicity of co-
factors that need to be considered when developing management
plans for the conservation of ecosystems and biodiversity
(Fossi et al.). Five studies describe the release of chemicals
and their ecotoxicological effects on marine biota (subtopic
3), including two bivalve species (O’Donovan et al.; Pittura
et al.), one crustacean (Thaysen et al.), one annelid species
(Gomiero et al.), seabirds and cetaceans (Fossi et al.), indicating
that plastics as vectors for organic pollutants may add up to
other environmental and anthropic stressors and potentially alter
survival rate and reproductive success. Clearly, action modes
and toxicological pathways, also considering transcriptional
activity, differ according to pollutants. In one freshwater species,
significant adverse effects of leachates from expanded polystyrene
were detected (Thaysen et al.).

In terms of management (subtopic 4), the role of regulation,
public perception and social license to operate in managing
waste that enters the ocean were discussed (Vince and Hardesty).
More specific case studies on paraffins were also reviewed in the
framework of environmental policies, suggesting for regulatory
measures (Suaria et al.).

KNOWLEDGE GAPS FILLED,

PERSPECTIVES AND CONCLUSIONS

Overall, this Research Topic provides a panel of various aspects of
the impacts of marine litter and plastics, and will largely support
more research toward a better understanding of any harm
caused by any material at all levels of biological organization.
Through this platform, this Research Topic also encourages
a discussion forum to better understand all potential effects
caused by marine litter, both to marine organisms as well as
to the whole marine/estuarine environment and communities,
and to propose new strategies of intervention, for prevention,
mitigation, and monitoring.
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Several gaps still need to be covered, from the harmonization
of methodological approaches to study marine litter in different
environmental compartments (i.e., sea surface, sea floor, water
column) to the evaluation of the effects on biota. Moreover,
the impact of marine litter and, in particular, microplastics and
nanoplastics, on human health is still largely debated and a more
focused research needs to be carried out to properly address
this issue.

Models on plastic distribution and transfer in all marine
compartments are needed to provide reliable estimates of
marine fluxes from land to sea. These efforts should be
strongly encouraged to better drive globally agreed prevention
and mitigation strategies to be adopted and harmonized
across countries.

CONTRIBUTION TO THE FIELD

Marine litter is an urgent environmental threat comprising
primarily plastic debris. Yet, the global production of plastic
is expected to double over the next decades, with envisaged
severe impacts across ecosystems and societies. This editorial
introduces to the Research Topic “Impacts of Marine Litter”,
aiming at a better understanding of marine litter impacts from

the ecological, ecotoxicological, economic, and social point of
view. This Research Topic also aims at proposing new strategies
for the prevention, mitigation and monitoring of marine litter.
With its 13 published papers, the Research Topic provides
new information on the environmental distribution (including
sources and sinks) of marine litter across the globe, as well as
on the impacts of plastics’ associated contaminants to marine
micro and macro fauna. It also highlights constraints and
priorities for conducting exposure experiments of marine wildlife
to plastics, discusses regulation and policy measures for land
waste management and litter disposal at sea, and identifies
remaining knowledge gaps which should be the focus of future
interdisciplinary research and policy interventions.
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