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10 EXECUTIVE SUMMARY

Plastic production, use and disposal keep increasing, and with it, the
presence of microplastics in the aquatic environment. Removing such

tiny particles from the environment is difficult, resulting in their ongoing
ultimate accumulation in the ocean. Although we do not yet fully
understand the ecological effects of microplastics, it is increasingly evident
that they are widespread throughout the environment, even found within
human bodies, and generally go along with negative impacts.

Currently, no specific regulations are
addressing microplastics in foodstuffs

or food safety. Overall, few regulations
suggest concrete limits or thresholds

for microplastics and few established
methods exist for measuring them, nor are
there regulations for removing them from
wastewater sludge. By funding research
projects, JPI Oceans has contributed to
furthering the current understanding of
the ecological aspects of microplastics

in the marine environment, as a basis to
put in place science-based regulatory
measures.

The projects funded though JPI Oceans
have confirmed that estuaries, as transition
zones between land and ocean, are key
pathways for microplastic pollution into
the ocean, with significant contamination
linked to urban wastewater and rivers
impacted by human activities. Additionally,
coral reefs have been identified as
microplastic sinks and hotspots for plastic
pollution. Researchers also discovered

that both household laundry and the
textile industry contribute to microfibres in
wastewater sludge at a concerning scale.
Remarkably, microplastics can also spread
from sea to air through sea spray.

In the ocean, animals in the mesopelagic
layer function as a “plastic pump’,
transporting microplastics deeper into

the ocean. On the seafloor, macrofauna
further contributes to the burial of

these particles into sediments. While
copepods and crabs can partially reject
or excrete microplastics, fish—especially
in estuaries—often ingest large amounts.
Many species consumed by people
contain nanoplastics - tiny plastic particles
that can penetrate biological membranes
and tissues. Moreover, not only do
microplastics pose a threat, but so do

the organisms that attach to them. For
instance, viruses that attach to and grow
on microplastics can spread far and harm
aquaculture species intended for human
consumption.

To promote solutions, the projects
developed predictive models to identify
litter hotspots, which can guide the
strategic placement of trash bins and
potentially reduce beach waste by half.
They also published best practices

for analysing microplastics in clean
water. Uptake of scientific knowledge,
implementation of possible solutions,
and formulation of adaptive regulations
requires that the research and innovation
efforts are complemented with targeted
communication and dissemination to
decision makers and other stakeholders.
This approach aims to contribute to
oceanic, environmental and ultimately
human health and to defying the threats
of unabated microplastics pollution.
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INTRODUCTION

Plastic plays a crucial role in our daily lives,
yet plastic litter and debris is a substantial
environmental and economic worry.
Every year, around 4.8 to 12.7 million
metric tonnes of plastic end up in the
world ocean, resulting in approximately
50 trillion microplastic particles floating
on the surface.! These smaller micro-
and nanoplastics particles come from
the fragmentation and weathering of
larger plastic items, such as synthetic
textiles, tyres, and marine coatings,

and are currently impossible to capture
once released into the environment.
Microplastics pollution stems from three
main sources: the breakdown of larger
abandoned, discarded, or improperly
disposed plastics; intentionally added
microplastics in products like cosmetics;
and unintentional releases during product
use or handling.?

Beginning in 2013, the member countries
of the Joint Programming Initiative
Healthy and Productive Seas and Oceans
(JPI Oceans) foresaw the growing threat
of microplastics to ecological health well
before it gained widespread attention.
Accordingly, JPI Oceans launched a first
transnational joint call in 2014 as part of
the Joint Action “Ecological Aspects of
Microplastics in the Marine Environment’,
one of its initial thematic activities. A
second call followed in 2018, supported
by thirteen JPI Oceans member countries,
plus Latvia and Brazil. Six new projects
were selected for funding to conduct
research on micro- and nanoplastic
sources, identification methods, and
effects on marine ecosystems:

« ANDROMEDA - Analysis techniques
for quantifying nano-and microplastic
particles and their degradation in the
marine environment

Coordinator: Dr. Richard Sempéré,
Université dAix-Marseille, France

« HOTMIC - Horizontal and vertical
oceanic distribution, transport, and impact
of microplastics

Coordinator: Dr. Aaron Beck, GEOMAR
Helmholtz-Zentrum fur Ozeanforschung
Kiel, Germany

* FACTS - Fluxes and Fate of Microplastics
in Northern European Waters

Coordinator: Prof. Jes Vollertsen, Aalborg
University, Denmark

» MicroplastiX - Integrated approach to
the fate of Microplastics towards healthy
marine ecosystems

Coordinator: Prof. Luca Brandt, KTH Royal
Institute of Technology, Sweden

« [-PLASTIC - Dispersion and impact of
micro- and nano- plastics in the tropical
and temperate oceans: from regional
land-ocean interface to the open ocean

Coordinator: Prof. Patrizia Ziveri, Universitat
Autonoma de Barcelona, Spain

» RESPONSE - Towards a risk-based
assessment of microplastic pollution in
marine ecosystems

Coordinator: Prof. Francesco Regoli,
Polytechnic University of Marche, Italy

This brochure summarises the key findings
from these six projects of the JPI Oceans
second joint call on marine microplastics,
presenting their insights in an accessible
format while maintaining scientific
accuracy.

www.jpi-oceans.eu
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Sinks and sources

‘ ‘ : Estuaries are gatekeepers for channeling land-
o based plastics into the ocean. The high rainfall

season causes a 10-fold increase in remobilised
microplastic concentrations in river plumes in Brazil,
which are then carried vast distances to the open
ocean by currents, tides, and waves.

Nanoplastics pose serious risks due to their small
size which allows them to penetrate biological
membranes like cells and tissues. On average, every
European ingests about 2 mg of nanoplastics per
year by eating mussels, which were found to retain
~88% of the plastics particles they consumed.

) )\ .
Causes and culprits

The seafloor acts as the ultimate sink for
microplastics. Ocean currents, turbulent mixing,
and biological transport processes lead to sinking
of microplastics and their accumulation in seafloor
sediments. Microplastics was found in estuary
sediments deposited in the 1960s, rising sharply in
concentration since then.

Plastic litter at mediterranean island beaches
increased fivefold during peak tourist seasons
compared to low tourist seasons. Best practice
examples showed that pollution control measures
and waste management systems succeeded in
reducing beach litter by up to half.

Microplastics can enter the atmosphere through

sea spray. Breaking waves cause bubbles which Tyre-wear particles (TWP) abrased from road
burst and release the contained microplastics

friction contain additives, some of which are
particles into the air. This makes the ocean not

ﬂ toxic.The additives are slowly released into the
just a microplastics sink but also a source to the ' environment, but high hydrostatic pressure in the

deep ocean accelerates chemical leaching, with
TWHPs still releasing chemicals after a year.

atmosphere.

Health and harm

Textiles are a significant microplastics polluter.

PET microfibers were most abundant in wastewater
sludge from treatment plants in Italy, up to 10 times
the amount of polyamides. PET levels reached 1.5 g
per kilogram of sludge, an amount released by
washing of ca. 1 kg of polyester fabric in a first wash.

INSIGHTS

The plastisphere on microplastics hosts diverse
communities of organisms, including harmful
bacteria, invasive worms, and dinoflagellates.
Microplastics particles offer these organisms a
substrate for growth and vector for distribution,
with implications for ecosystems and human
health.

Tools and tech

Technological innovations of tools for microplastic
analysis pushed boundaries by orders of magnitude
towards being able to analyse tinier particle sizes,
work at lower concentrations, manage higher
throughputs, obtain better precision, lower analytical
costs, cope with challenging matrices, and enable to
carry out new, efficient types of lab simulations and
experimentations.

Tuna was found to be highly contaminated with
microplastics, primarily from ingesting polluted
prey. Fish meal was also found to contain up to

100 mg of microplastics per kg, consumed by fish
when fed in aquaculture. Copepods, on the other
hand, managed to reject 80% of microplastics upon
contact with their mouthparts.

KEY
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WORLD

Globally, the UN General Assembly's Implementation Plan for the UN Decade
of Ocean Science for Sustainable Development 2021-2030 includes Challenge
1 - "Understand and beat marine pollution,” which aims to identify and mitigate
land and sea-based pollutants.*®

In 2022, the United Nations Environment Assembly (UNEA) adopted a resolution
to create a legally binding international agreement on plastic pollution, covering
the entire lifecycle of plastic from production to disposal. The Intergovernmental
Negotiating Committee began its work in late 2022, with a goal to finalise the

3 . O P 0 I_I CY c 0 N T EXT agreement by the end of 2024. This global treaty will address the significant
environmental impact of plastic pollution, including microplastics, on marine
ecosystems.

EUROPE

Although the EU lacks a comprehensive legislation for microplastics, specific
laws do exist. Since 2008, the Marine Strategy Framework Directive (MSFD) has
aimed to maintain clean, healthy, productive, and resilient marine ecosystems,
requiring Member States to develop national strategies for "good environmental
status”. Descriptor 10 of the MSFD specifies that marine litter, including
microplastics, should not cause harm.?

The European Union's Zero Pollution Action Plan aims to reduce plastic litter at
sea by 50% and microplastic releases by 30% by 2050.* The EU Mission "Restore
our Oceans and Waters" seeks to achieve tangible outcomes by 2030, focusing
on restoring ocean health, protecting marine and freshwater biodiversity and
ecosystems, eliminating pollution, and promoting a blue economy.’

In 1991, the EU adopted the Urban Wastewater Treatment Directive to protect
the environment from the harmful effects of wastewater discharges.® It mandates
wastewater treatment through physical, chemical, and biological processes.
However, this directive does not address emerging pollutants like microplastics
or microfibres. The European Commission therefore proposed a revised directive
in 2022 with broader goals, including the monitoring of microplastics in
wastewater sludge.”

In 2023, the EU ratified the REACH chemical legislation, which restricts
intentionally added microplastics in products such as cosmetics, detergents,
and toys. This legislation may prevent the release of approximately half a million
tonnes of microplastics into the environment and focuses on synthetic polymer
particles under 5 mm that are organic, insoluble, and resistant to degradation.®
A proposal is currently before the European Parliament to address microplastic
pollution from unintentional releases of plastic pellets.’
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MICROPLASTICS INTERACTIONS

WITH BIOTA

Due to their omnipresence in the marine
environment, microplastics—defined

by the European Commission as plastic
particles smaller than 5 mm?? —inevitably
interact with biota in all ocean regions,
from the surface waters, throughout

the water column, and at the seafloor.

As they move through different marine
environments, their interactions with
organisms can become increasingly varied
and complex.

Biofouling, the accumulation of organisms
on surfaces, varies substantially between
polymer types.** Biofouling can occur

in particles closer to the sea surface as

in submerged particles. To study this,
researchers submerged plastic plates in
coastal waters (0.5 to 12 meters deep)

and observed polychaete (bristle worms)
colonization after just three months.**

The plastisphere, composed of epiplastic
organisms living on floating plastic
forming biofouling communities

on microplastics, harbours diverse
communities with numerous ecological
relationships,* % and can adsorb pollutants
like trace metals.” Genetic diversity
assessments showed that the plastisphere
is diverse and site-dependent.’® In the
plastisphere, researchers have found taxa
that can threaten the health of ecosystems
and humans, such as bacteria (Vibrio

spp.), invasive worms (Hydroides elegans),
dinoflagellates (Alexandrium spp.), and
even the White Spot Syndrome virus, a
pathogen responsible for devastating

outbreaks in aquaculture systems.*?2° This
way, microplastics can facilitate the spread
of pollutants and pathogens to marine

life. Floating plastics can carry them over
long distances, while sinking plastics can
concentrate pathogens near the seafloor,
where filter-feeding animals like clams,
mussels, and oysters are more likely to
ingest both plastics and pathogens.

Transitioning to the water column, the
role of zooplankton as microplastic
carriers in the food web was investigated.
Zooplankton, particularly copepods—the
most abundant group—are crucial to
oceanographic processes.

Studies showed that
copepods rejected

80% of microplastics
upon contact with their

mouthparts.?

This find suggests a low risk of
microplastic entry into marine food webs
through planktonic copepods and minimal
trophic transfer potential.?> However,
exposure to tyre-wear particles (TWP)
leachates caused mortality in copepods,
indicating that while they may avoid
ingesting some plastics, they remain
vulnerable to other pollutants.?® Although
zooplankton can introduce microplastics
into the food web, the quantities found in
zooplankton and their faecal pellets are
low compared to other marine organisms
like mammals, birds, turtles, and fish.2*

www.jpi-oceans.eu

Estuarine fish, particularly opportunistic
predators, exhibit elevated contamination
rates due to ingesting fibre particles

from effluent discharge.?> High rainfall
exacerbates this issue by increasing
microplastic concentrations, some of
which are similar in size to zooplankton,

a crucial food source for fish and other
species.?® Coastal fish species, primarily
feeding on mobile invertebrates, also
ingest significant amounts of microplastics
but at lower levels compared to estuarine
fish.2’In an Iberian Peninsula estuary,
nearly all fish sampled had ingested
microplastics, marking one of the highest
global concentrations per fish.2® In another
study, most fish studied contained
microplastics in their muscle and livers,
with small particles dominating.®

Deep-sea species, traditionally believed

to be less vulnerable to microplastic
contamination due to their depth, might
actually be susceptible to microplastics
exposure. The mesopelagic layer of the
ocean (200-1000 m depth) is a region
with diminishing sunlight, transitioning

to complete darkness at greater

depths. While solar radiation in this

zone is insufficient to support primary
production, it harbours remarkable marine
biodiversity.*° This biodiversity plays

a crucial role in sequestering carbon,
recycling nutrients, and serving as a vital
trophic link between primary consumers
and organisms higher in the marine food
web %! Deep-sea species, particularly those
inhabiting the mesopelagic zone of the
Atlantic Ocean, were found to transfer
microplastics from shallow to deeper
ocean layers, acting as a “plastic pump”*
3132 For example, the Vampire squid,

which feeds on marine snow composed
of sinking debris and on faecal pellets,
exhibited high microplastic contamination.
Similarly, mesopelagic fish showed varying
contamination rates at different depths,
with those in the upper mesopelagic zone
(200-500 m) more exposed than those

in the zone below (500-1,000 m).303!
Lanternfishes, feeding on fish larvae, are
particularly prone to ingesting the tiniest
microplastic fractions.*® Interestingly,
higher ingestion rates did not correlate
with the abundance of microplastics in

the water column, as contamination rates
in fish along the continental slope were
similar to those near ocean islands far
from the continent.¥”

Researchers explored the relationship
between microplastics and coral

reef systems, discovering that reefs
are susceptible to becoming major
microplastic sinks. Microplastics can
accumulate in coral reefs through
adhesion to corals, ingestion by
organisms, long-term sinks in skeletons
and sediments, reduced sediment
resuspension and turbulence, and
transformation into sedimentary rocks
containing microplastics.*

These sinks increase
the risk of tropical
reefs becoming plastic
pollution hotspots,
severely impacting
these environments.

The negative effects can include reduced
coral growth and calcification, diminished
immunity enzymes, decreased fertilisation,
increased production of mucus, lowered
fitness, and adverse effects on coral
symbionts.** Microplastic pollution,
therefore, adds to the growing list of
stressors already threatening coral reefs,
including prolonged warming, ocean
acidification, deoxygenation, and intense
heat waves.

The JPI Oceans projects also studied
species commonly consumed by humans.
Along the Catalan coast, 86% of European
hake (Merluccius merluccius) and 85% of
Norway lobster (Nephrops norvegicus)
had microplastics or synthetic microfibers
in their stomachs.* % Although these
microplastics didn't appear to affect

the health of these species, the high
levels of plastic fibres found both in

the environment and in the stomachs

N. norvegicus suggest that this species
could serve as a good indicator of plastic
pollution in seafloor areas.*
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Additionally, a study found that all sampled
yellowfin (Thunnus albacares) were
contaminated with microplastics, primarily
through their prey. Of the prey in their
stomachs, 70% contained microplastics,
with cephalopods and Bramidae fish being
the most contaminated, indicating that
microplastics can be transferred through
the food chain.¥”

A study analysing fish meal—used in
aquaculture and animal farming—

found polystyrene and polyolefins at
concentrations ranging from 50 to 100
mg per kg of fish meal, while polyethylene
terephthalate (PET) contamination was
quantified at 12.9 mg/kg. These findings
highlight another potential pathway for
microplastic contamination.*® Additionally,
filter-feeding organisms like mussels and
sponges ingest significant amounts of
microplastics due to their feeding methods
and could offer bioremediation potential.*
Polychaetes Sabella spallanzanii can store
ingested microplastics in their tubes,
preventing the particles from returning

to the environment, and can be used in
aquaculture to improve water quality.*

The Mediterranean mussels (Mytilus
galloprovincialis), commonly consumed
by humans, retain 88% of ingested
microplastics, raising health concerns.
While they can reject unwanted particles
as pseudofeces and excrete larger particles
after three days, smaller particles (5-20
pm) can still be found in their bodies.*
Experiments with Mediterranean mussels
found that both synthetic (polyester

and polyamide) and natural (cotton)
microfibers disrupt energy production and
cause oxidative stress—which can lead to
inflammation and weakened immunity.
While synthetic microfibers caused more
immediate and severe effects, cotton's
impacts were delayed but still significant.
Notably, these harmful effects persisted
even after the mussels were moved

to clean water, suggesting remaining
vulnerability to future impacts after
microplastic exposure.*°

Although mussels are primary prey for
crabs, microplastic levels in green crabs

(Carcinus maenas) studied in Ria Formosa
lagoon in Portugal were found to be
lower, suggesting an ability to avoid
biomagnification, i.e. the increase in
concentration of microplastics or their
chemical additives as they move up

the food chain.** Consequently, higher-
level predators tend to have higher
concentrations of these substances
compared to lower-level organisms.*?
The lower microplastic levels in crabs
are likely due to their ability to excrete
these particles, indicating that under the
circumstances of the study environment,
biomagnification for green crabs is not a
significant issue.*

Peppery furrow shell clams (Scrobicularia
plana) showed significant protein
changes when exposed to polyethylene
microplastics with benzolalpyrene
(BaP)— the most toxic component of oil,
commonly found in the ocean from oil
spills and atmospheric deposition due

to organic material combustion. These
protein changes disrupt key functions like
glucose metabolism and trigger oxidative
stress. When the clams were exposed

to microplastics with adsorbed BaP, this
caused an even greater shift in protein
expression, indicating an increased toxicity
from this combination.*®

Macrofauna that inhabit the ocean floor,
such as worms and bivalves, play a crucial
role in burying microplastics in the seabed
through bioturbation—the disturbance

of sediment by living organisms. In
experiments, macrofauna led to the

burial of 40% of surface microplastics

into deeper sediment layers after one
week, while seabeds without macrofauna
showed that only 10% of microplastics
reached deeper layers. This finding
indicates that the presence of macrofauna
promotes the downward movement of
microplastics into the seabed through
their burrowing, feeding, and bioirrigation
activities.** In another study, all sea
cucumber specimens collected from the
Mediterranean Sea along the Salento
Peninsula, Italy, were found to contain
microplastics, with no variations observed
among different areas.*

*
The use of microorganisms for the removal of contaminants.

www.jpi-oceans.eu
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Nanoplastics, defined by the European
Commission as materials measuring
between 1 nm to 100 nm (0.001-0.1um),*
pose a particularly serious risk because
their small size allows them to penetrate
biological membranes, entering cells

and tissues.” A study on farmed mussels
from a local fish market in the Apulian
region of Italy found all mussels contained
nanoplastics, primarily ingesting particles
between 20 and 200 nm, the smallest
size class analysed. This suggests

every European consumes on average
approximately 2 mg of nanoplastics per
year through eating mussel.* In marine
mussels, ingestion of nanoplastics led to
DNA damage, overwhelmed antioxidant
defences, and oxidative damage in gills
and digestive tissues.”®

Understanding the interactions between
microplastics and biota is crucial for
assessing potential health risks to
marine organisms and humans through
consumption.

Currently, no legislation
specifically regulates
microplastics in
foodstuffs and food
safety, as ingestion of
these synthetic particles
is not yet considered

a significant threat to

human health.*

13

However, growing awareness of the
widespread presence of microplastics in
marine habitats brings attention to their
potential impact.

Research by JPI Oceans projects has
advanced our knowledge of microplastics
in marine species, highlighting potential
risks to ocean ecosystems and human
health. As our understanding of the

effects of microplastics on marine species,
particularly commercially important ones,
improves, legislation can be further refined
to protect public health.
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MICROPLASTICS DISTRIBUTION:
FROM RIVERS AND ESTUARIES TO
50 THE OPEN OCEAN

The projects investigated how microplastics travel through environments
such as fjords, estuaries, beaches, and the open ocean. While their
widespread presence is well-known, these studies offer fresh insights

into how tourism affects microplastic levels on beaches, as well as the
concerning presence of microplastics in wastewater sludge, and its
potential role in reintroducing these polymers into the environment due to
its use as agricultural fertilizer.

oxidation

S
Plastic fragments Microplastics Nanoplastics
(macroplastics) (MPs) (NPs)

hydrolysis

E P AW o W W, W W, W oW W W T W W W W N W W

Fragmentation pathway

The fragmentation process: from plastic items to microplastics and nanoplastics.*

www.jpi-oceans.eu

In northern marine waters, one study
examined the fjord's sea surface
microlayer—a natural organic film of
<lmm located at the water-air interface
containing algae, diatoms, and lipids.
Microplastics in the microlayer were
typically found at similar abundances as
in the underlying top metre of the water
column. However, offshore urban and
industrial areas, the microlayer contained
notably higher concentrations compared
to rural regions in the fjord.>

Estuaries, like fjords, are transitional zones
between land and marine environments
and serve as primary channels for
terrestrial pollution to enter oceans
through rivers. Two studies explored the
role of estuaries in transporting land-
based pollution to the sea. One study form
Brazil found that high rainfall significantly
increased microplastics concentration

in river plumes, i.e. freshwater from river
discharge that spreads over seawater and
gradually mixes with the saline ocean
water undemeath. Researchers measured
a tenfold rise during the wet season

(45 particles/m’) compared to the dry
season (4 particles/m’). During low rainfall,
microplastic concentration in the bay
increased, possibly due to reduced water
movement trapping debris nearshore.

In contrast, high rainfall increases river
flow, flushing debris from the bay into the
plume. This may increase the vulnerability
of estuarine organisms that feed on
zooplankton, as microplastics were found
to be similar in size to this food source.®

Estuaries, however, are not the final
destination for microplastics. Computer
simulations showed that estuaries are
primary pathways for plastic pollution
entering the ocean through river discharge
and plumes. While river discharge is the
primary mechanism for plume formation,
waves can also resuspend sediments from
the riverbed. Once in the ocean, plastic
particles are carried vast distances by
natural forces such as currents, tides, wind,
and waves. Researchers tracked particles
off Brazil and in the Caribbean, measuring
distances of 264 km covered in ~8 days
and 7170 km in ~180 days, respectively.

15 Key Results Microplastics Projects

These plastics can reach far into the open
ocean, serving as potential vehicles for the
spread of invasive species that attach to
the debris.%?

Additionally, less dense plastics tend to
be transported further offshore, while
denser polymers remain near continental
sources.® Another study of tropical coastal
ecosystems found microplastics in all
areas. Polypropylene and polyethylene
dominated in the estuary, their buoyancy
causing them to accumulate before
being washed ashore or sinking. In
contrast, nylon fibres, likely from fishing
gear or estuarine plumes, were more
concentrated mid-shelf, highlighting
different microplastic movement
patterns.>*

Beaches, other connector between land
and the ocean, can become heavily
polluted during peak tourist seasons.
Litter on Mediterranean island beaches
increased around 5-fold during high
tourist season, according to data collected
over one year.% A separate study used

a predictive model for litter hotspots

to prioritise efforts for effective beach
pollution management.®® Another analysis
estimated the potential of proposed pilot
actions for reducing beach waste, such

as installing new trash bins for recyclable
waste, was estimated to be as much as
52.5%.54

Research along Germany's Baltic Sea
coast revealed seasonal shifts in macro-
litter, peaking in early spring before

major cleanups and again in late autumn
after tourism and cleaning declines.
Meanwhile, microplastic levels remained
constant throughout the year.’” A study in
a natural park in Tuscany, Italy, revealed
significant pollution from polystyrene

in sandy beaches, indicating that these
low-density particles float and travel from
their sources. The highest microplastic
concentrations were found in beach
dunes, where larger plastic debris is not
removed by the cyclic swash action of
waves and is prone to further aging and
fragmentation.®®
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Managing macro-litter is crucial since
plastic debris on beaches degrades into
microplastics through processes like
solar irradiance, mechanical degradation,
and friction with sand, perpetuating
irretrievable pollution of the costal and
marine environment.

In contrast to the clear seasonal patterns
observed with macro-litter on beaches,
determining seasonality for microplastic
concentrations can be far more complex
and context-dependent, especially in
ecosystems influenced by a range of
environmental and human factors. A study
in Ria de Vigo, Spain, showed that coastal
microplastic concentrations also exhibit
significant seasonal variability, changing
unpredictably from month to month,
being influenced by factors such as winds,
river runoff, upwelling/downwelling
periods, and industrial activities. The Ria de
Vigo is an ecosystem subjected to a strong
human impact: it is Europe’'s main landing
point for fishing, an area of ecological
interest, a major focus of tourism, and a
busy area of urban and industrial activities
that coexist with mollusc aquaculture.
Such microplastic seasonal heterogeneity
can impact the results of monitoring
programmes, highlighting the importance
of considering the temporal fluctuations of
a specific area in microplastic studies.>®

Another source of pollution gaining
attention is paint particles.

Paint microplastics

are generated through
environmental
weathering,
maintenance, or
decommissioning
operations and originate
from both land-based
sources (houses,
constructions) and
maritime sources (ships,
wrecks, and maritime
structures).®

These particles pose environmental risks
due to elements like tin, copper, and zinc.
Additionally, the biocides used in maritime
paints to prevent marine organism growth
on maritime infrastructures can leach into
the water, threatening marine life due

to their toxicity. Current EU legislations
aim to reduce waste from ships, such as
Directive 2019/883, which regulates waste
discharges from ships in EU ports and
ensures adequate port reception facilities.®*
The Biocidal Products Regulation also
controls the use of antibiotic biological
substances, like antifouling paints used on
ship hulls, to protect human health and
the environment.®2 However, there is no
legislation that explicitly addresses the
waste produced by boat paint.

One of the projects studied wastewater
sludge—the residue left from water
treatment processes—from treatment
plants in Tuscany, Italy, revealing PET
(polyethylene terephthalate) microfibre
concentrations ten times higher than
those of polyamides. Microfibers might
originate from sources such as textile
industry wastewaters, illegal dumping,
abandoned fishing gear, and household
laundry. In this case, PET levels on
wastewater sludge reached up to 1.5 g per
kg, significantly higher than the levels of
polyamides.®* This amount is released by
washing 0.5 to 1.3 kg of polyester fabric
in the first wash, and 3.5 kg in subsequent
washes.® The results of this study align
with global production and consumption
patterns, where PET fibres constitute
approximately 50% of global textile fibre
production, while polyamides account for
about 5%.%°

The findings underscore
the prevalence of these
polymers in urban
wastewater, highlighting
the risks they pose to
natural water bodies
and the need to

address their removal
before the sludge is
used as fertiliser and
brought back into the
environment.
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The proposed 2022 revision of the EU's
30-year-old Urban Wastewater Treatment
Directive (see Policy Context box, page 8),
currently under review, aims to modernise
regulations by including the monitoring of
microplastics in wastewater sludge, with
targets to be achieved by 2040

The MSFD requires the EU's Member
States to develop national strategies for
monitoring and reporting various aspects
of the marine environmental status,
including the pollution with marine litter
(see Policy Context box, page 8).°> However,
the MSFD does not currently establish
limits or thresholds for plastics and
microplastics in habitats. Some existing
legislation aims to control the amount

of microplastics in the environment. For
instance, the OSPAR Convention has
guidelines for monitoring plastic particles
in seabirds. OSPAR assesses plastics

in the stomachs of Northern Fulmars
(Fulmarus glacialis) as an indicator of
environmental quality, with a long-term
goal of less than 10% of fulmars exceeding
a level of 0.1 grams of plastics in their
stomachs.®® Despite this, there is still no set
threshold for microplastics in the overall
environment.

17




6.0

18

MICROPLASTICS VERTICAL
DISPERSION: FROM SEA
SURFACE TO SEAFLOOR

In addition to microplastics being
transported laterally over long distances
and across ocean domains, its vertical
dispersion also reveals fascinating
dynamics. Less than 1% of the 4.8 to

12.7 million tons of plastic entering the
ocean each year stays afloat for a long
time. While high-density PET used in
bottles and packaging sink rather quickly,
the remaining fraction sinks over longer
periods of time. Even lighter plastics,
such as polyolefins used in single-use
items like tableware, eventually sink due
to degradation and fouling. Sunlight
causes photo-oxidation, breaking the
macroplastics into smaller pieces,
increasing their density and their ability
to absorb water. This process enhances
the adsorption and absorption of organic
environmental pollutants and promotes
biofouling, leading to their sinking and
eventual deposition in marine sediments.®

Interestingly, the ocean can also release
microplastics to the atmosphere via sea
spray. This occurs when breaking waves
cause trapped air bubbles containing
microplastics at the sea surface

microlayer to rise and burst, releasing

the particles into the atmosphere. The
researchers estimated that 136,000 tons

of microplastics are released globally

into the atmosphere each year through
sea spray,”” which is roughly equivalent

to 15 million plastic bottles every day.™
These microplastic particles can be carried
onshore and deposited on land or settle
somewhere else in the ocean.®® Supporting
these findings, a model created to track

atmospheric microplastics transport and
dispersion identified both land-based
and oceanic re-emissions as significant
sources.® Therefore, the ocean, once
considered only a sink for microplastics,
also contributes to its airborne
redistribution.

Projects also studied in detail how
microplastics disperse vertically in the
water column. In the shallow Kattegat/
Skagerrak region in the Baltic Sea,
microplastics were present at all depths
from O to 80 meters, predominated by
high-density polymers smaller than

300 um.”® A study of the large-scale
transport of microplastics from Northem
Europe to the Arctic found that the
vertical distribution of microplastics
varied considerably at different depths.
Smaller microplastics (<300 um) were
more concentrated in surface (<1 m)
and subsurface (~4 m) waters compared
to deeper waters (17-1679 m). Notably,
the smallest microplastics the study
distinguished (<50 um) constituted over
80% of all detected particles.”*

In another study, a regional model

simulated the release of four plastic types

in the Sarno River, southern Italy. Here,
biofouling caused polypropylene (PP)
and high-density polyethylene (HDPE)
particles to sink deeper in summer.
Warmer temperatures stimulates faster
biofilm growth, which increases sinking
rates, an effect that is less pronounced in
winter when biofilm growth slows down.

*x
Assuming the weight of a 1-litre PET bottle designed for containing water is approximately 25 grams.
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On the other hand, heavier particles like
polyvinyl chloride (PVC) and polystyrene
(PS) consistently sank throughout the
year. Meanwhile, smaller particles (1 and
0.1 um) tended to remain suspended in
the water column seemingly indefinitely,
complicating pollution management.”?

Buoyant microplastics may remain
suspended in surface waters, but ocean
currents and turbulent mixing disperse
them throughout the water column,
leading to their ultimate accumulation
in seafloor sediments.”*” In Galway Bay,
Ireland, high microplastic concentrations
in benthic sediments relative to the
surface waters confirmed the seafloor

as a dominant sink for microplastics.”
Findings from an Italian Marine Protected
Area further highlight this role, with
contamination levels of up to 1520 mg of
microplastics per kg of sediment.®> Oxygen
exposure oxidises plastics, increases its
density and ability to sink, leading to its
deposition.®® Sediment core analysis from
the Ebro River delta, Spain, discovered
plastics dating back to the 1960s.

While the types of
plastics found did
initially not change
significantly over time,
the total amount has
risen sharply, especially
since the early 2000s.
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After 2006, three types of plastics—
polypropylene (PP), polyethylene
terephthalate (PET), and polystyrene (PS)—
became most common, making up most
of the plastic found.”®

The JPI Oceans projects revealed some
peculiar findings while studying tyre-wear
particles (TWP), particles formed from
friction between roads and vehicle tyres
from cars.”” An analysis of road dust from
drain covers at various intersections and
roads in Germany showed significant
differences between TWP and traditional
microplastics. Car TWP were found to be
up to 16 times more prevalent than truck
TWP, indicating their greater pollution
contribution. TWP concentrations in urban
areas were substantially higher than those
of traditional microplastics (5 g of TWP
compared to 0.3 g of traditional MP per

kg of road dust). In contrast, traditional
microplastics are more mobile and
therefore were found also in remote areas
where TWP concentrations were low.”®
Higher concentrations of TWP near cities
and reduced concentrations farther away
indicate different transport behaviours
compared to lower-density microplastics.”
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- Personal care products

Plastic pellets

- Tyres
]

Synthetic textiles

Paint

Macroplastic (to become microplastics)

The major sources of microplastics and their relative contributions to the marine
environment, including macroplastics, which eventually fragment into microplastics. The
contributions are illustrated as typical annual leakage to the ocean in kilotonnes (Kt).8°

Tyres contain not just rubber but also
around 60% additives. This includes fillers
and chemicals that are gradually released,
a process accelerated by environmental
factors.”s

Once in the ocean,
tyre-wear particles leach
harmful substances like
the toxic metals zinc,
lead, and cadmium,
which pose risks to
marine ecosystems.8!

In a lab experiment, exposure to TWP
leachates led to mortality in different
copepod species within 72 hours, with
higher concentrations and longer
exposure times leading to even greater
mortality.>® Additionally, phytoplankton
species exposed to a medium containing
25% TWP leachates showed significant
growth inhibition, with more harm caused
as concentrations were increased. This

is reason for concern. Since primary
production sits at the base of the marine
food web, even a moderate reduction

of phytoplankton growth can cause an
ecosystem imbalance.”®

www.jpi-oceans.eu
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While it hasn't been demonstrated yet that
current microplastic levels in open waters
would harm phytoplankton, monitoring

is crucial in areas particularly exposed to
TWP, such as road-adjacent waters and
urban wastewater sites.

Additionally, the high-pressure
characteristic of deeper ocean areas
influences the behaviour of TWP. A study
found that high hydrostatic pressure at

2 kilometres water depth increases
chemical leaching from TWP, promotes
particle agglomeration, and releases
phosphate, which boosts bacterial growth.
Even after over a year in the ocean,
weathered TWP were found to still release
various chemicals, indicating a long-term
environmental impact.8?
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MICROPLASTICS PUSH
INNOVATIONS IN ANALYSIS

METHODS

As our demand for knowledge about
microplastic occurrence, composition
and impacts becomes more detailed
and specific, the toolbox for analysing
microplastics needs to keep pace.
Accordingly, the JPI Oceans projects
pushed methodological boundaries
by advancing technologies, software,
approaches and protocols.

TECHNOLOGIES AND
SOFTWARE INNOVATIONS

Prompted by the request to extend their
research to ever smaller (nanoplastics)
particles, the projects pushed back the
analytical limits. Based on the TUM-Parti-
cleTyper 1, able to detect particles down to
10 um,® they developed TUM-ParticleTyp-
er 2 that can analyse microplastic particles
as small as 1 ym and much faster than
before. 8 The novel software automates
the analysis process, including sample
placement beneath a Raman microscope
and calculation of material-dependent
histograms of particle and fibre sizes.

Projects also innovated technologies for
polymer identification. An automated hy-
perspectral image analysis was developed
to identify microplastic types as small as
100 um.®> A new Laser Direct Infrared Im-
aging technique achieved high recovery
rates for microplastics from fish gastroin-
testinal tracts from 100% recovery for large
particles to 75% for microfibres

Automated fluorescence staining methods
for microscopy offer a cheaper alternative
to traditional spectroscopy-based tech-
niques. Researchers therefore combined
the fluorescent dye Nile Red with ma-
chine-learning algorithms into a cost-ef-
ficient semi-automated microplastic
classification method. The algorithms do
rather well - they identify with 96% accu-
racy whether particles are plastic or not,
and classify the polymer type with 88%
accuracy.¥

ANALYTICAL PROTOCOLS AND
METHODOLOGIES

As microfibres, with PET and polyamides
being most prevalent, raise increasing
concern as pollutants of water bodies, the
projects introduced new analytical proto-
cols and methodologies for their analy-
sis. A new procedure allows to quantify
reliably the total mass of each polymer.
The method is so sensitive that it can be
applied even at low concentrations in the
range of parts per billion (ppb) and in en-
vironmental samples that contain diverse
inorganic and organic materials.®°

Limits were also pushed for the accuracy
of spectral readings using Fourier-trans-
form infrared (FTIR) and Raman spectros-
copy. These techniques can detect mi-
croplastic particles as small as 10 um but
generate instrumental noise that compli-
cates data interpretation. To address this,
researchers developed an autoencoding
network that, once trained with existing
data, removes unwanted high noise levels,
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making the method more powerful
and ideal for batch processing of large
datasets.®®

JPI Oceans projects further identified

a need for standardised methods to
detect microplastics in drinking water to
protect public health as required by the
EU Drinking Water Directive 2020/2184%,
Accordingly, project partners published
standardised guidelines for analysing
microplastics with micro-Raman and
micro-infrared spectroscopy. The
guidelines apply to various types of
clean water, including drinking water,
bottled and tap water, natural freshwater,
and injectable water for medical use.*®

In addition, recognising that many
microplastic analysis methods are costly
and labour-intensive, predictive tools
were developed to identify cost-effective
techniques tailored to specific research
scenarios.

Further investigation focused on
nanoplastic particles. Nanoplastics present
significant challenges in their identification
and quantification due to their small

size and low mass occurrence in the
environment. Researchers determined that
multiple methods need to be combined
for reliable results when studying
nanoplastics, such as integrating chemical
and size information from batch analysis
and fractionation methods.?

METHODOLOGIES FOR
ENVIRONMENTAL MATRICES

The projects also improved methodolo-
gies for different environmental mediums.
The microplastic collector "MPVortex" is
currently undergoing patent filing and
refinement for use on water surfaces and
submerged areas. They also optimised
microplastics samplers for both water and
air matrices.®%49% An active air sampler
setup now allows for continuous sampling
of suspended microplastic particles.

To analyse microplastics in marine sedi-
ments, researchers introduced the Poly-
mer Identification and Specific Analysis
(PISA) method. PISA can measure the total
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mass of microplastics in marine sediments
more accurately and quickly than tradi-
tional methods and accurately detects
levels of polystyrene, polyamides, and

PET within specific ranges.®®* Furthermore,
a new method was developed to quickly
analyse microplastics in plankton, an es-
sential food source for many fish.%

METHODS TO STUDY
ENVIRONMENTAL EFFECTS
ON MICROPLASTICS

The projects addressed the environmental
influence on microplastics, focusing on
knowledge gaps on their lifecycle, such as
weathering, degradation, and fragmenta-
tion processes.

New aggregation models were devel-
oped to integrate turbulence fluctuations
and sinking dynamics across microscale
dynamics (below millimetres), small-scale
turbulence (millimetres to metres), and
large-scale transport (kilometres). These
models now allow to investigate mi-
croplastic particle transport phenomena
seamlessly across scales.”?”*

To study the weathering of plastics under
natural conditions and plastic degrada-
tion, researchers optimised two methods
to speed up polymer breakdown. Firstly,
they produced a Portfolio of Microplastics
Analyses Protocols, which includes using
a UV solar simulator chamber to mimic
natural plastic degradation influenced by
sunlight and water in an experimental
environment.8? Secondly, they developed
an alkaline hydrolysis method capable of
degrading plastic particles into molecular
fragments within just a few hours.””

In a study of microplastics from antifoul-
ing boat paints, a project developed a
method to distinguish boat paint particles
from natural materials using visual char-
acteristics, such as colour and shape, and
chemical characteristics, such as metal
content. They found that the metal com-
bination copper-zinc offered a promising
compositional "fingerprint” to detect paint
particles.®
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COMMUNICATION AND
80 OUTREACH 9.0 SCIENCE-POLICY INTERFACE

The six JPI Oceans projects from this call generated about 160 scientific
publications and were featured in 90 press articles. However, they made strides
in reaching not just the scientific community, but also industry professionals,
educators, and local communities. Science communication was recognised as
a precondition for impact in the form of science-based decision making, as one
of the projects alluded to in a dedicated brochure.”® Accordingly, all projects
engaged in science communication, individually, teaming up among the
projects, and engaging with external organisations.

Collaborations with ESO and IRIS, companies specialising in waste management
and the circular economy, led to the development of GreenPlasma, a device
that converts non-recyclable waste into hydrogen-rich gas.®® A quantitative
Weight of Evidence tool for analysing microplastics will soon be available to the
public, aiding in monitoring guidelines and policymaking.i® Furthermore, two
innovative tools were developed to enhance citizen science. The “Twilitter” web
application tracks public interest in marine plastic pollution by analysing Twitter
data,®* while the "ANDROMEDA" app allows users to monitor microplastics on
beaches.1%?

The projects also advanced ocean literacy. One project created a Digital
Teaching Kit for The Water Code Education Project, promoting global citizenship
and sustainability among students and local communities.®® Projects also
engaged in awareness campaigns with Greenpeace and Keep the Planet,'* and
supported the exhibition “Plastics Culture: Art, Design, Environment” at the
Omero Museum in Italy. A project involved citizens in collecting microplastics
with the MicroPlastic Hunter Project, which engaged citizens in collecting
microplastics from coastal surface waters using a “minimanta” from their
kayaks.'** Another project engaged over 6,000 people through workshops,
webinars, and public activities across Europe and Brazil.® Brazilian partners, for
example, conducted educational activities and beach clean-ups, collaborating
with local schools and fishermen communities to emphasize marine biodiversity
and plastic pollution. In collaboration with projects H20 and Unique Health in
the Schools, they participated in beach and mangrove clean-ups.1%

The JPI Oceans projects connected with European and international
organisations, such as the EU MSFD Technical Group on Marine Litter, the Joint
Research Centre (JRC), and the International Council for the Exploration of the
Seas' (ICES) Working Group on Marine Litter. Additionally, the findings of all
JPI Oceans projects were showcased at the European Parliament event “Small
particles, big concerns: Marine microplastics revisited” in December 2023.
This event highlighted the need for collaborative action and a comprehensive
legislative approach to address microplastic pollution.l® One project also
delivered reports on microplastic contamination in Spain to the Catalan
Parliament!?” and on plastic pollution in the Mediterranean to the European
Parliament.1%8

A notable achievement is the development of a unique microplastics dataset
that enhances the analysis of existing databases like EMODnet. This dataset,
covering local to EU regional scales, will support the MSFD Technical Group on
Marine Litter in setting thresholds for microplastic levels in water and sediment.
Additionally, IWC-TUM, a partner in the HOTMIC project, has contributed to
the standardisation of environmental plastics regulations by the International
Organization for Standardization in the Technical Committee 61 on Plastics.

POLICY RECOMMENDATIONS

e Human health: The ingestion of microplastics and nanoplastics by humans
is proven. Due to insufficient knowledge about their health effects and those
of additive chemicals, human exposure should be limited by regulating
unnecessary plastic use and by tackling plastic pollution.

¢ Industry: To prevent future micro- and nanoplastics pollution and related
chemical toxicity, industry should be encouraged to reduce non-essential
packaging, develop alternative materials, and take greater responsibility for
recycling through cradle-to-cradle design and production processes.

» Regulation: Clear and precise regulations and standards are needed for
monitoring microplastics under the Marine Strategy Framework Directive and
should be a key focus in upcoming policy consultations and initiatives.

» Public engagement: Citizen science fosters public engagement and brings
communities closer to the issue of plastic pollution. They can also provide
valuable data but require an effective strategy to be integrated into monitoring
processes.
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