
1. Introduction
With around 4 billion tonnes of waste in-

cluding plastics generated worldwide each year
and annual plastic production reaching 400
million tonnes by 2021, the worldʼs ocean
receives around 20 million tonnes each year, of
which 8 million tonnes is plastic from the conti-
nents. No sea, no ocean is spared and the most
remote areas, beyond the polar circles, also

receive some. For specialists, marine litter con-
sists of all materials or objects that are directly
or indirectly, voluntarily or involuntarily, dis-
carded or abandoned in marine aquatic environ-
ments or connected to the seas and oceans. This
definition covers a very wide range of sizes from
mega-waste（＞ 1 m）, to microplastics（1Ȃ5,000
µm: Fig. 1）and even nanoplastics（＜ 1 µm）.
They are classified according to the nature of
the material, such as plastic, metal, glass, rubber
or wood, or according to sources or uses, such as
fishing gear, industrial pellets, sanitary ware and
single-use plastics.

According to the United Nations Group of
Experts（GESAMP, 2019）, plastics consist of
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polymers synthesised from hydrocarbon or bio-
mass molecules with thermoplastic or thermoset
properties. It is the main component of marine
litter and has a wide range of properties, shapes
and compositions. Depending on the area, these
materials can account for up to 100% of marine
litter and their increase in the marine environ-
ment has long been ignored, reinforced by eco-
nomic policies that favour single-use, disposable
and non-repairable products. In a few years, the
problem has become global.

The problem of litter pollution is not really
new. In chapter 11 of his famous book "Twenty
Thousand Leagues Under the Sea"（VERNES,
1870）, published in 1870, Jules Vernes describes
in Chapter 11 the accumulation of debris in the
Sargasso Sea, an accumulation attributed to the
circular currents that allow boards and other
floating ropes to be concentrated. However, the
share of plastics, which was non-existent at the
beginning of the 20th century, has become very
important in recent years. Although the first
descriptions of plastic floating on the surface of
the oceans date back to the 1970s, in the Atlantic
and Pacific Oceans, all compartments of the ma-
rine environment are now affected. It is esti-
mated that 1Ȃ5 trillion plastic bags are consumed
globally each year（UNEP, 2018）. At sea, about
40% of the waste is single-use plastic packaging,
made to be light and strong, but unfortunately
persistent in the environment.

Marine litter is present in all habitats, from
densely populated areas to remote regions

（BARNES et al., 2009）, from beaches and shallow
waters to deep ocean trenches（PIERDOMENICO et
al., 2019）. Sources are often diffuse and mainly
land-based. Wastes come from rivers, sewage,
sewage overflows, inappropriate or illegal dis-
charges or dumping and runoff, and directly
from some human activities such as tourism. It is
estimated that more than one million tonnes of

plastic waste enter the ocean each year from the
20 most polluting rivers, mostly in Asia, account-
ing for a significant percentage, between 60 and
80% of the worldʼs total plastic at sea（GALGANI et
al., 2021b）.

Through degradation and fragmentation, plas-
tic waste is transformed into microplastics. The
diversity of polymers that form these plastics
and their properties makes understanding their
fate very complex, some sinking immediately,
others, of low density such as polyethylene and
polypropylene, moving on the surface with the
currents. Primary microplastics such as indus-
trial granules or microbeads used in cosmetics
are designed to be small and represent a signifi-
cant fraction of microplastic inputs, but the vast
majority of these, known as secondary, are
derived from the fragmentation and degradation
of larger debris. The most recent work has
shown the importance of certain sources such as
textiles, via washing cycles in machines or emis-
sion of fibres into the atmosphere, tyres, from
rubbing or on tarmac, or fragments from boat
paints. Plastic pollution also enters the marine
environment due to deficiencies in treatment in-
frastructure, including water treatment. For
plastic microparticle streams alone in water
from wastewater treatment plants in Europe,
concentrations can reach up to 10 million
particles/m3（GALGANI et al., 2021b）.

Other sources of marine litter can be attri-
buted to shipping, industrial exploration and
offshore oil platforms, fisheries and aquaculture

（GESAMP, 2015; 2019）, as well as to the inten-
tional loss or disposal of, for example, containers,
ballast weights and cargoes. Fishing waste（Fig.
1）is most characteristic, particularly in the
Western Pacific and Indian Ocean where it is not
uncommon to see buoys or pieces of net accumu-
lating on isolated archipelagos where they have
been transported. In some fishing areas, marine
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litter consists entirely of abandoned, lost or
discarded fishing gear（PHAM et al., 2014）. The
amount of such litter is not well known, although
some estimates are available. About 640,000
tonnes per year, according to MACFAYDEN et al.

（2009）, and about 70%（by weight）of floating
macroplastics in the high seas are fisheries-
related（ERIKSEN et al., 2014）. It is also estimated
that 5.7% of all fishing nets, 8.6% of all traps and
29% of all lines are lost globally each year

（RICHARDSON et al., 2019）.
On a more local scale, microplastic granules,

which are synthetic industrial products lost
during production or shipping, become plastic
waste before they are even used. These inputs
constitute a risk of future accidental pollution, as
illustrated by recent events such as the
stranding of plastic microbeads on the Sri
Lankan coastline in 2021 following the loss of
containers（The Washington Post https://www.
washingtonpost. com/world/2021/06/01/nurdles-
sri-lanka-ship-wreck-plastic-pellets/ accessed on
1 October 2021）.

Inputs from extreme events and natural disas-
ters, such as hurricanes, floods, earthquakes and
tsunamis, as well as accidents, can reach millions
of tonnes each year and match the magnitude of
regular inputs from the land（CARLTON et al.,
2017）. The tsunami in Japan in 2011 is the most
representative and recent example of massive
accidental waste inputs, this event generated
about 5 million tonnes of waste discharged into
the sea（MINISTRY OF THE ENVIRONMENT OF

JAPAN, 2012）, some of which drifted to the sur-
face towards the convergence zones and the
eastern coasts of the Pacific Ocean（MURRAY et
al., 2018）.

The nature of the litter varies greatly de-
pending on whether it is beach, surface or sea-
bed based, and on the activities in a region. Ob-
servation, trawling, aerial surveys, plankton

collection, aerial photography, use of submersi-
bles or scuba diving are the various possible ap-
proaches to assessment, each corresponding to a
particular site, region or biotope. Numerical mod-
elling completes the methodological approaches.
It allows the location of likely accumulation areas
and the prediction of the fate of objects at sea,
including indications of transboundary transport.

At sea, the duration of degradation is subject
to external factors such as luminosity and the
presence of oxygen, which is less at depth, or the
possibility of abrasion, particularly on beaches.
Thus, the lifespan of waste is very variable, from
two weeks for newsprint, a few years at least for
fine plastics and several hundred years for cer-
tain polymers such as telephone cards（1000
years）or fishing lines（600 years）. Glass, con-
sidered inert, can persist for thousands of years.

In the coastal environment, at the surface of
the sea, plastics are mainly made up of polyethy-
lene, polypropylene and expanded polystyrene.
But in addition to these three types of resins,
there are a dozen other polymers in lesser pro-
portions. These are all polymers that are less
dense than sea water and can therefore remain
on the surface. In the open sea, still at the sur-
face, we still find mainly polyethylene（90%）and
polypropylene（10%）, the polymers most pro-
duced in industry and probably the most persis-
tent in the open sea. The water column has been
much less explored than the sea surface. It
seems that from a few metres down in the water
column, microplastics are distributed differently.
They are mainly small microplastics and
synthetic fibres, which are only a few hundred
or even tens of micrometres in size, whereas at
the sea surface, the particles detected measure
several hundred micrometres to a few millime-
tres.

In the sediments, denser polymers such as po-
lyesters or polyacrylics are found（77% on
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average）but surprisingly, fragments of poly-
mers less dense than seawater are also found

（GALGANI et al., 2022）, which have therefore un-
dergone vertical transport from the surface to
the bottom via processes that are very poorly
understood. These processes could include colo-
nisation by micro-organisms or integration into
aggregates made of organic matter and responsi-
ble for the normal process of transferring this or-
ganic matter to the bottom.

2. Beach litter
Most work on plastics at sea has focused on

coastal areas due to proximity to sources, ease of
access/assessment and for aesthetic reasons.
Data is most often based on measurements of

quantities or flows of waste categories, on tran-
sects of varying width and length. This makes it
difficult to build up an overall quantitative pic-
ture of beach litter. In addition to scientific work,
beach clean-ups are important sources of data,
sometimes providing information on the number
of items, their weights; types of materials, and
even their use or origin. These assessments re-
flect the long-term balance between inputs, land-
based sources or strandings, export to the sea,
burial, degradation and clean-ups. Certain factors
largely influence densities, including storms,
rainfall, tides, and hydrological changes.

The most common scientific approach is to
conduct regular post-cleanup surveys to reveal
long-term patterns and cycles of accumulation,

Fig. 1 Plastic pollution affects all areas of the marine environment:（A）Microplastics collected on the
surface, Mediterranean Sea,（B）Beach litter, Northwest Atlantic,（C）Fishing litter, Northwest Atlantic,

（D）Accumulation of plastic litter on the bottom, Mediterranean Sea, Ramoge campaign, 2200M.
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while not requiring a lot of time. In particular,
this approach allows the assessment of flows. It
mainly concerns the space between the sea and
the upper submerged limit of beaches, at sites
most often chosen for their ecological relevance,
accessibility and particular anthropogenic activi-
ties and sources. Beach shape, location and na-
ture of debris are also important selection crite-
ria（TURRA et al., 2014）. In addition, most surface
sediment counts do not take into account the
overlay and burial of debris, grossly underesti-
mating the quantities present. It appears that
glass and hard plastics accumulate more easily
on rocky shores（GALGANI et al., 2015）. Waste of-
ten washes up on beaches without strong pre-
vailing winds（Fig. 1）, which can carry it
offshore（GALGANI et al., 2000）. Furthermore, the
abundance and composition of litter often varies
between different parts of an individual beach,
with the highest amounts frequently found at
high tide or storm lines. For this reason and be-
cause of beach topography, patchy distribution is
a common distribution pattern on beaches, par-
ticularly for smaller, lighter items that are more
easily dispersed or buried. High concentrations
range up to 78. 3 items/m2 or even more than
5,000 items/m2 in the case of extreme events
such as typhoons or floods（GALGANI et al., 2015）.
In general, the results indicate the prevalence of
plastics, with higher loads near urban areas and
tourist regions（BARNES et al., 2009）. However,
other types of waste may also be important in
some areas, in terms of type（wood）or use（e.g.,
fishing gear）. The lack of large-scale trends

（GALGANI et al., 2021b）in many beach studies is
probably due to the heterogeneity of sources
and factors that may influence the small-scale
distribution.

3. Litter on the seabed
The seabed remains the least known part of

the oceans. Litter has been observed on almost
all types of seabeds, but the highest concentra-
tions have been observed in canyons and
trenches（GALGANI et al., 2022）, due to their
physical and geomorphological characteristics.
Recent work has assessed human impacts on
deep-sea environments, determined temporal
trends, shown the presence of characteristic ob-
jects or sources, and evaluated the effectiveness
of measures. Some studies have even covered
the deepest areas, such as the Mariana Trench

（CHIBA et al., 2018）. However, with a poorly
described distribution and circulation of water
different from surface currents, one of the major
issues of the coming years, a real challenge of
the 21st century, will be to discover these re-
mote and deep areas where large amounts of de-
bris probably accumulate.

Generally speaking, average densities range
from 0 to more than 7, 700 items/km2. The
highest densities of plastic litter are found in
coastal areas, in enclosed bays, including coral
reef lagoons, fjords and at the heads and upper
slopes of marine canyons. They very often end
up at the bottom of canyons or in areas of low
circulation where sediments can accumulate.
High densities have been found in the Barents
Sea, the North Sea, the Bay of Biscay and the
Western Pacific. In addition to canyons, the pres-
ence of deep, converging currents, leading to
high sedimentation rates, accounts for accumula-
tions at great depths. Distant regions such as the
Arctic regions can receive substantial amounts
of waste（5,351Ȃ8,082 items/km2; TEKMAN et al.,
2017）, probably due to deep and converging cur-
rents（GALGANI and LECORNU 2004; TEKMAN et al.,
2017）. However, the quantities are much smaller
in the Antarctic region.

Piles of several tonnes of waste have been
demonstrated in some underwater areas, some-
times several tens of miles offshore. In the
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abyssal plain, high densities are the result of
populated areas and intense maritime activities

（MORALES-CASELLES et al., 2021）. Extreme aver-
age values, above 10,000 items/km2, have been
found in Sardinia, Malta, California and the South
China Sea. In some areas of the Mediterranean,
densities of up to 10, 000 items/km2 have even
been identified（Fig. 1）. This is mainly heavy
waste, metal, glass, plastics or dense packaging

（HARRIS, 2020）. This situation is linked to the
high population density on the coast, the high
volume of maritime traffic, the presence of large
rivers（Nile, Po）and the intensive tourist activi-
ties around this closed basin（UNEP, 2015）.

Finally, the accumulation of microplastics on
the seabed is still very poorly documented, even
though it is known that many macro-waste pro-
ducts are stored in the seabed away from light
and therefore have extremely slow degradation
kinetics. In general, microplastics in deep-sea
sediments are present in greater quantities than
in surface waters, which supports the hypothesis
that they constitute a reservoir of microplastics

（HARRIS, 2020）.
These microparticles have been found in sedi-

ments all over the world（GALGANI et al., 2022）
with higher average concentrations in fjords, es-
tuarine environments, and in shallow coastal en-
vironments. Unlike macroplastics, microplastic
concentrations are generally not associated with
local sources of contamination. Of particular in-
terest are the high densities observed in the
Arctic; up to 6,595 items/kg of sediment, compa-
rable to those observed in populated areas and
even higher than the amounts reported by many
other studies, including marine canyons. These
densities are likely related to atmospheric
transport and deposition, a now-recognised path-
way for microplastics in remote areas

（BERGMANN et al., 2019）. Finally, several studies
have highlighted the importance of fibres, most

of which account for more than 50% of micro-
plastics, often reaching 70Ȃ90% of total micro-
plastics（e.g. HARRIS, 2020）.

4. Floating litter
It is estimated that there are 24 trillion floating

microplastics on the surface of the oceans（ISOBE

et al., 2021）. Although the coasts are generally
the most affected, transport at sea can take place
over long distances, sometimes from one conti-
nent to another. Imagine the massive arrival of
several dozen species fixed on floating waste and
acclimatising in an area, disrupting interspecific
relations and in particular the organisation of
ecosystems. This situation is demonstrated by
the arrival of 289 new species of macro-fauna
and macro-flora counted on the coasts of North
America, without regard for microorganisms, on
plastic objects that crossed the North Pacific
Ocean within 6 years of the 2011 Japanese tsu-
nami（CARLTON et al., 2017）.

At sea, the main principles of geostrophic cur-
rent dynamics condition the 'journey' of waste.
Due to the trade winds at the equator, the mean
residual surface circulation, dependent on inter-
actions with the atmosphere, is oriented west-
ward in the three ocean basins of the Pacific,
Atlantic and Indian Oceans. The inflow of water
to the west of these three basins causes water to
flow north or south, generating significant water
movements. Five major currents for each of the
North and South Atlantic, North and South
Pacific and Indian Ocean basins flow back and
forth at high latitudes towards the east, as a
result of the Coriolis force, and bring the water
masses towards the eastern coasts and then
partly back to the equator, closing the oceanic
vortex which functions like a vortex or, more
graphically, like the draining of water from a
sink. At the centre of these moving water
masses are areas of low dynamism, known as
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'convergence zones' or ocean gyres. All floating
objects and living organisms are then moved by
the currents to these areas of weak circulation.
Floating piles of plastic waste in these areas
have been in the news recently because of the
convergence zones, which have been exaggerat-
edly described as plastic continents that exist in
all ocean basins. In the Western Pacific, for ex-
ample, the waste arrives with the equatorial
current and bifurcates towards Australia, via the
Australian Current, or towards Japan in the
north, via the current known as the Kuro Shio.
Before heading back eastwards where they will
create, through the giant gyre, these famous con-
centration zones.

Together with the oceanic gyres, these zones
alone should receive between 35 and 60% of all
plastic waste at sea within thirty years. The col-
lective imagination is very sensitive to this infor-
mation. However, while the image is spectacular,
as is that of plastics concentrated in a plankton
net after collecting samples from several thou-
sand square metres, the quantities of plastics are
greater in certain coastal areas such as the
Mediterranean, the Bay of Bengal and South-
East Asia are the most affected areas（ERIKSSEN

et al., 2014）, and the actual quantities in the
gyres represent only a few thousand tonnes. In
coastal areas, the problems can be even greater
due to massive inputs and lack of dilution.

5. Long-term trends
In a comprehensive article on the evolution of

quantities in the different compartments of the
marine environment, a number of realities have
been mentioned（GALGANI et al., 2021a）. While
the production and input of plastics in the sea
has increased since the 1950s, several modelling
studies predict a further increase in these
respective quantities in the coming years. The
compilation of scientific literature on marine lit-

ter trends is mainly based on monitoring pro-
grammes. These are very often partial, very di-
verse, and frequently focus on limited compo-
nents of the marine environment in different
regions, covering a wide spectrum of marine lit-
ter types, with limited standardisation. In-
creasing amounts of plastic are found in some
regions, especially in remote areas, but the large
number of studies does not demonstrate a con-
sistent temporal trend. The observation of a
steady state of plastic amounts in many marine
compartments, as well as the fate and transport
of plastic in the marine environment, remain
areas that require further research.

Most studies indicate constant amounts of lit-
ter in coastal marine ecosystems in recent years
until 2019. The increase in the amount of plastic
observed in remote areas over time could there-
fore be interpreted as a long-term transfer of lit-
ter from directly affected areas to areas with lit-
tle or no human activity. Nevertheless, while the
total amount of plastic waste predicted globally
is increasing, as models suggest, the apparent
steady state of plastic amounts observed in
coastal systems calls into question our ability to
predict the sources and fate of plastic. More
standardisation and coordination are needed be-
fore we can reliably report on plastic waste
trends. A reduction in marine temporal trends is
possible for some types of plastics, subject to so-
cietal reduction measures, as is the case for in-
dustrial granulates, which have received much
attention in regional action plans following
changes in industrial practices. Until there is a
better understanding of the mechanisms behind
the apparently stable amounts of plastics re-
corded in marine surveys, identifying possible
trends will remain a challenge. There are still
many gaps and uncertainties in the rates of deg-
radation, burial and transport of plastics in the
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marine domain.

6. Impact of litter on ecosystems
Throwing waste into nature is not without

consequences as it can remain there for a long
time. In recent years, the known number of
species impacted by waste has reached 1,400
species（CLARO et al., 2019）. The impacts of plas-
tics at sea can be presented in two main types

（GALGANI et al., 2020）: global impacts at the eco-
system scale mainly related to species transport
and impacts at the organism and population
scale.

In terms of ecosystems, plastics constitute a
new habitat for many species at sea, particularly
benthic macro-organisms such as arthropods,
molluscs, hydrae, bryozoans, and many micro-
organisms, bacteria, viruses, fungi, micro-algae of
the dinoflagellate genus and diatoms（Fig. 2）.
These species will rapidly colonise plastic waste
at sea, attaching themselves to it and even de-
veloping. Not only do they encourage the coloni-
sation of new environments, sometimes thou-
sands of kilometres away, but the alteration of
the balance of ecosystems, caused by the
transport of species, also represents a major risk.
There is also clear evidence of the presence of
invasive, toxic or pathogenic species that can
alter the marine organisms of the regions to
which they are transported.

At the individual level, the impacts of plastic
waste at sea are particularly visible on large ma-
rine animals, including seabirds（Fig. 2）, mam-
mals and turtles trapped in large plastic waste
such as ghost nets. The ingestion of microplas-
tics by plankton or certain fish or even whales
are other examples of effects. The most signifi-
cant case is that of sea turtles, so common in the
tropics, where up to 100% of individuals, depend-
ing on the region of the world, have waste in
their stomachs. However, compared to macro-

plastics, microplastics are far more numerous
and affect the entire marine food chain more
widely. Because of their small size, they are eas-
ily ingested by a very large number of species.
Once ingested, these microplastics can either ob-
struct the digestive system or simply pass
through it, the primary route observed in the
laboratory. However, the smallest particles, such
as nanoplastics, can also pass through the diges-
tive membranes and migrate into the circulatory
system or even into other organs, as has been
observed in fish. In any case, even a simple
transit of microplastics through the digestive
tract（Fig. 2）induces major changes in the biol-
ogy of the animal that has ingested them:
changes in digestion that disrupt energy input
via the diet, a direct source of cellular stress,
with disruptions in the major physiological func-
tions of growth, immune defences and reproduc-
tion. In addition, the additives contained in plas-
tics can also be released in the particular
conditions of the digestive tract during transit
and cause chemical disruption, with associated
endocrine disruption for example. The entire life
cycle of an organism can thus be affected with
trans-generational repercussions. The interac-
tions between prey, predators, the environment
and microplastics require a complex approach,
on a community scale, taking into account the di-
versity of plastic waste, as this has a strong in-
fluence on its fate and behaviour at sea and
therefore on its toxicity.

Because of the adsorption properties of micro-
plastics, particularly persistent organic pollu-
tants which can be attached to their surface
thanks to their hydrophobic properties, contami-
nants can be carried. Polychlorinated biphenyls
or polycyclic aromatic hydrocarbons, heavy
metals（Hg, Cd, Pb...）and pesticides can be
found on their surface. However, even if the ac-
cumulation of persistent organic pollutants has
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Fig. 2 Impacts caused by plastic are environmental, social, economic and can affect
human health:（A）Aesthetic impact in an equatorial beach of eastern Atlantic,（B）
Bycatch of litter in bottom trawl fisheries affecting fishermen’s community in the
Mediterranean Sea.（C）Radiolaria colonies formed on a bottle submerged at
depths of several hundred metres（Mediterranean Sea, RAMOGE cruise, 2018）.
Transport of invasive species, with or without risk, may affect biodiversity and in
some cases human health.（D）Fish-eating bald eagle nest buit with a mix of wood
and plastic（Pacific coast of Mexico）. The mixing of litter has significant impacts
on marine species.（E）Experimental ingestion of microplastic fluorescent poly-
ester particles accumulated in the digestive gland of an oyster (Ifremer/A. Huvet）.
The ingestion of plastic by marine organisms may have environmental costs, and
impact on human health.
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been demonstrated in certain organisms, micro-
plastics are apparently not the main vectors
compared to other particles suspended in the
seas and oceans. Furthermore, the effect on bio-
accumulation in marine organisms does not seem
to be predominant in human food. Indeed, from a
chemical point of view, despite an identified risk,
the levels of polymer constituents and/or their
additives（phthalates, bisphenol A）in the sea
remain well below toxicity thresholds and if plas-
tics play a role as vectors of pollutants, this re-
mains a minor route of contamination of the ma-
rine environment, much less important than
traditional pollution, particularly in urban or in-
dustrial areas.

7. Socio-economic impacts
The costs generated by plastics at sea are

most often linked to human activities（Table 1）.
These costs amount to millions of euros each
year for some communities and in some regions
of the world, they affect a significant percentage
of fishing fleets（Fig. 2）. The first obvious
economic impact is related to the consequences
of the pollution of coastal areas, particularly
beaches and foreshore areas, by plastic. The her-
itage value of the sites is largely affected, and
the economic stakes linked to tourism can be
strongly affected（recent closures of very tour-
isty beaches for example）. These impacts are
often of an aesthetic nature（Fig. 2）and are re-
flected and quantified by the significant costs of
cleaning.

Along the coastline, aquaculture activities can
be the cause of significant inputs of plastics to
the marine environment, particularly in shellfish
production areas（oysters, mussels and other
shellfish）due to losses of material, whether
unintentional or not. Socio-economic impacts also
concern underwater interventions on the bottom
of ports or along the coastline as well as environ-

mental awareness and education programmes.
The most bulky waste also poses risks to ship-
ping and in some countries, such as Japan, can
account for up to two thirds of the damage paid
by insurance companies to fleets. In addition to
transport, these impacts are also significant for
fishing vessels, with additional costs for cleaning
and repairing nets or lines, as well as indirect
costs related to the alteration of fish stocks due
to unintentional catches of lost or abandoned
nets. This issue of ghost nets is particularly criti-
cal in certain regions of Europe（South Brittany,
North Adriatic, Gulf of Lion）where stock losses
can reach 2 to 3% of an entire population of cer-
tain species（GALGANI et al., 2020）. More gene-
rally, the costs associated with the socio-
economic impacts are still poorly known, with
costs estimated at around 260 million euros for
marine litter in European waters alone. For the
worldʼs oceans as a whole, the financial damage
is estimated at around 12 billion euros per year

（UNEP, 2021）. Finally, this economic pressure
also affects recreational boating due to the fre-
quent accidents caused by plastic nets or sheets
caught in boat propellers or cooling systems.

Whether they are mainly washed up or some-
times floating, it should never be forgotten that
waste can have effects on human health, inclu-
ding pieces of glass, syringes and medical waste
that can cause injury or even contamination. It is
now a fact that microplastics are present in all
compartments of our environment and have en-
tered our food. In particular, their presence has
been shown in commonly consumed seafood
products such as mussels and other shellfish,
with quantities varying according to geographi-
cal location. Microplastics have also been found
in crustaceans, and also in many species of fish,
mainly in their digestive systems. The presence
of significant quantities of microplastics in table
salt should be highlighted. Moreover, human



147Plastic oceans

Table 1. Summary of the impacts of marine litter on the economic sector with an estimation
of their respective importance（modified from UNEP, 2015）. += Low; ++= moder-
ate; +++= high,; ?= unknown

SECTOR IMPACT IMPORTANCE
Health risks ++
Legal action +
Hidden cost ?

Municipalities Removal of waste ++
Beach cleaning +++

Negative publicity ++
Cost of bad labelling +

Tourism Cost for beaches +
Negative publicity ++

Promotion de the region ++
Reduced income +++

Reduced recreational opportunities ++
Loss of aesthetic appeal ++

Industry Damage to equipment +
Increased maintenance +

Time lost per facility and staff +
Removal of waste +

Aquaculture Manual removal of waste +
Damage to vessels and time lost by staff +

Cleaning of nets +
Navigation Damage to vessels +

Cost of rescue operations +
Legal obligation +

Negative publicity +
Cleaning and dredging of ports +

Labelling for ports +
Non-governmental organisations Operational costs ++

Financial support ++
Volunteersʼ time +++

Fisheries Repair of damage to fishing gear ++
Replacement of lost gear ++

Reduction/contamination of catches ++
Reduced fishing time +

Cleaning of gear +
Ecosystem services Costs of degradation +
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exposure to microplastics is not limited to the
food chain, but can also occur through inhalation
of microplastics and airborne fibres. This route
of entry may be even more important than food,
but it varies greatly depending on the
environment and is often associated with certain
work environments. Concerning the impact on
the health of consumers of products containing
microplastics, there is still relatively little
knowledge and several questions are currently
being asked about the composition of microplas-
tics, polymers and additives, mainly phthalates,
bisphenol A, brominated flame retardants and
nonylphenols, which are known to be potentially
toxic.

8. What measures?
Limiting the input of plastic waste into the en-

vironment is the first solution to improve the
state of our seas and oceans. Reduction, Reuse
and Recycling must be developed by all manu-
facturers, retailers, communities and consumers.
This requires joint efforts and improvement of
collection and processing infrastructure: in-
creasing the performance of materials kept in
the system and finally, reducing the negative im-
pact of plastic packaging. Wastewater treatment
plants are also strategic investments in the fight
against marine pollutants, enabling the removal
of pollutants. In addition to the removal of
macro-waste in sewage systems, usually by
screening, sewage systems must take into ac-
count micro-particles, which have recently
become a significant source of pollution.
Wastewater treatment plants are not specifically
designed to retain them, but can nevertheless
play an important role in limiting the input of mi-
croplastics into the marine environment. How-
ever, the varying concentrations, nature of the
discharges, different materials, shapes and sizes
make it difficult to implement homogeneous

processes. The purification capacities depend on
the degree of elaboration, but specific modules
are needed to achieve almost 100% elimination in
the most elaborate systems. Moreover, abate-
ment does not mean the disappearance of par-
ticles but their trapping, most often in sewage
sludge. Therefore, the reuse of sludge, especially
in agriculture, poses the problem of its return to
the natural environment, as no current " post-
treatment" allows for their total elimination. In
the end, the current approach remains mainly
useful for water purification, for reuse by hu-
mans, including for everyday consumption,
rather than a real solution for preventing pollu-
tion of the natural environment.

For several years, research has focused on the
development of sustainable biobased polymers,
i.e., polymers obtained from renewable re-
sources, while being both persistent and there-
fore difficult to degrade. Examples include devel-
opments in bio-based polyethylene, polyamides
and polyurethanes, and even polyethylene ter-
ephthalate （PET）. Thus, substituting fossil
carbon with biosourced carbon, known as renew-
able or "short cycle" carbon, can be considered a
relevant strategy for limiting greenhouse gas
emissions, whose repercussions on climate
change are now real. Nevertheless, obtaining
sustainable bio-based materials is far from neu-
tral. From an environmental point of view, com-
petition for resources and the potential for defor-
estation and water depletion remain a problem.
In addition, the substitution of petrochemical
plastics by their biobased counterparts does not
solve the problems of pollution and accumulation
of plastics in the terrestrial and aquatic environ-
ment.

Numerous studies have been initiated in the
research world to develop new polymers with a
biodegradation resistance time equivalent to the
time of use. Plastic waste from these so-called
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"biodegradable" materials would thus have the
advantage of being able to biodegrade in situ

（water, soil, compost）, which appears to be a
particularly relevant strategy in the case of plas-
tic waste, which is becoming uncontrolled waste
at the origin of the contamination of all ecosys-
tems, and the marine environment in particular.
These new materials, biodegradable and bio-
sourced（at least in part）, will have to meet cer-
tain requirements in terms of functional proper-
ties and use. All studies today tend to develop
models to help design 'tailor-made'（bio）de-
gradable polymers whose（bio）degradation
could be controlled by playing on previously
identified physical and chemical factors intrinsic
to the polymer. Designing a rapidly biode-
gradable material in an environment as complex
and constraining as the marine environment im-
plies, however, being able to evaluate and
demonstrate this property in a repeatable, re-
liable and unequivocal manner using a set of
standardised methods and analytical conditions.

Cleaning the seas or oceans can only be justi-
fied when the waste has value. This value can be
direct, such as lost fishing nets that could be re-
paired or recycled, or it can be indirect, such as
in the case of coastal clean-up where the re-
covered plastic itself has little value but its ab-
sence maintains the heritage value of a site. It is
this reason and the economic aspect attached to
certain places such as beaches that justify the
significant expenditure on clean-up.

The case of a large-scale organised clean-up,
particularly in oceanic convergence zones, pre-
sents problems in terms of implementation costs
linked to the distance of these zones, the risks of
failure of the systems operated and the asso-
ciated repair costs, and the accidental capture of
marine organisms with passive behaviour such
as floating plastics（plankton, young turtles,
small fish）. The heterogeneity and non-

recyclability of plastics that have been at sea for
a long time demonstrate the hypothetical nature
of this approach, which is nevertheless sup-
ported by the public. In the same way, it is in-
conceivable to imagine collecting waste on the
seabed because of the costs involved. Thus, in
general, apart from valuable objects, cleaning up
at sea will not provide the necessary solutions to
the problem. It is only justified locally, in tourist
or urban areas, on the basis of citizensʼ initiatives
or locally for economic reasons.

The management of plastic pollution at sea is
exceptionally complex and requires an inte-
grated approach encompassing scientific, legisla-
tive, economic and social aspects. New technical
approaches, using tools such as automated sen-
sors, remote systems, or new indicators, should
be able to support the acquisition of new
knowledge. In terms of understanding the ef-
fects of plastics on wildlife and the environment,
risk assessment, including assessment of the
spatial extent of interactions between animal
species and plastics, holds great promise.

The main knowledge gaps for scientists and
managers also relate to accurate counting using
standardised methods, the degradation of plastic
in the various compartments of the marine envi-
ronment and the measurement of the smallest
particles and their effects. More studies are also
needed to determine the transfer of contami-
nants to organisms, including the transfer of ad-
ditives, and the role of plastic debris as a vector
for the transport of pathogens, or more generally
of species at risk. More generally, the need for a
better understanding of the links between ma-
rine litter flows and their costs for targeted
measures is very important in order to propose
more adapted and targeted means of control.
These include the generalisation of more sus-
tainable production and consumption patterns,
as well as conditions for the scaling up of
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alternative, more environmentally friendly prod-
ucts.

Other, more recent avenues, show the impor-
tance of research, particularly in solving
problems related to the recyclability of materials.
The scientific community has recently proposed
more sustainable technical solutions, allowing for
the permanent and total recyclability of plastics,
thus opening up a way to give value to polymers
at the end of their life. In the field of social
sciences, research is still scarce, and knowledge
on the link between economic and social activi-
ties and the presence of plastics in the oceans is
still mainly built by actors involved in the fight
against waste, most often locally. The fate of
plastics in the sea therefore remains an
emerging research topic that raises many ques-
tions for the scientific community. These ques-
tions can currently be divided into different
areas, including the actual state of contamina-
tion, the long-term impacts of such quantities of
plastics on organisms and on the functioning of
ecosystems, and the risks for human societies,
particularly on health.

9. Future actions
As a result of a more global approach, inter-

national agreements provide a legal framework
for coordinated action. The UNʼs 2011 "Honolulu
Strategy", supported by industry, the actions of
the regional seas conventions under the UN
Environment Programme or the recent G7 initia-
tive for global action are the best examples of
coordinated initiatives. Of course, the success of
these initiatives will be measured over time. Suc-
cessive management and fiscal measures since
the 2000s in favour of limiting and banning
checkout bags have led to a reduction in the
quantities of packaging bags in the retail sector
in many countries. However, there are still many
unanswered questions, particularly about the ex-

tent of the problem, the sources, the methods of
dissemination and the mechanisms of degrada-
tion. The future should bring new materials that
are more environmentally friendly and there
should soon be a better understanding of the so-
cial or economic impact of marine litter. Proba-
bly the most important environmental issue is
that of environmental education, which is neces-
sary to better deal with the diversity and com-
plexity of individual behaviour that is a major
cause of the problem of marine litter.

It seems that not all actors in society are yet
fully aware of the urgency of the situation and
the efforts required to emerge from this era
marked by " all plastic" with its waste that is
becoming our main and unique marker in geo-
logical time. Industrialists, politicians, NGOs and
scientists must join forces to advance knowledge
and promote its dissemination to the general
public in order to raise awareness of this issue
throughout society. This is the meaning given to
the global approach underway within the United
Nations General Assembly for the Environment

（UNEA）, whose ongoing negotiations should
make it possible to reach a global treaty by 2024,
which will make it possible to coordinate signifi-
cant actions.

References
BARNES, D. K. A., F. GALGANI, R. C. THOMPSON and M.

BARIEZ（2009）: Accumulation and fragmenta-
tion of plastic debris in global environments.
Philos. Trans. R. Soc. London, B, Biol. Sci., 364

（1526）, 1985Ȃ1998.
BERGMANN, M., S. MÜTZEL, S. PRIMPKE, M. B. TEKMAN,

J. TRACHSEL and G. GERDTS（2019）: White and
wonderful? Microplastics prevail in snow from
the Alps to the Arctic. Sci. Adv., 5（8）, eaax1157.

CARLTON, J. T., J. W. CHAPMAN, J. B. GELLER, J. A.
MILLER, D. A. CARLTON, M. I. MCCULLER, N. C.
TRENEMAN, B. P. STEVES and G. M. RUIZ（2017）:
Tsunami-driven rafting: Transoceanic species



151Plastic oceans

dispersal and implications for marine bio-
geography. Science, 357（6358）, 1402Ȃ1406.

CHIBA, S., H. SAITO, R. FLETCHER, T. YOGI, M. KAYO, S.
MIYAGI, M. OGIDO and K. FUJIKURA（2018）: Hu-
man footprint in the abyss: 30 year records of
deep-sea plastic debris. Mar. Policy, 96, 204Ȃ212.

CLARO, F., M. C. FOSSI, C. IOAKEIMIDIS, M. BAINI, A.L.
LUSHER, W. MC FEE, R. R. MCINTOSH, T.
PELAMATTI, M. SORCE, F. GALGANI and B. D.
HARDESTY（2019）: Tools and constraints in mon-
itoring interactions between marine litter and
megafauna: insights from case studies around
the world. Mar. Pollut. Bull., 141, 147Ȃ160.

ERIKSEN, M. L., C. M. LEBRETON, H. S. CARSON, M.
THIEL, C. J. MOORE, J. C. BORERRO, F. GALGANI, P.
G. RYAN and J. REISSER（2014）: Plastic pollution
in the worldʼs oceans: more than 5 trillion plastic
pieces weighing over 250,000 tons afloat at sea.
PloS One, 9（12）, e111913.

GALGANI, F., G. HANKE and T. MAES（2015）: Global
distribution, composition and abundance of ma-
rine litter. In Marine Anthropogenic Litter.
BERGMANN, M., L. GUTOW and M. KLAGES（eds.）,
Springer, Cham, p. 29Ȃ56.

GALGANI, F., J. P. LEAUTE, P. MOGUEDET, A. SOUPLET,
Y. VERIN, A. CARPENTIER, H. GORAGUER, D.
LATROUITE, B. ANDRAL, Y. CADIOU, J. C. MAHE, J.
C. POULARD and P. NERISSON（2000）: Litter on the
sea floor along European coasts. Mar. Pollut.
Bull., 40（6）, 516Ȃ527.

GALGANI, F. and F. LECORNU（2004）: Debris on the
seafloor at "Hausgarten". Rep. Polar Mar. Res.,
488, 260Ȃ262.

GALGANI, F., S. BRUZAUD, G. DUFLOS, P. FABRE, E.
CASDALDI, J. GHIGLIONE, R. GRIMAUD, M. GEORGE,
A. HUVET, F. LAGARDE, I. PAUL-PONT and A. H.
TER（2020）: Pollution des océans par les plas-
tiques et les microplastiques. Techniques de
lʼIngénieur, Saint-Denis, 17 pp. Open Access ver-
sion : https://archimer.ifremer.fr/doc/00663/774
71/

GALGANI, F., A. S. BRIEN, J. WEIS, C. IOAKEIMIDIS, Q.
SCHUYLER, I. MAKARENKO, H. GRIFFITHS, J.
BONDAREFF, D. VETHAAK, A. DEIDUN, P. SOBRAL,
K. TOPOUZELIS, P. VLAHOS, F. LANA, M.

HASSELLOV, O. GERIGNY, B. ARSONINA, A.
AMBULKAR, M. AZZARO and M. J. BEBIANNO

（2021a）: Are litter, plastic and microplastic
quantities increasing in the ocean? Microplast.
Nanoplast., 1（1）, 1Ȃ4. https://doi.org/10.1186/s4
3591Ȃ020Ȃ00002Ȃ8

GALGANI, F., A. STÖFEN-O’ BRIEN, A. AMBULKAR, M.
AZZARO, M. J. BEBIANNO, J. BONDAREFF, H.
GRIFFITHS, M. HASSELLOV, C. IOAKEIMIDIS, J.
JAMBECK, P. KEENER, F. DE OLIVEIRA LANA, I.
MAKARENKO, C. ROCHMAN, Q. SCHUYLER, P.
SOBRAL, C. T VU, K. TOPOUZELIS, D. VETHAAK, P.
VLAHOS, J. WANG and J. WEIS（2021b）: Activities
resulting in marine debris, including plastics,
abandoned fishing gear, microparticles and
nanoparticles, and estimates of sources from
land, ships and offshore installations. In World
Ocean Assessment II, Volume II. United
Nations, Division for Ocean Affairs and the Law
of the Sea, United Nations, New York, p. 153Ȃ
171. https: //www.un. org/regularprocess/sites/
www.un.org.regularprocess/files/2011859-e-woa-
ii-vol-ii.pdf

GALGANI, F., A. MICHELA, O. GÉRIGNY, T. MAES, E.
TAMBUTTÉ and P. T. HARRIS（2022）: Marine Lit-
ter, Plastic, and Microplastics on the Seafloor. In
Plastics and the Ocean: Origin, Characterization,
Fate, and Impacts. ANDRADY, A.L.（ed.）, Wiley,
Hoboken, NJ, p. 151Ȃ197.

GESAMP（2015）: Sources, Fate and Effects of Mi-
croplastics in the Marine Environment: part two
of a Global Assessment. Reports and Studies-
IMO/FAO/Unesco-IOC/WMO/IAEA/UN/UNEP
Joint Group of Experts on the Scientific Aspects
of Marine Environmental Protection（GESAMP）,
No. 93. KERSHAW, P.J. and C.M. ROCHMAN（eds.）,
GESAMP, International Maritime Organization,
London, 220 pp. http://www.gesamp.org/site/a
ssets/files/1275/sources-fate-and-effects-of-micro
plastics-in-the-marine-environment-part-2-of-a-gl
obal-assessment-en.pdf

GESAMP（2019）: Guidelines for the monitoring and
assessment of plastic litter and microplastics in
the ocean. Reports and Studies-IMO/FAO/
Unesco-IOC/WMO/IAEA/UN/UNEP Joint



152 La mer 61, 2023

Group of Experts on the Scientific Aspects of
Marine Environmental Protection（GESAMP）,
No. 99. KERSHAW, P. J. and F. GALGANI（eds.）,
GESAMP, International Maritime Organization,
London, 123 pp. http: //www.gesamp. org/publi
cations/guidelines-for-the-monitoring-and-assess
ment-of-plastic-litter-in-the-ocean

HARRIS, P. T.（2020）: The fate of microplastic in ma-
rine sedimentary environments: a review and
synthesis. Mar. Pollut. Bull., 158, 111398.

ISOBE, A., T. AZUMA, M. R. CORDOVA, A. CÓZAR, F.
GALGANI, R. HAGITA, L. D. KANHAI, K. IMAI, S.
IWASAKI, S. KAKO, N. KOZLOVSKII, A.L. LUSHER, S.
A. MASON, Y. MICHIDA, T. MITUHASI, Y. MORII, T.
MUKAI, A. POPOVA, K. SHIMIZU, T. TOKAI, K.
UCHIDA, M. YAGI and W. ZHANG（2021）: A multi-
level dataset of microplastic abundance in the
world’ s upper ocean and the Laurentian Great
Lakes. Microplast. Nanoplast., 1（1）, 1Ȃ14.

MACFADYEN, G., T. HUNTINGTON and R. CAPPELL

（2009）: Abandoned, lost or otherwise discarded
fishing gear（No. 523）. Food and Agriculture
Organization of the United Nations（FAO）,
Rome, 115 pp.

MORALES-CASELLES, C., J. VIEJO, E. MARTÍ, D.
GONZÁLEZ-FERNÁNDEZ, H. PRAGNELL-RAASCH, J. I.
GONZÁLEZ-GORDILLO, E. MONTERO, G. M. ARROYO,
G. HANKE, V. S. SALVO, O. C. BASURKO, N.
MALLOS, L. LEBRETON, F. ECHEVARRÍA, T. VAN
EMMERIK, C. M. DUARTE, J. A. GÁLVEZ, E. VAN
SEBILLE, F. GALGANI, C. M. GARCÍA, P. S. ROSS, A.
BARTUAL, C. IOAKEIMIDIS, G. MARKALAIN, A. ISOBE

and A. CÓZAR（2021）: An inshore-offshore sor-
ting system revealed from global classification of
ocean litter. Nat. Sustain., 4（6）, 484Ȃ493. https:
//www.nature.com/articles/s41893-021-00720-8

MURRAY, C. C., N. MAXIMENKO and S. LIPPIATT（2018）:
The influx of marine debris from the Great
Japan Tsunami of 2011 to North American
shorelines. Mar. Pollut. Bull., 132, 26Ȃ32.

PHAM, C. K., E. RAMIREZ-LLODRA, C. H. S. ALT, T.
AMARO, M. BERGMANN, M. CANALS, J. B.
COMPANY, J. DAVIES, G. DUINEVELD, F. GALGANI,
K. L. HOWELL, V. A. I. HUVENNE, E. ISIDRO, D. O.
B. JONES, G. LASTRAS, T. MORATO, J. N. GOMES-

PEREIRA, A. PURSER, H. STEWART, I. TOJEIRA, X.
TUBAU, D. VAN ROOIJ and P. A. TYLER, P. A.

（2014）. Marine Litter Distribution and Density
in European Seas, from the Shelves to Deep
Basins. PLoS One, 9, e95839.

PIERDOMENICO, M., D. CASALBORE and F. L. CHIOCCI

（2019）: Massive benthic litter funnelled to deep
sea by flash-flood generated hyperpycnal flows.
Sci. Rep., 9（1）, 1Ȃ10. https://www.nature.com/a
rticles/s41598-019-41816-8

RICHARDSON, K., B. D. HARDESTY and C. WILCOX

（2019）: Estimates of fishing gear loss rates at a
global scale: A literature review and meta-
analysis. Fish Fish., 20（6）, 1218Ȃ1231. https://on
linelibrary.wiley.com/doi/pdf/10.1111/faf.12407

TEKMAN, M. B., T. KRUMPEN and M. BERGMANN（2017）:
Marine litter on deep Arctic seafloor continues
to increase and spreads to the North at the
HAUSGARTEN observatory. Deep Sea Res.
Part I, 120, 88Ȃ99.

TURRA, A., A. B. MANZANO, J. S. DIAS, M. M.
MAHIQUES, L. BARBOSA, D. BALTHAZAR-SILVA and
F. T. MOREIRA（2014）: Three-dimensional dis-
tribution of plastic pellets in sandy beaches:
shifting paradigms. Sci. Rep., 4（1）, 1Ȃ7. https://
www.nature.com/articles/srep04435

UNEP（2015）: Assessment of marine litter in the
Mediterranean Sea. United Nations
Environment Programme/Mediterranean
Action Plan（UNEP/MAP）, Athens, 86 pp. https:
//papersmart.unep.org/resolution/uploads/mari
ne_litter_assessment_in_the_mediterranea-2015.
pdf

UNEP（2018）: Single-Use Plastics: A Roadmap for
Sustainability- Fact-sheet for Policymakers.
UNEP, Nairobi, 6 pp. https://wedocs.unep.org/h
andle/20.500.11822/25523

UNEP（2021）: From pollution to solution: A global
assessment of marine litter and plastic pollution.
UNEP report UNEA process. UNEP, Nairobi,
148 pp. https://www.unep.org/resources/polluti
on-solution-global-assessment-marine-litter-and-p
lastic-pollution

VERNES, J.（1870）: Vingt Mille Lieues sous les mers.
Tour du monde sous-marin. Second partie.



153Plastic oceans

Collection Hetzel, Paris, 356 pp.

Received on 8 August 2022
Accepted on 24 April 2023




