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Abstract Plastics, owing to their various beneficial
properties (durability, flexibility and lightweight nature),
are widely regarded as the workhorse material of our
modern society. Being ubiquitously and increasingly
present over the past 60 years, they provide various
benefits to the global economy. However, inappropriate
and/or uncontrolled disposal practices, poor waste man-
agement infrastructure, and application of insufficient
recycling technologies, coupled with a lack of public
awareness and incentives, have rendered plastic waste
(PW) omnipresent, littering both the marine and the
terrestrial environment with multifaceted impacts. The
plastic marine litter issue has received much attention,
especially in the past decade. There is a plethora of
articles and reports released on an annual basis, as well
as a lot of ongoing research, which render the issue either
to be overexposured or misconstrued. In addition, there
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are several misinterpretations that surround the presence
and environmental impact of plastics in the oceans and,
consequently, human health, that require much more
critical and scientific thinking. This short communication
aims at unveiling any existing misconceptions and at-
tempts to place this global challenge within its real mag-
nitude, based either on scientific facts or nuances.
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Abbreviations

approx. Approximately

ca. Circa (Latin term for “approximately”
or “about”)

CE Circular economy

EC European Commission

EU European Union

EEE Electrical and electronic equipment

HDPE  High-density polyethylene

LDPE  Low-density polyethylene

MCPs  Materials, components, and products
MPs Microplastics

PCR Personal care products

PET Polyethylene terephthalate

POPs Persistent organic pollutants

PP Polypropylene

PS Polystyrene

PVC Polyvinyl chloride
PW Plastic waste

SoC Substances of concern

UN United Nations
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Introduction

Under the circular economy (CE) perspective, we
should retain resources in use perpetually, extract any
value from them, plus recover and recycle products and
materials at the end of their lifecycle. Plastics, with their
lightweight, durable, and versatile nature, could majorly
attribute on a more sustainable and resource efficient
future. Being applicable to many sectors such as pack-
aging, electrical and electronic equipment (EEE), con-
struction, and automotive, they could save energy and
resources. In addition, plastic packaging can help reduce
product losses (e.g., food waste).

Conventional plastics are—mostly—made of ther-
moplastic resins and can be generally categorized into
seven classes: the polyethylene terephthalate (PET)
(known as type 1); high-density polyethylene (HDPE)
(known as type 2); polyvinyl chloride (PVC) (known as
type 3); low-density polyethylene (LDPE) (known as
type 4); polypropylene (PP) (known as type 5); polysty-
rene (PS) (known as type 6); and others (known as type
7). The latter category refers to multilayer polymer
formations, not collected for recycling (Hahladakis and
Tacovidou, 2018).

Plastics are nowadays ubiquitously present, with an
increased production that reached approx. 322 Mt (in
2015), with a projection of doubling this amount by
2035 (Ellen MacArthur Foundation, 2016; Geyer
etal., 2017; PlasticsEurope, 2016). The European Com-
mission (EC) has recently introduced a European Strat-
egy for Plastics (European Commission, 2018), after
having already identified and set any action on this type
of product as a priority in the 2015 CE Action Plan
(European Commission, 2015); facts that solidify their
significance and highlights the need for further future
research and investigation (European Commission,
2016, 2018).

However, their value chain is still treated with the
archetypically linear mode of take-make-dispose. In
addition to that, inappropriate and/or uncontrolled dis-
posal practices, poor waste management infrastructure,
and application of insufficient recycling technologies,
coupled with a lack of public awareness and incentives,
have rendered plastic waste (PW) the major component
of marine debris. According to Awi-Litterbase, a con-
tinuously updating database on global marine litter,
plastic affiliated debris accounts for approx. 70% (see
Fig. 1) (Tekman et al., 2019). While plastics litter the
terrestrial environment, too, presenting multifaceted
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impacts, they will inevitably reach the oceans, being
our planet’s ultimate sink (Jambeck et al., 2015, 2017).
It is only during the past few years, together with the
launch ofthe CE concept, in 2010, that the drawbacks of
this way of dealing with plastics have been, at last,
clearly realized (Ellen MacArthur Foundation, 2010,
2012, 2013, 2014).

Plastics can, also, be classified into three groups,
based on their particle size. All plastic materials >
5 mm fall under the category mostly known as
“macroplastics” (Axelsson and van Sebille, 2017).
Nonetheless, due to various conditions and environ-
ments (e.g., weather, UV light, seawater, etc.), plastics
can potentially be degraded and dissociated
(fragmented) into smaller pieces, 50 pm—5 mm, called
microplastics (MPs) (Andrady, 2011; Kalogerakis et al.,
2017; Wang et al., 2016). Finally, the nanometer-sized
plastic particles, usually defined in < 100 nm of size,
constitute the “nanoplastics” group (Koelmans et al.,
2015).

It is, in fact, the latter two categories that are consid-
ered the most potentially harmful, both to humans as
well as to other living organisms, especially when pres-
ent under aquatic conditions, due to several reasons: (a)
after, e.g., entering the marine environment, a large part
of'it is out of sight because it lies below the surface (see
Fig. 2), (b) they can easily be ingested or entangled by
various species (Browne et al., 2008; Steer et al., 2017,
Teuten et al., 2009), and (¢) embedded chemical sub-
stances (additives) are more readily released during the
degradation process of these fine particles rather than
the larger ones. Furthermore, these tiny pieces that can
easily accumulate persistent organic pollutants (POPs)
and other substances of concern (SoC) (Chen et al.,
2019; Hahladakis et al., 2018; Koelmans et al., 2013)
serve as a pathway to food chain.

So, naturally, a series of questions arise; how serious
and emerging is the problem of plastic marine litter on
our planet? What measures can be taken—both up-
stream and downstream—to reduce the amount of plas-
tic waste that end up as marine litter and mitigate their
effects? Are these effects irreversible?

Via this short communication, the author aims to
address the aforementioned questions, by listing a
series of statements that have already been reported
in literature, attempting to clarify any hidden miscon-
ceptions, and revealing the true magnitude of the
global plastic marine litter issue based on scientific
facts and nuances.
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Fig. 1 Global composition estimate of marine litter. The percent-
ages of the various types of litter shown in the graph were calcu-
lated as the weighted means of all studies under consideration,

Uncertainties or facts?
Plastics vs fishes

It was recently estimated and reported that if the linear
“take, make, use, and dispose” model of economy con-
tinues to prevail and society fails to implement a suc-
cessful CE model, then by 2050, there will be more
plastics, by weight, in the oceans than fish (Ellen
MacArthur Foundation, 2016). Considering the several
assumptions and uncertainties entailed in the methods
used to estimate both the fish population, as well as
predict the amount plastics that will be present in the
oceans by 2050, it is almost impossible to verify and
support that kind of statement (Galloway and Lewis,
2017; Homak, 2016; Watson et al., 2017). Regardless of
the obvious inaccuracies entailed in this statement, it
was widely quoted and regurgitated; nonetheless, the
figures presented therein represent mostly an attempt
to underpin the urgency of the issue, rather than provide
a verifiable scientific estimate.
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regardless of units (565 publications, 3982 locations). (Redrawn
from source: https:/litterbase.awi.de/litter_graph)

10 rivers do 90% of the “damage”!

There are various pathways and origins for PW that ends
up into the oceans. A nice infographic, sourced by
Cleancoasts Org. and shown in Fig. 3, depicts the major
sources of marine litter. It can either be directly dis-
posed, wind-blown, dumped from cruise ships, and/or
tangled in fishing nets. Rivers are also considered one of
the major plastic carriers. The most recent estimate of
the total amount of plastics entering the oceans is
approx. 8 Mt per year, out of which ca. 80% is attributed
to land-based sources (Jambeck et al., 2015). Other
studies report that an approx. 6.2 Mt of macroplastics
and 3.0 Mt of MPs were lost to the environment in 2015,
identifying as a major loss source of macroplastics (4.1
Mt) mismanaged municipal solid waste (Ryberg et al.,
2019). However, due to a lot of assumptions and inac-
curacies, the aforementioned figures cannot be verified.

In the recent study of Schmidt et al. (2017), a calcu-
lation of the approx. amount of PW transported by 57
individual river systems worldwide was attempted. The
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Fig. 2 Micro-litter composition a
found a in the water column (53
publications, 554 locations) and b
in the benthos (82 publications,
689 locations). (Redrawn from
source: https://litterbase.awi.
de/litter_graph)

results showed that 10 rivers (Indus, Ganges, Amur, Hai
he, Yellow, Mekong, Pearl, Yangtze, Nile, and Niger)
could be held accountable for approx. 88-95% of it
(Schmidt et al., 2017). This does not, of course, imply
that ca. 90% of the total PW existing in the oceans
derives from these 10 rivers. Despite the uncertainty
entailed in this estimate (within a range of anywhere
between 0.4 and 4 Mt per year), it is indicative of the
contribution of rivers in the global plastic marine litter
situation. The results of this study can also help in
targeting the regions that lack a proper waste
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management infrastructure and where relative actions
are needed.

Consequently, even though river-borne plastics con-
stitute a major source of marine litter, respective scien-
tifically supportive data is not yet available (UNEP,
2016a); hence, other sources of marine pollution should
not be ignored and/or underestimated. The majority of
plastics that burden our oceans is affected by societal
attitudes, both on land and at sea, as well as from the
dynamics of the producing-generating waste systems
(Horton et al., 2017). According to UNEP and GRID-
Arendal (2016), all sectors and players contribute to this
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Fig. 3 Sources of marine
(plastic) litter
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pollution through various ways, e.g., open dumpsites,
uncontrolled landfills, poorly disposed waste on land,
plastic debris from fishing activities, ship merchant
leakages, cruise ships, etc. (UNEP and GRID-Arendal,
2016).

As research continues, the major sources of plastic
pollution in the oceans will soon be verified and classi-
fied according to their quantifiable contribution. In the
meantime, action by all individuals is deemed necessary,
while governmental entities should take immediate
measures to tackle this global challenge.

Plastic is our ocean’s “number one” threat!

During the past 20 years, plastic pollution has been
presented as a significant threat to our natural marine
environment.

According to estimates by Eriksen et al. (2016), 5.25 x
10" plastic pieces float in our oceans; a number equiva-
lent to approx. 700 pieces per living human being on
Earth, given an earth’s population estimate of 7.5 billion
people (Eriksen et al. 2014). These plastics should weigh
more than 225 kt.
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In another study, calculations were found anywhere
between 15 and 51 trillion pieces, the majority of which
were micro and nanoparticles (Worm et al., 2017). Nat-
urally, debris of any size is considered harmful to marine
biota, since marine animals could mistakenly eat it or
become entangled to it (UNEP, 2016a).

Nonetheless, although marine plastic pollution is
considered among the most prevalent threats, an equally
important issue is how it affects and/or alligates other
benthic compounds or stresses the oceanic balance.
These challenges and/or threats may include
overfishing, climate change, acidification, ocean
warming, and habitat destruction (Halpern et al.,
2008). This combination of anthropogenic-derived im-
pacts, coupled with our delayed and/or inexistent will-
ingness to address them, may constitute the real threat to
oceans, and while we may assume that it is too late, it is
actually not!

The smaller it is... the harmer it gets! The case
of personal care products (PCPs)

There is an increasing concern on the effects marine
MPs could potentially have on humans, including the
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leaching of various SoC embedded in them, and their
ability to enter into the food chain, thereby affecting
human health. In fact, there have been several efforts
to have them classified as POPs owning to their perva-
sive and persistent nature (Hurley et al., 2018). But how
harmful do they really are?

It seems that the marine food chain is full of plastics,
mostly found in the stomachs of fishes in the Northwest
Atlantic (Wieczorek et al., 2018), in the English Chan-
nel (Lusher et al., 2013), in endangered sea turtles
(Caron et al., 2018), in the Bluefin tuna nearby the coast
of Lebanon (Trtrian, 2018), and in the stomach of a dead
whale nearby the coast of Norway (The Associated
Press, 2017). It is speculated that when ingested, MPs
provide a sense of completeness in the fishes’ stomachs,
thereby leading them to weight loss and potential death
due to starvation. In addition, when smaller fishes are
eaten by predators, plastics move up the food chain.
Various chemicals could potentially be adsorbed to
MPs, thereby increasing accumulation of toxins in larger
predatory fish that will potentially end up on our plates.
Such types of toxins may penetrate cell membranes,
thereby increasing the exposure to SoC.

On the other hand, it has been reported that molecules
with a molecular weight exceeding 1000 g/mol do not
cross the colon-blood barrier and, thus, do not pose
direct toxicological effects. For degraded polyethylene,
this would equal an oligomer consisted of 36 monomers
which corresponds to an approx. volume of 4.5 nm>.
Such a size would exclude all the MP’s, as well as a
large fraction of the nanoplastics. These tiny fragments
are known as MOSH (mineral oils of saturated hydro-
carbons) and POSH (polymeric oligomers of saturated
hydrocarbons). However, there is still substantial toxi-
cological debate on this matter (Koster et al., 2020; van
de Ven et al., 2017).

In the case of PCPs, these include several MPs in the
form of abrasive microbeads, mostly encountered in
face cosmetics, or plastic granules mostly used in
manufacturing (Mepex, 2014). These particles will,
eventually, end up in wastewater systems; however,
depending on the efficacy of these systems, it is the
oceans that could, unfortunately, be their final recipient
(UNEP, 2016b). In addition, the nanoparticles contained
in sunscreens can wash off people’s skin during swim-
ming or bathing. While there are numerous MPs in a
single PCP, it has been estimated that only a limited
amount of 4.6-9.5 thousands of microbeads can be
released, with each application of a skin exfoliant
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(Napper et al., 2015). This number is considered rela-
tively small, compared to other primary or secondary
sources of MPs in the environment, with regard to
tonnage (UNEP, 2016a). So, while banning the use of
cosmetic microbeads could restrict the amount of MPs
entering the marine environment, it is not a panacea!
Nonetheless, this example of microbeads could poten-
tially serve as a useful illustration to raise public aware-
ness about the extent of the marine litter challenge.

Assessing any human health risks related to plastic
marine litter is a complex issue and a lot more to
discover and investigate about its potential effects to
human health (UNEP and GRID-Arendal, 2016). In
addition, as reported in UNEP (2016a), “the uptake of
plastic-associated chemicals in humans due to inadver-
tent ingestion of MPs in seafood appears likely to be no
more significant than other human exposure pathways
of these chemicals” (UNEP, 2016a).

So, despite the growing concern about the micro- and
nanoplastics effects on humans, and while we keep on
discovering new insights on this matter, further work is
required to establish their effects on our health. So far,
there are no scientific evidence that they are directly
harmful to human health.

Plastics...an “island” of litter in our oceans!

Despite the fact that plastic debris prefers to accumulate
in specific areas in the oceans, there are no visible layers
of plastic seen, e.g., from airplanes (Lebreton et al.,
2018). This can possibly be attributed to the abundant
presence of small or fragmented particles that cannot
easily be seen or even stay afloat. However, the public is
mostly bombarded with pictures of seas full of plastic
bottles, bags, toys, and other large items. In these
patches, the number of pieces has been reported to
exceed 200,000 particles/kmz, which equals to less than
one microplastic particle/m® (UNEP, 2016a). Although
larger pieces do occur, in general, the particles are
widely dispersed and, given the dynamics of the marine
ecosystem, it is extremely difficult to estimate their size
(NOAA, 2018).

There has been an increasingly concern with regard
to the formation of a plastic patch in an area of the
Barents Sea (Bergmann et al., 2016; Coézar et al.,
2017); nonetheless, despite the potential effects in fish-
es, marine mammals, and seabirds (Hallanger and
Gabrielsen, 2018), densities found there have been re-
ported to be slightly higher the Antarctica ones, and
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much lower than those from temperate waters
(Bergmann et al., 2016).

However, regardless of the exact size, mass, and
location of PW, anthropogenic-derived debris should
be removed from the oceans.

Plastics last forever!

It has recently been estimated that it will take more than
450 years for a plastic bottle to completely degrade
(KABC, 2018). However, plastic bottles were not wide-
ly used until the 1960s; so, it would be just a mere
hypothesis for one to determine their exact lifetime,
when present in aquatic environments.

Plastics disintegration can be caused by solar UV
radiation and is most intensive in beaches, shorelines,
and the water surface. However, their degradation rate is
a multifactorial-dependent phenomenon; composition,
temperature, wave abrasion, etc. are a few parameters
to mention (Andrady, 2015). The majority of the new
generation manufactured plastics are considered ex-
tremely durable, able to persist for centuries (UNEP
and GRID-Arendal, 2016). Furthermore, it has not been
evidenced whether a full degradation will ever occur
(O’Brine and Thompson, 2010). The larger particles
will eventually fragment into smaller which, in turn,
will take even longer to degrade; plus, the research on
nanoplastics is still at an infant stage (Koelmans et al.,
2015; Mattsson et al., 2015).

So, the “450 years” is not a verifiable lifetime dura-
tion. The only thing we can tell, so far, is that plastics
take extremely long to break down; hence, preventing
them from entering the marine environment is consid-
ered an urgent necessity.

Potential solutions to the global plastic marine litter
challenge

Begin with what can be seen!

Collecting the floating particles might seem like a
tempting and working solution; however, there are other
more efficient alternatives, i.e., preventing plastics from
entering the aquatic environments in the first place. The
majority of marine plastics tend to be mostly found
under the water surface, thereby rendering any surface
clean-up attempt ineffective. In addition, collecting
floating particles could result in the implementation of

costly cleaning technologies which could negatively
affect marine life and biodiversity (Thaler, 2015). This
is affiliated to the fact that marine biota could get used to
clean-ups and/or get exposed to greater amounts of
plastic (Thaler, 2015). In addition, this type of surface
cleaning equipment, which most of the time involves
also the application of biofouling organisms, could
cause further complications (Martini, 2014). Besides,
cleaning a coastline/shoreline could be much easier
and efficient, rather than spending huge capitals for
floating plastic collection equipment (Openchannels,
2015). Thinking locally and targeting to ecologically
sensitive areas (e.g., touristic, fishing, etc.) could bring
much better and immediate results, both for the well-
being of local habitats, as well as for our oceans (in the
long run). Such actions raise awareness about the plastic
marine litter problem, can boost individual and local
action, and can incentivize public to ask from producers
and governments even more radical solutions (NOAA,
2016).

To go or not to go...“bio”?

Biodegradable and bio-based plastics that could disinte-
grate naturally without causing any environmental harm
may appear as a perfect solution to the marine litter
challenge; however, the reality is not that simple.

In a UNEP report on biodegradable plastics, it was
reported that labelling plastic material, components, and
products (MCPs) as “biodegradable” will not result in
decreasing either the quantity or the risk plastics pose on
the marine environment (UNEP, 2015). The same report
also noted that achieving a complete biodegradation of
these types of plastics usually requires conditions that
are not commonly found in the aquatic environments
(UNEP, 2015); so, they may even contribute to the
existing problem. Although their current production is
quite limited (representing about 1% of the 335 Mt of
the annually global plastic production) (PlasticsEurope,
2017), there is evidence that public perceptions on the
biodegradability of an item can influence their littering
behavior; i.e., a biodegradable marked bag might lead
them to appropriately dispose it (UNEP, 2015).

The main issue is our attitude towards consuming
plastics (especially single-use and disposable).
Bioplastics or any other technological innovations
could misguide us from adopting a new consuming
and disposing behavior; that is where our true goal
should be.
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The real solutions always lie within us!

Incentivizing the public into individual actions would be
the ideal solution to address the global plastic marine
litter issue. Changing our own mentality on waste dis-
posing attitude can make a difference. In the long run, it
will help reduce the total amount of PW that are inap-
propriately disposed and, ultimately those that enter the
oceans. Worldwide examples of inspirational actions
include the “Clean up Kenya,” the “Bye-Bye Plastic
Bag,” and the “Last Straw.” In addition, San Francisco
has banned plastic bags and bottles (Levin, 2017). It is
also noteworthy that the Indian state of Maharashtra and
the EU are banning single-use plastics.

Keeping in mind all the aforementioned locally im-
plemented program initiatives, each individual can con-
tribute to tackling marine litter by adopting the below
indicated actions:

*  Become an educated consumer: disposing the waste
in an appropriate and responsible manner will help
reduce the amount that ends up in the oceans. Fur-
thermore, selecting the same reusable items on a
daily basis, e.g., a water-bottle, cosmetics that do
not contain MPs, a shopping bag, a coffee cup, etc.
is a waste behavioral changing habit.

*  Sorting and recycling: recycling plastic leads to less
virgin material produced and, thereby, less entering
the marine environment. Despite how simple that
may seem, there is still room for improvement in
order to achieve recycling in a proper manner.

*  Support and implement direct action: participating
in local recycling and international campaigns will
help us change our overall mentality towards pro-
duction, use, and disposal of plastics.

*  Awakening governmental entities: contacting the
right people and informing them that this global
issue is highly important to you. Persuade them to
imitate and reproduce any of the aforementioned
initiatives of Kenya, San Francisco, Bali, and many
other places around the world by introducing spe-
cific legislations and policies.

Conclusions

Plastic production, consumption, recovery, and recycle
are a nexus affected by a web of different facets,
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occurring at different parts of the supply chain. There-
fore, a multidimensional appraisal of the system as a
whole, as well as several changes/interventions are
needed to be carried out in order to prevent leakages to
the environment and for sustainable developments to
occur (Iacovidou et al., 2019).

Governments should cooperate not only on local
but also on global level to regulate the main origins
and sources of MPs. Taking into consideration that
this issue is a relatively new and of increasing con-
cern, more resources should be allocated to further
research on the long-term effects and consequences
that plastics, and additives contained in them, have
on living organisms (Hahladakis et al., 2018;
Ochlmann et al., 2009). Filling this knowledge gap
could potentially contribute to the lack of certain
regulations, regarding, e.g., the prevention or limi-
tation in the use of bisphenol A (BPA).

Although dumping of PW is forbidden by the
International Convention for the Prevention of Pol-
lution from Ships (MARPOL) Annex V, many peo-
ple are unaware or tend to ignore this. Several cam-
paigns organized by relevant policy makers, marine
businessmen, industries, and stakeholders should
take place, so as further light is shed on the urgency
of this international matter. Large multinational or-
ganizations, such as the United Nations Environ-
ment Programme (UNEP) and the International Mar-
itime Organisation (IMO), should also contribute
and organize campaigns, on their own, on a global
scale.

Plastic industries should be responsible for the end-
of-life of their products, using, as possible, biodegrad-
able material that will be more easily degraded by
microorganisms (such as bacteria and fungi), thereby
reducing even more the lifetime of these bioplastics,
when/if entering the marine environment (Gregory and
Andrady, 2003).

Finally, incentivizing and educating the public on the
seriousness of the situation caused by plastic litter are
considered an absolute necessity in stepping towards
shifting people’s behavior with regard to plastic con-
sumption, use, and disposal habits. It is a priority issue
that should be placed on the top of the international
political agenda.
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References

Andrady, A. L. (2011). Microplastics in the marine environment.
Marine Pollution Bulletin, 62, 1596-1605.

Andrady, A. L. (2015). Persistence of plastic litter in the oceans. In
M. Bergmann, L. Gutow, & M. Klages (Eds.), Marine an-
thropogenic litter (pp. 57-72). Cham: Springer International
Publishing.

Axelsson, C., & van Sebille, E. (2017). Prevention through policy:
Urban macroplastic leakages to the marine environment dur-
ing extreme rainfall events. Marine Pollution Bulletin, 124,
211-227.

Bergmann, M., Sandhop, N., Schewe, 1., & D’Hert, D. (2016).
Observations of floating anthropogenic litter in the Barents
Sea and Fram Strait, Arctic. Polar Biology, 39, 553—560.

Browne, M. A., Dissanayake, A., Galloway, T. S., Lowe, D. M., &
Thompson, R. C. (2008). Ingested microscopic plastic trans-
locates to the circulatory system of the mussel, Mytilus edulis
(L.). Environmental Science & Technology, 42, 5026-5031.

Caron, A. G. M., Thomas, C. R., Berry, K. L. E., Motti, C. A.,
Ariel, E., & Brodie, J. E. (2018). Ingestion of microplastic
debris by green sea turtles (Chelonia mydas) in the Great
Barrier Reef: Validation of a sequential extraction protocol.
Marine Pollution Bulletin, 127, 743-751.

Chen, Q., Zhang, H., Allgeier, A., Zhou, Q., Ouellet, J. D.,
Crawford, S. E., Luo, Y., Yang, Y., Shi, H., & Hollert, H.
(2019). Marine microplastics bound dioxin-like chemicals:
Model explanation and risk assessment. Journal of
Hazardous Materials, 364, 82-90.

Cozar, A., Marti, E., Duarte, C. M., Garcia-de-Lomas, J., van
Sebille, E., Ballatore, T. J., Eguiluz, V. M., Gonzalez-
Gordillo, J. 1., Pedrotti, M. L., Echevarria, F., Trouble, R.,
& Irigoien, X. (2017). The Arctic Ocean as a dead end for
floating plastics in the North Atlantic branch of the thermo-
haline circulation. Science Advances, 3, €1600582.

Ellen MacArthur Foundation. (2010). Full circle: My life and
Jjourney. London: Penguin.

Ellen MacArthur Foundation. (2012). Volume 1: Towards the
circular economy. In An economic and business rationale

for an accelerated transition. Cowes: Ellen MacArthur
Foundation.

Ellen MacArthur Foundation. (2013). Volume 2: Towards the
circular economy. In Opportunities for the consumer goods
sector. Cowes: Ellen MacArthur Foundation.

Ellen MacArthur Foundation. (2014). Volume 3: Towards the
circular economy. In Accelerating the scale-up across virtual
supply chains. Cowes: Ellen MacArthur Foundation.

Ellen MacArthur Foundation. (2016). The new plastics
economy—Rethinking the future of plastics. Availbale at:
https://www.ellenmacarthurfoundation.
org/assets/downloads/EllenMacArthurFoundation
TheNewPlasticsEconomy Pages.pdf.

Eriksen, M., Lebreton, L. C. M., Carson, H. S., Thiel, M., Moore,
C. J.,, Borerro, J. C., Galgani, F., Ryan, P. G., & Reisser, J.
(2014). Plastic pollution in the world’s oceans: More than 5
trillion plastic pieces weighing over 250,000 tons afloat at
sea. PLoS One, 9, €111913.

European Commission. (2015). Closing the loop—An EU action
plan for the Circular Economy, available at: http://eur-lex.
europa.cu/legal-content/EN/TXT/?qid=1453384154337
&uri=CELEX:52015DC0614

European Commission. (2016). Closing the loop. New circular
economy package. Available at: http://www.europarl.ecuropa.
eu/RegData/etudes/BRIE/2016/573899/EPRS BRI(2016
)573899 EN.pdf.

European Commission. (2018). A European strategy for plastics in
a circular economy. Available at: http://ec.europa.
eu/environment/circular-economy/pdf/plastics-strategy.pdf.

Galloway, T., & Lewis, C. (2017). Marine microplastics. Current
Biology, 27, 445-446.

Geyer, R., Jambeck, J. R., & Law, K. L. (2017). Production, use,
and fate of all plastics ever made. Science Advances, 3.
Gregory, M.R., Andrady, A.L., 2003. Plastic in the marine envi-
ronment. in: Andrady, A.L. (Ed.), Plastics and the environ-

ment. . John Wiley, New York pp. 379-401.

Hahladakis, J. N., & lacovidou, E. (2018). Closing the loop on
plastic packaging materials: What is quality and how does it
affect their circularity? Science of the Total Environment,
630, 1394-1400.

Hahladakis, J. N., Velis, C. A., Weber, R., Tacovidou, E., &
Purnell, P. (2018). An overview of chemical additives present
in plastics: Migration, release, fate and environmental impact
during their use, disposal and recycling. Journal of
Hazardous Materials, 344, 179-199.

Hallanger, 1.G., Gabrielsen, G.W. (2018). Plastic in the European
Arctic. Available at: https://brage.bibsys.
no/xmlui/bitstream/handle/11250/2478285/Kortrapport45.
pdf?sequence=1&isAllowed=y. Norwegian Polar Institute, p.
28.

Halpern, B. S., Walbridge, S., Selkoe, K. A., Kappel, C. V.,
Micheli, F., D'Agrosa, C., Bruno, J. F.,, Casey, K. S., Ebert,
C., Fox, H. E., Fujita, R., Heinemann, D., Lenihan, H. S.,
Madin, E. M. P., Perry, M. T., Selig, E. R., Spalding, M.,
Steneck, R., & Watson, R. (2008). A global map of human
impact on marine ecosystems. Science, 319, 948-952.

Homak, L. (2016). Will there be more fish or plastic in the sea in
20507 Available at: https://www.bbc.com/news/magazine-
35562253, BBC News.

Horton, A. A., Walton, A., Spurgeon, D. J., Lahive, E., &
Svendsen, C. (2017). Microplastics in freshwater and terres-
trial environments: Evaluating the current understanding to
identify the knowledge gaps and future research priorities.
Science of the Total Environment, 586, 127-141.

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://www.ellenmacarthurfoundation.org/assets/downloads/EllenMacArthurFoundation_TheNewPlasticsEconomy_Pages.pdf
https://www.ellenmacarthurfoundation.org/assets/downloads/EllenMacArthurFoundation_TheNewPlasticsEconomy_Pages.pdf
https://www.ellenmacarthurfoundation.org/assets/downloads/EllenMacArthurFoundation_TheNewPlasticsEconomy_Pages.pdf
http://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1453384154337&uri=CELEX:52015DC0614
http://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1453384154337&uri=CELEX:52015DC0614
http://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1453384154337&uri=CELEX:52015DC0614
http://www.europarl.europa.eu/RegData/etudes/BRIE/2016/573899/EPRS_BRI(2016)573899_EN.pdf
http://www.europarl.europa.eu/RegData/etudes/BRIE/2016/573899/EPRS_BRI(2016)573899_EN.pdf
http://www.europarl.europa.eu/RegData/etudes/BRIE/2016/573899/EPRS_BRI(2016)573899_EN.pdf
http://ec.europa.eu/environment/circular-economy/pdf/plastics-strategy.pdf
http://ec.europa.eu/environment/circular-economy/pdf/plastics-strategy.pdf
https://brage.bibsys.no/xmlui/bitstream/handle/11250/2478285/Kortrapport45.pdf?sequence=1&isAllowed=y
https://brage.bibsys.no/xmlui/bitstream/handle/11250/2478285/Kortrapport45.pdf?sequence=1&isAllowed=y
https://brage.bibsys.no/xmlui/bitstream/handle/11250/2478285/Kortrapport45.pdf?sequence=1&isAllowed=y
https://www.bbc.com/news/magazine-35562253
https://www.bbc.com/news/magazine-35562253

267 Page 10 of 11

Environ Monit Assess (2020) 192: 267

Hurley, R., Woodward, J., & Rothwell, J. J. (2018). Microplastic
contamination of river beds significantly reduced by
catchment-wide flooding. Nature Geoscience, 11, 251-257.

lacovidou, E., Velenturf, A. P., & Purnell, P. (2019). Quality of
resources: A typology for supporting transitions towards
resource efficiency using the single-use plastic bottle as an
example. Science of the Total Environment, 647, 441-448.

Jambeck, J., Hardesty, B. D., Brooks, A. L., Friend, T., Teleki, K.,
Fabres, J., Beaudoin, Y., Bamba, A., Francis, J., Ribbink, A.
J., Baleta, T., Bouwman, H., Knox, J., & Wilcox, C. (2017).
Challenges and emerging solutions to the land-based plastic
waste issue in Africa. Marine Policy.

Jambeck, J. R., Geyer, R., Wilcox, C., Siegler, T. R., Perryman,
M., Andrady, A., Narayan, R., & Law, K. L. (2015). Plastic
waste inputs from land into the ocean. Science, 347, 768—
771.

KABC. (2018). Australian Department of Environment and
Conservation. How long does it take to break down?
Available at: https://www.kabc.wa.gov.
au/library/file/Fact%20sheets/How%20long%20Fact%20
sheet%20KAB.pdf.

Kalogerakis, N., Karkanorachaki, K., Kalogerakis, G. C.,
Triantafyllidi, E. L., Gotsis, A. D., Partsinevelos, P., & Fava,
F. (2017). Microplastics generation: Onset of fragmentation
of polyethylene films in marine environment mesocosms.
Frontiers in Marine Science, 4.

Koelmans, A. A., Besseling, E., & Shim, W. J. (2015).
Nanoplastics in the aquatic environment. Critical review. In
M. Bergmann, L. Gutow, & M. Klages (Eds.), Marine an-
thropogenic litter (pp. 325-340). Cham: Springer
International Publishing.

Koelmans, A. A., Besseling, E., Wegner, A., & Foekema, E. M.
(2013). Plastic as a carrier of POPs to aquatic organisms: A
model analysis. Environmental Science & Technology, 47,
7812-7820.

Koster, S., Varela, J., Stadler, R. H., Moulin, J., Cruz-Hernandez,
C., Hielscher, J., Lesueur, C., Roiz, J., & Simian, H. (2020).
Mineral oil hydrocarbons in foods: Is the data reliable? Food
Additives & Contaminants: Part A, 37, 69-83.

Lebreton, L., Slat, B., Ferrari, F., Sainte-Rose, B., Aitken, J.,
Marthouse, R., Hajbane, S., Cunsolo, S., Schwarz, A.,
Levivier, A., Noble, K., Debeljak, P., Maral, H.,
Schoeneich-Argent, R., Brambini, R., & Reisser, J. (2018).
Evidence that the Great Pacific Garbage Patch is rapidly
accumulating plastic. Scientific Reports, 8, 4666.

Levin, S. (2017). How San Francisco is leading the way out of
bottled water culture. Available at: https://www.theguardian.
com/environment/2017/jun/28/how-san-francisco-is-
leading-the-way-out-of-bottled-water-culture. Last accessed:
28 October, 2019.

Lusher, A. L., McHugh, M., & Thompson, R. C. (2013).
Occurrence of microplastics in the gastrointestinal tract of
pelagic and demersal fish from the English Channel. Marine
Pollution Bulletin, 67, 94-99.

Martini, K. (2014). The ocean cleanup, part 2: Technical review of
the feasibility study. Available at: http://www.deepseanews.
com/2014/07/the-ocean-cleanup-part-2-technical-review-of-
the-feasibility-study/. Deepseanews, www.deepseanews.
com.

@ Springer

Mattsson, K., Hansson, L. A., & Cedervall, T. (2015). Nano-
plastics in the aquatic environment. Environmental Science:
Processes & Impacts, 17, 1712—1721.

Mepex. (2014). Sources of microplastic-pollution to the marine
environment. Prepared for the Norwegian Environment
Agency.

Napper, 1. E., Bakir, A., Rowland, S. J., & Thompson, R. C.
(2015). Characterisation, quantity and sorptive properties of
microplastics extracted from cosmetics. Marine Pollution
Bulletin, 99, 178-185.

NOAA. (2016). Marine debris program. Available at:
https://marinedebris.noaa.gov/about-us/2016-2020-strategic-
plan

NOAA. (2018). Office of response and restoration. Available at:
https://response.restoration.noaa.gov/.

O’Brine, T., & Thompson, R. C. (2010). Degradation of plastic
carrier bags in the marine environment. Marine Pollution
Bulletin, 60, 2279-2283.

Ochlmann, J., Schulte-Oehlmann, U., Kloas, W., Jagnytsch, O.,
Lutz, L., Kusk, K. O., Wollenberger, L., Santos, E. M., Paull,
G. C., Van Look, K. J. W., & Tyler, C. R. (2009). A critical
analysis of the biological impacts of plasticizers on wildlife.
Philosophical Transactions of the Royal Society B:
Biological Sciences, 364, 2047-2062.

Openchannels. (2015). Interactive panel discussion on utility and
feasibility of cleaning up ocean plastics. Available at:
https://vimeo.com/101430245.

PlasticsEurope. (2016). Plastics—The facts 2016. An analysis of
European plastics production, demand and waste data.
Available at: http://www.plasticseurope.
org/documents/document/20161014113313-plastics_the
facts 2016 _final version.pdf.

PlasticsEurope. (2017). Plastics—The facts. An analysis of
European plastics production, demand and waste data.
Available at: https://www.plasticseurope.
org/application/files/5715/1717/4180/Plastics_the_
facts 2017 FINAL for website one page.pdf.

Ryberg, M. W., Hauschild, M. Z., Wang, F., Averous-Monnery, S.,
& Laurent, A. (2019). Global environmental losses of plastics
across their value chains. Resources, Conservation and
Recycling, 151, 104459.

Schmidt, C., Krauth, T., & Wagner, S. (2017). Export of plastic
debris by rivers into the sea. Environmental Science &
Technology, 51, 12246-12253.

Steer, M., Cole, M., Thompson, R. C., & Lindeque, P. K. (2017).
Microplastic ingestion in fish larvae in the western English
Channel. Environmental Pollution, 226, 250-259.

Tekman, M.B., Gutow, L., Macario, A., Haas, A., Walter, A.
Bergmann, M. (2019). The amount and distribution of litter
and microplastic. Available at: https:/litterbase.awi.de/litter
detail, https:/litterbase.awi.de/litter detail.

Teuten, E. L., Saquing, J. M., Knappe, D. R. U., Barlaz, M. A.,
Jonsson, S., Bjom, A., Rowland, S. J., Thompson, R. C.,
Galloway, T. S., Yamashita, R., Ochi, D., Watanuki, Y.,
Moore, C., Viet, P. H., Tana, T. S., Prudente, M.,
Boonyatumanond, R., Zakaria, M. P., Akkhavong, K.,
Ogata, Y., Hirai, H., Iwasa, S., Mizukawa, K., Hagino, Y.,
Imamura, A., Saha, M., & Takada, H. (2009). Transport and
release of chemicals from plastics to the environment and to
wildlife. Philosophical Transactions of the Royal Society B:
Biological Sciences, 364, 2027-2045.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.theguardian.com/environment/2017/jun/28/how-san-francisco-is-leading-the-way-out-of-bottled-water-culture
https://www.theguardian.com/environment/2017/jun/28/how-san-francisco-is-leading-the-way-out-of-bottled-water-culture
https://www.theguardian.com/environment/2017/jun/28/how-san-francisco-is-leading-the-way-out-of-bottled-water-culture
http://www.deepseanews.com/2014/07/the-ocean-cleanup-part-2-technical-review-of-the-feasibility-study/
http://www.deepseanews.com/2014/07/the-ocean-cleanup-part-2-technical-review-of-the-feasibility-study/
http://www.deepseanews.com/2014/07/the-ocean-cleanup-part-2-technical-review-of-the-feasibility-study/
http://www.deepseanews.com
http://www.deepseanews.com
https://marinedebris.noaa.gov/about-us/2016-2020-strategic-plan
https://marinedebris.noaa.gov/about-us/2016-2020-strategic-plan
https://response.restoration.noaa.gov/
https://vimeo.com/101430245
http://www.plasticseurope.org/documents/document/20161014113313-plastics_the_facts_2016_final_version.pdf
http://www.plasticseurope.org/documents/document/20161014113313-plastics_the_facts_2016_final_version.pdf
http://www.plasticseurope.org/documents/document/20161014113313-plastics_the_facts_2016_final_version.pdf
https://www.plasticseurope.org/application/files/5715/1717/4180/Plastics_the_facts_2017_FINAL_for_website_one_page.pdf
https://www.plasticseurope.org/application/files/5715/1717/4180/Plastics_the_facts_2017_FINAL_for_website_one_page.pdf
https://www.plasticseurope.org/application/files/5715/1717/4180/Plastics_the_facts_2017_FINAL_for_website_one_page.pdf
https://litterbase.awi.de/litter_detail
https://litterbase.awi.de/litter_detail
https://litterbase.awi.de/litter_detail

Environ Monit Assess (2020) 192: 267

Page 11 of 11 267

Thaler, A. D. (2015). Three facts (and a lot of questions) about the
ocean cleanup. Available at: http://www.
southernfriedscience.com/three-facts-about-the-ocean-
cleanup. Southern Fried Science.

The Associated Press. (2017). Zoologists say dead whale in
Norway full of plastic bags (Update). Available at:
https://phys.org/news/2017-02-norway-zoologists-plastic-
bags-stranded.html, www.Pysh.org

Trtrian, G. (2018). Plastic found in belly of tuna highlights waste
problem—dailystar.com. Available at: http://www.dailystar.
com.lb/News/Lebanon-News/2018/May-28/450988-plastic-
found-in-belly-of-tuna-highlights-waste-problem.ashx.
TheDailyStar.

UNEP. (2015). Biodegradable plastics and marine litter.
Misconceptions, concerns and impacts on marine environ-
ments. United Nations Environment Programme (UNEP),
Nairobi. Available at: https://wedocs.unep.
org/bitstream/handle/20.500.11822/7468/-Biodegradable
Plastics_and Marine Litter Misconceptions, concerns_
and impacts _on_marine_environments-2015
BiodegradablePlasticsAndMarineLitter.pdf.pdf?sequence=3.

UNEDP. (2016a). Marine plastic debris and microplastics—Global
lessons and research to inspire action and guide policy
change. Nairobi: United Nations Environment Programme.

UNEP. (2016b). Plastic in cosmetics. Division of Environmental
Policy Implementation. United Nations Environment
Programme.

UNEP, GRID-Arendal. (2016). Marine litter vital graphics. United
Nations Environment Programme and GRID-Arendal.
Nairobi and Arendal. www.unep.org, www.grida.no.

van de Ven, B.M., Fragki, S., te Biesebeek, J.D., Rietveld, A.G.,
Boon, P.E. (2017). Mineral oils in food; a review of toxico-
logical data and an assessment of the dietary exposure in the
Netherlands. Available at: https://www.rivm.
nl/bibliotheek/rapporten/2017-0182.pdf (last accessed: 25
February, 2020).

Wang, S., Cao, S., Wang, Y., Jiang, B., Wang, L., Sun, F., & Ji, R.
(2016). Fate and metabolism of the brominated flame retar-
dant tetrabromobisphenol A (TBBPA) in rice cell suspension
culture. Environmental Pollution, 214, 299-306.

Watson, R. A., Pitcher, T. J., & Jennings, S. (2017). Plenty more
fish in the sea? Fish and Fisheries, 18, 105-113.

Wieczorek, A. M., Morrison, L., Croot, P. L., Allcock, A. L.,
MacLoughlin, E., Savard, O., Brownlow, H., & Doyle, T.
K. (2018). Frequency of microplastics in mesopelagic fishes
from the Northwest Atlantic. Frontiers in Marine Science, 5.

Worm, B., Lotze, H., Jubinville, 1., Wilcox, C., & Jambeck, J.
(2017). Plastic as a persistent marine pollutant. Annual
Review of Environment and Resources, 42, 26.

Publisher’s note  Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional
affiliations.

@ Springer


http://www.southernfriedscience.com/three-facts-about-the-ocean-cleanup
http://www.southernfriedscience.com/three-facts-about-the-ocean-cleanup
http://www.southernfriedscience.com/three-facts-about-the-ocean-cleanup
https://phys.org/news/2017-02-norway-zoologists-plastic-bags-stranded.html
https://phys.org/news/2017-02-norway-zoologists-plastic-bags-stranded.html
http://www.pysh.org
http://dailystar.com
http://www.dailystar.com.lb/News/Lebanon-News/2018/May-28/450988-plastic-found-in-belly-of-tuna-highlights-waste-problem.ashx
http://www.dailystar.com.lb/News/Lebanon-News/2018/May-28/450988-plastic-found-in-belly-of-tuna-highlights-waste-problem.ashx
http://www.dailystar.com.lb/News/Lebanon-News/2018/May-28/450988-plastic-found-in-belly-of-tuna-highlights-waste-problem.ashx
https://wedocs.unep.org/bitstream/handle/20.500.11822/7468/-Biodegradable_Plastics_and_Marine_Litter_Misconceptions,_concerns_and_impacts_on_marine_environments-2015BiodegradablePlasticsAndMarineLitter.pdf.pdf?sequence=3
https://wedocs.unep.org/bitstream/handle/20.500.11822/7468/-Biodegradable_Plastics_and_Marine_Litter_Misconceptions,_concerns_and_impacts_on_marine_environments-2015BiodegradablePlasticsAndMarineLitter.pdf.pdf?sequence=3
https://wedocs.unep.org/bitstream/handle/20.500.11822/7468/-Biodegradable_Plastics_and_Marine_Litter_Misconceptions,_concerns_and_impacts_on_marine_environments-2015BiodegradablePlasticsAndMarineLitter.pdf.pdf?sequence=3
https://wedocs.unep.org/bitstream/handle/20.500.11822/7468/-Biodegradable_Plastics_and_Marine_Litter_Misconceptions,_concerns_and_impacts_on_marine_environments-2015BiodegradablePlasticsAndMarineLitter.pdf.pdf?sequence=3
https://wedocs.unep.org/bitstream/handle/20.500.11822/7468/-Biodegradable_Plastics_and_Marine_Litter_Misconceptions,_concerns_and_impacts_on_marine_environments-2015BiodegradablePlasticsAndMarineLitter.pdf.pdf?sequence=3
http://www.unep.org
http://www.grida.no
https://www.rivm.nl/bibliotheek/rapporten/2017-0182.pdf
https://www.rivm.nl/bibliotheek/rapporten/2017-0182.pdf

	Delineating the global plastic marine litter challenge: clarifying the misconceptions
	Abstract
	Introduction
	Uncertainties or facts?
	Plastics vs fishes
	10 rivers do 90% of the “damage”!
	Plastic is our ocean’s “number one” threat!
	The smaller it is… the harmer it gets! The case of personal care products (PCPs)
	Plastics…an “island” of litter in our oceans!
	Plastics last forever!

	Potential solutions to the global plastic marine litter challenge
	Begin with what can be seen!
	To go or not to go…“bio”?
	The real solutions always lie within us!

	Conclusions
	References




