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Marine litter: are there solutions to this environmental challenge?
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1. Introduction

Between 1950 and 2015, it is estimated that 6300 Mt of plastic waste have been produced. Of this,
around the 80% ended up in landfills or in the natural environment [1]. The combination of this type
of waste disposal and of the durability and resistance to degradation of plastics, has led to the current
ubiquitous and abundant presence of plastic debris in the environment. The greatest warning signal
of this plastic pollution problems has come from marine environment, where it is estimated that 75%
of all marine litter is plastic and this debris has been reported to be accumulating at the sea surface
[2], on shorelines of the most remote islands [3], in the deep sea [4] and in arctic sea ice [5]. Despite
first reports on marine plastic litter dates back to the 1960s (Kenyon & Kridler, 1969) only recently
it has been recognized as a pervasive global issue [1].

There is a range of evidence on the harm caused by marine litter; with negative impacts on
commercial fisheries, maritime industries and infrastructures, as well as on a wide range of marine
organisms as a consequence of entanglement and ingestion [6].

Plastic debris can be defined and described according to different characteristics including origin,
polymer type, shape, size, colour or original use. However, the main classification used is about the
size: macroplastic (>20 mm diameter), mesoplastic (5-20 mm) and microplastic (<5 mm) [7]. Since
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macroplastics are more visible, they have been for long time considered as one of the most concerning
forms of plastic pollution. In fact, these items can be more easily recognized and categorised
according to their original usage (i.e. fishing, packaging, or sewage related debris). More subtle and
complicate is instead the pollution related to the presence of microplastics that, with accumulating
data on the impact and consequences of such debris, has received increasing research interest and
currently represents one of the greatest challenges in the fight against plastic pollution.

2. Microplastics: definition and sources

The presence of small plastic fragments in the open ocean was reported for the first time in the 1970s
in the North Atlantic, during sampling campaigns with plankton tows [8]. However, it was not until
2004 that the term ‘microplastics’ was coined in a paper describing the long-term accumulation of
plastic fragments with dimensions of few microns in beach, estuarine and subtidal sediments in the
UK [9]. This terminology was subsequently considered during the International Research Workshop
on the Occurrence, Effects, and Fate of Microplastic Marine Debris in 2009, where scientific experts
agreed on using the name “microplastics” to define plastic particles smaller than 5 mm. The workshop
also distinguished microplastics according to their sources [10]. Microplastics are classified as
“primary” if they are intentionally produced in such micro dimensions for direct usage or as
precursors for other products, for example in cleaning products, cosmetics [11] and as air-blasting
media. Instead, they are defined as “secondary” if they derive from the fragmentation of larger plastic
debris, as a consequence of ultra-violet (UV) radiation and oxidation and/or physical forces from
abrasion, wave-action and turbulence [12]. Secondary microplastic can also be generated as a
consequence of items such as tyres and textiles becoming abraded during life in service [13,14]. The
occurrence of these pollutants not only in marine environment, but also in freshwater systems [15].
Microplastics cannot be cost-effectively detected, collected for recycling or successfully removed,
causing a range of negative economic and environmental concerns. Microplastics are able to interact
with a very wide variety of marine organisms, from zooplankton to marine mammals [6]. Moreover,
they may also present a toxic hazard to marine organisms, by accumulating persistent organic
pollutants (POPs) already present in water, or by leaching additives added to plastics during their
production or residual monomers or oligomers [16]. However, recent modelling work suggests that
the importance of microplastics as a transport vector for sorbed contaminants is likely to be minimal
in most scenarios [17].

To understand correctly the occurrence and impact of microplastic pollution, the EU [18] is directing
efforts to compare and harmonise monitoring protocols, including those used for microplastics, with
the scope of ensuring greater inter-comparability among data.

3 Solutions and future challenges

The success of plastics is mainly due to four key properties being light weight, durable, versatile and
inexpensive. They have made plastics suitable for the most disparate applications, shaping modern
society with numerous societal benefits in healthcare, agriculture, transport, construction and
packaging [19].

However, the accumulation of plastic litter in the oceans is actually a symptom of a much wider
problem — the accumulation of plastic waste. It is clear we have buried beneath the ground for future
generations to deal with far more plastic than has accumulated in the oceans. The underlying issue is
our linear use of plastics through short-lived applications to persistent waste. The combination of the
growing human populations and the improvement of living standards, along with the increasing
plastic production and a lack of consideration at the product design stage of a product fate after use,



have led to the culture of a disposable convenience driven society with associated consumer
behaviour unconcerned about the consequent environmental implications. By comparison with many
other current environmental challenges, the benefits resulting from the use of plastics are not directly
linked to the emission of plastic debris to the environment or to degradation of the environment.
Hence, in theory at least, it is possible for society to retain the benefits of plastic products and at the
same time reduce the quantity of plastic litter entering the environment [20].

In order to establish efficient prevention and mitigation strategies, the identification and
comprehension of the different sources of marine plastic pollution is important to gain an accurate
assessment of the quantities of plastics and microplastics entering the ocean, to provide an indication
of regional or local ‘hot spots’ of occurrence, and to determine the feasibility of introducing
management measures to reduce these inputs [21]. In general, the sources of marine plastic litter are
quite well known, but what is still missing is consistent data on the relative importance of the different
sources, mainly due to the lack of standardised protocols for replicable measurement of waste
generation, collection rates, classification and waste disposal methods for rural areas and urban
centers in countries around the world [1]. Therefore, potential solutions to mitigate this problem are
widespread and complex and needs joint efforts from industry, governments, society and scientific
research.

Starting from product design, disposal pathways for a product need to be considered right from the
beginning. Although most plastics are inherently recyclable, many single-use items are not currently
designed to be widely compatible with recycling. Long-term sustainable solutions require moving
from a linear economy towards a more circular economy that takes into account the end-of-life of the
product, leading to its recycling (when possible) or correct disposal [22]. In this respect, waste
management frameworks should be improved: this is not just a problem for developing nations, even
in industrialized nations with good waste management infrastructure there are generally very low
levels of recycling and little evidence of product design being linked to the waste management options
that are available. .

Governments also have a key role since they can create a legislative framework to stimulate
mitigation actions of plastic waste at its sources. For instance, policies from governments in many
nations to either ban the sale of single-use plastic bags, charge customers for their use and/or generate
taxes from stores who sell them, resulting in a substantial reduction of their use [23]. Currently, there
IS no consistency of policies in this topic between countries, so a more effective and pragmatic global
cooperation among the country governments is of striking importance. There is also a key need to
government policies to help create a level and fair playing field for industry so that more reputable
companies are not undermined by the less environmentally scrupulous.

Education, outreach and awareness raising are also important ways to address marine litter [24]. It
has been suggested that marine litter can be used as a vehicle to inspire and promote more sustainable
economies and lifestyles [25]. Improving and spreading public awareness of the problems caused by
plastic pollution is the first step towards changing people's behaviour on plastic consumption.
Finally, advances in academic research from material science to waste treatment, are likely to be
pivotal in optimising and evidencing new solutions or alternatives to our current approaches to design,
use and dispose of plastics. For example, biodegradable or compostable polymers could perhaps
replace traditional plastics for some applications, like single-use plastic items, and are sometimes
promoted as way to reduce pollution also in marine environment. However, more studies are needed
to assess the degradation rate of biodegradable or compostable polymers in a range of natural
environments. In most cases, the potential advantages of these novel materials can only be reached
in dedicated and specifically managed waste collection systems that provides conditions suitable for
degradation. Yet there is often failure to communicate this to the consumer since labelling to facilitate
appropriate disposal is lacking [26].



Microplastics represent a more specific issue that requires more complex and challenging actions.
Preventing the emission of macroplastics in marine environments will certainly reduce the generation
of microplastics by fragmentation. However, for other sources the best approach could be removal at
source, for example by banning of microbeads in personal care products [23], or at the design and
production stage by for example improving synthetic textile design so that garments release fewer
fibres and last longer in service — such that they are on the whole more sustainable [27,28,29].

4 Conclusions

Since the mass production of plastics commenced in the 1950s, global plastic production has
increased almost exponentially. At the same time, plastic pollution and the generation of waste has
increased accordingly, hence there is now an urgent need for prevention, mitigation and to a lesser
extent remediation actions.

Key solutions to address plastic pollution are already available but there is a need for clear and
independent evidence to guide the most appropriate choice of interventions as well as for coordinated
action among the international community and several sectors/stakeholders. A synergistic approach
should involve dedicated policies and regulations to prevent unnecessary plastic emissions in the
environment, changes in product design and production to promote circular economy, and social
science to better understand attitudes and perceptions about the issue and the solutions as well as to
help raise awareness.

A key and largely missing element is support for academic research and collaboration across the
disciplines, bringing together environmental and material scientists, waste managers, product
designers, legal expertise as well as social scientist. Only by considering both the challenge and the
solutions in a holistic manner, we can hope to reach optimal solutions and minimise the (currently
high) risk of taking uniformed knee jerk reactions that may have far reaching negative consequences.
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