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Pioneers of marine
plastics research at the
University of Plymouth
Standing at the forefront of research into the impact of litter on the
marine environment, the International Marine Litter Research
Unit, led by Professor Richard Thompson OBE, focuses on
understanding the accumulation and harm caused by marine litter,
and the potential solutions to this global crisis.
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Over almost two decades, the world-leading
work of the University’s Marine Institute
has resulted in numerous research findings
of major importance, influencing national
and international legislation and setting the
scientific agenda for others to follow.
The team’s 2004 landmark paper, Lost at
Sea: Where is all the Plastic?, was the
first to describe microplastics in the ocean,
establishing a new field of academic
enquiry on what had previously been a
significantly under-researched aspect of
marine pollution.
Professor Thompson and his team have
continued to contribute fundamental
understanding of microplastics ever since,
from showing that they are ingested and
retained by marine organisms (2008) to their
widespread global distribution in some of
the remotest locations on Earth, including in
Arctic ice and the deep sea (2014).
As well as demonstrating the impacts, the
focus of the International Marine Litter
Research Unit has progressively shifted
towards solutions-orientated approaches.
This has included identifying the key
sources of plastic pollution, the most
effective options to stem the flow of plastic
to marine and freshwater environments,
and the best ways to achieve the changes
needed to reduce our reliance on singleuse plastics and transition towards a more
circular economy.

Our research has directly influenced global
policies, helped to guide industry best
practice, and contributed to a major shift in
public awareness and behaviour.
Our work demonstrating that a single bottle
of cosmetics can contain up to three million
plastic microbeads directly contributed to
the UK ban of cosmetic microbeads (2018),
while our researchers have also provided
evidence to government inquiries into the
taxing of plastic bags and the sustainability
of textiles used in the fashion industry.
This substantial body of work resulted in a
four-star Impact Case Study for the
Research Excellence Framework 2014,
Discovery of microplastics as key
anthropogenic contaminants in the marine
environment. It has also helped to secure
several other high profile awards, with the
University being part of a team that won
the Societal Impact category and overall
prize in the Natural Environment Research
Council’s (NERC) 2018 Impact Awards.
In 2019 our ground-breaking research and
policy impact relating to microplastics
pollution resulted in the award of the
Queen’s Anniversary Prize for Higher
and Further Education, the highest
honour that can be bestowed upon a higher
education institution.
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The benefits of plastic
Marine litter includes wood, glass, metal,
pottery, and rubber, but plastics alone
account for around 70% of the litter
found on beaches worldwide; hence the
drive for robust research with a key
focus on plastic debris.

While plastic items are abundant as litter in
the environment, it is also clear that plastics
are incredibly versatile, lightweight,
durable and inexpensive materials, which
have the potential to bring considerable
societal benefit. For example, lightweight
parts in cars and aeroplanes help reduce
carbon emissions; while the durability
of plastics can be relied upon for a wide
range of products in construction, from
damp-proof courses to window frames, and
applications in hospitals can literally be
life-saving.

KEY MICROPLASTIC FINDINGS
Our research has shown the widespread
accumulation of microplastics – plastics smaller
than 5mm in size – by demonstrating their
global distribution (2011), their accumulation in
commercially important fish stocks (2013), presence
in Arctic sea ice and in the deep sea (2014), and that
wastewater is a major pathway for microplastics to
the environment (2011).

The problem of
marine litter
The accumulation of litter is a
recognised problem that spans the globe,
causing harm to the environment and
the creatures that live there.
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It is almost impossible to walk along a
shoreline anywhere in the world without
encountering plastic litter. However, the
accumulation of plastics in the environment
is actually a symptom of a much wider
problem – our linear use of resources to
waste – rather than the problem itself.

Single-use plastics and a convenience-driven society
The largest use of plastics is as packaging,
which accounts for around 40% of all
the plastics produced. This single-use
application can help protect food and
drink, prolong shelf-life and so reduce
product wastage.

increase in plastic use, from five million
tonnes produced per year in the 1950s
to over 359 million tonnes today. In
fact, during the time our team have been
researching plastics in the environment, the
global usage of plastic has already tripled.

Their low cost has made plastics a
prime material for relatively short-lived
applications; for 60 years product design
has focused on convenience-driven
disposable packaging. Over that time, the
world has seen considerable population
growth and a disproportionally larger

However, the short-lived nature of singleuse items, coupled with their durability,
creates a major environmental problem,
with end-of-life plastic accumulating in
managed systems such as landfill and also
in the natural environment as litter.

Indeed, more plastic has been buried in
landfills than has accumulated in the oceans.
Unless we learn to design, use and dispose
of plastics in a more circular manner, the
accumulation of plastic in the environment
will continue to increase. Some estimates
suggest the quantities in our oceans could
triple between 2015 and 2025.

There are numerous reports of extensive
surface water gyres, so-called garbage
patches in the sea, where floating plastic
accumulates. It is also clear from research
at the University of Plymouth, and that of
others, that substantial quantities of plastic
have accumulated in some of the most
inaccessible parts of our planet, including
the deep sea and the Arctic. Many scientists
now believe that the deep sea is one of the
ultimate resting places for plastic litter.
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A HOLISTIC VIEW OF PATHWAYS TO THE
MARINE ENVIRONMENT
Researchers at the University are examining the
distribution of microplastics in European rivers
and lakes as part of LimnoPlast, a €4.1 million EU
Horizon 2020 project. This research will provide the
first comprehensive assessment of the sources
and impacts of microplastics on freshwater
environments, aiming to promote societal change
and transform the science into specific, timely and
innovative solutions.
Meanwhile, some of the University’s other key
research is focused on microplastic emissions in
the form of fibres from textiles and particles from
car tyres. Initial results suggest that considerable
quantities of tyre particles are finding their way to
the sea through wastewater and sewer systems,
potentially making them a substantial source of
microplastics needing greater understanding in
relation to potential impacts and solutions.
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Types of plastic in the marine environment
Plastic litter is a highly variable mixture
of items, including hundreds of different
polymer formulations, with some pieces
so large they can be seen from space to
microplastics smaller than the diameter
of a human hair. Microplastics are widely
recognised as the most abundant items in
the ocean; one of the key sources is the
fragmentation of larger items after they

enter the environment – hence a focus on
reducing the quantity of large items of litter
entering our seas and oceans is critical.
It is widely speculated that plastic pieces
down to the nanoscale are accumulating in
the oceans as a result of fragmentation –
the smaller the pieces, the greater the range
of marine organisms that will encounter
them, and the harder they are to remove.

The impacts of plastic litter
Economic harm
Even cleaning a relatively small proportion
of the coastline, such as tourist beaches,
ports and harbours, can cost countries like
the UK millions every year. If we consider
the wider economic consequences for the
environment and its natural resources, the
cost of marine litter is very substantial.
Yet the problem of marine litter is almost
entirely avoidable and, if tackled at source,
would make our use of plastic more
sustainable, freeing up resources currently
spent in clean-up for other pressing global
challenges.

Harm to human health
The effects of plastic litter on human
health are not well described and more
evidence is needed. At one end of the
scale, there are reports of plastic debris
contributing to ships sinking at sea, with
associated loss of life. At the other, even
small quantities of litter on shorelines can
reduce the beneficial effects the natural
environment normally brings to our health
and wellbeing.

HARMING OUR INTERACTION WITH NATURE
Our research (2016) has shown that plastic on beaches, even
in relatively small amounts, could significantly undermine the
‘restorative effect’ of engaging with the natural environment,
indicating that mood and wellbeing are negatively impacted
by plastic litter.
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Harm to wildlife
The consequences of plastics for wildlife
are perhaps the most widely publicised
type of harm. Images of entangled marine
mammals and turtles, or plastic items from
the stomach of a seabird, have become
common on our televisions and the internet
in recent years.
We know that entanglement in plastics can
cause physical injury and death to a wide
range of organisms, and that ingestion
can obstruct feeding and digestion.
There is evidence from our laboratory
studies that ingestion of microplastics

can also be harmful, and it is predicted
that microplastics could have wide-scale
impacts on the natural environment within
the next 100 years, unless we take action
now to reduce their accumulation.
Nanoplastics are currently below the level
of detection in an environmental sample,
but it has been suggested they may have
far-ranging effects because they can pass
into the circulatory system. Our research
(2018) has shown they can very rapidly
become widely dispersed throughout the
whole body of an organism.

A PLASTIC DIET
Our research in 2008 demonstrated
that marine organisms ingest and
retain microplastics, and in 2013
we showed that over a third of the
fish caught in the English Channel
contained microplastics.

Of those fish caught in
the English Channel that
were shown to contain
microplastics, several
were commercially
important species.
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When the University was asked to
document these consequences
for the Convention on Biological
Diversity (2012), there were around
300 scientific papers describing
wildlife’s encounters with different
types of litter. Around 700 species
were documented, 17% of which
were ‘threatened’ or ‘nearthreatened’ according to their
conservation status. Over 90% of
the documented encounters with
litter in the sea were attributed to
encounters with plastics, as opposed
to other types of litter.

Can we have the benefits of plastics without
the current environmental problems?
Plastic litter is one of the few
environmental challenges that is not
directly linked to a societal benefit.
For example, the benefits to society
of coastal development directly and
proportionately take away existing natural
habitats. Fishing directly diminishes the
number of fish in the ocean. But with
plastics, very few of their uses directly
and unavoidably link to the release of
litter into the environment. Therefore,
it is theoretically possible to have the
benefits that plastics can bring without the
associated damage.
A large proportion of the problem is that
current plastic use is almost entirely linear,
using a non-renewable source of carbon,
derived mainly from fossil oil and gas,

for relatively short-lived applications that
rapidly generate substantial quantities of
waste. It is clear we need to reduce our
usage of unnecessary plastic items, but
in many applications plastics are the best
materials to use. In those instances, if the
carbon used to produce plastic could be
harnessed in a more circular manner, via
associated improvements to recycling, the
accumulation of plastic waste would be
substantially reduced.
In short, the way we currently produce,
use and dispose of plastic, and particularly
single-use plastics, cannot be sustained.
In order to retain the societal benefits of
plastics, our relationship with these highly
versatile materials has to change.
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EVIDENCE FOR POLICY BASED ON CURRENT SCIENCE
The Evidence Review Report
‘A scientific perspective on
microplastics in nature and society’
(2019), published by the Science
Advice for Policy by European
Academics (SAPEA), brought together
a number of international experts to
summarise the current science on
risks to humans and environment
posed by microplastics.
The expert contributors included
Vice-Chair of the report Sabine
Pahl, Professor of Applied Social
Psychology, and Professor Richard
Thompson OBE, together with former

members of the research team at
Plymouth. They delivered a unique
report that was presented to the
European Commission and the G7.
This body of work examined the best
available evidence from the natural
sciences and computer modelling,
linking this to political, social and
behavioural science insights.
Recognition of the complex
interrelated system and the human
dimension of the problem is critical to
determine possible solutions that will
be accepted widely.

What are the solutions?
The diversity of the plastic types, their
many pathways to the sea and ultimate
global distribution, means there is no
one-size-fits-all solution to this challenge.

Some options include: clean-up operations;
banning plastics; biodegradable plastics;
reduce, reuse, recycle; and the redesign of
plastic items.
We need clear evidence as to which kinds
of intervention will work best, and in which
contexts. This information is urgently
needed and emerging research suggests it
is essential that we must, without delay,
adopt combinations of these measures
simultaneously. In selecting the actions
to take, it is essential that we carefully
consider any potential unintended negative
consequences of those measures.
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BENEFITS OF BEACH CLEANS
Our research (2017) has
demonstrated that taking part
in voluntary beach cleans
can have educational and
wellbeing benefits, finding
that – compared to other
coastal activities – participants
found beach cleans to be
the most meaningful, made
them feel more confident in
their knowledge of the marine
environment, and were more
likely to inspire them to sign
up for future beach cleans.

Clean-up operations
Clean-up operations have an important
role to play; they can remove litter from
our shorelines, engage the public, raise
awareness, and contribute valuable data
to scientific understanding. There are also
industrial mechanised clean-up operations
in the oceans, though there are concerns as
to their efficacy. Cleansing large areas of
our oceans of very small particles is beyond
the capability and viability of existing
technologies.

BANNING MICROBEADS
Scientists at the University showed that some
cosmetics could have around three million unnecessary
plastic particles called ‘microbeads’ in a single bottle
(2015). This research was instrumental in informing
the UK government’s decision to ban microbeads
in cosmetics in 2018, and influencing other policy
makers around the world, following its inclusion as
evidence given to the Environmental Audit Committee’s
‘Environmental impact of microplastics’ inquiry (2015).

Banning plastics
Some believe that banning plastics would
be an easy and effective solution. For some
applications, such as single-use carrier bags
and microbeads in cosmetics, bans may well
be the best answer. However, a blanket ban
of all plastics will prevent future generations
from enjoying the benefits that plastics can
bring to society, and risk a wide range of
unintended negative consequences from the
substitution of other materials that would be
needed to replace plastics.

An additional concern is that if efforts and
resource focus on clean-up operations, rather
than on stopping the problem at the source,
then future generations could be condemned
to continue cleaning-up endlessly.
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5p FOR YOUR BAG
In 2015 the UK government introduced the plastic bag tax. This legislation
was informed by research from the University when it was included in the
Environmental Audit Committee’s ‘Plastic bags’ inquiry (2014).
Our further research (2019) showed that a range of plastic carrier bags labelled
as biodegradable, compostable and degradable could not be relied upon to
degrade rapidly across a range of natural environments, with some still able to
carry home shopping after three years’ exposure in sea and soil.

Some types of
plastic bag that were
labelled as being
degradable could
still carry a full load
of shopping after
being submerged in
soil for three years.

Biodegradable materials
Biodegradable plastics could potentially
contribute to solving the issue of marine
litter, but their feasibility in this context
relies on overcoming a distinct challenge –
that of creating a material that is durable and
dependable in a range of conditions while in
use, yet that will self-destruct in a rapid and
harmless manner should it become litter in
the environment.
Our understanding about the potential
benefits of these novel materials, in terms of
litter and the circular economy, are far from
complete with more work needed to define
appropriate tests, standards and labelling.

Reduce, reuse, recycle
Taking a reusable bag ought to be an
automatic part of our shopping routine – just
as it is automatic to take a raincoat if the
weather forecast predicts rain.
The vast majority of plastics are made from
oil, accounting for 4% of the world’s oil
production, meaning the current linear use
of plastics via single-use applications is
depleting non-renewable fossil fuel reserves.
Yet many plastics are inherently recyclable,
and there is greater potential to capture the
carbon from end-of-life plastics than in
many other uses of fossil fuels, such as the
carbon from car or aeroplane exhausts. At
the end of their life, many plastic items – if
designed appropriately – could recycle into
new plastic items.
More research is needed to design plastics
for maximum recyclability so that material
can move around the circular economy
multiple times. Increasing the quantity of
plastics we recycle will reduce the need
for fossil oil and gas as a carbon source
and reduce the accumulation of waste and
litter. While work to maximise the potential
for recycling offers promise, there is an
increasing realisation that much more
effort also needs to be put into reducing the
amount of plastic used in the first place.
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PLASTIC FASHION
Our research (2016) demonstrated that some textiles
release four or five times more fibres than others, up to
700,000 fibres in a single 6kg washing load. It is possible
that if textiles were designed in a better way, they would
shed less fibres not only in the wash, but in everyday wear,
and as a result our clothing would shed fibres more slowly
and therefore last longer before needing to be replaced.

Professor Richard Thompson
and Dr Imogen Napper

Changes by design
The most critical aspect of the plastic
problem is to consider, right from the
design stage, the fate of plastic items at the
end of their service life. In the instance of
microbeads in cosmetics, the patent was
filed more than 50 years ago with seemingly
no thought over the subsequent decades as
to where those beads would end up, until
environmental scientists helped quantify
the magnitude of the problem. A simple
change to product design – removing the
microbeads – has directly reduced this
particular emission to the environment.
Similarly, plastic fibres from synthetic
clothing are a significant environmental
contaminant, yet our work has revealed
substantial differences in the extent of
microfibre emission between fabric types
(2016). Better fabric design could be key
to reducing the emission of fibres into the
environment.
Even more curiously, few of the singleuse items of packaging in the shops
are designed with end-of-life in mind.
As a consequence, potentially valuable

polymers are compromised in terms of their
potential recyclability because of a lack of
consideration at the design stage.
For example, polyethylene terephthalate
(PET) is a highly recyclable polymer that
has value to recyclers as it is relatively
easy to turn into new plastic bottles.
However, some product designs incorporate
colourings that, while not rendering the item
unrecyclable, considerably reduce its value
in recycling. When the price of oil is low,
it is much harder for the recycled plastic to
compete with plastic derived from fossil fuel
sources. For this reason, even some plastics
that are labelled as recyclable will, in reality,
be very challenging to recycle.
The question of what happens to a plastic
product at the end of its life needs to be
considered right from the early stages of
design, to ensure there is a balance between
the functionality and societal benefit of the
item during its use phase, and the issues
associated with its end-of-life disposal.
Some would call this a greater duty of care
or extended producer responsibility by those
producing plastic items.
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Where and how to act
The growing human population is
putting many pressures on our planet,
but the challenge of plastic litter and
waste is a solvable challenge. There is
broad agreement across industry, policy
and the public that there is a problem,
and that action is needed. While there
is some uncertainty about specific
pathways and impacts of plastics in
the environment, this broad agreement
about the problem itself should be
harnessed without delay.

The potential solutions are largely known
as well. The challenge lies in matching the
appropriate solutions to the specific causes
or sources of the problem. Interventions
need to be mapped against the problems,
considering different plastic types, their
uses, their design, and also where they
are implemented. A solution in a country
with sophisticated waste management
will probably not be appropriate in a
country that lacks waste management
infrastructure.
Solutions need to consider how people
live their lives, and be developed with
the different needs and practices of
communities in mind. Only if we think
about this human dimension carefully will
we be able to implement solutions that are
acceptable, feasible and affordable to many
societal groups in the long term.
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Professor Sabine Pahl

By contrast, there is a risk that
interventions could be driven by knee-jerk
responses and quick-fixes. If these are not
evaluated systematically, they might appear
to address the issue but not get to the heart
of it, and could actually lead to unintended
negative consequences.

A GLOBAL VIEW: WHERE ARE
THE GAPS IN ACTION?
The University is leading a
global stocktaking exercise on
behalf of the United Nations
Environment Programme
(UNEP). This investigates all
actions being undertaken to
reduce the flow of plastic and
microplastics into the ocean.
Having gone out to all UN
member states, this exercise
will generate a picture of
current progress and barriers,
and will allow member states to
address the gaps highlighted.
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Bringing together academic disciplines to supply
evidence for industry, policy and society

AN INTERDISCIPLINARY APPROACH
At the University of Plymouth, we have
developed new analytical techniques to study
the relationship between microplastics and
other contaminants, to quantify the release of
fibres from textiles and to study degradation of
plastics in the environment. Our researchers,
together with their academic networks of
collaborators worldwide, work closely with
industry, from SMEs to large corporations,
advising on processes and products.
We have also pioneered the introduction
of solution-focused social and behavioural

16

INTERNATIONAL MARINE LITTER RESEARCH UNIT

science that has now become central to much
of our work.
We have given evidence for key policymakers,
and served on numerous working groups,
including in UK government, the EU, USA,
Canada, G7 and UN, with the aim of sharing
knowledge, guiding legislation, and enacting
real change.
Our public outreach activities include highprofile keynote addresses nationally and
internationally, from London to the Galápagos
Islands, Washington DC to Singapore.

The key evidence gap is a lack of clear understanding to guide us towards the most
appropriate solutions, ensuring that interventions are effective at retaining the value of
plastics, while minimising the unintended consequences of their use.

Reliable, independent evidence is essential
to inform and optimise interventions.
There needs to be greater understanding
of not only the environmental and social
harm, but of the societal or human
dimension – the science behind people’s
perceptions and behaviour towards
potential solutions. We need to consider
how to communicate solutions and help
people transition to new ways of doing
things, together with industry, retailers
and waste managers. There also needs to
be greater insight of the challenges faced
in waste management, how infrastructure
could be developed, and in particular how
products could be better designed.

Legal interventions could also be important
to help maintain a level playing field
in which industry can operate, without
the risk of being undermined by less
scrupulous operators. Interventions could
include economic instruments such as
taxes, levies, or incentive schemes to help
drive a more circular economy.
It is only by gathering reliable independent
evidence across the disciplines that we can
make informed decisions about responsible
design, use and disposal, so that the carbon
in plastics could go around in a more
circular economy – resulting in more
sustainable production and consumption,
and simultaneously reducing the amount of
plastic waste and litter we generate.
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Drawing on the expertise outlined in this brochure, and making use of
the extensive knowledge, skills and research facilities at the University,
together with our global networks of collaborators, we are engaging
with policy makers and with companies seeking consultancy or
industrially-sponsored research.
We also collaborate widely on publicly- and charitably-funded
cross disciplinary research on approaches to reduce negative
consequences of current plastics production, use and disposal.
Externally-funded PhD studentships, and the UK Knowledge Transfer
Partnerships scheme, are also allowing us to advance scientific
understanding and communicate widely about the potential solutions
to this global environmental challenge.
Please contact the Marine Institute if you would like to discuss the
ways you can collaborate with, or support, our research.
Marine Institute
University of Plymouth
Drake Circus
Plymouth PL4 8AA
United Kingdom
marineinstitute@plymouth.ac.uk
 @PlymUniMI
 plymouth.ac.uk/marine


If you are interested in studying a marine-related course at the
University of Plymouth, you can find more information at:
plymouth.ac.uk/subjects/marine

The University is committed to the promotion of equality and diversity.
If you require this publication in an alternative format, please contact:
+44 (0)1752 588045 or marketingoffice@plymouth.ac.uk
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