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Enabling Change

Education

Educating and raising awareness in young people about environmental and
sustainable development, particularly through actions in schools, is a powerful
lever for transformation. Living in a world of increasing complexity and
uncertainty, these actions also stimulate resilience to environmental change in
our future citizens. In this context, PPP partners have designed, created, and
carried out many interventions targeting schools more specifically but also
further and higher education students, ranging from lectures and conferences to
innovative co-created educational activities to enrich the learner’s pathway.

School interventions

Figure 1. engaging with the next generation during a school workshop

School field trips

All project partners were involved in litter-picking actions along riverbanks and
coastal areas in the pilot catchments. The Syndicat de Bassin de I'Elorn (SBE)
contracted the organisation Eau et Riviéres de Bretagne to promote 20 days of
plastic pollution awareness to school children through organised clean-ups.
Collecting plastic waste not only increased pupils’ awareness and concern but
also actively contributed to the cleaning of the Elorn River. After a clean-up
event, children were frequently involved in sorting and categorising the waste,
which allowed for a discussion on the sources of plastics and the changes that
could be made to prevent plastic pollution in rivers and on the coast.
Consequently, they formed new pro-environmental behaviours in their everyday
life. Similar actions were carried out by the Environment Agency (EA),
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Enabling Change

Etablissement Public de Gestion et d'/Aménagement de la Baie de Douarnenez
(EPAB) and South East Rivers Trust (SERT). Older students were also engaged
through field work: Parc Naturel Marin d’lroise (PNMI) received positive feedback
from litter picks they organised with local high schools.

Lectures and conferences to inform and raise awareness

Further awareness raising occurred through lessons and lectures given at
numerous schools to a wide range of audiences, from the youngest children in
pre-schools and primary schools, to high school, further education and university
students. The content was adapted to provide age-appropriate language and
teaching aids, often in partnership with the schools, teachers and lecturers. For
example, PNMI communicated to high schools and secondary schools in the
Iroise Marine Park islands about the vulnerability of their local area to plastic
pollution, with about a third of it being caused by fishing. In the Solent area,
pupils and their teachers attended the EA’'s World Ocean Day event at
Portsmouth Historic Dockyard to hear presentations from young activists
involved in preventing plastic pollution.

A popular intervention in France was the collaboration between Océanopolis,
Ifremer and the Centre national de la recherche scientifique (CNRS) within the
framework of the Young Reporters of the Arts, Sciences and the Environment.
Classes had to register their interest via an online form, describing an ocean-
related issue they wanted to work on throughout the school year. Workshops
were facilitated by scientific mediators from Océanopolis, and classes were then
able to interact directly with scientists from the PPP project partnership.
Afterwards students were supported in their classrooms or virtually. The last
stage meant to create a synergy between the arts and sciences: pupils were
tasked with creating an artistic interpretation of what they had learnt and of how
they could tackle the issue of plastic pollution.

Educating older students and their teachers requires two main elements:

Lectures in the form of courses given to teachers to inform them of the cross
disciplinary nature of plastic pollution. The teachers can then use this new
knowledge to integrate it into their own lessons for secondary school pupils and
students. Several examples can be cited:

e EA provided a virtual teacher and STEM ambassador training session to
introduce the topic of plastic pollution from source to sea;

e City to Sea were funded by PPP partners to deliver their award winning
and PSHE (Personal, Social, Health and Economic) accredited training
programme “Rethink Periods” to teachers and school nurses in 95 schools
across the English project area.
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Enabling Change

e Océanopolis, in partnership with the French national education system,
organised training for teachers on the theme of plastic pollution, including
the creation of a zero-plastic kit for schools.

The production of course materials and direct teaching of students, such as: EA’s
masterclass at Brunel University; EA’s lecture series on preventing plastic
pollution for horticulture, agriculture and animal management students at land-
based colleges; or Ifremer and CNRS’ presentation of the sources and impacts of
microplastics to master's students at the University of Western Brittany.

The evaluation of selected activities confirmed that they increased participants’
knowledge about plastic pollution. Nowadays, pupils' and students' concern
about environmental issues is generally high and providing them with practical
solutions feels empowering and inspires some immediate behaviour changes,
such as reducing buying goods in single use packaging (SUP), using a reusable
water bottle, or engaging in community clean-ups.

School workshops

The design, implementation and dissemination of workshops to pupils and
teachers have shown that face-to-face activities allow for a deeper, more
inclusive and wider reaching engagement. Some examples are provided below.

In order to retrace the path of a waste product from its source to the sea,
LABOCEA, EPAB and SBE designed and led a workshop using a catchment model
as a support. Around this educational module, several themes were developed
for students from 6 to 18 years old, such as the notion of catchment, the water
cycle, the source and transport of plastics.
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Enabling Change

For example, Ifremer and CNRS set up workshops for primary and secondary
school pupils to raise awareness of the impacts of plastic pollution on marine
organisms. The aim of the workshops was to explain the problem of invisible
microplastic pollution, whilst exposing the pupils to a scientific approach. This
intervention demonstrated the ingestion, digestive transit and elimination
through faeces of coloured microplastics and explained the physical and
chemical effects on the biology of the animal that ingested them. Several
hundred pupils and ten teachers took part over a three-year period. The EA also
carried out sequential workshops targeting 12- to 14-year-olds to follow the
journey of plastic pollution from source to sea involving science, mathematics
and technology: making a net to collect microplastics, testing the properties of
plastic polymers in relation to their persistence in the environment, and
eventually calculating the carbon cost of plastic waste and identifying remedial
measures. The resources produced now allow teachers to continue these
actions. These workshops expanded pupil’s in-depth understanding of plastic
issues, including learning ways to not only prevent but also reduce plastic use.
Although, the evaluation didn’'t show immediate change in behaviour, pupils felt
inspired to form new plastic-free habits.

Creative interventions

Environmental art exhibitions such as the Waste of Our Time exhibition in
Plymouth are a way of combining art and science to engage on environmental
issues. Through art, we not only raise awareness of the problem of waste at sea
but stimulate ideas and positive thinking in young people. This can change them
from being the object of a mostly anxiety-provoking situation to having a
positive vision, so that they can aspire to protect nature through the
commitments they themselves make.

For instance, Plymouth City Council commissioned local environmental artists to
develop, make and install a creative sculpture. In conjunction, nine workshops
were held for youth and school groups. Older children’s groups focused on how
we could create a circular economy whilst the youngest ones captured thoughts
and ideas about plastic via dream catchers.

One creative intervention devised by
Océanopolis was the School Plastic
Hackathon, which was held three times
during the PPP project. At the beginning
of the school year, a call for project ideas
identified volunteer classes prepared to
work on the theme of a plastic-free
ocean as part of a creative marathon.

Y, o 0 Slgv < gy,
Figure 3. School Plastic Hackathon
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Enabling Change

Participants were invited to leave their comfort zone and shake up their
practices to transform, divert and rebuild. With key support from Oceanopolis’
scientific mediators, a collective intelligence developed amongst students

working on a common issue.

Educational resources and engagement levers

A wide range of physical resources were produced which continue to be used by
PPP partners, their external partners or directly in schools. One example is the
interactive catchment map created by the EA which contains short videos
followed by an activity to explain the source and pathways of plastic waste. The
Plastic Seas school workshop produced by Océanopolis allowed pupils equipped
with reality headsets to observe the nutrition of deep-sea creatures and their
contamination with microplastics, initiating a scientific approach.

Educational booklets have also been produced. A bilingual booklet of the Elorn
catchment area was published on the theme of plastic pollution from source to
sea, for pupils between 9 and 12 years of age. It takes students on a journey from
the entry point of litter into the river to its fragmentation in the ocean and
explains the various impacts this can have on the environment.

Rewarding students is an interesting lever to reinforce motivation and
commitment: the EA successfully developed the PiXL Green Edge Award for high
school students. Competitions have a similar effect: EPAB, as part of a year-long
initiative involving an "eco-citizen school" in Plomodiern, launched a competition
among students to sketch an "ideal waste bin" to sort litter collected from the
playground. An eco-designed artistic sorting bin for cans, plastic and paper was
produced based on the prototype drawn by the winning class.

Key recommendations

® Focus on solutions and not only on the observation of plastic pollution and
its impacts.

e Provide curriculum links to workshops, lectures, resources, activities, or
scientific content, to make it as easy as possible for educators to integrate
to their teaching. Give clear and concise instructions on how to use
materials in the classroom including staff and equipment needed. Identify
the learning outcomes.

e Create arange of resources from full lesson plans to short curriculum-
linked activities and fun extra curriculum activities to ensure there is
something to offer everyone. Likewise create custom resources such as
bingo cards and interactive maps to facilitate the inclusion of a large
amount of varied content within one resource that can be engaging and
easy to share.
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Enabling Change

Plan evaluation ahead: think about the intervention's key outcomes;
consider both direct (e.g., amount of plastic removed during clean-up) and
indirect impact (e.g., participants' knowledge, attitude and behaviour
change about plastic pollution). Include an evaluation plan in the early
stage of intervention design.

Train teachers. Virtual training can prove particularly effective for time-

poor teachers. Try to access appropriate networks (STEM ambassadors)
and competent authorities to enable wide uptake (regional and national
education, Ministry of Education). Once trained, schools can continue to
engage their students directly.

To maximise reach, if possible, provide lecture, assignments and resources
in a format that can be used online or face-to-face. For example, record an
in-person workshop to provide an online version which can reach a wider
audience.

Keep costs minimal for schools.

Identify key contacts of school eco-clubs and sustainability groups and
liaise directly with them rather than using a generic email address. Set
aside time to build connections. Working with education networks can
quickly provide an engaged regional audience across all subjects and key
stages.

To increase the depth of engagement and learning, offer students
practical activities through workshops (e.g., plastic hackathon, oyster-
microplastics workshop, catchment model, eco-design projects) or field
work (e.g., microplastics survey in a sand box, litter picking and sorting).
They have the merit of being memorable for the students who will in turn
share their knowledge with family and friends thus broadening awareness.

Consider offering in person activities that allow more in-depth
engagement with young people and can be combined with virtual and
online resources to maximise reach.

Encourage classes/students to recall their knowledge in the form of an
artistic creation. Science-art synergies help to stimulate positive thinking
and increase the commitment of young people to protecting nature.

Conferences both online and in person are a good way to disseminate
knowledge. Integrating an artistic or unexpected element to an event or
conference can consolidate awareness. Having young activists speaking
directly to other young people can be more engaging than when adults
address them.

Work with external partners and utilise online platforms to target material
to the right audience and maximise reach. Many PPP resources will be
maintained and remain available after the project ends (e.g., EcoSchools,
Landex, Countryside Classroom, PiXL). Working with external partners
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provides access to their networks and audience immediately, as well as
support from a recognised brand, for instance WWF.

e Offer tailored industry guidance to make your resources relevant to a
particular sector training audience: the EA developed content specific to
the main land-based industries e.g., horticulture, agriculture and animal
management, as well as providing a general introductory module.

e Look for exposure: educational activities and resources created in PPP
were often linked to major events (Tour de France, WWF World Ocean
Day, GB Olympic and Paralympic teams, Sail GB).

Challenges and considerations

e Evaluating the effectiveness of educational interventions to assess their
relevance, identify potential improvements, measure the uptake of
messages and subsequent changes in behaviour proved difficult. Try to
embed feedback within the session plan and teaching material (e.g., Slido
polls) and if possible, over multiple time points.

e Collaboration enhances motivation: to keep track of concrete actions
against plastic pollution adopted by the French and English schools
engaged through the project, motivated classes were invited to join a
cross border pedagogical network and exchange their experiences and
ideas. 10 schools from each country attended a launch event and the
network is expected to continue.

e |dentify mechanisms to make conferences more participatory/interactive
especially for schools far from the big cities

e If time allows, hold a short briefing session for teaching staff ahead of
delivering an event/workshop so they can contribute to the support.

e Delivering to whole year groups requires a lot of organisation and a large
team effort plus makes it difficult to collect feedback from individuals to
assess learning for all.

® Preparing a lecture for students is very time consuming. It takes several
hours to produce a one-hour lecture.

e Hosting resources on online platforms can be expensive but this can be
mitigated through collaboration with key training providers.

e Online delivery makes engagement with the audience more difficult as
technology can get in the way and more practical resources cannot be
supported as effectively: for example, Virtual Reality headset tours which
could be used on school headsets. It is also harder to collect feedback
from staff/students watching remotely or on demand after an event.

e Getting schools to confirm attendance was challenging and so was
working around school holidays. It also takes a long time to get speakers
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Enabling Change

and workshop leaders to commit. Events require a significant investment
of time for preparation, on the day itself, and for follow-up.

e Some interventions require the mobilisation of a larger number of people
and more energy: for example, it wasn’'t possible to support more than 3
or 4 classes at a time over the 2 days of the Plastics Hackathon. A solution
could be to create a guide for teachers to organise the activity directly in
their school.

e |tis important to manage communication carefully in order to reduce the
eco-anxiety of some of the participants. The evaluation showed that most
pupils and students had been highly concerned about environmental
issues even before participating in these activities.

e Follow up activities / communication need to be planned in advance to be
more effective.

To conclude, the co-creation of educational activities requires preparation in
advance and a significant investment of time, but it is a guarantee of efficiency
in reaching your target audience and of better continuity over time. The efforts
and actions of the PPP partners as well as the wealth of resources produced
have paved the way for reuse and extension beyond the project life.
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Summary of effectiveness

Figure 4 Summary of effectiveness across education interventions, delivered by the project, based
on partner evaluations.

Further information

e Primary school lesson plans: A Pain in the Drain

e Primary school lesson plan: Litter pick and citizen science

e Activity sheet: Drain Maze

e Workshops on floating plastics at sea

e Film: microplastics from source to sea

e Lesson: plastics in agriculture

¢ Quiz: The plastics problem: test your knowledge

e World Ocean’s day online lesson: Learn to Love Nature

e Rethink Periods training

N
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https://preventingplasticpollution.com/resources/lesson-plans-a-pain-in-the-drain-primary-schools/
https://preventingplasticpollution.com/resources/litter-pick-and-citizen-science-lesson-plans/
https://preventingplasticpollution.com/resources/activity-sheet-drain-maze/
https://preventingplasticpollution.com/workshops-highlight-the-role-floating-plastics-at-sea-play-in-carrying-other-pollutants-like-chemicals-or-bacteria/
https://preventingplasticpollution.com/resources/film-microplastics-from-source-to-sea/
https://preventingplasticpollution.com/resources/plastics-in-agriculture-lessons/
https://preventingplasticpollution.com/resources/test-your-knowledge/
https://youtu.be/IkyxZbQ6sTs
https://www.citytosea.org.uk/campaign/plastic-free-periods/rethink-periods/

Enabling Change

Communities

Community-led action can be a powerful force for change. The Preventing
Plastic Pollution project has sought to empower existing communities and
support the development of new community networks, enabling positive action
and influencing others to reduce avoidable plastic consumption. This document
summarises the approaches trialled by project partners, highlighting effective
strategies and tools for community engagement.

Summary of approaches tested

Communication

Effective communication is central to the success of a community; informing
and engaging community members and influencing others to take action.
Behavioural change communications promote simple, positive actions for
community members to adopt and share their success.

lnierreg W

Franse | D08 Engla el

- m“ wanw preventingplasticpellution.com

Figure 5. The 5R's to preventing plastic pollution: Refuse, Reduce, Re-use, Repair, Recycle -
Preventing Plastic Pollution
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Whilst face-to-face social interactions play a fundamental role in most
communities, use of digital communications are an essential and low-cost tool
for sharing information updates on community activities and helping people to
find and connect with shared interests. Virtual community engagement enables
more people to participate across a wider area, saving travel time and carbon
emissions. Digital communications also promote inclusivity (whilst accepting
there may be financial or technical barriers at play) and can act as a
steppingstone to face to face engagement.

Communications resources are assets that can support a variety of community
engagement activities. Consider how to maximise the value and longevity of
resources by designing content for both physical and digital spaces. For
example, a poster can be adapted into a series of social media posts; a workshop
can be filmed and edited into a video summary; a launch event for an art
installation about plastic pollution tells a community interest story that news
channels will be interested to share.

Evaluating effectiveness of communication tools is valuable to inform future
action. If feasible, seek feedback during the design process, and incorporate
methods for participants to feedback while taking part in activities. Ask
participants, for example, how they found out about the event? What message
did they take away from the video or art installation?

Producing effective communications requires some knowledge and skills (e.g.,
graphics, copywriting, video editing), however there are many tools that offer
free or low-cost and accessible solutions. Allocate time to produce electronic
newsletters, social media pages, and a simple website, then monitor the level of
response in terms of number of social media interactions and/or subsequent
visits to website. Be aware of diversity and equality guidance to ensure
communications are inclusive to all members of society.

Community outreach: events and workshops

Outreach activities create an opportunity for dialogue within a community, that
can be used to influence behaviour change.

Partners have delivered outreach in-person and as online virtual events: both
have proved to be valuable ways to inform and provide action-based activities to
engage communities. Tailoring the content to the audience delivers the most
impactful engagement: consider what the community will be interested in and
what action you would like them to take away from the activity.

To help shape the content and review the impact of activities delivered, simple
pre- and post-activity evaluation surveys can be useful tools to include (e.g.
online surveys, tablet stations at an event or simple pen and paper form). While

13
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Enabling Change

planning an event or workshop, think about the key outcomes; consider both
direct (e.g. amount of plastic removed during clean-up) and indirect impact (e.g.
participants’ knowledge, attitude and behaviour change about plastic pollution).
Consider immediate gains (e.g. raising people’s awareness) and long-term
outcomes (e.g. changing people’s behaviour). Include an evaluation plan in the
early stage of intervention design.

v .® o PREVENTI 8
\ PLASTICPOLLUTION. © ' 4
v 4
NEITHER
STRONGLY STRONGLY
DISAGREE DISAGREE ‘I;ICQ?OEEROE: AGREE AGREE

O O O O O
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Please write here any additional thoughts or comments you have regarding
how the activity has changed your views - or not - on plastic pollution

What is your age group? Are you:
118 to 24 O Female
0 25t0 34 Ll Male
o [ Or do you describe yourself in another way
0 35 to 44 (write in gender identity)
[ 45 to 54
O 55 to 64
[0 65 or over

O Prefer not to say [ Prefer not to say

What is your ethnic background? Please select the highest level of education
Choose from one option that best that you have completed:
describes your ethnic group or background

O White / Caucasian [ GCSE/A levels/BTEC or equivalent

] Asian/Asian British [0 Trade/technical/vocational training

O Black/african/Caribbean/Black British O Undergraduate degree

O Mixed/Multiple ethnic groups O Pestgraduate degree

O Other ethnic group O Other

O Prefer not to say O Prefer not to say

Y \ A

v 1 interreg @ - e o YO QueenMary \ o
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Figure 6. Evaluation survey
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Partners found the following themes for outreach events to be effective in the
context of plastic pollution:

Waste reduction

Inviting ideas and suggestions for reducing plastic consumption and associated
waste, based on the social environment (family, leisure, work). For example,
establishing community-led repair cafes to fix broken household goods, or
taking waste reduction kits to engagement events to show people a tangible
way to reduce their plastic footprint.

Figure 7 plastic reduction kit display

Clean ups and litter picks

Project partners hosted numerous events and trialled a number of novel
approaches to increase engagement levels and sustained community action. For
example:

e Litter picking campaigns to engage with individuals over the course of a
month.

e Creation of a citizen science platform for communities to contribute litter
survey data to better understanding of plastic pollution across a
catchment area.

¢ Novel approaches to collecting litter in community groups: wading,
kayaking, snorkelling, paddleboarding.

15
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Figure 8 Paddleboard clean up on the river Frome, Dorset

Meet the experts

Scientific researchers, behavioural communications experts, and social
influencers sharing their expertise to help communities understand the issues
and actions they can take in relation to plastic pollution.

Figure 9. catchment model demonstration at a family science fair
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Creative arts

L'utilisation de la créativité pour
déclencher une réaction émotionnelle
face a la pollution plastique peut avoir un
impact incroyable. Cette approche peut
également étre utilisée dans le cadre
d'événements et d'ateliers scientifiques
ou techniques, car elle est plus accessible
a un large public.

‘ L ]
Figure 10. Waste sculpture created in
collaboration with local community groups

17

HiILeIrey g SN “PREVENTI
Channel L VAST'C POLLUTION:

France ( \1anche ) England

European Regional Development Fund



Community development

Project partners sought to support existing community groups and help to
develop new communities by empowering individuals to take action. By
considering how communities are formed around shared interests, beliefs, and
social structures, engagement opportunities can be tailored accordingly.

Community

Sport clubs

Religious
groups

Environmental
action groups

Work
organisations

Individuals

Opportunity

Promote reduction of avoidable
plastic waste at grassroots sports
events and social gatherings.
Signpost industry-level campaign
for change.

Promote reduction of avoidable
plastic waste during festivals and
social gatherings

Provide tools, resources and
expertise to support and grow
existing community members.

Support or develop a network of
plastic champions. Provide
suitable recycling facilities and
promote alternatives to single use
plastics.

Awareness raising, join existing
action groups or form new
community group.

Activities and resources

Communications materials,
pledges

Communications materials,
pledges

Litter picking equipment
provision

Litter survey templates
Training on PPP citizen science
platform

Co-creation of events and
interventions

Communications training and
support

Online community

Posters, communications tool
kits, pledges

Events and workshops
Training on citizen science
platform

Provision of recycling facilities
and sustainable equipment

Litter picking challenge
Repair cafe
Online community

When seeking to develop communities, it is important to recognise they are
organic structures that require time and resources to grow and sustain. Existing
community groups will have a purpose and their members will have roles, so
external support needs to align with the aims and aspirations of the community
group. Seeking out influential members that can become a “plastic champion”
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Enabling Change

within the community has proven to be an effective strategy when engaging
with established groups.

Some concerned and motivated individuals may be unable to take part in or
regularly commit to community events due to work or family commitments. To
overcome such barriers, the Litter Free Dorset Challenge was designed to
support individuals and families by providing litter picking equipment so
participants could carry out clean-ups at a time suitable for them. In conjunction,
a virtual community group was created on Facebook to provide support and
enable participants to connect with others taking part in the month-long
challenge. Following the challenge, a number of participants have connected to
form an informal clean-up group.

Partnerships and co-creation

Collaborative partnerships between organisations and communities are an
effective strategy to deliver impactful action across shared objectives.
Organisations including national and local authorities, infrastructure providers,
businesses, and environmental NGOs, can offer funding, access to resources, and
in-house expertise. By engaging community members at an early stage, projects
can be co-designed and delivered in a highly inclusive and collaborative manner,
offering a greater sense of value and ownership by community members. For
example, the repair café set up by CD50 in St Lo, France, created a collective and
social link between people around the repair of everyday equipment that had
become unusable. CD50 provided community volunteers with a budget for
equipment and meeting, and supported them to gain association status so as to
continue autonomously.

Community partnerships have also been effective for creating and delivering
novel communications campaigns, such as stormwater drain markers, cigarette
butt recycling initiatives, and artistic waste collection devices. One such initiative
was developed by the community, I'Ecorrigans de I'Elorn, who collaborated with
the European School of Art of Brittany, to design and build a waste collection
structure from recycled material, inspired by an emblematic river species, the
Atlantic salmon. The installation raises awareness and through an information
panel invites citizens to join litter picks via the group’s website.

Catchment and city-wide partnerships represent a network of organisations and
community groups that can collectively deliver interventions to meet joint
objectives. Whilst these networks require resources to support coordination
between partners, once established they can act as umbrella networks to
mobilise communities to tackle a variety of issues using co-designed outreach
and communications campaigns.
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In the PPP project, as part of a multi-stakeholder
city-wide partnership, Plymouth City Council
engaged with angling community groups to identify
areas causing snagging and lost fishing gear.
Subsequently commercial dive specialists facilitated
a clean-up operation of these areas and plastic
waste was recycled through a specialist waste
contractor.

Another successful partnership was developed

Enabling Change

Figure 11. Angling line recovered
and ready for recycling

across the Douarnenez catchment in France - led by

the Douarnenez Bay Public Management and Development Facility (EPAB) -
between community action groups trade associations, regional authorities, and a
commercial recycling organisation to deliver a campaign to improve collection
and recycling infrastructure for cigarette butts. Communications were
developed to raise public awareness of the issues and solutions.

Key recommendations

Identify communities through their shared interests, beliefs and social
structures. Consider how these communities interact with plastic to
identify opportunities for engagement.

When providing information, consider how it is ‘framed'.

Scientific literature (see Grazzini et al. 2018) suggests that messages
framed as a ‘loss’ (e.g., “By not recycling, we waste valuable hard plastic
resources”) can be more effective at motivating behaviour change than
messages framed as a gain (e.g., “By recycling, we save valuable hard
plastic resources”).

Furthermore, ‘loss’ framed messages can be particularly effective when
coupled with a ‘how to’ message (e.g., “Throw your waste into the specific
bin (paper, plastic and/or glass”), rather than ‘why’ (e.g., “Recycling save
the quality of our air, land and water resources”).

Communicate often to reinforce messaging and provide support and
engagement but be aware that presenting the impacts of plastic pollution
can trigger eco-anxiety. So, nurture optimism both within and without the
'plastics engaged' community by communicating that each person can
make a difference to their own plastic footprint.

Community outreach should be viewed as an on-going programme of
activities, requiring investment in staff resources, materials, and
communications. Typically, at least two members of staff are required to
deliver activities and co-ordinate with community members.

Run events to talk to a wide range of community groups especially at the
beginning of a new project. This will allow the needs of the local

20

"PREVENTI
'PLASTIC POLLUTION:

EUROPEAN UNION

Channel ) England

Manche

European Regional Development Fund

France (



Enabling Change

community to be identified and subsequent engagement targeted to
support these needs.

Give groups or communities the means to take ownership of the changes
they wish to make, or see happen, by putting them at the heart of it.

To increase the impact of an event, allow a significant amount of time for
public exchange at the end. Broaden the events reach by capturing it
digitally to allow a wider audience to subsequently engage by viewing
online.

Use community networks to help promote resources locally and/or
nationally. During focal engagement periods (e.g., religious festivals),
promote discussions around reducing plastic use all year round.
Measuring outreach can be highly effective in shaping subsequent
engagement. It can be as simple as recording numbers attending a stand
or event, but evaluating effectiveness requires planning and a willingness
to ask participants to contribute feedback. Setting out clearly, from the
start, an activities’ goals alongside evaluation measures of people's
responses is key. Are these community engagement actions having a
desirable effect on tackling the plastic pollution problem? Consider direct
and indirect, as well as the immediate and long-term impact of your
intervention.

Challenges and considerations

Gathering evaluation data across the PPP project proved to be challenging
due to low response levels. Nevertheless, we were able to demonstrate
that PPP approaches were effective in raising general public knowledge
and concern about plastic pollution and inspiring people to reduce plastic
use and recycle more in everyday life.

Groups often have a catalyst of just one or two very invested people. If
these people leave or reduce engagement in the group, the community
can become inactive. However, efforts could be made to keep an engaged
core, open to new participants to protect against the loss of catalysts.
Effective engagement at events that are busy and well attended is more
likely than at those with a low number of attendees. Irrespective, giving
people an activity or examples of alternative products to replace
commonly used plastic items can be a good way to initiate conversation.
Digital communication of project outputs, activities and events via social
media, e-newsletters etc... can help to build digital communities however
it can be time consuming to keep social networks alive (content, updates,
responding to followers). Consider which platform will work best for your
organisation and outputs, the amount of staff time available to maintain a
presence and the monitoring and analysis of digital engagement metrics
to assess effectiveness of messaging.
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Enabling Change

e Getting people to sign up to a new network and then supporting and
encouraging ongoing interaction and ideas sharing amongst the network
can prove challenging. Following up with in-person events in the local
area could help to strengthen community links.

¢ Reaching a new audience can prove difficult as those actively engaging
can often already be working on preventing plastic pollution. To overcome
this issue, consider partnering with some of the organisations that
regularly engage to either: (1) publicise and deliver local community events
aimed at new audiences; or (2) help these groups be more effective at
driving community change by providing expert training.

¢ Some communities who have not been historically engaged are harder or
slower to engage. Using networks can help with this but it will take time
to build and grow impact through novel communities. Providing resources
specific rather than generic to a new community can embed the sense
that the messaging is relevant to them. Work with representatives from
the communities, to make sure the content is appropriate and relevant to
the audience.

e Conducting evaluation surveys right after awareness raising events can
prove difficult, as participants generally do not want to spend time
answering a questionnaire. However, planning in feedback at the end of
an event before participants leave or by devising a simple post
engagement activity can help to overcome these drawbacks.

Summary of effectiveness

(S5 < < S5, e
= 8o No N2

Figure 12 Summary of effectiveness across community interventions, delivered by the project,
based on partner evaluations
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Enabling Change

Further information

e Citizen Science data portal

¢ Community outreach workshops

e Case study: Litter Free Dorset Challenge

e Guidance for community sports clubs

e How to start an internal plastic champions network

o A waste of our time exhibition video

e Repair cafes
e Archive of PPP community resources
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https://data.preventingplasticpollution.com/
https://preventingplasticpollution.com/workshops-highlight-the-role-floating-plastics-at-sea-play-in-carrying-other-pollutants-like-chemicals-or-bacteria/
https://preventingplasticpollution.com/resources/case-study-the-lfd-challenge/
https://preventingplasticpollution.com/resources/guidance-for-community-sports-clubs/
https://preventingplasticpollution.com/resources/guidance-for-community-sports-clubs/
https://preventingplasticpollution.com/resources/guidance-how-to-start-an-internal-plastic-champions-network/
https://preventingplasticpollution.com/resources/guidance-how-to-start-an-internal-plastic-champions-network/
https://preventingplasticpollution.com/waste-of-our-time-an-exhibition-of-artworks-made-from-recycled-plastics/
https://preventingplasticpollution.com/the-5rs-to-preventing-plastic-pollution-4-repair/
https://preventingplasticpollution.com/resource-type/community/

Enabling Change

Business

Les partenaires du projet Preventing Plastic Pollution (PPP) ont engagé les
entreprises et autres institutions a réduire les plastiques évitables et a signer une
charte ou un engagement de réduction des plastiques. Les partenaires du projet
PPP ont travaillé pour éduquer, inspirer et soutenir les entreprises par le biais de
nombreuses méthodes virtuelles et en personne, notamment en organisant des
webinaires, en prenant la parole lors d'événements organisés par des réseaux
d'entreprises, en présentant des stands lors de salons professionnels, en
organisant des cours de formation, en rédigeant des articles pour des bulletins
d'information professionnels, en invitant des entreprises a des événements de
ramassage de déchets et en rencontrant des entreprises de maniére individuelle.
Les partenaires ont développé et partagé des ressources pratiques pour aider les
entreprises a agir sur les plastiques, la majorité d'entre elles étant hébergées sur
le site web du PPP.

Summary of approaches tested

The overall strategy to engage businesses and other institutions can be
summarised as:

Identify the Develop Deliver Commitment
opportunity certer engagement to change
to support activities

The PPP project used a simple framework to deliver business engagement
activities, supporting organisations across a variety of business and industry
sectors, within the project area and more widely. The focus was on small and
medium enterprises, however many types of organisations were reached. These
included organisations within the hospitality, retail, fishing, marine, agriculture,
healthcare, research, engineering and public services sectors.

The objectives were to support and empower businesses and other institutions
to reduce their overall plastic consumption, re-evaluate the role of plastic within
supply chains, and consider opportunities to increase reuse and recycling of
plastic materials. Focus was on ‘avoidable’ plastic items including single-use
plastics, rather than durable, long-lasting and/or reusable refillable plastic
products. Engaged businesses were encouraged to make a commitment based
on three principles: follow the waste hierarchy, prevent plastic pollution,
maximise resource use and promote a circular economy approach.
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AVOID

Can you eliminate the product or packaging entirely?

RE-THINK

Can you meet the outcomes in a different way?

REDUCE

Can you use fewer materials to meet your needs?

REFILL

Can the packaging be refilled with the
same product next time?

REUSE

Can the preduct or packaging be
reused for another purpose?

RECYCLE

Are you buying products
that can be recycled?

Figure 13. Waste hierarchy diagram shared with businesses

Success was measured by recording levels of engagement and the number of
organisations that made a firm commitment to change, allowing for a degree of
flexibility to evaluate the efficiency of a variety of business support activities.
More detailed pre and post activity surveys were completed for some activities
to further engage participants, gather feedback and ideas, measure success and
make improvements for future business support activities.

Identifying support opportunities

Project partners formed a business working group to share ideas and
experiences on how they engaged businesses in reducing avoidable plastics.
Partners reviewed a wide selection of existing business support and
certification/ accreditation schemes, including local, national and international
initiatives as well as sector-specific schemes. This highlighted opportunities for
bespoke support to local businesses or facilitation and signposting towards
relevant resources and schemes.

Recognising plastic reduction is a part of a wider sustainability journey, project
partners looked at different levels of action that promoted continuous
improvement from simple to more complex commitments. The availability of
relevant expertise and resources within the partnership were considered at all
stages of support development and delivery.
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Examples of actions businesses have taken:

Simple actions to reduce avoidable plastics:
e Pledge to identify and eliminate three avoidable plastic items.
e Discuss plastic reduction with staff to gather ideas and empower
them to take action.
e Talk to suppliers to find out if they offer plastic collection or re-
use schemes and if they don't, suggest initiating one.

Develop a structured plan to reduce your plastic footprint:
e Map relevant business processes, gathering data about plastic use
at all stages
e Conduct a waste audit identifying opportunities to take action to
reduce plastic waste
e Create an action plan with clearly defined priorities and review
regularly.

Demonstrate a commitment to reduce avoidable plastics:
e Collaborate with local sustainability groups and make a positive
contribution to the local environment.
e Invest in arelevant plastic reduction certification scheme.
e Share your successes and failures with staff, customers and
suppliers.
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Case study: working with external experts as part
of city-wide partnership

Plymouth City Council (England) contracted
external expert and city-wide partner,
Environment Plymouth to develop a Plastic Charter
for businesses, the leisure sector, schools and
communities. Charters are based on a bronze,

silver, gold or diamond award system, dependin VEMEIE  #PREVENTI PLASTIC FREE
9 o y o P . 9 fvﬁe”n?n%ﬁ PLASTIC POLLUTIGN.  PLYM®UTH
on the level of commitment to reducing plastic.
150 charters have been issued and organisations YOUR PLASTIC FREE PLEDGE
who signed up added to an on-line Plastic Free e ey v ety o et o kot s o s Bt
Award winner but could you gain a Silver, Gold or, even, Diamand reward 7

directory. Make astart by making, o renewing,your pedas

Contact name
Organisation or business
Contact email

Address and postcode
fwe

Plast
0 Please tick

Our new/renewed Bronze Award commitment is to :

Remove, eliminate or replace the following thres items from everyday use
1

2

3

These are the three actions we'd also like to pursue..

1

2

3

Can you take your commitment further ?

Let us know if you meet any of the criteria for the Silver, Gold or, even, Diamond
rewards

Development of resources

Developing a range of resources ensured support could be tailored to a wide
variety of organisations through effective communication channels. Resources
included tool kits, training materials, action plans and case studies. Some
resources were translated into English/French to maximise cross-border links
and reach.
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Enabling Change

Case study: developing a waste audit tool to support
businesses

The Westcountry Rivers Trust (England) developed Waste F our il
Audit Guidance, a framework for businesses to map and forcnnng:r'
identify plastic reduction opportunities. e

This guide was one of several documents offered to

businesses upon pledging their commitment by signing up
to a Plastic Reduction Charter.

To increase the impact and awareness of this guide, it was

made available to all partners to share with business
networks across the project area.

Audit
-
Guidance;_

astic efficiency foryoufs, |

Businesses may choose to engage on environmental concerns, however
identifying and communicating the commercial benefits of taking action on
plastics is also important when developing resources. For example, reducing
single-use items can result in lower waste management costs over time and
positive actions are likely to have reputational benefits when engaging with new
and existing customers. Real case studies are important in engaging businesses
and demonstrating how positive practical changes can be made.

Case Study: recycling pilot for laboratory plastics at
the European Institute for Marine Studies

CNRS (France) have laboratories at the European
Institute of Marine Studies. A pilot has been carried
out across laboratories in the Institute to find
solutions for onsite reuse and recycling of non-
contaminated hard plastics. This case study shows
innovation and sharing ideas is important in finding
solutions to reduce, reuse and recycle hard to tackle
plastics.
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Enabling Change

Engagement activities

Adopting a variety of engagement approaches is key to maximising reach and
impact. Business owners and managers have limited time and resources
therefore engagement needs to be relevant. Some businesses value personal
interactions, whilst others prefer digital communication. Some may participate in
local business networks and others find better value in membership of
professional associations.

The level of resource development used for engagement activities varied widely,
from a few hours preparation to present a webinar at an existing business
network event, to several weeks designing a new charter certification scheme or
training course.

Case study: plastic and food waste reduction

E — Les déchet:
training to food business sector WP, B Les dechess
P . \  Parlons déchets : :

Labocea (France) developed tralnlng materlals \:;M) Le meilleur déchet n'est pas celui que I'an recycle mais celui que F'an ne créé pas

A 3 Votre politique d’achat est donc déterminante |
for food retailers (bakeries, butchers,
fishmongers) and collective caterers aiming at %
reducing avoidable plastic in the hospitality W

sector as well as minimising food waste. 150
organisations have benefited from this
training.

Catchment-based approach: the power of local

Adopting a local focus was particularly effective at engaging small independent
businesses. Smaller businesses are typically owned and/or managed by
community members who recognise the value of contributing to local
environmental sustainability actions. These types of businesses are often keen to
take action to reduce their plastic footprint but may not have the knowledge or
resources to implement change, so developing local peer-support networks is a
simple and accessible approach.

Speaking directly to business owners proved an effective approach, particularly
when delivered by organisations with a knowledge of the local environment and
community. Building a rapport with businesses helped to develop mutual
understanding of the challenges and solutions relating to plastic reduction.

Empowering local organisations to take ownership of engagement activities can
be highly effective and develop a legacy of resources and relationships. There
are a wide range of local and regional organisations willing to facilitate business
support - environmental community groups, NGOs, local authorities, business
support networks - with established contact networks, communication
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Enabling Change

channels, and programmes of events that provide opportunities to engage with

businesses around plastic waste and pollution issues.

Case study: engaging local restaurants and cafés in
Brest

_ “TEUR&,{
Brest Metropole (France) developed a local charter &‘3 " QBIECTe
scheme targeting 30 city centre restaurants. This 4
involved personal visits to businesses who signed ZERO
up to a charter. A waste audit and waste analysis PLAST'O.UE .

were carried out and plastic reduction
commitments agreed and enabled. Participating
restaurants were rewarded with a sticker to display _ >
in their window. REST MeTROPO

mu:ln:g - - ﬂamwa

National and cross-border engagement

Scaling delivery on a national or international level is particularly useful when
targeting specific business sectors that may have limited individual
representation in a single catchment area, but still present an opportunity for

impactful business engagement. It may be feasible to transfer local engagement

initiatives to new catchment areas, providing resources remain relevant to the
local business and in line with regional or national regulations.
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Case study: webinar on tackling avoidable plastics in
laboratories

The Environment Agency (England) identified an
opportunity to support organisations to reduce
avoidable plastic in laboratories. Plastic reduction case
studies demonstrated it was possible to change
laboratory protocols without reducing quality of data.
These were shared via a webinar together with
examples from University College London and
information on the Laboratory Efficiency Assessment
Framework (LEAF) scheme.

This combined set of insights proved to be a
compelling webinar, drawing over 220 sustainability
and laboratory manager participants from commercial,
public sector, charitable and educational institutions,
across the UK, France and other countries. This
approach was very cost-effective given the extensive
reach of the webinar and subsequent recording shared
as a resource, from minimal resources needed to
organise the webinar.

Key recommendations

o Offer tailored support to local businesses and specific sectors.

e Leverage relevant expertise and professional networks to develop
inspiring presentations, resources and training opportunities.

e Develop partnerships and collaborations to deliver cost-effective
engagement activities using the most impactful communication channels.

e Signpost to existing support and certification opportunities.

e Develop practical resources and tools to support and encourage action.

e Add value through regional, national and cross-border engagement
campaigns.

e Use behavioural science approaches to influence change and evaluate
outcomes.

e Explain the broader business benefits, including cost savings, of taking
action on plastics.

e Use education to influence early career entrants to take sustainable
actions in their roles.
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Enabling Change

Additional recommendations

Financial and time constraints faced by business owners can be a significant
obstacle to change. Proposed actions need to communicate solutions that will
reduce costs, be low effort, and provide additional competitive advantage (such
as reputational benefits, new customers, supplier engagement, employee
recruitment and retention and meeting legal requirements).

Plastic consumption is closely linked to the climate emergency, therefore
framing plastic reduction as a positive action to reduce organisations’ carbon
footprint can be a persuasive approach.

Communicating the environmental and business benefits of focusing on the first
stage of the waste hierarchy is important to eliminate avoidable plastics, reusing
and refilling where needed, and emphasise not substituting one single-use item
for another or jumping straight to recycling as a solution.

The most impactful approaches offer tailored advice and solutions to a specific
business sector or businesses within a local geographical area. Advice that is
more generic is useful to encourage businesses to consider initial actions they
can make, then direct them to more tailored support.

Partnerships with a variety of stakeholders - business networks, local
authorities, recycling and waste management providers, educational
establishments and campaign groups - are essential in delivering effective
support.

Consider who is going to be the most effective messenger to engage with
businesses and who can offer the service infrastructure to help business
transition away from avoidable plastics.

Sometimes contracting out business engagement activities may prove more
effective than using in-house resources if resources are limited and local
organisations are better placed to fulfil this role.

Slido polls can be a useful survey tool at virtual events to make them more
interactive, gather feedback and evaluate impact.

Challenges and considerations

The Covid pandemic bought initial challenges to business engagement whilst
many organisations temporarily closed or had to furlough staff. Whilst in person
business engagement opportunities came to a halt, many more opportunities
opened up for virtual events which were time efficient, cost effective and
enabled a wider geographical reach.
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Economic uncertainty and staff shortages in many business sectors have proven
to be an obstacle to engaging with organisations, who understandably prioritise
their business-critical activities over making commitments around plastic
reduction. Demonstrating that positive action can be accessible and low-cost is
important in initiating the first level of engagement. Following through with
more involved actions will require a longer-term programme of support.

Some business sectors experienced specific challenges, for example, small
hospitality business owners were not available at many times to attend training,
due to working hours constraints. In these cases partners needed to employ a
bespoke personal approach to engagement.

Summary of effectiveness

Figure 14 Summary of effectiveness across business and retail interventions, delivered by the
project, based on partner evaluations
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Further information

Waste audit tool: A practical guide to reduce your business waste and
save you money - Preventing Plastic Pollution

The ultimate guide to: packaging

Training tool for food businesses and retailers

How to start an internal plastic champions network

Guidance: preventing plastic pollution at work

Plastic free events protocol

Plymouth plastic-free directory

Objective: zero plastique in restaurants - a plastic reduction charter
designed for the restaurant industry

Poster: The 5R's to preventing plastic pollution: Refuse, Reduce, Re-use,

Repair, Recycle - Preventing Plastic Pollution

Webinar: Plastics in the Supply Chain by The Environment Agency -
Preventing Plastic Pollution

Webinar:Tackling avoidable plastics in laboratories - Preventing Plastic
Pollution

Case Study: reducing avoidable laboratory plastics

Case study: in house recycling pilot for laboratory plastics

Case study: Marwell Wildlife

Guidance: advice for fishing communities

Report: behavioural approach to supporting farmers

Report: Litter Free Dorset business engagement evaluation
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https://preventingplasticpollution.com/resources/a-practical-guide-to-reduce-your-business-waste-and-save-you-money/
https://preventingplasticpollution.com/resources/a-practical-guide-to-reduce-your-business-waste-and-save-you-money/
https://www.litterfreedorset.co.uk/wp-content/uploads/2022/10/The-Ultimate-Guide-to-Packaging-1-1.pdf
https://www.litterfreedorset.co.uk/wp-content/uploads/2022/10/The-Ultimate-Guide-to-Packaging-1-1.pdf
https://preventingplasticpollution.com/resources/training-tool-for-food-businesses
https://preventingplasticpollution.com/resources/guidance-how-to-start-an-internal-plastic-champions-network/
https://preventingplasticpollution.com/resources/preventing-plastic-pollution-at-work/
https://preventingplasticpollution.com/resources/plastic-free-events-protocol/
https://plasticfree.plymouthsoundnationalmarinepark.com/
https://preventingplasticpollution.com/objective-zero-plastic-a-plastic-reduction-charter-designed-for-the-restaurant-industry/
https://preventingplasticpollution.com/resources/the-5rs-to-preventing-plastic-pollution-refuse-reduce-re-use-repair-recycle/
https://preventingplasticpollution.com/resources/the-5rs-to-preventing-plastic-pollution-refuse-reduce-re-use-repair-recycle/
https://preventingplasticpollution.com/resources/webinar-ea-plastics-in-the-supply-chain/
https://preventingplasticpollution.com/resources/webinar-ea-plastics-in-the-supply-chain/
https://preventingplasticpollution.com/resources/lab-plastics-webinar/
https://preventingplasticpollution.com/resources/lab-plastics-webinar/
https://preventingplasticpollution.com/resources/laboratory-plastics-case-study/
https://preventingplasticpollution.com/resources/case-study-an-in-house-recycling-pilot-for-laboratory-plastics-at-the-european-institute-for-marine-studies/
https://preventingplasticpollution.com/resources/case-study-marwell-wildlife-park/
https://preventingplasticpollution.com/resources/guidance-advice-for-fishing-communities/
https://preventingplasticpollution.com/report-a-behavioural-approach-to-supporting-farmers-in-the-disposal-of-agricultural-plastics/
https://preventingplasticpollution.com/resources/report-lfd-sustainable-business-network-award/

Enabling Change

Tourism and leisure

As part of the PPP project, several partners implemented interventions aimed at

changing the behaviour of professionals

and/or users in the tourism and leisure

sector. Engaging all stakeholders was an essential prerequisite for facilitating
behaviour change across the entire catchment area. The complementary profiles
of the project partners made it possible to carry out a series of activities targeted
at different user groups - sports, social and recreational clubs, campsites, event
organisers, tourist site managers (e.g., beaches, museums, parks) - using a
variety of tools and action levers to facilitate behaviour change.

Summary of tested approaches

Key approaches trialled by project partners included information provision and
engagement, ‘commitments’ (charters and pledges), and infrastructure

(equipment) installation.

Information provision and engagement

Information provision can be a
standalone activity (e.g., displaying
posters, distributing leaflets, producing
guidance), but is often accompanied by
some form of active engagement (e.g.,
in-person events). PPP partners
employed both approaches, delivering
a range of interventions aimed at
providing professionals, groups and
individuals with critical knowledge that
could support more informed pro-
environmental choices.

Information can be delivered in
different modes (e.g., written, visual,
aural, electronic) each of which may be

Box 1. Message framing

When providing information, it is important
to consider how it is ‘framed’. Scientific
literature suggests that messages framed as
a‘loss’ (e.g., “By not recycling, we waste over
12.5 million tonnes of paper and cardboard”)
can be more effective at motivating
behaviour change than messages framed as
a gain (e.g., “By recycling, we save over 12.5
million tonnes of paper and cardboard” -
Grazzini et al. 2018). Furthermore, ‘loss’
framed messages can be particularly
effective when coupled with a ‘how to’
message (e.g., “Throw your waste into the
specific bin (paper, plastic and/or glass”),
rather than ‘why’ (e.g., “Recycling save the
quality of our air, land and water resources”
- Grazzini et al. 2018).

more - or less - effective with different target groups or in different situations or

contexts.

PPP partners’ activities ranged from providing general information addressing all
aspects of plastic pollution (e.g., impacts, mitigation) to more bespoke support
that targeted a specific group (e.g., anglers), site/situation (e.g., campsites) or

pollution issue (e.g., cigarette butts).

Channel
Manche

elopment Fund

France ( ) England e

Europs
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Groups
Sports clubs

Sporting activities are wide-ranging, both in type (e.g., athletics, sailing) and
participants (e.g., individuals, teams, clubs). Therefore, a mix of general and
targeted approaches were employed:

General approaches included:

e The development of a general guidance document for sports clubs to
reduce plastic waste. This document can be adapted for specific sports for
a more targeted approach. This resource has attracted interest even from
clubs outside of the Programme area.

e Webinars delivered via an online platform, to inform our target audience
about how to prevent plastic pollution in sport and encourage
organisations to get actively involved by signing a pledge.

e An awareness campaign targeting sports clubs including the option to
sign-up to the “zero plastic pollution” charter.

e Social media campaigns. Such campaigns can reach large numbers of
people very quickly. They can also support a targeted approach and be
particularly successful if shared by key players in the sector. A campaign
launched by the Environment Agency was relayed by 42 organisations
reaching more than 23,000 people.

Targeted approaches:

Targeted approaches were sport-specific, often incorporating a variety of
techniques to reach the target audience.

Case study: The Environment Agency’s sector specific cooperation

An educational board game to address plastic waste was developed with athletes.
The game-based approach made it possible to engage new targets in a lighter tone.
This online resource received 477 views with 157 downloads.

Influential players and sports personalities were identified with the aim of involving
them in flagship actions. National athletes taking part in the 2020 Olympics
responded and their subsequent involvement facilitated a collaboration with the
British national team, which received wide media coverage.

Participation in face-to-face events. This required some research to identify
recognised national and international events followed by some planning to set up a
stand dedicated to the fight against plastic pollution. This action made it possible to
hit different target groups and opened up the spectrum of possibilities.

36

HiILeIrey = PREVENTI
Channel o ’LAST'C POLLUTION

France ( \1anche ) England e

European Regional Development Fund



Enabling Change

Case study: Recreational angling

To raise awareness about plastics - and increase
sustainability - within the sport of recreational sea
fishing, Plymouth City Council designed a campaign to
engage the recreational angling community and
visiting tourists. The project highlighted the issues
around plastic waste in the ocean, identified hotspots
for angling gear loss, created innovative interventions,
and provided tips and information. The aim was not to
discourage anglers, but to provide them with as much
information as possible to help them make informed
choices when angling. To address the difficulty of
engaging with local anglers who often do not belong
to a formal group, or tourists and visitors who are not
regular anglers, the campaign employed a suite of
approaches to maximise information exposure and
promote sustainable behaviours. These included:

e An outreach programme (e.g. events, workshops and individual conversations)
directly engaging 1495 people through a total of eight interventions.

e Best Practice information was produced, including an information video led by
local anglers, and short and long versions of brochures. The language used, and
examples given, were relevant to all levels of ability within the angling
community.

e Interpretation boards were installed next to six angling bins. The content
supported and linked to information in the video and leaflets, and incorporated
facts and tips gathered from the outreach programme. This facilitated
maximum exposure for information and promoted the Angling Line Recycling
Scheme https://www.anglers-nlrs.co.uk/ .

To disseminate information as widely as possible, stakeholders were engaged through
multiple avenues, including tackle shops, bait shops, and local angling networks. A
social media communications plan enabled leaflets and videos to be shared across
social media platforms using hashtags, QR codes and links.

Sites

Events (e.g., festivals)

An ‘Events Protocol’ was created by Plymouth City Council to provide guidance
on running sustainable (‘plastic free’) events The protocol promotes the waste
hierarchy and gives practical suggestions on how to plan events, activities,
markets, and festivals etc., with the aim of encouraging event organisers to
reduce their plastic footprint. Although the protocol is written specifically for,
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and tested on, events in the Plymouth area, it can be adapted for use by any
leisure or tourism group that wants to plan a ‘plastic free’ event.

Campsites

To raise awareness and effectively address plastic pollution on campsites in the
Bay de Douarnenez catchment, EPAB targeted both campsite users and
operators. Visual communication tools were created for campsite users on the
sorting of plastic waste, and campsite operators were offered advice on sorting
and reducing waste, after which they agreed to improve their internal
operations.

Pollution issue

Cigarette butts

Communication tools and the installation of dedicated equipment were trialled
by EPAB as a solution to reduce cigarette butt pollution during festivals, aimed
at raising awareness amongst both festival organisers and festival-goers.

Charters and pledges

Charters and pledges are a means of eliciting a ‘commitment’ from those who
sign up: several such commitments were triggered through PPP project
activities. For instance, an existing charter (“Drastic on Plastic”) was promoted
and distributed to support festival organisers in France, whilst an awareness
campaign with sports clubs in England offered the opportunity to sign up to the
“zero plastic pollution” charter.

Brest metropole worked in conjunction with the city council Sports Department
to contact and engage local sports clubs. This resulted in the development of a
bespoke, targeted charter initiative which so far has attracted seven clubs to
actively reduce their plastic waste and impact 5,500 members.

Supporting infrastructure (equipment)

Providing equipment (e.g., bins for cigarette butts or redundant fishing line -
“binfrastructure”) constitutes a strong lever to encourage local sports and leisure
managers to move plastic pollution up on their list of priorities, in turn enabling
their customers to adopt a more virtuous attitude to plastic waste. Placement of
such equipment, however, should be carefully considered to ensure it is
effective. In a study by Willis et al. (2019), water dispensers were installed in four
littering “hotspots” (including one sporting ground), with the aim of reducing
littering and plastic consumption. Following installation, researchers found only
limited evidence of reduced littering and concluded that locating water
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dispensers near to bottled water ‘points of sale’, rather than littering hotspots,
would have been more effective.

Recommendations
Planning

e All activities require time and planning: ensure you have sufficient people,
time, and funds. Face-to-face events are particularly challenging and may
also incur significant travel costs.

e Ensure there are adequate resources available to monitor activities and
maintain momentum.

e Plan evaluation ahead: think about the intervention's key outcomes;
consider both direct (e.g. amount of plastic removed during clean-up)
and indirect impact (e.g. participants' knowledge, attitude and behaviour
change about plastic pollution). Include an evaluation plan in the early stage
of intervention design.

o Integrating evaluation of your activity into your planning also allows for
potential improvements to be made.

¢ Identify influential players and personalities in a particular sector; involve
them in flagship actions.

¢ Remember that most stakeholders have little time to devote to actions
outside their core business, so it is important to highlight the benefits to the
organisation in the engagement strategy.

Resources

e Create support documents (guides or other tools). If using existing resources,
check that they are suitable or easy to adapt. Create a database of existing,
appropriate resources.

e Ensure the guidance:

o is easy to adapt (e.g., use tools such as QR codes);

o isrelevant (e.g., refer to relatable case studies);

o uses the appropriate language for the target audience, and includes
examples applicable to all levels of ability;

o if necessary, engage stakeholders (e.g., local anglers) for their advice
when desighing communication tools and resources.

Communication and engagement

e Mobilise all stakeholders.
e Where possible, identify and engage influential players (e.g., use national
federations for more impact with members).

Work with local clubs and those within the sport to give credibility
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e tothe work being done to reduce plastic; make it as relevant as possible to
individual sports.

¢ Communicate broadly to raise awareness - use webinars, networks, events,
social media campaigns, specific guides and/or games:

O

Webinars and social media campaigns are particularly effective means
of reaching a large audience at less cost. Use hashtags, QR codes and
links;

On social networks, favour Twitter over Instagram or Facebook with a
central account to simplify sharing and relaying;

Create interactive tools (live poll) during webinars to build momentum;
Consider travelling to your target audience (e.g., educational stands
with posters, leaflets etc.).

e Explore non-traditional methods to reach target audiences.
e Be pro-active but remain adaptable to different contexts.

Challenges and Considerations

The tourism and leisure sector encompasses a wide range of different settings,
activities and environments, creating a variety of challenges and factors that
need consideration.

Challenges (and solutions)

Creating a guidance document for use by sports clubs was challenging
due to the need to produce a sufficiently general document applicable to
all the sports, but also adapted to each one.

Including QR codes and referring to case studies made the tool easier to
use and appropriate. This format also makes it easily replicable.

It can be difficult to obtain commitments from organisations on the same
day as they often have to discuss them with their members and/or
managers

O

If possible, arrange a follow-up conversation - this creates an
opportunity to address any questions or issues the organisation may
have

More generally, be aware that it is sometimes difficult to get the right
contact - perseverance may be required.

¢ Engaging with communities that are not part of traditional clubs or networks
can be challenging.

¢ It can be difficult to obtain feedback on the concrete impacts/benefits of
awareness-raising actions, in particular with the general public (e.g., how

40

PREVENTI
'-ASTIC POLLUTION

uuuuuuuuuuu

France ( &gan%%‘ﬂ) England

European Regional Development Fund



Enabling Change

these actions have quantitatively contributed to the reduction of plastic
pollution).

Considerations

e Pitch information so that it is relevant to both experienced and novice
members of a sport. If necessary, engage stakeholders themselves for input
(e.g., local anglers were engaged to ensure communication resources used
the appropriate language and were relevant to all ability levels in the angling
community)

e Ensure regular monitoring of signatory clubs to create a dynamic network of
committed clubs

¢ Adding QR codes to documents used limits the quantities of paper
distributed but also enables you to track downloads (valuable for
evaluation).

Summary of effectiveness

Figure 15 Summary of effectiveness across tourism and leisure interventions, delivered by the
project, based on partner evaluations

Further information

o ‘Plastic Free’ events protocol

e An Anglers Guide to Preventing Plastic Pollution

e Recycling information guide for campsites

e Guidance for community sports clubs
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e Sports Guidance on Preventing Plastic Pollution: Races
e Sports Guidance on Preventing Plastic Pollution: Catering

¢ Overview of academic literature

e The challenges of fostering pro-environment behaviours in the Tourism
and Leisure sector

Knowledge gaps hindering progress to regulation

Since microplastics were first found in the environment, there has been growing
concern about their occurrence, extent and perceived ill effects on biota.
Laboratory studies of these ubiquitous pollutants have highlighted impacts on a
wide variety of aquatic organisms, feeding widespread public concern and
driving pressure for policy interventions. However, our understanding of the
effect of microplastics on the environment is still in its infancy, such that there
are several gaps preventing progress towards effective regulation. Here we
detail those gaps to highlight those areas where further research is required.

Effective regulation of microplastics requires comparison of environmental
concentrations against an environmental quality standard based on the hazard
that microplastics present to the environment. Hence, the gaps in understanding
that are preventing progress are detailed under these two components of
regulation, namely

How do we quantify environmental concentrations of microplastics robustly?

¢ How do we collect an adequate sample of the medium?

e What size range(s) of microplastic particles should we be monitoring?
¢ How do we separate microplastics from the medium?

¢ What methods should we use to characterise microplastics?

e What about contamination?

What hazard do microplastics present?

e At what concentration do the toxic effects of microplastics occur?

¢ Which size ranges of microplastics are most toxic?

e How environmentally relevant are the existing laboratory studies?

e How likely are the negative impacts of microplastics under field
conditions?

e How do microplastics interact with other stressors?

Whilst it has been shown that microplastics can cause detrimental impacts on
biota under laboratory conditions, the risk that such negative effects of
microplastics translate to the environment has yet to be demonstrated. As
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microplastics comprise various substances derived from various sources, there
are many confounding factors: the size, shape and chemical formulation of the
microplastic particles are paramount.

Across studies, the reported concentrations of microplastics (particles m3) in
fresh and coastal waters declines systematically with the volume (m?) of water or
sediment sampled, a bias which is caused by differences in the size range of
particles considered among studies (a consequence of methods used). It is not
possible to assess the extent of contamination by microplastics among sites
without considering the bias caused by differences in the size of the particles
sampled.

Similarly, the size of microplastic particles has a pronounced influence on the
concentration (particles m) required to precipitate toxic effects. Yet, there is no
consensus on the size ranges of microplastics that present the greatest hazard.
Without a clear definition of the size range(s) of particles to be considered it is
not possible to set a regulatory limit nor determine if this limit has been
exceeded.

Perhaps lessons can be learnt from assessment of atmospheric particulate
material, where a system is used to describe concentrations of relevant particles
based on their size (e.g., PM2.5 which correspond to concentrations of inhalable
particles with diameters that are 2.5 ym and smaller). However, the first step to
achieving this consensus will be determination of which size fractions, if any, are
most toxic. Until agreement is achieved on which size fractions are most relevant
to regulation, it will not be possible to monitor microplastics in any meaningful
way.

Since microplastics were first found in the environment, there has been growing
concern about their occurrence, extent and perceived ill effects on biota.
Ecotoxicological studies of these ubiquitous pollutants have highlighted impacts
on a wide variety of aquatic organisms, feeding widespread public concern and
driving pressure for policy interventions. Microplastics contribute substantially to
the load of plastic pollution2. The durability of plastics, coupled with increasing
production and use has led to an exponential increase in the extent of
contamination of the environment by microplastics over time?, a trend that is
expected to continue into the future with “business as usual™.

Whilst the first observations of microplastics in the environment were in the
oceans®” recent efforts have focussed on the extent of microplastic pollution in
freshwaters. Although likely to be variable dependent on location, it has been
suggested that 80% of the plastics found in the oceans were originally released
into the environment from land-based sources®?, with rivers acting as the main
route, delivering an estimated 0.48-2.75 million tonnes of plastic waste to the
ocean every year® (global production of plastics was 367 million tonnes in 2020'").
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Unlike the marine environment, freshwater systems are typically in closer
proximity to terrestrial sources and directly impacted by human activities.

Here we use the European Chemical Agency working definition of microplastic
as “any polymer, or polymer-containing, solid or semi-solid particle having a
maximum size of 5 mm or less in any dimension”. This definition includes both
those microplastics that have been intentionally created (i.e. primary
microplastic, e.g. cosmetic exfoliates, air blasting media), and those that are
derived from degradation of larger plastic particles discarded or in use (i.e.
secondary microplastic)™.

As microplastics comprise various substances derived from various sources, they
are a heterogeneous group of materials. A precise definition of the chemical
composition of microplastics is not useful, due to the wide range of production
polymers, co-polymers and additives that are available. Furthermore, at the
current time we do not know if any specific types of microplastic are more
harmful than others. Hence, the European Chemical Agency definition is the best
working definition available.

Microplastics are now ubiquitous and have been reported throughout the
aquatic environment, from surface freshwaters® to the deepest and most
remote oceanic regions'.

Given the potential scale of the problem that microplastics present, there is
pressure on governmental regulators to include microplastics in the suite of toxic
chemicals that they monitor and manage. However, our understanding of
microplastics in the environment is still in its infancy such that there are several
gaps preventing progress towards effective regulation. Here we detail those
gaps in an attempt to highlight those areas where further research is required

How do we quantify environmental concentrations of microplastics robustly?

Three steps are involved in the quantification of the prevalence of microplastics
in the environment, a) samples of the medium to be assessed (sediment, water
or biota) need to be collected, b) the relevant particles need to be separated
from the medium, and c) the separated particles need to characterised and
quantified. The methods used at each step will influence the concentration
returned, and although there are some efforts towards standardisation and
improvements in reliability15-17, there is as yet no consensus on the methods to
be used in any of the three steps towards quantification.
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How do we collect an adequate sample of the medium?

Whilst this may seem a trivial question, it is unresolved, and yet it has the largest
influence on the concentration of microplastics returned™. Across studies, the
concentrations reported (particles m™) declined with the volume (m?) of water or
sediment sampled (Figure 16a), which suggests a systematic bias in the methods
used to date: there should be no relationship between concentration and
volume sampled. This bias appears to be a consequence of the size of the
particles considered: as small microplastic particles are more abundant than
larger particles (Figure 16b), the difference in size selectivity among the methods
used introduces this systematic bias into the concentrations of microplastics
reported.
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Figure 16. Size selectivity in methods influences the concentrations of microplastics reported:
higher concentrations are reported when methods include smaller particles. Note Log scales on
both axes.

There should be no relationship between the volume sampled and the
concentration of microplastics reported, but a highly significant relationship
exists where methods that sample large volumes tend to return lower
concentrations (likelihood relationship is due to chance < 0.0001).

This methodological bias is caused by differences in the size of the particles
considered. Concentrations of small particles are far greater than those of larger
particles (likelihood relationship is due to chance < 0.0001). Hence, those
methods that trap smaller particles return a higher concentration, but as the
equipment is more likely to become clogged, it is not possible to sample a large
volume (and vice versa). Each point represents values for a different study or
sampling technique in either freshwater or estuarine environments. [From Jones
et al., 2019a'®]
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As a consequence of the bias in the data it is not possible to compare among
studies reporting concentrations of microplastics without considering the
influence of the particle sizes sampled. Despite the many suggestions of
“pollution hotspots™'°, any comparisons among studies are not valid without
considering the influence of particle size. Furthermore, many studies have not
collected a sufficiently large volume to adequately characterise the
concentrations of the size range of particles that they are considering. Until there
is agreement on the size of particles to be considered and the volume of
medium to be sampled, it will not be possible to describe the extent of
contamination with any certainty. Hence, we are left with a fundamental
question that remains to be answered:

What size range(s) of microplastic particles should we be monitoring?

Perhaps here lessons can be learnt from assessment of atmospheric particulate
material, where a system is used to describe concentrations of relevant particles
based on their size, i.e., PM10, PM2.5 (where PM2.5 corresponds to the
concentration of inhalable particles with diameters that are 2.5 ym and smaller,
etc.?°). However, the first step to achieving this consensus will be determination
of which size fraction(s), if any, are most toxic (see below). Until agreement is
achieved on which size fractions are most relevant to regulation, it will not be
possible to monitor microplastics in any meaningful way.

In order to regulate microplastics, a standard methodology needs to be defined,
including the size range(s) of the particles to be considered. Without a defined
size range(s) of particles to be considered, it is not possible to robustly compare
the concentrations of microplastics among sites nor against an environmental
quality standard.

How do we separate microplastics from the medium?

In order to assess concentrations of microplastics they must first be separated
from the other particles in the medium, such as naturally occurring organic and
inorganic matter. This is in marked contrast with atmospheric particulate
material, where all atmospheric particles within the relevant size range(s) are
considered. Separation requires digestion to remove organic matter and density
separation to remove inorganic matter. As microplastics comprise a wide range
of polymers which vary in their composition, both steps are potentially selective
dependent on the methods used. More aggressive digestion (e.g., stronger acids
and alkalis) may dissolve some polymer types, others (e.g., biodegradable
plastics, semi-solids and fibres) may be vulnerable to even gentle digestion.
Density separation involves increasing the density of the solution to separate
less dense particles by flotation. As plastics vary in density, the density gradient
used (achieved through addition of various salts, e.g., NaCl, Nal, Znl2,

46

PREVENTI
v’-ASTIC POLLUTION

uuuuuuuuuuu

France ( ﬁgannc?%) England

European Regional Development Fund



Enabling Change

Na6[H2W12040]) will affect which particles are retained2l. To date, there is
limited understanding of the influence of the various methods available on the
returned concentration and profile of microplastics, and no consensus on which
methods are best (although there are some efforts to standardise these
methods"). Rates of recovery can be assessed by the addition of known
quantities of particles; however, the added material should reflect the range of
potential plastics in the sample, which is rarely done.

In summary, the methods used to separate microplastics from the medium
influence the measured concentration: In order to regulate microplastics,
standard methodologies for separating microplastics from each medium and
according to the particle size targeted need to be defined.

What methods should we use to characterise microplastics?

As microplastics are likely to originate from a variety of sources, they comprise
particles composed of a variety of different polymer types along with other
particles that are not manmade plastics: it is critical to confirm the composition
of the particles suspected to be microplastics and to determine which (if any)
polymers are present. A variety of different analytical methods have been used,
either singularly or in combination, to quantify and characterise microplastics
but as yet there is no consensus on which to usel8. The methods can be grouped
as spectroscopic (e.g., Fourier Transform Infra-Red, Raman, LDIR),
thermoanalytical (e.g., pyrolysis gas chromatography/mass spectrometry,
thermal extraction desorption-gas chromatography/mass spectrometry) and
chemical (e.g., inductively coupled plasma mass spectrometry): the latter two
are destructive. Each method returns information on different characteristics of
the microplastics, and has its own constraints (e.g., the size of the smallest
particles that can be analysed). Whilst most studies have used FTIR or Raman
spectroscopy, analysis of some particle types require other techniques (e.g.,
nanoparticles and tyre wear particles require thermoanalytical techniques). The
specific details of the methods used (e.g., size range of particles analysed,
proportion of sample analysed, equipment specifications, library of polymers
used) can influence the profile of microplastic particles returned.

Due to the variety of techniques that have been used to quantify and
characterise microplastics (which are often not equally effective across all
microplastic types, e.g. tyre particles), as well as variation in the volume sampled
and size of particles considered, it is not possible to assess differences in the
profile of microplastics amongst locations.
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In summary, the methods used to quantify and characterise microplastics
influence the measured concentration: In order to regulate microplastics, a
standard methodology for characterising microplastics needs to be defined.

What about contamination?

As microplastics are ubiquitous, it has become apparent that contamination may
influence results. Here, effort has been put into describing methods to reduce or
quantify the extent of contamination of samples, and hence improve the
reliability of results’™"”. A consensus is beginning to form on best practice.

In order to regulate microplastics, the uncertainty in measured concentrations of
microplastics needs to be defined, particularly that associated with
contamination. Quality control procedures need to be included in methods to
ensure that the reported concentration reflects that found in the environment
rather than errors introduced during processing of samples.

Summary

The most critical step towards robustly quantifying environmental
concentrations of microplastics is definition of the size range(s) of particles to be
considered. Current definitions of microplastics do not have a lower size
threshold. To be most useful in regulation, the size range(s) considered should be
based on the hazard that different sized microplastic particles present. Once a
decision has been made on the size range(s) of particles to be considered, a
standard methodology for quantifying environmental concentrations of
microplastics can be developed and the uncertainty and bias associated with
separation, quantification and contamination assessed.

What hazard do microplastics present?

There have been many laboratory studies investigating harmful effects of
microplastics on biota?%. In order to progress towards a regulatory framework,
the information provided by these studies needs to be interrogated to determine
how toxic microplastics are, how environmentally relevant the existing
laboratory studies are, and what environmental factors influence the toxicity of
microplastics.

How toxic are microplastics?

Whilst it has been shown that microplastics can cause detrimental impacts on
biota under laboratory conditions?, a more nuanced question, which is of critical
importance for regulation is,

48

PREVENTI
V-ASTIC POLLUTION

uuuuuuuuuuu

France ( ﬁgannc?%) England

European Regional Development Fund



Enabling Change

At what concentration do the toxic effects of microplastics occur?

Here it is apparent that the size of particles plays a fundamental role, such that
the threshold concentrations of toxic effects are inversely correlated with the
size of the microplastic particles (Figure 17).
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Figure 17. The size of microplastics particles affects the concentration of toxic thresholds: smaller
particles require higher concentration (as particles m-3) to cause ecotoxicological impacts. Note
Log scales on both axes. Size of microplastic particles tested

This has two implications when setting regulatory limits; i) the size range of
particles considered needs to be defined in order to set limits and, ii) the usual
methodology for summarising ecotoxicological data, the species sensitivity
distribution?®, is not appropriate despite being used in some studies?. Although
there are statistical methods such as quantile regression that can be used to set
threshold concentrations whilst accommodating the influence of particle size??,
the size range of particles to be considered needs to be set, which raises a
further question,

Which size ranges of microplastics are most toxic?

It has been suggested that smaller particles (< 100 pm) present the greatest
hazard as they are in the size range of particles consumed by biota, with the
smallest particles (< 5 pm) capable of passing through cell membranes and into
tissues?®. However, the evidence for smaller particles being more toxic is not
clear. The log-log relationship between the size of particles used in
ecotoxicological experiments and threshold effect concentrations appears to be
linear, where smaller particles require higher concentrations (as particles m) to
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precipitate effects, suggesting smaller particles may be less toxic (Figure 17).
Nevertheless, the slope of this relationship suggests that if concentrations are
presented as mass (mg m), the converse may be true, but as these data are
derived from multiple studies that vary in many aspects, including the density of
the polymers used, it is not possible to draw a robust conclusion on this. It
should also be considered that the current methods for quantifying microplastics
in environmental samples report concentrations in terms of counts of particles
not as mass of microplastics (although methods are being developed that will
enable a shift to quantification in terms of mass, e.g. Pyr-GC/MS): an
environmental quality standard for microplastics will have to use the same units
of measurement as are used to quantify microplastics in environmental samples.
In summary, although there is no consensus on the size ranges of microplastics
that present the greatest hazard, the size of microplastic particles has a
pronounced influence on the concentration (as particles m-3) required to
precipitate toxic effects.

In order to regulate microplastics, the size range(s) of particles to be considered
needs to be defined. The size range(s) considered will influence the
concentration required to precipitate toxic effects and, hence, the
environmental quality standard. Similarly, as detailed above, the size range(s) of
particles to be considered influences the measured concentration and, hence,
exceedance of any environmental quality standard.

How environmentally relevant are the existing laboratory studies?

The size and types (density, polymer, morphology) of microplastics used in
experimental tests, together with the concentrations used, do not reflect those
described by field studies. Most studies have used concentrations considerably
greater than those reported from environmental studies (which in turn target
larger particles making a direct comparison impossible) and have used
commercially available beads of virgin (newly formed) microplastics??, where the
polymers used seem to reflect availability rather than the profile of polymers
found in environmental samples?. Furthermore, a large proportion of studies
have focussed on nanoparticles (<0.1 or 1 um according to definitions), a size
which methods typically used for environmental samples cannot detect. Most
microplastics in the environment are secondary, i.e., derived from the
breakdown of larger pieces through aging or wear during use, and thus of a wide
variety of morphologies. As plastics breakdown they may release chemicals that
have been added during production: by using virgin particles, any detrimental
effect of breakdown products will not be detected. Similarly, any effects of the
morphology of microplastics (e.g., abrasion or blocking of the gut) will be
missed. Microplastics also accrue a microbial flora as they age that may influence
uptake by animals, breakdown rates and/or any effects on biota: it is a challenge
to represent a realistic microbial flora under experimental conditions. To avoid
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the complications of using proprietary microplastics, it is possible to make
microplastics from larger material collected from the environment and reflecting
the profile of plastics typically found, but here there are problems in the
production process as it is difficult to make microplastics by physical
degradation without simultaneously producing nanoplastics?. However,
microplastics in the environment are a complex and dynamic mixture of
polymers and additives, which change over time due to ageing and adsorption of
organic material and contaminants. In summary, the microplastics used in
laboratory experiments do not reflect those found in the environment, such that
translation of the results of laboratory tests into a regulatory limit for
environmental concentrations is not straightforward.

An additional issue with ecotoxicological studies of microplastics is the lack of
realistic controls to determine if any effects observed are due to plastic or are
simply an effect of inert particles. Here controls should include naturally
occurring particles such as quartz, cotton, cellulose, diatomite, pollen or silica,
but are rarely included. Without such controls, it is not possible to attribute any
effects to plastic per se.

To be useful when setting a robust environmental quality standard, laboratory
studies need to reflect the type and condition of microplastics found in the
environment. Unless this is achieved, there is a risk that protective limits will not
be relevant to the substances found in the environment, and not offer adequate
protection. Research needs to be undertaken to determine if the
ecotoxicological studies undertaken to date are representative of the impacts
caused by the types of microplastics found in environmental samples.

What environmental factors influence the toxicity of microplastics?

There is always some uncertainty when translating the results of ecotoxicological
experiments to field conditions, principally the influence of other environmental
factors. Here two substantial questions remain.

How likely are the negative impacts of microplastics under field conditions?

Analysis of the risk of toxic effects of microplastics in freshwaters and estuaries
(taking particle size into account) indicated that lethal effects of microplastics on
freshwater and estuarine biota are highly unlikely?’.. By comparing thresholds
based on laboratory studies with the data on maximum concentrations of
microplastics reported from field samples, it was apparent that the size specific
threshold concentration for lethal effects precipitated by the microplastic types
tested to date was considerably higher than 99% of reported environmental
concentrations?. However, this analysis did indicate that, over certain size
ranges, the calculated size specific threshold concentration for sub-lethal effects
was exceeded by the highest 10% of maximum concentrations reported from
environmental samples globally, suggesting that there may be a possible risk of
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some sub-lethal effects in a small proportion of sites?2. Nevertheless, this risk
analysis used data from laboratory tests to determine threshold concentrations
for toxic effects, and it is not clear how well the results of these laboratory
translate into the field or to the range of microplastic types found there. There is
evidence that the presence of alternative natural food sources reduces the
likelihood that animals will consume microplastics, reducing the potential for
toxic effects. Other factors may also influence the likelihood of negative effects,
such as the colonisation of microplastics by microbes. Until large scale
experiments are undertaken under field conditions it will not be possible to
determine if the threshold concentrations for negative effects of microplastics
translate to the environment. Such experiments are being undertaken in
mesocosms, e.g. through the Preventing Plastic Pollution project.

How do microplastics interact with other stressors?

Concerns have been raised about the possibility of microplastics acting as
vectors for hydrophobic chemicals, adsorbing them from aqueous solution and
releasing them into the tissues of organisms once the particle has been
consumed, thus increasing the toxicity of the chemical. Various studies have
explored this phenomenon, but the evidence for such an effect is weak. A meta-
analysis found no support for the two theories underlying this hypothesis29 (a
stronger effect on more hydrophobic chemicals due to greater adsorption, a
stronger effect with smaller microplastics due to larger surface area). Although,
concerns about the interaction between microplastics and chemicals seem
unlikely to be realised, further work is required to conclusively discount these
suggestions.

Regarding their interaction with harmful microorganisms (toxic or pathogenic
species), although the presence of putative pathogenic species has been widely
reported, mainly based on DNA sequencing?, their persistence as viable and
infectious forms attached to microplastics is currently unknown. Similarly the
ability of microplastics to influence disease dynamics and transmission has not
been demonstrated to date.

A robust environmental quality standard should take into account any
environmental influences that affect the likelihood of negative impacts identified
through laboratory study being realized.

Summary

The most critical step towards setting a robust environmental quality standard
detailing safe limits for concentrations of microplastics is definition of the size
range(s) of particles to be considered. The size of microplastics particles affects
the threshold concentration above which toxic effects are seen: smaller particles
require higher concentrations to cause negative impacts and, therefore, a higher
environmental quality standard. To be most useful in regulation, the size range(s)
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considered should be based on the hazard that different sized microplastic
particles present. Once a decision has been made on the size range(s) of
particles to be considered, work towards setting an environmental quality
standard can be undertaken. In setting such an environmental quality standard
for microplastics, the relevance of the existing studies to field conditions should
be taken into account.

Overall summary of knowledge gaps hindering progress to regulation

The definition of microplastics currently used is deliberately broad, as
microplastics are a heterogeneous group of materials comprising various
substances derived from various sources. A precise definition of the chemical
composition of microplastics is not useful for regulation, due to the wide range
of production polymers, co-polymers and additives that are available and the
adaptability of the market. However, the current available definitions of
microplastic includes all particles smaller than 5 mm: a lower size limit is not
specified. The size range of the particles considered affects both the reported
concentration of microplastics and the concentration required to precipitate
toxic effects. Without a clear definition of the size range(s) of particles to be
considered it is not possible to set a regulatory limit nor determine if this limit
has been exceeded. Definition of the size range(s) of particles to be included,
preferably based on an understanding of the effect of size on toxicity, is the first
step towards regulation. Once the size range(s) have been defined, a standard
methodology for quantifying environmental concentrations of microplastics can
be developed and the uncertainty and bias associated with separation,
quantification and contamination assessed. Similarly, once the size range(s) of
particles has been defined, work towards setting an environmental quality
standard for microplastics can be undertaken, where work to assess the
relevance of the existing studies to field conditions and interaction with other
stressors will be required.
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