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A B S T R A C T   

Microplastic pollution is increasingly recognised as a global environmental challenge which stems from the rapid 
growth of the use of petrochemical-derived plastic. As researchers and practitioners face a myriad of environ-
mental challenges, oceanic microplastic pollution has so far dominated interest. However, airborne microplastics 
present an increasing environmental and public health concern. There is currently a need for research addressing 
this emerging challenge, and at the same time, the lack of knowledge and consensus regarding airborne 
microplastics presents an obstacle to action. The purpose of this study is to utilise a participatory Structured 
Decision-Making (SDM) approach to understand the perspectives of a range of stakeholders involved in the 
microplastics landscape, and subsequently refine common research priorities and knowledge gaps to advance the 
field. Through two participatory workshops, we first defined shared objectives of stakeholders and then nego-
tiated best courses of action to achieve these objectives based on discussion between stakeholders and facilita-
tors. The qualitative approach taken has enabled the full, complex and multidisciplinary aspects of the research 
into airborne microplastic pollution to be considered. Our findings highlight some important potential conse-
quences of airborne microplastic pollution, including impacts on human health, and the need for more inter-
disciplinary research, and collaborative, integrated approaches in this area. As a result of the first workshop, five 
fundamental objectives on the theme of airborne microplastics were identified. As a direct consequence of this, 
participants identified 84 actions split across eight themes, which are outlined later in this paper.   

1. Introduction 

1.1. Overview of microplastics as an environmental and public health 
challenge 

Microplastic particles are a ubiquitous contaminant, defined as those 
measuring less than 5 mm in their maximum dimension (Kelly and 
Fussell, 2020; Wright and Kelly, 2017). They originate predominantly 
via the chemical and mechanical degradation of plastic. The versatility 
of plastic materials across a range of sectors and applications is reflected 
in the complexity of microplastic particles, which span six orders of 
magnitude in size and vary in shape and chemical composition (The 

Lancet Planetary, 2017). First considered to be a serious problem in the 
marine environment (Ng and Obbard, 2006), research demonstrating 
the contamination of all Earth’s hydrosphere and atmosphere by 
microplastics has started to emerge, reflecting a multitude of sources 
and pathways through which microplastic enters and cycles through the 
environment (Gonzalez-Pleiter et al., 2021). 

Recently, microplastic particles have been detected in atmospheric 
deposition and in suspended particulate air samples, herein referred to 
as ‘airborne microplastic’, which, for the purpose of this study, includes 
tyre wear particles. Fibres and fragments frequently dominate the 
shapes of microplastic particles (Zhang et al., 2020), but airborne 
microplastics could originate from many sources. Primary sources are 
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those which have been manufactured (ie. intentionally added) at a micro 
size intentionally to be used, for example as exfoliating beads in cos-
metics or in wastewater filtration. Secondary sources include those 
formed from degradation of larger plastic debris. Airborne microplastics 
are predominantly secondary in origin, but can also be primary, and 
whilst emissions are unquantified, there are a range of hypothesised 
source areas and activities which lead to their generation and/or release 
to the environment. For example, dust and materials on building sites, 
and synthetic clothing may be among the main sources (Gonzalez-Pleiter 
et al., 2021). 

Microplastic particles are being deposited in places far removed from 
the site of their creation, through precipitation, entrainment in wind or 
re-aerosolisation from the sea surface, they also have the potential to 
reach remote locations via tourists, such as the top of Mt Everest (Jiang, 
2018; Cai et al., 2017; Napper et al., 2020; Wright et al., 2020). 
Conversely, microplastic can travel through the atmosphere before 
being deposited on the ocean surface, emphasising the connectivity 
between the two spheres in terms of microplastic flux and loadings. 

Microplastic pollution is a global marine environmental issue (Fer-
raro and Failler, 2020; Rahman et al., 2021). The potential impacts of 
microplastic on marine life have been well publicised through 
laboratory-based findings. The effect of airborne microplastic on human 
health is less often discussed, since this is an emerging issue (He and Luo, 
2020; Leslie and Depledge, 2020). Emerging evidence suggests that the 
atmospheric transport and subsequent deposition of microplastics may 
be an important loading pathway to the oceans, with urban centres 
being key source areas of microplastic emissions (Wash, 2020). It is 
widely understood that washing clothes releases microfibers into the 
ocean due to non-capture at wastewater treatment plants; it is lesser 
known that simply wearing synthetic clothes pollutes the environment 
to a similar extent (Evangeliou et al., 2020) A significant number of 
airborne microplastic particles are also released through tyre wear and 
brake wear on roads. This is particularly acute near busy roads or in 
cities, and deposition maps show that smaller microplastic particles are 
dispersed more widely than larger ones UKGovernment, 2018. Increased 
top-down legislation and bottom-up interventions, such as behaviour 
change, could have a significant impact on the release of airborne 
microplastic particles in these areas. It is for these reasons that the UK 
government’s 2018 ‘Green Future’ initiative (Pauly et al., 1998), which 
is heavily focussed on plastics such as straws and plastic bags, could be 
enriched by introducing management of alternative sources of micro-
plastic pollution such as textiles and tyres. 

The rectification of unintentional microplastic release can be delayed 
by long lead-times in the implementation of policy. We know that 
although the European Commission mentioned measures on the reduc-
tion of unintentionally released microplastics in the Circular Economy 
Action Plan in 2020, a consultation on the details will only be held 
during 2022. The aims include: developing labelling, standardisation, 
certification and regulation on unintentional release, harmonising 
methods for measuring unintentional release, especially from tyres and 
textiles, and delivering harmonised data on microplastics concentrations 
in seawater, and also improving scientific knowledge related to the risk 
and presence of microplastics in the environment, drinking water and 
food. In EU policy, plastics – including reference to microplastics - have 
been addressed to varying extents in existing frameworks and strategies 
(e.g. Circular Economy Action Plan and the Ecodesign Directive). 
Nevertheless, there is currently no single comprehensive law covering 
microplastics. However, increased focus on the subject is demonstrated 
by an upcoming (2022) initiative proposed by the European Commission 
to reduce the unintentional release of microplastics into the environ-
ment (Environment). 

Microplastic fibres have been observed in human lung tissue from 
cancer patients as early as the 1990′s (Pauly et al., 1998). It has been 
suggested that this could lead to inflammation of the airways, lung 
cancer (Prata, 2018), and asthma attacks (WHO, 1997). Airborne fibres, 
although not specifically plastic fibres, have been discussed by WHO as 
early as 1997 (Qiu et al., 2020), where a framework was established for 
exposure assessment and environmental monitoring of proximal 
workers. Parallels with particulate matter (PM) can be drawn for 
airborne microplastic emissions from sources such as tyres, polymeric 
brake pads, and textiles, which behave as PM with an aerodynamic mass 
median diameter of 10 (PM10) or 2.5 µm (PM2.5). Particles <PM10 and 
<PM2.5 have been shown to cross macrophage and epithelial cell 
membranes respectively, trigger oxidative stress and/or inflammation, 
and elevated exposures of these particles increase the risk of premature 
death, cardiovascular and respiratory diseases (Wyer et al., 2020). 
Despite these indications, there is a lack of evidence linking airborne 
microplastic to specific human health issues, creating an imperative to 
acquire additional data on the effects of microplastics on human health 
(Robin Gregory, 1994). 

There are still large knowledge gaps around the sources of airborne 
microplastic particles: their emission factors, size distribution, atmo-
spheric transport and fate, particularly when considering the connection 
between urban and oceanic environments (Coleman et al., 2017; Keeney 
and Raiffa, 1993; Lienert et al., 2014). However, current understanding 
is enough to shift the focus to one of deeper exploration and action. 

1.2. Addressing complex problems and identifying best courses of action 
using Structured Decision Making (“SDM”) 

Decision-making for complex topics is challenging since it typically 
involves a range of stakeholders with often conflicting objectives, trade- 
offs and desired courses of action (Robin Gregory, 1994; Lyons et al., 
2008). An additional layer of complexity emerges when the topic is 
novel and under-researched, as is the case of airborne microplastic 
pollutants. A range of quantitative, qualitative and combined ap-
proaches to decision-making have been proposed, among which Struc-
tured Decision Making (“SDM”) has emerged as an effective approach to 
address complex problems. 

SDM draws on decision analysis methodologies based on multi- 
attribute utility theory (Irwin et al., 2011) and seeks to include an 
array of perspectives held by different stakeholders. The involvement of 
multiple stakeholders in decision-making processes avoids a possible 
pitfall of scientific models, which provide crucial scientific evidence but 
may lead to reductionist perspectives which overlook the competing 
objectives that exist between stakeholders (Failing et al., 2013). SDM 
approaches are deliberative and typically follow similar steps regardless 
of the context, as illustrated in Fig. 1. After the decision context is 

Fig. 1. Overview of a SDM process.  
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clarified, SDM approaches typically involve identifying objectives, 
which is a critical stage in the process (Gregory and Long, 2009). Ob-
jectives can be classified as either fundamental or means objectives. 
Fundamental objectives are the results decision-makers care about the 
most, sometimes referred to as values, or what is at stake for various 
actors in the decision-making process. Means objectives, on the other 
hand, represent the steps to help meet those that are fundamental. These 
can be illustrated on an objectives hierarchy, whereby the fundamental 
objectives are at the top of the hierarchy with means objectives illus-
trated subordinately. Quantitative performance metrics are sometimes 
attached to these objectives (Ogden and Innes, 2009). Next, in order to 
make a decision as to which course of action to take, SDM involves 
creating a list of potential actions. Lyons et al. (2008) highlight that this 
part of the process can be challenging, as in complex scenarios there may 
be none or few effective actions. Once a set of actions has been identi-
fied, these are then analysed and trade-offs between stakeholders are 
explored and discussed, leading to the selection of actions that satisfy, 
rather than optimise, the aspirations of participants. 

An important aspect of SDM is the “monitoring” process (Gregory 
et al., 2012; Guzzetti et al., 2018). Decisions should be monitored and 
evaluated to see whether they fulfil objectives. Monitoring also provides 
evidence for learning, creating a feedback loop for future work 
(Löschner et al., 2016; Mitrano and Wohlleben, 2020). 

SDM has previously been applied to a variety of topics, geographies 
and stakeholder settings in environmental management, including for 
endangered species management using precautionary principles; 
(Quinn, 2018) sustainable water infrastructure; (Reed et al., 2018) forest 
management, (Ogden and Innes, 2009) and various other contexts. 
(Gregory et al., 2012) However, there is no evidence in the literature of 
SDM being applied to airborne microplastic management. Utilising it in 
this context represents a novel contribution to the literature and field as 
a whole. 

1.3. Study aims 

The study seeks to evaluate current understanding and advance 
knowledge on the topic of airborne microplastics through a multi- 
stakeholder, participatory approach using SDM principles. The study 
will identify objectives and research gaps for a range of stakeholders. 
The study is guided by the following research questions:  

• What are stakeholders’ fundamental objectives in relation to 
airborne microplastics?  

• How much focus do stakeholders place on airborne microplastics? 
What is the stakeholder’s role in decision making, related to airborne 
microplastics?  

• What actions must be taken to address airborne microplastics? What 
are the opportunities and trade-offs?  

• What are the key knowledge gaps of stakeholders relating to airborne 
microplastics? 

This qualitative research will allow a deep and critical insight into 
the context of the problem whilst facilitating multi-stakeholder per-
spectives when discussing the benefits and trade-offs of potential solu-
tions and research priorities. 

2. Methods 

2.1. Research strategy: qualitative approach 

Microplastics are being explored in disciplines ranging from textile 
technology, green chemistry and marine toxicology, (Guzzetti et al., 
2018) to environmental policy (Mitrano and Wohlleben, 2020) and 
public health. To integrate a range of different perspectives and disci-
plines, the research methods employed involved utilising SDM princi-
ples in a workshop setting. This allowed us to cover a wide range of 
disciplinary perspectives including: polymer and green chemistry, 
analytical and physical chemistry, aerosol and atmospheric science, 
toxicology, epidemiology, and engineering. The deliberative and inclu-
sive nature of this approach further provides a framework to engage 
with a range of other sectors, in addition to academia, including gov-
ernment, NGOs, industry and local community groups. The workshops 
sought to initiate an important scientist-stakeholder dialogue enabling 
the voice of a broad range of participants to be heard and integrated into 
the outcomes. The design of SDM allows for a range of perspectives on 
the costs and benefits of the implementation of a range of potential so-
lutions to be heard, and may lead to the construction of entirely new sets 
of actions that better satisfy participants’ objectives. This research 
however, is not immune to limitations commonly encountered in qual-
itative and far researching research. This has been expanded on in 
Section 4.3. 

2.2. Research design: multi-stakeholder workshop 

Potential workshop participants were identified as representing 
academia, industry, government organisations, members of govern-
ment, or policy groups that actively partook in airborne microplastic 
pollution research or interventions, including members of the All-Party 
Parliamentary group on microplastics. The participants were generally 
based in the United Kingdom, but many had international operations or 
interests. The selection of participants from this particular geography 
helped ensure discussions in the workshop were focused and relevant for 
the participants. At the same time, there were many opportunities for 
the participants to expand the discussion, enabling dialogue to also have 
wider relevance (e.g. in EU and global contexts). From a practical 
perspective, it also helped to ensure participants were in the same time 
zone for the workshops. Academics and researchers were identified 
through research papers and networks of the core organising committee. 
The target group included representatives of high impact industries such 
as tyre manufacturers, textile manufacturers and fashion labels (Quinn, 
2018). Representative participants were selected from waste manage-
ment industries, leading organisations seeking into innovative micro-
plastic pollution solutions (these were identified as essential in the 
intervention of leakages), and non-profits conducting microplastic 
research and industry support, due to their knowledge and under-
standing of microplastic pollution and current policy. Government 
members were sought to provide feedback and guidance regarding the 
feasibility of potential solutions and actions, and to provide input from a 
legislative perspective. Once identified, potential participants were 
recruited via email and telephone. 

A two-part workshop was designed to engage a variety of stake-
holders in a range of semi-structured discussions to elicit various aspects 
of the SDM approach. The research process is summarised in Fig. 2. 
Before the first workshop, informal semi-structured interviews 

Fig. 2. Overview of research process.  
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[interview questions can be found in the Appendix] were conducted to 
scope the potential fundamental and means objectives (regarding 
airborne microplastics) of each participant and stakeholder group, 
which formed the basis of the first workshop activity (the questions 
asked in these interviews can be found in the Appendix). In total, 42 
scoping interviews were conducted via videoconferencing during 
February 2021. 

The workshop took place across two 2.5-hour sessions (total = 5 h) in 
March 2021 and was conducted online. The participants were selected 
strategically from industry, academia, non-governmental organisations 
(NGO) and interest groups to ensure a range of interests. Furthermore, as 
airborne microplastics are an emerging topic, participants also included 
experts in chemistry, toxicology, human health, and other relevant 
disciplines to provide substantive input about the topic throughout the 
workshop engagement process (Reed et al., 2018). 

2.3. Workshop protocol 

2.3.1. Session 1: eliciting objectives 
The first session of the workshop began with academic presentations, 

to set the context for the workshops by sharing the latest scientific 
research (Lyons et al., 2008). The participants were introduced to the 
SDM approach, to ensure approval of and engagement with the work-
shop processes (Irwin et al., 2011). Participants took part in an inter-
active activity that was designed to elicit the objectives of the different 
stakeholders in relation to airborne microplastics, which involved 
semi-structured discussions in seven breakout groups of 4–8 partici-
pants. Each group included a facilitator and a notetaker. A range of 
objectives were raised and discussed, including several that were iden-
tified in the pre-attendance scoping interviews. 

Facilitators were tasked with establishing a level of agreement 

Table 1 
Actions as identified in post-workshop survey; actions have been collated and summarised with references to original participant responses which are in Appendix 1, 
Table 3.  

Theme Actions Reference to participants’ 
action (s) 

Human health  • Greater understanding of the risks and potential short- and long-term human health impacts of different 
sources of microplastics, including airborne microplastics. Examining risk versus hazard. 

1, 2, 5, 7, 9  

• Further research regarding settings of exposure (e.g. geographical), routes of exposure (e.g. inhalation/ 
ingestion), types of particle (e.g. fibres, tyres etc) toxicity. Understanding whether these different 
components lead to measurable health impacts. 

3, 4, 6, 7, 11, 12,13, 15, 16, 
17, 19, 46  

• Research into the externalities of health impacts of airborne microplastics. 10 
Environmental health  • Research on environmental exposure and ecological health risks. 1, 2, 19  

• Establishing what and where are the main sources of microplastics, and how do they reach the wider 
environment. Further understanding the current state of microplastics in the environment. 

19, 21, 35, 41  

• Research into the externalities of environmental impacts of airborne microplastics. 10 
Sources & distribution  • Greater data and quantifiable evidence on the sources, quantities, fate, dynamics, impacts of airborne 

microplastics is essential to develop compelling discussion and inform policy development. This includes 
determining what is classified as an airborne microplastics. 

18, 20, 22, 23, 24, 25, 27, 
47, 49, 68, 69  

• Performing a source ‘inventory’ to establish existing airborne microplastic composition. 21, 22, 28  
• Specific research on the composition and creation of airborne microplastics derived from car tyre wear. 55  
• Establish fundamental and robust evidence of the scale of airborne microplastic issue, and the risks 

associated. 
32, 43, 45, 47  

Collaboration  
• Greater trust and collaboration between stakeholders, including industry (inclusion of large corporates and 

smaller enterprises), research institutions, medical personnel, legislative and policy actors. 
29, 30, 36, 38, 39  

• Scientific findings shared with wider audience, including industry, in an accessible format. Sharing of 
research can result in relevant innovations. Exercises to map the flows and impacts of airborne microplastics 
will enable interventions to be prioritised based on evidence. 

26, 29, 32,39, 80 

• Increased focus on multi and/or inter-disciplinary approaches to develop shared objectives and under-
standing of terms etc. 

30, 35, 37  

Materials, plastic alternatives 
& innovation  

• Consideration of alternative materials to substitute plastic. However research must be performed to ensure 
that alternative materials do not simply result in a different pollution problem; therefore the effects of 
substitutes needs to be assessed across the full lifecycle. 

51, 52, 53, 54, 56  

• Reduction of plastic use, including through design. 50  
• Exploration of technological approaches to reduce microplastic particle creation and leakage. 57, 78, 79 

Political, legislative & industry 
oversight  

• Raise awareness of microplastics concerns – and even more broad waste management issues - with policy- 
makers. Robust evidence is an important prerequisite to legislative/ regulatory changes. 

11, 40, 42, 60, 61, 62, 77  

• Legislation to focus on reducing or preventing airborne microplastic pollution at source. This includes 
ultimately examining the reduction of particle creation. Without legislation, companies can apply these 
strategies through institutional support and good corporate governance. 

50, 58, 64, 78  

• Specific policy to address intentionally added microplastics to products. 62  
• Standards and regulations for products which contribute to the release of microplastic. For example, 

creating an efficiency standard for tumble driers, vacuum cleaners, washing machines etc. 
59  

• General need to revisit how products are assessed for environmental safety. 50  

Improved methodologies  
• Establishing agreed upon definitions, standards, and measurement approaches (urgently), including for 

different sources (e.g. tyres, textile fibres etc) to enable development of robust evidence base, effective cross- 
comparison and data sharing. 

33, 48, 65, 70, 71  

• Specifically, the development of an aligned methodology that can support all subsequent testing and 
research. Ensuring selected methods are reproducible, affordable at scale and available to many groups (e.g. 
not simply focusing on a handful of institutions). 

66, 67 

Societal concerns & public 
awareness  

• Greater understanding of the societal benefits that may arise from products that lead to microplastic release. 
Within this, assessing the trade-offs that society is willing to accept to maintain access to these products. 

72, 81  

• Public education and behavioural change. Greater research and policy would support behavioural change 
interventions for areas such as single-use plastics. 

73, 75, 76  
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between participants regarding what were means and fundamental ob-
jectives. This was accomplished through a series of reflexive questions 
and discussions in each breakout group. All objectives discussed were 
captured by the notetakers on a live digital whiteboard (Miro) which 
supported accessible debate and conversation surrounding the objec-
tives. At the end of the activity, facilitators grouped the objectives into 
general themes, and then created a basic objectives hierarchy based on 
the discussion to represent the pathway from means objectives to 
fundamental objectives. A full group discussion of the findings was held, 
allowing participants to provide initial feedback. Post-workshop, the 
objectives hierarchy was shared with participants via email, enabling 
the participants to reflect individually and provide more feedback, in 
line with the iterative component of SDM approaches. 

Participants were also given the opportunity to provide feedback 
independently on the objectives hierarchy during the interim between 
workshop sessions one and two. This helped to combat potential ‘group 
think’ (Janis, 1971, pp 84–90.) and encourage consensus. 

2.3.2. Session 2: identifying actions 
The aim of the second session of the workshop was to identify actions 

to support fulfilment of the objectives discussed in the first session. 

Participants reconvened in their previous breakout groups and discussed 
potential actions and their likely effectiveness, implementation barriers, 
and research gaps. At the end of the breakout session, each group shared 
a summary of the evaluated actions with the larger cohort, to allow time 
for feedback. 

2.4. Post-workshop analysis 

Participants were given the opportunity to identify personal and 
systemic priority actions (i.e. actions related to a variety of stakeholders 
and settings) in a post-workshop survey. Participants provided their 
responses, the systemic actions were categorised into themes, and du-
plicates consolidated. Outputs are presented in Table 1. The survey 
contained the follow-up questions:  

• From the discussions and learnings of the workshop, which/what 
action(s) do you plan to implement in your role and why?  

• From your discussions and hearing from others in the workshop, 
which/what action(s) do you believe should/ need to be prioritised 
in the system (across the disciplines)? 

Fig. 3. Objectives arising from pre-workshop discussions, the first workshop activity and the post-activity discussion. Note: the hierarchy purposefully lacks con-
nections between the objectives as it was felt that most are interrelated, both from within and across tiers. Abbreviations: “MP”, microplastics. 
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The survey results were separated into ‘individual actions’ (i.e. 
personal actions related to the individual or their organisation) and 
‘systemic actions’, in line with the questions listed above, and then 
grouped thematically. Themes were collated based on common and 
related actions put forward by the participants. These themes were 
reviewed by the authors independently of one another to ensure 
consensus on interpretation of the actions. Different interpretations of 
actions and themes were discussed to resolve the placement of actions 
were within thematic categories. 

3. Results 

3.1. Overview of results 

In total, 56 participants took part representing 43 organisations, 
mainly based in the UK but many with international operational reach. 
Participants identified 33 common objectives through scoping calls and 
the first workshop session, five of which were considered fundamental 
objectives. In the second workshop session, participants put forth 85 
potential actions to address airborne microplastic pollution, and 
assessed 23 in detail. A total of 34 participants recommended systematic 
actions, based on their discussions and participation in the workshop. 

3.2. Objectives hierarchy 

Here, we discuss the construction of the objectives hierarchy and the 
five fundamental objectives identified and agreed upon by workshop 
participants. Section 3.3 discusses the findings of the second workshop 
session and post-workshop survey, focused on the prioritised actions put 
forth by participants Fig. 3. 

Five key fundamental objectives relating to airborne microplastics 
were identified: human health protection; environmental health pro-
tection; functionality [of plastics]; biodiversity preservation; and pres-
ervation/ improvement of the food chain. Human and environmental 
health were considered the overarching and highest priority funda-
mental objectives. Through discussion it was established that these 
fundamental objectives can be considered interrelated and interdepen-
dent (for example, biodiversity can be a standalone objective but is also 
interconnected with the other four fundamental objectives). Here, the 
five fundamental objectives agreed upon in the first workshop session 
are explored in more detail, as these ultimately directed the actions 
deliberated in the second workshop. 

3.2.1. Human health 
During the workshop, human health was a recurring subject among 

the objectives discussed. Most participants identified at some point that 
the fundamental objective of almost any of the means objectives was to 
protect, maintain and improve human health. Means objectives that 
were directly linked to human health issues included ‘understanding the 
impact of airborne microplastic particle exposure on human health’; 
concerns for (plastic) manufacturer and industry worker’s health’; un-
derstanding airborne microplastic exposure, health risk, and therefore 
establishing whether airborne microplastic pollution is a threat to 
human health. 

3.2.2. Environmental health 
Akin to the conversation surrounding human health, environmental 

health was also considered a fundamental objective by the participants. 
Encompassing a broad range of concepts, discussions that resulted in 
‘environmental health’ being identified as a fundamental objective 
included water quality preservation and accessibility to clean water, 
food security and environmental protection. Means objectives such as 

’minimise [and] understand threat to the environment’ are directly 
related to environmental health and biodiversity fundamental 
objectives’. 

3.2.3. Biodiversity 
In conjunction with the broad concerns relating to climate change 

and other anthropogenic environmental issues, biodiversity was 
considered a fundamental objective for the participants. It was repre-
sented as a tier below the environmental and human health objectives 
hierarchy, as it is in essence part of environmental health, but given the 
breadth of concerns related to biodiversity, its own status as a funda-
mental objective was unanimously agreed, two examples of means ob-
jectives for biodiversity included ‘minimise threat to environment’ and 
‘understand impact of different sources’. 

3.2.4. Preservation of the food chain 
Similarly, ‘preservation of the food chain’ was considered a funda-

mental objective that links to both human and environmental health. 
When this topic came up in discussion, it often related to concerns about 
microplastics entering the food chain, aquatic systems, agriculture and 
otherwise. Means objectives such as ‘reducing microplastic pollution’ 
and ‘minimising and understanding threats of microplastics’ were often 
pathways to the food chain preservation objective, highlighting the 
uncertainties surrounding this concept. 

3.2.5. Functionality 
Lastly, functionality was raised as a fundamental objective. Unlike 

the other fundamental objectives which were based on environmental 
and human health or sustainability outcomes, functionality stands out as 
an industry and product-related objective. It was consistently raised that 
not all plastics should be perceived negatively, even if they present a 
source of airborne microplastic emissions. Typical examples discussed in 
the workshop were that plastic can help prolong the life of medical or 
food products. This notion of “good” and “bad” plastics pertaining to 
‘necessary’ and ‘unnecessary’ plastic use, respectively, was raised 
frequently in the workshop discussions. Other topics that came up 
within the concept of functionality included ‘improved human usage of 
plastics’, ‘identification of [certain] plastics as harmful pollutants 
compared to non-harmful contaminants’, and end-of-use considerations 
for plastic products. Means objectives such as ‘to find alternatives [to 
plastics]’ and ‘appropriate use of plastics’ were associated with the 
fundamental objective of ‘functionality’. 

3.3. Actions identified to tackle airborne MPs from workshop 

A total of 84 actions to address the issue of airborne microplastics 
were put forth during the second workshop session. These actions were 
all identified as suitable to achieve at least one objective (fundamental 
or means) from the objectives hierarchy. Twenty-three of these actions 
were discussed in more detail, first among the breakout groups, then 
among the entire participant cohort. 

34 participants provided their responses and the systemic actions (i. 
e. those that relate to the overall microplastics landscape rather than to a 
personal action). These were categorised into themes and are presented 
in Table 1. Our reason for not discussing personal actions is because 
often they were highly individualised and specific to the participant’s 
job role Table 3. 

4. Discussion of actions 

Eight key themes emerged from the systemic actions put forth in the 
post-workshop survey (Table 1), many of these relate to airborne 
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microplastics specifically, but also plastics more generally. Furthermore, 
although we classify them into themes it is important to note that these 
are often overlapping in nature, hence why some actions may be refer-
enced in more than one thematic category. One of the initial aims of the 
workshop was to identify future areas for research. Research gaps were 
discussed during the second breakout session of workshop 2, but par-
ticipants were not asked specifically about research gaps during the 
post-workshop survey. However, many of the actions identified were 
research-focused. 

The most frequently suggested actions concerned research around 
human health appeared more frequently than environmental health, 
although it was observed in the workshops that they are inherently 
interlinked. Participants identified this research as a necessary priority 
in order to drive policy and industry action, which aligns with the cur-
rent body of research and uncertainties surrounding the human health 
impact of airborne microplastics and microplastics in general (Campa-
nale et al., 2020), and fits with the concept of ‘human health’ as a 
fundamental objective (identified in part 1 of the workshop). A promi-
nent theme that arose from the actions concerned research on sources; 
the distribution and risks of airborne microplastic particles was deemed 
necessary to develop practical interventions for minimising microplastic 
leakage (another theme), and to identify exposures to assess health 
impacts, and also reduce environmental exposures. There were also a 
considerable number of suggestions that were categorised under ‘risks 
and scale’, pointing to the current lack of robust evidence in terms of 
risks and scale of the airborne microplastics problem. This challenge 
reflects other contexts where microplastic contaminants remain 
emerging yet uncertain in terms of risk levels (e.g. per water sources in 
Hartmann et al., 2018). It was also noted that without this robust evi-
dence base, it was unlikely that policymakers would divert attention to 
addressing these problems. 

‘Collaboration’ emerged as an overarching theme as actions related 
to the need for multi-stakeholder approaches between stakeholders 
including academia, medical research, industry, NGOs and policy were 
put forward. It was acknowledged that strengthened relations between 
academia and industry could result in innovations and solutions. Related 
to this, there was focus on ensuring that research was shared between 
academia and industry in an accessible manner. There was an emphasis 
on the need for cross-collaborations and a set of universally agreed 
definitions and terminology that can be used by all stakeholders to allow 
for cohesive solution-building. However, this theme was very research 
focussed, with the collaborations being academic centric, and a strong 
push for standardised methods. 

Actions relating to the theme ‘materials, plastics alternatives & in-
novations’ were also highly research-focused, placing importance on a 
total lifecycle approach to determine optimum selection and use of 
plastics and subsequent substitutions/alternatives. The development, 
and environmental and health impacts of these alternatives were also 
central to the discussion there. The action on ‘understanding societal 
benefits of microplastic substitutions’ was noted by stakeholders twice 
and revolved around the acceptability of trade-offs with regards to 
microplastic substitutions and the original product. 

The fundamental objective of ‘functionality’ identified in workshop 1 
adopted the perspective that plastic had a role to play in society, for 
instance in medical settings (as illustrated by the importance of personal 
protective equipment in the COVID-19 pandemic (de Sousa, 2021), or in 
the food industry to prolong the preservation of fresh products). It was 
suggested that switching to alternatives was indeed a necessary goal, but 
that this switch should be underpinned by comprehensive research to 
ensure it results in favourable outcomes in terms of impacts across the 
total lifecycle of the product. Previous research identifies that 

alternatives to conventional plastics may have unintended environ-
mental consequences, reducing their potential as a more sustainable 
solution (e.g. unproven or misleading claims of biodegradability in 
plastic straw alternatives) (Hunt et al., 2020; Viera et al., 2020). Another 
action summarised in the theme ‘societal concerns & public awareness’ 
relates to the costs and benefits associated with existing plastic use, and 
establishing whether society or the consumer would be willing to accept 
microplastic release in order to maintain access to these products. This 
also relates to how we ensure plastics are adequately disposed of. There 
were numerous references to policy and legislation in the actions put 
forward by participants. Specifically a need for standards and regula-
tions across multiple high impact industries in terms of airborne 
microplastics—namely washing machines, tyres and intentionally added 
microplastics (e.g in cosmetics), some have attempted this previously 
(Cowger et al., 2020; Brander et al., 2020; Primpke et al., 2020), but 
more efforts are needed. Again, the counter argument for this raised by 
participants in the workshop and survey is the need to establish how 
problematic these sources are and whether they pose a genuine health 
and environmental concern. 

4.1. Synthesis and deliberation of findings 

Of the systemic actions discussed, understanding human health im-
pacts, environmental pathways and leakage points, as well as the gen-
eral scale of the problem were found to be priority areas for research and 
intervention solutions. Developing widely recognised standards for both 
academic research and manufacturing processes for plastic-based in-
dustries could also help support cohesive working and the expansion of 
knowledge in the field and minimise leakage points respectively. The 
workshops and subsequent data analysis presented in this paper pri-
marily encompass UK based stakeholders, but this work could also be 
relevant on a global scale. Many other countries have policies sur-
rounding marine microplastics, for example those who have also signed 
up to the commonwealth clean oceans alliance (Charter, 2018), such as 
New Zealand, Sri Lanka and Ghana, and the UN sustainable develop-
ment goals, which is which have been signed by 93 countries (United 
Nations, 2015). However, the lack of specific policy surrounding 
microplastic presence extends globally, and hence work such as that 
presented in this paper is vital if change is to be made. 

The eight themes that emerged from the actions put forth by par-
ticipants are essentially pathways for addressing airborne microplastic 
pollution. Three of these were entirely research-based, indicating the 
vital role of research in creating understanding and the necessary in-
terventions for airborne microplastic pollution. Moving forward, there is 
a clear need – and desire – for collaboration amongst industry, aca-
demics, local and national government levels and environmental not for- 
profit organisations. Likewise, there is an urgent need for support and 
action in the form of governance and legislation, and there is great po-
tential for the UK to amend the 2018 ‘Green Future’ initiative to include 
actions specifically addressing microfibre shedding of regular textile use 
and interventions for potential airborne microplastics. 

4.2. Reflections on SDM process 

We found through this research that a multidisciplinary approach 
can help to identify future areas of research and priority actions for 
microplastic pollution intervention. The facilitated participatory work-
shops allowed for members of industry, academia, policy and the envi-
ronmental non-profit community to express their views and suggestions, 
as well as share their expertise and learn from one another. As suggested 
in previous literature, engaging a range of stakeholder types can help co- 
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produce knowledge and enable a reflexive process of learning (Gregory 
and Long, 2009; Khreis et al., 2016). We further agree with previous 
observations in the literature, that using the SDM process as inspiration 
for the workshop design proved useful in extracting and understanding a 
diverse group of participant’s fundamental objectives and values 
(Gregory and Long, 2009). Stakeholders stated a variety of means ob-
jectives, but ultimately agreed on two fundamental objectives; human 
health and environmental health. This successful outcome of identifying 
common rather than competing objectives paves the way for fruitful 
discussion, it proves that while trade-offs must be discussed, they do not 
need to hinder action, and that the SDM method can be used to identify 
common goals and remove the potential barrier to action of competing 
interests (Huang et al., 2011). During these workshops many actions 
revolved around the broad topic of research, which could include 
research on health, exposures, materials, alternatives, standardisation or 
research collaboration. It was broadly agreed that a better understand-
ing of microplastics was an initial priority compared to legislative ac-
tion. This contrasts with other, more widely researched topics such as air 
pollution, in which stakeholders tend to focus more intently upon ac-
tions as a priority (Khreis et al., 2016). 

With hindsight we would allocate more time to discuss, test and 
explore suggested actions, and future workshops could be designed to 
focus on the latter in order to truly prioritise what actions could be 
implemented most effectively. The lack of time here was unfortunate, 
given an extensive investigation of this part of the process has been 
found to be effective in previous research (Failing et al., 2013; Gregory 
and Long, 2009). There could also be an emphasis on encouraging 
workshop participants to discuss solely problem mitigation rather than 
justification for the creation and distribution of microplastics. There was 
intent to explore trade-offs and ease-of-implementation of different so-
lution actions, but these topics were only addressed briefly, and further 
multidisciplinary sessions to discussion and analyse specific solutions is 
a recommended next course of action. The feedback and responses from 
the post-workshop survey indicated that the workshop was also effective 
in exposing individual participants to the vast concerns surrounding 
airborne microplastics, and a handful of participants provided detailed 
personal plans of action in their follow-up surveys (Khreis et al., 2016; 
Huang et al., 2011; Almeida et al., 2017; Clark et al., 2016; McCosker 
and Marinova, D, 2018; Yang et al., 2019). 

As previously discussed, this work was conducted in a pandemic with 
no face-to-face contact, in a shortened time frame. Despite this, through 
this participatory framework we unanimously identified two main ob-
jectives, and decided on the most suitable route to achieve these ob-
jectives. This demonstrates the potential of a shortened time frame to the 
application of SDM, which may support SDM being used more flexibly in 
a range of short to medium term contexts. When considering the 
application to airborne microplastics specifically, this work has not been 
done before, and is particularly relevant in the current climate of 
increased awareness about airborne microplastics. 

There are some obvious pros of SDM, which have been utilised in this 
paper, such as its involvement of stakeholders from a broad range of 
backgrounds, its ability to initiate collaborative conversation, and how 
it enables cohesive conclusions to be drawn. However, some cons of 
SDM can include; the length of the process due to its iterative nature, an 
unfair stakeholder representation possibly skewing results, and stake-
holders needing to represent all interests. This paper has addressed these 
possible cons by presenting stakeholders from a wide range of back-
grounds, and efficiently shortening the SDM process. 

Lastly, the very nature of SDM involves multi-stakeholder and 
participatory approaches, these have been demonstrated by Shook et al., 
and Robinson et al., who both highlighted SDM as a valuable process if 

implemented frequently and correctly. Reflections on the implementa-
tion of SDM varies depending on the subject, as each topic requires a 
novel application of SDM which will affect outcomes. However, papers 
applying SDM to juvenile justice (Shook and Sarri, 2007) and wild life 
harvest management (Robinson et al., 2016), both found that SDM can 
be used to identify competing objectives and insight into the necessary 
next steps for each scenario. Finally, these papers both used a 
multi-stakeholder approach, Shook et al. describes the participation of 
multiple stakeholders, for example, judges, probation officers, and social 
services, and Robinson et al., 2016 describes SDM as a values driven 
process, incorporating stakeholders such as biologists, wildlife man-
agers, and local community to add multiple dimensions to this process 
(Shook and Sarri, 2007; Robinson et al., 2016). 

4.3. Limitations 

Both the outcome and the effectiveness of engagement may be 
influenced by power dynamics and the values of participants (Almeida 
et al., 2017). Poor management of power dynamics in workshop settings 
can yield ineffective and biased results. Efforts were therefore made in 
the workshop design to ensure these challenges were managed. For 
example, facilitators were tasked with managing the discussion in small 
groups, and ensuring every participant had equal opportunity to share 
their perspective and knowledge. Facilitators were also made aware of 
participant’s backgrounds prior to the workshop so that they could help 
encourage participation and discussion during the sessions. Breakout 
groups were designed to have a mix of stakeholder types; there was at 
least one member from industry, academia, policy and non-profits in 
each group to reduce group power issues. They were also limited to no 
more than eight participants. To confirm findings and reduce the 
occurrence of social-desirability or ‘group think’ (Janis, I.L., Group-
Think. Psychology Today Magazine 1971, pp 84–90.), all participants 
were asked to give any feedback via email after each workshop session 
and to comment on whether the collated outputs correctly reflected their 
viewpoints. 

The outcomes of the workshops reflect a variety of participants/ 
stakeholder types. However, we acknowledge that not all relevant 
parties may be represented in our sample. Of the participants, 14 were 
from academia, 20 were from a range of industries (tyres, textiles, plastic 
manufacturing, waste and recycling), 7 were from NGOs and 9 were 
from government and policy. While we tried to include a diverse group, 
considering their knowledge and background, the attendees were likely 
engaged in the topic already or had some initial interest. We did how-
ever make an effort to include associations that represent a collection of 
industry members and could speak for the interests of their industry as a 
whole. 

A qualitative approach was used to analyse the results, which can be 
limiting for a variety of reasons (Almeida et al., 2017); ultimately, 
identifying the theme of each action is a subjective activity and despite 
repeated review can still lead to a biased representation of results. The 
co-authors independently reviewed the themes and any contested cat-
egories were discussed. Finally, we experienced time constraints due to 
the ongoing COVID-19 pandemic, leading to the ultimate limitation in 
this research being a lack of time. SDM is typically a participatory 
process that often requires iteration of the decision-making cycle. This 
SDM process was reduced to two 2.5-hour workshops and thus does not 
include any aspects of the implementation and monitoring phases. The 
sessions were also held online due to the ongoing Covid-19 pandemic 
and limited to 2.5-hours to avoid ‘zoom fatigue’ (Fauville et al., 2021). 
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5. Conclusions and future research 

Airborne microplastics are a growing environmental and public 
health concern, yet a distinct lack of multi-disciplinary and cross- 
sectoral research leaves scientific and policy understanding gaps 
which makes the development of objectives, strategies, and policy 
changes problematic. Our participatory workshop approach enabled a 
diverse range of stakeholder voices to be shared and negotiated. The 
outcome consisted of a hierarchy of shared objectives, and it showed 
environmental and human health as being uncontested, priority out-
comes for all stakeholders. The established fundamental objectives 
provide a much-needed basis from which to decipher best courses of 
actions. Through the participatory approach, the trade-offs and oppor-
tunities of different courses of action were illuminated and documented. 
Many of the action points put forth should be implemented simulta-
neously by multiple sectors and therefore, the need for cohesive, 
collaborative work should be considered a priority and a critical take- 
away from this process. 

Ultimately, we have contributed valuable knowledge surrounding 
the priorities of stakeholders in the topic of airborne microplastics and 
raised awareness about this problem to members of policy and govern-
ment. This research suggests heightened collaboration and the intro-
duction of more sustainable practices from members of industry that 
participated in this study would be a move in the right direction when it 
comes to a reduction in presence of airborne microplastics. Using this 
research, we have highlighted an important array of research directions, 
these potential areas for future work could include the quantification 
and standardisation of microplastics and related methodologies and 
collecting and presenting evidence of the human health and environ-
mental health impacts of airborne microplastics. Further research could 
therefore seek to address these quantitative research points, and to 
identify and plug gaps in our understanding of human behaviour, supply 
chains, and the environmental threat of airborne microplastics. 
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See. Table 2, Table 3, Table 4. 
Pre-workshop survey questions. 

Table 2 
List of participating organisations.  

Company 

Adidas 
APPG on microplastics 
Women’s Institute 
British Plastics Federation 
British Tyre Manufacturer Association 
Camden Council 
CEH 
Circular Economy Institute/Club; Soenecs 
Chartered Institute of Waste Management 
Client Earth 
Common Seas 
Crisp Air 
Eco Standard 
Fidra 
Flora and Fauna International 
Imperial College London 
Centre for Environmental Policy, Imperial College 

London 
Innovate UK (UKRI) 
School of Law, King’s College London 
Marine Conservation Society UK 
Met Office 
Museum of Design in Plastic (MoDiP) 
Open University 
Pangaia 
All-Party Parliamentary Group of Ocean 

Conservation 
PEW Trust 
Planet Care 
Plastics Europe 
Project Drawdown 
University of Reading 
Strathclyde University 
Suez 
Swansea University Medical School 
The Microfibre Consortium 
The Tyre Collective 
Thomas Matthews 
University of East Anglia 
UK CTPA 
University of Bath 
University of Portsmouth 
Unisan 
University of Plymouth 
University of the West of England 
Xeros Technology Group  
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Table 3 
Complete list of actions put forth in Session 1 Workshop 1.  

Suggested actions by participants identified in post-workshop survey 

1 Clearer focus on the need to understand the impact of different sources of microplastics on human and environmental health so that actions can be appropriately prioritised. 
2 Understanding any environmental and/or human health risk (rather than basing decisions solely on hazard). 
3 More research on whether what is airborne leads to measurable health impacts. 
4 Understanding of the exposure levels are key to this (although it is accepted that this is extremely difficult). 
5 Deducing the human health consequences, particularly via inhalation, in the short- and long-term. 
6 A greater understanding of the toxicity of airborne microplastics is required. 
7 Further research on health impacts of microplastics. 
8 Research into the chemicals associated with micro plastics & their toxicity 
9 Identifying the actual health impacts of airborne microplastics 
10 More research on the human and ecological health impacts, externality costs etc. 
11 What is the impact of inhaling/ingesting microplastics for humans? 
12 Understanding health impacts of inhaled particle 
13 Prioritising the better understanding of the impacts on human health 
14 Human health should be prioritised 
15 Determine health effects of airborne fibers. 
16 Health effects of tyres. 
17 Research into the health impacts. 
18 We need much more data on airborne microplastics (MP) sources, fate, dynamics etc. so this needs to be prioritised in the first instance, because we cannot hope to inform policy 

or mitigate effects until we understand what is there and what possible hazards it might cause i.e. have EVIDENCE on which such discussions and policy frameworks could be 
based. 

19 Understanding what materials, in what forms, and of what characteristics are created, applied, released and also exposed to humans (and the environment). 
20 I think the priorities are for action: research into understanding the sources and impacts from microplastics 
21 Where are the main sources and what is their pathway to the wider environment? 
22 I think the priority should be on gathering more knowledge about the sources and impacts of airborne MP pollution. 
23 There is a significant amount of research that still needs to be done to understand the quantity, pathway of MPs. 
24 Determining and quantifying the sources of airborne microplastics 
25 Sources of the different types of micro-plastic air pollution 
26 Mapping of flows & impacts to enable prioritization of intervention 
27 More data on what is airborne. 
28 Performing a source inventory 
29 There seems to be a notable disjoin between the MP research community and the industry. There is also a lack of trusted field evidence on impact, and transfer of scientific 

discussion on impact into accessible information. There is a strong need for industry partnership to grow the research understanding and trust, but also to help industry 
acknowledge the issues. 

30 Creating cross-talk between academia, industry (big and SME’s), public stakeholders and legislative/regulatory bodies now is essential as then the holistic picture can be 
discussed and enable key areas of research/work to be undertaken in order to contribute towards the agreed, bigger picture. * Creating a clear, cross-discipline understanding of 
what is meant with key terms and nomenclature; so all speak the same language. 

31 My suggestions are all about establishing the risks and the scale of risk. Subsequent work on legislation and public engagement may well be vital but are dependent on there being 
a risk to worry about. 

32 It is very important to share scientific and technical knowledge across academics, industry, the Government etc and support innovations which can lead to solutions. It is also 
essential to balance all relevant factors before any decisions are taken e.g. advocating for bans or campaigns. 

33 Definitions, standards and testing methods, need to be established so that information generated can be cross referenced and compared. In this way topic understanding would 
progress quicker. 

34 The parametres of the subject need to be more clearly defined including how it differs from the ’general’ end of life plastics issue, existing research projects and potential 
solutions collated, and key strands for research agreed. We need a road map to tackle the issue. 

35 We need to work together (industry and academia) to understand the impacts of microplastics to both human health and the environment. 
36 Collaboration on the topics is a key need across industry and industry sectors. 
37 This can only move forward effectively if we retain a multidisciplinary approach. 
38 More collaboration. 
39 Industry/academic collaboration. 
40 hard evidence is essential for raising public awareness and subsequent legislation. Allowing this problem to be addressed at a system level. 
41 Effort has to be made to first establish how bad the problem is - what is the current state of microplastics in the environment? 
42 Research is necessary and urgent, as it will serve as the evidence to inform policy and industry regulation. 
43 For the resources and waste sector there is still a need to understand how much of an issue airborne microfibres and plastics are. 
44 My suggestions are all about establishing the risks and the scale of risk. 
45 Understanding the extent of presence of airborne microplastics 
46 Understanding their presence in inhalable and respirable fractions 
47 Obtain more fundamental scientific knowledge 
48 Better baseline evidence 
49 There is a significant amount of research that still needs to be done to understand the effects of microplastics. 
50 With a complex issues there is often no one solution and we need to be open to all options from substituting plastic, to mitigating its effects, to rethinking what we use and design 

and how products are assessed for environmental safety and regulated 
51 Understanding the availability and environmental/health profile of alternatives. The profile of alternatives should be considered on a full lifecycle basis from production, 

through manufacturing, to end-of-life fate. 
52 The profile of alternatives should be considered on a full lifecycle basis from production, through manufacturing, to end-of-life fate. 
53 Material Substitution - reducing plastics and toxic ingredients (material science/engineering/consumer behaviour). 
54 Research to ensure that proposed alternatives available don’t result in pollution swapping 
55 Tyre wear specifically has many unanswered questions such as compositions and modes of creation. 
56 Better understanding of barriers to/effects of substitutes. 
57 Reduce particle creation (use of other technologies & solutions) 
58 Stopping pollutants at source. This requires legislation ultimately, but support and good governance can allow companies to start this journey. 
59 Standards and regulations. So that it is known which level of efficiency must be accomplished no matter if that is a tumble drier, vacuum clear or washing machine. 
60 Also useful to obtain a policy steer from the outset from those in Government. 
61 Push for tighter regulations and enforced policing of waste management (even at the government level) 
62 Policy solutions for intentionally added microplastics. 

(continued on next page) 
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Table 3 (continued ) 

Suggested actions by participants identified in post-workshop survey 

63 Political action. 
64 Reduce particle creation (regulations on use) 
65 We urgently need to address the measurement challenge associated with this problem. We have few effective methods to quantitate and identify the particles at the small end of 

the range e.g. PM 2.5 range MP are at or below the routine LOD of our current "gold standard" method Raman Microscopy. 
66 Applied methods need to be reproducible, affordable at scale (for mapping and monitoring) and available to many groups - it will not help this field to move forward if there are 

only a handful of "centres of excellence" capable of making such measurements. 
67 Development of an aligned methodology that can support all subsequent testing and research (TMC found this instrumental in making change in regard to water based fibre loss 

research) 
68 Robust characterization of micro-plastics/textile fibres 
69 Landscaping of air based fibre research 
70 Establishing standardised sampling and emission testing methods for different sources (tyres, fibres etc) 
71 OECD-like methodologies for analysis and comparison. 
72 Understanding the societal benefits of items which lead to microplastic release and the trade-offs that society is willing to accept to lose access to these items 
73 Research/policy which would result in behavioral changes for easy wins such as single use plastics 
74 Public education 
75 More discussion to feed education 
76 Cultural and behavioural change. 
77 Awareness/understanding - (health effects/legislation) 
78 Reduce particles emissions Pathway Mitigation - (stopping particles before they enter the environment). 
79 Innovation to minimize plastic leakage. 
80 Identifying pathways (e.g. MSc study), to establish most effective points for intervention 
81 Understanding the societal benefits of items which lead to microplastic release.  

Table 4 
Complete list of actions put forth in Session 2 Workshop 2.  

Actions  

1. Research on prioritization of timeline of actions  
2. Research on path from sources to impacts  
3. Understanding settings of exposure  
4. Large scale analysis on human health epidemiology study  
5. Reinforce measures to reduce particle exposure  
6. Incentivise alternatives for plastics (textiles or any use of plastic)  
7. Monitoring with chemical speciation and micro particle sizes  
8. Identify low hanging fruit for behavioural changes  
9. Fiscal incentives  
10. Address industrial regulations to prioritise health over economic viability  
11. Raise awareness of the issue with policymakers  
12. Legislation needed to prevent release of microplastics  
13. Development of solutions to stop release of microplastics from source (how to stop them without negative trade-offs)  
14. Understand habitual behaviours that produce microplastics; raise awareness of alternatives  
15. Establish collaborations between medical doctors and researchers to quantify impact of microplastics (need evidence)  
16. Produce emissions inventory (factors and activities); understand sources and develop policies  
17. Not enough monitoring data for microplastics to understand their spatial distribution (need to define the scale of the problem)  
18. Need to know pathways for many microplastics – how do they get there?  
19. Education of next generation  
20. More research into fate/durability of plastic waste (eg, waste on beach, composting, etc.) and their potential of becoming airborne; research into durability and release over time 

and interactions with the environment  
21. Consider political element/mitigation strategies  
22. Increase collaboration of academics and industries  
23. Use exciting groups, lobby like air pollution groups to speed up acknowledgements of the issue  
24. Give financial support for better solutions/materials, especially for small companies  
25. Develop methodologies  
26. Learn from other sectors  
27. Establish evidence base  
28. Map out mitigation actions  
29. Ban or tax on biggest emitters  
30. Stop microplastic flow from each sector  
31. Secondary microplastics interventions  
32. Interventions for when the particles have been emitted  
33. Reducing tyre wear particles  
34. International standards for tyre performance (wear characteristics)  
35. Improving understanding of mechanisms, characterisation of damage  
36. Reduce leakage to the environment  
37. Design out microplastics from products  
38. Capturing/intersecting airborne microplastics  
39. Behaviour change (campaigning and messaging)  
40. Contextualising/intersection between airborne and other microplastics  
41. Getting the public to wear their clothes for longer  
42. Extending producer responsibility  
43. Better understanding of airborne microplastic lifecycle  
44. Reducing washing of clothes  
45. Find uses for collected materials 

(continued on next page) 
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1. What, if anything, concerns you regarding microplastic 
pollution?  

2. What sources of microplastic pollution are you familiar with?  
3. Are you aware of airborne microplastics? From where or how did 

you become familiar with them?  
4. Are you aware of policy measures concerning microplastics? If so, 

what are they?  
5. What would you like to know more about concerning airborne 

microplastics? Could you identify any [knowledge] gaps in the 
field?  

6. What challenges are we facing concerning microplastic pollution 
[and/or research]?  

7. Are you aware of any innovations, products or technology that 
are helping to reduce or mitigate microplastic pollution?  

8. What policies or practices are important in your current decision 
making? [How important is the use of evidence?]  

9. Who are your collaborators?  
10. What are you doing, if anything, to tackle microplastic pollution 

in your business model/ products/ supply chain?  
11. How much attention in particular have you placed on the issue of 

atmospheric microplastic pollution?  
12. Do you have any specific goals related to the issue of 

microplastics? 
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