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The two disciplines of art and science have long been identified as separate research
fields, often presumed as adopting strikingly different working practices. It can be
considered, however, that notions of process, experimentation, attention to detail,
rigour, and curiosity are all commonly shared components. The sharing of ideas and
methodologies between artists and scientists have allowed for significant insights,
innovation, and research engagement. Air pollution is an invisible killer, with much
of the world’s population breathing polluted air every day without being able to
see it. The visualisation of air pollution is therefore of great importance for public
understanding and motivation to improve air quality policies. To better understand
the vitality and agency of air pollution, this paper uncovers artistic methods such
as the use of the concept of attunement, and the ability to convey embodied expe-
riences of dirty air. Additionally, we consider how effective art and science hybrids
are for engaging and affecting audiences.

Keywords: art; science; interdisciplinary collaboration; air pollution; cycling;
attunement; data; performance art; ecological awareness

Introduction
“Artists are being approached more than ever to help develop imaginative solutions that
engage the public with scientific research” (Roughley and Smith et al., 2019). There are con-
stant challenges within the scientific community of how to reach or influence the general
public. Public perceptions of science and public communication of science and scientific
expertise can often be misunderstood. Scientific research papers frequently include complex
language and terminology that is often shared knowledge between scientific academics. This
makes the likelihood of engagement from the public challenging and therefore uncommon.
Artists not only engineer creative responses to complex problems but also disseminate
this to an audience. When the term audience is used within this paper, it is referring to mem-
bers of the public who may not ordinarily delve into research journals or scrutinise scientific
themes connected with this research, such as ecology and the environment. Artists, in many
ways, can help to bridge this gap, either by positioning work within a traditional white cube
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gallery or, perhaps more successfully and directly, within the public sphere. Exhibiting work
within a public site may increase the level of the audience’s agency through interactivity,
emotional connection, conversation, and exchange.

In 2018, Danish-Icelandic artist Olafur Eliasson displayed thirty blocks of glacial ice from
Greenland adjacent to the Tate Modern in London where, over time, the ice was left to melt.
Ice Watch highlighted the pressing issue of climate change, specifically rising sea levels in
connection to melting glaciers. It brought attention to a fairly abstract concept in our minds,
to an all-confronting reality. The public interacted with the ice by touching it, feeling its tem-
perature, and listening to the sounds of air escaping, air that had been trapped within the ice
for thousands of years. Suddenly the concept of climate change was foreboding, active, alive,
and happening. Eliasson asserts that “It is a lot more physical; it suddenly gives a stronger
sense of what it is they're talking about when they say the Greenland ice caps are melting”
(Yalcinkaya, 2018).

Fostering relationships with creative practitioners therefore becomes fundamental in how
science is communicated. Gates-Stuart states that “artists are an essential part of the research
process, not just in visualising information but how we understand science. Art-science
research outputs often only become apparent through first-hand experience of interac-
tions and ideas that would not happen if artists and scientists were left to their own devices”
(2013). Furthermore, Mike Stubbs, ex-director of FACT — the UK'’s leading organisation for the
support and exhibition of art, film, and new media — agrees: “I think it's absolutely essential
that artists are part of the process not just in terms of visualising information but how we
understand scientific culture” (Williams, 2017). With this in mind, an art-science hybrid may
unearth further questions, methodologies, and creative possibilities as well as deepen public
engagement. How can we achieve effective public engagement like Eliasson, but with the
pressing issue of air pollution?

Across the world millions of premature deaths per year are associated with air pollution
(Fuller et al., 2022; Vohra et al., 2021) The most dangerous air pollutant to human health is
particulate matter less than 2.5 microns in diameter (PM, ,), which penetrates deep into the
lungs and, in some cases, into the bloodstream (Alemany et al., 2021; Calderén-Garciduefias
et al.; 2002; Kwon, Ryu and Carlsten, 2020; Thiankhaw, Chattipakorn and Chattipakorn et
al, 2022). Moreover, researchers have now made significant steps linking air pollution with
early neurological decline and disease (Gardiner, 2019) and a recent study by the Francis Crick
Institute in London suggests that 1 in 10 lung cancer patients in the UK is due to exposure to
air pollution (BBC News, 2022). Air is a fundamental and, for the most part, invisible element
that we need in order to survive, but every breath is interwoven with harmful and damaging
particles. Due to the small size of these damaging airborne particulate species, drawing pub-
lic attention to the issue is challenging. How do we highlight the significant health impacts
of breathing dirty air but in a hopeful and proactive way to an audience?

The invisibility of air pollution suggests that it can be easily overlooked and remains low on
the public’s priority list. Gardiner states: “the danger posed by pollution is slow moving and
far from obvious” (2019, p20). It is here we can adopt environmentalist and literary scholar
Rob Nixon's term “slow violence” to reference a gradual, out-of-sight violence that usually
occurs over years, even decades (Nixon, 2011). In the United Kingdom, the media tend to
publish high levels of air pollution information from Delhi, Hong Kong, and Beijing, imply-
ing to the British public that air pollution remains a problem “over there”, and not close to
home. However, the notion of “slow violence” is unfolding outside of our front doors. During
the pandemic, fresh geographical evidence was used in the press showcasing how the sud-
den lack of transport and industry significantly reduced the smog over other cities, including
London (BBC News, 2021). One survey by Global Action Plan found that “18% of all people
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have found it easier to breathe during the lockdown, which increases to 21% for residents
of any urban area, and 36% for London residents” (House of Commons Committees, 2021).
Unsurprisingly, since the pandemic, air pollution has returned to dangerous levels, with
“97.3% of the world’s population who now live in areas where PM, . levels are unsafe” (The
Guardian, 2022). Despite how alarming these statistics are, disseminating them to the public
has failed to hold attention and ignite change. Perhaps the answer is how the public register
air pollution in a more personal, tangible, and experiential way.

Philosopher Timothy Morton's concept of “tuning” and the notion of rebuilding our sensu-
ous connections with the environment, together with Jennifer Gabrys and Nerea Calvillo con-
cept of “attuned sensing” can be considered and explored. As Morton writes, “we are sensitively
attuned to everything happening in our world but end up blocking some of it out because the
stimulation is too intense. Attunement is a living, dynamic relation with another being, it's
like being in a dance with something else” (Morton, 2018). In a similar vein, Jennifer Gabrys's
citizen sensing projects help to engineer significant behavioural change. Citizens within her
projects have evidenced slow violence of air pollution through personal documentation and
ongoing collection of air pollution data (Gabrys, 2017). By directly involving the public within
her studies, Gabrys allows greater personal reflections, allows individual evidence of harm and
exposure, and provides knowledge transfer and active dialogue. The exchange becomes a felt
and lived experience and is more likely to have an effect on the participant. Nerea Calvillo’s
project In the Air, was created for members of the public after misinformation from Madrid's
City Council, whereby air quality monitoring stations were moved without public knowledge
and disseminated incorrect data. After this, the artist created a platform that the public could
access for up to date and accurate information (Roberdeau, 2022).

Building on the concept of attunement, it is here we can acknowledge cycling and embod-
ied ways of knowing as valuable methods of academic inquiry. One can also further consider
the notion of attunement while cycling and if it can provide a deeper sense of ecological
awareness. Shaleph O'Neill, a fellow cyclist and artist considers “representing felt experiences
that the artists have had in those places and attempting to communicate something about
those experiences to an audience that may recognise within them experiences of their own”
(O'Neill, 2018). Despite ongoing evidence that suggests art enhances our understanding of
science and data, there is still much to analyse regarding impact and personal realisation for
action. Disseminating this felt and sensory experience as O'Neill highlights, and sparking
the viewer’s own memories and encounters of air pollution, is what is lacking in scientific
communication. The notion of attunement may help to unlock a deeper connection to the
way in which we recognise poor air quality to make it more tangible and motivating. To
expand, ‘a pungent smell when walking behind a car, a horizon tinged with a brownish col-
our, thick smoke that emerges from a chimney, or a throat that itches when we're painting.
Observations that we can make with our senses alone can be very useful in detecting changes
in air quality” (Plume Labs, 2022).

The concept of “embodied attunement”, as further discussed by Minty Donald, “can be
amplified through means such as arts practice, scientific knowledge and tools, thus allow-
ing humans to access our connectivity within a more-than-human universe” (Donald, 2019).
This art science collaboration aims to rethink our relationship with air pollution through a
sensory and embodied approach.

Over a three-month period, an interdisciplinary collaboration between a conceptual art-
ist and atmospheric scientist endeavoured to highlight air quality levels in the City of York
and ways in which humans can become more receptive to it. The project investigated and
visualised air pollution in areas with both adequate and poor-quality cycling infrastructure
around the University of York and York St John University as well as data recorded by the artist
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that suggests successful attunement with air pollution. A bicycle was used as a performative
tool to cycle six popular bus routes to and from both universities that offered both rural and
urban landscapes. As it has been evidenced, exercise greatly increases the amount of air that
we breathe in, so in turn, elevates the pollution that our lungs encounter (Gardiner, 2019,
p31). Cycling is considered to be a healthy form of exercise for the body with added mental
health benefits. That being said, we must also acknowledge the impacts of injury and air
pollution when cycling in addition to the country’'s poor cycling infrastructure, which has
not yet led to any sufficient action. This is where attunement and collaboration can play an
important role going forward.

Materials and methods

Adopting the method of cycling as artistic performance prompted me to engage more explic-
itly with artists who are engaged in similar fields of practice. In the field of performance
art, Simon Starling has pursued a similar project. In September 2004, Starling crossed the
Tabernas Desert in Spain also on a bicycle (Tabernas Desert Run), but one powered by com-
pressed hydrogen (H). The only by-product of the journey was water that was collected into a
cylinder on the bicycle and later used by the artist, mixed with watercolour paints, to produce
a cactus painting. After the journey, the bicycle and cactus painting were showcased in an art
gallery, both positioned within a glass vitrine. This work shares the concept of “journeying”
by bicycle and collection from the environment (Nattress, 2021).

The author’s performance tool, a Bombtrack Beyond +1 carried a MiniVol TAS sampler
housed inside a front rack basket and a Flow 2 air quality sensor attached to the handlebars.
The MiniVol TAS sampler had a PM, , selective inlet. The sampler was operated at a flow rate
of 5 L /min, with PM, , collected onto quartz fibre filters (Whatman, QMA, 47 mm). The Flow
2 sensor, created by Plume Labs, garnered live street level data of five pollutants; Nitrogen
Dioxide (NO,), Particulate Matter PM,, PM, ., PM, and Volatile Organic Compounds (VOCs).

With the author’s work in mind, the process of collection and extraction were documented
through the method of photography, videography, audio samples, live data collection, and
note taking. The artist noted the direct and lived experience of cycling in the environment,
including the smells, the weather, and how the body felt, including somatic sensations when
executing each performance ride. It is here we can draw attention to Stacy Alaimo’s concept
of “performances of exposure”, considering the ethical encounters of being exposed to harm-
ful substances, chemicals, molecules in the air that may never be fully accounted for (Alaimo,
2008). A performance ride for the artist can be considered a “performance of exposure”. This
is what separates a leisurely bicycle ride from a mediated performance ride, whereby the artist
is knowingly collecting data and attuning to their environment. As Lorimer states, “at certain
times sound recordings and video footage have emerged as effective for noticing, attuning to,
and articulating the more-than-human (Lorimer, 2010).

The selected bus routes (Image 1) were chosen for several reasons, moreover, the attrib-
uted colours used within this article are the colours on bus route maps of York. The routes
provided a mixture of road and cycle paths, as well as offering both quieter and more heavily
congested areas. Three of the bus routes are close to the University of York and journey into
the city centre through both rural and urban areas. Route 1 (pink) begins at Grimston Bar Park
& Ride and travels past the University of York campus to York Railway Station via Heslington
Road. This route mainly consists of road and cycle paths in traffic heavy areas. Route 2 (green)
again starts at Grimston Bar Park & Ride and travels to Rougier street via Clifford Street. Route
3 (purple) also begins at Grimston Bar Park & Ride to Rougier Street but via Osbaldwick. This
route takes you through the small village of Osbaldwick located about two miles east of the
city closer to farmland and agriculture.
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Image 1: Google Maps screenshot of York and outer areas. The six colours represent the six
different bus routes selected for this project.

Source: Google Maps (2022). York. Available from https://www.google.co.uk/maps/place/
York/@53.9586419,-1.1156109,13z/data=!3m1!4b1!14m5!3m4!1s0x4878c340e19865f1:
0x4774ab898a54e4d 1!18m2!3d53.9614205!4d-1.0739108 [Accessed 22 August 2022).

The next three routes were chosen due to their links to York St John University. Route 4
(vellow) begins at Rougier Street and heads to Clifton Moor passing the university campus.
This route is heavily congested due to busy roads and roundabouts with links to the outer
ring road. It is predominantly road riding with some cycle paths. Route 5 (blue) begins at York
Railway Station and heads four miles north of the city to Wigginton. This route is on a main
road, but ventures through New Earswick which is surrounded by fields and allotments, and
York St John University's sports centre. Route 6 (orange) begins at York Railway Station and
heads to Strensall which is North (but on the east side) of the city. This route travels on roads
near Strensall Common, a conservation area and the army barracks facility, both of which
belong to the Ministry of Defence.

Results - exhibition of artworks
The artistic responses created over this three-month collaboration were exhibited at Blossom
Street Gallery in York, a gallery space that is located in a congested crossroads close to the
train station. An eight-minute documentary video piece captured the collection process. The
viewer could watch footage, captured by a videographer, of the artist cycling the selected
bus routes over the three-month period, as well as footage from a GoPro that was attached
to the handlebars. The film was interwoven with clips of nature and greenery, such as parks
and rural locations that revealed high pollution readings. The documentary footage can be
viewed here https://www.youtube.com/watch?v=Ut4E-aZ-Cbg.

The video piece was positioned adjacent to six discoloured filters: one from each of the bus
routes housed side by side within a glass vitrine. Upon closer inspection, the filters differed
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in greyish colourways respective of their journey along the individual routes. These MiniVol
filters were photographed and investigated under a microscope revealing interesting micro-
scopic matter and visible colour change.

While not displayed, filters that were collected across the same route, but on different days
present vastly different colourways, highlighting the high variability in local pollutant con-
centrations. Due to the varying route lengths, it can be noted that these filters were collected
within the time frames of 3.5 to 5 hours of cycling.

Image 2: Left to right; six discoloured filters; one from each of the bus routes housed side by
side. Pink, Green, Purple, Yellow, Blue and Orange.

Source: Nattress, C. (2022). Art-Science Interface: making York’s air pollution visible exhibition.
Available from https://www.clarenattress.co.uk/work/the-art-science-interface. [Accessed
1 August 2022].

Image 3: The same six quartz filters are positioned in a glass vitrine one from each of the
six bus routes cycled over the three-month period: pink, green, purple, yellow, blue, and
orange.

Source: Waudby, M. (2022). Art-Science Interface: making York’s air pollution visible exhibition.
Available from https://www.clarenattress.co.uk/work/the-art-science-interface. [Accessed
1 August 2022].
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An artist book was displayed with documentary photographs and writing about the collab-
oration, and the performance tool (the bicycle) was exhibited in its post-performance state,
coated in visible environmental matter for the public to engage with. The artist book can
be viewed here https://www.clarenattress.co.uk/work/artist-scientist-artist-book. The book’s
outer sleeve is debossed with the word “Artist” with the front cover debossed with the word
“Scientist”. When the book is pulled from its sleeve the two words boldly face one another.
This was a nod to the nature of interdisciplinary collaboration between a practicing artist
and an environmental scientist, one that is ever evolving and in motion. The chosen buckram
cover and sleeve, and the G.F Smith insert pages, are textured to mirror the bicycle’s tread
and the terrain under wheel. It was a purposeful design decision to use this paper stock as
for over 135 years, G. F. Smith have been obsessed with the simple beauty and limitless pos-
sibilities of paper. Their desire is that “through the hands of the design community, they can
bring creativity to life and constantly innovate with one of the world’s oldest materials” (G.
F. Smith, 2023). The deliberate use of texture and a sliding sleeve with tactile debossed ele-
ments allowed the viewer to wield their sense of touch.

Lastly an iPad displayed a website interface that the public could interact with. The inter-
face presents a map of York with street-level pollution data collected over the three-month
period. To prevent visual confusion and route overlay, only the outbound journey of each
performance ride was made visible on the map. The routes are colour co-ordinated according
to the pollution levels in real time. Plume Labs base their recommendations on the WHO
annual, daily, and hourly exposure guidelines, along with other global institutions, including
the European Commission, the Chinese Air Quality Standards, and the United States EPA.

4

Image 4: Private view of the exhibition. The bicycle is positioned on a table in the middle
of the space for maximum engagement. Documentary photographs taken during perfor-
mance rides and in the laboratory are curated on the surrounding walls.

Source:Waudby, M. (2022). Art-Science Interface: making York’s air pollution visible exhibition. Available
from https://www.clarenattress.co.uk/work/the-art-science-interface. [Accessed 1 August 2022].
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Image 5: Private view of the exhibition. The bicycle is positioned on a table in the middle
of the space for maximum engagement. Documentary photographs taken during perfor-
mance rides and in the laboratory are curated on the surrounding walls.

Source:Waudby, M. (2022). Art-Science Interface: making York’s air pollution visible exhibition. Available
from https://www.clarenattress.co.uk/work/the-art-science-interface. [Accessed 1 August 2022].

Each of the categories of the Plume AQI indicates something specific about the length of time
that you can be exposed to such pollutant rates without an adverse impact on your health, so
it ensures that you can get actionable information to take real steps towards improving your
own wellbeing.

The colour green simulates low pollution in the range of 0-20. Plume Labs describes this as
clean air, which is perfect for outdoor activities. Pollution levels that are highlighted green are
under the recommended exposure thresholds set by the World Health Organisation (WHO)
for one year of pollution exposure. The colour orange records the moderate levels 21-50
described as acceptable; however, there may be health concerns for people with specific sen-
sitivities. Air quality is considered acceptable, though, over the recommended WHO thresh-
old for one year. This means that, unless you have these kinds of conditions all year round,
you should not be experiencing adverse health effects. However, there may be certain health
concerns for people with specific sensitivities. Finally, the colour red details the higher levels
51-100. Levels between these figures suggest pollution is high and the public may start to
experience more serious health effects, and those with sensitivities should take care when
performing outdoor activities (Plume, 2022).

Points of interest on each of the routes were pinned with attached photography, audio
samples, and GoPro video footage. The aim was not only to inform the public of high pol-
lution street-level data, but also to communicate the embodied aspects of cycling within
high levels of pollution. To share further detail, the audio samples described the scents and
smells experienced throughout the rides. The pungent metal, chemical, and diesel scents
were noted at the locations where they were uncovered, in addition to the familiar scents
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Image 6: Screenshot of the interface website. A route has been clicked and has loaded indi-
vidually to allow the viewer to engage with points of interest such as GoPro footage, audio
clips, photography, and data. This route cycled on this day at this time has a mixture of low,
moderate, and high readings.

Source: Nattress, C. (2022). The Art-Science Interface. [online platform].

of recently mowed grass and barbecue coals. Photographs were also pinned to the interface
that documented highly polluted locations along the routes, including a primary school and
a public park. To reflect on the collective performance rides, a greater embodied awareness
and attunement to air pollution was experienced along the green route, specifically cycling
towards Rougier Street from Clifford Street, where traffic is often heavily congested. This also
became apparent on the interface, often displaying this route in red, signifying high pollu-
tion levels, but also in the tangible and experiential descriptions of pollution sensed in the
air through the audio samples.

The Interface became a hive of activity, an online laboratory, which detailed live data,
imagery, audio, video, as well as experimentation, investigation, and process. Moreover, the
footage from the GoPro helped to position the viewer into the role of the artist, observing the
ride as if they themselves were sitting on the saddle of the bicycle. It was the intention that
the audience was made to feel a part of the collection process during each performance ride.

This exhibition has provided initial evidence that the public actively engage with crea-
tive and visual outcomes that aim to make the invisible, visible (Nattress and Bryant, 2022).
There is an increased capacity for audiences to connect kinaesthetically and interactively with
embodied research. The exhibition provided a range of observations from the public. One
visitor highlighted the importance of the interface for public use “I have suggested that York
Council use your interface to add to their information on air pollution” (Exhibition Visitor,
2022). A second visitor stated “A very interesting variety of work with a lot to see and think
about, it is very thought provoking and really engaging, especially in the city that we live in. [
will walk around being more aware of my environment and air pollution” (Exhibition Visitor,
2022). Moreover, “Such an important issue to visualise to the people of York, action must be
taken” (Exhibition Visitor, 2022). The feedback has provided an immediate impression that
the exhibition has had a real-world benefit to a localised audience, a knowledge transfer to
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Image 7: Screenshot of the interface website. A route has been clicked and has loaded indi-
vidually to allow the viewer to engage with points of interest such as GoPro footage, audio
clips, photography, and data. This route cycled on this day at this time has high readings.

Source: Nattress, C. (2022). The Art-Science Interface. [online platform].

the public which has helped to invoke a greater sense of connectedness with the environ-
ment, and as Donald states; “accentuates a sensory and affective engagement” (2019).

It was also interesting to observe how the public interacted with the artist and scientist
during the private view. Having the scientist present at the opening event proved fruitful as
the audience felt comfortable to engage in conversation and discuss the artworks and the
data on display. Together, the artist and scientist could talk openly about the importance of
this collaboration, but also elucidate their own processes, creative outcomes, and laboratory
data and terminology in more detail. With visual artworks as key discussion points, these con-
versations proved to be worthwhile and fundamental for knowledge transfer, particularly in
sharing the affordable and wearable air pollution technology that can help to lower everyday
exposure.

Results - data summary

There has been a recent boom in cheap, wearable commercially available air quality sen-
sors, allowing the user to directly observe the air quality around them and make informed
decisions about their route(s) to work. The Flow 2 sensor (https://plumelabs.com/en/
flow/) used in this study has been previously tested both in laboratory and field settings,
with a high correlation between sensors as well as to reference instruments for some pol-
lutants but more limited for others. However, although sensors can generally observe air
pollution events, the accuracy of the sensors is limited (Kang et al., 2022; Karagulian et
al., 2022; Plume Labs Flow 2, 2022). Crnosija et al. (2022) found that the overall accuracy
of the average of 32 Flow 2 devices for PM, measurements was 380.59% and that of
the PM, . measurements was 433.72%; however, they had moderate correlation values of
0.52 and 0.76, respectively. NO, concentrations were evaluated by the Air Quality Sensor
Performance Evaluation Centre and found high correlations between the sensor and refer-
ence instrument for PM, but very limited correlations were observed for NO, (Plume Labs
2,2022).
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Overall, sensors provide an insight into air pollution events for a relatively low cost, but
at limited accuracy. The Flow 2 sensor gave measurements of PM,, PM,,, PM_, NO, and
VOC concentrations as well as putting these concentrations into context via an air qual-
ity index (AQI). This AQI runs from low (0-20) highlighting adequate air quality, to 250
+ which is extreme air pollution affecting everyone (What is an air quality Index (AQI)?,
2022).

Pollutant concentrations that were measured, for this study, via the Flow 2 sensor were
collected over 32 rides across 6 routes throughout the city of York (Figure 1). The lengths
of each performance ride ranged from 3.5-5 hours of cycling (Table 1). Table 1 provides the
mean = SD for all 32 rides, while Table 1 highlights the mean * SD of the different pollutant
concentrations and AQIs averaged across the six routes.

For further insight, PM is produced from a range of primary and secondary sources,
with different sources dominating different size ranges. Larger particles, such as PM,  are
usually comprised of primary, inorganic species originating from combustion processes,
construction, and road transport as well as natural sources such as sand and sea salt.
PM, . and PM, species are a more complicated mix of primary and secondary inorganic
and organic species. Primary sources include exhaust emissions, cooking, and industrial
processes, while secondary processing of volatile organic compounds (VOCs) from a range
of anthropogenic and biogenic sources leads to significant PM formation across urban
and rural areas.

Average PM, and PM, , concentrations across the different routes were low, ranging from 1
+0.2 ug m? for PM, across the orange and green routes, and up to 5.1+ 4.5 ug m? for PM,
across the purple route. All routes for PM, and PM, , were designated as low AQI. Higher PM, |
concentrations were observed across the six routes than PM, and PM, .. PM  sources within
the environments cycled are likely dominated by road, construction, and agricultural dust.
On average the purple route had the highest PM,  concentrations (32.8 + 34.1 ug m?) of
any of the routes. The purple route passed through several industrial areas, which are likely
sources of PM, . The yellow route had the lowest average PM, concentrations (8.4 + 9.7 ug
m~), with the route passing through more suburban areas. It should be noted however that
this route was only cycled twice, so is not as representative as the other routes. Only two
routes, purple and blue, were deemed to be moderate in terms of the AQI, with the other
routes low.

VOCs comprise of a large and highly diverse group of species, emitted from a range of bio-
genic and anthropogenic sources. VOCs are produced from combustion processes, cooking,
cleaning, and personal care products, as well as natural sources such as flora. Average VOC
concentrations ranged from 17.7 + 10.2 ppb to 50.6 + 44.7 ppb for the green and pink routes
respectively, however all routes had AQI's less than 5 (low).

NO, is a gaseous pollutant, generally produced from the combustion of fossil fuels, espe-
cially diesel in urban environments. The average NO, concentrations ranged from 41.4 + 14
ppb along the blue route, to 276.8 + 183.4 ppb along the green route. The NO, AQI range was
generally “high”, meaning that everyone may start to experience more serious health effects,
especially in the long term. The green route was classified as “excessive”, suggesting the effects
will be felt immediately, healthy individuals may show symptoms of short-term exposure. The
green route is one of the main bus routes from the city centre to the University of York and
is heavily used by commuting traffic. A greater embodied awareness and attunement to air
pollution was experienced on the green route, shared by the artist through audio, video and
notes attached to the interface. Overall, NO, was observed to be the most important pollutant
in terms of contributing to poor air quality. High NO, concentrations are likely observed due
to close proximity of the artist to combustion engine exhausts.



Table 1: Mean + standard deviation for the different pollutants and their related AQI values across the different routes. The values are averaged
over all rides (n) along each route. Table 1 is also useful to demonstrate the significant contrasts between scientific and artistic methods of
communication, reaffirming how artistic methods are crucial in order to improve engagement in the issue.

Route n NO, NO, PM, PM, PM, PM, PM,, PM,, voc voC
(ppb) (Plume AQI) (ug/m3) (PlumeAQl) (ug/m?3) (PlumeAQl) (ug/m?3) (Plume AQI) (ppb) (Plume AQI)
Purple 7 682+£983 545+613 19+£26 564 51+45 10.1£89 32.8%34.1 351+377 389%16.6 31+£14
Green 7 2768+1834 1713+984 1+0.2 31+£05 27+£13 54+26 18.2%£20.8 19.2+235 17.7+£10.2 1.5+£0.8
Pink 8 124.9 + 143 89.5+816 11+0.8 33+£19 27+£23 55+4.6 1541229 16 £25 50.6 +44.7 4.1+3.6
Yellow 2 486 6.1 546+5 12+17 35+41 23%2 46+4  84%97 84+9.6  443%8 35+07
Blue 4 414+ 14 457+£157 11+£03 32+£06 35+24 71149 22+£319 23+£339 302£75 24+07
Orange 4 44.1+£239 48 £24.7 1+£0.2 31+£03 27+£15 55+3 152£218 159+243 21.3£8.1 1.7£0.7
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Discussion - benefits of interdisciplinary collaboration for public engagement
This interdisciplinary collaboration, despite being in its infancy, has provided a wealth of
knowledge regarding public engagement and effective methods of dissemination. It is clear
by the comments received from the exhibition that audiences were more engaged by the
interface, filter samples, and the exchange in dialogue. These creative outcomes were suc-
cessful in making the invisible, visible but also helped to deepen our understanding of non-
human collaborators in a sensory and embodied way and encourage dialogue on the issue.
The direct access to an audience meant that dialogue was tailored to the individual or group
allowing for greater engagement and understanding. This would be a significant pathway to
impact. Air pollution that the viewer could see, and/or connect with, provides the artist and
scientist with a considerable scope for development. It is clear that interdisciplinary practice
is fundamental in arts science disciplines to provide energy, new insights and to encourage
personal action. Interdisciplinary approaches are crucial to combat pressing environmental
concerns, working together is the only solution.

The overall aim of science is to positively impact the public; however, science research is
generally published in journals which are only, more recently, becoming fully open access
allowing for greater transparency with the public. However, making this work accessible for
a range of audiences is challenging. This is just one hurdle of disseminating research to the
public and engaging them in environmental issues such as air pollution and climate change.
When scientists promote their work which has been published, they tend to do so at work-
shops or conferences which are attended by other scientists within their field, with a high
level of background expertise and understanding of the environmental concern. The exhibi-
tion, however, aimed to provide an approachable environment to engage members of the
public more directly and emotionally.

Overall, in this case an art-science collaboration engineered two key outcomes in terms of
research outputs. Firstly, a collaboration between an artist and scientist meant seeing the
environmental issue of air pollution from completely different angles. This engagement
allowed for a unique knowledge exchange between the artist and scientist from two very
different perspectives, but with a shared common goal. This included the use of varying ter-
minology, championing embodied ways of knowing as opposed to scientific data analysis,
audience engagement strategies and methods of dissemination.

Secondly, this collaboration has broadened perspectives on what types of outcomes are
more impactful and engaging. For a broad public audience, high level complex analysis may
not be necessary to promote engagement with this pressing environmental issue. The collec-
tion of particulates onto filters provided a stark visual of what York’s residents were breathing
every day, in what may seem a relatively clean environment.

Conclusion

Despite a short period of time to join forces, significant benefits of interdisciplinary collabo-
ration have been uncovered. Together the artist and scientist have delivered a paper at the
European Geosciences Union General Assembly in Vienna (https://meetingorganizer.coper-
nicus.org/EGU22/EGU22-5038.html) in what can be described as a more traditional mode of
disseminating research, as well as curating an art exhibition of work from this project. There
is an acknowledgement that both methods of dissemination have been crucial to engage sci-
entists, artists, and the cycling community to comprehend the issue of air pollution. However,
it is clear that as our collaboration evolves it will be necessary to engage with the broader
public, in particular outside of a traditional white cube gallery space to increase our reach
and influence and help to disseminate the issue. It is here we can revert to Olafur Eliasson’s
successful method of public display and embed this into our continuing collaboration. It can


https://meetingorganizer.copernicus.org/EGU22/EGU22-5038.html
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also be reiterated that the human body is a credible and necessary site for research enquiry.
Embodied and sensorial ways of knowing will be expanded upon and will be central to this
enquiry going forward. We can continue to consider and explore how does the communica-
tion of felt experience of air pollution complement and perhaps challenge scientific methods.

It is through the research that has been undertaken that one can also recognise the impor-
tance of a wider validity of data collection and the need to cover additional ground with
greater consistency. This is where participatory cyclists may be fundamental to the develop-
ing research. Participants will enable an increase in sensors, and in turn an abundance of data,
as well as personal experiences of embodied attunement, valued dialogue, and exchange.
It would also be insightful to gather further evidence of engagement through discussion
groups and feedback opportunities to increase robustness.
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