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Citizen science is now commonly employed to collect data on plastic pollution and is recognised as a valuable
tool for furthering our understanding of the issue. Few studies, however, use citizen science to gather information
on water-borne plastic debris. Here, citizen scientists adopted a globally standardised methodology to sample the
sea-surface for small (1-5 mm) floating plastic debris off the Cornish coast (UK). Twenty-eight trawls were
conducted along five routes, intersecting two Marine Protected Areas. Of the 509 putative plastic items, frag-
ments were most common (64 %), then line (19 %), foam (7 %), film (6 %), and pellets (4 %). Fourier-transform

infrared spectroscopy identified the most common polymer type as polyethylene (31 %), then nylon (12 %),
polypropylene (8 %), polyamide (5 %) and polystyrene (3 %). This study provides the first globally comparative
baseline of floating plastic debris for the region (mean: 8512 items km~2), whilst contributing to an international
dataset aimed at understanding plastic abundance and distribution worldwide.

1. Introduction

The rapid and continuing rise in the production, consumption, and
mismanagement of plastic has led to growing concerns about its po-
tential to cause harm (Horton, 2022). Of particular concern are micro-
plastics which, due to their small size (<5 mm; Thompson et al., 2004)
are bioavailable to organisms across a variety of trophic levels (Botterell
et al., 2019; Nelms et al., 2018; Wilcox et al., 2015), and once ingested,
may lead to lethal and sub-lethal effects, such as physical injury,
malnutrition and exposure to chemical contaminants, such as persistent
organics pollutants (POPs) and heavy metals (Wright et al., 2013).

Microplastics are classified into two main categories: primary and
secondary. Primary microplastics are manufactured for multiple pur-
poses, including the creation of new plastic products (e.g., pre-
production pellets or ‘nurdles’; Boucher and Friot, 2017), for use in
water treatment processes (e.g., biobeads) or in cosmetics (Napper et al.,
2015). Secondary microplastics are formed from breakdown of larger
macroplastics (>5 mm in size), which fragment into smaller pieces due
physical, biological and chemical processes, such as wave action and
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ultraviolet radiation from sunlight (Fendall and Sewell, 2009; Ryan
et al., 2009).

Efforts to understand the sources, distribution and abundance of
microplastics in the marine environment have increased in recent years
and it is now apparent that they are ubiquitous, having been found in
seawater, at the surface and at depth, in sediments and sea ice around
the world (Barnes et al., 2009; Obbard et al., 2014). Whilst sediment and
sea ice may be viewed as microplastics sinks, trapping particles and
sequestering them for varying amounts of time, seawater, and its
movement in currents, can transport microplastics over vast distances
(Lebreton and Borrero, 2013; Mountford and Morales Maqueda, 2021;
Woodall et al., 2014). This is particularly the case for buoyant plastic
items that are less dense than seawater, and this mobility is one of the
factors that makes understanding the pathway and fate of plastic debris
so challenging. Yet it is essential if we are to manage and reduce plastic
pollution; monitoring the at-sea abundance of floating plastic debris can
inform our understanding of its spatial and temporal extent, for example
‘hot spots’ of high concentrations or seasonal variations in movement
(van Sebille et al., 2015). It can also help identify potential sources of
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plastic pollution and provide evidence to inform policies aimed at
reducing input (Rochman et al., 2016).

One of the most widely used methods for sampling large volumes of
surface seawater for microplastics is to conduct trawls by towing a fine
mesh net, with mesh sizes usually 330-335 pm, beside or behind a vessel
(Hidalgo-Ruz et al., 2012; Lindeque et al., 2020). The net devices most
commonly used for microplastics sampling are neuston nets and manta
trawls, the latter of which has become the preferred option due to its
greater reliability with respect to precision of sampling height within the
water column due to its stability and buoyancy (Pasquier et al., 2022).
The net of the manta trawl is held open by a rectangular metal frame
which has a wing-like structure either side of the opening to stabilise the
net and allow for sampling of the top 15-25 cm of seawater (Pasquier
et al., 2022). In the past, this technique was mainly used by professional
plastic pollution researchers but since becoming more accessible for use
by non-governmental organisations (NGOs) and other stakeholders,
non-expert volunteers, or citizen scientists, are increasingly involved in
surveys to monitor at-sea microplastic abundance and distribution
(Setala et al., 2022).

The use of citizen science to collect data on plastic pollution,
particularly land-based macroplastics, is now relatively common (Nelms
et al.,, 2020). Not only does utilising a volunteer workforce alleviate
some of the logistical and financial constraints that would be incurred if
professional scientists were employed, it can also raise awareness and
encourage the public to take an active role in finding solutions (Nelms
et al., 2022; Rambonnet et al., 2019; Zettler et al., 2017). To date, very
few projects utilise citizen scientists to gather data on microplastics,
most likely due to the more technical nature of the sampling techniques
and fears over contamination (Setala et al., 2022). Recent studies from
surface waters of the Baltic Sea, however, have found that well planned
and supervised sampling by citizens can provide good quality samples
that can be used to complement microplastics monitoring efforts
(Gewert et al., 2017; Setala et al., 2022).

The 5 Gyres Institute is a non-profit organisation that developed a
protocol, enabling citizen scientists to conduct microplastics surveys in
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their region (www.5gyres.org/trawl-resources; last accessed 08
February 2023). In this study, citizen scientists adopted this globally
standardised 5 Gyres Trawl For Plastic project methodology to sample
the sea-surface waters off the north coast of Cornwall (United Kingdom),
including sections of two Marine Protected Areas (MPAs), for small (1-5
mm) floating plastic debris. The aims of this study were two-fold; first, to
collect information on the distribution, abundance and characteristics of
small floating debris which can used for generating a local baseline as
well as comparing with existing global datasets; and second to engage
with and educate members of the local community on the issue of plastic
pollution by training volunteers to conduct microplastics surveys.

2. Materials and methods
2.1. Study area

Cornwall is a county situated at the western tip of England’s south-
west peninsula (UK) and is exposed to prevailing winds and currents
from the northeast Atlantic. The coastal region is heavily frequented by
beach users, particularly during the summer months, with an estimated
five million tourists visiting the region every year (Gaskell et al., 2021).
In addition, fishing is an important part of the local economy, with
fishing activity occurring throughout the year (Trundle et al., 2018).

Sea surface trawls for microplastics (1-5 mm) were conducted along
five routes off the coast of north Cornwall (Fig. 1). Two of the five routes
(referred to as POLPIP and STAPIP, hereafter routes A and B) are part of
regular Marine Life and Human Activity Surveys conducted by The
Cornwall Seal Group Research Trust. These survey routes were origi-
nally chosen due to their proximity to grey seal (Halichoerus grypus) haul
out areas and wildlife hotspots. The remaining three (Park Head, Off
Shore and Bawdin Rocks, hereafter routes C, D and E respectively) were
chosen to cover the section of the north Cornish coast adequately whilst
providing some contrasts in trawl areas (e.g., trawling 6 nm offshore and
adjacent to beaches).
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Fig. 1. Map of the north Cornwall coast and the five routes of microplastics sampling sea surface trawls (A=POLPIP, B=STAPIP, C=Park Head, D=Off Shore and
E=Bawdin Rocks). Hashed polygons represent the two Marine Protected Areas, Newquay Marine Conservation Zone (MCZ) and Padstow and Surrounds MCZ.
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2.2. Sample collection

Twenty-eight trawls were conducted between April 2018 and
January 2020. The number of trawls per month and survey route varied
due to factors, such as weather conditions and the outbreak of COVID-19
(see Supplementary material Table S1).

A High-Speed Mini Trawl (HSMT; Supplementary material Fig. S1a)
was used to sample surface seawater for microplastics. The HSMT is of
similar design to a Manta trawl but smaller and lighter. An aluminium
rectangular frame opening of 10 cm x 60 cm is connected to a 4 m long
net with a mesh size of 333 pm and a cod end. The HSMT was deployed
from the vessel, a 10 m Blyth catamaran, outside of the wake zone on the
leeward side to avoid turbulence created by the boat movement, which
could potentially force any floating plastic debris below the surface
(Supplementary material Fig. S1b). A davit arm was used to position the
trawl tow line away from the side of the vessel, which towed the HSMT
approximately 36 m behind the boat.

The HSMT was towed for 60-185 min, for between 10,556 m and
33,336 m, and at an average speed of 6 knots (~3 m s_l), dependent on
conditions, as per the 5 Gyres protocol. Surveys were only conducted in
sea state 4 or below (Beaufort Scale). At the end of each tow, the con-
tents of the cod end were poured through a 1 mm metal sieve rinsed with
distilled water, covered with aluminium foil and left to dry.

2.3. Contamination control

Due to the citizen science nature of this study, only suspected
microplastics larger than 1 mm and smaller than 5 mm were included for
further analysis to avoid processing items that may have been a result of
contamination. To minimise contamination as much as possible, several
steps were taken. Firstly, the HSMT was towed alongside side the vessel
rather than behind to avoid any boat-based debris (i.e. paint fragments)
from entering the net (see Supplemental material Fig. S1b). A non-
shedding rope was used to attach the trawl to the vessel and all other
fixings were metal. No fibres matching the rope (silver/translucent)
were found in the samples. Volunteers wore white cotton laboratory
coats whilst processing the samples to avoid contamination from their
clothing. No matching fibres were found within the samples.

2.4. Microplastic identification

Each sieve was visually inspected and all visible, potentially syn-
thetic, items were collected and categorised by size class; micro <5 mm
and macro >5 mm. The hot needle test (de Witte et al., 2014) was used
to distinguish between synthetic and organic items; under a 1000x USB
digital camera microscope a hot needle, heated using a lit candle, was
applied to the suspected plastic item. If it appeared to melt on contact
with the needle, it was deemed to be synthetic and potentially plastic.
All putative plastic particles were then categorised by type (Fragment,
Film, Foam, Pellet, and Line) and enumerated (Friksen et al., 2013,
2014).

2.5. Polymer analysis

To confirm the polymer type of the suspected microplastics, Fourier-
transform infrared (FTIR) spectroscopy was conducted on all visible
items from a randomly selected (i.e. not chosen based on any specific
characteristics) subset of 18 of the 28 trawl samples using a PerkinElmer
Spectrum 2 spectrometer equipped with a universal diamond Attenu-
ated Total Reflectance (ATR) attachment. Each fragment or fibre was
manipulated using pre-cleaned forceps and placed onto the centre of the
crystal surface (after precleaning the surface with analytical grade
ethanol), before applying a consistent force using the sample clamp.
FTIR spectra (mid-infrared) were obtained for each candidate micro-
plastic piece by scanning in the wave number range 4000-650 cm ™!, at a
resolution of 4 ecm™?, and acquiring a minimum of four scans per item
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(up to a maximum of 16 scans per item for some samples in order to
obtain clearer spectra). All spectra obtained were processed using Per-
kinElmer’s Spectrum™ 10 software (version 10.5.4.738), enabling post-
acquisition background subtraction and normalisation of the data and
subsequent comparison against a number of commercially available
spectral libraries covering polymers, polymer additives and adhesives
(adhes.dlb, Atrpolym.dlb, ATRSPE~1.DLB, fibres.dlb, IntPoly.spl,
poly1.dlb, polyaddl.dlb and POLYMER.DLB), as used by (D’Souza et al.,
2020).

Only readings with a confidence level of 70 % or greater and for
which identification could be further verified through careful visual
inspection of the spectrum (Lusher et al., 2013), were accepted as being
reliably identified. To minimise the potential for misidentification,
plastic pieces yielding match qualities below this confidence level were
classified as ‘unidentified’, even if their spectra showed a number of
diagnostic characteristics typical of known polymers.

2.6. Statistical analysis

To account for the variation in area covered by each trawl and
provide a metric that is comparable with similar studies, the data were
standardised to estimate the number of microplastics per km? by
multiplying the width of the trawl opening (10 cm) by the transect
length (range: 10.6-33.3 km; (Collignon et al., 2012; Gewert et al.,
2017). The number of plastic items recorded during each trawl was then
divided by the area surveyed (width x transect length).

In addition, the plastic abundance per volume of water trawled
(plastic items m~>) was calculated by multiplying the trawl opening area
(0.1 x 0.6 m) by 0.5 by transect length. The factor of 0.5 was applied to
account for only the lower half of the trawl opening being submerged
during sampling (Baldwin et al., 2016; Gewert et al., 2017). It should be
noted that variations in factors such as boat speed, currents and sea
conditions mean that calculations such as those above are estimations
and the actual volume of water sampled may differ.

Generalised linear mixed-effects models (GLMMs) were used to
examine the spatial and temporal patterns in the abundance of suspected
microplastics (items km ™2 GLMM; ‘lme4’ package for R). Year was used
as a random effect in the model to account for the unbalanced survey
frequency and region, season and month were incorporated as fixed
effects. The normality of the dependent variable was assessed using a Q-
Q plot and determined to be non-normal. As such, various error families
and link functions were trailed and the model with the lowest AIC score
chosen for subsequent use (family = Gamma, link = “sqrt”). Model se-
lection to identify the most influential fixed effects was based on AIC
score and p-value of Analysis of Variance (ANOVA) used to compare
between models (Supplementary Material Table S2 and S3). Statistical
significance was set at a probability level () of 0.05. Seasons were
defined as; spring (March-May), summer (June-August), autumn
(September-November), winter (December-February). Data analysis
was conducted using the statistical software, R (R Core Team, 2022).

2.7. Citizen scientist participation and training

This project was co-ordinated by the lead author (LC) and conducted
by 84 volunteers (Supplementary material Table S4) from groups in the
Cornwall Marine Microplastic Coalition (CMMR) comprising Polzeath
Marine Conservation Group, The Cornwall Seal Group Research Trust, St
Agnes Marine Conservation Group, Newquay Sea Safaris and Fishing,
and Cornwall College Newquay. Volunteers received free training and
were recruited mainly through social media campaigns. The volunteer
roles were deploying and monitoring the HSMT, dismantling and rinsing
equipment, and analysing the samples for potential microplastics. Some
volunteers partook in all these roles, other volunteers helped with one or
two roles. The FTIR and statistical analyses were conducted by trained
professional scientists.
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3. Results
3.1. Abundance, distribution and temporal trends

Suspected plastic items were found in every trawl sample (n = 28)
with 509 items recorded in total. The mean number of plastic items m ™2
across all trawls was 0.0085 (SD + 0.0064 items m 2 range
0.013-0.0269 items m~2) with an estimated 8515 plastic items km 2
(SD + 6383 items km’z; range 1350-26,875 items krn’z; see Supple-
mentary material Table S5 for volumetric abundance).

There was some variation in abundance among the routes; route B
had the highest density of suspected microplastics with an average of
12,244 items km ™2 of surface seawater (SD + 12,899 items km—2) fol-
lowed by route C (10,569 items km_Z; SD + 7079 items km_z), route E
(8104 items km’z; SD + 6846 items km’z), route A (6658 items km’z;
SD =+ 2577 items km 2) and route D (6161 items km’z; SD + 3699 items
km~2%; Supplementary Material Table S5). The results of the generalised
linear mixed-effects model (GLMM), however, demonstrated that trawl
route did not influence microplastic abundance (removing Route from
the model had no significant effect; p > 0.69; Supplementary materials
Table S2 and S3).

Temporally, the month in which sampling took place had a strong
effect on the abundance of suspected plastic items (p = 0.008; Supple-
mentary material Table S6). In particular, March showed the highest
significantly different abundance of suspected microplastics (15,187
items km~2). Conversely, June and May exhibited the lowest levels
(3093 and 2925 items km 2, respectively; Fig. 2a; Supplementary ma-
terial Table S6). When the data were aggregated by season, however,
any temporal signal was lost (Fig. 2b).

3.2. Characteristics

Plastic items of every shape category were identified (Supplementary
material Fig. S2). Fragments were most common (64 %; n = 324), fol-
lowed by line (19 %; n = 99), foam (7 % n = 36), film (6 %; n = 30) and
pellets (4 %; n = 20; Fig. 3a).

Of the 357 suspected plastic items analysed using FTIR spectroscopy,
>60 % (n = 218) were reliably confirmed to be microplastics composed
of identifiable polymers (Fig. 3b). Of these, 111 (31.1 %) were identified
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as polyethylene, 41 (11.5 %) were nylon, 30 (8.4 %) were poly-
propylene, 17 (4.8 %) were other synthetic (non-nylon) polyamides, 12
(3.4 %) were polystyrene, three were poly-1-butene (0.8 %), two were
chlorinated or chlorosulphonated polyethylene (0.6 %) and one of each
polybutylene terephthalate and vinyl chloride/vinyl acetate copolymer
(0.3 % respectively). Other, non-plastic materials were also detected at
low abundances including three brightly coloured cellulose fibres, pre-
sumably modified by extrusion and dying in industrial processes, one
fragment of glass fibre and one each of paraffin wax and methyl vinyl
ether copolymer. Just over a third (n = 133; 37.3 %) of the 357 items
analysed could not be identified to a sufficient degree of confidence to
confirm their identity as microplastics using ATR FTIR. Although the
majority of these (n = 78) showed many spectral characteristics typical
of polymers such as polyethylene, polypropylene or nylon, the qualities
of the spectra were insufficient to conclude a reliable identity (possibly
as a result of degradation and/or chemical or microbial contamination
of the material during exposure to environmental conditions).

4. Discussion

Globally, plastic pollution has become a ubiquitous form of anthro-
pogenic litter capable of harming marine organisms and ecosystems
(Beaumont et al., 2019; Nelms et al., 2023). Understanding the patterns
and trends in regional and global plastic pollution mass and abundance
is crucial for evaluating and mitigating the risks (Eriksen et al., 2023).
The best-known reservoir of plastic debris is that of buoyant plastics
floating at the sea surface within the global ocean (van Sebille et al.,
2015). Although some areas are relatively well surveyed for plastic
pollution (e.g., Western North Atlantic Ocean and Eastern North Pacific
Ocean), much of the sea surface outside the gyres has not been exten-
sively studied (van Sebille et al., 2015). This could cause potentially
large errors in global estimates of the amount of floating plastic (van
Sebille et al., 2015). In this study, citizen scientists sampled surface
seawater for small floating plastic debris in an understudied region of
the Northeast Atlantic Ocean. An average of 8512 microplastics km 2
was recorded across the 28 surveys conducted along the north coast of
Cornwall. In comparison, Maes et al. (2017) recorded a considerably
higher concentration of 19,237 plastic items km™2 elsewhere in UK
waters (North Sea, Celtic Sea and English Channel). This difference may
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Fig. 2. Temporal patterns in microplastic abundance. Boxplots showing the number of suspected plastic items (1-5 mm) per km? for a) each trawl route across
survey period and b) season. The horizontal black lines represent median values. The box depicts the first and third quartiles and whiskers illustrate the minimum and
maximum values. Asterisks represent p-value significance codes (** = 0.001, * = 0.01).
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Fig. 3. Composition of floating debris. Doughnut plots showing a) composition by shape and b) composition by polymer type (for a sub-sample; n = 18 trawls) of

synthetic items recovered from 28 trawls.

be partly explained by the difference in the size classes included in each
study. For example, only plastic items between 1 and 5 mm are included
in the current study, whereas Maes et al. (2017) included smaller size
classes with items ranging between 0.355 and >4.75 mm. The effect of
net mesh size on recorded microplastic abundances was demonstrated
by Lindeque et al. (2020) who found that sampling using smaller mesh
sizes resulted in the detection of significantly higher abundances of
plastic;nets with a 100 pm mesh resulted in the collection of 2.5-fold and
10-fold greater microplastic concentrations compared with using 333
and 500 pm meshes, respectively (Lindeque et al., 2020). Due to the
citizen science nature of this study, however, it was not possible to
sample such small size classes due to logistical constraints and concerns
about possible contamination from air-borne microplastics, which are
generally present in the smaller size classes (Jones et al., 2022).

In terms of volumetric concentrations of synthetic items, this study
recorded an average of 0.03 (+0.2) plastic items m >, whereas a study of
coastal waters off Plymouth on the south coast of nearby Devon,
recorded an average of 1.35 items m™> (Higgins and Turner, 2023).
Higgins and Turner (2023) used a 53 pm plankton net to sample surface
water for microplastics which, for reasons discussed above, may explain
the difference in concentrations to those recorded in the current study.
In addition, the north Cornish coast is a relatively rural area with a low
population density and minimal industrialisation compared to the other
study sites.

Although some monthly variation was observed, season and trawl
route were not found to have a significant effect on the abundance of
suspected microplastics. This may be due to a variety of factors including
survey effort (with fewer trawls occurring in the winter months) and
environmental variation (e.g., oceanographic currents and mixing). As
such, further monitoring to increase the sample size and therefore sta-
tistical power is warranted.

Four of the five trawl routes included sections within two Marine
Conservation Zones; routes B, C and D are in the Newquay MCZ and
route A is within the Padstow Bay and Surrounds MCZ (Fig. 1). In
addition, routes E and A are located in proximity to important sites for
Atlantic grey seals and seabirds, including Atlantic puffins (Fratercula
arctica). Although the abundance of suspected microplastics is lower
here than in other more polluted areas, the presence of floating debris in
these areas could present a risk to marine species and ecosystems within
them, particularly as small items are bioavailable to a range of taxa,
including fish, seabirds and marine mammals (Nelms et al., 2023).

Fragments were the most common shapes (64 %) of suspected
microplastics detected. This is most likely the result of the breakdown of
larger plastic items that have been at sea for long period of time
(Thompson, 2015). Polyethylene, nylon and polypropylene were the
most common polymer types, as confirmed by FTIR analysis. Higgins
and Turner (2023) also found polypropylene to be prevalent in coastal

waters off Plymouth (UK) but found polyethylene to be less common,
and did not detect any nylon items. In a similar study conducted in the
Baltic Sea, Gewert et al. (2017) found the most common polymer types
in surface water samples were polypropylene and polyethylene. These
plastic types are known to be positively buoyant, accumulate at the
water surface and are commonly used for single-use items. Poly-
propylene and polyethylene are also the main synthetic materials used
for the manufacturing of ropes along with nylon and polyester (Gewert
et al., 2017). The colour and size of detected microplastics were not
recorded in the current study. Future studies should strive to report this
information, however, as it adds to our understanding of the charac-
teristics of plastic pollution.

The use of citizen science to better understand the abundance, dis-
tribution and sources of plastic pollution, particularly land-based mac-
roplastics, is now widely recognised as a valuable tool (Ammendolia and
Walker, 2022; Hidalgo-Ruz and Thiel, 2013; Rech et al., 2015). Studies
that use citizen science to quantify at-sea plastic concentrations are
much less common, however, particularly those that focus on micro-
plastics (De Haan et al.,, 2022). However, the number of studies
employing this technique is growing and the data they produce are
contributing to global estimates of floating plastic debris, significantly
expanding our knowledge of temporal trends and spatial patterns
(Eriksen et al., 2023). In addition to this, citizen science projects can
provide several benefits to the volunteers themselves including educa-
tion, empowerment and health and well-being (De Haan et al., 2022;
Zettler et al., 2017). In this study, 84 citizen scientists from a range of
ages and backgrounds were involved in sample collection and process-
ing. There were also a number of local outreach events in relation to this
project to disseminate the results within the local community, further
highlighting the issue of plastic pollution to the general public.

5. Conclusion

This citizen science study provides a useful baseline to which future
levels of plastic pollution may be compared. Further work to explore
ways by which citizen scientists can robustly collect samples of micro-
plastics <1 mm in size would be of great benefit to future estimates. To
do so would involve co-creating appropriate methodology and volunteer
training which limits the likelihood of contamination. Even so, our study
reiterates the utility and power of citizen science to plastic pollution
research.
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