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Microplastic is a ubiquitous environmental contaminant, but large gaps still exist in our knowledge of its dis-
tribution. We conducted a detailed assessment of the extent and variability of microplastic pollution in the Bristol
Channel, UK. Sand samples were collected between the 5th and 30th August 2017, with microplastic recovered
from 15 of the 16 beaches sampled along a coastal extent of ~230 km. In total, 1446 particles of suspected
microplastic were extracted using a cascade of sieves and visual identification. The most common microplastics

FTIR recovered were fragments (74%) and industrial plastic pellets (13%). We used Fourier-Transform Infrared (FTIR)
spectroscopy to analyse 25% of recovered particles, 96.5% of which were confirmed as plastic, with polyethylene
(61%) and polypropylene (26%) the most common polymers. Our analysis of local beach environments indicates
microplastic burdens were higher on lower energy beaches with finer sediments, highlighting the importance of
depositional environment in determining microplastic abundance.

1. Introduction

Driven by its versatility, low cost and durability there has been a
rapid increase in the production of plastic since large-scale production
began in the 1950°s (GESAMP, 2015). By 2015, global plastic produc-
tion was 380 million metric tons (Mt) (Geyer et al., 2017). However,
plastic waste is often mismanaged and it has been estimated that every
year between 4.8 and 12.7 Mt. of plastic enters the oceans (Jambeck
et al., 2015). The majority of this plastic pollution is from land-based
sources (Kooi et al., 2018) and enters the marine environment through
inland waterways, wastewater outflows and by atmospheric transport
(Bergmann et al., 2019; Dris et al., 2016). Once in the marine environ-
ment, it is thought that plastic pollution will persist for centuries (Gal-
gani et al., 2013), gradually fragmenting as a result of physical,
biological and chemical processes into microplastic (Browne et al.,
2007; Cole et al., 2011). Whilst there is a range in the size definitions of
nanoplastic, microplastic and the slightly larger mesoplastic (Hartmann
et al., 2019), microplastics are often defined as less than 5 mm in size
(Masura et al., 2015) and in this paper we refer to microplastics as
plastic fragments between 1 mm and 5 mm or 1000-5000 pm. Addi-
tional sources of microplastic include synthetic clothing (De Falco et al.,
2018), abrasion of car tyres (Boucher and Friot, 2017), industrial loss of
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pre-production plastic pellets (Di Vito et al., 2018), sewage treatment
works (GESAMP, 2015) and the use of some cosmetics (Duis and Coors,
2016).

Microplastics have been reported in the digestive systems of:
zooplankton (Cole et al., 2013; Frias et al., 2014), mussels destined for
human consumption (Li et al., 2018), crustaceans (Murray and Cowie,
2011; Watts et al., 2014), wild caught fish (Foekema et al., 2013; Neves
et al., 2015), seabirds (Wilcox et al., 2015), and large marine mammals
such as seals and dolphins (Nelms et al., 2019a; Nelms et al., 2019b).

This microplastic may be consumed accidently by marine life as a
result of indiscriminate feeding strategies (Fossi et al., 2014; Goldstein
and Goodwin, 2013), or through active selection when microplastic is
mistaken for food (Savoca et al., 2016). Microplastic can also be ingested
indirectly through trophic transfer from contaminated prey (Nelms
et al., 2018; Santana et al., 2017). Ingestion of microplastic has been
reported as causing reduced feeding rates in langoustine (Welden and
Cowie, 2016), reductions in individual and population fitness in the
common goby (de S4 et al., 2015), and physical damage to the digestive
system of a large range of fish (Jovanovic¢, 2017). It has been suggested
that plastic additives (Hermabessiere et al., 2017) and persistent organic
pollutants that have concentrated on microplastic fragments (Hirai
et al.,, 2011), could leach out from ingested microplastic into marine
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organisms, potentially leading to reduced health and increased mortal-
ity (Browne et al., 2013).

Despite it being widely accepted that microplastic is a ubiquitous
environmental contaminant (Avio et al., 2017; Rochman, 2018), there
are still significant gaps in our knowledge of the spatial and temporal
distribution of microplastic pollution, and the factors which determine
microplastic distribution within the marine environment (Kooi et al.,
2018). For example, past research has tended to either focus on the
variability of beach microplastic at spatial scales of tens of kilometres,
too small to capture the influence of differing coastal environments on
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microplastic abundance (Browne et al., 2010; Claessens et al., 2011), or
over much larger continental scales with hundreds of kilometres be-
tween sample beaches (Lots et al., 2017). Our study bridges this
knowledge gap by analysing beach microplastic on a regional scale. We
assess the distribution of microplastic mass and abundance (i.e. the
number of microplastic particles per m?) across a range of beach envi-
ronments in the Bristol Channel, UK (i.e. which spans ~230 km), with a
typical distance of 15 km between sample sites, and correlate the dis-
tribution with various environmental proxies. Microplastic pollution has
not previously been extensively studied in the Bristol Channel, which,

Fig. 1. Maps showing: (a) The beaches sampled for

(a) microplastic pollution within the Bristol Channel and
their corresponding sediment grain size at the high tide
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combined with the region’s varied geological, oceanographic and
human coastal environment, make it the ideal study site to forge new
insights into the factors that influence marine microplastic distribution
on regional scales.

2. Methodology
2.1. Microplastic sample collection locations

In total, 16 beaches across ~230 km of the southern coast of the
Bristol Channel, were sampled for microplastic pollution (Fig. 1a and
Supplementary Tables 1 & 2). Beaches were deemed suitable for sam-
pling if the sediment at the high tide area consisted of sediment fractions
smaller than and inclusive of very fine pebbles, as classified on the
Wentworth scale, and equivalent to higher than negative 2 on the
Krumbein PHI scale (USGS, 2006). Beaches with larger sediment proved
difficult to press the quadrat into the sediment and gain an accurate
measurement of the top 2 cm. All beaches were sampled between the 5th
and 30th August 2017, during which there were no significant weather
events (Met Office, 2019). Each beach was also sampled within 3 h of
high tide to minimise disruption to the study from wind and beach users.

At each beach, ten samples were taken at 5, 15, 25, 35, 45, 55, 65, 75,
85 and 95% of beach length. The total lengths of each beach and the
subsequent intervals between replicate samples for each beach are noted
in Supplementary Table 1. Whilst variation in the interval distance be-
tween samples at different beaches could lead to small scale hotspots of
microplastic accumulation being more likely to be missed at longer
beaches than smaller beaches, it does ensure that equal numbers of
samples are collected at each beach and that the total beach, including
the beach periphery, was sampled. The more sheltered areas of beaches,
that are protected to some degree from wave action, such as beach edges
have been shown to experience higher abundances of 1-5 mm micro-
plastic than more exposed areas of the beach and we wanted to capture
this accumulation (Bissen and Chawchai, 2020; Pinheiro et al., 2019).
Each sample consisted of the top 2 cm of sand from an area defined by a
25 cm by 25 cm wooden quadrat, centred on the most recent high tide
line. A metal trowel was used to remove sand from the quadrat and sand
samples were stored in brand new airtight sample bags. At our chosen
size fraction any contamination from the sample bag would be clearly
visible when compared to weathered microplastic.

2.2. Microplastic extraction and beach categorisation

In the laboratory: cotton lab coats were worn, samples were placed
into foil trays and covered at all times when in the lab but not being
actively sieved, and sieving was conducted in a fume cupboard to reduce
the likelihood of airborne contamination (Lusher et al., 2017). Samples
were placed overnight in a drying oven at 75 °C before being dry sieved
through a cascade of two stainless steel sieves, with mesh sizes of 5 mm
and 1 mm, respectively. Sieving was conducted in a horizontal side to
side motion rather than a vertical up and down motion and checks were
made around the sieve after each sample was processed for potential
escaped plastics and none were identified. All material trapped on top of
the 1 mm sieve was systematically visually analysed for potential
microplastic. The vast majority of microplastic particles were clearly
distinguishable as a result of their distinct, unnatural colouration.
However, for particles where there was uncertainty as to whether the
particle was plastic or lithic, the particle was dropped into a beaker of
freshwater and further examined under a dissection microscope. Parti-
cles that floated or sunk slowly, lacked a cellular structure, and were a
homogeneous colour (and a uniform thickness in the case of threads),
were counted as being microplastic (Hidalgo-Ruz et al., 2012). Particles
that sank rapidly and did not display any characteristics of microplastic
when viewed under a microscope were determined to be lithic.

Once extracted from the sand samples, the microplastic recovered
from each beach was categorised into one of six categories, as shown in
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Supplementary Table 3, allowing for comparison with other studies (van
Franeker et al., 2016). Microplastic particles from each category at each
beach were then counted and weighed. A specimen from each of the 10
samples collected at each beach were qualitatively assessed, along with
field notes and pictures to assign the high tide sediment found at each
beach a Wentworth size term descriptor e.g. ‘fine sand’ (Wentworth,
1922). Wentworth size terms were then converted to a beach-mean
Krumbein PHI value (Krumbein, 1938) for quantitative analysis using
the USGS 2006 comparison chart (USGS, 2006). Throughout the paper
therefore sediment type is quantified using the Krumbein PHI sediment
value. For example, on the Krumbein PHI scale, a value of —1.5 repre-
sents very fine pebbles and a value of 3.5 represents very fine sand on the
Wentworth scale.

Ordnance Survey (2020) maps were used to measure beach width,
defined as the distance between mean low water and mean high water,
and satellite images (Google Maps, 2020) were used to calculate the
distance along the coast from sample beach to the nearest harbour.
These satellite images were also used alongside observations from
sampling trips to order each beach in a touristic infrastructure index
from most to least amount of tourism infrastructure present, similar to
the land-based sources index used by Bissen and Chawchai (2020). The
index we use takes into account the presence and quantity of: shops,
restaurants, takeaways, beach car parks, hotels, campsites, caravan
parks, piers, amusement facilities, and other relevant touristic infra-
structure present in the vicinity of the beach.

2.3. FTIR analysis

After the microplastic had been extracted, 25% or 20 pieces of sus-
pected microplastic, whichever was higher, from each beach location
were randomly selected for further analysis using Fourier-Transform
Infrared (FTIR) spectroscopy (Perkin Elmer Spectrum 2 ATR FT-IR sys-
tem) with polymer libraries used as in (D’Souza et al., 2020). In total 402
of the collected particles were analysed. The resulting spectra were
compared to a number of polymer libraries using Spectrum™ (Perkin
Elmer). Only readings with a confidence level of 70% or greater (Lusher
et al., 2013), and a reliable spectrum after visual inspection (Nelms
et al., 2018), were accepted as a match. Samples below this confidence
level were classified as ‘unknown’.

2.4. Analysis of microplastic distribution

To investigate the factors that determine the abundance of micro-
plastic pollution on beaches in the Bristol Channel, the sediment type of
each beach, a proxy for the type of depositional environment, was
correlated with the beach-averaged microplastic abundance and mass.
The strength of possible correlations was assessed using a Spearman’s
replicate bootstrap correlation (Core Team, 2018, Version 3.4.1): beach
averaged data points were resampled 1000 times, with two randomly
selected sites removed each time, before computing the correlation.
Correlation coefficients, r, are quoted in the text with error bars in
brackets that represent the 5-95% confidence interval limits from the
resultant probability distribution of 1000 correlation values. We also
provide the probability value, p.

The sediment grain size, Ss, as defined on the Krumbein PHI scale
was found to be linearly related to the beach averaged microplastic
abundance, My, such that My = m Ss + ¢, where m and c are the
computed gradient and intercept, respectively. To assess the deviation of
each beach from this simple relationship, residual values of microplastic
abundance were also computed (i.e. the difference between the
observed microplastic abundance and that predicted from the sediment
grain size using the deduced linear relationship).
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3. Results
3.1. Beach sediment type

The grain size of sediment at the high tide line varies across the
Bristol Channel. Finer sediments, represented by higher Krumbein PHI
values were found on study beaches from Sand Bay to Burnham-on-Sea
(sites 2-5) and from Woolacombe Bay to Widemouth Bay (sites 12-16).
It was also found that sediment on the generally more exposed north
facing study beaches between Dunster and Ilfracombe (sites 6-11), and
the west facing Severn Beach (site 1) were categorised by lower Krum-
bein PHI Values, representing larger grained sediment at the high tide
line (Fig. 1a).

3.2. The makeup of microplastic pollution in the Bristol Channel

Of a total of 160 sand samples, suspected microplastic particles were
recovered from 99 samples, with 1446 particles recovered in total. The
distribution of microplastic found across the study region is shown in
Fig. 1b. Microplastic was recovered from 15 of the 16 beaches sampled
with only Minehead (site 7) having no microplastic present. Those
beaches that had microplastic present were found to have beach mean
values of between 0.8 (+ 1.0) and 132.8 (£ 66.0) particles of micro-
plastic per m?, with the greatest density of microplastic being found at
Bude (site 15). Most of the microplastic particles recovered from samples
in this study were fragments, making up 74% of the total microplastic
pieces recovered (Fig. 2a). Industrial plastic pellets were also found in
significant numbers across the study area (13 out of 16 sites) and made
up 13% of the total microplastic particles recovered. The density of in-
dustrial pellets was highest at Sand Bay (site 2), Croyde (site 13) and
Widemouth Bay (site 16). (Supplementary Table 2).

Of the 402 suspected microplastic particles selected for FTIR anal-
ysis, 96.5% were confirmed to be plastic, with 3% (n = 12) of suspected
microplastic particles being too degraded to provide reliable spectra and
0.5% (n = 2) of tested samples most likely being a non plastic material,
such as charcoal. The high percentage of confirmed microplastic parti-
cles from the FTIR analysis supports the visual inspection techniques
performed on the full sample collection as robust. The FTIR analysis
indicated that the most common polymers found across the study area
were polyethylene (61%) and polypropylene (26%) (Fig. 2b). In addi-
tion, a total of seven pellets were identified as ethylene propylene diene
monomer (EPDM) in the form of industrial plastic pellets, all sourced
from Severn Beach (site 1) and Weston super Mare (site 3) in the estuary
area of the River Severn at the northern extent of the study region.
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3.3. The spatial distribution of microplastic pollution in the Bristol
Channel

Some interesting patterns in the distribution of microplastic pollu-
tion on beaches in the Bristol Channel are apparent (Fig. 1b). The centre
of the study area, where the coastline is broadly orientated East — West,
had noticeably low microplastic abundance. By comparison, high
microplastic abundance was found on the Northern and Southern ends
of the Bristol Channel, where the coastline is generally North — South
orientated. The distribution of microplastic mass across the Bristol
Channel showed very similar patterns (not shown). Moreover, a signif-
icant positive correlation was found between the average abundance of
microplastic particles found per m? (on each beach) and the Krumbein
PHI sediment value, with r = 0.71 (0.36, 0.87) and p = 0.002 (Supple-
mentary Fig. 1). This relationship indicates that the smaller the sediment
grain size of the beach, the higher the number of microplastic particles
that were recovered. Similarly, a significant relationship was found with
average microplastic mass per m? and sediment value, with r = 0.70,
(0.34, 0.89) and p = 0.003. On the other hand, we found no significant
correlation between average abundance of microplastic particles found
per m? (on each beach) and: beach width, beach length (and thus
sampling interval), position on our touristic infrastructure index and
distance to the nearest harbour.

4. Discussion
4.1. Microplastic pollution is widespread within the Bristol Channel

Microplastic was found on all except one of the beaches sampled,
providing compelling evidence that microplastic pollution is widespread
in the Bristol Channel, supporting other studies that have found
microplastic pollution, of a range of size fractions, to be present in beach
sediments (Claessens et al., 2011; Graca et al., 2017; Stolte et al., 2015),
coastal wetlands (Lourenco et al., 2017), surface waters (Gallagher
et al., 2016; Kanhai et al., 2017) and on the sea floor (Ling et al., 2017;
Van Cauwenberghe et al., 2013). By recording zero microplastics in 38%
of our samples, across multiple beaches, we are confident any contam-
ination such as from lab based airborne sources, is minimal. No sample
bag plastic was recorded in the FTIR analysis.

The majority (74%) of microplastic particles recovered from our
samples were found to be fragments, suggesting that the majority of
microplastic pollution on beaches in the Bristol Channel, results from
the breakdown of larger macroplastic pollution. This finding highlights
the importance of preventing plastic litter from entering the marine
environment and of initiatives such as coastal beach cleans that remove
larger items from the marine and coastal environment.

The noticeable (14%) presence of industrial plastic pellets on bea-
ches in the Bristol Channel also suggests effort should be made to

Fig. 2. (a) The breakdown contribution of different
microplastic types to the total 1446 microplastic
particles recovered from samples across the Bristol
Channel and identified using visual inspection tech-
niques. Fragments: blue 74.5%; Industrial plastic
pellets: red, 13.1%; Foamed plastics: green, 5.5%;
Sheet like plastic: yellow, 3.5%; Thread like plastic:
orange, 3.3%; Plastic like other: purple, 0.1%. (b)
The breakdown contributions of polymer type to the
402 samples tested using FTIR. Polyethylene: orange,
61.4%; Polypropylene: blue, 25.9%; Polystyrene:
yellow, 4.7%; Unidentified: grey, 3.0%; Ethylene
propylene diene monomer (EPDM): red, 1.7%; Ethyl
vinyl acetate copolymer (EVA): dark green, 1.2%;
Other: purple, 1%; Nylon: light green, 0.5%; Non
plastic: brown, 0.5%. (For interpretation of the ref-
erences to colour in this figure legend, the reader is
referred to the web version of this article.)
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understand where and how industrial pellets are entering the marine
environment. Given that industrial pellets are generally deposited close
to their industrial source (Karlsson et al., 2018), the higher concentra-
tions of industrial pellets found at Sand Bay (site 2), Croyde (site 13) and
Widemouth Bay (site 16), could indicate a proximity to industrial plastic
pollution release. In addition, FTIR analysis revealed a concentration of
industrial EPDM pellets with very similar visual appearances to each
other on Severn Beach (site 1) and Weston-super-Mare (site 3), sug-
gesting the presence of a source specifically for EPDM industrial pellets
in the north of the study area.

Possible sources of industrial pellet pollution could be producers,
transporters and processors of industrial pellets that do not have effec-
tive pellet loss reduction measures in place (Cole and Sherrington,
2016). The industrial area of Avonmouth for example, approximately
30 km north of Weston-super-Mare and 7 km south of Severn Beach,
likely contains a number of industrial plastic pellet producers and con-
sumers. Another possible source of industrial plastic pellet pollution is
the leakage of Bio-Beads, a type of industrial plastic pellet used in some
sewage treatment works. The majority of plants using Bio-Beads,
including the Combe Martin plant which is within the study area
(close to sites 8 and 9 in Fig. 1a), were constructed in the 1990’s and
2000’s and allowed sewage treatment works to have a much smaller
footprint compared to conventional activated sludge systems (Cornish
Plastic Pollution Coalition, 2018). These Bio-beads, can escape into the
environment as a result of damage to containment mesh or from abra-
sion reducing the size of Bio-Beads to a level where they can fit through
containing meshes (Turner et al., 2019). In our study, suspected Bio-
beads made up 21% of the industrial plastic pellets we recovered.

The microplastic deposition found on beaches was heterogeneous
(see standard error in Supplementary Table 2). In particular, as found in
other studies, more microplastic was in general found at sheltered areas
of the beach (Bissen and Chawchai, 2020; Pinheiro et al., 2019), such as
the beach edges. Despite the variability within each beach, the general
pattern of beach median microplastic abundances does reflect that of the
beach mean abundances (see Supplementary Fig. 2). We have tested the
impact of microplastic variability at each beach on our results by
recomputing the correlation between beach sediment grain size and
microplastic abundance, and removing the five beaches with a relative
standard error (Supplementary Table 3) greater than 50%. A significant
correlation between microplastic abundance and the Krumbein PHI
sediment value remains (p = 0.005).

4.2. Factors influencing the deposition of microplastic pollution on
beaches in the Bristol Channel

The striking difference between microplastic levels found along
differently orientated coastlines suggests that the depositional envi-
ronment is an important factor in determining microplastic accumula-
tion (Harris, 2020). This result is reinforced by the robust quantitative
evidence we provide that microplastic pollution within the Bristol
Channel region is more abundant on beaches with finer grained sedi-
ment as typically associated with low energy, depositional environments
(Switzer and Pile, 2015). This result supports the qualitative observa-
tions of Martins and Sobral (2011).

In contrast to our study (Browne et al., 2011; Mathalon and Hill,
2014; Urban-Malinga et al., 2020) have reported finding no significant
trend between microplastic abundance and sediment grain size on
beaches/estuaries studied. However, these three papers are not directly
comparable to our results as they focus on identifying and documenting
a significantly smaller size fraction of microplastic than we report on.
Browne et al. (2010) also did not find an overall trend between micro-
plastic abundance and the proportion of clay in sediments, which they
use as an index of depositional environment, but the authors do note that
considerable quantities of very dense particles of plastic >1 mm in size
were found in regions with a greater deposition of fine sediment. These
results lead us to tentatively suggest that sediment grain size and thus
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depositional environment may impact the abundance of ‘larger’ (i.e. >1
mm) microplastics differently to smaller microplastics with the impli-
cation that different plastic particle sizes accumulate in different loca-
tions within the beach environment. Alternatively, it could be that other
factors such as proximity to waste water treatment works (Browne et al.,
2011; Estahbanati and Fahrenfeld, 2016; Murphy et al., 2016) in these
studies is obscuring a relationship between sediment grain size and
microplastic abundance in this size fraction. Indeed, we find that outliers
in our relationship between sediment grain size and microplastic
abundance correspond to likely marine plastic source regions of the
Severn Estuary and Atlantic Ocean.

Four of the beaches we sampled were found to have microplastic
pollution levels noticeably outside the 95% confidence interval of our
deduced linear relationship between sediment grain size and micro-
plastic abundance (Supplementary Fig. 1b). Therefore, alongside depo-
sitional environment, several other factors likely influence plastic
accumulation on beaches in the study region. For example, the prox-
imity of beaches to urban and industrial activity, and the amount of
beach users has been shown to impact microplastic influx rates at a
range of size classes (Nel et al., 2020; Stolte et al., 2015; Munari et al.,
2016). In the Bristol Channel we found no significant relationship be-
tween microplastic abundance and distance to the nearest harbour, or
our tourist infrastructure index in line with Laglbauer et al. (2014). Itis
important to note that the relationship between tourism levels and
microplastic abundance on beaches is complicated by some more tour-
istic beaches being cleaned and/or raked by beach owners/operators.
Additionally, our tourism infrastructure index is a rough measure of
tourism at each beach. It would be interesting to build on this work by,
for example, simultaneously surveying or estimating beach visitors or
using estimates from tourism bodies or beach operators and also ac-
counting for the size and traffic of proximal harbours. Finally, we found
there to be no significant relationship between microplastic abundance
and distance from Severn Beach, which is located close to the major
population and industrial centres of Bristol, Avonmouth Docks, New-
port, and Cardiff.

However, on accounting for variability in sediment grain size, which
appears to be the dominant driver of microplastic abundance in the
region. We found Severn Beach (site 1) in the north of the study area,
and Bude (site 15) and Widemouth Bay (site 16) at the very south of the
study region, showed considerably higher microplastic abundance than
expected from the beach sediment type (Fig, 1c), suggesting that these
sites may be associated with enhanced microplastic influx or proximity
to microplastic sources. As such we deduce that the Severn Estuary,
along with the wider Atlantic Ocean, is likely a notable source of marine
microplastic. On the other hand, a cluster of negative residuals were
found between Sand Bay (site 2) through to Minehead (site 7) suggesting
that there may also be a regional factor causing these beaches to have
lower than expected microplastic abundance.

Water currents are also known to influence the abundance of
microplastic, at a range of different size classes, on beaches (Hidalgo-
Ruz and Thiel, 2013; Kaberi et al., 2013; Lots et al., 2017; Nel and
Froneman, 2015) and may explain a second zone of enhanced micro-
plastic abundance located around the beaches of Bude (site 15) and
Widemouth Bay (site 16) on the westward Atlantic-facing coastline. It
has been documented that in the Bristol Channel both the prevailing
south westerlies (HSE, 2001) and south easterly winds produce residual
wind currents that flow in from the north east Atlantic, up the coast of
Cornwall and Devon, past the beaches of Widemouth Bay (site 16) and
Bude (site 15), before being deflected, away from the inner Bristol
Channel and out towards west Wales (Uncles, 2010). The north-east
Atlantic could therefore be acting as a second source for microplastic
pollution in the Bristol Channel, with these residual wind driven cur-
rents acting as a microplastic transport pathway. Tidal currents could
also play a role in determining microplastic abundance on beaches in the
Bristol Channel. Fast localised tidal currents, are particularly prevalent
between the beaches of Minehead (site 7) and Ilfracombe (site 11)
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(Admiralty, 2006), coinciding with where we identified a cluster of
beaches with lower residuals of microplastic abundance. It should be
noted however that local tidal and wind currents themselves influence
the depositional environment and thus the size of sediment occurring at
a given beach (Klovan, 1966). Therefore, our residuals are likely to have
accounted for, at least in part, the effect of local wind and tidal currents
on microplastic abundance variability. To better determine the origin,
trajectories and accumulation of microplastic debris in the Bristol
Channel, a Lagrangian tracking model could be applied to the region
(Critchell and Lambrechts, 2016; Delandmeter and van Sebille, 2019;
Jalon-Rojas et al., 2019). Indeed, the dataset collected in this study
could be used to validate such a simulation or to initialise a backcast
particle tracking model.

Finally, this study was limited in sample size and time. There is an
inherent variability encountered when surveying for microplastic, such
that, for example, beach averaged data may be skewed by a small
number of samples with particularly high microplastic abundances.
Longshore drift, local winds, natural protection, and/or the raking of a
beach by beach operators could lead to a large proportion of the
microplastic pollution load being concentrated towards one or both ends
of the beach, as we found at Sand Bay (site 2) and Widemouth Bay (site
16). Rivers flowing out across the middle of a beach may also lead to
higher microplastic abundances in specific areas, as was the case at
Croyde (site 13). Reassuringly, a comparison of the beach-mean and
beach-median microplastic abundances collected display an overall
similar pattern across the study region (Supplementary Fig. 2). Our
survey does not however capture any temporal variability in micro-
plastic accumulation on beaches, such as the influence of high-energy
storm events or spring-neap tidal cycles. Additionally, the use of the
Wentworth scale to quantify sediment grain size in this study is some-
what basic and in future work, a full grain size analysis should be con-
ducted, as carried out by (Nel et al., 2020). The levels and patterns
observed in our dataset do however provide an important motivation for
a more comprehensive survey of microplastic accumulation in the
Bristol Channel, with increased sample sizes and collection throughout
the year.

5. Conclusion

This study provides the first assessment of microplastic accumulation
in beach sediments across the Bristol Channel, UK, and has demon-
strated that microplastic pollution is widespread across a variety of
differing environments in the region. We have also shown that the ma-
jority of this pollution is secondary microplastic and provided evidence
for possible sources of industrial plastic pellets, specifically EPDM in-
dustrial pellets, in the north of the Bristol Channel. Our analysis has
found that sediment grain size, a proxy for depositional environment, is
a significant factor in determining the abundance of microplastic
pollution on beaches in the Bristol Channel. Secondary factors poten-
tially include wind driven and tidal currents, and the proximity to
microplastic production, leakage or influxes. Here we identify two likely
origins of microplastic in the Bristol Channel; the urban areas of Bristol
and Avonmouth in the Severn Estuary, and the wider Atlantic.
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