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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

• 41.5 % of three commercial fish species 
contained at least one microplastic 
particle. 

• Mean values were 1.98 MPs/European 
flounder, 2.46 MPs/whiting and 1.47 
MPs/herring. 

• River, habitat and species did not 
contribute to differences in microplastic. 

• Fish size significantly influenced MP 
concentration (bigger fish = more MPs). 

• Polymers found correspond with highest 
commercial production (mainly PP and 
PE).  
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A B S T R A C T   

The aim of this study was to assess the abundance of microplastics in the gastro-intestinal tracts of three 
commercially important fish species in the UK, to determine whether catch location, feeding habits and fish size 
influence the amount of microplastics within fish. Fish were collected from two rivers in the UK: the River 
Thames and the River Stour (East Anglia). Fish were collected from two sites in the River Thames and one site in 
the River Stour. Species selected were European flounder (Platichthys flesus), whiting (Merlangius merlangus), and 
Atlantic herring (Clupea harengus), and were chosen to represent benthic and pelagic feeding habits. Across all 
locations, 41.5 % of fish had ingested at least one microplastic particle (37.5 % of European flounder, 52.2 % of 
whiting, and 28.6 % of Atlantic herring). The average number by species was 1.98 (±3.50) microplastics/fish in 
European flounder, 2.46 (±3.10) microplastics/fish in whiting and 1.47 (±3.17) microplastics/fish in herring. 
There were no significant differences in the number or mass of microplastics in fish based on river, site, species or 
habitat. However, the number and mass of microplastics within benthic fish (European flounder) in the River 
Stour were significantly higher than in benthic fish from the River Thames. By number of microplastics, larger 
and heavier fish were more highly contaminated. This study enhances our understanding of microplastics in 
commercially important fish but highlights that fish contamination is not easily predicted by feeding habits or 
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catch location alone. Exposure and uptake is likely to vary with changing environmental conditions. Fish size 
tends to be a good predictor of contamination, with larger fish generally containing more microplastics. This is 
the first study to directly compare concentrations of microplastics in fish from different UK rivers and the first 
evidence of microplastics in the River Stour.   

1. Introduction 

Land-based sources are understood to release four times more plastic 
into the ocean than marine-based sources (Li et al., 2016; Sherrington, 
2016). Rivers play a critical role in carrying land-derived plastic waste 
toward the ocean, with an estimated 2.8–18.6 % of coastal plastic 
emissions into the ocean occurring via river transport (Lebreton et al., 
2017). While river-dominated coasts comprise 0.87 % of global coast
lines, they receive a disproportionate 52 % of plastic pollution delivered 
by rivers (Harris et al., 2021). The amount and timing of waste the rivers 
carry can depend on population density, stage of urbanisation, indus
trialisation within catchment areas, rainfall rates, and artificial barriers 
(Eriksen et al., 2013; Lechner et al., 2014; Mani et al., 2016; Yonkos 
et al., 2014). 

Despite the majority of microplastic studies investigating concen
trations within the water surface or water column, it is known that a 
large proportion of microplastics within aquatic systems will settle to the 
sediment and become sequestered, with higher concentrations regularly 
reported in sediments (Yan et al., 2021; Zhang et al., 2017). These 
microplastics will become more bioavailable to sediment-dwelling and 
benthic biota, including benthic fish which feed on benthic in
vertebrates, detritus and vegetation (Borges-Ramírez et al., 2020). Fish 
can act as important bioindicators of pollution due to their widespread 
exposure and long lifetimes, but differing sensitivities to pollutants 
(Naigaga et al., 2011; Okwuosa et al., 2019). Ongoing research efforts 
demonstrate the ecotoxicological impacts of microplastic contamination 
on fish, from individual to population-level effects (Bessa et al., 2018; 
Castro-Castellon et al., 2021). However, the environmental and physi
ological factors influencing ingestion and accumulation of microplastics 
are not yet well-understood, and some key estuarine food fish have yet to 
be studied. Given the importance of fish as a key source of protein for 
humans, it is strongly recommended to properly evaluate the hazards of 
emerging pollutants on fish species and aquatic food safety (Wang et al., 
2020). 

Several research studies have been conducted in recent years with 
microplastics seen as an emerging concern in the River Thames, where 
fish species play a significant role. During maximal ebb tides, it has been 
estimated that 94,000 microplastics s− 1 flow through the River Thames 
(UK) at Greenwich, based on a microplastic concentration of 14.2 
plastics m− 3 (Rowley et al., 2020). However, more recent studies on the 
River Thames have found water concentrations three to four orders of 
magnitude higher, with one study finding an average of 12,270 micro
plastics m− 3 between 2019 and 2021 (Devereux et al., 2023) and (in a 
separate study) 508,000 microplastics m− 3 in 2020 (Devereux et al., 
2022). The latter contamination was linked specifically to New Year's 
celebrations, especially a firework display, on the River Thames in 
Central London. This microplastic concentration range is greater than 
previously reported in other freshwater settings worldwide (Rowley 
et al., 2020). 

Both freshwater and estuarine/marine species of fish within the 
River Thames have been shown to be contaminated with microplastics 
(Horton et al., 2018; McGoran et al., 2017; McGoran et al., 2018). The 
first evidence of microplastic ingestion by fish in the River Thames was 
identified in European flounder (Platichthys flesus, benthic feeders) and 
European smelt (Osmerus eperlanus, pelagic predators) (McGoran et al., 
2017). Plastic fibres were found in the guts of up to 75 % of the European 
flounder examined, compared to only 20 % of smelt. This distinction was 
suggested to be due to their different (pelagic vs benthic) feeding habits. 

The European flounder (Platichthys flesus) (Linnaeus, 1758) is a 

demersal (benthic) species commonly seen in the upper estuary of the 
River Thames and is frequently found near contaminant inputs in 
metropolitan systems (Beaumont and Mann, 1984; McGoran et al., 
2017; Williams, 2015). European flounder ingests sediment while 
feeding in the benthos (McGoran et al., 2017). As a result, flounder will 
be directly exposed to contaminants deposited in sediments and can be 
considered an important indicator of the quality of the Thames Estuary. 
The Atlantic herring (Clupea harengus) is one of the world's most 
commercially valuable marine fisheries targets, with great ecological 
significance since it connects several trophic levels in the marine food 
web (Carlson et al., 2021; Mollmann et al., 2004). Multiple abiotic and 
biotic characteristics and human-induced stressors such as pollution and 
eutrophication can influence their reproductive success (Moll et al., 
2019). However, their interaction with microplastics in UK rivers and 
estuaries has yet to be investigated. Whiting (Merlangius merlangus) is a 
popular European commercial fish breed in inshore marine environ
ments, sea lochs, and estuaries (Gordon, 1977; Henderson, 2019). 

The present study focusses primarily on the River Thames, the 
second-longest river in the UK at 215 miles (346 km), located in the 
south of England. The Thames catchment basin is approximately 13,000 
km2, much of which is influenced by the capital city of London and 
adjoining urban conurbations (McGoran et al., 2017). As a result, the 
region is defined by human-modified landscapes, resulting in an aquatic 
ecosystem impacted by widespread urbanisation and intense agricul
tural operations, receiving wastewater effluent from >13 million people 
(Horton et al., 2017). The River Stour (East Anglia), also in the east of 
England and discharging to the North Sea, was selected as a smaller and 
less-populated comparator (approximate length 47 miles (76 km)), with 
a catchment area of approx. 1085 km2 and flowing through no major 
cities. No microplastics data have yet been published for this river. 

The aim of this study was to investigate the abundance of micro
plastics in the gastrointestinal tract of commercially important food-fish 
species, including both benthic (European flounder) and pelagic (whit
ing and Atlantic Herring) habitats, in estuarine locations along two 
major rivers in the United Kingdom, the River Thames and the River 
Stour (East Anglia). Specific hypotheses were that the abundance and 
mass of microplastics in analysed fish would be a) higher in benthic fish 
than pelagic fish due to greater exposure from sediment b) higher in 
larger fish, due to higher ingestion of material in general and c) different 
between the rivers and sites due to different microplastic inputs (e.g. 
based on different surrounding land use and hydrology) which will 
likely affect fish exposure. 

2. Materials and methods 

2.1. Fish collection 

Fish were collected by the UK Environment Agency in line with 
regular fish surveys, between 6th and 8th November 2021. Fish were 
collected using otter trawl nets. Fish were euthanised and set on ice 
immediately after capture on site and transported to the laboratory on 
the day of capture, where they were frozen prior to further analysis. Fish 
were sampled from two sites on the River Thames (Woolwich and 
Mulberry) and one site on the River Stour (Fig. 1). Throughout the 
trawls, the water depths were as follows: Woolwich 11.6–17.1 m, Mul
berry 15–15.1 m and Stour 9.1–12.9 m. In some instances, multiple 
trawls were required to obtain sufficient fish. The tidal state varied 
throughout the sampling period, and river flow was around average 
when considering flows throughout Oct-Nov 2021 (average flow during 

A.A. Horton et al.                                                                                                                                                                                                                               



Science of the Total Environment 915 (2024) 170170

3

this time period was 45.7 m3 s− 1, for the sampled dates the flow ranged 
from 35.2 to 46.9 m3 s− 1). This is also in line with average flows during 
this time across the decade (average 50.6 m3 s− 1 across Oct-Nov 
2011–2021), although below average compared to the same period in 
2020 (107.3 m3 s− 1) (NRFA, 2022). Rainfall was well below average in 
November 2021 (but above average in October 2021) (Environment 
Agency, 2021). The numbers and species of fish collected at each site 
were based on availability and are shown in Table 1. 

2.2. Fish dissection 

Frozen fish were placed in a pre-cleaned metal tray (aluminium 
dissecting pan without wax (Fisher Scientific)) and allowed to thaw for 2 
to 3 h inside a laminar flow hood (Bassaire P5VF, Southampton, UK) 
prior to dissection. Basic measurements, including fish wet weight, were 
obtained using an electric balance, and the total length was measured 
using a metal ruler for each specimen. Each specimen was briefly rinsed 
with Milli-Q water to remove any adhering particles before starting the 
dissection. The fish dissection was carried out in the aluminium dis
secting pan inside the laminar flow hood, using metal scissors, scalpel 
and forceps. The gastrointestinal tract (GIT, including stomach and in
testine) was removed and placed in a pre-weighed glass beaker, covered 
with aluminium foil, and the weight of the GIT was recorded. The GIT 
samples were then held in the freezer in the beakers at − 20 ◦C until 
further processing. 

2.3. Digestions and flotation 

Fish GIT sample digestion was carried out using pre-filtered 10 % 
KOH to achieve efficiency in removing biogenic material. GIT samples 
were taken out of the freezer, and 50 mL of 10 % KOH was added to each 

sample inside a fume hood (Felcon, UK). The samples were covered 
using aluminium foil before being placed inside the shaking incubator 
(SHEL LAB) for 48 h at 40 ◦C at 100 rpm (Karami et al., 2017). After 
digestion, the samples were filtered onto 10 μm stainless steel filter discs 
and then rinsed into clean beakers with MilliQ water. 

A canola oil separation process was carried out using a method 
developed by Crichton et al. (2017). To each sample with Milli-Q, 10 mL 
of canola oil was added using a glass pipette (Fisher Scientific). The 
sample was mixed vigorously for 20 s using a stainless-steel spoon until 
it resembled an emulsion. The sample was left overnight (for 24 h) to 
settle. After that, the overflow method was carried out using another 
cleaned 100 mL beaker using Milli-Q water. Afterwards, the combined 
oil layers containing microplastics were vacuum filtered onto the same 
10 μm stainless steel filter. This overflow and filtration process was 
repeated twice to ensure maximum particle recovery. 

A second digestion phase with 30 % H2O2 was used to remove any 
remaining biogenic material in the sample (Avio et al., 2015). For each 
filtered sample, 20 mL of 30 % H2O2 was added, the beakers were 
covered with Al foil, and they were placed inside the shaking incubator 
at 40 ◦C at 100 rpm for 48 h. After the completion of digestion, the 
samples were filtered onto the same 10 μm stainless steel filter paper 
using vacuum filtration. 

Undiluted Decon90 was used to remove residual oil that might 
interfere with micro-Fourier Transform Infrared Spectroscopy (μFTIR) 
analysis (Crichton et al., 2017; Radford et al., 2021). To each filter, 30 
mL of undiluted Decon90 was added and left for 24 h. Then the samples 
were filtered onto a clean 10 μm stainless steel filter and rinsed into a 20 
mL glass vial using 50 % ethanol for storage until analysis. For μFTIR 
analysis, the sample was filtered onto a 3 μm mesh, 25 mm diameter 
silver filter (Sterlitech, USA), using a silicon washer to restrict the size of 
the filtered area to 10 mm diameter. 

Fig. 1. A map of the UK highlighting the River Thames and the River Stour-East Anglia (Stour), with sampling sites highlighted as red points. The River Thames was 
sampled at the Woolwich and Mulberry sites. 
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Where the whole sample could not be transferred onto the silver 
filter without overloading the filter, a subsample was deposited, and the 
exact proportion of the sample deposited was calculated by weight. 

2.4. Contamination control 

Strict contamination control measures were taken throughout the 
dissection, sample processing, and analysis. Dissection was carried out 
within a laminar flow hood (Bassaire P5VF, Southampton, UK). Subse
quent handling of all the samples, filters, and sampling equipment in the 
laboratory was carried out within an ISO-5 clean laboratory, either 
within a laminar flow cabinet (Class II micro-flow biological safety 
cabinet), which filters air through a 99.999 % high-efficiency particulate 
air (HEPA) filter (MDH Contamination Control, Hitchings Clinical Ser
vices, UK) or a fume hood (Felcon, UK) when digestions were being 
undertaken. All the equipment was thoroughly washed three times with 
Milli-Q water before use. PPE cotton or non-shedding Tyvek lab coats 
and nitrile gloves (Fisher Scientific) were worn all the time to cover 
clothing when handling samples and equipment. 

To avoid contamination from the reagents themselves, all reagents 
were filtered through a 1.2 μm glass-microfiber filter (4.7 cm diameter, 
Whatman GF-C) and stored in glass bottles (Fisherbrand) with PTFE lids 
(ThermoFisher Scientific). All the glassware was washed with Milli-Q 
water and soaked in a 3 % Decon90 bath overnight before use. Stain
less steel filter discs were pre-cleaned with Milli-Q water and placed 
inside glass petri dishes, which were then covered with aluminium foil 
and placed inside the muffle furnace at 500 ◦C for 24 h to remove any 
particles remaining on the filter. Forceps were cleaned using 70 % 
ethanol before each filter was handled. All the sampling and processing 
equipment made of metal or glass were used where possible. 

A series of procedural blanks (n = 11) without gastrointestinal tract 
(GIT) samples were performed simultaneously to GIT processing and 
analysis, to assess airborne plastic contamination and other possible 
contamination from equipment and reagents. As fish were processed in 
batches, the processing of the blanks was distributed across these 
batches (at least one blank sample per batch). 

2.5. Micro-FTIR analysis 

All microplastics were identified and quantified using a PerkinElmer 
Spotlight 400 μFTIR Imaging system coupled to a Frontier™ Spec
trometer using PerkinElmer SpectrumIMAGE software (PerkinElmer, 
Llantrisant, UK). Mapping was carried out at a resolution of 8 cm− 1, 25 
μm pixel size, 2 scans per pixel and an interferometer speed of 2.2 cm/s. 
The pixel size of 25 μm was selected to give a reasonable compromise 
between processing time, resulting file size, and resolution. This means 
that 25 μm was the minimum particle size that could be quantified. 
Spectra were collected in the range of 4000–750 cm− 1 wave number in 
reflectance mode. The infrared mapping area was selected to be 11 mm 
× 11 mm to ensure the whole 10 × 10 mm area was mapped with some 
overlap. Atmospheric correction was performed on the resulting .fsm 
file. 

All spectra were analysed using siMPle software v1.1.β developed by 
Aalborg University, Denmark and the Alfred Wegner Institute, Germany, 
using the associated database (Liu et al., 2019; Primpke et al., 2019). 
Number of particles are reported, and the X and Y dimension recorded. 
Mass was also calculated by the siMPle software, assuming a third (Z) 
dimension as 0.67 times the minor dimension, and assuming the particle 
is an ellipsoid. For each particle, these dimensions and the polymer 
density were used to calculate the particle volume, and thus the mass 
based on the density of the specific polymer identified. 

For reporting, the mass and number of the microplastics were 
calculated after LOD (limit of detection) blank correction as per Horton 
et al. (2021), to account for blank contamination. In brief, this consisted 
of carrying out a blank subtraction based on average number of particles 
in the blanks by polymer type, with the data only reported if the Ta
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resulting number was >3.3 × SD of the blank (otherwise data were re
ported as 0). Polymers detected in the blanks were polypropylene (PP; 
average 0.55 ± 0.66 particles per sample), polyamide (PA; 0.45 ± 1.16), 
polyvinyl chloride (PVC; 0.36 ± 0.48), polyethylene (PE; 0.18 ± 0.47) 
and ethylene-vinyl-acetate (EVA; 0.09 ± 0.29). If a polymer type was 
not detected in the blanks it was reported as detected in the sample. 

2.6. Statistical analysis 

The Shapiro-Wilk normality test was performed to test the normality 
of count data and mass data. Due to non-normal distribution across all 
data, non-parametric analyses were used for all tests. 

To test the correlation between microplastic mass or microplastic 
number compared to fish length and wet weight, Kendall's Rank corre
lation coefficient was used. This approach is non-parametric and robust 
to outliers. Kendall's Rank correlation coefficient was also carried out to 
test the correlation between fish length and wet weight. 

To test the difference in microplastic mass or number in relation to 
river, site, habitat and species, Kruskal-Wallis tests were performed. To 
further explore the data, Kruskal Wallis tests were also carried out on 

subset data to determine whether there were differences in microplastic 
ingestion between rivers excluding the influence of habitat (benthic and 
pelagic fish considered separately), or whether there were differences in 
microplastic ingestion based only on habitat (each site considered 
separately). 

All statistical analyses were carried out using R (RStudio - version: 
4.0.2) statistical software. 

3. Results 

3.1. Microplastic number 

In total, 53 fish were analysed, belonging to three species: European 
flounder (Platichthys flesus), whiting (Merlangius merlangus), and Atlantic 
herring (Clupea harengus), representing benthic (European flounder) and 
pelagic (whiting and Atlantic herring) habitats in both the River Stour 
and the River Thames. In total, following LOD correction, 121.5 
microplastics were detected during gut content analysis (Table 1). 
Across all sites, 41.5 % of fish had ingested at least one microplastic 
particle (37.5 % of European flounder, 52.2 % of whiting, and 28.6 % of 

Fig. 2. Boxplots showing the difference in the number (a and b) and mass (c and d) of microplastics (MPs) in fish GIT from the different habitat types when data were 
subset by river. 
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Atlantic herring). 
Considering the number of microplastics, there were no significant 

differences in contamination level based on river, site, species or habitat 
(all Kruskal Wallis, p > 0.05). This lack of significance based on species 
and habitat remained if data were subset into river (Fig. 2a and b) and 
site. However, the number of microplastics within the GIT of benthic fish 
from the Stour were significantly higher than those in benthic fish from 
the Thames, with an average of 4.64 (±4.99 SD) microplastics/fish, 
compared to an average of 0.77 (±1.8) microplastics/fish across both 
Thames sites (Kruskal Wallis, p < 0.05, Fig. 3a). Pelagic fish showed no 
significant difference in ingestion between the two rivers (Kruskal 
Wallis, p > 0.05, Fig. 3b). 

The number of microplastics ingested were positively correlated to 
both fish length and fish weight separately (larger and heavier fish were 
more heavily contaminated, Kendall's Rank correlation, p < 0.05), and 
fish length and weight were correlated with each other (larger fish are 
heavier, Kendall's Rank correlation, p < 0.05). 

3.2. Microplastic mass 

In total, 6228.72 μg of microplastics were consumed by fish in both 
rivers. When considering species separately, an average of 245.33 
(±662.6) μg of microplastics were ingested per individual European 
flounder, 85.18 (±222.9) μg per whiting and 64.95 (±240.89) μg per 
herring (Table 1). 

There were no significant differences in the ingested mass of 
microplastics based on river, site, species or habitat (all Kruskal Wallis, 

p > 0.05). However, considering the Stour only there was a significantly 
greater mass of microplastics within benthic fish compared to pelagic 
fish (Kruskal Wallis, p < 0.05, Fig. 2c). There was also a significantly 
greater mass of microplastics ingested by benthic fish in the Stour 
compared to benthic fish in the Thames (Kruskal Wallis, p < 0.05, 
Fig. 3c). Pelagic fish showed no significant difference in ingestion be
tween the two rivers (Kruskal Wallis, p > 0.05, Fig. 3d). Unlike particle 
number, the mass of microplastics in their GITs was not significantly 
correlated with fish length or weight (Kendall's Rank correlation, p >
0.05). 

3.3. Polymer type 

By number of microplastics, polypropylene (PP) was the dominant 
polymer across all samples (61 %, found in fish from both rivers and 
habitats), followed by polyethylene (PE, 25 % found in benthic fish from 
the Stour and pelagic fish from the Thames (Fig. 4)), then ethylene vinyl 
acetate (EVA, 8.3 %), artificially modified cellulose (Cel-mod, 3.5 %) 
and rubber (1.8 %). By mass, the proportional percentage across the 
polymers is very different, with PE making up 60 % of the microplastic 
mass, followed by EVA (39 %). 

Interestingly, the Thames had the greatest variation in polymers 
between benthic and pelagic fish, with contamination of benthic fish 
only by PP, while pelagic fish contained all five polymers. However, in 
the Stour, benthic fish contained a greater diversity of polymers (five 
polymers) compared to pelagic fish (two polymers). There were no 
differences in polymer type based on river or habitat (both Kruskal 

Fig. 3. Boxplots showing the number (a and b) and the mass (c and d) of microplastics (MPs) in fish GIT in the River Thames and River Stour when data were subset 
into habitat type. 
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Wallis, p > 0.05, Fig. 4). Although some additional other polymers were 
detected in the original analysis, these were excluded from the final 
analysis due to not exceeding the LOD. 

4. Discussion 

When considering all data, neither the river, the site, the habitat or 
the species influenced the number or mass of microplastics ingested by 
fish. The number of microplastics was significantly influenced by both 
fish mass and length, with larger and heavier fish ingesting more 
microplastics. This is as would be expected and supports our hypothesis, 
given that larger fish will consume more in general, and thus are more 
likely to ingest microplastics, either intentionally or accidentally. This is 
also in line with previous studies in the Thames (Horton et al., 2018) and 
further afield (Alomar et al., 2017; Munno et al., 2022; Park et al., 2022) 
showing that larger fish contained higher numbers of microplastics. 
However, this is not a consistent trend across the literature and often no 
correlation between fish size and microplastics ingestion is reported 
(Güven et al., 2017; Parvin et al., 2021). 

Despite a difference in number of microplastics in the fish GITs, fish 
wet weight and length did not significantly influence the mass of 
microplastics present. The fact that the difference in number was sig
nificant, while the difference in mass was not, implies that the more 
numerous particles in larger fish were likely smaller, based on a com
parable mass. A difference in polymer types leading to a different den
sity in particles cannot be an explanation due to the lack of significant 
difference in the polymers present within benthic and pelagic fish. 
However, based on the limited fish available in this study, and the risk of 
overanalysing the data, all species were combined for the analysis of 
microplastics ingestion vs fish length and mass and thus we did not we 
did not delve into an analysis of particle sizes by species. The reasons 
why larger fish would contain microplastics with different characteris
tics compared to smaller fish are not clear but warrants further inves
tigation. This result shows the importance of reporting and analysing 
both number and mass of particles, given these contrasting findings 
depending on the metric reported. 

When considering the data across both rivers, no difference was 
observed in microplastic abundance between benthic and pelagic spe
cies. When considering each river separately, the GITs of benthic fish 
(flounder) in the River Stour contained a significantly higher number 
and mass of microplastics than pelagic fish. However, it should be noted 
that benthic fish in the River Stour are also on average the largest and 

heaviest across all the sites and species (Table 1). Given that larger fish 
contain more microplastics, this higher number and mass of micro
plastics therefore cannot solely be attributed to location. This trend was 
not observed in the River Thames. Interestingly, while benthic fish in the 
River Stour had the highest contamination level by number and mass of 
any of the other species and site (average 4.64 MPs/fish, 784.5 μg/fish 
based on five fish), the same number of flounder in the River Thames 
Mulberry site contained no microplastics at all. This suggests that there 
are factors in the River Stour which lead to a higher proportional 
contamination of sediment or benthos with microplastics, compared to 
the River Thames. Data on sediment concentrations at these sites were 
not possible to obtain with this study but would be needed to further 
explore these site-specific differences in benthic species uptake. 

It has previously been identified that the habitat and feeding habits 
of species can influence their exposure to, and thus ingestion of, 
microplastics. Benthic species have been suggested to be more exposed 
and thus more likely to consume microplastics due to the settling be
haviours of microplastics, and higher concentrations in sediments 
(Borges-Ramírez et al., 2020; Parvin et al., 2021; Wang et al., 2019). In 
another River Thames study, differences observed between European 
flounder (Platichthys flesus), and European smelt (Osmerus eperlanus) 
were assumed to be due to feeding habits (McGoran et al., 2017). 
Although the result is not clear-cut in this study, further studies corre
lating the feeding behaviours of fish, with assessing microplastic parti
tion throughout environmental matrices would enable a greater 
understanding of the factors influencing fish uptake of microplastics. 

The lack of difference observed between rivers and sites is likely due 
to the dynamic nature of these environments, with microplastic abun
dance depending on multiple independent environmental, hydrographic 
and seasonal variables. Fish were collected during normal river flow 
conditions, however it is difficult to determine the influence of these 
multiple additional factors on microplastic uptake by fish with samples 
taken only from a single time point. While microplastics can settle and 
become sequestered in sediments during low flows, during flooding 
these particles can become resuspended and flushed from the river 
(Hurley et al., 2018), therefore if taking multiple samples in time it 
would be useful to consider flow conditions when analysing data. 
Nonetheless, although site-specific data can help interpretation of re
sults, it is worth noting that all three fish species analysed here are 
capable of travelling many kilometres, migrating between inland waters 
and the open ocean (Bekkevold et al., 2005; Gordon, 1977; Morais et al., 
2011). They therefore will have been exposed to microplastics from a 

Fig. 4. Proportion of synthetic polymers above LOD across all fish species according to river and habitat.  
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range of sources and locations, not just those at the site where they were 
caught. 

Fish are widely acknowledged as important bioindicators of water 
quality (Okwuosa et al., 2019). Analysing fish instead of environmental 
samples such as water and sediment will reduce the spatial and temporal 
variability which would be encountered if conducting one-off mea
surements of other matrices. Given that microplastics can be retained in 
in the gut of fish for a number of days (Grigorakis et al., 2017), micro
plastics detected in these fish at these sites may have been ingested 
elsewhere and/or in previous days. Considering only environmental 
data from the specific time point and location at which fish were 
sampled would therefore not provide sufficient insight into the wider 
biological and environmental processes affecting microplastic uptake by 
fish. Previous studies have found that both exposure and fish charac
teristics significantly influence ingestion (Horton et al., 2018; Koraltan 
et al., 2022; Park et al., 2022). 

The most prominent polymer types manufactured globally are PE 
(26.9 % combining LD-PE and HD-PE) and PP (19.3 %, data from 2021), 
which are used as packing materials due to their excellent mechanical 
properties and low price (Geyer et al., 2017; PlasticsEurope, 2023; 
Rothman and Ryan, 2023). The prevalence of these synthetic polymers 
discovered during the analysis of fish here can therefore be attributed to 
the high demand, production, and subsequent disposal of these poly
mers. This study's findings correspond with a study carried out in 
freshwater fish (Rutilus rutilus) in the non-tidal part of the River Thames 
where PE and PP were detected, alongside polyester (Horton et al., 
2018). In the Baltic Sea and the North Sea approximately 40 % of par
ticles were PE in benthic and pelagic fish (Rummel et al., 2016). Atlantic 
specimens, including commercially important marine teleost fish, were 
mainly composed of PP, PE and polyamide (PA) (Bottari et al., 2019). 
Further, in Japanese Anchovies (Engraulis japonicus) caught from Tokyo 
Bay, PE and PP were the most prominent synthetic polymer forms in the 
gastrointestinal tract (Tanaka and Takada, 2016). PVC is not repre
sented as frequently in environmental samples, despite also being one of 
the most widely produced polymers (12.9 %), possibly because it is not 
used in the same way for single-use packaging materials (PlasticsEurope, 
2023). The absence of PET (polyester) is surprising due its widespread 
use in drinks bottles and textiles. 

Polymer density has been suggested to affect the amount and types of 
polymers that pelagic and demersal fish consume (Lusher et al., 2013). 
However virgin polymer density alone is not a sufficient predictor of 
exposure, as the most common supposedly buoyant lower-density 
polymers PP and PE often become fouled or aggregate, subsequently 
sinking (Harris, 2020). This makes them accessible to many benthic 
organisms (Porter et al., 2019), hence observing polypropylene in 
benthic fish from both rivers in this study. The lack of difference in 
polymers contained in benthic and pelagic fish GITs (Fig. 4) indeed 
suggests that these polymers are distributed throughout the water col
umn regardless of initial density, due to varying levels of fouling and 
aggregation with organic matter. 

The lowest diversity of polymers was found in benthic fish of the 
Thames (PP only) compared to the highest diversity in benthic fish of the 
Stour (five polymers). As the benthic fish in both rivers are the same 
species (European flounder), this suggests the difference in ingestion lies 
in the exposure to these polymers, and not species-specific selection of 
particles. In order to make better assessments of differences, it is advised 
that more data considering additional rivers and species, and a greater 
number of individuals and timepoints are included in this type of 
assessment in the future. 

In this study we were not specifically looking for evidence of harm 
posed by the observed microplastics within these fish species, however 
observations of harm caused by microplastics to fish are widespread 
(Bhuyan, 2022; Jovanović, 2017). Given the contamination of these 
commercially-important fish with microplastics in these studied loca
tions, it is possible that negative effects on individuals and populations 
may occur, based on chronic exposure. To understand implications for 

fish populations it will be crucial to link environmental microplastic 
concentrations and subsequent internalisation of microplastics with the 
likely harm, at both current and predicted future levels of contamina
tion. This is especially important where fish are relied upon as a com
mercial resource for human consumption or aquaculture. Where these 
fish are eaten, either by other species or by humans, there is the possi
bility of trophic transfer. However, health implications of ingested 
microplastics for humans are, as yet, not well-understood (Blackburn 
and Green, 2022; Ghosh et al., 2023). 

5. Conclusion 

River, site, habitat and species did not explain differences in 
microplastic abundance between the three analysed fish species, 
although there were some intra-site differences. Fish characteristics 
(weight and length) were shown to influence the number and mass of 
microplastics ingested. Overall, these results imply that in these loca
tions, the influence of fish size is more significant than external envi
ronmental factors or where they forage. The polymers detected are those 
that would be expected based on their widespread use: predominantly 
polyethylene and polypropylene, with small proportions of artificially 
modified cellulose, rubber and ethylene-vinyl-acetate. These data, cor
responding with previous studies, suggests that those polymers with the 
greatest global usage are also those which require the most urgent 
attention with respect to disposal and waste management. 
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