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1 Preamble

Microplastic pollution in surface waters has seen an increasing focus over the last decade, both as a
scientific research topic and due to intensive media interest. Despite this there has been a relative
paucity of data relating to the volume and type of microplastics in the marine environment. The Cell 1
(North East) Regional Coastal Monitoring Programme of England, which covers approximately 300
km of coastline, has collected subtidal sediment samples from the seabed of the North Sea in 2025
and analysed these for particle size distribution and microplastic content. This report presents the
results of this analysis along with a comparison against data from a similar study undertaken by the
Cell 1 Regional Coastal Monitoring Programme in 2019.

2 Introduction

Microplastics are typically defined as plastic particles that are less than 5 mm in size. They are
commonly split into three different categories (Cole et al., 2011; Barnes et al., 2009):

e Microfragments - Secondary microplastics fragmented from larger plastics usually as a
result of mechanical abrasion, photo-oxidative processes by ultra-violet (UV) radiation, and
thermo-oxidative or biological processes.

¢ Microbeads — Primary microplastics which have been manufactured to be microscopic in
size, such as those in exfoliation cosmetics and plastic pellets used for the production of other
plastic products.

e Microfibres — Secondary microplastics in the form of synthetic fibres, such as those broken
down from textiles.

Previous literature review has demonstrated that microplastic abundance within the marine
environment is increasing (See et al, 2020). This is a due to a combination of ongoing contemporary
pollution and degradation of legacy plastic wastes. Microplastics have been found in a wide range of
marine sediments from surface sediments on beaches to those sediments residing in the deep sea.
This presents an environmental concern because microplastics can be ingested by marine organisms
and transferred up the food chain and harmful substances can leach from or adhere to microplastic
debris.

The European Union’s (EU’s) Marine Strategy Framework Directive (MSFD) requires its member
states to provide specific information in relation to trends, amount, distribution and composition of
microplastics. Although the United Kingdom is no longer a member state of the EU, it too will
experience the same environmental issues associated with microplastics in the marine environment
and needs to be expanding survey and reporting on this topic.

3 Previous North Sea Study (2019)

3.1 Scientific rationale

In 2019, the Cell 1 Regional Coastal Monitoring Programme conducted a literature review of sampling
and laboratory methods to determine a scientific approach that was then successfully employed to
characterise the microplastics in several areas of the North Sea (See et al, 2020). This was intended
as a baseline survey, for applied marine management purposes, that could be repeated in future
years to determine trends over time.
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Whilst previous published research tended to focus on areas of known, or expected, microplastics
pollution (thereby skewing the findings towards generally high content values), the 2019 study was
intended to cover a broad area of seabed more generally to determine if there was a presence or
absence of microplastics and, if present, whether there were particular spatial variations.

3.2 Sample collection

In the 2019 study, surface sediment samples (0.1 m depth) were taken using a Van Veen grab in
subtidal seabed sediments. This is a conventional and widely used sampling approach for seabed
samples.

A total of 41 sites were sampled in December 2017 and January 2018, mostly taken off the coast

between Ryhope (just south Sunderland) and Redcar (38 samples), but with 3 samples also taken
from within Runswick Bay. The location of all sample locations from the 2019 study is displayed in
Figure 1.

Where sampling was not possible (e.g. due to rocky seabed) or where returned samples were not
suitable for particle size analysis, these sites were not included in further analysis. Samples from the
remaining 24 sites were sent to the SOCOTEC laboratory for particle size analysis and a subset was
also analysed for microplastics.
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Figure 1 - Location of grab samples from the 2019 study
(Note: those analysed for microplastics are shown as green triangles)
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3.3 Microplastics analysis approach

Samples were subjected to a method designed for the extraction of potential microplastics from
marine sediment samples. Potential microplastics were defined as solids that have a size between
0.3 mm and 5 mm, are resistant to a Wet Peroxide Oxidation (WPQ) extraction, float in a density
flotation liquid (density 1.6 g/ml) and pass a visual inspection under a microscope at 40x
magnification.

3.3.1 Sample drying

Up to 400 g of each sample was placed ‘as received’ in a glass beaker. These was placed into a
drying cabinet and the samples allowed to dry (Plate 1). The dry weight of each sample was
recorded.

3.3.2 Wet sieving

Filtered deionised water was added to each dried sample to make it into a sludge. The sludge was
passed between 5 mm and 0.3 mm sieves, rinsing with water until the flow ran clear (Plate 2). The
0.3-5.0 mm isolated fraction was then dried.

3.3.3 Density separation

The 0.3-5.0 mm dried isolated fraction was transferred into a density separator glassware. 300 ml of
Sodium heteropolytungstate (d. 1.6g/ml) density liquid was added, shaken and the contents allowed
to settle. The floated material was filtered through a membrane filter, rinsed with water and dried
(Plate 3).

3.3.4 Wet Peroxide Oxidation (WPO) extraction

The density separated material was rinsed into a glass beaker using 20 ml of Iron(ll) catalyst and 20
ml of 30% Hydrogen peroxide (Plate 4). The beaker was covered and placed into an orbital incubator
at 50°C and 120rpm revolution. The sample was mixed until the effervescence stopped. If natural
organic material was still visible then the sample was repeatedly extracted with additional 30%
hydrogen peroxide. The contents were filtered through a membrane filter, rinsed with water and
allowed to dry.

3.3.5 Microscopic and gravimetric examination

Under a microscope using a x40 magnification (Plate 5), the solids recovered from the floatation and
WPO extraction were examined to identify potential microplastics, characterising them into
microfragments, microbeads and microfibres (Plate 6). The isolated material was weighed using a
microbalance.

As a quality control, a blank sample was carried out using baked sand to ensure external
contamination was controlled. To ensure extraction efficiency, a sample of baked sand spiked with a
known level of microplastics was analysed along with samples.
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Plate 3. Custom modified glass

separating funnel Plate 4. Sample undergoing WPO

Plate 5. Sample undergoing microscopic Plate 6. Microbeads, microfibres and
examination microfragments under microscopic examination
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34 Results of the 2019 study

All twenty-four samples analysed in the 2019 study contained microplastics, and values are presented
in Table 1.

The number of microplastic particles (per kilogram of sediment) found in a single sample ranged from
6 particles (D2_3, Tees Bay) to 532 particles (Runswick 4, Runswick Bay). The result at Runswick 4
accounted for 28% of the total microplastics found across all samples. The average number of
microplastic particles found was 80 p/kg, however when excluding the relatively high Runswick 4
result the average is 60 p/kg.

The most common microplastic type was microfibres, with some found in all samples and accounting
for 54% of the microplastic particles found overall. Microfragments accounted for 41% of
microplastics and were present in all samples except one (D2_1). Microbeads were the least
common microplastic type (accounting for the remaining 5%) and were present in only 10 of the 24
samples.

Particle size analysis showed that the majority of sites sampled were predominantly sand with some
mud fractions (Figure 2). Generally, the higher the mud content, the higher to total number of
microplastics were present.

Figure 3 and Figure 4 show the microplastic content by site, with values split between microplastic types,
revealing that sites predominantly (67% of samples) contained values below 55 microplastic particles per
kg sediment, with some isolated sites showing hotspots of microplastic contamination.
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Table 1 Microplastic particles per kg sediment from the 2019 study

Reference Micro- Microbead Total s 5 s
165 20 190

A1_1 5 0.00 0.81 0.19
A1_2 31 0 3 34 0.00 0.87 0.13
A2_2 5 0 5 10 0.00 0.84 0.16
A3_1 9 0 9 18 0.00 0.93 0.07
B1_2 19 0 16 35 0.07 0.93 0.00
B2 2 22 0 40 62 0.00 0.71 0.29
B3_1 16 6 16 38 0.00 0.95 0.05
B4 2 27 3 45 75 0.00 0.17 0.83
C1_1 7 7 7 21 0.07 0.93 0.00
Cc2_1 23 0 14 37 0.00 0.88 0.12
C3_1 17 0 10 27 0.04 0.92 0.04
C4_1 57 10 191 258 0.00 0.69 0.31
C4 2 48 5 58 111 0.05 0.57 0.38
D1_2 13 0 10 23 0.00 0.95 0.05
D2 1 0 0 20 20 0.00 0.97 0.03
D2_2 46 17 97 160 0.00 0.37 0.63
D2_3 3 0 3 6 0.00 0.89 0.11
D3_2 31 0 13 44 0.00 0.94 0.06
E1_1 16 0 12 28 0.09 0.88 0.04
E2_1 14 4 21 39 0.00 0.93 0.07
E2_2 21 6 21 48 0.00 0.90 0.10
E4_2 4 0 20 24 0.00 0.96 0.04
Runzwick 2.9 0 56 81 0 0.88 0.12
Runiwick 172 Sl 329 532 0 0.20 0.80

Total 791 94 1,036 1,921
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Within the samples, a high number of spherical coal particles and fly ash were also identified. In
some samples over 1,000 coal particles were identified within the sample. This is mentioned here for
two reasons.

Firstly, sediment samples that contain significant amounts of coal fragments can cause major
interference issues with the analysis of microplastics. One of the main isolation stages for
microplastics is the density floatation. This is designed to float-away the microplastics from the
heavier material such as sand and gravel. Plastics have a variety of densities and density floatation is
carried out using a liquid solution at 1.6 g/cm?® which will float all common plastics. However, coal has
a density between 1.2 — 1.8 g/cm? (depending on type) and thus also becomes floated-away with the
microplastics during the floatation process if it is present within the sample. Whilst it is possible to use
a floatation liquid of 1.15 g/cm?3 to float Polyethylene and Polypropylene away from coal particles, this
will result in some other plastics being lost from the analysis. For the study, a detailed search of each
sample was performed under the microscope to identify and remove individual coal particles from the
microplastics within the sample (Plate 7). An important part of this process was to recognise that fly
ash within the samples (derived from burnt coal) looks like spherical balls, which can be misidentified
by an untrained microscopist as microbeads of plastic (Plate 8).

Plate 7. Coal particles Plate 8. Fly ash particle recovered from
(recovered from a sediment sample) isolated coal particles
(this could be misidentified by an untrained
microscopist as a microbead of plastic)

Secondly, the presence of coal particles and fly ash within the samples is highly likely to be
associated with the legacy of colliery spoil tipping which occurred along the County Durham coastline
and has previously been discussed in detail in the Cell 1 Sediment Transport Study (Royal
HaskoningDHV, 2014). Tipping began around 1900 and continued until 1993 with the closure of the
last colliery in County Durham. At the peak of tipping over 2.5 million tonnes of spoil were tipped in
one year (1983) and in total it is estimated that around 100 million tonnes were tipped, both at
foreshore tipping sites and at offshore disposal grounds. Since cessation, there has been a tendency
for ongoing erosion of the spoil beaches. The tipping (and cessation) of colliery spoil along this
coastline has therefore caused significant anthropological effects on natural processes (Cooper et al,
2017).

10
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4 Update North Sea Study (2025)

4.1 Sample collection and analysis of the 2025 study

The grab collection techniques and laboratory analysis methods of the 2019 study were used in 2025
at a number of sampling sites in the North Sea. These sites were not all directly comparable with the
2019 sample locations because they instead tied-in with a bathymetric and seabed characterisation
survey that was undertaken as part of the Cell 1 Regional Coastal Monitoring Programme (Cooper et
al., 2009) in 2025, providing a wider geographical coverage. Typically, three grab samples were
taken (or attempted) from each of a series of twenty shore-perpendicular transects between Druridge
Bay in Northumberland and Filey Bay North Yorkshire. Four transects (T8 to T11) are within, or close
to the northern and southern borders of, the main area of the 2019 study (Ryhope to Redcar), whilst
another (T13) is in Runswick Bay. The location of the twenty transects is shown in Figure 5.

4.2 Results of the 2025 study

Microplastics were present within 33 of the 36 seabed sediment samples, and values are presented in
Table 2. The number of microplastic particles (per kilogram of sediment) found in a single sample
ranged from O particles (for three samples) (within Transects 6, 9 and 18) to 512 particles (within
Transect 2). The result at T2 GS0005-MA accounted for 29% of the total microplastics found across
all samples. The average number of microplastic particles found was 54 p/kg. The most common
microplastic type was microfibres, with some found in 31 samples and accounting for 80% of the
microplastic particles found overall. Microfragments accounted for 20% of microplastics and were
present in 28 samples. Microbeads were not recorded in any of the 36 samples.

Particle size analysis showed that the majority of sites sampled were predominantly sand with some
mud fractions (Figure 6). Generally, the higher the mud content, the higher to total number of
microplastics were present. There were some samples which contained a high proportion of gravels,
and these tended to have the lowest content of microplastics.

Figure 7 and Figure 8 show the microplastic content by site, with values split between microplastic types,
revealing that sites predominantly (81% of samples) contained values below 55 microplastic particles per
kg sediment, with some isolated sites showing hotspots of microplastic contamination.
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Table 2 Microplastic particles per kg sediment from the 2025 study

Reference Micro- Microbea Total
fragment d Microplas | %Gravel %Sand %Mud
tics
31 0.1 5.7

T8 GS023-MA 20 0 94.2

T9 GS025-MA 0 0 0 0 0.1 94.7 52
T9 GS026-MA 13 0 68 81 0.1 93.0 6.9
T10 GS030-MA 14 0 54 68 0 85.3 14.7
T10 GS029-MA 0 0 16 16 0.1 89 10.9
T10 GS028-MA 10 0 25 35 0.5 97.8 1.7
T11 GS032-MA 0 0 16 16 0.4 95.1 4.4
T11 GS031-MA 6 0 0 6 4.8 93.1 21
T12 GS035-MA 6 0 22 28 0.0 95.1 4.9
T13 GS038-MA 18 0 30 48 0.0 96.3 3.7
T14 GS042-MA 26 0 17 43 0 98.7 1.3
T15 GS045-MA 12 0 42 54 1.4 96.3 23
T16 GS047-MA 15 0 54 69 0 971 29
T14 GS041-MA 3 0 3 6 0 96.7 3.3
T17 GS050-MA 9 0 41 50 0.2 96.9 2.9
T16 GS048-MA 0 0 47 47 0.1 84.9 15
T18 GS053-MA 6 0 14 20 0.4 91.8 7.8
T17 GS051-MA 22 0 25 47 3.3 91 57
T18 GS054-MA 32 0 104 136 0 85.4 14.6
T1 GS001-MA 3 0 12 15 0.1 97.9 2
T1 GS002-MA 3 0 22 25 0.9 956.5 3.6
T2 GS004-MA 0 0 3 S 0.2 90.2 9.6
T2 GS005-MA 42 0 470 512 10.3 56.9 32.8
T2 GS006-MA 0 0 0 0 0 93.2 6.8
T3 GS009-MA 6 0 13 19 0.3 95 4.7
T3 GS008-MA 3 0 10 13 0 96.2 3.8
T4 GS010-MA 3 0 18 21 0.4 97.8 1.8
T5 GS013-MA 12 0 9 21 0.1 98.2 1.7
T4 GS012-MA 6 0 25 31 443 54.4 1.3
T6 GS016-MA 6 0 22 28 0.1 97.5 24
T6 GS017-MA 9 0 73 82 2.8 88.9 8.3
T6 GS018-MA 0 0 0 0 0.4 96.6 3
T19 GS056-MA 0 0 15 15 0.5 89.5 10
T19 GS057-MA 37 0 130 167 0.2 85.5 14.3
T20 GS058-MA 3 0 0 3 2.1 93.6 4.3
T20 GS059-MA 3 0 3 6 54.9 43.7 1.4

Total 348 0 1,434 1,782
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5 Discussion of Results

Although neither the 2019 nor the 2025 seabed sediment sampling was targeted towards areas of
known microplastic pollution (instead adopting a broadscale baseline approach) and both studies
involved sampling of the offshore seabed (and not intertidal beaches), microplastics were found in the

maijority of sediment samples.

Each study revealed relatively low concentrations of microplastics (the majority of samples returned
results of less than 55 particles per kilogram of sediment) when compared to the wider literature, but
studies elsewhere have tended to target areas of known microplastic contamination within more
enclosed marine environments such as harbours, rather than across an area of offshore seabed. In
each of the 2019 and 2025 North Sea studies, some higher concentrations of microplastics were
recorded in a number of samples and each study contained one site which yielded an anomalously
high spike (Runswick Bay in 2019 and Newbiggin Bay in 2025). This demonstrates that whilst not
being specifically targeted, microplastics are prevalent in the marine environment.

In both studies, by far the most common type of microplastic detected was microfibres, whilst by far
the least prevalent (or absent) was microbeads. A reasonable proportion of microfragments was

found in samples from both studies.

There appears to be a correlation between sediment grain size and microplastic content, with greater
proportions of fine sediment (muds) corresponding with higher numbers of microplastics and,
conversely, greater proportions of gravel corresponding with fewer microplastics.

A comparison of the principal findings between each study is shown in Table 3.

Table 3 Principal findings from 2019 and 2025 studies

No. seabed sediment samples

No. samples with microplastics present

No. samples with no microplastics present
No. samples < 55p/kg microplastics present

No. samples > 55p/kg microplastics present

Minimum no. microplastics present (p/kg)
Mean no. microplastics present (p/kg)
Maximum no. microplastics present (p/kg)

Total microplastics present within all samples

No. microfragments present within samples
No. microbeads present within samples

No. microfibres present within samples

24

24 (100% of samples)
0 (0% of samples)

16 (67% of samples)
8 (33% of samples)

6

80
532
1,921

791 (41% of microplastics total)
94 (41% of microplastics total)

1,036 (41% of microplastics
total)

36

33 (92% of samples)
3 (8% of samples)
29 (81% of samples)

7 (19% of samples)

0

54
512
1,782

348 (20% of microplastics total)
0 (0% of microplastics total)

1,434 (80% of microplastics
total)
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No. samples with microfragments present 23 (96% of samples) 28 (78% of samples)
No. samples with microbeads present 10 (42% of samples) 0 (0% of samples)
No. samples with microfibres present 24 (100% of samples) 31 (86% of samples)

Although the 2025 study covers a wider geographical area than the 2019 study, there are some areas
of commonality.

e Ryhope/Seaham: Sample site T08 GS023 (Ryhope) from the 2025 study lies to the north of a
cluster of sample sites from the 2019 study, including A1-1, A1-2 and A2-2 offshore from
Seaham (north). In 2025, the microplastic content offshore from Ryhope was average for that
survey, whereas in 2019 there was a wide variation across the three samples clustered
offshore from Seaham.

e Dawdon: Sample sites T09 GS025 and T09 GS026 from the 2025 study are close to sample
site A3-1 from the 2019 study. In 2025, the microplastic content of the seabed sediment
sample from T09 GS026 was higher than that recorded in 2019, whereas no microplastics
were recovered from sample T09 GS025.

e Hartlepool (north): Sample sites T10 GS028, T10 GS029 and T10 GS030 from the 2025
study are in close proximity to sample sites C3-1 and C4-1 from the 2019 study. For each
survey, the most inshore samples (namely C3-1 in 2019 and T10 GS028 in 2025) returned
similar low total numbers of microplastics. The most offshore sample from each survey
returned the highest microplastic content, with both surveys yielding above average counts for
their respective surveys at this location.

e Redcar: Sample sites T11 GS031 and T11 GS032 from the 2025 study reasonably close to
the most southerly sample site, E4-2, from the 2019 study. All three samples returned lower
than average microplastic numbers.

e Hartlepool (north): Sample site T13 GS038 from the 2025 study is directly adjacent to sample
sites Runswick 3 and Runswick 4 from the 2019 study. The anomalously high measurements
of microfibres and microfragments recorded at Runswick 4 in 2019 were not repeated at T13
GS038 in 2025, which was much more in keeping with the 2019 results from Runswick 3.
Both of these samples returned average results for their respective surveys.

It is clear from the available literature (for a review see See et al, 2019) and the results from the North
Sea studies in 2019 and 2025 that a multitude of factors govern the sources, movement and sinks of
microplastics in the marine environment. Further statistical analysis and data on these factors, such
as interpretation of local currents and sediment movements, areas of erosion and accretion, fishing
effort, proximity to harbours and areas of amenity use, and the location of wastewater treatment
plants and storm drains, may provide further detail and interpretation of the results.
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The present study enables a degree of comparison against an earlier study for the North Sea seabed
offshore from between Ryhope and Redcar, and in Runswick Bay, although no clear temporal
patterns are identified. For other areas covered by the 2025 study, a baseline now exists quantifying
microplastic content in seabed sediments. Repeat surveys in future years and decades, as well as
further data from beach sediments and water column samples, would present a wider understanding
of the movements of microplastics within the study area. Interpretation of available data on both
macroplastic and microplastic debris on local beaches could also provide further understanding of the
wider plastic influences on the marine environment.
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