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_______________
How we gathered the data

_______________
microplastics
in Scottish seas

Sampling using a towed
manta net, on Beluga II in
Scotland, May 2017. The
end of the manta net, the
Cod End, is then removed
and the contents sieved.
© Will Rose / Greenpeace

Almost two-thirds of Scottish coastal waters
tested by Greenpeace have been found to
contain evidence of microplastic pollution,
in the most detailed scientific study of its
kind in the region published to date.

Shiant Islands

Scientists on-board Greenpeace ship MV Beluga II
collected samples from 27 sites, with a focus on areas
around the Hebrides known to be important feeding
grounds for basking sharks and seabirds. A total of 49
individual samples were then analysed by Greenpeace’s
laboratory at the University of Exeter to determine the
types of microplastics found, and any chemicals or
contaminants carried on individual microplastic pieces.
Despite the remoteness of Scottish coastal waters,
and the low levels of coastal development of the
areas surveyed, 31 of 49 samples tested contained
microplastics. Chemicals found in the samples include
those used as additives in plastics, like phthalate esters,
heavy metals and flame retardants – some of which have
been classified as ‘toxic to reproduction’ or are suspected
to have hormone disrupting properties.
The country’s coastal waters are important breeding
and foraging areas for a wide range of marine species,
including whales, dolphins, sharks and seabirds. Many
of these feed predominantly at, or very close to, the sea
surface, which makes the presence of any floating plastic
debris – including microplastics – in their feeding grounds
a particular concern. Therefore it was important in this
expedition to collect seawater samples in key foraging
areas and around internationally significant seabird
colonies including Bass Rock and the Shiant Isles which
are the home to over 20 seabird species including gannets,
puffins, razorbills and shearwaters.
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Basking sharks are also known to gather in particularly
large numbers in certain ‘hotspot’ areas in the waters of
the Hebrides (Witt et al. 2016), which provide vital summer
feeding grounds. They can filter more than 800m3 of
water per hour (Sims, 2008) while feeding, and during this
process tiny particles of indigestible plastic are ingested
Tiree/
alongside the plankton. Given the range of threats
Gunna
Sound
already faced by large filter-feeding marine species,
from overfishing to pollution, a better understanding
of the implications for their health of ingesting these
microplastics is urgently needed. (Germanov et al. 2018).
Surveys of the widespread problem posed by
microplastics have been conducted at the sea surface in
many areas around the world over the past few decades,
but there is relatively little published information on their
distribution in the waters around Scotland, or of their
chemical characteristics.
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Scientists on the Beluga II collected
49 laboratory samples from the sea
surface in 27 locations in Scottish
waters between 9 May and 16 June
2017. They were taken at sites
on the east coast as well as Loch
Ness, but the primary focus was
the waters around the Hebrides off
Scotland’s west coast, particularly in
areas popular as feeding grounds for
basking sharks and seabirds.
The samples were collected using
a towed manta net, so-called as it
resembles a manta ray, with ‘wings’
that aid floatation and a broad mouth
measuring 87cm across and 15cm
deep. The size of mesh was the same
as used in numerous previous studies
elsewhere in the world: 0.33 mm.
At 23 of the 27 locations, a pair
of samples were collected in fairly
quick succession, towing over similar
distances (between approximately
1km and 3.5km, depending on current
flow) within a period of under three
hours. These were recorded using
a standard flow meter located in the
mouth of the manta net.
After each use, the manta net was
retrieved and the mix of biological
material and floating debris it
contained transferred to a clean selfsealing bag. The samples were then
frozen on board and returned to the
Greenpeace Research Laboratories,
based at the University of Exeter, for
analysis.
With the aid of a large lit magnifier
lens and a dissecting microscope
in the laboratory, all the possible
microplastic items were manually
separated from other biological and
inorganic material in the samples.
Infrared analysis was then used to
identify the plastic type for each
individual fragment of microplastic
against commercial databases, and
to remove non-plastics. Forensic
chemical analyses were then carried
out on the microplastic pieces
to identify the array of chemical
additives and contaminants carried by
them, including pesticide residues and
heavy metals.

_______________
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THE microplastic MENACE
Although much of the recent focus on marine plastics
pollution has been on the larger, more immediately
recognisable pieces of plastic ‘litter’ that enter the ocean –
up to 12.7 million tonnes every year (Jambeck et al, 2015)
– there are growing concerns for the potential negative
impacts of the exposure of marine species, including
seabirds and filter-feeding sharks to microplastics –
commonly defined as pieces of plastic with a diameter of
5mm or less (Arthur et al. 2009). This is both because of
the direct effects of the plastics when they are ingested
by the marine animal in question, and because of the
mixture of potentially hazardous chemical additives and
contaminants they can carry.
Microplastics include fragments of larger plastic items
that have broken into smaller pieces by the effect of
waves and sediment abrasion, and degradation in sunlight,
among other processes (Thompson, 2015), as well as
plastic particles deliberately manufactured to be in this
size range, such as the microbeads included in cosmetics
and personal care products that are increasingly coming
under regulatory control.
While larger pieces of plastic are a very visible symptom
of ocean pollution, microplastics are a far less visible part
of the same problem, and arguably even more difficult
to measure and address. The source of the plastic can
be onshore and offshore, including from wastewater
discharges from land and at sea, urban run-off, windblown litter, and even lost or abandoned fishing gear.
Because of their synthetic nature and their propensity
to adsorb, or attract, chemicals from seawater on to
their surfaces, microplastics can also carry substantial
concentrations of a range of chemical additives and
contaminants (GESAMP, 2016), contributing to the
exposure of marine species to hazardous chemicals
(Browne et al. 2013, Rochman et al. 2013).
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Sieving a trawl sample
on board the Beluga II in
Scotland, May 2017.
The remaining contents
of the sample were then
bagged, frozen and sent
to the lab for analysis.

It is already clear
that the presence
of microplastics
in seawater can
have physiological
and behavioural
consequences for
marine organisms.

© Will Rose / Greenpeace

Microplastics have previously been reported in the guts or
other tissues of a wide range of marine species, including
fish and shellfish (Jabeen et al. 2017, Santillo et al. 2017),
seabirds that feed on plankton (Amélineau et al. 2016),
cetaceans such as whales and dolphins (Besseling et al.
2015, Lusher et al. 2015), and plankton that form the base
of marine food webs (Steer et al. 2017, Sun et al. 2017).
While we are unaware of any specific studies into the
significance of ingestion of plastic debris, including
microplastics, by basking sharks while feeding, this has
been suggested as a source of some of the plastic-related
chemical contaminants identified in the tissues of basking
sharks sampled in the Mediterranean Sea (Fossi et al.
2014). Taking into account the large volumes of near
surface water that can be swept by an adult basking shark
while feeding, perhaps more than 800m3 per hour (Sims,
2008), it is vital to obtain greater understanding of the
distribution and abundance of microplastics at the sea
surface in the areas in which these sharks feed, as well
as the chemical characteristics of those microplastics.
The exact nature and scale of the threats that
microplastics pose to marine ecosystems remain to
be fully determined (Ogonowski et al. 2018). However,
it is already clear that the presence of microplastics in
seawater, and their tendency to be taken in along with
food particles by filter-feeding and foraging species,
among other routes, can have physiological and
behavioural consequences for marine organisms. This
includes inflammation of gut and other tissues, impacts
on energy balance and growth rates and changes in
feeding behaviour and efficiency (Von Moos et al. 2012,
Besseling et al. 2013, Cole et al. 2015, Xu et al. 2017,
Lo & Chan 2018).
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Results
Almost two-thirds (31 of 49) of the samples collected by
the Beluga II were found to contain at least one piece of
microplastic in the size range 0.5–5.0mm diameter in two
dimensions. Four samples contained 10 or more pieces of
microplastic in that size range, including one sample from
the Firth of Forth, one from Gunna Sound (close to Tiree)
and two from waters around the Shiant Islands.
Laboratory analysis also revealed the presence of
almost 100 organic compounds associated with the
microplastics, a number of which were man-made
chemicals, including two insecticides, a fungicide and
a herbicide (see page 8). Some of the samples also
contained significant concentrations of toxic metals,
including lead, copper and chromium.
Despite the widespread presence of microplastics in the
waters surveyed, one notable aspect of the results was
their great variability. Even when repeat samples were
taken in the same location within a short time period,
microplastics were sometimes found in one but not the
other, illustrating the fact that microplastics are far from
uniformly distributed, and that typical levels of exposure to
them are therefore hard to predict.
Nevertheless, we can use the data collected to estimate
the abundance of microplastics in Scottish coastal waters,
which helps us to compare our findings – albeit with some
qualifications – with other global studies. Based on the
specific surface area sampled in each case, the numbers
of microplastics found in the 31 net tow samples in the
size range from 5 mm down to 0.5 mm translate to an
estimated density of between 600 and 12,600 pieces of
microplastic per square km (or between 600 and 15,300/
km2, if we also include within the counts eight additional
fragments found in the samples which were slightly
larger than the usual ‘5mm in all dimensions’ definition for
microplastics). The average abundance of microplastic
pieces across all 49 samples analysed – including those
that yielded no visible microplastics – was equivalent to
1,772 pieces per square km.
This estimate of microplastic abundance is –
unsurprisingly – substantially lower than that reported for
microplastics collected at the sea surface using similar
equipment from the major ocean gyres in the Pacific
and Atlantic Oceans, which are known to accumulate
floating debris (Law et al. 2014, Moore et al. 2011). Our
estimates are also at the lower end of the ranges reported
recently for surface waters in the Gulf of Lion off the south
coast of France (Schmidt et al. 2017), in the Arabian Gulf
(Abayomi et al. 2017) and around Australia (Reisser et al.
2014). The strong currents in the areas in which our study
concentrated, and the routes those currents take to get
to UK waters, may have contributed to the relatively low
abundances of particles found. However, more research,
including longer-term testing to determine whether the
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Microplastics are now
clearly present as a
widespread and complex
feature of marine
pollution in Scotland’s
coastal waters.

levels found are typical, would be required to establish
this. Nonetheless, microplastics are now clearly present
as a widespread and complex feature of marine pollution
in Scotland’s coastal waters, even in areas remote from
centres of human population and inputs from rivers.
Vinyl acetate
copolymer

One of a family of
mixed polymers used
as adhesives and in
coatings, as well as
in synthetic foams

PV Stearate

A soft, waxy polymer with
some specialist industrial
applications, commonly
as a co-polymer with
other plastics.

Types of plastic found

Unidentified

Polystyrene (PS)

Used as a rigid plastic for
yoghurt pots and some
other rigid food containers,
and as an expanded foam
for packaging, insulation
panels and some types of
fishing floats and buoys.

Polyacrylate

A family of flexible
polymers used in textiles,
leather finishing, paints
and some synthetic
rubbers, as well as in
mixtures to increase the
flexibility of other plastics.

Polyethylene (PE)

Manufactured in high
density (HDPE) and low
density (LDPE) forms,
both of which have
a wide diversity of uses,
including bottles for milk
or household cleaning
products, carrier bags and
smaller plastic grocery
bags and a range of other
containers for consumer
or industrial use.

Vinyl Acetates:
Polyvinyl acetate
(PVA) is most familiar

as an adhesive, but can
also be used in textile
finishes, industrial
coatings and even some
sanitary products.

Ethylvinyl acetate
(EVA) can be used as

a component of padding
in sports shoes and
other sports equipment,
as well as in some floats
used for fishing gear.

Polyester

Including polybutylene
terephthalate (PBT),
a high strength and
electrically insulating
polyester used in a range
of electrical goods,
as well as in some
clothing and as fibres on
toothbrushes.

Polyamide (PA),
including Nylon

Tough, water-resistant
polymers most
commonly made
into fibres for use as
a component of clothing,
carpets, ropes and
fishing lines.

Polypropylene (PP)

Of the 141 pieces of plastic less
than 0.5mm that were identified
in the samples, the most common
material found was polyethylene
(43%), followed by polypropylene and
polyamide (including nylon) in roughly
equal proportions (around 12% each).
Polyester (including polybutylene
terephthalate) (7%) and various vinyl
acetate (including EVA and PVA)
fragments (5%) were less frequently
encountered, and polystyrene was
found in only one sample – in Gunna
Sound.
The widespread presence of
polyethylene and polypropylene in the
samples collected at the sea surface
is not unexpected, especially in those
found some distance offshore. These
plastics have a low density relative to
seawater (Andrady 2011, 2017) and
are therefore more likely to remain at
the surface for extended periods than
denser forms of plastic.1
It is not known whether the
microplastics collected in this study
were primarily local in origin or carried
from more distant sources – for
example, via currents from the wider
Atlantic Ocean. What we can say,
however, is that microplastics are a
complex and diverse, but widespread
and relatively common, component of
Scotland’s surface marine waters.

_______________

A high strength plastic,
resistant to chemical and
temperature degradation,
used for rigid containers,
bottle caps and some
types of rope used on
ships and in fishing gear.

Proportions of different plastic types for the total
number of plastic pieces found in all net tow samples.

_______________

Microplastics from water samples taken by manta trawl.
© Fred Dott / Greenpeace

1 Polyethylene terephthalate (PET), a polyester plastic commonly used to make
soft drink bottles, was not identified during the analysis of microplastic samples
collected at the sea surface, despite many PET bottles being found on beaches in
the area. This may be because PET has a density significantly greater than that of
seawater, making particles prone to sink through the water column and less likely
to be found in surface sampling, especially in offshore waters. Some polyester
fragments and fibres were found among the microplastics in our samples, but aside
from two fragments of polybutylene terephthalate (PBT), the others could not be
identified to the level of specific polyester type.
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________________________________________________
A toxic cargo
Although the number and mix of
chemicals associated with the
microplastics in this study varied
greatly from sample to sample,
showing no clear geographical
patterns, nor any apparent correlation
with the numbers, sizes or total
masses of microplastics isolated
from the samples, a total of 95
individual organic compounds were
identified. While a large proportion
of these might be the natural
components of microbial biofilms
(a film of bacteria and algae attached
to the surface), a significant number
were man-made chemicals.
These included 12 compounds
known as phthalate esters, which
are used as additives in some
plastics, inks and a range of other
products; four pesticides, including

two insecticides, a herbicide
and a fungicide; three additional
organophosphorus chemicals, (two of
which are used as flame retardants)
and two chemicals used to protect
plastics from the degrading effects
of ultraviolet radiation.
Several of the samples also
contained notable concentrations of
heavy metals, including instances of
lead, copper, chromium, manganese
and cadmium. While the origin of
these are uncertain, a proportion
is likely to have arisen from the
presence of metal salts used as
plastic additives rather than simply
from adsorption from the sea water.
Some of the chemicals found are
considered hazardous. A number
of phthalate esters are classified
as ‘toxic to reproduction’, while the

organophosphate flame retardants
are suspected of having hormone
disrupting properties.
While it was not possible to
determine the precise concentrations
of the chemical additives and
contaminants found in this study,
the analyses conducted provide
strong evidence that these additives
and contaminants were present and
could therefore be ingested by marine
animals along with the microplastic
particles. A recent review of the
science on microplastics exposure
of large filter-feeding sharks, rays
and whales (Germanov et al. 2018)
stresses that, while first-hand evidence
for such exposure and resulting
harmful effects remains limited,
these threats cannot be ignored
and require urgent investigation.

________________________________________________
A basking shark in the
waters of Gunna Sound
between the islands of
Coll and Tiree, on the
west coast of Scotland.
© Gavin Newman /
Greenpeace

Conclusion
The abundance and types of microplastics vary
greatly at different locations and different times
in Scottish waters
The data gathered in this survey paint an extremely varied
picture, not only in the apparent abundance and types
of microplastics as pollutants at different locations and
different times in the waters of Scotland, but also of the
similar unpredictability of the chemical signatures that
those microplastics carry. A basking shark – or other
marine organism – filter-feeding or foraging at the surface
of the sea might encounter few or no microplastics in the
size range from 1mm and above within any particular hour
of feeding. Or may unwittingly encounter many – just as
was the case with our manta net tows.

These results only represent one aspect of the
total pollution problem

Even though the abundances of microplastics found in
this study are not as high as those reported for other sea
areas around the world, they nonetheless represent a stark
reminder of the historic and ongoing overproduction and
misuse of plastics. Furthermore, a preliminary analysis
of samples for microplastics that are smaller than 63 μm
– that is, those too tiny to have been fully retained by the
manta net mesh used in this study – indicates that these
may also be a common blight of the waters in these areas,
something that clearly deserves further investigation in
order to establish overall levels of contamination. And as
the study only addresses the issue of microplastics found
floating at the sea surface and not the presence of denser
plastics at lower depths, these results only represent one
aspect of the total pollution problem.

Microplastics are an unwelcome part of marine
ecosystems even in remote waters

From our research, it is not possible to identify particular
pollution hotspots for microplastics in Scottish waters,
not least because there is such a diversity of sources, and
because the sea surface is constantly in motion under the
influence of currents, tides and winds. Nor is it possible
to use these data to define the precise risk posed by the
presence of microplastics in surface waters, either to
marine species or to humans through the consumption of
seafood, nor exactly how far they may contribute to overall
exposures of marine life to harmful chemical contaminants.

Microplastics and other
small pieces of plastic
found on beaches and in
the sea around Scotland,
June 2017.
© Kajsa Sjölander /
Greenpeace

What the data does reveal, however, is that
even in the relatively remote waters around the
Hebrides on the north-west coast of Scotland,
microplastics have become an unwelcome part
of the fabric of marine ecosystems – one of the
toxic legacies of our dependence on plastic that
urgently requires attention.
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This report is based on a more detailed scientific report
published by the Greenpeace Research Laboratories:
Santillo, D., Oakes, G., Labunska, I., Casado, J., Brigden, K.,
Thompson, K., Wang, M. and Johnston, P. (2018)
Physical and chemical characterisation of sea-surface
microplastics collected from coastal and inland waters of
Scotland in the summer of 2017. Greenpeace Research
Laboratories Technical Report 01-2018: 63 pp.
Available at: http://www.greenpeace.to/greenpeace/wp-content/
uploads/2018/02/GRL-TR-01-2018-Beluga-plastics-tourScotland-March-2018.pdf

Puffins on Shiant Isles
in Scotland
© Will Rose / Greenpeace
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