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Glossary 

ALDFG – Abandoned, lost and discarded fishing gear 

CAR – Water Environment (Controlled Activities) (Scotland) Regulations 2011 

CPs – Contracting Parties  

DRS – Deposit Return Scheme  

GBR – General Binding Rule 

INNS – Invasive non-native species 

MCS – Marine Conservation Society  

MSFD – Marine Strategy Framework Directive 

NGOs – Non-governmental organisations 

NMP – National Marine Plan  

OMRs – Offshore Marine Regions 

OSPAR – Convention for the Protection of the Marine Environment of the North-East 

Atlantic 

POPs – Persistent Organic Pollutants 

PPC – Pollution Prevention and Control (Scotland) Regulations 2012 

SBLPI – Scottish Beach Litter Performance Indicators 

SBSDP – Scottish Biodiversity Strategy Delivery Plan 

SMA2020 – Scottish Marine Assessment 2020 

SMRs – Scottish Marine Regions 

SUDS – Sustainable urban drainage system  

UKMS – UK Marine Strategy  

WEWS – Water Environment and Water Services Act 2003 

WWTW – Waste Water Treatment Works 
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Key findings and recommendations 

Marine litter is any solid material which has been deliberately discarded or 

unintentionally lost on beaches, on shores or at sea. It includes materials transported 

from the land by rivers, drainage or sewage systems or wind. Marine litter is 

dominated by plastic. Across the North-East Atlantic, plastic items represented 94% 

of litter items found on beaches. The most recent assessment of UK beach litter 

indicates that between 2020 and 2022 Scottish beaches had the highest recorded 

median level of beach litter with 919 items per 100 metres. 

Marine litter affects many marine organisms. Two of the most evidenced impacts are 

ingestion and entanglement of marine species in marine litter with over 40,000 cases 

now cited within the scientific literature. The ingestion of plastic litter is a key threat to 

many seabirds with one study reporting up to 74% of seabird species studied having 

ingested plastics across the North-East Atlantic. 

Microplastics have been shown to affect protected species across Scotland’s marine 

environment. In Orkney, microplastics adhere to seagrass beds, with over 80% of 

marine biota collected from the seagrass beds containing microplastics. Around 11% 

of surveyed organisms in a Special Area of Conservation in the Outer Hebrides had 

ingested microplastics. 

While less understood, marine litter has been linked to ecosystem-level impacts, 

such as changes to species’ growth and feeding rates, including growth rates and 

tissue health of cold-water corals in Scotland. However, extrapolating such impacts 

to changes in ecosystem functioning remains challenging due to the inability to 

measure and model such processes on a global scale (see section 3.1 to 3.8).  

Alongside this, several emerging threats have been associated with marine litter 

including: the leaching of pollutants during plastic degradation; the adsorption 

(adhesion) of pollutants to the surface of plastic and its role as a vector for invasive 

non-native species in the UK (see section 3.9 to 3.23). 
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Scottish Ministers have obligations under both Scottish and UK-wide legislation to 

address marine litter across Scotland’s marine environment. For example, as part of 

the UK, Scotland has committed to contributing to the achievement of Good 

Environmental Status (GES) for marine litter by 2020 under the ‘UK Marine Strategy’ 

(UKMS). The UK is also a Contracting Party to the ‘Convention for the Protection of 

the Marine Environment of the North-East Atlantic’ (OSPAR) - the regulatory 

instrument that coordinates regional co-operation across the North-East Atlantic for 

its protection (see section 7.1 to 7.9). 

Key finding 1: The most recent assessment (2019) indicates that the UK is currently 

failing to reach GES for marine litter. While improvements have been reported from 

more recent data, the abundances of beach and floating litter across the UK in areas 

surveyed under the UKMS is still far exceeding OSPAR threshold value levels set to 

reduce harm from beach and floating litter. 

Land-derived litter in the marine environment 

The current monitoring programmes for marine litter (such as the UKMS and 

OSPAR), along with evidence from the wider scientific literature, suggests that land-

derived sources are a greater contributor to marine litter than marine-derived 

sources. In Scotland, particularly prevalent sources are the mismanagement of 

waste and sewage-related debris. Land-derived plastic litter can be directly 

discarded into the ocean and coastal environments or transported to the sea via 

inland waterways, rainwater runoff, wind and wastewater outflows. More than 60% of 

marine plastics on Scottish coasts are attributed to littering by the public which then 

enters the marine environment through rivers (see section 2.9 to 2.26). 

Several emerging sources of marine litter (including in Scottish waters) have also 

been identified, the impacts of which are not yet well understood. These include 

marine litter derived from microplastics in soil, landfill erosion, the use of sewage 

sludge and artificial turf infill (see section 6.1 to 6.12). 

Key Finding 2: Given that marine litter can enter Scotland’s marine environment 

from a range of land-derived activities, such as waste, agriculture and wastewater. 
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The current legislative and regulatory framework relevant to land-derived litter is not 

aimed at protecting the marine environment. For example, regulations controlling 

surface water run-off, sewage discharges (both treated and untreated), landfilling of 

waste and industrial activities aim to limit the release or effect(s) of contaminants that 

constitute litter, but currently have minimal regard for their impact on the marine 

environment. This limits the ability to quantify such sources and assess their 

potential effect(s) on the marine environment. 

Environmental Standards Scotland (ESS) finds that there needs to be greater 

coherence and coordination across the current legislative and policy frameworks to 

control land-derived sources of marine litter. This would increase opportunities to 

prevent litter prior to it reaching the marine environment, such as microplastic 

release in wastewater effluent. For example, greater integration between the Scottish 

Government’s ‘Marine Litter Strategy’ and the ‘National Litter and Flytipping Strategy’ 

should lead to stronger measures to reduce land-derived litter at source. 

Recommendation 1: The Scottish Government should establish a ‘source-to-sea’ 

approach to enhance the effectiveness of current and future policy and legislation by 

improving coordination between terrestrial and marine litter strategies.  

Microplastics are present in all surface waters surveyed in Scotland and within 

marine sediments. Across the European Union (EU) and OSPAR region, the most 

significant sources of land-derived microplastics are particles in road runoff released 

from tyre abrasion, microplastics from treated sewage effluent and plastic pellet loss. 

Current statutory monitoring does not allow an understanding of these sources at a 

Scotland or UK-level and very few studies exist within the scientific literature (see 

section 2.26 to 2.41).  

Key finding 3: ESS has identified several potential gaps and inefficiencies regarding 

current measures used under regulatory frameworks governing surface water run-off 

from roads, the discharge of treated sewage, and plastic production and the pre-

production pellet supply chain in limiting microplastics from entering the marine 

environment. Pellet loss was acknowledged in the draft ‘Scottish Biodiversity 

Strategy Delivery Plan’ (SBSDP) and indicates that measures to improve plastic 
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pellet handling and management across the plastics supply chain will be introduced 

by the end of 2025 (see section 4.1 to 4.22). 

Recommendation 2: The Scottish Government should specify how they plan to 

implement improvements to the handling and management of plastic pellets and 

clarify if they are on target to implement this by the end of 2025. 

Key finding 4: Despite the introduction of targeted legislation to reduce plastic 

waste in Scotland, single-use plastic items continue to dominate marine litter. At the 

EU-level, the Zero Pollution Action Plan aims to reduce plastic pollution at sea by 

30% by 2030. A key component of this plan is the adoption of a circular economy 

approach to plastic through the ‘European Strategy for Plastics in a Circular 

Economy’ (see section 4.27 to 4.28).  

Recommendation 3: The Scottish Government, working with the UK Government 

where appropriate, should bring forward legislative proposals to reduce waste from 

single-use plastic food containers and plastic bottles and adopt a more circular 

economy approach to reduce plastic production. 

Marine-derived litter in the marine environment  

Despite strong international and domestic legislative frameworks aimed at preventing 

the generation of marine-derived litter, fishing-related litter is the most detected type 

in Scotland and can be a key contributor to marine litter across the Highland and 

Islands coasts (see section 2.17 to 2.18). 

Key finding 5: Multiple factors affect the Scottish Government’s ability to reduce 

fishing-derived litter. These include a lack of understanding of the causes of fishing-

derived marine litter in Scotland and a lack of regular data collection on the fishing 

gear in use by Scottish vessels and fishing waste generated in Scotland. This 

information is key to informing the most appropriate mitigation measures (see 

section 2.43 to 2.56). 

Improvements are also needed to how end-of-life fishing gear is managed as a 

waste, considering the potential for reuse, recycling of elements and appropriate 
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waste management and recycling facilities at port. This is partly acknowledged by 

the Scottish Government’s draft SBSDP action to deliver improved waste 

management for end-of-life fishing gear by 2027. At EU-level, in 2021 the Single-Use 

Plastics Directive introduced a requirement for an extended producer responsibility 

scheme for fishing gear containing plastic to reduce its impact on the marine 

environment. This has not yet been replicated in UK law (see section 5.5 to 5.8).  

Recommendation 4: The Scottish Government should work with the UK 

Government to bring forward measures to tackle end-of-life fishing gear and should 

establish a programme of work to identify and address the drivers and causes of 

fishing-derived marine litter in Scotland.  

Monitoring of marine litter  

Key finding 6: There are several limitations to the current monitoring programmes 

for assessing marine litter under the UKMS. These need to be addressed to better 

understand trends in, and be representative of, marine litter at a Scotland-level or 

waters relevant to Scotland. A key part of this is the indicator for beach litter that is 

used to assess if GES has been achieved. For the most recent GES assessment 

(and upcoming assessment), data from just three Scottish beaches (all located 

around the Firth of Forth and Firth of Clyde) was included and is therefore unlikely to 

be representative of beach litter around the whole of Scotland. 

At a UK-level, current indicators for marine litter under the UKMS provide an 

assessment of where litter is deposited/likely to ‘end’ up at a singular time point 

within the marine environment. As a result, current indicators do not enable effective 

monitoring of the flux of marine litter or adequate identification and monitoring of the 

key sources and pathways of marine litter, such as the input of litter to the marine 

environment via rivers. Current indicators need to be strengthened so that data 

collected is representative of Scottish beaches and effectively monitors the sources, 

pathways and fluxes of marine litter (see section 9.1 to 9.12). 

The next assessment of GES (due in 2024) will not include the anticipated common 

OSPAR indicator for assessing microplastic in marine sediment, despite being an 
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operational target in the ‘UK Marine Strategy Part 2’ report, as it has not been 

formally accepted for use at a UK-level yet. As a result, there is currently no statutory 

monitoring of microplastics in the marine environment in Scotland.  

Citizen science performs a fundamental role in understanding marine litter. Data 

collected through citizen science initiatives provides the greatest contribution to 

understanding the extent and potential sources of beach litter across Scotland’s 

marine environment. This data also underpins Scotland’s, and the wider UK’s, 

statutory monitoring obligations of beach litter under the UKMS and OSPAR. 

Current statutory monitoring obligations under the UKMS do not provide a 

comprehensive assessment of marine litter at a Scottish scale. Data gaps are 

currently being partially filled by non-governmental organisations’ (NGOs) citizen 

science initiatives. Given this, statutory monitoring to better understand the current 

extent and the most prevalent and emerging sources of marine litter at a Scotland-

level must be strengthened. This monitoring should be underpinned by a statutory 

framework to ensure that monitoring of marine litter is effective and resilient, whether 

delegated to public authorities or NGOs where appropriate (see section 9.13 to 

9.17). 

Recommendation 5: The Scottish Government should work through OSPAR and 

with the UK Government to agree a programme to implement suitable indicators and 

an effective and resilient monitoring programme to assess marine litter. 

Maintaining Alignment with Europe  

Key finding 7: The Scottish Government will need to bring forward legislative 

proposals if Scotland is to maintain alignment with wider advancements in a number 

of areas of environmental standards and protection within the EU that have the 

potential to reduce the prevalence of land-derived inputs to marine litter (see section 

10.1 to 10.10).  

Recommendation 6: The Scottish Government should set out how it proposes to 

maintain alignment with regulatory developments in the EU that are aimed at 

reducing microplastics in the marine environment. Relevant developments include:  
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• recently adopted measures to restrict the intentional inclusion of microplastics 

(covering all synthetic polymer particles below 5 mm that are organic, insoluble 

and resist degradation) into products under the Registration, Evaluation, 

Authorisation and Restriction of Chemicals (‘the REACH Regulations’) 

• a recast Urban Waste Water Directive that will introduce requirements to 

monitor microplastics in wastewater inlets/outlets and undertake treatment of 

wastewater to remove microplastics 

• a proposal to introduce the first regulatory measures to directly tackle pollution 

from the unintentional release of plastic pellets across the pellet supply chain 

• a recently adopted regulation that sets requirements for manufacturers to 

measure tyre abrasion and for the EU Commission to define abrasion limits for 

tyres
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1. About this report  

1.1 ESS’ strategic plan identified a number of analytical priorities.1 One of these is 

“developing a better understanding of threats to the marine environment”. Following 

a systematic scoping process and evaluation of different marine topics, marine litter 

was identified as a priority analytical topic under this strand of work. Marine litter was 

highlighted as an issue of concern by key stakeholders and was reflected in OSPAR 

reporting and the Scottish Marine Assessment 2020 (SMA2020) with Scottish 

sources and source control identified as potential priorities for further analysis. 

1.2 Section 20 of the ‘UK Withdrawal from the European Union (Continuity) 

(Scotland) Act 2021’ (‘the 2021 Act’) defines ESS’ functions. ESS’ remit is to: 

• ensure public authorities, including the Scottish Government, public bodies 

and local authorities, comply with environmental law 

• monitor and take action to improve the effectiveness of environmental law and 

its implementation 

1.3 The analysis presented here focuses on the effectiveness of the relevant 

legislation governing land- and marine-derived in Scotland and the UK given that the 

UK (including Scotland) is failing to meet GES. As part of this, this report analyses 

data underpinning the UK’s statutory assessment of GES for marine litter descriptors 

under the UK Marine Strategy Regulations 2010.  

1.4 In addition to defining ESS’ functions, section 20 of the 2021 Act enables ESS to 

make recommendations to public bodies. ESS can also identify specific concerns 

that merit further investigation by it, or topics that will be prioritised for future analysis 

or ongoing monitoring. 

1.5 Understanding the extent, composition and abundance of marine litter is 

complex. The movement of marine litter is not limited by geographical boundaries 

and is influenced by both marine and land-based activities. As a result, several 

drivers are underpinning both land- and marine-derived litter that are accompanied 
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by a complex legislative and policy landscape, at a Scotland, UK and international 

level. 

1.6 This report: 

• summarises the current evidence from a review of published documents 

regarding the composition and distribution of the key marine litter sources in 

Scotland, taking in wider evidence where appropriate 

• summarises a literature review into the known ecological impacts of marine 

litter 

• examines the effectiveness of existing legislation and policy relevant to land- 

and marine-derived litter, including in light of revisions targeting plastic litter; 

• summarises a literature review into the emerging sources of marine litter and 

emerging ecological impacts 

• analyses available data associated with the marine litter descriptors under the 

UKMS and OSPAR 

1.7 ESS’ findings and recommendations are based on its analysis of available data 

and published documents, and discussions with the Scottish Government. 

1.8 ESS asks the Scottish Government to respond to the recommendations in this 

report as soon as possible, and within six months of publication. Nothing in this 

report, or the recommendations made within it, prejudices ESS’ ability to make 

decisions about further scrutiny of the topics covered, for example, in response to 

representations made to ESS on related matters. 
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2. The drivers, pathways and prevalent sources of marine 
litter across Scotland and globally 

2.1 This section explores what is currently known regarding the drivers of marine 

litter in Scotland. This includes the current understanding of the key sources and 

pathways from which litter enters the marine environment, referring to evidence from 

the wider UK and globally where needed. The pressures of such sources on the 

distribution and composition of marine litter across Scotland’s marine environment 

are then discussed.  

Drivers of marine litter 

2.2 Plastic is now the most prolific form of litter detected across marine environments 

globally and can form up to 95% of litter found on beaches, the sea surface and the 

seafloor.2 Across the North-East Atlantic, plastic items represented 94% of litter 

found on beaches in the latest ‘OSPAR Quality Status Report 2023’ at the OSPAR 

Maritime Area Scale.3 

2.3 Plastic litter is primarily classified by size and is categorised into macroplastics 

and microplastics, the latter of which is broken down into primary and secondary 

microplastics – these are defined in Table 1. Nanoplastics, plastic particles less than 

1000 nm in size, have only recently been a focus of scientific research and data 

surrounding the impacts of nanoparticles is not conclusive.4 Given this, potential 

sources of nanoplastics have not been considered here. 
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Table 1. Classifications of plastic litter in the marine environment 

Type Definition 

Microplastics 

(< 5 mm in size) 

 

Primary microplastics: intentionally manufactured plastic 

particles, e.g. virgin plastic pellets or ‘nurdles’, microbeads in 

personal care products. 

Secondary microplastics: formed from the fragmentation of 

macroplastics through weathering (abrasion, degradation with 

UV light) or through product use, such as fibres from textiles 

and plastic particles from marine paints, tyre and brake 

debris.4,5 

Macroplastics 

(> 5 mm in size) 

 

 

Larger plastic items, largely visible to the human eye, such as 

plastic packaging (e.g. bottles, caps, bags), fishing nets, 

shipping debris and sewage-related debris (e.g. sanitary 

products and wet wipes). 

 

2.4 The proliferation of plastic within the marine environment is linked to the rapid 

increase in the production and utilisation of plastic over the last half a century, with 

global production increasing from ~5 million tonnes (MT) in 1950 to 30 MT in 1988 

and was reported to be 390.7 MT in 2021.6,4 The utilisation of plastic across many 

sectors (e.g., healthcare, agriculture, textiles, fishing and aquaculture) has been 

driven by its inherent properties of being lightweight, cheap to produce, durable, 

corrosion and flame-resistant, and versatile.5 For Europe, over 57.2 MT of plastic 

was produced in 2021 with packaging forming the largest end-use market for plastic, 
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comprising 39.1% of plastic products. More than 87% of plastics produced in Europe 

were formed from fossil-based plastic as opposed to recycled or bio-based plastics.6 

2.5 These same properties facilitate the longevity and dispersal of macro and- 

microplastics litter once in the marine environment and further degradation of 

macroplastics to secondary microplastics. Plastic items have now been reported 

across the most remote marine environments, with forms of plastic pollution being 

detected in the surface waters of the Antarctic Peninsula7, Arctic8 and ingested by 

deep-sea organisms.9  

2.6 Empirical estimates of the abundance, trends and fate of marine litter are lacking. 

This is due to many complex factors affecting the distribution of marine litter 

(discussed below); a lack of quantitative data, particularly for regions less accessible 

such as the high seas and deep seas, and a lack of standardised methods used to 

report on marine litter.10 Evidence suggests that the seafloor acts as the largest sink 

for litter entering the marine environment,11,12,2 with as much as 94% of all plastic 

litter residing on the seafloor, equating to 25.3 to 65 million tonnes.13,11 For the North 

Sea, marine litter is abundant across the seafloor and up to 80% comprises plastic 

litter.14 

2.7 Based on the global production and mismanagement of plastic waste, “business 

as usual” scenarios estimate that between 10.5 and 28 million metric tonnes (MMT) 

of plastic litter could enter the marine environment by 2025, up from 4.8-12.7 MMT 

estimated in 2010.15 

Pathways and sources of marine litter  

2.8 When considering the pathways in which litter enters the marine environment, it 

is generally classified as coming from either land- or marine-derived (or commonly 

referred to as land or marine-based) litter depending on where it entered the sea.16 

For this report, land-derived litter explicitly refers to the input of litter items that 

entered the marine environment from activities or sources on land. Marine-derived 

litter refers to marine litter items that originated from activities at sea. 
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2.9 It is widely report that as much as 80% of all marine litter is land-derived;5,17 

however, very few quantitative estimates exist within the scientific literature for 

determining the exact contribution of land- and marine-derived litter.15 This is partly 

due to difficulties in attributing litter items to the activity of origin following 

degradation, alongside the high spatial variability in the abundance and composition 

of marine litter (as discussed below). Current figures suggest that the prevalence of 

land- and marine-derived litter is dependent on the sea region assessed and 

analytical methodology used. Estimates for land-derived inputs across Europe range 

from 50%-84%, while at-sea sources can contribute 16%-50%.18 

2.10 Land-derived plastic litter can be directly discarded into the ocean and coastal 

environments or transported to the marine environment via inland waterways, 

rainwater runoff, wind and wastewater outflows.19,15 Evidence suggests that the 

effects of climate change and increasing extreme weather events, such as increased 

rainfall, flooding20 and stronger winds21 have an influence on the deposition, 

abundance and movement of plastic waste across riverine/oceanic boundaries. 

2.11 One of the most cited studies quantifying land-derived marine litter estimated 

that 4.8 to 12.7 MT of macroplastic is derived from mismanaged waste (littered or 

inadequately disposed wastei) produced by coastal populations (defined as within 50 

km distance of a coastline).15 This equated to between 15% and 40% of littered 

waste entering the sea. For in-land pathways, it is estimated that 75,000 to 1.1 MT of 

plastic waste can enter via rivers annually; however, this is likely to vary depending 

on the catchment characteristics and flow rate of a river.33 

2.12 Based on these estimates of ‘marine leakage’, a more recent study quantified 

the input of macro- and microplastics into the Scottish Atlantic Coast and North Sea 

Coast using simple oceanographic patterns. Estimates suggests that more than 60% 

of marine plastics, in some cases more than 90%, was attributed to littering by the 

 
iThis study defined inadequately disposed litter as litter that is not formally managed 

and includes disposal in dumps or open, uncontrolled landfills, where it is not fully 

contained. 
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public and was entering the marine environment through rivers.22 This equates to 

~1000 tonnes (T) of macro plastic each year.  

2.13 Across the OSPAR Maritime Area, single-use plastics (e.g. plastic bags, 

cigarette filters, cotton bud and balloons) represented 26% of litter observed with an 

abundance of 45 items/100 m - greater than maritime-related plastic items (21%). 

For regions relevant to the UK, the Greater North Sea and the Celtic Seas single-use 

plastic items represented 37 items/100 m in each area.23 

2.14 In Scotland, to better understand the movement of litter from land to sea via 

rivers, Keep Scotland Beautiful’s ‘Upstream Battle’ citizen science programme has 

surveyed sites along the River Tay and the River Clyde and their tributaries to 

assess common litter items that may be contributing to marine litter. Not surprisingly, 

highest recorded items comprised plastic (34.5% of items for the Tay and 41.7% for 

the Clyde) with top littered items including cigarettes, snack packets and plastic 

pieces.24,25 

2.15 The Marine Conservation Society (MCS) in 2009 reported that 37.5% of marine 

litter in Scotland originated from the public, whilst litter originating from fly-tipped 

waste comprised 1.6%.26,27 The current contribution of fly-tipped waste to marine 

litter is largely unknown. Based on the most recently reported estimate, using data 

collected in 2012, Zero Waste Scotland estimated that at least 26,000 T of waste is 

illegally flytipped each year.28 More recent estimates and trends regarding flytipping 

have not been confidently assessed due to changes in reporting systems in 

Scotland. 29  

2.16 The contribution of the different sources of marine litter across Scotland’s 

coastal environment are highly variable and can be influenced by several factors, 

including coast type, catchment area population size, coastal currents and wind 

exposure.30 For example, up to 93% of plastic from land-derived sources on the west 

coast originated from the Clyde catchment area. For the east coast, approximately 

46% of plastic entering the sea from land originated from the Forth catchment. 

Around 40 T (eight million pieces) of macroplastic litter enters Scottish seas annually 

from remote sources.31 



 

18 

2.17 Comparisons between mainland and island regions report that, by count, the 

greatest contributor to island litter was marine-derived litter (48%), in contrast to 

land-derived litter for the mainland (47%). Fishing nets were the biggest sub-source 

of litter by count, with 19% comprising of fishing nets (0-50 cm).32 Similar studies 

also report a greater influence of fishing-derived litter across more remote beaches 

across the Scottish continental shelf than mainland beaches.33,34 For the Orkney 

Islands, across 35 survey sites 47% of beach macro-debris was attributed to the 

fishing sector, while less than 10% was attributed to leisure and tourism-related 

activities.35  

2.18 The most commonly detected litter items on Scottish OSPAR beaches between 

2020 and 2022 were land-derived and included sanitary items, plastic pieces (2.5-50 

cm), packets, cotton bud sticks, caps/lids and cutlery/trays/straws (see section 8).36 

Similarly, the largest source of litter items reported in the latest GES assessment for 

beach litter (2008 to 2015) were land-derived across the Marine Strategy Framework 

sub-regions Greater North Sea and Celtic Seas. The most commonly found litter 

items were made of plastic, specifically polystyrene fragments, followed by food and 

drinks packaging, sewage-related debris (SRD); however, this was followed by 

smaller fishing-related litter.37  

2.19 SRD results from the discharging of raw sewage and storm water, either directly 

into the ocean or via rivers waters. The most recent assessment of UK beach litter 

reported that SRD was a top ten litter item across Scottish beaches, whereas this is 

not the case for beaches in England, Wales and Northern Ireland, indicating that 

SRD is a particular issue for Scotland.36 Outside of GES, SRD is also routinely 

recorded during beach clean surveys across Scotland.32,38,39 

Microplastics 

2.20 Globally, microplastics are increasingly being detected in the marine 

environment,40,41,2 alongside the growing public awareness42 of their prevalence and 

potential ecological impacts (see section 3). Despite this, the major sources of 

microplastics, composition and distribution in the marine environment remain 

understudied.43 Estimates of microplastics in the ocean range from thousands to 

hundreds of thousands of particles per km2(44,2) and can be readily transported from 
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surface waters, where they first float, through the water column to the deep ocean, 

washed up on beaches and in sea ice.2  

2.21 For Scotland, the only statutory monitoring and assessment of microplastics 

was delivered through the SMA2020, which surveyed microplastics in surface waters 

of Scotland’s Marine Regions (SMRs) and Offshore Marine Regions (OMRs)ii from 

2013/14 to 2019/20 (see Figure 4).45 Results showed that microplastics (defined as 

particles sized < 5 mm in their longest dimension) are present in the surface waters 

of all marine regions sampled. Microplastic concentrations ranged from 0 to 91,128 

particles per km2 with hotspots in the Clyde SMR (0 to 77,168 particles per km2), 

particularly at the head of Loch Long Forth, and Tay (0 to 83,729 particles per km2) 

and the Solway (607 to 91,128 particles per km2).46  

2.22 Fragmented plastics, microplastic particles or fibres formed from the breakdown 

of larger plastic items, accounted for almost 50% of the microplastics recovered in 

the SMA2020. The second most abundant form of plastic was microbeads 

originating from personal care products.46 

2.23 The input of microplastics into the aquatic environment can be influenced by 

several factors, these include land-use (e.g. application of sludge47 and proximity to 

waste water treatment plants)48 proximity to urbanised regions49 and marine 

activities, such as proximity to fishing grounds.50,51 However, evidence also suggests 

that factors such as population density52, or geographic remoteness53 are not always 

accurate predictors of microplastic abundance as plastic particles can be transported 

away from input sources via oceanic currents. This is likely the case for low 

microplastic abundance in the Solent estuary54 and high microplastic abundance in 

intertidal sediments around Orkney55 and in the Argyll SMR.49 

2.24 Modelling of oceanographic currents with the microplastic estimates from the 

SMA2020 estimated that between 124 to 127 T of microplastics enter the Atlantic 

coast regions and North Sea coast annually, compared to 477 T and 582 T of 

 
ii The 11 Scottish Marine Regions and 10 Offshore Marine Regions represent 

geographical split of the Scottish Economic Exclusive Zone (0-200 nautical miles), as 

depicted in The Scottish Marine Regions Order 2015. 
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macroplastics, respectively. As much as 77% to 98% of microplastics enter these 

coastal waters from land-derived sources.22 Land-derived microplastics can enter the 

marine environment through less obvious routes, such as microplastics bypassing 

wastewater treatment plants, through storm drains and through the air.56 Estimating 

microplastic flux from Scottish rivers based on catchment population size and 

microplastic abundances from 13 rivers worldwide suggests that riverine inputs to 

sea are 22% (by mass) of macroplastics.31 

Most influential land-derived sources of microplastics  

2.25 Using evidence of the potentially most prevalent sources of marine litter across 

the EU, ESS collated the current understanding of such sources at a Scottish level. 

The composition, inputs and major sources of marine litter across Scotland were 

also explored.  

Surface water run off: tyre wear  

2.26 A review for the EU Commission in 2018 examined the main sources of 

secondary microplastics (released through ‘wear and tear’ or accidental spills, not 

intentionally added microplastics e.g. microbeads) into the aquatic environment from 

EU28 Member States, Norway and Switzerland. Modelled pathways of microplastics 

into surface waters identified that particles released from tyre abrasion is the largest 

source of microplastics entering the aquatic environment, it is estimated that 503,586 

T of microplastics per year are generated from the wear of automotive tyres.57 An 

IUCN report that modelled releases of primary microplastics into the oceans, using 

empirical data on the consumption and use of tyre and loss through use, also 

identified tyre particles as the largest source of primary microplastics for Europe.43  

2.27 A literature review of the quantifications of the major sources of marine 

microplastics within the OSPAR Maritime Area also indicates that tyre abrasion has 

the capacity to input the greatest amount of microplastics into the water environment; 

however, this was one of the most understudied sources within the scientific 

literature.58 
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2.28 Tyre tread particle emissions across seven European countries ranged from 

0.52 to 1.5 kg per capita per year with the UK at 0.98 kg per capita per year.59 

However, no dedicated study has examined the pathway of tyre and road debris 

entering the aquatic environment or quantified this as a potential route for 

microplastics in marine litter in Scotland.  

Treated waste water: microplastics  

2.29 The same review for the EU Commission reported the second largest source of 

microplastics is from the washing of textiles due to the more clearly defined 

pathways from source to surface waters and waste water treatment works 

(WWTWs).57 An OSPAR assessment also reported microbeads from personal care 

products emitted from treatment of domestic wastewater as the next most influential 

source of marine litter.58  

2.30 For treated sewage, effluent released from WWTWs has been shown to be a 

potential route for microplastics entering freshwater environments, typically rivers, or 

directly into the marine environment.60 WWTWs receive wastewater influent from 

domestic, industrial and surface water run-off. These can contain microplastics, such 

as microplastics intentionally added to cosmetics and industrial scrubbers, or 

secondary microfibres released from the washing of textiles.56 WWTWs are primarily 

designed to remove biochemical oxygen demand, suspended solids and ammonia 

from wastewater, not microplastics.61 Moreover, microplastic removal efficacy is 

dependent upon the treatment facility and the physiochemical properties of plastics, 

which affect their ability to be removed from wastewater.  

2.31 Evidence indicates that primary and secondary treatment processing are largely 

effective at removing microplastics from treated wastewater with removal efficiencies 

of 95-99%62,63,64 and ~100% removal performance for WWTWs activated sludge 

plants that have tertiary treatments.65 However, evidence for the efficiency of 

microbead removal during tertiary treatment is less conclusive.66 Despite this, it has 

been suggested that due to the large volumes of effluents being discharged from 

WWTWs, they are still a potentially significant source of microplastics into the 

aquatic environment.67 For example, a secondary WWTW on the River Clyde, 

Glasgow, produces an average 260,954m3 of treated wastewater from a population 
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of approximately 650,000 people. Despite a microplastic removal rate of 98.4%, 

based on three years of average daily flow rate data, it was estimated that over 65 

million microplastic particles were still released in the final WWTW effluent every 

day.48 

2.32 A study examining microplastics in the intertidal sediments across Scapa Flow, 

Orkney found microfibres were generally more abundant than plastic particles. As 

well as hydrographic conditions, the authors stated that high microfibre abundance at 

Congesquoy was highly likely to be linked to its proximity to the wastewater 

treatment plant at Bu Point, which according to Scottish Water discharges 750m3 

into the Bay of Ireland daily.55 Elsewhere in the UK, for the Solent estuary, the most 

commonly detected microplastics were from sewage and wastewater including fibres 

from textiles and rounded pellets most likely from cleaning and cosmetic products, 

alongside pre-production pellets that were also visible on the river bank.54 

2.33 Microbeads from personal care products were the most detected primary 

microplastic across the SMRs surface waters sampled between 2014 and 2020. 

Despite a ban in Scotland in 2018 of microbeads being intentionally added to rinse-

off cosmetic products, it is likely that these products remain in the environment from 

prior releases.46  

Plastic pellet loss 

2.34 The third largest source identified in the EU Commission review was plastic 

pellets, powders and flakes (hereafter referred to as pellets) although there is greater 

uncertainty surrounding the total amount entering the aquatic environment due to 

greater opportunities for capture prior to reaching a WWTW, alongside the variability 

in treatment processes/efficacies across WWTWs.57 The OSPAR assessment also 

reports primary microplastics from industry (pre-production pellets) as #one of the 

largest sources of microplastic emissions across the OSPAR catchment area.58 

2.35 Plastic pellets, commonly termed ‘nurdles’, are small 2-5 mm plastic particles 

used primarily within the polymeric plastic production industry.68 Throughout the 

plastic production supply-chain, pellets can be lost due to spillages whenever they 

are handled, such as filling and emptying, storage, loading for transport and 
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shipping. This is often referred to as ‘pellet loss’ and can lead to pellets being 

released into the environment, either through indirect or direct routes. Pellet loss can 

also occur from the mismanagement of plastic pellets, such as insufficient clean-up 

after a spill.69  

2.36 An Impact Assessment accompanying an EU Commission provision to prevent 

plastic pellet loss estimated that between 52,140 and 184,290 T of pellets are 

unintentionally released into the EU environment annually. This comprises 0.08 to 

0.28% of total pellets volumes in the EU. Logistics (transport, intermediate storage 

and handling during these operations) attributed the largest pellet loss (27,870 to 

111,480 T), followed by converters (15,600 to 46,800 T), producers (7222 to 21,665 

T) and recyclers (1448 to 4345 T).70 

2.37 Very few studies have attempted to quantify pellet loss into the aquatic 

environment, despite being identified as a key source of marine pollution since the 

1980’s.71 Robust estimates come from the river Rhine, where spherules (pellets) 

comprised 60% of plastic particles within the river and were linked to different 

industries.72 For the river Danube, during heavy rainfall researchers estimated 693 to 

138,219 pellets per 1000 m3 within the Danube Alluvial Zone National Park that is 

adjacent to a plastic manufacturing site.73  

2.38 To date there is no study that has directly measured pellet loss from UK 

industries. Eunomia conducted a study on behalf of Fidra to estimate total pellets lost 

from the UK plastics industry using estimates of pellet loss from two published 

reports, alongside an unsourced estimate from a UK processor. Based on this, 

Eunomia estimated that 48 to 480 T of pellets are lost at plastic processors annually 

each year in the UK, while 32 to 320 T are lost during transport and 25 to 250 T are 

lost at UK plastics producers.74 This totals an estimated annual loss of 105 to 1,054 

T pellets in the UK.  
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2.39 Eunomia estimated pellet loss throughout the supply chain for Scotland. This 

estimate assumed that 15%iii of the UK plastics industry is located in Scotland, 

alongside correspondence with an unnamed Scottish plastics producer, and 

estimates that 15.8 to 158.1 T of pellets could be lost annually from Scottish 

industries.74 The Eunomia report acknowledges the limited number of studies 

available to estimate pellet loss in the UK but highlights their usefulness in helping to 

inform a true rate of loss.75 

2.40 A study carried out in 2004 reported that plastic pellets were detected on the 

majority of beaches within the Firth of Forth but were not quantified as they were “too 

numerous to count”.76 Polypropylene pellets were reported in the surface water 

assessment carried out as part of the SMA2020, with an average abundance of 203 

particles per km2 across the whole study area.69  

2.41 Fidra’s ‘Great Nurdle Hunt’, a citizen science programme gathering data on 

nurdle pollution across beaches, has reported pellets across the majority of 

Scotland’s coastlines with hotspots detected across the east coast with frequent 

occurrences of 101 to 1000 and >1000 nurdles recorded.77 North Queensferry, a 

beach located ~12 miles from Ineos Polymers across the Firth of Forth Special Site 

of Scientific Interest (SSSI), has received media attention for its level of pellet 

pollution.78,79  

Marine-derived sources of litter 

2.42 Global estimates suggest that marine-derived litter sources input 0.54 to 5.01 

MT of litter into the marine environment every year,18 with the mid-point for plastic 

litter inputs as 1.75 MT per year.13 This comprises a much smaller proportion of 

marine litter compared to land-derived inputs. The major sources of marine-derived 

 
iii The British Plastics Federation’s current estimate of plastic processed in the UK is 

3.5 MT, 1.4 MT lower than the estimate used in the study and state that only 8% of 

the plastic industry is based in Scotland 
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litter are from commercial fishing, aquaculture, recreational fishing and shipping 

containers.80,5 

2.43 Very few estimates exist for the exact contribution of litter from commercial and 

recreational fishing. The extent of waste generated by such activities is dependent 

on the scale of such activities and regulatory action.81 For example, estimates for the 

seafood industry (comprising commercial fishing, aquaculture and in this instance 

recreational boating) ranged from 9% in the Mediterranean Sea and Baltic Sea to 

42% in the Black Sea.18 As a proportion of marine-derived litter, the overall estimate 

is that 22% originated from the fishing sector, whilst 13% originates from the 

shipping sector.18  

2.44 Plastic use is widespread in aquaculture for parts of cages, nets and mesh for 

cages, harvest bins and packaging for feed. Across the European Economic Area 

(EEA), between 3,000 and 41,000 T of waste is produced from the fishery and 

aquaculture industries, ~72% of this is likely to be plastic waste.82 From this, it was 

estimated that 15% of the total plastic waste is lost to the marine environment likely 

through mismanagement of waste82 or after extreme weather.18 Based on this figure, 

the total plastic waste emitted into the sea each year from fishing and aquaculture 

gear can range between 9,888 and 22,685 T.82 

2.45 Across the OSPAR regions, the highest percentage of maritime-related plastic 

items as a proportion of items classified in each region was observed in the Greater 

North Sea (25%), indicating that marine-derived litter is a regular source of litter in 

this region.23 As highlighted in Section 6.8, the prevalence of fishing-derived litter on 

Scottish beaches varies substantially and potentially has a greater influence on more 

remote beaches in the Highlands and Islands regions. Given this, while there are 

other sources of marine-derived litter recognised globally (such as shipping, marine 

coating and paints)83,84,85 only commercial, recreational fishing and aquaculture are 

considered further in this section.  

2.46 KIMO UK’s ‘Fishing for Litter’ scheme in Scotland, which implements OSPAR 

recommendation 2010/1986, has recorded over 2000 T of retrieved fishing gear from 

2005 to 2021 but this retrieval may only comprise a small proportion of fishing-

derived litter.87 One study combining simple oceanographic circulation parameters 
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with empirical estimates of beach litter for the Scottish Atlantic Coast and North Sea 

Coast reported that fishing releases ~20 T (four million pieces) of marine litter a year, 

accounting for ~2% of all marine litter in Scotland.31 A more recent study estimates 

this to be much higher with 234 T to 614 T of small fishing-related litter entering the 

sea annually from demersal fishing along the Scottish Atlantic coast.88  

2.47 Scotland is the world’s third largest producer of farmed salmon with a significant 

number of salmon farms on the west coast, in addition to farms for other types of fish 

and bivalves.89 Aquaculture has expanded significantly - between 2009 and 2019, 

global aquaculture production increased by 64% and is projected to double by 2050. 

Marine litter from aquaculture is expected to increase as a result.90,82 No studies on 

the contribution of Scottish aquaculture to marine litter have been identified. 

2.48 Understanding the origins and main pathways of fishing-derived litter, 

particularly fragments of fishing ropes and nets, ending up on Scottish beaches is 

inherently difficult. A study examining patterns of fishing debris across UK beaches 

found that the occurrence of fishing-based litter was most likely explained by a 

beach’s proximity to fishing ports and fishing grounds.91  

2.49 Globally, there are various routes in which fishing gear can enter the marine 

environment and it is generally considered under the classification of abandoned, 

lost or discarded fishing gear (ALDFG). This could be through fishers losing or 

abandoning gear when it makes contact with another object (e.g. a vessel), gear 

conflict (e.g. passive gear is unintentionally towed by a trawl), malfunction of tracking 

systems, damage through snagging on submerged objects or by marine organisms, 

loss from bad weather or quick discarding of gear in areas where fishing is 

illegal.92,93 Across the west coast of Scotland, the majority of small fishing sourced 

beach litter composed of short pieces of net, rope and twine that had been cut and 

was suggested to be from the mending of nets on board vessels that are then 

unintentionally lost due to poor waste management on board.88 

2.50 A study in 2013 conducted by Marine Scotland (now Marine Directorate) aimed 

to assess the extent of, and possible scenarios resulting in, gear conflict in Scottish 

inshore waters. Gear conflict was reported to be most prevalent within 3 nautical 

miles across the South West (Boan, Campeltown and Ayr) and the North West 
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(Kinlochbervie, Lochinver, Ullapool, Portee, Mallaig) regions. Static gear operators 

(67% of nephrop creelers and 63% using other creels) reported that deliberate intent 

from other operators was perceived to be the main cause of gear conflict; however, 

several potential causes of gear conflict were also declared.94 

2.51 One difficulty in quantifying the amount of commercial and recreational fishing 

gear that may contribute to marine litter is a lack of regular data collection on how 

much fishing gear is sold, in-use and ultimately lost through ALDFG.95,57 A UK-wide 

gear inventory, carried out by UK devolved governments, industry and stakeholders, 

estimated that approximately 60,000 T of commercial fishing gear is in use across 

the UK, and 62,000 T of aquaculture gear. For both fishing and aquaculture gear, the 

greatest weight of material in use is in Scotland (35,000 T and 44,000 T 

respectively).96 Another study estimated that between ~480 and ~1000 T of fishing 

and aquaculture gear is used in Scotland.97 This is estimated to generate 5 to 110 T 

of microplastics from fishing net gear in the sea per year.98  

2.52 The prevalence of ALDFG and the potential impact of ghost geariv and its wider 

ecological impacts (see section 3) is recognised by the OSPAR action to tackle this 

source of marine litter.99 Gear is now lasting longer once lost or discarded as it is 

largely produced from synthetic fibres, such as nylon and polyethylene as opposed 

to historically being composed from natural materials, such as cotton or hemp and 

therefore needs to be better mitigated.100  

2.53 In summary, the largest constituent of marine litter, both globally and at a UK-

Scotland-level, is land-derived litter. Within this, mismanaged waste, particularly 

public littering is the greatest contributor transported via inland waterways or 

deposited directly into the coastal environment. For Scotland, the prevalence of 

marine- and land-derived litter can be influenced by the type of coastal environment, 

wind exposure, currents and location. For example, several studies show that 

fishing-derived litter is a greater pressure across the Highland and Islands coastal 

regions.  

 
iv Lost or abandoned gear that continues to ‘fish’ once lost, such as entanglement 

with marine mammals and habitats, like rocky structures.  
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2.54 Microplastics have been reported in surface waters throughout Scotland but 

attributing microplastics to source is inherently difficult. In the EU, the three greatest 

sources of microplastics into the marine environment are: tyre wear, treated waste 

water effluent and plastic pellet (including powders and flakes) loss.  

2.55 Fishing-derived litter (originating from recreational, commercial and 

aquaculture) is the greatest contributor to marine-derived litter across Scotland; 

however, estimates quantifying its proportion of marine litter in Scotland vary. 

Fishing-derived marine litter can be a result of gear being abandoned, lost or 

discarded but there is currently a lack of understanding regarding the major causes 

of this form of marine litter in Scotland. This is partly due to a lack of regular data 

collection on how much fishing gear is sold, in-use and ultimately lost through 

ALDFG.  
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3. The ecological impacts of marine litter are well 
evidenced and indisputable  

3.1 As early as the 1970’s scientific studies have demonstrated the potential 

ecological interactions between marine species and plastic pollution, reporting early 

records of ingestion in birds101,102, turtles103 and fish104 and entanglement with 

marine mammals105,106 as a few examples. One of the first dedicated scientific 

reviews summarising the known deleterious effects of plastic litter was then 

published in 2002.107 Decades on, ecological impacts persist. Up to 2015 there have 

been 44,000 cases of ingestion and entanglement with marine debris affecting 1,400 

marine species recorded in literature108 - signifying its longstanding and detrimental 

impact on marine life.  

3.2 For entanglement, marine animals can be attracted to or accidentally entangled 

with discards and lost material from commercial fishing activities, such as set and 

drift nets, rope and lines, and plastic packaging loops. Direct impacts from 

entanglement include mortality through drowning, injury or starvation.109  

3.3 Across Scottish-focused studies, there is also evidence of microplastic uptake in 

marine organisms, including fish110 and crustaceans.111 One study found that ~11% 

of organisms in the East Mingulay SAC in the Outer Hebrides, had ingested 

microplastics.112 Another study found that ~50% of aquatic macroinvertebrates 

sampled in Scotland’s freshwater environments contained microplastics.113 Levels of 

microplastic ingestion has been shown to vary in fish, with higher ingestion in coastal 

areas than deeper waters across Scottish marine areas.110  

3.4 For seabirds, ingestion of marine plastic litter is well evidenced. A review of 

studies across the North-East Atlantic, including Scottish marine areas, found that 

74% of bird species studied in the area had ingested plastic. However, authors note 

that only 49% of all species in this area had been studied, limiting knowledge of 

overall plastic ingestion for the area.114 The review also reports several studies in 

which seabirds have been evidenced to incorporate plastics into their nests.114 Over 

80% of gannet nests in Wales between 1996 to 1997 and 2005 to 2010 contained 

plastic, largely synthetic rope, and this led to the entanglement of 63 bird (adults and 
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chicks) per year on average.115 Such mortality will likely only increase with the 

expected increase in physical marine pollution.16 

3.5 Ingestion of marine plastic has been shown to have indirect impacts, such as 

reduced body condition and feeding rates116, build-up of ingestible matter (i.e. 

bioaccumulationv) in fish, invertebrates and marine mammals,117 and impact the 

burrowing activity of lugworms.97 A study in the North Sea found that nine of 22 

sperm whale carcasses investigated contained marine debris including netting, 

ropes, foils, packaging and part of a car although none of these items were 

responsible for the death of the animals.118 

3.6 Marine litter has also been shown to have potential impacts on Priority Marine 

Featuresvi classified for their ecological importance. A study carried out in Orkney 

found that microplastics can adhere to seagrass and over 80% of the marine biota 

collected from the seagrass beds contained microplastics.119 Exposure to 

microplastics has been shown to have a potential effect on the growth rates and 

tissue health of cold-water corals native to Scotland.120 Cold-water coral species 

classified as Species of Principal Importance in England have also been found to get 

caught up in and damaged by ghost fishing gear and other marine litter in the seas 

around South West England.121 

3.7 Changes to individual species behaviour, such as feeding and growth rates, can 

represent a response to environmental stress and be indicative of potential 

ecosystem-level effects. However, extrapolating these impacts to ecosystem 

functioning remains challenging due to the inability to measure and model such 

processes on a global scale.122 Microplastics have been suggested to have an 

impact on ecosystem function in oyster-dominated muddy sediment environments 

following a decrease in biomass and a change in ecosystem composition under 

mesocosm conditions. Another study found that microplastics had little impact on the 

 
v The build-up of a chemical when an animal consumes it more quickly than it can 

excrete it, resulting in higher levels of the chemical further up the food chain 
vi Priority Marine Features are features characteristic of the Scottish marine 

environment that have conservation importance.  
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oysters but the total number of organisms in these ecosystems decreased by up to a 

third when affected by microplastics.123  

3.8 Other affects related to microplastics observed outside Scotland and identified in 

literature reviews include immune responses in mussels,46 immobilisation of 

zooplankton,124 disruption of filtration and digestive systems, cell death, DNA 

damage, oxidative stress, effects on growth and reproduction, effects on swimming 

and population decline across a variety of species.125 

Emerging threats from marine pollution 

3.9 In addition to the direct threats posed by marine litter, emerging threats 

associated with the degradation of marine litter are being increasingly recognised. 

The breakdown of plastics in the marine environment when exposed to natural UV 

light can release harmful contaminants, either those added during the manufacturing 

of plastics or those which can adsorb to the surface of plastic. 

3.10 For example, plasticizers, such as bisphenols (including BPA) and phthalates 

that are added to plastic for hardness, can be released over time.126 Studies have 

found phthalates in fish and shellfish in Scotland, with greater occurrences observed 

in marine fish than freshwater fish.127 Rubber particles from tyres can also release 

harmful compounds after exposure to ozone that pose a risk to marine life.128 For 

example, 6PPD quinone is formed from tyre debris and has been linked to salmon 

deaths128 and rainbow trout deaths in the US.129  

3.11 Micro and nanoplastics have been found to be a vector for adsorbed 

contaminants that have been shown to have detrimental impacts on marine life 

through ingestion and bioaccumulation up the food chain,130,131 or through direct 

release into the water.132 Adsorbed chemicals include: heavy metals, pesticides, 

organic compounds, hydrocarbons, medicines, persistent organic pollutants (POPs) 

and phthaltes.130,131,133,132,134,135 The range of contaminants that can be adsorbed 

have been found to be carcinogenic, cause cardiovascular disease and be endocrine 

disruptors.130 
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3.12 As well as transporting adsorbed contaminants, one study reports that 

anthropogenic flotsamvii is the third most common vector for invasive non-native 

species (INNS) in the UK accounting for 9% of alien species.136 Plastics have a 

greater capacity for carrying INNS than other non-plastic vectors.137, 138 Invasive 

species pose a risk to biodiversity and ecosystem services. Floating debris can 

introduce INNS both from outside an ecosystem and spread an alien species within 

an already affected area.137 While this process has historically occurred on natural 

material, anthropogenic litter had significantly increased the number of available 

vectors for transporting INNS.137 

3.13 Marine litter may also be a potential vector for organisms that cause disease 

(pathogens).139 Microorganisms form films, called biofilms, on objects. A literature 

review of global studies found that pathogenic bacteria of the Vibrio species were 

carried on marine microplastics in 15 studies from the Sungo Bay in China, North 

Atlantic, North Sea, Baltic Sea, Bay of Brest in France and the Mediterranean.139 

Other pathogens have also been identified on microplastics including 

Campylobateraceae, Aeromonas, Pseudoalteromonas, Tenacibaculum, 

Pseudomanas, Furunculosis and Phormidium species.139  

Potential impacts on human health 

3.14 Marine litter can also impact human life through a variety of ways, including the 

eyesore of visual pollution, boat entanglement with fishing gear, and boats colliding 

with larger pieces of debris or getting debris tangled around propellors. Microplastics 

can also enter the human body via inhalation, ingestion or through the skin.140 

Perhaps most significant is the potential effects on human health caused by the 

indirect ingestion of microplastics through the consumption of seafood. 

3.15 Microplastics can accumulate in seafood. This is most notable for shellfish as 

they filter large amounts of seawater when feeding, leading to a build-up of 

microplastics within them. In the UK, a study found that 341 particles/person/year of 

 
vii debris associated with vessels that has been released into the marine environment 

unintentionally, such as during a shipwreck or accident.  
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microplastic were ingested from seafood. This is a similar amount to Belgium (479 

particles/person/year) and South Korea (521 particles/person/year) and within the 

range identified in France (145 to 1,139 particles/person/year).141 In Italy, where 

shellfish consumption and the levels of microplastics in market samples of fish are 

higher, ingestion was found to be 11,970 particles/person/year.108,141 

3.16 The chemical additives in microplastics and adsorbed contaminants may also 

pose a risk to human health when consuming seafood containing microplastic. While 

the impacts of the individual contaminants are often well understood, the dose of 

chemicals to humans from microplastics in seafood and the health implications are 

not well understood.142  

3.17 A recent study suggests that patients identified as having micro and 

nanoplastics within the plaque of certain arteries were at greater risk of strokes, 

heart attacks or death.143 Another study showed that human cells exposed to micro 

and nanoplastics were found to show cytotoxic reactions.108 However, attributing a 

link between the consumption of marine organisms containing microplastic and 

adverse health outcomes and quantifying the impact of marine microplastics on 

human health is challenging.  

3.18 Research into the human health impacts of such contaminants through 

consumption of seafood are still in its infancy. While current evidence suggests that 

microplastic pollution does not pose a widespread risk to humans, experts have 

called for the precautionary principle to be invoked in assessing potential risks to 

human health.144 

3.19 Microplastics may also act as a vector for pathogens, which poses a risk to 

consumers of seafood and staff in aquaculture sites; however, the risk has not been 

quantified.139 A study of five EU designated bathing beaches on the Forth Estuary 

found that plastic pellets (‘nurdles’) act as a vector for Escherichia coli and 

pathogenic bacteria such as species of Vibrio. Nurdles colonised by both E. coli and 

Vibrio species were found on all five beaches. Vibrio colonisation was over 75% at 

four of the beaches. This is thought to be caused by biofilms covering the nurdles in 

contaminated seawater.145  
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3.20 Microplastics may, therefore, indirectly lead to a reduction of bathing water 

quality under the EU Bathing Water Directive. Poor quality bathing water can lead to 

gastrointestinal symptoms, respiratory diseases and eye, nose and throat 

infections.146  
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4. Legislation governing land-derived litter 

4.1 The composition of marine litter is highly influenced by the upstream sources that 

enter the marine environment directly, or via the pathways connecting land to sea. 

Given this, legislation controlling the potential land-based activities that generate 

marine litter in Scotland has been assessed (excluding public littering). 

4.2 Figure 1 sets out the key legislation controlling land-based activities linked to 

land-derived sources of marine litter in Scotland. The legislative landscape is 

complex and fragmented. There are many regulations controlling individual activities 

that are not principally targeted at preventing the generation of marine litter. Rather 

their primary focus is on the prevention/minimisation of the environmental impact of 

the regulated activity.  

4.3 For example, regulations controlling surface water run-off, sewage discharges 

(both treated and untreated), landfilling of waste and industrial activities aim to limit 

the release or effect(s) of contaminants that constitute litter, but currently have 

minimal regard for their impact on the marine environment. Secondly, given that 

marine litter can enter Scotland’s marine environment from a range of land-derived 

activities, it therefore spans across different regulatory sectors, such as waste, 

agriculture and wastewater. This adds to the complexity of the legislative landscape 

and contributes to a lack of transparency over how these regulations interact with 

each other and collectively tackle marine litter. 
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Figure 1. Legislative and regulatory framework applicable to land-derived marine litter in Scotland. 
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4.4 Greater action is needed given the persistence of land-derived litter across 

Scotland’s marine environments and failure to meet GES for marine litter. ESS finds 

that there needs to be greater coherence and coordination across the current 

legislative and policy framework to control land-derived sources of marine litter. This 

would increase opportunities to prevent litter prior to it reaching the marine 

environment. For example, greater integration between the Scottish Government’s 

‘Marine Litter Strategy’ and the ‘National Litter and Flytipping Strategy’ should lead to 

stronger measures to reduce land-derived litter at source.  

4.5 NatureScot explored the interest in, and opportunities for, a ‘source-to-sea’ 

approach in relation to environmental action, policy and legislation in Scotland.147 

This work highlighted the role that more holistic management can play in delivering 

existing and emerging strategies and policies through creating greater collaboration 

and coordination across environmental systems and governance levels. The 

approach supports the resolution of issues/detrimental flows at the source to prevent 

negative effects elsewhere in the environmental system, which is highly relevant to 

addressing the issue of marine litter. 

4.6 Recommendation 1: The Scottish Government should establish a ‘source-to-

sea’ approach to enhance the effectiveness of current and future policy and 

legislation by improving coordination between terrestrial and marine litter strategies.  

4.7 Figure 2 summarises the key sources of land-derived marine litter and the 

patchwork of legislation that controls these. It also presents an assessment of the 

degree to which the regulations governing each activity support the prevention of 

marine litter at source. Legislation classified as ‘strong’ is considered to directly 

effect on limiting marine litter at source; ‘moderate’ considers the legislation indirectly 

effects litter from those activities legislated for or gaps have been identified; ‘weak’ is 

where an absence of legislation concerning an activity has been identified, 

representing a key gap(s) in the current legislation.  

4.8 Several potential gaps and inefficiencies of these regulations have been 

identified in respect of preventing marine litter at source, principally surface water 

run-off from roads, the discharge of treated sewage and plastic production and the 

plastic pellet supply chain - these are summarised below. As shown in section 2, 
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evidence suggests that globally these are potentially the most significant sources of 

microplastics entering the marine environment from land-based activities.  

Figure 2. Summary of the key sources of land-derived litter into the marine 
environment, the current regulations governing them in Scotland and ESS’ 
assessment of their potential efficacy. 
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Surface water run-off from roads  

4.9 Surface water run-off is a collective term used to describe any water from rainfall 

(or any meltwater from snow or ice) that flows over the surface of the ground and 

any matter (for example soil or road debris) that is picked up by that water as it flows.  

4.10 The discharge of surface water run-off from roads is a controlled activity that is 

regulated and authorised by the Water Environment (Controlled Activities) (Scotland) 

Regulations 2011 (‘the CAR regime’).148 There are three levels of authorisation 

required for controlled activities, intended to reflect relative environmental risk: 

• general binding rule (GBRs) 

• registrations 

• licences 

4.11 Usually, the discharge of surface water run-off from roads to the water 

environment (via a surface water drainage system) is authorised under a GBR (GBR 

10A and 10B), provided certain conditions are met. However, a licence is required 

for any motorways and trunk roads where one outfall serves a length of road greater 

than 1km in length.  

4.12 Under the CAR regime it is a general requirement for the discharge of surface 

water run-off from all new developments (from 2007 onwards) to be treated by a 

Sustainable Urban Drainage System (SUDS). SUDS refers to a range of water 

management practices and facilities designed to drain and treat surface water in a 

way that more closely mimics natural drainage (rather than the more conventional 

practice of routing run off through a pipe to a watercourse). There are two exceptions 

to this requirement for new (post-2007) developments: (a) where the development is 

only a single dwelling and (b) where the discharge is directly to coastal waters. 

Developments constructed before 2007 are not required to be drained by SUDS, but 

there is a requirement to take reasonable steps to ensure that discharge does not 

result in pollution of the water environment. 

4.13 SUDS have been shown to be an effective measure in reducing microplastic 

abundance in urban run-off outlets and therefore are an important regulatory 
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measure.149 A large proportion of roads in Scotland (those constructed before 2007 

and those that discharge directly to coastal waters) are not required to be drained by 

SUDS and therefore, present a large source of rubber tyre wear that contributes to 

the prevalence of marine (predominantly plastic) litter.  

Discharge of treated sewage  

4.14 Sewage is treated at wastewater treatment plants before being discharged to 

the water environment. As discussed in section 2, although there is a high removal of 

microplastics during the treatment of sewage from the effluent (to the sludge), the 

sheer volumes of effluent discharged mean that it is still a significant source of 

microplastics. The discharge of treated sewage effluent is regulated under the CAR 

regime and the Urban Waste Water Treatment (Scotland) Regulations 1994.150  

4.15 Monitoring of pollutants within wastewater effluent is a requirement of the 

authorisations (granted by the Scottish Environment Protection Agency (SEPA) 

under the CAR regime) controlling these discharges. Pollutants monitored include 

inorganic compounds (e.g. nitrate), metals (e.g. copper) and organic materials (e.g. 

phosphorus).151 However, monitoring of microplastics in treated sewage effluent is 

not currently required and therefore the true effect of treated sewage discharges in 

contributing to marine microplastic pollution is unknown. A recent revision to the EU 

Urban Waste Water Directive introduces the requirement for monitoring of 

microplastics in treated sewage effluent and additional treatment requirements to 

remove microplastics (see section 10).  

4.16 The European Federation of National Associations of Water Services (EurEau), 

of which Scottish Water is a member, has highlighted the importance of wastewater 

treatment as a pathway for microplastics to aquatic ecosystems. They also 

acknowledge that current technologies for wastewater treatment are not capable of 

removing all micropollutants, such as microplastics, and advocate for micropollutants 

to be controlled at source.152 EurEau also supports the recent EU regulatory 

proposal on preventing unintentionally released microplastics (see section 10) as this 

will enable a regulatory framework implementing to control such micropollutants at 

source.153  
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Plastic Production and pre-production pellet supply chain 

4.17 The production of organic chemicals (including plastic materials) is regulated by 

the Pollution Prevention and Control (Scotland) Regulations 2012 (‘the PPC 

Regulations’).154 Currently, only large-scale industrial sites involved in the production 

of plastic materials fall under the scope of the PPC Regulations. Other (smaller 

scale) uses of plastics are currently not regulated by these environmental regulations 

but may fall under the scope of wider regulatory frameworks.  

4.18 Currently, the pre-production pellet supply chain is unregulated. Operation 

Clean Sweep certification standard provides a set of voluntary guidelines for 

companies to reduce plastic pellet pollution into the environment and certifies 

compliance with standardised best practice, however a supply-chain approach was 

widely called for.155 

4.19 Evidence shows that pre-production pellet pollution (comprising pellets, 

powders and flakes) into the aquatic environment can occur throughout the supply 

chain of plastic production, most notably when pellets are handled during transport 

(either via roads or shipping) and storage (see section 2). This represents a potential 

unaccounted source of marine litter. However, across the UK there is no evidence 

available to accurately quantify the current extent of pellet loss.  

4.20 Scottish Government convened the ‘Scottish Plastic Pellet Loss Steering 

Group’, which, with others, sponsored the first plastic pellet publicly available 

specification standard ‘PAS 510:2021’156. This standard sets out good practice 

guidelines for the handling and management of plastic pellets, flakes and powders 

across the supply chain. This standard is voluntary, and companies are not obliged 

to adhere to their requirements.  

4.21 The steering group also proposed a set of principles that should be adopted to 

any supply chain approach to limit pre-production pellet loss, this includes an 

accredited external audit process (e.g. a pellet certification scheme) or integration 

into existing audit programmes to accompany the standard.157 This work was used to 

https://www.bsigroup.com/en-GB/standards/pas-5102021/
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inform the OSPAR recommendation 021/06 on the reduction of plastic pellet loss into 

the marine environment.155 A similar proposal has also been made within the EU to 

introduce tighter regulation of the pre-production pellet supply chain but is 

anticipated that Small and Medium Enterprises (SMEs) or enterprises handling 

<1000 T per year will be exempt158 (see section 10). 

4.22 The draft SBSDP states that measures to improve plastic pellet handling and 

management across the plastics supply chain will be introduced by the end of 2025. 

OCS have committed to jointly developing a Europe Certification Scheme to 

minimise pellet loss across the supply chain,159 this should be applied at an 

appropriate scale to ensure smaller operators are also included as per the OSPAR 

recommendation. Despite this, it is unknown when this will be implemented across 

Scotland.  

4.23 Recommendation 2: ESS recommends that the Scottish Government must 

specify how they plan to implement improvements to the handling and management 

of plastic pellets and clarify if they are on target to implement this by the end of 2025. 

ESS recognises the Scottish Government’s efforts to reduce plastic waste but more 

action is needed 

4.24 The Scottish Government has developed focused legislation concerning single-

use plastic items, including:  

• banning the use of plastic-stemmed cotton buds under the Environmental 

Protection (Cotton Buds) (Scotland) Regulations 2019160 

• prohibiting the manufacture and sale of rinse-off personal care products 

containing microplastics under The Environmental Protection (Microbeads) 

(Scotland) Regulations 2018161  

• banning the business use of certain single-use plastic products: cutlery, plates, 

straws, beverage stirrers and balloon sticks under The Environmental 

Protection (Single-use Plastic Products) (Scotland) Regulations 2021162  
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4.25 ESS also acknowledges the recent commitment from Scottish and UK 

Government to introduce new legislation to ban the manufacture, supply and sale of 

plastic-containing wet wipes in the UK.163 

4.26 Progress on the introduction of a Deposit Return Scheme (DRS) for single-use 

plastic drinks containers has stalled. The DRS scheme was due to be introduced into 

Scotland in Summer 2023. However, it will now be introduced on a UK-wide basis no 

earlier than October 2027. Given the significant risks and impacts to the 

environment, ESS finds this delay regrettable and would stress the importance of 

ensuring timely and successful implementation of a DRS scheme. 

4.27 Despite such efforts, single-use plastic items continue to dominate marine litter 

across Scotland. This indicates that current efforts to reduce marine litter are not 

adequate and delayed action by Scottish Government developing further targeted 

legislation is not an option. This includes the need for the Scottish Government to 

develop and implement policy regarding single-use plastic food containers following 

the recent call for evidence,164 and should address appropriately all single-use items, 

such as packets and wrappers, considered under the EU Single-Use Plastics 

Directive.165 Scottish Government should also ensure implementation of a DRS with 

no further delays. 

4.28 At the European Union (EU)-level, the production of plastic waste is addressed 

through the Zero Pollution Action Plan that aims to reduce plastic pollution at sea by 

30% by 2030. A part of this reduction is the adoption of a circular plastics economy 

through the ‘European Strategy for a Plastics in a Circular Economy’ and the EU 

‘Circular Economy Action Plan’. ESS welcomes wider action towards the 

development of a circular economy in Scotland (including action to reduce plastic 

containing items) under the Circular Economy (Scotland) Act.166 The wider ambition 

of the Scottish Government in its movement to a more circular economy should align 

with the EU and recognise the role in applying a circular economy to reducing plastic 

waste production that will support its aims in reducing litter in the marine 

environment.  

4.29 Recommendation 3: ESS recommends that the Scottish Government, working 

with the UK Government where appropriate, should work with the UK Government to 
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bring forward legislative proposals to reduce waste from single-use plastic food 

containers and plastic bottles and adopt a more circular economy approach to 

reduce plastic production.  
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5. Legislation governing marine-derived litter  

5.1 Overall, evidence suggests that marine-derived litter comprises a smaller 

proportion of marine litter globally than land-derived litter (see section 2). For 

Scotland, marine-derived litter, predominantly fishing gear, may present a greater 

pressure for more remote Scottish beaches surveyed across the Highlands and 

Islands, compared to Scottish beaches in the rest of Scotland.  

5.2 Overarching regulation for waste generation and dumping of waste at sea by 

ships is through the ‘International Convention for the Prevention or Pollution from 

Ships’ (MARPOL)167 and the ‘1996 Protocol to the Convention on the Prevention of 

Marine Pollution by Dumping of Wastes and Other Matter,1972’168 (known as the 

“London Protocol”), respectively. 

5.3 MARPOL governs the appropriate discharge of sewage (Annex IV) and garbage 

(covering fishing gear) (Annex V) from all vessels e.g. merchant ships, fishing, non-

commercial pleasure crafts, including fixed or floating platforms into the marine 

environment.169 In the UK, MARPOL Annex IV and Annex V are supported by The 

Merchant Shipping (Prevention of Pollution by Sewage from Ships) Regulations 

2020 (‘the 2020 Regulations’).170 The 2020 Regulations inhibit the discharge of 

‘victual, domestic and operational wastes generated during the normal operation of a 

ship and liable to be disposed of continuously or periodically’. This includes the 

discharge of any plastic, including synthetic fishing nets, ropes and plastic bags.171  
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Figure 3. Legislative and regulatory framework applicable to marine-derived marine 
litter in Scotland  

 

5.4 In line with MARPOL is the EU Directive 2019/883 on port facilities for ship 

generated waste and cargo residues (the ‘PRF Directive’). 172 The PRF Directive 

requires EU ports to provide facilities for the deposition of ship-generated waste and 

cargo residues to reduce ship-sourced pollution. The PRF Directive also introduced 

charges to ships to cover the cost of waste treatment and disposal of ship-generated 

waste at ports. This Directive is implemented in the UK through the Merchant 

Shipping and Fishing Vessels (Port Waste Reception Facilities) Regulations 2003 

(‘the 2003 Regulations’).173 

5.5 Prior to an amendment in 2019, fishing vessels and recreational vessels 

(carrying fewer than 12 passengers), were exempt from paying the mandatory 

indirect fee under the PRF Directive. Despite this, they still had a legal obligation to 

land their waste at port facilities and cover the cost of delivery of ship-generated 

waste on a commercial basis.174 At EU level it was reported that this could have 

been potentially incentivising waste to be discarded at sea by fishing vessels.175 
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5.6 In 2019, a review of the PRF Directive extended the ‘indirect fee’ to fishing 

vessels and recreational vessels (carrying fewer than 12 passengers). However, the 

2019 update has not been implemented into the domestic 2003 regulations.176 For 

Scotland, the Scottish Government’s ‘Marine Litter Strategy’ plans to extend access 

to the Port Waste Reception Facilities to fishing vessels with the aim that it will 

increase the responsible disposal of end-of-life gear without additional charges.207 

ESS would expect the Scottish Government to action this as part of its commitment 

to ‘keep pace’ with the EU on environmental standards and to deliver on its plans for 

improved waste management of end-of-life fishing gear by 2027. 

5.7 Similarly, the PRF Directive (and 2003 Regulations) exempts fishing (and 

recreational vessels) reporting on the delivery of waste to ports, which may represent 

a regulatory gap for gear and waste discard.18 A Eunomia report assessing the 

current international regulations reports that while the prohibition of discharging and 

dumping waste at sea are comprehensive, there is a lack of clarity surrounding fees 

(as discussed above), waste management, reporting obligations, inspection and 

enforcement.18 For example, the exemption in the PRF Directive of fishing (and 

recreational vessels) to notify ports of waste disposal and the lack of requirements to 

report on or collect information on legal waste disposal by fishing vessels represents 

a potential regulatory gap in mitigating waste disposal at sea.18 In conjunction with 

the lack of data surrounding fishing gear production and usage (see section 2), this 

lack of information and data collection further adds to the ambiguity of assessing the 

extent of fishing-derived litter.  

5.8 Multiple factors affect the Scottish Government’s ability to reduce fishing-derived 

litter. These include a lack of understanding of the causes of fishing-derived marine 

litter in Scotland and a lack of regular data collection on the fishing gear in use by 

Scottish vessels and fishing waste generated in Scotland. Improvements are also 

needed to how end-of-life fishing gear is managed as a waste, considering the 

potential for reuse, recycling of elements and appropriate waste management and 

recycling facilities at port. This is partly acknowledged by the Scottish Government’s 

draft SBSDP to improve recycling routes for end-of-life fishing gear by 2027. At the 

EU-level, in 2021 the Single-Use Plastics Directive introduced a requirement for an 

extended producer responsibility scheme for fishing gear containing plastic to reduce 
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its impact on the marine environment.177 This has not yet been transposed into UK 

law. 

5.9 Recommendation 4: ESS recommends that the Scottish Government should 

work with the UK Government to bring forward measures to tackle end-of-life fishing 

gear and should establish a programme of work to identify and address the drivers 

and causes of fishing-derived marine litter in Scotland.  
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6. Emerging threats from and sources of marine litter 

6.1 As reported (section 2), there are several pathways in which litter is currently 

entering the marine environment across Scotland, and the wider UK. By statutory 

targets, we are currently failing to address and reduce well-evidenced sources and 

limit the impact of marine litter on Scottish marine environments. 

6.2 This is a concern because as knowledge of physical marine litter increases, so 

does the list of potential emergingviii sources of litter pollution and the threats posed 

by it. While research labelled as understanding microplastic pollution dates back to 

2004178, we are only beginning to understand the potential harmful pollutants that 

can be released when plastics break down or what new substances can leach from 

their surfaces are only beginning to be understood  

6.3 Several sources of physical marine pollution are becoming apparent in Scotland. 

Many of these sources are not new, but their contribution to levels of marine litter 

have only recently begun to be understood. Scotland’s Centre of Expertise for 

Waters published a report in 2015 on emerging contaminants in the aquatic 

environment detailing that agricultural run-off, soil erosion, waste disposal sites, 

aquaculture and offshore renewable developments179 were possible sources of 

microplastics in Scotland. In addition, ESS has also identified artificial turf infill as a 

potential source of physical marine litter.98,180 

Microplastics in soil 

6.4 OSPAR identified various sources of microplastics in soil that may impact the 

marine environment, these include paint emissions from shipyards, marinas, building 

and roads, sewage sludge, artificial pitches and road dust.58 Depending on the 

source and surrounding topography, the report determined that, in Denmark and 

Norway, between 2 and 10% of microplastics directly enter surface water and 

between 5 and 90% directly entered soil.58 A UK study found that soils in urban 

 
viii Sources are classed as emerging where there is limited published information and 

understanding of them is poor. 
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environments may contain microplastic concentrations of between 15.7 and 17.3 

particles/g dry weight, whereas woodland soils surveyed contained no 

microplastics.181 It is estimated that 60% of microplastics in soil reach rivers and the 

water environment.182 However, no Scottish-based studies on the movement of 

physical pollutants from soil to the marine environment were identified. ESS has also 

identified other sources of microplastics in soil from agriculture, including plastic 

weed barriers, however there is limited evidence available of their impact on the 

marine environment. 

Sewage sludge  

6.5 Sewage sludge is a by-product of wastewater treatment. While microplastics are 

removed from effluent at WWTWs, they will remain in sludge that is applied to land.65 

However its contribution as a source relative to other microplastic pathways may be 

smaller than soil erosion and surface water road run off.181,183 Microplastic 

concentrations in UK sludge have been found to range from 25 to 10,380 particles/g 

dry weight (p/g-1).65,184,185 Estimates suggest that 63,000 to 430,000 T of 

microplastics (equivalent to 7.2 to 129 trillion particles) are applied to European 

agricultural soils through the application of sewage sludge each year.186,187 

Microplastics transport modelling suggests that microplastic loads increase in the 

River Thames following application of sludge to nearby land but very little is 

understood regarding the quantities which may reach the aquatic environment from 

this source.47,188 

Coastal landfill and beach dune erosion 

6.6 Historically in the UK many landfills were built in the coastal zone on low value 

land that is susceptible to coastal erosion. This could lead to the potential release of 

landfilled waste into the marine environment.189 In England there are ~1,200 historic 

landfills built without any engineered waste management in tidal flood zones.190,191  

6.7 In England and Wales, 28% of the coastline is eroding by at least 10cm per year. 

Models estimate that roughly 10% (122) of historic coastal landfills will erode into 

coastal waters by 2055 in England and Wales.191 For Wales, these results were 
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supported in another study that found six out of 78 historic coastal landfills at high 

risk of eroding in the next 20 to 100 years.189 One European study found that coastal 

landfills breached by erosion may present a more significant source of microplastics 

than WWTWs192 – making this a potential emerging source of marine litter.  

6.8 For Scotland, coastal landfills at risk of eroding into the sea have been identified, 

including at the Eden Estuary in Fife193; however, no studies have reported the 

impact of coastal landfills on marine litter levels. Despite this, erosion and leaching of 

marine litter at specific coastal landfill sites has been highlighted in the media. The 

scale and extent of coastal landfill erosion is currently unknown but is at risk of 

becoming more prominent.  

6.9 Beach litter can build up in dunes as they develop and therefore can act as a 

secondary source of litter into the marine environment via dune erosion in a similar 

way to coastal landfill erosion.194 One study in England identified litter up to 57 years 

old being released from eroded dunes. Macroplastics of this age were found to have 

degraded in the dune system and so were becoming a source of microplastics.195 

The storage of plastic litter in dunes may account for discrepancies between plastic 

production and disposal estimates and the mass of plastics in the ocean.196 No 

studies have been identified which quantify the introduction of litter from eroding 

dunes to the marine environment. 

Artificial turf infill 

6.10 Rubber granules are commonly used as infill on artificial turf sports pitches to 

keep the synthetic grass fibres upright. These are lost to the surrounding 

environment and must be replenished regularly. OSPAR has identified these 

granules in synthetic turf sports pitches as a potential source of microplastics via 

their movement from soils, sewers and into receiving surface waters.58 It is estimated 

that 50% of infill can be lost to the environment.197,198 Around 5 to 10% of the 

synthetic grass fibres are also lost to the environment due to wear and tear.58  

6.11 Very little evidence is available to assess the extent to which artificial turf acts 

as a marine litter source in Scotland and many wider studies only present estimates 
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of microplastic loss that have not been verified empirically. A study of microplastics 

in the Scottish environment estimated that between 443 and 1,772 T of microplastics 

are lost from artificial football turf in Scotland per year and a further 11 to 102 T from 

equestrian surface but the amount ending up in the water or marine environments 

was not calculated.98  

6.12 Domestic use of artificial turf is unlikely to contain plastic infill; however, the 

grass ‘pile’ fibres may wear or break to release microplastics. The impacts of this are 

expected to be small compared to artificial pitches98; however, its use in domestic 

gardens has increased with the Society of Garden Designers claiming that one in ten 

gardens now have artificial lawns.199 

  



 

53 

7. Scotland has an obligation to reduce marine litter 

7.1 Scottish Ministers’ statutory duty to reduce marine litter across the marine 

environment is underpinned by domestic legislation. A statutory requirement of the 

‘Marine (Scotland) Act 2010’ (‘the 2010 Act’)200 led to the development of Scotland’s 

National Marine Plan (NPA), which states that measures must be taken to address 

and reduce marine litter throughout the development of marine spatial plans in 

Scotland.201 The 2010 Act, together with the ‘Marine and Coastal Access Act 

2009’,202 provides powers to Scottish Ministers to introduce measures to promote the 

sustainable management of Scotland’s inshore (0 to 12 nautical miles) and offshore 

(12 to 200 nautical miles) waters.  

7.2 While this enables marine litter to be tackled as a devolved matter, efforts to 

mitigate marine litter also occur at a UK level under the Marine Strategy Regulations 

2010 (‘the 2010 Regulations’). The 2010 Regulations transposes the EU Marine 

Strategy Framework Directive (MSFD) into UK law and provide the framework for the 

achievement of GES for 11 qualitative descriptors by 2020 and led to the 

development of the UKMS.  

7.3 The UKMS covers the extent of the marine waters over which the UK exercises 

jurisdiction and extends from the landward boundary of coastal waters (equivalent to 

Mean High Water Springs) to the outer limit of the UK Exclusive Economic Zone.203,ix 

This comprises the Celtic Seas and Greater North Sea MFSD subregions (see 

Figure 5) of which Scotland has an obligation to contribute to the achievement of 

GES at a UK-level.  

Figure 4. Scottish Marine Regions and Offshore Marine Regions 

Source: Scottish Assessment areas (Scottish Government, 2019) 

 

 
ix An exclusive economic zone is the zone in which the coastal state exercises the 

rights under Part V of the United Nations Convention on the Law of the Sea. These 

rights relate principally to the water column and may extend to 200 nautical miles 

from baselines. 

https://spatialdata.gov.scot/geonetwork/srv/eng/catalog.search#/metadata/Marine_Scotland_FishDAC_12185
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Key:  S1, Forth and Tay; S2, North East; S3, Moray Firth; S4 Orkney Islands, S5, 
Shetland Isles; S6, North Coast; S7, West Highlands; S8, Outer Hebrides; S9, Argyll; 
S10, Clyde; S11, Solway; O1, Long Forties, O2, Fladen and Moray Firth Offshore; 
O3, East Shetland Shelf; O4, North and West Shetland Shelf; O5, Faroe-Shetland 
Channel; O6, North Scotland Shelf; O7, Hebrides Shelf; O8, Bailey; O9, Rockall; 
O10, Hatton. 

 

7.4 GES is the state at which marine waters are ecologically diverse, dynamic and 

are clean, healthy and productive. Achieving GES will ensure that marine 

ecosystems are able to respond to anthropogenic pressure and provide long-term 



 

55 

sustainability of its goods and resources.204 Descriptor 10 directly concerns the 

achievement of GES for marine litter across the UK and sets the high-level objective 

that “The amount of litter and its degradation products on coastlines and in the 

marine environment is reducing and levels do not pose a significant risk to the 

environment and marine life”.  

7.5 More widely, the UK is a Contracting Party to several international agreements 

that pledge to prevent litter reaching the marine and coastal environment. Most 

notably, the UK is a Contracting Party to OSPAR - the regulatory instrument that 

coordinates regional co-operation across the North-East Atlantic for its protection. 

OSPAR requires the prevention and elimination of pollution from land-based and 

offshore sources.205 The UK is situated within OSPAR Maritime Area Region II 

(Greater North Sea) and Region III (Celtic Seas) (see Figure 5).  

7.6 Wider coordination and collaboration occur through the ‘Convention on Biological 

Diversity’ and its key Sustainable Development Goal 14 concerning ‘Life Below 

Water’ that underpins the conservation, and sustainable use of, marine and coastal 

biodiversity.206  
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Figure 5. Comparison of Marine Strategy Framework Directive subregion and OSPAR region spatial extents for “Celtic Seas” and 
“Greater North Sea”

Sources: OSPAR Regions and Subregions (OSPAR, 2017), National Marine Plan Interactive (2024)  

https://marinescotland.atkinsgeospatial.com/nmpi/
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7.7 The Scottish Government published a ‘Marine Litter Strategy’ for Scotland in 

2014 to coordinate action on marine litter and provide measures to prevent litter 

entering the marine and coastal environments. The aims of the strategy to reduce 

marine litter underpin the legislative framework set out in the 2010 Act in promoting 

sustainable use of the marine environment. The Marine Directorate of the Scottish 

Government are responsible for the implementation of the strategy and ensuring 

progress against its aims.  

7.8 Recognising the difficulties in tackling marine litter, an updated ‘Marine Litter 

Strategy’ was devised in 2022 with key strategic directions to continue coordination 

with the ‘National Litter and Flytipping Strategy’, improve monitoring at a Scottish 

level and develop ways to evaluate the strategy. Specifically, it details planned 

actions on SRD, plastic pellets and fishing and aquaculture.207 

7.9 The Scottish Government’s draft SBSDP also outlines key actions to tackle 

marine litter. This includes ambition to deliver a microplastics monitoring programme, 

to improve recycling routes for end-of-life fishing gear and enable improvements to 

plastic pellet handling and management across the plastics supply chain.208 

Table 2. Summary of targets, long term objectives and current monitoring 

programmes for marine litter under the UK Marine Strategy and OSPAR.  
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Marine Litter 

High level objective for GES: The amount of litter and its degradation products on 

coastlines and in the marine environment is reducing and levels do not pose a 

significant risk to the environment and marine life. 

OSPAR objective: Prevent inputs of and significantly reduce marine litter, including 

microplastics, in the marine environment to reach levels that do not cause adverse 

impacts to the marine and coastal environment with the ultimate aim of eliminating 

inputs of litter. 

Assessment 
criterion 

Common 
indicator  

Assessment 
targets (GES 
and OSPAR) 

OSPAR threshold value 

Presence of 

litter 

(beaches) 

Beach Litter 

common indicator 

(OSPAR) 

A decrease in 

the total amount 

of the most 

common 

categories of 

litter found on 

surveyed 

beaches. 

An OSPAR threshold value 

was agreed in 2023 of 20 

litter items per 100 meters of 

coastline209 

Presence of 

litter (seabed) 

Seafloor 

Litter/International 

Benthic Trawl 

(IBTS) common 

OSPAR indicator 

A decrease in 

the number of 

items of litter on 

the seabed 

None 
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Presence of 

floating litter 

Plastic particles in 

fulmar stomachs 

(common OSPAR 

indicator for North 

Sea) 

A downward 

trend in the 

number of 

northern fulmars 

with more than 

0.1 g of plastic 

particles in their 

stomach 

<10% of northern fulmars 

having more than 0.1g 

plastic particles in the 

stomach over a period of at 

least 5 years in samples of 

at least 100 birds.210 

Presence of 

microlitter 

Under 

development – 

methodology 

needs to be 

developed and 

agreed in OSPAR 

Develop an 

appropriate 

indicator to 

measure 

microlitter in the 

marine 

environment 

None 
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8. The UK is failing to achieve statutory targets for marine 
litter 

8.1 Despite Scotland’s, and the wider UK’s, statutory obligation to reduce marine 

litter, the most recent assessment of GES (published in 2019) indicated that the UK 

was not on track to achieve GES by 2020, based on its targets for each marine litter 

indicator (see Table 2). The assessment considered data for the period 2008 to 2015 

collected for three indicators covering the abundance of litter items recorded on 

beaches, floating at sea and distributed on the seabed, as detailed in Table 2. The 

next assessment is due in 2024.  

8.2 More recent data across the same indicators, included in assessments by 

OSPAR and by Defra, also suggests that GES for marine litter has still not been met. 

A summary of trends from each assessment is below and summarised in Table 5. 

2019 GES assessment  

Beach litter indicator 

8.3 The assessment determined that the UK target for beach litter had not been met. 

For beach litter, the average total abundance was 296 items/100m for the Celtic 

Seas and 196 items/100m for the Greater North Sea over the period 2008 to 2015. 

In the Greater North Sea there was a significant increase in litter over this period 

while in the Celtic Seas, levels in 2015 were similar to 2008 despite a temporary 

decrease between 2011 and 2013 (Table 3). The most commonly detected items 

were plastic fragments (including polystyrene), food and drinks packaging, SRD and 

smaller fishing-related litter. Plastic bottles showed no significantx trends in 

abundance. Cotton buds, an indicator for SRD, did decrease in the Celtic Seas from 

2012; however, they increased in the Greater North Sea in the same period.37  

 
x In this report, ESS use the term significant exclusively when referring to statistical 

significance as depicted by appropriate statistical testing. This means that any 

observed data or trend is statistically not occurring by chance.  



 

61 

Floating litter indicator 

8.4 For floating litter, 94% of the 88 birds analysed had ingested plastic and 63% of 

fulmars had ingested more than 0.1 g of plastic between 2010 and 2014. Importantly, 

there was no significant decrease in this indicator values from the previous periods 

of the monitoring programme period 2005 to 2009.211  

Seafloor litter indicator 

8.5 For seafloor litter, a greater abundance of litter and plastic/km2 were reported 

across the Greater North Sea than the Celtic Seas from 2012-2015; however, a 

trend was not reported as a five-year period is required for this analysis. Within the 

Greater North Sea, a higher abundance of seafloor litter was found in the southern 

North Sea, that this could be linked to greater human pressures within the southern 

areas compared to northern North Sea areas.212  

OSPAR assessment  

8.6 Marine litter indicators used in the most recent assessment of GES (published in 

2019) are translated from common OSPAR indicators and assessed through the 

same OSPAR Monitoring Programmes, as depicted in Table 2. However, it should 

be noted that the first GES assessment for beach litter included wider beach clean 

data gathered during MCS’ Great British Beach Clean initiative. The ‘OSPAR Quality 

Status Report 2023’ provides a more recent assessment of marine litter for OSPAR 

beaches and therefore provides insight into the current trajectory towards achieving 

GES for each marine litter indicator. The relevant assessments for the Greater North 

Sea (OSPAR Region II) and the Celtic Seas (OSPAR Region III), in which the UK 

are situated, have been examined; however these regions cover a greater spatial 

extent over which the UKMS has jurisdiction.  

Beach litter indicator 

8.7 For beach litter abundance, there has been a statistically significant decrease in 

the median total count of all litter items recorded in the Greater North Sea and the 
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Celtic Seas from 2015 to 2020. This was also reported for median plastic counts. 

Despite this, the median total count of 278 items/100m in the Celtic Seas and 205 

items/100m in the Greater North Sea for the period 2018 to 2020 still exceed the 

OSPAR threshold value for beach litter (Table 2; Figure 6).209 The OSPAR threshold 

value (20 litter items per 100 meters of coastline) is the value considered to reduce 

harm from beach litter to a sufficiently precautionary level.213 It should be noted that 

OSPAR assesses beach litter abundance across a three-year period, whereas the 

2019 GES methodology analysed litter abundance on a single-year basis. 

8.8 As part of the latest OSPAR assessment, only three beaches in Scotland were 

included in the assessment: Cramond beach and Kinghorn Harbour (representing 

the Greater North Sea) and Lunderston Bay within the Celtic Seas region. Survey 

data indicated that Cramond recorded a median of 1,194 items/100m, a significant 

decrease over the period 2015 to 2020. However, Lunderston Bay and Kinghorn 

Harbour showed no significant downward trend from 2015 to 2020 with medians of 

2,807 items/100m and 215 items/100m, respectively (Table 2).214  

Floating litter indicator 

8.9 For floating litter, there was evidence of a significant decline in ingested plastics 

across 2009 to 2018 for the Greater North Sea region overall – this is driven by a 

reduction in user plastics recorded. However, the majority (4 out of 5) of the 

decreasing trend assessments for regions assessed within the Greater North Sea 

were statistically non-significant. Despite this, among 393 fulmar stomachs analysed 

in the period 2014 to 2018, 51% contained more than 0.1 g of plastic – exceeding 

the agreed OSPAR threshold value of 10% (see Table 2).215 The OSPAR threshold 

value reflects the abundance of floating litter and provides an indication of harm.216 

Further analysis of the two classifications of plastic (user and industrial) recorded in 

fulmar stomachs shows that most plastic is predominantly consumer-based (i.e. user 

plastics). 

Seafloor litter indicator 

8.10 Seafloor litter is widespread across the OSPAR area. For the Greater North 

Sea, the probability of litter being collected from the seafloor has increased, from 
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57% in 2012 to 75% in 2019. For seas surrounding the UK, there was a greater 

probability of detecting litter in a trawl from the Greater North Sea region (75%) than 

in the Celtic Seas (43%). Both the OSPAR and GES assessments identified plastic 

as the predominant litter type surveyed on the seafloor.217  

Table 3. Median count of beach litter items per 100m of beach on Scottish beaches 

over time. Source: OSPAR beach_litter_appendix_1.pdf (ospar.org). Defra report, 

2022, Table A8. UK Marine Strategy / OSPAR Beach Litter Monitoring Data 

Collection - ME5438 (defra.gov.uk) 

Area Median count of 
litter items/100m 

Period Source 

Cramond 1194 2018-20 OSPAR 

Lunderston Bay 2807 2018-20 OSPAR 

Kinghorn Harbour 215 2018-20 OSPAR 

Cramond 1279 2020-22 Defra 

Lunderston Bay 558.5 2020-22 Defra 

Kinghorn Harbour N/A - Lack of data 2020-22 Defra 

Defra assessment 

Beach litter indicator 

https://oap-cloudfront.ospar.org/media/filer_public/30/1c/301cd9e6-9b54-4bce-9259-f5a4c64a815b/beach_litter_appendix_1.pdf
https://randd.defra.gov.uk/ProjectDetails?ProjectId=20672
https://randd.defra.gov.uk/ProjectDetails?ProjectId=20672
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8.11 Defra funds MCS to produce an annual report on beach litter in the UK in line 

with the OSPAR methodology. The most recent report, published in April 2023, 

found that a median of 374 litter items per 100m were found between 2020 and 2022 

across the UK. Sites in Scotland had the highest median (919/100m) followed by 

England (585 /100m), Northern Ireland (258/100m) and Wales (103 items/100m) 

(Table 4). However, it should be noted that only two Scottish beaches were included 

in this assessment while the median count for devolved countries Northern Ireland, 

England and Wales have 12, four, and three survey sites, respectively.  

8.12 Across the UK, there has been a significant decrease in the median count of 

beach litter between 2017 and 2022, with a decrease of 6.7 items/100m per year. 

This was particularly noted for single use plastics. The most substantial decrease 

was between 2018 and 2020 with no improvement since. The report indicates that 

Scotland is also on a downward trend with a significant decrease of 42.7 items/100m 

per year between 2017 and 2022. Of the Scottish beaches, Lunderston Bay has a 

significant decreasing trend over 2017 to 2022 while trends for the other two 

beaches were not significant.218 In contrast to previous assessments, the Greater 

North Sea UK Region had a higher median count at 996 items per 100m than the 

Celtic Seas UK Region at 170.5/100m. Both had statistically significant overall 

downward trends from 2015 (Table 4). 

Table 4. Median count of beach litter items per 100m of beach, 2020 to 2022. 

Source: Defra report, 2022. UK Marine Strategy / OSPAR Beach Litter Monitoring 

Data Collection - ME5438 (defra.gov.uk)  

Country Median count of litter items/100m 

Scotland 919 

England 585 

https://randd.defra.gov.uk/ProjectDetails?ProjectId=20672
https://randd.defra.gov.uk/ProjectDetails?ProjectId=20672
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Northern Ireland 258 

Wales 103 

Floating litter indicator 

8.13 Defra also funds an annual/interim project report on UKMS Indicator 10 (marine 

litter).219 Over the period 2017 to 2021 on the Greater North Sea coast of the UK, 

84% of 108 investigated fulmars had some plastic in their stomachs. 45.3% had 

more than 0.1 g of plastic in the stomach, well above the <10% OSPAR threshold 

value. Over the period 2012 to 2021 (161 sampled fulmars), for all plastics combined 

and the sub-category, user plastic decreased significantly while industrial plastics 

showed a non-significant downward trend. Within the UK areas included in the 

analysis (UK Greater North Sea coast area only), all plastics decreased on the UK 

mainland region and in Shetland but not on the Orkneys where there is a non-

significant decrease. However, it should be noted that the Shetland and Orkney 

areas each had less than 50 birds in the assessment in the 2017 to 2021 period.219 

8.14 Based on GES, OSPAR and Defra assessment data for 2004 to 2021, simple 

linear regression analysis suggests that it would take until 2044 to drop below the 

10% of fulmars having less than 0.1g of plastic threshold value. Restricting the GES, 

OSPAR and Defra assessment data between 2012 to 2021 and representing a more 

‘optimistic scenario’ that takes account of recent declining trends, analysis suggests 

it would still take until 2033 to drop below the OSPAR threshold value. However, this 

analysis is based on 14 and 6 data points, respectively, and should be interpreted 

with caution.  

Table 5. A summary of the trends in marine litter indicators. 
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*Trends assessed over different time periods. For beach litter, this considers 2008 to 

2015 while for floating litter it considers 2005 to 2014. 

 GES 2019* OSPAR 2023** OSPAR 2023  

data for UK*** 

Defra funded 
projects**** 

 Celtic 

Seas 

(UK) 

Greater 

North 

Sea 

(UK) 

Celtic 

Seas 

Greater 

North 

Sea 

Celtic 

Seas 

(UK) 

Greater 

North 

Sea 

(UK) 

Celtic 

Seas 

(UK) 

Greater 

North 

Seas 

(UK) 

Presence 
of litter 
(beaches) 

        

Presence 
of litter 
(seabed) 

 

N/A 

   

N/A 

 

N/A 

Presence 
of floating 
litter 

    

Presence 
of micro-
litter 

Under  

development 

Under  

development 

 

N/A 

 

N/A 
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**Trends assessed over different time periods. For beach litter, this considers 2015 

to 2020, for floating litter it considers 2009 to 2018 and for seabed litter it considers 

2012 to 2019. 

***Published by OSPAR for beach litter and calculated by ESS for floating litter. In 

relation to floating litter, OSPAR notes that a statistically significant decrease is seen 

in the full North Sea region as a result of combining samples from all of the different 

sub-samples. However, no statistically significant changes are seen in individual 

sub-regions except for the South Eastern North Sea where the sample sizes are 

much greater. 

****Trends assessed over 2017 to 2022 for beach litter and 2017 to 2021 for floating 

litter. 

Note a trend is only identified as increasing or decreasing if this is statistically 

significant.  



 

68 

Figure 6. Median total abundance of litter items/100m by area, according to the most recent OSPAR assessment (2018-2020) 

 

Figure 7. Percentage of fulmars with more than 0.1g of plastic in their stomachs

 

252
278

205

452
490

 OSPAR threshold value: 
20 items per 100m of coast

0

100

200

300

400

500

OSPAR Area Celtic Seas Greater North Sea UK Celtic Seas UK Greater North Sea
region

median total 
abundance of litter 

(items/100m)

Threshold value:
more than 10% of birds 

w ith 0.1g plastic

Channel

East-Eng-Sco
Scottish Islands

SE-North Sea UK North Sea Coast

0

10

20

30

40

50

60

70

80

90

100

2002-06 2003-07 2004-08 2005-09 2006-10 2007-11 2008-12 2009-13 2010-14 2011-15 2012-16 2013-17 2014-18 2015-19 2016-20 2016_20 2017-21
running 5-year period

% of birds with 
> 0.1 g plastic

UK North Sea Coast data source: 2004-08 to 2010-14 GES, 2011-15 to 2014-18 OSPAR calculated by ESS, 2015-19 to 2017-21 Defra. Threshold Value = Long term EcoQ%



 

69 

8.15 More recent analysis commissioned by Defra suggests that there may now be a 

downward trend for indicators on the presence of beach litter and the presence of 

floating litter in more recent years. Despite this, both indicators are far exceeding the 

OSPAR threshold values (Figure 6 and Figure 7), while the recent OSPAR 

assessment for seafloor litter indicator suggests an upward trend for litter 

abundance. Given this, for marine litter overall, while some improvements have been 

made, litter item abundance is still far exceeding the threshold values220 set by 

OSPAR to reduce harm from beach and floating litter.213 
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9. Current GES indicators and monitoring are insufficient  

9.1 From the evidence considered by ESS, several limitations have been identified 

regarding the current monitoring programmes associated with the three marine litter 

indicators assessed for GES under the UKMS. These concern methodological 

improvements needed to better understand trends in marine litter, particularly at a 

Scotland-level, and to improve understanding on the key sources of marine litter.  

9.2 Overall, indicators for marine litter under the UKMS provide an assessment of 

where litter is deposited/likely to ‘end’ up in the marine environment - they do not 

enable efficient monitoring of the key sources and pathways of marine litter, such as 

the input of litter to the marine environment via rivers.  

9.3 In addition, the current indicators quantify litter at a single point in time, or at 

multiple timepoints throughout the year for repeat studies. As identified in the 

literature, much less is known regarding the flux of litter within a region, such as how 

much is being deposited, or redeposited, onto the foreshore. It is unknown how 

much litter is being taken out of a region or territorial boundary, and equally how 

much a territorial boundary acts as a ‘sink’ for litter dispersing from other countries 

waters.22  

Beach litter indicator 

9.4 The UKMS is set up to provide a UK-wide assessment of the health of its marine 

waters, while the OSPAR convention provides a regional assessment of the marine 

environment across the North-East Atlantic. For the assessment of beach litter within 

Scotland, ESS finds that the current UKMS monitoring programme survey sites for 

marine litter indicators are failing to provide a more detailed assessment of marine 

litter across Scottish waters. 

9.5 In the most recent GES assessment (and upcoming assessment in 2024), beach 

litter data from only three Scottish beaches have been analysed – this is the same 

spatial resolution assessed at an OSPAR level. The three Scottish beaches currently 

surveyed (Cramond, Kinghorn Harbour and Lunderston Bay) are localised around 
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the Firth of Forth and Firth of Clyde. As a result, beach litter from other parts of the 

Scottish coastline, such as the Highlands and Islands regions, Aberdeenshire, Moray 

and the Scottish Borders are not assessed and reported on under the UKMS.  

9.6 ESS finds that the current spatial resolution of beach litter data at a Scotland-

level is insufficient to provide a robust and representative assessment of Scottish 

beach litter into the UKMS, or a more detailed assessment than what the ‘OSPAR 

Quality Status Report 2023’ provides.  

Seafloor litter indicator 

9.7 The current assessment of GES was unable to report a trend on the abundance 

of seafloor litter due to insufficient data time series. While a trend is expected to be 

reported on in the next GES assessment (due in 2024), ESS finds that several 

methodological limitations associated with this indicator may mean that it is not able 

to establish trends in seafloor litter that are sufficiently representative of the Celtic 

Seas and Greater North Sea.  

9.8 Currently, data for this indicator is only collected via fisheries survey trawls where 

the primary aim of the sampling survey is to aid fish stock assessments. As a result, 

assessment of this indicator is conducted via opportunistic sampling rather than a 

well-designed survey methodology for seabed litter. ESS acknowledges that this 

may be partly due to the financial costs of performing seabed surveys. Given this, 

data collected for this indicator may only be representative of areas where a trawler 

can access, such as soft substrate areas. Secondly, surveys will only be conducted 

at the time of year optimal for assessing fish abundance, limiting the ability to assess 

and report on changes in the abundance of seafloor litter throughout the year, and if 

so, what factors may be affecting this.  

9.9 It was recognised in the last GES report that greater spatial coverage was 

required for the Southern Celtic Seas, and greater understanding of how gear type, 

weather patterns and currents may impact the distribution of seafloor litter.212 

Collectively, there is potentially insufficient spatial and temporal resolution obtained 
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in this indicator data to be able to make a robust assessment of seabed litter across 

the UK.  

9.10 The ‘UK Marine Strategy Part Two: UK updated monitoring programmes’ report 

recognised this spatial limitation there is commitment to improve the assessment 

methodology through the OSPAR Seafloor Litter Expert Working Group.221 For 

example, on communication with Joint Nature Conservation Committee (JNCC), a 

joint pilot project they are conducting with Cefas investigating the use of autonomous 

underwater vehicle (AUV) images to count seafloor litter abundance has shown that 

this methodology allows greater detection of litter items per km2 than trawl surveys. 

Scottish Government should ensure it adopts such emerging technologies to better 

monitor and identify hotspots of marine litter at a Scottish level.  

Microplastic indicator  

9.11 The next assessment of GES (due in 2024) will not include the anticipated 

indicator for assessing microplastic in marine sediment, despite being an operational 

target in the ‘UK Marine Strategy Part 2’ report.222 Defra have noted that this 

indicator has been approved at OSPAR and may feed into the OSPAR intermediate 

assessment in 2028 but has not been formally accepted for us at a UK level. ESS 

understands that the work of Marine Directorate is expected to contribute to the 

development of this indicator at an OSPAR-level.  

9.12 In addition, there is no known statutory or non-statutory monitoring of all 

microplastics in the marine environment in Scotland. Given the evidence surrounding 

the high abundance of microplastics in the marine environment, a potentially large 

proportion of marine litter is not being assessed in Scotland. Microplastic monitoring 

should be developed in alignment with standardised microplastic methodology, such 

as the recent Standard Operating Procedures13 developed for monitoring 

microplastics in surface waters and sediment of rivers for guidelines on sampling 

microplastics.223 This will ensure that comparative analysis and assessment of 

trends for microplastic data can be performed at a Scottish and UK-wide level. 
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Citizen science underpins statutory and non-statutory 

monitoring of marine litter in Scotland 

9.13 Citizen science performs a fundamental role in understanding marine litter. Data 

collected through citizen science initiatives provides a significant contribution to 

understanding the extent and potential sources of beach litter across Scotland’s 

marine environment alongside the work of NGOs in raising public awareness of 

marine litter.  

9.14 MCS’s citizen science Beachwatch programme has provided the most 

comprehensive assessment of the potential sources and extent of marine litter 

across Scotland’s foreshores, with surveys dating back to 1993. MCS and its 

volunteers also perform beach surveys across select OSPAR reference beaches 

using a standardised methodology agreed by OSPAR. This data forms part of 

Scotland’s (and the wider UK’s) input to the common indicator for beach litter under 

the UKMS assessment and OSPAR ‘Abundance, Composition and Trends of Beach 

Litter’ assessment for the Greater North Sea and Celtic Seas regions. 

9.15 Data collected under MCS’s Beachwatch programme was also used to develop 

the Scottish Beach Litter Performance Indicators (SBLPI) by Marine Scotland to 

‘monitor the state of litter on its Scottish beaches, as well as assess the success of 

its policies in reducing sources of marine plastics and litter’.224 These pilot indicators 

(e.g. ‘Plastic – Fishing Related’ and ‘All Sanitary’) were formed based on the 

availability of MCS data, relevance to industry and Scottish Government policy.224 

The SBPLIs were then used to assess the state of litter on beaches across SMRs 

and OMRs for the SMA2020 to inform the development of Scotland’s NPA.  

9.16 Alongside MCS beach surveys, Fidra conduct a global citizen science 

programme, The Great Nurdle Hunt, that collects data on plastic pellet pollution and 

provides the greatest insight into pellet pollution at a UK level.225 Similarly, Keep 

Scotland Beautiful’s ‘Upstream Battle’ citizen science project aims to prevent marine 

litter at its source by collecting data on riverine litter to better understand what and 

where land-derived litter is getting into Scottish rivers.226 
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9.17 It is evident that statutory monitoring obligations under the UKMS do not 

provide a comprehensive assessment of marine litter at a Scottish scale and such 

data gaps are currently being partially filled by NGOs. Given this, statutory 

monitoring to better understand the current extent and the most prevalent and 

emerging sources of marine litter at a Scotland-level must be strengthened. This 

monitoring should be underpinned by a statutory framework to ensure that 

monitoring of marine litter is effective and resilient, whether delegated to public 

authorities or NGOs where appropriate. 

9.18 Recommendation 5: ESS recommends that the Scottish Government should 

work through OSPAR and with the UK Government to agree a programme to 

implement suitable indicators and an effective and resilient monitoring programme to 

assess marine litter. This includes:  

• representative sampling of Scottish beaches/waters sufficient to effectively 

monitor the sources, pathways and fluxes of marine litter 

• implementation of the OSPAR ‘microplastic in marine sediment indicator’ 

across Scotland and the UK, and the development of an appropriate 

assessment of microplastics on beaches  
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10. Maintaining alignment with EU and international 
standards 

10.1 The EU have recently initiated several measures (across a range of policy 

areas) with the potential to reduce the generation of marine litter. The Scottish 

Government has committed to ‘keep pace’ with the EU on environmental standards 

and, as such, will need to monitor and consider whether to bring forward proposals 

to mirror the following EU developments in Scottish Law. 

Intentionally added microplastics 

10.2 The EU has recently adopted measures (under Regulation 2023/2055)227 to 

restrict the intentional inclusion of microplastics (covering all synthetic polymer 

particles below 5 mm that are organic, insoluble and resist degradation) into 

products. This new regulation revises the EU Regulation 1907/2006 on the 

Registration, Evaluation, Authorisation and Restriction of Chemicals (‘the REACH 

Regulations’).228 Restricted products will include granular infill used in artificial sports 

surfaces, cosmetics, detergents and fertilisers.227 

10.3 In Scotland, currently only personal care products containing microplastics are 

prohibited (under The Environmental Protection (Microbeads) (Scotland) Regulations 

2018)161. Given the expansion of recent EU proposals to prohibit the intentional 

addition of microplastics to a much wider range of products and the prevalence of 

microplastics in Scotland’s marine environment, the Scottish Government should 

seek to bring forward legislative proposals (where feasible to do so within the 

confines of their legislative capacity) to ‘keep pace’.  

Urban wastewater 

10.4 The EU has recently adopted a revision to the Urban Waste Water Treatment 

Directive.229 The revision introduces several new requirements that have the 

potential to reduce the generation of marine litter and increase understanding on the 

potential impact of urban run-off, including: 
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1. A requirement to produce ‘integrated urban wastewater management plans’ to 

tackle pollution from urban run-off and storm water overflows; 

2. Tightening the required level of treatment at sewage treatment works including 

the introduction of quaternary treatment to remove micropollutants (including 

microplastics) for larger works or smaller works discharging to areas where the 

accumulation of micropollutants poses a risk to the environment or human 

health. The implementation of this requirement is staggered, with 100% of all 

plants within scope delivering quaternary treatmentxi,229 by the end of 2045; 

3. Introduction of an extended producer responsibility scheme that requires 

producers (or importers) of products with micro-pollutants to contribute to the 

costs of the required quaternary treatment; and 

4. A requirement to monitor micropollutants from urban run-off, storm water 

overflows and outlets of sewage treatment works. Additionally, microplastics 

are to be monitored at both the inlet and outlets of WWTWs. 

10.5 In Scotland, the Urban Waste Water Directive was transposed into Scottish law 

via the Urban Waste Water Treatment (Scotland) Regulations 1994. Given the 

introduction of recent EU proposals and the significant role urban wastewater plays 

in contributing to marine litter in Scotland, the Scottish Government should bring 

forward legislative proposals (where feasible to do so within the confines of its 

legislative capacity) to ‘keep pace’. 

Plastic pellets 

10.6 The EU have proposed a new Regulation to introduce measures to directly 

tackle pollution from the unintentional release of plastic pellets. An impact 

 
xi Primary treatment of urban wastewater comprises a physical and/or chemical 

process involving settlement of suspended solids. Secondary treatment comprises a 

process generally involving biological treatment with a secondary settlement or 

another process which reduces biodegradable organic matter. Tertiary treatment 

comprises a process which reduced nitrogen and/or phosphorus from urban 

wastewater. Quaternary treatment comprises a process which reduces a broad 

spectrum of micropollutants from urban wastewaters.  
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assessment into the EU Commission’s proposal for preventing pellet loss stated that 

regulatory failure is the most significant driver of pellet loss as no EU regulatory 

framework directly addresses pellet loss.230 The proposed Regulation sets 

requirements on best handling practices, mandatory certification and self-

declaration, and the development of methodology to estimate pellet loss. These are 

proposed to apply to companies making and handling greater than 5 tonnes of 

pellets per year, as well as EU and non-EU carriers transporting pellets in the EU.231  

10.7 Given the current lack of statutory regulation of the plastic pellet supply chain in 

Scotland and the potentially significant unaccounted source of marine litter, the 

Scottish Government should monitor the development of the proposed EU 

Regulation and seek to bring forward legislative proposals (where feasible to do so 

within the confines of its legislative capacity). 

10.8 This aligns with the commitment of the Scottish Government, set out in the 

Scottish Biodiversity Strategy draft delivery plan208 to reduce marine litter and marine 

plastics through enabling improved plastic pellet handling and management across 

the whole plastics supply chain to reduce pellet loss and provide guidance to support 

pellet clean up in the environment by the end of 2025.  

Tyre wear  

10.9 The recently adopted EU Regulation 2024/1257232 concerning emissions from 

motor vehicles aims to measure and limit non-exhaust emissions (evaporative, tyre 

abrasion and brake emissions) from vehicle tyres and brakes. Particles released 

from tyre wear is estimated to be the largest source of microplastics into the 

environment (see section 2) and is expected to comprise up to 90% of all particles 

emitted from road transport by 2050.232 The Regulation sets out requirements for 

manufacturers to measure tyre abrasion and for the EU Commission to define 

abrasion limits for tyres. 

10.10 The Scottish Government will need to bring forward legislative proposals if 

Scotland is to maintain alignment with wider advancements in a number of areas of 
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environmental standards and protection within the EU that have the potential to 

reduce the prevalence of land-derived inputs to marine litter.  

10.11 Recommendation 6: The Scottish Government should set out how it 

proposes to maintain alignment with regulatory developments in the EU that are 

aimed at reducing microplastics in the marine environment. Relevant developments 

include:  

• recently adopted measures to restrict the intentional inclusion of microplastics 

(covering all synthetic polymer particles below 5 mm that are organic, insoluble 

and resist degradation) into products under the REACH Regulations 

• a recast Urban Waste Water Directive that will introduce requirements to 

monitor microplastics in wastewater inlets/outlets and undertake treatment of 

wastewater to remove microplastics 

• a proposal to introduce the first regulatory measures to directly tackle pollution 

from the unintentional release of plastic pellets across the pellet supply chain 

• a recently adopted regulation that sets requirements for manufacturers to 

measure tyre abrasion and for the EU Commission to define abrasion limits for 

tyres 
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	Recommendation 2: The Scottish Government should specify how they plan to implement improvements to the handling and management of plastic pellets and clarify if they are on target to implement this by the end of 2025.
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	Despite strong international and domestic legislative frameworks aimed at preventing the generation of marine-derived litter, fishing-related litter is the most detected type in Scotland and can be a key contributor to marine litter across the Highlan...
	Key finding 5: Multiple factors affect the Scottish Government’s ability to reduce fishing-derived litter. These include a lack of understanding of the causes of fishing-derived marine litter in Scotland and a lack of regular data collection on the fi...
	Improvements are also needed to how end-of-life fishing gear is managed as a waste, considering the potential for reuse, recycling of elements and appropriate waste management and recycling facilities at port. This is partly acknowledged by the Scotti...
	Recommendation 4: The Scottish Government should work with the UK Government to bring forward measures to tackle end-of-life fishing gear and should establish a programme of work to identify and address the drivers and causes of fishing-derived marine...
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	Key finding 6: There are several limitations to the current monitoring programmes for assessing marine litter under the UKMS. These need to be addressed to better understand trends in, and be representative of, marine litter at a Scotland-level or wat...
	At a UK-level, current indicators for marine litter under the UKMS provide an assessment of where litter is deposited/likely to ‘end’ up at a singular time point within the marine environment. As a result, current indicators do not enable effective mo...
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	Current statutory monitoring obligations under the UKMS do not provide a comprehensive assessment of marine litter at a Scottish scale. Data gaps are currently being partially filled by non-governmental organisations’ (NGOs) citizen science initiative...
	Recommendation 5: The Scottish Government should work through OSPAR and with the UK Government to agree a programme to implement suitable indicators and an effective and resilient monitoring programme to assess marine litter.
	Maintaining Alignment with Europe

	Key finding 7: The Scottish Government will need to bring forward legislative proposals if Scotland is to maintain alignment with wider advancements in a number of areas of environmental standards and protection within the EU that have the potential t...
	Recommendation 6: The Scottish Government should set out how it proposes to maintain alignment with regulatory developments in the EU that are aimed at reducing microplastics in the marine environment. Relevant developments include:
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