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1 Background / preface 

 

1.1 Litter in marine and aquatic environments 

Pollution of the world’s oceans by plastic and other anthropogenic solid waste is a global, 

transboundary problem. Plastic production, and the consequent loss of plastic solid waste to the 

environment, is growing through time (Lebreton and Andrady 2019), which is reflected in the 

growing amount of ‘marine litter’, predominantly plastic, on the ocean’s surface (Wilcox, Hardesty 

et al. 2020). The United Nations Environment Program (UNEP) defines ‘marine litter’ as “any 

persistent, manufactured or processed solid material discarded, disposed of or abandoned in the 

marine and coastal environment” and the focus of this review is on plastic marine litter, though the 

term maybe used interchangeably with ‘marine debris’ by some entities. 

 

In 2016, more than 10% of the global production of plastic waste, approximately 19 to 23 million 

metric tons, was estimated to have entered aquatic ecosystems (Borrelle, Ringma et al. 2020). 

Plastic in marine and aquatic environments is more than an eyesore. This waste negatively impacts 

wildlife health (Wilcox, Puckridge et al. 2018, Roman, Hardesty et al. 2019), poses a hazard to marine 

logistics and transport, and is potentially a human health issue (Wright and Kelly 2017). Despite 

increasing global awareness of plastic pollution and rising multijurisdictional momentum seeking 

and effecting changes at local and national levels, there remain significant challenges to developing 

meaningful solutions at broader scales. 

 

©Sustainable Coastlines 
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Mismanaged plastic waste is predicted to increase over the coming decades in quantities that far 

exceed the current mitigation efforts (Borrelle, Ringma et al. 2020). Countries within the Asia region, 

in particular, are forecast to be disproportionate sources of this plastic waste entering the ocean 

through rivers in the coming years (Lebreton and Andrady 2019). To address the risk that 

mismanaged plastic waste poses to aquatic systems, the first step is quantifying and understanding 

the nature of the pollution problem. Mismanaged waste in the marine environment is 

heterogeneous and transboundary by nature, driven by both socioeconomic and geographic factors 

(Hardesty et al., 2021). Quantifying and measuring the extent and change in this heterogeneous 

environmental problem is forefront to answering applied research questions, identifying plastic 

sources and sinks and implementing effective solutions. Instituting pollution monitoring 

programmes at regional scales is an important approach to solving the global plastic pollution crisis. 

 

1.2 The Coordinating Body on the Seas of East Asia (COBSEA) 

The Coordinating Body on the Seas of East Asia (COBSEA) is a regional intergovernmental 

mechanism and one of 18 Regional Seas programmes. It is the decision-making body for the East 

Asian Seas Action Plan, bringing together nine countries – Cambodia, China, Indonesia, Republic of 

Korea, Malaysia, the Philippines, Thailand, Singapore and Viet Nam – in protection and sustainable 

development of the marine and coastal environment. COBSEA focuses on marine pollution, 

ecosystem-based marine and coastal planning and management, and ocean governance. 
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In 2019, the 24th Intergovernmental Meeting of the Coordinating 

Body on the Seas of East Asia (COBSEA) revised and adopted the 

2019 Regional Action Plan on Marine Litter (RAP MALI). The 

RAP MALI guides coordinated action in the East Asian Seas 

region toward preventing and reducing marine litter from land-

based sources and from sea-based sources, strengthening 

monitoring and assessment of marine litter, and creating 

enabling conditions for implementation. The RAP MALI has the 

explicit objective to “improve monitoring and assessment of 

marine litter and its impacts for a science-based approach”. 

There are two key reports integral to COBSEA meeting these 

objectives. The first is the GESAMP report, which outlines 

guidelines for scientific best practice in marine debris 

monitoring. The second is the Regional Guidance on Harmonized 

National Marine Litter Monitoring Programmes report, which 

was commissioned by COBSEA to inventories current marine litter monitoring efforts in Asia, 

identify successes, gaps and make recommendations. 

 

  



 

Marine Litter Monitoring Methods Handbook, Part I  |  ix 

2 Key reports: Guidelines for the Monitoring and Assessment of 

Plastic litter in the Ocean (GESAMP) and Regional Guidance on 

Harmonized National Marine Litter Monitoring Programmes 

 

2.1 The GESAMP report 

In 2019, the Joint Group of Experts on the Scientific Aspects of 

Marine Environmental Protection, a group of independent 

scientific experts that provides advice to the United Nations 

system on scientific aspects of marine environmental 

protection, tabled the “Guidelines for the monitoring and 

assessment of plastic litter in the ocean” or GESAMP report 

(pictured on the right).  

The principal purpose of the GESAMP report is to provide 

recommendations, advice and practical guidance, for 

establishing programmes to monitor and assess the 

distribution and abundance of plastic litter, also referred to as 

plastic debris, in the ocean. It is a product of the GESAMP 

Working Group (WG40) on ‘Sources, fate and effects of plastics 

and microplastics in the marine environment’, co-led by the 

Intergovernmental Commission on Oceanography (IOC-

UNESCO) and the United Nations Environment Programme 

(UNEP). The report was prepared by 19 independent experts from 14 countries, with financial 

support from a number of agencies and national governments.  

 

2.2 The Regional Guidance on Harmonized National Marine Litter Monitoring 

Programmes report 

In 2021, to identify existing monitoring programmes and 

knowledge gaps, COBSEA participating countries provided 

information on monitoring efforts within their respective 

countries. From this consulation exercise, the “Regional 

Guidance on Harmonized National Marine Litter Monitoring 

Programmes” report was developed (pictured on the right). 

Firstly, an inventory of these regional monitoring efforts were 

compiled in a monitoring inventory based on the information 

provided. Secondly, existing programmes and efforts were 

reviewed in view of the five survey design suggestions in line 

with international guidance (such as the GESAMP report). 

Finally, this report summarises the successes, gaps and 

opportunities in current monitoring efforts; detailing what is 
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done well (successes), where gaps remain for further development, and the opportunities to 

improve and harmonize approaches. Findings were shared with COBSEA participating countries and 

the WGML to provide additional input and validate compiled information to inform further 

discussion of joint objectives, core indicators, harmonized approaches and quality standards. 

 

2.3 What is the Marine Debris Monitoring Methods Handbook, Part I (this 

handbook)? 

 

The Marine Debris Monitoring Methods Handbook, Part 1 (this handbook) seeks to provide 

information to participants in COBSEA participating countries about the different monitoring 

approaches that are taken in international marine litter monitoring programs. The objective of this 

handbook is to provide a menu of options that have been rolled out at national and 

multinational/regional scales to monitor marine litter, to provide guidance on best-practice in 

marine litter monitoring approaches for regional-scale marine litter monitoring. 

 

This handbook covers: 

• A brief introduction to what marine litter monitoring is and why people monitor litter; including 

examining different habitat types, use of citizen science marine litter surveys, science-based best 

practice approaches to marine litter monitoring and different marine litter size classes.  

• Different approaches to marine litter monitoring methods, including clean-ups, different survey 

types, and new and emerging technologies. 

• A short introduction to some of the globally widespread marine litter monitoring programmes. 

• An evaluation of the suitability of different global litter clean-up and survey programmes for 

establishing baselines and monitoring changes through time 

• Best practice recommendations for monitoring programmes to aid decision-making for regional 

assessment in COBSEA partner countries. 

• A brief introduction to new and emerging technologies to aid marine litter monitoring 

programmes.
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Part I What is Marine Litter 

Monitoring? 
 

 

 

Part I of the handbook introduces different types of marine litter 

survey and monitoring methodologies. This section highlights key 

facets to consider when designing marine litter surveys or monitoring 

programmes to guide future monitoring and survey efforts.   
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3 What is marine litter monitoring? 

“Marine litter monitoring”, as adapted from The 

United Nations Environment Programmes’ 

Evaluation Manual (2008) definition of 

monitoring, is the regular collection and analysis 

and distribution of information for the 

surveillance of plastic and other anthropogenic 

litter in marine, coastal and aquatic 

environments. 

These data, when analysed, can aid in identifying 

marine litter baselines, changes, the progress or 

limitations of interventions or management 

activities as early as possible, allowing governing bodies, project managers and communities to 

implement or adjust management as needed. Monitoring is a continuing process throughout time 

or throughout the implementation of a project or management plan and may extend beyond 

completion. Single or “one-off” data collection efforts, or ‘surveys’ do not constitute monitoring, 

though a single survey is the first step towards a monitoring program. A collection of one-off survey 

efforts, if appropriately harmonised, can feed into one national programme or source inventory. 

 

4 Why monitor or survey marine litter? 

Having an answer and specific outcome in mind and an answer to this question is the premier 

consideration for designing a marine litter monitoring program. All the details are secondary and 

knowing why you are conducting this survey needs to sit at the top of the hierarchy when designing 

a monitoring program. Ensuring you have identified your focal questions is if key consideration when 

developing, designing and implementing a monitoring program.  
 

Some common reasons for embarking on marine litter monitoring programmes include:  

• Looking at the changes in quantity and composition of marine litter through time. 

• Facilitate decision making with respect to marine litter. 

• Understanding whether there are problem litter items in your local region. 

• Understanding the sources and sinks of marine litter in your region. 

• Understanding how marine litter in your local area compares to other areas. 
 

The information gained from monitoring programs is usually gathered for the purpose of informing 

policy decisions to reduce marine litter in the area. The reduction of marine litter is a goal sought to 

improve quality of life for humans and wildlife, for example: 

• Maintaining a beautiful environment. Marine litter can be an eyesore and reduces the 

economic and perceived intrinsic value of an area. 

• Protecting the environment. 

• Safeguarding human health. 

• Conservation of wildlife. 



 

Marine Litter Monitoring Methods Handbook, Part I  |  3 

However, all marine litter surveys are not equal in the quality of data that they can provide to fulfil 

the above goals. Survey design is a key component in developing a quality data set. It is useful to 

consider design at a number of levels, when embarking on a new, or modifying an existing marine 

litter program. Marine litter monitoring programmes can be ongoing programs, or one-off surveys, 

often with a specific goal in mind. These two approaches are designed in very similar ways, but there 

are some key differences between the two. It is important to understand that one-off surveys often 

form the basis for ongoing monitoring programmes, and that both survey types are valuable and 

informative to programme managers and policy makers. 

 

4.1 Marine litter monitoring programmes 

Marine litter monitoring programmes are conducted on an on-going basis. Marine litter monitoring 

programmes are the most useful type of survey to monitor changes through time and responses to 

policy change, given that they often provide a long-term information about debris in the programme 

area. Marine litter monitoring programmes are typically funded by government, non-government 

organisation or private entity that has access to ongoing funding. Sometimes there is a specific 

policy-related goal associated with such monitoring programmes, others are designed to prioritise 

environmental health through the removal of litter, while others are designed to foster community 

spirit. Ongoing litter monitoring programmes may be conducted monthly, six-monthly, annually, or 

even bi-annually. Timing may be flexible to adapt to seasonal conditions (such as pre- and post-

monsoon season) which may be variable.  

 

4.2 One-off marine litter survey programmes 

Marine litter surveys typically occur just once, or several times across a fixed duration, and are 

usually designed with an end goal in mind. For example, a survey designed around a research 

question, such as the amount of litter in a particular waterway, or to test the effectiveness of a 

policy change, such as a grocery bag ban. While one-off surveys do not constitute a monitoring 

programme, a collection of one-off survey efforts, if appropriately harmonised, can feed into one 

national programme or source inventory, and are included as valuable resources in this handbook. 

Many university studies and research programs are one-off marine litter survey programs, though 

these programmes might involve multiple surveys throughout a fixed period. Funding to undertake 

litter surveys may be linked to a particular outcome. Though one-off surveys are often not the best 

tool to examine long-term time trends, they are ideal for situations where there are resources 

available for a particular goal. The data from one-off surveys can provide useful snapshots of litter 

in a habitat or region; and longer-term litter monitoring programmes may be instigated by the 

results of one-off surveys. 

One-off litter surveys often form the basis for ongoing monitoring programmes and can provide 

valuable snapshots of litter in time and space. This information can feed in and form the basis for 

evidence-based decision making.  
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5 Habitats /compartments 

There are four major habitats or compartments that are most frequently considered for monitoring. 

These include coastal environments, rivers and waterways, oceans (sea surface, water column and 

seafloor) and biota. Inland habitats, both natural, built environment and refuse collection facilities 

are also surveyed for litter and solid waste. As this handbook focuses on marine litter monitoring, 

we focus on the marine and aquatic rather than the inland habitats. There are four main habitats 

for monitoring marine litter quantity and change through time identified by GESAMP (Kershaw, 

Turra et al. 2019): shoreline, seawater, seafloor and biota. We expand on these categories to include 

aquatic waterway environments. 
 

5.1 Shorelines and coastal environments 

Coastal environments are a habitat type that captures the transition from terrestrial landscape to 

ocean. Marine litter in coastal environments tends to include a mix of locally deposited (littered) 

debris that has been dropped directly into the coast or has been transported from a nearby land-

based source via wind or rain, mismanaged waste that has arrived from nearby via local river input, 

and mismanaged waste that may have been transported from far away by oceanic processes such 

as currents and onshore wind. Coastal environments are popular regions to conduct land-based 

surveys because coastal environments are often valued for their recreational value. Many coastal 

environments include beaches of various substrate types, and small islands may be considered 

entirely coastal with respect to their habitat type. Manual clean-ups, sometimes including citizen 

scientists or volunteers, are the most popular way that coastal monitoring programs or surveys are 

conducted. However, a range of other techniques also exist, such as beach-sweeping of sandy 

beaches and remote sensing surveys, such as the use of video footage taken by unmanned aerial 

vehicle (UAV / drone). 

 

5.2 Rivers and waterways 

Rivers are another popular habitat for implementing and carrying out survey programs, as they 

reflect items that are locally deposited from the nearby human population and are rarely 

confounded by items that arrive via ocean transport. The quantity of litter that flows down a river 

is generally strongly linked to rainfall, with more litter being transported with rainfall events, and 

less litter being flushed or transported when the weather is dry. River monitoring programs will 

optimally consider and include information about the weather at the time of the survey, whether 

significant rainfall has occurred before the survey, and the time since the last major rainfall event. 

Manual clean-ups of the edges of rivers and waterways, sometimes including citizen scientists or 

volunteers, are the most popular way that river and waterway monitoring programs or surveys are 

conducted. Other monitoring or survey methods include the use of booms to capture litter as it is 

transported down the river, autonomous infrastructure or similar that picks up trash, and remote 

sensing, such as video recording devices placed on the underside of bridges and other infrastructure. 
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5.3 Oceans (sea surface, water column and seafloor) 

Oceanic surveys may look at the sea surface, water column or the seafloor. Ocean plastic usually 

arrives from inhabited landmasses, where marine litter is transported to the ocean via rivers or from 

the coast. Marine litter can also arrive in the ocean through direct deposition of mismanaged waste 

from boats, including both intentional deposition such as dumping at sea of land-based waste and 

waste from ships, or accidentally through items falling off ships or fishing gear becoming 

lost/derelict. Marine litter in the ocean may be more sparsely dispersed, compared to coastal and 

river environments, but can accumulate in high densities in some regions near to the coast, on the 

seafloor in submarine canyons, as well as in oceanic gyres or accumulating areas. The North Pacific 

subtropical gyre is famously referred to as the “Great Pacific Garbage Patch” for its high density of 

buoyant marine litter, with an estimated 1.8 trillion items, weighing an estimated 79 thousand 

tonnes, floating in an area of 1.6 million km2 (Lebreton, Slat et al. 2018). Surface trawling, such as 

using a manta net, is a popular method for sampling the sea surface for buoyant debris. Seafloor 

surveys often occur by manual counts and clean-ups conducted by divers, seafloor sampling through 

dredges and core sampling, and through remote sensing, such as photographs and video footages 

taken by both manned and unmanned underwater vehicles. Sampling of the oceanic water column 

is the least common method of marine litter survey as it is a difficult and expense means of sampling. 

Not surprisingly, very little is known about marine litter in the water column. 

 

5.4 Biota 

Many marine and coastal species eat and become entangled in marine litter. Surveying biota can be 

a useful way to sample marine litter for environmental monitoring purposes, human health 

purposes (as in the case for edible species) and for wildlife conservation and animal welfare. Edible 

biota such as the blue mussel, Mytilus edulis, and small fish such as the anchovy, Engraulis sp., and 

sardine, Sardina sp. And Sardinops sp. are common survey species for ingested marine debris (Renzi, 

Specchiulli et al. 2019, Pennino, Bachiller et al. 2020). Commercially harvested species of edible 

bivalves and small fish are often selected as they are abundant in the environment, commonly 

eaten, and single animals have a low monetary value. Stomach samples from edible species are 

often sub-sampled from intentional harvests for human consumption for the purpose of marine 

litter survey or monitoring programmes. When monitoring biota that are known to interact with 

plastic but are threatened, such as marine mammals, sea turtles and seabirds, individuals are 

typically opportunistically collected if found deceased. Opportunistic collection methods include 

those that are caught as by-catch in fisheries, and those that naturally wash up dead on the beach. 

Plastic can also be monitored in the waste products of some wild animals, for example, by collecting 

the scats of sea lions and cetaceans or the regurgitated pellets (boluses) of seabirds. 
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6 Use of citizen science marine litter surveys 

Citizen science surveys are often utilized with the intention of collecting data at minimal cost across 

broad geographic and temporal ranges (Dickinson, Zuckerberg et al. 2010). For marine litter, citizen 

science surveys have been found to be as robust as more formal scientific surveys and equally 

accurate at identifying litter types (van der Velde, Milton et al. 2017), though there is a detection 

bias against small items (Loizidou, Loizides et al. 2018). One caveat concerning the 

representativeness of citizen science clean-ups compared to designed surveys is that citizens 

typically target easily accessible, ‘dirty’ and accessible areas (Hardesty, Wilcox et al. 2017). Targeting 

sites in this manner makes it difficult to extrapolate beyond areas that have been surveyed or 

cleaned, in contrast to taking a designed-based approach (Hardesty, Wilcox et al. 2017). Despite 

these caveats, citizen science surveys provide valuable and accessible broad-scale data.  

 

 

 
PADI AWARE’s “Dive Against Debris” programme is a well-known and respected citizen science marine litter survey 

programme that engages PADI scuba divers to surveys seafloor habitats. 
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7 Best-practice for marine litter monitoring programmes 

7.1 Scientific best practice for survey design 

From the globally accepted guidelines of the GESAMP 2019 report and recommendations from the 

2021 Regional Guidance on Harmonized National Marine Litter Monitoring Programmes report, we 

present five science-based, best practice suggestions for marine litter monitoring.  

 

The five tenets for designing national and regional scale marine litter monitoring 

programmes (e.g., establishing baselines and monitoring changes through time): 

1. Clearly defined and repeatable methods. 

2. Quantification and reporting findings in a way that is harmonised with other surveys and 

uses policy-relevant categories, as best possible. 

3. Representative capture of variation within each habitat to avoid sampling bias. 

4. Accounting for data collection effort. 

5. Representation of different habitats. 

 

Clearly defined and repeatable methods 

Repeatability and reproducibility are a challenge for all scientific disciplines and monitoring 

programmes. This is also challenge for marine litter monitoring, where questions such as “when” 

“where” and “how” can completely change how a survey is conducted and the results derived from 

the surveys. When, where and how are especially important in long-term monitoring programmes 

to be sure that the results found are real and not artefacts of a survey conducted in a different place 

(even small distance differences can affect the litter found in complex and heterogenous habitats), 

at a different time (monsoon vs dry season, before or after a big celebration or clean-up) or using a 

different search method (vehicle survey vs foot, walking vs hands-and knees). Controlling for 

detection probability by specifying the searching methodology. For example, the methodology may 

specify searching by walking in a straight line or transect (rather than random searching) or 

searching while standing (rather than on hands-and-knees). 

 

Quantification and reporting findings in a way that is harmonised with other surveys and uses 

policy-relevant categories 

There are many different methods by which marine litter monitoring programmes quantify and 

report their findings. The usefulness of a study is ultimately determined by the quality of this 

reporting. The ability to ‘harmonise’ and to directly compare findings between different efforts and 

glean policy-relevant information from these studies/programmes is key for designing effective and 

successful monitoring programmes.  

 

Representative capture of variation within each habitat to avoid sampling bias 

Biases can be easily introduced by not representatively capturing within-habitat variation. Often 

sampling biases are not intentional, but small differences in the way a survey is conducted can lead 
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to very large differences in results. Biases can be introduced by lack of randomised or representative 

site-selection, for example, concentrating marine monitoring on the dirtiest beach along a coastline, 

or even just surveying solely the litter-dense strandline of a site rather than across the entire area 

to gain a more accurate, representative sample. Therefore, surveys are best designed in such a way 

that the monitoring programme representatively samples within and across each habitat type. The 

best way to representatively capture variation is the sample the entire habitat. However, this is 

rarely feasible, and sample areas within the habitat are often selected. 

 

Best practice for site selection includes: 

• Stratification of the survey sites to representatively capture variation. 

• Randomisation of survey sites, accounting for stratification. 

• Within-site replication. 

When the entire habitat/site cannot be surveyed, best-practice survey design incorporates these 

approaches to representatively capture of variation within each habitat and avoid sampling bias. 

 

Account for survey / data collection effort 

Variation in survey effort can mislead results and undermine an entire programme if survey effort 

is not controlled or accounted for.  

Measures of data collection effort may include:  

• The number of people that carried out the survey,  

• The size of the survey area, 

• How long people spent searching for litter (Hardesty, Wilcox et al. 2016).  

 

Combined, this information can help discern the probability of surveyors detecting the litter that is 

present.  

Sampling effort does not need to be completely consistent on every survey, but effort does need to 

be accounted for, and quantified in survey design and execution. This is so that changes detected 

can be confidently distinguished as real, and not an artefact of sampling bias. By quantifying sources 

of survey effort, such as the number of people, area surveyed and survey duration, statistical 

standardisation methods can be applied to the results to reduce or account for sampling biases. 

Standardisation methods takes this information into account to get a ‘true’ representation of the 

amount of litter at each site. 

 

Representation of different habitats  

Different types of habitats accumulate different types and quantities of litter (Roman, Hardesty et 

al. 2020). To representatively account for the inventory of litter in the marine environment, different 

habitats must be sampled according to the objectives of the monitoring programme. There are four 

main habitats for monitoring marine litter quantity and change through time, as highlighted by the 

GESAMP working group: shoreline, seawater, seafloor and biota (Kershaw, Turra et al. 2019).   
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7.2 Size of marine debris items and litter surveys 

 

Size of marine debris items 

Anthropogenic litter in all habitats/compartments comes in a range of sizes, from the microscopic 

to the very large. When describing the size of items, the most studies group items in the visible size 

range into ‘mega’ (items >1m), ‘macro’ (items 25mm – 1m), ‘meso’ (items 5mm – 25mm) and ‘micro’ 

(items 0.1μm − 5mm). Smaller than micro are ‘nano’ sized items (items 0.001 – 0.1μm), for which 

very little has been studied with respect to aquatic environments. Nano particles are therefore not 

further discussed in this report. ‘Meso’ and ‘micro’-sized items are often broken-down pieces of 

larger items that have been fragmented by photo-degradation and mechanical degradation of wind 

and water. Many survey approaches target plastics across just one or two of these size ranges and 

planning which size range is applicable is integral to choosing the appropriate monitoring approach. 

 
 

Surveys focusing on meso-plastics and macro-plastics 

Meso, macro and mega anthropogenic debris is easy to see along the banks of watercourses. 

Tangled in riverside, vegetation, in rocks on riverbanks, and trailing across infrastructure such as 

pipework, dam walls and support piers of bridges, such mismanaged waste creates an eyesore in 

these natural aquatic systems. For this reason, many of the worlds’ debris survey programs focus 

on these larger sized items, as specialized equipment and laboratory facilities are not necessary to 

count or monitor them. Although commonly observed in this environmental snagging context, 

macro and mega sized litter tends to be less numerically common than meso and micro-sized litter 

in inland and aquatic habitats (Blettler, Ulla et al. 2017), especially in the sediment and water 

column. Plastic tends to dominate anthropogenic litter in aquatic and marine environments (Bruge, 

Barreau et al. 2018, van Emmerik and Schwarz 2020). Food wrappers (mainly polypropylene and 

polystyrene), smoking-related items, bags (high- and low-density polyethylene), bottles 

(polyethylene terephthalate), and disposable polystyrene food containers (expanded polystyrene) 

are common macro-sized items in inland and freshwater systems (Blettler, Ulla et al. 2017, Bruge, 

Barreau et al. 2018). Macro and mega sized items can break down into meso and micro sized items 

with exposure to the environment, with one item sometimes fragmenting into hundreds or 
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thousands of smaller ones given enough time and exposure to the elements. Therefore, removing 

these larger items from the environment can prevent the future release of thousands of 

microplastics, as larger items become degraded. 

 

Surveys focusing on microplastics 

Microplastic items range from visible size range, that can be surveyed by eye, to fragments that are 

difficult, or too small to accurately see and count. For this reason, surveys that focus on micro-

plastics typically require trained professional surveyors, and specialized equipment and facilities to 

capture. Where surveys specifically seek to find micro-sized litter, the presence of microplastics and 

microfibers are widespread, particularly fibers. Microplastics are especially common in aquatic 

systems, and are ubiquitous in wetlands throughout the world (Kumar, Sharma et al. 2021). Rivers 

can contain high levels of microplastics, especially where there is input of untreated wastewater 

(Woodward, Li et al. 2021). The presence of microfibers reflects input into the environment, and 

more microfibers are expected in heavily urbanized areas compared to remote areas. Across the 

world, urban areas tend to have greater loads of microplastic in aquatic environments than rural 

areas. For example, in India, urban rivers have twice the density of microplastics compared to rural 

rivers (0.4 microplastic particles/L in urban Chennai, 0.2 microplastic particles/L in a rural river near 

Munnar). 

One of the significant challenges affecting quantification of smaller microplastics is the 

contamination of samples by microplastics generated by the clothing and equipment of surveyors. 

It is imperative that studies focusing on microplastics have comprehensive contamination controls. 

Another challenge of microplastic surveys is distinguishing plastic from natural objects. Fourier-

Transform Infrared Spectroscopy (FTIR) is a popular technique used to distinguish synthetic from 

natural objects. FTIR works by obtaining an infrared spectrum of absorption or emission of a solid, 

liquid or gas. Currently, much work that focuses on or counts microfibers does not discern between 

whether those fibers are synthetic or from natural materials.  

 

Microplastic surveys and contamination 

A major challenge of surveys that focus on microplastic is avoiding contamination. Clothing of 

surveyors can shed fibres, and research equipment too may create contamination through 

damage and chips. It is imperative to have quality contamination protocols in place when 

conducting microplastic surveys and analysis. A low-cost approach to avoiding (or quantifying 

contamination is wearing a single color and fiber type when in the lab, so that at least if 

contamination occurs it can be detected (e.g. orange wool only).  
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Part II Approaches to marine 

litter monitoring  
 

 

 

Part II introduces different types of marine litter monitoring, including 

traditional methods such manual clean-ups and designed litter 

surveys.   
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8 Different methods for monitoring marine litter  

Different countries around the world count litter and quantify change through a variety of different 

methods. Among commonly used methods are litter clean-ups and designed surveys. Clean-ups are 

used where the removal of litter from the environment is the primary goal and are often 

undertaken by non-professionals. Designed surveys are often undertaken by professionals or 

trained participants, include quadrat surveys, transect surveys (including strandline surveys), and 

volume-based surveys (including sediment surveys and water sampling). In this section, we 

address different environmental survey programmes. The information included is current to the 

time that this report was compiled. We recognise that survey protocols change through time and 

recommend that readers check organisation’s website for the most up-to-date information about 

survey protocols. This section is not inclusive of biota monitoring, which has its own unique set of 

methodologies, advantages and disadvantages depending on the approaches and species utilised. 

 

 

9 Clean-ups 

 

9.1 Summary of ‘clean-up’ approaches to environmental monitoring 

Much of the world’s marine debris data comes from clean-up activities. Clean-up programs 

generally are co-ordinated by a group which organises to remove and dispose of litter that has 

accumulated in a chosen area. Sometimes a tally of items removed for data collection is also carried 

out. This differs from municipal waste removal services or waste picking, where no data on the types 

of litter collected is recorded. Clean-ups can occur in any habitat, but are most popular on beaches, 

in inland areas, or on the seafloor in coastal dive locations. Clean-up programmes operate at 

different scales, from local to international. 

Examples of clean-up programmes operating at different scales include: 

• Individuals removing litter from an area that they feel a sense of duty or custodianship over 

• Small community group-level clean ups of single beaches, parklands, small islands or rivers, 

usually administered by a small group of community members. For example, “Keep Main 

Beach Clean”. 

• Clean ups of larger areas such as larger islands, stretches of coastline, national parks or along 

rivers, often coordinated by a larger community organisation or local government 

• National clean ups administered by larger organisations. For example, “Clean up Australia 

Day”, an annual nation-wide clean up organised by the non-government organisation “Keep 

America Beautiful” in the United States of America. 

• International clean-up programmes, administered by large non-government organisations. 

For example, the ‘International Coastal Clean-up’, administered by the non-governmental 

organisation ‘Ocean Conservancy’. 
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Internationally renowned clean-up programmes 

Many of the world’s best known marine debris surveys and monitoring programmes take a 

clean-up approach. Examples include the ‘International Coastal Clean-up’, administered by the 

international NGO ‘Ocean Conservancy’, and the ‘Dive Against Debris’ programme, 

administered by scuba-diving interest NGO, PADI AWARE. Using the power of volunteers, these 

clean-ups have been conducted across 150 and 120 countries, respectively, worldwide. 

 

Clean-up surveys are one of the most common approaches to marine litter surveying worldwide and 

are often organised by citizen scientists and community groups. Clean-ups are popular because 

removing litter from the environment as part of a co-ordinated group effort makes most socially 

conscious people feel good that their direct action is helping the environment. Often, but not 

always, the priority of clean-ups is awareness raising, along with removing litter and/or community 

engagement as the primary goal, while the recording of data is a secondary or tertiary goal. Because 

the recording of data is not the primary goal, the data collected from clean-up programmes varies 

in quality, and not all data generated by clean-up programmes are suitable for robust environmental 

monitoring. Here we outline some of the benefits and disadvantages to clean-up approaches to 

litter monitoring. 

 

9.2 Benefits of ‘clean-up’ activities as a monitoring approach 

From a monitoring programme managers perspective, the main benefits of clean-up programmes, 

in addition to removing litter from the environment, is that they are popular with the community, 

and provide a simple approach to engage members of the public with the environmental issue of 

litter in their local area. Typically, less financial and expert human resource investment is required 

to generate a lot of data in a clean-up programme, compared to monitoring programmes 

undertaken by paid professionals or contractors. With thousands of communities and citizen science 

groups conducting millions of clean-ups around the world and diligently recording items collected, 

the datasets generated cover nearly every country in the world at a small fraction of the cost that 

would be required to send trained teams to clean up these locations. 

 

To summarise, the benefits of clean-up approaches to litter monitoring are: 

• Removing litter from the environment 

• Cheaper to conduct than designed and professional surveys if they engage volunteer labour 

• Engaging the community in preserving their local environment  

• Raising awareness of local-scale litter issues, and potentially fostering behaviour change 

However, there are caveats about the data collected through clean-up programmes. 
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9.3 Disadvantages of the ‘clean-up’ approach to litter monitoring 

There are three main disadvantages to the clean-up approach to litter monitoring. The first is that 

there are generally strong biases in the sites or areas selected for clean-ups, with community 

organisations often prioritising locations that accumulate a lot of litter (‘dirty’ locations), and/or 

sites with high recreational and societal value, such as well-loved beaches, national parks and 

holiday locations chosen. Because of this values-based motivation for site-selection, is rare that 

stratified or representative sampling is applied to community clean-ups. When this clean-up is used 

for robust analysis, this can lead to the quantity of litter in an area being over-estimated or under-

estimated. The second disadvantage is that clean-up approaches rarely sample the target location 

evenly and hence the within-site representation is highly variable. For example, if the clean-up site 

is a beach, clean-up participants may walk along the strandline only, and prioritise removing larger 

and easier-to-see items. This means that the survey data can be biased as it misses litter types that 

accumulates higher on the beach or in the backshore, and/or is missing smaller items and 

microplastics, including fragments. Furthermore, as more participants join, a larger area may be 

included, though not all the area may be ‘cleaned’ or ‘surveyed’ equivalently. A third disadvantage 

to clean-up approaches to marine litter monitoring is that volunteers may not accurately gauge 

survey effort with respect to their clean-up, nor accurately fill in survey sheets. It is common that 

volunteers prioritise the removal of litter over the collection of data, meaning that errors in counts 

of the individual items, or the mass of items (especially when wet or sandy/soiled items are 

collected) is common. By example, in a site clean-up with numerous members, volunteers may roam 

and search in a non-standardised manner, searching for different lengths of time, covering a variable 

distance of ground. In such clean-ups, and some stretches of ground will be searched more than 

once by numerous participants, while other areas might not be searched at all, especially in a large 

site. For this reason, it is difficult to avoid biases and accurate quantify search effort in community 

clean-ups. 

 

To summarise, the disadvantages of clean-up approaches to litter monitoring are: 

• Bias in the choices of sites cleaned, favouring dirty sites or sites with high recreational/social 

value, therefore representativeness, stratification and replication between sites is rare. 

• Sites are generally sampled unevenly, leading to compromised within-site representation 

and stratification, with a bias towards collecting larger litter items. 

• Accurate data collection is not always prioritised, leading to errors in item counts, variation 

in recording of item categories, and mass of items, particularly when items are wet or 

sandy/soiled. 

Despite these disadvantages, there are approaches that those overseeing clean-ups as part of 

monitoring efforts can take to reduce the chance of biases and errors. We detail some of these best 

practice approaches below. 
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9.4 Best-practices in the ‘clean-up’ approach to monitoring mismanaged waste 

Some of the disadvantages of clean-up approaches to litter surveys can be overcome with careful 

planning and attention to detail. For example, biases in site selection can be overcome by a 

representative and stratified site pre-selection system for community clean-ups. Within-site 

representativeness and stratification can be improved by training clean-up co-ordinators in 

techniques to overcome these disadvantages. For example, clean-up coordinators may want to split 

their volunteer group evenly across the site, providing bounded, representative sub-sites across the 

broader site, asking each team to evenly cover these sub-sites, rather than letting volunteers roam 

widely to clean.  

A major problem of clean-ups is poor quality control in data recording, meaning that the results of 

entire clean-up programmes cannot be included if key data is missing, or inaccurately recorded. 

Data recording can be improved by site-coordinator training, and by discussing and demonstrating 

the important of good data collection techniques before the clean-up begins. For survey effort data, 

this might include providing volunteers with equipment, such as tape measures and stop watches, 

to accurately record the distance/area surveyed, and the time spent undertaking the survey.  

One common pitfall of clean-up data is the lack of recording zero counts. Often, recorders may leave 

zero counts blank. When the data is analysed, those performing the analysis will not know whether 

blank records are zero, or ‘forgotten’, and depending on the objective of the survey, these omissions 

may mean that data from the entire survey cannot be used. Accuracy of data collection and counting 

can be improved by having one or two data recorders whose sole responsibility is to record the data, 

and ensure accuracy and good practice among the team, including filling in every blank cell, and 

recording of all zeros. Electronic forms can help this problem, as electronic forms and data cards can 

be programmed with constraints that do not enable participants to leave the cell blank. Another 

technique to ensure accurate counts (though this takes more time), is to collect all litter from the 

survey into a bag or box, and sort and count together at the end of the clean-up session. 

 

To summarise, some steps that can be added for best practice to clean-up approaches to litter 

monitoring are: 

• Pre-selection of a representative and stratified suite of sites for volunteer coordinators to 

choose from can reduce biases such as targeting of locations that may introduce data biases 

• Training clean-up coordinators in the importance of within-site replication, stratification 

and representativeness, and attention to survey effort, so they can manage their team in 

such a way to avoid within-site biases. Examples might include splitting a site into sub-sites, 

and allocating specific team members to different, bounded sub-sites. 

• Attention to accurate data-recording. This includes making sure that the clean-up 

participants count carefully, and do not leave blank spaces when recording data. For 

accurate measuring of survey effort, clean up coordinators may want to provide the team 

with equipment such as measuring tapes and stop watches to accurately record survey 

effort. 

• Electronic data entry forms can reduce the instance of volunteers incorrectly entering data 

and leaving blank spaces, as electronic forms can be constrained to disallow blanks. 
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Clean-ups can be a valuable approach to data collection, if a few extra steps are taken to ensure 

best practice to avoid some of the biases inherent to clean-up approaches.  

 

Avoiding blank data cells, and the importance of zeros 

A common error in data collection in general, and volunteer collected data specifically is failing 

to complete data forms in their entirety. People often leave blank cells (failing to record zero 

items or other important information). When survey data is analysed, the presence of a single 

blank cell in an important category can mean that the entire survey cannot be used. For 

example, a blank cell in survey effort entries, such as the distance/area surveyed, number of 

surveyors or the time taken, means that data analysts cannot distinguish whether low or high 

litter counts are due to hot/cold spots, or because there was high or low survey effort driving 

the trends. Zero counts of items are often left blank in data forms. When this happens, the data 

analyst cannot know whether no data was recorded because no litter of that type was found, 

or because the data recorder forgot to write in that cell. Attention to not leaving blank cells, 

and filling in zeros where no litter was found, can help make the best use of data collected. 
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10 Designed surveys 

 

10.1 Summary of the ‘clean-up’ approach to litter monitoring 

Designed surveys are intended specifically to quantify, catalogue, and monitor mismanaged waste 

and marine litter in the environment. Designed surveys are usually undertaken by scientists, 

environmental officers, contractors and other trained professionals. Though debris may be 

removed from the environment during a designed survey, designed surveys differ from clean-up 

activities in a number of ways. The gathering of robust, reliable information is a primary goal of 

the survey, rather than the immediate removal of litter itself. There are numerous types of 

designed surveys that are used in environmental sciences generally. In this section we summarise 

the main approaches, and discuss the benefits, disadvantages, and best-practice of the most 

popular designed survey approaches for marine litter monitoring, including: 

• Quadrat surveys 

• Transect and area-based surveys (including strandline and trawl surveys) 

• Volume-based surveys (including water and sediment sampling). 

This section serves as just a brief introduction to the main concepts of each survey method. Each 

individual designed survey programme often has its own specific guidelines and protocols, which 

may differ from the general information provided in this handbook. 
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11 Quadrats 

 

11.1 Summary of the quadrat survey approach to litter monitoring 

Quadrat surveys are a designed survey where 

a square or rectangular area, called a quadrat, 

is placed on the ground in numerous locations 

within a site, and all items of interest within 

the quadrat are counted. Quadrat surveys may 

focus on the surface of a substrate, but can also 

include core samples, and can be carried out 

on land or on the seafloor. Quadrat sampling 

approaches are popular in many natural 

sciences because they enable a physically 

bounded method by which to sample a chaotic 

natural system, providing robust, reliable and defensible data that can be readily extrapolated into 

non-sampled sites.  

 

11.2 Benefits of the quadrat survey approach to litter monitoring 

Quadrat surveys have many advantages over clean-ups, in part due to their bounded nature and the 

increased rigor of the survey approach. The clearly defined edges of a quadrat mean that sampling 

effort and area is tightly constrained, and there is less likely to be variation in the data/results that 

are driven by factors relating to surveyor effort and how the survey was conducted (these problems 

are common in clean-ups) rather than variation due to the characteristics of the marine litter itself. 

Quadrat surveys make for straightforward calculations of marine litter density at a site, and ready 

comparison between sites. 

 

To summarise, the benefits of quadrat approaches to litter monitoring include: 

• Bounded area sampling means that items within quadrats are not likely to be missed 

• Survey effort and area is constrained, making for more accurate analysis and extrapolation 

 

However, there are caveats about the data collected through quadrat sampling. 

 

11.3 Challenges associated with the quadrat survey approach to litter monitoring 

Quadrat placement, if randomised without including the habitat variation that may be present 

within the broader survey area, can miss important details. For example, across a larger site, 

randomised quadrats may not include an important debris-accumulation area, such as a drainage 

channel in a larger agricultural site. Individual quadrats within a site can also have large variations 

in the amount of debris between quadrats, which is reasonable due to the highly variable nature of 
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debris accumulation in the environment. If there is significant variation in litter between quadrats, 

then extrapolation and among site comparisons may be less accurate than desirable. 

 

To summarise, the disadvantages of quadrat approaches to litter monitoring are: 

• True representativeness and randomisation may be difficult, and without good 

randomising methodology, surveyors can be biased towards placing quadrats on debris-

dense areas within the survey site 

• Quadrat placement can miss important details that occupy a small proportion of the survey 

site, especially if representativeness is not factored into the randomising method.  

• Depending on the diversity of the counted object (in this case, litter) within the site, many 

transect squares may be needed. Highly diverse sites might have more variation within a site 

than between sites, making comparison between sites difficult. 

 

Despite these disadvantages, there are approaches that those overseeing quadrat surveys as part 

of monitoring efforts can take to reduce the chance of biases and errors. We detail some of these 

best practice approaches below. 

 

11.4 Best-practice in the quadrat survey approach to litter monitoring 

To improve the data from quadrat surveys, the site selection must be properly randomised. For 

example, a quadrat survey of a beach is not random if all the quadrats are placed on the strandline. 

Furthermore, the randomisation method must be structured in a way that variable compartments 

within the site are stratified to properly represent the site. If a site is large, power analysis may be 

required to determine the minimum number of quadrats that are required to be sampled for a 

statistically robust and appropriately representative survey. 

 

To summarise, some steps that can be added to ensure best practices to quadrat approaches to 

litter monitoring are: 

• Ensure a true randomisation approach to reduce the chance of surveyor-introduced biases 

• Factor in a level of site representativeness to apply across the randomisation technique, so 

that important features occupying a small proportion of the total site are not overlooked 

• For highly diverse or variable sites, statistical techniques such as power sampling may be 

required to determine the minimum number of quadrats required to conduct between-site 

comparisons. 

 

With careful consideration, quadrat surveys can be a valuable approach to data collection. 
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12 Transect surveys 

 

12.1 Summary of the transect survey approach to monitoring mismanaged waste 

Transect surveys are a designed survey whereby a measuring device 

is used to ensure the entire area surveyed is recorded appropriately. 

Typically, a tape measure or similar device is placed on the ground 

in a straight line, for a fixed distance, within a site. The surveyors 

walk along the measure, called the ‘transect line’, and count all items 

of interest within a fixed distance (such as 1 or 5 or 10 m) from the 

tape measure. Transect surveys tend to focus on the top of the land 

type. Transects may be used at inland, along coastal and riverbed 

sites, or on the sea surface, but can also be used on the seafloor. Sea 

surface transects differ from land-based transect surveys because 

they ideally involve towing a trawl net with a fixed mouth width (and 

of a particular mesh dimension). Trawl surveys are conducted by 

travelling a predetermined distance and/or for a set time at a fixed speed in a moving vessel, an 

approach known as surface trawl sampling. Like quadrat sampling, transect sampling approaches 

are common in many natural and agricultural sciences, because they enable a physically bounded 

method by which to sample a chaotic natural system, providing robust scientific data that can be 

readily extrapolated into non-sampled sites. 

 

Among transect surveys of coastal and river habitats, there are two common approaches: 

I. Transects that run parallel (the same direction as) the coastline/riverbank, often along the 

strandline/debris line (the line where anthropogenic litter and vegetation debris 

accumulates). This is often called a strandline survey. 

II. Transects that run perpendicular (at a 90° angle to) the coastline/riverbank, often starting 

at the waterline and ending at, or beyond the backshore vegetation or top of the riverbank. 

Here we discuss both types of transect surveys, and the differences between them. 

 

12.2 Benefits of the transect survey approach to litter monitoring 

Transect surveys have many of the benefits of a quadrat survey, in that the bounded nature means 

there is less likely to be variation in the data/results that are driven by factors relating to surveyor 

effort. Like quadrat surveys, transect surveys are useful for calculations of marine litter density at a 

site, though this is contingent on where the transect line is placed, and the ready comparison 

between sites (a challenge for all survey types). Because they encompass larger survey areas than 

do quadrats, they may better capture small-scale differences that quadrat surveys might miss. 

Transects are also an efficient means of sampling across a variety of strata at a site, and as such are 

economical and robust, if sites and transects are selected appropriately.  
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To summarise, the benefits of transect approaches to litter monitoring are: 

• Bounded sub-sampling means that items within transects are not likely to be missed 

• Survey effort and area is constrained, making for more accurate analysis and extrapolation 

• Because transects span longer distances than quadrats, they are more likely detecting 

important features that take up a small proportion of the total area of the site, that might 

otherwise be missed 

• They are a cost effective and robust means of sampling across a larger geographic expanse 

than area-based surveys or clean ups.  

• Because transects can encompass multiple land use types within a site, they may better 

allow for robust analysis and comparisons compared with other survey approaches. 

 

However, there are caveats about the data collected through transect approaches. 

 

12.3 Disadvantages of the transect survey approach to litter monitoring 

There are some disadvantages of transect approaches to litter monitoring, but these mainly relate 

to the physical space of the transect. The first disadvantage is that there can be confusion about 

whether items at the edge of the boundary fall inside or outside of the transect. This differs to 

quadrats, where the edge of the quadrat provides a clear boundary. Features of the landscape, such 

as trees, shrubs, embankments, erosion and changes in height of the ground can impede laying a 

transect in a straight line. Sometimes obstacles such as shrubs can completely cover a transect line, 

making it difficult to properly survey the ground under the obstacle, and/or impacting on the 

calculation of distance/area surveyed. 

 

Further to these general disadvantages, strandline surveys have some unique disadvantages. The 

first disadvantage is that the debris load caught in a strandline changes with wind and water 

intrusion: this can be twice a day in the case of a beach strandline (due to tidal fluxes), or when it 

rains for a river strandline. Furthermore, the data that results from debris surveyed in a strandline 

can only be compared to other strandlines and cannot be extrapolated to other parts of the site, 

nor is it ideal to compare among strandlines if a number of additional factors are not taken into 

account. Strandlines are debris accumulating areas and as such will over-represent debris if 

extrapolated to other areas more broadly (non-strandline areas). Hence, it is not appropriate to 

apply to hotspot or change through time monitoring due to how heavily impacted this type of data 

is and its structural biases. 

 

To summarise, the disadvantages of transect approaches to litter monitoring are: 

• Without clear boundaries like a quadrat survey, there may be uncertainty as to which items 

lay within or outside of the boundaries of the transect 

• For trawl samples, if the water is moving, it can be challenging to determine how much 

water is moving through the trawl net, without the use of a flow meter 
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• Features of the landscape, such as trees, bushes, waterways and changes in height of the 

ground, can impede the transect line 

• Without careful placement, the transect surveys may not be representative of the sub-

habitats within the site 

 

Unique disadvantages of strandline transect approaches to litter monitoring are: 

• Marine litter loads along strandlines changes rapidly, and debris can be deposited or moved 

on tides and with rainfall events. 

• Strandline debris data cannot be readily extrapolated to determine the debris load at the 

site or habitat at large. 

• Debris data collected at strandlines can only readily be compared to other strandlines, 

generating a dataset that has limited applicability and transferability for other sites. 

• Strandline surveys provide an overestimate of debris load, as by definition these surveys 

take place at accumulating areas.  

 

Despite these disadvantages, there are approaches to conducting transect surveys as part of 

monitoring efforts that can reduce bias and errors. We detail some of these best practice 

approaches below. 

 

12.4 Best-practices in the transect survey approach to litter monitoring 

To reduce these disadvantages, applying stratified and representative design approaches to transect 

placement is a best practice.   The use of measurement aids, such as rulers or a string of the width 

of the transect, can be used to distinguish which items are inside or outside the transect boundary. 

At each site, because one is not exhaustively surveying and recording information for a large area, 

conduct multiple transects within a site (a minimum of three ensures analysis can include an average 

and variability measures). For trawl samples, aids such as flow meters can help quantify the water 

moving through the trawl net. We further recommend conducting transects perpendicular to the 

coastline and river, moving from the water’s edge away from it at 90 degrees. This allows one to 

sample across the full representation of the site, rather than biasing towards a particular area. 

 

To summarise, some steps that can be added for best practice to transect surveys for monitoring 

include: 

• Use of measurement aids, such as a ruler, to determine whether items near the transect 

boundary are within or outside of the transect.  

• Apply stratification and representativeness within the site to ensure sub-habitats are 

captured. 

• For coastline and river surveys, conduct transects running from the water’s edge 

perpendicular to the coastline/river. 
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• Carry out multiple transects (minimum of 3) at each survey site to ensure representation of 

the amounts and types of debris at that site and striking the balance between cost, efficiency 

and representativeness.  

 

With best-practices implemented, transect surveys are a valuable and cost-effective approach to 

litter and mismanaged-waste monitoring. 
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13 Volume-based surveys (sediment sampling and water 

sampling) 

 

13.1 Summary of the volume survey approach to litter monitoring 

Volume surveys are a designed survey, where a fixed 

volume of a substrate, typically sediment (sediment 

sample) or water (water sample) is collected to 

measure the plastic contained per unit of volume. For 

aquatic and marine habitats, sediment provides an 

indication of non-buoyant items (those that do not 

float), while surface or subsurface water samples 

target buoyant and neutrally buoyant items (floating 

items or those that are the same density as the water). 

Sediment surveys have become an increasingly popular method especially for sampling 

microplastics. Sediment surveys are popular on beaches, in estuaries and riverbeds, but have been 

conducted across a variety of environments, including on the deep ocean floor. Sediment sampling 

typically involves using a bucket, grabbing device or corer to take a volume of sediment, and 

quantifying the plastics within the sample. Sediment samples are useful because they reveal litter 

items that are not just visible and sitting on top of the sediment, but those that are buried. Hidden 

items that are buried in the sediment are a particularly important component of the pollution of 

high-energy locations, such as beaches with big waves. They can also provide a view through time, 

with deeper cores providing information of older (past) environmental debris compared to surface 

sediment which is more recent.  

Water sampling targets litter and fragments that are both accumulated and in transit (or flux) in the 

water column. Water sampling is popular especially in rivers and is increasingly being used (grab 

samples) in ocean environments. Water sampling is typically done by filling a container (typically a 

bottle or bucket) with water from a fixed depth, to quantify the number of items, typically 

microplastics, within the volume of water. Water sampling is an important method for 

understanding the loads of plastic present in water bodies, as water columns, especially in remote 

parts of the ocean, are among the least understood areas with respect to plastic pollution. 

 

13.2 Benefits of the volume-based survey approach to litter monitoring 

The benefit of sediment and water sampling is that they account for unseen items – those hidden 

in the sediment or water column. The methodology of taking a fixed volume of water or sediment 

from a site works similarly to a quadrat sample for quantifying plastic on the ground surface due to 

their bounded nature. The clearly defined edges of the container used mean that sampling effort 

and volume is tightly constrained. Because of this, volume-based surveys make for straightforward 

calculations of marine litter density at a site, and ready comparison between sites. Furthermore, 

the sampling approach is quite to carry out, with respect to field time. The effort required comes in 

the sample processing time.  
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To summarise, the benefits of volume-based survey approaches to litter monitoring are: 

• Fixed volumes of water and sediment means that items within containers are not likely to 

be missed. 

• Survey effort and area is constrained, making for more accurate analysis, extrapolation, and 

direct comparison between sites. 

• Relatively quick to do in the field (unless sampling in the depths of water from a vessel or 

unmanned autonomous vehicle).  
 

However, there are caveats about the data collected through sediment surveys. 

 

13.3 Disadvantages of the volume-based survey approach to litter monitoring 

One notable disadvantage for volume sampling is that it is only most useful for smaller items, such 

as microplastics and smaller mesoplastics. Prohibitively large volumes of sediment and water would 

be required to sample macroplastics and this approach is not undertaken with an eye to sampling 

large items (to the authors’ knowledge). Volume sampling, if randomised without factoring within-

site habitat variation, can miss important details and, as with other compartments, the high level of 

variability means multiple samples will yield a more accurate picture of anthropogenic debris. For 

example, across a larger site, randomised volume measurements may not land on an important 

debris-accumulation area, such as an underwater feature such as a sink hole or channel. Debris 

variability is also quite high even at local scales from sediment sampling (Barrett, Chase et al. 2020).  

If there are significant between-sample variations, then extrapolation and making between-site 

comparisons is a challenge. Hence, taking multiple samples is important, as is true for any other 

sampling or survey approach. Another disadvantage is volume-based surveys have a limited ability 

to detect plastic in relatively ‘clean’ or lightly contaminated environments, without significant 

volumes of water and/or sediment being taken. Distinguishing between the absence of plastic, and 

low amounts of litter, can be challenging with volume-based approaches. 

 

To summarise, the disadvantages of volume-sampling approaches to litter monitoring are: 

• Volume sampling methods are useful for microplastics and smaller mesoplastic, depending 

on the size of the mouth of the sampling container. However, volume sampling is rarely a 

useful technique for macroplastics unless very large volumes of sediment or water can be 

collected. 

• Local heterogeneity is high, so multiple samples are required. 

• Insufficient sampling across the strata can result in missing debris if it only occurs in a small 

proportion of the survey site.  

• Difficulty in detecting plastic in clean / lightly contaminated environments is a concern as 

large volumes of water and/or sediment may be required to detect debris in low density 

areas. 
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Despite these disadvantages, there are approaches that those organising volume surveys as part of 

monitoring efforts can take to reduce bias and the chance of errors. We detail some of these best 

practice approaches below. 

 

The Regional Research Inventory and volume-based surveys of microplastics in 

East Asia 

A science-policy team, led by researchers from the National University of Singapore with 

support from UNEP, COBSEA, SEA circular and the government of Sweden, have recently 

compiled an inventory of peer-reviewed science and humanities research publications on 

marine plastics. This database is called the ‘Regional Research Inventory’ and is available online. 

Volume-based surveys to quantify microplastics in seawater and sediment are among the most 

common type of environmental sampling survey conducted by universities in the ASEAN+3 

nations at the time of compiling this handbook. The Regional Research Inventory has aimed to 

harmonise the units of reporting for findings, where possible, and is useful for comparing 

microplastics per volume of substrate across different countries and habitats in East Asia.  

 

13.4 Best-practices in volume-based survey approaches to litter monitoring 

To improve the data from volume surveys, sites selected will ideally be chosen using a stratified 

random sampling approach. If there is a high diversity of features within the site (such as an uneven 

seafloor), the randomisation method will ideally be structured in a way that variable compartments 

within the site are stratified to as fully represent the site as possible. We suggest multiple samples 

(replicates, minimum of 3) are taken at each site. If a site is large, power analysis may be required 

to determine the minimum number of volume samples that are required to be samples for a 

statistically robust survey. 

 

To summarise, some steps that can be added for best practice to volume approaches to litter 

monitoring are: 

• Ensure a true randomisation approach to ensure sampling is representative across the site. 

• Factor in a level of site representativeness to apply across the randomisation technique, so 

that important features occupying a small proportion of the total site are not overlooked. 

• For highly diverse or variable sites, statistical techniques such as power analysis may be 

useful to determine the minimum number of samples required to conduct between-site 

comparisons, especially in regions with variable amounts of plastic, and in clean / lightly 

contaminated environments.  

With careful best-practice survey design, volume-based surveys can be a valuable approach to data 

collection, especially for microplastics. 
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Brand audits 

Brand audits are a secondary type of information that is often collected as an “add-on” to other 

marine litter surveys – both clean-ups and designed surveys. However, brand audits are 

increasingly carried out with the specific goal if identifying major brands associated with 

products/waste observed in the environment. Brand audits provide detailed information about 

the companies that originally produce the items that are polluting the area surveyed. As a 

stand-alone source of data, brand audits may not provide enough information to be able to 

show important trends such as debris density or changes through time. However, when 

combined with traditional survey approaches, brand audits may provide a valuable new source 

of information about corporate responsibility for plastic pollution. We recommend performing 

brand-audits in concert with survey designs that are already representative and stratified. 

Taking this approach adds value to already well-designed surveys. 
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Part III Global marine litter 

monitoring programmes 
 

 

 

 

Part III of this handbook describes several of the well-known marine 

litter monitoring programmes undertaken across the world.  The goal 

of this section is to evaluate the suitability of different programmes for 

establishing baselines and monitoring changes through time. 
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14  Examples of global marine litter monitoring programmes 

There are hundreds if not thousands of litter monitoring programmes globally, including 

programmes run by governments, NGOs, universities and community groups, occurring across 

multiple habitat types in countries around the world. Among these are eight large, 

multijurisdictional programmes, the larger of which have been adopted across more than 100 

countries globally. These surveys are undertaken by a combination of citizen science surveys and 

professional surveys, or a combination thereof. The aim of this section is to evaluate the suitability 

of different programmes for establishing baselines and monitoring changes through time, utilizing 

the five tenets for designing national and regional scale marine litter monitoring programmes. It 

is key to understand that each of these protocols is designed with a different goal or purpose in 

mind, and not all protocols are fit-for-purpose for all survey and marine litter monitoring objectives. 

Though we summarise each approach through the lens of the five tenets for designing national and 

regional scale marine litter monitoring programmes (e.g., establishing baselines and monitoring 

changes through time), we acknowledge that different programs have goals and outcomes that may 

not be measured against these criteria. For example, the focus of community clean-ups may lean 

more heavily on mass of litter removed or number of people engaged, a measure not captured by 

the five tenets. Other programmes may focus on presence of microplastics, on fast survey 

completion time, or on linking litter presence with harm to wildlife, as other examples of outcomes 

not addressed by the five tenets. Here we summarise approaches of eight well-known examples, 

with the information that was available at the time of report compiling. 
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14.1 Ocean Conservancy International Coast Cleanup (ICC) 

The Ocean Conservancy is a United States of America 

based NGO that advocates for environmental issues 

affecting the ocean. The Ocean Conservancy began the 

‘International Coastal Cleanup’ programme more than 

30 years ago. This volunteer-led coastal marine litter 

survey and clean-up programme has been run in more 

than 150 countries. Ocean Conservancy ICC 

programme surveys coastline and rivers and waterways 

habitat. 

Ocean conservancy’s clean-up locations are chosen by 

volunteers participating in the clean-up. Although their 

data card asks for information such as the location, 

distance cleaned, and the number of adult and child 

participants, the entry of this information is not 

required for form submission. Ocean Conservancies ICC 

has been adapted into national monitoring in some 

countries, for example the annual International Coastal 

clean-up Singapore, which conducts clean ups and 

reports on surveys across the country. 

 

AT A GLACE… 

OCEAN CONSERVANCY INTERNATIONAL 

COAST CLEANUP (ICC) 

Programme type Clean-up 

Survey approach Not 

prescriptive 

Clearly defined and 

repeatable methods 

NO 

Quantification and reporting 

findings in a way that is 

harmonised with other 

surveys and uses policy-

relevant categories, as best 

possible 

YES 

Representative capture of 

variation within each habitat 

to avoid sampling bias. 

NO 

Accounting for data 

collection effort 

NO 

Representation of different 

habitats 

YES 
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14.2 Clean-coast index (CCI) 

 

 The Clean Coast Index (CCI) was developed by Israel’s 

Ministry of Environmental Protection’s Marine and 

Coastal Division to objectively evaluate the degree of 

cleanliness at beaches. The approach aimed to 

provides transparent and timely information on the 

state of these beaches, which allows the ministry to 

take action against those authorities that are not 

fulfilling their legal duties to maintain beach 

cleanliness. The CCI provides a rapid approach 

methodology that has become popular among 

governments and other environmental managers 

globally and has since been rolled out to quickly assess 

beach cleanliness for management purposes in 

numerous jurisdictions. Its popularity is because this 

approach is quick and easy, though at the cost of 

limited information provided. 

The CCI takes a transect approach, with multiple 

transects taken within the same habitat compartment, 

and then the total litter across the transects is divided 

across the total area surveyed, to generate an index 

that is delineated into a measure of beach cleanliness, from 0-2 (very clean) to 20+ (extremely dirty). 

The CCI provides a clearly defined and repeatable 

method, however it does not categorise litter in a way 

that is harmonizable with other programs, nor does it 

account for collection effort. Surveyors are instructed 

to conduct transects in the same habitat compartment 

(for example, separating sandy coastlines with rocky 

coastlines), but does not provide specific guidance for 

representative capture.  

 

 

AT A GLACE… 

CLEAN-COAST INDEX (CCI) 

Programme type  Designed 

survey 

Survey approach Transect 

Clearly defined and 

repeatable methods 

YES 

Quantification and reporting 

findings in a way that is 

harmonised with other 

surveys and uses policy-

relevant categories, as best 

possible 

NO 

Representative capture of 

variation within each habitat 

to avoid sampling bias. 

PARTIAL 

Accounting for data 

collection effort 

NO 

Representation of different 

habitats 

Shoreline 

only 
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14.3 #BreakFreeFromPlastic Brand Audit (BFP-BA) 

 

The #BreakFreeFromPlastic Brand Audit is a brand 

audit that can be considered both a primary data 

source, or a secondary type of data applied to either a 

clean-up or a designed survey. If used as a primary 

survey / monitoring method, the BFP-BA does not 

adhere to three of the five tenets. For example, it does 

not provide clearly defined survey methods, nor report 

findings a way that is easily harmonised with other 

surveys due to the broad item categories.  

Brand audits provide valuable information as an 

addition to well-designed clean-ups and designed 

surveys. However, as a primary data source, some 

brand audits may lack key information such as the 

presence of these surveyed brands contextualised 

among other litter, nor among frequency of similar 

products within the region. We recommend that brand 

audits, including that by #BreakFreeFromPlastic, are 

most scientifically-robust when be used in support of 

or as a complement to other monitoring efforts. 

 

AT A GLACE… 

#BREAKFREEFROMPLASTIC BRAND AUDIT 

(BFP-BA) 

Programme type Brand audit 

Survey approach Not 

prescriptive 

Clearly defined and 

repeatable methods 

NO 

Quantification and reporting 

findings in a way that is 

harmonised with other 

surveys and uses policy-

relevant categories, as best 

possible 

NO 

Representative capture of 

variation within each habitat 

to avoid sampling bias. 

NO 

Accounting for data 

collection effort 

YES 

Representation of different 

habitats 

YES 
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14.4 PADI AWARE Dive Against Debris 

 

PADI AWARE (Formerly Project AWARE) Dive Against 

Debris programme is a seafloor citizen- 

science marine litter survey and clean-up programme, 

launched in 2011. Since the programme’s inception, 

Dive Against Debris has been undertaken in 120 

countries around the world, reporting over 1.6 million 

pieces of litter.  

 

PADI AWARE Dive Against Debris programme allows 

volunteers to choose their dive sites to conduct debris 

surveys/clean-ups, this programme has a much 

stronger focus on scientific survey technique than 

many other programmes. PADI AWARE requires 

extensive meta data to be collected, both about the 

dive site itself, but also about the surveyors, enabling 

search effort to be calculated for their surveys. Though 

the PADI AWARE Dive Against Debris programme is a 

clean-up primarily, it does have many of the elements 

of a designed survey, such as attention to accounting 

for data collection effort. With  a few minor additions, PADI AWARE’s clean-up survey can be readily 

adapted for ocean and lake marine litter monitoring programmes. 

AT A GLACE… 

PADI AWARE DIVE AGAINST DEBRIS 

Programme type Clean-up  

Survey approach Not 

prescriptive 

Clearly defined and 

repeatable methods 

NO 

Quantification and reporting 

findings in a way that is 

harmonised with other 

surveys and uses policy-

relevant categories, as best 

possible 

YES 

Representative capture of 

variation within each habitat 

to avoid sampling bias. 

NO 

Accounting for data 

collection effort 

PARTIAL 

Representation of different 

habitats 

Ocean and 

lake only 
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14.5 National Oceanic and Atmospheric Administration (NOAA) Standing Stock 

Surveys 

NOAA’s monthly Marine Debris Monitoring and 

Assessment Project (MDMAP) is part of the United States 

of America’s NOAA Marine Debris Program. The NOAA 

standing stock survey programme uses a transect 

approach and focuses on shorelines habitat and is 

applied broadly across numerous jurisdictions in the 

United States of America and internationally. NOAA 

MDMAP serves as a template for many international 

monitoring programmes. 
 

Though focusing on shorelines only, the NOAA standing 

stock surveys account for most of the tenets for designing 

national and regional scale marine litter monitoring 

programmes. NOAA standing stock surveys have clearly 

defined methods, even describing how surveyors must 

walk, and carefully incorporates replication and 

randomisation within sites, providing a randomisation 

tool for surveyors. This survey approach also controls for 

number of surveyors (survey effort) and the probability of 

detection but does not measure the amount of time that a survey takes for data collection effort. 

Because only a limited type of beaches are surveyed, it is difficult to extrapolate beyond beaches 

with similar characteristics to those actually surveyed.  
 

AT A GLACE… 

NOAA STANDING STOCK SURVEY 

Programme type Designed 

survey  

Survey approach Transect 

Clearly defined and 

repeatable methods 

YES 

Quantification and reporting 

findings in a way that is 

harmonised with other 

surveys and uses policy-

relevant categories, as best 

possible 

YES 

Representative capture of 

variation within each habitat 

to avoid sampling bias. 

YES 

Accounting for data 

collection effort 

PARTIAL 

Representation of different 

habitats 

Shoreline 

only 
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14.6 OSPAR guidelines – Guideline for Monitoring Marine Litter on the Beaches in 

the OSPAR Maritime Area 

The OSPAR guidelines are a designed marine litter 

monitoring protocol, taking a transect approach for 

beaches in Europe that border the North-East Atlantic 

Ocean. OSPAR is the mechanism by which 15 

Governments & the EU cooperate to protect the marine 

environment of the North-East Atlantic. It is an 

intergovernmental partnership of European countries 

bordering the Northeast Atlantic Ocean, and includes 

Belgium, Denmark, Finland, France, Germany, Iceland, 

Ireland, Luxembourg, Netherlands, Norway, Portugal, 

Spain, Sweden, Switzerland and the United Kingdom.  

The OSPAR guidelines provide information to survey 

shorelines only and have built in a recommendation to 

survey four times per year, once in each winter, spring, 

summer and autumn, corresponding the main seasons 

experienced in Europe. The OSPAR guidelines show 

photographs of litter categories, which are broadly 

harmonizable with other major international litter survey 

categories and recommend training of surveyors to 

better ensure comparability between surveys. 

The OSPAR guidelines take a transect approach, with transects being conducted parallel to the 

shoreline. This approach recommends two transects, the first of 100m in length, recording all litter 

items, and a second of 1km in length recording just macro and mega sized litter items 50cm or 

larger. The OSPAR guidelines also monitor biota and have a sister protocol for marine litter 

interactions among fauna encountered. 

AT A GLACE… 

NOAA STANDING STOCK SURVEY 

Programme type Designed 

survey  

Survey approach Transect 

Clearly defined and 

repeatable methods 

YES 

Quantification and reporting 

findings in a way that is 

harmonised with other 

surveys and uses policy-

relevant categories, as best 

possible 

YES 

Representative capture of 

variation within each habitat 

to avoid sampling bias. 

NO 

Accounting for data 

collection effort 

NO 

Representation of different 

habitats 

Shoreline 

only 
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14.7 APEC Marine Environmental Training and Education Center (AMETEC) protocol 

 

The APEC (Asia-Pacific Economic Cooperation) Marine 

Environmental Training and Education Center 

(AMETEC) protocol was developed in 2013 through a 

collaboration between Korea Institute for Ocean 

Science and Technology (KIOST) and Our Seas of East 

Asia Network (OSEAN). It is based on the 2009 

UNEP/IOC Guidelines on Survey and Monitoring of 

Marine Litter. The AMETEC protocol is a designed 

survey programme that aims to monitor plastics on 

beaches in the visible size range using a quadrat 

sampling method, followed by microplastics using a 

volume-based beach sediment sampling method. It has 

been carried out across numerous countries in the Asia-

Pacific region, including the Republic of Korea, Taiwan, 

Thailand and Vietnam.  The AMETEC protocol is also 

designed to account for monsoon and non-monsoon 

seasons, a seasonal variable linked with flushing debris 

from land to sea that is unique to the world’s 

tropical/sub-tropical latitudes.  

Quadrat placement according to the survey design 

accounts for variation in litter loads along across the 

tide-range of the beach, demonstraing some within-

habitat capture, but the protcol is not designed capture variation between sub-habitats, such as 

boulders, pebbles, slabs or other types of non-sandy coastal habitats. Because the AMETEC 

protocol uses a quadrat survey followed by a volume-based survey, accountng for data collection / 

survey effort is naturally constrained. However, because the number of surveyors nor survey time 

recorded, survey effort is not fully accounted for. 

  

The AMETEC protocol involves two stages to its marine litter survey methodology, the first takes a quadrat 

approach and the second takes a volume-based sediment survey approach. 

AT A GLACE… 

AMETEC PROTOCOL 

Programme type Designed 

survey  

Survey approach Quadrat & 

volume 

(sediment) 

Clearly defined and 

repeatable methods 

YES 

Quantification and reporting 

findings in a way that is 

harmonised with other 

surveys and uses policy-

relevant categories, as best 

possible 

YES 

Representative capture of 

variation within each habitat 

to avoid sampling bias. 

PARTIAL 

Accounting for data 

collection effort 

PARTIAL 

Representation of different 

habitats 

Shoreline 

only 



 

Marine Litter Monitoring Methods Handbook, Part I  |  41 

14.8 CSIRO Global Leakage Baseline Project (GLBP) 

 

The CSIRO Global Plastic Leakage Baseline Project (GLBP) 

aims to use field sampling and mathematical modelling 

to document the distribution of plastic in the ocean, on 

the coast and in the nearshore environment. CSIRO’s 

GLBP survey programme uses a transect approach, and 

comprehensively captures multiple habitats, including 

coastlines, rivers and waterways, sea surface and inland 

habitats at each surveyed site. The protocol requires a 

minimum of three transects to be carried at each survey 

location, to ensure representation across strata. Surveys 

also take place across multiple habitats/land use types to 

ensure representation across the environment and so that 

predictions can be made of debris load, type and desnsity 

across broader geographic scales. The  approach has been 

used in more than 20 countries around the world to 

establish baselines and support ongoing monitoring and is 

used to support National Plans of Action on Plastic for 

countries and regions globally. The CSIRO GLBP has 

recently developed an app and online training resources to support the delivery of this program in 

numerous languages. 

 

 There is a comprehensive explanation of the 

CSIRO Global Leakage Baseline Project 

methodology in the Marine Debris Monitoring 

Methods Handbook, Part II.  

 

AT A GLACE… 

CSIRO GLOBAL LEAKAGE BASELINE  

Programme type Designed 

survey  

Survey approach Transect 

Clearly defined and 

repeatable methods 

YES 

Quantification and reporting 

findings in a way that is 

harmonised with other 

surveys and uses policy-

relevant categories, as best 

possible 

YES 

Representative capture of 

variation within each habitat 

to avoid sampling bias. 

YES 

Accounting for data 

collection effort 

YES 

Representation of different 

habitats 

YES 
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14.9 Survey design in global marine litter monitoring programmes 

The eight listed global marine litter monitoring programmes, Ocean Conservancy ICC, Project AWARE Dive against Debris, NOAA standing stock surveys, 

#BreakFreeFromPlastic Brand Audit and CSIRO Global Plastic Leakage Baseline Project each take different approaches to survey design. Here we 

summarise survey design and sampling bias in each of these programmes.  

 

Table 1 shows that multijurisdictional litter clean-up and survey programmes vary in their standard form for a science-based approach. 

Table 1 Survey design in multijurisdictional global marine litter monitoring programmes 

SURVEY DESIGN  OCEAN 

CONSERVANCY 

INTERNATIONAL 

COAST CLEANUP (ICC) 

CLEAN 

COAST 

INDEX (CCI) 

#BREAKFREEFRO

MPLASTIC 

BRAND AUDIT 

** 

PROJECT 

AWARE DIVE 

AGAINST 

DEBRIS 

NOAA 

STANDING 

STOCK SURVEY 

OSPAR 

GUIDELINE 

AMETEC 

PROTOCOL 

CSIRO GLOBAL 

PLASTIC LEAKAGE 

BASELINE 

PROJECT  

Clearly defined and 

repeatable methods 

NO YES NO NO YES YES YES YES 

Quantification and reporting 

findings in a way that is 

harmonised with other 

surveys and uses policy-

relevant categories, as best 

possible* 

YES NO NO YES YES YES YES YES 

Representative capture of 

variation within each habitat 

to avoid sampling bias. 

NO PARTIAL NO NO YES NO PARTIAL YES 

Accounting for data 

collection effort 

NO NO YES PARTIAL PARTIAL NO PARTIAL YES 

Representation of different 

habitats 

YES Shoreline 

only 

YES Ocean and 

lake only 

Shoreline 

only 

Shoreline 

only 

Shoreline only YES 

* Though these surveys have different item lists, many of the common items use policy-relevant categories, and are reported in a way that is possible to harmonise 

most items with other programs 

**This only applies if the #BreakFreeFromPlastic Brand audit approach is used as a standalone survey 
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Part IV Best practice 

recommendations for 

adapting existing monitoring 

programmes 
 

In part IV, we provide recommendations for improving best practice of 

existing monitoring programmes for the goal of establishing baselines 

and monitoring changes in litter through space and time. 
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15 Recommendations for improving best practice and increasing 

scientific rigor in existing monitoring programmes  

 

 

15.1 Recommendation overview 

If your goal is to evaluate the suitability of different existing programmes for establishing marine 

litter baselines and monitoring changes through time in your country or region, this section 

provides specific guidance and recommendations for the programmes outlines in Part II. 

Most of the eight well-known examples of global marine litter monitoring programmes adopt the 

majority of the five tenets for designing national and regional scale marine litter monitoring 

programmes. With a few modifications, each of these programmes can be adapted for establishing 

baselines and monitoring changes through time. We recommend COBSEA partner countries to 

capitalise on the opportunities already provided by existing programmes by using scientific best 

practice to adapt the five tenets to current programmes. By leveraging the successes of existent 

programmes, and patching the gaps, harmonisation of COBSEA monitoring programmes can be 

achieved through making small changes to existing efforts, following examples already 

implemented by some countries. Overarchingly, we recommend improving attention to reporting 

of survey effort across all monitoring programmes and, where possible and appropriate, align data 

sheet reporting categories for comparability between survey types and among countries within the 

region. This is particularly the case for programmes that are already widespread in the region, for 

example, the clean-up activities Ocean Conservancy’s International Coastal Cleanup and Project 

AWARE’s Dive Against Debris. Such examples can be guided in such a way that can provide useful 

monitoring information by including stratification, randomisation, and replication. To better sample 

under-represented habitats using a method that meets the five tenets for designing national and 

regional scale marine litter monitoring programmes, we recommend the adoption and expansion of 

survey programmes that are already established in the region, such as the CSIRO GLBP programme.  

 

 

The five tenets for designing national and regional scale marine litter monitoring 

programmes (e.g., establishing baselines and monitoring changes through time): 

1. Clearly defined and repeatable methods. 

2. Quantification of data and reporting of findings in a way that is harmonised with other 

surveys and uses policy-relevant categories, as best possible. 

3. Representative capture of variation within each habitat type/strata to avoid sampling bias. 

4. Account for data collection effort. 

5. Representation of different habitats. 
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15.2 Attention to quantification and reporting findings in a way that is harmonised 

with other surveys and uses policy-relevant categories, as best possible 

Quantification of data and reporting findings in a way that is harmonised with other surveys and 

uses policy-relevant categories, as best possible, is something that most programmes already strive 

for. This is particularly so for common items such as plastic bags, bottles, cups, food packaging, 

utensils, ropes, fishing gear and cigarette butts. Two programmes that record much broader 

categories that do not delineate specific items are the CCI and #Breakfreefromplastic brand audit.  

We recommend that each survey/monitoring programme, at a minimum, report: 

1. That if using the CCI, individual items are recorded in a way that is harmonised other surveys 

and uses policy-relevant categories. This extra time spent could greatly improve the utility and 

value of this data.  

2. The #Breakfreefromplastic brand audit is conducted as a secondary information source 

alongside a programme or approach that meets the five tenets and where items are 

quantification and reported in a way that is harmonised with other surveys and uses policy-

relevant categories 

Adapting these measures to quantify and report findings in a way that is consistent with other 

surveys efforts in the region will greatly aid multijurisdictional harmonisation efforts. 

 

15.3 Attention to representative capture of variation within each habitat to avoid 

sampling bias. 

Most sites are not homogenous. For example, even a coastline that is mostly sandy beach might 

include a beach entrance section, a section near a car park, a modification such as a seawall or a 

section that is rocky or vegetated. Furthermore, beaches may be coves or headlands (which have 

different accumulation characteristics) and some may include a waterway outlet such as a drain or 

natural waterway. Also, the coastline will face different directions and/or experience different 

prevailing winds, depending on season, geography and other factors. 

Few survey programmes give detailed attention to representative capture of variation within each 

habitat to avoid sampling bias. Those that do this well are CSIRO’s GLBP or NOAA’s Standing Stock 

Surveys. These programmes randomisation and stratification methodology can serve as a template 

to adapt other programmes and introduce site randomisation and stratification. The CCI and 

AMETEC protocol partially stratify within their sites, but the methodology is less comprehensive. 

Small adjustments and adaptations can greatly improve the representativeness of the data 

generated by other programmes.  

To improve stratification and randomisation within sites, especially large sites, we recommend 

dividing sites into areas that represent different features. For example, a 6km coastline might 

contain 4km of wide sandy beach, and half of which is remote, a 1km seawall and 1km of vegetation. 

In a site of this variety, we recommend (if the resources are available) a minimum of three 

surveys/clean-ups, one for the sandy beach section, one that occurs by the seawall, and the third in 

the vegetated section. By stratifying and randomising clean-ups within-sites, the survey data 
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captures within-site variation in marine litter that may occur due to the types of terrain and onshore 

forcing, for better information about local marine litter situations. 

Most survey programmes are conducted on sandy beaches near populated regions. To improve 

randomisation of the site location for designed surveys, we recommend applying randomisation 

and stratification methods. Some programmes include such methodologies, including CSIRO’s GLBP 

or NOAA’s Standing Stock Surveys, that can serve as a template for other programmes. For clean-

ups, randomised and stratified design can be introduced prior to the start of surveys via a “suggest 

sites” or pre-selection of sites be nominated by the local organisations responsible for clean-ups. 

By nominating or pre-selecting habitat types before the clean-up date, representation of different 

types of sites (sandy beaches, rocky beaches, mangroves, riverbanks, river deltas and other site 

types), nearby and distant from populated areas, can be selected to more broadly represent the 

habitat(s) within the area. 

This approach can be applied to seafloor surveys too, as the seafloor is also not homogeneous. For 

example, a dive site may contain seafloor of different depths, different surfaces (rock, coral, mud, 

sand), different organisms (sponges, hard and soft corals, algae/seaweeds, kelp gardens, seagrass). 

To improve stratification and randomisation within sites, especially large sites, we recommend 

dividing sites into areas or zones that contain these different features. For example, a coral reef 

dive site may contain a mixture of coral structures spread across sand. In such a site, clean-ups could 

be split into coral seafloor clean-ups and sandy seafloor surveys/clean-ups if it is not feasible to carry 

out the activity across the entire area. By stratifying and randomising clean-ups within-sites, the 

survey data captures the type of within-site variation in marine litter that may occur due to the 

types of terrain and forcing, such as ocean currents 

 

15.4 Representation of different habitats. 

Representation of different habitats provides a wider-lens view of the marine debris situation in a 

location, such as sources and sinks/accumulation points, as well as flux of litter between habitats 

and compartments. However, this section is brief as representation of different habitats is not 

possibly for all survey programmes, with most focusing on just on one or two habitats / 

compartments.  Harmonisation of methods between programmes generally is important when 

considering that most methods focus on just one habitat or compartment, so marine litter can be 

appropriately compared for a holistic and system-scale view of marine litter as it cycles from source 

to sink. A more holistic understanding provides scientifically sound evidence to policy makers who 

seek to make solutions based on sound evidence.  
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15.5 Accounting for data collection effort. 

Data collection effort is comprised of two main components that can affect data, the survey effort 

and the detection probability of different types of items. In general, designed surveys account either 

wholly or partially for data collection effort through prescriptive methodologies. Clean-up 

approaches, however, rely on volunteer labour and are rarely prescriptive.  

 

15.5.1 Recommendations to improve survey effort 

We recommend attention to reporting survey effort. This is important across all monitoring 

approaches. Many of the one-off and ongoing programmes already include at least one measure of 

survey effort, however these effort mechanisms are not consistent nor are results always 

standardised with attention to differing survey effort, leading to different results. Specific 

information to record includes start and stop time of survey activity, area surveyed and how many 

people surveyed within the area.  

 

We recommend that each survey/monitoring programme, at a minimum, report: 

1. The number of surveyors. How many people are undertaking this survey? 

2. The area (m2 or km2) surveyed, volume surveyed if a volume-based survey (cm3 or m3) or 

length of the survey (m or km). A squared or cubic measurement is preferred over a linear 

measurement, where possible. 

3. The duration of the survey, including start and end time. 

The inclusion of these three measures of effort across surveys will mean that even in situations 

where data collection effort cannot be controlled, it can be statistically accounted for during data 

analysis.  
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15.5.2 Recommendations to standardise detection probability 

The probability of surveyors detecting debris that is present, especially small items, is variable for 

surveys approaches that are not prescriptive about how surveyors should search. Clean-ups, for 

example, are rarely prescriptive and clean-up programme attracts a variety of individuals who might 

search and survey in different ways. For example, some will walk briskly, chatting with friends, some 

will diligently search on hands and knees, looking under rocks and vegetation, and everything in 

between. Within the site, search effort may not be constant. At a beach site, people may be more 

likely to walk along the wet sand or strandline, than to venture into dunes or coastal vegetation. At 

a river site, people may be more inclined to search immediately along a muddy or wet riverbank. 

Multiple participants may search along the same stretch within the survey site while other areas 

within the site are neglected or missed. We recommend that prior to surveys being conducted, 

survey teams agree on a search methodology and divide participants’ effort so that search is 

evenly spread along the site. 

Some survey types are inherently more difficult to control for data collection effort and the 

probability of detection than others. For example, for seafloor surveys, due to the nature of scuba 

diving, survey effort and detection depend on dive conditions such as visibility and the strength of 

currents. However, some divers may search more diligently than others, looking under rocks and in 

vegetation, while others might opt for visually searching while swimming at a distance above the 

seafloor. It is also possible, with pairs of divers, that some areas within the dive site are searched by 

multiple people while others are missed, leading to uneven search effort and detection probability. 

We recommend that prior to surveys being conducted, the team agrees on a search methodology 

and divides participants’ effort so that their search is evenly spread throughout the site. 

 

 



 

Marine Litter Monitoring Methods Handbook, Part I  |  49 

 

 

Part V New and emerging 

technologies for marine 

litter monitoring 

programmes 
 

In part V, we provide an overview of some of the new and emerging 

technologies in the marine litter monitoring space 
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16 New and emerging technologies 

16.1 Summary of new and emerging technologies in litter monitoring 

 

Traditional marine litter surveys are time consuming, expensive, and sometimes hazardous to 

human health. To reduce or avoid some of the risks associated with traditional surveys, there is 

increasing attention and resources are devoting to the development of new and emerging 

technologies that can aid marine litter monitoring. New and emerging technologies are being 

developed for three different time-consuming aspects of marine litter monitoring: 

I. New technologies to observe litter in the environment. Examples include satellites, 

UAV/drones and remote cameras/sensors to take photographs of litter in the environment, 

and social media initiatives to encourage people to voluntarily take photographs of litter 

they see.  

II. New technologies to collect litter in the environment. Examples include the vast variety of 

litter or pollutant traps.  

III. New technologies to quantify litter in the environment. Examples often hinge in artificial 

intelligence and machine learning processes to recognise patterns in the data collected (for 

example, recognising images of marine litter in a photograph of a shoreline). 
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New technologies to observe, collect, and quantify environmental litter can provide valuable 

opportunities to add value to marine littering problems. However, no single new technology is a 

panacea to fix all problems that exist with traditional methods, nor can one method address all 

research or monitoring questions. Here we briefly describe some of the opportunities and 

challenges of the different new and emerging technologies for marine litter monitoring. Please note 

that this section is meant as a brief introduction. It is not a comprehensive assessment of the 

different methods nor is it exhaustive across all emerging technologies and tools. 

 

16.2 Remote sensing (Aerial footage and photography): Satellite and drone surveys 

Remote sensing through the use of aerial 

footage and photography, such as satellite 

photography and the use of unmanned aerial 

vehicles (UAVs), colloquially called ‘drones’, 

are popular emerging technologies to 

observe litter in the environment. Remote 

sensing enables the user to capture 

images/footage quickly and efficiently over 

large areas for satellites, and distances up to a 

few kilometres for drones. The advantage of 

satellites is that vast areas can be surveyed, 

and that you can elect the resolution that you seek from the company that offers the satellite 

photography service. Costs can be prohibitive for fine scale resolution, however.  

The advantages of drones as a tool to survey litter are that they can carry a video recording device 

and take fast but quality video footage from a bird’s eye view of the study area. This useful tool 

saves humans surveyors from carrying out laborious manual visual surveys, which is especially 

valuable in difficult or dangerous terrain, such as where there are wetlands, mud, extreme 

temperatures, water courses, dangerous animals, thick vegetation or difficult access to sites. Drones 

can be a useful complement to traditional methods, especially in situations where there are sites 

with some of the difficulties described. Aerial footage is also very useful for detecting very large 

litter items in the macro and mega size range. However, there are some significant disadvantages 

of using drones as the sole method of marine litter monitoring, without a parallel traditional process 

for marine litter monitoring.  

The main disadvantages of remote sensing surveys are: 

• Satellite photography services can be very expensive, and some UAVs are expensive to buy, 

and drone pilots can be expensive to hire for taking footage 

• The resolution of the images and video captured may be only suitable for larger items – 

small items often cannot be seen, and items that are not brightly coloured may be difficult 

to distinguish from the background environment. 

• Items may be obscured or hidden under vegetation. 

• Drone surveys in many jurisdictions require a trained and licensed drone pilot to operate 

the drone, and drone flying is not permitted in some locations, such as close to airports. 
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• Drone footage and satellite imagery can generate a very large amount of data that may 

require extensive digital management or human effort to process. 

• The satellite imagery and drone footage needs a secondary method to count the items 

observed, either by someone watching the footage and manually counting, or with artificial 

intelligence / machine learning (discussed later). 

Despite these challenges, satellite imagery and drone surveys are a useful tool in some monitoring 

scenarios, for example, monitoring the presence of large litter items or detecting and counting 

informal dump sites (see box below). Currently, many of the disadvantages of satellite images and 

drones as a monitoring tool are due to technological limitations, both due to the drones themselves, 

as well as the technology currently available to process the footage taken. As satellite, drone, video 

and pattern recognition technology improves, technology that supports aerial photography may 

play a much larger role in the future of waste leakage and marine litter monitoring programmes. 

 

Global Plastics Watch – an example of remote sensing to observe marine litter 

Global Plastic Watch (GPW) is a digital platform that maps the world’s plastic pollution in near 

real-time using a unique combination of satellite imagery and artificial intelligence 

(https://globalplasticwatch.org/). GPW was developed by the Minderoo Foundation No Plastic 

Waste initiative, in partnership with Earthrise Media. GPW uses freely available data from the 

European Space Agency, GPW detects plastic waste sites on land and monitors them over time. 

The benefits of remote sensing initiatives, including the GPW, is that they can identify waste 

sites to enable site clean-ups and better enforcement of laws against dumping, provide risk 

indicators for existing plastic waste sites such as proximity to water or communities, highlight 

priority areas for investment in waste and recycling infrastructure, and demonstrate visible 

progress towards waste management targets. 

 

 



 

Marine Litter Monitoring Methods Handbook, Part I  |  53 

16.3 Mounted cameras as a monitoring tool 

 Mounted camera surveys may be used to 

record and observe litter in the 

environment. Cameras may be mounted at 

a fixed location facing an area that litter 

passes in rivers or other aquatic 

environments for monitoring purposes. A 

fixed location may be a structure above a 

waterway, such as the underside of a bridge 

(see photo to left) and/or in the mouth of a 

stormwater drain. Cameras can also be 

mounted on ships or other vehicles to document mismanaged waste in the environment.  

It is also possible to have underwater fixed cameras for monitoring items within the water column. 

Mounted camera approaches have many of the same advantages and disadvantages of aerial 

photography, and we will not repeat the above list here. However, one key topic to keep in mind is 

the resolution of images. It is worth a brief reminder about the benefits of standardising survey 

effort. 

One main difference between aerial photography/footage and mounted camera surveys is image 

resolution – fixed cameras monitor litter in the environment at a smaller scale, usually a single small 

section of a river or stormwater drain. Fixed cameras that are above rivers and storm water drains 

can usually see mesoplastic sized items and larger but are unlikely to capture microplastic sized 

items, depending on the resolution and pixels of the camera. Some fixed cameras that are close to 

or submerged in the water can detect microplastics.  

Many fixed cameras are programmed to photograph or record either continuously, or at fixed time 

intervals. Because both the time and area surveyed is fixed, fixed cameras make excellent options 

for litter monitoring of the environments for which they are designed. That said, aerial footage 

surveys can be standardised for effort (time, distance and area surveyed) as well.   

 

16.4 Sensor technologies 

Sensor technologies are increasing employed to measure and 

monitor waste. These technologies are not solely focused on 

measuring litter already in the environment, as battery 

powered waste level sensors are used in ‘smart bin’ applications 

and in reverse vending machines. Here, the fullness of trash 

cans or rubbish bins is measured, and sensors may be linked to 

a cloud server or Internet of Things (IOT) for communication. 

Sensors are also being used to identify and detect objects and 

item types in reverse vending machines, allowing a user to 

deposit an item and receive a credit or cash for those items that 

attract. In addition, sensor technologies are in development for measuring waste and fulness levels 
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in storm water drains and gross pollutant traps. This will allow improved waste management at the 

local level, prior to overflows resulting in litter being lost back into the environment.  

Sensor technologies are often used in environmental monitoring across an array of applications 

(temperature, pressure, humidity, water quality, etc.). Sensors are also used in waste management 

facilities to identify and sort different types of plastic and other material types into those which can 

and cannot be recycled, etc.  

Each of these applications facilitates the automatization such that an individual human is not 

required for measurement, also allowing for data collection which can be useful for management 

and policy purposes. 

 

16.5 Pollutant traps as a means of monitoring waste in the environment 

Pollutant traps are a class of physical structures that 

are designed to passively collect waste that has 

entered the environment. Debris is flushed into the 

trap by water and wind. These can include the wide 

variety of gross pollutant traps that is incorporated into 

city stormwater infrastructure as well as nets, cages and 

booms that are placed across rivers and waterways to 

capture litter. Pollutant traps can also be placed in the 

ocean, for example, ‘sea bins’ that are placed in some 

ports and harbours, as well as engineering solutions 

such as booms that sweep the ocean for floating plastic 

(such as the boat-towed open ocean boom designed by 

The Ocean Cleanup). Pollutant traps perform a 

beneficial service by gathering litter in the 

environment, which can then be emptied from the trap. 

Litter collected by pollutant traps can also be identified, categorized and quantified to survey the 

types of litter entering this environment. The advantages of collecting litter this way is a useful 

method to passively sample the environment. However, because freshwater pollutant traps rely on 

rainfall to flush debris into them, and on cleaning to empty them, standardising for ‘survey effort’ is 

more complicated than for designed surveys. Several factors that must be considered if using 

surveys of pollutant traps for monitoring, including:  

• Time since last rainfall, and amount of rainfall (especially if there has been a high rainfall 

event) 

• Time since last clean of trap 

• Catchment area from which the water flushes litter 

• Capacity of the trap 

• Size of items that the trap can collect (e.g., mesh size) 

• Maintenance status of the trap – is it in good working order? 
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• Traps collect non-debris too and can get filled with sediment and vegetation (land-based) 

and pumice and wood (sea-based). 

• How full is the trap – for many trap types, as the trap fills, the function and ability to capture 

litter decreases 

 

Measuring the litter accumulated in pollutant traps can provide a useful method to passively sample 

debris in the environment, though each trap type requires specific considerations, including the 

above, to ensure the monitoring programme considers sampling effort. Without standardising 

sampling effort (such as the amount of water that has passed through the trap), comparisons 

between sites and through time will not be reliable, as you are likely to be measuring the influence 

of an environmental factor and not real change. For example, changes in litter are likely to be 

confounded by the amount of rainfall or amount of sediment in the bottom of the trap. 

Standardisation is easier for some pollutant trap types than others (for example, litter collected in 

a sea bin, checked at standard time intervals, is easier to standardise than a municipal gross 

pollutant trap). Pollutant traps can be a useful aid for monitoring mismanaged waste in the 

environment. 

 

 

16.6 Social media as a monitoring tool 

Social media is a useful new technology to make connections and gather data. However, 

information that comes from social media is very heavily driven by social factors, such as how many 

people visit a site. Social media surveys provide useful information about occurrence/presence data 

(for example, the presence of marine debris in birds’ nests), however, we do not recommend using 

social media-based surveys for marine litter monitoring. Social media derived information is not 

recommended as a foundation for a national monitoring program, though it can be useful for raising 

awareness and identifying hot spots for litter in the environment. Overall, social media does not 

account for the five tenets for designing national and regional scale marine litter monitoring 

programmes, such as accounting for surveyor effort, representative capture of variation within or 

between each habitat to avoid sampling bias, among other pitfalls. 
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16.7 Automated survey tools/autonomous devices  

Numerous private companies are 

bringing automated tools to market 

that have been explicitly designed to 

observe, collect and quantify debris in 

the environment. Technology is 

developed and sold by companies that 

do not typically prescribe how users 

design they survey or data collection. 

This falls outside the purview of the 

developers. However, there is ample 

room for users to apply survey methods 

adhering to the five tenets for designing 

national and regional scale marine litter monitoring programmes, utilising new technologies.  For 

example, portable, automated depth samplers (pictured) are offered by numerous companies, as 

an automated method to collect volume-based water samples at pre-selected depths from ocean 

and freshwater environments. Companies also offer pre-trained AI tools for quantifying the debris 

collected by their tools. Ocean diagnostics is one of many new companies offering automated 

survey tools specifically designed for the observation, collection and quantification of marine 

litter, and this company offers tools that both collect litter, provide paired automated machine-

learning based plastic counting and classifying tools, and laboratory services. 

 

SATURNA – an example of an automated tool to quantify marine litter 

Saturna is a standardized imaging and illumination device that is pioneered by the company 

Ocean Diagnostics. This device plugs in to your computer and syncs with the company’s web-

based analysis data portal and uses AI to perform rapidly characterize and quantify visible 

plastic particles. This is one example of an automated tool offered by private companies to 

collect a robust set of size, colour and categorical metrics for visible microplastic samples like 

those collected from trawl nets, beach quadrat samples and other monitoring approaches. 
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16.8 Artificial intelligence and machine learning (ML) 

Machine learning (ML) is a type of artificial 

intelligence in computing, which aims to understand 

and build methods that 'learn' material that the 

program is shown, based on pattern recognition. For 

marine litter, ML is typically used to observe and/or 

quantify objects. In brief, a selection of training data 

is provided for the program to recognise specific 

patterns. Machine learning algorithms build a model 

based on sample data, known as training data, to make predictions or decisions without being 

explicitly programmed to do so. For a marine litter detection algorithm, training data might include 

a selection of photographs of a plastic bottle in the ocean, with the explicit intention to train a model 

so that when the program/algorithm is later presented ‘test data’ photos of the ocean with and 

without plastic bottles, the model can distinguish between photos that contain plastic bottles, and 

those that do not. Properly trained, machine learning algorithms have the potential to save 

thousands of people hours (or more) reviewing, identifying, and categorising data. For example, 

tens of thousands of images such as those that might result from a camera mounted under a bridge, 

pointed at a river taking a photo every five minutes, may only contain a small number of images of 

litter floating down the river. An algorithm can be trained to recognise which images do or do not 

have litter in them, saving someone a great deal of time and money manually looking through these 

photos. There is a seemingly limitless potential for benefits from machine learning, however, there 

are also caveats and challenges.  

 

Whilst there have been multiple attempts to use ML for detecting anthropogenic pollution in both 

riverine and general environments, these attempts have not been wholly successful thus far. This is 

due to a variety of factors ranging from the complex nature of the domain (there is a huge variation 

in objects and background) to the lack of support for continuing technology development beyond 

the proof-of-concept phase. The primary caveat of machine learning for environmental monitoring 

is that producing and training machine learning models that can do what you want them to and do 

it reliably with a small degree of error, takes considerable forward planning, and is very time 

intensive and costly. Training ML programs should not be entered into blindly, and those seeking to 

take this path would benefit from defining a clearly articulated/bounded set of problems that you 

want the computer to solve and a realistic view of the capabilities of this technology. It is also 

relevant to account for the amount and type of training available to train your models, and whether 

the training data has a clear overlap in patterns with your test data. There is a common saying in 

machine learning “rubbish in, rubbish out”, which means that if you give your model poor training 

data, then the end product will be less useful than it otherwise could be. In summary, the more 

complicated the task, the more difficult it is to build a model, the more training data is required, and 

the less accurate a model is likely to be. As an example, a model that recognises a uniform, clean 

and non-crushed coca cola can on a plain background and seldom-changing background, such as 

white beach sand, will be fairly easy to train. However, a model that attempts to quantify and 
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categorise many types of litter, in many different states of cleanness, age, whole and fragmented, 

on a changeable background such as drone footage taken along a river, will be difficult to train. 

 

Some of the disadvantages with machine learning for marine litter monitoring are that often, the 

type of problem that people want the model to answer is very difficult to train for and may not be 

realistic with the current state of technology, without a limitless budget and team of the world’s 

best computer engineers. Counting cans from a particular manufacturer on a white sandy beach is 

a problem that might be straightforward to train a model for, but is unlikely to be encountered in 

real life. Many of the real-life applications that are sorely wanted, such as counting and identifying 

different types of litter along a dirty vegetated river, are often prohibitively difficult to train a model 

for, and fall outside of the capabilities and resources of most organisations that survey and monitor 

marine litter.  

 

Another disadvantage of machine learning is that a set of training data for one scenario does not 

always easily transfer for another. Therefore, resources may be allocated to solving one problem, 

and then when the next problem comes along, a new model and an additional set of training data 

is needed. For example, a model trained to identify plastic bottles in a river might not be able to 

detect plastic bottles in the ocean. Or a model that is trained to detect floating plastic in the sea 

may not be able to distinguish between plastic and light reflecting off the sea surface, or a model 

trained to detect litter in a river, may not be able to distinguish between litter and leaves, and likely 

cannot be transferred to another river.   

 

To summarise, even though there is limitless potential for ML approaches to monitoring 

mismanaged waste in the environment, and specific, well-defined and bounded research problems 

that machine learning is well-suited to, the technology still has a long way to come for many of the 

types of problems that marine litter monitoring organisations seek to answer. We suggest that those 

who want to use machine learning for marine litter monitoring seek the advice of software 

engineers familiar with training these types of models as the first step in their journal of embracing 

this powerful technology for marine litter monitoring.  
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“Rubbish in, rubbish out” - opportunities and pitfalls of machine learning 

approaches to litter detection 
 

Machine learning techniques are being increasingly applied to a whole suite of problems that 

seek to take advantage of a computers capabilities to be trained for pattern recognition, 

including the detection of litter in photographs and footage. However, machine learning is 

complicated, and without clearly defined questions with firm boundaries, results can vary. The 

saying “rubbish in, rubbish out”, is common to machine learning, and means that if you give 

your model poor training data, then the end product model will be bad at its job. We suggest 

that those who want to use machine learning for marine litter monitoring seek the advice of 

experienced software engineers who are familiar with machine learning as the first step in their 

journal of embracing this powerful technology for marine litter monitoring. 

 

 

16.9 Summary 

There are a litany of new technologies emerging to bring automation into the observation, 

collection and quantification of marine litter for survey and monitoring purposes. However, no 

single technology is a silver bullet solution to marine litter monitoring, and each needs to be 

applied by carefully balancing the advantages and disadvantages of the different technologies. 

Regardless of what technologies are used, knowing the specific question you aim to answer and 

following best-practice advice and the five tenets for designing national and regional scale marine 

litter monitoring programmes will provide the most accurate information for marine litter 

monitoring. 
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