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Marine Litter

1. Introduction
The problem of marine litter is not a new one, but the scale of the problem is only now being grasped by the public, partly as a result of increased publicity but also because the amount of litter in the ocean has reached a density that is now impossible to ignore. Marine Litter is defined as “any persistent, manufactured or processed solid material discarded, disposed of or abandoned in the marine and coastal environment” (UNEP, 2009). Over 80% of litter washed up on beaches is made up of plastic bags, discarded fishing gear and plastic food and beverage containers (Topcu et al, 2013). The substantial and continuing increase in plastic production (particularly single use plastics) around the world is being mirrored in the composition and volume of litter in the oceans. Over 300 metric tonnes of plastic are produced globally each year and 50% of this is for single use plastics which are disposed of within the first year (Singh, P, Sharma, V, 2015). This plastic is carried by ocean currents and vast expanses of dense litter have been observed in subtropical gyres as well as increasing levels of plastic litter found on coastlines and below the surface (both in the water column and on the ocean floor). The plastic does not biodegrade but does break down into small pieces of plastic (micro plastics), which are particles (≤5mm) (Zarfi et al, 2011), easily small enough to be digested by small sea life which will consequently find its way up the food chain.
This report will identify the route by which plastics end up in the ocean, significant areas of accumulation of marine litter, the most significant problems posed by this litter, and finally it will propose solutions to what is both a global and urgent problem.  

2. The route by which plastics end up in the ocean 
2.1 A large part of the litter comes from ocean based sources, ships, both commercial and recreational, fishing boats, military and research fleets and pleasure boats. Other installations at sea such as oil rigs are also guilty of polluting the oceans with litter. In some cases it is accidental, although very often litter is dealt with by throwing it overboard. Lost or discarded fishing gear from commercial fishing vessels has the greatest impact, nets and long lines that either break away accidentally or are thrown overboard because they are damaged, continue to catch fish and other sea life as they drift in the ocean, this is known as ghost fishing.  (Gilman, E. 2015)

2.2 However 80% of marine litter is believed to derive from land based sources (Sigler, 2014). In the Mediterranean 75% of annual waste is generated by tourists in summer (Galgani. 2015). This litter is then entrapped by the enclosed nature of the Mediterranean Sea creating an interplay of floating and beach litter (Fossi, M, 2017).  Globally, accumulations of coastal litter vary widely with factors such as the proximity of human activities to the coast, many cities are situated on or near to the coast which creates the likelihood of a much higher percentage of anthropogenic litter finding its way into the sea. As well as general waste, unprotected coastal landfill is also a contributor of a significant amount of marine litter, this is a particular problem for lightweight materials such as plastic bags and packaging which can easily be carried on the wind. Extreme weather events can be a factor, floods can carry discarded waste into sewage overflows. Micro-beads, which are tiny pieces of plastic that are added to wash off products such as face scrubs and toothpaste are too small to be filtered at waste processing plants and so wash straight into the sea. (Wang et al, 2016).

2.3 Lax standards in industry can also be a source of marine litter, one major problem is the amount of nurdles that are washed up on beaches each year. Nurdles are ‘lentil sized plastic pellets that are used to make every day plastic products’, “campaigners estimate that 53 billion nurdles enter the UK environment each year during the manufacture, transport and use of plastics” (Smith, R. 2017). 

2.4 There is a global estimate of plastic emissions from rivers into the oceans each year of between 1.15 and 2.41 million tonnes (Lebreton, C, 2017). Large rivers such as the Mississippi or the Nile have many large cities along their banks and are major transport hubs, with much of the city’s inputs and also very often their waste being transported by boat. Inevitably leading to substantial litter escaping into the river.

2.5 To successfully determine the route by which litter enters the ocean it is important to be able to identify and monitor marine litter and from its composition ascertain the most significant sources. This is problematic because of the global scale of the problem, the degradation of the litter over time and the manpower and resources required, and the incompatibility of sampling methods doesn’t allow for information sharing and analyses to achieve global estimates of the source and volume of marine litter (Galgani, 2015). 
						    

3.  Significant areas of accumulation of marine litter 

3.1 “Floating litter can be considered ubiquitous, occurring even in the most remote areas of the planet such as the Arctic”, (Bergmann et al, 2017), Recent studies carried out on remote beaches on Svalbard have provided the first quantitative data proving that polar waters are more polluted than previously thought, but data on litter density, composition and distribution are still scarce (Bergmann, M, et al 2017). Floating micro-plastic is also an increasing issue in the Southern ocean, which inevitably originates from distant shores. (Waller, C, et al, 2017).


3.2 However there are certain areas with more substantial accumulations. There has been a lot of attention recently on what has been called “the great Pacific Garbage patch”, which is a huge area of floating plastic in the ‘the North pacific Gyre’. “An Ocean gyre is a large system of circular currents formed by global wind patterns and forces created by the Earth’s rotation” (nationalgeographic.org). Within an ocean gyre is a large area of stationary water in to which plastics get drawn and trapped by the circular motion of the gyre, forming large areas of floating plastics. There are five major Gyres, the North and South Pacific, North and South Atlantic and the Indian Ocean gyre all of which have large accumulations of floating plastic (Sigler, 2014), within these “garbage patches”  plastic can break down more quickly into micro plastics because they are constantly abrading. 


3.3 Another area that is widely less investigated is the ocean floor, however it is estimated that 50% of plastic items sink to the seafloor “and even low density polymers such as polyethylene and propylene may lose buoyancy under the weight of fouling” (Engler, 2012). It is difficult to investigate the density of plastic on the ocean floor without being destructive, trawling causes more damage to the benthic zone than the impact of the litter (Galgani, 2015) camera submarines can be used to monitor plastics in the Benthic zone but will obviously not be able to see micro-plastics.
  
3.4 Coastlines, depending on their orientation and the “wind wave regime” are significant sinks for marine litter (Prevenios, 2017).”Besides natural drivers which affect beach litter dynamics, Anthropogenic factors such as vicinity to Urban centres, population density, beach visitors and marine traffic play a fundamental role in beach litter abundances and composition as they are potential sources of pollution” (Prevenios, 2017). The Mediterranean Sea has particular problems with beach litter as it is a semi-enclosed Sea with large populations and high tourist rates along its coast and “environmental awareness among many of these inhabitants is not very high”. (Portman, M. 2017).

3.4.1 Once disparities in composition and volume of litter due to increased summer tourism have been accounted for, regular monitoring of coastal litter is likely to prove the most effective method of tracking both the source of marine litter but also changes in levels in the future. Regular and consistent recording at coastal sites around the world should be an accurate and cost effective method of determining the success of future marine pollution reduction strategies. 


 
4. The most significant problems posed by this litter

4.1 The most visible effect of marine litter is the aesthetic damage to the coastline, and the volume of litter on beaches and in coastal waters can have a number of socio economic impacts, such as maintenance costs in the fishing industry due to damage of nets or propellers, and reduced catch revenue as a result of contaminated catches. The degradation of beaches can result in a loss of recreational value deterring tourists and reducing the attractiveness of coastal housing, as well as costs for beach cleaning and the expense of the prevention of litter. (Harding, S. 2017).

4.2 The problem of ghost fishing by discarded fishing gear (much of which is also made of plastic) has already been mentioned and when combined with entanglement in larger plastic litter is the main source of direct harm to marine wildlife. Although it is difficult to make comparisons as animals killed by ingestion of plastics are unlikely to have any obvious signs and would need a post mortem to confirm (Werner et al, 2016). Discarded fishing gear is the greatest risk to large mammals, “this is presumably due to its size, structure, longevity and its coincidence with key cetacean habitat”.(Baulch, 2014). When an animal is killed as a result of entanglement the responsible plastic is likely to carry on ‘ghost fishing’ long after it’s body has decomposed.


             
             



Number of species with records of entanglement documented in relation to the number of species known (adapted from Kühn et al., 2015)

	Species Group
	No. of known species
	Number of species with recorded entanglement
	Comments

	Marine mammals (total)
	123
	51 (41.5%)
	Baleen Whales 69%, Toothed whales 25%, Phocid seal 47%, Eared seals 100%

	Fish
	32,554
	89
	Too little for sampling.

	Seabirds
	206
	103 (25.4%)
	

	Marine Turtles
	7
	7 (100%)
	

	Sea snakes
	62
	2 (3.2%)
	


(EC, TG Marine litter Report, Werner, 2016))

This table shows how extensive the issue of entanglement is for certain species, but the 
amount of sampling that has been carried out cannot begin to represent the situation for most marine life. Common Fish or smaller less conspicuous sea life will not be recorded and sampled. (Werner, 2016). This is also likely to be the case when monitoring the ingestion of micro plastics, which will find their way up the food chain, to larger sea mammals and fish and to humans.


4.3 “Because of their size (micro-plastics) are available to a wide range of organisms including deposit feeders, filter feeders and scavengers” (Thompson et al, 2004). Some plastics are known to contain additives that are potentially harmful to wildlife, in addition to this, “Persistent organic pollutants (POP’s) from the marine environment are adsorbed onto plastics or plastic additives leaching out of the plastic pieces. These compounds harbour the risk of bio-accumulating in plastic-ingesting organisms, with unknown wider consequences on the food web “(Mato et al., 2001). Whilst many scientists consider it very likely that POP’s sorbed by plastics will be harmful to the ingesting sea-life, it is not yet known whether these pollutants will be bioavailable. (Wilson, A, 2013), or whether plastic is an important pathway for transferred pollutants when compared with what is ingested via natural diet or seawater.

4.3.1 “Furthermore, marine litter can assist invasions of alien species,” (Barnes 2005). For as well as POP’s being adsorbed by plastics, they are also used by many biota that have evolved to live on alien surfaces creating a ‘Platisphere’, these ecosystems can then be easily transported across biological barriers, establishing themselves in areas where they would not naturally be found, posing a threat to the ecosystems which they invade (Werner et al, 2016). This is not a new occurrence as natural debris has always been used as a transport media for biota, but the sheer volume of plastic particles, combined with their longevity is creating a situation where “Biological invasions of non-invasive species across ecological barriers is one of the greatest drivers of biodiversity loss in the ocean” (Werner et al 2016).



5. Recommendations for solving the problem 
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[bookmark: _GoBack]The diagram above prioritises actions to combat marine litter, the first and most important step is “to reduce the amount of waste that contributes to marine litter”. To be able to accomplish this it is first necessary to identify the type of litter that predominates in the ocean. However, “Whilst identifying the types and amount of debris that are frequently found on beaches is an important first step, understanding the impacts of those consumer items is critical if effective voluntary or regulatory measures are to be implemented to limit their impacts”(Wilcox, C et al. 2015). These measures will need to be varied if they are to effectively deal with the broad range of litter types found in the ocean. 

5.1 Legislation coordinated where possible across national boundaries, will be an important step toward reducing the amount of plastic that is produced in the world, good examples would be the recent ban on micro beads (gov.org/microbeads) or the ‘plastic bag tax’ in the UK (gov.org/bags), which will need to be taken to the next step of banning plastic bags entirely as has recently been implemented in Kenya. (BBC/Kenya). 

              5.1.1 This could be aided by technical solutions such as bags made of biodegradable plastic.   
The first-ever Europe-wide strategy on plastics, was adopted on 16/01/2018, by the EC and is   
a major step on the road towards a more circular economy. (EC 2018). “Under the new plans, all plastic packaging in the EU market will be recyclable by 2030, the consumption of single-use plastics will be reduced and the intentional use of micro-plastics will be restricted”. (EC, 2018). The increased use of bioplastics and significant investment in their development will be a key factor in the success of this strategy. “In 2017, global production capacities of bioplastics amounted to about 2.05 million tonnes with almost 60 percent of the volume destined for the packaging market” (European Bioplastics.org, 2017). The diagram below shows how bioplastics fit into the circular economy.

[image: http://www.european-bioplastics.org/wp-content/uploads/2016/02/3.2_EUBP_Bioplastics-value-chain.png]

5.1.2 Support re-design:  Re-designing products so that they are biodegradable, recyclable or simply just use less material can be accelerated by consumer pressure (for example the “Choke” campaign currently being directed at Coca Cola) (Ferreira, S, 2017), but can also be supported by governments, offering assistance to companies in terms of advice or even benefits to companies that use innovative and progressive design to limit waste. 

5.2 Cultural change: As with most environmental challenges, changes in the law will not be able to solve the problem on its own. A change in attitudes and behaviour is required, which can be achieved “through management approaches, education and through involvement of all sectors including the public at large” (UNEP, 2005)

5.3 Socio economic benefits: Promoting the socio economic benefits of reducing marine litter to industries with major stakes in the coastal and ocean environments, such as Fishing and tourism will hopefully encourage them to take a more proactive role in limiting Marine litter. Targeting commercial fishing is a priority because of the volume of discarded fishing gear in the ocean.

5.4 Development of monitoring protocols:  There needs to be international cooperation and information sharing to ensure that global knowledge about the sources and most severe problems caused by marine litter are known, including micro-plastics and litter found in marine biota (Galgani et al 2013). This would involve collaboration not just between governments but a sharing of coordinated information across all fields. “To establish a better understanding of the growing issue of plastic debris in the marine environment, we require a region wide, multi-jurisdictional coordinated effort to collect information on both plastic ingestion and nest incorporation, collected and reported in a standardised manner (O’Hanlon et al 2017, on effects on seabirds in the north Atlantic).

5.6 Clean up as close to the source as possible:  Litter needing final disposal by landfill or incineration needs to be minimised. All recyclable items should be collected by curb-side recycling, this will require a lot of spending on plants to process the materials once they have been collected. In the UK this is already an urgent need as China have stopped accepting low grade plastic waste from other countries (Ross, A, 2017). A bottle deposit scheme is another possible introduction which could reduce the number of plastic bottles directly discarded in the environment. They are being run successfully in many countries and the Scottish government is currently investigating their feasibility (Keane, K, 2017), as much of the domestic litter that ends up in the ocean does not originate from household waste. Better public recycling facilities will also help to alleviate this problem, as very often the only public bins available are for mixed litter.

5.7 Collect litter from marine environment where appropriate:  Beach cleans such as those arranged by groups like ‘surfers against sewage’ are very useful particularly if they are regular, geographically widespread and the litter collected is recycled. However clean ups in areas such as “the great Pacific garbage patch” may not be viable and may actually cause more damage as they will be damaging microorganisms (Galgani, 2015).


5. Conclusion

The problem of marine litter is clearly one with global causes and effects and as such it requires a global effort to solve it. It is difficult to narrow down the problems as they are so wide-ranging, however the most significant are entanglement of fish and marine mammals in litter, ghost fishing by discarded fishing gear and ingestion of micro-plastics by a broad range of sea life. 

This report has identified major accumulations of litter in the oceans (particularly floating plastic) and whilst many sources were identified the vast majority (80%) has been found to come from land based sources. The principal benefit in having a detailed knowledge and understanding of the sources and route of litter to the ocean is to be able to remedy the problem effectively. If there is a thorough knowledge of what types of litter predominate in the oceans and how they get there, this is the first step to an effective remedy (or more accurately a collection of remedies). “Because of inconsistent reporting schemes in scientific publications, data sets are often not comparable” (Galgani, F et al, 2015), so in order to truly map the scale of the problem and consequently the success of remedial actions, global monitoring and reporting protocols must be put in place.

Even with the best monitoring procedures in place, solving the problem will not be quick or 
easy. There is no single solution but rather a long list of actions that need to take place
globally, in many cases with international cooperation. However the most important factor that will drive this change is the will of the global population. For a change in societal attitudes is the only thing that will reduce unnecessary domestic waste but also put enough pressure on governments and powerful corporations to make the big changes that can truly end the problem of marine litter.
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Figure 1. A suggested hierarchy for marine litter management
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