

Waste and resource management (M7XO1257)

Marine litter is a significant problem across the world today.  Although much of the litter does not originate in the ocean, there is concern about the type of waste ending up as marine litter.  The litter has significant impact upon sea-dwelling animals and birds; due to the action of waves and currents in the oceans, many items are broken down into micro-particles (called mermaid tears or nurdles).

Marine litter including micro plastics are one of the most significant problems facing sea’s, oceans and society today. The United Nations Environment Program (UNEP) defines marine debris as “any persistent, manufactured or processed solid material discarded, disposed or abandoned into the marine and coastal environment. This includes five main categories; plastic, metal, textile, glass and rubber, where plastic materials represent the major constituents of this debris due to resistance of plastic to degradation” (Loulad et al 2017:303).
 
This report focuses on marine litter with particular emphasis on plastics in the oceans. This type of marine litter is more toxic to the maritime environment than any other. The general definition of microplastics are “plastic particulars smaller than 5mm in diameter” (Arthur et al 2009), whilst macroplastics are typically particles greater than 5mm in diameter. Both macro and microplastics cause a significant impact on marine life through ingestion and interaction with this debris. 

Thompson et al estimate that 10% of the worlds plastic enters the ocean (Thompson et al,2009:2154). This estimate doesn’t take into account other types of marine litter generated by land based activities. It is difficult to estimate how much marine litter is in the ocean, however a study by Jambeck et al (2015:768) calculated that “275 million metric tons of plastic was generated in 192 coastal countries in 2010, with 4.8 to 12.7 million metric tonnes entering the ocean.” There is wide variation between estimates and this study doesn’t take into account how non-coastal countries impact on estimates. Other published estimates calculate around 8 million tonnes entering the ocean per year (Nationalgeographic.com,2015). 

This report will:

1. Examine routes by which plastics end up in the ocean 

2. Describe the distribution and accumulation of plastics within the oceans through secondary data and examine the link between oceanic currents, gyres and transportation of waste material 

3.  Analyse problems caused by marine litter build up on both the environment and society

4.  Discuss solutions to the problem of marine litter which could be implemented at a local and global level

5. Make recommendations to resolve this issue.


1.  Routes by which plastic ends up in the ocean

The World Wildlife Fund website states that over 80% of marine litter is generated from land based sources such as plastic bags, bottles etc. The other 20% consists of plastics dumped at sea such as fishing equipment (wwfpanda.org, 2017). Poor waste management results in litter being transported into the seas via river, aeolian and leachates. 

One of the earliest studies examining river transportation and distribution of marine litter by Williams and Simmonds identified river runoff as a major source of litter into the oceans (Williams, and Simmonds, 1997:1159). Another study describing how rivers contribute as a source of marine litter can be found in the work of (S.Rech et al, 2014:66-75) where the authors collected samples from Chilean rivers and analysed the composition of transported materials and suggested in their conclusions that “sampling beaches repeatedly would also help to identify seasonal patterns in litter accumulation on coastal beaches that are influenced by riverine input” (S.Rech et al 2014:75). According to Greenpeace “major rivers around the world carry an estimated 1.15 -2.41 million tons of plastic into the seas every year.” (Greenpeace.org,2017).

Marine litter from beaches also contributes to the problem via wave and sedimentation processes carrying litter out to sea. Plastics on beaches have become iconic photographic images highlighting waste build up. One solutions to dealing with this form of waste can be by public beach cleaning which this report will look at in detail in section 4. Aeolian transportation especially of lighter microplastics are also carried directly into the ocean. 			

Mismanaged landfill sites also contribute to marine litter when landfill litter is transported into water systems or directly into the ocean. The adoption of a circular economy defined as “an alternative to a traditional linear economy (make, use, dispose) in which we keep resources in use for as long as possible, extract the maximum value from them whilst in use, then recover and regenerate products and materials at the end of each service life” (Wrap.org,2018) will reduce the volume of landfill waste. 

In a report by Ocean Conservancy (OceanConservancy.Org,2015) the five worst contributors of plastic are all from South East Asian countries. Developing countries are sometimes blamed for their poor recycling and waste processing facilities and this mismanagement reflects on the high amount of plastic found in the South China Sea.

The modern travel industry has enabled people to access coasts worldwide that prior 1950 they would have been difficult to access. Along with the development of coastal resorts this has led to an increase in waste production. In less developed nations where waste collection from beaches and the waste management infrastructure is not so well-developed consequently leading to more marine litter entering the ocean.

Illegal maritime litter dumping is another source of marine litter. The dumping of fishing nets sometimes known as ghost nets that entangle marine wildlife is a major hazard for marine biota. Although there has been worldwide legislation and treaties to prevent maritime dumping, such as the London Convention of 1975, there are certain territories and waters that fall outside the legislative jurisdiction. In addition, it is difficult to enforce the law especially in remote waters. 

The scientific community have recently identified microbeads as a significant risk to marine ecosystems. Galgani et al (2015:47) state that “microbeads vary in size, colour, chemical composition, density and other characteristics. These microbeads are produced either for direct use in cosmetics and abrasives or indirectly through nurdles or virgin resin pellets which are very small plastic pellets used as raw material in the manufacture of plastic goods”. “An estimated 8 trillion microbeads are released into aquatic environments daily via wastewater treatment plants” (Rochman et al, 2015:10760). Wastewater treatment plants currently do not have the technology to filter out the microbeads and as a result these beads are released into the water cycle and find their way via rivers and streams into the ocean. 


2. The most significant geographical areas and accumulations of marine litter 

Marine litter is widespread and has made it even to Earth's remotest environments such as the deep ocean floor and the Polar Regions (Bergmann et al., 2017:535). An example of how this distribution occurs was in January 1992, a cargo ship travelling from Hong Kong to Tacoma encountered stormy conditions and dropped 12 containers containing 29,000 rubber ducks which spilled directly into the Pacific Ocean near the international date line (Ebbesmeyer et al, 1994:7-9). Over the next 15 years these so called friendly floatees were carried by wind, current and wave as far as Australia, Hawaii and Great Britain. In 1994 the oceanographer Curtis Ebbermeyer amongst others wrote an article in Earth in Space which analysed how oceanic currents transported the toy ducks across the world and predicted by the year 2000 some of the toys might be washed on northern hemisphere shores which proved to be correct. This incident demonstrates how oceanic currents distributes marine litter. 

There is scientific evidence of where the major build ups are of surface marine litter. The great Pacific garbage patch located on a convergence point is the largest known  accumulation of marine litter. Less is known about the estimated 94% of waste materials that include plastics that sink to deep oceans. (fig 1:1).  

Figure 1: What happens to Plastic in the sea?
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Source: Greenallience.uk (2018) What happened to plastic the sea? [online]. Available from https://www.green-alliance.org.uk/marine_plastics.php [Accessed 14 January 2018]. 

There has been research conducted in certain sea regions such as the Mediterranean (Ramiez-Lodra et al 2013:273-287) and in the Nordic sea (LeneBuhl-Mortensen and P. Buhl-Morensen, 2017:160-170) which found that deeper water marine litter tended to gravitate towards underwater canyons and trenches. There hasn’t been systematic worldwide collection of data on deep marine litter resulting in significant gaps in scientific knowledge.  
 
The great Pacific garbage patch is the most well documented and known area of accumulated marine litter but there are also known ‘trash vortex’ accumulations in the Atlantic and Indian oceans. Vortexes are channelled through the five oceanic gyres “A large system of circular ocean currents formed by global wind patterns and forces created by Earth’s rotation” (National Geographi.org,2014). These gyres act to pull marine litter in a circular direction and explain how large accumulation of marine litter travel through the oceans.
The great Pacific garbage patch actually comprises of two parts - the Western and Eastern garbage patches, which stretch from the West coast of the USA to Japan. The two areas are “linked together by the North Pacific subtropical convergence zone, located a few hundred kilometres north of Hawaii. This convergence zone is where warm waters from the south pacific meets up with cooler water from the Arctic. The zone acts like a highway that moves debris from one patch to another, and is said to be growing every year” (National Geographic.org,2014). 

Barnes et al 2009 amongst others suggest that the majority of marine litter is comprised of plastic materials. Plastic materials in the oceanic gyres are then broken down through a combination of UV light and wave movement into microplastics. The image that people tend to have of the great garbage patch is an ocean of floating material however the majority of the material is unseen microplastics. There is currently a lack of research into what materials exist underneath the great Pacific garbage patch in the deeper oceans. The great Pacific garbage patch has a significant impact on marine ecosystems and wildlife living in that part of the ocean.  The garbage patch could affect migration patterns and breeding of certain species, the effects of ingestion which will be covered in section 3. 

In order to determine the location and extent of marine litter, the scientific community can estimate the densest accumulations using biometric data from certain marine species. For example, sea turtles are often used because “the complex life histories, highly mobile behaviour and feeding ecology of sea turtles make them particularly vulnerable to plastic pollution” (Pham et al 2017, 221). Pham et al found that by mapping the locations of sea turtles that had ingested plastic, they could subsequently map the densest accumulation of marine litter.


3. The problems caused by marine litter

“Due to its durability, the lifespan of plastic is estimated to be hundreds to thousands of years” (Wang et al 2016:10). This statement summarises the major issue of using plastics as materials worldwide, the problems created by marine litter and the wider impact on environment and society. 	

Marine wildlife and ecosystem damage has been compromised every year by an estimated 6-12 million metric tonnes of plastic entering our ocean in 2010 alone (Jambeck et al 2015:768). “Production of plastic materials worldwide grew from 1.5 million tonnes in 1950 to 322 million tonnes in 2015. In 2015 plastic production grew by 3.4% compared to 2014” (Plastics Europe, 2015:1). The increase in plastic entering the ocean and increased volumes of production will result in greater amounts of plastic in the oceans in 2018 and subsequent years. 

Marine life encountering this volume of plastic will sometimes ingest these plastic microparticles. Studies have been conducted on the effects of ingestion of plastics on fish (Rummel et al 2016:131-141) and on seabirds (Rap et al 2017:269-278). These two types of animal are often used as indicators of ecosystems health through measurements of bio-diversity (Galgani et al 2009).

Larger vertebrates such as seals and sea turtles can sometimes get entangled in   larger macroplastics and discarded fishing nets. These creatures sometimes suffocate and die which has an adverse effect on the sustainability of species, sea ecosystems and the food chain. 

A sea dominated by plastic will ultimately damage human society. For example, ingestion of microplastics by fish which are then consumed by humans could potentially have an impact on human health. This is an emerging field of research however Thompson et al 2009 examined the effects of humans ingesting plastics via seafood and found limited correlation between consumption and adverse health effects (Thompson et al 2009:2164). 

There are also financial costs in allowing plastic to accumulate as marine litter, potentially these valuable resources could be recycled to make new products and save money. There are additional significant costs of clearing up the plastic directly from the ocean. Some organisations such as Ocean Clean-Up are developing a floating structure that will remove marine litter, the feasibility of this process has been questioned by the Guardian (Guardian.com,2016). Whilst the motives of Ocean Clean-Up are commendable, it is near impossible to filter microplastics already present in the marine ecosystems and it would be more effective to prevent marine litter from entering the oceans in the first place. 

Humanity has an ethical and moral responsibility to ensure marine litter does not enter our oceans. This has been highlighted by the recent BBC’s Blue planet documentary (Blue Planet 2, 2017).
 

4. Solutions to marine litter problems and discussion 

Lohr et al wrote in 2017 “Successful solutions to the marine litter problem require coordinated action amongst a wide range of public and private actors, across sectors, and from the local to the global level” (Lohr et al 2017:99). Whilst Lohr’s statement is relevant the most effective global method to addressing the issue of marine litter is by international consensus and legislation coupled with universal enforcement of those laws. 

It must be acknowledged that plastic or synthetic polymers are useful, strong, durable and lightweight products. However certain types of plastic are difficult to recycle. There are over 7 groups of plastics from Polyethylene Terephthalate (PET) to other plastics and polystyrene (PES) (Wrap.org.uk,2017), within these 7 groups there are many different compositions of plastics, which is a challenging issue for local authorities when they process municipal and industrial plastic waste. New technologies need to be developed to process this waste plastic or only manufacture recyclable or biodegradable plastics. 

A further solution to reduce waste would be through energy recovery which is combustion of waste material to produce energy. Although there are still some residual products created by energy recovery society can prevent marine litter from entering the ocean.

Another global problem with plastic is its degradable lifespan of hundreds of years (Wang et al 2016:10). One recent solution has been the introduction of certain types of worm that breakdown plastics through ingestion (C. Arnald,2017). Although the research has found “over one night 100 wax worms degraded 92 milligrams of a plastic shopping bag. At this rate, it would take these same 100 worms nearly a month to completely break down an average, 5.5 gram plastic bag.” (C. Arnald 2017). A better solution would be to only manufacture and use biodegradable plastics. However, while microplastics degrade they will still be hazardous to terrestrial wildlife and marine biota. 

In recent years there has been international consensus and agreement about the damaging effects of marine litter. Lohr et al 2017 identified the Global Partnership for Marine Litter and the Honolulu Convention as the two prominent examples of worldwide initiatives to reduce marine litter. A further positive development occurred during the United Nations June 2017 conference where the UN agreed their intentions to support the implementation of Sustainable Development Goal 14 of the 2030 agenda. This action affirmed the strong commitment to conserve and use our oceans, seas and marine resources for sustainable development (Lohr et al 2017: 91). The 2030 agenda forms a framework for delivering sustainable development objectives but fails to articulate how each country will enforce these goals. 

In addition to the UN agreement “in 2005, the European plastics industry launched the initiative Zero Plastics to Landfill, which aims at reducing the amount of post-consumer plastics waste sent to landfills to zero. Seven EU member states plus Norway and Switzerland introduced landfill bans or similar measures applicable to plastics waste” (PlasticsEurope.Org,2016). 

The European Union legislated Directive 2008/98/EC also known as the Waste Framework Directive introduced “A statutory target to recycle 50% of waste from households by 2020” (Gov.UK,2010). Wales has followed by preventing 60% of its municipal waste from going to landfill in 2015/16 (Gov.Wales,2017). 

In 2016, the UK government announced plans to ban microbeads in cosmetics and personal care products by the end of 2017 (DEFRA, 2016). While the UK has banned the use of microbeads, currently there is no global legislation regarding microbeads. 

“UK alone disposes on 2.5billion single use coffee cups per year” (Indipendant.co.uk, 2018). Taxation could be a partial solution such as the introduction of a new ‘latte levee’ by the UK Environmental Audit Committee which plans to tax consumers 25p on each in-disposable coffee cup. This is a similar approach to the successful taxation of plastic carrier bags. Although critics argue that producers should be penalised for creating single use plastic coffee containers that are not fully recyclable. Recently some UK supermarkets are voluntarily taking action to reduce plastic packaging. (BBC .co.uk,2018). 

Environmental action groups that operate at local, national and international levels advocate for the reduction in marine litter. These groups promote local actions such as beach clean-ups and campaigns against fly tipping, national advertising campaigns and political lobbying. An example of local action is the Marine Conservation Society (a charity) spring clean-up of Langland beach in the Gower (Marine Conservation Society, 2017) where volunteers clean the beach and undertake a survey of the beach litter washed into Langland bay. 

“The ocean is of eminent importance to mankind. Twenty-three per cent of the world’s population (1.2 billion people) live within 100 km of the coast” (Small and Nicholls 2003:596). The World Health Organisation has estimated that there will be 10 billion people by 2050 which will mean greater population density living by the coast. Because of the proximity of this population and increased use of plastics it is vital to protect the health of the oceans. 

The scientific community also needs to continue to document and analyse the plastic entering the ocean and more research needs to be undertaken into the damaging effects of marine litter. Without this understanding and action, we may be compromising future generations ability to meet their own needs. (Bruntland Report 1987).






5.Recommendations 

1. Only manufacture biodegradable or recyclable plastic globally
 
2. Prioritise reducing volume of marine litter entering the ocean

3. Introduce a global ban on microbeads immediately

4. Stronger enforcement of marine litter legislation globally

5. More responsible waste management processes 
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