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PLASTIC PLANET

“Never doubt that a small group of thoughtful, committed, citizens can change the world. Indeed, it is the only thing that ever has.”
(Mead, No Date) 
Introduction
Plastics are an essential component of everyday life and are used extensively in the food, clothing and manufacturing industries.  They were first produced on a commercial scale in the middle of the 19th century.  Parkes synthesized “Parkesine” from nitrocellulose which could be heated and molded into products that retained their shape on cooling (Wonderopolis, 2017).  Hyatt made Celluloid from cellulose and camphor (Wonderopolis, 2017), which was used to make photographic materials and substitutes for gem stones, ivory and billiard balls (Boyd, 2012). The first commercially successful plastic, Bakelite, (Wonderopolis, 2017) was made by Baekeland from phenol and formaldehyde and the first synthetic fibre, nylon, produced by Carothers (Chemheritage, 2017), was used to replace silk to make ladies stockings and fabrics including clothing and carpets.  
Since then many other macromolecular compounds have been produced e.g. polyethylene from ethylene, polytetrafluoroethylene, PTFE (Teflon) from tetrafluoroethylene, polyvinylchloride (PVC) from vinyl chloride and polyacrylonitrile from acrylonitrile.  They are referred to as addition polymers formed from a single monomer and made by addition of one monomer to another (Ege, 1989).
The structure of addition polymers resembles that of a string of pearls, where each identical pearl, is joined to the next one.
Copolymers produced from two different monomers linked together and then polymerised e.g. Terylene, which is comprised of ethylene glycol and terephthalic acid.  The structure and shape of the polymer governs its individual properties and commercial use.  Polymers with an amorphous and coiled structure have elastic properties and are known as elastomers.  Those with a degree of crystallinity are hard and can be drawn out into strong fibres, e.g. polythene.  Not all amorphous polymers have elasticity.  These are called plastics, which can be moulded under high pressure and temperature, into a wide variety of shapes and sizes.  Polymers are therefore called elastomers, fibres or plastics depending on their properties and uses (Ege, 1989).
There are approximately 50 different families of plastics and hundreds of varieties, making it impossible to completely avoid their use in everyday life. Fig 1. shows the many different groups which make up the family of plastics, including their manufactured purpose and use.  
[image: http://cleanconscience.org.uk/wp-content/uploads/2014/09/Plastic-Identification-Codes.jpg]
Fig 1. The family of plastics and their uses.  (Plasticrecycling, 2016).
Plastics are derived from organic products such as cellulose, coal, natural gas, salt and crude oil.  Only 4 to 6% of oil consumption in Europe is used for their production (Plastics The Facts, 2016).  New members of these materials are the “bio-plastics” which describes two different concepts.  Biodegradable plastics are materials that can be degraded by microorganisms in water into carbon dioxide or methane and biomass, whereas Bio-based plastics, are materials made from biological and renewable resources such as grains, corn, potatoes, sugar cane or vegetable oils.  
The increase in the production and use of plastics has resulted in a World-wide increase in plastic waste.  Contamination is not confined to the areas of production and high population density.  Plastic waste has been found in the river Thames, (Burrows, 2018).  Decontamination is a problem due to the volume, stability and chemical composition of the plastics and the lack of appropriate decontamination facilities.


The route by which plastics end up in the ocean.

The amount of plastic that has been generated in the past 60 years is enormous, equivalent to the weight of 1 billion elephants (Knapton, 2017), of which only two thirds is estimated to have been recycled by 2015.  The demand for European plastic in 2015 was 49million tonnes including thermoplastics, polyurethanes, thermosets, adhesives, coatings and sealants, but does not include Polyethylene Terephthalate Polyamides PET-PA, Polypropylene PP (Plastics The Facts, 2016).  Only 9% of plastic waste is recycled, much of the waste has been burned, or dumped in landfills, from where there is a risk of it escaping into the environment.  In addition, holidaymakers directly contribute to contaminating beaches, by leaving behind used bottles and food packaging, which has a negative image for visitors to destinations where this problem is most visible (Casson, 2017).
The UK strives to meet the clean beaches Blue Flag award with local groups and schools, providing beach cleaning projects.  Schoolchildren in France were encouraged to write messages, which were put bottles and dropped into the sea, to identify where they ended up in their own coastline, in order to assess the issue of plastic pollution.  But many bottles were never seen again (BlueFlag.Global, 2014). 
A lot of plastic litter is left in the environment from where it is carried by wind and rain into our drainage networks or rivers (Hajbane and Pattiaratchi, 2017).  Ten rivers carry 90% of the waste plastic entering the oceans, eight in China and India and two in Africa.  The Yangtze and the Ganges, carrying an estimated 1.15-2.41 million tons every year (Sky News, 2017).  Waste is left from fishing boats, including their nets, cargo ships, passenger liners and containers lost from the ships.  Four containers are estimated to be lost every day.  In 1992 a container carrying thousands of plastic rubber ducks was lost at sea which are still being discovered along coastlines today.  (Plastinography, No Date).
Plastic microbeads, first made by Ugelstad, (Micro-beads, 2005), have been incorporated into a wide range of everyday products e.g. shower gels and tooth pastes.  They are very small and are not filtered in wastewater plants and enter the water effluent, ending up in the sea, in marine life, birds and the human food chain.  Fig 2.  Their manufacture in the UK has recently been banned (Gov, 2018).
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Fig 2. Microplastics found on beach.  (Greenpeace, 2017).  

Most plastics float around the world near the surface, where they are broken down into ever smaller pieces, by the combined effects of sun and being battered by waves (Barnes et. al, 2009).  Others sink to the ocean floor, where little is known about them (Plastinography, No Date).
Nurdles or Mermaids Tears, are used in the manufacture of plastic products and are a major source of plastic pollution on beaches in the UK (Surfers Against Sewage, 2018).  High concentrations have also been recorded near costal population centres (Corcoran et. al, 2009).  Thousands are washed up on shorelines every year, most recently in the UK, in Pembrokeshire, on January 8th 2018 (BBC, 2018).   
Factories making such products, located near the coast, accidentally discharge waste resulting in them having an easy, short journey to the ocean (Plastinography, No Date).
Significant accumulation of marine litter

Plastic flows on ocean currents all across the world.  It is transported over distances, converging in subtropical gyres (Moore, 2008), contaminating uninhabited islands in the South Pacific (Lavers and Bond, 2017).  Gyres are formed by the wind and Earth`s spin deflecting the movement of the ocean to the right in the Northern Hemisphere and to the left in the Southern Hemisphere.  Surface currents cause the formation of giant spirals of water, in which water is drawn inwards, until it sinks and moves slowly to the centre of the gyre, at the same time concentrating debris within it. Fig 3. This is known as the Coriolis affect (Plastinography, No Date).
  [image: http://plastinography.org/lesson4/images/gyres.jpg]
Fig 3. The five ocean gyres, each with an accumulation of marine debris.  (Plastinography, No Date)
The northern gyre has vortices of swirling water, called eddies, creating a reverse current and causing a whirlpool.  Fig 4.  They travel for long distances carrying litter before dispersing. The pathways of eddies are highly unpredictable, making it difficult to establish where the plastics in them end up.
[image: http://plastinography.org/lesson3/images/eddy.jpeg]
Fig 4. Ocean eddies forming in the Atlantic Ocean.  (Plastinography, No Date).
The North Pacific Subtropical Convergence Zone (STCZ) is an area known to concentrate marine debris.  It rotates in a clockwise direction and contains the North Pacific current, the California current, the North Equatorial current and the Kuroshi current, covering a size estimated to be 7-9 million square miles. Within the convergence zones there are many medium-scale features such as oceanic eddies and frontal meanders.  Meanders can be thought of as the deviation from a straight line, caused by energy (wind/currents) hitting the front resulting in undulations and "curvature".  They are described as frontal meanders (movements to the north and south along the front).   The ocean movements concentrate debris, to a soup-like consistency, approximately one metre below the surface, in an area referred to as the Great Pacific Garbage Patch (NOAA, 2018).  
There are five of these areas in the oceans, two in the Pacific, two in the Atlantic and one in the Indian Ocean.  Evidence is also available that plastic has accumulated in the Mediterranean Sea and the Arctic Ocean, all containing products which can affect wildlife and enter the food chain.  They present a global issue, which, because of the size and expense of the problem, requires a global solution (Plastinography, No Date). 
These convergence features, Fig 5, also concentrate food sources for many species, making it a high productivity area for feeding and breeding. The same forces concentrate marine debris, which can be mistaken by marine animals and fish for food and comes ashore on the uninhabited north-western Hawaiian Islands as the Convergence Zone shifts north and south.
[image: Oversimplified graphic of ocean currents in the North Pacific Ocean. ]
Fig 5. The Pacific Convergence Zone.  NOAA (2018).
Langmuir circulation is caused by wind-driven surface currents interacting with surface waves, carrying debris in the oceans.  It can occur at very low or zero wind speeds, though it is mostly seen at wind speeds greater than 5.4km/hr (NOAA, 2018).

The most significant problems posed by this litter
                 
Some microscopic animals attach themselves to floating plastics, Fig 6, travelling long distances to areas they do not normally reach and move to a different environment, where they can cause significant changes to the local ecosystems (Ecklund, 2012).




[image: http://plastinography.org/lesson5/images/ID9.jpg]
Fig 6. Barnacles hitching a ride on a plastic ball.  (Ecklund, 2012).
There are numerous examples of the harmful effects of plastics mistaken for food by marine animals.  Birds and large fish eat the plastic, as well as the harmful products from the sea attached to it, which they mistake for plankton, or fish eggs.  Turtles choke on plastic bags, Fig 7, which they mistake for jelly fish and often die.  Baby turtles swim into plastic bottle rings, Fig 8, causing deformation of their shells.  
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Fig 7. Turtle eating plastic bag	Fig 8. Turtle trapped in plastic drink rings
(Plastinography, No Date).  	(Theoceancleaner, 2016).

Plastics fed by Laysan albatrosses to their chicks, Fig 9, can cause death by starvation and poisoning. 
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Fig 9. Plastic fed to Laysan Albatross Chicks. 	          Fig 10. Purple Hermit Crab Living in Plastic
(Jordan, No Date). 				          Debris on Henderson Island. (PNAS, 2017).
  	 
On Lord Howe Island off the coast of New South Wales, 95% of the shearwater chicks contain plastic in their stomach that their parents had mistaken for food.
Hermit crabs have been found living in plastic debris Fig. 10, on the remote, uninhabited Henderson Island in the South Pacific, which is situated approximately 5000 miles from New Zealand and Peru, in South America.  Fig 11.

Fig 11. Henderson Island a coral atoll in the South Pacific (Daily Mail, 2017)

Marine biologists examined a Sperm Whale, on the Spanish coast, which died as a result of consuming 17kg of plastic, Fig 12, dumped by greenhouses that supply UK supermarkets. 
[image: sperm whale spain]
Fig 12. Marine Biologists examine Sperm Whale. (AFP/Getty, 2013).
Plastic debris, including fishing nets, is a particular danger for marine animals such as turtles, seals, dolphins and whales. They get trapped and drowned because they are unable are unable reach the surface to breathe, Fig 13.  The so-called ghost nets, which have been abandoned by fishing fleets, float in the currents catching everything in their path. They are the main cause of death to turtles in Australia where they are an endangered species. Trapped seals get caught in nets and are cut by the plastic as they grow.
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Fig 13. A monk seal tangled in marine debris on a beach in Hawaii. (NOAA PIFSC, 2014)

Recommendations for solving this problem.

In March 2011, the Global Declaration for Solutions on Marine Litter was launched by 47 plastics associations from regions across the globe.  They are supporting projects in six key areas focussing on education, research, public policy, sharing best practices, plastics recycling/recovery, and plastic pellet containment.  Since 2011, 65 associations in 34 countries have signed on to the Global Declaration, and 260 projects are underway, planned or completed (Plastics The Facts, 2016).
To solve some of the problems of increased plastic use, the public should be made more aware of the descriptions of environmentally friendly plastics.  Bioplastics, made from renewable natural products e.g. corn, contain carbohydrates that can be converted into polylactic acid, which resembles polythene, and can be converted into products similar to those derived from polythene (Woodford, 2017).  They use less energy to make than oil based plastics and are suitable for composting, degrading rapidly into harmless natural products.  Biodegradable plastics, made from non-renewable petrochemicals, are considered to be environmentally friendly, since they contain additives to increase their rate of degradation in the presence of sunlight, moisture and oxygen.  They break down very slowly and produce methane, which is highly combustible and a greenhouse gas, which add to global warming (Woodford, 2017).  Recycled plastics are made from waste plastic.  Used milk bottles can be made into clothing material e.g. for replacing wood in outdoor garden furniture.  To be environmentally friendly, they must be produced with a net saving of energy and water and a reduction in greenhouse gas emissions (Woodford, 2017).  The use of plastic for disposable single-use bags and low-value packaging is wasteful since they are used for a very short time before disposal and estimated to take many hundreds of years to break down.
Where appropriate, more products should be made from bioplastics.  Alternative packaging options should decrease the need for plastic leading to a decrease in production of waste plastics at source.  The supermarket, Iceland, will go plastic free within five years, (Slawson, 2018).  All packaging will be recyclable, by supporting such schemes such as the plastic bottle return scheme.  New food ranges will use paper based food trays.  There are indications that other supermarkets will now follow suit.
Millions of single use plastic bottles are thrown away every year, of which each household in the UK, recycles only just over half of those used, the remainder going to land fill or incineration.  The Mayor of London is proposing to introduce a network of water fountains and bottle refill stations, across the city, (Davis, 2017), allowing the public to access drinking water and refill their own containers.
Plastic bottles for cash, similar to those introduced for glass bottles, should be more available, as was the practice many years ago e.g. Corona.  Supermarket chains Co-op and Iceland were the first UK retailers to support the government initiative to introduce a bottle Deposit Return Scheme (DRS) to boost plastic recycling rates and decrease ocean pollution (climateactionprogramme, 2017).  This scheme is already being run successfully in Scandinavian countries, via a vending machine system and other supermarkets should be encouraged to follow suit (Laville, 2017).  The availability of water fountains in other UK cities and establishments should be encouraged.  
A bacterium to breakdown a PET film within six weeks produces the two monomers, ethylene glycol and terephthalic acid from which it is made (Prasad, 2016).  This basic research should be encouraged and supported financially since it degrades PET and produces the monomers for further  PET production. 
Combustion is an effective means of reducing plastic waste, but should be carefully controlled, because burning of plastics such as PVC, produces toxins including dioxins, which can cause cancer, damage the immune system, interfere with hormones and cause reproductive and developmental problems (ejnet, No Date).  Burning of hospital plastic waste is essential for safe disposal, but the amount of waste disposed in this way is very small compared to the total amount generated (Beldia, 2015).
China has banned the import of plastic waste from January 1st 2018 (Laville, 2017).  They were the largest importer of in the world importing 7.3million tonnes in 2016.  The imports to Hong Kong from the UK alone were since 2012 and were over 2.7million tonnes.  The ban will have significant effect in the UK because we do not have the capacity to recycle such large amounts.  It has also been a large export market for local authorities.  In spite of the Chinese announcing their intention to stop these imports, the UK government appears to be totally unprepared.  The environment secretary, Michael Gove, has no idea what the impact on the UK will be, saying “I have not given it sufficient thought”.  Local authorities have to plan for the potential build up of plastic waste, locally in landfill sites, at the same time seeking extra recycling facilities either in the UK or abroad (Taylor, 2018).  There may be financial consequences because the value of their waste is likely to go down because of the increased supply of waste plastic. 
It is estimated that cleaning up the Great Pacific Garbage Patch, using conventional methods, vessels and nets, would take thousands of years and tens of billions of dollars to complete.  Ocean Cleanup propose to use a flexible, durable recyclable pipe and screen to catch and concentrate plastic, to maintain an open u-shape about 1-2km in length.  The floating systems “are designed to capture small pieces of plastic down to 1cm up to discarded fishing nets tens of meters in size”.  Their passive systems are claimed to be able to “clean up half the Great Pacific Garbage Patch in 5 years.” (Theoceancleanup, 2017).
Individual, or groups of countries, should encourage and develop the use of these systems perhaps, on a small scale to decrease litter in their immediate vicinity.  Charities, like Surfers Against  Sewage, who recently won the Cornwall Sustainability Award for ‘Best Contribution to Sustainability through Cornwall’s Brand’ should continue to organise and run beach cleaning sessions, working within the community and outreaching to local schools.  
Countries, particularly those in the so-called third world, should provide a better means of decreasing plastic waste at source and installing better practice and management.  In many ways this can only be achieved by better education and raising living standards.  
In Wales 52.5% of its household waste was recycled in 2012 – nearly 10 percentage points above the UK average.  The then minister for recycling said
“Wales has long been ambitious to increase our recycling rates, to help generate secondary materials for the Welsh economy.   Our natural resources ultimately underpin both our economy and our society and increasing the materials we recycle in our homes and businesses is a practical step. More and more people in Wales are helping to protect the wonderful resources we have.  The EU target is to recycle at least 50% by 2020, and we are already looking towards our Welsh target of 70% by 2025”.
(Sergeant, 2012)  
The waste management firm Viridor has warned that it is unlikely that the EU”s target of 50% will not be met in England (Goulding, 2014).
The industrial revolution in Wales saw a great increase in the production of coal, iron and steel resulting in pollution of the countryside by solid waste and coal dust in the rivers ran black.  The former, near the area of production, the latter for many miles in the valleys, ending up in the sea.  The closure of most of these industries during the latter part of the 20th century has resulted in reshaped landscapes, clean rivers, which have been repopulated by fish and a great improvement in air quality. 
“The time is ripe for an international agreement with measurable reduction targets to lessen the plastic pollution in the world’s oceans, stemming it is not an insurmountable task”.
				        (Borell et al, 2017).


The challenge of removal of plastic waste has just begun.


Word count – 3298.
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