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Abstract	  
 

 

The population in the Pacific Islands region is vastly dependant on their oceanic 

resources, for food, protection and economic income. Today the Pacific Ocean faces 

many threats that could risk the living hood of its population. This study aims to map 

the extent of plastic pollution in the South Pacific and possible measurements against 

it. The study will also be focused on plastic shopping bags and try to assess the most 

environmentally friendly option. This will be achieved by literature reviews, personal 

interviews and experimental studies. The results showed that the pollution is of the 

same magnitude that in the more commonly known North Pacific Garbage Patch and 

may affect the ecosystems by killing animals as well as transporting environmental 

pollutants through the food web and invasive species through oceans. Much is still 

unknown about the affects of microplastics and further studies are needed. Main focus 

should be to stop the plastic pollution at the source, for example by levying plastic 

bags and only allowing completely compostable bags.   
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2. Introduction 
 
The Pacific Ocean is the world’s largest ocean, covering 28 percent of the surface of 

the Earth. It contains the deepest point in the world, Challenger Deep, in the Marianas 

Trench (10,924 m), as well as some of the most diverse coral reefs in the world in the 

Coral Triangle (The Nature Conservancy, 2013). The Pacific Islands region makes up 

about half of the Pacific Ocean (one sixth of the Earth’s surface) and encompasses 22 

countries and territories (Figure 1). The region is home to 10 million people (SPC, 

2011), and is scattered with thousands of low lying coral atolls to elevated volcanic 

islands, which account for only 2 percent of its total area (UNEP, 2011). 

 

Since	  the	  ocean	  makes	  up	  most	  of	  the	  countries	  economic	  zones	  it	  is	  the	  main	  

source	  of	  edible	  protein	  and	  financial	  income	  for	  the	  human	  population	  in	  the	  

Pacific	  Islands	  region,	  as	  fishing	  rights	  are	  sold	  to	  international	  vessels	  and	  

produce	  from	  local	  fishing	  is	  exported	  (SPC,	  2008).	  Tourism	  based	  on	  the	  

region’s	  healthy,	  scenic	  and	  diverse	  marine	  environment	  is	  increasing,	  also	  

bringing	  income	  into	  the	  region	  (SPREP,	  2012).	   
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Figure 1. The Pacific Islands Region (SPREP, 2010) 

	  

A	  healthy	  marine	  environment	  is	  also	  essential	  to	  help	  protect	  the	  region	  from	  

natural	  disasters	  such	  as	  tsunamis	  and	  cyclones,	  as	  well	  as	  rising	  sea	  levels.	  

Natural	  degradation	  of	  hard	  coral	  reefs	  by	  mechanical	  forces,	  as	  well	  as	  by	  

parrotfish	  feeding	  on	  the	  corals,	  produce	  sand	  that	  moves	  ashore	  with	  the	  waves	  

and	  builds	  up	  islands.	  This	  continuous	  natural	  process	  helps	  tackle	  rising	  sea	  

levels	  by	  increasing	  the	  size	  of	  atolls.	  This	  is	  only	  possible	  in	  the	  presence	  of	  

healthy,	  growing	  reefs	  (Woodroffe,	  2008).	  The	  coral	  reefs	  are	  also	  important	  as	  

food	  resources	  for	  the	  human	  population	  as	  well	  as	  nurseries	  for	  pelagic	  fish.	  At	  

the	  same	  time,	  coral	  reefs	  are	  dependent	  upon	  healthy	  pelagic	  environments.	  

Coastal	  mangrove	  forests	  provide	  nursery	  areas	  for	  coral	  reef	  species	  

(Nagelkerken,	  2000)	  and	  help	  mitigate	  the	  impacts	  of	  land	  erosion	  by	  

accumulating	  and	  stabilizing	  coastal	  sediments	  contained	  in	  run-‐off	  from	  the	  

land	  (Schaffelke,	  et	  al,	  2005).	  
 

Today the marine ecosystems in the Pacific Ocean, as well as in the other oceans of 

the world, face many threats, such as rising sea water temperature, acidification, 
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eutrophication, overfishing, pollution, invasive species, land sourced pollutants (such 

as fertilisers and pesticides) and urban development of coastal areas (The World 

Bank, 2009). 

 

Pacific island nations face many challenges in developing their economies and 

increasing living standards without adding to the already great pressures placed on the 

Pacific Ocean. The increasing importation of western products and the change from 

the use of natural materials to anthropogenic ones, leave the islands with a foreign 

waste stream that they are not able to appropriately manage. Remoteness, small size 

of islands, cultural norms, and the economic situation make it challenging for the 

islands to upgrade their waste management systems or provide suitable land for 

landfills (Williams et al, n.d.). As a consequence, many urban areas and remote 

islands dispose of solid waste through open dumping and burning. In many cases, 

these dumpsites are located on coastlines, and in undervalued areas such as wetlands 

and mangroves forests. Rubbish from these dumpsites, as well as from inland littering 

typically ends up in the ocean as marine litter, where they contribute to the 

degradation of marine ecosystems (SPREP, 2012). 

 

Marine debris, also known as marine litter, is human-created waste that has 

deliberately or accidentally been released in a lake, sea, ocean or waterway. A major 

component of marine litter, estimated to make up 60-80 percent of the litter, is 

plastics (O’Brine & Thompson, 2010), which also dominates beach litter in terms of 

numbers of items (Derraik, 2002). Used as packaging for many different kinds of 

products, for carrier bags and as an integral component of products themselves, 

plastic is a material that has gained universal popularity for its durability, lightness 

and utility. These same properties are those that make plastic so devastating when it 

enters natural ecosystems. Its many uses make it abundant in waste streams and 

difficult to handle in countries without environmentally-suitable disposal options. The 

lightness and durability of plastic also make it possible for plastic debris to travel far 

and wide under the influence of winds and currents (Andrady, 2011). 

 



	   7	  

 
3. Aims and objectives 
 

This report aims to contribute to a better understanding of the extent of marine plastic 

pollution in the Pacific marine environment through reviewing the published 

literature. It will also highlight the environmental impacts associated with marine 

plastic debris in general, and plastic bags specifically. Plastic bags are the focus due 

to the high quantity used and the physical properties of the bags that makes them 

especially harmful for marine life. The report also aims to identify potential solutions 

to the environmental impacts. Finally, the report will make recommendations for 

future research in the area of marine plastics in the Pacific Islands region, which could 

ultimately contribute to a comprehensive regional strategy to help address the 

problem. 

To enable this the report will focus on impacts of plastic pollution in pelagic 

environments as well as coastal marine environments. A key issue will be to find data 

on how the plastic behaves once released into the ocean, both in terms of 

transportation, buoyancy and degradation of different types of plastic. Data on 

different animal species and to what extent they are affected will also be collected to 

assess whether this is a real problem or one blown out of proportions by the media 

and environmental organization. Further on the main source of the plastic pollution 

will be identified as well as possible means to restrict plastic pollution.  

The report will mainly focus on the South Pacific Island Region, but as data from this 

region is scarce general, relevant examples from other regions will also be used when 

it is plausible that they are not regionally restricted.  

 

4. Methods 
 

The aims were accomplished mainly through literature reviews of a vast material as 

well as open interviews with key persons in Samoa and American Samoa. The open 

interviews in Samoa became restricted as information on the biodegradable bags was 

considered confidential information. To obtain some useful data attempts to analyse 

the starch content of the Samoan bio bags, as well as the possible presence of 

microplastics in the leachate from the semi-aerobic landfill in Samoa were carried out. 
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Due to limited laboratory equipment results from these studies were however never 

obtained.  

 
5. Results 
	  

5.1 Sources of Marine Plastics 

 

Marine plastic pollution is mainly land sourced, with 80 percent of the total mass 

being estimated to have terrestrial origins, reaching the oceans via rivers and from 

coastal areas. Fishing is the second largest source, with 18 percent of the total plastic 

marine debris estimated to originate from the fishing fleet. Today the vast majority of 

the global fishing fleet uses plastic gear that sometimes is lost at sea or even discarded 

by dumping in the ocean (Andrady, 2011).  

 

5.1.1 Land-Based Sources in the Pacific 

Littering 

The Pacific islands are famed for their white coral sandy beaches, which 

attract locals and tourists alike. Carelessly discarded litter such as plastic 

beverage bottles, plastic bags, and food packaging contributes to the marine 

litter problem. Furthermore, litter from further inland is washed into rivers and 

drains that drain into the ocean. In some urban areas, they may be washed into 

sewer systems, which discharge directly into the ocean via a sewer outfall 

(Derraik, 2002). 

 

During beach litter clean-ups on 26 different occasions in American Samoa, 

ranging from September 2012 to March 2013, a total of 1,960 kg of beach 

litter was found. The majority of the waste originated from fast food, beach-

goers, sports/games, festivals, and litter from streets/storm drains (American 

Samoa Marine Debris Survey Data, 2013).  
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Solid Waste Disposal  

In many Pacific islands such as Fiji, Kiribati, Marshall Islands, Palau, 

Solomon Islands, Tokelau, and Tuvalu, dumpsites are frequently located on 

coastlines, and in undervalued areas such as swamps and mangroves forests. 

High tide events, storm surges, and other adverse weather events can cause the 

release and transportation of light plastic debris (SPREP, 2012). 

 

Natural Disasters 

The Pacific region is also prone to natural disasters including cyclones and 

tropical storms as well as tsunamis formed due to the high volcanic activity 

and frequent earthquakes in the region, which provide avenues by which 

plastics can enter the marine environment from the land (CIA world factbook, 

2013).  

 

Plastic bags 

Plastic bags are lightweight and sturdy so that they are often caught in winds and 

currents and easily carried away. Their physical properties make them likely to get 

caught in trees or bushes and to block storm pipes, causing flooding or breeding 

grounds for mosquitoes. As plastic bags often are handed out “for free” in shops, even 

for goods that will be consumed as soon as stepping out from the shop, they may 

quickly change status into litter and be carelessly discarded as such if sufficient waste 

litter bins are not available (Summers, 2012). 

 

5.1.2 Ocean-Based Sources in the Pacific 

Commercial Fishing 

Tuna fishing in the Pacific Islands region is an important source of income and 

employment for many Pacific islands. In 2007, the tuna catch in the Pacific 

Islands region accounted for approximately 23% or 1.2 million tonnes of the 

global tuna production (SPC, 2008). Debris from this commercial fishing 

industry includes nets, lines, ropes, strapping bands, bait boxes and bags, and 

gillnets (Sheavly 2010). This debris accounts for 18 percent of all marine litter 

(Andrady, 2011). 
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Commercial Shipping 

Commercial shipping traffic within the Pacific region is fairly high (Figure 2) 

as a consequence of the increasing importation of western products and trade 

with other countries. Illegally dumped waste from this shipping activity 

contributes to the marine litter problem (SPREP, 2010). 

 

A survey undertaken on Sand Island on Midway Atoll during June 2008 to 

July 2010 collected a total of 740.4 kg of beached marine litter, made up from 

32,696 objects. Only objects with one side or diameter longer than 2.5 cm 

were collected. Ninety one (91) percent of the litter was made out of plastic, 

mainly polyethylene and polypropylene. Twenty eight (28) percent of the 

items were identifiable and among those it was estimated that 46.2 percent of 

the marine litter originated from commercial shipping, aquaculture and 

fishing. Within this category oyster spacer tubes (from oyster farming), ropes 

and buoys and floats where the most abundant types of debris (Ribic, et al, 

2012).  
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Figure 2. Shipping routes in the Pacific Ocean (SPREP, 2010) 

 

5.2 Microplastics 
 

The main cause of the environmental impacts from plastic debris is the lack of 

degradation processes of plastic polymers in the environment. Strains of microbes that 

are able to biodegrade polyethylene and PVC have recently been found, but even in 

controlled laboratory environments with artificially elevated concentrations of the 

bacteria, the results show very low plastic degradation rates. In marine environments 

and in soil, the concentrations of the microbes are too low for any measurable process 

to take place. During exposure to UV-light and oxygen, the surface of plastic objects 

will start to micro crack, releasing small microscopic fragments, called microplastics 

when smaller than 5 mm, from the outer layer of the plastic surface (Andrady, 2011).  

 

Besides degrading macro plastic debris, microplastics originate from several sources. 

Virgin plastic resin pellets, generally the size of a few millimetres are released 

accidentally during transportation or with wastewater from plastic production 

facilities. Microplastics are also manufactured for use in cosmetic products as a 
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scrubbing agent, after which they pass through wastewater treatment plants. Plastic 

beads within the size range of microplastics are also used as industrial abrasives (e.g. 

for airblasting boats) and may be released during the process. These particles are 

likely to be coated with fragments of old paint and other materials that they are used 

to remove, that may be harmful for the environment (Cole, et al, 2011). As a lot of 

dry-docks are situated on the larger Pacific Islands (Samoa, American Samoa, Fiji.) 

this is likely to be a major source of microplastic pollution in the region. Another 

source of microplastics is the gradual degradation and shredding of synthetic fabrics 

(e.g. rayon, polyester, nylon) such as during domestic clothes washing (Hirai, et al, 

2011).  

  

 

5.3 Behaviour of Plastic in the Marine Environment 

 

5.3.1 Oceanic Gyres 

As floating plastic objects reach the oceans they are affected by oceanic currents and 

accumulate in high concentrations in certain parts of the world’s oceans where they 

are either caught circulating in the currents or deposited where the currents weaken or 

hit land. The most well known accumulation is the North Pacific gyre, also called the 

North Pacific Garbage Patch, where plastic debris, mainly in the form of 

microplastics, is abundant. This is however not exclusive for the North Pacific, but 

exists in all oceans (Casey, 2007).  

 

In the South Pacific, concentrations of plastic debris of the same magnitude as in the 

North Pacific gyre have been found. A 4,489 km long manta trawl transect from 

Valdivia in Chile to the Pitcairn Islands, carried out in weather generally described as 

mild, collected an increasing density of plastic debris consisting of mainly 

microplastic towards the centre of the gyre. The highest density was found to be 

400,000 microplastics/km2 with a weight of 732 g/km2, as compared to 970,000 

microplastics/km2 (5,114 g/km2) in the North Pacific gyre (Eriksen, et al, 2013). 

According to the surface drift derived from satellite data the eastern centre area of the 

South Pacific is where the highest densities should be found (Martinez, et al, 2009).  
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Manta trawling as a sampling method may however vastly underestimate the 

concentrations of plastic debris, as it only skims the surface waters, to a few 

decimetres deep. Even mild winds push floating particles deeper into the water 

column, and plastic particles with a lower buoyancy can be found below surface level 

down to benthic regions at all times (University of Washington, 2012). 

 

To establish differences between the waste pollution of the remote Pitcairn Islands 

compared to more urban areas, beach studies were carried out on two atolls in the 

Pitcairn Islands as well as an island in south western Ireland. The differences between 

the types of waste were few and mainly restricted to more short lived garbage such as 

sweet wrappers in Ireland, compared to more durable waste in the Pitcairn Islands 

where items such as buoys, plastic bottles and bottles caps were abundant (Benton, 

1995). 

 

 

5.3.2 Degradation 

The plastic degradation process may result in the release of additives and other 

possibly harmful substances into the environment. Once micro cracks have appeared 

in the plastic they offer attachment points for marine biofouling organisms, which 

may alter the process. However, as the plastic enters the ocean, its degradation is 

severely retarded due to the lower concentration of oxygen and UV-light, as well as 

decreased temperatures. Thus beaches are the most likely source of microplastics 

originating from macro plastics (Andrady, 2011). 

 

 

Over time, the fragmentation of microplastic continues into smaller and smaller 

pieces down to the nano range (10-9 m) and pico range (10-12 m). However plastic 

debris within these size ranges has yet not been quantified and the effects have not 

been studied. As the plastic particles can be assumed to contain high concentrations of 

pollutants they might pose a serious threat to marine life as vectors of the chemicals 

into marine life. Nano- and pico-particles are small enough to be able to enter the 

cells of an organism via endocystosis (e.g. being absorbed by the cell), delivering 

pollutants straight into the cells. At least one study has shown that some types of 
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nanoparticles can be absorbed through the gills of one species of bass (Micropterus 

salmoides) and transported into the brain of the fish where pollutants can be absorbed 

by the fatty tissue (Andrady, 2011). 

 

5.4 Plastic Biofouling 
As plastic debris enters the ocean it is usually floating at or close to the surface, but 

after a short amount of time the process of biofouling starts, occurring in four 

different stages. Firstly dissolved organic molecules are adsorbed by the surface, 

offering attachment for bacteria that follow. Subsequently unicellular eukaryotes 

cover the surface before larvae and spores of algae and invertebrates colonize the 

plastic (Dobretsov, 2009). 

 

The growth of organic matter alters the density of the plastic and makes it heavier. As 

the plastic sinks, it is even less likely to disintegrate through exposure to UV-light 

than the surface debris. The increased density can be reduced by animals grazing on 

the biofouling organisms, and periodic migration between the ocean surface and 

deeper waters has been observed in plastic debris as the biofouling increases and the 

plastic sinks until it’s grazed upon and floats towards the surface again (Lobelle & 

Cunliffe, 2011).  

	  
The attachment of different species on plastic debris creates a possible way for alien 

species to travel to new areas. Since plastic is more durable than naturally occurring 

debris it can be transported greater distances by ocean currents. Naturally occurring 

debris, especially plant matter such as wood, coconuts and floating smaller nuts and 

fruits called sea-beans are decreasing due to development and deforestation of coastal 

areas, leaving a possible gap for plastic debris to fill. However, a study of the coast of 

Florida showed that biofouling organisms on plastic debris differs from biofouling of 

naturally occurring Sargassum algae. The Sargassum hosts over 100 different species, 

of which some are endemic to the algae. The plastic debris only supported a few 

species, with one being clearly dominant. This indicates that increasing plastic debris 

might alter the ecosystems by transporting species that differs from the natural 

transportation (Winston, 1982).  

 



	   15	  

Microscopic plastic debris is also likely to affect the egg-laying behaviour of the 

pelagic insect Halobates sericeus, which attaches its eggs to naturally floating objects 

such as feathers, pumice and vegetable fragments as well as anthropogenic 

microplastics. Its reproduction is believed to be restricted by the availability of these 

floating objects, which have increased rapidly since the manufacture of plastics. As 

this pelagic insect feeds on zooplankton and fish eggs as well as providing food for 

fishes and epipelagic crabs they could possibly alter pelagic ecosystems if able to 

reproduce at an elevated rate (Goldstein, 2012). 

 

5.5 Absorption of Persistent Organic Pollutants 
Plastics are well known to absorb persistent organic pollutants from seawater. Their 

hydrophobic structure and the large surface areas of microplastics makes them 

efficient absorbers to the degree that a worldwide project known as The International 

Pellet Watch uses collected old plastic resins from beaches around the world to 

sample and compare marine pollution in those areas (Heskett, et al, 2012).  

 

Twelve short-tailed shearwaters (Puffinus tenuirostris) caught as bycatch in the 

western North Pacific were examined and all were found to contain plastic fragments 

in their stomachs. The total amount ranged from 0.04-0.59 gram per bird. Three of the 

birds had high levels of higher-brominated congeners, a type of polybrominated 

diphenyl ether (PBDEs) commonly used as a flame retardant in plastic products. The 

plastic fragments in the stomachs of the birds were analysed and showed the presence 

of PBDEs as well. Prey fishes of the short-tailed shearwater were examined but did 

not contain PBDEs, indicating the elevated concentrations in these birds were 

transferred from the plastic fragments and not by biomagnification (Tanaka, et al, 

2013). 

 

5.5.1 Absorption of hydrophobic organic compounds 

Microplastics are typically cylindrical or ovoidal with a size of a few millimetres and 

are possible carriers of hydrophobic organic compounds (HOCs) from coastal areas to 

open oceans, as they are of lower density and can travel farther than other carriers 

such as sediment particles and soot. It takes around 200 days for plastic fragments of 
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that size to reach chemical equilibrium with surrounding seawater, during which the 

fragments may travel far and wide with oceanic currents. During this time span the 

plastic fragments absorb HOCs from the seawater as well as releasing additive-

derived chemicals that are present in higher concentrations in the plastic than the 

equivalent equilibrium concentration in seawater. If ingested during this period the 

plastic may transfer especially high levels of additive-derived chemicals into an 

organism. Bisphenol A (BPA) with its relatively low hydrophobia is not likely to be 

absorbed, but is common as an additive. High concentrations have been found in 

plastic fragments collected from remote coastal areas as well as open oceans. Since 

BPA does not biomagnify in food chains due to its fast metabolization rate and low 

concentration in the ocean, the plastic fragments containing higher concentrations 

may pose a possible way of BPA contamination of animals at higher trophic levels 

(Hirai, 2011). 

 

 

5.6 (Heavy) Metals Absorption 
Plastic pellets sampled from four beaches in south western England, as well as new 

plastic pellets exposed to the water in a harbour showed that the resin pellets do not 

only absorb anthropogenic chemicals but also absorb metals as well. Both major 

metals (Al, Fe, Mn) and trace metals (Cu, Zn, Pb, Ag, Cd, Co, Cr, Mo, Sb, Sn, U) 

were found, with the highest concentrations of most metals present on the surface of 

the plastic pellets. Pb and Cd were the exceptions where two percent of samples 

showed higher concentrations in the core of the pellets than at the surface. The 

constituents of microscopic biofouling such as algal fragments and grains of silt on 

the plastic resins had higher concentrations than the pellets themselves in most cases, 

which is thought to be due to their larger surface area and greater porosity. Several 

metals were present in the same magnitude in the pellets as in the external growth 

however, and Pb was present in higher concentrations in the pellets than the external 

fouling organisms collected from one location (Ashton, 2010).  
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5.7 Impacts of marine plastics on marine life 
Macro plastic debris pose a threat to marine animals by entanglement and ingestion 

and studies have shown that plastic debris have been the probable cause of death for 

animals ranging from corals to turtles and sperm whales.  

 

5.7.1 Entanglement 

The Atlantic seabird Northern gannets have been observed using a large amount of 

plastic debris as nesting material in their third largest colony in the world (a colony of 

39,292 breeding pairs in Wales) using an estimated total of 18,464 kg of plastic debris 

in their nests. The birds favour debris such as ropes and nets for nest construction, and 

the fractions of different types of plastic waste used in the nests are not correlated to 

the fractions present in the ocean. The use of plastic nesting materials causes the 

chicks to be prone to entanglement, and a total of 525 birds were found entangled 

during eight years of study (Votier, 2011). 

 

No published literature could be found on cases of entanglements in the Pacific 

Islands region, however, the region is home to 6 of seven species of sea turtles (Sea 

Turtle Conservation, 2011), a variety of seabirds and is also a route for migratory 

species such as the Pacific Golden Plover (Pluvialis fulva) migrating from its 

breeding grounds in Alaska, Siberia, Southeast Asia and north-eastern Africa 

(Johnson et al, 2011). The opportunity for entanglement and loss of life is therefore 

great. 

 

5.7.2 Ingestion 

Albatrosses are known to ingest the greatest amounts and sizes of plastic debris 

amongst the seabirds, and Laysan Albatrosses (Phoebastria immutabilis) are known 

to feed plastic debris to their chicks (Ribic, 2012). Specimens of 47 albatrosses that 

had been caught as by-catch by fishing vessels near the Hawaiian Islands were 

collected, 18 Laysan Albatrosses and 29 Black-footed Albatrosses (Phoebastria 

nigripes). They were used for sampling ingested marine debris in the species. The 

Laysan Albatross showed a higher percentage of debris ingestion, 83.3 percent 
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compared to the Black-footed Albatross with an ingestion percentage of 57.1 (Gray, 

et al, 2012). 

 

A stranded, dead, young sperm whale (Physeter macrocephalus) in Grenada, Spain 

was found to have plastic debris present in the gut with a surface area of 29.9 m2. The 

plastic debris had ruptured its first compartment of the stomach and the rupture was 

believed to be the cause of death, although signs of starvation caused by the plastic 

ingestion were evident as well (Stephanis, 2013). 

 

As with entanglement, no data could be found on cases of plastic ingestion in the 

Pacific islands region. 

 

5.7.3 Mangrove Forests 

Plastic debris can also interfere with establishment of mangrove forests, as the debris 

covers and flattens the young sprouts. This causes extra stress on an already fragile 

ecosystem that supports coral reefs by absorbing nutrients and stabilizing sediments 

as well as working as a nursery area for many marine species (Smith, 2012). 

 

Mangrove forests are critical to the ecosystem resilience of Pacific Islands in the face 

of climate change. They protect coastlines, and inland developments from erosion and 

damage by tidal surges, currents, rising sea levels, storm surges and wind. Preventing 

the degradation of mangroves sustains natural protection, and also provides resources 

that supports traditional practices including food (clams, crabs, fish); wood used for 

construction, handicrafts, and fuel; materials used for fishing equipment; dyes made 

from mangrove bark used in tapa in Polynesia, and to treat textiles, nets, and fish traps 

owing to its fungicidal properties; thatch used for mats and roofs; and plants used to 

make traditional medicines (Gilman, et al, 2006) 

 

 

5.7.4. Coral Reefs 

Coral reefs are affected directly by plastic macro debris as well, mainly by 

suffocation, shading or abrasion. A negative correlation between macro debris 
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coverage and coral coverage was clear during research on the Majuro atoll in the 

Republic of Marshall Islands, where macro debris was evident the coral was 

declining. The atoll has among the highest recorded benthic marine waste 

concentration in the world, including waste of all materials. Further studies are 

needed on the chemical effects of plastic on coral reefs (Richards & Beger, 2011). 

 

5.7.5. Impacts by plastic bags 

Because of their physical properties plastic bags are more likely than other macro 

debris to get caught around corals or to entangle wildlife. In developing countries, 

plastic bags are a significant cause of death for livestock that often tend to eat them. 

Bags can also cause flooding by blocking drainpipes, which is the reason Bangladesh 

has banned plastic bags (Summers, 2012).  

 

177 marine species have been recorded to ingest anthropogenic polymers with 

subsequent life threatening conditions. It is estimated that 86 percent of all sea turtles 

are affected by plastic debris. They are well-known for ingesting plastic bags due to 

the similarity to the turtles’ natural prey, and due to the construction of the turtles’ 

downward facing structures in their oesophagus they are not able to regurgitate plastic 

bags once swallowed. A study of the degradation of different types of plastic bags in 

the gastrointestinal fluids of the Green sea turtle (Chelonia mydas) as well as the 

Loggerhead sea turtle (Caretta caretta) was undertaken in 2012. The results showed 

that the herbivorous Green sea turtle was able to break down starch based 

compostable bags at a higher rate than the carnivorous Loggerhead sea turtle. The 

breakdown rate was however insufficient even in the gastrointestinal fluids of the 

Green sea turtle to prevent injuries or death in case of ingestion. The other bags, 

conventional and oxo-biodegradable showed negligible degradation rates in the fluids 

from both turtles. The control samples in salt water showed the same result as the 

previously mentioned study by O’Brine and Thompson, with only the starch based 

compostable bags showed significant degradation (Müller, et al, 2012).  
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5.8 Management of the impacts of plastic bags on the marine environment 
 

Plastic bags are popular as carrier bags due to their light weight, sturdiness and 

waterproof properties, properties that make them especially harmful in the 

environment. They are cheap to manufacture and transport as they can be tightly 

packed (Australian Government, 2009). 

 

5.8.1 Use of plastic bags 

Information on the extent of plastic bag usage in the Pacific Islands region is not 

readily available, however, anecdotal evidence suggest that plastic bags are widely 

used in the Pacific as in many other parts of the world. In Fiji, with a population of 

857,000, plastic bag consumption was estimated at 65 – 75 million plastic bags per 

year (Leney, 2010). A simple extrapolation to the Pacific population of 10 million, 

suggests a consumption rate in the region of 820 million plastic bags annually, 

although this may be significantly overestimated since Fiji is one of the more 

westernized countries in the region.  

 

5.8.2 Types of plastic bags 

Alternatives to conventional plastic bags include compostable bags, made out of 

starch that has been treated with additives to give it plastic like properties. These bags 

will decompose fully in a compost environment. Biodegradable bags are often 

confused with compostable bags (and the nomenclature may vary) that do not 

decompose fully but break apart into smaller pieces. This category includes bags 

consisting of conventional synthetic polymers blended with plasticized starch that fall 

apart when the starch fraction in it decomposes, as well as bags that degrade due to 

additives, such as the oxo-degradable bags. Water-soluble plastics are also available, 

dissolving in water if the temperature is within the right range. However they are not 

used for plastic bags at this point (Richards, 2009).  
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5.8.2.1 Degradation of plastic bags in marine environments 

Compostable bags partially made up of starch are mainly made to degrade in a 

compost environment, in moist soil in the presence of active microbes. Whether they 

biodegrade or not in marine environments is rarely thoroughly tested. A study on the 

biodegradability of different plastic bags  performed tests at a depth of 0.6 metres in 

seawater and showed that compostable starch based bags did degrade until no samples 

were to be found after 16 weeks of exposure. The oxo-biodegradable bags (using a 

TDPATM additive) did not show any difference in biodegrading compared to the 

conventional polyethylene bag. After 40 weeks exposure both bags had lost two 

percent of their surface area. The UV-transmittance had decreased by 90 percent by 

then, due to biofouling of the samples. The presence of a biofilm was evident after 4 

weeks of exposure and macrofouling organisms were present after 8 weeks (O’Brine 

& Thompson, 2010). 

 

5.8.2.2 Life Cycle Assessment of Plastic Bags 

A Life Cycle Assessment (LCA) of conventional bags, oxo-biodegradable bags and 

bio-based bags showed a small difference in impacts between the oxo-biodegradable 

and the conventional bag. The LCA regarded the following 11 categories: 

 

1. Global Warming Potential (GWP 
2. Litter effects,  
3. Abiotic resource depletion 
4. Acidification 
5. Eutrophication 
6. Ozone layer depletion 
7. Photochemical oxidation 
8. Human toxicity 
9. Fresh water aquatic ecotoxicity 
10. Marine aquatic ecotoxicity  
11. Terrestrial ecotoxicity.   

 
The oxo-biodegradable bag had a lower total impact due to its degradability in open 
environments, which was the only category with great difference between the two 
types of bags. The bio-based bag showed the highest environmental impacts of all 
bags in 10 of 11 categories, having the lowest impacts only in litter effects.	  (Edwards	  
&	  Parker,	  2012).	  
 

When reusable bags are included a LCA shows that no matter which single used bag 

is used for comparison, the reusable bags always have a lower environmental impact. 
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For the category marine litter, all the reusable bags as well as paper bags (both single 

use and reusable) have significantly lower impacts than the single-use plastic bags, 

including oxo-degradable bags with TDPA additives, HDPE, HDPE from recycled 

material and LDPE bags. The only single use plastic bag that does not have a higher 

litter impact than reusable and paper bags is the compostable starch-polyester blend 

bag. Overall the study found that changing from one single use bag to another only 

shifted the environmental problems. The reusable non-woven polypropylene bag, 

often referred to as a "green bag", was significantly better in all aspects (Dilli, 2007).  

 

5.8.3 Management measures 

Several countries have taken action to prevent plastic pollution, focusing on plastic 

bags.  

 
a. Legal Ban 

Plastic bags have been banned in several countries such as Tanzania, South Africa, 

Kenya, Uganda, China and some states in the US. The bans typically apply to the 

thinnest plastic bags that tend to be used only once before discarding, others ban all 

conventional bags but promote the use of degradable plastic bags. A few countries 

have carried out a complete ban, such as Rwanda and Somalia (Summers, 2012). 

 

In 2005 the government of Papua New Guinea decided to ban lightweight plastic 

shopping bags, initially for a trial period of one year. The decision was made January 

28 and the ban was supposed to come into effect the first of July the same year. 

During that time two major plastic bags manufacturers, Colorpak Ltd, and W.H. 

Industries Ltd, managed to obtain a court ruling stopping the ban. They argued that 

the ban would cause job losses and ruin their business (Richards, 2009).  

	  

Lightweight,	  checkout-‐style	  plastic	  bags	  are	  banned	  in	  South	  Australia	  and	  in	  the	  

Australian	  Capital	  Territory	  (ACT)	  and	  the	  Northern	  Territory.	  Fines	  apply	  to	  

retailers	  who	  either	  sell	  or	  give	  away	  the	  banned	  plastic	  bags.	  The	  ban	  prohibits	  

plastic	  bags	  with	  handles,	  thinner	  than	  35	  microns,	  to	  be	  sold	  or	  given	  away	  by	  

retailers	  (The	  Government	  of	  South	  Australia,	  2011).	  
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b. Levy introduction 

Other countries have chosen to implement a levy as a means of trying to lower the 

consumption of plastic bags. Ireland is one example commonly highlighted as they 

managed to cut plastic bag usage by 95 percent, by implementing a levy on the bags 

and requiring customers to pay 15 eurocents for each bag instead of them being 

handed out freely in the shops. An ambitious national campaign meant to inform the 

public of the reasons for the tax was carried out before the implementation, and was 

so successfully received by the public that the tax has been called the most popular 

tax in Europe. After a few years the consumption of plastic bags slowly increased, 

from 21 to 30 bags per person and year (before the levy the amount was 328 bags per 

person and year). After five years, in 2007, a second campaign and an increase of the 

tax to 22 eurocents was implemented, causing the consumption to decrease once again 

(Convery et al, 2007). 

 

c. Biodegradable alternatives 

Biodegradable bags are often mentioned as alternatives to conventional bags, but are 

also questioned for their psychological effects on people, luring them into believing 

that the bags will biodegrade quickly if discarded. There are several types of bags 

marketed as biodegradable bags including oxo-biodegradable and starch-based bags. 

 

The starch based compostable plastic bag is the only type of plastic that degrades 

fully when exposed to microbes, as opposed to fragmenting into smaller pieces. Oxo-

biodegradable bags contain additives that make the plastic fall apart when exposed to 

UV-light and oxygen, quickening the degradation to microplastics. Most common as 

biodegradable bags are bags with a percentage of starch content, where the starch will 

biodegrade causing the remaining plastic content to disintegrate into small pieces. As 

the plastic content is lower in these bags they produce less microplastics than 

conventional bags or oxo-biodegradable bags. While degrading, starch content in 

plastic bags can cause methane production in anaerobic conditions such as landfills, 

as well as eutrophication in marine and aquatic environments (O’Brine & Thompson, 

2010). 

 

American Samoa banned conventional plastic shopping bags from being handed out 

in shops effective 11th January 2010 after being announced a month prior.  The use of 
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biodegradable bags with a minimum starch content of 50 percent was allowed. For 

reasons that are unclear, two shops were exempt and allowed special permits for their 

bags, one using oxo-biodegradable bags and the other one using starch based 

compostable bags. The standard biodegradable bags were meant to biodegrade well in 

landfills, and were imported from Samoa, which had implemented a similar regulation 

in 2006 and had the same starch content requirement for their bags. The bags are 

required to be certified according to ASTM D6400 and leave no residual toxins after 

degrading. Compared to the conventional bags the biodegradable bags were 20 to 50 

percent more expensive (Mease, 2013 pers. comm. April).  

 

Fiji started undertaking a preliminary study for dealing with plastic bag litter in 2010 

and is still preparing for the decision. By looking into other countries’ policies in and 

outside the region they will have a lot of data on which base their decision upon 

(Leney, 2010).  

 

5.8.4 Enforcement  

No matter which alternative is chosen, it is crucial to have resources for enforcing the 

legislation, as discussed in the following case studies from American Samoa, and 

Samoa.  

 

5.8.4.1 American Samoa 

In the case of American Samoa, just over 1 month after the introduction of the ban on 

conventional plastic bags, an inspection of the shops was undertaken by The 

American Samoa Environmental Protection Agency (AS-EPA), which revealed that 

only 30 to 40 percent of them were in compliance with the new legislation. Shop 

owners claimed that they were still waiting for shipments of the new bags. AS-EPA 

handed out 200 warning letters, which allowed the shops an additional month plus an 

additional 15 days as a buffer to switch to the biodegradable bags.  

 

A second inspection some time after showed that there still were many shops handing 

out conventional plastic bags. After issuing citations of USD 50 to five stores in 

contravention of the law, there was full compliance for about six to eight months, 
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after which conventional plastic bags reappeared. The conventional bags tended to be 

handed out during evenings, weekends and holidays, when the shop owners knew that 

the environmental inspectors were not likely to be on duty.  

 

Widespread compliance with the plastic bag legislation was aided by public 

complaints on shops contravening the law, by making examples of a few shops by 

issuing fines/citations, and through media attention.  

 

As a result of the legislation, packing material suddenly became more valuable as 

shops started reusing cardboard boxes and other material that could be handed out 

instead of carrier bags.  

Implementation of a levy that would require shops to charge 5 cents for the bags was 

discussed as well, but received great resistance both from the public and storeowners 

(Maese, 2013, pers. comm., April).  

 

 

6. Discussion 
 

6.1 Marine Debris and Microplastics Minimization 
Prevention of new debris from reaching the ocean is the key action to lowering the 

impacts from plastic marine debris, since no feasible ways of cleaning up released 

debris from the oceans have been invented yet. Even if such a method were invented, 

an upstream solution is preferable and usually less expensive and more 

environmentally friendly than an end-of-pipe solution.   

 

a. Anti-littering campaigns 

One key to the success of Ireland’s plastic bag levy is probably the ambitious 

campaign undertaken prior to enforcing the levy. How much the campaign affected 

the result is not clear, and whether it would be successful on its own is a matter of 

discussion. However an information campaign should be included in all legal changes 

to increase the public understanding and acceptance. The outrage in American Samoa 
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when proposing a levy on the bags shows how big the difference can be between a 

successful introduction of a levy and a non-successful one. In Ireland the levy is so 

successful that it is called Europe’s most popular tax, while in American Samoa it was 

stopped due to public complaints. 

 

b. Beach Cleanup 

Cleaning up plastic debris from beaches could be a way of preventing further 

degradation of plastics into microplastics, as plastic debris degrades at a much higher 

rate on beaches than in the ocean due to higher temperatures and exposure to UV-

light. It can also be a way of raising awareness in nearby communities by showing the 

amount of waste that washes up, as well as protecting areas important for tourism and 

income by keeping the beaches clean.  

 

It is also important to undertake clean-up activities as soon as possible following 

natural disasters such as tsunamis, and cyclones.  Any rubbish that is washed offshore 

during such events can quickly become buried and be difficult to locate visually, or 

can be redistributed back into the environment following additional wind or rain 

events.  

 

c. Plastic Bag Minimization 

Due to their special properties mentioned, lightness, sturdiness and flexibility that 

make the bags more likely to get entangled with marine life as well as getting 

transported longer distances than other debris, in combination with the high usage of 

them, minimization of plastic bags should be a main focus. To completely get rid of 

plastic is not feasible today, and is not necessarily a sustainable goal. Plastic 

packaging is useful for prolonging the life of food items and saves a lot of green 

house gas release by lowering the amount of food waste. The goal should be to use 

plastic as effectively and thereby as sustainably as possible. Unfortunately many 

plastic items are treated as disposable, even though the material is made to last.  

Plastic bags and other items disposed of in coastal dumps and landfills may end up as 

marine debris, hence reducing the amount that goes to these disposal sites may 

contribute to reducing the scale of the marine debris problem. 
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Single use plastic bags are not really a necessity. As reusable bags have been proven 

to have a decreased environmental impact they would be a better alternative to 

conventional plastic bags. In the Pacific Islands traditional carrier bags such as woven 

coconut leaf baskets could be even more suitable, and could provide a source of 

income for weavers. Recyclable plastic bags or foil should be available for produce 

that require water resistant packaging such as meat products. Vegetables, cheese and 

other drier products may instead be packed in thin paper bags or waxed paper.  The 

use of traditional carrier bags as a replacement to plastic bags should be promoted 

widely. 

 

Single use carrier bags do play a role as bin liners if reused as such. Although leaf 

baskets, cardboard boxes or paper bags could be used as replacement it would 

introduce extra organic material into the waste stream. The curb side waste collection 

bins would have to be designed in a way that encourages waste storage without any 

lining, for example by using mesh containers. That may also discourage disposal of 

waste with high water content, and thereby reduce the organic waste in the waste 

stream.  

 

Another way to replace the need for single use carrier bags as bin liners could be to 

use pre-paid garbage collection bags.  These bags are usually priced to include the 

cost of the waste collection service and are the only bags collected by the waste 

collector on collection day. The choice of material for these bags would still have to 

be sustainable, but it would encourage the users to recycle and manage organic waste 

at home in order to reduce their rubbish and thus reduce the number of bags they must 

purchase. 

 

Incentives to minimize plastic bag use 

Decreasing the usage of the single use carrier bags is of interest however, as far more 

are handed out than necessary. As the Irish example has shown a levy is a feasible 

way to discourage the use, as it stops the automatic handing out of bags at every 

shopping opportunity. The economic aspect makes people realize that the bags are not 

really necessary when they are able to bring their own bags for free instead of paying 
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every time. Promotion of the levy in form of campaigns is not to be overlooked. As 

shown in American Samoa the public as well as the shops may very well oppose the 

levy if not informed correctly.  

 

Customers are already paying for the bags without realizing it, as the price for the 

“free” bags is hidden within the price of all other goods in the store. By clarifying this 

and making the customers understand that a levy would enable them to choose 

whether to pay or not, instead of always paying the hidden cost, it would probably be 

more readily accepted, provided that the shops lower the prices on their goods 

according to the cost of the bags. The overall hidden cost per good may however be to 

small to be noticeable, but if the shops points it out the idea of not paying for 

something you do not need could possibly be a big enough incentive for the 

customers to bring their own bags. 

 

As the starch-based bags are more expensive than conventional bags the levy on 

starch-based bags would be higher. That would mean using a few, more expensive 

bags instead of a lot of cheap bags that may pose a greater threat to the environment. 

That way they would be regarded as more valuable and more carefully used.  

 

Choosing the right kind of plastic bags 

Regarding the issue of marine debris the compostable starch based bags are the best 

choice as they are the only ones that actually degrade in a reasonable amount of time. 

When ending up in a landfill they do however add to the organic matter in the landfill, 

releasing carbon dioxide and/or methane gas when biodegrading. On the other hand, 

compostable bags enable the organic matter contained within to degrade quicker, 

when for example used as bin liners, enabling faster stabilization of the landfill and 

reuse of the area than conventional bags that seal the organic matter within an 

anaerobic environment. It is also possible that the degradation of bags with only 

partial starch content may release microplastics into the leachate that may eventually 

escape the system and reach the ocean. More research on the potential contribution of 

degrading plastic bags to microplastics in leachate, and the ability of leachate 

treatment systems to remove microplastics is needed. 
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Starch based bags also have a greater global warming potential than conventional or 

oxo-biodegradable bags, mainly from the cultivation of the starch source that requires 

water, great land areas, fertilizers and possibly pesticides. Previously, cultivation of 

starch for use in starch based bags meant competing with cultivation of food crops, 

but as technology develops it is now possible to use residual products from the food 

industry for producing starch based bags. They may however be more expensive.  

 

 

 

6.2 Further Research 
The impacts of plastic marine debris are plentiful, but its total effects are yet to be 

fully researched. Understanding these impacts are key to finding appropriate 

solutions. Overall, most research has focused on surface drifting macro debris and 

slightly smaller fragments ingested by animals. The impacts of plastic deeper in the 

water column, down to benthic regions, as well as the potential effects of smaller 

fragments are not as clear. How floating plastic may transport alien species, the 

species likely to be transported, and their potential invasive impacts should also be a 

subject of further research. 

 

Since the ocean is difficult to monitor due to vast distances and changing a regional 

public reporting system of entanglement of marine animals in marine debris as well as 

findings of large quantities of debris could be an easy way to collect more data for the 

Pacific. 

 

The compostable bags are the only bags that biodegrade successfully in the seawater, 

however they do have a higher impact in the rest of their life cycle than oxo-

biodegradable or conventional plastic bags. Further study is needed to be able to 

accurately weigh the positive impacts of compostable plastic bags on marine plastic 

litter versus their potential negative impacts on global warming.  
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7. Conclusions  
 

The Pacific Islands are facing a great challenge to deal with a foreign waste stream 

while protecting their fragile ecosystems. Prevention of additional plastic entering the 

marine environment is critical.  Thus resources should be aimed at developing and 

managing efficient waste management on the islands and raising public awareness of 

the threats litter poses. Since sanitary landfilling is the most manageable solution for 

the islands in the near future and land area is scarce, the waste itself should also be 

prevented. To reduce the use of plastic bags a combination of a levy, so that the 

customers can choose to buy bags or not, and a regulation, allowing only 

biodegradable bags, should be implemented.  

 

Choosing a biodegradable bag for the region is not easy. The only bag that biodegrade 

completely in marine environments is the compostable, starch-based bag. However its 

lifecycle impact is greater than conventional or oxo-biodegradable bags. Whether the 

compostable bags positive litter effects outweighs the negative effects of the rest of 

the lifecycle could still be debated as the total effects of marine plastic debris is yet 

not fully understood. 
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