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Pollution and Ecosystem Health

TWAP
TRANSBOUNDARY WATERS ASSESSMENT PROGRAMME

7.1

Floating plastic debris

SuMMary
The use of plastics has been rising almost exponentially since the 1950s and is projected to continue to grow,
especially in emerging markets. Plastics enter the marine environment mainly because of poor waste management
infrastructure and practices, combined with irresponsible attitudes towards plastic use and disposal. Plastic is
durable, much of it floats in seawater, and once it enters the ocean it can be widely dispersed by ocean currents and
winds. Floating plastic is now ubiquitous in the global ocean, but highly variable in concentration. Larger items of
plastic debris have been shown to have significant detrimental impacts on many species of marine organisms, due
mainly to entanglement and ingestion. Very little, however, is known about the effects of micro-plastics on marine
organisms. Plastics in the marine environment can also cause significant economic loss and may pose a threat to
navigation and human safety.
The relative abundances of floating micro-plastics (less than 4.75 mm in diameter) and macro-plastics (more than 4.75
mm) in each LME were estimated for comparative purposes. Estimates were based on modelling that simulated the
movements of floating pieces of plastic in the ocean. Model runs used proxy sources of plastics derived from metrics
of coastal population density, shipping density, and the level of urbanization within major watersheds. The modelled
estimates of floating plastics are in broad agreement with observational data from shipboard measurements and
shoreline surveys. Estimates for each plastic size class were ranked and grouped into five equal categories, with the
LMEs with ‘lowest’ abundance of floating plastics forming the ‘lowest’ risk category, and those with the ‘highest’
abundance forming the ‘highest’ risk category.
Many of the LMEs with the ‘high’ to ‘highest’ relative abundances of floating plastics are located in east-southeast
Asia, with the Gulf of Thailand having the highest values for both micro- and macro-plastics. LMEs in the ‘highest’
risk category for both size categories of floating plastics are the Southeast US Continental Shelf, Mediterranean, Red
Sea, Bay of Bengal, Gulf of Thailand, South China Sea, Sulu-Celebes Sea, Indonesian Sea, Southwest Australian Shelf,
East China Sea, and Kuroshio Current.

Key Messages
1.

2.

3.

Plastics enter the marine environment from a wide variety of land-based and sea-based activities,
and there are few reliable or accurate estimates of the nature and quantities of material involved.
This poses difficulties in designing and implementing cost-effective measures to reduce inputs to LMEs.
In most cases, solutions will need to be multi-agency, multi-sector, and trans-national to be effective.
Reliable and consistent observational monitoring data on floating plastics in LMEs are lacking. This
prevents reliable quantitative estimation of the amounts and trends (in space and time) of floating
micro- and macro-plastics.
While the estimates of plastic concentrations derived from modelling are imperfect, they provide
information for focusing efforts to improve predictive capacity, assess potential socio-economic
consequences, and target mitigation measures. Further improvement to these model estimates should
be made if data become available on key sources of plastics (such as fishing, aquaculture, and coastal
tourism, which are not accounted for in the current model) and on actual quantities of plastics entering
the ocean and how this may be influenced by the level of economic development in different countries.
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7.1.1 Introduction
The production and use of petroleum-based polymers on a large scale started in the 1950s (Plastics Europe 2013).
Since then there has been an almost exponential increase, as plastics have been used both to replace traditional
materials such as metal, glass, and wood, and for completely new products such as computers (Figure 7.1). There are
six main polymers in production. Of these, polyethylene, polypropylene, and expanded polystyrene have a specific
gravity lower than that of seawater (approximately 1.02) and so will tend to float (Table 7.1). Items composed of the
other main polymers will tend to sink once any buoyancy is removed – for example, a PET bottle will sink when it no
longer is filled with air. Many plastics contain a range of additives for various purposes, for example to improve UV
resistance, plasticity, colour, impact resistance, and fire retardation. These may influence the physical characteristics
of the plastics and their potential impact on marine organisms.

Figure 7.1 World plastics production, 1950–2012, showing the rapid increase in production to match demand. 7KHWHPSRUDOO\
GRZQWXUQLQǣUHȩHFWVWKHHȧHFWVRIWKHJOREDOHFRQRPLFFULVLV
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Table 7.1 Main polymer types, typical applications, and specific gravity. Ultimately, plastics with a specific gravity
less than seawater (about 1.02) will tend to float, whereas plastics with a specific gravity greater than seawater will
tend to sink.
Polymer type

Typical applications

Specific gravity

Polyethylene (PE)

Plastics bags, containers, fishing gear

0.91–0.95

Polypropylene (PP)

Rope, caps, fishing gear, strapping bands

0.90–0.92

Polystyrene (expanded) (EPS)

Fish boxes, floats, food containers

0.01–1.05

Polystyrene (PS)

Utensils, food containers

1.04–1.09

Polyvinylchloride (PVC)

Film, pipe, containers, boots, window
frames

1.16–1.30

Polyethylene terephthalate (PET)

Bottles, strapping gear

1.34–1.39

Polyurethane (PUR)

Wheels, bearings, insulation

1.13–1.26

Polyester resin and glass fibres

Coatings

Cellulose acetate

Cigarette filters

Seawater

>1.35
1.22–1.24
about 1.02

The most characteristic property of plastics is durability. This, combined with lightness and low cost, has led to
rapid expansion in use. The economic model prevalent over most of this period has been linear: raw materials →
manufacture → use → disposal. This model is unsustainable in the longer term. It also relies on effective systems for
dealing with waste and, unfortunately, waste management systems in many parts of the world are inadequate. The
main reason why plastic enters the marine environment is poor waste management, combined with inappropriate
use, unhelpful public attitudes, and irresponsible behaviour.
The occurrence of plastics in LMEs may result from activities based at sea or on land. Many plastics float. Once in the
ocean they are subject to the normal physical processes of ocean circulation and wind-driven transport. A proportion
of the plastics entering one LME, either directly (for example, from a ship) or indirectly through river transport, may
be transported into an adjoining LME or into the open ocean, depending on the circulation characteristics of the
region. This makes tackling plastics pollution a classic transboundary issue – the occurrence of floating plastics in one
LME may be the result of inadequate waste management in another.
Plastics have been shown to injure or kill many species of marine organisms (fish, birds, reptiles, mammals and
invertebrates), by ingestion or entanglement (CBD 2012). Floating plastics can cause significant loss of income to
some social groups, such as fishing communities, pose a hazard to navigation, and endanger the functioning of key
infrastructure, for example by blocking cooling water intakes at power stations and desalination plants.
It is becoming increasingly clear that there are also significant quantities of non-floating plastics distributed on the
seabed. More data are becoming available as a result of wider acknowledgement of the problem and improvements
in sampling methods, including the use of remotely operating vehicles (ROVs) (Pham et al. 2014). This issue was
outside of the scope of the TWAP study, but requires further attention, as significant effects on ecosystems and on
human activities can be anticipated.

7.1.2 Main findings, discussion, and conclusions
7.1.2.1 Model estimates of floating plastics
Relative quantities of floating plastics were estimated using a combination of hydrodynamic and particle-tracking
models (HYCOM/NCODA and Pol3DD). The results of model runs using all three proxies (shipping density, coastal
population density, and the level of urbanization within major watersheds) (Eriksen et al. 2014; Lebreton et al. 2012)
were combined. Separate estimates for micro-plastics (smaller than 4.75 mm) and macro-plastics (larger than 4.75
mm) were computed.
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Micro-plastics are far more abundant than macro-plastics, but the latter represent a much higher mass. The 66 LMEs
were ranked according to the number of micro-plastic particles per km2 (Figure 7.2) and the mass of macro-plastics
per km2 (Figure 7.3). The estimated abundances vary by four orders of magnitude, with the highest abundance of
both micro- and macro-plastics occurring in the Gulf of Thailand LME and lowest in the Antarctic.
LMEs were divided into five categories for each of two indicators – number of floating micro-plastic particles and
mass of floating macro-plastics – based on the rank order from the model estimates (Table 7.2). Approximately equal
numbers of LMEs were assigned to each category. Both indicators are estimates from model simulations using proxy
sources: 1) shipping density, 2) coastal population density, and 3) level of urbanization within major watersheds,
based on Lebreton et al. (2012) and Eriksen et al. (2014).

Figure 7.2 Relative abundance of floating micro-plastics in 66 LMEs, based on model estimates and placed into five risk categories.
7KHPRGHOXVHVWKUHHSUR[LHVWRUHSUHVHQWVRXUFHVRIPDULQHOLWWHUFRDVWDOSRSXODWLRQGHQVLW\SURSRUWLRQRIXUEDQL]HGFDWFKPHQW
VLJQLI\LQJPRUHUDSLGUXQRȧ DQGVKLSSLQJGHQVLW\(VWLPDWHVOHYHOVDUHKLJKHVWLQ(DVWDQG6RXWKHDVW$VLDWKH0HGLWHUUDQHDQ
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Figure 7.3 Relative abundance of floating macro-plastics in 66 LMEs, based on model estimates, and placed into five risk
categories.7KHPRGHOXVHVWKUHHSUR[LHVWRUHSUHVHQWVRXUFHVRIPDULQHOLWWHUFRDVWDOSRSXODWLRQGHQVLW\SURSRUWLRQRIXUEDQL]HG
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Table 7.2 Grouping of LMEs into five categories on the basis of the relative concentration of (a) micro-plastics and
(b) macro-plastics, based on model estimates. The model uses three proxies to represent sources of marine litter: coastal
population density, proportion of urbanized catchment (signifying more rapid run-off ), and shipping density. For microplastics, indicator values for individual LMEs are shown in Figure 7.2 and distribution of risk categories is mapped in Figure
7.4(a). For macro-plastics, indicator values for individual LMEs are shown in Figure 7.3 and distribution of risk categories is
mapped in Figure 7.4(b).
(a) INDICATOR: Number of floating micro-plastics
Risk category

Lowest

Low

Medium

High

Highest

Number of
LMEs

LMEs in each category
(LME number and name)

Range of values
(particles per km2)

14

1. East Bering Sea; 2. Gulf of Alaska; 8. Scotian Shelf; 14. Patagonian
Shelf; 18. Canadian Eastern Arctic-West Greenland; 52. Sea of
Okhotsk; 53. West Bering Sea; 54. North Bering-Chukchi Seas;
55. Beaufort Sea; 56. East Siberian Sea; 57. Laptev Sea; 61. Antarctic;
63. Hudson Bay Complex; 65. Aleutian Islands

<650

13

4. Gulf of California; 8. Scotian Shelf; 9. Newfoundland-Labrador
Shelf; 13. Humboldt Current; 16. East Brazil Shelf; 29. Benguela
Current; 39. North Australian Shelf; 51. Oyashio Current; 58. Kara Sea;
59. Iceland Shelf and Sea; 60. Faroe Plateau; 64. Central Arctic Ocean;
66. Canadian High Arctic-North Greenland

650–2 100

13

3. California Current; 11. Pacific Central-American; 19. Greenland
Sea; 20. Barents Sea; 21. Norwegian Sea; 22. North Sea; 27. Canary
Current; 28. Guinea Current; 30. Agulhas Current; 31. Somali Coastal
Current; 40. Northeast Australian Shelf; 41. East-Central Australian
Shelf; 45. Northwest Australian Shelf

2 100–7 000

13

5. Gulf of Mexico; 7. Northeast US Continental Shelf; 10. Insular
Pacific-Hawaiian; 12. Caribbean Sea; 15. South Brazil Shelf; 23. Baltic
Sea; 24. Celtic-Biscay Shelf; 25. Iberian Coastal; 32. Arabian Sea;
42. Southeast Australian Shelf; 44. West-Central Australian Shelf;
46. New Zealand Shelf; 50. Sea of Japan

7 000–20 000

13

6. Southeast US Continental Shelf; 26. Mediterranean; 33. Red Sea;
34. Bay of Bengal; 35. Gulf of Thailand; 36. South China Sea; 37. SuluCelebes Sea; 38. Indonesian Sea; 43. Southwest Australian Shelf;
47. East China Sea; 48. Yellow Sea; 49. Kuroshio Current; 62. Black Sea

20 000–93 000

(b) INDICATOR: Mass of floating macro-plastics
Risk category

Lowest

Low

Medium

High

Highest
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Number of
LMEs

LMEs in each category
(LME number and name)

Range of values
(grams per km2)

14

1. East Bering Sea; 2. Gulf of Alaska; 8. Scotian Shelf; 14. Patagonian
Shelf; 18. Canadian Eastern Arctic-West Greenland; 29. Benguela
Current; 52. Sea of Okhotsk; 53. West Bering Sea; 54. North BeringChukchi Seas; 55. Beaufort Sea; 56. East Siberian Sea; 57. Laptev Sea;
61. Antarctic; 63. Hudson Bay Complex

<25

13

4. Gulf of California; 8. Scotian Shelf; 9. Newfoundland-Labrador
Shelf; 13. Humboldt Current; 16. East Brazil Shelf; 17. North Brazil
Shelf; 20. Barents Sea; 39. North Australian Shelf; 58. Kara Sea;
59. Iceland Shelf and Sea; 60. Faroe Plateau; 64. Central Arctic Ocean;
66. Canadian High Arctic-North Greenland

25–146

13

3. California Current; 11. Pacific Central-American; 19. Greenland
Sea; 21. Norwegian Sea; 23. Baltic Sea; 27. Canary Current;
28. Guinea Current; 30. Agulhas Current; 31. Somali Coastal Current;
40. Northeast Australian Shelf; 41. East-Central Australian Shelf;
45. Northwest Australian Shelf; 51. Oyashio Current

146–425

13

7. Northeast US Continental Shelf; 12. Caribbean Sea; 15. South
Brazil Shelf; 22. North Sea; 24. Celtic-Biscay Shelf; 25. Iberian Coastal;
32. Arabian Sea; 42. Southeast Australian Shelf; 44. West-Central
Australian Shelf; 46. New Zealand Shelf; 48. Yellow Sea; 50. Sea of
Japan; 62. Black Sea

425–900

13

5. Gulf of Mexico; 6. Southeast US Continental Shelf; 10. Insular
Pacific-Hawaiian; 26. Mediterranean; 33. Red Sea; 34. Bay of Bengal;
35. Gulf of Thailand; 36. South China Sea; 37. Sulu-Celebes Sea;
38. Indonesian Sea; 43. Southwest Australian Shelf; 47. East China
Sea; 49. Kuroshio Current

900–6 100
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Figure 7.4 Spatial distribution of the relative abundance of floating (a) micro-plastics and (b) macro-plastics in 66 LMEs, based on
model estimates. /0(VKDYHEHHQDVVLJQHGLQWRRQHRIȨYHULVNFDWHJRULHVIURPǦORZHVWǧWRǦKLJKHVWǧ7KHPRGHOXVHVWKUHHSUR[LHV
WRUHSUHVHQWVRXUFHVRIPDULQHOLWWHUFRDVWDOSRSXODWLRQGHQVLW\SURSRUWLRQRIXUEDQL]HGFDWFKPHQW VLJQLI\LQJPRUHUDSLGUXQRȧ 
DQGVKLSSLQJGHQVLW\(VWLPDWHVOHYHOVDUHKLJKHVWLQ(DVWDQG6RXWKHDVW$VLDWKH0HGLWHUUDQHDQDQGWKH%ODFN6HD
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Figure 7.3 and Figure 7.4(b) show that many of the LMEs with the ‘high’ to ‘highest’ relative abundances of floating
macro-plastics are in east-southeast Asia, and slightly over half of the LMEs with the ‘highest’ abundances are in this
region. This is consistent with the findings of a recent study that showed that the highest estimates of the mass of
land-based plastic waste entering the ocean from 192 coastal countries in 2010 were in this region (Jambeck et al.
2015).
The benchmark for floating plastics is zero, since all the types of plastic we are concerned with are synthetic and
have been introduced into the ocean in significant quantities relatively recently, from the 1950s onwards. Scientific
evidence supports the conclusion that floating plastic is now ubiquitous in the global ocean, including in the remotest
parts of the Southern Ocean, as a result of its durability and overall ocean circulation patterns (Cózar et al. 2014; Law
et al. 2014; Barnes et al. 2010). Clearly, the input of plastics into the oceans has been taking place for several decades.
The rapid increase in production and use that has occurred since the 1950s is predicted to continue, especially in
emerging markets. Jambeck et al. (2015) predict that, without waste management infrastructure improvements, the
cumulative quantity of plastic waste available to enter the ocean from land will increase by an order of magnitude by
2025. It seems certain that the quantity of floating plastic in the marine environment has increased, but it has proved
very difficult to quantify this, due partly to an overall lack of reliable data, and partly to the inherent spatial variability
that has been observed, which makes representative sampling difficult.
The spatial distribution of LMEs in the five risk categories (Figure 7.4) reflects the relative importance of each of
the three proxy sources in each LME (Lebreton et al. 2012), large-scale circulation characteristics, and transfer of
floating plastic between LMEs. For example, the Mediterranean and Black Sea have extremely limited exchange with
the open ocean, so floating plastic will tend to be retained for a long time. It is important to note that this analysis
does not include other potentially significant sources, such as aquaculture, fishing, and coastal tourism, and makes
no allowance for differences between countries in either per capita use of plastics or the effectiveness of waste
management systems.

7.1.2.2 Validation of model estimates from sea-based observations
There are insufficient data from sea-based observations in LMEs for a reliable assessment of the validity of the model
estimates. The most comprehensive observations, using towed nets, have been mainly in the open ocean. However,
there have been several published studies that support the overall pattern suggested by the model results. For
example, ship-based observations of macro-debris show a much lower density in the Southern Ocean (Barnes et al.
2010) than in the Straits of Malacca (Ryan 2013; Figure 7.5), reflecting the relative distance from potential sources.

Figure 7.5 Floating macro-plastics in the Straits of Malacca (eastern extremity of Bay of Bengal LME, ‘highest’ risk category).7KLV
LVDQDUHDZLWKKLJKVKLSSLQJGHQVLWLHVDQGKLJKFRDVWDOSRSXODWLRQV

Source: Ryan (2013); images courtesy of Peter Ryan, University of Cape Town
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In addition, the identification, through use of the model, of potential hotspots, such as the Mediterranean, Bay of
Bengal, and East China Sea LMEs, is in agreement with independent estimates based on observations and known
sources (Ryan 2013; UNEP/MAP 2011; Shiomoto and Kameda 2005). The model results also correspond with data
from beach surveys and clean-ups that have been conducted in many LMEs. Partial validation is also provided by
the results of biological sampling. The most developed biological sampling technique is analysis of the stomach
contents of beached seabirds (dead and washed ashore) that feed offshore, such as petrels, fulmars, shearwaters,
and albatross (van Franeker and Bell 1988). A long time-series from bird recoveries around the North Sea LME (‘high’
risk category) shows the relatively high abundance of floating plastic in this region (Figure 7.6) and the change in
type of plastics represented, with no overall decrease in total quantity, but a higher proportion of consumer plastics
compared with industrial sources.

© J.A. Van Franeker

Figure 7.6 Floating micro- and macro-plastics in the North Sea LME (‘high’ risk category), retrieved from the stomach of an openwater foraging bird, the northern fulmar (Fulmarus glacialis). 7KH1RUWK6HDLVVHPLHQFORVHG UHVWULFWLQJFLUFXODWLRQ KDVDKLJK
VKLSSLQJGHQVLW\DQGKDVDKLJKFRDVWDOSRSXODWLRQ

Images courtesy of Jan van Franeker, IMARES NL

Recommendations for a more harmonized approach to assessment of trends of debris in the marine environment
have started to emerge (Lippiat et al. 2013), so future assessments should have a more comprehensive data set to
analyse. It is already apparent that there can be substantial spatial variability in the observed abundance of floating
plastics within an LME, covering several orders of magnitude, due to differences in the type of plastics, distance from
the source(s), oceanic circulation, and wind-driven events. An example of spatial variability of floating plastics in the
Bay of Bengal LME is described by Ryan (2013).
The scope of this study was limited to an assessment of floating plastics. However, much of our information on
the type and relative distribution of plastic debris that has entered the sea comes from beach surveys. The most
comprehensive survey is the annual International Coastal Cleanup, organized through the Ocean Conservancy, an
NGO (not-for-profit) based in the USA (Ocean Conservancy 2015). This event has expanded steadily in coverage and,
in 2013, included 92 countries. The International Coastal Cleanup methodology is not as rigorous as that in many
national programmes, but it provides useful information on sources and regional differences.
In contrast, sampling at sea tends to be limited to national monitoring programmes or single transects using vessels
of opportunity. Representative sampling of floating plastics at sea with sufficient spatial and temporal extent is very
expensive. National efforts have been rather limited to date and methodologies have not been harmonized. Differences
in gear type and mesh size for smaller items and lack of a standardized protocol for shipboard observations set a
practical limit to compiling comparable data sets. It has also been recognized that conditions at sea, such as the state
of winds, waves and swell, can have a significant effect on the apparent abundance of floating plastics. These issues
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are currently being addressed by the National Oceanic and Atmospheric Administration Marine Debris Program
(Lippiat et al. 2013), the European Union (EC/JRC 2013), and several Regional Seas Organizations (for example, OSPAR
for the North-East Atlantic, and NOWPAP for the Northwest Pacific). Future assessments are likely to be able to use
larger and more reliable data sets.

7.1.2.3 Limitations and confidence levels
There are insufficient observations of abundances of floating micro- or macro-plastics for an accurate evaluation of
the state of contamination in all LMEs. Simulated distributions were generated using three proxy sources of litter fed
into a general ocean circulation model. This provided an internally-consistent data set for estimating the relative, but
not absolute, abundance of floating plastics by LME. However, several important potential sources were excluded,
including aquaculture and coastal tourism. It has not yet been possible to detect a consistent trend in abundance
over time, despite the continuing entry of plastics into the ocean. This appears to be due mainly to the observed
high degree of spatial heterogeneity in the distribution of micro- and macro-plastics. Further observations, combined
with more sophisticated modelling approaches, are needed to increase the level of confidence in future assessments.

7.1.3 Methodology and analysis
For this assessment, it was concluded that observational data of floating plastic for many LMEs were not sufficient
for a reliable comparative analysis to meet the TWAP objectives. Instead, an internally consistent modelling approach
was adopted, based on a published study (Lebreton et al. 2012). This approach used the ocean circulation modelling
system HYCOM/NCODA to create the flow field. HYCOM is computed on a Mercator grid, with 4 500 x 3 298 grid
nodes at an average spacing of about 7 km. HYCOM was forced using archived data from the US Navy’s Operational
Global Atmospheric Prediction System. This system was used to reproduce 30 years of ocean circulation. Particles
were then introduced using the particle-tracking model Pol3DD and allowed to disperse passively. Particles were
introduced in a spatially explicit way, in proportion to three selected proxies of human activity or development, based
on the analysis by Halpern et al. (2008): 1) shipping density, representing direct inputs of plastics from commercial
shipping; 2) coastal population density, representing plastics used in the retail sector and for consumer goods on a
per capita basis; and 3) the level of urbanization within major watersheds (urbanized landscape of buildings, roads,
and other hard surfaces), representing areas liable to more rapid run-off of street litter. Two categories of particles
were introduced: micro-plastics (less than 4.75 mm in diameter) and macro-plastics (more than 4.75 mm). Full details
of the model and model runs were published in Eriksen et al. (2014) and Lebreton et al. (2012).
The model results provide an internally consistent data set based on several assumptions, but the results should
not be used to infer actual quantities. The approach, however, provides a means of identifying potential hotspots
of marine plastics that can then become the focus of more specific investigation, leading to the identification and
introduction of measures to control existing sources. The analysis used three proxy sources of plastics; a future
analytical development would be to include additional sources, such as fisheries, aquaculture, and coastal tourism,
which are all known to be significant in many LMEs. Fisheries, for example, is a source of plastic waste in the North
Australian Shelf LME, aquaculture is a source in the East China Sea LME, and coastal tourism is known to be a
source of floating plastics in the Mediterranean Sea LME. There are other types of uncertainty associated with the
analysis. For example, per capita use of plastics tends to correlate with Gross Domestic Product (GDP), but higherGDP countries may have more effective waste management systems. Modelling approaches can be fine-tuned and
improved as more data become available on sources of plastics, and with the introduction of more comprehensive
and extensive environmental monitoring programmes.

162

POLLUTION AND ECOSYSTEM HEALTH

References
Barnes, D.K.A., Walters, A. and Gonçalves, L. (2010). Macroplastics
at sea around Antarctica. Marine Environmental Research 70,
250-252
CBD (2012). Impacts of Marine Debris on Biodiversity: Current
Status and Potential Solutions, Technical Series 67, 61
pages. Secretariat of the Convention on Biological Diversity and
the Scientific and Technical Advisory Panel – GEF, Montreal
Cózar, A., Echevarría, F., González-Gordillo, J.I. and others (2014).
Plastic debris in the open ocean. Proceedings of the National
Academy of Sciences
EC/JRC (2013). Guidance on monitoring of marine litter in European
Seas. MSFD Technical Support Group on marine litter. Joint
Research Centre Scientific and Policy Report, European
Commission
Eriksen, M., Lebreton, L.C.M., Carson, H.S. and others (2014). Plastic
pollution in the world’s oceans: more than 5 trillion plastic
pieces weighing over 250,000 tons afloat at sea. PLoS ONE
9(12), e111913. doi: 10.1371/journal.pone.0111913
Halpern, B.S., Walbridge, S., Selkoe, K.A. and others (2008). A global
map of human impact on marine ecosystems. Science 319,
948-952
Jambeck, J.R, Geyer, R. Wilcox, C. and others (2015). Plastic waste
inputs from land into the ocean. Science 347, 768-771
Law, K.L., Morét-Ferguson, S.E., Goodwin, D.S. and others (2014).
Distribution of surface plastic debris in the eastern Pacific

Ocean from an 11-year data set. Environmental Science and
Technology 48(9), 4732-4738
Lebreton, L.C-M., Greer, S.D. and Borrero, J.C. (2012). Numerical
modelling of floating debris in the world’s oceans. Marine
Pollution Bulletin 64, 653-661
Lippiat, S., Opfer, S. and Arthur, C. (2013). Recommendations for
Monitoring Debris Trends in the Marine Environment. NOAA
Ocean Conservancy (2015). International Coastal Cleanup. http://
www.oceanconservancy.org/our-work/international-coastalcleanup/ (accessed 26 May 2015)
Pham, C.K., Ramirez-Llodra, E., Alt, C.H.S. and others (2014). Marine
litter distribution and density in European seas, from the
shelves to deep basins. PloS one 9(4), e95839-e95839
Plastics Europe (2013). Plastics the Facts. http://www.plasticseurope.
org/Document/plastics-the-facts-2013.aspx?FolID=2
Ryan, P.G. (2013). A simple technique for counting marine debris at
sea reveals steep litter gradients between the Straits of Malacca
and the Bay of Bengal. Marine Pollution Bulletin 69, 128-136
Shiomoto, A. and Kameda, T. (2005). Distribution of floating marine
debris in near-shore areas around Japan. Marine Pollution
Bulletin 50, 1430-1432
UNEP/MAP (2011). Assessment of the status of marine litter in the
Mediterranean. UNEP (DEPI), Mediterranean Action Plan
Van Franeker, J.A. and Bell, P.J. (1988). Plastic ingestion by petrels
breeding in Antarctica. Marine Pollution Bulletin 19, 672-674

163

