


Io

environmental
ation

October 2015

© Environmental Investigation F 3 o 22
Agency 2015 : LT N

This report was produced by the
Environmental Investigation Agency
(EIA). EIA is solely and entirely
responsible for the contents of

this report.

Report design by:
www.designsolutions.me.uk

Cover image: © epSos.de



- ) Y
" E_ ™ & N R oA 1 R o
s .*IM‘—-A—-P A_“? *’ = ! " \‘ L e "= - - )"ﬂ
L
Hailed as ‘the material for the 21st century’, global plastics Defined as “any persistent, manufactured or processed solid .
production has grown continuously from five million tonnes material discarded, disposed of or abandoned in the marine -
per year in the 1960s to 299 million tonnes in 2013 and coastal environment”, marine litter has now been
recognised as a major threat to biodiversity.” While marine -
Found in our clothes, computers and cars, plastics are now litter can encompass a wide range of materials, plastic items
ubiquitous in modern life. In Europe, the world's second are thought to comprise 60-80 per cent of all marine litter
largest plastics producer after China, the majority of items® and account for 92 per cent of reported impacts on ﬂ 1
plastics are destined for packaging. Building and construction,  marine organisms.’ . |
motor industries and electrical applications also use 7 \
significant amounts. An estimated 80 per cent of marine litter originates from / .
terrestrial waste sources, although this can vary considerably ‘ )

Plastics are so named for their plasticity, or malleability,
allowing them to be manufactured in a variety of shapes

and forms and it is this property - along with their durability,
low cost and low weight - which has led to their adaptation
to a multitude of purposes and their proliferation in
single-use products.

It is these same properties which have made plastics so
successful, in particular their low weight and durability,

and have contributed to the accumulation of plastic in the
marine environment. Originating from land due to littering
and poor waste management, transported via wind, rivers and
untreated sewage to the sea, an estimated 4.8-12.7 million
tonnes of plastics are estimated to enter the ocean each year
from land.2By 2025, it is predicted that without improvements
in waste management, this will increase to 10.5-28 million
tonnes annually.

Plastic waste has polluted the oceans to such an extent that
no area remains uncontaminated. Plastics are ingested by
seabirds off remote islands,® concentrated in Arctic Sea ice*
and are accumulating in deep sea sediments where
microplastics are now more numerous than in surface waters.®
Plastics may fragment but do not biodegrade, leading to a
progressive rise in quantities found in the marine environment.
In 2014, it was estimated that more than five trillion plastic
particles are floating in the world's oceans.®

according to geographical area. Shipping and fisheries also
contribute significantly, through loss or illegal dumping of
waste and fishing gear.

The main plastic items observed in beach clean-ups
worldwide™ can be broadly grouped into:

packaging-related litter, including bags, drink bottles,
cups, caps, lids, straws, stirrers, disposable cutlery,
food wrappers, containers and polystyrene;

fishing and shipping-related litter, including bait
containers and strapping bands, buoys, fishing line,
nets, traps, ropes and plastic sheeting;

sewage-related litter, including sanitary towels
and tampons, wet wipes and cotton buds;

micro- and nanoplastics, including industrial
pellets or ‘nurdles’, fragmented plastics, synthetic
clothing fibres and microplastics from personal
care products.

This report outlines some of the impacts on marine
creatures, with recommended actions to reduce the
rising tide of plastic waste entering the oceans.
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“At least 693 species
have ingested or
been entangled in
marine litter”

Studies have documented at least 693
species that have ingested or been
entangled in marine litter; 17 per cent
of these are listed as threatened or
near threatened according to the
International Union for Conservation of
Nature (IUCN).12

Impacts on marine fauna can be both
lethal and sub-lethal. Mortality may be
caused by ingestion of plastic waste that
damages or blocks the digestive tract,
while entanglement in litter can lead to
drowning or strangulation. Sub-lethal
impacts are less well understood but
include injury, disease and compromised
feeding and movement, leading to
malnutrition and reduced reproductive
output, growth rates and longevity.'3

Turtles

All species of turtle have been
documented ingesting and becoming
entangled in debris. One study in

Brazil found that up to 100 per cent of
examined animals had ingested plastic
litter and another that litter was
responsible for the deaths of over

13 per cent of examined turtles.!*
Post-hatchling turtles have an extremely
limited ability to cope with decreased
nutrient intake resulting from litter
ingestion and the impacts on reproductive
output and survivorship may have
serious conservation implications.!

Seabirds

About 56 per cent of all seabird species
are affected by marine litter, with major
proportions of tube-nosed seabird
species ingesting plastic on a very
regular basis. Ingestion is documented in
97.6 per cent of laysan albatross chicks
and 95 per cent of northern fulmars, with
an average of 35 plastic items found in
each individual fulmar. Such high ingestion
rates spur serious concern regarding the
cumulative physical and chemical
impacts at the population level. Ingestion
does not appear to be a major cause of
mortality but may contribute to poor
nutrition and body condition which likely
influences overall fledgling success.!6
Plastic waste also causes entanglement
of seabirds; in North American gannet
populations, almost 75 per cent of the
nests contain fishing debris, increasing
the risk of lethal entanglement for adults
and chicks.!” Experts predict that plastic
ingestion will reach 99 per cent of all
seabird species by 2050.18

Marine mammals

In whales, dolphins and porpoises
(collectively known as cetacans),

56 per cent of species have either
ingested or been entangled in marine
litter, with rates of ingestion as high as
31 per cent in some populations.®
There are a number of cases where



whales have died through ingestion
of large quantities of plastic waste or
entanglement in lost fishing gear,
although population level impacts
remain hard to determine due to
difficulties in establishing causes of
death and in collating strandings data.
Microplastics also pose a threat,
particularly to filter feeding baleen
whales, with microplastic uptake and
associated contaminants documented
in a number of species.?°

Entanglement of seals and sea lions has
been documented in numerous populations
worldwide and identified as partially
responsible for the population decline

of the northern fur seal.?* In Cornwall,
UK, the average annual entanglement
of grey seals varies from 3.6 to five

per cent, with an increased mortality
rate for entangled seals.?? A study in
The Netherlands found 11 per cent of
examined seals had ingested plastic.?

Fish and other marine fauna

Many species of fish, crustaceans,
corals and invertebrates are also impacted
by plastic waste through ingestion or
entanglement. In the UK, 83 per cent of
Norway lobsters (often sold as scampi)
sampled contained microplastic debris.?
In the English Channel, 36.5 per cent of
sampled fish, including whiting and
mackerel, had ingested plastic.?® In the
Mediterranean, micro- and macroplastic
ingestion was documented in 18.2 per
cent of bluefin tuna and albacore tuna.?

Ecosystem level effects

Ecosystem level effects of plastic waste
have been documented around the world.
Litter accumulation has a high potential
to impact benthic habitats and organisms
in particular. For example, coral cover
and species diversity have been shown to
decrease with increasing litter abundance
in the Pacific, and reduced abundance of
benthic invertebrates was found in heavily
littered sites in Indonesia.?”

© David Burdick NOAA

Consequences for humans

Marine litter also has substantial negative
socio-economic impacts. The cost of
damage to marine ecosystems from
plastics is estimated to be $13 billion a
year.?8 Plastic waste presents a hazard
to shipping, can increase flood risk
through blockage of drainage channels
and is aesthetically detrimental, causing
or contributing to economic losses to
industries such as commercial fishing
and shipping as well as recreation and
tourism.?’ Perhaps of even greater
concern are the human health
implications of plastic contamination

of seafood and the potential for plastics
to increase the transport of contaminants
into the food chain.3

“In the UK, 83 per
cent of Norway
lobsters sampled
contained
microplastic debris”
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“Almost 100,000
microbeads are
released in each
application of some
facial scrub products,
resulting in up to
80 tonnes of
unnecessary
microplastic waste
entering the sea
every year in the
UK alone”

Microplastics are defined as plastic
fragments less than Smm in size.
Sources of microplastics include:

e primary microplastics

- plastic pellets (also known as
nurdles), used in the production of
larger plastic items;

microbeads used in ‘down-the-drain’
personal care products (e.g. toothpaste,
facial scrubs) and household cleaners;

e secondary microplastics

derived from fragmentation of larger
plastic items;

microfibres from synthetic clothing.

Recent studies have shown that almost
100,000 tiny microbeads are released
in each application of products such

as facial scrubs, resulting in up to

80 tonnes of unnecessary microplastic
waste entering the sea every year from
using such products in the UK alone.3!
Tests of waste water from domestic
washing machines have shown about
1,900 individual fibres can be rinsed off
a single item of synthetic clothing.®

Due to their small size, microplastics are
not intercepted by conventional sewage
treatment and so are released into rivers

and oceans. They are now abundant
and widely distributed in the marine
environment, floating at the sea
surface, in deep sea sediments, on
shorelines and concentrated in sea ice.3
More than five trillion plastic particles
are floating in the world’s oceans,

with even higher concentrations in
deep-sea sediments.3*

Microplastics are ingested by a range of
marine organisms, from commercially
important fish and shellfish to baleen
whales. Such ingestion can potentially
lead to physical and toxicological
effects.?> Persistent organic pollutants
in seawater concentrate on the surface
of plastics and can become orders of
magnitude more concentrated than in
the surrounding water.3® These chemicals,
as well as additives already present in
the plastic, can be transferred to
organisms through ingestion.3’

In laboratory and field studies, adverse
effects of microplastic ingestion have
been documented in a number of species,
including zooplankton (decreased
feeding),®® lugworms (weight loss,
decreased energy reserves, compromised
fitness),% fish (hepatic stress)*® and
corals (impaired health and potentially
starvation over time).*! Basking sharks
have been estimated to consume
approximately 13,110 microplastic
items per day and Mediterranean fin
whales approximately 3,653 items.



REDUCING PLASTIC WASTE

Despite growing international attention
to marine litter, meaningful action at
national levels is still lacking. Single-use
plastic items remain common and only
26 per cent of plastic waste in Europe is
recycled, with the rest going to landfill
or incineration.** Averting marine plastic
litter requires a dual approach of
preventing waste by reducing consumption
of single-use plastics and increasing
reuse and recycling of plastics while
also preventing waste plastics from
reaching the marine environment
through adequate treatment and
management of waste streams.

Here we outline some case studies of
existing actions being taken to address
plastic waste and recommended future
actions that can be taken throughout
the production and consumption chain,
from governmental and industry to
public actions.

Reducing consumption of

single-use plastics

A symbol of a throwaway culture and a
prevalent type of marine litter, single-use
carrier bags have been successfully
targeted in efforts to reduce plastic
waste. Bans on single-use bags exist in
countries including in Bangladesh, India,

Rwanda, Tanzania, Taiwan, South Africa
and South Australia.*® Levies have also
been highly effective, with a S5p charge
implemented in Wales for all single-use
carrier bags resulting in more than a
70 per cent decrease in consumption.
A 2015 EU Directive amending the
Packaging and Packaging Waste
Directive requires Member States to
reduce consumption of lightweight
plastic bags to 90 bags per person per
year by 2019 (about S0 per cent of
average levels) and 40 bags by 2025
(an 80 per cent reduction).

Some 70 cities in the US have enacted
local bans on Styrofoam (expanded
polystyrene) containers used for take
away food and drinks and loose-fill
polystyrene packaging because
polystyrene is particularly prone to
fragmentation and difficult to recycle.

In 2015, Oxford became the first UK city
to enact a similar ban, requiring vendors
to use recyclable or biodegradable food
containers to reduce the amount of
waste sent to landfill.*> San Francisco
recently became the first US city to ban
the sale of plastic water bottles and
Selfridges store in the UK is removing
all single-use plastic water bottles from
its food halls and restaurants.*

BELOW:
Bottle recycling machine in a
Lidl grocery store in Western
Germany.

BOTTOM:

One of many pieces of plastic
littering the Taputeranga
Marine Reserve in Wellington,
New Zealand.
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TOP:
Microbeads extracted from
facial scrubs.

ABOVE:
Wildlife entangled in ghost
fishing gear.

Removal of plastics from
down-the-drain products
As awareness of the threat posed by
microplastics in the marine environment
has emerged, NGOs have launched
campaigns calling on manufacturers to
eliminate microplastics from their
personal care and cleaning products.
The international coalitionm
has successfully persuaded
many companies to commit to phasing
out microplastics and has developed
an app to help consumers choose
microplastic-free products. In the UK,
Fauna & Flora International and partners
have produced the [Good Scrub Guide]

which lists microplastic-free products.
There remains a need, however, for
legislative action to speed progress,
maintain commitments and ensure a
level playing field for manufacturers.
US states such as Illinois and Colorado
have been among the first to enact
such legislation.

Although not intended to be down-the-
drain products, sanitary and personal
care items are often flushed down the
toilet, ending up in the sea. Items such
as cotton bud sticks, wet wipes, tampons
and other sanitary items comprised

5.4 per cent of UK beach litter in 2014.4
UK organisations Surfers Against
Sewage and Marine Conservation
Society have championed campaigns
such as [Think Before You Flushl which
aims to change public behaviour to not
flush such items down the toilet and
convince manufacturers to go plastic-free
and use biodegradable components in
their products.

Tackling ghost fishing gear

‘Ghost gear’ refers to any fishing
equipment or fishing-related litter that
has been abandoned, lost or otherwise
discarded. About 25,000 nets are lost in
European fisheries each year, a combined
length of 1,250km.*® Such nets can
remain in the marine environment for
decades, causing suffering and mortality
in marine life. World Animal Protection


http://www.sas.org.uk/campaign/think-before-you-flush/
http://www.goodscrubguide.org/
http://www.beatthemicrobead.org/en/
http://www.beatthemicrobead.org/en/

has recently launched the [Global Ghosfl
Mﬁ%ﬁﬂ (GGGI), a cross-sectoral
alliance committed to driving solutions
to the problem of lost and abandoned
fishing gear worldwide. At a local scale,
there are a number of ‘fishing for litter’
and closed-loop fishing gear recycling
schemes which aim to actively

remove fishing litter from the marine
environment but there remains a

need for measures to prevent gear loss
and wider availability of appropriate
gear recycling facilities.

Applying waste hierarchy and
circular economy principles to
plastic waste

The EU Waste Framework Directive sets
out the waste hierarchy in the following
priority order: (i) prevention; (ii) reuse
and preparation for reuse; (iii) recycling
(reprocessing of waste materials into
products or secondary raw materials);
(iv) recovery (for example, through
waste incineration); and (v) disposal
(landfilling, incineration, gasification
etc). Circular economy models are based
on similar principles, seeking to retain
the value of products for as long as
possible and eliminate waste, keeping
resources within the economy by
recovering and recycling products and
materials when a product reaches the
end of its life. Transitioning to a circular

economy requires cross-sectoral
changes, from product design to new
ways of turning waste into a resource
and new modes of consumer behaviour.
Eco-design, re-using, repairing,
refurbishing and recycling existing
materials and products will need to
become a central focus of businesses
and consumer chains in order to
effectively prevent waste.

Extended producer-responsibility
schemes can form part of a circular
economy approach, in which the
producer retains responsibility for a
product after it has been sold. This
principle has already been applied to
plastic waste in the establishment of
deposit return schemes for beverage
containers. In Denmark, consumers
pay a deposit of 1-3DKK (approximately
10-30p) depending on the size and
type of bottle or can, which is refunded
when they return the empty container
to reverse vending machines or retail
outlets. In 2013, consumers in
Denmark returned 89 per cent of
empty beverage packaging on which
deposits had been paid, representing
more than 950 million items.* Such
schemes reduce littering, increase
recycling and increase the use of
refillable containers and could be highly
effective if rolled out more widely.>

"Eco-design, re-using,
repairing, refurbishing
and recycling existing
materials and products
will need to become

a central focus of
businesses and
consumer chains in
order to effectively
prevent waste”

© I;anvag, iStock
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http://www.ghostgear.org/
http://www.ghostgear.org/

CONCLUSIONS

With plastics production continuing to rise and escalating trends in both plastic litter in the marine environment
and its impacts on species, there is a critical need for urgent action to prevent plastic waste.

EIA calls for a focus on:
Such principles can be applied throughout the user chain;
reducing consumption of single-use plastics; from governmental measures and industry action to actions
taken by the public.
removal of plastics from down-the-drain products;
We all have a vital role to play in reducing the amount of
more stringent application of waste hierarchy and circular plastic waste entering the marine environment and protecting
economy principles to plastic products and packaging. its biodiversity for decades to come.

RECOMMENDATIONS

Governments can reduce and prevent waste through requlatory and economic measures that decrease
consumption of single-use products and packaging, prevent waste, improve recycling and encourage a
circular economy. These should include:

binding waste prevention and recycling tarc[lets, leading to a - strengthened implementation of waste legislation,
ban on landfilling and incineration of recyclable waste increased enforcement and sentencing

improved waste collection and recycling facilities +bans on microbeads and plastics in down-the-drain
3 : ; : “ products, including personal care and sanitary items
bans and levies on single-use plastics such as carrier bags ) 4
Y ; - : - reformed fee systems for port waste reception facilities to
pr— .+ deposit-return schemes for drinks containers incentivise waste delivery, with harmonised port control of
—‘* B ) waste deliveries and increased enforcement
" - elimination of non-recyclable packaging = .
- =" y i - - management of fisheries to prevent gear loss and increased
" - standards to minimise packaging, ensure recyclability and facilities for gear recycling
use recycled materials : : y
- B - - support for national education and awareness-raising
: +minimum standards for Extended Producer Responsibility campaigns and industry training programmes
o T (EPR) schemes
- -, . T
o ot RN, | e
% y . minimisation and design of packaging for re-use and + development of fabrics with minimal fibre loss and
. recycling, using secondary raw materials where development of a filter to catch microfibres from washing

appropriate, e.g. production of refillable beverage containers 3 L )
- production of fisheries qear designed for closed-loop

+ industry training programmes and use of best available recycling and which facilitates gear marking, with gear E
technologies in wasté management, fisheries and leasing sSchemes where appropriate; bait and catch
shipping sectors containers should similarly be reusable and recyclable

+ eco-labelling and product passport schemes informing + development of multi-stakeholder ghost gear prevention
consumers of environmental footprint and potential for and recovery teams and expansion of fishing for
product repair and recycling litter schemes

+ expansion of Operation Cleansweep to prevent loss of
microplastic pellets, with auditing of safequards

Retallersi™e. . " _ N ST

™ minimisation and use of re-usable, recyclable packaging in - economic incentives for use of refillable beverage
PR s supply chain and consumer packaging containers e.g. discounts for customers using a refillable

- . f container, deposit-return schemes and levies;

¥ f * replacement of polystyrene containers for fast food with o

. recyclable/reusable and biodegradable items - participation in EPR schemes
o r I . = -
Pubic = O AL

: + avoid single-use plastics and unnecessary packaging + only buy micronlastic-free personal care and household

Products (see Beat the Microbead's app and Fauna & Flora

+ carry a re-usable bag and drinks bottle nternational's Good Scrub Guide)

- re-use, recycle and dispose of waste responsibly - participate in beach cleans (see www.mcsuk.org, =
i g | www.sas.org.uk and www.nurdiehunt.org.uk) and diving-
+ 'Think before vou flush' - avoid disposing of any plastics for-debris programmes (see www.projectaware.org/

down the toilet or drain Diveagainstdebris and www.narc-cc.org.uk)

e R . I |



http://www.opcleansweep.org/
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REFERENCES

Plastics Europe. Plastics - the facts 2014/2015. Available at:
http://www.plasticseurope.org/Document/plastics-the-facts-
20142015.aspx?FollD=2

Jambeck, J., Geyer, R., Wilcox, C., Siegler, T., Perryman, M.,
Adrady, A., Narayan, R. & Law, K. 2015. Plastic waste inputs from
land into the ocean. Science 437(6223): 768-771

Young, L., Vanderlip, C., Duffy, D., Afanasyev, V. & Shaffer, S. 2009.
Bringing home the trash: Do colony-based differences in foraging
distribution lead to increased plastic ingestion in Laysan
albatrosses. PLoS ONE 4(10): e7623.
doi:10.1371/journal.pone.0007623

Obbard, R., Sadri, S., Wong, Y., Khitun, A., Baker, . & Thompson, R.
2014. Global warming releases microplastic legacy frozen in
Arctic Sea ice. Earth's Future, 2, 315-320

Woodall, L., Sanchez-Vidal, A., Canals, M., Paterson, G., Coppock,
R., Sleight, V., Calafat, A., Rogers, A., Narayanaswamy, B. &
Thompson, R. 2014. The deep sea is a major sink for microplastic
debris. Royal Society Open Science. 1: 140317.
http://dx.doi.org/10.1098/rs0s.140317

Eriksen. M. Lebreton, L., Carson, H., Thiel, M., Moore, C., Borerro,
J., Galgani, F.,, Ryan, P. & Reisser, J. 2014. Plastic Pollution in the
World's Oceans: More than 5 Trillion Plastic Pieces Weighing over
250,000 Tons Afloat at Sea. PLoS ONE, DOI:
10.1371/journal.pone.0111913

CBD, 2012. Secretariat of the Convention on Biological Diversity
and the Scientific and Technical Advisory Panel—-GEF, 2012.
Impacts of Marine Debris on Biodiversity: Current Status and
Potential Solutions, Montreal, Technical Series No. 67, 61 pages
Derraik, J. 2002. The pollution of the marine environment by
plastic debris: A review. Marine Pollution Bulletin, 44, 842-852
CBD, 2012. Secretariat of the Convention on Biological Diversity
and the Scientific and Technical Advisory Panel-GEF, 2012.
Impacts of Marine Debris on Biodiversity: Current Status and
Potential Solutions, Montreal, Technical Series No. 67, 61 pages

. UNESCO. Facts and figures on marine pollution.

http://www.unesco.org/new/en/natural-sciences/ioc-oceans/
priority-areas/rio-20-ocean/blueprint-for-the-future-we-
want/marine-pollution/facts-and-figures-on-marine-pollution/
Marine Conservation Society, 2015. Great British Beach Clean,
2014 report. Available at http://www.mcsuk.org/downloads/
pollution/beachwatch/latest2015/MCS_GBBC_2014_Report.pdf;
CMS, 2014. CMS Report I: Migratory Species, Marine Debris and
its Management. Authors: Sherrington, C., Darrah, C., Cole, C. &
Hogg, D. Available at:
http://www.ascobans.org/sites/default/files/document/AC21_
Inf_3.4.3.b_CMS_Reviews_ManagementMarineDebris.pdf

Gall, S. & Thompson, R. 2015. The impact of debris on marine life.
Marine Pollution Bulletin, 92 (1-2): 170-179

McCauley, S.J., Bjorndal, K.A., 1999. Conservation implications of
dietary dilution from debris ingestion: sublethal effects in post
hatchling loggerhead sea turtles. Conservation Biology, 13, 925-
929; Katsanevakis, S., 2008. Marine debris, a growing problem:
sources, distribution, composition and impacts. In: Hofer, T.N.
(Ed.), Marine Pollution: New Research. Nova Science Publishers
Inc., pp. 53-100

Bugoni, L., Krause, L. & Petry, M. 2001. Marine debris and human
impacts on sea turtles in Southern Brazil. Marine Pollution
Bulletin, 42 (12): 1330-1334. Tourinho, P., Ivar do Sol, J., Fillmann,
G. 2009. Is marine debris ingestion still a problem for the biota of
southern Brazil? Marine Pollution Bulletin, 60(3):396-401
McCauley, S.J. & Bjorndal, K.A., 1999. Conservation implications of
dietary dilution from debris ingestion: Sub-lethal effects in post
hatchling loggerhead sea turtles. Conservation Biology, 13, 925-929
Auman, H. J., Ludwig, J. P, Giesy, J. P, & Colborn, T. 1997. Plastic
ingestion by Laysan Albatross chicks on Sand Island, midway
atoll, in 1994 and 1995. In G. Robinson & R. Gales (Eds.), Albatross
biology and conservation. Surrey Beatty and Sons: Chipping Norton.
Connors, P. G., & Smith, K. G. 1982. Oceanic plastic particle
pollution: Suspected effect on fat deposition in Red Phalaropes.
Marine Pollution Bulletin, 13, 18-20. Harper, P. C., & Fowler, J. A.
1987. Plastic pellets in New Zealand storm-killed prions. Notornis,
34, 65-70. Donnelly-Greenan, E. L., Harvey, J. T., Nevins, H. M.,
Hester, M. M., & Walker, W. A. 2014. Prey and plastic ingestion of
pacific northern fulmars (Fulmarus glacialis rogersii) from
Monterey Bay. California. Marine Pollution Bulletin, 85(1), 214-224.
Kuhn, S., Rebolledo, E., & van Franeker, J. 2015. Deleterious
effects of litter on marine life in Bergmann, E., Gutow, L. &
Klages, M, (Eds.), Marine Anthropogenic Litter. Springer Publishing.
Lavers, J. L., Bond, A. L., & Hutton, I. 2014. Plastic ingestion by
flesh-footed shearwaters (Puffinus carneipes): Implications for
fledgling body condition and the accumulation of plastic-derived
chemicals. Environmental Pollution, 187, 124-129

Bond, A., Montevecchi, W., Guse, N., Rqular, P, Garthe, S. & Rail,
J-F. 2012. Prevalence and composition of fishing gear debris in
the nests of northern gannets (Morus bassanus) are related to
fishing effort.Marine Pollution Bulletin, 64, 907-911

Wilcox, C., Sebille, E. & Hardesty, B. 2015. Threat of plastic
pollution to seabirds is global, pervasive, and increasing. PNAS,
doi: 10.1073/pnas.1502108112

Baulch, S. & Perry, C. 2014. Evaluating the impacts of marine
debris on cetaceans. Marine Pollution Bulletin, 80, 210-221

. Besseling, E., Foekema, E., Van Franeker, J., Leopold, M., Kiihn, S.,

Bravo Rebolledo, E., Hepe, E. Mielke, L., ljzer, J., Kamminga, P. &
Koelmans, A. 2015. Microplastic in a macro filter feeder:
Humpack whale Megaptera novaengliae, Marine Pollution

21.

22.

25.

26.

28.

30.

83}

Bulletin, in press. Fossi, M., Coppola, D., Baini, M., Giannetti, M.,
Guerranti, C., Marsili, L., Panti, C., de Sabata, E. & Clo, S. 2014.
Large filter feeding marine organisms as indicators of
microplastic in the pelagic environment: the case studies of the
Mediterranean basking shark (Cetorhinus maximus) and fin whale
(Balaenoptera physalus). Marine Environmental Research, 100, 17-24
Arnould, J.PY., Croxall, J.P., 1995. Trends in entanglement of
Antarctic fur seals (Arctocephalus gazella) in man-made debris at
South Georgia. Marine Pollution Bulletin 30, 707-712.

Fowler, C. W. 1987. Marine debris and northern fur seals: A case
study. Marine Pollution Bulletin, 18, 326-335. Harcourt, R.,
Aurioles, D. & Sanchez, J., 1994. Entanglement of California sea
lions at Los Islotes, Baja California Sur, Mexico. Marine Mammal
Science, 10, 122-125. Henderson, J.R., 2001. A pre- and post-
MARPOL Annex V summary of Hawaiian monk seal entanglements
and marine debris accumulation in the northwestern Hawaiian
Islands, 1982-1998. Marine Pollution Bulletin 42, 584-589.
Hofmeyr, G., De Main, M., Bester, M., Kirkman, S., Pistorius, P. &
Makhado, A., 2002. Entanglement of pinnipeds at Marion Island,
Southern Ocean: 1991-2001. Australian Mammalogy 24, 141-146.
Katsanevakis, S., 2008. Marine debris, a growing problem:
sources, distribution, composition and impacts. In: Hofer, T.N.
(Ed.), Marine Pollution: New Research. Nova Science Publishers
Inc., pp. 53-100. Pemberton, D., Brothers, N.P. & Kirkwood, R.,
1992. Entanglement of Australian fur seals in man-made debris in
Tasmanian waters. Wildlife Research 19, 151-159. Stewart, B.S. &
Yochem, PK., 1987. Entanglement of pinnipeds in synthetic debris
and fishing net and line fragments at San Nicolas and San Miguel
Islands, California, 1978-1986. Marine Pollution Bulletin, 18, 336-339
Allen, R., Jarvis, D., Sayer, S., & Mills, C. 2012. Entanglement of
grey seals, Halichoerus grypus, at a haul out site in Cornwall, UK.
Marine Pollution Bulletin, 64, 2815-2819.

Page, B. et al. 2004. Entanglement of Australian sea lions and
New Zealand fur seals in lost fishing gear and other marine
debris before and after Government and industry attempts to
reduce the problem. Marine Pollution Bulletin 49, 33-42

23. Rebolledo, E., Franeker, J., Jansen, 0. & Brasseur, S. 2013. Plastic

ingestion by harbour seals (Phoca vitulina) in The Netherlands.
Marine Pollution Bulletin, 67 (1-2), 200-202

. Murray, F., & Cowie, P. 2011. Plastic contamination in the decapod

crustacean Nephrops norvegicus. Marine Pollution Bulletin, 62,
1207-1217

Lusher, A., McHugh, M. & Thompson, R. 2012. Occurrence of
microplastics in the gastrointestinal tract of pelagic and
demersal fish from the English Channel. Marine Pollution Bulletin
67(1-2), 94-99

Romeo, T., Peitro, B., Peda, C., Consoli, P., Andaloro, F. & Fossi,
M.2015. First evidence of presence of plastic debris in stomach
of large pelagic fish in the Mediterranean Sea. Marine Pollution
Bulletin, 95, 358-361

. Richards, Z. & Beger, M. 2011. A quantification of the standing

stock of macro-debris in Majuro lagoon and its effect on hard
coral communities. Marine Pollution Bulletin, 62, 1693-1701.
Uneputty, P. & Evans, S. 1997. The impact of plastic debris on the
biota of tidal flats in Ambon Bay (eastern Indonesia). Marine
Environmental Research 44, 233-242

UNEP, 2014. Plastic waste causes financial damage of US$13
billion to marine ecosystems each year as concern grows over
microplastics. Available at: http://www.unep.org/newscentre/
default.aspx?Document|D=2791&ArticlelD=10903

. Mouat, J., Lozano, R. L. & Bateson, H. (2010). Economic Impacts

of marine litter. KIMO International, pp. 105

Derraik, J. 2002. The pollution of the marine environment by
plastic debris: A review. Marine Pollution Bulletin, 44, 842-852.
Holmes, L. A., Turner, A., & Thompson, R. C. 2012. Adsorption of
trace metals to plastic resin pellets in the marine environment.
Environmental Pollution, 160, 42-48. Mato, Y., Isobe, T., Takada,
H., Kanehiro, H., Ohtake, C. & Kaminuma, T. 2001. Plastic resin
pellets as a transport medium for toxic chemicals in the marine
environment. Environmental Science and Technology, 35, 318-324.
Teuten, E. L., Saquing, J. M., Knappe, D. R., Barlaz, M. A., Jonsson,
S., Bjorn, A., et al. 2009. Transport and release of chemicals from
plastics to the environment and to wildlife. Philosophical
Transactions of the Royal Society of London B, 364(1526),
2027-2045

Napper, I, Bakir, A., Rowland, S. & Thompson, R. 2015.
Characterisation, quantity and sorptive properties of
microplastics extracted from cosmetics. Marine Pollution Bulletin

. Brown, M., Crump, P., Niven, S., Teuten, E., Tonkin, A., Galloway, T.

& Thompson, R. 2011. Accumulation of microplastic on shorelines
worldwide: Sources and sinks. Environmental Science &
Technology, 45 (21), pp. 9175-9179

Eriksen. M. et al. 2014. Plastic Pollution in the World's Oceans:
More than 5 Trillion Plastic Pieces Weighing over 250,000 Tons
Afloat at Sea. DOI: 10.1371/journal.pone.0111913

Obbard, R., Sadri, S., Wong, Y., Khitun, A., Baker, . & Thompson, R.
2014. Global warming releases microplastic legacy frozen in
Arctic Sea ice. Earth's Future, 2, 315-320; Woodall, L. et al. 2014.
The deep sea is a major sink for microplastic debris. Royal
Society Open Science.1: 140317. http://dx.doi.org/10.1098/rs0s.140317

. Eriksen. M. et al. 2014. Plastic Pollution in the World's Oceans:

More than 5 Trillion Plastic Pieces Weighing over 250,000 Tons
Afloat at Sea. PLoS ONE, DOI: 10.1371/journal.pone.0111913
Woodall, L. et al. 2014. The deep sea is a major sink for
microplastic debris. Royal Society Open Science. 1: 140317.

A e

35.

36.

31

38.

39.

40.

41

42.

43.

45.

46.

41.

48.

49.

50.

. BBC News, 2015. Plastic bag use down 71% since 5p charge was

http://dx.doi.org/10.1098/rs0s.140317
Browne, M. A., Dissanayake, A., Galloway, T.S., Lowe, D. M., &
Thompson, R. C. 2008. Ingested microscopic plastic translocates
to the circulatory system of the mussel, Mytilus edulis.
Environmental Science and Technology, 42, 5026-5031;

Teuten, E. L., Rowland, S. J., Galloway, T. S., & Thompson, R. C.
2007. Potential for plastics to transport hydrophobic
contaminants. Environmental Science & Technology, 41(22),
T759-T764. Wright, S. L., Rowe, D. Thompson, R. C. & Galloway T.
S. 2014. Microplastic ingestion decreases energy reserves in
marine worms. Current Biology, 23, R1031-R1033

Holmes, L. A., Turner, A., & Thompson, R. C. 2012. Adsorption of
trace metals to plastic resin pellets in the marine environment.
Environmental Pollution, 160, 42-48. Mato, Y. et al. 2001. Plastic
resin pellets as a transport medium for toxic chemicals in the
marine environment. Environmental Science and Technology, 35,
318-324. Teuten, E. L., Saquing, J. M., Knappe, D. R., Barlaz, M. A.,
Jonsson, S., Bjorn, A., et al. 2009. Transport and release of
chemicals from plastics to the environment and to wildlife.
Philosophical Transactions of the Royal Society of London B,
364(1526), 2027-2045

Browne, M. A., Niven, S. J., Galloway, T. S., Rowland, S. J., &
Thompson, R. C. 2013. Microplastic moves pollutants and
additives to worms, reducing functions linked to health and
biodiversity. Current Biology, 23, 2388-2392.

Rochman, C. M., Hoh, E., Kurobe, T., & Teh, S. J. 2013. Ingested
plastic transfers hazardous chemicals to fish and induces hepatic
stress. Scientific Reports, 3, 3263.

Teuten, E. L., Saquing, J. M., Knappe, D. R., Barlaz, M. A., Jonsson,
S., Bjorn, A., et al. 2009. Transport and release of chemicals from
plastics to the environment and to wildlife. Philosophical
Transactions of the Royal Society of London B, 364(1526),
2027-2045.Wright, S. L., Thompson, R. C., & Galloway, T. S. 2013.
The physical impacts of microplastics on marine organisms:

A review. Environmental Pollution, 178, 483-492

Cole, M., Lindeque, P. K., Fileman, E. S., Halsband, C., Goodhead,
R., Moger, J., et al. 2013. Microplastic ingestion by zooplankton.
Environmental Science & Technology, 47(12), 6646-6655.

Lee, K.-W., Shim, W. J., Kwon, 0. Y., & Kang, J.H. (2013).
Size-dependent effects of micro polystyrene particles in the
marine copepod Tigriopus japonicus. Environmental Science &
Technology, 47(19), 11278-11283

Besseling, E., Wegner, A., Foekema, E. M., van den Heuvel-Greve,
M. J., & Koelmans, A. A.2013. Effects of microplastic on fitness
and PCB bioaccumulation by the Lugworm Arenicola marina (L.).
Environmental Science & Technology, 47, 593-600.

Wright, S. L., Thompson, R. C., & Galloway, T. S. (2013a). The
physical impacts of microplastics on marine organisms: A review.
Environmental Pollution, 178, 483-492.

Wright, S. L., Rowe, D., Thompson, R. C., & Galloway, T. S. (2013b).
Microplastic ingestion decreases energy reserves in marine
worms. Current Biology, 23(23), R1031-R1033

Rochman, C. M., Hoh, E., Kurobe, T., & Teh, S. J. 2013. Ingested
plastic transfers hazardous chemicals to fish and induces hepatic
stress. Scientific Reports, 3, 3263

Hall, N., Berry, K., Rintoul, L. & Hoogenboom, M. 2015.
Microplastic ingestion by scleractinian corals. Marine Biology, 162
(3): 725-732

Plastics Europe. Plastics - the facts 2014/2015. Available at:
http://www.plasticseurope.org/Document/plastics-the-facts-
20142015.aspx?FollD=2

Clapp, J., & Swanston, L. 2009. Doing away with plastic shopping
bags: International patterns of norm emergence and policy
implementation. Environmental Politics, 18, 315-332

introduced: http://www.bbc.co.uk/news/uk-wales-politics-
34138414

Independent, 2015. Oxford becomes first UK city to ban non-
recyclable plastic food containers:
http://www.independent.co.uk/news/uk/home-news/oxford-
becomes-first-uk-city-to-ban-nonrecyclable-plastic-food-
containers-10174601.html

Second Nexus, 2015. San Francisco becomes the first city to ban
sale of plastic bottles: http://secondnexus.com/ecology-and-
sustainability/san-francisco-ban-sale-plastic-bottles/
http://www.selfridges.com/GB/en/content/project-ocean

Wildlife & Countryside Link, 2015. Marine Strategy Framework
Directive consultation: Programme of Measures. A joint response
from Wildlife and Countryside Link, Scottish Environment LINK,
Wales Environment Link and the Northern Ireland Marine Task
Force. Available at: http://www.wcl.org.uk/docs/joint%20links%
20msfd%20pom%20consultation%20response%20april%
202015.pdf

Brown, J., Macfadyen, G., Huntington, T., Magnus J., & Tumilty, J.
2005. Ghost fishing by lost fishing gear. Final Report to DG
Fisheries and Maritime Affairs of the European Commission.
Fish/2004/20. Institute for European Environmental Policy/
Poseidon Aquatic Resource Management Ltd joint report

Danish deposit return system: http://www.dansk-retursystem.dk/
content/us/deposit_return_system/deposit_rates

Eunomia, 2010. Have we got the bottle? Implementing a Deposit
Refund Scheme in the UK. Authors, Hogg, D., Fletcher, D., Elliott,
T. &von Eye, M.







