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Marine litter ¢ socioeconomic study
Scoping reportdraft for discussion

Short ummary

Marine litter is apressing global environmental challengeith rising economic, social and environmental costs

Marine litter is a growing threatfacing the international community It is distributed throughout the maring
environment and includekrge items such ambandoned fishing nets and plastic bagat wash up on beacheand
accumulate imceangyres to micro- and nano-particles of plastic thahre embedded in seafloors and ingested
marine species

This litter arises from variougconomic sectorand activities, either directly or indirectly. Keycontributingsectors
include aquaculture and fisherieadgcidental lossintentional abandonment and discarding biioys, fishing nets
SO0 aKALILIAY3I oF OOARSyYy (Gt NBfSIFIasSa 27F dnf dedandl @
products (e.g. use ofmicrobeadsetc) and retail (e.g. plastic bags, bottlepackagingetc.). The problem ig
exacerbated bynadequate waste management infrastructuend practices as well as hjirect littering by
residents and tourists

Marine litter has economic, social and ecological impacts from the local to the international IEMeé presence
of marine litter can affect the local and nationakconomy é€.g. revenue losses tdisheries, tourism, shippin
industry etc.), society (e.g. affeatg the health and welbeing of residents and visitgrsand the marine
environment €.g. degradingnland, coastal and opesea ecosystemsYhese impacts can beostly (see Table 1
andare often not borne by the polluters themselves but by othetors including the wider public

Table 1: Potential economic impacts and costs of marine littexamples

Sector Impacts of marine litter | Estimated costs

The loss of marketable lobster due to abandoned or lost fish
Marine litter can lead to the loss of gear is estimated to lead to a global loss of US$250 million
Fishing | output or loss of value in the sales of| year.

certain typesof seafood and fish. Microplastics are estimated to lead to a loss of up to 0.7% of]
annual income every year for the @i§uaculture sector.

: : : .| In 2008, 286 rescues of vessels with fouled propellers in UK
Plastic debris can foul ship propulsiot

: - e - waters were carrie@ dzi G I O02ad 2F o
Shipping equipment, disrupting operations, EHEMYy DZnnnd
requiring clearup, repair and rescue ¢ g i d add ing d in th .
efforts, loss of life or injury. Cqsto removing itter and a ressing damage mE e SAcgtt{_
Il dzl Odzt GdzZNB Ay RdzauNE Aa Sad
: In Goeje Island (Republic of Korea), marine debris led to los
Polluted beaches can discourage | N§ 5§y dz8 FNR Y (0 2 dAWmilliéngn 201F. 6 3
Tourism visitors from certain beaches, leading ; . . ) i |
5 e e ES e e e In the Asia Pacific Economic Community (APEC) region, ma

debris is estimated to cost the tourism sectpproximately

sector. -
US$622 million/year.

Marine litter candegrace ecosystems, their components, functions and associated servigégseenvironmental
impactsoccur via ingestion (e.g. plastic bags by turtles, plastic waste by birds or fish), entangterSent3 @
FTAAKAYIQ 6@ RA&OFNRSR y Sdiendo&ineldigdriptod)iatitdie sppeSddvHidvasiie2ale
species (IAS) (e.g. affecting coral reef healthgseimpacts can havaegativeimplications forlocal communities
and certain economic sectorsthrough long term impacts on fisheries, tourism and through reduced co
protection due to coral reef degradation

Marine litter can also lead tesocial costsincluding reducedbenefits from access to coastal environmentsg.
reduced blood pressuretension, stressetc.), reduced opportunities for recreational activities, health risks
coastal visitorge.g.contaminatd swimming watey cuts from sharp itemsand potential risks associated witthe
consumption of contaminatedharine productsThese costs can lkdisproportionately feltby eertain groups(e.g.
people living inower income areasvhich maynot benefit from the same level of waste management attenta




other areag and certainregions (e.g. Small Island Develaopy States (SIDSye inundated with marine litter|
transported from other regions by ocean curreiatsd lack the resources to deal witt).

Solutions range fromupstream preventionof marine litter to downstream clearup activities.

1 Extended produceresponsibility and changes irproduct designcan avoid certain types of marine litte
particularly those difficult to address downstream, e.g. removitigrobeadsrom cosmetics, installing filters i
washing machines to remowricrofibres from wastewater

1 Invest in waste management infrastructurand wastewater treatment facilitieso avoid dispersion of littein
the marine environmentThis can includédtier netting at the perimeter of landfillsmproved keac and port
infrastructures,investmens in wastewater treatment plantand litter traps (this does nothowever address
itemstransportedthrough storm drains)

1 Economic incentivesuch as deposit refund schemes and plastic bag charges can influence consumet
(e.g. which products to buy)d/or encourage different habits (e.g. returning bottlesulti-use bagsgand can
thus act as an effective upstream measure

1 Bans(e.g. onplastic bag, smoking on beacheplastic blasting in shipyardsc.) canprovide a costeffective
solution to avoiding marine littelhoweverfeasibility will depend on various factors includihg availability of
substitutes, political considerations etc.

1 Awareness raisin@ctivities amongconsumersan helpto avoid the generation afarine litter, for example by
informing their purchasing choices to help them reduce their consumption of plastic bags and co
products containingnicrobeads, and reinforcing the benefits of proper waste disposal and not litterirgs
upstream preventativeneasurecan be facilitated and complemented by the producer measures mentig
above.

1 Marine litter cleanrupsare costly but necessadownstreamactions (at least until marine litter is tackled clog
to its source) Engaging/olunteers in cleafup activities can help reduce cogtdthough the time of volunteery
also has an economic vajuand improve awareness

9 Fishing for littercan be a useful last option in the hierarchy, but can only address certain types of maeine
This could be combined with economic incentives to encourage adigrin the Republic of Korea, fishermg
are paid US$10 per 100 litre bag of litter collected.

The costs of such response measures will vary (see Table 2), however thesmndstsignificantlyless than the
costs of inaction (see Table 1).

Table 2: Potential costs of different solutions to address marine littexxamples

Response measure Estimated cost

Participation in exter_1ded producer responsibility Costto producers of 84 6 S8y em (2 € nn
schemes for packaging

Installation of a filter to capturenicrofibres from a
washing machine

Mechanical litter collection system for the Salina
Landfill in Kansas (US)

$140 per unit

US$15,0000r a custommade unit for tre landfill

emnodn YAffA2Y Ay bSOKSNII
Annual costs of coastal cleap activities emMy YAftAzy Ay GKS 'Y
(excluding value of time spent by volunteers) US$1,500/tonne in the APEC region

US$ 2.5 million in labour costs in Peru

US$279 million in South Africa

Annual costs of removing litter from wastewater
streams

The evidence collated for this study so far suggests that the costs of inaction are generally higher than the|
of action, butadditional research is required twerify and substantiate this.

Furthermore, here is a critical need tdetter understand the impacts of marinditter and what costeffective
measuresare neededo addressthis problem.

In June 2014, the United Nations Environment Assembly (UNEA) adRpsmlutionl/6 on Marine Plastic Debri
and Microplastis. The Resolutiomequested UNEP to undertake a study on marine plastic debris and m
microplastic and deliver a report for the secoséssionof UNEA (UNE2) in 2016 Onecomponentof this report

will examine thesocioeconomicimpact of marine litter.




Supporting Facts
1 A socieeconomic studyin support of theUNEP study on marine plastic debris

1.1 Marine litter, its sources andmpacts

Recent researchas estimatedhat in 2010,around 275 million metric tons (MT) of plastic waste was
generated in 192 coastal countries, of which between 4.8 and 12.7 million MT entered the oceans
(Jambeck et al, 2015). There are many differeneg/pf marine litter, ranging frorfarge itemssuch
asabandoned fishing netgo smaller but still visible itemsuch aduoys, floats, bottles, polystyrene
packagingplastic pelletsplastic bags and cigarette stuband finally tomicro and nano plasts;
includingmicrobead in cosmetics and micro/narfdres from clothes. Over time, large items often
break down to evesmaller particles that then become widely distributgbbbally tiroughout the
marine environmentand are particuldy prevalat on theseabed, surface and beaches

Sources of marine litter include a varied range of economic se@odactivities.Key sectors include
aguaculture and fisheries (whictan generate litter in the form of buoys, netting, ropesetc.),

shipping (accidental feS1 8Sa 2F LI FaGdAO LIStftSiax dzasS 2F WLX |

(e.g. tyre wear), cosmetics (e.g. usemitrobead$, retail (e.g. plastic bags, bottlegackagingtc.).
Some marine litter originates from accidental losses (e.g. relooatf fishing gears by extreme tides,
currents and waves), whilst othensay be aresult of deliberate action (e.cabandonment of enebf-

life fishing and aquaculture materiglsor simply because actors are unawarehdir obligationsfor
the safe dispsal of plasticsProduct design thatdoes not take into account the eraf-life of a
product or results in singlase products, riadequate waste management practices and
infrastructure and direct littering bycitizens and touristexacerbate the problem and are other
major sources of marine litter

The route of marine litter from source to final destination is often complex, and as gsidipacts

as well as potentiasolutions to addresi can occur at different stageb addtion to direct inputsof

litter to the marine environmensuch as those mentioned abovearnelitter can be transported by

rivers (e.g. buoys, floats, micro plastics and néihees that pass through wastewater treatment
plants) or by air (e.g. blowndm unprotected landfills, insufficient urban waste infrastructure). This
litter ends up on beaches and ports, gyres in the open seas, embedded in seafloors and ingested by
marine specieswhich, through the food webcanin turn be consumed by humans.

The impacts of marine litter are as varied as its soul@es can havenvironmental,economicand
societalconsequences from the local to the international level

Ecosystem degradation can lead to impacts on the functioning of ecosystems, their resihente

flow of ecosystem services. Environmental degradation includes both chemical impacts (e.g.
chemicals leaching from plastics), physical impacts of litter items (e.g. entanglement of or ingestion
by marine species), and impacts from invasive aljgectes that hitchhike on marine litter items.
Impacts on ecosystem service provision can include reduced food provision (in terms of both quality
and quantity), reduced attractiveness of coastal areas leading to a reduction in tourism and
recreational actrities, and in rare cases impacts on coastal protection (e.g. where coral reefs are
damaged by marine plastics and invasive species).

Economic impactef marine litterinclude loss of revenues from tourism in coastal areas affected by
marine litter, reducedandingsfrom certain fisheries affected by marine litter, and direct costs of
cleanrup (to municipalities) or repair (ship fouling and damage). Social impacts éncdddiced
benefits from access to coastal environments arallbeing losses from living in a polluted, degraded
environment which can affect sense of identity and communitgduced opportunities for



recreational activities, health risks to coastal visitoand potential risks associated with the
consumption of contaminated marine products.

1.2 Aims and objectives of the socieconomic study

IEEP has been commissioned by UNEPundertake a study on the soec@&conomic impacts of
marine litter. The study aisto identify the key soctieconomic components of marine litter,
highlighting its main sources, the human dimension and secamomic conditions related to marine
litter.

The studywill synthesise existing information on the current costs of malitter impacts on various
sectors, actors and environments (i.e. the costs of-aotion)andidentify the most affected groups.

It will also aim to identify the anticipated costs of addressing marine litter and therefore avoiding its
impacts (i.e. costsfaction). In the later stages of the study, promising solutions and approaches to
addressing marine litter will be identifiednd a synthesis of methodologies will be provided for
assessing broad soe@xonomic costs of marine litter. Finally, ongoing datlire knowledge and
data needs will be identifieth orderto contribute to the development of aomprehensivepicture

of the socieeconomic implications of marine litteThe study will focus on skelectedthemes,
namely: consumer behaviour and willimess to engage (see secti@); collection costs and
infrastructure (see sectioB); fishing and aquaculture (see sectid)y tourism, aesthetic value and
recreational opportunities (see sectid); shipping (see sectiod); and invasive alien species (IAS) &
pathogens transported by marine litter (see sectin

The socieeconomic study is being carried out in 2015 with a final report to be produced in
November 2015The study will feed into a broader UNEP study on marine plastic debris and marine
microplastic® which will be presented to the second meeting of the United Nations Environment
Assembly (UNE2) in Nairobi, Kenya in May 2016 in response to resolution UN/EA li6asime
plastic debris andhicroplastis.

1.3 Aims and objectives of thipaper

This paperprovidessome insightsarising fromthe initial stage ofresearch for the socieconomic
study; as such itloes not aim to provide a comprehensive summary of all elements of the full study.
This paper aims to provide input tbe G7 summit in Schloss Elmiay setting outsome of the main
sociaeconomicimpactsof marine litter, together with initiabxamples oflataon the costs ofaction

to address marine litter and the costs of not taking actmm marine litter The authorswould
welcome receiving suggestions for studies, papers and case examples for the ongoihg work

1

2 Plastic particles with a diameter smaller than 5mm
3 Please contact Emma Watkins of IEEP\at


http://www.ieep.eu/
mailto:EWatkins@ieep.eu

2 Producerand mnsumerresponsibility¢ challenges and opportunities related tbehaviour
and willingness to engage

2.1 Production as a source of maririgter

The worldwide productionand tradingof manyconsumergoodsis increasingTo take oneexample
critical to marine litter, dobal dasticsproduction has increased from 200 million metric tonnes in
2002 to 299 million metric tonnes in 2013, an ineafalmost 50% (Statista, 201%Jowever, his
increased levelof production (and resulting consumptionhas not been accompanied by a
development of waste management practices that adequate to dehwith the new flood of plastic
waste In 2012, plastics made up almost 13% of the municipal solid waste stream in the US,
compared with less than 1% in 1960, but only 9% of plastic waste was recovered for recycling (US
EPA, 2014 Partly as a result of a lack of design guidelines or legajnlesguirementsproductsare

often designed tobe singleuse (e.g. packaging, thin plastic bagshich drives increased
consumption of new products, andf are not designed withend of life recyclabilityin mind. This
means that little or no value is attributed to plastic products at the end of their life, and they are
often treated as disposablén addition,most plasticscanonly be recycled a small number of times,
so to close the loop, end uses must be found recycled plastic (e.g. flooring, fleece clothinif)e
environmental damage to marine ecosystems caused by plastics has been estimbitgfilat billion

per year (including financial losses to fisheries and tourismgeetons4 and5) and time spent on
cleanup activities), whilst the total natural capital cost of plastic used in the consumer goods
industry (i.e. the financial cost to companiesthe impacts associated with their current practices
were internalised) is estimated at over US$75 billion per year (including the cost of environmental
impacts including greenhouse gas emissioasid loss of resources when plastic waste is not
recycledYUNEP, 2014)

2.2 Consumers as a source of marine litter

Consumer behaviour and practices on land, in coastal zones or on sea contribute to a large fraction
to marine litter. Lanebased sources argloballythe main contributor though there are regional
variations as regards importance of sourqdang et al. 2014kSheavly & Register 2007, STAP
2010). Scientific monitoring and litter collected in beach clepa suggest that wrongfully disposed
consumer goods form the largeiaction of marine litter.

Box2.1. Analysing Marine Litter in the Baltic SegFindings from the MARLIN Project

The Baltic Marine Litter project has been monitoring litter at 23 beaches in Sweden, Finland, Estonia and Latvia

over two years. Typical itenfeund on urban beaches were bottle caps, plastic bags, plastic food contajners,
wrappers and plastic cutlery. The researchers estimate that 48% of marine litter in the Baltic Sea originates
FNRY K2dzaSK2f RnNBf I §SR ¢ & Stdurishmlactiviti€s cahBiyu@eailirties38% 0 & NB O N
(MARLIN 2013).

In some cases, the actions of consumers are clearly and obviously linked to marine littering, such as
uncontrolled disposal of packaging or plastic bags in the environment. In other cases, consumers
contribute to marine litter through more hidden pathwagsich as the use of cosmetics containing
microplastis or through wastewater streams which transport microfibers, for example from textiles,
into the sea (Browne et al. 2011, UNEP 2014). Thus, consumers contribute to marine litter in
different contexts, sug as visitors to marine or coastal regions, but also in everyday life through
littering on land or in everyday situations where littering is not visible as a process. To facilitate
consumer response, retailers and producers need to provide clearly \ésib#itutes (e.g. cosmetics

that do not containmicrobead, multruse bottles) or upstream solutions (e.g. filters on washing
machines). In addition, this would require adequate waste collection infrastructure (e.g. bins at
beaches).



2.3 Consumer groups impaed by marine litterc cost of inaction

Consumers as final users of goods are a major contributor to marine litter. However, they are also
the largest single group impacted. Marine litter can result in direct and indirect costs as a result of
inaction (Mdlgorm et al. 2008). Impacts on human health and Melhg can occur through direct
contact with debris resulting in cost of medical treatment (Hall 2000). The accumulation of harmful
substances through the food chain, for example through degrading @astiould also impact
consumers (Van der Meulen et al. 2014). Many of these impacts are not fully understood yet,
including their magnitude on a global, regional and local scale, and their cost dimension.

Indirect costs can occur in the form of visual arment of littered beaches, shorelines and marine
environments which lower the recreational value of sites to visitors and local residents and result in
additional cost as visitors relocate to alternative sites (Mcllgorm et al. 2011, Birdir et al. 2013).
degradation of marine and coastal ecosystems through litter can lead to further disutility.-@ean
costs are also significant and rising (see sectiohand5.3).

2.4 Potential means of agagement/solutions

2.4.1 Producers

Recent studies suggest thahere are significantenergy and emissionbenefits to producers
associatedwith the use of plastie (e.g. plastippackagingcan reduce food waste and decrease
transportation and fuel costs), whilsecycling and energy recoveof plasticsmay save consumer
goods companies around $4bn per ye@NEP, 2014) There are therefore good reasons for
producers to engage in actions that enable them to continue uplagtic whilst ensuring that as
much as possible is recycled.

Environmentallyfriendly design can help to ensure more waste is captured for recycling. For
example, implementation of the 2006 revision of tikackaging Recyclingct in Japan led to a
significant switch by producers from green PET bottles to clear witbsgreen labels (helping to
reduce the cost of collection by removing the need for green bottles to be collected separately)
(OECD and Japanese Ministry of the Environment, 2014).

Extended producer responsibility (EPR) makes a producer financiallyrdodistically responsible

forthe postO2 y adzYSNJ 0 A®S® gl aGS0 adrasS 2F | LINRPRdzOG QA
OECD countries, and in recent years has been increasing in emerging Asian, African and South
American economies (OECD and d&sa Ministry of the Environment, 2014). With regards to

marine litter, packaging is a particularly important waste stream to be addressed by EPR: food
wrappers, plastic, glass and metal beverage containers (and bottle caps) together comprised 31% of
alii $Ya F2dzyR RdNAY3I GKS hOSIyYy /2yaSNDIyO&Qa HAmo
producers to EPR schemes (which may vary considerably in different countries and for different
packaging materials) fund the collection and treatment of wastekpging (although in most cases

this does not include the cost of dealing with packaging that is littered by consumers). EPR has
contributed to a 64% recycling/composting rate, and a 77% recovery rate (including energy recovery)

for waste packaging in the7 EU Member States in 2011. In Japan, recycling of containers and
packaging waste increased by 27% in the first three years after the introduction of the Packaging
Recycling Act in 1997 (OECD and Japanese Ministry of the Environment, 2014).

Box2.2 Cost to EU producers of packaging EPR schemes

One recent study found the cost to producers of participating in packaging EPR schemes in seven EU tountries
NI yISR FTNRBY 2dzald 2@SNJ em LISNI OF LAAGE LISNJ & SheMdde\y G KS
variation was primarily due to the different levels of cost coverage: fees from the purchase of Packaging
Recovery Notes (PRN) in the UK cover only 10% of the total cost of the system, whilst most of the other



schemes reviewed cover 100% of thet icosts of collection and treatment of separately collected waste. (BIO
by Deloitte et al., 2014)

2.4.2 Consumers

Activities that target consumers as sources of marine litter need to address the different roles of
consumers, littering contexts and littering thavays. Ideally, such activities will aim at reducing litter
prone forms of consumption such as enay (i.e. singlaise) packaging and encouraging the reuse
of everyday products such as (plastic) bags.

Information and awareness raising activities are c@l to sensitise consumers about their
contribution to the marine litter problem. This is especially the case for marine litter sources and
pathways that are not salient to consumers. These activities need to identify littering contexts and
specifically ddress certain consumer groups and ages, such as schoolchildren, outdoor travellers or
interested citizens who want to engage actively for example as citizen scientists (Eastman et al.
2014). Promoting volunteering activities such as beach elgmncan a&o help to reach the audience

that is contributing to marine litter.

However, behavioural research has repeatedly shown that information itself will not automatically

lead to a change of behaviour, which is often context dependant. Consumer engagembnt wit

solutions will require additional enabling instruments such as clear product labels or clear practical
and stepwise guidance to behaviour change.

Box23LY F2NNXAY3I FYR 9YLRGSNAY3I /2yadzySNEY ¢KS a. S|Hid GKS
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and personal care products and by providing an enabling instrument, a smartphone app that helps igdentify
products with microbeads the initiative ledto many manufacturers and retailers rethinking their product

policy. Originally an initiative of two Dutch NGOs (the North Sea Foundation and the Plastic Soup Foundation),
the initiative gained wider support by environmental and consumer groups, andrisiism supported by UNEP
(www.beatthemicrobead.org).

Economic instruments are a further set of tools that can help curtail littering and increasing the
recovery of resources. Deposit schemes can be helpful in addressing typical and relevant categories
of litter such as singlaise plastic bags or packaging for food and beverages.

Box 24 South Australia container deposit scheme

I F NRSaGe SiG Ffd 6Hamnd NBLRNISR GKIG {2dziK ! dzad NI f AL
refundable deposit to bverage containers, resulted in &@d reduction in the number of beverage containers
lost to beaches.

Taxes and levies can play a similar role, with the additional option of generating revenues that can be
used for addressing consumer behaviour.

Box2.5 Irish plastic bag levy

The lIrish plastic bag levy is a widely discussed and cited example of the successful application of an economic
AyaiaNdzySyidio ! FGOSNI AYGNRRAzOAY3I || endomp fS@& 2y NBGF AT
was also very costffective, as stores could use the existing Value Added Tax scheme for collecting and
reporting the levy (Convery et al. 2007, Pape et al. 2011).

Especially for highly sensitive ecosystems or hotspots of littering activities by consurapsson
certain products are conceivable, such as restricting smoking on beaches or banning plastic bags with
certain product characteristics.



3 Collection costs and infrastructure

3.1 Introduction

Much marine litter originates from landased sourcesa global figure of 80% is frequently cited,
although the origins of this are unclear (NOAA 2009) and there may be considerable regional
variation. Lanebased sourcesnclude general litter which is blown or washed into watercourses,
stormwater systems, #igal dumping near watercourses, wibtbwn waste from poorly managed
landfills, waste items that are inappropriately flushed down toilets and other inadequately managed
waste.Measures to promote improved waste management on landex@sure that waste cadction
infrastructures capture the maximum possible amount of waste that is prone to becoming marine
litter. The global waste market sector from collection to recycling is estimated to have a value of
US$410 billion a year, excluding a very large infosaefor (UNEP and GRAPendhal, 2015).

32 ! WKASNI NOKeQ F2NJ YFENRYS € A0G3GSNI
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hierarchy prioritises prevention as the preferred method of waste management, followeduse,

material recycling, energy recovery and dispo&adurel uses this order and applies it to marine

litter to create a suggested ideal hierarchy for the management of marine litter.

Figurel A suggested hierarchy for marirldéter management

o Prevent/reduce litter reaching
Marine litter- the marine environment
specific

instruments Collect litter from the
marine environment

Reusefrecycle
General waste collected litter

instruments
Energy
recovery

Source: own representation.

3.3 Waste management methods to prevent marine litter

To tackle the upper elements of the marine litter waste management hierarchy, the producers of
waste that ends up as marine litter should ideally be madedar its economic costs. Marine litter is
facilitated because its external cost to society is not adequately borne by the waste prodiner

can be addressed for example through improved product design and extended producer
responsibility (see sectiah4.1Fehler! Verweisquelle konnte nicht gefunden werdexhove).

With regards to waste dmosal, landfill taxes/levies (typically charged per tonne of waste sent to
landfill) may help to tackle marine litter by increasing the price of lamdfillin orderto encourage

waste diversion to closelbop management such as recovery, recycling oseelLightweight items

of waste (such as many small packaging items) placed into landfills can be blown by the wind from
the surface of landfills, enabling them to reach water courses and eventually enter the sea. Steps
should therefore be taken at landfgltes to minimise windblown litter.



Box3.1Litter prevention and removal at landfills

Methods to minimise windblown litter have a cost, but are effective. Litter netting at the perimeter of landfills
can be efficient in controlling litter, and is aosteffective alternative to the labour costs of remedial litter
removal. The Salina Landfill in Kansas (US) designed a mechanical litter collection system capable of collecting
large pieces of litter, with a large bin for holding litter between dumpary] a device to spray litter with watgr
prior to dumping (to minimise windblown litter). This system cost US$15,000 to construct ($12,000 of|which
was for the compressor) and worked for over seven years with minimal maintenance. (Martel and Helm, date
unknown)

It should be noted that an increased price for landfilling bara perverse incentive leading ittegal
dumping of waste, in particular in developing countries or those with poor waste management
regulationand enforcement The Scottish Governmemias estimated that around 1.6% of marine
litter comes from illegal waste dumping incidents (Scottish Government 2013). Tackling illegal waste
dumping has a cost, but helps to prevent dumped waste from reaching rivers and seas.

Box 32 Cost of cleaning uglegally dumped waste

Recent estimates of the cost to English local authorities of dealing with clearance and enforcetatad to
illegal waste dumpingange from £36m (NFTPG, 2013) to £45.2m (NFTPG, 2013) to £51.6m (Environmental
Services AssociatidBducation Trust, 2014)er year In addition, the cost to private landowners of cleap
and disposal associated wiilegaly dumped wastas estimated to be in the region of £8(60m per year
(NFTPG, 2013).

Wastewater (i.e. used water from householtisisinesses, industry e)ds emerging as aimportant
pathwayfor certain types ofmarine litter. Two specific example are the use of personal care and
cosmetics products containingicroplastis, and laundry, which is @ource ofsynthetic fibregfrom

the release of plastic microfibores when synthetic clothes are wash&tme of these
microplastic/fibres are not captured by wastewater treatment plants; one estimate suggests that
around 20,000 fibres per litre of wastewater eventually enter rivers aas gLifeMermaids Project,
2015).

Box 33 Costs related to removal/prevention of litter from wastewater

1 hyS SaidAYFIGS &adaA3sSada GKI G NBvaRr@theghsd effectivielii BoNll b2 Y { 2 d
about US$279 million per year (ten Brigkal. 2009).

1 The Lint LUNR washing machine filter, developed by Blair Jollimore in Canada, can be retrofitted to any
washing machine and costs $140. It is fitted to the water discharge hose, and a reusable stainless steel
screen removes lint andntreatable synthetic solids from the discharge water, preventing solids (including
microfibres) from reaching septic tanks or mains wastewater systems. In an average household |of four
people, the filter should be cleaned once every 3 weeks. (Environmeéntencements, 2015)

3.4 Marine litter collection costs
The collection of marine litter has a direct economic cost to coastal municipalities, and voluntary
organisations also often play a significant role in litter removal.

Box 34 Cost estimates for litte removal from beaches (see also sectibr8, box 5.3)

Approximae global costof [e pn O0Af f A2y LISNJ &SI NJ | Wurpel et al
keegng all 34 millim km of | from estimates of cost of cleamp of UK coastline)| (2011)
global coastlines clean

Peru US$ 200,000 per year for one municipality to d{ Mcllgorm et al.
with litter (2011)

us $2.2 milion per year for removal of beach litter ii Wurpel et al.
city of Long Beach, California (2011)




4  Fishing and aquaculture

4.1 Impacts of the sector

¢KS FTA&AKSNE &aSO0G2NXa f I NHGeaealydug 16 @ddidonddiostzoy (0 2
discarded fishing gear (nets, ropes, traps), whielm end up catching target and netarget fish
indiscriminately for a long time after it is dumped into the sea (a phenomenon known as ghost
fishing) (Macfadyen et al. 2009; Brown et al., 2006)osBlfishing has both a direct impact in terms

of reduced fish stock and an indirect impact in terms of damage to ecosystemdossdof
biodiversity resulting from entanglement and subsequent mortaliteflangered threatened and
protectedspeciesin cetain countries, aquaculture has the highest share/impact on marine litter, for
example through the loss of buoys (Jang et al., 2014b).

4.2 Impacts on the sector

The impact of marine litter on the fishery sector is due both toithenobility anddamage to hing
vessels and equipment and to the reduction of potential catches. As regards the first point, the
impact is mostly due to floating objects affecting engine cooling systems and becoming entangled in
propellers (Mcllgorm et al., 2011). Information orettelated costs is not systematically collected by
marine authorities and needs to be estimated (see Box 4.ar@xample).

Box 4.1Thecost ofmarine litter damageto Shetland fishermen

Based on a survey with Shetland fishermen, Hall (2000) calculates that marine litter causes each boat
up to £2,000 in revenue due to debris caught in the nets, contamination of figlgnigment and the need tq
avoid areas with a high concentraii of debris.

The impact on fish is due to (a) entanglement in plastics floating at the sea surface or in derelict
fishing gear (ghost fishing), (b) ingestion and (c) exposure to toxic materials (either embedded into
the plastic that is directly ingestedr absorbed by the plastic from surrounding polluted waters)
(Thevenon et al., 2014; Rochman et al., 2013). There is an important data gap to be filled about the
overall economic impact of marine litter on the fishery sector (Arthur et al., 2014; Mclligormh

2009), but some anecdotal information can be found in the literature (see Box 4.2 for one example).

Box 4.2 The cost of marine litter to Scottish fishermen

Based on a questionnaire to Scottish fishermen, Mouat et al. (2010) calculate a cospdB &y € mT
em@pImcp LISNI FAaGKAY3I @SaasSt RdzS G2 YINARYS tAG0d
litter from nets (66% of the total), the cost of repairs to fishing gear and nets (21%), the value of dumpe
(12%) and thecost of fouling incidents (1%). Extrapolated to the entire sector, this could represent a ¢
0SisSSYy emmMmdr YR emo YAfftA2y LISNJ 8SIFN) G2 GKS
regards aquaculture, marine litter is estimatéd2 O2 a0 G KS & dzZNBS&SR 2 LISNI i
to the need to clean propellers (56%), repair or replace damaged propellers (35%) and remove litte
OF3Sa FyR YdzaasSt fAySa o6diz0d ¢KAa O2 NNBra aghaguRuie
industry in Scotland, if the figures found through this survey were representative of the entire sector.

Ghost fishing is responsible for significant economic losses for the fishing sector, due to reduced
catches (see Box 4.3 for areexple).

Box 4.3 The economic loss of marketable lobster due to ghost fishing

A study by UNEP (2009) calculates a global loss of US$ 250 million per year due to the loss of m:
lobstercaused byabandoned or lost fishing gear.

Microplastis also have an impact on the fish stock, as they can be ingested by small organisms at the
bottom of the trophic chain, from where they can be transferred through the food web from one
trophic level to the next (GESAMP, 2015; Wright et al., 2013), causiegtial damage to the fishery
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and aquaculture sectorparticularly where demand falls due to concerns of health impacts from
ingestion of microplastics in foqdee Box 4} for an example of the related costs).

Box 4.4 Economic losses potentially suffered by UK oy&enussel aquaculture sector due tmicroplastics

A model developed by van d&teulen et al. (2014) calculatealyearly loss afip to 0.7% of the annual incom
for the aquaculture sector in the UK @uo microplastis. These costs relate to the impacts of microplastics|
the mussels and oysters (chemical and physical effects) and in turrhusman health (through the
consumption of seafoodd which canlead to reduced consumer demand and henseciceconomic costs
through loss of sales.

4.3 Cost of action to address the problems

The marine litter produced by the fishery sector can be reduced using a combination of preventative,
mitigating and expost measures (MacFadyen et al., 2009). Examplgsesentative measures are

the requirement to mark fishing gean order to identify the ownership, the use of dmoard
technology to avoid or locate gear and the provision of adequatedost or free and easto-use
collection facilities in ports, inceive schemes to promote proper disposal of discarded gear (see Box
4.5 for an example) and spatial zoning to make other marine users aware of the presence of fishing
gear, thereby reducing the likelihood that gear is damaged or moved.

Box 4.5 Incentives to fisher boats for marine litter collection

In the Republic of Korea, fishing boats are provided with large bags to collect litter and an economic in
of US$10 per 100 litre bag is provided to fishermen (Cho in APEC, 2004ncetkne MacFadyen et al., 2009

Mitigation measures include the use of biodegradable nets and pots (Kim et al., 2014), which can
either be imposed by regulation or subsidised by governmental support programmes. Another
interesting example can be found the Dungeness crab fishery, where trap exits are required to be
closed with rot cord that decays in approximately six months (Arthur et al., 2014).

Expost measures include the use of-bpard technology to avoid loss of or enable location of gear
(e.g.side scan sonar for sd#d surveys) and gear retrieval programmes (MacFadyen et al., 2009).
Even though it would be too expensive to remove all lost and discarded fishing gear, programmes
aimed at removing it in the most sensitive areas and in areas @éthonstrated high loss rates
would help address the problem.

Campaigns aimed at raising awareness on the impacts of ghost fishittyas the one carried out by
the NGO World Animal Protection (see Box 4al),also play a key role to encourage figtnen not
to discard fishing gear improperly.

Box 4.6 The Sea Change campaign

In order to contribute to reduce ghost fishing, the NGO World Animal Protection launched the Sea Change
campaign, which aims at addressing the problem of ghost fishing worldwitie. project includes the
involvement of different categories of stakeholders to stop gear being abandoned, to support ghost gear
NBY2@If FNRBY GKS &aSIa FyR (2 NBaoOdzS 62dzyRSR FylAYlfao
campaign, which askpeople with access to beaches and dive spots to get together between 2 and 8 June 2015
and report ghost gear sightings.

The cost of all these measures can vary considerably across different geographical areas, scopes and
durations (see Box &for two examples of calculations).



Box 47 Examples of lost or discarded fishing gear retrieval programmes

1 In Sweden, US$ 70,000 is spent to retrieve lost or discarded fishing gear every year in the Baltig
Norway the annual retrieval costs are about US$,260 (MacFadyen et al., 2009)

I Estimates of cleanp costs in the APEC region range from $100/tonne with volunteer labour (
$25,000/tonne for derelict fishing gear (Mcllgorm et al., 2009).

5 Tourism, aesthetic value and recreational opportunities

Impacts on the tourism sector are an often cited example of the secomomic costs of marine
litter. The sector is strongly affected by the increased prevalence of marine litter and is also a major
contributing source of marine litter through direetctivities of tourists and other users of coastal
areas.

5.1 The tourism sector as a source of marine litter

Tourists are one of the main sources of coastal and marine litter. For example a study on the
generation of marine debris on Cassino beach in Bfaazild that tourism was the main source of
marine debris, with debris levels correlated with visitor density, annual income and literacy levels
(Santos et al., 2005). Similar results were found in a survey of beach visitors in Chile where 45% of
respondens admitted to littering in some way (Eastman et al., 2013).

5.2 Impacts of marine litter on the tourism sector

Impacts on the tourism sector are an often cited example of the secimomic costs of marine

litter. The visible presence of marine litter has empact on the aesthetic value of coastal areas
which can undermine some of the associated benefits such as improved physical health (e.g. reduced
blood pressure) and mental conditions (e.g. tension, stress, concentration) (GESAMP, 2015). The
presence ofmarine litter may be a reason not to visit certain marine or coastal areaB(®eél).

Box 51 How marine litter affects beah choiceq some examples

1 A study of thirtyone beaches ifOrange County, California, USReggett et al. 2014) found that a 75
NBRdAzOGAZ2Y AY YIENRYS fAGGSNI FiG &AAE LI LIz F NI 6 S
three months.

1 InCape TownSouth Africa 40% of foreign tourists and 60% of domestic tourists interviewed claimed
marine litter would prevent them from returning to a beach. This would lead to losses of billions of
African Rand (Balance et al. 2000, cited itidtel Research Council, 2009).

Marine litter can also have an impact on recreational activities, for example through damage to
marine ecosystems (which reduces the attractiveness of recreational activities such as diving), fouling
propellers and jet itakes of recreational boaters and affecting recreational fishitarine litter can

also pose health and safety risks to coastal visitors for example by contaminating swimming water
(e.g. discarded industrial items, medical/personal hygiene items) or cuts from sharp items (e.g. metal
cans, broken glass). A survey ofteis to Cassino beach in Brazil found that at least 30% had been
wounded by glass or other sharp objects on the beach (Santos et al., 2005).

The increased prevalence of marine litter thus makes certain beaches less attractive to coastal
visitors andcan discourage visitors t@ome beaches. Reduced numbers of visitors leads to lost
revenues for the tourism sector which in turn can lead to a loss of jobs in the local ecesertyox

5.2
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Box 52 Estimated costs of marine litter to the tourism sectqrsome examples

f Marine debris aiGoeje Island (South Kore)d SadA Yl GSR (G2 KI @S t SR7
million (KRM29,21336,984 million) as a result of over 500,000 fewer visitors (Jang et al.ag014
1 Marine debris is estimated to cost the tourism sector in A&REC regiokS$622 million (Mcllgar, 2009).

5.3 Cost of action to address the problems

Addressing marine litter in the tourism sector requires both preventative and responsive measures.
In terms of responses, costs of clean activities associated with littering by coastal visitors can
sometimes fall on local municipalities or on privatéoas such as individual hotels. These costs can
be quite significantg for some examples seBox 53. In some cases, clearp activities can be
motivated by the need to uphold certain certification standards or voluntary-labels such as the
Blue Flag Programrfe

Box 53 Estimatedannualcleanup costs of marine litterg Some example$See also sectioB.4, box 3.5)
Belgium €10.4 million (Mouat et al, 2010)
O @S® ennnInnnkYq
Netherlands €10.4 million (Mouat et al, 2010)
O @S® ennnInnnkYq
Peru US$ 2.5 millioffave. US$ 400,000/yr if (Alfaro, 2006 cited in UNEP, 2009)
municipality of Ventanillas)
UK €18 million (Mouat et al, 201D
O @Sd® emncInnnkYd
APEC region US$1,500/tonne in 2007 terms (Mcllgorm, 2009)

There are also a number of preventative measures which can help address marine litter from the
tourism sector. These include for example improvements in waste management infrastructure in
tourist areas (e.g. placing suitable bins on beaches), environmental education programmes and tools
targeted at tourists (e.g. awareness raising campaigns, alpaactivities), economic instruments
(e.g. deposit refund schemes for bottles, fines for tittg) and regulatory measures (e.g. smoking
ban on beaches, restrictions on visitor numbers during certain peak periods, e.g. over the sufmer).
mix of different approaches is likely to be needed, and will likely attract varying degrees of public and
political acceptance. For example, in a survey of beach visitors in Chile, the two most supported
solutions to the problem of beach litter were communigvel environmental education programmes

and fines (Eastman et al., 2013). Certain regulatory measurds asicbans and fines may be
politically sensitive and enforcement challenging (i.e. requiring investment in capacities etc.).

4 http://www.blueflag.org/
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6  Shipping

Shipping is an important ocedrased source of marine litter, driven by inadequate infrastructure
and insufficient industry understanding of the consequences of inappropriate waste digpddaP,
2009; @hlenschleeger, Newma& Farmer, 2013)The MARPOL Convention is the most important
international treaty governing the prevention of ship sourced wdft0O, 2015) It is estimated that
12% of total sea pollution originates from marine transpdO, 2012)Like other sources of marine
litter this has a number of socieconomic impact$APEC, 2009; Moudtozano, & Bateson, 2010)

6.1 Impacts of the sector

Waste from the shipping industry can include both deliberate and accidental discharges of items,
ranging from a mix of small items of galley waste to whole cargo contafo®&&P, 2009 Common

ship originated waste include operational and ngperational items(OSPAR, 2007; UNEP, 2009)
The quantities of waste can be substantial and are not distributed evenly. Hot spots for ship
genemated waste include busy shipping routes and the major oceanic gyres, in which all types of
marine waste accumulattEPA, 2011)The problem of marine litter is likely to be particularly severe

in the East Asian seas regionedo intense shipping activity and the massive industrial development
which coastal zones have undergai@OBSEA, 2008)here is a relatively high level of certainty that
the illegal discharge of waste by ships contributeditter in oceans globally.

Box 6.1 Marine litter on the Belgian Coast

A Belgian study of the occurrence and distributiomoéroplastic showed higher concentrations in areas
shipping activity. Using marine sediments from different locations, inctudoastal harbours, beaches, al
sublittoral areas, high concentrations of micro plastics were found in all samples. However the
concentrations were found in harbours, with up to 390 particles per kg, which w&® 1#nes higher than
reported maxmums in other areas.

(Claessens, Meester, Landuyt, Clerck, & Janssen, 2011)

An important point is that the shipping industry is dependent on sufficient infrastructure to manage
waste appropriately including a land based exchange in managing any shipping waste. The
effectiveness of this exchange is a key determinant of the impaicthe sector(@hlenschleeger,
Newman, & Farmer, 2013; COM, 2008hippers may be deterred from discharging their waste at
ports which carry high fees and tirm®nsuming procedures, such as bureaucracy, sanitary
regulaions and customs checks. On the other hand, crews which intend to manage their waste, for
instance separating waste streams in accordance with international law (see below), may be limited
by inadequate shorside waste infrastructure. Hence, shipping cgters may be discouraged from
controlling their waste if the appropriate tools are not in plgd@hlenschlaeger, Newman, & Farmer,
2013)

6.2 Impacts on the sector

The shipping sector is impacted upon by the costs of manaifiard waste streams as well as a
number of risks relating to collisions with water borne waste and interference with equipment, such
as propeller damage and blocked intakes.

As well as the internal costs of managing wasteboard, the shipping sectousually faces costs for

port reception facilities, which are normally associated with a fee. For instance, in the Port of

w2 G0SNRIFIYS RSLISYRSYd 2y GKSANI YFAY Sy3ays OFLF O
handling 6 mof garbaggPort of Rotterdam, 2014)

Further impacts on shipping relate to the collision of litter with boats and equipment. These costs to
the sector include rescue costs for aiding ships with fouled propellers or blocked outages.
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Box6.2 Costs of marine litter to shipping

1 Value of debris damage to shipping was estimated at US$279 million per g@REBEC, 2009, p. 16)

1 In 2008 there were 286 rescues to vessels with fouled propellers in UK watersost afchetween
eyonnnn | y(RouatHdzany, ¢ Batesom, 2010)

I Estimate of recovery and disposal of litter in ports and harbours, as well as rescue services in rel
marine litter in the UK £6 milliofMaLiTT, 2002, p. 20)

As well as the impact of damage to vessels and equipment, marine litter can pose a health threat to
operators of small vessels, for example putting them at risk of collision with lost containers from
largervessels. Although it is hot uncommon for boats to lose containers, with an estimated 2,700 lost
each yeaWorld Shipping Council, 2014he risks may be particularly high following single events,
for instance the 2007 grounding of MSC Napoli after which 117 containers we(&iaks, 2007)

Box 6.3 Marine litter impacts on human health
1 Koreag 19961998, 9% of all Korean shipping accidents involved marine litter. In one case prd
damage capsized a vessel resulting in 292 de@hs, 2005)

 In 2005, the US coast guard reported that collisions with subetobjects caused 269 boating inciden
causing 15 deaths, 116 injuries and $2.9 million in property damage (US Coast Guard, 2005)

6.3 Cost of action to address the problems (port reception facilities)
Maritime law must be supported by appropriate coastmivernance, infrastructure and systemic
changes in approaches to waste.

Marine waste from the shipping sector is covered by a number of international, national and port
based policies. The International Convention for the Prevention of Pollution frops SIARPOL) is

the main international law covering the prevention of pollution in the marine environment from
ships(IMO, 2015) In broad terms MARPOL (73/78) prohibits the disposal of waste overboard and
requires signatoriesat ensure that there are sufficient port facilities to receive waste. At the national
levels, some countries have attempted to develop their own legislation to support the
implementation of international maritime law in order to reduce marine litter lev€lst instance,

Iran initiated its own national Integrated Coastal Zone Managen{aiian Ports & Maritime
Organization, 2015)The EU has a Directive on Port facilities for -geiperated waste and cargo
residues(COM, 2000)Some ocean areas, such as the Western Indian Ocean (WIO) may not have the
capacities to effectively police and control litter in their Exclusive Economic Zones (EEZs) linked to
shipping in the regio(WIO, 2007, p. 5)

Port reception facilities are one of the most important tools for addressing waste generated at sea
from all sectors, and if appropriately designed can incentivise best practicesd¥¢ejhed port
reception facilites will encourage shippers to dispose of their waste correctly, relying on clear waste
definitions, communication between actors, timely administration and appropriate inspections.

Box 64 No special fee in the HELCOM region

Following high levels ofllegal waste discharges in the Baltic Sea during the 1990s, HELCOM (H
Convention on the Protection of the Marine Environment of the Baltic feajded recommendations for thq
AYGNRRAzOGAZ2Y 2F |y AYyRANBOUG 2 Néemér i Baftit f8r@®hlefschZe§ed
Newman, & Farmer, 2013puch a fee includes in the port fee the cost of delivering waste, irrespective (¢
quantities discharged. For instance in the Port of Gdansk, a fee is appliexdt® depending on their type g
0SipSSyeamomn LIS NJ I NRPdriiof Gdangk/AutHoity SAD2D1The nespeciaifee system
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effectively prevents cost from becoming a disincentive for using port receptioitigsisimilarly the simplicity
of the system results in a reduction in administration costs for port authorities. Furthermore, whilst i
encourage inefficient waste practices on board ships it is believed this system has reduced illegal
dischargs in the Balti¢@hlenschleeger, Newman, & Farmer, 2013; HELCOM,.2012)

Awarenesgaising can also help to reduce shipping related marine litter impacts and costs. For
instance, the shipping industry now has compulsory training on marine litter, following leverage from
The Dutch Government and the ProSea Foundation on thettM&@nend the STWC (International
Convention on Standards of Trainin@roSea, 2011)Such training, as well as the enforcement of
good practices will also be associated with a number of costs, which would also need to dednclu

in asocioeconomicassessment.

7 Invasive alien species (IAS) & pathogens transported by marine litter

Invasive alien species (IAS) refers to -native species whose introduction and/or spread outside
their native range threaten biological divegsand result in negative sociconomic impacts. At the
global level, IAS have been identified as a key factor in 54% of all known species extinctions
documented in the IUCN Red List database and the only factor in 20% of extinctions (Clavero &
GarciaBelthou, 2005. Global trade and travel are the underlying causes for the spread of IAS and
the upward trend in both sectors translates into an increased risk of IAS introductions. As more than
90% of world trade is carried by sédMO, 2012)his makesmaritime transport (ballast water and

hull fouling) one of the key pathways for IAS introductions. In addition, marine litter is increasingly
being recognised as an additional vector for marine IAS.

7.1 Marine litter as a vector for IAS

Marine litter functions like natural floating debris, providing a means of travel for-mative ¢ and
potentially invasive- species (Barnes and Milner 2005, Gregory 2009, Mouat et al. 2010, CIESM
2014), and is therefore increasingly recognised as a vector for |£8.caib be colonised by a range

of species. The most commonly identified hitchhikers include molluscs, barnacles, bryozoans,
polychaete, foraminifera and hydroids (Aliani, S. and Molcard, A. 2003, Allsopp et al 2006, Gregory
2009). Recorded examples of hubitchhikers include, for example, acorn and large barnacles
(Eliminius modestus, Perforatus perforgteand benthic foraminifer Rosalina (Tretomphalus)
concinna (Barnes and Milner 2005, Rees and Southward 2008, CIESM 2014). Mobile scavengers and
predators, such as peracarid crustaceans and crabs, and pathogens can also colonise plastic (CIESM
2014, Goldstein et al. 2014).

al NAYS fAGGSNDRDA AyONBFAAY3I FodyRIyOS 02y NRo6dzi 8
species reported rafting on debrigs increased markedly since the 1970s (CBD 2012). For example,
marine litter is estimated to have doubled the opportunities for marine organisms to travel at
tropical latitudes and more than tripled it at high (>50°) latitudes (Barnes 2002). Basedrentcur
information, marine litter is also considered a potential key vector for IAS in the Mediterranean, with
13 established aliens in the Mediterranean known to be able to colonise floating litter and more than
80% of known alien species in the area capatfl using litter for further expanding their range
(CIESM 2014). Furthermore, the slow travel rates of marine litter are considered to provide non
native species with more time to adjust to changing environmental conditions, increasing their
chance of sumess of establishing in new areas (Moore 2008). Finally, plastic can be colonised more
easily than metals, especially metals coated with -fmtiing paints (i.e. vessel hauls), thus hull
fouling nonnative species are likely candidates to also colonisifig plastic (CIESM 2014).
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7.2 Impacts on socieeconomic wellbeing

IAS are commonly considered as one of the key causes for global biodiversity loss (CBD 2015).
Furthermore, IAS have negative impacts on ecosystems and their functioning as they tend to
transform the structure and composition of colonised areas, disturbing feefl structure and
resource use dynamics (e.g. Derraik 2002, Donnan 2009 in Mouat et al. ZB.@an also be vectors

for disease. IAS also have considerable secamomic consequeneselinked to these ecological
impacts (e.g. Lovell and Stone 2005, Kettunen et al. 2009, Vila et al. 2010).

The negative socieconomic impacts related to the spread of IAS via marine litter can include, for
example, losses to fisheries and aquaculture do an outbreak of nomative parasites or diseases,

or damages to infrastructure (vessels, water pipes) due tofbuling barnacles or infestations of
mussels and clams. Hitchhikers on marine litter can also result in the degradation of coastal
ecosyseéms, diminishing their appeal in terms of recreation and tourism. A range of different algae
have been reported as living on plastic debris, including species causing harmful algal blooms
(Katsanevakis and Crocetta in CIESM 2014). Similarly, Goldstdin(201a) recorded the ciliate
pathogen Halofolliculina (known to cause skeletal eroding band disease in corals) on floating plastic
debris in the western Pacific and suggested that the spread of the disease to Hawaiian corals may be
due to rafting on theenormous quantities of litter reported from the area. Increased coral mortality

or the introduction of other pathogens via floating marine debris has a potential to lead to economic
costs, for example through decreased revenues due to falling numbersitiigyitourists linked with
possible loss of jobs to local communities.

Since marine litter as a vector for IAS remains relatively uncharted territory, examples of socio
economic consequences of invasions by #native species facilitated by marine littare scarce.
Indirect information related to the groups of species known to hitchhike on marine litter can be used
to illustrate the possible scale of the problem, both current and future (Box 7.1).

Box 7.1 Examples of socgconomic impacts of marine 1%

The xamples below provide information on aquatic IAS spread byfbuling and ballast water. In th

absence of documented examples relatedthe impacts of IAS hitchhiking on marine litter, these examy

are helpful in illustrating the possible risk

1 The zebra mussel (Dreissena polymorpha), a fresh water species native to the CRlgukrand Azo
Seasarrived to North America via ballast water. Several estimates exist on costs incurred, for eaa
U.S. Fish and Wildlife Service estimate phis cost of damages over 10 years to intake pipes, w
filtration equipment and power plants at US$ 3.1 billion (Cataldo 2001 in Lovell and Stone 2005).

9 The fishhook water fleaQercopagis pengpis native to the Caspian, Black and Azov Seas. One kéyh
impacts of the species is the clogging of nets and fouling of boats. In the eastern Gulf of Finland
Sea the annual losses due to fouling of fishing equipment reported by a single fish farm amounte
least US$ 50,000. (IUCN date unknown)

7.3 Costs of inaction

Cost of inaction related to addressing marine litter as a vector for IAS are related to the costs
associated by IAS invasions. In addition to economic and wellbeing impacts (Box 7.1), there are
significant costs linked to the attempts &radicate or control IAS when they are established. It is
therefore generally acknowledged that prevention or early eradication of invasions is the most cost
effective means for addressing risks posed by IAS (Kettunen et al. 2012). For example, the
introduction of the carpet sea squirbD{demnun vexillumin Holyhead Harbour (Wales, UK) resulted

in an eradication and monitoring programme over a decade starting in 2009, which was expected to
O02ail ecTtnInnnd ¢KA& SELISYyaskliivdayBe spdcias tiSspreag and A O £ f
AY20KSN) 2NHFyAayYa YR YIENRYS KFEIoAGlFGa ¢2dd R KI @¢
alone over 10 years (Holt 2009). While no dedicated estimates on the costs of inaction addressing
marine litter as a vectoror IAS exist, the existing information on other IAS indicate that preventative
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actions could be the most casffective means of addressing the risks also in this case.

8 Conclusionsind next steps

Marine litter is an increasing threat to the internationailommunity and there is a growing body of
evidence on costs of inactigras notedabove forthe areas of fisheries, shipping and tourisime
evidence on the cost of action underlines a diversity of cqodtem the zero cost (e.g. not littering),

to low cost options (such abktter traps, beach waste infrastructure; volunteer initiatives), more
substantive costs (such as beach clean up by municipalities), and high costs (fishing for plastic and

cleaning up water ways).

The evidence collated for this stly so far suggestthat the costs of inaction are generally highe
than the costs of actionbut further research is required to verify and substantiate this.

For example, it is bette@in environmenta) social and economiterms) to have a sanitaryandfill
than an illegal landfiland to avoid situating landfills in coastal areadt is almostimpossible to
address marine litter impacts from ship blasting with plastic, clean up microfibers or-petets
from toothpaste and cosmetics once they obathe seaThese and other examples indicate that
prevention at source is thenost effective and likely most costffective, way to avoidnegative

impactsof marine litter. See Table 8.1 for examples of measures in the marine litter hierarchy, their

costs (i.e. cost of action), and examples of costs if no action is taken.

Table 8.1: Measures in the marine litter hierarchy and cogtsxamples

Measures and their costs

Cost if measure not applied

Participation in extended produce

Prevent/reduce responsibility schemes for packagin
generation of /2404 G2 LINERdzOSNA
waste that per capita per year.
contributes tothe | Installation of a filter to capture
marine litter microfibres from a washing machine
$140 ger unit
Mechanical litter collection system fg
the Salina Landfill in Kansas (U
Prevent/reduce

litter reaching the
marine
environment

US$15,000 for a customade unit for
the landfill.

Annual costs of removing litter fron
wastewater streamsiUS$279 million in
South Africa.

Collect litter from
the marine
environment

Annual costs of coastal cleap
activities (excluding value of time spe
by volunteers):

f emMmndnY AYy bSGKS

f emyY Ay GKS Y

1 US$1,500/t in the APEC region

1 US$ 2.5m itebour costs in Peru

Fishing:The loss of marketable lobster due t
abandoned or lost fishing gear is estimated
lead to aglobal loss of US$250 million per
year.

Microplastics are estimated to lead to a loss
of up to 0.7% of annual income every year f
the UK aquaculture sector.

Shipping:In 2008, 286 rescues of vessels w
fouled propellers in UK waters were carried
outatt O02aid 2F 0SiG6SSy]
EHZIMYy PZnnnod

Cost of removing litter and addressing
damage in the Scottish aquaculture industry
Ada SAGAYFGSR G empy
Tourism:In Goeje Island (Republic of Korea
marine debris led to lost revenue from
tourists ofo S i ¢ S S37 midiendm 2011.

In the Asia Pacific Economic Commur
(APEC) region, marine debris is estimated
cost the tourism sector approximatel
US$622 million/year.

In some casessectors can be both agents and victims of the problefor examplethe fishing

aguaculture and tourisnsectorsare both sources of marine litter and suffer from its impacts. In

other casessectorsare responsilde for the generation ofproducts which can end up amarine
litter without being burdened by the problemfor examplein the case othe cosmeticsindustry
(use ofmicrobeadsin various products retail sector (use ofplastic bags, bottles, packaginghd
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shipgping industry (use oplastic rather thansandblastingfor cleaning) More often than not these
sectors do not make an adequate contribution to addres#liiregmarine litterthey generate. fiere is
a need for greater producer responsibility andnore widespreadapplication of the polluter pays
principle. Finally,the costs and impacts of marine litter malisproportionately fall on certain
sectors groups andegionseven though they maynot be responsible folgeneraing the litter. For
example coastatommunitiesand Small Island Developing States (SE»8)often left with the
responsibility of cleaning up marine litter generated by others.

There are a wide range of solutionsto address marine litter, from upstream prevention to

downstream clea-up.

1 Product design changeand extended producer responsibilitcan help to avoid certain impacts
which are more difficult to address downstreaimproving product desigife.g.increasingthe
life-span of productsavoidng singleuse items removing plastianicrobead from products)
capturing more packaging waste for recycling, installing filters on washing machines to remove
microfibres from wastewatecan all make a valuable contribution

1 Investing in waste management infrastructuresuch as measures to @d waste being blown
from landfills by the wind (e.g. perimeter netting), riverine, port and beach infrastructures (e.g.
litter traps, booms and bins) can help to avoid the inciderafanarine litter.

1 Wastewater managementan help to tackle marine litter, since wastewater treatment plants
can capture larger items of (plastic) waste and avoid its dispersal into the aquatic environment.

1 Economic incentivesuch as deposit refund schemes and plastic bag charges can he¢nasfl
consumer choice and/or encourage different habits (e.g. return bottles; chondti-use bags).

1 Bans(e.g. plastic bag bans, smoking bans on beaches, bans on plastic blasting in shqarards
providea costeffective solutionhoweverfeasibility wil depend on various factors incling the
availability of viable substitutes, political considerations etc.

1 Awareness raisin@ctivitiescan helpto avoid the generation of marine litter through improved
habits and social normand can in turn spur chareg inproduct design This is an essential
upstream preventative measurenowever it needs to be complemented by a widsiite of
measures to support behaviour change

1 Marine litter cleanups are costly but necessagownstreamactions (at least untinarine litter
is tackled closer to source). Engaging volunteers in al@aactivities can help reduce costs
(althoughthe time of volunteers also has an economic vakmed improve awareness

9 Fishing for littercan be a useful last option in the hieraychf means to address marine litter
(although thiscan only address certain types of marine lijteaand canbe combined with
economic incentives to encourage action.

A number of these measures can lead to job creatidar example in the plastic recycling sector,
which is growing in many countries across the world. The development of new recycled plastic
products can create additional demand asupport the development of a circular economy.

There is a critical needot understand the impacts of marine litter across regions of the world and
what costeffective measuresare neededto address thismodern dayproblem. There remains a

vast research agenda to truly understand the scale of the problem. For example, there is as yet little
information on the actual health risks associated with ingestiommiroplastis ¢ both to maritime
species and tdhuman consumersWhile there is a fair understanding of the effect of laigieed
plastic such as fishnets (i.e. ghost fishing) and pléstits such asags bottles and other packaging

(i.e. ingestion by and mortality of marine species), there is little understanding ohdh&e and
extent of ecosystem impacts of smaller marine debeggy.(nano-particles and microfibers) and
leachateguptake from all debris (e.g. chemicals that can be endocrine disruptors).
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The capacity and responsibility to address marine litter is spd across a range of stakeholders
and innovative collaborations are neede@ngagement by those who are responsible for, and those
impacted by, marine litter is needed if the problem is to be addressed effectively:

1 Marine plastic knows no geographic boamés, santernational collaborationcan helpcatalyse
solutions.

1 National governmentscan invest in infrastructure, set incentives, suppedsearch and
development R&D, and encourage greater producer and consumer responsibility.

1 Municipalities/local governments can invest further in waste and wastewater treatment
infrastructure that can help to prevent marine litter at source.

1 The private sectorshould invest in innovative product desige.g. improved durability,
recyclability and green chemistrypring to market substitute products that dmot risk
contributing to marine litterand embrace producer responsibiligachof which can reduce the
incidences of marine litter.

1 NGOs and voluntary organisationsan motivate changes in consumer habits arams and
encourage producer responsibility.

1 Local communitiezan engage in awareness raising and clepmactivities.

1 Consumers and individuajsincluding tourists and others, need to make responsible choices
regarding purchases and take responsibleagiregarding waste disposal.

1 Academiashould prioritise research to improve understanding of the impacts of marine litter,
the costs of action and inaction and governance solutions to marine litter.

Next Steps

9 This socieeconomic study will be completeahd sent for peer review in November 2015, for finalisat
by February 2016.

T 'b9t Q& NBLRNI 2y YI NX Y Sicroplastici(that @so RiBdyatel ather ofigoin
studies)will be presented at the second meeting of UNEA (URE#® be held at UNEP headquarters
Nairobi, Kenya fror23-27 May 2016.

1 In parallel, GESAMRJoint group of Experts on the Scientific Aspects of Marine Environmental Protéd
initiative is exploring the sources and impacts of marine micro plastics spegificall

1 Thesetwo processes will be mutually supposte, with each seeking to link to other regional initiative
around the world

5 http://www.gesamp.org/
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