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Update on the sources, fate, effects and
consequences for the Seafood Industry of

microplastics in the marine environment

Summary

‘Microplastics’ is the term that refers to a wide range of particles made from manmade polymers
with an uppersize limit of 5 mm. They can enterthe marine environment either as primary particles
such as microbeads or microfibres or as secondary particles formed from the breakdown of marine
litter by the action of ultraviolet light and mechanical agitation. There are uncertainties surrounding
the quantity of microplasticsin the marine environment and theirrate of increase. However, even if
environmental inputs of plastics were to cease, the weathering of larger particles already presentin
the marine environment will continue to produce microplastic particles for many years.

The most importantissuesforseafood consumption are the consequence for fish and human health
from the ingestion of microplastics, and the potential pollutant loads attached to the microplastic
particles’ surfaces. The fate of microplastics within marine ecosystems and their potential effects on
ecosystems and human health are beginning to be understood, however there are still majorgapsin
our knowledge, particularly in relation to smaller (<150 micrometre ') particles. The wide variety of
microplasticparticles and the differing ways in which they are fragmented means thisisa
challengingfield of study. Publicawareness of thisissueisalsoontheriseinresponse toincreased
media coverage and the iconic Blue Planet 2 television series.

Thisshort reportisan update of a previous Seafish Information Sheet produced in 2016. This latest
versionincludes key findings from recent research studies on the implications of plastics onthe

marine environment, which include:

o The extent of microplastics contaminationinland and freshwater systems as akey source of
contamination of the marine environment through fresh-water run-off.

e Microplasticparticlesinseafood are considered to be a small source of human exposure to
these substances compared with otherdietary sources.

e Animproved understanding of the physiological pathways of microplastics; some particles
smallerthan 150 micrometres have been observed to cross the digestivetract wall in
mammals, but how the body deals with these particlesis still unknown. The ability of
nanoplasticparticles to access organs has been highlighted but there is still uncertainty
aboutthe physiological impacts.

e Riskthat laboratory contamination could resultin higherlevels of microplastics being
recordedinfish.

e Timeseriesdataon plasticlevelsinthe North Seahas beenanalysed and found to be stable
since 2000 butat a level well above the agreed environmental quality objective.

As before this paperalsoidentifies some of the key information gaps surrounding thisissue. As new
research becomes available furtherinformation updates willbe provided.

' 1 micrometre = 1 pm = 10°® m; see table on page 2 for definitions
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Introduction

The sources, fate and effects of microplastic particles on marine ecosystems have been reviewed
comprehensively by the Joint Group of Experts on the Scientific Aspects of Marine Environmental
Protection (GESAMP) an interagency body of the United Nations and by the Food and Agricultural
Organsiation (FAO) amongst others. This shortreportisan update of a previous Seafish Information

Sheet producedin 2016. Thislatestversionincludes key findings from three recentresearch studies
(GESAMP, (2015), GESAMP, (2016), FAO Technical PaperNo 615 (Lusheretal, 2017)) and other
sources, onthe implications of plastics on the marine environment. Itdiscusses the potential
consequences forthe seafood industry together with a brief gap analysis and recommendations for
future work.

Definition of microplastics

Microplastic particles are defined in the context of this paper as plastic polymer particles smaller
than 5 mm. Thisincludes particles measured in micrometres (um; 10° m) and nanometres (nm; 10°
m). Nanoplastic particles are defined in Lusher (2017) as 1 to 100 nm (10° to 10’ m) in size. An
overview of particle sizes and units is presented below:

Classification Size range of particles Units of measurement in relation to metres

(longest dimension) Symbol Standard form Decimal

Micro Less than 5 mm mm 10 ™ m 0.001m
um 10° m 0.000,001m
Nano Between 10 mand 10° m nm 10° m 0.000,000,001m
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Shapes of microplasticparticles range from fibres to spheres with varyinglevels of surface roughness
and sizes include fine particles (~200 nm) down to ultra-fine particles (<200 nm).

Sources of marine microplastics

Microplasticparticles are derived from fossil hydrocarbons and polymers produced during industrial
processes. Although the issue, inthe context of this paper, is defined as a marine issue, microplastics
in the marine environment originate predominantly from land based activities.

Primary microplasticparticles enter the marine environment as particulates and include microfibre
particles derived from textiles, micro beads used in cosmetics, and much finer particulates used in
industrial abrasives and powders used in moulding.

Secondary particles are derived from degraded plastics; sources includevehicletyre dust, fibres from
clothesindomesticeffluentand particles derived from weathering of largeritems of plasticitems in
the marine environment. The level of microplasticcontaminationinland and freshwater systems is
also recognised as an important source of contamination of the marine environment through
freshwater run-off (Rochman, 2018).

Although microplastic particles greatly outnumber large (macro) plastic items in the marine
environment, they still make up only a small proportion of the total mass of plastics in the ocean.
This is relevant because regardless of attempts to manage plastic litter, the weathering of larger
particlesalready presentinthe marine environment will continue to produce microplastic particles
for many years.

Issue of microplastics

Althoughthere are natural polymersinthe oceansuch as cellulose and lignin from plant material
and chitin from crustaceans, togetherwith starch, protein, DNA and others, these readily degrade in
marine ecosystems. However, manmade polymers are persistent, widespread and ubiquitousinthe
marine environment. They have been found in deep-sea habitatsin the Northwest Pacific, down to
depths of 5,755 m. There is evidence that plasticlitter, predominantly sourced from land-based
processes, becomes concentrated in areas of slow circulation in the middle of the ‘oceanicgyres’
which dominate the hemisphericcirculations of the world’s oceans.

Fragmentation (the breakup of large plastics to microplasticparticles) is mediated by ultraviolet
(UV) lightand mechanical agitation as would be experienced at the ocean surface and along the sea
shore. Knowledge of the fragmentation rates and mechanismsis needed to reliably infer the rates of
microplasticparticle generation, their particle size distribution and theirimpact on different living
organisms. This crucial information, especially fragmentation mechanics, is not known even for
common plasticmaterials. Addingtothe challengeisthe constantinnovationin material science,
whichis producing ‘new’ polymers whose characteristics and their likely impact on the environment
are often unknown.

Effects of microplastics

The size range and composition of microplasticand nanoplastic particles means that the extent of
theireffectsis potentially wide. Theireffects need to be understood atthe ecological and
physiological levels; both the direct effects of the particlesand the indirect effects of other

Seafish Information Sheet FS104 07_18; July 2018 Page 3 of 12



o999
-+

seafirs

constituents associated with them. Assessing the implications of microplastics on marine organisms
and on humansrequires an understanding of how:
e plasticparticlesare taken up by the body;
e bodyprocessesrespondtothem;
e toxicsubstancesand microbes, which may be associated with the plastics, behave and the
implications of these effects.

There is evidence that microplastics have an effect onindividual organisms. The GESAMP (2016)
reportdiscusses interactions with physical and biological matrices, includingadiverse range of
organismsinthe marine environment ranging from phytoplankton through to fish and seabirds.
However, it has proved difficult to measure ecological impact such as changesin biodiversity or
alteration of marine food webs. Thisis largely becauseresearchers have notbeen able to design
experiments that truly measure ecological impacts from microplasticdebris (GESAMP, 2016).

At a generallevel, itis understood that microplastics have the potential to affect the productivity
and biodiversity of marine ecosystems, but quantifying to what extent has proved difficult.

Direct effects

Microplasticparticles are knownto be ingested by species atall levelsinthe marine food chain, from
planktonto macro fauna, and reported in the stomachs of fish and birds. However, Hermsen et al,
(2017), found a low incidence of ingestion of microplastic particlesin North Seafish; of the 400 fish
examined, only one fish, asprat contained microplastics. This study emphasises the potential risk of
contaminationinthe laboratory and pointed out that studies which did not appropriately manage
thisrisk reported much higherlevels of microplasticsin fish. This suggests that actual levels of
microplasticsin marine organisms could be lower than initially thought. Microplastics also interact
with bacterial and algal communities, through the formation of films of micro-organisms on the
particles. Uptake viathe gills of very fine particles (8-10um) has been shown to occur in shore crab.

Evidence relating to the migration of microplasticsinto tissues or body fluid has been obtained from
laboratory studies of filter-feeding mussels and sediment deposit-feeding lugworms. However, there
are few studies confirmingthe presence of microplasticsin tissues outside the digestive tracts of
organisms collected fromthe marine environment. Both lugworms and mussels wereshown to be
able to take particlesinto theirtissues under experimental conditions butitis uncertain whetherthe
particles are excreted ortransferred to otherorgans. There is evidence that mussels can accumulate
particlesin connective tissue but this was observed at very high concentrations of particles which
may not be replicated in the natural environment.

Thereisalso limited information available on the presence of microplastic particles outside the
digestive tractin commercial fish species. Collard etal, (2017) (using clean techniques similarto
Hermsenetal (2017)) found microplastic particlesin the livers of European anchovies. These
particleswere of alarger size (124-438 um) than those foundin organs and tissues outside the
digestive tractin mammals. However, itis uncertain whetherthe particles passed through the gut at
thislargersize, orif smallersized particles agglomerated inside the fish’s liver. The needforfurther
information on the level of microplasticsin fin fish flesh has beenidentified by GESAMP (2016) as an
importantrequirement.
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Laboratory investigations of sub-lethal effects of microplastics have shown thatthe health, feeding,

growth and survival of organisms from lower trophiclevels are affected. However, most of these
effects have been demonstrated at higher concentrations of particles than are normally foundin
nature. Thereislittle direct evidence of these effectsin the field (GESAMP, 2016).

Lusheret al, (2017) provides an assessment of microplastic particlesin mammals, including humans,

dogs and rodents. The resultis a composite overview of how the mammalian system treats micro
and nano plasticparticles, although there is variation between species. Key points from the study

include:

In general, after oral ingestion the largest fraction of the ingested micro and nanoplastics
will be excreted viafaeces. There is more uncertainty regarding the effect of smaller
particles (less than 150 um) which have the potential to pass through the gut wall.
Absorption rates of this size range have been found to be small, between 0.04% and 0.3% of
the administered dose.

Particles of less than 150 um have been foundinthe lymph, abodily fluid containing
components of the immune system, and linked with the blood. Particles of 110 um insize
have beenfoundinthe hepaticportal vein, which links the digestivetractto the liver. This
would suggest that the particles have passed through the wall of the digestive tract.

Not much is known about the distribution of particles aftertheirabsorption, butitis known
that particlesinthe lymph, largerthan 0.2 um can pass back into the gutvia a filtration
systeminthe spleen. The liverisalso capable of returning micro-particles to the digestive
systemviathe bile.

Particles of lessthan 20 um are likely ableto access organs. Nanoplastic particles can cross
the placental barrieras shown by experimental studies using ex-vivo human placentae.

Up to 7% of ingested nanoplastic particles are reported as absorbed into the mammal’s body
viathe digestivesystem. However, there are likely to be othersources, forexample
airborne particles which could enterthe body viathe lungs. There are potential effects of
these particles onthe immune system and the digestive system in mammals but the
presence of these effectsin humansis unknown.

Due to variations between species and particle types thereare inevitablyuncertainties concerning
the effects of these particles. However, Lusher’s central findings are that (1) only particles of less

than 150 um can cross the mammalian digestivetract wall, causing exposuretointernal organs, and
(2) nano particles can penetrate furtherinto the body’s systems.

The challenge of emulating the natural environmentin experiments means the ‘actual’ direct effects

of microplastics remains uncertain.

Indirect effects
Microplasticparticle surfaces are potentially active sites foradsorption of pollutants; the smallerthe

particle size the greaterthe surface area, perunit weight of particle, is availableforthese
interactions. The nature of the surface of the particle is alsoimportant with many characterised as
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being hydrophobicorwaterrepelling, makingthem attractive to persistent organicpollutants.
There are alsolikely to be additives, monomers and other by-products associated with the plastic
particles.

The affinity of persistent organic pollutants, which include polychlorinated biphenyls (PCBs), to the
surface of microplastic particulates, hasled toinvestigations into their potential role in mediating
transferof these pollutants to marine organisms thatingestthem.

Whilstthe transfer of pollutants mediated by microplastic particles has been demonstratedin
experimental studies of lugworms, amphipods, fish and seabirds, the indications are that they are
relatively small compared with the natural route viafeeding. The extent of transferis underpinned
by theoretical considerations; contaminants transfer from particles to organisms orvice versa
dependingonthe extentto which the particles ororganisms are at equilibrium with the
contaminant (GESAMP, 2016).

This was furtherexamined by Koelmans et al, (2016) who found that at equilibrium, whichisthe
expected condition, the fraction of pollutants attached to plastic particles was small compared with
othermediainthe ocean. Pollutantsingested from natural prey would overwhelm that from
microplasticingestion. However a non-equilibrium condition, which is more likely the case for
substances such as releasing agents and additives, can lead to substances leaching off the surface of
the plastic, increasing the potential for uptake by marine organisms.

There is sufficient existinginformation available to estimate the transfer of contaminants from
microplastics to living organisms under different scenarios and hence begin to think aboutarisk
assessment (GESAMP, 2016). Human ingestion of contaminants and additives on microplastic
surfaces from seafoodis potentially of concern. The GESAMP (2015) report highlights bivalve
molluscs and potentially deposit feeders (such as sea cucumbers) as a possible source. Lusheretal,
(2017) alsoidentifies small pelagicspecies (such as sardines) which are eaten whole.

A human exposure assessment by Lusheretal, (2017), based on the consumption of a225 g portion
of mussels, indicated that around 900 plastic particles (representing 7 ug of plasticper meal) would
be ingested. Dataonthe highestreported levels of contaminants and additives on plastic particles
were used. Using thisinformation, an assessment of the levels of transfer of persistent organic
contaminants and additives was made. Estimatesshow thatthe percentage intake of these
contaminants was low, with only one contaminant making up 0.1% and the othersix making up
between 0.0000002% and 0.03% of total dietary intake.

There isongoing work on plastic particles as a source of metals and the GESAMP (2016) and Lusher
et al (2017) reports provide a useful conceptual framework around which these further risks can be
assessed.

The issue of microbial pathogens has also been considered by GESAMP (2016). Microplastics have
been shown to host microbial communities, including potential pathogens, distinct from the
surrounding waterand sediment. This aspect has notbeen widely studied.
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Environmental trends

Thereisclear evidence of large scale increasesin plastic production, with a 400% increase in global
plastic production estimated since 1985 (Van Franekeretal, 2016). However, information onlong
termtrends detailing the impact of plastics on marine organismsis limited. The primarylong-term
data setrelatestostudiesinthe Northeast Atlanticunderthe OSPAR’ agreement.

Monitoring programmes investigating plasticfragments in seabird stomachs (Northern fulmar;
Fulmarus glacialis) provide anindex of long term trends, and have established alevel of plastic
contamination as an indicator of environmental quality (OSPAR 2015). The Northern fulmarwas
usedbecause (1) itonlyfeeds atsea and (2) data on stomach contentsis available since the 1980s
meaning that comparisons can be made overtime. An agreed environmental quality objective of less
than 10% of dead fulmars having 0.1 g of plasticperstomach has beenset, based onlevelsfoundin
relatively unpolluted environments such as the Canadian Arctic.

Trends overthe past two decades have been stable ataround 60% of individual fulmars exceeding
the 0.1 g level of plasticingestion (OSPAR, 2017). While there is some evidence of decreasing trends
infulmarsamples obtained from coastal waters around the Netherlands (Van Franeker etal, 2016),
OSPAR considersthe overall levelsto be stable. This lack of increase in plasticlevelsin fulmars,
despite rising trends in overall plastic productionin recent decades, suggests that waste
management measures could be mitigating marine plasticimpacts.

These resultsare only indirectly related to micro and nanoplastics since particles of this size range

are toosmallto be detected inthe survey. However, since microplastics can be derived from larger
plasticfragments through their breakdown in the marine environment, the trends identified in the
study are relevant.

Consequences for the seafood industry

With such a diverse range of possible compounds, particle shapes and sizes and possibleinteractions
it isdifficultto make generalisations about potential effects. However, the followingissues are likely
to be of mostconsequence:

Ecosystem Health:

The widespread distribution of these particlesin marine ecosystems may affect the physiology of
constituent organisms compromising their fitness and potentially affecting ecosystem functioning
(GESMAP, 2016) as well as biodiversity levels. However, it remains difficult to measure ecological
effects and therefore the fullimpacts are not understood.

Human health:

The mobility of tiny plastic particles across the mammalian gut wall has been demonstrated which
would suggest that the humaningestion of microplastics from seafood is potentially of concern. The
GESAMP reportsidentify bivalve molluscs, and otherspecies eaten whole, as a possible source. Li et
al (2018) indicate that microplasticlevels detected in supermarket bought mussels presentaroute
for human exposure. The research further suggests that their quantification be included as afood

2 OSPAR is the short name for the Convention for the Protection of the Marine Environment of the North-East
Atlantic derived from the predecessor organisations theOsloand Paris Commissions (www.ospar.org)
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safety measure aswell as forenvironmental monitoring purposes. Catarino et al (2018) has found
that humaningestion of microplastics via household dustfalling on food was a larger source of
exposure to microplastics than from mussels both for UK and continental consumers.

Lusheret al, (2017) confirmthat particles of lessthan 150 um are able to cross the digestive tract
wall of mammals, but a full description of how the body deals with these particlesis notavailable.
The ability of nanoparticles to access organs has also been highlighted but their physiological impact
isstill uncertain. As aconsequence nanoplastic particles are of mostinteresttofurtherresearchon
human toxicology.

The role of microplasticsinthe transfer of pollutantsin marine ecosystemsis becoming better
understood although the numerous types of particle and pollutants and their potential impact
remains a challenge. Publichealth considerations mean there are regulations which place limits on
levels of pollutantsin seafood offered for sale; this suggests the effects should be controllable
provided that monitoringand control systems are in place.

The GESAMP report (2015) makesa number of recommendations toimprove understanding of
human healthimplications which include utilising expertise from pharmacology and mammalian
toxicology to better understand the fate and consequences of microplastics and nano-sized particles
in particular.

While uncertainties do remain, this paperindicates that there has been considerable progressin
recentyearsto improve ourunderstanding of the issue and to start to address potential concerns.
However, publicawareness of the problemand a perceptionthatthereisarisk (evenif the evidence
does notsupportsuch a perception) caninfluence consumer behaviourand ultimately seafood sales
(GESAMP, 2015 & 2016).

Li etal (2018) reiterate thatthe human health consequences of consumption of microplasticsin
seafood are uncertainandthat itis difficultto fully assess these consequencesin the absence of
sufficient exposure and toxicological data (EFSA CONTAM Panel, 2016). As this Seafish paper
highlights, while good progress has been made toimprove the knowledge base there are still gaps
remaining.

Publicawareness of the problem and a perception thatthereisarisk (evenif the evidence does not
supportsuch a perception) caninfluence consumer behaviour and ultimately seafood sales. Insome
laboratory studies, measures have been found to reduce microplastics in bivalves (such as
depuration) howeverthese will come at a cost (GESAMP, 2015).

Gap analysis
Many of the research gaps identified in the 2016 paperremain; although researchinrecentyears
has started narrow the gap. From a seafood industry perspectivethere isaneedfor:

1. Ariskassessmentof microplastic particles (particularly microplastic particles of less than 150
um and nano-particles) and their physiological and ecological pathways in fish and shellfish
to assess whetherthere are risks to humans consuming seafood. Seafish is commissioning
researchinthisarea.
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2. Improvedunderstanding of the role of micro plasticsin contaminant transfer; while the
immediate issue relating to the transfer of organicconstituents has been addressed, further
analysisisrequired forotherconstituents such as metals and microbes.

3. Betterinformation onthe ecosystem effects of microplastics and the extentto which
plastics undermine ecosystem productivity and biodiversity. There is awareness that
micro/nanoplastic particles can affect living systems, but developing valid experimental
designstodetermine the overall ecological risks has proved more difficult.

4. Understandingthe fragmentation rates and mechanical processes that give rise toindirect
sources of microplasticand nanoplastic particles.

5. Anassessment of microplastic pollution from the seafood industry’s own activities. This
wouldrequire (1) an assessment of the relativeimportance of lost fishing gear, litter from
vessels or packaging materials used during the production process as sources of microplastic
pollution and (2) the implementation of measures to reduce the effects of those perceived
to be the highestrisk.

6. Influencinghuman attitudesand behaviours post Blue Planet 2to meaningfully reduce the
sources of macroplasticand microplasticlitter.

Further work

Recentresearch reports (including GESAMP 2015, GESAMP 2016, Lusheret al, 2017 and Barbozaet
al, 2018) are importantstepsinthe assessment of the effects of microplasticand nanoplastic
pollution. Thesereports also include recommendations to address marine plastics which should be
referredtoformore information.

OSPAR has a Regional Action plan forthe period 2014-2021 (OSPAR, 2014) designed toreduce litter
inthe Northeast Atlantic. The objectiveis ‘to substantially reduce marinelitterinthe OSPAR
maritime areato levels where properties and quantities do not cause harm to the marine
environment’. The associated actions include quality status indicators (see above) and the Fishing for
Litter scheme which involves fishers collecting marine litter and developing schemes to evolve best
practice in the use of plasticin fishing gearand mitigating theirimpact on the marine environment.
This will contribute to Gap Analysis #5 above.

In Europe, the Marine Strategy Framework Directive (2008/56/EC) sets out ‘Good Environmental
Status’inrelationto marine litterunder Descriptor 10: Properties and quantities of marine litter do
notcause harmto the coastaland marine environment. Thisincludes arequirementforamonitoring
programme for marine litter which includes an assessment of its original use and possible origin. The
Directive alsoidentifiesthe need forindicators relating to the biological impacts of litterand an
assessment of its potential toxicity.

The Joint Programming Initiative Healthyand Productive Seas and Oceans (JP1 Oceans www. pi-
oceans.eu)isacoordinatingand integrating platform, opento all EU Member States and Associated
Countries, which focuses on making betterand more efficient use of national research budgets.
There are several research projects investigating the ecological aspects of microplastics (see
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WWW.jpi-oceans.eu/ecological-aspects-microplastics.) These projects started in January 2016 and are

due to complete in 2019. Preliminary results were presented at the JPI Oceans Conference in Lisbon
in October 2017 and presentations can be found at http://www.jpi-oceans.eu/powerpoint-
presentations-2nd-jpi-oceans-conference. The projects are as follows:

Project BASEMAN: Focused ondefiningthe baselines and standards for microplastics
analysesin European waters’ including the validation and harmonisation of analytical
methods aimed atimproving identification and quantification of microplasticsinthe
environment.

Project WEATHERMIC: Assessing how microplasticweathering changesits transport, fate
and toxicity inthe marine environment. This projectinvestigates the changes that marine
plastics undergo as a result of various environmental weathering processes, like UV
exposure, biofilm growth and physical stress.

Project EPHEMARE: This projectisinvestigating the ecotoxicological effects of microplastics
in marine ecosystems looking at uptake, tissue distribution and final fate and effects of
microplasticsin benthicand pelagicecosystems and their potentialrole as vectors of
persistent contaminants that readily adsorb onto theirsurfaces.

Project PLASTOX: Explores the direct and indirect ecotoxicological impacts of microplastics

on marine organisms’ focused oningestion and food web transfer. The study is also looking
at persistent organic contaminants (POPs), metals and plasticadditive chemicals associated
with microplastics, and theirimpacts on key European marine species and ecosystems.

Information sources
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microplastics (MP) in wild mussels indicate that MP ingestion by humansis minimal
compared to exposure viahousehold fibres fallout during a meal. Environmental Pollution
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https://oap.ospar.org/en/ospar-assessments/intermediate-assessment-2017/pressures-
human-activities/marine-litter/plastic-particles-fulmar-stomachs-north-sea/

e Rochman CA (2018). Microplastics research - from sink to source. Science 360(6384) p28-29
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http://ec.europa.eu/environment/marine/good-environmental-status/descriptor-10/pdf/GESAMP_microplastics%20full%20study.pdf
http://ec.europa.eu/environment/marine/good-environmental-status/descriptor-10/pdf/GESAMP_microplastics%20full%20study.pdf
http://www.gesamp.org/site/assets/files/1275/sources-fate-and-effects-of-microplastics-in-the-marine-environment-part-2-of-a-global-assessment-en.pdf
http://www.gesamp.org/site/assets/files/1275/sources-fate-and-effects-of-microplastics-in-the-marine-environment-part-2-of-a-global-assessment-en.pdf
http://www.fao.org/3/a-i7677e.pdf
http://www.fao.org/3/a-i7677e.pdf
https://www.ospar.org/work-areas/eiha/marine-litter/regional-action-plan
https://www.ospar.org/convention/agreements?q=plastic
https://oap.ospar.org/en/ospar-assessments/intermediate-assessment-2017/pressures-human-activities/marine-litter/plastic-particles-fulmar-stomachs-north-sea/
https://oap.ospar.org/en/ospar-assessments/intermediate-assessment-2017/pressures-human-activities/marine-litter/plastic-particles-fulmar-stomachs-north-sea/
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e VanFranekerJA, KihnS, Bravo Rebolledo EL(2016). Fulmarlitter EcoQO monitoringinthe

Netherlands - Update 2015. Wageningen Marine Research Report C091/16, RWS Centrale
Informatievoorziening BM 16.12 http://edepot.wur.nl/393794

For more information please contact:

William (Bill) Lart

Sustainability and Data Advisor

Seafish | Origin Way, Europarc, Grimsby DN37 9TZ
T: +44 (0) 1472 252 323 | F: (0) 1472 268792
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