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There have been n um erous an thropogenic-driven changes to  o u r p lane t in th e  last half-century. O n e  o f th e  m o st ev iden t changes is th e  
ubiquity  and  abun d an ce  o f litter in th e  m arine env ironm ent. The EU M arine Strategy Fram ew ork Directive (MSFD, 2008/56 /E C ) estab 
lishes a fram ew ork w ithin w hich EU M em ber S tates shall take action  to  achieve o r m aintain  good environm ental s ta tu s  (GES) o f th e ir 
m arine w aters by 2020. GES is based on 11 qualitative descrip to rs as listed in A nnex I o f th e  MSFD. D escriptor 10 (D 10) concerns 
m arine litter. As a follow-up to  th e  related  C om m ission Decision on criteria and  m ethodological standards (2010/477/E U ) in which 56 
indicators for th e  ach ievem ent o f GES are proposed, th e  EC D irectorate-G eneral for th e  Environm ent, on  th e  request o f th e  European 
M arine Directors, established a Technical Subgroup on  M arine Litter (TSG ML) under th e  W orking G roup on GES. The role o f  TSG ML 
is to  su p p o rt M em ber S tates th rough  providing scientific and  technical background for th e  im plem en tation  of MSFD requ irem ents 
w ith regard to  D 10. S tarted  in 2011, TSG ML provides technical recom m endations for th e  im plem en tation  o f th e  MSFD requ irem ents 
for m arine litter. It sum m arizes th e  available inform ation on m onito ring  approaches and  considers how  GES and  environm ental targets 
could  be defined w ith th e  aim  of preventing fu rther in pu ts o f litter to, and  reducing its to ta l a m o u n t in, th e  m arine env ironm ent. It 
also identifies research needs, priorities and  strategies in su p p o rt o f  th e  im plem en tation  o f D 10. The w ork of TSG ML also focuses on 
th e  specification o f m onito ring  m eth o d s th ro u g h  th e  developm en t o f m onito ring  pro toco ls for litter in th e  different m arine co m p a rt
m ents, and  for m icroplastics and  litter in biota. Further consideration  is being given to  m onito ring  strategies in general and  associated 
costs. O th e r priorities include th e  identification o f sources o f m arine litter and  a b e tte r  understand ing  o f th e  harm  caused by m arine litter.

Keywords; Descriptor 10, harm, litter, marine debris, marine litter, Marine Strategy Framework Directive, monitoring, MSFD, research, sources, 
targets.

Introduction
It is w idely recognized th a t pressures and  dem ands o n  m arine 
resources are often  excessive, and th a t action  m ust be taken in 
o rder to m inim ize negative im pacts o n  the  m arine  environm ent 
(Barnes and  Metcalf, 2010). Therefore the European C om m ission 
developed the  M arine Strategy Fram ew ork D irective (MSFD) for 
the  p ro tec tion  and  sustainable use o f  m arine ecosystems. The 
MSFD builds o n  sector-based approaches such as the  C om m on 
Fisheries Policy, N atura  2000, and  the  N itrates Directive. It is the

environm ental pillar o f  the In tegrated  M aritim e Policy for the 
European U nion , w hich aim s a t sustainable grow th o f  m aritim e 
sectors (M arkus et al., 2011). The MSFD establishes a fram ew ork 
w ith in  w hich M em ber States m ust take action  to  achieve o r m ain tain  
Good Environm ental Status (GES) for the m arine  env ironm ent by  
2020. It explicitly refers to the m anagem ent o f  h u m an  activities, rec
ognizing th a t the “environm ental s ta tus” also includes the  effects o f 
h u m an  activities. F rom  m id  2012 to  2016 EU M em ber States have to 
take six p rocedural steps to develop a m arine  strategy for their
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waters: (i) an  initial assessm ent o f  the curren t environm ental status 
(Article 8, 2012), (ii) the d e te rm ina tion  o f  good environm ental 
status (Article 9, 2012), (iii) the  establishm ent o f  a com prehensive 
set o f  environm ental targets and  associated indicators [Article 
10(1), 2012], (iv) the  establishm ent and im plem entation  o fa  m o n 
ito ring  program m e for ongoing assessm ent and regular updating  o f 
targets [Article 11(1), 2014], (v) the  developm ent o fa  program m e o f 
m easures designed to  achieve o r m ain tain  good environm ental 
status [Article 1 3 (1 -3 ), 2015], and (vi) the en try  in to  operation  
o f  the program m e o f  m easures [Article 13(10), 2016],

W ith reference to the initial assessment, EU M em ber States shall de
term ine a set o f  characteristics that define GES o f  their relevant waters, 
taking into account the indicative lists o f  “pressures” and “impacts” ele
ments o f  Annex III o f  the Directive. The characteristics are to be deter
m ined based upo n  the list o f  11 qualitative descriptors in Annex I and 
by reference to Com mission Decision 2010/477/E U  on  “Criteria and 
methodological standards on  good environm ental status o f  m arine 
waters”, which proposes 56 indicators for the 11 descriptors. This ap
proach aims at the use o f  consistent criteria and m ethodologies 
across the European U nion (EU) and at a meaningful harm onization 
between different regions o f  the extent to which GES is being achieved. 
The MSFD recognizes that the conceptualization o f GES is no t a 
one-tim e m atter bu t will continue to evolve and be adaptive, due to 
dynamic factors such as ecosystem changes, new scientific knowledge 
and the developm ent o f  new technological capabilities (Juda, 2010). 
Periodic assessments o f the state o f  the m arine environm ent, m onito r
ing, and the form ulation o f  environm ental targets are perceived as part 
o f  the continuous m anagem ent process. Accordingly, provisions are 
m ade for the m odification o f  adopted m arine strategies and measures.

H u m an  pressures o n  the oceans have increased substantially  in  
recent decades. The expansion o f  coastal and  m arine  activities has 
adversely affected the  m arine  env ironm ent as well as ecosystem 
goods and services. In  add ition , coastal and  m arine  h u m an  activities 
generate considerable quantities o f  waste, w hich has the  po ten tial to 
con tam inate  the  m arine  environm ent. M uch o f  this litter will persist 
in  the  sea for years, decades o r  even centuries. O n  average three- 
quarters o f  all m arine  litter consists o f  plastics th a t are know n to 
be particularly  persistent. The occurrence o f  litter has been  d em o n 
strated worldwide: in  oceanic gyres, o n  shorelines, in  sedim ents and 
in  the  deep sea. Litter is accum ulating in  densely populated  areas and 
rem ote  regions such as the A ntarctic  alike (Barnes et al., 2009).

O f the  11 descriptors listed in  A nnex I o f  the  MSFD for d e te rm in 
ing GES, D escrip tor 10 has been defined as “Properties and  q u an 
tities o f  m arine  litter do  no t cause h arm  to  the  coastal and  m arine 
env ironm en t”.

C om m ission  D ecision 2 0 1 0 /4 7 7 /E U  identifies the  following 
criteria and  associated four indicators for D escrip tor 10.

Criteria 10.1 Characteristics o f litte r in the marine and coastal 
environment

( i) trends in  the  am o u n t o f  litter washed ashore a n d /o r  deposited 
o n  coastlines, including analysis o f  its com position , spatial dis
tr ib u tio n  and, where possible, source (10.1.1)

(ii) trends in  the  am o u n t o f  litter in  the w ater co lum n (including 
floating at the surface) and  deposited o n  the  sea-floor, includ
ing analysis o f  its com position , spatial d istribu tion  and, where 
possible, source (10.1.2)

(iii) trends in  the  am oun t, d istribu tion  and, w here possible, com 
position  o f  m icroparticles (in  particular m icroplastics) (10.1.3)

Criteria 10.2 Impacts o f litte r on marine life

(iv) trends in  the  am o u n t and  com position  o f  litter ingested by 
m arine  anim als (e.g. stom ach analysis) (10.2.1)

As a follow -up to  the  C om m ission D ecision 2010 /477 /E U , the 
European M arine D irectors requested the D irectorate-G eneral 
for the  E nvironm ent (DG ENV) o f  the E uropean C om m ission 
in  2010 to  establish a technical subgroup un d er the W orking 
G roup o n  GES (W G GES) for the  im plem en tation  o f  MSFD 
D escrip tor 10.

Based o n  the defin ition  from  UN EP (Cheshire et al., 2009), the 
group defined m arine  litter as any persistent, m anufactured  o r p ro 
cessed solid m aterial discarded, d isposed o f  o r abandoned  in  the 
m arine  and  coastal environm ent. L itter consists o f  item s th a t have 
been m ade or used by  people and deliberately discarded o r u n in ten 
tionally  lost in to  the  sea o r o n  beaches, including such m aterials 
transported  in to  the m arine  env ironm ent from  land by rivers, d ra in 
ing o r sewage systems, o r w inds.

T he initial m andate  for the  Technical Subgroup o n  M arine Litter 
(TSG ML) was drafted  by  DG ENV, discussed by  W G GES and 
approved by  the EU M arine D irectors for the year 2011. IFREMER 
(France), UBA (G erm any) and  the  Joint Research Centre (JRC) 
chair the  w ork  o f  this group. The g ro u p ’s m andate  con tained  the  fol
lowing w ork  items: (i) identify  and review existing da ta  and ongoing 
data  collection on  m arine  litter; (ii) describe data  needs an d m eth o d s 
for fu tu re  assessm ent o f  m arine  litter; (iii) consider standards for 
recording o f  m arine  litter; (iv) develop proposals for the develop
m en t o f  im pact indicators for each o f  the regions; (v) address how  
to  develop objectives (characteristics o f  GES), environm ental 
targets and  associated indicators in  relation  to m arine  litter; (vi) 
discuss effectiveness o f  m easures leading to  reductions in  m arine 
litter; and (vii) recom m end proposals for fu rther research priorities. 
The w ork  o f  the  group  resulted in  a report published in  the JRC sci
entific and  technical reports series in  2011 : “M arine Litter. Technical 
Recom m endations for the Im plem entation  o f  MSFD Requirem ents” 
(Galgani et al., 2011). The report identifies and  presents 15 op tions 
(the so-called toolbox) for the  m o n ito ring  o f  litter in  the  different 
m arine  com partm ents and  the  biological im pact o f  the ingested 
litter o r m icrolitter. It fu rtherm ore  contains considerations about 
sources, GES, objectives, environm ental targets and research 
needs, as well as a roadm ap  for fu rther tasks in  2012 and  2013. 
This roadm ap, including a detailed w ork  program m e, was agreed 
u p o n  by EU M arine D irectors in  o rder to  fu rther su p p o rt the im ple
m en ta tio n  o f  m o n ito ring  program m es u n d er the  MSFD. It includes 
the  developm ent o f  m o n ito ring  protocols and  add itional recom 
m endations o n  (i) general m o n ito ring  strategies and  associated 
costs, (ii) sources, and (iii) the  understand ing  o f  harm . (See h t tp : / /  
publications.jrc.ec.europa.eu/repository/handle/111111111/22826).

D espite previously existing actions against litter (Port Reception 
Facilities, Fishing for Litter; In terna tiona l Coastal Cleanups, 
No-Special-Fee; A dopt-a-B each; Blue Flag, etc.), cu rren t knowledge 
o f  the quantities o f  litter in  E uropean seas, the  degradation  and  fate 
o f  litter in  the  m arine  env ironm ent and  its potentially  harm ful b io 
logical, physical and chem ical im pacts on  m arine  life and habitats is 
insufficient. M ethods o f  m o n ito ring  m arine  litter, and o u r u n d e r
standing o f  the  sociological factors that u n d erp in  behavioural 
change in  relation to littering, are also inadequate. Hence, evalu
a tion  and regulation  o f  the  sources o f  m arine  litter alone will no t 
be sufficient to  achieve G ood Environm ental Status.
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Marine litter
W hat started  as an  aesthetic problem , is now  giving concern  about 
the  various potentially  harm ful im plications o f  m arine  litter on  
the  m arine  environm ent.

The m ajority  o f  reported  litter-related incidents o f  individual 
m arine  organism s are related to  plastic item s. In  term s o f  plastic 
litter-type o r use, in  year 2012, rope  and netting  accounted  for 
57% o f  encounters, followed by fragm ents (11% ), packaging 
(10% ), o th er fishing-related litter (8% ) and  m icroplastics (6% ) 
(CBD, 2012). Encounters w ith m arine litter were reported  for 663 
species (CBD, 2012). Over ha lf o f  the  reported  species (abou t 370) 
were associated w ith en tanglem ent in  and  ingestion o f  m arine 
debris, representing an  increase o f  m ore th an  40%  since the last 
review in  1997, w hen 247 species were reported  affected by  those 
two im pact categories (Laist, 1997).

The entanglem ent o f  species in  m arine  litter, often as a result o f 
their n o rm al behavioural patterns, has frequently  been described as 
a serious m orta lity  factor leading to po ten tial losses in  biodiversity. 
A m ong the  m ost problem atic m arine litter is derelict o r  discarded 
fishing gear (nets, traps and  po ts), w hich m ay continue  to  “fish” 
for years, a process th a t has been  term ed  “ghost” fishing. It is esti
m ated th a t 10% o f  all litter entering  the oceans annually  consists 
o f  so-called ghost nets (M acfadyen et al., 2009). However, it is 
assum ed th a t large num bers o f  losses rem ain  un rep o rted  (UNEP,
2009). E ntanglem ent in  m arine debris has been  reported  for p in n i
ped species, cetaceans, all seven species o f  m arine turtles, and m ore 
th an  56 species o f  m arine and  coastal b irds (Katsanevakis et al., 
2007). The decline o f  deep-w ater sharks in  the  N o rth  A tlantic has 
been linked to  ghost fishing in  the  region (Large et al., 2009).

At least 43% o f  existing cetacean species, all species o f  m arine 
turtles, approxim ately 44% o f  the w orld’s seabird species, and m any 
species o f  fish have been reported  to  ingest m arine litter, either 
because o f  m isidentification o f  debris items as natural prey or acciden
tally during feeding and norm al behaviour (Katsanevakis, 2008; 
Gregory, 2009; CBD, 2012). M ore recently, commercially im portan t 
invertebrates have been found  to  have ingested plastics (M urray and 
Cowie, 2011). For som e species, a considerable p roportion  o f  the 
population  is affected by interactions w ith litter that affects their 
body condition, ability to forage and reproduce, and m ay ultim ately 
lead to  m ortality  (van Franeker et al., 2011).

An em erging area o f  concern  is the accum ulation  o f  m icroplastic 
fragm ents in  the w ater co lum n and in  sedim ents (T hom pson  et al., 
2004). Pieces o f  com m on  polym ers (including polyester, nylon, 
polyethylene and polypropylene) o f  less th an  20 |xm have been 
recorded in  the  m arine  env ironm ent w orldw ide (Barnes et al.,
2009). Plastics are biologically inert. They degrade to  tiny  particles 
th a t p robably  stay in  the m arine  env ironm ent for long periods. 
Because o f  their size they  are available to  a wide range o f  organism s 
including deposit feeders, filter feeders and  scavengers (T hom pson  
et al., 2004). If  ingested, plastics release chem icals (such as nonyl- 
phenols, po lybrom inated  d iphenyl ethers, phthalates o r bisphenol 
A) b u t also sorb  hydrophobic  pollu tants (including PCBs and 
D D T). These m ay be transferred to  organism s and  there  is 
concern  abou t subsequent adverse effects (M ato et al., 2001; 
Teuten et al., 2009). Ingestion o f  m icroplastic m aterial, therefore, 
presents a ro u te  by  w hich chem icals could  pass from  plastics in to  
the  food chain. M ore research is needed to establish the full 
environm ental relevance and  po ten tial im pact o f  these m icroparti
cles, notably  o n  d istribu tion , transport, degradation /w eathering  
processes and  so rp tion /re lease  m echanism s.

In  its ecological sense, the  “level o f  litter th a t causes effects o n  the 
env ironm en t” depends o n  the type and  qu an tity  o f  litter being m ea
sured  and the  environm ental o r ecosystem com ponents being 
affected. In  contrast, the  effect o f  m icroplastic particles resulting 
from  e.g. the degradation  o f  fishing nets, will rem ain  for decades 
o r centuries in  the sea, and  m ay affect a range o f  species th rough  
m echanical and  chem ical consequences o f  ingestion.

O ther know n im pacts o f  m arine  litter include alteration, dam age 
and  degradation  o fb en th ic  habitats (Katsanevakis et al., 2007) such 
as coral reef and  soft sedim ent abrasion from  derelict fishing gear o r 
sm othering  from  m acro- and m icroplastics o n  sandy sedim ents in 
the  in tertidal zones (Katsanevakis et al., 2007). Litter can d isrup t 
the  assemblages o f  organism s living o n  or in  the sedim ent. 
M icroplastics and  litter fragm ents on  beaches have been  reported  
to  alter the porosity  o f  the  sedim ent and  its heat transfer capacity. 
Furtherm ore, m arine litter item s can assist invasions o f  alien 
species, including o f  algae associated w ith red tides (Barnes, 2002; 
Barnes and M ilner, 2005).

F rom  a socio-econom ic perspective, h arm  can [0] include the 
cost o f  degradation  o f  ecosystem goods and services. Social harm  
includes the reduction  in  recreational, aesthetic o r educational 
values o f  an  area such as beaches, as well as risks to h u m an  health 
such as the th rea t o f  floating objects to  navigation. Econom ic 
h arm  includes significant im pact b y  direct costs and  loss o f 
incom e due to  m arine  litter and affects a range o f  m aritim e 
sectors (including aquaculture, agriculture, fisheries, shipping and 
leisure boating), pow er generation and industria l use, local a u th o r
ities and  tourism . Levels o f  econom ic “h arm ” m ay ru n  in to  m illions 
o f  euro  annually  even at subregional scales (M ouat et al., 2010).

M arine litter is also a serious offence to  the  visual and  aesthetic 
sensitivities o f  tourists and local visitors to  beaches. Furtherm ore, 
sanitary, sewage-related and  m edical waste m ay  cause injuries 
a n d /o r  be  a risk to h u m an  health  (Ivar do  Sul and  Costa, 2007). 
W here livelihood and health  o f  local coastal com m unities are 
affected, environm ental issues caused by  m arine  debris can have 
w ider social im pacts (T inch et al., 2012). In  relation  to  MSFD 
D escrip tor 10 and w hat constitu tes h arm  in  a socio-econom ic 
sense, this has yet to be  defined for m arine litter.

There is no  consolidated com m on  understand ing  o f  w hat exactly 
constitu tes “h arm ” from  m arine  litter o r how  it can be assessed w ith 
respect to  the  im plem en tation  o f  the  MSFD. Research m u st consider 
and  assess the available evidence base and  a ttem p t to develop a co n 
sensus o n  how  to  approach  the  issue. Research efforts to  develop 
robust approaches for assessing h arm  will have to  be identified 
and  facilitated, where possible, and the  ou tp u ts  considered by  the 
TSG ML. There are som e po ten tial environm ental im pacts arising 
from  m arine litter th a t are n o t curren tly  being considered enough 
due to  a lack o f  m o n ito ring  o r uncertain ty  over how  best to approach 
the  issue, e.g. how  to  assess levels o f  entanglem ent o r ingestion o f 
litter by  species such as fish. Identification  o f  po ten tial gaps in  ou r 
understand ing  and  developm ent o f  proposals for p ilo t m on ito ring  
schemes to  address such gaps in  a coord inated  m anner is crucial 
before advice can be given o n  w hether robust m o n ito ring  tools 
and  protocols can be realistically and  cost-effectively im plem ented.

As litter can originate from  num erous sources, m easures to 
reduce po llu tion  from  litter need to target these different sources. 
Identifying the  source o f  m any  litter item s is a com plex task as 
m arine litter enters the ocean from  b o th  land- and  sea-based 
p o in t and  diffuse sources and can travel long distances before 
being deposited  o n to  shorelines o r settling on  the  b o tto m  o f  the
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ocean, sea o r bay. Litter from  land-based activities and  resulting 
from  p o o r waste m anagem ent enters the  m arine env ironm ent via 
drainage o r sewage systems, drains, rivers, w inds, road  run-offs 
and  storm -w ater outflows. Land-based sources include tou rism  
and  recreational uses o f  the coast, general public, fly tipping, local 
businesses, industry, harbours and unpro tec ted  waste disposal 
sites. Sea-based sources o f  m arine  litter include m erchan t shipping, 
ferries and  cruise liners, com m ercial and  recreational fishing vessels, 
m ilitary  fleets and  research vessels, pleasure craft, offshore installa
tions such as oil and gas platform s, drilling rigs and  aquaculture 
sites. Factors such as ocean cu rren t patterns, w inds and  tides, and 
the p rox im ity  to  u rb an  centres, industria l and  recreational areas, 
shipping lanes, and fishing grounds also influence the types, 
na tu re  and  am o u n t o f  litter th a t is found  in  the open  sea o r collected 
along beaches, waterways o r underw ater.

Sources o f  m arine litter can be characterized in  several ways. One 
com m on  m eth o d  is to classify sources as either land-based o r sea- 
based, depending  o n  how  the litter enters m arine waters. These 
broad  categories can be fu rther broken  dow n in to  sources such as 
recreational litter, sh ipping litter and fishing litter. Som e item s 
can be a ttribu ted  w ith a high level o f  confidence to  certain  sources 
such as som e fishing item s, sewage-related debris (SRD) and  som e 
tourist-re lated  litter. Such so-called use categories provide valuable 
in form ation  for setting targets and  reduction  m easures, as they  can 
easily be linked to m easures. W hilst the p ro d u c tio n  o r the geograph
ical source o f  litter can also be identified, this in fo rm ation  is o f  less 
use for im plem enting  effective m easures and  targets th an  use cat
egories given the increasing globalization o f  m arkets. In fo rm ation  
on  the  sources o f  the  litter can be ob tained  from  m onito ring  
beaches, the  sea surface o r sea floor, and a com m on  approach  to cat
egorizing litter in  the  different m arine com partm ents is needed.

For the M editerranean Sea, PN U E /P A M /M E D P O L  (2009) 
reported  th a t m ost o f  the  m arine litter comes from  land-based 
ra ther th an  sea-based sources (e.g. ships). L itter enters the sea 
m ainly  from  the  shoreline and  results from  recreational activities. 
It is com posed m ainly o f  plastics, a lum inium  and glass. Recordings 
o f  floating litter confirm ed the overw helm ing presence o f  plastics 
in  the  M editerranean Sea. Plastic accounts for ab o u t 83% o f  the 
observed m arine  litter item s. In  som e tou ris t areas m ore th an  75% 
o f  the  annual waste p ro d u c tio n  is generated in  the  sum m er 
season. The situation  in  the N orth  Sea is different. The large diversity 
o f  item s found  on  the coasts o f  the N o rth  Sea and the  com position  o f 
the litter recorded du ring  the  OSPAR Beach L itter m o n ito ring  p ro 
gram m e indicate that in  the N orth-E ast A tlantic, m aritim e activities 
in  the fo rm  o f  shipping, fishing and  offshore installations are the 
p red o m in an t sources together w ith coastal recreational and 
tourism  activities (Fleet et al., 2009; OSPAR, 2009). A considerable 
p ro p o rtio n  o f  litter enters the  N o rth  Sea th rough  tran sp o rt by  w ind, 
currents and rivers and  via the  English C hannel. Plastics account for 
a ro u n d  75% o f  litter item s found  in  the  N o rth  East A tlantic Sea.

The EC has com m issioned p ilo t projects in  the four regional seas 
(OSPAR, HELCOM , M EDPOL and Black Sea regions) to identify 
loopholes in  the  plastic cycle. The project results will provide 
in p u t for a fu rther analysis o f  sources and fate in  the  TSG Litter 
(see the final reports by  ARCADIS, BIPRO and  RPA a t h t tp : / /  
ec.europa.eu  /  env ironm en t /  m arine  /  good-environm enta l-s ta tus /  
d e sc rip to r-1 0 /in d ex _ en .h tm ).

U pcom ing w ork  will lead to  a m ore  precise understand ing  o f 
waste pathways depending  on  the  type o f  litter. M apping the 
sources and  their quantities rem ains a necessary step in  o rder to 
p lan  effective m easures. The reduction  o f  litter in pu ts at sources

(dom estic, industrial, tourism , rivers, shipping, fishing and  aqua
culture activities) in  national m arine  strategies will con tribu te  to  
reaching GES for m arine  litter at a regional level. A lthough n o t all 
pathways o f  litter to  the sea have yet been  identified, it seems 
likely th a t som e sources o f  litter will lie outside  national ju risd ic tion  
and  th a t the national GES canno t be achieved solely th rough  n a tio n 
al measures.

Monitoring
In  o rder to  have in fo rm ation  o n  the  geographic origins o f  coastal 
waste and thus to have a basis for the  im plem en tation  o f  actions 
aim ed at reducing litter po llu tion , it is necessary to  m ake regular 
litter surveys and  analyse the  results in  relation to  local w eather con
d itions and geom orphology o f  coasts. The existing different, bu t 
com patible, m ethods for m o n ito ring  need to be adapted  and  h a r
m onized to  take account o f  regional differences, e.g. in  the type o f 
coastline o r prevailing curren ts in  offshore areas.

M ethodologies for source assessm ent are m ostly  based on  the 
identification and  reporting  o f  collected/observed m arine  litter. 
D ue to the difference in  the  m o n ito ring  approaches, the possibilities 
for identifying the n a tu re  (category) o fob jects vary betw een the  d if
ferent environm ental com partm ents. TSG M L recom m ended  that 
the  categories for reporting  should  be com patible betw een different 
survey types (beaches, sea surface, sea floor) so th a t outcom es are 
com parable. R eporting  o f  m arine  litter for source a ttrib u tio n  
needs still fu rther developm ent as the efficiency o f  m easures target
ing specific litter sources requires the d istinction  o f  the  n a tu re /c a t
egories o f  litter in  the different environm ental com partm ents.

T he 2011 TSG ML rep o rt and  o th er forum s in  the  context o f  
MSFD im plem en tation  provide guidelines for existing approaches. 
These are sum m arized  in  Table 1 (after Galgani et al., 2010; Galgani 
et a í ,  2011).

L itter will persist in  the  sea for years, decades and  centuries. 
Therefore, the  assessm ent o f  sources alone will no t be enough, 
and  long-term  m o nito ring  in  the  m arine  env ironm ent will be 
required  to  understand  trends. W hen  p lann ing  m on ito ring  
schemes, consideration  should  be given to  adequate spatial and tem 
poral scales. Beach-litter surveys, sea-floor m o n ito ring  o n  co n tinen 
tal shelves and  socio-econom ic studies can be readily applied a t a 
European scale, b u t p rio rity  should  be given to  the m o n ito ring  o f 
m arine  areas th a t are m ost affected by  litter. M ethodological p ro to 
cols in  E urope are curren tly  available for the  assessment o f  certain  
types and occurrences o f  litter o n  coastlines (OSPAR, 2009). 
These standards should  be adjusted to  MSFD needs and  harm onized 
for an  extension to o th er regions. P ilot projects have also indicated 
th a t litter o n  the sea floor could  be  m easured alongside rou tine  b io 
logical traw ling surveys (e.g. In terna tional B ottom  Trawl Surveys in 
the  OSPAR area, M editerranean In ternational Trawl surveys in  the 
M EDPOL area) and could  include an  evaluation o f  sources. 
Larger parts o f  floating litter can be quantified  by  aerial observation 
and  image recognition  systems, whereas floating m icro litter can be 
m o n ito red  by  using tow nets o r filtered water samples. In  the  fram e
w ork  o f  the OSPAR C onvention, am oun ts o f  plastics in  Fulm ar s to 
m achs are used to  assess tem poral trends, local differences and 
com pliance w ith a set target for acceptable pressure in  the  N orth  
Sea (van Franeker et al., 2011). Such m o n ito ring  could  be extended 
to  o th er m arine  Regions using region-specific ind icator species, 
such as turtles for the  M editerranean Sea. Further w ork o f  TSG 
M L to  su p p o rt the  m o n ito ring  o f  m arine  litter will have to  focus 
o n  (i) developing co m m o n  m o n ito ring  protocols, including 
advice o n  the  strategies w hich could  be adop ted  to  ensure
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Table 1. Summary of approaches for assessing CES with regards to  marine U tter (after Galgani et al., 2010 and 2011).

Compartment Approaches Positive aspects Poorly covered and negative aspects
Coastline

Sea surface

Sea surface and 
water column 

Sea surface

Sea floor shallow

Sea floor, deep sea 
litter 

Sea floor, deep sea 
litter

Entanglement rates of 
marine organisms 

OSPAR Fulmar Plastic 
Ecological Quality 
Objective (EcoQO) 

Ingestion by other 
marine organisms 

Microplastic on 
shorelines

Microplastic at 
sea surface

Socio-economic

Counts of the amount of litter items 
on known stretches of coast.

Ship observers.

Trawling and water filtration.

Aerial counts of the number of litter 
items floating on the sea surface 
along transects.

Visual survey with divers.

Trawling.

Submersibles and remote operated 
vehicles.

Entanglement rates in birds found on 
the coastline.

Mass of plastic in stomachs of beached 
seabirds (Fulmars).

Abundance of plastic by mass.

Extraction of fragments from sediment 
samples and subsequent 
identification using FTJR 
spectroscopy.

Allows for assessment of composition, 
amounts, sources, trends, social 
harm (aesthetic, economic).

Precise evaluation at local scale.

Precise evaluation at local scale, 
consider smaller debris.

Assessment of densities of litter on 
water surface over large areas 
possible; correlation with shipping 
or fisheries activities.

All substrate types, replicability,
feasible to  account for detectability.

Replicability, possible standardization.

All sites accessible.

Can be carried out as part of existing 
surveys.

Operational and tested in North sea. 
Applicable everywhere in most of 
OSPAR area.

Potentially similar to Fulmar EcoQO 
approach.

Positive identification of specific 
polymers.

Manta trawl (330 pm ) and subsequent Positive identification of specific 
identification using FTJR polymers,
spectroscopy.

Assessment of direct costs through Provides indication of economic
survey-based methods. burden on marine and coastal

sectors.

Very small items and microparticles in 
sediments are not quantified. Not all 
coasts are accessible or appropriate.

Depending on weather. Not at large 
scale, small debris not considered, 
strong temporal variation.

Costs, strong temporal variation.

Smaller items not covered. Only 
counts of items from TetraPak size 
upwards are possible.

Depth limitation (< 4 0  m).

Only where trawling is possible.

Only small areas, costs.

Standard protocol would need to be 
developed and implemented.

Focuses on surface litter in offshore 
habitats; not yet operational in all 
EU regions: need further developing.

Need to be developed and tested.

Analysis is time-consuming and is 
unlikely to detect all of the 
microparticles. This is especially true 
for very small fragments 
(<100 pm).

Analysis is time-consuming and is 
unable to detect all of the 
microparticles.

Does not capture full impact of
degradation of ecosystem goods and 
services due to marine litter.

com parability  o f  m o n ito ring  program s; (ii) facilitating the  im ple
m en ta tio n  o f  fit for purpose  m o n ito ring  program m es, advising on  
po ten tial com m on  m o nito ring  tools, identifying opportun ities to 
im prove com parability, ensuring  appropria te  quality  assurance 
and  contro l o f  data  is in  place etc.; (iii) evaluating new  m onito ring  
tools, considering  prom ising  m o n ito ring  tools as they are being 
developed, providing advice on  their suitability  for m eeting  EU 
M em ber States’ m o n ito ring  and  assessm ent needs; (iv) estim ating 
the  costs for the im plem en tation  o f  the m o n ito ring  tools in  order 
th a t EU M em ber States can m ake in form ed choices abou t ap p ro p ri
ate m o n ito ring  tools; and  ( v) developing standardized  litter categor
ies, w orking closely w ith the Regional Seas C onventions to align the 
categories o f  m arine  litter currently  reported  in  o rder to  im prove 
com parability  across M em ber States.

The evaluation o f  waste flows betw een the  different co m p art
m ents o f  the m arine env ironm ent is a necessary step and goal for 
understand ing  the  m echanism s o f  transport, fluxes and  potential 
im pacts. Figure 1 shows a d iagram  o f  the fate o f  litter, sum m arizing  
the  re lationship betw een different habitats, the different biological 
entities, and m ajor interactions. Fluxes will still have to be evaluated 
in  term s o f  quantities and n a tu re  /  com position  o f  litter for each type 
o f  debris.

Finally, understand ing  the transport m echanism s will help to 
clarify transform ation  and provide a be tte r descrip tion  o f  the

Birds M aritim e activities

Figure 1. A schematic cycle of litter a t sea.

spatial d istribu tion  o f  m arine  litter. The accum ulation  o f  litter on  
the  seabed, the  rate o f  its degradation  at sea, the kinetics o f  chemicals 
so rp tio n /d eso rp tio n , and  the  rate o f  litter being  ingested by  the  d if
ferent m arine organism s are all poorly  understood  m echanism s.
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IMPACTS OF MARINE LITTF.R

Im pact on  hea lth  

im pact on  tourism

Im pact on  fishing 

M aritime secu rity  

T ra n sp o rt o f alien sp e c ie s

O cclusion  

R e le a se  o f chem icals 

E n tan g lem en t

M echan ica l effec ts 

Toxicologicat effec ts 

R e le a s e  of chem icals 

T ra n sp o rt o f alien sp e c ie s

Figure 2. Major impacts of marine litter and related MSFD indicators. 
O ther impacts such as entanglem ent in pelagic species, transport of 
alien species to  beaches etc. could be im portant in specific cases.

The gaps in  knowledge are a constrain t in  identifying targeted and 
effective m easures to  reduce litter pollu tion .

The abundance o f  litter at sea can be estim ated either by  direct 
observations o f  large debris item s (e.g. subm ersible rem ote  observa
tio n  vehicles (ROVs) for m o n ito ring  litter on  the seabed, o r ship- 
based and  aerial observations for debris floating at the  sea surface) 
or by  large-scale im agery application  (H anke and Piha, 2011) and 
net trawls (for sm aller item s). N et-based evaluation surveys are 
the m ost w idespread and  adequate m ethods to  date (G oldberg 
1994; Galgani and  Andral, 1998).

General protocols for investigating debris o n  the  seabed are 
sim ilar to the  m ethodology for m o n ito ring  the ben th ic  species. 
M ore em phasis should  be given to  the n u m b er and  the n a tu re /c a t
egory (e.g. bags, bottles, pieces o f  plastics) o f  litter item s ra ther th an  
their mass. The in te rp reta tio n  o f  trends is difficult because the fate o f 
plastics at dep th  is n o t well researched, and  the  accum ulation  o f  plas
tics o n  the  seabed had  begun long before specific scientific investiga
tions started in  the  1990s. O f the areas investigated to date along the 
European coasts (Galgani et al., 2000), M editerranean sites tend  to 
show  the  greatest densities o f  litter accum ulation . Debris, m ainly 
plastic, th a t reaches the seabed m ay have been transported  a consid
erable distance from  its source, on ly  sinking to  the  g round  w hen 
weighed dow n by fouling. The consequence is an  accum ulation  o f 
plastic debris in  bays and  canyons ra ther th an  in  the  open  sea 
(Galgani et al., 1996; Katsanevakis et al., 2007). However, due to 
large-scale residual ocean circulation  patterns, som e accum ulation  
zones in  the  A tlantic Ocean and  the M editerranean Sea have very 
high debris densities despite being far from  coasts (Galgani and 
Lecornu, 2004).

W e know  little abou t the  trends in  accum ulation  o f  debris at sea, 
b u t available da ta  indicate considerable variability. A bundances 
slightly decreased in  the  G ulf o f  Lion (France) du ring  a 15-year 
period  (1994-2009). However, in  som e areas a ro u n d  Greece the 
abundance o f  debris a t dep th  has increased over a period  o f  8 
years (K outsodendris et al., 2008). Debris is progressively fragm en
ted  in  the  m arine  env ironm ent (T hom pson  et al., 2004) to  m icro 
particles ( < 5 m m ,  A rth u r et al., 2009). There is considerable 
concern  abou t the accum ulation  o f  m icroscopic pieces o f  plastic 
(“m icroplastic”) due to  their high prevalence at sea and  the slow 
rate o f  their chem ical and  biological degradation. This includes

also the  spillage o f  p re-p ro d u c tio n  (resin pellets) plastics (Ryan 
et al., 2009), granules e.g. from  cosm etic p roducts, and fibres from  
washing m achines. Those granules and fibres m ay originate from  
discharges o f  sewage trea tm en t plants (Liebezeit and  D ubaish, 
2012). The prevalence o f  sm all pieces and  granules ( < 5  m m  in 
diam eter) varies considerably betw een areas. At m ost locations 
cu rren t quantities appear to be relatively low. However, plastic 
m icroparticles have been reported  in  quantities exceeding 100 000 
item s k m -2  (T hom pson  et a í ,  2009) in  the N o rth  Sea. Sim ilar q u an 
tities o f  debris have been  reported  in  the  northw est M editerranean 
Sea (C ollignon et a í ,  2012) where 115 000 item s k m -2  were calcu
lated, giving an  extrapolated to ta l o f  250 b illion item s in  the  w hole 
basin.

In  a nu m b er o f  reports, the Ecological Q uality  Objective 
(EcoQO ) for litter in  fulm ar stom achs in  the OSPAR fram ew ork 
proved able to provide valuable in fo rm ation  o n  the  tem poral 
changes in, and  the  spatial d istribu tion  of, the  abundance o f 
m arine  litter, o n  the  differences betw een trends in  industria l and 
user plastics, and on  the  sources o f  m arine  litter (van Franeker 
et al., 2011). The EcoQ O curren tly  applies to  the N o rth  Sea, bu t 
can be adap ted  to  apply  in  m ost areas o f  the  N ortheast Atlantic. 
P ilot studies for b io m o n ito rin g  o f  litter should  also consider o ther 
species, especially m arine  turtles that are regularly s tranded in  the 
M editerranean region and  w hich often  con tain  fatal quantities o f  
ingested litter. M onito ring  does exist in  som e M editerranean c o u n 
tries and  could provide a fram ew ork for the  evaluation o f  litter in 
gestion, following harm on iza tion  o f  m o n ito ring  m ethodologies. 
Fish, Zooplankton species, shellfish and  seals m ay be considered in 
the  fu ture  as generally applicable target species for m ost European 
seas o r as target species for one or m ore  o f  the (sub) regions listed 
in  the  MSFD.

Determination of good environmental status
O ne o f  the  key challenges for EU M em ber States in  im plem enting  
the  MSFD is to  determ ine “good environm ental sta tus”. W hilst 
the  term  is defined in  the  D irective (Article 3(5) M SFD), GES will 
have different m eanings in  the  EU m arine  regions o r  subregions, 
and  is therefore open  to  in te rp reta tion  (Barnes and Metcalf,
2010). The MSFD requires a holistic assessment o f  the im pacts o f  a n 
th ropogenic  pressures o n  the  com ponents o f  the m arine  ecosystem. 
For m arine  litter, m ore  th an  one ind icator will be required  to assess 
GES in  relation  to  the different com partm ents o f  the  m arine  envir
o n m en t and the d ifferent aspects o f  litter po llu tion . M etrics are no t 
yet available for evaluating m ost o f  the biological im pacts th a t litter 
m ay have (Figure 2). In  their absence, the thresholds m aybe replaced 
by trends in  pressure-related indicators, such as the a m o u n t o f  litter 
o n  the sea floor o r o n  beaches, to  provide proxies for evaluating p ro 
gress tow ards GES.

As stated above, “h arm ” caused by m arine litter can be divided 
in to  three  general categories: (i) social harm , i.e. loss in  aesthetic 
value and  public health; (ii) econom ic harm , such as the cost to  
tourism , dam age to  vessels (net and  ropes in  propellers) and 
fishing gear and  facilities and cleaning costs; and (iii) ecological 
h arm  e.g. m orta lity  of, o r sublethal effects on, anim als th ro u g h  en
tanglem ent by  e.g. ghost nets, derelict traps, po ts o r o th er fishing 
gear, o r h arm  resulting from  ingestion o f  litter, including the 
uptake o f  m icroparticles (m ainly m icroplastics).

B uilding u p o n  the M SFD -definition o f  GES for D escrip tor 10 
quo ted  above, GES could be regarded as achieved w hen litter and 
its degradation  p roducts present in  and entering  EU m arine 
waters (i) do n o t cause h arm  to  m arine  life and  habitats; (ii) do

LITTER ON BEACHES 
10. 1.1

LITTER AT SEA 
10 . 1.2

INGESTED LITTER
10 .2.1

MICROPARTICLES 
( & NANOPARTICLES) 

10.1.3
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n o t pose direct o r ind irect risks to h u m an  health, and (iii) do  no t 
lead to  negative socio-econom ic im pacts.

At a national level, EU M em ber States m ay consider additional p ri
orities in  the evaluation o f  GES. W ith the exception o f  Descriptor 9 on  
the contam ination  o f  seafood, Descriptor 10 is particularly related to 
h u m an  health (such as the risk for beach visitors and  sw im m ers to  be 
cut o n  sharp litter items, and for divers to  get entangled w ith litter 
item s) and to  socioeconom ic interests (such as costs for cleaning o f  
beaches and fishing nets, o r risks o f  entanglem ent o f  ship propellers). 
The use o f  trend  indicators as listed in  the C om m ission Decision 
(10.1.1; 10.1.2; 10.1.3), aim ed to  observe and assess trends in  litter oc
currence in  the different m arine com partm ents, will help to  predict 
b o th  health and socio-econom ic consequences.

It is n o t generally feasible for assessments to  provide in fo rm ation  
o n  the  extent o f  h arm  at the  population , co m m unity  o r  ecosystem 
level and it is actually unlikely that we can develop an  assessment 
procedure  th a t can show  effects at a p opu lation  o r ecosystem level. 
It is thus essential to  consider h arm  at the  level o f  the  indiv idual o r
ganism . Estim ates o f  the  n u m b er o f  individuals affected are likely to 
offer the m ost feasible and representative conclusions abou t b io 
logical im pacts. Following the exam ple o f  the  OSPAR EcoQ for 
plastic litter item s in  fu lm ar stom achs in  the  N o rth  Sea region, ad d 
itional ind icator species m ust be found  for the  o th er EU m arine 
regions (such as sea turtles for the M editerranean Sea), and  ad d 
itional indicators o n  ecological im pacts o f  litter (e.g. o n  entangle
m ents) m ay be requ ired  by reference to  C om m ission Decision 
2010 /477 /E U . W hile litter has the  po ten tial to  aid  the transport 
and  in tro d u c tio n  o f  n o n -indígeno us species, this im pact is n o t sug
gested for assessm ent by  a specific ind icator un d er C om m ission 
Decision 2010/477/E U .

Defining targets
Reaching GES m ay be understood  as a con tinuous reduction  o f 
inpu ts w ith  the  aim  o f  reducing the  to ta l a m o u n t o f  m arine  litter 
by  2020 to  a level th a t does n o t cause h arm  to  the  coastal and 
m arine  environm ent. Activities to  rem ove litter that has already 
entered  the m arine  env ironm ent will assist in  reaching this goal, 
b u t som e im p o rtan t po in ts have to  be considered.

O ne o f  the difficulties in  target setting for som e m arine  regions is 
the  lack o f  data  for developing a baseline. In  o rder to  achieve this, a 
classification according to  the po ten tial h arm  to  different species 
and  habita ts for different litter categories based o n  m aterials (such 
as plastics, glass, m etal, etc.) and  use (e.g. nylon nets, plastics from  
households and industry, sanitary  item s) needs to  be carried  out. 
So-called use-categories provide the  m ost valuable in fo rm ation  
for setting targets and  reduction  measures.

A ny assessm ent o f  m arine litter should  consider sho rt-te rm  var
iations caused by m eteorological a n d /o r  hydrodynam ic events and 
seasonal fluctuations, w hich could  influence o u r ability to  detect 
underlying trends. Given the variability o f  litter data, w hich is in flu 
enced greatly by  season, w eather conditions and  w ater currents, a 
five-year ru n n in g  m ean  is considered appropria te  for providing a 
baseline in  term s o f  an  average level o f  pollu tion . However, the  re
d u c tio n  in  litter inpu ts m ay n o t lead to  a m easurable reduction  o f 
to ta l litter levels in  the m arine  env ironm ent in  the short term . 
This is due  to  the persistence o f  som e m aterials the  tim e-scales 
and  the  long degradation  tim e o f  m any  litter categories (plastics, 
m etal, glass and  rubber). Tim e-scales o f  observations should  there
fore be adap ted  to  ensure m ultiannual frequency o f  surveying.

Finally, the  aggregation o f  data  for the  evaluation a t subregional 
o r  even regional scale will be different for the  various param eters

being considered. For exam ple beached litter surveys can be 
applied to  the European spatial scale while deep-sea floor m o n ito r
ing, restricted to  a few areas, is m ore relevant at sm aller scales and 
over longer periods.

Even though  it is reasonable to  say that plastics, as a m ajor pa rt o f 
the  prob lem  o f  m arine litter, are com pletely unnatura l, it w ould n o t 
be reasonable to argue th a t the  u ltim ate  goal o f  the  MSFD should  be 
0%  o f  plastic in  the m arine  environm ent. Targets for the different 
com partm ents o f  the  m arine env ironm ent need to  be set by  EU 
M em ber States o n  the  basis o f  their national initial assessments 
according to  Article 8 MSFD and  depending o n  the  initial level o f 
po llu tion  w ith in  the  area considered. An appropria te  target for 
clean areas w ould  be the m ain tenance o f  this status and for areas 
assessed to have unacceptable levels o f  litter po llu tion  to  ultim ately  
achieve clean area status.

The am o u n t o f  litter present in  the different m arine  co m p art
m ents is, am ongst o th er things, dependent o n  regional topography, 
including seabed topography  and  the  prevailing currents, w inds and 
tidal cycles. Increasing knowledge o f  the  am o u n t and dynam ics o f 
litter in  the m arine  env ironm ent will help to  determ ine w hether 
targets need to be defined at the  regional level in  add ition  to 
targets set by  indiv idual EU M em ber States.

For litter on  beaches, for w hich appropria te  m o n ito ring  is 
already in  place in  som e regions, it is proposed  th a t the reduction  
goal recom m ended by TSG ML is adop ted  as a first step. This goal 
is to achieve a general m easurable and statistically significant reduc
tio n  in  beach litter un til 2020. Despite na tu ra l fluctuations (annual 
variability, effects o f  storm s etc.) th a t m ay affect quantities washed 
ashore, and  despite local applicability and technical feasibility (con
fidence, m o n ito ring  im plications, spatial scale, etc.) as well as trends 
and  inflicted harm , trend-based  targets m aybe  appropria te  un til the 
evidence supports o ther procedures. These m ay include quantifica
tio n  o f  the  following po ten tial targets curren tly  un d er discussion: (i) 
[XX%] overall reduction  in  the  nu m b er o f  visible ( > 2 .5  cm ) [new] 
litter item s o n  coastlines by  2020 and, m ore  specifically, (ii) XX% 
reduction  in  the nu m b er o f  p las tic /fish in g /san itary  litter item s on  
coastlines by  2020.

D ifferent protocols, though  yet to  be harm onized, enable the 
evaluation o f  litter floating o n  the sea surface, b u t selected areas 
for m o n ito ring  will need to  be chosen. Litter on  the  seabed has 
been  surveyed a t a few sites in  the  EU and data  are sparse, m aking 
assessm ent difficult. C onsequently  a tren d  target is being consid
ered. D ata  w ould be derived from  existing m o n ito ring  program m es 
o r from  program m es still to  be extended in  o rder to  im prove the 
tem poral and  spatial scale. O pportun istic  sam pling o f  litter on  the 
seabed takes place together w ith on-going fish stock assessment 
and  con tam in an t surveys (IBTS/ M EDITS program m es). Those 
m o n ito ring  program m es w ould  su p p o rt the  application  of, the  fol
lowing po ten tial targets for m arine litter: (i) overall reduction  
[XX%] in  litter density  in  nationally  defined affected areas o f  litter 
surface floating on  the sea surface, and  (ii) overall reduction  
(XX%) in  litter density  by  2020 o n  the seabed, as m easured by 
trawl surveys, th rough  diving in  selected shallow waters and 
th rough  litter harvested in  fishing operations.

M icroplastics are n o t curren tly  m easured on  a regular basis, and 
no  baseline is available. This m eans there  is at present insufficient in 
form ation  available for m ost waters to  set quantitative  o r qualitative 
targets. Before any target can be set, sufficient m o n ito ring  should  be 
carried ou t and  a baseline established. Sam pling w ith a m an ta  trawl 
o r w ith filtration  systems enable the assessm ent o f  m icroparticles at 
the  sea surface or in  the  w ater colum n. Based o n  such m onito ring , a
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poten tial target for the  significant decrease o f  m icroparticles by  2020 
could  be form ulated . The occurrence o f  m icroparticles in  sedim ents 
should  also be considered.

Recent studies o n  industria l plastics found  in  beached fulm ars in  
the N o rth  Sea (van Franeker et al., 2011) show ed th a t reductions in  
abundance o f  specific m arine litter item s in  the  o rder o f  50% per 
decade are a feasible target if  adequate m easures are taken. In  
o rder to  prevent item s ending up  as m arine  litter, it is im po rtan t 
to  tackle the prob lem  a t the  source. O perational targets set in  rela
tio n  to  specific sources can help setting targeted m easures to 
reduce the am o u n t o f  litter entering  o r being present a t sea. They 
can be set to  assess the effectiveness o f  m easures b u t canno t substi
tu te  for environm ental targets.

OSPAR has defined its target for ecological pressure concerning 
litter in  the N o rth  Sea th a t <  10% o f  N o rth e rn  Fulm ars should  be 
allowed to  have >  O.lg plastic in  their stom ach (undated  target 
for the  Greater N o rth  Sea). The OSPAR EcoQ O canno t be directly 
transferred to  o th er m arine  areas where fulm ars do  n o t occur. To 
m o n ito r ingestion o f  litter in  o th er EU m arine regions, appropria te  
ind icator species still need to  be established (e.g. sea turtles in  the 
M editerranean Sea). Similar to target setting for beach litter, it 
m ay be m ore suitable for the present to describe GES in  relation 
to  the ingestion o f  litter in  term s o fa  trend, e.g. x%  annual reduction  
in  the qu an tity  o f  ingested litter. It w ould  th en  be im p o rtan t to 
quickly establish the reference value against w hich such reduction  
should  be m easured.

Further support for Member States
The MSFD defin ition  o f  G ood E nvironm ental Status, the  objectives 
to  achieve or m ain ta in  GES by 2020, and related m o n ito ring  needs 
require a th o ro u g h  understand ing  o f  the  m echanism s and  processes 
associated w ith litter at sea. This requires considerable research 
effort, seeking e.g. to  clarify fundam ental research gaps in  o rder to 
link  quantities o f  litter and  associated h arm  in  the  context o f  GES; 
to  define priorities; to  im prove the  scientific and technical basis o f  
m onitoring; to  harm onize  and coord inate  com m on  and  com par
able m o n ito ring  approaches; and finally to  su p p o rt the  develop
m en t o f  guidelines for assessing GES.

An initial evaluation, jo in tly  undertaken  by  EU M em ber States, 
on  the cu rren t state o f  research in  their reg ion /subreg ion  is u n d e r
way w ith a view to providing a scientific and  technical basis for 
m o n ito ring  o f  m arine  litter and defining knowledge gaps and 
p rio rity  areas for research. H arm onization  will require the coo rd in 
ation  o f  actions by  a group o f  experts from  EU M em ber States. 
H arm onization  is necessary for com m on  and  com parable m o n ito r
ing approaches and  for recom m endations and guidelines to  assess 
GES at regional, national and  European scales. Research will need 
to  incorporate  the im provem ent o f  knowledge concerning 
im pacts o f  litter on  m arine  life, degradation  processes o f  litter at 
sea, the  study  o f  litter-related m icroparticles, the study  o f  chem icals 
associated w ith litter, the  factors influencing the d istrib u tio n  and 
densities o f  litter at sea (h u m an  factors, hydrodynam ics, geom orph
ology etc.), the com parability  o f  m o n ito ring  m ethods, and the 
de term ina tion  o f  thresholds for GES. The assessm ent and m o n ito r
ing o f  socio-econom ic h arm  will also need to  be addressed and re
search will have to  consider novel m ethods and  au tom ated  
m o n ito ring  devices, and finally the  ra tionalization  o f  m onitoring .

The im plem entation  o f  the MSFD is a long-term  and cyclic 
process w ith the  goal o f  achieving GES by 2020. Research will have 
to  be engaged u p o n  quickly, in  particular to  su p p o rt the  start o f

m o n ito ring  by  2014. A nu m b er o f  sh o rt-term  priorities were iden
tified by  the GES TG group in  2010 (Galgani et a í ,  2010), including:

(i) evaluation o f  the  behaviour (floatability, density, effects o f  
w ind, biofouling, degradation  rates) and  factors affecting 
the  fate o f  litter (weather, sea state, tem peratu re-driven  varia
tions, slopes, canyons, bays, etc.) and  affecting the transport 
o f  litter;

(ii) use o f  com prehensive m odels to  define source and  destin 
a tio n  regions o f  litter (especially accum ulation  areas, pe r
m an en t gyres, deep sea zones), estim ate residence tim es, 
consider the  average drift tim es and T ran b o u n d ary  transport 
to  and  from  MSFD regions/subregions;

(iii) evaluation o f  the  rates o f  degradation  o f  the  different types o f  
litter, quan tification  o f  the degradation  p roducts (to  n an o 
particles) and  evaluation o f  the  environm ental im pact o f  
litter-related chem icals (phthalates, b isphenol A, flame- 
re tardan ts, etc.) on  m arine organisms;

(iv) identification  o f  sources for direct inpu ts o f  m icroparticles o f 
litter;

( v) establishm ent o f  the environm ental im pacts o f  m icroliter, in 
particu lar in  relation  to  the po ten tial physical and chem ical 
im pacts o n  wildlife, resources and  the food chain;

(vi) evaluation ofbiological im pacts (on  m etabolism , physiology, 
survival, reproductive perform ance and  u ltim ately  o n  p o p u 
lations o r com m unities);

(vii) evaluation o f  the risk o f  the  in tro d u c tio n  o f  invasive non- 
indigenous species;

(viii) study  o f  d o se -resp o n se  relationships in  relation to  the  types 
and  quantities o f  m arine  litter in  o rder to enable science- 
based definitions o f  threshold  levels for GES;

(ix) evaluation o f  direct costs o f  m arine litter to the  m aritim e in 
dustry, fishing industry, local authorities and  governm ents 
and  in  term s o f  im pacts on  ecosystems goods and  services;

(x) developm ent o f  au tom ated  m o n ito ring  systems (ship-based 
cam eras, m icro litter quantification  etc.) and im pact indica
tors (aesthetic im pact, effects on  h u m an  health, and harm  
to  the  environm ent); and

(xi) op tim iza tion  o f  m o n ito ring  (standards/baselines, da ta  m an 
agem en t/q u ality  assurance, extension o f  m o n ito ring  p ro to 
cols to  all MSFD regions/subregions).

Conclusions
The EU M arine Strategy Fram ew ork D irective (MSFD) establishes a 
fram ew ork for EU M em ber States to  achieve o r m ain tain  GES for 
their m arine  waters by  2020. The D irective lists m arine  litter in 
A nnex I as one o f  the  qualitative descriptors associated w ith achiev
ing GES, and  therefore is a key in strum en t for addressing this k ind  o f 
con tam ination  o f  the  m arine  env ironm ent and  needs to  be tackled 
urgently. Plastics are a m ajor pa rt o f  the p roblem  o f  m arine  litter. As 
plastic is com pletely u n n a tu ra l in  the m arine  environm ent, the  u l
tim ate goal should  be plastics w ithou t any effects in  the  m arine  en
v ironm ent. In  the  process o f  im plem enting  the  MSFD w ith  regard to  
m arine  litter, policy m akers, m anagers and  scientists face the com 
plexity and  diversity o f  M arine Litter. Q uestions arise associated 
w ith harm onizing  m o n ito ring  tools and  strategies, defining harm
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to  the  m arine environm ent, assessing land- and  sea-based sources 
from  w hich m arine litter enters the sea, and  developing a 
com m on  understand ing  o f  the  application  o f  appropria te  oper
a tio n a l/en v iro n m en ta l targets. In  o rder to  su p p o rt EU M em ber 
States in  taking the  required  im plem entation  steps for the  MSFD, 
the  TSG ML is tasked w ith w orking o n  those questions and w ith p ro 
viding m o n ito ring  protocols and  further technical and  procedural 
recom m endations. This su p p o rt for EU M em ber States will help 
in  com bating  m arine litter while p roviding a strong scientific and 
technical foundation  for the  im plem entation  o f  D escrip tor 10 o f 
the  MSFD.
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