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A B S T R A C T

Marine litter is a growing problem for environmental and human health and policies have included monitoring
as an important tool to evaluate both trends and the efficiency of reduction measures. The Marine Strategy
Framework Directive is the main driver in Europe for the monitoring of the marine environment; it has included
the evaluation of marine litter in order to support policies and achieve good environmental status. This as-
sessment depends on the availability of robust, homogeneous data-sets at the European scale. A data manage-
ment plan for marine litter has been developed at European level within the existing EMODnet network to
collect, homogenise and provide access to standardised data-sets and data products that may be used as a basis
for marine litter assessment at pan-European scale. As a long term perspective, it also provides a scientific and
technical basis for further global monitoring.

1. Introduction

Marine litter, defined as “any persistent, manufactured or processed
material discarded, disposed of or abandoned in the marine and coastal
environment” is recognised as a global threat to the marine environ-
ment (Barnes et al., 2009; Derraik, 2002; Dixon and Dixon, 2003).
Marine litter can be originated from both marine and land-based ac-
tivities, carried by rivers and dispersed with wind and waves depending
on its density, and accumulate at the surface of the sea, on seafloor and
beaches. It represents a risk of harm to marine organisms, which can be
impacted through ingestion or entanglement, and eventually to human
health by injuries on beaches, consumption of contaminated organisms
and because of transfer of toxic chemical components (GESAMP, 2019;
Mato et al., 2001; Teuten et al., 2009). Marine litter, and particularly its
main component, plastics, have demonstrated to be highly pervasive
and persistent (Barnes et al., 2009), representing a long term problem.
Its impacts not only affect the environment, as there is a range of
economic costs associated with clean-up expenses and losses to tourist
revenue (Beaumont et al., 2019).

Although the problem is known since the 1960s, both the demand
and production of plastics have continued to grow during the lasts

decades (PlasticsEurope, 2018). Action is needed, but since it is a trans-
boundary concern (UNEP, 2009) it requires a combined action.

In order to address the issue, the European Union (EU) included
‘Marine Litter’ as Descriptor 10 in the Marine Strategy Framework
Directive (MSFD) adopted in 2008 (European Commission, 2017,
2008). The Descriptor 10 states that “the properties and quantities of
marine litter should not cause harm to the coastal and marine en-
vironment”, and considers the use of indicators to evaluate the marine
litter pollution. A detailed marine litter assessment in terms of dis-
tribution and quantities is an essential step to define the strategies in
order to reduce the impact of marine litter at European scale.

To perform such an assessment, it is essential to have a consistent
data-set at European level. In the last years, a number of initiatives have
been set up to assess marine litter within the framework of either
monitoring programs, research activities or cleaning efforts. These in-
itiatives use a variety of sampling methods that differ in the indicator of
marine litter (e.g., total abundance, weight, surface density), reference
list used to classify the marine litter (e.g., OSPAR, TG-ML or ICES), or
spatial and temporal distribution of the sampling units. This variety
leads to a large fragmentation of the data, which are heterogeneous in
form and harvesting and management strategies, hence difficult to
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compare. In this context, the use of a common structure for managing
all the data is very relevant to have a comprehensive understanding of
the available data, their comparability and which are the core re-
quirements to address the heterogeneity of protocols and reporting in
order to work at the European level.

The objective of this paper is to present the work done so far, why it
is important and which are the expectations for the future. The text is
organized as follows: section 2 provides a brief description of the
EMODnet structure; section 3 illustrates the role of EMODnet in sup-
porting the MSFD implementation and particularly in marine litter
management; section 4 illustrates the marine litter data and derived
products available in the EMODnet structure; section 5 describes the
data workflow and methodology related to data quality checks and the
generation of data products; in section 6 we offer a summary and dis-
cuss the future perspectives of the EMODnet in marine litter data
management.

2. The pan-European structure of EMODnet

EMODnet (European Marine Observation and Data Network) is a
European initiative funded by DG MARE. It is divided into 7 thematic
areas, each focused on a specific topic (e.g., geology, physics, chemistry
or human activities). Among them, EMODnet Chemistry started in
2009, intending to support the MSFD implementation with a data
management plan aiming to unlock the fragmented and inaccessible
environmental chemical monitoring data. Based on the adoption and
fitting for purpose of SeaDataNet data management infrastructure
(Giorgetti et al., 2018), it is formed by a consortium of institutes and
research institutions from 27 countries, plus 3 international organiza-
tions (ICES, Black Sea Commission, UNEP/MAP) and relies on the
network of National Oceanographic Data Centres (NODCs). From the
beginning of the project, EMODnet Chemistry was focused on data of
nutrients and contaminants, while marine litter was included among
the target parameters only in its third phase, in 2017. In the last two
years, a joint task group to develop a common data structure for marine
litter on the European scale has been performed. The possibility of
having a central gate to sparse data, with a unique access procedure,

which is revised and homogeneous, represents itself an innovation for
the litter management practice. Additionally, the provision of visual
products and summarised data, which can support litter management
decisions, complements a work that may be helpful in different en-
vironments.

Two central EMODnet databases were specified and set-up, one for
beach litter, modelled following the OSPAR Beach litter database
(OSPAR-MCS) approach and taking into account the MSFD Technical
Group on Marine Litter (TG-ML) and UNEP/MAP requirements, and one
for seafloor litter, modelled according to the ICES-DATRAS (Database of
Trawl Surveys) approach and taking into account TG-ML and the
Mediterranean project MEDITS requirements.

3. How is EMODnet helping the MSFD implementation

A trust-building process with institutions involved in litter mon-
itoring and assessment has allowed EMODnet Chemistry to develop the
first pan-European marine litter database. The collation of fragmented
data has been possible due to the creation of a unified data model and
the definition of common data formats that pick up the most relevant
information and standardises it. EMODnet formats for beach and sea-
floor litter data are based on existing and consolidated monitoring
protocols but adapted to accept data from a majority of European in-
itiatives on litter collection. For micro-litter the approach is different,
using a standard SeaDataNet format already used within EMODnet
Chemistry to manage other types of chemical data.

As a result, EMODnet Chemistry holds litter data spanning from
2001 to 2018 in the case of beach litter (Addamo et al., 2018), from
2006 to 2018 for seafloor litter and from 2011 to 2018 for floating
micro-litter. In total it counts 7237 beach surveys, 3600 seafloor sur-
veys and 164 floating micro-litter surveys (Fig. 1), the most compre-
hensive collection of homogenised data available at pan-European
scale.

This collection represents a good resource that can be used as a base
for marine litter assessments at a trans-boundary level. Indeed, part of
EMODnet litter data have been already used for evaluating litter dis-
tributions on the seafloor for the EU plastic assessment (European

Fig. 1. Number of surveys by year of beach litter, seafloor litter and floating micro-litter data in EMODnet Chemistry. The number of countries providing data is
indicated in brackets. Note the logarithmic scale. Data updated to June 2019.
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Commission, 2018), to create the basic data-set to compute beach litter
baselines (ongoing) and it has been used as a basis for the current up-
dating of the TG-ML litter reference list.

Furthermore, the visualization products provide an easy tool to
display the available litter data and allow partial comparison of
homogenised European data through summarised metrics displaying
sensitive information as total abundances, litter composition or abun-
dance of relevant litter types. They are hence a straightforward way to
promote access to data interesting for a wide variety of stakeholders.

4. Data and data products availability

EMODnet marine litter formats and instructions for data gathering
are available in the EMODnet Chemistry portal (Galgani et al., 2017a,
2017b). Marine litter raw data are accessible through the EMODnet
Chemistry web portal at http://www.emodnet-chemistry.eu/data_
access.html. Data are accessible depending on the specific data policy
applied by the originator, following the specific rules related to data
policy established by SeaDataNet to achieve a balance between the
rights of the originators and the need for widespread access
(SeaDataNet, 2007). In general, data availability is significantly higher
from 2012 onwards. This relevant increase is reasonably expected due
to the 2012 and 2014 deadlines for the initial assessment of the en-
vironmental status and the monitoring programme implementation
fixed by MSFD (European Commission, 2008).

In particular, for beach litter data the input from OSPAR Convention
highly affects the content of the database, representing around 60% of
the surveys gathered from 13 countries belonging to the Convention.
Indeed the OSPAR region started beach litter data monitoring in 2001
gathering more than 15 years of data publicly available (OSPAR, 2009).
Additionally, the synergy with MSFD TG-ML, that has materialised in a
joint endeavour JRC-EMODnet for the collation of data for Baselines
and then Thresholds computation, has allowed to collate monitoring
data from 30 countries across Europe assuring a good spatio-temporal
coverage for the period 2012–2016 (Addamo et al., 2018).

Data identified as belonging to regular monitoring are the majority
in the beach litter database, complemented by 5% of the information
that is coming from research and clean-up activities. This percentage
will increase thanks to the collaboration with EEA Marine Litter Watch
that is collating information from citizen science projects.

Concerning seafloor litter, data collated by ICES are preponderant in
the database, and constitute more than 90% of the surveys, from 16
countries. The trawl survey protocols have included the collection of
litter data since 2011, in order to comply with MSFD (ICES, 2018, 2017,
2012) and the availability of a public web service highly facilitated the
ingestion of data into EMODnet Chemistry database. Additional sources
of information are expected to improve the coverage especially in the
Mediterranean and the Black Sea, which now is restricted to data from
France and Romania.

The collection of micro-litter is less extensive than the other ones.
The initiatives to survey micro-litter in the water body are less con-
solidated and official monitoring of micro-plastics along Europe haven't
been undertaken yet (European Commission, 2019), therefore data
sources are limited.

In general, the collection provides information about all types of
marine debris. Plastics categories are a large part of the litter found,
therefore constitute the major part of the problem. The database allows
the isolation of plastic categories and can benefit from the definition of
supra categories (i.e., aggregation of litter types sharing specific char-
acteristics or usage as single-use plastics) to help in their assessment.

Aggregated data collections and visualization products are public
domain and freely available for all users with acknowledgment of the
source at http://www.emodnet-chemistry.eu/products.

5. Workflow for data management and methodology for products
generation

EMODnet tackled the marine litter task from an integrative per-
spective to unifythe largest possible existing information. The data
management plan relies on a first data assessment with an analysis of
the state-of-the-art of the different monitoring, where we identified
marine litter legislation applied at European level and the instruments
implemented by the diverse countries to collect and store marine litter
information. This analysis constitutes the base for the definition of
EMODnet marine litter formats, following consolidated formats adapted
to allow the combination of the information from the different data
sources. One of the strengths of EMODnet litter formats and hence of
the data collections are the utilisation of standard vocabularies widely
used in European consolidated data infrastructures and the definition of
additional common terms for several attributes regarding metadata and
data (as in the cases of beach and seafloor litter).

Marine litter data enters the EMODnet network through diverse
systems: direct contact with data providers, NODC's, EMODnet
Ingestion (https://www.emodnet-ingestion.eu/). All the collected in-
formation is ingested into the developed databases and storage systems
only after a semi-automated validation process that allows them to
detect and correct formatting and semantic errors. During the valida-
tion process, checks of file data formats and vocabularies compliance
are performed to guarantee the consistency of the data-sets before the
ingestion into the database. The data are validated with respect to the
EMODnet marine litter formats, which describe the type of information
that can be ingested and how it should be conveyed (i.e., field names,
data format, acceptable values) and most importantly allow the data to
be presented in a homogeneous form. A feedback loop with the origi-
nators is established to facilitate the clarification of possible ambiguous
and/or missing information or the correction of detected errors,
therefore allowing the continuous improvement of the data-sets.

During the validation process, the check of potential duplicates is a
non-trivial step. It is performed at various levels taking into account
coordinates, date of the survey and types and quantities of items found.
Additional controls on the coordinates and the coherence of the in-
formation related to the survey lengths are also carried out before the
ingestion process.

If additional errors are highlighted during products generation,
these are notified to the data providers in order to correct them and
improve the quality of the data-sets.

The development of visualization products on a European scale has
proven to be a real challenge, due to the heterogeneities in the data
sources, sampling protocols and reference lists used. The methodology
used in the generation of visualization products is described in Le
Moigne et al. (2019). The same set of products have been created for
beach and seafloor litter: (i) a location map; (ii) maps to display the
total litter abundance per year; (iii) maps to display the material ca-
tegories percentage per year; (iv) maps to display the abundance per
beach or trawl per year for specific items: plastic bags related items,
fishing related items. In addition, maps to display the abundance of
smoking-related items have been produced for beach litter only.

Data used in the products have been homogenised and filtered in
order to allow comparisons among countries. Consequently, they might
not be comparable with source data. As an example, a normalisation on
the survey length and the number of surveys per year has been per-
formed for beach litter products. Additionally, modifications or exclu-
sions allowed comparisons between different the litter reference lists
used for data reporting. For seafloor litter outputs, processing has been
applied only on the harmonisation of the reference list used.

6. Summary and perspectives

Marine litter is a global problem that requires global action. It is also
a very sensitive issue, which has raised in just a few years a public
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concern, which is being translated into fast political action through
specific regulation. The development of successful mitigation strategies
requires a careful evaluation of the problem, which can only be
achieved with homogeneous, consistent data-sets allowing cross-border
assessment. EMODnet provides a stable structure that facilitates the
collection and sharing of data. Furthermore, specific actions have been
taken to provide information homogeneously. The heterogeneity of the
source data represents a challenge both in terms of standardization of
the data management procedures and comparison of the data. During
the development of the structure, it was evident that there is a big
necessity to keep working in the homogenization of sampling and re-
porting methods to obtain comparable data. Despite all, the marine
litter data within the EMODnet Chemistry structure allow a partial
comparison of data across countries within the European region.
Visualization products are used as a tool for earlier evaluation of the
database content. They are also a useful tool for education, commu-
nication, and gap-analyses purposes.

With this activity, EMODnet Chemistry has demonstrated its capa-
city to enhance the use of environmental information by creating ser-
vices that valorise the data giving central access and ensuring their
quality while keeping track of the metadata and favouring the ac-
knowledgment of the data providers.

Given the success of the current system, the next phases of EMODnet
will consider the expansion of the data-set and of the litter data types,
i.e. floating macro litter data, imaging data-sets of seafloor litter and
micro-litter in sediment. More generally, global monitoring will need a
harmonized framework for the collection of coherent data from dif-
ferent regions, to identify changes in concentrations over time, and
providing tools for management and effective reduction measures.
Building such a system is a multi-step process. EMODnet may provide
scientific and technical background and an efficient platform for such a
global, rationalized and integrated observing system.
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