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Abstract. Plastic pollution in the Mediterranean catchment and Sea raises serious concerns for ecosystem and human health.
Plastic dispersal from Mediterranean watersheds in Southern Europe, Northern Africa and Middle-East, and Nile basin is
complex due to the different (mis-)managed waste streams, population dynamics and climates. In this study, an environmental
macroplastics and microplastics (hereafter ‘plastics’) mass budget and box-model is proposed for the Mediterranean region
based on recent observations. We use this model to explore plastics dispersal under different OECD plastic production and
waste management policy scenarios toward the end of the 21st century. We find that the current Mediterranean marine plastic
stock (sea surface, water column, sandy beach and sediments) of 7 million metric tons (Mt, median, IQR 3-15 Mt) in 2015
constrains continental plastic input to sea to 0.31 Mt y*' (median, IQR 0.14-0.57 Mt y!). The total marine plastics stock
would increase 4-fold by 2060 under a business-as-usual scenario, reaching 26 Mt (median, IQR 13-48 Mt). Implementation
of the OECD Global Ambition policy scenario, that targets near-zero new plastics waste leakage, would not significantly lower
this stock (25 Mt, median, IQR 12-44 Mt) by 2060. This is because marine litter remote sensing observations attribute most,
0.27 Mt y'! (88%), of recent plastic input from land to sea to Southern Europe, where high rainfall will continue to mobilize
legacy plastic waste from land to sea, regardless of low leakage targets. About 1.5% of all Mediterranean legacy plastic waste
reached the marine environment, meaning that most plastic waste still resides on land (361 Mt, 76%). Moreover, in the marine
environment, 83% of plastic mass resides in shelf sediments (median 6 Mt, IQR 2-14 Mt), which are fragile ecosystems that
host most of the Mediterranean Sea biodiversity, and are not easy to clean up. This underlines the necessity to address upstream
legacy plastic waste on land. Land-based remediation scenarios modelled here show that total plastic input from land to sea can
be reduced 2-fold (0.22 Mt y*', IQR 0.16-0.27 Mt y') compared to the business-as-usual scenario in 2060, and significantly

reduce the total plastic stock in the marine environment.

1 Introduction

Plastic pollution is emerging as a global concern for the environment and human health IUCN, 2023). Global primary plastic

production has reached more than 400 Mt (10'> g or millions of metric tons) per year in 2016 (Geyer et al., 2017), and
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continues to grow by more than 4% every year since. For the year 2015, it was estimated that 8§ 300 Mt of primary plastic had
been produced since 1950, of which 2 500 Mt are still in use and 5 800 Mt were discarded (Geyer et al., 2017). Around 9% of
this discarded waste has been recycled, 12% incinerated, and the remaining 79% has been disposed of in landfills, dumpsites,
or littered in nature (Geyer et al., 2017). Due to their slow biodegradability, disposed plastics have a long persistence in the
environment (Chamas et al., 2020), creating important“legacy” plastic waste stocks estimated around 4 900 Mt globally in
2015 (Geyer et al., 2017; Sonke et al., 2025). Plastic objects in the environment fragment from macroplastics (>5mm) to
microplastics (1 m — 5Smm) to nanoplastics (<I m) under the combined effects of (photo-)oxidation, structural fragilization
and mechanical abrasion at a rate of approximately 3% per year (Chamas et al., 2020; Lebreton et al., 2017; Sonke et al., 2025).
Plastic particles are very mobile due to their relatively low density and buoyancy, and can travel long distances by rivers and
ocean currents. It is estimated that rivers carry from 1 to 6 Mt of plastic each year globally (Gonzélez-Ferndndez et al., 2023).
Some studies propose even higher plastic flux, up to 14 Mt y'! (Jambeck et al., 2015; Sonke et al., 2025). Another vector of
large-scale dispersion of small microplastics (<0.3mm) is the atmosphere, where plastic particles are emitted from land (as
agricultural dust, tire and brake wear particles, urban-industrial dust) (Brahney et al., 2021) and from the sea (Allen et al.,
2020, 2022), and undergo long-range transport (Allen et al., 2021b; Tatsii et al., 2024; Xiao et al., 2023) before deposition to
remote land surfaces. As a consequence, plastics are now an ubiquitous material in the environment, whose presence has been
reported in freshwater systems and oceans (Schwarz et al., 2019), marine sediments (Barrett et al., 2020), atmosphere (Wang
et al., 2023), as well as polar regions (Bergmann et al., 2022), mountains and remote soils (Allen et al., 2021a).

Plastics exert various pressures on the environment, varying, among others factors, with their size. Macroplastics (items
greater than 5mm) have been shown to entangle various marine animals, or block their digestive tract (Browne et al., 2015;
Gregory, 2009). Macroplastics floating at the ocean surface can also serve as refuge for invasive or non-indigenous species
and contaminate new regions through drifting and beaching (Aliani and Molcard, 2003; Miralles et al., 2018; Rech et al.,
2018). Microplastics (< 5 mm) can have a wide range of potentially adverse effects on biota, from genetic expression to
physiological or behavioural changes (Tuuri and Leterme, 2023). Microplastics can release toxic additives (e.g. endocrine
disruptors, Bisphenol A), or serve as vectors for toxic chemicals such as hydrophobic organic compounds (polychlorinated
biphenyls, polyaromatic hydrocarbons. . .), organochlorine pesticides, or trace metals (Verla et al., 2019).

The Mediterranean Sea is considered as a hotspot for biodiversity, with more than 17 000 species identified, among which
20% are endemic (Coll et al., 2010). This biodiversity is linked to an important diversity of habitats and ecosystems. These
ecosystems are threatened by the intense human activity occurring near its coast. Around 190 million people were living less
than 50 km from the Mediterranean coastline in 2020 (UN, 2022), to which must be added the 360 million tourists per year
(in 2017), accounting for 27% of international tourism (UNEP/MAP, 2020). Furthermore, the Mediterranean Sea is crossed
by 30% of the international shipping traffic (Bolo and Préville, 2020), and presents highly urbanized and industrialized zones
near its coast (Poulos, 2020; UNEP/MAP, 2020). As a consequence of this intense human activity, the Mediterranean Sea is
considered as one of the most affected environments by marine litter, which includes macro- and microplastics (Fossi et al.,
2020; UNEP, 2021). Numerous studies have tried to estimate the quantity of plastic floating at the Mediterranean Sea surface.
Pedrotti et al. (2022) have estimated 660 metric tons of floating plastics, while Cézar et al. (2015) estimated between 1000
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and 3000 metric tons. Simon-Sanchez et al. (2022) reviewed and reported concentrations in sediments (300)itemas kg
beaches (60 item kg insisting on the high uncertainties and variability between studies.

Demographic trends (UN, 2022), plastic usage (OECD, 2022) and mismanaged plastic waste (MMPW) generation (Lebre-
ton et al., 2019; OECD, 2022) are widely different between Mediterranean Sea sub-regions such as Southern Europe, Northerr
Africa and Middle-East and the Nile basin region. Several studies have used these indicators to estimate the global plastic input
from land to sea (Lebreton et al., 2017; Meijer et al., 2021; Nyberg et al., 2023), and show similar geographical distribution
of plastic input from land to sea in the Mediterranean region (dominated by Northern Africa and Middle-East). However, a
recent satellite remote sensing study of Mediterranean Sea litter by C6ézar et al. (2024) highlighted the close relationship be-
tween marine litter occurrence and heavy rainfall events, pointing at Southern Europe as the largest macroplastic source to the
Mediterranean Sea. Weiss et al. (2025) also found similar geographical pattern for large microplastics input to the Mediter-
ranean Sea (inputs dominated by southern Europe), using a top-down model based on population density and precipitation.

Several modelling studies have focused on the plastic issue in the Mediterranean region (Boucher and Billard, 2020; Kaan-
dorp et al., 2020; Liubartseva et al., 2018; Pedrotti et al., 2022; Tsiaras et al., 2021). Kaandorp et al. (2020) used a 2D La-
grangian model to t plastic inputs from land to sea, based on observed oating plastic concentrations in the Mediterranean
Sea. In their box-model, Boucher and Billard (2020) created one of the rst multi-compartmental studies assessing plastic
distribution in the Mediterranean Sea and explored scenarios toward plastic pollution reduction by 2040. However, no plastic
budget or modelling studies have integrated the Mediterranean marine, terrestrial and atmospheric compartments together, an
explored future plastic policy scenarios toward the end of the century based on international agencies' recommendations.

This study investigates the fate of plastic waste in the Mediterranean Sea catchment across various environmental com-
partments (terrestrial, sea surface and water column, shelf and deep sediments, beaches and atmosphere). We rst propose
Mediterranean macroplastic and microplastic (hereafter “plastic') mass budget for the year 2015, allowing us to calibrate a
mass balance box-model and propose a top-down estimation of plastic input from land to sea. The Mediterranean Sea catch
ment is subdivided into 3 regions (Southern Europe, Northern Africa & Middle-East and the Nile River basin), each having its
own plastic waste forcing curve derived from region-speci ¢ demography, plastic waste generation and mismanaged fraction.
The box-model is then used to estimate the evolution of historical plastic stocks in the Mediterranean basin between 1950 and
2015, and explore several future plastic policy scenarios based on the Organization for Economic Co-operation and Devel-
opment (OECD) outlook toward 2060 (OECD, 2022). The aim of this exploratory study is to investigate the relevance of the
OECD's scenarios regarding plastic pollution in the Mediterranean catchment, while taking into account a wide plastic size
range (from microplastics to macroplastics) in a maximum of environmental compartments. This prospective assessment is a
necessary step to guide public policies and decision makers, while UN negotiations for an international legally binding treaty

to end plastic pollution are under way.






