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Ibaietatik itsasora iristen den zaborra kudeatzea oso prozesu konplexua 
da. Parte bat itsaso zabalera iristen da, eta beste parte bat itsasertzean 
pilatuta geratzen da. Zaborren dinamikan eragiten duten faktore nagusiak 
identifikatu dituzte: ibaiaren inguruko lurren erabilera, ozeanoaren 
korronteak, fenomeno meteorologikoak, zaborraren flotagarritasuna eta 
urtaroa. Kutsadura handiko ibaietan faktore hauek guztiak monitorizatuta 
edukitzea lagungarri izango da agintarientzat larrialdiko erantzunak 
emateko estrategiak diseinatzeko.

Ibaietako zaborra kudeatzea erronka garrantzitsua 
da itsasoko eta kostaldeko ekosistemak babesteko. 
Itsasorako bide naturalak izanik, zaborraren kudea-
keta eskasagatik ibaietara iristen diren arrasto guz-
tiek itsasoan barreiatuta amaitzen dute. Ikerketek 
erakutsi dute ibaiek ekarritakoa dela ozeanoan 
dagoen plastikoaren % 80, eta hiriguneetako ibai 
txikiak seinalatzen dituzte erantzule gisa. Europak 
berak 307-925 milioi zabor flotagarri askatzen ditu 
ozeanoan urtero, hiriguneetako ibaien bidez.

Europako itsasoetan, Bizkaiko Golkoaren hego-
ekialdea da itsasoko zabor flotagarria pilatzen den 
gune esanguratsuenetako bat. Ez da erraza arazoa 
kudeatzea, ez baitago argi zaborra nondik eta nola 
datorren. Udalerriek kudeaketa-irizpide argiak izan 
ditzaten, zortzi ibaietako zaborraren dinamika az-
tertu da ikerketa honetan: Deba, Urola, Oria, Uru-
mea, Oiartzun, Bidasoa, Urdazuri eta Aturri. Zabo-
rraren ibilbidea monitorizatzeko, frekuentzia altuko 
lurreko radarrak eta buia flotagarriak erabili dira.

Zaborraren dinamika konplexua

Konplexutasun handia du zaborraren dinamika 
ulertzeak, faktore askok baldintzatzen baitute. Has-
teko, ibaien formak, sakonerak eta ur-emariak. Bai-
na inguruko lurren erabilerak eta biztanle-dentsita-
teak ere eragingo du ibairatzen duten zaborraren 
izaera eta kantitatean. Era berean, Euskal Herriaren 
mendebaldeko ibaiek 7-24 km-ko plataforma konti-
nental estua izaten dute itsasoratzen direnean, bai-
na 70 km-ko plataforma zabala Landetara hurbildu 
ahala. Plataforman sortzen diren korronteak ere in-
tentsitate eta iraupen handikoak izaten dira neguan 
eta udazkenean, eta txikikoak udaran.

Konplexutasun horren barruan, ondorio argi 
batzuk atera dituzte ikertzaileek: gure ibaiek 
garraiatzen duten zabor flotagarriaren %  95 
plastikoa da. Haien artean, ohikoagoak dira flota-
garritasun txikikoak (esaterako, plastikozko pol-
tsak) flotagarritasun handikoak baino (hala nola 
botilak). Haizeak batez ere flotagarritasun handi-
ko zaborra mugiarazten du; beraz, euskal kostal-
dean itsasoratzen den zaborrean eragin handia-
goa dute azaleko korronte ozeanikoek haizeak 
berak baino. 

Flotagarritasun handiko zaborrak oso azkar mu-
gitzen dira haizearen bidez, baina udaran parti-
kulen % 97 itsasertzean harrapatuta geratzen dira 
astebeteren buruan. Udazkenean, % 54ra murriz-
ten da trabatuta geratzen den zaborren tasa. Flo-
tagarritasun txikiko zaborren kasuan, ordea, % 25 
baino gutxiago geratzen dira harrapatuta. Gehie-
nak itsaso zabalean barreiatzen dira. 

Ondorioz, zabor-kontzentrazio altuenak Euskal 
Herriaren ekialdeko muturrean eta udaran haute-
maten dira, eta flotagarritasun handiko zaborrez 
osatua egoten da.

Ikertzaileek argi dute ezen, ibaietako eta itsasoko 
zaborrak desagerrarazteko, ezinbestekoa dela lu-
rreko zaborra murriztu eta tokiko hondakinen ku-
deaketa hobetzea, politika eta araudi zorrotzagoak 
ezarriz. Horrekin batera, ibaietako zaborra itsasora 
ez iristeko neurriak hartzeko gomendatzen dute. 
Alabaina, jada itsasoratzen ari den zaborra modu 
eraginkorrean jasotzeko, ezinbestekoa ikusten 
dute ikerketa honetan identifikatutako dinamika 
kontuan hartzea.

Ibaietatik itsasora iristen 
den zaborra kudeatzeko 
gakoak
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ABSTRACT: Although rivers contribute to the flux of litter to the marine environment, estimates of 
riverine litter amounts and detailed studies on floating riverine litter behaviour once it has reached the 
sea are still scarce. This paper provides an analysis of the seasonal behaviour of floating marine litter re-
leased by rivers within the south-eastern Bay of Biscay based on riverine litter characterizations, drifters, 
and high-frequency radar observations and Lagrangian simulations. Virtual particles were released in 
the coastal area as a proxy of the floating fraction of riverine litter entering from rivers and reaching the 
open waters. Particles were parameterized with a wind drag coefficient (Cd) to represent their In contrast, 
low-buoyancy items took longer to arrive at the shoreline, particularly during spring with fewer than 25% 
of particles beached by the end of the simulations. The highest concentrations (> 200 particles km–1) were 
recorded during summer for Cd 4% in the French region of Pyrénées-Atlantiques. Results showed that the 
regions in the study area were highly affected by rivers within or nearby the region itself. These results 
couple observations and a river-by-river modelling approach and can assist decision-makers on setting 
emergency responses to high fluxes of floating riverine litter and on defining future monitoring strategies 
for heavily polluted regions within the south-eastern Bay of Biscay.

1.  Introduction

Rivers act as key vectors bringing improperly dis-
posed and mismanaged litter from land into the 
marine environment. Riverine litter poses a large 
threat to freshwater systems by degrading aquatic 

life, impacting freshwater quality, and increasing 
economic losses linked with human activities (van 
Emmerik and Schwarz, 2020; Al-Zawaidah et  al., 
2021). However, most of the litter research conduct-
ed to date has focused on marine environments 
(87%) when compared to freshwaters systems (13%) 
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(Blettler et al., 2018). Indeed, riverine litter contribu-
tions to oceans are still uncertain, and results vary 
depending on the input data and the model applied 
(Lebreton et al., 2017; Schmidt et al., 2017; Mai et al., 
2020). Recent findings derived from extensive mod-
elling efforts suggest that about 1600 rivers world-
wide account for 80% of plastic inputs to the ocean, 
with small urban rivers among the most polluting 
(Meijer et al., 2021). Models require comprehensive 
field data and consistent and harmonized proto-
cols to validate the amounts, type, and size of river-
ine inputs (González-Fernández and Hanke, 2017; 
Wendt-Potthoff et al., 2020; Margenat et al., 2021). 
Such comprehensive data were obtained in Europe 
thanks to the RIMMEL project (González-Fernán-
dez and Hanke, 2017). This research concluded that 
between 307 and 925 million floating riverine litter 
items are annually transferred into the ocean main-
ly through small rivers, streams, and coastal run-
off (González-Fernández et al., 2021).

Once it has reached the sea, floating riverine litter 
can accumulate close to the shoreline or it can be 
transported to open waters, reaching even remote 
areas far from the coast. Indeed, the distribution 
and fate of floating litter in the marine environment 
is affected by the metocean conditions (currents, 
turbulence, wind) but also by the buoyancy of the 
objects (Ryan, 2015; Lebreton et al., 2019; Maclean 
et al., 2021). Objects with low buoyancy are mainly 
driven by currents, by contrast with highly buoy-
ant items, which are driven along the water surface 
partially by winds. This wind effect (“windage”) on 
floating marine litter behaviour has been further 
investigated by Lagrangian modelling studies in the 
open ocean (Allshouse et al., 2017; Maxi menko et al., 
2018; Lebreton et al., 2019; Abascal et al., 2009) when 
compared to the coastal area ( Critchell and Lam-
brechts, 2016; van Utenhove, 2019; Tong et al., 2021). 
The lack of observational data is one of the key lim-
itations for parameterizing the windage effect and 
accurately predict floating marine litter behaviour. 
However, observations derived from drifting buoys, 
such as those provided for decades by the Global 
Drifter programme, have been used to fill this gap. 
They have allowed simulating more realistic float-
ing marine litter pathways from origin to fate by 

integrating experimental windage parameteriza-
tions and the corresponding comparison between 
observed and modelled trajectories (Duhec et  al., 
2015; Pereiro et al., 2018; Rizal et al., 2021). Nowa-
days, more affordable and environmentally friendly 
solutions are gaining force among researchers, as 
drifters are built using biopolymers (Novelli et al., 
2017; D’Asaro et al., 2020) or have compact and light-
weight designs with a GPS-tracking component 
for easy deployment (Meyerjürgens et al., 2019; van 
Sebille et al., 2021).

At the coastal scale, windage parameterization 
combined with realistic knowledge on coastal 
circulation becomes crucial to reduce the uncer-
tainties of modelled trajectories (Van Sebille et al., 
2020). Land-based high-frequency radar systems 
(hereafter HF radars, Rubio et  al., 2017) offer the 
opportunity to monitor surface currents in coast-
al areas, where the transport processes are signif-
icantly more complex than in open-ocean waters 
due to the effect of the coast, the bathymetry, and 
other local forcings (e.g. river discharges or coast-
al upwellings). In the south-eastern Bay of Biscay 
(hereafter SE Bay of Biscay), as part of the opera-
tional oceanography system EuskOOS, an HF radar 
provides near-real-time surface currents fields. 
The system has already been used to study surface 
coastal transport processes in the area in combi-
nation with multisource data (Manso-Narvarte 
et al., 2018, 2021; Rubio et al., 2011, 2013, 2018, 2020; 
Solabarrieta et al., 2014, 2015, 2016). The HF radar 
is also a good example of effective monitoring of 
surface currents with strong potential for floating 
marine litter management. Research conducted by 
Declerck et al., (2019) in the SE Bay of Biscay pro-
vided the first assessment of floating marine litter 
transport and distribution in the region, coupling 
surface current observations from the EuskOOS 
system, Lagrangian modelling, and riverine inputs. 
Nowadays, these observations are used by local au-
thorities both in real time and in hindcast in the 
framework of the operational service FML-TRACK 
to collect floating marine litter in the area. Howev-
er, the accurate modelling of the transport and fate 
of floating marine litter needs to consider the vari-
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ety of floating objects and sources and additional 
physical parameterization, such as windage.

This paper aims at estimating the seasonal behav-
iour of the floating marine litter fraction released 
by rivers within the SE Bay of Biscay reaching open 
waters. To do so, a Lagrangian model was forced 
by real observations from the EuskOOS HF radar 
and particles were parameterized to represent 
floating marine litter trajectories of two groups of 
items according to their buoyancy. Riverine litter 
collected from a local barrier was characterized at 
the laboratory to explore the fraction of high- and 
low-buoyancy items. Since most of the items were 
low-buoyancy, simulations considering only sur-
face currents were performed as the reference. 
Complementary Lagrangian simulations for highly 
buoyant items (and less abundant in the area) were 
also performed. In this case, four low-cost buoys 
with a similar buoyancy to certain highly buoyant 
items were built and released in three different 
rivers. Drifter data were used to parameterize the 
wind effect on this type of item and consequently 
achieve more accurate results.

2.  Study area

The study was conducted in the SE Bay of Biscay, 
between north-eastern Spain (Basque Country) 
and south-western France (Landes). The study 
area extends from 43.27 to 44.58ºN and from 3.18 
to 1.27º W, falling within the coverage area of the 
HF radar station of the operational oceanog-
raphy system EuskOOS (Fig.  1). The study area 
comprises two Basque regions (Bizkaia (Spain) 
and Gipuzkoa (Spain)), two French departments 
(Pyrénées-Atlantiques and Landes), and eight riv-
ers (Deba (Spain), Urola (Spain), Oria (Spain), Uru-
mea (Spain), Oiartzun (Spain), Bidasoa (Spain), 
Nivelle (France), and Adour (France)). The mean 
annual river discharge varies widely between riv-
ers from 3.71 m3 s–1 (Oiartzun) to 350 m3 s–1 (Adour) 
(Sheppard,2018), and the population density dif-
fers between the Spanish and French border: 44.8 
inhabitants km–2 (Landes) to 303.7 inhabitants km–2 
(Basque Country) (Eurostat, 2019). The bathymetry 

in the SE Bay of Biscay is characterized by the pres-
ence of a narrow continental shelf ranging 7 and 24 
km wide in the Basque area, gradually increasing 
along the French coast up to about 70 km (Bourillet 
et al., 2006; Rodríguez et al., 2021). The continental 
shelf in the SE Bay of Biscay comprises two main 
areas: the Aquitaine shelf with a N-S orientation 
and the Cantabrian shelf with an E-W orientation. 
The continental slope is very pronounced, with 
a slope of the order of 10%-12% (Sheppard, 2018). 
Over the continental shelf, the ocean circulation 
is marked by seasonal variability. At shorter tem-
poral scales, circulation in the study area is mostly 
modulated by the bathymetry and the coastal ori-
entation, the density-driven currents, and winds 
(Le Boyer et al., 2013; Solabarrieta et al., 2014). Tidal 
currents are quite weakly constrained by the topog-
raphy and the width of the continental shelf (Lavin 
et al., 2006; González et al., 2007; Karagiorgos et al., 
2020). Along-shelf currents are more intense and 
persistent during winter and autumn (about 10-
15 cm s–1), contrary to the other seasons, especially 
in summer (about 2.5 cm s–1) (Charria et al., 2013). 
In winter, the prevailing SW winds causes an E to 
N flow from the Spanish coasts towards the French 
coasts. The moderate to strong NW winds occur-
ring in spring and summer induce a S and SW sur-
face current circulation accompanied by a great-
er variability (Solabarrieta et  al., 2015). In winter, 
westerly winds in the Basque coast reinforce the 
slope current (named the Iberian Poleward Current 
(IPC)), a warm and saline intrusion trapped within 
50 km of the shelf edge, reaching its greatest veloc-
ities (up to 70 cm s–1) during this season. The IPC 
favours the along-slope transport of water masses 
(Solabarrieta et al., 2014; Porter et al., 2016). The ex-
change between shelf and deep-sea waters in win-
ter is associated with the generation of eddies, from 
the interaction of currents with the topography 
(Lavin et al., 2006; Rubio et al., 2018; Teles-Macha-
do et al., 2016). Maximum run-offs combined with 
SW winds also allow river plumes to spread north-
wards and along the French shore during winter. 
However, this path changes in spring, when river 
discharges are reduced and winds blow from the 
north-west (Lavin et al., 2006; Puillat et al., 2006).
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Figure 1:  Study area with the release locations of the satellite drifting buoys and the riverine barrier. Dots in light yellow 
represent the nodes of the HF radar grid. Dots in orange represent the trajectories of the buoys. Numbers with stars in pink 
correspond to the particle releasing location for floating marine litter simulations: (1) Deba, (2) Urola, (3) Oria, (4) Urumea, 
(5) Oiartzun, (6) Bidasoa, (7) Nivelle, and (8) Adour rivers

First global modelling studies coupling ocean cir-
culation and Lagrangian particle-tracking mod-
els reported that the SE Bay of Biscay is a hotspot 
for floating marine litter (Lebreton et al., 2012; van 
Sebille et  al., 2012). Recent Lagrangian modelling 
studies combining measured and predicted sur-
face currents by the HF radar and the Iberian Bis-
cay Irish System (IBI) Copernicus model revealed 
that floating marine litter circulation in the SE Bay 
of Biscay is marked by a high seasonal variability. 
Results showed a higher retention during spring 
and summer and a northward dispersion along the 
French coast during autumn and winter (Declerck 
et al., 2019; Rubio et al., 2020). Surface currents de-
rived from the Regional Ocean Modelling System 
(ROMS) and a particle-tracking model were com-
bined by Pereiro et al. (2019) to track the numerical 
drifters representing floating marine litter in the 
Bay of Biscay. In this study, longer residence times 

and higher concentrations were observed in the 
SE Bay of Biscay when compared to north-western 
Iberian coastal waters, particularly in winter. From 
numerical simulations run using the HYCOM mod-
el, Rodríguez-Díaz et al. (2020) showed that floating 
marine litter items with high windage (Cd 3%-5%) 
tend to accumulate in nearshore areas of the Bay 
of Biscay or end up beached. This trend is consist-
ent with recent numerical simulations combining 
surface currents from the operational IBI and the 
numerical model TESEO that also revealed that the 
highly buoyant items (Cd 4%) rapidly beach in the SE 
Bay of Biscay, mainly in spring and summer (Ruiz 
et al., 2022a). Since June 2020, innovative detection 
and tracking solutions combining ocean modelling 
and remote observation systems have been operat-
ing in the SE Bay of Biscay to support floating ma-
rine litter reduction strategies both downstream 
(interception at the sea with collection vessels and 
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on beaches with cleaning facilities) and upstream 
(source identification and reduction) (Delpey et al., 
2021). However, research on floating marine litter 
behaviour in the SE Bay of Biscay is still in its ear-
ly stage. Further experiments are needed to fully 
understand the role of windage, waves, and tides 
in the complex 3D circulation patterns governing 
coastal accumulation.

3.  Methods and data

3.1.  Riverine litter sampling

In spring 2018, a riverine barrier was placed in the 
Deba River (Gipuzkoa) to retain and collect floating 
riverine litter during low to moderate flows. This 
barrier enabled a passive sampling to character-
ize litter items in the lab. The barrier, which con-
sisted of a nylon artisanal net supported by hard 
floats (buoys), was 40 m long and 0.6 m high with 
a 60 mm mesh size (see photos in Appendix A). The 
sampling was conducted weekly from April to June 
2018. In total eight riverine litter samples were col-
lected. Litter items were quantified, weighed, and 
categorized in the lab according to the master list 
included in the Guidance on Monitoring of Marine Lit-
ter  in  European  Seas  (Joint Research Centre, 2014). 
Items were grouped into seven types of material 
(artificial polymer materials, rubber, cloth/textile, 
processed/-worked wood, paper/cardboard, met-
al, and glass/ceramics) and further classified into 
44 categories (see the classification in Appendix B). 
Riverine litter items were also categorized into two 
groups (low- and high-buoyancy items) considering 
their exposure to wind based on Ruiz et al. (2022a).

3.2.  Drifter observations

Four satellite drifting buoys (herein after “low-cost 
buoys”) were built by the authors and deployed one 
by one in the river mouths of the Deba (Buoy A), Oria 
(Buoy B), and Adour (buoys C and D) between April 
2018 and November 2018 (Fig. 1, Table 1). The low-cost 
buoys provided positioning every 5 min using satel-
lite technology. Low-cost buoys were 9 cm in height 
and 9.5 cm in float diameter and weighed approx-
imately 200 g (Fig. 2). A GPS (SPOT Trace device) 
powered by four AAA cells was placed in the bottom 
of a high-density polyethylene (HDPE) plastic con-
tainer sealed to guarantee water tightness. They 
were chosen because of their capability to ensure 
a reasonable balance between an accurate signal 
emission and their purchase and communication 
fees. SPOT Trace devices have been used over the 
past few years in coastal and open-ocean applica-
tions in a wide range of studies. Studies range from 
calibrating HF radars (Martínez Fernández et  al., 
2021) and tracking drifting objects such as icebergs 
(Carlson et  al., 2020), pelagic Sargassum  (Putman 
et al., 2020; van Sebille et al., 2021), or fishing ves-
sels (Widyatmoko et al., 2021; Hoenner et al., 2022) 
to search and rescue training (Russell, 2017) and 
oil spill and litter monitoring (Novelli et  al., 2018; 
Meyerjürgens et al., 2019). Almost two-thirds of the 
buoy floated above the water surface, thus prevent-
ing any satellite signal losses. Buoys A and D and 
transmitted their positions on an ongoing basis 
until their landing. Buoys B and C stopped emit-
ting while they were drifting. In all cases, battery 
lifetime was enough for an adequate performance 
of the buoys. Once on land, citizens collected the 
buoys and reported their corresponding location.

Table 1
Locations, periods, and distances covered by the drifting buoys

Buoy ID River Initial date (UTC+1) Final date Distance covered (km)

A Deba 16 September 2018 08:00  4 October 2018 07:00 116.10
B Oria 12 April 2018 16:00 18 April 2018 12:00 118.72
C Adour 29 July 2018 20:00  2 August 2018 20:00  71.21
D Adour 28 November 2018 09:00 30 November 2018 11:00  64.41
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Figure 2:  Main components of the low-cost buoy. The structure: (a) HDPE container and SPOT Trace device powered by four 
AAA cells. Assembly process: (b) final appearance once the buoy is sealed; the buoy is labelled with contact information both 
within and outside; (c) the SPOT Trace was fixed at the base of the container with adhesive tape to avoid twists and turns of 
the buoy

3.3.  HF radar current observations and wind data

Surface velocity current fields were obtained from 
the EuskOOS HF radar station composed by two 
antennas located at Matxitxako and Cape Higer 
and covering the SE Bay of Biscay since 2009, a 
range up to 150 km from the coast. The EuskOOS 
HF radar is part of JE RICO-RI and it is operated 
following JERICO-S3 project best practices, stand-
ards, and recommendations (see Solabarrieta et al., 
2016; Rubio et al., 2018, for details). Data consist of 
hourly current fields with a 5 km spatial resolution 
obtained from using the gap-filling OMA method-
ology (Kaplan and Lekien, 2007; Solabarrieta et al., 
2021). In total, 85 OMA modes, built setting a min-
imum spatial scale of 20 km and applied to peri-
ods with data from the two antennas, were used 
to provide maximum spatiotemporal continuity in 
the HF radar current fields, which is a prerequisite 
of performing accurate Lagrangian simulations. 
The application of the OMA methodology has been 
validated for the Lagrangian assessment of coast-
al ocean dynamics in the study area by Hernán-
dez-Carrasco et al. (2018). HF radar velocities were 
quality controlled using procedures based on veloc-
ity and variance thresholds, signal- to-noise ratios, 
and radial and total coverage, following standard 
recommendations (Mantovani et  al., 2020). Data 

subsets were built for the Lagrangian simulations 
avoiding periods with temporal gaps (still present 
in the case of the failure of one or two antennas) 
of more than a few hours. Hourly ERA5-U10-wind 
fields were obtained from the atmospheric reanal-
ysis computed using the IFS model of the European 
Center for Medium-Range Weather Forecast (EC-
MWF) (see C3S, 2019 for details). The ERA5 atmos-
pheric database covers the Earth on a 30 km hori-
zontal grid using 137 vertical levels from the surface 
up to a height of 80 km and provides estimates of 
a large number of atmospheric, land, and oceanic 
climate variables, currently from 1979 to within 3 
months of real time. Both HF radar current obser-
vations and wind data cover the drifter’s emission 
periods and the selected week-long periods be-
tween 2009 and 2021 for riverine litter simulations 
(see Appendix C for the selected periods).

3.4.  Particle transport model

The application of the transport module of the TE-
SEO particle-tracking model (Abascal et  al., 2007, 
2017a, b; Chiri et al., 2020) was two-fold: (1) to simu-
late the transport and fate of floating marine litter 
entering from rivers and reaching the open waters 
of the SE Bay of Biscay and (2) to estimate a wind-
age coefficient by calibrating the model according 
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to the low-cost buoy trajectories. This module al-
lows for simulating passive particles driven by sur-
face currents, wind, and turbulent diffusion. Parti-
cle trajectories were calculated using the following 
equation:

 
dx i
dt

= ua x i , t( )+ ud x i , t( ) ,   (1)

where ua and ud are the advective velocity and diffu-
sive velocity, respectively, for the xi point and t time. 
The advective velocity is calculated as the lineal 
combination of the wind and currents according to

 ua = uc + Cduw,  (2)

where uc is the surface current velocity, uw is the wind 
velocity at 10 m over the sea surface, and Cd is the 
wind drag coefficient. The turbulent diffusive velocity 
is obtained using Monte Carlo sampling in the range 
of velocities [ud, ud], which are assumed to be propor-
tional to the diffusion coefficients (Hunter et al., 1993; 
 Maier-Reimer and Sündermann, 1982). For each time 
step ∆t , the velocity fluctuation is defined as

 ud =
6D
t
,   (3)

where D  is the diffusion coefficient, whose value 
is 1 m2 s–1 in accordance with previously modelling 
work for floating marine litter (Pereiro et al., 2019; 
Ruiz et al., 2022a). Simulations were forced by HF 
radar surface current velocity and wind data and 
interpolated at the particle’s position for integrat-
ing the trajectories. Beaching along the coast was 
implemented by a simple approach: if the particle 
reaches the shoreline, it is identified as beached, 
and it is removed from the computational process. 
TESEO has been calibrated and validated by com-
paring virtual particle trajectories to observed sur-
face drifter trajectories at regional and local scale 
(Abascal et al., 2009, 2017a, b; Chiri et al., 2019). TE-
SEO is a 3D numerical model conceived to simulate 
the transport and degradation of hydrocarbons, 
but it has also been successfully applied to the study 
of transport and accumulation of marine litter in 
estuaries (Mazarrasa et al., 2019; Núñez et al., 2019) 
and in open waters (Ruiz et al., 2022a).

3.4.1. Wind drag estimation

Two simulation strategies were combined for (1) es-
timating the wind drag coefficient and (2) studying 
the seasonal behaviour of floating items in the area 
(Sect.  3.5.2) The wind drag coefficient (Cd) was de-
termined by comparing the observed trajectories 
provided by the low-cost buoys and the modelled 
trajectories performed with TESEO. The test was 
done through different parameterizations of the 
wind drag coefficient ranging from 0% to 7% (Ta-
ble 2). This range was chosen based on previously 
floating marine litter studies coupling Lagrangian 
modelling and observations from satellite drifting 
buoys (Carson et al., 2013; Stanev et al., 2019; Van Der 
Mheen et  al., 2019). The coefficient providing the 
lowest error was considered the best coefficient to 
simulate highly buoyant litter. Due to the grid lim-
itations of the surface currents and wind data in the 
coastal area, the comparison was not initialized at 
the launching position of the low-cost buoys (river 
mouths), but instead it was initialized at the closest 
grid element that contained valid currents and wind 
data (Table 1). Observed positions were interpolated 
into a uniform 1 h time, fitting the metocean tempo-
ral resolution. A release of 1000 virtual particles was 
performed every 4 h at the corresponding observed 
position (Table 2). Particles were tracked over a 24 h 
period and the trajectory of the centre of mass of all 
the particles was computed at every time step to rep-
resent the track of the particle cloud. Observations 
were compared to modelled trajectories using the 
simple separation distance, which is the difference 
between the observed and the computed position of 
the centre of mass at a time step t. The mean sep-
aration distance D tmod( )  was calculated for every 
modelled position based on the simple separation 
distance following Eq. (4):

 D tmod( ) = 1
N

X mod tmod( ) X obs t obs( )
i=1

N

,   (4)

where Xmod tmod and Xobs(tobs) are the modelled and 
observed trajectories for the simulation period i of 
a total of N periods. A mean separation distance 
curve was computed for every wind drag coefficient 
derived from the mean separation distance curves 
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of the four buoys. The area beneath the mean sep-
aration distance curve was calculated to select the 
more suitable wind drag coefficient. The area D  
was calculated as a numerical integration over the 
forecast period via the trapezoidal method follow-
ing Eq. (4). This method approximates the integra-

tion over an interval by breaking the area down into 
trapezoids with more easily computable areas:

 D D tmod( )dt
tmod= 1

tmod=24

.  (5)

Table 2
Simulation, release, and physical parameter values for wind drag estimation  

and floating riverine litter simulations

Simulation parameters Release parameters Physical parameters

Number of 
particles

Integration 
time

Time  
step Release locations Release time

Turbulent 
diffusion 

coefficient

Wind drag 
coefficient 

(Cd)

Simulations 
for wind drag 
estimation

1000 per 
location 24 h 60 s At the observed loca-

tions of the buoy

Over the emitting 
period of the buoy at 
spaced intervals of 4 h

1 m2 s–1

0%, 2%, 
3%, 4%, 
5%, 6%, 
7%

Seasonal 
riverine litter 
simulations

500 per 
river 1 week 60 s

At a distance of 2.5 
nautical miles from 
the river mouth

At the beginning of 
the selected time pe-
riod (10 periods per 
season)

1 m2 s–1 0%, 4%

3.4.2.  Lagrangian seasonal simulation of 
riverine litter items

Seasonal simulations were run for low- and 
high-buoyancy items to assess the seasonal differ-
ences in the transport and fate of floating riverine 
litter once it has reached the open waters of the SE 
Bay of Biscay. Particles were released around 2.5 
nautical miles off the shoreline due to the complex-
ity in resolving small-scale processes of floating 
riverine and marine litter behaviour in and close to 
the river mouths. As parameterizations concerning 
wind effect linked to the object characteristics are 
scarce, the optimal wind drag coefficient estimat-
ed for the buoys (see Sect. 3.5.1) was accounted for 
by simulating the behaviour of the objects highly 
exposed to wind. No wind drag parameterization 
(Cd 0%) was applied for low-buoyancy objects not 
subjected to the wind effect. A total of 10 periods 
per season uniformly distributed within the study 
period (2009-2021) were considered for running the 
simulations based on the availability of HF radar 

surface current datasets (Appendix C). In total, 80 
simulations (40 for Cd 0% and 40 for Cd 4%) were run 
for 7 d. For each simulation, 4000 particles were re-
leased in eight rivers (500 per river) assuming that 
river discharges are equal despite the seasonal var-
iations and the morphological differences between 
rivers (Table 2). The total number of particles mod-
elled for Cd 0% was the same as Cd 4%. Post-process-
ing was carried out to compute by river (1) the parti-
cles’ evolution over the time from their release until 
their arrival at the shoreline and (2)  the particles’ 
distribution on the shoreline, counting the number 
of beached particles per kilometre of shoreline and 
indicating the spatial concentration per region.

4.  Results

4.1.  Riverine litter characterization

In total 1576 items and 11.597 kg of floating riverine 
litter were sampled and characterized (Fig. 3). Plas-
tic was the most common type of riverine litter in 
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terms of the number of items (95.1%) and in weight 
(67.9%); they were also frequent glass/ceramics 
(16.1%) and cloth/textile items (6.9%) when count-
ed by weight. The top 10 litter items accounted for 
93.3% by number and 72.6% by weight of the total 
riverine litter (Table 3). Plastic/polystyrene pieces 

between 2.5 and 50 cm and other plastic/polysty-
rene identifiable items (e.g. food labelling) were 
the most abundant in terms of number (71.2%) 
and weight (16.9%). Weakly buoyant items encom-
passed almost 91% by number and 68% by weight of 
litter items (Fig. 4).

Figure 3:  Composition of riverine litter by type of material in terms of the number of items and weight. Items were collected 
by the barrier placed in the Deba River (Gipuzkoa) between April and June 2018

Table 3
Top 10 (X) riverine litter items collected from the barrier located in the Deba River (Gipuzkoa)  

between April and June 2018. Items have been ranked by abundance (left) and weight (right) according 
to the master list categories of beach litter items and classified based on their exposure to the wind effect
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Figure 4:  Riverine litter classification based on the exposure to the wind effect. Items were collected from the barrier located 
in the Deba River (Gipuzkoa) between April and June 2018

Figure 5:  Mean separation distance between modelled and observed trajectories for each wind drag coefficient. The dark line 
is the mean curve used for the trapezoidal integration
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4.2.  Wind drag coefficient for drifting buoys

Total distances covered by drifting buoys ranged 
from 62 to 118 km (Table 1), and they all scattered 
over the HF radar coverage area. Buoys provided 
their position data over 385 h before beaching on 
the Landes and Gipuzkoa shore-lines. When com-
pared with numerical trajectories obtained using 
different Cd parameterizations, the mean sepa-
ration distance D tmod( )   increased nearly linearly 
with time for all the parameterizations, achieving 
a maximum separation of almost 14 km at 24 h for 

Cd = 0% (Fig. 5). Overall, using no windage param-
eterization provided the largest D . Simulations 
parameterized with Cd 4% provided the best results 
with an average standard deviation (SD) of 3.2 1.25 
km and a maximum value of 4.85 km at 24 h. When 
assessing the mean separation distance for all the 
modelled positions at every observed position of 
the buoys, the most common range separation dis-
tance for Cd 4% was 2-4 km (Fig. 6). Hence, a wind 
drag coefficient of 4% was applied in the remaining 
analysis to estimate the behaviour of highly buoy-
ant items.

Figure 6:  Spatial mean distance between modelled and observed trajectories of buoy A, B, C, and D with a drag coefficient 
Cd 4%. Particle trajectories were simulated during 24 h, with a re-initialization period every 4 h. The modelled trajectories 
are shown in solid lines. Circles represent the mean separation distance at the observed position for all the modelled 
positions
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Figure 7:  Particle concentration on the Bizkaia, Gipuzkoa, Pyrénées-Atlantiques, and Landes shoreline. The seasonal 
distribution is shown for Cd = 0% and Cd = 4% after 24 and 168 h of simulation

4.3.   Seasonal trends in floating riverine litter transport 
and fate

Particle concentration on the shoreline varied be-
tween 0 and 258.46 particles km–1 (Fig. 7). Particles 
parameterized with Cd 4% drifted faster towards 
the coast, notably during the first 24 h. The highest 
concentrations (> 200 particles km–1) were record-
ed during summer in Pyrénées-Atlantiques for Cd 
4%, probably due to the seasonal retention patterns 
within the study area (Appendix D). Although less 
intensely, Cd = 4% also led to a high particle concen-
tration in Pyrénées-Atlantiques (106.86 particles 
km–1) and Gipuzkoa (166.1 particles km–1) during 
winter. The lowest concentrations (0-20  particles 
km–1) were recorded for Cd 0% after the first 24 h 
of simulation, particularly during autumn. Over-
all, Bizkaia was the less impacted region for both 
windage coefficients (< 40 particles km–1). During 
summer, over 97% of particles parameterized with 
Cd 4% beached after 1 week of simulation (Fig. 8). In 

autumn this value fell to 54%. In contrast, beached 
particles parameterized with Cd 0% were less abun-
dant by the end of the simulations, particularly dur-
ing spring with less than 25% of particles trapped in 
the shoreline.

Figure 8:  Seasonal numbers of beached particles 
parameterized with Cd = 0% and Cd = 4% after 168 h of 
simulation
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Overall, the average of particles parameterized with 
Cd 0% was higher when comparing to Cd 4% (Fig. 9). 
Particles released in French rivers and parameter-
ized with Cd 0% were less abundant during summer, 
though this trend was reversed in autumn. For Cd 
0%, the number of particles released in the Bidas-
oa River during summer were the least abundant 
after 1 week of simulation (< 200 particles on aver-
age). The vast majority of particles released in the 
Urumea River during winter were floating in the 
study area by the end of the simulations (479 parti-
cles on average). Particles parameterized with Cd 4% 
beached faster during the first 48 h, mainly in sum-
mer and for those particles released in the French 
rivers. During this season, the average number of 
particles floating in the study area by the end of the 
simulation ranged between 0 and 250. Similar trends 
were observed within the same season between riv-
ers, probably influenced by the vicinity of rivers and 

the spatiotemporal resolution of forcings. Over 40% 
of the total particles parameterized with Cd 4% and 
almost 12% parameterized with Cd 0% beached in 
Gipuzkoa (Fig. 10). During spring, almost 60% of 
beached particles parameterized with Cd 0% were 
located Bizkaia. For Cd 0%, particles released during 
summer in the rivers located in the western area of 
Gipuzkoa drifted longer distances and reached the 
Landes shoreline. This trend changed during winter, 
when the vast majority of particles released in Gipuz-
koa rivers beached mainly in Gipuzkoa and Bizkaia. 
Beached particles parameterized with Cd  0% expe-
rienced more seasonal variations derived from the 
surface current circulation patterns within the SE 
Bay of Biscay. For Cd 4%, particles beached in Gipuz-
koa ranged between 51% in spring and 38% in winter, 
and Bizkaia was the less affected region despite the 
season. Overall, all regions were highly affected by 
rivers within or nearby the region itself.

Figure 9:  Temporal evolution of the particles parameterized with Cd 0% and Cd 4% throughout the different seasons. 
The curves represent the average number of particles floating in the water surface by river and for every time step
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Figure 10:  Seasonal analysis of the beached particles parameterized with Cd 0% and Cd 4% per region and river by the end of the 
simulation period. The nodes of the region correspond to the number of beached particles. The country to which each river belongs 
—France (Pyrénées-Atlantiques) and Spain (Gipuzkoa)— is shown on the left side of each figure. The width of the node depicts the 
sum of the beached particles, and the links represent the number of particles beached per river

5.  Discussion

5.1.  Riverine litter composition

An artisanal net placed at the mouth of the Deba Riv-
er enabled sampling riverine litter in the study area 
during spring 2018. Short and narrow rivers prevail in 
the SE Bay of Biscay, affected by a strong tidal regime 
and very intense, stationary and persistent storms 
(Ocio et  al., 2015). Studies aiming at reporting the 
abundance and composition of floating riverine litter 
in European rivers date back less than 10 years, and 
they were performed in larger and more abundant 
rivers than the Deba River. Despite the morpholo-
gy and hydrological differences, plastic was the pre-
dominant material in the Deba River, as in the Siene 
(Gasperi et al., 2014), Danu be (Lechner et al., 2014) or 
Rhine River (van der Wal et al., 2015). Similarities were 
also found when comparing the top 10 list of riverine 
litter items to rivers located in the north-east Atlan-
tic region. Plastic/polystyrene pieces between 2.5 and 
50 cm (71.2 %) top the list in terms of the number of 
items, and their abundance was slightly higher when 
compared to north-east Atlantic rivers (54.53%) (Bru-
ge et al., 2018; González-Fernández et al., 2018). Low-

er abundances were observed in the Mediterranean 
(25.01  %) and the Black Sea (13.74%). Riverine litter 
items trapped on vegetation or deposited on the riv-
erbank can be degraded by weather conditions (rain, 
wind, etc.) favouring the fragmentation in plastic 
pieces before their arrival in the coastal and marine 
environment (Chamas et  al., 2020). The fragmenta-
tion can be also influenced by the material and the 
shape of the litter items (Woods et al., 2021). Differ-
ences in plastic/polystyrene pieces between 2.5 and 
50 cm abundances can be attributed to a faster frag-
mentation due to the variations in weather condi-
tions between river basins. However, more detailed 
analyses on the physical characteristics of litter items 
(i.e. polymer type) are necessary to fully assess their 
impact on the occurrence of fragmented plastic piec-
es. Results are also in line with the ranking list of the 
top 10 beach litter items across the north-east Atlan-
tic region revealing that single-use plastics (i.e. food 
containers, bottles, and other packaging) are among 
the most abundant riverine litter items together with 
plastic fragments (European Commission, 2018). 
These results differed from the analysis performed in 
sea small-scale convergence areas of floating marine 
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litter (“litter windrows”) on the coastal waters of the 
SE Bay of Biscay, where fishing-related items were 
the second most abundant sub-category in terms of 
number after plastic/polystyrene pieces between 2.5 
and 50 cm (Ruiz et al., 2020). Substantial differences 
also exist between riverine litter sampled in the Deba 
River and floating marine litter assessed by visual ob-
servation from research vessels in open waters of the 
Bay of Biscay (Ruiz et al., 2022a). Differences might be 
related to the monitoring method and, also, to the size 
of the items, since small items, such as plastic piec-
es, can be overlooked by the observer when the visual 
counting method is applied, contrary to riverine litter 
samplings for later analysis in the lab. Overall, riverine 
litter data acquisition is mainly focused on the float-
ing fraction, and the litter loads under the surface wa-
ter are often ignored. Increasing the quantity of rivers 
sampled, the frequency, and the riverine water com-
partments is necessary to establish the composition 
and trends of riverine litter in the SE Bay of Biscay.

5.2.  Wind drag estimation

One of the largest uncertainties for predicting float-
ing riverine and marine litter behaviour is the proper 
quantification of a wind drag coefficient. Wind drag 
estimations conducted so far for floating marine lit-
ter items range between 0% and 6% (Ko et al., 2020; 
Critchell and Lambrechts, 2016; Neumann et al., 2014) 
with an upper limit of 10% (Yoon et al., 2010). Howev-
er, only a few of them have been validated using ob-
servational data (Maximenko et al., 2018; Callies et al., 
2017). In this study, data provided by low-cost buoys 
combined with surface current measurements by HF 
radar were used as a proxy for modelling the drift of 
floating litter objects with similar buoy characteristics 
(density, size, and shape). Results demonstrated that 
Cd 4% was the optimal wind drag coefficient for accu-
rately represent the pathways of the low-cost buoys in 
the study area. This value can be consistent with the 
estimations of the partially emerged Physalia physalis 
for the Bay of Biscay (Ferrer and Pastor, 2017), but it is 
almost 3 times higher than the maximum wind drag 
coefficient reported in the area by Pereiro et al. (2018). 
This can be explained by the fact that buoys used in 
the experiment remained submerged beneath the 
sea surface and were less exposed to the wind effect. 

The estimated wind drag coefficient was also greater 
than Cd 3 % observed for the Prestige oil spill accident 
(Abascal et  al., 2009; Marta-Almeida et  al., 2013). In-
deed, oil spill studies refer to a range of wind drag co-
efficient between 2.5% to 4.4% of the wind speed, with 
a mean value of 3%-3.5% (e.g. ASCE, 1996; Reed et al., 
1994). Object characteristics may change over time 
due to the exposure to wind, waves, UV radiation, sea-
water, and the attachment of organic material (Kooi 
et al., 2017; Min et al., 2020). Objects become breakable, 
and biofouling increases their density, overcoming 
the positive buoyancy and impacting their trajecto-
ry. Investigations so far pinpointed longer timescales 
(weeks to months and longer) than considered in this 
study (days) for a significant change on the behav-
iour of floating objects (Ryan, 2015; Fazey and Ryan, 
2016). Consequently, physical variations in the buoy 
properties were not accounted for the wind drag es-
timation. The separation distance between observed 
and modelled trajectories has been commonly used to 
evaluate the skill of particle-tracking models (Callies 
et al., 2017; Haza et al., 2019; Aksamit et al., 2020; Abas-
cal et al., 2012). In this study, the purpose was not to 
evaluate the model accuracy but to estimate the wind 
drag coefficient for the low-cost buoys. However, the 
novel approach proposed by Révelard et al. (2021) may 
be of particular interest for future experiments ori-
ented towards assessing the wind drag coefficient of 
highly buoyant items drifting for short time periods 
in the coastal area.

5.3.  Seasonal riverine litter distribution by region

It is broadly accepted that the SE Bay of Biscay is pol-
luted with floating marine litter discarded or lost in the 
marine and coastal area but also with litter originating 
inland and transported via rivers and run-off. Howev-
er, detailed studies on riverine litter contribution are 
still scarce, and modelling efforts combining observa-
tions and physical parameterizations of floating litter 
properties are non-existent. This study shows that the 
exposure to the wind effect largely controls the trans-
port and coastal accumulation of floating marine lit-
ter in the SE Bay of Biscay, with concentrations vary-
ing between regions and over time. Concentrations in 
Pyrénées-Atlantiques and Gipuzkoa differed widely 
from the other studied regions. Indeed, the highest 
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concentrations occurred in both regions during sum-
mer for low- (100-120 particle km–1) and high-buoy-
ancy items (> 200 particles km–1). A higher number of 
particles beached in Gipuzkoa during summer when 
compared to Pyrénées-Atlantiques, but concentra-
tions were lower since the Basque shoreline is longer. 
The pathways and fate of low-buoyancy items reflect 
the seasonal surface water circulation patterns in the 
SE Bay of Biscay. Results are in line with findings pro-
vided by Declerck et al. (2019) who pinpointed a higher 
coastal retention in the area during spring and sum-
mer. Weakly buoyant objects remained floating at 
the coastal waters and highly buoyant objects tended 
to beach remarkably faster as reported in literature 
by Rodríguez-Díaz et al. (2020). However, long-term 
data collected by in situ observations of beached litter 
across the different regions are necessary to validate 
the large seasonal variations and to assess the relia-
bility of concentration levels for addressing riverine 
litter issue in priority regions with heavily polluted 
coastlines.

5.4.  Rivers as key vectors of riverine litter

The interpretation of the spatial and temporal river-
ine litter distribution by river can be challenging since 
riverine litter fluxes in the study area are highly uncer-
tain. In the study area, two major assumptions were 
made regarding the river systems: (1) the same river 
discharge for all rivers and (2) the same river discharge 
for all seasons. This means that the same amounts of 
riverine litter were allocated for every river regard-
less of the differences in the width and depth and the 
seasonal flow variations. Since each river basin has 
its own particularities, future modelling approaches 
should be adapted to the morphology and hydrolog-
ical conditions of the catchment area. Other drivers, 
such as the land use or population density, can be a de-
termining factor for the amount of mismanaged litter 
that could contribute to riverine litter fluxes (Schmidt 
et al., 2017; Schuyler et al., 2021). It is also necessary to 
further investigate if higher river flows in the area are 
directly related to an increased discharge of riverine 
litter since analysis already performed in different 
river basins shows contradicting relations between 
the occurrence of riverine litter and river fluxes (van 
Emmerik and Schwarz, 2020). Along with the com-

plex nature of qualifying riverine litter fluxes, litter 
behaviour in the coastal area of the SE Bay of Biscay is 
still in its early stage, and much has yet to be revealed. 
Particular attention should be paid to Pyrénées-Atlan-
tiques and Gipuzkoa, as the main impacted regions in 
the studied area. Rivers in the study area are mainly 
located in Gipuzkoa, which favours the accumulation 
of floating litter in this region regardless of the sea-
son. Regional coordination should be reinforced due 
to the transboundary movement of floating riverine 
litter in the study area and reasonable efforts oriented 
towards retaining or removing riverine litter as clean-
up measures in the riverbanks should be investigat-
ed to avoid litter being transported to the coastal and 
marine environment.

5.5.  Model limitations

The interaction between floating litter and the shore-
line is highly complex and relies on many processes 
including waves and tides. Indeed, waves and tides 
can constrain coastal accumulation since they can 
resuspend and transport litter back into the ocean 
(Brennan et al., 2018; Compa et al., 2022). The geomor-
phology can also affect the retention of litter wash-
ing ashore. Sandy beaches tend to be more efficient 
at trapping and accumulating litter than rocky areas, 
which favour litter fragmentation (Robbe et al., 2021; 
Weideman et  al., 2020). How these processes con-
tribute to the actual beaching is unknown, and they 
cannot be resolved yet at a suitable resolution (Melvin 
et al., 2021). In this study, particles were released in 
open waters, and once they reached the shoreline, 
they were classified as beached. The tidal effect and 
the wave-induced Stokes drift were not accounted for 
to avoid introducing more uncertainties. However, 
further field and laboratory experiments to better un-
derstand how these processes influence floating litter 
behaviour on the coastline are recommend. For future 
research, it is also important to consider exploring the 
effect of the type of shore-line on coastal accumula-
tion. In this study, a constant diffusion coefficient of 
1 m2 s–1 was regarded as a pragmatic choice based on 
previous modelling work for floating marine litter. 
However, more field measurements are necessary to 
accurately assess the influence of the diffusion pro-
cess on the transport of floating marine litter.
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6.  Conclusions

The SE Bay of Biscay has been described by global and 
regional models as an accumulation zone for floating 
marine litter. However, detailed studies on floating 
riverine litter behaviour once items arrive in open wa-
ters are still scarce. Based on HF radar current obser-
vations and a wind dataset, this contribution tries to 
fill this gap by providing insights into how low- and 
high-buoyancy litter released by several rivers of the 
SE Bay of Biscay may affect the nearby regions season-
ally in terms of concentration and beaching. Analysis 
of riverine litter samples collected by a barrier placed 
in the study area showed that low-buoyancy objects 
were predominant, although highly buoyant objects 
were also relevant in terms of weight. Simulations for 
assessing the seasonal trends of floating riverine litter 
transport and fate were performed with the Lagrangi-
an model TESEO. To properly integrate the differenc-
es in litter buoyancy, simulations were parameterized 
with a wind drag coefficient for low- and high-buoy-
ancy items. The wind drag for highly buoyant items 
was estimated by comparing the observed and the 
modelled positions of four drifters. The developed 
low-cost buoys proved to be suitable to provide re-
al-time trajectories of highly buoyant objects exposed 
to wind. However, drifters with different characteris-
tics should be used in future studies to account for the 
windage effect on different types of items. The trans-
port and fate of both high- and low-buoyancy items 
released by rivers was calculated by season. Highly 
buoyant items rapidly beached (in less than 48 h), par-
ticularly in summer and winter; in contrast, despite 
the season over two-thirds of low-buoyancy items re-
mained floating after 1 week of being released. This 
highlights the discrepancy between the behaviour for 
low- and high-buoyancy objects and the importance 
of parameterizing the windage effect in order to accu-
rately predict riverine litter accumulation in the coast-
al area of the SE Bay of Biscay. Beached particles were 
mainly found in Gipuzkoa regardless of the season 
and the wind drag coefficient. Overall, the less affect-
ed region was Bizkaia with the exception of a spring 
period for low-buoyancy items. Despite the season, 
most of the riverine litter remained in the study area 
and rivers polluted the regions within the river basin 
or surrounding it. Investigating what beaches are 

most likely to accumulate large quantities and the 
contribution per river can provide relevant input to 
response operations after storm events in the short to 
medium term and can also support the identification 
of priority rivers for a monitoring programme, assist-
ing adapted intervention of riverine pollution region-
ally in the future.
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