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resumo 
 

 

A acumulação e dispersão de microplásticos (MPs) é um problema 
crescente em escala global. A acumulação de MPs nos sistemas 
aquáticos está a aumentar devido à sua alta persistência e manejo 
inadequado, afetando todos os ambientes marinhos e podendo 
inclusivamente afetar adversamente os serviços dos ecossistemas e 
até a saúde humana. O estudo destes contaminantes, nomeadamente 
a sua concentração e distribuição espacial, bem como suas 
características físicas e químicas, é fundamental para mitigar e reduzir 
os riscos associados. Devido à alta densidade populacional existente 
na costa portuguesa, esta área é uma zona de alta contaminação por 
MPs, sendo os rios o principal meio de transporte para as águas 
costeiras. Para compreender as distribuições dos MPs e a maneira 
como estes evoluem no espaço e no tempo, é essencial o 
desenvolvimento de estudos nesta área. Assim, o objetivo deste 
trabalho é simular o transporte e a acumulação de MPs ao longo da 
costa portuguesa e águas adjacentes. A metodologia seguida 
compreendeu o desenvolvimento e a implementação de um modelo 
tridimensional utilizando o modelo Delft3D, acoplando os módulos de 
fluxo e localização de partículas (D-WAQ PART). Foram então criados 
3 cenários: o cenário 1 tem como objetivo compreender a trajetória dos 
MPs de diferentes diâmetros e tipos; o cenário 2 foi desenvolvido com o 
intuito de perceber a distribuição e zonas de acumulação dos MPs 
libertados por cada rio; e o cenário 3 pretende avaliar o efeito do vento 
no destino dos MPs. As simulações mostram que todos os MPs se 
deslocam para o norte no inverno e tendem a permanecer perto do 
ponto de libertação no verão, seguindo a hidrodinâmica local. Os MPs 
de maior densidade e de maior dimensão tendem a afundar mais do 
que os de menor densidade e de menor dimensão, que, por sua vez, 
tendem a percorrer distâncias maiores. O efeito do vento na distribuição 
dos MPs, independentemente da direção e estação do ano, favorece o 
afundamento de partículas e a dispersão destas para fora da 
plataforma. Os principais fatores que influenciam a distribuição e a 
acumulação de MPs na área de estudo são a hidrodinâmica e a 
geomorfologia local, seguidos pelo diâmetro dos MPs. Este estudo 
contribui para melhorar a compreensão sobre o destino e o transporte 
de MPs ao longo da costa portuguesa e para detetar zonas críticas de 
acumulação. 
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abstract 

 
Microplastic (MP) accumulation and dispersal is a growing problem at a 
global marine scale. The accumulation of MPs in aquatic systems is 
increasing due to their high perseverance and inadequate management, 
affecting all marine environments and adversely impacting ecosystem 
services and even human health. The study of these contaminants, 
namely their concentration and spatial distribution, as well as their 
physical characteristics, is fundamental to mitigate and reduce the 
associated risks. Due to the high population density on the Portuguese 
coast, this area is a zone of high contamination by MPs, being the rivers 
their main transport mode to coastal waters. In order to understand the 
distributions of MPs and the way they evolve in space and time, is 
essential to develop studies in this area. Thus, the purpose of this study 
is to simulate the transport and accumulation of MPs along the 
Portuguese coast and adjacent waters. The methodology followed 
comprised the development and implementation of a three-dimensional 
model using the Delft3D suite, coupling the Flow and particle-tracking 
(D-WAQ PART) models. Three scenarios were created: scenario 1 aims 
to comprehend the trajectory of the MPs of different diameters and 
types; scenario 2 was developed to understand the distribution and 
accumulation zones of MPs released per river; and scenario 3 aims to 
assess the effect of wind on the MPs fate. The simulations show that all 
MPs move to north in winter and tend to stay close to the release point 
in summer, following the local hydrodynamics. The higher density and 
larger MPs tend to sink more than those of lower density and smaller 
dimension, which in turn tend to travel longer distances. The effect of 
wind on the distribution of MPs, regardless of direction and season, 
favors the sinking of particles and dispersion off the platform. The main 
factors that influence the distribution and accumulation of MPs in the 
study area are the local hydrodynamic and geomorphology, followed by 
the diameter of the MPs. This study contributes to improve the 
understanding about the fate and transport of MPs along the 
Portuguese coast and to detect critical accumulation zones. 
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1. Introduction 

1.1. Background and motivation 

Plastics are defined in the literature as synthetic organic polymers, which emerge as a 

result of the polymerization of monomers extracted from oil or gas (Thompson et al., 

2009). Regarding polymer type, there are a wide range of polymers annually produced, 

which account for approximately 80% of the total demand, namely: polyethylene (PE) 

used for reusable bags, toys, milk and shampoo bottles, etc.; polypropylene (PP) used at 

food packaging, automotive parts, bank notes, etc.; polystyrene (PS) used for eyeglasses 

frames, plastic cups, packaging, etc.; polyvinyl chloride (PVC) used at window frames, 

floor and wall covering, inflatable pools, etc.; polyethylene terephthalate (PET) used at 

bottles for water, soft drinks, cleaners, etc.; and polyurethane (PUR) used for building 

insulation, pillows and mattresses, etc. (PlasticsEurope, 2018). 

Plastics, one of the most demanded industrial materials (322 million tonnes in 2015) 

(PlasticsEurope, 2016), constitute 54% of the global mass of anthropogenic waste 

(Hoellein et al., 2014). Currently, the fate of most post-consumer plastics waste is 

recycling and energy recovery processes (69.2%), however, in many EU countries, landfill 

is still the first option (30.8%) (PlasticsEurope, 2016). The wide application of plastic 

material has brought far-reaching societal benefits, although the pollution by plastics is 

increasing due to their ubiquity, high persistence, inadequate management and improper 

waste disposal (Thompson et al., 2004; Barnes et al., 2009; Eubeler et al., 2010; Urgert, 

2015; Dris et al., 2015).  They are produced in a wide range of sizes, however, 

microplastics (MPs) are of concern as they can derive from a variety of sources, reach high 

densities within environment and interact with biotic and abiotic environment. MPs are the 

most abundant and potentially harmful fraction of plastic debris in the ocean (Law and 

Thompson, 2014). MPs pollution has been documented throughout the world and become 

the focus of the scientific community, governments and intergovernmental agencies, as 

well as the public (Andrady, 2011). The ubiquitous presence of MPs in almost every type 

of marine habitats has been reported, from the surface and subsurface water columns 

(Cózar et al., 2014), to beach, coastlines and wetland sediments (Hidalgo-Ruz et al., 2012; 

Hengstmann et al., 2018; Zhang et al., 2018), at subtropical oceanic gyres (Brach et al., 
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2018), at open ocean water bodies (Wang et al., 2017), polar regions (Eriksson et al., 2013; 

Lusher et al., 2015; Waller et al., 2017; Obbard, 2018) and deep sea (van Cauwenberghe et 

al., 2013; Woodall et al., 2014). Marine pollution from MPs has been recognized as a 

worldwide environmental and ecological threat (GESAMP, 2015). 

The environmental impacts of MPs include the provision of substrate for undesirable 

microorganisms (Carpenter et al., 1972; Barnes et al., 2009) and ingestion hazards to 

marine organisms due to their size, shape and color (Schuyler et al., 2014). Studies have 

traced impacts of MPs in small animals, such as zooplankton and larval fish (Cole et al., 

2013; Steer et al., 2017; Sun et al., 2017), sessile invertebrates (Wright et al., 2013; 

Thushari et al., 2017) and in larger animals, such as sea turtles (Camedda et al., 2014; 

Pham et al., 2017), marine birds (Van Franeker et al., 2011) and fish species (Neves et al., 

2015; Ory et al., 2017) either directly or through consumption of prey. MPs also act as 

dispersal vectors of chemical additives (Rochman, 2015), once organic and metal 

pollutants are absorbed onto their surface, due to their hydrophobic nature (Mato et al., 

2001; Teuten et al., 2007; Teuten et al., 2009; Frias et al., 2010; Antunes et al., 2013). 

Adsorbed pollutants can potentially be transferred to organisms tissues following ingestion 

(Rochman et al., 2013), depending on their size (Yamashita et al., 2011; Bakir et al., 2012; 

Tanaka et al., 2013; Cannon et al., 2016 and Nadal et al., 2016). The highest 

concentrations of these contaminants are often detected in estuaries and coastal areas 

(Bergmann et al., 2015; Wagner and Lambert, 2018). 

MPs can either enter the aquatic ecosystem from direct leakages during transfer and 

transport to/from industries or resulting from breakdown of larger plastics and be 

transported to marine ecosystems by freshwater systems. It has been estimated that rivers 

transport between 70 and 80% of plastic to the marine ecosystem (GESAMP, 2010). 

More than half of the Portuguese population live near the coast, which makes the 

coastal zone a hotspot for MPs contamination (Cole et al., 2011). The Portuguese coast 

presents complex oceanographic conditions and morphologic features, with several rivers 

flowing into the Atlantic Ocean. Antunes et al. (2018) quantified the MP accumulation in 

eleven beaches along the Portuguese coast and identified the relationship between MP 

abundance and potential hotspot areas, such as proximity to port facilities, urban areas, 

plastic molding and packaging industries and receiving river streams. They found a strong 
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correlation between the average annual flow of the Douro, Sujo, Vouga, Lis and Tejo 

rivers and the MPs accumulated on the Portuguese beaches. 

Using field data, several studies were carried out to quantify and characterize MPs in 

Portuguese beaches (Martins and Sobral, 2011; Antunes et al., 2018), and coastal waters 

(Frias et al., 2014).  Particle-tracking models have been used to simulate the trajectory and 

distribution modeling of MPs in several ports abroad (Lammerts, 2016), North Sea 

(Stuparu et al., 2015), and world ocean (Lebreton et al., 2012). However, there are still no 

studies describing the trajectory and distribution of MPs in Portuguese coastal waters. 

Therefore, a deeper understanding is needed of the MPs behavior, transport and fate on the 

Portuguese Coast, namely by means of numerical model applications designed for this 

purpose. 

1.2. Aims 

With this concerns in mind, this work aims to give a step forward in the 

comprehension of the distribution patterns of different types and sizes of MPs incoming 

from rivers along the Portuguese coast and adjacent waters, using the Delft3D suite, 

coupling the Flow and particle-tracking (D-WAQ PART) models. To achieve this 

objective, some specific goals are established for this work: 

• Identify areas of higher concentration of MPs; 

• Check MPs transport routes released by each river; 

• Analyse the behaviour of different types and sizes of MPs particles; 

• Characterize the influence of the wind in the propagation of the MPs particles; 

• Evaluate differences and similarities between the trajectories of particles; 

• Assess differences and similarities between summer and winter seasons particle 

trajectories. 

1.3. Work structure 

This study is divided in 9 chapters. Chapter 1 starts with the Introduction, where 

background, motivation and general objectives are described. In Chapter 2, a general 

description of the study area is performed, including a theoretical framework and its main 

atmospheric and meteorological characteristics. Next, a chapter dedicated to MPs is 

presented, introducing their relevant characteristics for the study. Chapter 4 presents a 
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general overview of the numerical model Delft-3D, Flow and Part module. In chapter 5, 

the observational data used in this work is presented, and Chapter 6 the development of the 

propagation model and the description of the different scenarios. Finally, Chapters 7 and 8, 

present the results and discussion, and finally the conclusions and some suggestions of 

future work, respectively.  
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2. Study area 

2.1. Theoretical framework 

The Portuguese continental waters are confined between the 36.5°N and the 41.5°N 

(Figure 1) and are included on Western Iberia Basin. The country's EEZ comprises 327 

667 km2, is the third largest Exclusive Economic Zone (EEZ) in Europe and the 10th 

largest in the world. The continental shelf (23 728 km2) has a narrow profile, apart from a 

region between the river Minho and the Nazaré Canyon. The offshore area is used by 

fisheries (mainly bottom or pelagic trawlers and long-liners) and hosts several well-defined 

navigation corridors connecting Europe, Africa and the American Continent, with 

hundreds of ships circulating daily along the Portuguese coast. The Portuguese population 

continues to be predominantly concentrated on the continent's coast, especially on the 

Atlantic coast. These areas are subject to pollution from domestic sewage and potential 

industrial spills. 

 

Figure 1: Bathymetry of the Portuguese coast and location of the main rivers approached in this study. 

The Portuguese coast presents contrast morphologic features and oceanographic 

conditions, with several funnel-shaped estuaries crossing the NW coast. The river 

discharges have a pronounced seasonal variability, being higher in the winter 

(http://www.inag.pt) and may influence density stratification of the coastal waters (Moita, 
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2001). South of Nazaré, rivers are smaller (except the Tejo) and the estuary morphology 

consists of inner bays like coastal lagoons.  

2.2. Atmospheric and hydrodynamic characteristics 

Considering the circulation features described in the literature and those recurrently 

registered in hydrology observations and satellite data (see Mason et al., 2005; Peliz et al., 

2005), the Iberian Basin, where the study area is framed, is separated into two distinct 

areas. A northern area, where the large-scale current flow is predominantly southward due 

to the Portugal Current (PoC 1) (Figure 2) and the poleward flow is confined to the vicinity 

of the slope. To the west, southward cold intrusions are recurrently observed (eastern 

branch of the Portugal Current, PoC 2). In this region there is a recurrent frontal system at 

about 39–40°N, designated as Western Iberia Winter Fronts (WIWiFs). They represent the 

transition to the southern area of the Iberian Atlantic Basin. In the southern area, the PoC is 

less influential and an eastward advection of relatively warm and salty waters becomes 

important as the main generating mechanism of the poleward flow. Near the coast, this 

front is deflected northward generating the alongshore current: Iberian Poleward Current 

(IPC). A second frontal system to the south of 36°N represents the eastern end of the 

Azores Current (AC). 

 

Figure 2: The western Iberia and Gulf of Cadiz regimes in a) spring and summer, and b) autumn and winter. 

1) Cape Finisterre; 2) River Douro; 3) Cabo da Roca; 4) Cape St. Vincent; 5) Guadiana River; 6) 

Guadalquivir River; 7) Strait of Gibraltar. From Mason et al. (2005) adapted from Peliz et al. (2002;2005). 
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During the summer, the Portuguese west coast is under a North wind regime. Between 

June and August, the intensity and steadiness of northerly winds increase, that, in 

connection with the dynamics of the Azores anticyclone and with the seasonal migration of 

the subtropical front, leads to the occurrence of upwelling in the Portuguese coast (Fiúza, 

1982). Although southern winds prevail during winter, Fiúza (1982) also points to the 

sporadic appearance of upwelling in December-January along the Portuguese coast, with 

smaller intensity than in the summer, but also induced locally by favorable northerly 

winds. 

Figure 2 also shows the existence of a coastal counter-flow that is attached to the 

coast, the Western Iberia Buoyant Plume (WIBP). The WIBP is partly attributable to 

buoyancy input from the many regional rivers with low-salinity water, a year-round feature 

which extends all along the coast as a narrow band that promotes northward baroclinic 

transport. 
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3. Microplastics 

3.1. Characterization 

Carpenter and Smith (1972) were the first to investigate the presence of plastic debris 

in the marine environment, which prompted a compilation of scientific research on its 

accumulation and ecological consequences resulting in the coinage of the term 

"microplastics" in 2004 to describe the microscopic particles of plastic debris (Thompson 

et al., 2004). Subsequently, the number of studies aiming to define and classify MPs 

increased significantly, however, no definition was internationally recognized (Barboza 

and Gimenez, 2015). Thus, at the first international workshop on MPs organized by the 

National Oceanographic and Atmospheric Agency (NOAA), United States, in Washington, 

it was defined MPs as plastic particles smaller than 5 mm (Arthur et al., 2009). Similarly, 

the European Union within the Marine Strategy Framework Directive (MSFD) adopted the 

NOAA definition and set the 5 mm diameter of plastic litters as the upper boundary for 

categorizing MPs (Galgani et al., 2015).  

MPs are classified into primary and secondary MPs based on their origin/source into 

the marine environments. Primary MPs are small-sized particles used as resin pellets in the 

plastic industry or as precursors for the production of consumer products used in hygiene 

and personal care products, like cosmetics, scrubs and abrasives found in cleaning agents 

(Cole et al., 2011; Duis and Coors, 2016), insect repellents and sunscreen, synthetic 

clothing drilling fluids and air blasting media (Gregory, 1996). Secondary MPs result from 

the continuous fragmentation of macroplastics caused by a combination of abiotic and 

biotic mechanisms (Beyler and Hirschler, 2001; Lucas et al., 2008; Eubeler et al., 2010; 

Cole et al., 2011). This involves individual or combination of biological, chemical or 

physical processes that increase the breakage of the cross-link/bonds in the plastic 

polymers. During secondary MPs formation, plastic fragments and fibers are continuously 

produced and discharged into the marine environment through photo-thermal degradation, 

oxidation and/or mechanical abrasion (Mailhot et al., 2000; Wagner et al., 2014). 

MPs are ubiquitous in most marine environment worldwide. They constitute over 95% 

of the marine litters that accumulate and spread over all the matrices of marine 

environment; water surface and column, on shorelines (beaches), marine sediments, sea 
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floor, and biota, with their abundance and distribution showing considerable spatial 

variability (Barboza and Gimenez, 2015; Galgani et al., 2015). In their review on the 

distribution of MPs in marine environment, Galgani et al. (2015) and Auta et al. (2017) 

showed that they have conquered all components of the world’s oceans and seas, 

shorelines, beaches, in seabed sediments, and on surface waters from the Arctic to the 

Antarctic. The global distribution of these particles across the marine environments is 

enhanced by their small densities (compared to water), sources of production and discharge 

into the environment, mechanisms of dispersion (through ocean currents and or wave 

directions), and hydrodynamic processes of the water body (Kukulka et al., 2012). 

3.2. Sources 

Figure 3 represents the different sources of the primary and secondary MPs.  

 

Figure 3: Schematic presentation of the sources of microplastics from Maphoto/Riccardo Pravettoni, 

available at http://www.grida.no/resources/6929. 

Direct sources of plastics near shore include land-based sources (e.g., beach littering, 

sewage treatment plants, industrial spillage, urban and agricultural runoff) (Briassoulis et 

al., 2010; Cole et al., 2011; Castañeda et al., 2014), maritime activities (marine 

http://www.grida.no/resources/6929
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aquaculture, shipping, oil drilling) (Vauk and Schrey, 1987; Martins and Sobral, 2011) and 

potentially atmospheric dust (GESAMP, 2015; Thompson, 2015; Li et al., 2016; Auta et 

al., 2017). 

Once released in the environment, these particles can be transported to oceans in 

multiple ways (Figure 4): river discharge (Hidalgo-Ruz et al., 2012; Wagner et al., 2014; 

Eerkes-Medrano et al., 2015; Klein et al., 2015; Urgert, 2015), extreme events (e. g. 

storms), winds or animals (Galgani et al., 2013). As mentioned earlier, rivers transport 

about 70 to 80% of the plastics to the marine environment, which makes these one of the 

main sources of MPs to the ocean. 

 

Figure 4: Microplastics pathways into the ocean from Maphoto/Riccardo Pravettoni, available at 

http://www.grida.no/resources/6921. 

 

About 5000 g of primary MPs from personal hygiene and health care products enter 

waste streams that end up in marine environment every year (Chang, 2013). Primary and 

secondary MPs are present in all marine ecosystems at varying concentrations (Desforges 

http://www.grida.no/resources/6921
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et al., 2014) and about 245 million tonnes are discharged into marine environment 

annually. Recent studies have shown that most MPs, formed either through primary or 

secondary processes, are expected to continue fragmenting until they reach the nano-size 

(< 1 μm) stage, or they degrade continuously on an unknown time-scales until the polymer 

is completely mineralized into carbon dioxide, water and biomass (Dawson et al., 2018). 

3.3. Influencing aspects of the MPs dynamic movements 

Several polymers have been synthesized over a wide range of density and texture. 

Upon entering the natural environment, their physical properties are further modified 

through mechanical breakdown, photochemical degradation, biofouling and coagulation. 

Therefore, MPs samples collected from water and sediments vary in their particle density, 

size distribution, geometric shape and surface characteristics. The buoyancy of particles is 

a function of their physical properties (Zhang, 2017), and largely determines their eventual 

fate (Filella, 2015; Ryan, 2015). Plastic density, size and shape are the main properties 

governing the MPs buoyancy and mobility (Browne et al., 2010; Filella, 2015, Chubarenko 

et al., 2016; Zhang, 2017). 

Regarding MPs density, particles with densities higher than sea water tend to settle 

down to the sea bottom, while particles with densities lower than seawater float at or near 

the sea surface (Barnes et al., 2009; Chubarenko et al., 2016; Kowalski et al., 2016). The 

particle densities of plastics vary considerably, depending upon the polymer types and 

manufacturing processes. Virgin resins of plastics have material densities ranging from 0.8 

to 1.4 g cm-3. With a density close to sea water are PE, PP, and PS. Styrofoam has 

extremely low density of 0.045 g cm-3 and is widely observed on the sea surface and along 

shorelines. High-density MPs, including PVC and PET are likely found in the benthic 

environment (Morét-Ferguson et al., 2010; Andrady, 2011; Hidalgo-Ruz et al., 2012).  

Size specific sedimentation has been proposed to explain the distribution pattern of 

MPs in the world's oceans (Cózar et al., 2014; Ryan, 2015; Fazey and Ryan, 2016). Large 

plastic debris with density lower than sea water floats at high velocity over rather long 

distances by surface current and wind forces, whereas large non-buoyant plastics 

dominantly deposit on near shore sediments (Zhang 2017). Regardless of their densities, 

tiny plastic pieces exhibit behavior of colloidal particles and mainly exist as suspended 

particles in the water column (Filella, 2015). 
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Marine plastic particles exist in various shapes depending on their original type 

(plastic fragments, pellets, fibers, filaments, plastic films, foamed plastic, granules and 

styrofoam) and fragmentation processes (Hidalgo-Ruz et al., 2012). The primary MPs 

typically have more or less regular shapes, while the secondary MPs may exhibit diverse 

shapes and arbitrary proportions. Spherical and cylindrical shapes are relatively abundant 

among the MPs found in the marine environments (Carpenter et al., 1972; Colton et al., 

1974; Turner and Holmes, 2011; Noik and Tuah, 2015). 

The terminal settling velocity (VS) is the characteristic feature of any negatively 

buoyant particle sedimentation in the water. The VS is a valuable parameter for numerical 

simulation of MPs transport pathways (Ballent et al., 2013; Critchell and Lambrechts, 

2016), order-of-magnitude ecological estimates and theoretical description of general 

behavior of non-buoyant plastic particles in the water (Chubarenko et al., 2016). In 

general, the VS, is defined as the velocity of uniform motion or motion without 

acceleration. Thus, relatively small particle sinking in liquid achieves the VS when the 

hydrodynamical drag force and the gravitational forces are balanced, on the assumption 

that no other forces are acting on the particle in vertical direction (Allen, 1985). 

Khatmullina and Isachenko (2017) studied the VS of MPs, verifying that this variable is 

strongly dependent on particle shape and size. 

The dynamical behavior of the particles may be related to hydrography and 

geomorphological factors (Galgani et al., 1996, 2000), as well as the wind conditions, 

which have a larger impact on items with a high buoyancy (Lammerts, 2016). 
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4. Numerical Model 

Deltares is an independent institute for applied research in the field of water. 

Throughout the world, they work on smart solutions, innovations and applications for 

people, environment and society. Their focus is on deltas, coastal regions and river basins. 

Deltares has developed a unique, fully integrated modelling framework for a multi-

disciplinary approach and 3D computations for coastal, river, lake and estuarine areas, the 

Delft3D. It can carry out numerical modelling of flows, sediment transport, waves, water 

quality, morphological developments and ecology. The Delft3D framework is composed of 

several modules, each addressing a specific domain of interest, together with pre-

processing and postprocessing modules (Deltares, 2018b). All modules are dynamically 

interfaced to exchange data and results where process formulations require. Relevant 

modules for this research are the FLOW and PART module.  

Several studies were performed using Delft3D to analyze the behavior of litter 

particles in different aquatic ecosystems. Stuparu et al. (2015) developed a transport model 

for predicting the plastic spatial distribution in the North Sea in order to broaden the 

knowledge on accumulation sites. Lammerts (2016) performed a master thesis to determine 

how marine litter behaves under different forcing influences in the Port of Rotterdan, 

Netherlands. The advantage of the Delft3D software is that it incorporates a hydrodynamic 

model such that it simulates the influences of tides, currents, winds, water densities and 

waves, as well as a particle tracking model (Deltares, 2018b). 

4.1. Delft3D - FLOW 

Delft3D-FLOW is a multi-dimensional (2D or 3D) hydrodynamic (and transport) 

simulation program which calculates non-steady flow and transport phenomena that result 

from tidal and meteorological forcing on a rectilinear or a curvilinear, boundary fitted grid 

(Deltares, 2018a). It is able to predict the flow in shallow seas, coastal areas, estuaries, 

lagoons, rivers and lakes, and also could incorporate multiple effects such as wind stress, 

tidal ranges, waves, air pressure, even density variations. The hydrodynamic module solves 

the Reynolds-Averaged Navier–Stokes equations in sigma coordinates using a k-ε 

turbulence closure for an incompressible fluid with the Boussinesq approximation and 

hydrostatic assumption (Lesser et al. 2004). The equations are solved with a highly 
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accurate unconditionally stable solution procedure. In 3D models the vertical velocities are 

computed from the continuity equation. 

The results of the hydrodynamic module are used in all other modules of Delft3D, and 

in this case will be used in the PART module. 

4.2. Delft3D - PART 

The Delft3D-Part module estimates the dynamical spatial distribution of particles in 

three dimensions by tracking their path in time, using flow data from the FLOW module. 

The processes are assumed to be deterministic, except for a random displacement of the 

particle at each time step (Deltares, 2018d). The particle tracking method is based on a 

random-walk method, since the simulated behaviour is stochastic and the number of 

particles is limited (Rubinstein, 1981).  

In the model, the position of every individual particle can be influenced by advection 

(transport by water flow), diffusion/dispersion (a random component) and settling 

(including sedimentation/erosion characteristics). 

The number and mass of particles are specified in the model run, where the mass of a 

particle represents the amount of a substance attached to it. The concentration of a 

substance is determined by the number of particles per unit volume. The volume used to 

calculate the concentrations is defined by the hydrodynamic segments from the Delft3D-

FLOW model grid. 
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5. Data presentation 

The success of a model simulation is largely determined by the quality and 

accuracy of the inputs. This chapter describes oceanic bathymetry, boundary conditions, 

and surface boundary conditions data used in the model. 

5.1. Bathymetry 

The bathymetry data used was derived from the European Marine Observation and 

Data Network (EMODnet) Bathymetry portal (http://emodnet-bathymetry.eu/) with a grid 

resolution of 1/16 x 1/16 arc minutes (~ 115 x 115 m). The Digital Terrain Model values 

have been determined from General Bathymetric Chart of the Oceans (GEBCO) 2014 30” 

gridded data. It was largely generated by combining quality-controlled ship depth 

soundings with interpolation between sounding points guided by satellite-derived gravity 

data. 

5.2. Oceanic boundary conditions 

Boundary conditions for hydrodynamics (hourly fields of water level, velocity, water 

temperature and salinity) were provided by the Portuguese Coast Operational Modelling 

System (PCOMS) (http://www.maretec.org/). The PCOMS for the continental Portuguese 

coast is a forecast system based on the MOHID model (www.mohid.com). MOHID is an 

open-source three-dimensional water modelling system, developed by MARETEC (Marine 

and Environmental Technology Research Center) at Instituto Superior Técnico (IST). The 

PCOMS is running in full operational mode and produce daily hydrodynamic and 

ecological results for the previous day and three days forecasts for the Western Iberia 

Coast. PCOMS has a horizontal resolution of 6.6 km and a vertical discretization of 50 

layers (top 7 in sigma coordinates and the remaining 43 in Cartesian) with increasing 

resolution from the sea bottom upward, reaching 1 m at the surface. 

No river discharge data were imposed in the simulation, however, the fraction of MPs 

released per river was considered in the particle module implementation. 

http://emodnet-bathymetry.eu/
http://www.maretec.org/
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5.3. Surface boundary conditions 

An ocean heat model was applied using hourly results from the Weather Research 

Forecasting (WRF) model (www.wrfmodel.org), provided by the Regional Forecast 

Agency Meteogalicia (www.meteogalicia.es), with a spatial resolution of 12 km. The WRF 

model is a next-generation mesoscale numerical weather prediction system designed for 

both atmospheric research and operational forecasting applications. The heat transport 

model considers air temperature, relative humidity and ocean cloudiness to calculate heat 

losses from convection, evaporation and black radiation. The zonal and meridional wind 

and mean sea level pressure were supplied by the same model (WRF), with a resolution of 

4 km. Figures 5 and 6 show the wind direction in the simulation periods (February 2010 

and July 2011, respectively) at latitude 40º59N and longitude 10º32'W. 

The wind direction tends to be northward for February, prescribing the winter pattern 

in this region, and southward for July, characteristic of the summer season in the region. 

 

Figure 5: Local wind for the study area for February 2010. 

 

Figure 6: Local wind for the study area for July 2011. 
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6. Developing the propagation model 

The fate of a model simulation is largely determined by the values of the free model 

parameters. These parameters reflect the uncertainty on how to model certain physical 

process and provide the opportunity to tune models using measured data. The propagation 

model should describe how MPs moves in the study area as it is influenced by different 

aspects affecting the transportation flow. This section summarizes the free model 

parameters in the Delft3D-Flow module. 

6.1. Hydrodynamic model establishment 

The Delft3D-Flow platform was designed with a spherical 249×192 cells regular grid 

(Figure 7), with ~1950 m resolution to represent the main hydrodynamic features of the 

study area.  

 

Figure 7: Horizontal grid of the study area. 
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In order to observe the vertical dispersion of the particles it was used a 15 z-layers 

vertical grid (Figure 8), with more refine surface layers increasing towards the bottom 

layers (Table 1), as the particles will be released at the surface near the shore. Even if they 

tend to sink the focus will be at the first layers due to the low depth in the shore zone.  

 

Figure 8: Vertical grid (latitude ~40º59’). 

Sigma coordinate is limited over variable topography and steep slopes; indeed, it 

induces spurious up-sloping velocities due to the pressure gradient term (Beckmann and 

Haidvogel, 1993). Once the domain is characterized by an abyssal plain, a continental 

shelf, a very steep shelf slope and large canyons, the Cartesian coordinate is an effective 

choice. The bathymetry used results from the interpolation of a set of topo-hydrographic 

surveys to the numerical grid, as mentioned in section 5.1. The interpolation of this 

generated bathymetry was made using the tools available in Delft3D-QUICKIN (Deltares, 

2018c). The resulting bathymetry of the study area is represented in Figure 9. 

This grid and its attributes need to be imposed to certain boundary conditions to 

generate a hydrodynamic model capable of developing simulations. Therefore, the flow 

was modelled by prescribing a linearized Riemann invariant (Deltares, 2018a), or weakly 

reflective boundary condition, which is a combination of water levels and velocities, 

through the use of PCOMS data (as mentioned in Chapter 5.2) and the hydrodynamic 
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(1) 

forcing was prescribed as time-series. Additionally, it was prescribed the use of a per-layer 

specified velocity profile at ocean open boundaries.  

Table 1: Percentage of depth per layer, with layer 1 representing the bottom and layer 15 the surface. 

Layer Percentage of Depth (%) 

1 46.374 

2 27.829 

3 19.771 

4 4.001 

5 0.701 

6 0.454 

7 0.294 

8 0.190 

9 0.123 

10 0.080 

11 0.051 

12 0.033 

13 0.033 

14 0.033 

15 0.033 

In order to verify the difference of the MPs distribution between cold and warm 

seasons, two periods were simulated starting at December 12th 2009 and April 30th 2011, 

and ending at February 28th 2010 and August 1st 2011, respectively. A spin-up period of 

one month and a half was considered for winter and two months for summer. The time step 

(1 minute) was chosen based on Courant-Friedrichs-Lewy number, defined by (Deltares, 

2018a): 

 

where ∆t is the time step (in seconds), g is the acceleration of gravity, H is the (total) water 

depth, and {∆x,∆y} is a characteristic value (in many cases the minimal value) of the grid 

spacing in either direction. In the FLOW manual it is advised that the Courant number 

should not exceed a value of ten in order to develop an accurate model. With a total water 

depth of ~5950 m, a minimum grid cell length of ~1700 and a time step of 60 seconds, the 

Courant number for the model is: 
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(2) 
 

which therefore traduces a model with good accuracy. 

 

Figure 9: Bathymetry of the study area. 

The bottom roughness was computed according to the Manning formulation, and 

Manning coefficient was the typical value 0.02 s m-1/3 (Deltares, 2018a). 

The viscosity and diffusivity were prescribed according to Des et al. (2019) for the 

entire domain. The horizontal eddy viscosity was set to 500 m2 s-1 offshore and gradually 

decreasing to 5 m2 s-1 to the coast, the horizontal eddy diffusivity was set to 5 m2 s-1 and 

the vertical eddy viscosity and diffusivity were set to 0 m2 s-1. 

The heat flux model selected was the “ocean”, considering the relative humidity, air 

temperature and the fraction of the sky covered by clouds (in %) to calculate the effective 

black radiation and the heat losses due to evaporation and convection. These data, along 

with wind intensity and direction, were obtained from a local implementation of the WRF 

model, as mentioned in Chapter 5.3. 
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(3) 

(4) 

In order to relate the distribution of MPs with the hydrodynamics of the region, the 

circulation patterns (zonal and meridional components) obtained were analyzed. 

6.2. Validation 

A numerical model is an attempt to approximate and reproduce real phenomena. The 

approximations and parameterizations used for the synthesis of the model lead to 

discrepancies and deviations of model results from nature. The optimization of the model 

operation is a complicated task and before being used to any practical usage the model 

should be verified and validated. However, there is no widely accepted procedure for 

carrying out these tasks (Cheng et al., 1991). Model validation appears in various forms, 

dependent on data availability, characteristics of water body, and most of all, the 

perceptions and opinions of modelers (Hsu et al., 1999). 

The following subchapters are dedicated to compare model predictions with satellite 

data and other model predictions, and make a statistical analysis, in order to validate and 

analyze the data accuracy of the model predictions, for summer and winter. Differences 

between predictions and satellite data and the other model predictions were calculated, as 

well as the root mean square error (RMSE), BIAS and Pearson correlation.  

The RMSE contributes to evaluate the model precision, where values close to zero 

means a good fit between model predictions and observations. The RMSE is given by: 

 

where M corresponds to the model predictions, D to data and n is the total number of 

model-data matches. 

BIAS gives an indication of whether the model predictions are systematically 

overestimating or underestimating observations, being model predictions as better as BIAS 

is closest to zero. It gives a measure of the model's accuracy and is expressed as: 

 

The Pearson Correlation measures the linear correlation between two variables. It 

ranges from 1 to -1, where 1 means total positive linear correlation, 0 is no linear 

correlation, and −1 is total negative linear correlation. It is calculated by:  
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(5) 
 

6.2.1. Current validation 

The current predictions were validated comparing the velocity component u and v 

from the model and the Iberia–Biscay–Ireland Monitoring and Forecasting Center (IBI-

MFC) prediction obtained from the Copernicus Marine Environment Monitoring Service 

(CMEMS) (http://marine.copernicus.eu). This regional NEMO-based (Nucleus for 

European Modelling of the Ocean; Madec, 2008) application has been providing 

continuous daily ocean model estimates and forecasts of currents and other physical 

parameters for the IBI regional seas since 2011 (Sotillo et al., 2015b), first in the frame of 

MyOcean projects and later as part of the CMEMS. The IBI-MFC provides two kinds of 

modeling products at regional scale (Sotillo et al., 2015a): one operational forecast product 

updated on a daily basis since April 2011 (Cailleau et al., 2010), and a recently achieved 

physical 10-year (2002–2012) reanalysis (Levier et al., 2014). The latter was the one used 

in the present study. The IBI Ocean Reanalysis system provides 3D monthly and daily 

ocean fields, as well as hourly mean values for some surface variables, since 01/01/1992. 

Here, daily averages of zonal velocity component in February 14, 2010 (representing the 

winter season) and June 8, 2011 (representing the summer season) were used. The IBI 

model numerical core is based on the NEMO v3.6 ocean general circulation model run at 

1/12° horizontal resolution and is discretized in the vertical into 50 z-levels (Sotillo et al., 

2015b). 

Figures 10 and 12, represent the velocity component u and v, respectively, obtained 

from CMEMS (a), model predictions (b) and difference between both (c) on February 14, 

2010 and Figures 12 and 13, on June 8, 2011.  

Regarding the winter results, there are some areas with velocity peaks in both 

components in the model (Figures 10b and 11b) that are not found in the CMEMS data 

(Figures 10a and 11a). Despite these discrepancies, the remaining zones have the same 

range. These results are reflected in Figures 10c and 11c, where the higher differences 

between the models were found the peaks regions, while in the remaining zones the 

difference ranges between -0.2 and 0.2 m s-1. The higher difference (0.9 m s-1, for both) for 



 

 

 

 

 
Developing the propagation model  25 

component u was found next to the North boundary and component v in the South area 

next to the West boundary.  

 

Figure 10: Surface velocity component u (m s-1) on February 14, 2010 of (a) CMEMS, (b) model predictions 

and (c) difference between CMEMS and model predicted u (m s-1). 

 

Figure 11: Surface velocity component v (m s-1) on February 14, 2010 of (a) CMEMS, (b) model predictions 

and (c) difference between CMEMS and model predicted v (m s-1). 

From the statistics, the model predictions of component u are in general higher than 

CMEMS data, being Bias equal to 0.015 m s-1 and the RMSE to 0.191 m s-1. On the other 

hand, for component v the model predictions are lower than CMEMs data, presenting the 

Bias equal to -0.06 m s-1 and the RMSE equal to 0.25 m s-1. The difference between the 

averaged velocity components u and v of the model and the CMEMS were 0.005 m s-1 and 

0.025 m s-1, respectively. Also, a Pearson correlation of 0.18 and -0.13 (for component u 

and v, respectively) were found, revealing a weak correlation between both model’s data.  

The validation results from the summer are very similar to those found for the 

winter. There are also velocity peaks in the model (Figures 12b and 13b) that are not found 
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in the CMEMS (Figures 12a and 13a) and the remaining area values have the same range. 

Figures 12c and 13c, reveals that the major differences between the models velocity 

components are found at the peaks areas with the higher difference, once more, on a 

boundary but located southwest. 

In this case, the statistical parameters also reveal a positive Bias (0.045 m s-1) for 

component u and negative (-0.219 m s-1) for component v, indicating that the model tends 

to overestimate the velocity component u and underestimate the velocity component v of 

the CMEMS. The averaged velocity component u and v difference between the models was 

0.019 m s-1 and 0.127 m s-1, respectively, being higher than the values obtained in the 

winter validation. Regarding the RMSE, a 0.212 m s-1 value was found for component u 

and 0.308 m s-1 for component v. The Pearson correlation values were low (0.02 and -0.22 

for components u and v, respectively) indicating there is a weak correlation between both 

models. However, similar RMSE values were obtained by Ribeiro (2015) in the validation 

of the velocity components of the model developed in the elaboration of his thesis, 

indicating that the model accurately reproduces the currents. 

 

Figure 12: Surface velocity component u (m s-1) on June 8, 2011 of (a) CMEMS, (b) model predictions and 

(c) difference between CMEMS and model predicted u (m s-1). 
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Figure 13: Surface velocity component v (m s-1) on June 8, 2011 of (a) CMEMS, (b) model predictions and 

(c) difference between CMEMS and model predicted v (m s-1). 

6.2.2. Heat and salt model  

For the validation of the salt and heat transport model a comparison between predicted 

and Multi-scale Ultra-high Resolution (MUR) remote sensing sea surface temperature 

(SST) was performed, by interpolating the satellite data grid into the model grid.  The 

MUR dataset, from the MODIS-AQUA satellite, with spatial resolution of 0.01º, was 

obtained from the NASA Ocean Colour web site (http://oceancolor.gsfc.nasa.gov) and is 

among the highest resolution SST analysis datasets currently available. The satellite orbit 

is sun-synchronous, meaning that satellite always passes over a part of the Earth at about 

the same local time each day. MODIS Aqua always crosses the equator from south to north 

at about 1:30 PM local time. 

Figure 14 shows SST patterns obtained from satellite (a), model predictions (b) and 

difference between both (c) on February 6, 2010 and is provided to demonstrate the high 

model skill in reproducing the local hydrodynamics and transport features. 

Comparing Figures 14a and 14b, are observed similar predicted and observed SST 

patterns (meridional gradient of water temperature, characterized by lower temperatures at 

the north, increasing southward), as well as lower water temperatures near coast than 

offshore. The highest difference between the predicted and satellite SST (Figure 14c) was 

found in the south offshore zone (about 2 ºC). 
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Figure 14: SST (ºC) on February 6, 2010 of (a) satellite, (b) model predictions and (c) difference between 

measured and predicted SST (ºC). 

Regarding statistical parameters, the BIAS value (-0.08 ºC) suggests that 

predictions tend to underestimate the satellite SST. The difference between averaged 

predicted and satellite SST is about 0.4 ºC. The RMSE between the predicted and observed 

SST is 0.74 °C, and a Pearson correlation coefficient of 0.64 was found, indicating that the 

data are highly correlated. 

Figure 15 is similar to Figure 14, but for June 2, 2011, and it shows the evaluation 

of the model skill for summer season. Figures 15a and 15b show similar patterns, which 

are very close to those observed in the previous Figure (meridional gradient of temperature 

and the lower temperatures near the coast), however, there is an overall rise in temperature, 

as it represents the warmer seasons. The highest difference (Figure 15c) was also found in 

the south offshore zone, but with a higher value (~ 4 ºC).  

 

Figure 15: SST (ºC) on June 6, 2011 of (a) satellite, (b) model predictions and (c) difference between 

measured and predicted SST (ºC). 
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From summer statistics analysis, the model predictions are generally lower than 

satellite data, with BIAS being -0.01 ºC and RMSE of 0.73 ºC, showing the last value 

similar to that obtained in winter. In fact, the average SST is 0.096 ºC higher for the 

satellite than for the model. A Pearson correlation coefficient of 0.86 was found, revealing 

a strong correlation between model predictions and satellite data. 

The analysis of the statistical parameters determined to assess the model 

performance reveals an accurate reproduction of the hydrodynamic processes in the study 

area. It should be in mind that the simulated SST corresponds to the bulk temperature 

(average water temperature of surface layer). In this study, model surface layer thickness is 

1.87 m. Therefore, skin SST can be significantly different from the bulk SST, especially 

under weak winds and high incoming sunlight (Fairall et al., 1996; Wick et al., 1996). The 

RMSE values for winter and summer obtained are very similar to those obtained by 

Mateus et al. (2012) in a previous numerical modelling work, revealing that the model 

developed adequately reproduces SST patterns for the study region. 

6.3. Particle model establishment 

The scenarios are performed using Delft3D-Part module, that estimates the 

dynamical spatial distribution of the particles in three dimensions by tracking their path in 

time, using flow data from de Flow module (see chapter 4.2). This section details the 

decisive characteristics defined in the PART module to perform the simulations.  

Since no data was found on the concentration or distribution of MPs in the study 

area for the period concerned, the results obtained by the particle module were not 

validated. 

First, the MPs were simulated using the tracer function, which means that these 

particles were considered conservative substances, bacteria or other decaying and settling 

substances. 

Assuming that the majority of the marine litter enters the area of interest via rivers 

constantly, the release of the particles was set at the river’s mouth that are characterized by 

hourly continuous discharges. Since no measured data regarding the influx rates in the case 

study environment is available at the time of this research, the selection of the rivers  

(Douro, Sujo, Vouga, Lis and Tejo) and the percentages (Table 2) of releases have been 

calculated based on Antunes et al. (2018) data, which found a strong correlation between 
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annual average river flow of the above mentioned rivers and the number of MP 

accumulated on beaches (see section 1.1).  

The PART module does not model the initial spreading and mixing phenomena that 

occur as a discharge leaves the rivers and enters the ambient waters. The initial spreading 

and mixing occur very quickly and quite close to the outlet point. In order to incorporate 

the effect of initial spreading in the simulation, it is possible to define a radius of the 

continuous release. The particles in the instantaneous release are then spread uniformly 

around a circumference with this radius, centered at the release location. These radiuses 

were assumed according to the mouth width (distance between margins) of each river and 

are presented in Table 2.  

Table 2: Percentages (%) of particles released in each river during summer and winter periods. 

Summer 

River Douro Sujo Vouga Lis Tejo 

% 9 13 8 64 6 

Winter 

River Douro Sujo Vouga Lis Tejo 

% 12 1 3 73 11 

Radius 

(m) 
225 6 270 25 5006 

Overestimated values have been chosen for the discharge characteristics, analog to 

Lammerts (2016), namely the discharge rate (1 m3 s-1) and the concentration of MPs in the 

river discharge (100 kg m-3). Stuparu et al., (2015) released 5 000 000 particles in their 

simulation of the North Sea, while Lammerts (2016) released 100 000 on a port area. 

Given this, the number of discharged particles was adjusted according to the study area 

dimensions. The discrepancy between the MPs found on the beaches by Antunes et al. 

(2018) in summer and winter (higher in winter) was also considered. Thus, 405 000 

particles were released in winter and 335 000 in summer seasons.  

The position of every particle can be influenced by advection (transport by water 

flow), diffusion/dispersion (random component) and settling (see chapter 3.3). The VS of 

each particle at a given time was calculated with the Stokes’ law (Lamb, 1994): 



 

 

 

 

 
Developing the propagation model  31 

(6) 
 

where ρparticle is the density of the particles (kg m-3), ρfluid is the density of the sea water (kg 

m-3), µ is the dynamic viscosity (kg s-1m-1), g is the gravitational acceleration (m s-2) and R 

is the radius of the particle (m). Two types of plastics were used for the simulations: PP 

and PET. These plastics were chosen as they are among the most produced and are the 

plastics with lowest (900 kg m-3) and highest (1370 kg m-3) densities, respectively. Table 3 

shows the calculated VS of those plastics, considering seawater density equal to 1024 kg m-

3, spherical shape with a diameter of 5 mm and 10 µm and, finally the dynamic viscosity 

equal to 0.0012 kg s-1m-1 (typical value at 15 ºC and 35 PSU). For negative values of the 

settling velocity, the particles will move upward towards the water surface and for positive 

values, the particles will move downward towards the bottom. 

Table 3: Settling velocity of different types of plastic with different radius and densities. 

Polymer Radius 
Density 

(kg m-3) 

VS 

(m s-1) 

PP 
5 mm 

900 
-1.4065 

10 µm -5.63×10-6 

PET 
5 mm 

1370 
3.9245 

10 µm 1.57×10-5 

 

6.4. Definition of modelling scenarios 

To achieve the goals established in this thesis and for a better organization of the 

study, 3 scenarios were created. In scenario 1, an evaluation of the differences between the 

trajectories of different types of plastic with different sizes was performed. In scenario 2, 

the accumulation areas and distribution of MPs with different sizes released by each river 

was checked. Finally, in scenario 3, the influence of wind on MPs dispersion was 

evaluated. For all scenarios are presented and compared data from July (representing 

summer) and February (representing winter). Total concentration of particles along the 

water column was computed on the three scenarios, in order to visualize and quantify the 

particles vertical distribution. The trajectory and predominant deposition areas of the 

particles were also analyzed, i.e. whether they were off or on the continental shelf and 



 

 

 

 

 
Developing the propagation model  32 

whether they were on the surface, middle or bottom layers. The continental shelf was 

defined as ~ 60 km from the shoreline and the remainder was defined as offshore. The 

percentages of particles in each area were also calculated.  

In scenario 1, the distribution of PP and PET MPs were simulated. The size of the MPs 

was chosen based on the study by Stuparu et al., (2015) that simulated MPs with 10 µm, 

330 µm and 5 mm diameters. In this study the smallest and largest values were used, since 

the authors found that the 330 µm and 5 mm MPs disperse equally. 

Since PET particles disperse more than PP particles, although they disperse very 

similarly, and the size of MPs has a greater influence on particle dispersion, 5 mm and 10 

µm PET MPs were used in the simulation of scenario 2.  

In scenario 3, the influence of moderate constant wind in PP particles with 10 µm of 

diameter (since they tend to float and stay on the surface) were analyzed. Considering the 

characteristic winds of the study area, northwest (NW) winds were simulated in summer 

and southwest (SW) winds were simulated in winter. The NW winds of summer were 

simulated imposing a 5 m s-1 and 315 degrees wind, while a velocity of 5 m s-1 and a 

direction of 225 degrees were imposed to simulate the SW winds on winter. The wind-drag 

coefficient was set to 3%, the typical value (Deltares, 2018d). This constant represents the 

velocity of the top most water layer as a percentage of the wind velocity. 

Table 4 presents the summary of these scenarios. 

Table 4: Summary of the scenarios simulated of the particle model. 

Scenarios PT Diameter 
Wind Season 

Per river 

Direction Velocity Winter Summer 

Scenario 1 

PP 
5 mm - ✓ ✓ - 

10 µm - ✓ ✓ - 

PET 
5 mm - ✓ ✓ - 

10 µm - ✓ ✓ - 

Scenario 2 PET 
5 mm - ✓ ✓ ✓ 

10 µm - ✓ ✓ ✓ 

Scenario 3 PP 10 µm 
SW 5 m s-1 ✓ - - 

NW 5 m s-1 - ✓ - 
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7. Results and Discussion 

7.1. Circulation patterns 

This section presents the output of the hydrodynamic model. The Figures below show 

the magnitude of the average velocity along the 38º59'N latitude section, with the zonal 

(Figures 16 and 18) and meridional (Figures 17 and 19) components of winter and summer 

velocity, respectively. 

 

Figure 16: Average velocity magnitude (m s-1) (colorbar) and zonal velocity (m s-1) (grey lines) along 

38º59’N latitude, in February 2010. Black line corresponds to 0 m s-1. 

 

Figure 17: Average velocity magnitude (m s-1) (colorbar) and meridional velocity (m s-1) (grey lines) along 

38º59’N latitude, in February 2010. Black line corresponds to 0 m s-1. 

In winter, there were two peaks of velocity magnitude, on the surface near the coast 

and at the bottom offshore, and in the remaining areas of the section the velocity was 
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weaker. Currents toward offshore (u < 0 m s-1) were observed near the coast and offshore, 

as well as in the middle of the section. Southward currents (v < 0 m s-1) were found in the 

middle of the section while northward currents (v > 0 m s-1) were observed offshore and 

along the coast. The latter, associated with the high magnitude found near the coast at the 

surface, represents the alongshore current (IPC and WIBP). 

The velocity magnitude in summer was generally higher than in winter, except for the 

coastal zone, where a clear reduction in magnitude was observed. Offshore currents (u < 0 

m s-1) were observed in most of the domain less at 160 km from the coast at the bottom, 

where currents toward the coast (u > 0 m s-1) were observed. 

 

Figure 18: Average velocity magnitude (m s-1) (colorbar) and zonal velocity (m s-1) (grey lines) along 

38º59’N latitude, in July 2010. Black line corresponds to 0 m s-1. 

 

Figure 19: Average velocity magnitude (m s-1) (colorbar) and meridional velocity (m s-1) (grey lines) along 

38º59’N latitude, in July 2010. Black line corresponds to 0 m s-1. 
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Northward currents (v > 0 m s-1) were also observed in summer near the coast and 

southward currents (v < 0 m s-1) in offshore. This pattern of currents represents the typical 

upwelling of the zone in summer, with westward currents at the surface and currents 

toward the coast in the bottom. 

7.2. Scenario 1 

Figure 20 shows the total concentration of the different types and diameters of MPs 

along the water column in February 28, 2010. There is a general tendency for particles to 

accumulate near the coast, mainly in the northern zone. This result was expected, taking 

into account that particles were released near the coast and considering the dominant 

northward currents resulting from the south winds, characteristic of winter in the studied 

region. 

  

Figure 20: Total concentration (kg m-3) of particles in the water column, calculated in last day of simulation 

(February 28, 2010): (a) PET with 5 mm; (b) PET with 10 μm; (c) PP with 5 mm; (d) PP with 10 μm.  
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Regarding the plastic size, a similar dispersion pattern was observed, independently of 

plastic type. On the other hand, when comparing MPs with same type, a higher 

concentration was observed in the areas farther from the coast for smaller particles. 

Table 5 shows the horizontal and vertical percentage of MPs (including the deposited 

MPs), considering different types and diameters. A higher percentage of particles was 

found in the middle layer and a lower percentage in the bottom layer. Comparing the 

different types of plastics with the same diameter, those with higher density than water (Vs 

>0) have lower percentages on the surface. For example, the 5 mm PP has 43.30% of 

particles in the surface layer, whereas 5 mm PET has 42.90%. Higher density MPS have 

higher percentages in the bottom layer than lower density MPs.  

Table 5: Percentage (%) of MPs, considering different types (PT) and diameters (D) on the surface (S) (0-20 

m), middle (M) (20-150 m) and bottom (B) (> 150 m) layers on platform and off-platform in February 28, 

2010. 

MP characteristics Platform Off General 

PT D S M B Total S M B Total S M B 

PP 
5 mm 80.1 9.2 10.7 52.8 2.2 97.6 0.2 47.2 43.3 51.0 5.7 

10 µm 82.7 12.3 5.0 56.7 5.4 94.5 0.1 43.3 49.2 47.9 2.8 

PET 
5 mm 80.0 9.1 10.9 52.3 2.3 97.1 0.6 47.7 42.9 51.1 6.0 

10 µm 81.5 13.1 5.5 55.0 5.0 94.9 0.1 45.0 47.1 49.9 3.0 

 

Analyzing PP and PET with different diameters, MPs with smaller diameter tend to 

remain more on the surface (42.9% PP and 47.08% PET) than those with larger diameter 

(43.30% PP and 42.95% PET. The 5 mm diameter particles tend to sink and remain in the 

middle layer (50.99% PP and 51.00% PET) or bottom layer (5.7% PP and 5.9% PET) and 

may even deposit on the seabed.  

The total percentage of MPs on and off the platform leads to the conclusion that there 

are more particles on the platform and that smaller particles disperse less than larger ones. 

On the other hand, particles with higher density than water have lower percentages on the 

platform than those with lower density than water. On the platform, the highest 

percentages were found on the surface, regardless of size and type of plastic, as expected 

considering that particles are continuously released on the surface. The following higher 

percentages found vary according to the characteristics of the plastic, i. e., higher 
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percentages on the bottom for particles of 5 mm and higher percentages on middle layer 

for particles of 10 μm. This means that particles after being release at the surface, tend to 

stay on that layer, and as 5 mm MPs sink more than 10 μm particles, that stay in the middle 

layer. The highest concentrations offshore were found in the middle layer, while in the 

bottom layer almost no MPs were observed and in the surface layer the percentages are 

quite low, reveling that surface particles tend to sink, but never reach the bottom layer. 

Regarding the concentrations of different types of MPs and diameters in summer 

(Figure 21), it was found that the particles tend to stay close to the release zone and are 

confined to the shore area.  

As for the winter results, the density of the MPs does not influence significatively the 

particle dispersion, and therefore the MPs of the same size presented the same dispersion 

pattern. On the other hand, MPs with 10 µm dispersed more than MPs with 5 mm. 

Regarding Table 6, it was found that the lowest percentage of MPs is on the surface 

and the highest is in the middle layer, except for the PP particles with 10 µm which have a 

higher percentage on the surface. MPs with lower density (PP) present higher percentages 

in the middle and superficial layers than the denser ones (PET), which in turn present 

higher percentages in the bottom layer, i.e., particles with lower density than water tend to 

float or remain in the middle layer and the denser ones tend to sink. Comparing particles of 

different diameters, the percentage of 5 mm MPs is higher at the bottom than 10 µm MPs 

and is smaller at the surface, indicating that smaller MPs are more likely to float than 

larger ones. The MPs with higher percentages on the surface were the PP with 10 µm 

(2.1%), since they are the particles with lowest size and density. On the other hand, the 

highest percentages on the bottom were for the PET with 5 mm (33%), the larger size and 

density particles analyzed. 

MPs with 10 µm have a higher percentage on the platform and 5 mm with off the 

platform, i.e., 5 mm particles tend to disperse more than 10 µm particles. MPs remaining 

on the platform are found in higher percentages in the middle layer and lower percentage 

in the surface layer, showing that most particles after being released to the surface tend to 

sink to the middle layer. Off the platform, there are no MPs in the surface layer, with most 

of the particles sinking from the surface layer to the middle layer and from the middle layer 

to the bottom layer. 
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Figure 21: Total concentration (kg m.3) of particles in the water column, calculated in last day of summer 

simulation (July 31, 2011) to compare different plastic types and diameters; (a) PET with 5 mm; (b) PET 

with 10 µm; (c) PP with 5 mm; (d) PP with 10 µm. 

Table 6: Percentage (%) of MPs, considering different types (PT) and diameters (D) on the surface (S) (0-20 

m), middle (M) (20-150 m) and bottom (B) (> 150 m) layers on platform and off-platform in July 31, 2011. 

MP characteristics Platform Off General 

PT D S M B Total S M B Total S M B 

PP 
5 mm 3.6 75.7 20.7 44.4 0.0 57.3 42.7 55.6 1.6 65.5 32.9 

10 µm 4.0 72.9 23.0 51.8 0.0 66.2 33.8 48.2 2.1 69.7 28.2 

PET 
5 mm 3.5 75.1 21.4 44.6 0.0 57.7 42.3 55.4 1.5 65.4 33.0 

10 µm 3.8 72.5 23.7 50.7 0.0 66.1 33.9 49.3 1.9 69.4 28.7 

 

The dispersion of the MPs was more evident in the winter than in the summer, when 

the particles were more confined to the coast. Although the alongshore current is verified 

during both seasons (Figures 17 and 19) in winter the magnitude of the current is higher 
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(Figures 16 to 19), thus leading to a higher dispersion of particles (to the north) in winter. 

In summer, given the north wind, the currents are deflected southwest due to the Ekman 

effect, thus transporting MPs in that direction. This general tendency for particles to 

accumulate in the northern area, was also verified in the results obtained by Lebreton et al. 

(2012), that using a global ocean circulation model coupled with a Lagrangian particle 

tracking model, found floating debris accumulation in northern Portugal. 

The summer and winter results are consistent when comparing the MPs of different 

types and sizes, that is, in both seasons the particles with lower density and smaller 

diameter presented higher percentages in the surface layer than those of higher density and 

larger diameter. In turn, the larger and denser MPs presented higher percentages in the 

bottom layer, than those of smaller size and lower density. This means that in winter and 

summer, lower density and smaller size MPs are more likely to float and stay on the 

surface than higher density and larger size MPs, which are more likely to sink, with no 

external force that modify this behavior. These results are in agreement with those obtained 

by Stuparu et al. (2015), who found that the concentration of PET and PS (polysterene) 

(higher density than seawater) is lower at the surface, since they settle quite fast towards 

the bottom. On the other hand, they found that PE (polythylene) particles (lower density 

than seawater density, such as PP) remain in the surface layer. 

In winter, more than half of the particles remain on the platform and larger MPs had 

higher percentages in this area, while in summer higher percentages on the platform were 

found for smaller particles (10 µm), while larger ones (5 mm) exist in larger percentages 

off the platform. Thus, it was concluded that the smaller MPs presented higher percentages 

on the platform in winter, revealing that they disperse less while in summer these MPs (10 

μm) present lower percentages on the platform, i.e., disperse more. However, according to 

Figures 17 and 18, it was found that the smaller MPs are farther from the coast, although 

there are higher percentages of larger MPs on the platform in summer, the smaller particles 

travel longer distances. The study of Stuparu et al. (2015) showed that 5 mm diameter PE 

particles follow water flow and spreads out more than 10 µm diameter plastics, in line with 

Zhang et al. (2017), which verified that large plastic debris with density lower than 

seawater floats at high velocity over rather long distances transported by surface current 

and wind. Although the results obtained are not consistent with the results of the studies 

cited above, it cannot be concluded that they are in total disagreement since the extensive 
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spatial variation of the particles may be related to the hydrography and geomorphological 

factors of the region, as mentioned by Galgani et al. (1996), thus explaining the shortest 

distance travelled by the larger diameter MPs. These particles (5 mm) travel shorter 

distances and have higher percentages at the bottom of the platform than the 10 µm 

particles, in agreement with findings by Martins et al. (2011) and Antunes et al. (2018) in 

this study area, which sampled sediments from the west Portuguese coast and mostly 

obtained MPs with diameters of 4 and 5 mm. 

Regarding the vertical dispersion of the particles, different patterns were observed for 

both seasons. In winter, the highest percentages were found in the superficial and middle 

layers, depending on particle size, and lower percentages in the bottom layer, while in 

summer the percentages were clearly higher in the middle layer and significantly lower in 

the surface layer. On the platform during the winter period, higher percentages were found 

on the surface and lower in the bottom and middle layers, depending on the particle size. 

The opposite was true in summer, with lower percentages on the surface and higher 

percentages in the middle layer. Off-platform in both seasons the percentages of MPs in 

the middle layer are higher, and in winter more than 90% of all particles are in this layer. 

In summer, the percentage in the surface layer off the platform is zero and in winter the 

percentages are very low. In the bottom layer, the percentage in winter is almost null and in 

summer more than a third of the particles are in this layer. 

Given that the MPs characteristics are the same in summer and winter seasons, the 

discrepancies in the dispersion of the MPs in the different seasons are due to the local 

hydrodynamics in each season. In summer, as seen in subchapter 4.3, the winds are 

predominant from the north (Figure 6), showing that local hydrodynamics were dominated 

by coastal upwelling in that month, being the major responsible for the discrepancies 

obtained in the summer and winter results. Thus, there are vertical currents towards the 

surface near the coast, responsible for the largest percentage of bottom particles on the 

platform in summer, and currents towards the bottom offshore, responsible for the absence 

of MPs in the surface layer off the platform and higher percentage in the bottom layer. The 

lower percentage of particles on the platform surface in summer is due to the westward 

currents that transport MPs offshore until they sink, as mentioned earlier. 
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7.3. Scenario 2 

Figures 22 and 23 represent the total concentration along the water column of PET 

MPs with 10 µm and 5 mm, respectively, per river in the study area on February 28, 2010.  

 

Figure 22: Total concentration (kg m.3) of PET particles (10 μm) in the water column, calculated in last day 

of winter simulation (February 28, 2010) per river: (a) Douro; (b) Sujo; (c) Vouga; (d) Lis; (e) Tejo. 
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In both Figures, it was found that the tendency of MPs, regardless of their size, is to 

move near the coast to the north due to the northward current, as mentioned in the previous 

section.  The MPs released by the Tejo River disperse more than other MPs due to the 

westward currents caused by local geomorphology, which transport the particles westward 

that are later transported to the north by the alongshore current. Once again, higher 

concentrations offshore of MPs with 10 µm were observed. 

 

Figure 23: Total concentration (kg m.3) of PET particles (5 mm) in the water column, calculated in last day 

of winter simulation (February 28, 2010) per river: (a) Douro; (b) Sujo; (c) Vouga; (d) Lis; (e) Tejo. 
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From the overall distribution of MPs per river (Table 7) was found a higher percentage 

of particles in the middle layer and lower percentage in the bottom layer. The River Lis, 

besides being the river that releases the higher number of MPs, still presents a higher 

percentage of particles in the surface, thus being the main responsible for the amount of 

particles in the surface. In the middle layer, the Sujo River presents higher percentages 

while in the bottom layer is the Douro river. 

Table 7: Percentage (%) of PET, considering different diameters (D) on the surface (S) (0-20 m), middle (M) 

(20-150 m) and bottom (B) (> 150 m) layers on platform and off-platform, per river, in February 28, 2010. 

Location PET Platform Off General 

River D S M B Total S M B Total S M B 

Douro 
5 mm 58.9 18.8 22.3 45.3 1.4 98.2 0.4 54.7 27.4 62.2 10.3 

10 µm 72.5 17.4 10.1 35.0 3.9 95.9 0.2 65.0 27.9 68.4 3.7 

Sujo 
5 mm 41.5 19.4 39.1 7.6 1.6 94.3 4.1 92.4 4.7 88.6 6.8 

10 µm 71.6 18.1 10.2 39.1 3.7 96.1 0.2 60.9 30.3 65.6 4.1 

Vouga 
5 mm 70.2 13.5 16.4 54.4 1.5 98.4 0.2 45.6 38.8 52.2 9.0 

10 µm 76.9 15.9 7.1 49.9 4.4 95.4 0.1 50.1 40.6 55.8 3.6 

Lis 
5 mm 84.8 6.6 8.5 56.1 2.2 97.5 0.3 43.9 48.6 46.5 4.9 

10 µm 83.2 12.2 4.5 60.8 5.2 94.8 0.0 39.2 52.6 44.6 2.8 

Tejo 
5 mm 67.1 16.7 16.1 35.6 3.3 94.6 2.1 64.4 26.0 66.9 7.1 

10 µm 73.6 17.5 8.9 42.5 5.7 94.1 0.2 57.5 34.5 61.6 3.9 

Comparing the particles of different sizes, the same pattern found for Scenario 1 was 

observed, that is, higher percentages of smaller particles. On the other hand, particles with 

5 mm have a higher percentage in the bottom layer than those with 10 µm. 

The MPs released by the rivers Lis and Vouga have the highest percentages on the 

platform, while those released the rivers Sujo and Tejo have the highest percentages off the 

platform. On the platform, all MPs present higher percentages on the surface and lower on 

the middle or bottom layers. Off the platform, almost all the particles are in the middle 

layer. 

In summary, the preferential depth of MPs released by each river along the water 

column is roughly the same (on the platform is on the surface and off the platform in the 
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middle layer). However, the vertical distribution varies with particle size and the horizontal 

distribution presents evident differences in the MPs released by each river. Since the 

vertical velocity of the current is very low, the main influence on the vertical distribution 

of the particles is their characteristics (size and type). However, the horizontal velocities of 

the currents are more intense and vary temporally and spatially, being the main responsible 

for the differences in the spatial distribution of the MPs released by each river. 

MPs released in the summer (Figures 24 and 25) are confined to the area of release, 

although slightly transported to the south and north, being the last more evident in some 

cases (Figures 24d, 24e, 25d and 25e). The transport to the south is caused by the 

southwestward current resulting from northerly winds and, the transport to north is caused 

by the alongshore current. As in winter, the particles released by the Tejo River disperse 

more due to local hydrodynamics. In addition, smaller particles once again have higher 

concentrations offshore than larger ones.  

The highest vertical percentages obtained in the summer study area (Table 8) were in 

the middle layer, followed by the bottom layer and finally the surface layer, except for the 

particles released by the Tejo River which had the highest percentages in the bottom. The 

MPs with higher percentages in the middle layer were those released by the Vouga and Lis 

rivers and at the superficial layer by the Sujo river. 

Comparing PET MPs of different size, although their distribution is quite similar, the 

10 µm particles have a higher percentage in the surface layer and the 5 mm particles in the 

bottom layer, as previously verified. 

The highest percentages on the platform were from the particles released by the Vouga 

and Lis rivers and off the platform by the Tejo River. In the platform the vertical 

distribution of the MPs presented higher percentages in the middle layer, except for the 

Tagus river, which presented higher percentages in the bottom layer. On the other hand, 

outside the platform the highest percentages were found in the middle layers, again except 

for the 5 mm particles released by the Tejo River. 

These results are in agreement with those of Martins et al. (2011), who collected MP 

samples from 5 beaches along the Portuguese west coast on March 2010, and found the 

smallest amount of MPs in the southernmost beaches and the largest amount in the nearest 

beach to the river Lis, followed by the beaches near the Tejo river. 
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Figure 24: Total concentration (kg m.3) of PET particles (10 μm) in the water column, calculated in last day 

of summer simulation (July 31, 2011) per river: (a) Douro; (b) Sujo; (c) Vouga; (d) Lis; (e) Tejo. 
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Figure 25: Total concentration (kg m.3) of PET particles (5 mm) in the water column, calculated in last day 

of summer simulation (July 31, 2011) per river: (a) Douro; (b) Sujo; (c) Vouga; (d) Lis; (e) Tejo. 
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Table 8: Percentage (%) of PET, considering different diameters (D) on the surface (S) (0-20 m), middle (M) 

(20-150 m) and bottom (B) (> 150 m) layers on platform and off-platform, per river, in July 31, 2011. 

Location PET Platform Off General 

River D S M B Total S M B Total S M B 

Douro 
5 mm 4.0 71.3 25.6 44.5 0.0 66.8 33.2 55.4 1.8 68.8 29.4 

10 µm 4.6 73.7 21.8 46.7 0.0 68.5 31.5 53.3 2.1 70.9 27.0 

Sujo 
5 mm 12.2 65.0 22.7 46.0 0.0 65.9 34.1 54.0 5.6 65.5 28.9 

10 µm 11.5 67.5 21.1 49.1 0.0 69.7 30.3 50.9 5.6 68.6 25.8 

Vouga 
5 mm 6.4 72.7 20.9 46.7 0.0 62.0 38.0 53.3 3.0 67.0 30.0 

10 µm 6.1 72.4 21.5 53.1 0.0 69.3 30.7 46.9 3.2 70.9 25.8 

Lis 
5 mm 1.4 81.5 17.1 45.1 0.0 55.2 44.8 54.9 0.6 67.0 32.3 

10 µm 2.0 76.6 21.4 52.0 0.0 65.2 34.8 48.0 1.0 71.1 27.8 

Tejo 
5 mm 0.1 22.4 77.5 31.2 0.0 49.2 50.8 68.8 0.0 40.8 59.1 

10 µm 0.2 36.0 63.8 42.7 0.0 57.0 43.0 57.3 0.1 48.1 51.8 

7.4. Scenario 3 

Figure 26 represents the total concentration of 10 µm PP MPs under the effect of SW 

wind. Comparing this Figure with Figure 20d, there are no significant differences in 

particle distribution. However, comparing the data observed in Table 5 with the data 

obtained in Table 9 for PPs with 10 µm, the differences are already quantifiable. 

Although the differences were small, there was a general increase in the percentage of 

MPs in the middle and bottom layer and a reduction in the percentage of MPs in the 

surface layer. Only the middle layer of the platform showed a reduction rather than an 

increase in the percentage of MPs. From the analysis of Table 5 and Table 9, there was an 

increase in the percentage of particles on the platform and a consequent reduction off the 

platform. From the results, in can be concluded that the action of moderate constant winds 

influence, even if slightly, the dispersion of the particles, promoting their sinking and 

transport offshore, without being able to define the preferential direction. This result was 

not expected as the wind blows from SW, promoting an eastward transport according to 

the Ekman theory, therefore a reduction in the percentage of off-platform MPs was 

expected. 
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Figure 26: Total concentration (kg m.3) of PP particles with 10 µm in the water column, influenced by the 

SW wind, calculated in last day of summer simulation (February 28, 2010). 

Table 9: Percentage (%) of PP with 10 µm, on the surface (S) (0-20 m), middle (M) (20-150 m) and bottom 

(B) (> 150 m) layers on platform and off-platform, in February 28, 2010 (representing winter) and July 31, 

2011 (representing the summer). 

Season 

Wind Platform Off General 

D 
V 

(m/s) 
S M B Total S M B Total S M B 

Winter SW 5 82.0 12.1 5.9 54.7 4.6 95.2 0.2 45.3 46.9 49.7 3.3 

Summer NW 5 3.5 72.6 23.8 50.0 0.0 65.6 34.4 50.0 1.8 69.1 29.1 

As in winter, the differences in Figures 24 and 21d are not visible, so the percentages 

of PP MPs with 10 µm on Table 6 and Table 9 were analyzed. 

Although the winds imposed by the model presented different directions for the 

different seasons, the results were similar (particle sinking and the increase of percentage 

off the platform). As mentioned earlier, the winter results were not expected. In summer, 

although an increase in the percentage of off-platform MPs was expected, the wind 

influence was not expected to be of the same order of magnitude in both seasons, as the 

surface particle percentages in summer are very low and in winter the highest percentages 

on the platform are on the surface. 
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Figure 27: Total concentration (kg m.3) of PP particles with 10 µm in the water column, influenced by the 

wind, calculated in last day of summer simulation (July 31, 2011). 

The work by Lammerts (2016), who studied the effect of wind on the movements of 

marine litter floating at the surface, showed that by varying the wind direction, the areas of 

particle accumulation were clearly distinct, concluding that the wind is a main factor in the 

movement of floating particles. The results found in this work are not in agreement with 

the results obtained by Lammerts (2016). Since the same software was used, this 

disagreement of results may be related to the different free parameters used in the studies: 

the present study simulated MPs as tracers (conservative or first order decaying 

substances), whereas Lammerts (2016) simulated marine litter as oil (oil spills with 

floating and dispersed oil fractions). 
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8. Conclusions 

This dissertation was conducted aiming to study the accumulation areas and the spatial 

(on or off the platform) and vertical (surface, middle or bottom layers) distribution patterns 

of MPs of different types (PET and PP) and sizes (5 mm and 10 µm) on the Portuguese 

coast, once this zone is vulnerable to MPs accumulation. To evaluate the distribution of the 

MPs, winter and summer seasons simulations were performed in order to understand the 

difference between the distribution patterns under different hydrodynamic conditions. The 

distribution of the MPs from each main river (Douro, Sujo, Vouga, Lis and Tejo) was also 

evaluated, and finally, the effect of wind in winter (blowing from SW) and summer 

(blowing from NW) on the fate of the MPs was analyzed. 

The Delft3D model was used to simulate the hydrodynamic part (FLOW module) and 

the distribution of MP particles (PART module). The boundary conditions for 

hydrodynamics were provided by PCOMS and an oceanic heat transport model was 

applied using WRF model results as well as wind data. The model was validated using 

current data provided by CMEMS for current validation and satellite SST data provided by 

NASA Ocean Color for the validation of the salt and heat transport model. 

The hydrodynamic results revealed that during winter and summer there is a 

northward current alongshore the west coast of the Iberian Peninsula, being stronger in 

winter, and also that in summer the local hydrodynamics is dominated by upwelling 

phenomena. 

Through the analysis of the obtained results, it was concluded that the size of the MPs 

has a greater influence on their distribution than the density, however, these characteristics 

of the MPs have little influence on their destination. The major difference found in the 

distribution of MPs arises from the season of the year, indicating that the region's 

hydrodynamics controls the fate of MPs. The dispersion of MPs released by each river 

varied once again depending on local hydrodynamics and geomorphology. 

In winter, MPs tend to stay longer on the platform, while in summer the predominant 

area varies with particle size, that is, larger particles disperse off the platform and smaller 

particles remain on the platform. Regarding vertical dispersion, MPs have higher 

percentages in the intermediate layer, regardless of the release point and season. 
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Finally, the wind had no visible effect on the distribution of MPs. However, it was 

possible to quantify its effect, which showed that the wind, regardless of its direction and 

season, promotes the sinking of the MPs and their offshore transport. 

 These results have a large number of applications, including detecting optimal 

removal locations, reducing the impact on the ecosystem, and understanding the flows of 

plastic pollution. 

In order to improve the model results and performance, further studies should be 

carried out, such as: plastics simulation considering a larger number of different sizes and 

shapes, being only necessary to adjust the VS; collect field data to quantify and characterize 

plastics in coastal and river released waters; develop a model that takes into account the 

fragmentation/degradation of plastics, considering that these change their physical 

characteristics, thus influencing their dynamic movement. 
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