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Abstract : 
 
This paper examines the presence and distribution of plastic particles in waters off the NW Spanish 
Atlantic coast. A pilot sampling program was initiated in 2013 to study the presence of plastic particles in 
surface waters. A total of 41 neuston samples were collected using a manta trawl fitted with a 333 μm 
mesh (21 samples in 2013 and 20 samples in 2014). Several types of plastic particles were observed in 
95% of the stations. A total of 1463 plastic microparticles (<5 mm; mps) and 208 mesoparticles (>5 mm 
and <20 mm; MPS) were counted. Average concentrations recorded were 0.034 ± 0.032 and 0.176 ± 
0.278 mps m−2 and 0.005 ± 0.005 and 0.028 ± 0.043 MPS m−2, respectively for 2013 and 2014. 
 
Results on this emerging topic are discussed as a preliminary step towards implementation of the 
Marine Strategy Framework Directive in the region. Harmonization of protocols for determination of 
plastic particles is urgently needed in order to compare results between regions and to ensure 
coherence in the implementation of the MSFD. This aspect is also important at a worldwide scale. 
 

Highlights 

► Plastic particles (micro and meso) were sampled in surface waters with a Manta trawl. ► Values are 
reported for the first time in NW Iberian coast during spring 2013–2014. ► Plastics concentrations were 
very variable, spatially and temporally. ► Microplastics (<5 mm) constituted 93% of total plastics by 
number of items. 
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 26 

1. Introduction 27 

 28 

The ubiquity of plastics in the marine environment and biota from across the 29 

globe has highlighted the prevalence of this type of pollution within our oceans. Ever 30 

since the mid-1990s, the global production of plastics has been accompanied by an 31 

accumulation of plastic litter in the marine environment (Derraik, 2002). The massive 32 

accumulation of plastics in the marine environment has recently been recognised as a 33 

major problem worldwide by scientists, national authorities and other stakeholders (see 34 

e.g. Rochman et al., 2013; Eriksen et al., 2014). 35 

Plastic particles can enter the marine environment either directly (e.g. pre-36 

production pellets and/or granules used as abrasives in cleaning products) or indirectly 37 

due to fragmentation of larger plastic litter (Andrady et al., 2011). They disintegrate in 38 

the environment and are possibly transported as pellets (<5 mm) and powders (<1 mm) 39 

used to manufacture everyday items (Andrady, 2003). The relative importance of the 40 

primary and secondary sources of microplastics in the marine environment is still 41 

unknown (Andrady, 2011). Moreover, the rate of formation of secondary microplastics 42 

is difficult to predict because there are no systematic studies available of the 43 

disintegration processes of plastics under realistic conditions (Arthur et al., 2009; 44 

Andrady, 2011). 45 

Plastic particles are not only widely dispersed in the marine environment but are 46 

also present in the water column, on beaches and on the seabed (Barnes et al., 2009; 47 

Browne et al., 2011; Claessens et al., 2011; Collignon et al., 2012; Colton et al., 1974; 48 

Goldstein et al., 2012; Law et al., 2010; Martins and Sobral, 2011). The presence and 49 

distribution of plastic debris are strongly influenced by hydrodynamics and show high 50 
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spatial variability in the open ocean and in shoreline waters (Barnes et al., 2009; 51 

Browne et al., 2010).   52 

Europe‟s Marine Strategy Framework Directive (Directive 2008/56/EC, hereafter 53 

MSFD) is a key element in Europe for addressing marine litter. Many challenges arise 54 

when implementing the MSFD (Borja et al., 2010; Gago et al., 2014) and therefore a 55 

study of the impact of plastics in the marine environment becomes quite relevant  56 

(Depledge et al., 2013). In a joint effort to implement the monitoring requirements of 57 

the MSFD, the IEO (Instituto Español de Oceanografia) and the IFREMER (Institut 58 

Français de recherche pour l‟exploitation de la Mer) have begun a common monitoring 59 

programme for plastics (and specifically microplastics) in surface waters of along the 60 

NW  Spanish Atlantic coast.  61 

The main goal of this pilot program was to study the distribution of plastics for 62 

the first time in surface waters of the NW Spanish Atlantic coast. Two different periods 63 

(spring 2013 and 2014) and two size ranges (<5 mm, microplastics and >5 mm and <20 64 

mm, mesoplastics) were considered, in order to comply with the MSFD requirements. 65 

The study was carried out during a regular fish stock survey conducted in spring 66 

(PELACUS). Data on weight of plastic particles were also collected.  The present study 67 

provides an overview of microplastic pollution (concentration and spatial distribution) 68 

in waters off the NW Spanish Atlantic coast. 69 
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 70 

2. Material and methods 71 

2.1. Study area: An overview of the oceanography of the region 72 

The study area lies in one of the five sub-regions or “marine demarcations” 73 

defined by Spain (Bellas, 2014) for implementing the MSFD. General oceanographic 74 

data for the area were also studied to verify some of the hypotheses put forward on 75 

plastic distribution.  76 

Figure 1 shows mean patterns of surface ocean circulation, river basins, the big 77 

coastal cities and bathymetry in the study area. Only names of the three big rivers in the 78 

region are shown: Miño, Duero and Adour. The river Duero estuary is located to the 79 

south of the study area but waters are transported northwards and therefore affect the 80 

study area.  81 

The seasonal large scale climatology interplay between the Azores high pressure 82 

cell (strengthened and displaced northward during the summer) and the Icelandic low 83 

pressure cell (weakened cell at the time) give rise to winds (northerlies) that favour 84 

upwelling off the NW Iberian coast between April and October (Wooster et al., 1976). 85 

The oceanographic patterns in the NW Iberian upwelling system reveal a conspicuous 86 

succession of mesoscale structures such as jets, meanders, ubiquitous eddies, upwelling 87 

filaments and counter-currents, superimposed on the more stable seasonal variations 88 

(see e.g. Relvas et al., 2007). The shelf in the Cantabrian Sea (southern Bay of Biscay) 89 

is narrow and the hydrography of the region is highly influenced by climatic factors 90 

among others. Warm saline waters are transported along the shelf break from autumn to 91 

early spring. Changes in wind patterns during spring trigger upwelling of central water 92 

and this effect is associated with the appearance of mesoscale structures along the NW 93 

Spanish Atlantic coast and in the Cantabrian Sea. Complex dynamics of fronts and 94 
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eddies have been described for the area in spring and summer (Sanchez and Gil, 2000). 95 

These large scale climatological patterns in the ecosystem of the region are partly 96 

obscured by mesoscale activity. The oceanography of the region is largely dominated by 97 

medium sized structures that represent variability of ocean „„weather‟‟ (Alvarez-Salgado 98 

et al., 2003). For a complete review of the physical oceanography in the region kindly 99 

see Relvas et al. (2007).  100 

Based on the described oceanographic scenario, the study area is divided into two 101 

different zones. The NW Iberian upwelling system (from the River Miño to Cape Estaca 102 

de Bares) and the Cantabrian Sea (from Cape Estaca de Bares to the frontier between 103 

Spain and France) as shown in figure 1. 104 

2.2. Microplastics in the marine environment: the MSFD approach 105 

The MSFD calls for all the EU‟s marine regions and sub-regions to reach „Good 106 

Environmental Status‟ (GES) by 2020. GES is defined by means of eleven qualitative 107 

„descriptors‟. The relevant criteria and indicators applicable to these eleven descriptors 108 

are defined in Commission Decision 2010/477/EU. The descriptors are very diverse, 109 

closely linked to each other and cover all aspects of marine environmental conservation 110 

and protection, including issues ranging from biodiversity to marine noise.   111 

The MSFD‟s marine litter descriptor is descriptor 10 (“Properties and quantities of 112 

marine litter do not cause harm to the coastal and marine environment”) and it is the 113 

first time ever that marine litter is addressed comprehensively in a European Directive, 114 

to protect the marine environment (see Galgani et al., 2013 for more info on marine 115 

litter in the MSFD).  116 

Microparticles of a range of common materials including glass, metal, plastic 117 

and paper litter are undoubtedly present in the marine environment. However, the most 118 
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comprehensive data available is for microscopic plastic particles (Hidalgo-Ruz et al., 119 

2012). In the marine environment, the term microplastics was first used in 2004 120 

(Thompson et al., 2004) and is associated with a classification based on size. 121 

Microplastics are specifically considered in the MSFD‟s descriptor 10 (10.1.3. “Trends 122 

in the amount, distribution and, where possible, composition of micro-particles (in 123 

particular micro-plastics)”). The attribute will establish baseline quantities, properties 124 

and potential impacts of micro-particles, and the hypothesis is that microplastics are 125 

likely to be the most significant part of this (Galgani et al., 2014). 126 

There is no general consensus on a specific size nomenclature. Baker et al. (2009)  127 

suggested that microplastics be defined as <5 mm particles and this approach has been 128 

used in our study. Therefore the two sizes studied were: <5 mm (microplastics) and >5 129 

mm but <20 mm (mesoplastics).  130 

2.3. Sample collection 131 

Seawater samples for plastic particles are mostly collected using nets (see e.g. 132 

Hidalgo- Ruz et al., 2012 for a complete review). The Manta Trawl, a modified neuston 133 

net with buoyant wings to keep the net aperture at the sea and air interface, is the most 134 

commonly used equipment for sea surface micro-litter analysis based on a reduced 135 

volume-methodology (Hidalgo- Ruz et al., 2012). 136 

Forty-five neuston samples were collected in the NW Atlantic and the 137 

Cantabrian Sea between March 6th and April 8th, 2013 (25 samples), and March 9th and 138 

April 8th, 2014 (20 samples), during the PELACUS cruise from Spanish waters (R/V 139 

“Miguel Oliver”). The samples were collected with a manta trawl net lined with a 140 

333 µm mesh (Ryan et al., 2009). The size of the rectangular net opening was 141 

0.6 × 0.2 m2. The trawl sampled the top 10 cm of the sea surface, at an average speed of 142 
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3 knots, over a 20 min interval, for each sample. The trawl was towed from a boom 143 

installed on the side of the boat to avoid debris disturbed by the bow wave. The surface 144 

area towed was calculated for each tow using the initial and final positions of the ship 145 

during the said time period (20 min). Opportunistic sampling was carried out in spring 146 

and  weather permitting, whenever ship was available.  147 

Nets were rinsed to collect all debris stuck to the mesh prior to their transfer into jars. 148 

Samples were then reduced to 0.10 L and fixed in 2.5% formalin. They were stored in a 149 

cool dark place on board the vessel and in the lab prior to analysis. The sampling 150 

methodology used was following recommendations of the Technical Subgroup on 151 

Marine Litter (TSG ML) which supports the EU Member States in harmonising 152 

monitoring protocols and streamlining monitoring strategies within the framework of 153 

the MSFD (Galgani et al., 2013). Despite the above, standard methodologies for the 154 

analysis of microplastic abundance and distribution are still unavailable (de Lucia et al., 155 

2014; Woodall et al., 2015).  156 

2.4. Samples analysis  157 

Samples were placed during 24 h in graduated 1 L glass cylinders filled with filtered 158 

seawater to separate plastic particles from organic tissue by gravity (see e.g. Collignon 159 

et al., 2013), wherein the organic tissue sank to the bottom and the plastic fragments 160 

floated at the surface. The supernatant was sieved through a 300 µm filter and rinsed 161 

thoroughly with distilled water after which particles were transferred to a Petri dish. The 162 

organic tissues, made up of mainly plant debris and large planktonic organisms was 163 

separated and discarded. The non-organic particles were placed on graph paper and 164 

particles >5 mm but <20 mm were counted and separated. Plastic particles of size 165 
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between 0.3 and 5 mm were transferred to a Dollfuss tank for counting under a 166 

binocular microscope. 167 

After counting particles, the contents of the Petri dishes (<5 mm and >5 mm) 168 

were placed in an oven at 50º C for 24 hours. They were then transferred to an 169 

aluminium cup (tared) using a spatula, weighed (accuracy: 0.1 mg) and stored in two 170 

tubes (<5 mm and >5 mm) prior to subsequent storage for physico-chemical analyses. 171 

The presence of microplastics and mesoplastics is expressed as number (or weight) and 172 

as sea surface area sampled (particles or weight m-2). Plastics debris items are usually 173 

subdivided into different size categories; mega-debris (>100 mm), macro-debris (>20 174 

mm diameter), meso-debris (5–20 mm) and micro-debris (<5 mm) (Barnes et al., 2009). 175 

This study looked at particles with values <5 mm (defined as microplastics, mps, lower 176 

limit 0.3 mm) and those >5 mm but <20 mm (defined as mesoplastics, MPS) as already 177 

mentioned. Bigger items such as bottles, bags, etc collected during sampling were 178 

discarded. 179 

2.5. Precautions to minimise contamination 180 

Plastic goods are part and parcel of our daily lives (clothes, personal hygiene, 181 

pharmaceuticals, bottles, car parts, cups, etc). Precautions were taken to avoid sample 182 

contamination when transporting from the field to the laboratory. Only metal and glass 183 

equipment was used and material was cleaned prior to sampling and packaging. 184 

Samples were stored in glass containers. All containers and sampling equipment were 185 

thoroughly cleaned prior to use. In order to minimise sample contamination during 186 

sample collection, synthetic clothing and garments likely to shed synthetic fibres (such 187 

as fleece) were avoided. Persons involved in sampling were positioned down-wind from 188 

the sampling apparatus during deployment and recovery.  189 



9 
 

The laboratory processing area was maintained clean and free from dust or 190 

particles. Cotton lab coats were worn to minimise use of synthetic clothing (e.g. 191 

synthetic fleece). During lab work, air circulation in the processing area (windows, 192 

doors, etc that could carry air-borne particles) was kept to a minimum and samples were 193 

not processed near carpeted areas. Exposure of samples to air was minimum and limited 194 

to transfer between containers. Containers were kept covered at all other times.  195 

3. Results 196 

Thirty nine out of 41 net tows (95.1%) contained plastic debris. No plastic was 197 

found in 2 samples (during spring 2013) from the eastern part of the sampling area. 198 

During 2014, 3 samples from the Cantabrian Sea were without mesoplastics.  199 

A total of 770 microplastic particles were counted in the 21 samples collected 200 

during 2013 which had a total dry weight of 2.93 g. The number of mesoplastics was 201 

113 and they had a total dry weight of 1.72 g. The spring 2014 sample gave a count of 202 

693 microplastic particles in the 20 samples (total dry weight 0.57 g) while the number 203 

of macroplastic particles counted was 95 (total dry weight 1.35 g).  204 

The average concentration of mps (in number) found was 0.034±0.032 and 0.176±0.028 205 

mps m-2 in 2013 and 2014, respectively. The mean weight of the mps was 7.55 10-2 ± 206 

1.19 10-1 and 1.92 10-2 ± 2.84 10-2 mg m-2 during 2013 and 2014, respectively.  207 

Average values (number and weight) for microplastics and mesoplastics normalised to 208 

surface (m2) with their standard deviation for each oceanographic region (NW Iberian 209 

upwelling region and the Cantabrian Sea) are shown in table 1. During spring 2013, 210 

lower plastic particles values (in number, mps and MPS) are found in both regions as 211 

compared to spring 2014 (see table 1). On the other hand the weight of MPS showed a 212 

substantial decrease from 2013 to 2014 despite their increased presence and no trend 213 
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was found for weight of the mps particles. The lowest values (no mps in two samples) 214 

were found at the northwestern limits of the sampled area and higher values were found 215 

near Santander city. However, the distribution during spring 2014 is quite homogenous 216 

in the sampled region with the highest values nearest to the Galician rías (city of Vigo in 217 

figure 1), with 0.917 and 0.862 mps m-2. 218 

The distribution of mesoplastics was similar to that of microplastics during spring 2013 219 

and 2014 (see figures 2 and 4 for mps and 3 and 5 for MPS, respectively). The 220 

hypothesis is that the mesoscale structures that affect the distribution of phytoplankton 221 

and nutrients during the spring bloom in the region (see section 2.1) may also influence 222 

the spatial distribution of floating plastic particles. 223 

A strong positive relationship was found between number of mps and MPS particles for 224 

all samples collected during 2013 and 2014 (r2= 0.79; p<0.001). On the other hand, no 225 

significant relationship was observed for weight of the samples collected. 226 

4. Discussion 227 

When comparing abundances of plastic particles from literature, it is important to 228 

bear in mind that even though most sampling was done with a neuston net, the mesh 229 

size of these nets often differed. Furthermore, despite recommendations for the 230 

definition of microplastics as particles smaller than 5 mm (Arthur et al., 2009; Galgani 231 

et al., 2013), many authors still use other size limits such as 1 mm (Costa et al., 2010; 232 

Van Cauwenberghe et al., 2013). Therefore, comparison between studies becomes quite 233 

difficult. The results in this study are compared with others that used a similar net size 234 

(~ 333 µm) and similar definition of microplastics (particles smaller than 5 mm) and 235 

mesoplastics (>5 mm but smaller than 20 mm). 236 
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A recent microplastics study on the Portuguese coast showed evidence of 237 

microplastics in zooplankton samples (Frias et al., 2014). Microplastics were present in 238 

61% of samples at a depth of 25 m. The different methodologies used for sampling (nets 239 

at different depths) means that results cannot be compared directly with this study but 240 

what is relevant though is that more particles were found in the upper layer (neustonic 241 

layer) due to the floatability of plastics. This also shows that plastic particles are 242 

dispersed in the water column due to different processes, which must be taking into 243 

account when estimating amount of plastics in the open ocean (see for example Cózar et 244 

al., 2014). 245 

The average presence of plastics in our study (~95% of collected samples) tallies 246 

with recently published results for the Northeast Atlantic (Lusher et al., 2014) in which 247 

the presence was 94% on average. The result is also quite similar to the frequency in the 248 

global ocean estimated recently by Cozar et al. (2014) wherein samples with plastic 249 

particles accounted for 88% in the more than 3000 samples collected from all around 250 

the world. The average presence of plastic particles in this study is quite similar to the 251 

one found by Eriksen et al. (2013) in the South Pacific subtropical gyre (96%) and 252 

slightly higher than that observed by Collignon and co-workers (2012) (90%) in the 253 

North Western Mediterranean. On the other hand, the results from the present study are 254 

substantially higher than those observed by Law et al. (2010) in the North Atlantic and 255 

in the Caribbean Sea (from 1986 to 2008); 60% of net tows contained plastic pieces. 256 

Insofar as microplastics are concerned, the highest value during 2013 was found 257 

close to the city of Santander, 0.146 mps m-2 (see figure 2) suggesting the importance of 258 

the town as an important source and the presence of a convergence zone associated with 259 

an intense slope current in this region (Sanchez and Gil, 2000). It is important to note 260 

that this accumulation was also observed for seabed litter, with higher densities in this 261 
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area (A. Serrano personal communication). In general, the densities of microplastics 262 

found in the NW Iberian waters are comparable to those observed in other areas of the 263 

world (Hidalgo-Ruz et al., 2012). The mean presence of microplastics estimated in the 264 

present study (average value of 0.034±0.032 and 0.176±0.278 mps m-2 for 2013 and 265 

2014, respectively) is quite similar to the one found by Collignon (2012) in the North 266 

Western Mediterranean (0.116 mps m-2) but lower than the one found in the North 267 

Pacific Gyre (0.334 mps m-2; Moore et al., 2001). 268 

In this sense, the present values are substantially higher than the ones obtained from 269 

20 years of monitoring in the Caribbean Sea (0.001 mps m-2), Gulf of Maine (0.002 mps 270 

m-2) and the North Atlantic gyre (0.020 mps m-2) where the subtropical convergence is 271 

responsible for the accumulation of plastic particles (Law et al., 2010). Despite the 272 

relevance of the study of Lusher and co-workers (2014), it is not yet possible to directly 273 

compare density values due to the lack of intercalibration between the different methods 274 

used for sampling (values per area versus volume). The values found on the Spanish 275 

coast are quite similar to the ones found on the French coast during the PELGAS cruise 276 

in spring 2013, where average values were 0.018±0.020 mps (M. Henry unpublished 277 

results). 278 

Therefore, the area studied can be considered as one with medium level of 279 

microplastic pollution between low-density zones (like the Caribbean or the Gulf of 280 

Maine) and regions where plastic particles are concentrated, like the convergence region 281 

of the North Pacific. However, the average concentration in the study area is nearly 5 282 

times higher than the one observed in the North Atlantic gyre (Law et al., 2010). This 283 

aspect was highlighted recently by Lusher et al. (2014) for a bigger region in the North 284 

Atlantic than the one sampled in our study. 285 
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On the subject of mesoplastics, it is important to note that large items were 286 

discarded during our sampling. The number of items discarded was not relevant (only a 287 

few big items were discarded) but their weight was probably important. The average 288 

values (number of particles) for the studied region were 0.004±0.005 and 0.028±0.043 289 

MPS m-2 for spring 2013 and 2014, respectively (see table 1). The values found in our 290 

study are slightly higher that reported by Eriksen et al. (2013) for the South Pacific 291 

gyre; 0.002 MPS m-2 using a similar sampling methodology (Manta trawl). Thiel et al 292 

(2003) reported data on plastic items for some world areas that were substantially lower 293 

than our values (values ranging from 0.0000002 MPS m-2 to 0.000003 MPS m-2). Hot 294 

spots in sheltered bays of Indonesia and the Mediterranean Sea with average values of 295 

0.004 and 0.001 MPS m-2, respectively, are comparable to our results (Thiel et al., 296 

2003). But it must be borne in mind that their data were based on visual surveys (ship 297 

based or aerial). Therefore, the estimation of plastic items based on visual observations 298 

fails to account for smaller size items of the mesoplastics category. 299 

It is important to note that most particles were smaller than 5 mm and that the 300 

average proportion (number-wise) was similar during both years; 88% of total plastic 301 

particles identified were mps during 2013 and 2014. This result is similar to that found 302 

by Lusher and co-workers (2014) for the Northeast Atlantic; 89% of plastic particles 303 

with size <5 mm. Eriksen and co-workers (2013) in the south Pacific found 98% of 304 

plastic particles with size <4.75 mm while Moret-Fergusson et al. (2010) found that  305 

60% of plastic particles found in the North Atlantic ocean (11-44ºN, 55-71ºW) were of 306 

size 2-6 mm (more than 18,000 surface net tows since 1991). In this sense, Law et al 307 

(2011) and Doyle et al (2011) showed that the most abundant size classes of floating 308 

debris in the ocean are the smallest ones. It seems inevitable that even smaller 309 

anthropogenic debris including nanoparticles are also present in the marine environment 310 
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(Andrady, 2011). However, there is little that can be done at present to monitor particles 311 

of this size. 312 

The higher presence of floating plastics in our study may possibly be due to the 313 

specific configuration and oceanographic characteristics of the study area. Thus, 314 

according to Lebreton et al. (2012) and based on the application of the 315 

HYCOM/NCODA ocean circulation model coupled with a particle tracking PoL3DD 316 

tool, the Bay of Biscay is considered to be a large marine ecosystem where the 317 

accumulation of plastic particles on the sea surface is an important oceanographic 318 

process. A comparison of data from this study with that from other marine ecosystems 319 

supports this hypothesis. 320 

This first set of results also show that the mean weight of the mps particles (7.55 10-321 

2 ±1.19 10-1 and 1.93 10-2±2.84 10-2 mg m-2 mps during 2013 and 2014, respectively; 322 

values per region in table 1) was smaller in this study than those found in the NW 323 

Mediterranean (0.202 mg m-2 mps) by Collignon et al. (2012) but higher than the values 324 

found in the North Pacific Gyre (average value; 2.15 10-6 mg m-2 mps) by Eriksen et al. 325 

(2014). The weight of microplastics from the present study showed that the load in the 326 

Spanish part of the Bay of Biscay (around 54,800 Km2) varied from 2067 Kg of mps in 327 

2013 to 222 in 2014. The value for the NW Iberian upwelling system (~26,860 Km2) 328 

was 14 Kg mps in 2013 and 956 Kg in 2014. It is important to note that the high 329 

variability found could be due to the low resolution of the opportunistic sampling. 330 

The good correlation (r2=0.79) found between presence of mps and MPS particles 331 

(no good correlation observed in weight; r2=0.13) points to the hypothesis that plastics 332 

of all sizes are concentrated by mesoscale oceanographic physical process in the region 333 

as mentioned earlier (section 3). The lack of good correlation with weight may possibly 334 

be due to other factors unrelated with abundance (polymer type, biofouling, etc).  335 
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Insofar as monitoring is concerned, the greatest efficiency (not only from an economic 336 

but also from a scientific point of view) can be achieved when plastic particles are 337 

sampled alongside other routine sampling programmes and may provide relevant and 338 

associated data (physical oceanography, plankton abundance, etc). As an example, 339 

microparticles on beaches could be sampled while sampling for macro debris on 340 

beaches (Hidalgo-Ruz et al., 2012), or in parallel with other routine intertidal 341 

monitoring programs (for chemical contaminants, biota, etc). In like manner, sampling 342 

the sea surface for plastic particles could also be incorporated into other routine 343 

monitoring programmes such as in the present study, which was carried out during the 344 

PELACUS cruise. Although temperature and salinity data, etc. were not used in this 345 

pilot study on plastic particle distribution, such information could be very relevant for 346 

an in-depth study and re-evaluation of sampling design in this region, in order to 347 

comply with the MSFD requirements.   348 

Lastly, monitoring programmes carried out within the framework of the MSFD must be 349 

able to assess trends and distribution patterns in the marine environment, and also to 350 

evaluate the influence of potential measures aimed at reducing concentrations of plastic 351 

particles. The results from this study indicate that higher spatial and (probably) temporal 352 

resolution is needed in the region to evaluate potential effects of plastic pollution 353 

countermeasures. 354 

5. Conclusions 355 

The present study provides a first insight into plastic pollution in the Cantabrian 356 

Sea and in the NW Spanish Atlantic coastal waters. It provides information on 357 

concentration and spatial distribution of plastic particles in the area in spring 2013-358 

2014. Therefore this data for the NW Spanish Atlantic coast could be used as reference 359 

or baseline data to test the effectiveness of any reduction measures adopted in 2016 to 360 
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address the MSFD requirements. The concentration of plastic particles was lower in the 361 

NW Iberian upwelling system during spring 2013 as compared to that in the Cantabrian 362 

Sea. This could probably be due to wind driven upwelling which results in an important 363 

offshore transport of surface coastal waters and their replacement by deeper waters that 364 

probably have very low concentrations of plastic particles. On the other hand during 365 

spring 2014 no clear geographical trend was observed for plastics particles (mps and 366 

MPS) and their distribution was quite homogenous. A literature review indicates that the 367 

surface oceanic circulation in the study area is largely governed by mesoscale activity, 368 

wherein eddies and other mesoscale process probably underlie the dispersion of floating 369 

plastic particles. Additional studies are needed to perform an in-depth analysis of the 370 

distribution of plastic particles in surface waters and to assess their origin and fate in the 371 

area. Other aspects such as nanoparticles, nature of plastic particles and wind effects on 372 

distribution, will likewise have to be taken into account in future studies. 373 

The MSFD‟s monitoring programmes are not only supposed to assess the status of 374 

the marine environment but also to identify the causes of changes and to guide the 375 

process for corrective measures in order to restore Good Environmental Status. It must 376 

be borne in mind that the monitoring approaches (especially in emerging issues like 377 

microplastics) are still being developed and therefore monitoring implementation and 378 

improvement will require ongoing collaborative efforts. On the subject of studying 379 

plastic particles, both the sampling methods (device, mesh size and depth layer(s)) and 380 

the measurement units used in several studies, point to the need for scientific 381 

conventions and standardisations for sampling and quantification of pelagic plastic 382 

particles. A standard methodology needs to be developed and agreed upon before 383 

initiating monitoring and mitigation activities to support the EU MSFD requirements. 384 
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This work also supplements the role of routine fish stock surveys performed by 385 

national authorities and could be a useful tool for the assessment of microplastics in the 386 

marine environment, at no additional cost. Therefore, regional cooperation is crucial for 387 

implementation of the MSFD as explicitly mentioned in Article 6 of the MSFD. 388 

Similarly joint exercises with neighbouring countries in other EU regions would help 389 

towards coherence and consistency when applying the MSFD requirements. 390 

International cooperation in this field, and not just in the EU countries, would greatly 391 

contribute to reducing uncertainties derived from different methodologies and 392 

approaches. 393 
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Table 1. Mean values of microplastics (mps) and mesoplastics (MPS) with standard deviation 524 

(number of particles and average weight) for the 2 regions during spring 2013 and 2014. 525 

     526 

 527 

 Year 2013 2014 

Region particles/m2 mg/m2 particles/m2 mg/m2 

 

 

microplastics 

(mps) 

Ø< 5mm 

 

NW Iberian 

upwelling system 

 

0.011±0.016 4.74·10-

4±8.20· 10-4 

0.285±0.359 3.33·10-

2±3.75· 10-2 

Cantabrian Sea 

 

0.035±0.031 7.21·10-

2±1.17· 10-1 

0.086±0.154 7.73·10-

3±9.42· 10-3 

 

mesoplastics 

(MPS) 

5 mm> Ø <20 

mm  

NW Iberian 

upwelling system 

 

0.001±0.003 1.15·10-

2±1.80· 10-2 

0.055±0.054 9.47·10-

2±8.50· 10-2 

Cantabrian Sea 

 

0.005±0.005 3.30·10-

2±3.09· 10-2 

0.007±0.006 7.54·10-

3±8.13· 10-3 
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Figures captions 528 

Figure 1. Map showing the study area and the main hydrographic features. The arrows 529 

indicate surface predominant currents during spring with the slope current dominating 530 

the study area. Other relevant coastal phenomena (upwelling and plumes) are shown as 531 

shadowed areas. 532 

Figure 2. Microplastics (mps) during spring 2013 (particles/hectare). 533 

Figure 3. Mesoplastics (MPS) during spring 2013 (particles/hectare). 534 

Figure 4. Microplastics (mps) during spring 2014 (particles/hectare). 535 

Figure 5. Mesoplastics (MPS) during spring 2014 (particles/hectare). 536 

 537 
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Research highlights 

•The quantity of plastics in surface waters sampled with a Manta trawl are reported for the first 

time in NW Iberian coast during spring 2013 and 2014.  

•Plastics concentrations were very variable in the NW Spain Atlantic coast with not clear trend, 

temporally or geographically, observed. 

•Microplastics (<5 mm) constituted 93% of total plastics by number of items. 
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