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Abstract 
 

Floating marine litter is a recurrent pollutant in the Atlantic and worldwide oceans which has attracted 

increasing attention in the latest years. Meso- and microplastics derived from industrial pellets or through 

debris degradation have been also reported in surface and subsurface water samples from Atlantic coast 

and high-seas. The need of microplastic monitoring and assessment in EU countries and the Atlantic Area 

calls for the establishment of standardized sampling protocols and methods. In this work, the application of 

manta-trawl for micro-litter monitoring in coastal and offshore waters of the Galician coast (NW Spain) was 

assessed. The results obtained in this work suggest a moderate micro-litter density in both coastal and 

offshore stations. Also, manta-trawl was proved to be a feasible tool for surface and subsurface meso and 

micro-litter collection.  

 

Introduction 
 

Litter in the ocean has been reported since early 70s (Carpenter et al., 1972; Venrick et al., 1973). All along 

these years, the degradation and fragmentation of manufactured debris led tinny pieces of anthropogenic 

material (micro-litter) to ‘’colonize’’ almost any spot of the planet (Colton et al., 1974; Ryan and Moloney, 

1993; Thompson et al., 2004). The term Microplastics (MPs) refers to small plastic fragments, usually 

measuring below 5 mm in size, which have their sources either in minute plastic used in cosmetics, 

abrasives and plastic industry (primary MPs) or in macroplastic fractioning (secondary MPs) (Andrady, 2011; 

Barnes et al., 2009; Cole et al., 2011; Thompson et al., 2004). 

Despite their small size, it has been reported an estimation of 14.9 to 51.2 trillion of plastic particles (93.3-

236 thousand metric tons) globally, in the ocean (van Sebille et al., 2015) and they contribute to environ 

80% of the total plastic litter in marine waters (Sharma and Chatterjee, 2017). Their micro and nano scale 

make these particles bioavailable for a wide range of organisms from those located at the basis of marine 

food webs to top predators (Avio et al., 2020; Farrell and Nelson, 2013; Frias et al., 2014; Nelms et al., 

2018; Setälä et al., 2018, 2014; Zantis et al., 2021). Recent studies suggest not only a direct harm to 

organisms by synthetic polymer ingestion (such as intestine injuries, false satiation and poor nutrition) but 

also chemical harm due to their additives and capability to adsorb and concentrate a range of hazardous 

compounds (Costa et al., 2020; Hahladakis et al., 2018; Mato et al., 2001; Moore, 2008; Parra et al., 2021; 

Wang et al., 2020; Wright et al., 2013).  

The evidences of MPs potential harm to marine environments and human food safety led to the need of 

their surveillance and monitoring in water compartments and biota to give a coordinated response and 

provide global solutions by governments and stakeholders. To this goal, standardization of sampling 

methods and sample treatment are required (Gago et al., 2016; Galgani et al., 2013).  

Several approaches have been tested so far for floating micro-litter monitoring (Hidalgo-Ruz et al., 2012). 

Most common sampling strategies include direct water collection or water filtration through plankton nets 

(Barrows et al., 2017; Cole et al., 2014; Collignon et al., 2012; Covernton et al., 2019; Cózar et al., 2015; de 
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Lucia et al., 2014; Eriksen et al., 2018; Lusher et al., 2015; Maes et al., 2017). The use of manta trawls of 333 

μm mesh-size has been recommended in certain studies and technical reports (Frias et al., 2019; Gago et 

al., 2016). Subsequent procedures comprise filtration through GF filters with previous digestion or/and 

density separation of organic material, if necessary (Cole et al., 2014; Collignon et al., 2012; Covernton et 

al., 2019). Finally, detection and identification of particles by binoculars and spectroscopic techniques are 

recommended (Hidalgo-Ruz et al., 2012; Song et al., 2015) . 

In the frame of the CleanAtlantic and in collaboration with iFADO project 10 samples from Galician offshore 

waters (NW Iberian Peninsula) were collected by means of a manta-trawl net for micro-litter categorization. 

The results will contribute to a better characterization of surface micro-litter and MPs distribution in the 

Atlantic area and to the identification of gaps and needs on sampling protocols and procedures for MPs 

detection and identification. These objectives are in the line with those envisaged in CleanAtlantic WP.5.2. 

Reinforcement and support of harmonized monitoring of marine litter in the framework of the Marine 

Strategy Framework Directive (MSFD) as well as with the goals of iFADO which, under the MSFD, aims at 

the use of traditional and innovative platforms for ocean observation and monitoring.  

 

Methods 
 

1. Sampling campaign  

 
The oceanographic campaign iFADO20-RAD PROOF was performed by means of the research vessel 

Sarmiento de Gamboa in July, 2020. The sampling stations and coordinates are displayed in Table 1 and 

Figure 1. The samples were collected by means of a manta trawl net with 333 μm mesh size and an 

aperture frame of 0.12 cm2. The net was equipped with a flow-meter (Hydrobios, model 438 110). At each 

sampling point the net was positioned on the side of the boat and towed for 10 min at a speed of 3 knots. 

Once the net was retrieved onboard it was washed with clean water and the material deposited in the cod-

end placed carefully in a glass jar. 

 

Figure 1. Location of stations where samples were collected. 

Table 1. Sampling stations with date and coordinates of transects where samples were collected.  
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Station Date Time (GMT) 

INITIAL FINAL 

LATITUDE LONGITUDE LATITUDE LONGITUDE 

103 10-07-20 17:30 43º 0.27’ 9º 20.24’ 42º 59.78’ 9º 20.20’ 

133 12-07-20 7:40 43º 0.14’ 14º 56.71’ 42º 59.95’ 14º 56.58’ 

111 13-07-20 3:43 43º 0.21’ 14º 3.97’ 43º 0.01’ 14º 4.09’ 

108 14-07-20 10:45 43º 0.35’ 12º 40.60’ 43º 0.26’ 12º 39.71’ 

77 17-07-20 18:28 42.66º  0’ 9.36º  0’ 42º 40.05’ 9º 22.16’ 

11 18-07-20 8:23 42º 59.89’ 10º 0.77’ 42º 59.93’ 10º 0.95’ 

5 19-07-20 4:17 43º 0.04’ 9º 35.00’ 42º 59.36’ 9º 35.10’ 

56 22-07-20 7:10 43º 45.88 8º 3.96’ 43º 45.64’ 8º 4.14’ 

58 22-07-20 10:40 43º 57.23 8º 9.02’ 43º 57.03’ 8º 9.01’ 

60 22-07-20 14:58 44º 11.77 8º 15.14’ 44º 11.69’ 8º 15.38’ 

 

 

2. Sample processing  

 

Samples were frozen in amber glass bottles at -20ºC until their processing in the laboratory at the Spanish 

Oceanographic Institute (IEO) in Vigo. For micro-litter characterization, the glass-bottles containing 

approximately 150-200 mL of water were allowed to thaw overnight. When the load of organic material in 

the sample was low, the sample was directly filtered through a 47 mm-diameter glass fiber GF filter with 2 

μm pore size by means of a vacuum system. For some samples, the presence of high amounts of 

zooplankton hampered direct filtration. In this case, the sample was processed as follows. First, samples 

were treated with 10% KOH (ratio 1:3, sample:solution, v:v) and allowed to react for 3 days at 40ºC. 

Subsequently, the samples were further digested with 15% H2O2 (1:1, v:v) and kept again at 40ºC for 3 

additional days (Frias et al., 2019). Since crustacean’s carapaces were still profusely abundant in certain 

samples, those were avoided by density separation. For this purpose, the sample was mixed with a NaCl 

dilution (ρ=1.2 g L-1) in a glass cylinder allowing for the sedimentation of organic remains during 24 hours. 

After this time, the upper layer was filtered as previously stated. Filters with micro-debris and MPs retained 

on them were placed in a clean glass petri-dish and examined under a Leica M165 C stereoscope equipped 

with a camera and LASX software.     

Along all these procedures, quality control was carried out, which included working in an clean closed 

room, the avoidance of plastic ware, wearing cotton lab coats, as well as the performance of surface 

controls to check environmental contamination and procedural controls handled in parallel with the 

samples (Woodall et al., 2015).  
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For particles measures the software ImageJ was employed. The longitude and wide of fibers and filaments 

were recorded. For fragments, pellets and films the longest dimension, perimeter and surface area were 

also calculated using the same software.    

All items resembling synthetic were photographed, pricked with a hot needle to check melting and a 

representative subsample was carefully picked with tweezers to be analyzed by RAMAN spectroscopy 

(Thermo). The obtained spectra were compared against data in the RAMAN polymer library by means of 

the Omnic Specta software furnished with the equipment. Approximately, 14 % of the samples were 

analyzed.  

 

Results and discussion  
 

1. Micro-litter abundance and density  

 

The total number of items for all the sampling sites accounted 140. Over the 140 items, 74 were visually 

identified as fibers, while 66 were included in the fragment, pellet, filament and film categories, being the 

former the most numerous. Only one sample (sample 103) was free of synthetic items. This sample was 

also the one with the highest organic material, which could hampered the identification of small artificial 

particles. The sample with the highest number of particles was the sample 108 collected approximately 150 

miles off the Galician coast (Figure 2).  There was a degree of uncertainty about the composition of items 

identified as fibers, due to their resemblance with vegetal structures and crustacean appendixes. The 

spectra retrieved from these items by RAMAN spectrometry were also inconclusive. For this reason fibers 

were not considered in further analyses.  

 

Figure 2. Number of items collected per station. For each sample counts with our without fiber are displayed. 

For micro-litter density estimations, the number of items were expressed per m2 and m3 referring to the 

distance towed and the volume filtered throughout the net, according to flow-meter recordings (Figure 3). 

Since data obtained with flow-meter could lead to errors due to the net behavior on the surface, the same 
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calculation was performed by taking distances into account, showing comparable results (data not show). 

The average of item density for the whole sample collection was 0.0089 ± 0.0091 item/m2 or 0.0446 ± 

0.0455 item/m3. As expected, the highest densities were obtained for station 108 (0.032 item/m2 and 0.162 

item/m3) followed by samples 133 and 77, which were located nearer the west coast of Galicia.  

The average of micro-debris concentrations from the present study shows similar values to those previously 

reported in NW Iberian upwelling system (0.011-0.285 items/m2) (Gago et al., 2015) and Portuguese coasts 

(Frias et al., 2014) (0.03 particles/m3) and falls into the range of overall densities observed in the North 

Eastern Atlantic (Kanhai et al., 2017). However higher MPs densities were found in the Bay of Brest (0.24 ± 

0.35 item/m3), English Channel (0.27 particles/m3) (Cole et al., 2014) as well as North and Celtic seas (2.46 

items/m3 and 0.14 fragments/m3 respectively) (Lusher et al., 2014; Maes et al., 2017). On the other hand, 

these differences may decrease if fibers were taken into consideration in our estimations.  

 

Figure 3. Item density estimations for each sampling site expressed per unit of surface and volume of water filtered.  

 

2. Micro-litter categorization 

 

Only one filament and one film pieces could be categorically identified by RAMAN spectroscopy as 

polyethylene teraphtalate (PET) and Polyethylene (PE), in samples 133 and 5, respectively (Figure 4a,b and 

A, B). The percentage of match against the spectra in our RAMAN polymer library was 76.24% for PET and 

95.15% for PE.   

Unfortunately, for the remaining items, and despite their apparently synthetic origin by visual inspection, 

no reliable matches with this database were found (Figure 5). Fibers were identified in several samples, but 
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they were hard to distinguish from those of apparent natural origin and no peaks could be inferred from 

the spectra due to the absence of signal or samples showing fluorescence and noisy background. From a 

conservative approach, all fibers were excluded from the record. Additionally, several fragments resembled 

plastic paint scraps from vessels (Figure 5f). Due to the difficulties in identifying their actual origin, these 

scraps were included in the general category of fragments. By excluding fibers, which otherwise would be 

the main piece type in the totality of samples (52.86%), fragments accounted for 95.45% of the recorded 

particles.  

 

Figure  4. Images of MPs identified in samples 133 and 5 (a and b) and corresponding spectra (A and B). Scale bars in 

the images indicate a) 500 μm and b) 250 μm. A) Spectrum of a) matching polyethylene teraphtalate (PET) with 

76.24% of coincidence. B) Spectrum of b) matching Polyethylene (PE) with 95.15% similarity against the standard in 

the database.  

 

In most studies, fibers are found to be the dominant MPs type in surface water samples from Atlantic 

European waters (Cole et al., 2014, 2011; Díez-Minguito et al., 2020; Lusher et al., 2014; Mendoza et al., 

2020). However, several authors pointed fibers as the main cause of sample contamination during sampling 

procedures and handling, stressing the need of a tight quality control across all collection and treatment 

steps (Tamminga et al., 2018; Woodall et al., 2015). Furthermore, previous studies reported issues in 

identifying fibers by visual and spectroscopic techniques (Cózar et al., 2015; Frère et al., 2017; Song et al., 

2015). For example, a high percentage of fibers found in water and biota are natural or made of Rayon, a 

semi synthetic material which could be misidentified as cellulosic (Lusher et al., 2014; Setälä et al., 2016). 

More specific libraries for RAMAN or F-TIR spectra identification would be needed to properly assign the 

nature of environmentally degraded fibers.       
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Figure 5. a) Blue fiber from 100% cotton lab coat (control filter); b-f) Example of items of unknown composition: b) 

Filament-like item of probably natural origin (e.g. crustacean chitin), c) Round item of unknown material, d) and e) 

Synthetic items behaving like plastics and f) Probable paint scrap. Scale bars in the images gauge a) 100 μm; b) 100 

μm; c) 750 μm; d) 250 μm; e) 250 μm; f) 2.5 mm.     

 

After fibers, fragments are by far the second particle type most detected in the Atlantic (Frère et al., 2017; 

Frias et al., 2014; Maes et al., 2017). Paint scraps are also frequently found as marine debris in surface and 

subsurface water samples (Díez-Minguito et al., 2020; Frias et al., 2014; Setälä et al., 2016). Despite their 

occurrence could be, at some extent, due to the research vessel chipping, they may be mainly linked to 

locations with elevated presence of vessels. The Fisterra Traffic Separation Scheme, which is a shipping lane 

with important maritime traffic affluence, may have contributed to the large amount of paint sheet 

fragments in sample 108.     

Regarding size, the majority of items measured less than 1 mm (62.12%), followed by pieces with size 

between 1 and 5 mm (34.85%) in their largest dimension (Figure 6). Although the PET filament found in 

sample 133 reached 10 cm in length, it is likely that it behaves as MPs since it was tightly curled up in a ball. 

The samples where the biggest fragments were found were 133 and 77 (Table 2). These values are slightly 

smaller than other studies were a 300 or 333 μm-mesh manta trawl was employed for sampling (Díez-

Minguito et al., 2020; Maes et al., 2017; Sadri and Thompson, 2014). Nevertheless, these differences may 

be related to the exclusion of fibers in the analyses. Fibers retained in the manta trawl are usually slightly 

longer than 1 mm, increasing the 1-5 mm- size class percentage of the overall samples to 54.29%.  
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Figure 6. Number of items per class-size estimated for each sample. 

 

Table 2. Average and standard deviation of main dimensions exhibited in fragments found in each sample. Length is 

considered as the largest dimension and wide the shortest one.   

Sample 133 111 108 77 11 5 56 58 60 

Length (mm) 6.17 ±20.53 0.73±0.11 1.43±1.04 1.29±1.09 1.18±1.24 2.54 2.73±3.81 2.43±1.76 2.72±1.76 

Wide (mm) 0.19±0.52 0.51±0.01 0.42±0.33 0.37±0.73 0.11±0.16 0.93 0.31±0.49 0.59±0.17 0.16±0.30 

Area (mm
2
) 20.24±32.22 0.10±0.10 4.50±17.65 24.25±36.94 6.16±10.92 1.20 1.00±0.65 0.38±0.26 0.50±0.60 

Perimeter (mm) 2.12±2.82 1.96±0.31 2.59±1.39 3.44±3.98 1.11±0.77 6.09 3.94±1.35 2.65±1.09 2.97±1.42 

 

As in previous reports from the Atlantic, when considering fibers in the analyses, the most common color 

was black and dark-blue (51.43%) (Cole et al., 2014; Díez-Minguito et al., 2020; Kanhai et al., 2017; Lusher 

et al., 2014). By excluding fibers, the green color (40.91%) was the one found mainly in fragments, followed 

by yellow (27.27%), red (21.21%) and blue (10.61%) (Figure 7).     
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Figure 7. Number of items sorted by colour estimated for each sample.  

 

3. Feasibility of manta-trawl sampling 

 Although several sampling strategies have been suggested for MPs sampling, manta trawl has been 

recommended by several authors due to their capacity to sieve large volumes of water with relative low 

effort (Frias et al., 2019; Gago et al., 2016). The direct continuous collection of water by boat pumps or 

external ones has been suggested as an interesting alternative with the main advantages of sampling 

considerable volumes requiring little handling (especially when using boat pumps systems) (Kanhai et al., 

2017; Lusher et al., 2015, 2014). They were also suggested to be more efficient than nets in retaining the 

smallest particles. On the other hand, in this study items lower than 1 mm were frequently found in most 

samples, since once the net is clogged particles measuring less than the mesh size are equally retained. In 

certain studies different nets and net sizes were explored finding similar size (< 1 mm) and particle 

retention (Eriksen et al., 2018). Discrete methods could be opportunistically used (i.e. collecting surface 

water with a bucket or Niskin bottles) having the obvious advantages of feasibility and simplicity as well as 

the retention of small items (Barrows et al., 2017; Covernton et al., 2019; Tamminga et al., 2018). However, 

the need of global standardised methods calls for a consensus of the scientific organisations responsible for 

marine environment monitoring. 
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Conclusions 
 

In this study, the employment of a 333 µm-mesh manta trawl enabled the estimation of neustonic micro 

debris at several sites, offshore NW Spanish Atlantic waters. This methodology is suitable for sampling large 

water volumes and allows for the collection of micro particles, even tinier than the mesh-size. Fragments 

found in this work were abundant in both coastal and offshore stations and were mainly composed by 

particles with sizes smaller than 1 mm, and predominance of green colour. However, a great number of 

suspected anthropogenic items could not be conclusively identified. Strict control of environmental 

contamination and improved detection methods for synthetic and natural item discrimination are still 

needed.    

  



14 
 

References 
 

Andrady, A.L., 2011. Microplastics in the marine environment. Mar. Pollut. Bull. 62, 1596–1605. 
https://doi.org/https://doi.org/10.1016/j.marpolbul.2011.05.030 

Avio, C.G., Pittura, L., d’Errico, G., Abel, S., Amorello, S., Marino, G., Gorbi, S., Regoli, F., 2020. Distribution 
and characterization of microplastic particles and textile microfibers in Adriatic food webs: General 
insights for biomonitoring strategies. Environ. Pollut. 258, 113766. 
https://doi.org/https://doi.org/10.1016/j.envpol.2019.113766 

Barnes, D.K.A., Galgani, F., Thompson, R.C., Barlaz, M., 2009. Accumulation and fragmentation of plastic 
debris in global environments. Philos. Trans. R. Soc. Lond. B. Biol. Sci. 364, 1985–1998. 
https://doi.org/10.1098/rstb.2008.0205 

Barrows, A.P.W., Neumann, C.A., Berger, M.L., Shaw, S.D., 2017. Grab vs. neuston tow net: a microplastic 
sampling performance comparison and possible advances in the field. Anal. Methods 9, 1446–1453. 
https://doi.org/10.1039/C6AY02387H 

Carpenter, E.J., Anderson, S.J., Harvey, G.R., Miklas, H.P., Peck, B.B., 1972. Polystyrene Spherules in Coastal 
Waters. Science (80-. ). 178, 749 LP – 750. https://doi.org/10.1126/science.178.4062.749 

Cole, M., Lindeque, P., Halsband, C., Galloway, T.S., 2011. Microplastics as contaminants in the marine 
environment: A review. Mar. Pollut. Bull. 62, 2588–2597. 
https://doi.org/https://doi.org/10.1016/j.marpolbul.2011.09.025 

Cole, M., Webb, H., Lindeque, P.K., Fileman, E.S., Halsband, C., Galloway, T.S., 2014. Isolation of 
microplastics in biota-rich seawater samples and marine organisms. Sci. Rep. 4, 4528. 
https://doi.org/10.1038/srep04528 

Collignon, A., Hecq, J.-H., Glagani, F., Voisin, P., Collard, F., Goffart, A., 2012. Neustonic microplastic and 
zooplankton in the North Western Mediterranean Sea. Mar. Pollut. Bull. 64, 861–864. 
https://doi.org/https://doi.org/10.1016/j.marpolbul.2012.01.011 

Colton, J.B., Knapp, F.D., Burns, B.R., 1974. Plastic Particles in Surface Waters of the Northwestern Atlantic. 
Science (80-. ). 185, 491–497. 

Costa, S.T., Rudnitskaya, A., Vale, C., Guilhermino, L., Botelho, M.J., 2020. Sorption of okadaic acid lipophilic 
toxin onto plastics in seawater. Mar. Pollut. Bull. 157, 111322. 
https://doi.org/https://doi.org/10.1016/j.marpolbul.2020.111322 

Covernton, G.A., Pearce, C.M., Gurney-Smith, H.J., Chastain, S.G., Ross, P.S., Dower, J.F., Dudas, S.E., 2019. 
Size and shape matter: A preliminary analysis of microplastic sampling technique in seawater studies 
with implications for ecological risk assessment. Sci. Total Environ. 667, 124–132. 
https://doi.org/https://doi.org/10.1016/j.scitotenv.2019.02.346 

Cózar, A., Sanz-Martín, M., Martí, E., González-Gordillo, J.I., Ubeda, B., Gálvez, J.Á., Irigoien, X., Duarte, 
C.M., 2015. Plastic Accumulation in the Mediterranean Sea. PLoS One 10, e0121762. 

de Lucia, G.A., Caliani, I., Marra, S., Camedda, A., Coppa, S., Alcaro, L., Campani, T., Giannetti, M., Coppola, 
D., Cicero, A.M., Panti, C., Baini, M., Guerranti, C., Marsili, L., Massaro, G., Fossi, M.C., Matiddi, M., 
2014. Amount and distribution of neustonic micro-plastic off the western Sardinian coast (Central-
Western Mediterranean Sea). Mar. Environ. Res. 100, 10–16. 
https://doi.org/https://doi.org/10.1016/j.marenvres.2014.03.017 

Díez-Minguito, M., Bermúdez, M., Gago, J., Carretero, O., Viñas, L., 2020. Observations and idealized 
modelling of microplastic transport in estuaries: The exemplary case of an upwelling system (Ría de 
Vigo, NW Spain). Mar. Chem. 222, 103780. 



15 
 

https://doi.org/https://doi.org/10.1016/j.marchem.2020.103780 

Eriksen, M., Liboiron, M., Kiessling, T., Charron, L., Alling, A., Lebreton, L., Richards, H., Roth, B., Ory, N.C., 
Hidalgo-Ruz, V., Meerhoff, E., Box, C., Cummins, A., Thiel, M., 2018. Microplastic sampling with the 
AVANI trawl compared to two neuston trawls in the Bay of Bengal and South Pacific. Environ. Pollut. 
232, 430–439. https://doi.org/https://doi.org/10.1016/j.envpol.2017.09.058 

Farrell, P., Nelson, K., 2013. Trophic level transfer of microplastic: Mytilus edulis (L.) to Carcinus maenas (L.). 
Environ. Pollut. 177, 1–3. https://doi.org/https://doi.org/10.1016/j.envpol.2013.01.046 

Frère, L., Paul-Pont, I., Rinnert, E., Petton, S., Jaffré, J., Bihannic, I., Soudant, P., Lambert, C., Huvet, A., 2017. 
Influence of environmental and anthropogenic factors on the composition, concentration and spatial 
distribution of microplastics: A case study of the Bay of Brest (Brittany, France). Environ. Pollut. 225, 
211–222. https://doi.org/https://doi.org/10.1016/j.envpol.2017.03.023 

Frias, J., Filgueiras, A., Gago, J., Pedrotti, M.L., Suaria, G., Tirelli, V., Andrade, J., Nash, R., O’Connor, I., 
Lopes, C., Caetano, M., Raimundo, J., Carretero, O., Viñas, L., Antunes, J., Bessa, F., Sobral, P., Goruppi, 
A., Aliani, S., Gerdts, G., 2019. Standardised protocol for monitoring microplastics in seawater. 
https://doi.org/10.13140/RG.2.2.14181.45282 

Frias, J.P.G.L., Otero, V., Sobral, P., 2014. Evidence of microplastics in samples of zooplankton from 
Portuguese coastal waters. Mar. Environ. Res. 95, 89–95. 
https://doi.org/https://doi.org/10.1016/j.marenvres.2014.01.001 

Gago, J., Galgani, F., Maes, T., Thompson, R.C., 2016. Microplastics in Seawater: Recommendations from 
the Marine Strategy Framework Directive Implementation Process. Front. Mar. Sci. 
https://doi.org/https://doi.org/10.3389/fmars.2016.00219 

Gago, J., Henry, M., Galgani, F., 2015. First observation on neustonic plastics in waters off NW Spain (spring 
2013 and 2014). Mar. Environ. Res. 111, 27–33. 
https://doi.org/https://doi.org/10.1016/j.marenvres.2015.07.009 

Galgani, F., Hanke, G., Werner, S., De Vrees, L., 2013. Marine litter within the European Marine Strategy 
Framework Directive. ICES J. Mar. Sci. 70, 1055–1064. https://doi.org/10.1093/icesjms/fst122 

Hahladakis, J.N., Velis, C.A., Weber, R., Iacovidou, E., Purnell, P., 2018. An overview of chemical additives 
present in plastics: Migration, release, fate and environmental impact during their use, disposal and 
recycling. J. Hazard. Mater. 344, 179–199. 
https://doi.org/https://doi.org/10.1016/j.jhazmat.2017.10.014 

Hidalgo-Ruz, V., Gutow, L., Thompson, R.C., Thiel, M., 2012. Microplastics in the marine environment: A 
review of the methods used for identification and quantification. Environ. Sci. Technol. 46, 3060–
3075. https://doi.org/10.1021/es2031505 

Kanhai, L.D.K., Officer, R., Lyashevska, O., Thompson, R.C., O’Connor, I., 2017. Microplastic abundance, 
distribution and composition along a latitudinal gradient in the Atlantic Ocean. Mar. Pollut. Bull. 115, 
307–314. https://doi.org/https://doi.org/10.1016/j.marpolbul.2016.12.025 

Lusher, A.L., Burke, A., O’Connor, I., Officer, R., 2014. Microplastic pollution in the Northeast Atlantic 
Ocean: Validated and opportunistic sampling. Mar. Pollut. Bull. 88, 325–333. 
https://doi.org/https://doi.org/10.1016/j.marpolbul.2014.08.023 

Lusher, A.L., Tirelli, V., O’Connor, I., Officer, R., 2015. Microplastics in Arctic polar waters: the first reported 
values of particles in surface and sub-surface samples. Sci. Rep. 5, 14947. 
https://doi.org/10.1038/srep14947 

Maes, T., Van der Meulen, M.D., Devriese, L.I., Leslie, H.A., Huvet, A., Frère, L., Robbens, J., Vethaak, A.D., 
2017. Microplastics baseline surveys at the water surface and in sediments of the North-East Atlantic. 
Front. Mar. Sci. https://doi.org/https://doi.org/10.3389/fmars.2017.00135 



16 
 

Mato, Y., Isobe, T., Takada, H., Kanehiro, H., Ohtake, C., Kaminuma, T., 2001. Plastic resin pellets as a 
transport medium for toxic chemicals in the marine environment. Environ. Sci. Technol. 35, 318–324. 
https://doi.org/10.1021/es0010498 

Mendoza, A., Osa, J.L., Basurko, O.C., Rubio, A., Santos, M., Gago, J., Galgani, F., Peña-Rodriguez, C., 2020. 
Microplastics in the Bay of Biscay: An overview. Mar. Pollut. Bull. 153, 110996. 
https://doi.org/https://doi.org/10.1016/j.marpolbul.2020.110996 

Moore, C.J., 2008. Synthetic polymers in the marine environment: A rapidly increasing, long-term threat. 
Environ. Res. 108, 131–139. https://doi.org/https://doi.org/10.1016/j.envres.2008.07.025 

Nelms, S.E., Galloway, T.S., Godley, B.J., Jarvis, D.S., Lindeque, P.K., 2018. Investigating microplastic trophic 
transfer in marine top predators. Environ. Pollut. 238, 999–1007. 
https://doi.org/https://doi.org/10.1016/j.envpol.2018.02.016 

Parra, S., Varandas, S., Santos, D., Félix, L., Fernandes, L., Cabecinha, E., Gago, J., Monteiro, S.M., 2021. 
Multi-biomarker responses of Asian Clam Corbicula fluminea (Bivalvia, Corbiculidea) to cadmium and 
microplastics Pollutants. Water. https://doi.org/10.3390/w13040394 

Ryan, P.G., Moloney, C.L., 1993. Marine litter keeps increasing. Nature 361, 23. 
https://doi.org/10.1038/361023a0 

Sadri, S.S., Thompson, R.C., 2014. On the quantity and composition of floating plastic debris entering and 
leaving the Tamar Estuary, Southwest England. Mar. Pollut. Bull. 81, 55–60. 
https://doi.org/https://doi.org/10.1016/j.marpolbul.2014.02.020 

Setälä, O., Fleming-Lehtinen, V., Lehtiniemi, M., 2014. Ingestion and transfer of microplastics in the 
planktonic food web. Environ. Pollut. 185, 77–83. 
https://doi.org/https://doi.org/10.1016/j.envpol.2013.10.013 

Setälä, O., Lehtiniemi, M., Coppock, R., Cole, M., 2018. Microplastics in marine food webs, in: Microplastic 
Contamination in Aquatic Environments. Elsevier, pp. 339–363. 

Setälä, O., Magnusson, K., Lehtiniemi, M., Norén, F., 2016. Distribution and abundance of surface water 
microlitter in the Baltic Sea: A comparison of two sampling methods. Mar. Pollut. Bull. 110, 177–183. 
https://doi.org/https://doi.org/10.1016/j.marpolbul.2016.06.065 

Sharma, S., Chatterjee, S., 2017. Microplastic pollution, a threat to marine ecosystem and human health: a 
short review. Environ. Sci. Pollut. Res. 24, 21530–21547. https://doi.org/10.1007/s11356-017-9910-8 

Song, Y.K., Hong, S.H., Jang, M., Han, G.M., Rani, M., Lee, J., Shim, W.J., 2015. A comparison of microscopic 
and spectroscopic identification methods for analysis of microplastics in environmental samples. Mar. 
Pollut. Bull. 93, 202–209. https://doi.org/https://doi.org/10.1016/j.marpolbul.2015.01.015 

Tamminga, M., Hengstmann, E., Fischer, E.K., 2018. Microplastic analysis in the South Funen Archipelago, 
Baltic Sea, implementing manta trawling and bulk sampling. Mar. Pollut. Bull. 128, 601–608. 
https://doi.org/https://doi.org/10.1016/j.marpolbul.2018.01.066 

Thompson, R.C., Olsen, Y., Mitchell, R.P., Davis, A., Rowland, S.J., John, A.W.G., McGonigle, D., Russell, A.E., 
2004. Lost at sea: where is all the plastic? Sci. 304, 838. https://doi.org/10.1126/science.1094559 

van Sebille, E., Wilcox, C., Lebreton, L., Maximenko, N., Hardesty, B.D., van Franeker, J.A., Eriksen, M., 
Siegel, D., Galgani, F., Law, K.L., 2015. A global inventory of small floating plastic debris. Environ. Res. 
Lett. 10, 124006. https://doi.org/10.1088/1748-9326/10/12/124006 

Venrick, E. l, Backman, T.W., Bartram, W.C., Platt, C.J., Thornhill, M.S., Yates, R.E., 1973. Man-made Objects 
on the Surface of the Central North Pacific Ocean. Nature 241, 271. https://doi.org/10.1038/241271a0 

Wang, W., Ge, J., Yu, X., 2020. Bioavailability and toxicity of microplastics to fish species: A review. 
Ecotoxicol. Environ. Saf. 189, 109913. https://doi.org/https://doi.org/10.1016/j.ecoenv.2019.109913 



17 
 

Woodall, L.C., Gwinnett, C., Packer, M., Thompson, R.C., Robinson, L.F., Paterson, G.L.J., 2015. Using a 
forensic science approach to minimize environmental contamination and to identify microfibres in 
marine sediments. Mar. Pollut. Bull. 95, 40–46. 
https://doi.org/https://doi.org/10.1016/j.marpolbul.2015.04.044 

Wright, S.L., Thompson, R.C., Galloway, T.S., 2013. The physical impacts of microplastics on marine 
organisms: A review. Environ. Pollut. 178, 483–492. 
https://doi.org/https://doi.org/10.1016/j.envpol.2013.02.031 

Zantis, L.J., Carroll, E.L., Nelms, S.E., Bosker, T., 2021. Marine mammals and microplastics: A systematic 
review and call for standardisation. Environ. Pollut. 269, 116142. 
https://doi.org/https://doi.org/10.1016/j.envpol.2020.116142 

 

 


