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Abstract  26 

Microplastic debris is ubiquitous and yet sampling, classifying and enumerating this prolific pollutant 27 

in marine waters has proven challenging. Typically, waterborne microplastic sampling is undertaken 28 

using nets with a 333 µm mesh, which cannot account for smaller debris. In this study, we provide 29 

an estimate of the extent to which microplastic concentrations are underestimated with traditional 30 

sampling. Our efforts focus on coastal waters, where microplastics are predicted to have the 31 

greatest influence on marine life, on both sides of the North Atlantic Ocean. Microplastic debris was 32 

collected via surface trawls using 100, 333 and 500 µm nets. Our findings show that sampling using 33 

nets with a 100 µm mesh resulted in the collection of 2.5-fold and 10-fold greater microplastic 34 

concentrations compared with using 333 and 500 µm meshes respectively (P<0.01). Based on the 35 

relationship between microplastic concentrations identified and extrapolation of our data using a 36 

power law, we estimate that microplastic concentrations could exceed 3700 microplastics m-3 if a 37 

net with a 1 µm mesh size is used. We further identified that use of finer nets resulted in the 38 

collection of significantly thinner and shorter microplastic fibres (P<0.05). These results elucidate 39 

that estimates of marine microplastic concentrations could currently be underestimated. 40 

 41 

Capsule 42 

US and UK datasets reveal that sampling with a 100 µm net results in the capture of 10-fold greater 43 

microplastic concentrations compared with using a 500 µm net 44 

 45 

Keywords 46 

Plastic, microplastics, pollution, ocean, net, sampling 47 

 48 

1. Introduction 49 

Microplastics are a prolific, persistent and pernicious contaminant, posing an environmental and 50 

economic risk to marine ecosystems across the globe (Rochman et al., 2016). Microplastics, 51 
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encompassing synthetic plastic particulates, fibres and films, here defined as 1-5000 µm in diameter, 52 

have been widely identified in marine ecosystems, including estuaries, coastal biomes, the open 53 

ocean and polar waters (Lusher, 2015). Microplastics are either directly manufactured (e.g. cosmetic 54 

exfoliates, air blasting media), or derive from the fragmentation of larger plastics over time (Cole et 55 

al., 2011). By design, plastics are resistant to degradation and as such are expected to persist in the 56 

natural environment for hundreds, if not thousands of years (Andrady, 2015). Owing to their small 57 

size, microplastics are bioavailable to a range of organisms across trophic levels, including 58 

zooplankton (Steer et al., 2017), bivalves and fish destined for human consumption (Rochman et al., 59 

2015), and marine megafauna (Duncan et al., 2019; Nelms et al., 2019). Exposure studies have 60 

highlighted the negative impacts microplastic ingestion can have on marine organisms, including 61 

copepods, shellfish, benthic invertebrates and fish, with effects comprising reduced feeding, 62 

fecundity, growth and survival, premature moulting, altered behaviour and shifts in ecological 63 

functionality (Besseling et al., 2013; Cole et al., 2019; Cole et al., 2015; Cole et al., 2016; Sussarellu et 64 

al., 2016; Wegner et al., 2012; Wright et al., 2013). However, it is currently unclear whether such 65 

adverse health effects are likely to occur in the natural environment due to the mismatch between 66 

the size, type and concentration of microplastics that are traditionally sampled during environmental 67 

monitoring studies and those used in exposure studies (Burns and Boxall, 2018). At present, the 68 

concentration of bioavailable microplastics in the natural environment, a similar size to natural prey 69 

and a similar size to those used in effect studies, is relatively unknown (de Sá et al., 2018).  70 

 71 

To comprehensively assess the risks that microplastic debris poses to marine ecosystems requires 72 

robust estimates of the size, prevalence and distribution of microplastic within the global ocean. 73 

However, accurately quantifying and characterising microplastic debris within environmental 74 

samples, and subsequently modelling this data, has proven hugely challenging. Microplastics 75 

research is still in its infancy, and over the past decade there has been a multitude of methodological 76 

approaches applied when sampling, extracting and identifying microplastic debris, with samples 77 
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taken from different ecological compartments (i.e. sediments, water column, biota) each providing 78 

their own unique challenges (Lusher et al., 2016; Stock et al., 2019). Thus far, field sampling has 79 

predominantly focussed on the subtropical gyres of the northern hemisphere, with data gaps for 80 

large swathes of the open ocean, the southern hemisphere, equatorial regions and coastal waters 81 

(Clark et al., 2016). One of the most widely applied methods for collecting microplastics at the sea 82 

surface has been to conduct trawls using 330-335 μm nets, hereafter referred to as 333 μm, which 83 

have traditionally been used for sampling zooplankton (Hidalgo-Ruz et al., 2012; Lusher et al., 2016). 84 

Such environmental data has been used to derive initial estimates of oceanic microplastic budgets: 85 

for example, van Sebille et al. (2015) estimates that the accumulated number of microplastic 86 

particles in 2014, ranged from 15-51 trillion particles, weighing between 93,000 and 236,000 metric 87 

tons, with >90% of observations collected using a Manta or Neuston net with 333 μm mesh. A recent 88 

review highlighted that over 80% of field studies only sample microplastics >300 µm, and as such 89 

microplastics smaller than this size, including 95% of cosmetic microbeads, synthetic microfibres and 90 

secondary microplastics with diameters <300 µm, will be absent from datasets (Conkle et al., 2018). 91 

As such, we hypothesise current estimates of microplastic pollution at the sea surface are likely to be 92 

underestimated. 93 

 94 

In this study, we determine the relationship between net mesh size and the abundance and 95 

character of captured microplastic, providing an estimate of the extent to which microplastic 96 

concentrations may be underestimated using 333 µm nets. Our sampling efforts focus on biologically 97 

productive coastal waters on both sides of the North Atlantic (i.e. Gulf of Maine and western English 98 

Channel), close to land-based and maritime sources of pollution, where microplastics are predicted 99 

to have the greatest influence on marine life (Clark et al., 2016). Microplastic debris was collected via 100 

sub-surface trawls using 100, 333 and 500 µm nets to compare microplastic concentrations sampled 101 

with nets of differing mesh sizes. The study aims to provide a greater resolution in the determination 102 
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of global microplastic budgets, allowing for the risk of microplastic debris to marine ecosystems to 103 

be more clearly defined. 104 

 105 

2. Materials and Methods 106 

 107 

2.1. Environmental sampling 108 

Field sampling was conducted on both sides of the North Atlantic Ocean, focusing on coastal waters 109 

of the Gulf of Maine (USA) and the western English Channel (UK). In all cases, sub-surface sampling 110 

focused upon the comparison of microplastic concentrations collected by nets towed in parallel. For 111 

our US sampling, the use of a sailing vessel limited us to using a maximum of two nets at a time, 112 

comprising either two 333 μm nets or a 100 and 500 μm net. For our UK sampling, the use of the RV 113 

Quest (Maritime and Coastguard Agency Category 2 workboat) allowed 100, 333 and 500 μm nets to 114 

be towed in parallel.  115 

 116 

2.1.1. Gulf of Maine (USA) 117 

Fieldwork was conducted throughout July 2013 in the Gulf of Maine (USA), with sampling targeted at 118 

sites of upwelling and riverine output around Hurricane Island, Boothbay Harbor, Portland, Kittery, 119 

Star Island and Boston (Figure 1; Table S1). Sampling was conducted on-board the RV American 120 

Promise, with nets deployed from the spinnaker pole to capture sub-surface debris outside of the 121 

vessel’s wake; nets were maintained half in and half out of the water. Each trawl (250 m transects; 122 

0.7-2.8 knots) used two nets towed in parallel, comprising either: two 333 µm Neuston nets (0.5 m2 123 

aperture; rectangular, 1 m x 0.5 m); or 100 µm and 500 µm plankton nets (0.2 m2 aperture; circular, 124 

0.5 m ø). The nets and cod-ends were thoroughly rinsed down, and samples transferred onto clean 125 

nylon mesh of corresponding size. Any large pieces of flotsam (e.g. wood, macroalgae) were rinsed 126 

with freshwater to remove adhered microplastics, and then removed from the sample. Meshes were 127 

rinsed with freshwater and then folded and secured to retain samples and minimise contamination. 128 
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Adapting the protocols of Moore et al. (Moore et al., 2002), samples were desiccated at 60°C 129 

overnight in a food-dehydrator, and stored in sample bags in a desiccating chamber prior to analysis. 130 

 131 

2.1.2. English Channel (UK) 132 

Fieldwork was conducted in the western English Channel off the coast of Plymouth (UK) between 133 

July and September 2015 (Figure 1; Table S2). Sub-surface sampling was conducted on board the RV 134 

Plymouth Quest using three Neuston nets (100, 333 and 500 μm; 0.2 m2 aperture; circular, 0.5 m ø) 135 

rigged in parallel and trawled off the beam of the boat (500 m trawl; 0.5—1.5 knots) to avoid down-136 

welling of the debris in the vessel’s wake; nets were maintained half in and half out of the water. 137 

Each net and cod end were rinsed into a clean bucket with surface seawater collected using the 138 

boat’s intake system. Any large pieces of flotsam (e.g. wood, macroalgae, feathers) were rinsed with 139 

filtered seawater (0.2 μm) to remove adhered microplastics, and then removed from the sample. 140 

The bucket contents were poured through a nylon mesh matching the mesh size of the net and 141 

rinsed with filtered seawater (0.2 μm). Meshes were folded and secured and then temporarily 142 

wrapped in aluminium foil during transit to avoid contamination. Samples were stored at -80 °C and 143 

subsequently freeze-dried prior to analysis. 144 

 145 
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 146 

Figure 1. Charts showing locations of sampling sites. (A) North Atlantic Ocean, noting locations of the 147 

Gulf of Maine and English Channel. (B) North-eastern US seaboard, relative to Portland (ME), with 50 148 

km scale; yellow boxes denote sites where samples were taken using 100/500 μm nets and 333/333 149 

μm nets, and orange boxes denote where samples were taken using 100/500 μm nets only. (C) 150 

Plymouth Sound and western English Channel, with 2 km scale; yellow boxes denote sites sampled 151 

with 100/333/500 μm nets. 152 

 153 

2.2. Enzymatic digestion  154 
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To reveal any microplastics obscured by biotic material within the samples, we employed enzymatic 155 

digestion per the protocols of Cole et al. (2014). Samples were transferred individually into a pre-156 

cleaned porcelain mortar and the weight of the pestle was used to gently break down large 157 

structures. Each sample was weighed, transferred to an acid-washed glass vial, and homogenising 158 

solution added at a ratio of 15 mL to 0.2 g dry weight sample. Samples were physically homogenised 159 

using a 19G needle and 10 mL syringe then incubated at 50°C in an orbital shaker at 100 rpm for 30 160 

minutes. Proteinase K was added to a concentration of 500 μg mL-1, and samples incubated at 50 °C 161 

again at 150 rpm for 2 hours. Digested samples were visually examined, and any still containing large 162 

quantities of organic material were incubated for a further two hours.  Sodium perchlorate (5 M) 163 

was then added and each sample homogenised using a 21G needle before mixing at 150 rpm at 164 

room temperature for 20 minutes. Finally, samples were incubated at 65 °C for a further 20 minutes.  165 

Digested samples were vacuum filtered through 50 µm nylon mesh filters. Samples containing large 166 

volumes of material were sub-divided over multiple meshes. All samples were treated identically, 167 

irrespective of net size.  168 

 169 

2.3. Characterisation 170 

Per the proposed categorisation framework of Hartmann et al. (2019), we look to characterise 171 

microplastics by their chemical composition, size, shape and colour. Mesh filters were systematically 172 

analysed under a dissection microscope (Olympus SZX16; x40-100 magnification), using a sterilised 173 

needle to tease apart the sample. Suspected microplastics were visually identified by their 174 

uniformity, colour and form per the guidance of Norén et al. (Norén, 2007). The shape (fibre, 175 

fragment or sphere) and colour of all particles was recorded immediately. Owing to the large 176 

number of particles present, for each sample 15 particles were randomly selected for sizing and 177 

polymeric analysis. Particles were randomly selected by: (1) dividing the mesh into 9 (3 rows x 3 178 

columns); (2) using a random number generator (Microsoft Excel) to determine which section to first 179 

select a microplastic from; (3) 15 particles were picked from this first section; (4) where <15 particles 180 
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were available, a binary random number was used to determine which section to next sub-sample 181 

from (i.e. go sequentially up or down through the grid). Sizing was conducted using CellSens 182 

software and light microscope (Olympus SX16) with two-dimensions recorded. Polymeric analysis 183 

was conducted on randomly selected particles using either Attenuated Total Reflectance Fourier 184 

Transform Infrared spectroscopy (Bruker Alpha ATR-FTIR) or micro ATR (µATR) in Reflectance mode 185 

(Perkin Elmer Spotlight 400 FTIR). Owing to the limitations of the Bruker ATR-FTIR, the particles 186 

identified using this instrument (n = 355) required one dimension >100 µm for spectral analysis, the 187 

remainder of selected particles analysed (Perkin Elmer, n = 416) required a minimum dimension of 188 

11 µm. Spectra were analysed using OPUS 6.5 software (Bruker) and Spectra software (Perkin 189 

Elmer). Spectra showing no defined peaks (i.e.; <60% match) were dismissed, otherwise particles 190 

were classified as either ‘natural’ (e.g. chitin, cellulose), or ‘microplastic’, with further sub-division by 191 

polymer: acrylic, polyamide, polyester, polyethylene, polypropylene, polyvinylchloride, biopolymer 192 

(e.g. rayon), elastomer (e.g. neoprene, rubber), or other (i.e. copolymers, polystyrene). 193 

 194 

2.4. Quality control 195 

Prior to fieldwork and analysis, all participants were instructed on minimising sample contamination 196 

via atmospheric deposition, clothing and equipment. During sample collection, nets were trawled to 197 

the side of the research vessel to avoid any paint or material from the boat contaminating the 198 

sample. Samples were handled by personnel wearing cotton clothing and latex gloves, and 199 

procedural blanks using filtered seawater were conducted at each sampling station on each cruise to 200 

account for contamination. Samples were enclosed in meshes and stored in sealable containers prior 201 

to analysis. To minimise contamination in the laboratory, all analyses were conducted by trained 202 

researchers. Further, samples were covered wherever feasible, glassware was used in place of 203 

plastic where possible, and all reusable equipment was cleaned thoroughly with ethanol and rinsed 204 

twice with Milli-Q water (0.2 μm filtered) prior to use. Sample processing was conducted in positive-205 

pressure (i.e. laminar flow) hoods to prevent airborne contamination. Procedural blanks (n=14 for 206 
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UK samples; n=6 for US samples), containing no sample, but otherwise treated as per the given 207 

methodology, were used to quantify contamination of samples during processing.  208 

 209 

2.5. Microplastic concentrations 210 

The waterborne concentration of microplastics (microplastics m-3) from each net at each site was 211 

calculated using our data adjusted for volume sampled, contamination and mis-identification. The 212 

mean number of particles identified in the procedural blanks was subtracted from the total number 213 

of particles picked out from each sample; this data was then adjusted to account for the proportion 214 

of particles confirmed as plastic following FT-IR. The approximate volume of water sampled (m3) was 215 

calculated by multiplying 50% of the net aperture (m2), noting nets were half submerged, by length 216 

of tow measured as distance (m) over the ground (therefore taking boat speed and tidal stream into 217 

consideration), assuming a 95% sampling efficiency (Skjoldal et al., 2013).  218 

 219 

2.6 Statistical analyses 220 

Statistical analyses were conducted using R statistical software v3.5.1 (R Core Team, 2019). 221 

Normality of data was tested using the Shapiro-Wilk test, and non-parametric data log transformed 222 

where applicable. Comparisons between datasets were assessed using a student’s t test or ANOVA 223 

with post-hoc Tukey test, or a Kruskal-Wallis test for non-parametric data. Significant difference is 224 

attributed where P<0.05. A power law regression analysis was conducted using pooled mean 225 

microplastic concentrations across all UK sites for each net size. 226 

 227 

3. Results 228 

 229 

3.1. Environmental data 230 

 231 

3.1.1. Gulf of Maine (USA) 232 
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In total 2,755 particles were isolated from the 100, 333 and 500 µm net samples taken from 9 sites 233 

along the coast of the Gulf of Maine. The samples predominantly consisted of fibres (84%), with a 234 

smaller quantity of fragments identified (16%); only 12 beads were observed (Figure 2A). Fibres 235 

ranged from 5-282 µm in diameter and from 164 µm to >13 mm in length; the diameter of beads 236 

and fragments ranged from 57-3585 µm. The majority of fibres were black (62%), blue (15%), red 237 

(13%) or transparent (10%; Figure 2B); fragments were predominantly blue (32%) or white/grey 238 

(24%), with an otherwise even distribution of colour (Figure 2C). An ATR-FTIR analysis of a 239 

randomised sub-sample (n=254, excluding particles providing a poor spectral signature) revealed 240 

that 85% of the isolated particles were ‘microplastic’, per the classification criteria set out by 241 

Hartmann et al. (2019) (Figure 3A). Almost a third of the plastics identified were biopolymers (30%), 242 

of which the majority were Rayon, with co-polymers (21%), polyethylene (13%) and polyester (13%) 243 

also well represented in the samples (Figure 3B).  244 

 245 

3.1.2. English Channel (UK) 246 

In total 22,666 particles were isolated from the 100, 333 and 500 µm net samples taken from 14 247 

sites in the western English Channel and Plymouth Sound. Across all samples, fibres (77%) were the 248 

most common, with smaller quantities of fragments (19%) and beads (4%) identified (Figure 2A). 249 

Fibres ranged from 5-350 µm in diameter and from 55 µm to >8 cm in length; the feret diameter of 250 

beads and fragments ranged from 15-12,500 µm. Fibres were predominantly black (37%) or blue 251 

(32%), with substantial numbers of transparent (15%) and red (10%) filaments (Figure 2B); the vast 252 

majority of fragments were blue (73%; Figure 2C). Of the randomised sub-sample of isolated 253 

particles (n=517, excluding particles providing a poor spectral signature), 94% were microplastic 254 

(Figure 3A). The majority of these microplastics were made up of polyester (22%), biopolymers 255 

(22%), polypropylene (18%) and acrylic (14%). Also present in substantial quantities was 256 

polyethylene (9%) and polyamide (8%), with PVC (2%), elastomers (1%) and others (5%) making up 257 

the total (Figure 3B).  258 
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 259 

3.1.3. Procedural blanks 260 

Owing to the strict protocols in place, contamination of procedural blanks was relatively low. For the 261 

procedural blanks conducted alongside our Gulf of Maine analysis, we identified a mean of 1.5 262 

particles per sample (89% fibres, 11% fragments). For procedural blanks conducted in parallel with 263 

the English Channel sampling and analysis, we identified a mean of 9.4 particles per sampling station 264 

(75% fibres, 25% fragments).  265 

 266 

 267 
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Figure 2. Composition of particles identified in Gulf of Maine (left column; n=2,755) and English 268 

Channel (right column; n=22,666) samples. (A) Breakdown of particles by shape, i.e. fibres, 269 

fragments or beads. (B) Colour breakdown of fibres. (C) Colour breakdown of fragments. 270 

 271 

 272 

 273 

Figure 3. Composition of particles picked-out in Gulf of Maine (left column; n=254) and English 274 

Channel (right column; n=517) samples. (A) Composition of material, i.e. naturally occurring or 275 

plastic. (B) Breakdown of plastics by polymer type, including biopolymers and elastomers. 276 

 277 

3.2. Net comparisons 278 

 279 

3.2.1. Gulf of Maine (USA): 333 µm nets 280 
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Average microplastic concentrations (mean ± standard error) collected via two 333 µm nets, towed 281 

in parallel at five sites in the Gulf of Maine, were 0.54 ± 0.2 and 0.46 ± 0.3 microplastics m-3, with no 282 

statistically significant difference in microplastic concentrations identified (t-test; P=0.406; Figure 283 

4A). However, looking at individual site data (Figure 4B), it is evident that there can be clear 284 

differences in microplastic concentrations collected using two nets towed in parallel (i.e. Site 5).  285 

  286 

 287 

Figure 4. Waterborne concentrations of microplastics (items m-3) in the Gulf of Maine using two 333 288 

µm nets towed in parallel. (A) Box and whisker plots showing median concentrations across sites and 289 

(B) bar chart displaying concentrations found at each site. 290 

 291 

3.2.2. Gulf of Maine (USA): 100 and 500 µm nets 292 

Based on parallel tows conducted at nine sites in the Gulf of Maine, we identified average 293 

microplastic concentrations of 6.03 ± 1.03 microplastics m-3 (100 µm net) and 0.60 ± 0.25 294 

microplastics m-3 (500 µm net). On average, sampling with a 100 µm net revealed 10-fold higher 295 

microplastic concentrations compared with using a 500 µm net (t-test; P<0.001; Figure 5A). Highest 296 
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microplastic concentrations, as sampled using a 100 µm net, were identified at Site 1 (Outer 297 

Penobscot Bay; 10.0 microplastics m-3; Figure 5B).  298 

 299 

Figure 5. Waterborne concentrations of microplastics (items m-3) in the Gulf of Maine using 100 µm 300 

and 500 µm nets towed in parallel; *denotes significant difference (t-test p = < 0.05). (A) Box and 301 

whisker plots showing median concentrations across sites and (B) bar chart displaying 302 

concentrations found at each site. 303 

 304 

3.2.3. English Channel (UK): 100, 333 and 500 µm nets 305 

Sampling efforts across 14 sites in the western English Channel and Plymouth Sound revealed mean 306 

microplastic concentrations of 10.03 ± 2.21 microplastics m-3 (100 µm net), 4.08 ± 1.32 microplastics 307 

m-3 (333 µm net) and 1.03 ± 0.16 microplastics m-3 (500 µm net). Mesh size was a significant factor in 308 

resulting microplastic concentrations (ANOVA, P<0.001; Figure 6A, displaying median and 309 

interquartile values), with no significant influence of Site (ANOVA, P=0.79). On average, a 100 µm 310 

net revealed 2.5-fold higher microplastic concentrations than using a 333 µm net (ANOVA, P<0.05) 311 

and 10-fold greater microplastic concentrations than using a 500 µm net (ANOVA P<0.001); using a 312 

* 
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333 µm net resulted in sampling 4-fold greater microplastic concentrations as when a 500 µm net 313 

was employed (Tukey Post-hoc; P<0.05). However, at some sites this trend was not apparent, for 314 

example: at Site N (Outside Breakwater 4, 7 km offshore; Figure 6B) microplastic concentrations 315 

collected using a 333 µm net exceeded those collected via 100 µm net by two-fold; and at Site A 316 

(seaward side of Plymouth breakwater) and Site K (Rame Head), use of a 500 µm net revealed 317 

marginally greater microplastic concentrations than collected via 333 µm nets. The highest 318 

waterborne microplastic concentration, collected using a 100 µm net, was found at Site H (mouth of 319 

the River Plym; 35.5 microplastics m-3). 320 

 321 

 322 

Figure 6. Waterborne concentration of microplastics (items m-3) in the western English Channel, as 323 

sampled using 100, 333 or 500 µm nets. (A) Box and whisker plots showing median concentrations 324 

across sites; *denotes significant difference (ANOVA, p = < 0.05). (B) Bar chart displaying microplastic 325 

concentrations for each net found at each site. 326 

 327 



17 
 

Fibres captured with a 100 µm net were significantly shorter than those sampled with a 333 and 500 328 

µm net, with a significantly smaller diameter than those sampled with a 500 µm net (Kruskal-Wallis, 329 

P<0.05; Figure 7). Mean fragment/bead diameter was far greater in the 500 µm net samples (575 330 

µm) than the 100 µm (121 µm) or 333 µm (133 µm) net samples, however these differences were 331 

not statistically significant (Kruskal-Wallis, 100v500, P=0.07; 333v500, P=0.08). Fibres were the 332 

dominant particle shape characterised across all nets, comprising 75% in the 100 µm net, 81% in 333 333 

µm net and 83% in 500 µm net (Figure 7). Beads were only observed in the 100 µm net whilst 334 

fragments made up the remaining particle shape across all nets. Blue, black, clear and red were the 335 

predominant particle colours across all net sizes, recording similar concentrations in each net size. 336 

Extrapolation of mean microplastic concentrations from pooled data across all sites provided 337 

estimates of concentrations using different mesh sizes (Figure 8), estimating a mean concentration 338 

of 11.4 microplastics m-3 when using a 100 µm mesh size,  207.1 microplastics m-3 with a 10 µm 339 

mesh and increasing to 3700 microplastics m-3 if using a 1 µm mesh. 340 

 341 

 342 
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 343 

Figure 7. Average size of microplastics identified in UK coastal samples collected using nets with 344 

different mesh size. (A) Microplastic fibre diameter; (B) Microplastic fibre length; (C) Fragment/bead 345 

diameter. Data presented as mean ± standard error. A Kruskal-Wallis test was applied to compare 346 

datasets, with significance attributed where P <0.05. Proportion of UK characterised particles by 347 

shape (D,E,F) and colour (G,H,I) for each net size; 100 µm (D,G), 333 µm (E,H), 500 µm (F,I). 348 
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 349 

Figure 8. Extrapolation of microplastic concentrations (logarithmic scale) based on our UK coastal 350 

samples collected using nets with 100, 333 or 500 µm mesh (black dots), using a power law (black 351 

line); 95% confidence intervals shown with dotted red lines.  352 

 353 

 354 

4. Discussion  355 

Our results demonstrate that sampling with a smaller sized mesh yields a significantly higher 356 

concentration of microplastics compared to sampling with larger mesh sizes; a consistent result seen 357 
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across a series of biologically productive coastal stations on both sides of the North Atlantic. Both 358 

our US and UK datasets reveal that sampling with a 100 µm net results in the capture of 10-fold 359 

greater microplastic concentrations compared with using a 500 µm net. Further, our UK sampling 360 

regime revealed a 2.5-fold increase in microplastic concentrations sampled with a 100 µm mesh 361 

compared to a 333 µm mesh. We believe this to be the first study directly comparing microplastics 362 

captured with different size mesh using nets towed concurrently. Our results demonstrate that using 363 

a traditional 333 µm mesh can result in the underestimation of waterborne microplastic 364 

concentrations owing to smaller microplastics and microfibres being missed. Several other studies 365 

have indicated this trend, for example: Enders et al. (2015) identified a greater abundance of smaller 366 

microplastic particles sampled in the smaller fraction of a staggered underway intake filtration set-367 

up in the North Atlantic ocean; comparing discrete water samples with towed nets Norén (2007) 368 

found concentrations of microplastics up to 1,000 times higher when water column samples were 369 

concentrated onto an 80 µm mesh, as opposed to using a 450 µm mesh Neuston net; in the Nakdong 370 

River mouth in the Southern Sea of Korea, Kang et al. (2015) identified 0.62-860 microplastics m-3 371 

using a 330 µm Manta trawl, and 21-15,560 microplastics m-3 using a 50 µm hand net; and Barrows 372 

et al. (2017) demonstrated that a surface grab collected over three orders of magnitude more 373 

microplastic per volume of water than sampling with a Neuston tow net; and lastly, a study by 374 

Covernton et al. (2019) demonstrated microplastic concentrations determined by filtering a 1 L bulk 375 

sample through an 8 µm filter was on average approximately 5.8 times greater (per L of water) than 376 

a 10 L bucket sample sieved through 63 µm mesh. All the above recent studies concur that 377 

microplastic concentration increases significantly with decreasing mesh size. As 80% of microplastic 378 

sampling campaigns focus only on the collection of >300 µm plastic debris (Conkle et al., 2018), we 379 

conclude that current estimates of marine microplastic pollution is being vastly underestimated.  380 

 381 

Global estimates of floating microplastic debris, modelled on data primarily ascertained from 333 382 

µm net samples, is in the order of 5-50 trillion particles (Eriksen et al., 2014; van Sebille et al., 2015). 383 
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Based on the relationship between microplastic concentrations identified with 100 and 333 µm nets 384 

as detailed in this study, we surmise that for buoyant microplastics >100 µm, the global plastic 385 

reservoir is in the order of 12.5—125 trillion particles. We can further extrapolate our data using a 386 

power law as prescribed elsewhere (Cózar et al., 2014; Lenz et al., 2016), to estimate how many 387 

microplastics might be sampled by nets with even smaller mesh sizes (Figure 8). Based on this 388 

extrapolation, in the waters around Plymouth (UK) we estimate the use of a 10 µm mesh net would 389 

yield on average approximately 207 microplastics m-3, and by using a 1 µm mesh microplastic 390 

concentrations could exceed 3700 microplastics m-3. Appreciably there are wider considerations to 391 

any such extrapolation; for example, we know microplastics can be “removed” from surface waters 392 

through coastal deposition (Hinata et al., 2017), rapid nano-fragmentation (Andrady, 2015), 393 

ingestion by biota (Cole et al., 2013), and repackaging of microplastics in faeces (Cole et al., 2016; 394 

Coppock et al., 2019) and marine snow (Porter et al., 2018). However, such a model supports our 395 

hypothesis that smaller plastics are underestimated based on traditional sampling. Such a model 396 

may also be useful in providing estimates of bioavailable microplastic concentrations for exposure 397 

studies (Lenz et al., 2016). A more accurate description of the size and number of microplastics 398 

present in the environment, is essential to guide the concentration, shape and size of particles used 399 

in exposure experiments in order to identify the mechanisms of interaction between microplastics 400 

and organisms, to yield more realistic estimates of sub-lethal effects, and better understand the risk 401 

of microplastic pollution to aquatic ecosystems. On average, our results show an increase in 402 

microplastic particles sampled with a smaller mesh size, however inconsistencies to this trend are 403 

evident at individual sites. This was most notable at site N (UK), where the 333 μm net sample 404 

contained twice as many microplastics as the 100 μm net. A small variation in the general trend was 405 

also observed at sites A, E, and K (UK), with the 500 μm nets collecting slightly more microplastics 406 

than the 333 μm nets, however the differences here are negligible. Potentially, in these highly 407 

productive waters, this was a consequence of the 100 μm net becoming clogged with organic 408 

material (e.g. localised Phaeocystis blooms), thereby decreasing the efficiency of the net and 409 
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resulting in a decrease of water volume sampled (personal observations). Alternatively, highly 410 

localised spatial variation may have resulted in these discrepancies. On average, there was no 411 

difference in the concentration of microplastics collected by two 333 µm nets towed in parallel, 412 

however there were clear discrepancies between individual samples, highlighting the heterogeneity 413 

of microplastic concentrations at such small spatial scales; for example in Outer Portland Bay (Site 5) 414 

microplastic concentrations were 0.2 and 1.1 microplastics m-3 between nets trawled just metres 415 

apart. Reasons for this heterogeneity may include aggregation of microplastics around or within 416 

biological material or small scale local eddies and currents. Further, the high-density sampling 417 

around Plymouth Sound provides further evidence of the spatial and temporal variability in 418 

microplastic concentrations within localised waters, with values of 2.5 – 35.3 microplastics m-3 419 

identified within a region of just 50 km2. This calls into question how frequently in time and space 420 

one must sample to gain an accurate picture of localised microplastic concentrations. Sampling 421 

practices may also influence the accuracy of collected data; for example, sea state and primary 422 

productivity can both influence the position of the net in the water, causing inaccuracies in 423 

estimating the volume of water sampled.  While not applied here, sea state data can be used to 424 

compensate for wind-driven mixing of microplastics (Kooi et al., 2016; Kukulka et al., 2012).  425 

 426 

Considering the geographical distance between our US and UK sampling sites, the number of 427 

microplastics sampled on both sides of the north Atlantic with a 100 µm mesh net were remarkably 428 

similar, with average concentrations of 6.03 ± 1.03 microplastics m-3 in the US and 10.03 ± 2.21 429 

microplastics m-3 in the UK. All samples were taken from coastal waters, influenced by run-off from 430 

land and riverine input (Smyth et al., 2015). The slightly higher concentration of microplastics 431 

sampled in the UK is likely due to the sites’ proximity to the coast, with the furthest site sampled in 432 

the UK being 6.5 km from shore and the furthest site sampled in the US being 24 km from the shore. 433 

A previous study in the same UK region showed that the concentration of microplastics decreased 434 

with distance from the shore (Steer et al., 2017). Highest microplastic concentrations in our US 435 
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samples were associated with the outflows of the Penobscot and Piscataqua rivers, and in our UK 436 

samples the greatest abundance of microplastics (35.3 particles m-3) was found at the mouth of the 437 

River Plym (Site H). Rivers, which receive inputs from agriculture, industry, storm water drains and 438 

sewage outflow, are hugely important transport pathways of plastic from land to sea (Lebreton and 439 

Andrady, 2019; Lebreton et al., 2017). Sampling at site H occurred after a storm event, and we 440 

hypothesise that the high microplastic concentrations observed were associated with high rainfall 441 

potentially resulting in the flushing out of roads, drainage systems and agricultural land, and the 442 

possible overflow of wastewater treatment works (Horton et al., 2017; Moore et al., 2002).  443 

 444 

In addition to sampling a greater number of microplastics with a smaller size mesh, the fibres that 445 

were sampled were also significantly smaller. Sampling with a smaller mesh net therefore not only 446 

gives a better indication of the microplastic budget but also gives a better estimation of the 447 

abundances of microplastic particles of a size that are bioavailable to small marine organisms such as 448 

zooplankton (Botterell et al., 2018). Microplastics can be ingested by a range of marine organisms, 449 

including zooplankton (Desforges et al., 2015; Steer et al., 2017; Sun et al., 2017), deep sea 450 

invertebrates (Courtene-Jones et al., 2019), bivalves, and fish destined for human consumption 451 

(Rochman et al., 2015; Walkinshaw et al., 2020), with the capacity to impact upon the health of the 452 

organism and potentially their ecosystem functionality (Galloway et al., 2017; Green, 2016). Using 453 

smaller meshed nets will allow researchers to better sample and estimate the abundance and 454 

bioavailability of microplastics,  in turn allowing more accurate evaluations of the risks microplastics 455 

pose to biota, biodiversity, ecosystem function and productivity. The fact that microplastics less than 456 

100 µm in size were sampled with a 100 µm mesh net is indicative of some of these plastics 457 

becoming trapped in organic material (e.g. exopolymeric agglomerations, phytoplankton; Long et al., 458 

2015; Summers et al., 2018). 459 

 460 
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Fibres were the predominant type of microplastic identified in all our environmental samples (84% 461 

USA; 77% UK), being principally black or blue in colour. Microplastic fibres can stem from the 462 

breakdown of larger plastic items (e.g. rope) (Welden and Cowie, 2017) or the release of microfibres 463 

from synthetic garments during washing cycles (Napper and Thompson, 2016). Abrasion from 464 

clothing is also likely to be a significant source of fibre pollution, demonstrated by high quantities 465 

observed in atmospheric fallout (Dris et al., 2016) and run off from snow melts (Bergmann et al., 466 

2019). Rayon (biopolymer), polypropylene and polyester are widely used in textiles, providing 467 

further evidence that wastewater effluent (containing microfibres from clothes washing (Napper and 468 

Thompson, 2016)) and degradation of fishing gear (Welden and Cowie, 2017)  are substantial 469 

sources of microplastics in coastal waters (Murphy et al., 2016; Napper and Thompson, 2016). The 470 

elastomers identified in the UK samples may be associated with vehicle tyre wear (Kole et al., 2017), 471 

with inputs stemming from highway drainage (e.g. A38, Tamar bridge). A better understanding of 472 

the detailed characteristics of microplastics in the marine environment may help elucidate the origin 473 

of these particles, as discussed above, which in turn can help influence societal behaviour and drive 474 

future policy intervention. 475 

 476 

In recent years there have been calls for harmonisation of microplastic sampling methods (Frias and 477 

Nash, 2019; Hartmann et al., 2019; Hidalgo-Ruz et al., 2012), to facilitate comparability between 478 

data sets. For example, collection may be via discrete sampling such as using a Niskin bottle 479 

(Courtene-Jones., 2017) or via a more continuous sampling method such as a Manta trawl (Sadri et 480 

al., 2014) or ships underway system (Lenz et al., 2015), all with differences in error rate and sampling 481 

efficiency. Differences in laboratory processing such as methods to digest biotic material, sub-482 

sampling, characterisation and polymeric analysis further serve to make comparisons challenging. 483 

Despite these harmonisation calls however, a huge range of different techniques for sampling and 484 

quantifying plastics, each championed by different research groups, continue to be used. 485 

Furthermore, polymeric analysis of samples would ideally be carried out using automated detection 486 
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of particles, such as Focal Plane Array (FPA) or image mapping using FT-IR. Whilst this is the clear 487 

way forward in microplastic research, when these methods have been used to date, samples have 488 

tended to be very ‘clean’, and not yet suitable for complex, biologically rich samples such as those 489 

obtained in this study.  490 

 491 

Conclusion 492 

We have demonstrated that the 333 μm nets commonly used for microplastics sampling 493 

underestimate microplastic abundance, particularly for <333 µm microplastics that are within the 494 

optimal prey size range of numerous marine organisms. Where possible, sampling should aim to 495 

collect the fullest range of microplastics present, with an appreciation that sampling with larger 496 

mesh size nets will not give an accurate estimate of abundance or a full account of the microplastics 497 

present within the water column. However, we also appreciate that when sampling there needs to 498 

be a balance between efficiency, accuracy and detail. We surmise that sampling with smaller sized 499 

mesh nets (i.e. 100 μm) gives a better representation of microplastic concentrations in the natural 500 

environment and helps to ascertain more reliable estimates of microplastic budgets. In turn this 501 

effort allows for better assessment of the current level of risk posed to the marine environment, 502 

better guiding monitoring efforts, and providing a clearer benchmark against which to judge the 503 

effectiveness of future management scenarios.  504 

 505 

Acknowledgments 506 

The research was funded by the Natural Environment Research Council (NERC Grant NE/L003988/1 507 

and NE/L007010/1) and the University of Exeter and Plymouth Marine Laboratory collaboration 508 

fund, with in-kind contributions from the ‘Rozalia Project’. We would like to thank March Marine 509 

Initiative for philanthropic support. We thank the crews of the American Promise and Plymouth 510 

Quest for their enthusiasm, patience and hard work in helping collect the environmental samples, 511 



26 
 

Lara Mesquita for assisting with FT-IR analyses, and Dr. James Clark and Dr. Victor Vicente-Martinez 512 

for their helpful comments on the manuscript. 513 

 514 

References 515 

Andrady, A.L., 2015. Persistence of plastic litter in the oceans, in: Bergmann, M., Gutow, L., Klages, 516 

M. (Eds.), Marine Anthropogenic Litter. Springer, pp. 57-72. 517 

Barrows, A.P., Neumann, C.A., Berger, M.L., Shaw, S.D., 2017. Grab vs. neuston tow net: a 518 

microplastic sampling performance comparison and possible advances in the field. Anal Methods 9, 519 

1446-1453. 520 

Bergmann, M., Mützel, S., Primpke, S., Tekman, M.B., Trachsel, J., Gerdts, G., 2019. White and 521 

wonderful? Microplastics prevail in snow from the Alps to the Arctic. Sci Adv 5, eaax1157. 522 

Besseling, E., Wegner, A., Foekema, E.M., van den Heuvel-Greve, M.J., Koelmans, A.A., 2013. Effects 523 

of microplastic on fitness and PCB bioaccumulation by the lugworm Arenicola marina (L.). Environ Sci 524 

Technol 47, 593-600. 525 

Botterell, Z.L., Beaumont, N., Dorrington, T., Steinke, M., Thompson, R.C., Lindeque, P.K., 2018. 526 

Bioavailability and effects of microplastics on marine zooplankton: A review. Environ Pollut 245, 98-527 

110. 528 

Burns, E.E., Boxall, A.B., 2018. Microplastics in the aquatic environment: Evidence for or against 529 

adverse impacts and major knowledge gaps. Environ Toxicol Chem 37, 2776-2796. 530 

Clark, J.R., Cole, M., Lindeque, P., Fileman, E., Blackford, J., Lewis, C., Lenton, T.M., Galloway, T.S., 531 

2016. Marine microplastic debris: a targeted plan for understanding and quantifying interactions 532 

with marine life. Front Ecol Environ 14, 317–324. 533 

Cole, M., Coppock, R., Lindeque, P.K., Altin, D., Reed, S., Pond, D.W., Sørensen, L., Galloway, T.S., 534 

Booth, A.M., 2019. Effects of nylon microplastic on feeding, lipid accumulation, and moulting in a 535 

coldwater copepod. Environ Sci Technol 53, 7075-7082. 536 



27 
 

Cole, M., Lindeque, P., Fileman, E., Halsband, C., Galloway, T., 2015. The impact of polystyrene 537 

microplastics on feeding, function and fecundity in the marine copepod Calanus helgolandicus. 538 

Environ Sci Technol 49, 1130-1137. 539 

Cole, M., Lindeque, P., Fileman, E., Halsband, C., Goodhead, R., Moger, J., Galloway, T.S., 2013. 540 

Microplastic ingestion by zooplankton. Environ Sci Technol 12, 6646-6655. 541 

Cole, M., Lindeque, P., Halsband, C., Galloway, T.S., 2011. Microplastics as contaminants in the 542 

marine environment: A review. Mar Pollut Bull 62, 2588-2597. 543 

Cole, M., Lindeque, P.K., Fileman, E., Clark, J., Lewis, C., Halsband, C., Galloway, T.S., 2016. 544 

Microplastics alter the properties and sinking rates of zooplankton faecal pellets. Environ Sci Technol 545 

50, 3239-3246. 546 

Cole, M., Webb, H., Lindeque, P., Fileman, E., Halsband, C., Galloway, T.S., 2014. Isolation of 547 

microplastics in biota-rich samples and marine biota. Sci Rep 4, 4528. 548 

Conkle, J.L., Del Valle, C.D.B., Turner, J.W., 2018. Are We Underestimating Microplastic 549 

Contamination in Aquatic Environments? Environ Manage 61, 1-8. 550 

Coppock, R.L., Galloway, T.S., Cole, M., Fileman, E.S., Queirós, A.M., Lindeque, P.K., 2019. 551 

Microplastics alter feeding selectivity and faecal density in the copepod, Calanus helgolandicus. Sci 552 

Total Environ 687, 780-789. 553 

Courtene-Jones, W., Quinn, B., Gary, S. F., Mogg, A. O., Narayanaswamy, B. E., 2017. Microplastic 554 

pollution identified in deep-sea water and ingested by benthic invertebrates in the Rockall Trough, 555 

North Atlantic Ocean. Environ Pollut 231, 271-280. 556 

Courtene-Jones, W., Quinn, B., Ewins, C., Gary, S.F., Narayanaswamy, B.E., 2019. Consistent 557 

microplastic ingestion by deep-sea invertebrates over the last four decades (1976–2015), a study 558 

from the North East Atlantic. Environ Pollut 244, 503-512. 559 

Covernton, G.A., Pearce, C.M., Gurney-Smith, H.J., Chastain, S.G., Ross, P.S., Dower, J.F., Dudas, S.E., 560 

2019. Size and shape matter: A preliminary analysis of microplastic sampling technique in seawater 561 

studies with implications for ecological risk assessment. Sci Total Environ 667, 124-132. 562 



28 
 

Cózar, A., Echevarría, F., González-Gordillo, J.I., Irigoien, X., Úbeda, B., Hernández-León, S., Palma, 563 

Á.T., Navarro, S., García-de-Lomas, J., Ruiz, A., 2014. Plastic debris in the open ocean. Proc Natl Acad 564 

Sci 111, 10239-10244. 565 

de Sá, L.C., Oliveira, M., Ribeiro, F., Rocha, T.L., Futter, M.N., 2018. Studies of the effects of 566 

microplastics on aquatic organisms: What do we know and where should we focus our efforts in the 567 

future? Sci Total Environ 645, 1029-1039. 568 

Desforges, J.-P.W., Galbraith, M., Ross, P.S., 2015. Ingestion of microplastics by zooplankton in the 569 

northeast Pacific Ocean. Arch Environ Contam Toxicol 69, 320-330. 570 

Dris, R., Gasperi, J., Saad, M., Mirande, C., Tassin, B., 2016. Synthetic fibers in atmospheric fallout: A 571 

source of microplastics in the environment? Mar Pollut Bull 104, 290-293. 572 

Duncan, E.M., Broderick, A.C., Fuller, W.J., Galloway, T.S., Godfrey, M.H., Hamann, M., Limpus, C.J., 573 

Lindeque, P.K., Mayes, A.G., Omeyer, L.C., 2019. Microplastic ingestion ubiquitous in marine turtles. 574 

Glob Change Biol 25, 744-752. 575 

Enders, K., Lenz, R., Stedmon, C.A., Nielsen, T.G., 2015. Abundance, size and polymer composition of 576 

marine microplastics≥ 10 μm in the Atlantic Ocean and their modelled vertical distribution. Mar 577 

Pollut Bull 100, 70-81. 578 

Eriksen, M., Lebreton, L.C., Carson, H.S., Thiel, M., Moore, C.J., Borerro, J.C., Galgani, F., Ryan, P.G., 579 

Reisser, J., 2014. Plastic Pollution in the World's Oceans: More than 5 Trillion Plastic Pieces Weighing 580 

over 250,000 Tons Afloat at Sea. PloS one 9, e111913. 581 

Frias, J., Nash, R., 2019. Microplastics: Finding a consensus on the definition. Mar poll bull 138, 145-582 

147. 583 

Galloway, T.S., Cole, M., Lewis, C., 2017. Interactions of microplastic debris throughout the marine 584 

ecosystem. Nat Ecol Evol 1, 1-8. 585 

Green, D.S., 2016. Effects of microplastics on European flat oysters, Ostrea edulis and their 586 

associated benthic communities. Environ Pollut 216, 95-103. 587 



29 
 

Hartmann, N.B., Hüffer, T., Thompson, R., Hassellöv, M., Verschoor, A., Daugaard, A., Rist, S., 588 

Karlsson, T.M., Brennholt, N., Cole, M., Herrling, M., Heß, M., Ivleva, N., Lusher, A., Wagner, M., 589 

2019. Are we speaking the same language? Recommendations for a definition and categorization 590 

framework for plastic debris. Environ Sci Technol 53, 1039-1047. 591 

Hidalgo-Ruz, V., Gutow, L., Thompson, R.C., Thiel, M., 2012. Microplastics in the marine 592 

environment: a review of the methods used for identification and quantification. Environ Sci Technol 593 

46, 3060-3075. 594 

Hinata, H., Mori, K., Ohno, K., Miyao, Y., Kataoka, T., 2017. An estimation of the average residence 595 

times and onshore-offshore diffusivities of beached microplastics based on the population decay of 596 

tagged meso-and macrolitter. Mar Pollut Bull 122, 17-26. 597 

Horton, A.A., Walton, A., Spurgeon, D.J., Lahive, E., Svendsen, C., 2017. Microplastics in freshwater 598 

and terrestrial environments: Evaluating the current understanding to identify the knowledge gaps 599 

and future research priorities. Sci Total Environ 586, 127-141. 600 

Kang, J.-H., Kwon, O.Y., Lee, K.-W., Song, Y.K., Shim, W.J., 2015. Marine neustonic microplastics 601 

around the southeastern coast of Korea. Mar Pollut Bull 96, 304-312. 602 

Kole, P.J., Löhr, A.J., Van Belleghem, F., Ragas, A., 2017. Wear and tear of tyres: A stealthy source of 603 

microplastics in the environment. Int J Environ Res Public Health 14, 1265. 604 

Kooi, M., Reisser, J., Slat, B., Ferrari, F.F., Schmid, M.S., Cunsolo, S., Brambini, R., Noble, K., Sirks, L.-605 

A., Linders, T.E., 2016. The effect of particle properties on the depth profile of buoyant plastics in the 606 

ocean. Sci Rep 6, 33882. 607 

Kukulka, T., Proskurowski, G., Morét-Ferguson, S., Meyer, D., Law, K., 2012. The effect of wind 608 

mixing on the vertical distribution of buoyant plastic debris. Geophys Res Lett 39. 609 

Lebreton, L., Andrady, A., 2019. Future scenarios of global plastic waste generation and disposal. 610 

Palgrave Commun 5, 6. 611 

Lebreton, L.C., Van der Zwet, J., Damsteeg, J.-W., Slat, B., Andrady, A., Reisser, J., 2017. River plastic 612 

emissions to the world’s oceans. Nat Commun 8, 15611. 613 



30 
 

Lenz, R., Enders, K., Stedmon, C. A., Mackenzie, D. M., Nielsen, T. G., 2015. A critical assessment of 614 

visual identification of marine microplastic using Raman spectroscopy for analysis improvement. Mar 615 

Pollut Bull 100, 82-91. 616 

Lenz, R., Enders, K., Nielsen, T.G., 2016. Microplastic exposure studies should be environmentally 617 

realistic. Proc Natl Acad Sci 113, E4121-E4122. 618 

Long, M., Moriceau, B., Gallinari, M., Lambert, C., Huvet, A., Raffray, J., Soudant, P., 2015. 619 

Interactions between microplastics and phytoplankton aggregates: Impact on their respective fates. 620 

Mar Chem 175, 39-46. 621 

Lusher, A., 2015. Microplastics in the marine environment: distribution, interactions and effects, in: 622 

Bergmann, M., Gutow, L., Klages, M. (Eds.), Marine Anthropogenic Litter. Springer, pp. 245-307. 623 

Lusher, A., Welden, N., Sobral, P., Cole, M., 2016. Sampling, isolating and identifying microplastics 624 

ingested by fish and invertebrates. Anal Methods 9, 1346-1360. 625 

Moore, C.J., Moore, S.L., Weisberg, S.B., Lattin, G.L., Zellers, A.F., 2002. A comparison of neustonic 626 

plastic and zooplankton abundance in southern California's coastal waters. Mar Pollut Bull 44, 1035-627 

1038. 628 

Murphy, F., Ewins, C., Carbonnier, F., Quinn, B., 2016. Wastewater treatment works (WwTW) as a 629 

source of microplastics in the aquatic environment. Environ Sci Technol 50, 5800-5808. 630 

Napper, I.E., Thompson, R.C., 2016. Release of synthetic microplastic plastic fibres from domestic 631 

washing machines: effects of fabric type and washing conditions. Mar Pollut Bull 112, 39-45. 632 

Nelms, S., Barnett, J., Brownlow, A., Davison, N., Deaville, R., Galloway, T., Lindeque, P., Santillo, D., 633 

Godley, B., 2019. Microplastics in marine mammals stranded around the British coast: ubiquitous 634 

but transitory? Sci Rep 9, 1075. 635 

Norén, F., 2007. Small plastic particles in coastal Swedish waters. KIMO Sweden. 636 

Porter, A., Lyons, B.P., Galloway, T.S., Lewis, C.N., 2018. The role of marine snows in microplastic fate 637 

and bioavailability. Environ Sci Technol 52, 7111-7119. 638 



31 
 

R Core Team, 2019. R: A language and environment for statistical computing. R Foundation for 639 

Statistical Computing, 3.6.0 ed, Vienna, Austria. 640 

Rochman, C.M., Browne, M.A., Underwood, A., Franeker, J.A., Thompson, R.C., Amaral-Zettler, L.A., 641 

2016. The ecological impacts of marine debris: unraveling the demonstrated evidence from what is 642 

perceived. Ecology 97, 302-312. 643 

Rochman, C.M., Tahir, A., Williams, S.L., Baxa, D.V., Lam, R., Miller, J.T., Teh, F.-C., Werorilangi, S., 644 

Teh, S.J., 2015. Anthropogenic debris in seafood: Plastic debris and fibers from textiles in fish and 645 

bivalves sold for human consumption. Sci Rep 5, 14340. 646 

Sadri, S. S., Thompson, R. C., 2014. On the quantity and composition of floating plastic debris 647 

entering and leaving the Tamar Estuary, Southwest England. Mar Pollut Bull 81, 55-60. 648 

Smyth, T., Atkinson, A., Widdicombe, S., Frost, M., Allen, I., Fishwick, J., Queiros, A., Sims, D., 649 

Barange, M., 2015. The Western channel observatory. Prog Oceanogr 137, 335-341. 650 

Steer, M., Cole, M., Thompson, R.C., Lindeque, P.K., 2017. Microplastic ingestion in fish larvae in the 651 

western English Channel. Environ Pollut 226, 250-259. 652 

Stock, F., Kochleus, C., Bänsch-Baltruschat, B., Brennholt, N., Reifferscheid, G., 2019. Sampling 653 

techniques and preparation methods for microplastic analyses in the aquatic environment–A review. 654 

TRAC-Trend Anal Chem 113, 84-92. 655 

Summers, S., Henry, T., Gutierrez, T., 2018. Agglomeration of nano-and microplastic particles in 656 

seawater by autochthonous and de novo-produced sources of exopolymeric substances. Mar Pollut 657 

Bull 130, 258-267. 658 

Sun, X., Li, Q., Zhu, M., Liang, J., Zheng, S., Zhao, Y., 2017. Ingestion of microplastics by natural 659 

zooplankton groups in the northern South China Sea. Mar Pollut Bull 115, 217-224. 660 

Sussarellu, R., Suquet, M., Thomas, Y., Lambert, C., Fabioux, C., Pernet, M.E.J., Le Goïc, N., Quillien, 661 

V., Mingant, C., Epelboin, Y., 2016. Oyster reproduction is affected by exposure to polystyrene 662 

microplastics. Proc Natl Acad Sci 113, 2430-2435. 663 



32 
 

van Sebille, E., Wilcox, C., Lebreton, L., Maximenko, N., Hardesty, B.D., Franeker, J.A.v., Eriksen, M., 664 

Siegel, D., Galgani, F., Law, K.L., 2015. A global inventory of small floating plastic debris. Environ Res 665 

Lett 10, 124006. 666 

Skjoldal, H.R., Wiebe, P.H., Postel, L., Knutsen, T., Kaartvedt, S., Sameoto, D.D., 2013. 667 

Intercomparison of zooplankton (net) sampling systems: Results from the ICES/GLOBEC sea-going 668 

workshop. Prog Oceanogr 108, 1-42. 669 

Walkinshaw, C., Lindeque, P.K., Thompson, R., Tolhurst, T., Cole, M., 2020. Microplastics and 670 

seafood: lower trophic organisms at highest risk of contamination. Ecotoxicol Environ 190, 110066. 671 

Wegner, A., Besseling, E., Foekema, E., Kamermans, P., Koelmans, A., 2012. Effects of 672 

nanopolystyrene on the feeding behavior of the blue mussel (Mytilus edulis L.). Environ Toxicol 673 

Chem 31, 2490-2497. 674 

Welden, N.A., Cowie, P.R., 2017. Degradation of common polymer ropes in a sublittoral marine 675 

environment. Mar Pollut Bull 118, 248-253. 676 

Wright, S., Rowe, D., Thompson, R.C., Galloway, T.S., 2013. Microplastic ingestion decreases energy 677 

reserves in marine worms. Curr Biol 23, 1031-1033. 678 

 679 

 680 

 681 

 682 
 683 



Highlights 

• Microplastic concentration using a 100 µm net is 10-fold greater than a 500 µm net. 

• UK data revealed 2.5-fold increase in microplastics using 100 compared to 333 net. 

• Power law extrapolation of our data enables guidance for exposure experiments. 

• Our results suggest underestimation of smaller plastics based on traditional sampling. 
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