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Materials and Methods 

 
Geophysical data  

The regional bathymetry for the Tyrrhenian Sea is based on the 2018 EMODnet digital terrain model 

(DTM), which has a resolution of 0.125 arc-minutes (c. 180 x 230 m bins). Data were downloaded from 

the EMODnet portal at: http://doi.org/10.12770/18ff0d48-b203-4a65-94a9-5fd8b0ec35f6. Local 

bathymetry was acquired in 2008 using a shipboard EM300 multibeam echo sounder (25 m x 25 m bin size) 

from the M/V Geoprospector and from the S/V Echo Surveyor Hugin 3000 Autonomous Under Water 

Vehicle (AUV) equipped with a Simrad EM2000 multibeam echosounder (1 m x 1 m bin size). Raster 

surfaces were created from the gridded bathymetry data in ArcGIS v10.0 in order to visualise the seafloor, 

identify the different physiographic domains and select the location of sediment cores. Multichannel Ultra 

High Resolution (UHR) 2D seismic data were also acquired from the M/V Geoprospector in 2008 to image 

the subsurface geology. The seismic survey used a Sleeve Gun Array with 20 Cubic inch array volume and 

an energy of 2000 PSI, towed at a water depth of 1.0 +/- 0.5 m with a shot interval of 12.5 m. The Teledyne 

streamer is 300 m in length with 24 hydrophone groups at an interval of 12.5 m at the same tow depth, 

typical fold of 12 (12 reflections per trace). These UHR data were obtained to a depth of approximately 

2000 m below seafloor and clearly show diagnostic features of contourite deposition, which has occurred 

since the Pliocene (31) (Fig. 1D). We use these seafloor and subsurface data to identify the main 

physiographic domains: i) continental shelf; ii) continental slope; iii) areas of preferential (mounded and 

plastered drifts) and inhibited sediment accumulation (moats) due to the influence of bottom currents; and 

iii) structurally-controlled mid-slope basins (Figs. 1D, 2E & 3C).  

 

Sediment sampling  

A total of 16 sediment cores were collected from the M/V Commander in 2008 to characterize the different 

physiographic domains in the study area. Cores of up to 0.5 m length were extracted from a 27-litre self-

triggering box corer, which allowed an undisturbed sediment-water interface to be preserved. Samples were 

immediately sealed to minimize airborne contamination. Positioning was determined using an Ultra Short 

Baseline (USBL) attached to the box-corer frame, which has a horizontal accuracy of approximately 0.2 m.  

 

Microplastic extraction 

Here we follow established approaches (55, 56), and other subsequent prominent investigations of 

microplastics (e.g. 10, 11, 57-61) who suggested that microplastic should refer to microplastic fragments 

with a longest dimension of <1 mm. This is logical as ‘micro’ generally refers to the micrometer size range, 

http://doi.org/10.12770/18ff0d48-b203-4a65-94a9-5fd8b0ec35f6
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and this size class predominates in marine environments. Microplastic fibers typically have lengths of 50 

µm up to a few mm, and a diameter of <10-30 µm. For the purpose of this study (where optical identification 

of microplastics was the aim), only particles >63 μm were analyzed, since smaller microplastic particles 

could not be reliably identified (59). Microplastics were isolated from clay-silt grade sediment using a 

disaggregation and dense-fluid settling approach. In order to ensure comparison with other studies, 

published protocols were followed. Sediment cores were handled by individuals wearing only natural fiber 

clothing, wearing cotton laboratory coats and headwear, and latex gloves (following (20)). Prior to sediment 

sampling, cores had been stored in refrigerated conditions. A sub-sample of each sediment core 

was extracted with a wet-weight of 54.2 - 69.92 g. Samples had a surface area of approximately 1–3 cm2 x 

5–8 cm deep. Seafloor samples have variable water content so they were dried to create samples 

weighing 50 g; for comparative purposes samples and their microplastic content are normalized to 50 g. 

Sediment samples were stored in aluminum foil and kept refrigerated. Samples were disaggregated in a 

clean lab using a magnetic stirrer in ZnCl2 solution (1.7 g m-3). Microplastics were extracted using a 

Sediment-Microplastic-Isolation (SMI) unit (settling tube with ball valve to isolate the supernaut) 

following a modified protocol specifically developed for microplastic extraction (60) to ensure 

comparability between studies. The SMI unit was thoroughly rinsed using deionized water prior to use. 

Following settling, the supernaut fluid was poured from the closed SMI unit, rinsed with deionized water 

to flush any remaining microplastics, and vacuum filtered over a 20 μm filter. The filters were then 

placed into glass petri dishes and immediately covered. They were then dried and analyzed using optical 

microscopy. Procedural blanks were made at each stage but only yielded 2 plastic microfibers, of 

unknown source, in the entire experiment (where a total of 957 particles were extracted); several cotton 

fibers were confirmed during the experiment (confirmed by hot needle test). Microplastics are readily 

identified by eye, as having an unnatural appearance and bright colors; these were confirmed using the 

‘hot needle test’ (following (46)). A subset of the confirmed microplastics were further analyzed using 

Fourier-transform infrared spectroscopy (FTIR) to establish polymer types and potential origin (following 

(46)).  

The dried filter papers were analyzed in a clean microscopy lab using a Zeiss Axio Zoom.V1 

stereomicroscope at 20–50× magnification. Filters were traversed systematically to identify microplastics 

which were visually identified by following the criteria (46): (1) no visible organic structures (59); (2) a 

positive reaction to the hot needle test (58); and (3) maintenance of structural integrity when touched or 

moved. We up-scaled the measured microplastic concentrations from the core sub-samples (representing a 

5 cm thick layer with a surface area of 1 x 1 cm), to give a value per meter squared to enable comparison 

with other studies (Table S1).  
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Polymer identification 

A wide variety of plastic polymers are produced by industry, and these materials undergo breakdown 

reactions when exposed to weathering processes. Oxidation of reduced carbon is a key reaction in the 

breakdown pathway, such that the quantity of oxygen-bearing functional groups in deposited plastics has 

been suggested as a possible breakdown index (62); the higher the oxygen inventory the more degraded the 

plastic. This degradation mirrors the breakdown pathways of natural organic carbon material deposited in 

sedimentary rocks, where oxidative processes convert pristine reduced carbon compounds such as collagen 

or keratin to more oxidized and less polymerized molecular fragments (21). As with natural material 

however, the range in composition and structure of plastics is wide and covers many different polymers. 

Therefore, analytical methods are required in order to characterize such material and reliably determine the 

degree of degradation. Infra-red methods are ideal for identifying diagnostic functional groups, determining 

the most probable original plastic, and then providing information about degree of degradation based on 

compositional differences between probable starting materials and the material recovered from the field 

(63). A subset (n=30) of the extracted microplastics was analyzed using Fourier transform infrared (FT-IR) 

spectroscopy, to confirm a polymer origin and to assess the degree of degradation. The FTIR spectrum 

range was set at 4,000–650 cm−1, with a resolution of 4 cm−1. Data were processed and diagnostic functional 

groups were identified using a standard reference library (Bio-Rad KnowItAll FTIR database, Academic 

Edition 2019). The resultant spectra produced from these samples were then compared with reference data 

from a comprehensive Attenuated Total Reflectance Polymer study of plastic marine debris (63) to assign 

polymer type and assess degree of degradation (Fig. S2).  

 

Sediment grain size 

Sediment sub-samples were analyzed using a Malvern Mastersizer 3000 and Hydro LV liquid handling 

unit, using water as the dispersant. The samples were subjected to a small amount of ultrasonic and pre-

measurement dispersion. Three aliquots of each sample were analyzed, each measurement being analyzed 

five times sequentially, to confirm there was complete dispersion of the sample. The average of these five 

measurements is reported. The particle size distribution was modeled using a Fraunhofer estimation model. 

This is usually less accurate when compared to Mie Theory models (particularly at particle sizes <10 μm) 

but is appropriate in situations where a sample is made up of heterogeneous material, so the optical 

properties cannot be calculated. All samples were muds, dominated by clay and silt, with a minor 

component of shell fragments, particularly in the shelf and plastered contourite drift samples, and 

predominantly in the lower-fine-grained silt range (Fig. S3). Grain size of the mean sortable silt has been 

calculated (i.e. grain sizes >10 μm) to allow comparison to other studies (following 64) (Fig. S3). 
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Global comparison of seafloor microplastic concentration   

In order to compare measured microplastic concentrations from the samples in the Tyrrhenian Sea with 

other sites, we compiled data from publications that provided details on the depositional environment (Fig. 

2). These include continental shelves, open continental slopes, submarine canyons, abyssal plains, ocean 

trenches and seamounts (11, 20, 27, 37, 38, 65-69).  

 

Oceanographic and particle transport modeling  

Hydrodynamic modeling of the bottom current circulation patterns was used to explore the near-bed flow 

velocities and shear stresses exerted on the seafloor (Fig. S4). The MARS3D (3D hydrodynamical Model 

for Applications at Regional Scale) model was used to simulate coastal and regional circulation (developed 

by (69, 70, 31)). We used the “MENOR” configuration of the MARS3D model, which has a horizontal 

resolution of 1200 m in the north Tyrrhenian Sea. The model simulates currents, temperature and salinity 

on 60 vertical levels using a generalized sigma coordinate system (31). Initial and boundary conditions 

were calibrated using the HYMEX observation experiment conducted in the NW Mediterranean from 

summer 2012 to spring 2013 (71). The bottom current velocity was characterized by the friction velocity:  

𝑢𝑢∗ =
𝜅𝜅𝑢𝑢(𝑧𝑧)

𝑙𝑙𝑙𝑙( 𝑧𝑧𝑧𝑧0
)
 

where κ is the von Kármán constant (equal to 0.4 (72), z0 the bottom roughness length taken here to a 

constant equal to 0.0035 m and z the distance from the bottom where the current velocity u(z) is computed 

(31). The shear stress (τ) generated by currents at the seafloor is related to the sea water density (ρ) and the 

friction velocity (u*) and was computed over the thickness of the bottom layer thickness using:  

τ= ρu*2 

We present the 90th percentile of the near-bed shear stress in order to remove extreme and transitory events. 

 

Bed shear stresses are then used to calculate Shields numbers and boundary Reynolds numbers for different 

particle sizes.  

Dimensionless shear stress (τ*) is calculated as: 

 
Where τ is shear stress, g is acceleration due to gravity, ρs is the particle density, ρw is the fluid density 

(1029 kg m-3) and D is the particle diameter. 

 

𝜏𝜏∗ =
𝜏𝜏

(𝜌𝜌𝑠𝑠 − 𝜌𝜌𝑤𝑤)𝑔𝑔𝑔𝑔
 



 

5 
 

Boundary Reynolds (R*) number is determined from:  

 
Wherein v is kinematic viscosity and shear velocity (u*) is calculated as:  

 
We show calculations to represent i) the range of microplastics identified in the sediment cores, including 

three sizes (1.0, 0.5, and 0.1 mm) and two polymers (based on results of the FTIR analysis) with different 

densities (polyethylene, ρ=1380 kg m-3; nylon, ρ=1150 kg m-3) and ii) the range of sediment grain sizes 

sampled in the cores (D90=0.014-0.121 mm). By plotting the results on a Shields diagram (Fig. 4), it can be 

seen that under the range of bed shear stresses observed in the model outputs (Fig. S4) that the host 

sediments are likely to be stable and not moved. Nylon is more prone to mobilization, typically moving at 

bed shear stresses of c. 0.03-0.04 N m-2 and may become suspended at shear stresses >0.1 N m-2.These 

values correspond well with the observed abundance of microplastics (both fibers and fragments) in relation 

to the bed shear stresses determined from numerical modeling (Fig. S5). 

 

 

 

 

 

𝑅𝑅∗ =
𝑢𝑢∗𝑔𝑔
𝜈𝜈

 

𝑢𝑢∗ = �
𝜏𝜏
𝜌𝜌𝑤𝑤
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Fig. S1. A) Example of undisturbed sediment-water interface preserved in a box core (Sample 9). 

The arrow indicates a brittle star (echinoderm). B) Example of box core immediately after 

extraction, with sediment core tubes inserted (Sample 11). C) Example of split sediment core 

extracted from box core (Sample 7). Scale = centimeters. Note sediment cores used in this study 

were not split, in order to minimize airborne contamination; hence this is one of multiple cores 

taken from the box corer. 
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Fig. S2. FTIR spectra from three different types of plastic resolved in the subset of samples A) 

polyethylene, B) polyethylene terephthalate, and C) nylon. The nylon is judged to be the most 

degraded because it displays the most hydration and largest relative peak intensity shifts when 

compared to published spectra of pristine material. The two other samples are less degraded. 
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Fig. S3. Grain size distribution of sediment samples in each physiographic domain. 
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Fig. S4. Frequency histograms illustrating the range of simulated (A) near-bed velocity and (B) 

bed shear stress from the modeling across the study area. Example output from model showing 

modelled water velocities and bed shear stresses (C) in summer situation when the core of the 

current is intensified along the western flank of the basin between distinct water depth ranges 

(modified after (31)). MTD refers to Mass Transport Deposit. BSS=bed shear stress. (D) 2D kernel 

density plot showing how bed shear stresses within the study are most focused within the water 

depth range of c.600-900 m.   
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Fig. S5. Bed shear stresses at each of the sampled locations plotted against concentration of fibers 

(left) and fragments (right). Grey background fills annotate whether deposition or transport is 

expected based on the outputs from Fig. 4. It can be seen that microplastic fragment abundance 

generally increases with shear stress to a threshold level (c. 0.03 N m-2), above which there is a 

decrease in abundance. Microfibers are less strongly affected.  
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Sample 
Name 

Microplastic 
Type 

Physiographic 
Domain Total 

per 
50 g %fibers %particles 

Pieces per 
m2 

1 Fibers 
Intra slope 
basin 45 45 90 10 452792 

1 Fragments 
Intra slope 
basin 5 5   50310 

2 Fibers Mounded drift 102 88 94 6 875286 
2 Fragments Mounded drift 7 6   60069 

3 Fibers 
Intra slope 
basin 26 26 93 7 259265 

3 Fragments 
Intra slope 
basin 2 2   19943 

4 Fibers Moat 43 45 93 7 447683 
4 Fragments Moat 3 3   31234 
5 Fibers Mounded drift 48 45 87 13 451552 
5 Fragments Mounded drift 7 7   65851 
6 Fibers Mounded drift 184 182 95 5 1815491 
6 Fragments Mounded drift 9 9   88801 
7 Fibers Mounded drift 81 83 91 9 834335 
7 Fragments Mounded drift 8 8   82403 
8 Fibers Plastered drift 79 86 99 1 860723 
8 Fragments Plastered drift 1 1   10895 
9 Fibers Shelf 43 38 93 7 383929 
9 Fragments Shelf 3 3   26786 

10 Fibers Mid slope 30 25 91 9 250000 
10 Fragments Mid slope 3 3   25000 
11 Fibers Upper slope 10 8 91 9 84746 
11 Fragments Upper slope 1 1   8475 
12 Fibers Plastered drift 32 38 70 30 380952 
12 Fragments Plastered drift 14 17   166667 
13 Fibers Plastered drift 51 54 96 4 542553 
13 Fragments Plastered drift 2 2   21277 
14 Fibers Mounded drift 68 62 93 7 616780 
14 Fragments Mounded drift 5 5   45351 
15 Fibers Moat 16 15 100 0 149827 
15 Fragments Moat 0 0   0 
16 Fibers Moat 27 28 90 10 281250 
16 Fragments Moat 3 3   31250 

 

Table S1. Summary of microplastics identified (full results provided in supplementary spreadsheet (54)). 
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Data S1. (54) 
Excel file with numbers and colors of fibres. 
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