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In this study the occurrence, morphology and identification of microplastics in Black Sea sediments collected at
different depths (range 22–2131 m) were determined for the first time. The study explored the advantages
and limitations of using a non-invasivemethod consisting offiltration of the supernatant from themixture of sed-
iment with saturated NaCl solution followed by FTIR 2D imaging for the identification of natural and synthetic
polymers. The proposed method confirmed its potential for clear identification of polyethylene, polypropylene,
acrylonitrile, polyamides and cellulose-based fibers, but more difficulties when the filter substrate neighboring
the fibers exhibits intense absorptions in the 1800–1000 cm−1 range.
Microplastics (MPs)were determined in 83% of the investigated sediment samples. The average abundance in all
sampleswas 106.7 items/kg. The highest pollution occurred on theNorth-Western shelf where the abundance of
MPs was 10 times higher than in sediments from the deep sea. The most abundant plastic polymers were poly-
ethylene and polypropylene, followed by acrylate and acrylonitrile copolymers. Polyamide and cellulose-based
textile fibers were also found. The most frequent microplastic colors observed were black, blue and clear/trans-
parent, while fibers represented the dominant microplastics in sediments.

© 2020 Elsevier B.V. All rights reserved.
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1. Introduction

The Black Sea is one of themost degraded ecosystems (BSC, 2007)
in the world given its limited exchange of water with the open
oceans and the intensive loads of pollutants carried on by large
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European rivers run off, such as Danube, Dniester, Don, Southern
Bug, Dnieper and Kubani.

According to an environmental survey funded by the European
Union and the United Nations Development Programme (UNDP),
the Black Sea has twice as much floating macro litter, dominated
by plastic, as Mediterranean (Slobodnik et al., 2017). In particular,
Lechner et al. (2014) presented results from a two-year (2010
and 2012) survey on plastic litter in the Danube (the second largest
river in Europe) and estimated that 4.2 t of plastic reached the Black
Sea via the river per day. In general, only 10% of plastic litter comes
from fishing and shipping activities, whereas the remaining 90% is
from land sources, such as rivers run-off, coastal cities, ports,
wastewater treatment plants, uncontrolled coastal landfills
(Andrady, 2011). However, the Black Sea is one of the major fishing
areas in the world (FAO, 2015), thus this activity could also contrib-
ute with a high load of plastics to the marine environment. In the
last decade, plastic litter has gained increasing attention from re-
searchers, stakeholders, regulatory authorities, and public, both lo-
cally and globally, for its impacts in oceans and freshwaters around
the world. In particular, microplastics (MPs), defined as plastic par-
ticles with a diameter less than 5 mm, may originate from the
breakdown of larger plastic litter through i.e. degradation by UV-
radiation, physical forces, or be already manufactured in such
small size (i.e. use in cosmetic products). MPs have been found in
aquatic environments, including beaches, in ocean surface waters,
deep sea sediments, freshwater lakes and tributaries (Ballent
et al., 2016; Andrades et al., 2018; Scopetani et al., 2019), and
there are growing concerns about their potential hazard effects
on biota, because its size allows its interactions with marine organ-
isms (Cole et al., 2011). Moreover, MPs and their associated or
adsorbed toxic chemicals might lead to more negative effects on
Fig. 1. An overview map of the sampling stations during the Joint Open Sea Surv
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ecosystems and human health. MPs can float at the sea surface or
sink and accumulate in the sediments.

A recent study (Aytan et al., 2016) determined MPs from zooplank-
ton samples collected during two cruises along the Southeastern coast
of the Black Sea between 2014 and 2015 and found a prevalence of fi-
bers (49.4%), followed by films (30.6%) and fragments (20%), and aver-
age concentrations of 1.2 ± 1.1 × 103 p m−3 in November 2014 and
0.6 ± 0.55 × 103 p m−3 in February 2015, respectively.

In the present contribution, MPs identificationwas performed using a
Focal Plane Array (FPA) FTIR 2D Imagingwithout any potentially invasive
pre-treatment of the samples. In fact, FPA detector, with enhanced spatial
resolution (from ca. 1 to 5 μm), has emerged as an advantageousmethod
to identifyMPs, as it allows to identify small MPs on relatively large areas
(millimeters or centimeters) in short times (Harrison et al., 2012; Löder
et al., 2015; Tagg et al., 2015).Moreover, a recent paper has shown the de-
tection and identification of MPs using FPA detectors even on complex
biogenic matrices (Cincinelli et al., 2017), without the need to separate
the plastic samples from the filters and membranes where they are col-
lected, so to avoid lengthy processes or alteration of the samples.

Until now, only a limited number of global surveys have been con-
ducted on the quantity and distribution of microplastics in the oceans
(Lusher, 2015). Especially, there is only limited information on MPs in
deep sediments and no data is available for sediments in the Black
Sea. Under the EU/UNDP project “Improving EnvironmentalMonitoring
in the Black Sea (EMBLAS-II)”, in cooperationwith the governments and
research institutions of Georgia, Russian Federation and Ukraine, differ-
ent research activities were conducted in 2016 and 2017 (Slobodnik
et al., 2017) to achieve critical amount of data needed to assess indica-
tive environmental status of the Black Sea, in linewith theMarine Strat-
egy Framework Directive (MSFD) and the Black Sea Strategic Action
Plan needs. According to the knowledge of the authors, in the present
ey 2017 (for a list see Table S1) and water depth for each sampling station.
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study the occurrence,morphology and identification ofMPs in Black Sea
sediments collected at different depths (range 22–2131m)were deter-
mined for the first time.
2. Materials and methods

2.1. Sample collection

Undisturbed sediment samples were collected, under calm condi-
tions, on two latitudinal transects across the Black Sea, using Van Veen
grab and Box corer sampling techniques in order to reach different
depths, ranging 22–62 m and 1165–2131 m, respectively. Sample
names, locations, coordinates and water depths were detailed in Sup-
plementary Information (Table S1). A total of 12 sediment samples
(about 5 cm depth) was collected (see Fig. 1, with relative water
depth for each sampling station) and frozen at−20 °C until analysis.
2.2. Microplastic extraction

All sample extractions were performed in a clean room and under a
laminar flow hood, in order to avoid any potential contamination
(Scopetani et al., 2020). In addition, the laboratory surfacewas routinely
wiped down and all beakers, containers, funnels and toolswerewashed,
rinsed with filtered deionized water (0.8 μm membrane filter) before
and after each use, and stored covered in aluminum foil. As additional
precautions, all clothes in the labweremade of cotton and/or natural fi-
bers and the materials used for analysis were made of glass or stainless
steel when possible. Potential airbornemicroplastic contamination dur-
ing sample processingwas determined by exposing damp filter paper to
the air in the laboratory.

All sampleswere treated according to theprocedure described in de-
tail below, which refers to “DeFishGear Protocols for sea surface and
beach sediment sampling and sample analysis”, with some modifica-
tions. Briefly, 100 g of dry sediments were analyzed for each sample. Al-
iquots of 25 g were put in a glass beaker and then a saturated NaCl
solution was added and shaken for 2 min and left for sedimentation.
After 2 h, the solution was decanted. The supernatant, which contained
the plastic items, was filtered through a Büchner glass funnel. The ex-
traction was repeated three times for each sample, using the same
glass filter (pore size 0.49 μm) to increase recovery efficiency. The use
of NaCl saturated solutions is recommended since it is an unexpensive
and eco-friendly salt (Galgani et al., 2013).

The use of a NaCl saturated solution for microplastic extraction
showed for spiked artificial sand samples with MPs (PE, PP, PS, and
PU) a mean MPs spiked recovery rate of 85 ± 3%, while for PVC and
PET the mean recovery was 67 ± 3%. These data are in good agreement
with what is reported by Quinn et al. (2017). The collected fibers were
classified according to size, shape and color categories.
Fig. 2. The abundance of microplastics in the sediments along the JOSS profile.
2.3. 2D imaging-Fourier transform infrared

The 2D imaging-Fourier transform infrared (FTIR) analysis of the
microfibers was carried out directly on the dry filters (with no further
sample preparation) using a Cary 620–670 FTIR microscope, equipped
with an FPA 128 × 128 detector (Agilent Technologies). The spectra
were recorded directly on the surface of the samples (or of the Au back-
ground) in reflectance mode, with open aperture and a spectral resolu-
tion of 8 cm−1, acquiring 128 scans for each spectrum. A “single-tile”
analysis results in a map of 700 × 700 μm2 (128 × 128 pixels), and the
spatial resolution of each Imaging map is 5.5 μm (i.e. each pixel has di-
mensions of 5.5 × 5.5 μm2). All fibers were analyzed with this method.
In each 2Dmap, the intensity of characteristic bands of the investigated
polymer was imaged. The chromatic scale of themaps shows increasing
absorbance of the bands as follows: blue < green < yellow < red.
3

3. Results and discussion

3.1. Microplastic abundance and polymer composition

A total of 128 items were identified as microplastics. 12 samples of
bottom sediments were analyzed. MPs were found in 10 out of 12 sam-
ples (83%). MPs were not found in the sediment samples from the sites
JOSS-GE-UA-10 and JOSS-GE-UA-11, however it does not imply that no
MPs were present there at all as at each site only one sample was taken
with too small volume of sediments (about 100 g). The abundances var-
ied between 0 and 390 items/kg, and the average number is 106.7
items/kg.

Five out of twelve samples were taken in the depths less than 62 m,
the average abundance of MPs there was 226 items/kg. Other 7 samples
from the depthsmore than 1000m, showed an average abundance 21.4
items/kg. So, the abundance of MPs on the shelf was much higher than
in the deeper open sea sediments (Fig. 2).

Maximummicroplastics abundancewas found at site JOSS-GE-UA-1
(390 items/kg), a nearshore sediment, followed by JOSS-GE-UA-1B (260
items/kg) and JOSS-GE-UA-3 (180 items/kg) sediments. All these sta-
tions are situated in the North-Western shelf, a discharge area for
major rivers, such as the Danube and Dnieper, flowing into the Black
Sea. Their large drainage area, a lot of industrialized cities on their
banks as well as constantly increasing density of population along the
coast lines lead to elevated levels of pollution in their waters. River
run-off is among the main sources of the Black Sea pollution and the
highest contribution is expected from the Danube River comprising ca.
80% of the total river flow input (Slobodnik et al., 2017). A recent
study estimated that 4.2 t of plastic reach the Black Sea via the Danube
per day (1533 t every year) (Lechner et al., 2014). Long-term investiga-
tions also show that main ecological problems of the Black Sea aremost
actually showing in the inshore and in the shelf zones, where the max-
imal influence of the sources of contamination is being observed (State
of the Black Sea Environment, 2002).

Comparing the spatial distribution of MPs with the floating litter
data received during the Joint Black Sea Survey 2017 (Fig. 4), we can
see that the high density transects on the North-Western shelf correlate
well with high abundances of MPs in sediments in the same region,
however there is no correlation on the Eastern part of the route where
the floating litter observations showed very high densities, but no MPs
was found in these samples. This could also relate to the small size of
sediment samples. For more informative conclusions further monitor-
ingwith improvements of the applied samplingmethodology is needed.

Microplastic contamination loads in Black Sea sediments are compa-
rable to those reported in other European seas, such as North Sea loca-
tions, harbours and beaches in Belgium (Claessens et al., 2011), Jade
System in Germany (Dubaish and Liebezert, 2013), and in sediments
from the Changjiang Estuary (China) (Peng et al., 2017) but lower



Fig. 3. Types of polymers and number of microplastics found in the sediment samples.
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than those determined in Mediterranean Sea sediments, such as in
Venice lagoon (Vianello et al., 2013) and in a canal in Tokio Bay
(Japan) (Matsugama et al., 2017). However,MP concentration inmarine
sediments from around the world may also vary significantly because
different factors may play a fundamental role for abundance of plastic
pollution. Moreover, the lack of a standardized sampling protocol,
which leads to different units (items m−2, items kg−1) of microplastic
abundance, makes the comparability of data more difficult.

Themost frequentmicroplastic colors observedwere black, blue and
clear/transparent.

As also evidenced by Claessens et al. (2011), fiberswere dominant in
sediments. Fibers varied in color (47.7% black, 28.1% blue, 4.7% light
blue, 7% red, 3.1% violet, 3.9% green and 5.5% transparent) and lengths,
Fig. 4. Floating Marine Macro Litter – densities of the transects u
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from tens of microns (most abundant in near shore samples) to several
millimeters.

Various polymer types were found, including polyethylene and
polypropylene (PE/PP), polyamide, acrylate and acrylonitrile and
cellulose (see Fig. 3). The relative abundance of each type of MP was
as follows: PE/PP (44.5%), polyamide (32.0%), acrylates and
polyethylene-acrylate copolymers (13.3%), cellulose (3.9%), PVC (4.7%)
and not-identified polymers (1.6%).

The sea floor can be considered a sink for marine plastic but the
deposition mechanisms are still not clear (Goldberg, 1997). In general,
dense plastics such as nylon (about 1.12–1.15 g cm−3), PVC
(1.38–1.41 g cm−3) and polyethylene terephthalate (PET)
(1.38–1.41 g cm−3) tend to sink in the water column and deposit in the
ploaded during the cruises in 2017 (Slobodnik et al., 2017).



Fig. 5. Dark blue fiber - (Top left) Visible light map of the filter substrate, with marine sediments and a plastic microfiber lying on it. (Top right and center panels) 2D FTIR Imagingmaps,
where the intensity of the following bandswasmapped: 3000–2800 (CH stretching region), 1435 (δas CH2), and 1376 cm−1 (δs CH3). The chromatic scale of eachmap qualitatively shows
the absorbance intensity as follows: blue, green, yellow, red.Maps have dimensions of 700 × 700 μm2 (1 tick= 50 μm). The bottom panel shows the FTIR Reflectance spectra of the plastic
microfiber and of the filter substrate. Each spectrum relates to a single pixel (5.5 × 5.5 μm2) of the 2D Imagingmaps. (For interpretation of the references to color in this figure legend, the
reader is referred to the web version of this article.)
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sea floor (Andrady, 2011), while PE (0.85–0.92 g cm−3) and polystyrene
(PS) (1.04–1.06 g cm−3) will prefer to float at the sea surface (Vianello
et al., 2013). However, the low presence of high-density MPs in our sed-
iment samples could be due to the choice of the NaCl saturated solution
used for the MPs extraction, which is able to lift preferentially MPs with
similar density. The presence of less dense plastics, such as PE and PP,
could be related to the possible biofouling of floating plastic items that
could increase their density and favor their transport/sink to the sea
floor (Lobelle and Cunliffe, 2011). This transport could be also influenced
by sea water turbidity, due to storms and wind, which imply surface
mixing and consequent redistribution of light MPs in the water column,
and also to degradation which may change the apparent density of
polymers.

The spatial distribution and abundance of microplastics were
matching well observations in other seas (Kane and Clare, 2019). The re-
sults showed the predominant abundance of PE/PP, polyamide and acry-
lateMPs in the samples. This trend correlateswell with the global plastics
production according to Brien (2007), where PE (used in production of
plastic bags, bottles, netting, drinking straws) amounts to 38% and PP
(commonly used for ropes, bottle caps, netting) reaches 24% of plastics
production in the world. Consequently, PE and PP in particular have
high likelihood of ending up in the ocean environment (Andrady, 2011).

The neutral to negative buoyancy of polyamide may also lead to its
accumulation at depth (Cole et al., 2016). In fact, high concentrations
of polyamide fibers (i.e. nylon) were expected based on maritime
usage, in particular fishing activities.

The composition of samples in Black Sea sediments included
manmade and natural fibers such as acrylonitrile and cellulose-based.
Acrylates could derive from synthetic textiles; thus, laundering could
be a (Andrady, 2011; Aytan et al., 2016; Ballent et al., 2016) source of
MPs in sewage treatment plants, whose outlets enter the marine
environment.

Cellulose-based fibers were also identified prevalently in sediments
from lesser depths. Cellulose fibers were included in our results as they
comprise commercial textiles (e.g. cotton) and manufactured fiber
made from regenerated cellulose (e.g. rayon), which are widely re-
ported as present in the marine environment. For instance, rayon pos-
sesses a range of well-known properties, including flame retardants
and super absorbent ability, meeting the demands for a wide variety
of uses. Rayon is used in cigarette filters, personal hygiene products
(e.g. wipes, napkins) and clothing, and it may be introduced to the ma-
rine environment through wastewater and sewage, including the input
fromwashingmachines (Frias et al., 2016). High percentage of regener-
ated cellulose fibers in sediments were recently published by Woodall
et al. (2014), regarding deep sea sediments fromNEAtlantic, Mediterra-
nean, SW Indian, subpolar North Atlantic, and by Frias et al. (2016),
reporting MPs data in coastal sediments from Southern Portuguese
shelf waters. Rayon has also been documented in fish samples (57.8%
of synthetic particles ingested) (Lusher et al., 2013) and in ice cores
(54%) (Obbard et al., 2014).

Geographical aspects of the Black Sea like high isolation from the
World Ocean, the drainage area which exceeds its surface many times,
enormous recreational and maritime uses of the sea, as well as con-
stantly increasingpopulation along the coast linemake it specifically ex-
posed for microplastics accumulation.

3.2. Identification of MPs by 2D FTIR imaging

2D FTIR Imagingwas performed to validateMP identification and fa-
cilitate comparisonwith other studies. The scope of the 2D Imaging FTIR
Fig. 6. Polypropylene - (Top left) Visible light map of the filter substrate, with marine sedime
where the intensity of the following bands was mapped: 2972 (νas CH3), 1718 (ν C_O), 1469
the absorbance intensity as follows: blue, green, yellow, red. Maps have dimensions of 700 ×
plastic microfiber and of the filter substrate. Each spectrum relates to a single pixel (5.5 × 5.5
legend, the reader is referred to the web version of this article.)
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analysis was to identify the fibers deposited on, or embedded in, a com-
posite inorganic-organic substrate that included glass fiber (the filter),
calcium carbonate, sand and algae coming from marine sediments.
Themain challenge is due to the presence of several bands in the spectra
of the substrate, which interfere with those of the plastic polymers. It
should be noted that the distribution of the different components (or-
ganic, inorganic) of the substrate is highly heterogeneous across the
full field of view of the IR microscope (700 × 700 μm2). Therefore,
subtracting the spectra of the substrate from those of the analytes did
not make the assignment of the polymers' bands significantly clearer.
Nonetheless, it was possible to identify different classes of polymers
by direct imaging of diagnostic bands. The main advantage of 2D FTIR
Imaging with an FPA detector relies in the spatial resolution (5.5 μm
when working in reflectance mode with a 128 × 128 FPA grid), which
is comparable to that of synchrotron light of 5.5 μm (i.e. each pixel has
a dimension of 5.5 μm×5.5 μm). Such spatial resolution allows to collect
a large number of independent spectra on fibers, for instancemore than
150 independent spectra can be typically collected on afiber of ca. 1mm
and 10 μm thickness. By mapping the intensity of diagnostic bands in
false color (red > yellow > green > blue), it is possible to see how
each band is representative of the spectra of a single fiber. Besides, the
detection limit of an FPA detector has been found to be significantly
lower than that of a conventionalmercury cadmiumtelluride (MCT) de-
tector for the FTIR identification of trace amounts of materials. In fact,
the heterogeneous distribution of the analyte can result in small areas
of localized high concentration, which can be detected thanks to the
high spatial resolution of the FTIR FPA imaging approach (Chan and
Kazarian, 2006). For instance, for polyvinyl alcohol and polyvinyl ace-
tate we verified that quantities <1 pg/pixel (1 pixel = 5.5 μm× 5.5 μm)
can be detected on reflective surfaces, i.e. smaller amounts than those
we typically met in the analysis of fibers.

Figs. 5–8 show representative cases. For each example reported, be-
side a representative spectrum of the fiber, a spectrum of the filter sub-
strate is also shown, representative of pixels (5.5 × 5.5 μm2 each)
neighboring the fiber in the map. The bands observable in the spectra
of the filter substrate include absorptions at 3625 (OH stretching of hy-
dration water in pyllosilicates (Moenke, 1974)), 3400–3100 (OH
stretching cellulose, algae (Stehfest et al., 2005)), 3000–2800 (CH
stretching, algae; calcium carbonate absorptions, sediment (Ricci et al.,
2006)), 2518 (ν1 + ν3 calcium carbonate), 1795 (ν1 + ν4 calcium car-
bonate), 1660–1640 (OH bending, water in cellulose; amide I, proteins
in algae), 1560–1300 (amide II, proteins; CH2 and CH3 bending of or-
ganic sediment; antisymmetric CO3

2− stretching, ν3 calcium carbonate),
1200–1030 (Si-O-Si stretching, silicates; ν(C-O-C) of saccharides in
algae), and 930 cm−1 (bending vibrations, silicates (Chen et al., 2014)).

Fig. 5 shows a dark blue fiber of ca. 30 μm thickness, that extends for
more than 700 μm through the field of view of the microscope. The
spectra collected on the fiber show enhanced absorption, with respect
to the filter's spectra, in the 3000–2800 cm−1 region (CH stretching),
at 1435 (δas CH2) and 1376 cm−1 (δs CH3), and between 3540 and
3120 cm−1 (OH stretching). No reproducible bands ascribable to other
functional groups were observed across the fiber's surface. In this case,
because no intense absorptions were observed around 1000 cm−1

(e.g. C\\C and C\\O stretching of cellulose), the assignment of the spec-
tra to a cellulose-based fiber was uncertain. Alternatively, the CH
stretching, δas CH2, and δs CH3 absorption bands could be assigned to
polypropylene, while the OH stretching band (alongwith the OH bend-
ing centered at 1640 cm−1) could be ascribed to the presence of water
adsorbed on the fiber. The lower imaging contrast obtained for the
bands at 1435 and 1376 cm−1, as opposed to the CH stretching bands,
nts embedding a plastic microfiber. (Top right and center panels) 2D FTIR Imaging maps,
(δas CH2), and 1386 cm−1 (δs CH3). The chromatic scale of each map qualitatively shows
700 μm2 (1 tick = 50 μm). The bottom panel shows the FTIR Reflectance spectra of the
μm2) of the 2D Imaging maps. (For interpretation of the references to color in this figure
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is due to the fact that the filter substrate has intense absorptions and a
high absorbance background in the fingerprint region below
1800 cm−1. It must be noted that also PE has characteristic δas CH2

and δs CH3 bands around 1470 and 1370 cm−1, even if the latter can
be significantly weaker than that of PP, owing to the decreased number
of –CH3 groups (Gulmine et al., 2002).

Fig. 6 shows a dark blue fiber of ca. 50 μm thickness, almost fully em-
bedded in the sediments on the filter substrate. Only a limited portion
(ca. 200 μm long) of the fiber is visible. The spectra of the filter substrate
around the fiber show intense absorptions of calcium carbonate. In par-
ticular, the presence of calcite bands at 2980, 2926 and 2854 cm−1

(Sanchez de Rojas e al., 2004) and the ν3 band, showing a derivative
shape (Ricci et al., 2006), made the identification of the embedded
fiber particularly challenging. Nonetheless, the spectra collected on
the exposed surface of the fiber show distinctive bands at 2972 (νas

CH3), 1469 (δas CH2), and 1386 cm−1 (δs CH3), while no bands ascrib-
able to amides or esters were observed. The νas CH3 band has high in-
tensity all across the exposed fiber surface, as clearly shown in the
chromatic imagingmap (red pixels thatmatch the shape of the exposed
fiber surface). Instead, the δas CH2 and δs CH3 bands fall in a spectral re-
gion where the filter substrate exhibits high absorbance, corresponding
to the positive peak of the intense ν3 band of calcite. Therefore, when
those bands are imaged, the exposed portion of the fiber appears as a
low-absorbance area (blue pixels) in the midst of the substrate (yel-
low-red pixels). Finally, the fiber's spectra show an absorption band
centered at 1718 cm−1, clearly highlighted by the imaging map. This
bandwas assigned to the C_O stretching of oxygenated groups, e.g. ke-
tones and carboxylic acids (Gardette et al., 2013),which formduring the
abiotic oxidation of polyethylene and polypropylene (Gewert et al.,
2015). Considering that oxidation rates depend strongly on used addi-
tives (either anti-oxidants as stabilizers, or pro-oxidant to favor degra-
dation of plastics), the presence of oxidation bands can occur
discontinuously in the spectra of plastic fibers belonging to the same
polymer class.

Overall, 44.5% of the investigated microplastics were identified ei-
ther as polypropylene or polyethylene fibers.

Fig. 7 illustrates the most problematic case that was found in this
study. While enhanced absorptions between 3550 and 3100 (OH
stretching region) and 3000–2800 cm−1 (CH stretching region) were
reproducibly observed across the fiber's surface, the bands at 1469,
1358, 1274 and 1158 cm−1 were observed discontinuously, along
with a band at 990 cm−1. Because the filter substrate exhibits high ab-
sorbance in the 1800–1000 cm−1 region, it was not possible to obtain
a neatly contrasted image of the fiber when those bands were imaged.
Therefore, only a tentative assignment could be hypothesized, possible
candidates being cellulose-based (owing to the strong and broad OH
stretching band and to the shape of the CH stretching band) or PP
fiber (which could not be completely ruled out based on the shape
and position of the bands at 1469, 1358 and 1158 cm−1). Even if PVC
might be considered because of the bands at 1358, 1274, and
990 cm−1, it must be noted that the three peaks fall at higher
wavenumbers (20–25 cm−1 difference) than the corresponding main
bands found in the transmittance spectra of PVC films, respectively
1332 (CH2 deformation), 1255 (C\\H rocking), and 959 cm−1 (trans
C\\H wagging) (Ramesh and Yi, 2008). Besides, the C\\Cl stretching
band of PVC falls at 610 cm−1, i.e. outside the range of the FPA detector.

The identification of a polyamide fiber, which represented 32.0% of
the investigated microplastics (Fig. S1) and acrylonitrile co-polymers
Fig. 7.Redfiber on thefilter background - (Top left) Visible lightmapof thefilter substrate,with
Imagingmaps,where the intensity of the bands between 3550 and 3100 (OH stretching region)
qualitatively shows the absorbance intensity as follows: blue, green, yellow, red. Maps have dim
spectra of the plastic microfiber and of the filter substrate. Each spectrum relates to a single
1158 cm−1 were observed discontinuously across the fiber surface. (For interpretation of the
article.)
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(Figs. S2, S3), which represented 13.3% of the analyzed fibers, are
shown in Supporting Information.

The fiber shown in Fig. 8 was identified as cellulose-based, thanks to
the presence in the related spectra of a wide and intense band in the
3500–3100 cm−1 range (O\\H stretching, hydroxyl groups of
anhydroglucose unit), enhanced absorptions between 3000 and
2900 cm−1 (stretching of methyl and methylene C\\H bonds), and a
broad and intense band between 1160 and 1060 cm−1, with a maxi-
mum at 1126 cm−1 (overlapping of C\\C and C\\O bands) (Canché-
Escamilla et al., 2006). No reproducible diagnostic bands of functional
groups ascribable to polyethylene or polypropylene, esters, PVC or poly-
amideswere found in the spectra collected across thefiber's surface. Ac-
cording to the literature, rayon can be generally distinguished from
natural cellulose by the absence of bands at 1735 (C_O ester stretching
band frompectin), 1105 and 1050 cm−1 (antisymmetric and symmetric
C–O–C stretching modes) (Comnea-Stanu et al., 2017), which could be
the case of the fiber in Fig. 8. However, spectra of rayon fibers (bamboo
rayon) with the clear presence of those bands have also been reported
(Teli and Sheikh, 2013), which makes the unambiguous assignment of
cellulose-based fibers to Rayon uncertain. It must be noticed that cellu-
lose textile fibers, while not environmentally harmful per se, contain
coloring agents and dyes that can be toxic to mammals and fishes.
Thus, evaluating the presence of these textiles in marine sediments,
along with MPs, has important environmental relevance.

4. Conclusions

The abundance and spatial distribution of MP contamination of sed-
iments were determined across the Black Sea using samples obtained
within the Joint Black Sea Survey 2017 organized within the EU/UNDP
project EMBLAS-II.

A fully non-invasivemethodwas used for analysis,which avoids bias
from potential contamination of the samples and allows subsequent
analysis of the filter in order to determine other classes of microplastics.

The direct identification of polymers (including PE/PP, acrylates and
acrylonitrile), polyamide and cellulose-based fiberswas possible in sev-
eral cases. Esters were clearly identified, even though in some cases dif-
ferentiating among classeswith similar functional groups (e.g. acrylates,
poly (vinyl acetate)) can be challengingwhen the filter substrate neigh-
boring the fibers exhibits intense absorptions in the 1800–1000 cm−1

range. Nonetheless, the proposed methodology confirmed its potential
for assessment of presence of microplastics and textile fibers in the ma-
rine environment, and in general for the non-invasive analysis of poly-
meric substrates. MPs were determined in 83% of samples. The
average abundance in all samples was 106.7 items/kg. PE and PP,
which were the most abundant polymers in this study, are also
the most common plastics used in wide applications (i.e. bottle
caps, food wrappers, plastic bags, packaging and fishing line). The
highest pollution occurred on the North-Western shelf where the
abundance of MPs was 10 times higher than in sediments from
the deep sea.

According to the recent floatingmarine litter picture in the Black Sea
Region and data observed in this study, there are no doubts that in the
nearest future the abundance of marine litter in the Black Sea will
grow and thus further studies on the occurrence, distribution and phys-
ical mechanisms that control how MPs reach the seafloor and govern
their fate are needed in order to evaluate the environmental status of
the Black Sea.
marine sediments and a plasticmicrofiber lying on it. (Top right and center panels) 2DFTIR
and 3000–2800 cm−1 (CH stretching region)was imaged. The chromatic scale of eachmap
ensions of 700 × 700 μm2 (1 tick= 50 μm). The bottom panel shows the FTIR Reflectance
pixel (5.5 × 5.5 μm2) of the 2D Imaging maps. The absorptions at 1469, 1358, 1274 and
references to color in this figure legend, the reader is referred to the web version of this



Fig. 8. Cellulose-based fiber - (Top left) Visible light map of the filter substrate, with marine sediments and a plastic fiber lying on it. (Top right and center panels) 2D FTIR Imagingmaps,
where the intensity of the following bands was mapped: 3500–3100 (O\\H stretching), 3000–2800 (CH stretching region), and 1126 cm−1 (overlapping of C\\C and C\\O bands). The
chromatic scale of each map qualitatively shows the absorbance intensity as follows: blue, green, yellow, red. Maps have dimensions of 700 × 700 μm2 (1 tick = 50 μm). The bottom
panel shows the FTIR Reflectance spectra of the plastic microfiber and of the filter substrate. Each spectrum relates to a single pixel (5.5 × 5.5 μm2) of the 2D Imaging maps. (For
interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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Supplementary data to this article can be found online at https://doi.
org/10.1016/j.scitotenv.2020.143898.

Recommendations

For more information on the extent and distribution of MPs in the
Black Sea further monitoring activities with wider spatial coverage
and improved sampling methodology is needed. It is recommended to
enlarge the volume of sediment samples and also to make a duplicate
sample from each site to receive more complete data.
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