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Microplastics distribution in the Eurasian Arctic is
affected by Atlantic waters and Siberian rivers
Evgeniy Yakushev 1,2✉, Anna Gebruk 3,4✉, Alexander Osadchiev 2,5, Svetlana Pakhomova1,2,

Amy Lusher 1, Anfisa Berezina 6, Bert van Bavel1, Elena Vorozheikina 7, Denis Chernykh8,

Glafira Kolbasova9, Ilia Razgon9 & Igor Semiletov8,10

Plastic pollution is globally recognised as a threat to marine ecosystems, habitats, and

wildlife, and it has now reached remote locations such as the Arctic Ocean. Nevertheless, the

distribution of microplastics in the Eurasian Arctic is particularly underreported. Here we

present analyses of 60 subsurface pump water samples and 48 surface neuston net samples

from the Eurasian Arctic with the goal to quantify and classify microplastics in relation to

oceanographic conditions. In our study area, we found on average 0.004 items of micro-

plastics per m3 in the surface samples, and 0.8 items per m3 in the subsurface samples.

Microplastic characteristics differ significantly between Atlantic surface water, Polar surface

water and discharge plumes of the Great Siberian Rivers, allowing identification of two

sources of microplastic pollution (p < 0.05 for surface area, morphology, and polymer types).

The highest weight concentration of microplastics was observed within surface waters of

Atlantic origin. Siberian river discharge was identified as the second largest source. We

conclude that these water masses govern the distribution of microplastics in the Eurasian

Arctic. The microplastics properties (i.e. abundance, polymer type, size, weight concentra-

tions) can be used for identification of the water masses.
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P lastic pollution is globally recognised as a threat to marine
ecosystems, habitats and wildlife1–3. One aspect of the
plastic problem are microplastics that are most commonly

defined as small plastic particles 1 µm–5 mm in size4. Micro-
plastics are of particular environmental concern because they are
bioavailable to a wide range of marine organisms and are present
in food webs5–8. The Arctic Ocean was considered free of plastic
pollution until recently, but in the last years the number of
publications reporting microplastics in the Arctic waters, sea ice,
sediments and biota have been increasing9–24. Despite the
growing evidence of plastics in the Arctic, there are still several
knowledge gaps related to the sources, drivers, pathways and
interactions with biota25, with some areas of the Arctic Ocean
being particularly underreported in literature, such as the Eur-
asian Arctic - including the Kara, Laptev and East-Siberian Seas.

Long-range transport driven by the global Thermohaline cir-
culation12, together with input from local sea-based and coastal
sources constitute main pathways by which plastic debris reaches
the Arctic Ocean21,25. Further, the transport of microplastics in
Arctic sea ice and its subsequent release during summertime ice
melting may be another important potential source of plastic
litter to the Eurasian Arctic surface waters. This is predicted to
grow as the sea ice retreat progresses14,26.

Rivers have been posited as a considerable vector of plastic runoff
to the marine environment27,28. The Arctic Ocean receives 11% of
the global freshwater discharge with main contribution from the Ob
(510 km3), Yenisei (630 km3) and Lena (530 km3) rivers29–31. Dis-
charges of these rivers form freshened surface layers over wide areas
of the continental shelf in the Kara, Laptev and East-Siberian Seas
(Fig. 1)32,33. The Barents Sea, however, receives relatively low riv-
erine discharge (200 km3 annually) and its surface waters are
occupied by warm and saline Atlantic water inflowing from the
North Atlantic34,35. To the extent of our knowledge there are no
published data on the delivery and fate of river-borne plastic pol-
lution to the Arctic Ocean. Identification of physical mechanisms
that govern distribution of microplastics in the Arctic Ocean will

provide valuable insights into global patterns of microplastics dis-
tribution, as well as contribute towards monitoring of microplastics
concentrations and the success of the mitigation measures.

To address this knowledge gap, we analysed the distribution of
microplastics in the surface and subsurface layers through in situ
measurements in the Eurasian Arctic spanning from the Barents
Sea to the East-Siberian Sea. The obtained data were compared to
the presence of the principal Arctic surface water masses: (i) the
Atlantic surface water; (ii) the Polar surface water; and (iii) Great
Siberian rivers plumes. The specific goals were to (i) evaluate the
level of microplastic pollution in different water masses in the
Eurasian Arctic; (ii) assess spatial distribution, abundance, weight,
size, morphology and polymer types of the sampled microplastics;
and (iii) identify potential sources of microplastic pollution of the
Eurasian Arctic.

Results
Quality control. No microplastics were found in any field (n= 3)
or procedural (n= 9) blanks corresponding to the subsurface
samples. A total of six fibres were found in the field blanks, and
one fibre in procedural blanks. All fibres detected in the blanks
were cellulose, which indicates high confidence that microplastics
were not introduced to the samples as a result of contamination
during sampling and processing procedures. As no field or pro-
cedural blanks were performed for the surface samples it was not
possible to account for procedural error in the field.

No statistical correlations between microplastics characteristics
and conditional variables (wind speed; ship velocity) were found
(Supplementary Table S1). From these results, we inferred that
the revealed differences in microplastics characteristics were not
connected to the changes in the sampling conditions. A possible
relationship was found between microplastics size and water
salinity, and microplastics size and temperature; the related
determination coefficients were equal to 0.52 and 0.53 (Supple-
mentary Table S1).

Fig. 1 Schematic map of bathymetry, main rivers, sea ice extent, average deposition of surface water masses in the study area and locations of surface
(dark green circles) and subsurface (light green squares) water samples. The blue arrows indicate inflow of Atlantic surface water to the Eastern Arctic,
the dashed blue line indicates the frontal zone between the Atlantic surface and Polar surface water masses. Sea ice extent was obtained through satellite
data (data obtained from Terra, Aqua/MODIS, retrieved 03.03.2020).

ARTICLE COMMUNICATIONS EARTH & ENVIRONMENT | https://doi.org/10.1038/s43247-021-00091-0

2 COMMUNICATIONS EARTH & ENVIRONMENT |            (2021) 2:23 | https://doi.org/10.1038/s43247-021-00091-0 | www.nature.com/commsenv

www.nature.com/commsenv


Microplastics in different water masses. Water sampling was
performed in four different seas: the Barents, Kara, Laptev and East-
Siberian seas. The borders of these seas do not correspond to
borders of the water masses where circulation and interaction is
presumed to govern transport of microplastics. During the studies
within these four Seas, four different water masses were detected,
namely, (i) the Atlantic surface water mass in the surface layers in
the Barents and the western part of the Kara Sea36–38; (ii) the large
freshened Ob-Yenisei plume that occupied surface layer in the
central part of the Kara Sea39,40; (iii) the large freshened Lena plume
in the surface layers in the eastern part of the Laptev Sea and in the
western part of the East-Siberian Sea41,42; and (iv) the Polar surface
water mass that occupied surface layer between the Ob-Yenisei and
Lena plumes in the eastern part of the Kara Sea and in the western
part of the Laptev Sea34,43. Due to similar characteristics, we did not
distinguish the water masses of the Ob-Yenisei and Lena plumes

(these can be colloquially referred to as Shelf water44). For the
further analyses we have instead categorised them as low-saline
inner (salinity of 0–16 psu) and more saline outer (16–28 psu) parts
of these plumes. Spatial distribution of microplastics abundance in
surface (Fig. 2a) and subsurface (Fig. 2b, c) water samples were
plotted alongside water salinity.

Average abundance (calculated as items/m3 and items/km2)
and average weight concentration (μg/m3) of detected micro-
plastics in surface and subsurface water samples are shown in
Table 1 for each sea and water mass studied. Data on
microplastics abundance derived from previous research surveys
in the Arctic and Atlantic Oceans provided in Table 1 for
comparison. Generally, the obtained average for the Eurasian
Arctic values are in the limits of the observed before and closer to
the minimum values, i.e. 0.004 items/m3 (800 items/km2) for the
surface samples and 0.8 items/m3 for subsurface samples.

Fig. 2 Schematic map representing salinity gradient (multicoloured line) and abundance of microplastics (items/m3) (red bars) along the ship track. a
For the surface samples, n= 48. b For the subsurface samples, fragments, n= 60. c For the subsurface samples, fibres, n= 60.
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Surface water samples. A total of 258 particles were collected in
surface water samples (Total filtered water volume: 10,670 m3),
but only 41 of the particles were identified as plastics (15.9%).
Microplastics were found at 12 of 48 stations (25%), ranging from
0 to 10 particles per sample. Three larger plastic fragments
(10–30 mm long) were found in the Barents, Kara, and East-
Siberian seas; they were identified as polypropylene (PP) but not
considered in further analyses.

The abundance of floating microplastics varied from 0 to 0.045
items/m3 (0–9000 items/km2), with an average of 0.004 ± 0.009
items/m3 (800 ± 2000 items/km2) calculated for the whole study area
(Fig. 2 and Table 1). Among the studied seas, the Laptev Sea
contained the lowest abundance of microplastics (0.002 items/m3),
whereas the East Siberian Sea contained the highest (0.010 items/m3).
Average size of microplastics for the whole research area was 2.5 ±
1.5mm, varying from 0.2mm in the Laptev Sea to 5.0mm in the
Barents Sea. The average surface area of the particles was 3.2 ± 4.1
mm2 ranging from 1.2 ± 2.1mm2 in the Laptev Sea to 6.1 ± 6.6mm2

in the Barents Sea. Average microplastics weight concentration was
3.7 ± 11.5 µg/m3, (range 0–71 µg/m3). The highest weight concentra-
tions of microplastics were observed in the Barents Sea (12.5 µg/m3),
while in the other seas it was 1–2 orders of magnitude lower (0.4–1.1
µg/m3). The majority of the microplastics were identified as
polyethylene (PE) (36.6%) followed by polyurethane (PUR)
(17.1%), polyvinyl chloride (PVC) (14.6 %), polyester (14.6%),
polyamide (PA) (9.8%), polystyrene (PS) (4.9%) and polypropylene
(PP; 2.4%; Fig. 3). Most microplastics were classified as fragments
(80.5%, including three films), the rest were fibres (19.5%).

The influence of river plumes on the distribution of
microplastics in the Kara, Laptev and East-Siberian seas (n=
37 samples) was assessed (Table 1). Smaller microplastics (with
surface area <3 mm2) dominated in the low-saline inner plumes
adjacent to the river estuaries and deltas, whilst in the outer
plume microplastics had distinctly larger-sizes (with surface area
up to 10 mm2; Fig. 4). There were negligible differences between
average abundance of microplastics in the inner and outer plumes
(0.0045 items/m3 and 0.0051 items/m3 respectively), while a
notable difference was detected for the microplastic weight
concentration (1.6 µg/m3 and 2.9 µg/m3 respectively). The largest
diversity in polymer types was found in the outer plume (five
polymer types, 13% fibres) compared to the inner plume (three
polymer types, 67% fibres; Fig. 3). No microplastics were found
outside of the river plumes, i.e., in the saline Polar surface water
mass.

In comparison, there were similar abundances of micro-
plastics in the Barents Sea and the Western Kara Sea Atlantic
water (0.0045 items/m3) as it was found in the river plumes.
However, surface area, weight concentration, morphology, and
polymer types were different in the Atlantic Water and in the
plumes (Table 1 and Figs. 3 and 4). Particle surface area was
different in Atlantic surface water and outer plume in the
surface samples according to Student’s t test (p < 0.05),
Supplementary Table S3; fibre/fragment ratios were different
in Atlantic surface water and inner plume in surface samples
according to Fisher test (p < 0.05), Supplementary Table S6.
From these results two main sources of microplastics to the
Eurasian Arctic Ocean were identified: the transport from the
North Atlantic by the Atlantic surface water and discharges
from the Great Siberian Rivers. This is further supported by the
absence of microplastics in samples collected in the Polar
surface water mass which is not directly influenced by these two
microplastics sources.

Subsurface water samples. The total volume of filtered water
was 159 m3. Microplastics were found in 83.3% of the analysed
subsurface samples (50 out of 60 samples). A total of 665
particles were isolated during visual identification and only 111
(16.7 %) were confirmed to be plastic by FT-IR, this corre-
sponds to between 0 and 7 items per sample. Two polytetra-
fluoroethylene (PTFE) fragments (6–9 mm) and three polyester
fibres (7–20 mm) found in the Kara, Laptev and East-Siberian
seas were excluded from the microplastics analysis. Micro-
plastics size ranged from 0.1 to 3.6 mm, with an average of 0.7
± 0.7 mm. Microplastics surface area varied between 0.0001 and
0.7 mm2, 0.04 ± 0.09 mm2 on average.

Microplastics in the subsurface samples were composed of
almost equal amounts of fibres (55%) and fragments (45%,
including 9 films). Fourteen different polymer types were
identified (Fig. 3). Polyester was the most common type (39%)
followed by acryl (18%), PE (8.1%), PP, PS, PTFE (5.4% each),
and PA (3.6%), PUR (2.7%), PVC (2%). The other types, nitrile
butadiene rubber (NBR), styrene acrylonitrile resin (SAN),
polyoxymethylene (POM), poly(2,6-diphenyl phenylene oxide)
(PPPO), and phenoxy resin accounted for 1–2% each.

Abundance of microplastics in subsurface samples varied from 0
to 2.4 items/m3, with an average of 0.8 ± 0.6 items/m3. Relatively
small variability in microplastics abundance was observed between

Fig. 3 Polymer types of microplastics normalised by number of stations within surface and subsurface samples for different water masses. Plastic
types are listed from the lowest density to the highest density: polyethylene (PE), polypropylene (PP), polystyrene (PS), polyamide (PA), Acryl (fibres),
polyurethane (PUR), others (nitrile butadiene rubber (NBR), styrene acrylonitrile resin (SAN), polyoxymethylene (POM), poly(2,6-diphenyl phenylene
oxide) (PPPO), and phenoxy resin), Polyester (fibres), polyvinyl chloride (PVC) and Polytetrafluoroethylene (PTFE).
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different seas ranging from 0.7 items/m3 in the Laptev Sea to
1.0 items/m3 in the Kara Sea. However, there were statistically
significant differences in microplastics morphologies (fragments
and fibres) within the seas (Supplementary Table S9). The Laptev
and East-Siberian seas contained the highest abundance of fibres
(0.5 items/m3 and 0.6 items/m3, respectively) and the lowest
abundance of fragments (0.2 items/m3 in both the Seas). The
highest abundance of fragments was reported in the Kara Sea (0.7
items/m3). Distinct differences were also observed in microplastics
surface areas among the studied seas (p < 0.05, see Supplementary
Table S7). The average surface area of microplastics in the Barents
Sea (0.2 mm2) was an order of magnitude larger than in the other
seas (0.01–0.03mm2). There were also differences in microplastics
weight concentration between the seas with a decreasing trend from
the Barents Sea to the East-Siberian Sea (Table 1).

Analysis of microplastics distribution in different water masses
showed a distinct increase in abundance of fragments, particle
surface area, weight concentration, and number of polymer types

from inner plumes to the outer plume, and to the open sea (Table 1
and Figs. 3–5). The inner plumes were characterised by the highest
abundance of fibres and an absence of fragments (Table 1).

Microplastics characteristics in subsurface samples from the
Atlantic surface water mass and in the riverine plumes were
different: abundance of fragments was different in Atlantic
surface water and outer plume according to Student’s t test
(p < 0.05), Supplementary Table S3; fibre/fragment ratios were
different in Atlantic surface water and both inner and outer
plumes in subsurface samples according to Fisher test (p <
0.05), Supplementary Table S6. As a result, subsurface
microplastics transported to the Arctic Ocean from the North
Atlantic can be statistically distinguished from those dis-
charged from the Ob, Yenisei and Lena rivers. These water
masses have about the same abundance of microplastics
(0.8–1.0 items/m3) while microplastics weight concentration
differs by one order of magnitude (3.8 µg/m3 and 0.3 µg/m3 for
the Atlantic surface water mass and river plumes, respectively;

Fig. 5 Distribution of surface areas of microplastics for different water masses for surface. a surface samples, b subsurface samples. Red colour - inner
plumes, yellow - outer plumes, blue - Polar surface water mass, green - Atlantic water mass. The coloured boxes represent interquartile range (25th to the
75th percentile), while the whiskers show the range of surface area within the water mass, horizontal lines in the boxes and yellow diamonds show the
median and mean values respectively.

Fig. 4 Distributions of surface areas of microplastics normalised by number of stations within different water masses. a Surface samples, b subsurface
samples. Red colour - inner plumes, yellow - outer plumes, blue - Polar surface water mass, green - Atlantic water mass.
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Table 1). Subsurface microplastics in the Polar surface water
mass had similar morphology, polymer types and abundance of
items to those found in the Atlantic surface water mass
(Table 1 and Figs. 3 and 5).

Discussion
Despite the overall growing scientific evidence of presence of
microplastics in the Arctic Ocean (reviewed in21,24,25), our
understanding of pathways and distribution of microplastics is
still limited and paucity of data coverage prevents researchers
from mapping and estimating relative importance of different
sources of plastic pollution in the region21. Specifically, delivery of
microplastics into the Eurasian Arctic from the Great Siberian
Rivers was not previously considered in any numerical models
due to absence of in-situ measurements of microplastics con-
centrations in these rivers. In this context our field measurements
and results provide new important insights into distribution and
potential sources of microplastics in the Eurasian Arctic Ocean.
In the present study a systematic assessment of the distribution
and characteristics (size, surface area, polymer type and weight)
of microplastics was conducted in the surface and subsurface
layers of the Eurasian Arctic Ocean (48 surface neuston net
samples and 60 subsurface pump samples).

The measured abundance and weight concentration of
microplastics revealed relatively low but consistent presence of
microplastics in all four studied seas (the Barents, Kara, Laptev
and East-Siberian seas), this is in agreement with other published
literature (Table 1).

Analysis of spatial distribution of microplastics abundance in
the Eurasian Arctic together with analysis of the different
microplastics characteristics let us to identify two different
sources of microplastics, namely, inflow from the North Atlantic
and discharges from the Great Siberian Rivers. This is supported
by earlier studies suggesting that the North Atlantic drift carries a
large volume of marine plastic from the polluted Northern part of
the Atlantic Ocean to the Barents Sea12. During transit through
the Barents Sea, the Atlantic surface water mass is transformed
due to winter convection and ice formation processes, specifically
the water density increases43,45. As a result, the Atlantic water
submerges below the Polar surface water mass in the northern
part of the Barents Sea46 and its circulation will no longer
influence transport of floating microplastics.

Floating microplastics advected from the North Atlantic are
registered only in the western part of the study area and are
composed mainly of polyethylene. The fate of microplastics is
strongly influenced by seasonality in the Arctic due to dramatic
change in sea surface conditions. Transport of microplastics in the
sea surface layer during the warm season is dramatically modified
once the cold season starts and solid ice cover is formed within the
study region. Floating microplastics are trapped by sea ice during
the ice formation in the northern part of the Barents Sea9,14 and
then are transported eastward within the sea ice to the northern
part of the Kara Sea and the Severnaya Zemlya archipelago47.
However, the sampling campaign of the present study was con-
ducted at the end of the warm season in September–October and
did not intersect with the ice formation period, which started in
the beginning of November. Therefore, the fate of microplastics
during the cold season including its trapping during ice formation,
its transport governed by ice circulation patterns, and its release to
sea water during ice melting requires further targeted research.

On the other hand, river-borne floating microplastics are
composed mainly of polyester fibres and appeared to accumulate
within the buoyant plumes adjacent to estuaries and deltas of the
Ob, Yenisei and Lena rivers. The Ob, Yenisei and Lena rivers
inflow to the southern parts of the Kara and Laptev seas and carry

riverine plastic collected from wide river watershed areas (8
million km2 in total, Fig. 1). Riverine microplastics distribution is
strongly dependent on the spreading of the Ob-Yenisei and Lena
plumes. The dynamics of these plumes depend on river discharge
rate and wind forcing and, therefore, are prone to large seasonal
and inter-annual variability31,48–50. Variability of position and
area of the Ob-Yenisei and Lena plumes governs variability of
stratification and circulation of the sea surface layer in the Kara,
Laptev and East-Siberian seas. This directly affects the distribu-
tion of river-borne microplastics. The internal structure of these
plumes can also affect the fate of marine microplastics due to
their possible convergence and accumulation at multiple internal
frontal zones formed within the plumes39,40. In situ sampling at
several neighbouring sample sites within the plumes identified
large microplastics spatial variability. The largest registered dif-
ference of the microplastics abundance was 0.045 items/m3 at a
distance of several km in the outer part of the Lena plume.
However, more extensive sampling within the river plume is
required to obtain a clearer statistical significance.

Microplastics with different morphologies have different spatial
patterns in the subsurface samples. Subsurface microplastic fibres
were found in all seas and all water masses; however, the largest
abundance was observed within the river plumes. High abundance of
fragments in the subsurface layer were only observed in saline water
and were almost absent in river plumes, especially in their low-saline
inner part. The same abundance of microplastics was found within
the subsurface samples of the Atlantic surface water mass in the
western part of the study region and within the Polar surface water
mass between the Ob-Yenisei and Lena plumes. However, floating
microplastics were absent in the Polar surface water which is not
directly influenced by advection of water masses from the North
Atlantic. A possible explanation for this observation is the transport
of floating microplastics from the North Atlantic to the Barents Sea
and the western part of the Kara Sea occurs during relatively short
ice-free season from July to August to October51. Subsequently,
floating microplastics are trapped by sea ice during the autumn and
are transported eastward within ice towards the Vilkitsky Strait. Due
to absence of floating microplastics in this area, accompanied by
highest abundance of subsurface microplastic fragments, we presume
that released microplastics do not remain at sea surface but sink to
the subsurface layer after ice melting. This feature can be caused by
physical and/or biological processes that modify floating properties of
ice-trapped microplastics. It also explains the absence of subsurface
fragments of microplastics in the river plumes. Floating microplastics
in the plumes were discharged from the rivers to sea during ice-free
period and were not trapped by sea ice. The mechanism of micro-
plastic transport by the sea ice is discussed in Peeken et al.14 and later
in Kanhai et al.22, however, we are not aware of any work that
addresses transformation of floating properties of ice-trapped
microplastics and this issue requires a specific study.

The lower abundance of microplastics observed in this study
compared with other investigations (Table 1) may be associated
with consideration in this study of particles >100 µm to be
comparable to the previous research, as well as the sampling
procedure which was adopted for subsurface samples to mini-
mises procedural contamination. In addition, the use of an FT-IR
analysis on all found particles further increased the accuracy of
microplastics identification and decreased the final number of
particles identified as plastics. This is in comparison to some of
earlier studies that did not confirm the identity of all micro-
plastics (i.e. refs. 10,12). While our results are the same level as
found for Arctic Central Basin16, where similar sampling and
plastic identification procedures were used. This reinforces the
importance of a harmonised suite of methodological approaches
for microplastics analysis. The sampling procedure could be
further optimised to investigate particles <100 µm.
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The majority of previous plastic pollution studies were devoted to
the plastic litter in the freshwater systems (reviewed in refs. 52–54)
and litter inputs from rivers to the marine environment55. However,
less attention was paid to the studying of the fate of the riverine
plastic litter after it was discharged and before it reached the open
sea. Therefore, the present study provides baseline data on the role
of the Great Siberian Rivers in the distribution and potential sources
of microplastics in the Arctic Ocean. Our results suggest that these
rivers provide the same abundance (number) of microplastics as the
Atlantic waters, albeit river-borne microplastics are smaller in
weight. Our results are in agreement with earlier hypothesis of Van
Sebille and colleagues about a potential accumulation zone in the
Barents Sea56 forming through the transport of microplastics from
the North Atlantic. Our study found that the Atlantic surface waters
were enriched with microplastics.

Generally, the analyses of both surface and subsurface data col-
lected with independent methods gave similar results about differ-
ence of abundance and weight concentrations in the considered
water masses. Therefore, we suppose that using both techniques
together can be an advantage of the ocean microplastics studies as
looking at different parts of the water column is important, one
method misses what the other captures. But a comparison of sam-
pling methods between trawling and water pumping is a separate
task, (as discussed in4,10,57), that requires specific investigations, i.e.
sampling from exactly the same volume of water with both tech-
niques, that can be planned in the future studies. Although outside
of the scope of this paper, atmospheric transport to the Eurasian
Arctic is important for the small size microplastics (<50 μm)11,18.

To conclude, the present study has shown that the marine-
borne microplastics (microplastics advected from the North
Atlantic), and the river-borne microplastics (microplastics
inflowed with discharge from the Great Siberian Rivers), have
distinctly different physical (size, morphology, weight) and che-
mical (polymer type) characteristics. As a result, the marine-borne
and river-borne microplastics can be statistically distinguished.
The spatial distribution of these two types of microplastics is
governed by spreading and transformation of the related water
masses, the Atlantic water mass and the river plumes. Therefore,
river discharge and distribution of buoyant riverine plumes needs
to be considered together with global thermohaline circulation to
better understand the delivery and fate of microplastics in the
Arctic Ocean. We can also suggest that the microplastics prop-
erties (i.e. abundance, polymer type, size and weight concentra-
tions) can be used for identification-of the water masses.

Methods
Terminology. The following terms are used throughout the text to characterise
microplastic particles:

● “Microplastics”- Plastic particles which have all measurable dimensions
shorter than 5 mm in size. The limit of detection in the case of this study is
>200 μm for surface samples and >100 μm for subsurface samples.

● “Size” [mm] - the longest measurable dimension (Caliper length) of a particle
irrespective to morphology (i.e. fragment or fibre).

● “Surface area” [mm2] - an area of the largest measurable surface area of a
particle irrespective to morphology.

● “Abundance of microplastics” [item/m3 or item/km2] is a number of
microplastics standardised to the volumetric or areal unit, i.e. m3, km2.

● “Weight concentration of microplastics” [μg/m3] is a mass of microplastics
standardised to the volumetric unit.

● “Morphology” - used to determine the shape characteristics of a particle,
including fibres and fragments.

● “Polymer type” - the chemical makeup of a particular particle. This can be
determined using chemical identification techniques such as FTIR
instrumentation.

Study area. Floating plastic debris were sampled during the 78th research cruise of
the R/V Akademik Mstislav Keldysh in September-October 2019 in the Barents,
Kara, Laptev and East-Siberian Seas (Fig. 1). Samples of floating particles were

collected from surface water using a neuston net and from subsurface water using a
ship-board underway pump-through system. A total of 60 subsurface water sam-
ples and 48 surface neuston samples were collected (Fig. 1). During net towing, the
relevant vessel characteristics including speed and distance were recorded. The
vessel heave, pitch and roll were not seen to affect earlier studies and therefore
assumed negligible in this study. The towing was performed in calm weather
conditions. Physical and chemical characteristics of surface water (temperature,
salinity and dissolved oxygen), air (temperature, wind speed and atmospheric
pressure) were continuously measured along the ship track.

Surface water sampling. The sampling protocol and the routine for classification
were adopted from the most recent guidelines for microplastics sampling58. Surface
water samples were collected using a neuston net with mesh size of 200 µm and
mouth opening of 40 × 60 cm. The net was deployed from the right side of the
vessel and submerged at the depth of 20 cm in the sea. The net was towed along a
straight line during 30 min per sample at a speed of 2 knots59. Despite the fixed
duration of the towing time intervals, towing distances varied by ~5% due to
occasional instabilities in vessel speed and impact of sea surface currents. The
amount of filtered water was equal to 220 ± 11 m3 according to the GPS track of the
vessel, estimated as a difference in geographical positions of the beginning and the
end of towing. The estimated variability of water volume for an individual towing
was considered during the analysis of sampling results. After towing, the net was
rinsed outside the vessel with a deck hose and returned to the ship deck. The cod-
end was removed and taken to the vessel laboratory where it was rinsed, and
volume reduced into a metal sieve with mesh size of 200 μm using pre-filtered
Milli-Q water. To minimise potential contamination from airborne fibres the
samples were protected by a metal lid when possible. The collected particles (0.2–5
mm) were stored in hermetically closed glass petri dishes pre-rinsed using pre-
filtered (0.45 µm) Milli-Q water until the analysis in the onshore laboratory.

Subsurface water sampling. Subsurface seawater was collected by a ship-board
underway pump-through system with an intake located at a depth of 3 m on the
right side of the vessel. The water flow within the pump-through system was
provided by a 900-watt onboard pump (Metabo)60. The system was equipped by a
thermosalinograph (SBE 21 SeaCAT) that was continuously recording salinity and
temperature of flowing subsurface seawater. In order to perform microplastic
sampling, flowing subsurface seawater was passed under pressure through two
stainless steel meshes (1.5 mm and 100 µm pore size) within the filtration system,
which consisted of two sequentially established first step water appliance protective
systems and food grade PVC pipes. A flow metre Decast Metronic BKCM-15 in the
system provided accurate registration of water volume for each sample, which
varied from 2 to 5 m3 per sample. After every sampling period, collected material
was rinsed from the filtration system by backward water flow within the system and
filtered onto a stainless steel mesh filters (Ø 25 mm, pore size 80 µm) using a filter
holder attached directly to the sampling system to avoid contamination from the
air. For this purpose, 25 mm filter holders were attached to outlets of the valve of
the filtration system. Filters were sealed in glass jars pre-rinsed using pre-filtered
(0.45 µm) Milli-Q water. These jars were stored until the analysis in the onshore
clean laboratory. In the laboratory, the samples were processed to remove organic
matter using an optimised protocol with 10% KOH61 in the same jars where the
filters were stored. The processed samples were filtered onto 47 mm GF/A papers
with 1.6 μm pore size. The filter with material was immediately transferred to a
petri dish and covered for drying and further analysis.

Contamination control. To mitigate sample contamination, a number of proce-
dural steps were introduced. All equipment and glass jars were rinsed with pre-
filtered (0.45 µm) Milli-Q water before use. Filters were checked under a micro-
scope for contamination prior to use. The samples and used equipment were
covered where possible with aluminium foil or glass to minimise periods of
exposure. All consumables were taken directly from their packaging and checked
for contamination if possible. As they were not checked for contamination, samples
of these consumables were included in the spectra database. Personal protective
equipment, 100% cotton lab coats and gloves were worn during the whole pro-
cessing procedure. All procedures in the laboratory were conducted in a clean
airflow cabinet (Labculture LA2-5A1-E).

To monitor the potential introduction of contamination field and procedural
blanks were conducted. Specifically, during sampling field blanks were performed
alongside the subsurface sampling procedure (1 field blank per 20 samples) using
the same procedures as for subsurface sampling excluding seawater pumping when
filters were in the filtration system.

In the laboratory procedural blanks (3 blanks per 20 samples, 10% KOH in a glass
jars) were run simultaneously with processing of subsurface samples. All field and
procedural blanks were analysed for microplastics in the same way as other samples
using a dissecting microscope Nikon SMZ745 after filtering onto GF/A paper.

Microplastics identification. All particles from surface and subsurface samples (as
well as procedural and field blanks) were analysed using a combination of visual
inspection and chemical identification of polymeric composition via spectroscopy
methods. Particles collected with a 200-µm neuston net were visually inspected in the
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vessel laboratory, and the following characteristics were described: morphology (fibres
or fragments), size (mm) and surface areas (mm2). The obtained samples were
photographed with a Nikon D750 camera and Tamron SP AF 28-75/2.8 XR LD lens.
All particles were weighed (mg) in the onshore clean laboratory followed by identi-
fication of chemical composition of the obtained material using a Fourier Transform
Infrared spectroscopy (FT-IR) analysis on PerkinElmer Spotlight 400 FTIR (Frontier
ATR). Measurements were obtained at 4 cm−1 spectral resolution for the range 4000
to 600 cm−1. Library matching was performed in the Spectrum 10 software (v. 10.6.2).
Each spectrum was compared to several different libraries available at NIVA: Per-
kinElmer ATR Polymers library, STJapan Polymers ATR library, BASEMAN
library62, and several in-house libraries including reference polymers, different textile
materials, and potential sources of laboratory contamination. All spectra were
manually inspected to ensure that the library matches were acceptable.

Subsurface samples on GF/A filter papers were visually examined under a
dissecting microscope Nikon SMZ745T fitted with an Infinity 1-3C camera and the
associated Infinity Analyze software. Photographs of all potential microplastics
were recorded, size (mm) and surface area (mm2) were measured using Image
software, and their morphology (fibres or fragments) was described. Visual
identification followed63 where fibres are distinguished from fragments based on
the length to width composition. All selected particles from each sample were
subjected to further chemical characterisation using µFT-IR analysis on
PerkinElmer Spotlight 400 FTIR (transmission micro-FTIR with DCC). The spectra
were processed the same way as for the surface samples, details are given in63. The
weight of subsurface microplastics was estimated on the base of the polymer
density and volume of every particle, with an assumption that all the fibres are
cylinders with visible diameter, and the fragments thickness was roughly estimated
by comparison with the sizes of the fibres nearby.

Statistical analysis. Particle characteristics (morphology, size, weight and polymer
type) and metadata on sampling conditions (coordinates, water temperature, water
salinity, wind speed, vessel velocity, time from the start of the observations and
volume of filtered water) were compiled in Microsoft Excel. All data were processed
and visualised using python scientific and graphical packages (SciPy, Pandas,
Matplotlib, Basemap, Q-GIS). The Pearson correlation matrix was calculated to
estimate the possible relationships between the sampling conditions and the
measured characteristics of microplastics in surface and subsurface layers (Sup-
plementary Tables S1 and S2). A series of tests were conducted to identify statis-
tically confident differences (p < 0.05) among characteristics of microplastics
sampled within different water masses. The pairwise Student’s t test with Holm’s
procedure to control family-wise error rate was applied for numerical parameters
(Supplementary Tables S3 and S7). These include parameters for surface samples:
number and weight concentrations of microplastics; and for subsurface samples:
abundance of fibres, fragments and total microplastics, mean size, weight con-
centration, weight of microplastics and surface area. Friedman test (Supplementary
Tables S4 and S8) and post-hoc Conover test (Supplementary Tables S5 and S9)
were used to compare the categorical samples (polymer type of microplastics) and
the Fisher exact test (Supplementary Tables S6, S8 and S10) for binary features (the
form of microplastics: fragment or fibre).

Data availability
The datasets generated during the current study are available at https://doi.org/10.5281/
zenodo.4321416.
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