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Fig. 1: Sampling stations of the “Cruise of the three European Seas”.

Introduction
A unique scientific survey - the “Cruise of Three European Seas” (North-East Atlantic, Mediterranean and Black Sea) - had been organized in autumn 2021 as
part of the handover of the Research Vessel Belgica (renamed to “Boris Aleksandrov”) from Belgium to Ukraine, facilitated by the EU/UNDP project
EU4EMBLAS. This cruise with the length of 8,600 km from Zeebrugge (BE) to Odessa (UA) was used to carry out measurement campaigns of various
aspects, including the analysis of sediment and water samples for microplastics (MP).
A special focus was put on sampling surface waters in a comparative study of three sampling systems: (1) Manta trawl, (2) volume water pump, and (3) Slurp
system, a newly constructed pump system, providing a kind of basin where the surface water layer converges before being pumped off. During the cruise
traversing the Atlantic Ocean, the Mediterranean Sea and the Black Sea a total number of six sediment samples and 23 water samples with different sampling
systems were taken (Fig. 1). Due to weather conditions, all three systems for water sampling could be applied only at two of the 17 stations in parallel.
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Fig. 2: Map with MP concentrations in sediment samples taken during the “Cruise of the three European 
Seas”..

Fig. 5: Maps with MP concentrations from different surface water sampling systems: pump, slurp and 
manta system.

Fig. 3: Map with MP concentrations from pump samples taken during the “Cruise of the three European 
Seas”.

As shown in Fig. 3, MP concentrations in pump sampled surface water
samples differ greatly between the sixteen sampled stations. The lowest MP
concentration was observed at station two (north-east Atlantic) with 35
particles per m3 (n per m3). The highest concentration was found at station 15
(Bosporus) with 317 n per m3. In mean, MP in pump samples account for
119 n per m3 (median: 112 n per m3).
So far, 72 particles from pump samples have been analyzed for their polymer
composition by Raman spectroscopy. Detected polymers of fragments and
fibers are shown in Fig. 4. A Polystyrene-sphere was found at station five
(north-east Atlantic). For fibers, Polyethylene Terephthalate (PET) is the
dominant polymer followed by Vinyl Chloride (VC)-based polymers and
Cellulose. Fragment polymers are more divers and include VC-based
polymers, PET, Polyurethan (PU) and Styrene-Butyl-Copolymers (STB).

Fig. 4: Result of Raman spectroscopy of 71 pump sample particles. The upper bar represents 60 
fragments, the lower bar represents 11 fibers.

Fig. 2 shows MP concentrations in sediment samples. They range from 21
particles per kg dry weight (n per kg (dw)) at station 10 to 1,105 n per kg (dw)
at station 14. The mean MP concentration in sediment samples is 474 n per
kg (dw) (median: 332 n per kg (dw)).
Regarding MP morphology, fragments represent the clear majority of found
MP particles with 85 fragments, three fibers and three spheres. The three
spheres were all found in the sediment at station 16 (Black Sea). Further
spheres were detected at stations 14, 16 and 17, but have been excluded
due to diameters < 50 µm.
Due to single sampling no differences according to spatial distribution and
differences between stations can be calculated here. Overall, no correlations
between MP concentration and sampling depth, water content or organic
matter content of the sediment samples were detected.

The MP concentrations from different surface water sampling approaches
are shown in Fig. 5. The highest concentration of MP was found at station 16
(Black Sea) sampled with the pump system (179 n per m3). MP
concentrations sampled with the manta and slurp systems at station 16 were
39 n per m3 and 9 n per m3, respectively. The only other station where all
three sampling systems were sampled in parallel is station six
(Mediterranean Sea). Here, pump and slurp samples show similar MP
concentrations with 93 and 94 n per m3, respectively. In manta samples on
the other hand the MP concentration is around a two thirds lower with 33 n
per m3.
At station seven (Mediterranean Sea) surface water was sampled with the
pump and slurp system in parallel. MP concentrations differ greatly here with
177 n per m3 within pump and 49 n per m3 within slurp samples.
In contrast to the other parallel sampled stations, station 17 (Black Sea)
shows that manta trawled samples have an extensively higher MP
concentration than pump samples. Here, manta samples have a
concentration of 164 n per m3 while in pump samples 59 n per m3 were
detected.
Altogether, no differences were detected for MP concentrations between the
pump and slurp approach and the pump and manta trawl which is mainly
due to single sampling.
Therefore, further investigation of different water sampling systems is
needed to establish a better understanding of a possible linkage between
MP concentrations sampled with different systems.

Conclusion
Sediment samples as well as surface water samples taken during the Cruise
of three European Seas show clear differences in MP concentrations at all
17 sampled stations within the Atlantic Ocean, the Mediterranean Sea and
the Black Sea. The distribution of MP in sediment and surface waters can
not be explained in this study.
The comparison of MP concentrations in surface water sampled with pump,
slurp and manta sampling systems detected no clear linkage between the
sampling approaches.
The findings of this study underline the need for further research regarding
MP in the marine environment. Additionally, the comparison of sampling
approaches highlights the need to harmonize sampling strategies for a
better comparison of studies and thereby a deeper understanding of MP in
the marine environment.
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Material & Methods
At the MRC laboratory (Hamburg, Germany) sample preparation was done via digestion of the biogenic organic material (KOH + NaClO for sediment, H2O2 +
NaClO for water samples). Sediment samples underwent a subsequent density separation (NaI > 1.7 g/cm3). In the end, all samples were transferred over a
40 μm sieve with Ethanol and stained with Nile Red (1 ml/mg in chloroform). Suspensions were transferred to aluminium oxide filters (Anodisc, 0.2 μm
retention, 25/47 mm diameter) and investigated via fluorescence microscopy (AxioLab A.1, Zeiss, TRITC HC Filterset (AHF), 2.5x) for potential MP particles
(numbers and dimensions). A subset of particles was investigated for their polymer composition with μRaman spectroscopy (DXR2xi Raman Imaging
Microscope, Thermo Fisher Scientific).
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