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Main goals

1). Modeling of microplastics transport in a basin with 
vertical and horizontal density gradient, the Baltic 
Sea as an example.

2). Determination of physical and dynamical 
properties of marine microplastics.

3). Field data collection .

4). Developing of new techniques of sampling and 
sample processing.



Physical and dynamical properties are required 
to describe the motion of MPs particles in marine environment
in order to suggest some parameterizations for numerical models. 

As the first step, 
physical and dynamical properties of MP particles should be 
quantified, namely: 

– their density, size, and shape,

and 

- the settling velocity,
- the critical shear stress for re-suspension.

Transport properties of MPs particles



Density

Transport properties of MPs particles:
physical properties

rolling!

different  plastic
material densities

varies in time

depends on the
“life history”
of the particle



Size

Transport properties of MPs particles:
physical properties

size distribution

changes with time

depends on the
“life history”
of the particle

Mechanical degradation experiments

Exponential increase of mass of MPs 
with time in the swash zone



Chubarenko et  al., 2016
doi.org/10.1016/j.marpolbul.2016.04.048Shape

Transport properties of MPs particles:
physical properties

Bio-fouling rate:
fibres / films / fragments

Sinking behavior 
of particles with different shapes:



Sinking experiments

Transport properties of MP particles:
dynamical properties

Terminal settling velocity, ws, is
defined as the velocity of motion
without acceleration, and for relatively
small particle sinking in liquid it is
attained when the gravitational force
and the hydrodynamic drag force are
balanced:

( ) VgwSС sscsD ρρρ −=2
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• Typically transitional regime 

• Settling behavior and velocity 
depends on the particle shape 

• Effect of shape increases with 
the particle size

27.2 - 127 mm s-1

59.7±26.9
13.7 - 97.1 mm s-1

59.7±20.8
5 - 26.3 mm s-1

for different 
diameters

PCL spheres             PCL cylinders         Fishing line cuts

Khatmullina and Isachenko, 2017. 
https://doi.org/10.1016/j.marpolbul.2016.11.024  

Comparison with semi-empirical predictions



Re-suspension threshold: laboratory experiments

Transport properties of MPs particles:
dynamical properties

coarse sand
1-1.5 mm

granules
3 - 4 mm

pebbles
1 - 2 cm

1d-flexible: threads
1d: fishing line cuts
2d: PS, PET flakes
3d: PCL, amber

- different densities;
- different dimensions:
length, thickness, radii;

- 1d-flexible / rigid 

4 sets of  MPs particles:

- 10-m long flume;
- uni-directional flow;
- step-wise velocity increase;
- velocity profile

measurement

Qualitative conclusions:

ratio of particle size
to the bed roughness is important

highest threshold was observed on 
rough bed
large difference of critical velocities
for similar MPs on rough bed

rolling on smooth bed vs saltation
on rough bed



Transport properties of MPs:
natural specimens

Migrations of the Baltic amber in sea coastal zone

http://www.ntv.ru/novosti/1285103/
Chubarenko, Stepanova, 2017
doi.org/10.1016/j.envpol.2017.01.085

Classical Shields (1936) diagram:
dependence of dimensionless shear stress
from the particle Reynolds number



Field data collection

http://lamp.ocean.ru/index.php/2016/11/18/samples-map/

Sampling sites 2015-2016



Sampling methods

Bottom deposits
Van-Veen grab sampler 0.1 m2

Beach sediments
Surface layer from a certain area

Surface water 
Neuston trawl with two nets: 333 and 174 µm, 
0.5x0.5 m

Bulk water
Niskin Bottles
Experimental sampling device PLEX (bulk 
water pumping and filtering, up to 4 m3, depth 
up to 100 m)



Experimental sampling device PLEX

PLEX (Plastic Explorer)

1 – inlet filter (5 mm); 2 – inlet hose; 3 – rotary pump; 4 – pass-through filter; 5 – filter body; 6 –
inlet flange; 7 – outlet flange; 8 – waste water outlet flange; 9 – vent valves; 10 – inlet union; 11 –
rotating spraying nozzle; 12 – filtering net; 13 – outlet union; 14 – outlet hose; 15 - in-situ optical 
detector; 16 – sampling filter holder

Is a highly efficient pass-through filter (4) 
equipped with a filtering net (12), a rotary pump 
(3), intake and outtake hoses (2, 14).  A sampling 
filter (16) and an optical in-situ detector (15) are 
mounted on the outtake manifold for detection of 
microplastics and further laboratory control. 



Analyzing and detection procedures
Modified NOAA method (Zobkov and Esiukova 2017) consists of the 

following main steps:
• MPs extraction from a sediment sample by means of density
separation with the ZnCl2 solution (specific density 1.6 g mL-1).
• Filtering of supernatant solution above the sediment with the filter
funnel.
• Wet peroxide oxidation on the water bath.
• Calcite fraction digestion with HCl solution.
• Filtering with filter funnel.
• Density separation to detach oxidized organic matter.
• Filtering with filter funnel.
• MPs detection with stereomicroscope.

One-way extraction efficiency is 92 ± 7%

Sediment
Quality control
Sediment samples were spiked with Artificial 
Reference Particles (ARPs) to assess the extraction 
efficiency. 
ARP were made from a sheet of fluorescent PET bottle 
with thickness of 0.46 mm ± 0.02 mm (p=0.05; n=40).  
Shape of the ARPs was rectangular with the sides size 
of 0.90 ± 0.39 mm (p=0.05; n=40). 

Water
Blank samples
Blanks (filter nets) were exposed to natural 
conditions in a field and analyzed 
simultaneously with natural samples.

Characteristic 
fluorescence of the 
particles and their artificial 
shape permit to 
confidently distinguish 
between them and the MPs 
from natural sediments.

Zobkov, M., Esiukova, E.,  2017. 
http://dx.doi.org/10.1016/j.marpol
bul.2016.10.060



Beach sediments

Modified NOAA method for beach sediments

- The wrack line of the beaches of the Kaliningrad region 
has on average 1.3–36.3 microplastic pieces per kg DW, 
which is less than on many beaches of the world.

- The prevailing type of microplastic pollution discovered 
is foamed plastic.

Esiukova E. 2017. 
http://dx.doi.org/10.1016/
j.marpolbul.2016.10.001

- Paraffin, collected at the beach wrack lines, is an 
effective accumulator of various types of contamination, 
including microplastics.

- No sound difference 
in contamination is 
found between 
beaches with high and 
low anthropogenic 
load.



Reevaluation of MPSS

Three critical tests to evaluate the extraction efficiency with MPSS were run:
• Natural samples were spiked with artificial plastic particles and recovery rates 

were estimated
• Two different extraction methods were compared
• Quantities of marine MPs remaining in residuals of MPSS were assessed

Results:
• No differences in ARPs extraction efficiency between sediment grain sizes were 

observed (ANOVA test, p > 0.01). 
• The mean ARPs extraction efficiency from all categories of sediments were 

estimated as 97.1±2.6% (α=0.05; n=14), with minimum 85% and maximum 
100%.

• Less than 40% of the total marine microplastics content was successfully 
extracted with the MPSS. 

• Large amounts of marine microplastics were found in the spoil dump and in the 
bulk solution fractions of the MPSS.

• Changes in stirring and separation periods had weak impact on the extraction 
efficiency of ARPs and marine microplastics.

An Inherent problem exist in the density separation 
method. 
It originates from increasing density of plastics due to 
biofouling and adhering of sand particles by means of 
biological substrate and inability to sever these ties 
mechanically. Zobkov, M., Esiukova, E.,  2017. doi: 10.1002/lom3.10217



Results

Both fragments and films were found to sink 
in local sedimentation zones.

• Fragments sink near the coast at the depths 
of around 5 m.

• Films were observed far from the shore at 
the depths of 25–35 m.

Fibers concentrations decrease slowly with 
moving from the coast to offshore. 

The current velocity required for transportation 
of fragments is likely to be relatively higher 
than for films.

Zobkov, M., Esiukova, E.,  2017. 
http://dx.doi.org/10.1016/j.marpol
bul.2016.10.060



Modelling: highlights
Large scale

Current understanding of the processes determining the microplastics 
accumulation and transport in the marine environment 



Modelling: highlights
Small scale

Current understanding of the processes determining the microplastics 
accumulation and transport in the marine environment 



The velocity fields are of predominant
importance for predicting of the pathways of any
kind of floating objects in the Baltic Sea.

Data from Copernicus Marine environment
monitoring service (CMEMS) used.

Trajectories of the particles were calculated from
the velocity fields.

• Fibers are the prevailing type of MPs in the
Baltic Sea water column.

• Fibers behavior in the sea: flow with
currents, slow sinking, and delayed settling

• Sinking velocity and re-suspension threshold
determine distribution of fibers in the sea.

Modelling: fibers transport

Bagaev et al, 2017
http://dx.doi.org/10.1016/j.scitotenv.2017.04.185



Bagaev et al, 2017 http://dx.doi.org/10.1016/j.scitotenv.2017.04.185

Modelling: fibers transport

Surface and bottom layers are more contaminated in comparison with 
intermediate layers, and open-sea waters are cleaner in this regard compared to 
the coastal ones.

• Fibers spend some time in the surface 
layer: buoyant fibers just float, while 
heavy ones tend to sink.

• They are captured by upper-layer 
turbulent motions.

• With time, all of them should begin 
sinking, due to bio-fouling or catching 
the suspended matter.

• A long-lasting sinking process favours 
basin-wide transportation by water 
currents.

• Then reached the bottom, fibers 
captured again by higher turbulence in 
the benthic boundary layer and/or re-
suspended by bottom currents.



Conclusion

1. “Microplastics-in-general” has highly heterogeneous (and still largely 
unknown) physical and dynamical properties.

2. Physical properties of MPs particles – density, size, and shape – vary with 
residence time in marine environment (due to biofouling, weathering, and 
degradation).

3. Shape of a particle seems to be the most important parameter for their 
transport, since it defines the particle’ biofouling rate, the settling manner, 
and the re-suspension threshold.

4. We propose a “selective” strategy in modelling of MPs behaviour in the 
ocean, with the main classes of MPs still need to be determined. 

Successful examples of such strategy at present are: modelling of floating MPs 
in the ocean (e.g., (Sherman, van Sebille, 2016)), and fibers transport in the 
Baltic sea (Bagaev et al., 2017). 
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