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ABSTRACT
The presence of plastic debris in lotic environments is well reported. Rivers and streams are recognised to be mostly
pathways for plastic litter, and the increasing number of evidences proves how widely plastics and their by-products
(namely macro-, micro- and nanoplastics) have permeated the natural environment. Though, the transport process
itself has not yet been completely resolved. With the aim to partially fill this gap, this short contribution outlines
the plastics transport issue, with a particular focus on microplastics, and few available studies on plastic bedload.
Moreover a research thread is presented, which will be further developed in the next years by the Authors.
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1 INTRODUCTION

Only in the year 2020, 185 papers (according to Scopus database as of August) have been published, containing
the keywords ”microplastics” and ”river”. This should ring a bell on how much the problem is perceived as actual
and compelling, and demands attention. Moreover, the ongoing COVID-19 pandemia is inevitably exhacerbating
this issue (Fadare et Okoffo, 2020; Prata et al., 2020), in that single-use products are not always disposed
correctly, thus adding plastic litter to the environment, and eventually to rivers. Albeit the increasing body of
literature regarding microplastics in riverine environments, very few attention has been devoted, to date, to the
transport processes which contribute to the yield of small plastic debris to their sinks (namely lakes, seas and
ocean). From the pioneering studies by Venrick et al. (1973); Wong et al. (1974) reporting the presence of plastic
debris in the ocean, to most recent paper highlighting the seepage of plastic particles into the bed sediment layer
Frei et al. (2019), literature on plastic debris in the environment reports, with increasing level of detail, how such
material is ubiquitous in all the environmental compartments. Concerning plastic fragments with dimensions in
the range 1 µm - 5 mm, namely microplastics-MP, they have been extensively found in rivers, and it is widely
accepted that rivers and streams function as pathways for such materials to reach their final sink (Rochman,
2018; Waldschläger et al., 2020). While the ecotoxicological effects of MP are being meticulously explored, as
the main concern is the future harm and hazard they pose to the ecosystems and eventually our society and
health (Li et al., 2018; Laskar et Kumar, 2019), much less attention has been devoted to the understanding of
the transport processes and fate of MP in rivers (Akdogan et Guven, 2019). Most straightforwardly, microplastics
(MP) are assumed to be transported sediments alike, as washload, suspended or bedload, mostly depending
upon their dimensions and density. Indeed, while light particles (with grain density ρS smaller than that of water
ρW ) are transported downstream by the current, heavier ones (ρS > ρW ) tend to deposit and be buried or
rest on the bed surface until they are re-mobilised again by a change in the hydrodynamic conditions. Heavier
plastic particles can be threrefore generally considered to be transported as bedload, but to which extent such
assumption can be valid is yet to be proven, as, to date, the ”sediment” transport mechanism of non-natural
particles moving at the bed has not been exhaustively addressed. Until very recent times, indeed, it has been
neither necessary, nor scientifically relevant. At the laboratory scale, on the other hand, plastic granules have
been used to mimic natural material in bedload studies, see among others (Campagnol et al., 2013; Hosseini-
Sadabadi et al., 2016), since such materials are easily available, more colourful and, in general, lighter, thus
allowing to be transported with lower hydrodynamic conditions. These studies could now bridge the gap in terms
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of consistency of the aforementioned assumption on the equivalence of the transport processes of natural and
plastic grains at a stream bed.

2 METHODOLOGY OUTLINE

Transport of particles at the bed initiates as they detach from the bed surface: these coditions are referred to as
”incipient motion” and they set the lower limit for transport to occur. Therefore,the identification of incipient motion
conditions is essential in the characterisation of MP transport. Following the basic idea outlined in Waldschläger
et Schüttrumpf (2019) to identify erosional behaviour of MP particles lying on different types of bed sediments, a
series of experiments will be carried out in the new Hydrodynamics Model Laboratory in Warsaw, to investigate
the role of bed composition (in terms of both type of sediments and percentage of MP particles) on the incipient
motion conditions of MP. For this reason, image-analysis techniques will be used to identify bed-surface changes
in time, coupled with acoustic measurements of the near-bed hydrodynamics.

3 WHAT NEXT?

The combination of optical and acoustic measurements aims at validating the abovementioned assumption of
equivalence of MP and sediments in terms of bedload transport.
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