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ABSTRACT

Plastic use has increased steadily over the last few decades which has led to significant plastic production,
followed by substantial plastic waste. Rivers and storm events near coastal regions are responsible for transporting
millions of tons of plastic waste to marine environments. The coastal transport of plastic wastes is influenced by
mixing and turbulent behaviors in surge waves. The plastic debris are transported by breaking bores, which is
affected by the surge wave properties including their Froude numbers. Since polyethylene and polypropylene are
common pollutants in the marine environment, for this research macro-sized pieces composed of these plastics
will be introduced in a surge wave generated in a hydraulic flume. Particle movement will be tracked with multiple
Raspberry Pi cameras and their trajectory and velocity will be determined by in-house particle tracking velocimetry
(PTV) software.
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1 INTRODUCTION

One of the UN Sustainable Development Goals is that “life below water must be a priority since majority of the
resources required to sustain a life are regulated by the sea”. Unfortunately, more than a million seabirds and
over 100,000 marine mammals are killed due to plastic waste (UNESCO, 2017) as plastics account for 70%
(Kornei, 2017) to 80% (Thevenon & Carroll, 2015) of total marine waste. It is estimated that over 90% of plastic
produced globally is not recycled (Parker, 2018a). Nearly 50% of global plastic production (359 million tons)
comprises of polyethylene (30%) and polypropylene (20%), and therefore polyethylene and polypropylene are
also predominant in marine waste (Plastics Europe & EPRO, 2019). Coastal regions are significant contributors
of marine plastic waste, and they are responsible for transporting 8.2 million tons of plastic waste each year
(Parker, 2018b), similarly, riverine systems can transport 1.15 to 2.41 million tons of plastic waste yearly
(Lebreton et al., 2017). Shoaling effects on solitary waves can generate a bore with a steep front in shallow
water and a surge on dry bed; this phenomenon can be observed in rivers and narrow waterways. Tidal bores
have substantial influence on the river mouth, where debris is suspended due to wave motion and the advected
material is transported due to a breaking bore, and as a result bed erosion takes place beneath the bore front
(Docherty & Chanson, 2012; Koch & Chanson, 2008). Furthermore, coastal wastes can be transported through
mixing induced by breaking waves. In a laboratory setting, bores are generated by sudden closure or removal
of a sluice gate. The characteristics of a surge wave, including air entrainment, their turbulent kinetic properties,
and transport capacity directly depends on the surge wave Froude number, Frs. The motive of this research is
to analyze the impact of this most important dimensionless number that dominates surge properties and
understand how it affects plastic transport.

2 OBJECTIVE

Abundance, and fate and transport of microplastics and macroplastics have been studied extensively. However,
the transport of plastic waste due to surge waves has been mostly overlooked. Since a majority of plastic debris
found in the aquatic environment are buoyant with material densities smaller than water, turbulent mixing directly
impacts the transport pathways, residence, and accumulation of plastic debris. Breaking surge waves and bores
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are highly turbulent phenomena and the turbulent kinetic energy across the wave front impacts the plastic
mobilization from coastlines and their transport pathways. These surge properties can be captured using the
surge wave Froude number. Therefore the objective of this research is to investigate the impact Frs has on
surge transport capacity, and the movement of mesoplastics (5 mm — 20 mm) and macroplastics (20 mm — 100
cm) due to mixing patterns in the surge waves’ front.

3 METHODOLOGY

Surge waves with various Frs will be generated in a GUNT hydraulic flume, by controlling flowrate and bed
angle. Plastic spheres made up of polyethylene, polypropylene, and polystyrene (polystyrene were considered
to mimic floating debris which have density marginally higher than of water) will be introduced in the flume and
their trajectory will be observed using Raspberry Pi cameras. Multiple Raspberry Pi boards will be synchronized
to enable simultaneous recording and the data will be analyzed using an in-house particle tracking velocimetry
(PTV). PTV is a Lagrangian approach where the focus is on individual particles during the flow. Open-source
PTV software (PTVReseach) was tested and optimized using experimental data obtained from an in-house
hydraulic flume, Figure 1.
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Figure 1. Sequence of frames displaying vector length of a particle in motion. Picture in top right corner shows
the unprocessed image. Time, t: a) Os; b) 0.17s; ¢) 0.50s

4  ANTICIPATED OUTCOMES AND INITIAL FINDINGS

Exploratory findings may yield new insights and lead to improved mitigation plans to cope with growing plastic
pollutions and improve rivers and coastal infrastructures to reduce transport of plastic debris. This research may
promote further investigation into transport and mobilization of plastic waste through other pathways.
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