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ABSTRACT  
 

This paper focuses on the characteristics of transport of microplastics in coastal sediment through 

experiment. For it, it uses a new form of oscillating water tunnel(OWT) with detachable sediment basin. 

It makes it possible to consider the change of depth of the sediment in high Reynolds number flow. 

The experiment was designed to turn out how the plastic particles embedded in coastal sediment get 

transported under wave forcing. After the system is being subjected to the wave forcing, the distribution 

of the beads is measured. Moreover, the relation between the wave and the seabed is studied by 

utilizing a particle image velocimetry(PIV) system. As a result, the transport of microplastics is expected 

to be related to wave forcing, physical properties of the plastic and the sediment particle, and relative 

depth of plastics within the sediment layer. 
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1 INTRODUCTION 

Increasing use of plastics due to industrial development has caused serious plastic pollution (PlasticsEurope, 

2016). The most of them returns to shores and coastal regions, and are fragmented (Brennan, 2018; Willis, 

2017). The plastic debris ranging from 1um to 5mm in size are called ‘microplastics’. They are nowadays found 

prevalent around the world (GESAMP, 2016; G20, 2017). There are lots of needs for the study on how they are 

going into the ocean, how they interact hydro-dynamically with others, and where and how they are distributed. 

Although they are regarded as the main destroyer of the marine environment, there is a dearth of the research 

due to the complex mechanism for transport of these fine and large amount of the plastics interacting with 

sediment and waves. Therefore, this paper investigates the transport of plastics in coastal sediment, and it will 

contribute to preventing and managing the marine microplastic pollution. The main goal of this experimental 

study is to figure out the effects of physical factors in the transport of microplastics in coastal sediment. 

2 METHODOLOGY 
For the purposes of the study, the experiment has been proceeding using a newly-built oscillating water tunnel 
equipped with a detachable sediment basin. The Reynolds number based on the maximum free-stream velocity 
and the maximum displacement of water particle is on the order of O(105), which is well within the turbulent 
regime. It is higher than the 2-D wave basin. Also, the equipment makes it possible to consider the horizontal 
velocity only.  

Prior to start the experiment, we utilize a particle image velocimetry system to assess the equipment. It is to 
figure out the precise flow velocity and to observe the relation between the wave and the seabed. The system 
shows the boundary layer flow due to the friction of the seabed. In the system, PIV particle is used with the 
mixture of two different sizes of ∅10 𝜇𝑚 and ∅20 𝜇𝑚. The system is conducted on the flat surface without the 
sediment basin first. 

The sediment basin is filled with the mixture of sediment and plastic beads. The beads that have different 
diameters of 6 𝑚𝑚 and 8 𝑚𝑚 and four different colors are used as substitutes of plastic debris in the experiment. 
The sediment in the basin is divided into four sections, and distributions of the beads in each section are 
measured with different input velocities. Each section has 110 pieces of beads which 100 pieces are in the 
sediment and others are on the sediment.  
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3 RESULTS 
The analysis of the PIV system shows boundary layer thickness of 1.7 𝑚𝑚. The free stream velocity and the 
wave period are 0.028 𝑚/𝑠 and about 0.28𝑠𝑒𝑐, respectively, in the steady motion with the input velocity of 

0.1 𝑚/𝑠 and the stroke length of 0.26 𝑚.  

  
Figure 1. A shot image of PIV system Figure 2. Vertical profiles of horizontal velocity 

 

When the system in the input of 1 𝑚/𝑠, the distributions of the beads are indicated in Table 1. 
Table 1. A shot image of PIV system 

 

Case1 
of 

∅𝟔 𝒎𝒎 
Red Blue White Yellow 

Case2 
of 

∅𝟖 𝒎𝒎 
Red Blue White Yellow 

Section 

① 
53 - - -  82 - - - 

Section 

② 
- 42 1 -  - 73 - - 

Section 

③ 
- - 49 52  - - 74 - 

Section 

④ 
- - 1 16  - - - 81 

Left 40 38 21 16  25 26 13 6 

Right 17 30 38 42  3 11 23 23 

Sum 110 110 110 110  110 110 110 110 Figure 3. Indication of each section 

The ∅6𝑚𝑚 beads are more out of the sediment than ∅8𝑚𝑚. Also, they move to the both ends of the tunnel as 
quick as they come out. Within 2 minutes of the start, the beads on the sediment go to the ends. 
4 CONCLUSIONS 
This paper introduces an experimental study for investigating the transport of microplastics in coastal sediment. 
It shows initial stages of the experiment. The results of the distributions of the beads indicate the smaller and 
lighter debris can be come out of the sediment. Also, they move to both and sides of the tunnel. Thus, they 
microplastics in the coastal and marine environment can travel very far quickly, and the properties of the 
microplastics is important to their transport movement. For further works, the more various sizes of beads will 
be dealt and the effects of roughness and bedform of the sediment will be studied.  
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