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Introduction

Due to the difficulty of in-situ measurements and paucity of observations, numerical
modelling has substantially increased our knowledge on the distribution of marine
litter and microplastic in the marine environment. Rivers are a major pathway for
plastic pollution, with more than 90% of mismanaged plastic waste transported via
watersheds larger than 100 km?. Estuaries, which connect rivers with marine
environments, are therefore an important consideration when investigating the
movement of microplastic along the source-pathway-sink continuum.

Microplastic transport in estuaries is often studied in the context of flow and tidal
function. However, secondary flows are present and common in estuaries, proven to
transport organic matter and are often associated with fronts. A type of front is an axial
convergent front (ACF), occurring in well-mixed estuaries when an axial salinity gradient
and a bathymetry enhancing longitudinal lateral shear leads to a cross-sectional bilateral
baroclinic circulation?. This causes greater densities in the middle of the channel
compared to near the banks. It is this density difference that produces convergence
within surface waters and divergence near the bed for a short time of a few hours
following high tide (Figure 1) . Despite its clear applications the ACF has not been
realistically modelled nor studied in the context of plastic pollution in the literatures.
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Figure 1: Diagrammatic representation of the axial convergent
front, forming in a well-mixed estuary channel following high

water.

At the time of development, there was no available particle tracking model coupled with Delft 3D FM, able to use
the same irregular, curvilinear grid. This coupled approach to particle tracking eases the computational cost of
having to regularly interpolate results and maintains the benefits of an irregular grid where resolution varies

according to areas of interest.

The model (developed in Python 3.8.1) is able to take results from the Delft 3D FM model, seed plastic particles
throughout the grid and account for the advection and diffusion of particles across the time series in both two-

and three-dimensions.
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Figure 5: (a) Individual microplastic particles being concentrated during the
height of an ACF and (b) their relative concentrations across two-dimensions.

Conclusion & Further Work

Latitudinal variability in microplastic concentrations caused by frontal systems
such as the ACF could notably impact in-situ estuarine microplastic measurements
and thus global budget estimations of microplastic concentrations. It is therefore
Important for studies measuring in-situ concentrations in estuaries to note the tidal
conditions and ideally take microplastic concentrations across the entire channel
to avoid over- or under-estimating microplastic concentrations. Further work is now

To analyse the impact of the ACF in isolation,
microplastic particles were modelled within
two dimensional cross-sections of the ACF.
1000 neutrally buoyant particles were
advected every half a second over three
hours during an ACF within a representative
cross-section in the estuary.

During this time microplastic particles
concentrated in the mid-channel suface
waters after being transported from deeper in
the channel and near the banks. ~60% of
released particles were found in the middle of
the channel at the height of the ACF. Analysis
IS ongoing to investigate whether the front
could be a mechanism for resuspension of
microplastic during low-energy time periods.
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ongoing to model microplastic concentrations within the three-dimensional estuary

system, and measure the impact of different polymer types on distribution.
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