Modelling of microplastics in terrestrial waterbodies: advantages, drawbacks, and advancements
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Introduction
Plastic has become an integral part of
modern society, with its production

increasing rapidly from 2 million tonnes in
1950 to 368 million tonnes in 2019 (Plastics
Europe, 2020). However, the majority of
plastic produced has not been properly
disposed of, leading to significant
environmental pollution. The United Nations
Environment Programme estimates that
there are currently between 75 million and
199 million tonnes of plastic in the oceans,
making up 85% of all marine litter
(Jacqueline et al., 2021). Mathematical
models can be used to study the movement
and concentration of microplastics in rivers
and their surrounding areas (catchments).
These models can help researchers
understand how microplastics are
transported along river systems, how much is
stored in riverbed sediments, and how much
is transported into estuaries and marine
ecosystems. However, since there are limited
number of modeling studies on the transport
and fate of microplastics in terrestrial
waters, there are flaws and/or features that
need to be improved in the modeling
techniques applied. Within the scope of this
study, microplastic modeling studies in the
literature in the last 5 years were examined
and it was aimed to evaluate them from the
mentioned aspects.
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Results&Conclusion

There is still a lack of sufficient applications of
microplastics in terrestrial water masses.
Although rivers have been studied less than
lakes, there are more studies on sediment
transport in rivers than on water mass
transport. In particular, the absence of a
standard method that is widely accepted for
microplastic analysis undermines the
comparability of the studies. There are no
modeling studies that can simultaneously
simulate the mechanisms of microplastics
(settling, resuspension, uptake by
microorganisms and plant roots, biofouling,
etc.). Detailed studies are needed on these
topics.
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Li et al., 2022

This study found that the Yangtze River transports a large amount of
microplastics to the East China Sea, with an estimated total of 7020 metric
tons transported in 2020. The main sources of these microplastics were
tributaries (62.9%), non-point sources such as vehicle trips (34.2%), and point
sources (2.9%). The majority of the microplastics were transported in the
middle section of the river, accounting for 55.56% of the total.




Whitehead et al., 2022

This study found that there is a significant amount of microplastics being
flushed down a river system and into the Thames estuary, with a total load of
100 tonnes per year. The study also found that a significant portion of this
pollution can be prevented by controlling the pathways of the microplastics,
such as through the control of effluents from wastewater treatment plants
and the application of sludge to land. The study was able to decrease the
amount of microplastics by 50% through these efforts.




Bondelind et al., 2020

The study found that the concentration of microplastics (MP) in a river was
influenced by factors such as stormwater discharge points, catchment area
pollution, and the vertical water density gradient caused by intruding saline
water. Larger and heavier MP particles tended to settle in the river, while
smaller particles did not settle and reached the Kattegat Strait.




Daily and Hoffman, 2020

A model that covers approximately 75% of polymer types found in plastic
waste overpredicted the amount of particles at the surface and
underpredicted the amount deposited in sediment. Despite being called
sinking polymers, some were found at the surface due to turbulent mixing.
The sediment deposition rate was estimated to be 170.8 £ 79.4 metric tons
per half year.




Ma and You, 2021

This study found that the abundance of microplastics (MPs) in aquatic
environments and organisms showed periodic changes with rainfall intensity,
peaking in the summer each year. The accumulation of MPs in aquatic
organisms was found to vary, with the highest trophic level (snakehead)
showing the highest accumulation at 3.97 times the initial abundance. The
study also found that the abundance of MPs accumulates through the food
web and can have negative impacts on human health, suggesting the need for
greater attention to the accumulation of MPs in human bodies and
ecosystems.




He et al., 2021

The transport of simulated microplastic particles in a river was found to be
influenced by flow velocity in the bottom layer and the tidal input from the
ocean. Results showed that microplastics with lower densities (such as PE and
PP) had higher mobility, while higher density microplastics (such as PA and
PET) were more prone to be retained in river sediments, particularly in areas
near the source or where there was a drop in water flow energy. Overall, the
study found that river sediments can serve as a retention mechanism for
various types of microplastics.




Mason et al., 2020

A study of Lakes Erie and Ontario found that plastic abundances varied from
approximately 1400 to over 1.3 million particles per km2, with higher
abundances generally found in the eastern and central basins and along the
southern shoreline. Polyethylene (46%) and polypropylene (43%) were the
most common types of plastic found, with high-density polyethylene being
more prevalent. Modeling studies indicated that the dynamics of Lake Erie led
to a heterogeneous distribution of plastic particles after a year, with estimates
ranging from 214 to 573 million particles floating in the nearshore or open
water with a mass of 2.62 to 7.79 metric tons.




