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0 INTRODUCTION 
Microplastics are defined as small plastic debris (1 

μm – 5 mm), which have complex properties of wide-
range densities (0.05–2.3 g/cm3), diverse shapes (e. g., 
beads, fibers, foam and pellets) and low degradability 
(Harris, 2020; Chubarenko et al., 2016). Their global dis-
tribution spans estuaries, coastal zones, continental 
shelves, and deep-sea sediments, posing escalating eco-
logical threats (Thompson et al., 2024). Research efforts 
have focused on shallow-water regions, where investiga-
tions demonstrate that microplastic spatiotemporal distri-
butions are controlled by both their physical characteris-
tics and ocean dynamic conditions (wind, waves, tides, 
thermohaline gradients, and the influence of benthic sedi-
ments) (Zhang, 2017). However, accumulating evidence 
suggests that deep seafloor sediments serve as the ulti-
mate sink for microplastics, and the abundance of micro-
plastics in seafloor sediments may far exceed that in sur-
face waters and the water columns (Auta et al., 2017). 
The gravitational settling of particles through the water 
column represents the most intuitive mechanism for mi-
croplastic accumulation in seafloor sediments. If this 
mechanism were predominant, predicting the distribution 
of microplastics in the deep-sea environments would be 
relatively straightforward, albeit requiring some consider-
ation of biochemical processes. However, the spatial dis-
tribution of microplastic hotspots on the seafloor does not 
consistently correlate with surface garbage patches, sug-
gesting that vertical settling alone may not fully explain 
the transport mechanisms (Kane et al., 2020).

Recent studies have proposed that submarine turbid-

ity currents play a crucial role in transporting large vol-
umes of microplastics to the deep sea (e. g., trenches, 
canyons, and abyssal plains) (Pohl et al., 2020). This hy-
pothesis is supported by the fact that submarine can-
yons, which serve as primary conduits for turbidity cur-
rents, are also recognized as one of the hotspots for mi-
croplastics. Furthermore, field observations in the Whit-
tard Canyon have revealed that turbidity currents in sub-
marine canyons worldwide are far more active than previ-
ously anticipated (Heijnen et al., 2022), which further 
strengthens the argument that turbidity currents may con-
stitute a key transport mechanism for microplastics. Si-
multaneously, it also emphasizes the critical need to elu-
cidate the physical processes governing the transport of 
microplastics via turbidity currents, as such an under-
standing would be crucial for predicting the distribution of 
microplastics in deep-sea environments. It is worth not-
ing that the fate of microplastics involves not only their ini-
tial transport by turbidity currents but also the subse-
quent reworking and redistribution by bottom currents, 
such as those driven by thermohaline circulation (Kane 
et al., 2020). Within the scope of this study, we focus pri-
marily on the former process.

Figure 1 illustrates how turbidity currents transport 
microplastics, leading to environmental pollution and po-
tential risks to human health. Specifically, vast quantities 
of microplastics are delivered to the deep sea by power-
ful turbidity currents, where they are subsequently ingest-
ed by various marine organisms at different trophic lev-
els, ultimately entering the human food chain and impact-
ing human health. Unfortunately, the significant hazards 
posed by marine microplastic pollution stand in stark con-
trast to our limited understanding of its transport and dis-
tribution mechanisms. In particular, the physical process-
es governing microplastic transport by turbidity currents 
have only begun to receive increased attention over the 
past five years. Compared to microplastic studies in estu-
arine and coastal environments, the investigation of mi-
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croplastic transport by deep-sea turbidity currents pres-
ents distinct challenges due to significant differences in 
hydrodynamic conditions, transport media, and topo-
graphical settings. Consequently, research methodolo-
gies established for estuarine microplastic studies cannot 
be directly extrapolated to deep-sea environments, as 
conventional approaches may either be inapplicable or 
require substantial modification and validation. Given 
these considerations, this paper focuses on assessing 
the potential challenges that may arise in the future inves-
tigation of microplastic transport by turbidity currents, 
drawing upon the distinctive characteristics of both turbid-
ity currents and microplastics themselves. Based on the 
assessment, we propose targeted recommendations to 
address these challenges.

1 MAJOR CHALLENGES 
1.1 Direct Observations　

A growing number of in-situ observations have been 
carried out worldwide to dig into the internal flow struc-
tures of turbidity currents and understand their transport 
processes (Talling et al., 2023; Wells and Dorrell, 2021), 
but few of them are designed to capture the events that 
involve microplastics. To the authors ’  knowledge, only 
two events have been reported publicly, of which one 
was observed on the levee of Gaoping Canyon (Zhang et 
al., 2024), and the other was in the Whittard Canyon 
(Kane et al., 2024). These two studies provided direct evi-
dence demonstrating that turbidity currents create micro-
plastic hotspots in deep-sea environments and regulate 
the seaward transport and settling flux of microplastics. 
Nevertheless, in-situ observations of microplastic trans-
port via turbidity currents have not received adequate at-
tention within the broader scientific community. In the lim-
ited published studies available, microplastics have been 
treated merely as ancillary components in turbidity cur-

rent monitoring programs. Clare et al. (2020) synthesized 
decades of experience in turbidity current monitoring, de-
scribing two principal observation approaches with their 
respective advantages and limitations, which include ben-
thic monitoring platforms and mooring systems (Figures 
2a and 2b). These monitoring systems typically employ 
various instruments to capture turbidity current dynamics, 
while sediment grains are collected through sediment 
traps mounted on moorings (Figure 2c). However, a sig-
nificant technical challenge persists as conventional 
acoustic and optical instruments struggle to distinguish 
microplastic particles from sediment grains within turbidi-
ty currents. This limitation underscores the urgent need 
for innovative technological solutions and instrumentation 
specifically designed to address the methodological gap 
in microplastic transport studies.

A promising approach lies in the modification of sedi-
ment traps. Traditional sediment traps used in turbidity 
current monitoring, such as McLane-type and Anderson-
type traps, have been instrumental in collecting sediment 
grains for post-event analysis, including concentration 
calibration and grain size distribution assessment (Clare 
et al., 2020). However, these instruments predominantly 
capture vertically settling particles while performing poor-
ly in collecting horizontally transported particles. Further-
more, our limited understanding of microplastic behaviors 
within turbidity currents presents additional complexities. 
For instance, the distinct shapes and densities of micro-
plastic particles compared to sediment grains result in 
markedly different settling velocities, making direct com-
parisons difficult. Coupled with the potential of biofilms to 
grow on microplastic particles, which can drastically 
change their physicochemical properties and behaviors 
(Moyal et al., 2023; Song et al., 2022), analyzing vertical-
ly settled particles alone may lead to misinterpretation of 
the transport process. Recent innovations have led to the 

Figure 1. Conceptual framework illustrating the process of microplastic (MP) transport by turbidity currents (TCs) from land to deep sea, and its 

cascading impacts on human health.
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development of 3D particle trap platforms capable of col-
lecting particles in both horizontal and vertical directions 
(Figures 2d and 2e) (Guo L et al., 2023). Through labora-
tory-calibrated computational models, the platform en-
ables temporal comparative analyses of particle concen-
trations and size distributions across different orienta-
tions. This advancement potentially offers valuable in-
sights into decomposing microplastic transport processes 
within turbidity currents. The research team developing 
this 3D particle trap platform is reportedly conducting sea 
trials, with plans to optimize the design based on trial re-
sults for future applications in monitoring submarine tur-
bidity currents and mining plumes.

1.2 Physical Modeling and Numerical Simulations　
Physical modeling and numerical simulations pro-

vide valuable insights into the physical processes of mi-
croplastic transport by turbidity currents. However, unlike 
microplastic transport in water columns, turbidity currents 
can mobilize enormous sediment loads and propagate 
rapidly into deep-sea environments under gravitational 
forces and topographic influences (Meiburg and Kneller, 
2010). Their rheological properties and dynamic behav-
iors are greatly more complex, and consequently, exist-
ing models and theories fall short in describing these 
unique physical phenomena. Only a limited number of 
physical modeling studies have investigated microplastic 
transport by turbidity currents. The pioneering work of 

Pohl et al. (2020) documented the transport of microplas-
tic fragments and fibers in laboratory flumes, highlighting 
the susceptibility of microplastic fibers to preservation 
and burial within seafloor sediments. Complementing 
these findings, Soler et al. (2025) revealed through lock-
exchange experiments that turbidity currents with higher 
sediment concentrations and finer sediments could en-
hance microplastic transport. By further incorporating 
seabed topography into experimental designs, Bell et al. 
(2021) identified preferential deposition patterns of micro-
plastic fragments in levee structures and lateral basin 
floor fringe positions. This contrasts with the recent work 
of Meng et al. (2025), who suggested that microplastics 
predominantly accumulate within wavy turbidites in can-
yon topographies. The divergence in these experimental 
results presents an intriguing complexity, particularly as 
both findings can be supported by evidence in real-world 
scenarios. Consequently, investigating microplastic trans-
port by turbidity currents continues to present multiple 
challenges. Drawing from existing experimental studies, 
several critical considerations emerge: (i) Establishing 
the correspondence between experimental setups and 
natural systems is essential. For example, it is crucial to 
determine whether turbidity currents are introduced from 
the continental shelf or triggered directly at the canyon 
head. (ii) An appropriate flow scaling criterion (e. g., 
Shields or Froude scaling approach) is needed for experi-
ments as it fundamentally governs the outcome. (iii) Mi-

Figure 2. Existing instrumentation for monitoring turbidity currents and sediment transport (modified after Guo L et al. (2023) and Clare et al. 

(2020)), including the (a) benthic monitoring platform, (b) mooring system, (c) Anderson-type sediment trap, (d) design model of 3D particle trap 

platform and its (e) sea-trail photograph.
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croplastic properties, especially particle morphology, re-
quire precise characterization given the marked differenc-
es in transport behaviors between fragments and fibers.

Similarly, numerical simulations of microplastic trans-
port by turbidity currents remain scarce, with only one 
published study addressing marine litter transport by tur-
bidity currents (Yang et al., 2024). The complexity of mod-
eling microplastic movement in fluids stems from their di-
verse physical properties. For instance, microplastics ex-
hibit significant variations in density, size, and morpholo-
gy, with some even possessing flexible characteristics, 
such as film-like or fiber forms, which are particularly 
challenging to incorporate into numerical models. 
Through a review of existing literature, it is evident that 
current methods for simulating microplastics in aquatic 
environments primarily employ Eulerian-Eulerian and Eu-
lerian-Lagrangian approaches (Wickramarachchi et al., 
2025). However, these methodologies have inherent limi-
tations, as they either fail to fully account for the diverse 
physical properties of microplastics or rely heavily on em-
pirical formulations to describe particle behaviors. While 
empirical and semi-empirical models, such as drag mod-
els, provide fundamental frameworks for calculating parti-
cle transport in fluids, they lack universal applicability for 
non-spherical or flexible particles (Francalanci et al., 
2021). Furthermore, the frequent interparticle contacts 
between sediments and microplastics in turbidity currents 
present additional modeling challenges. This complexity 
is further amplified by the irregular geometries of many 
microplastic particles, making their contact mechanics dif-

ficult to parameterize, and the challenge becomes even 
more pronounced when considering deformable micro-
plastics and microplastic aggregation due to the biofilm 
effects. Recently, Russell et al. (2025) proposed treating 
microplastics as sediments, advocating for a comprehen-
sive classification system for microplastics. Building on 
this concept, we suggest the necessity of developing ro-
bust mathematical foundations for both contact models 
between microplastic-sediment particles and fluid-particle 
interaction models discussed earlier.

Computational efficiency presents another critical 
challenge. As illustrated in Figure 3, direct numerical rep-
resentation of particle morphology leads to prohibitively 
high costs (Figure 3a) (Wang et al., 2024). Simplifying 
particles into spheres or using the unresolved method 
can reduce computation time to a certain extent (Figure 
3b) (Lu et al., 2024; Vowinckel et al., 2019), while treat-
ing particles as a fluid phase enables large-scale simula-
tions (Figure 3c) (Wan et al., 2024; Guo X S et al., 2023). 
Nevertheless, such improvements in computational effi-
ciency often come at the cost of reduced simulation accu-
racy. In response to this challenge, we propose a chain 
simulation concept comprising three stages: (i) Develop-
ment of universal models (e.g., drag and contact models) 
accounting for unique microplastic properties through ex-
tensive bottom-up simulations, potentially leveraging ma-
chine learning algorithms given the complexity of micro-
plastic characteristics, (ii) implementation of these mod-
els into larger-scale numerical methods (e.g., unresolved 
CFD-DEM models) through parameterization and (iii) sim-

Figure 3. Details in bottom-up numerical method for particle-laden flows (modified after Lu et al. (2024), Wang et al. (2024), Guo X S et al. 

(2023) and Vowinckel et al. (2019)), containing (a) non-spherical particle contact model (e.g., film and fiber microplastics), (b) DEM-based parti-

cle-fluid coupling method (e.g., Particle Resolved-Direct Numerical Simulation and Unresolved Computational Fluid Dynamics-Discrete Element 

Method), and (c) purely continuum approach (e.g., two-fluid model).
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plification of microplastic-sediment interactions to accom-
modate engineering-scale simulations (e.g., using Euleri-
an-Eulerian two-fluid approaches).

2 CONCLUSION AND FUTURE DIRECTIONS 
Research on microplastic transport by turbidity cur-

rents remains in its infancy. Given the growing recogni-
tion of microplastic pollution as a significant environmen-
tal concern, it is imperative to investigate and understand 
this potentially dominant transport mechanism. By syn-
thesizing current research challenges, we aim to outline 
key directions for future investigations. From the perspec-
tives of in situ observations, physical modeling, and nu-
merical simulations, there is a notable lack of mature or 
effective methods to fully understand the physical pro-
cesses governing microplastic transport by turbidity cur-
rents. At this critical juncture, we propose that research 
priorities should focus on methodological development, 
encompassing: (i) Optimized redesign of sediment traps, 
(ii) development of microplastic transport models in both 
Newtonian and non-Newtonian fluids, (iii) establishment 
and simplification of interaction models among sediment, 
microplastic particles and ambient fluid, and (iv) applica-
tion of machine learning algorithms in numerical model 
optimization. It merits attention that the fundamental prin-
ciple underlying these research directions is the necessi-
ty to treat microplastics as true sediment particles, rather 
than as shapeless, non-deformable, or even massless 
and un-volumetric materials simply following the fluid mo-
tions.
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