Sinking microplastics in the water column:
simulations in the Mediterranean Sea
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Motivation

m Analyze vertical dispersion and distribution of negatively buoyant microplastics.
m Equations of motion of idealized microplastics dynamics.

m Physical effects.

m Amount and vertical distribution of microplastic particles on the water column.

Physical properties of microplastics

* Negatively buoyant rigid
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Model Setup

Dynamics

Simplified Maxey-Riley-Gatignol (MRG) equation

Dv_ﬁDulu—v—l—vS m
dt " Dt T

V= U T+ Vg
Settling velocity, buoyancy, stokes times

30 a?

Ty — ——
2,0p_|_,0f P Sﬁy

= (1 - 8)gmp B =

Results

.02 T I

Tl

I A

0,015 II é 4

I' I| ;’é (O)U—U-I-U
. AT

| )

- ()U—u—l—t* + W

a [mm

for each initial condition

Typical plastic sizes and corresponind settling
velocities for which equation is valid, with fluid
density fixed at 1025kg/m3
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* NEMO field data
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Numerical procedure

3D velocity field from NEMO, with horizontal resolution of 1/12 degrees
and 75s levels in the vertical. Data updated every 5 days

* Particle Integration

The Parcels Lagrangian framework (Delandmeter and van Sebille, 2019)
IS used to integrate particle trajectories.

Particles are released from 1m depth with uniform horizontal density
over the whole Mediterranean.

Non-negligible terms?
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Transient evolution

Probability density function of the rescaled variable

Inertial and Coriolis terms

(Eq (0) and Eq (2))

Horizontal 0.26%
Vertical 0.005%

Unresolved small scales

(Eq (0) and Eq (3))

Horizontal 11.8%
Vertical 1.79%

Variable seawater density
(Eq (0) and Eq (1))

TEOS-10 equations,
particle density 1041.5kg/m3
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m Simplified MRG equation approximates the dynamics of rigid microplastic particles with negative buoyancy sufficiently well for qualitative estimations.

m Coriolis and inertial terms are negligible. Variable seawater density and small-scale effects are moderate but possibly non-negligible.
m Nearly uniform steady distribution along the water column, except perhaps at lowest settling velocities.

m Total amount of plastic present in the water column is close to 1% of the floating plastic mass, when restricted to open-ocean input.
®m Uniform vertical distribution, maybe linked to the weak vertical dispersion.
m Transient vertical distribution with deviations from Gaussianity, which are related to anomalous diffusion. The different diffusive laws are related to the decay in the Lagrangian velocity

autocorrelation.

m This transition from initial superdiffusion to normal diffusion occurs around 100m depth.
m Horizontal patchiness, resulting in a long-term ballistic dispersion. It returns to normal diffusion when horizontal mixing is developed.
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