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Microplastics and Algal Biofouling in the Ocean

Exposure to microplastics adversely affects ecosystems. Empirical studies
of plastic particles show that microplastics are lost in deeper regions of the
ocean. It is important to understand the trajectories of the microplastics in
the ocean and to attempt to find their locations. Microplastics bonds with
algae.
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Usually, density of microplastics ( low-density polyethylene, high
density polyethylene, polypropylene) are < than density of water.
Usually, density of algal cells are ≥ density of water.
Water density is increasing from ∼ 1025 kg

m3 at the surface to

∼ 1028 kg
m3 at the pycnocline depth (∼ 1000m).



Occillatory Behavior??

A buoyant microplastic particle submerged at the ocean’s surface is
exposed to algae which attach and grow on the particles’ surface as a
biofilm. The size of this biofilm is determined by both the rate of
attachment and the relative growth and death rates of the biofilm
population. Algal density typically exceeds that of seawater, so once a
biofilm is sufficiently large, combined plastic particle and algal aggregates
will begin to sink. Once the particle is submerged below the euphotic
zone, algal growth from photosynthesis is not possible due to limited light
exposure. Algal population in the biofilm reduces due to death and fauna
grazing, implying that the biofouled particle can become rising toward the
ocean’s surface. Traveling back above the euphotic zone and experiencing
an increase in light intensity allows the algae to photosynthesize and grow
once more.



Model Development

We want to construct a 3-dimensional dynamical system’s model that
describes the trajectory of the microplastics’s with variable amount of
algae. We study how changes of depth of microplastics with algal
biofouling depend on the amount of algal cells.

We can describe the changes in the number of algal cells N as a
population dynamics process

We can describe the depth z of the aggregate with the help of 2nd
Law of Newton (and hydrodynamic friction – Stokes formula).
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dt = growth rate− death rate + attachment of new cells rate

dz
dt = v

m · dv
dt = m · g −mass of displaced water · g − friction



Model Development

We want to construct a 3-dimensional dynamical system’s model that
describes the trajectory of the microplastics’s with variable amount of
algae. We study how changes of depth of microplastics with algal
biofouling depend on the amount of algal cells.
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dt = v

m(N) · dv
dt = m(N) · g −mass of displaced water(N) · g − friction(N)



A Model

dN
dt = g(z) · N − rd · N + A(z)
dz
dt = v
dv
dt = g − g

ρw (z)(Vp+N·VA)
Vpρp+N·VAρA

− C ρw (z)·R(z)·v
Vpρp+N·VAρA

.

Constants that we can adjust/bifurcate are red.
rd rate of death of algal cells
Vp volume of microplastic particle
VA volume of algal cell
ρp density of microplastic
ρA density of algal cell
C constant, related to kinematic viscosity (Stokes Law)

Radius R(z) of the agregate is proportional to the cubical root of its
volume.
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Figure: g(z) = gmax · “green graph”, and A(z) = Amax ·“brown graph”.



What can we study?

What subjects of differential equations can be studied
with this model?



Simulations



Stationary Points

A simplified system of ODEs:

dN
dt = g(z) · N − rd · N +�

��HHHA(z)
dz
dt = v
dv
dt = g − g

ρw (z)(Vp+N·VA)
Vpρp+N·VAρA

− C
ρw (z)(Vp+N·VA)

1/3·v
Vpρp+N·VAρA

.

Stationary points and their physical meaning:

v∗ = 0 – obvious.

1 z∗ ∼ g−1(rd) and N∗ ∼ ρw (z
∗)−ρp

ρa−ρw (z∗)
· Vp

VA

2 If N∗ = 0, then ρw (z
∗) = ρp. But plastic is lighter than water.
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Let us vary the parameters

Many parameters are imprecise or have a large range of possible
values.

Let us vary ρA

z∗ = g−1(rd) and N∗ =
ρw (z∗)−ρp
ρa−ρw (z∗)

· Vp

VA



Stability Analysis

dN
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dz
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− C
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Linearization at (N∗, z∗, 0):

 0 g ′(z∗)N∗ 0
0 0 1

gVpVA
ρA−ρp

ρw (z∗)(Vp+NVA)2
−gρ′w (z

∗)
(Vp+N∗·VA)

Vpρp+N∗·VAρA
−C

ρw (z∗)(Vp+N∗·VA)
1/3

Vpρp+N·VAρA


Recall that usually ρA > ρp, g

′(z) < 0 and ρ′w (z) > 0.

Then, the characteristic equation λ3 + aλ2 + bλ+ c = 0 has positive
coefficients a, b, c .
=⇒ all roots have negative real parts (Descartes’ rule of signs).
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Stability Diagram

Many parameters are imprecise or have a large range of possible
values.

Let us vary ρA

z∗ = g−1(rd) and N∗ =
ρw (z∗)−ρp
ρa−ρw (z∗)

· Vp

VA

What if we add attachment function A(z)???
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