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Basic oscillatory motion
When including only light dependent growth 
in the model, the microplastics can 
resurface. How often they resurface 
depends on the microplastic’s size and 
density, and the depth of the euphotic zone. 
The microplastics with the smallest radius 𝑎𝑎
take longest to return to the surface.

Maximum depth reached
We found that the maximum depth 
reached is independent of microplastic 
size and instead depends on the difference 
between algal growth and death rates, and 
the depth of the euphotic zone.

Trapped in a subsurface layer
When including either an ocean density profile which varies with depth, 
or allowing algae cell attachment from some background algae 
concentration, microplastics of all sizes eventually get trapped subsurface. 
A jump in ocean density acts as a barrier to the long-time motion, while 
algae attachment causes the biofouled microplastics to tend to the 
bottom of the euphotic zone, and the microplastics never resurface. 

In the presented results, we have ignored ocean 
mixing dynamics. In our research, we will:
• analyse how fluid mixing on the order of 

metres affects the motion of biofouled
microplastic,

• and consider how large-scale, ocean circulation 
disperses biofouled microplastics globally.

1. Marine microplastic pollution

• Ocean surveys find less than 1% of expected floating microplastics 
(<5mm) at the open-ocean surface [1]. 

• The fates of the missing microplastics are still largely unknown but 
biofouling, the growth of microorganisms on their surface, is expected to 
be an important mechanism in their removal [2-4].

• It is nearly impossible to track the motion of a biofouled microplastic 
once it sinks. Therefore, mathematical modelling offers an avenue to 
predict the movement of fouled plastics subsurface. 

• These models can then be used to forecast “hot-spots” for the 
submerged microplastics. Deriving a map on the distribution of plastic 
pollution in our oceans will allow for detailed assessment on its true 
impact, for example, how likely is ingestion by marine fauna. 

4. Results: What is their fate?

5. Next steps
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How fast the biofouled microplastic sinks 
or rises in the ocean depends on the 
gravity, buoyancy, and drag forces acting 
on it. These forces are dependent on:

• The total volume of the microplastic 
and its biofilm.

• The total density of the microplastic 
and its biofilm.

• If there is enough light for 
photosynthesis, the algae will 
grow (with rate 𝜆𝜆𝐺𝐺).

• Algae cells can attach from the 
surroundings (with rate 𝜆𝜆𝐴𝐴).

• There is a natural death rate of 
the algae cells (with rate 𝜆𝜆𝐷𝐷). 

Biofilms can be very complex, so we assume a simple case where the biofilm 
on a microplastic is mostly made of algae, and obeys the following [5]:
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2. The dynamics of biofouling on microplastics
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:

𝑧𝑧𝐸𝐸 = 5 − 100m, ⇒ Microplastics could reach depths of up to 300m.
Average depth of central North sea 74m ⇒ sedimentation possible. 

:

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 𝐺𝐺 𝑧𝑧,𝑑𝑑 = λ𝐴𝐴 𝑧𝑧 + λ𝐺𝐺 𝑧𝑧 − λ𝐷𝐷 𝑑𝑑,
𝑑𝑑𝑧𝑧
𝑑𝑑𝑑𝑑

= 𝐻𝐻 𝑧𝑧,𝑑𝑑 =
2
9
𝑔𝑔 [𝑎𝑎𝑚𝑚+𝐵𝐵]2

[ρ𝑝𝑝+𝐵𝐵 − ρ𝑓𝑓 𝑧𝑧 ]
𝜈𝜈 ρ𝑓𝑓 𝑧𝑧

.

3. Mathematical model: A coupled dynamical system 

The system of equations asks how the size of the biofilm 𝑑𝑑 on a microplastic 
(Eq.1), and the vertical position 𝑧𝑧 of the microplastic in the ocean (Eq.2) 
change in time. We solve the coupled equations computationally, and 
consider different configurations of ocean conditions [6].  

(Eq.1)

(Eq.2)
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