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Marine snow
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Taken from the 
depth of 
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depht of 
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Vertical transport of ∗, Anthropogenic carbon in 2022 ∗∗
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Smoluchowski equation
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Where: 𝑧 – depht, 𝑚 – mass of particles, 𝜑 𝑧, 𝑚 – concentration of particles for given mass and depth, 𝜅 𝑧, 𝑚 – rate of 
demineralisation, 𝑢 𝑧, 𝑚 – settling velocity, Γ 𝑧, 𝑚, 𝜑 𝑧, 𝑚 – aggregation term
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Terms
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Where: 𝑧 – depht, 𝑚 – mass of particles, 𝜑 𝑧, 𝑚 – concentration of particles for given mass and depth, 𝜅 𝑧, 𝑚 – rate of 
demineralisation, 𝑢 𝑧, 𝑚 – settling velocity, Γ 𝑧, 𝑚, 𝜑 𝑧, 𝑚 – aggregation term
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Eating by bacteria Sedimentation Aggregation
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Collisions 
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Where: 𝑧 – depht, 𝑚 – mass of particles, 𝜑 𝑧, 𝑚 – concentration of particles for given mass and depth, 𝜅 𝑧, 𝑚 – rate of 
demineralisation, 𝑢 𝑧, 𝑚 – settling velocity, Γ 𝑧, 𝑚, 𝜑 𝑧, 𝑚 – aggregation term

Nguyen, T.T.H. et al. Microbes contribute to 
setting the ocean carbon flux by altering the fate 
of sinking particulates. Nat Commun 13, (2022)

Chajwa, R. et al., Hidden comet tails of 
marine snow impede ocean-based carbon 
sequestration. Science 386, (2024)

Eating by bacteria Sedimentation Aggregation

Terms depending on encounter rate between particles
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Encounter rate
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Encounter rate
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Particle is 
absorbed
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Advection – diffusion (dimensionless) 

Advection – diffusion
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Stokes Flow:     

Where: 𝑈 – sinking velocity, 𝑐 – concentration of particles, 𝐷 – diffusion constant, 𝒖 – Stokes flow around 
a sinking sphere, 𝑎 – sphere radius, 𝑈𝑎/𝐷 = 𝑃𝑒 – Peclet number

Advection – diffusion

dimensionless 
constant in time,
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Encounter rate
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Stokes Flow:     

Where: 𝑐 – concentration of particles, 𝐷 – diffusion constant, 𝒖 – Stokes flow around a sinking sphere,          
𝑆 – absorptive surface

Flux onto the sphere:
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Peclet number
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Where: 𝑐 – concentration of particles, 𝐷 – diffusion constant, 𝑎 – sphere radius, 𝑈 – sinking velocity, 𝑟 – particle radius 

Peclet number 
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Diffusion dominates
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Where: 𝑐 – concentration of particles, 𝐷 – diffusion constant, 𝑎 – sphere radius, 𝑈 – sinking velocity, 𝑟 – particle radius 

Peclet number 
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Particle is 
absorbed
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Where: 𝑐 – concentration of particles, 𝐷 – diffusion constant, 𝑎 – sphere radius, 𝑈 – sinking velocity, 𝑟 – particle radius 

Peclet number 
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Limiting cases
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Where: 𝑐 – concentration of particles, 𝐷 – diffusion constant, 𝑎 – sphere radius, 𝑈 – sinking velocity, 𝑟 – particle radius 

Peclet number 
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Literature comparison
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Literature comparison

19

Goes to zero, as 
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Literature comparison
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Should go to 𝐀, as 

Goes to zero, as 
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Non zero particle radius
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Non zero particle radius
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Particle is 
absorbed
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Non zero particle radius
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Effective diameter
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Concentration distribution
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Peclet number 
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Our results
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Advective kernel
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Advective encounter rate
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Summary
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