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Processes affecting particles
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Coagulation Theory
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Particle Size Spectra
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Jackson et al., Deep-Sea Res |, 44, 1739-1767 (1997)



Variations in spectral slope

A) Cluster 1 B) Cluster 2
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Modeled Size Spectra

Jackson & Burd., Env. Sci. Technol, 32, 2805-2814 (1998)
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Stemmann et al, Biogeosciences, 5:299-310, 2008
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Size spectrum
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Maximum Cell Concentrations

I T AT Jackson & Kigrboe,
Limnol. Oceanogr., 53,
395-399 (2008)
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Coagulation kernels
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Determines the rate of collisions between
particles — we have good theories for these




Physical Coagulation

Brownian Motion

Fluid Shear
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Differential
Sedimentation
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Stickiness

dn(m,t)

dt
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Determines the probability that particles will adhere
once they have collided.




Nanoparticles

Verdugo, Ann. Rev. Mar. Sci., 4, 375-400 (2012)

Assembly
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Annealing

Fragmentation

DOC polymers Nanogels Microgels
~5-50 nm ~100-200 nm ~3-6 um
b Assembly Annealing
K Ks
[DOC] = S [NanoG] + [NanoG] = S [SAG]
K, K,
Dispersion Fragmentation
6[NanoG]/ét = K,[DOC] - K,[DOC] S[SAG]/6t = K;[NanoG], - K,[SAG]

- K3[NanoG]2 + K4[SAG]
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Settling
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Settling Velocity

Stemmann et al, Deep-Sea Res. I, 51, 865-884 (2004)
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McDonnell & Buesseler, Limnol. Oceanogr,, 55, 2085-2096 (2011)
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Peterson et al, Limnol. Oceanogr. Methods, 3, 520-532 (2005)

TN (%) OC (%) Mass flux (mg m-2 d-1)

OC /TN (atomic)

Settling Velocity Traps
1000

< March-May - 200 m - SV1
A March-May - 200 m - SV2
100 O May-July - 200 m - SV1&2

10

N

A 12 =

(?)

Sample tubes

0 1 LB |

50

40

30

20

10 RWgﬁta AN :
1 B

0 T T TTTTT

{ C

0 T T TTTTI]

20 -

16

12

0 T T T TTTI]
0.1 1.0

T T TTTTT
10.0 100.0

T T T

Settling Velocity (m d")

1000.0




iological Aggregation
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Disaggregation
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Disaggregation

Erosion of Eines Splitting into approximately
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Bio-disaggregation

Dilling & Alldrege, Deep-Sea Res. I, 47, 1227—-1245 (2000)
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Physical Disaggregation

Alldrege et al, Limnol. Oceanogr,, 35, 1415-1428 (1990)
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Dlsaggregatlon Theory
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Disaggregation?

Jouandet et al. (2014, accepted)
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Flux of Small Cells
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Richardson & Jackson., Science, 315, 838—-840 (2007)
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Fraction of Chlorophyll a
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Integrated

FLUX IN 800M (mmol N/m2/day)
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What do we still need to know?

@ A lot more about disaggregation

® Rates, daughter particle size distributions, particle
strengths, preferred modes of breakup...

@ The relative contributions to physical and
biological aggregation.

® Particle type & properties, concentration, settling
speed, biology

® Representing remineralization in models

® How do particles degrade? How does particle
structure affect degradation rates?
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What do we still need to know?

@ Representing remineralization in models

e How do particles degrade? How does particle
structure affect degradation rates?
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2 size classes,
prescribed
settling.

2 size classes,
prescribed
settling,
high grazing

Ballast Model
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Observed POC fluxes (mmol/m2/yr)

Modelled POC fluxes (mmol/m2/yr)
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