
Particle Sizing Systems: 
Ex-situ techniques



Different instruments are available– Particle sizes



Laser systems: 0.003 to 2 um

Coulter model N4



Laser systems: 0.3 to 950 um

Coulter model LS



Other Laser-based systems: 0.7 to 1200 um

Galai Cis-2 System



Other Laser-based systems: 0.7 to 1200 um

Galai Cis-2 System



Other Laser-based systems: 0.7 to 1200 um

Galai Cis-2 System

Principle of operation: Cis 2 system



Resistance-type Particle Counter-solid 
volume (Coulter Counter)



Resistance-type Particle 
Counter: 
Principles of operation



What controls Diatom 
Coagulation? 

The Discovery of TEP



TEP was accidentally discovered during a 
coagulation test to measure diatom sticking 
coefficient (α)

• A laboratory culture of Chaetoceros 
gracilis was grown to high concentration

•The culture was placed into a couette 
device to obtain a uniform and laminar 
shear environment

•The sticking coefficient was calculated by 
measuring the decrease in the number of 
particles over time (direct microscopic 
measurements).



Couette device: laminar shear

From: Jiang and Logan (1996) J. AWWA



How do Marine Aggregates form so fast from 
non-spherical particles such as 

phytoplankton?

Coagulation tests: 
aggregates formed very fast 



TEP particles drive 
phytoplankton 
coagulation

TEP can be stained using alcian 
blue dye (negatively charged 
polysaccharides)

TEP= Transparent 
Exopolymer particles



Brightfield image shows 
Phytoplankton (Chatoceros gracilis) 
but not TEP

Staining with alcian blue 
makes TEP visible



TEP coagulates, 
dragging other 
particles along with it.

TEP in seawater samples has a fractal 
morphology (CA Coast)



Lake snow aggregate 
shows bacteria after staining 
with DAPI 

TEP is visible here 
after staining with 
alcian blue

TEP in Lake Constance (Germany)



How Does A Phytoplankton Bloom 
Coagulate to Form Marine Snow?

• Phytoplankton bloom necessary for aggregate 
formation (high concentration of diatoms)

• As diatoms increase in number, they exude high 
concentrations of polysaccharides

• The polysaccharides coagulate into HMW 
compounds, and then form fractal fibrils we 
called TEP

• As the TEP coagulate, diatoms and other 
material in the water column are captured and 
form marine snow aggregates.



Cycle of Marine Snow Formation from Diatoms

From: Passow et al. 1994, Deep Sea Res. I, 41, 335



Cycle of Marine Snow Formation from Diatoms

From: Passow et al. 1994, Deep Sea Res. I, 41, 335



Cycle of Chatoceros
Growth:

A: Cell density

B: Dissolved carbohydrates

C: TEP

From: Passow et al. 1994, Deep Sea Res. I, 41, 335



Potential for Snow Formation can be 
Estimated from Particle Half Life

Assuming TEP are a monodisperse population 
of particles, the coagulation rate is: Ck

dt
dC

tα−≈

Where:

kt= the collision constant for turbulent shear 

C0= TEP particle concentration

Vp= volume of TEP based on TEP size

G= shear rate in fluid

GvCk pt 048.2=

Combining, solving and simplifying, the 
TEP half life is calculated as:
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See: Logan et al. 1995, Deep Sea Res. II, 42, 203



Half lives of TEP 
particles in Lake 

Constance, 
Germany

From: Logan et al. 1995, Deep Sea Res. II, 42, 203



Half lives of TEP  
in a mesocosm 
during a 
simulated 
phytoplankton 
bloom

From: Logan et al. 1995, Deep Sea Res. II, 42, 203



CONCLUSIONS

• Cell-cell collision frequencies are low.
• Phytoplankton blooms result in high 

concentrations of particulate 
polysaccharides

• The coagulation of these particulate 
materials produces TEP

• TEP forms diatom aggregates because 
the TEP capture diatoms (like big, sticky, 
nets)
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