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Introduction and hypothesis 
Study site: Markermeer 
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Introduction and hypothesis 
Study site: Markermeer 

• In the Markermeer variations in TURBIDITY levels over 
the years CANNOT BE FULLY EXPLAINED by occurrence 
of storms and associated re-suspension events 
 

• Moreover, the species of ALGAE in the lake have changed 
over the last decades, attaining overall chlorophyll 
concentrations that vary over the year in a way that is NOT 
UNDERSTOOD 
 

• These two phenomena may be related to the mutual 
flocculation of algae and suspended sediments. 
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Introduction and hypothesis 
Previous work (diatoms) 

• van Leussen 1994 diatoms enhance flocculation  
• van der Lee 2000 large aggregates during algae bloom 
• Sanford 2001 seasonal variation floc properties 
• Mikkelsen 2002 diatoms cause floc properties to vary 
• Fugate and Friedricks 2003 biological aggregation cause large particles 
• Lunau 2006 Chl a and size are correlated 

 
• Verspagen 2006 pure clay and cyanobacteria 
• Verney 2009 lab measurements, diatom bloom increase flocculation 

rate 
Deeper into mechanism behind algae-sediments 
flocculation, broader range of hydrodynamics,  

two specific algae species 
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Introduction and hypothesis 
Hypothesis 

•   Hypothesis 1: 
“In the Markermeer, suspended sediments, mobilized 
form the bed, can flocculate, attaining an equilibrium floc 
size which is a function of the turbulence level” 
 

• Hypothesis 2: 
     “Algae and suspended sediments can flocculate, 

affecting floc properties and light climate in the water 
column” 

 
• Hypothesis 3: 
    “The characteristics of the resulting organic-inorganic 

flocs depend on the type of algae added to the suspension.      
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Methodology 
• Small-scale flocculation experiments (Jar Test) 

 
• Measurements of floc size (Malvern MasterSizer): D50 of FSD 

 
• and obscuration (Malver MasterSizer) 

• Obscuration: % of either absorbed or scattered light from the laser 

beam in the particle sizer. 

• Obscuration is a measure of turbidity induced by suspension (we 

don’t know equivalence with NTU or other) 

• Δnumber of fines or Δconcentration                     Δobscuration 

• Δfloc size or settling                     - Δobscuration 
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Methodology 
 

G = - 0.849 + 1.5 log ( 60 sf )  (KIWA 1976) 



9 Challenge the future 

Methodology 

All experiments with Markermeer filtered water 
(2microns), Markermeer bed-sediments, and 

Markermeer algae species 
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Results 
Bed sediments 

Hypothesis 1: 
“In the Markermeer, suspended sediments, 

mobilized form the bed, can flocculate, attaining 
an equilibrium floc size which is a function of the 

turbulence level” 
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Results 
Bed sediments 
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Results 
Behaviour of algae 

Aphanizomenon sp.  
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Results 
Behaviour of algae 
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Results 
Behaviour of algae 

Aphanotece  sp.  
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Results 
Behaviour of algae 
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Results 
Aphanotece and bed sediments 
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Results 
Aphanotece and bed sediments 
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Results 
Aphanotece and bed sediments 
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Results 
Aphanotece and bed sediments 

Hypothesis 2 (partly): 
     “Algae and suspended sediments can flocculate, affecting floc properties” 
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Results 
Aphanizomenon and bed sediments 

5·103 filaments/ml  
12.5·103 flocs/ml 

4·103 filaments/ml  
0.5·103 floc/ml 
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Results 
Aphanizomenon and bed sediments 
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Results 
Aphanizomenon and bed sediments 

Decrease of 1000 filaments after final counting 
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Hypothesis 3: “The characteristics of the resulting organic-inorganic flocs depend 
on the type of algae added to the suspension.      

Hypothesis 2 (partly): “Algae and suspended sediments can flocculate, 
affecting light climate in the water column” 
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Conclusions 
 

•“In the Markermeer, suspended sediments, mobilized form 
the bed, can flocculate, attaining an equilibrium floc size 
which is a function of the turbulence level” 
 

• “Algae and suspended sediments can flocculate, 
affecting floc properties and light climate in the water column” 
 

•“The characteristics of the resulting organic-inorganic flocs 
depend on the type of algae added to the suspension. 
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Relevance 

• This suggests that light climate is affected by mutual 
flocculation with algae. We suggest to consider this processes 
when studying historic turbidity trends.  
 

• Ecology: Mussels and Daphnia filter algae to eat: aggregation 
with bed sediments makes it more difficult (maximum particle 
size that an animal can filter). Alteration in food chain. 
 

• Chl a is not enough! Algae morphology (and surface charge 
properties?) 
 

• Do algae always promote macroflocs? Not our filaments at 
field concentration 
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Thank you for your attention 

•Any questions??? 

M. A. de Lucas Pardo1,2, TUDelft & Deltares miguel.delucaspardo@deltares.nl 
 
J. C. Winterwerp1,2, TUDelft & Deltares 
 

mailto:miguel.delucaspardo@deltares.nl�
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Relevance 
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Relevance 
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Relevance 
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