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The Problem -- Foam 

�  Foaming occurs when hydrophobic 
substances trap gas bubbles and build a 
layer of foam at top of solids in the 
digester 

� Operational Problems 
� Reduced treatment efficiency 
�  Inhibition of gas collection 
�  Physical damage to digester cover 



The Cause 
�  Complex combination of one or more 

factors: 
�  Inadequate solids blending 
�  Insufficient mixing 
�  Gas mixing 
�  Temperature fluctuation 
�  Excessive grease and scum 
�  Volatile acid accumulation 
�  Filamentous organisms 
�  Organic overloading 
�  Extracellular polymeric substances 



Filamentous Organisms 
� Microthrix parvicella 

� Commonly associated with winter foaming in 
the Upper Midwest 

�  Actinobacteria that lives only in wastewater 
treatment plants 

� Hydrophobic surface, filamentous growth 
�  Primary carbon source is likely long chain 

fatty acids 
� Other organisms Nocardia, Gordonia 

sp., Skermania sp., or Rhodococcus sp. 



Microthrix Parvicella 

� Does not appear to grow in anaerobic 
digesters 
� Grows in activated sludge basins and 

washes out into the digesters 
� Organisms appear to cause foaming 

regardless of viability 
� Chemical disinfection ineffective 

� Preventative measures must be applied 
to the activated sludge basin 



Microthrix parvicella (cont) 

� Most competitive at 7-20°C (45-68°F) 
� Grows in anaerobic, anoxic, and oxic 

conditions 
� Most competitive in alternating anaerobic/

oxic conditions, where it stores energy much 
like phosphorus accumulating organisms 

 

Source: Concurso GBS 



The Cure? 

� Reducing filamentous organisms 
�  Antimicrobial treatment in the aeration 

basins 
� Changing F/M ratio in the aeration basins 

�  Reducing the influence of filamentous 
organisms 

�  Increasing SRT in the anaerobic digester 
(analogous to reducing F/M ratio in 
digester) 



Antimicrobial additive - PAX-18 

� Mixture of polyaluminum chloride salts 
� Demonstrated to reduce foaming in 

activated sludge basins 
� Mechanisms not entirely understood 

�  Inhibits Microthrix activity 
� Creates denser flocs – 

slower nutrient transport 
� Also applicable to  

anaerobic digesters? 



Organic Overloading 

� Reducing organic loading often helps 
with foaming problems at the cost of 
requiring larger digesters 
�  Slower gas production 
� More dilution of influent 
� Degradation of foam-promoting substances 

� How much does it help? 



Extracellular Polymeric 
Substances (EPS) 
� Complex organic molecules produced 

by microorganisms 
�  Influence flocculation 
� May be stabilized by divalent cations 

and destabilized by monovalent cations 



Project Goals 

� Determine if PAX-18 is effective at 
controlling foaming in anaerobic 
digesters 

� Examine the effects of different organic 
loading rates 

� Analyze EPS and various other 
parameters to determine if they may be 
related to foaming 





Semi-batch Reactors 



Semi-batch Reactors 
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PAX-18 Addition 
� PAX-18 (a mixture of polyaluminum 

chloride salts) was added to the 
activated sludge basin of MMSD’s first 
treatment train from weeks 17-18 and 
weeks 23-26 

� Waste activated sludge 
from the first treatment 
train was used in the feed 
for the Control+PAX 
reactor 





Analytical Methods 
�  Performed weekly by research group 

�  Foaming potential by aeration 
�  Filament counts 
�  Reverse India ink staining 
�  M. parvicella by qPCR  
�  Fluorescent In-Situ Hybridization 



Analytical Methods 

� Chemical characterization by Madison 
Metropolitan Sewerage District’s 
Laboratory 
�  Every other week or every third week 
○  Metals, pH, alkalinity, TKN, ammonia, 

phosphorus, volatile acids, and extracellular 
polymeric substances 

� Weekly 
○  Total and volatile solids 
 





Foaming Potential by Aeration 
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Relative Foaming Potential 



Relative Foaming Potential 



Foaming Potential by Aeration 
�  Foaming potential does appear to be 

higher in the Control+PAX digester during 
the periods of non-PAX addition 
�  No significant difference in the periods of PAX 

addition 
�  The error bars for the Control+PAX reactors rely 

on some questionable assumptions 
�  Foaming potential was significantly lower in 

the 25d SRT reactor (p<0.05) 
�  No significant difference between 10d and 

15d (Control) SRT reactors at p=0.1 



Filament Counts 
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Relative Filament Counts 



Filament Counts 

�  Temporal variance is fairly similar to 
foaming potential 

� Averaged results also similar to those 
from the foaming potential test 
�  Largely inconclusive for PAX addition 
�  25d SRT reactor had significantly less 

filaments than the 10d and 15d (Control) 
reactors (p<0.05) 



Genetic Copies of Microthrix 



Genetic Copies of Microthrix 

� Microthrix was detected at high levels in 
the foam and reactor effluents 

� No clear relationship between PAX 
addition and genetic copies of Microthrix 



Reverse India Ink Stain 
Fluorescent In Situ Hybridization 
� Provided confirmation of the presence of 

EPS 
� Provided qualitative confirmation of the 

presence and relative density of target 
filaments 



Other Results 
�  Metals 

�  Aluminum was higher in the Control+PAX 
reactor during the PAX feeding periods (p<0.05) 

�  Control+PAX reactor also contained higher total 
iron and lower dissolved calcium (p<0.05) 

�  25d SRT had higher concentration of several 
metals (aluminum, calcium, iron, potassium, and 
sodium) (p<0.05) 

�  10d SRT had lower concentration of iron, 
dissolved calcium, and dissolved potassium 
(p<0.05) 



Other Results 

�  pH and alkalinity 
�  Longer SRT = higher pH and ALK 

�  Total and volatile solids 
�  Longer SRT = lower TS and VS 

� Volatile acids 
�  25d SRT had higher n-butyric and isobutyric 

acid 
�  TKN, Ammonia, Phosphorus, EPS 

� No compelling differences 





FP 0.09 -0.26 -0.47 -0.22 0.14 0.14 0.03 0.14 -0.20 -0.17 0.11 0.10 FP 
p 0.56 0.07 0.00 0.12 0.34 0.32 0.87 0.34 0.18 0.22 0.45 0.50 p 

Al Al-D Ca Ca-D Fe Fe-D K K-D Mg Mg-D Na Na-D 

FP 0.00 0.06 -0.03 -0.29 -0.01 -0.27 -0.10 0.01 0.02 0.05 FP 
p 0.99 0.68 0.83 0.04 0.95 0.05 0.47 0.88 0.82 0.57 p 

pH ALK NH3-N TKN TKN-D TP TP-D TS VS V-Dest 

FP 0.10 -0.23 -0.36 -0.13 0.19 0.01 0.40 0.01 0.42 -0.39 FP 
p 0.48 0.11 0.01 0.34 0.01 0.93 0.02 0.96 0.01 0.02 p 

ACE I-BU n-BU PRO Flmnt InInk EPS-C SMP-C EPS-P SMP-P 

FP = Foaming Potential by Aeration            p-val = p-value 
Al = Total Aluminum, Al-D = Dissolved Aluminum, etc. 

ALK = Alkalinity                        NH3-N = Ammonia           TKN = Total Kjeldahl Nitrogen 
TKN-D = Dissolved Nitrogen   TP = Total Phosphorus    TP-D = Dissolved Phosphorus 
TS = Total Solids                      VS = Volatile Solids         V-Dest = VS Destruction 

ACE = Acetic Acid              I-BU = Iso-Butyric Acid                n-BU = n-Butyric Acid 
PRO = Propionic Acid        Flmnt = Log Filament Count       InInk = Log India Ink Stain 
EPS-C = EPS Carbohydrates                   SMP-C = SMP Carbohydrates 
EPS-P = EPS Proteins                            SMP-P = SMP Proteins 

Correlation Results 



Correlation Results 
�  No single factor could be correlated to 

foaming potential 
�  High foaming potential most correlated to: 

�  Low calcium concentrations 
�  High extracellular polymeric substance (EPS) 

concentrations 
�  Lesser correlation to: 

�  Low n-butyric acid concentration 
�  Low soluble microbial product (SMP) proteins 





Conclusions 
�  Unusually warm weather and foaming issues 

in one of the activated sludge trains caused 
difficulties in determining if PAX-18 was 
effective at controlling foaming in anaerobic 
digesters or not 

�  Operating at a 25d SRT tended to reduce 
foaming potential and filamentous organism 
numbers 

�  Lower calcium (~700 mg/L) and higher 
extracellular polymeric substances (~150 mg/L 
carbohydrates or 800 mg/L proteins) were 
most closely correlated with foaming potential 
�  This does not necessarily indicate causality 
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Questions? 


