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Activated sludge systems are biological 

processes greatly used in wastewater treatment 

plants (WWTPs). These systems are composed 

of an aerated tank where the biochemical phase 

occurs and a settler where the physical phase 

takes place. Solid-liquid separation is one of the 

most critical steps in activated sludge processes. 

This stage presents three main objectives: 

sludge thickening, effluent clarification, and 

sludge storage. Sludge settling ability is usual 

dependent of the structure, density and 

microbial aggregates size, which are prone to 

change, due to variations and disturbances of 

WWTPs conditions (Wilen et al., 1999). When 

the operating conditions are not perfect, mainly 

in terms of organic load, nutrients and oxygen 

supply, some malfunctions may occur such as 

pinpoint flocs formation, filamentous bulking, 

dispersed growth, and zoogleal or viscous 

bulking.  

In recent years, microscopic observation is 

becoming an important method to monitor and 

control activated sludge systems and, as a result 

of that, this technique is becoming widespread 

for the characterization of activated sludge 

microbial aggregates (Andreadakis, 1993; 

Barbusinski and Koscielniak, 1995). 

Furthermore, the association of image 

processing methodologies with microscopic 

visualization allows an accurate evaluation of 

activated sludge in bright field or phase contrast 

acquisition (Li and Ganczarczyk, 1991; 

Grijspeerdt and Verstraete, 1997). Nowadays, 

several authors have already developed image 

processing procedures to characterize biomass 

from activated sludge systems (da Motta et al., 

2002; Cenens et al., 2002; Amaral and Ferreira, 

2005; Jenné et al., 2006; and Arelli et al., 

(2009), studying the relationship between 

operational properties, on one hand, and 

microbial aggregates and filamentous bacteria 

contents, on the other. However, up to the 

present, most correlations have been established 

between the sludge volume index (SVI) and 

sludge morphological properties in filamentous 

bulking conditions solely (da Motta et al., 2002; 

Amaral and Ferreira, 2005). Moreover, the 

emphasis of such studies has been focused on 

the biomass contents and morphology, and little 

attention has been paid for the Gram type and 

physiological status (viable or damaged) of such 

biomass.   

Encouraged by the success of image analysis 

procedures over the last years in a broad range 

of different areas, the present work studies a 

lab-scale activated sludge system where 

operation conditions were modified resulting in 

normal conditions, filamentous bulking, 

pinpoint flocs and zoogleal bulking 

experiments.  

The settling ability of the reactor sludge was 

measured alongside nitrogen contents and 

chemical oxygen demand in the feed, reactor 

bulk and settler. Furthermore, regarding the 

biomass characterization, the studied parameters 

reflected 4 major groups, covering free 

filamentous bacteria contents, aggregates 

contents, aggregates size and aggregates 

morphology.  The biomass composition on 

gram-positive and gram-negative bacteria, as 

well as viable and damaged bacteria was also 

evaluated by image analysis coupled to 

epifluorescent staining. Finally, the resulting 

data was fed into a multivariate statistical 

analysis relating the image analysis information 

with the operational parameters. 



 

The overall results revealed an improvement of 

the sludge morphological characterisation, 

combining these new image analysis procedures 

with the conventional routines. Furthermore, the 

results obtained during the monitoring period 

indicate that automated image analysis can help 

clarifying the nature of the events within the 

aeration tank when the system is submitted to 

disturbances. 
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