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ABSTRACT 
 

The influent ratio of Mono- over Polyvalent cations (M/P ratio) influences activated 
sludge bioflocculation. A more thorough insight through means of conventional 
macroscopic parameters, Sludge Volume Index (SVI) and Effluent Suspended Solids 
(ESS), and microscopic image analysis was pursued in this work. Therefore, a long 
term experiment was conducted during which activated sludge was exposed twice to 
a transition in influent M/P ratio from 1.5 to 15. Two distinct observations were made. 
The first transition indicates the existence of a loosely attached layer evidenced by 
the temporary release of small sludge particles as observed by image analysis. This 
release was followed by a decrease in amount of small sludge particles and increase 
in floc size indicating good bioflocculated sludge. The second transition results in a 
massive release of small particles leading to complete sludge deflocculation. 
(De)flocculation was monitored by both SVI and microscopic image analysis, 
whereas during the first transition the change in bioflocculation condition could only 
cleary be monitored by means of microscopic image analysis.  Based on this study, 
microscopic image analysis proves to be a powerful monitoring tool to assess the 
bioflocculation condition of the activated sludge, whereas SVI is unable to accurately 
monitor its bioflocculation condition. 
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INTRODUCTION 
 

Activated sludge bioflocculation is of primary importance for all suspended activated 
sludge processes, e.g., for conventional activated sludge systems (CAS) and 
membrane bioreactors (MBRs). For the former, good activated sludge bioflocculation 
enhances the settling characteristics of the activated sludge and allows a proper 
separation such that effluent standards can be met (1). For MBRs on the other hand, 
poorly flocculated sludge is equally unwanted because such an activated sludge 
mixture accelerates membrane fouling (2, 3). Hence, it is clear that well flocculated 
sludge is a prerequisite for high activated sludge process performances. 

Sludge flocs are considered to be a collection of several particles or building blocks 
which are held together by different kinds of interparticle forces such as bridging by 
extracellular polymeric substances (EPS), cations, hydrophobic and Derjaguin-
Landau-Verwey-Overbeek (DLVO)-type of interactions (4, 5, 6, 7, 8). According to 
Jorand (9), Mikkelsen (10) and Klausen (11), these different building blocks are (i) 
primary particles (e.g., single bacteria) with dimensions ranging from 0.5 to 5 µm, (ii) 
microcolonies from 5 to 13 µm and (iii) (large) flocs which are larger than 25 µm. 
Considering these particles, flocculation occurs through a combination of flocculation 
forces as described above by adhesion of primary particles to microcolonies or floc 
surfaces or by floc-floc aggregation which eventually yields larger flocs. As for 
deflocculation, it has been reported that it occurs either through erosion of primary 
particles and microcolonies from the floc surface or by floc break-up, with erosion 
being the dominant mechanism of deflocculation in activated sludge (12). The latter 
results were inferred from floc stability experiments based on turbidity measurements 
before and after shearing. A validation based on the evolution of the morphology of 
the activated sludge flocs has not been reported yet. 

A study performed by Sobeck and Higgins (7) suggests that the Divalent Cation 
Bridging theory (DCB) best explains the role of cations in the activated sludge 
flocculation process. This theory states that divalent or, in a broader perspective, 
polyvalent cations (e.g., Ca2+, Mg2+, Fe3+ and Al3+) form bridges between the 
negatively charged functional groups (e.g., COO-, OH-) of the extracellular polymeric 
substances (EPS) attached to different flocs/bacteria and in this way aggregate and 
stabilize the matrix of bacteria and EPS. Monovalent cations (e.g., Na+, K+) cannot 
form bridges, hence, if these polyvalent cations are replaced by monovalent cations 
the bioflocculation condition of the sludge deteriorates. Novak (13) evaluated the 
cation balance from several industrial wastewaters and found that when the M/P ratio 
in the influent was smaller than two, better settling properties of the activated sludge 
were observed. Similar results were found by Murthy and Novak (14) and Peeters 
and Herman (15).  

The objective of this work is dual, (i) gaining a more thorough insight in the cation-
induced (de)flocculation process and (ii) comparing monitoring tools for activated 
sludge (de)flocculation.  To this end, the bioflocculation condition of the sludge was 
monitored and manipulated in a long term lab-scale experiment. Activated sludge 
deflocculation was induced by applying a transition in influent M/P ratio from 1.5 to 15 
which, according to Sobeck and Higgins (7), should yield good and bad 
bioflocculated sludge, respectively. The resulting changes in bioflocculation were 
monitored by conventional methods, such as, Sludge Volume Index (SVI) and 
Effluent Suspended Solids (ESS) and microscopic image analysis, which quantifies 
the floc size and amount of primary particles and microcolonies. 

 

MATERIALS AND METHODS 
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Experimental set-up. A 20L lab-scale activated sludge system, connected to a 5L 
conical settling tank, simulating a conventional activated sludge system, was seeded 
with 20L activated sludge from a full-scale municipal wastewater treatment plant 
(Leuven, 130,000 population equivalents) resulting in an initial mixed liquor 
suspended solids concentration (MLSS) of 3.77g/L. The reactor was continuously 
stirred and aeration was provided by means of porous aeration stones, yielding a 
dissolved oxygen concentration over 4mgO2/L. The Sludge Retention Time (SRT, [d]) 
was set to a moderate value of 20 days by controlling the daily amount of waste 
sludge. In Figure 1 a schematic overview of the lab-scale reactor is provided. 

 

 
Figure 1 Schematic overview of the experimental set-up, consisting of a 20L 

lab-scale reactor connected to a 5L conical settling tank, simulating a 
conventional activated sludge system. 

 

Influent. A synthetic influent with glucose as carbon source was used to ensure a 
stable and consistent feed to the reactor. The composition of the influent is provided 
in Table 1.  
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Table 1 Synthetic influent composition with glucose as carbon source. The 
M/P ratio of the influent is changed by adjusting the concentrations of 
Ca2+ and Na+. 

 
 M/P = 1.5 M/P = 15 

Day 0 - 50 
101 - 169 

51 - 100 
170 - 233 

Component Concentration [g/L] 

Glucose 2.550 2.550 

(NH4)2HPO4 0.217 0.217 

NH4NO3 0.597 0.597 

NaOH 0.730 0.730 

KCl 0.086 0.086 

Na2SO4 0.133 0.133 

NaCl 0.000 4.097 

MgCl2.6H2O 0.376 0.376 

CaCl2 0.888 0.083 

FeCl3 0.087 0.087 

Yeast extract 0.150 0.150 

 
An intermittent feeding pattern (5L/d, equally divided over 8 feeding moments) 
creating feast/famine cycles in the reactor was used to favour the growth of floc-
forming bacteria, according to the Kinetic Selection Theory (17). This feeding pattern 
was applied to avoid interference of (an excessive overgrowth of) filamentous 
bacteria on settling and image analysis data. As a result, the obtained good or bad 
bioflocculation conditions can then be solely attributed to a change in cation ratio in 
the influent. This does not mean that the presence of filamentous bacteria is not 
important for activated sludge bioflocculation, because in fact they are, and serve as 
a backbone for the flocs (18). The flocs obtained by this type of feeding pattern do 
not show many filamentous bacteria protruding from the floc, as can be observed in 
Figure 2.
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Figure 2 Effect of the applied intermittent feeding pattern on activated sludge 

morphology. A: activated sludge morphology at start-up showing 
filamentous bacteria protruding from the floc, B: activated sludge 
morphology after 1 month of adaptation to the intermittent feeding 
pattern resulting in a limited amount of protruding filamentous 
bacteria. 

The resulting organic loading rate was 0.20 ± 0.040gCOD/gMLSS.d. The influent 
M/P ratio was altered by changing the concentrations of Ca2+ and Na+ in the influent. 
Calcium and sodium were selected because they have been identified as important 
factors which affect floc formation and process performance (19, 20) and are at the 
opposite side of the flocculation ability spectrum of cations (21). The choice to apply 
an influent M/P ratio of 1.5 is based on (i) the critical influent M/P ratio of 2 as 
proposed by Novak et al. (13) for which a ratio lower than 2 should result in good 
activated sludge bioflocculation conditions and (ii) based on literature data from 
Tchobanoglous (16) on average cation concentrations in domestic wastewater 
resulting in an influent M/P ratio of 2.58. The high value of 15, on the other hand, is 
also relevant because for example (i) during winter time when salt (mostly NaCl) is 
applied to prevent ice formation on roads, its run-off can subsequently enter the 
wastewater treatment plant resulting in an increased influent M/P or (ii) if a 
wastewater treatment plant has to treat wastewater from different sub-units in a 
factory. If one of these subunits is working at a higher or lower productivity (or is 
temporarily shut down for maintenance reasons), large shifts in cation 
concentrations can occur. For an industrial case study the reader is referred to 
Peeters and Herman (15). The high M/P value is, hence, realistic and the value of 15 
was chosen to induce a significant difference between the two M/P cases. In any 
case, it needs to be taken into account that a large variation in influent M/P values 
might exist within one wastewater treatment plant. 

General analytical methods. Chemical oxygen demand (COD) was measured with 
Hach Lange test cells (LCK 414, 614 and 014) on a spectrophotometer (DR 5000, 
Hach Lange). Dissolved oxygen in the 20L bioreactor was measured using an LDO 
sensor (HQ40d, Hach Lange) and pH was measured with a PHC101 electrode 
(HQ40d, Hach Lange). Sludge volume index, mixed liquor (volatile) suspended solids 
(ML(V)SS) and effluent suspended solids (ESS) measurements were conducted in 
accordance to the procedures described in APHA Standard methods (22). 
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Image analysis. A fully automated image analysis procedure, ACTIAS (ACTivated 
sludge Image Analysis System), was used for the characterization of the activated 
sludge morphology (23). To this end, activated sludge images were captured 
manually using a light microscope (Olympus BX 51) with phase contrast illumination 
(Ph1) and a total magnification of 100 times. The microscope was equipped with a 3 
CCD color video camera (Sony DXC-950P) which was connected to a computer. 
Microscopic images (80 images/day) were digitized and stored as JPG (768 x 576 
pixels) using Zeiss KS 100.3 acquisition software. These images were subsequently 
processed by the ACTIAS image analysis procedure which is embedded in the 
MATLAB Image Processing Toolbox 4.2 (The Mathworks Inc., Natick, MA). Through 
a consecutive segmentation and recognition algorithm, ACTIAS is able to calculate a 
specific set of morphological variables, e.g., floc size and fractal dimension of the 
flocs. An extensive description on how these variables are computed can be found in 
Jenné (23). For this study, the building blocks of the activated sludge, being, primary 
particles, microcolonies and flocs, are approximated as circular 2D-objects and 
characterized by their equivalent diameter (Deq), as analyzed by ACTIAS (Table 2).  
To this end a conversion between pixels and micrometer is performed (1 pixel equals 
1.675 x 1.675 µm). This means that the fraction from 0.5 to 1.675 µm cannot be 
detected with the image analysis system discussed. A higher resolution can possibly 
provide additional information on the primary particle fraction, however, the observed 
range in primary particles from 1.675 to 5 µm already provides a clear view on the 
observed bioflocculation process. 

 
Table 2 Equivalent diameter and (circular) surface of activated sludge building 

blocks (primary particles, microcolonies and flocs). 

Particle Deq [µm] A [µm²] 

primary particle 0.5 - 5 0.20 - 20 

micro-colony 5 - 13 20 - 133 

large flocs > 25 > 491 

 

Statistical analysis. Statistical analyses were carried out with the Matlab Statistics 
Toolbox 6.2. (The Mathworks Inc., Natick, MA). t-Tests were performed to investigate 
whether a significant difference exists between two conditions. Differences were 
considered statistically significant at a 95% confidence interval (p < 0.05). The 
Pearson’s product moment correlation coefficient (rp) was used for linear estimations 
of the strength and direction of linear correlations between two parameters. 
Correlations were considered statistically significant at a 95 % confidence interval (p 
< 0.05) (24).  

 

RESULTS AND DISCUSSION 
 
SVI and ESS as bioflocculation indicator 
In literature, SVI is a frequently used and accepted indicator to derive information on 
activated sludge settleability and, in a broader context, also to derive information on 
the sludge’s bioflocculation condition (7, 25). The latter is based on the idea that, in 
general, a low SVI indicates good settling sludge and if there are no problems with 
the sludge’s settleability then ultimately its bioflocculation condition must also be 
good. This seemingly logical reasoning does not always hold and is not scientifically 
backed.  Moreover, it is known that SVI does not represent a full-scale system in a 
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representative way (26). In addition, sludge volume index is dependent on more 
factors than can be seen from its calculation (i.e., volume of sludge after 30 min. 
settling and biomass concentration) as evidenced by different correlations, although 
often of contradictory nature, found with EPS and hydrophobicity (6, 16). Therefore, 
care should be taken when using SVI as an indicator for phenomena other than 
sludge settleability. Apart from SVI, ESS is also a frequently used as an indicator for 
bioflocculation, based on a similar reasoning as the one for SVI. The lower the 
concentration of ESS in the effluent, the more efficient the separation and thus the 
better the bioflocculation is expected to be (7, 27). However, ESS values in this 
experiment are not representative for the system because they are underestimated 
which is inherent to the design of the settling tank used. Therefore they are not 
further discussed. In the context of finding monitoring tools resulting in more and 
better information on activated sludge bioflocculation, a comparison between SVI and 
microscopical image analysis is made. 

 
Transient phases  
The transition of an influent M/P ratio of 1.5 to 15 will only be made when the data is 
stable for one SRT (20 d). Stability is defined by a range of 15% of variation around 
the mean value of the parameter under investigation during 20 days. The red zones 
on Figures 3, 4 and 7 represent unstable data due to adaptation to the new synthetic 
influent and the corresponding influent conditions. The collected data points during 
these periods are not considered for further analysis and discussion. Three transient 
phases can be observed: (i) start-up, (ii) influent M/P from 1.5 to 15 (which 
corresponds to transition 1 and 2) and (iii) influent M/P from 15 to 1.5 (between both 
transitions).  A transient phase is defined as the time required to cross the critical 
M/P value of 2 in the reactor for bad bioflocculation to occur or when the value of 1.5 
has been reached ensuring good bioflocculated sludge. The transient phase for start-
up cannot be calculated because the influent M/P from the full-scale wastewater 
treatment plant is not known. Therefore it is based on the observed stability in SVI 
and image analysis data, which corresponds, in this case, to 20 days (day 0 – 20).  
The transient phase for both transitions of 1.5 to 15 is negligible since the critical 
value of 2 is crossed on the day the transition in influent M/P is applied. The transient 
phase for the change in influent M/P from 15 to 1.5 (between both transitions) takes 
30 days (day 100 – 130). This calculation of transient phases is based on the dilution 
effect in continuously stirred tank reactors and does assume that there are no 
interactions of the cations present in the influent with EPS or other activated sludge 
characteristics or with inorganic ions such as carbonates or phosphates because no 
data or relations exist to incorporate such dynamics. Although the assumption made 
to calculate these transient phases are not entirely correct, they are in good 
agreement with the observed stability of SVI and image analysis data as can be 
observed in Figures 3 and 4.  

 
Seed sludge bioflocculation condition 
The initial M/P ratio of the domestic wastewater fed to the seed sludge is not known, 
however, based on the morphology and floc structure as measured by floc size (38.2 
µm) and low amounts of primary particles and microcolonies (see Figure 3A and 4A) 
it can be concluded that the bioflocculation condition of the sludge is good, although 
the initial sludge volume index (135.3 mL/gMLSS) is rather high. An image of the 
seed sludge is provided in Figure 2A. During start-up the reactor is fed with the 
specified synthetic wastewater with an M/P ratio of 1.5 and is the sludge is allowed to 
adapt to these new conditions.  
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Bioflocculation at influent M/P ratio of 1.5 
During the first period with an influent M/P ratio of 1.5 (day 0 - 50), the flocs start to 
grow on the synthetic influent and primary particles and microcolonies become 
incorporated in the flocs or leave the system with the effluent as indicated by a 
decrease in their respective amounts (Figure 3) and an increase in average floc size 
(see Figure 4). The same trends were also observed during the second low influent 
M/P period (day 100 – 169). 

 
Figure 3 Evolution of the relative number of primary particles and microcolonies, as 

analysed by microscopic image analysis, during the first (A) and second (B) 
transition in influent M/P ratio from 1.5 to 15. The red zones cover the 
transient periods caused by adaptation or dilution effects. The black vertical 
lines indicate the effective starting time of a period with a certain influent M/P. 

 

 
Figure 4 Evolution of the equivalent diameter Deq (floc size), as analysed by 

microscopic image analysis, during the first (A) and second (B) transition in 
influent M/P ratio from 1.5 to 15. The red zones cover the transient periods 
caused by adaptation or dilution effects. The black vertical lines indicate the 
effective starting time of a period with a certain influent M/P. 
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For both cases, sludge settleability was excellent as indicated by low SVI values  
corresponding to 39,8 ± 6.6 and 64.01 ± 6.4 mL/gMLSS (± standard deviation) for the 
first and second transition, respectively (see Figure 5). 

 
Figure 5 Average SVI values (± standard deviation) before (black) and after (white) a 

transition in influent M/P from 1.5 to 15. The first transition shows no 
significant difference in SVI while the second transition results in a significant 
difference in SVI for the applied influent M/P ratios.  

 

For both periods with an influent M/P ratio of 1.5 it can be concluded that after giving 
the sludge sufficient time to incorporate the cations low amounts of primary particles 
and microcolonies are present in the activated sludge matrix and large flocs are 
being formed which result in  a sludge with a good settleability and bioflocculation 
condition.  

 
First influent M/P transition to 15 
When the activated sludge was exposed for the first time to a transition in influent 
M/P ratio from 1.5 to 15, the obtained results were not expected. An instantaneous 
release of primary particles and microcolonies was observed, which caused a 
reduction in average floc size of more than 50% (Figure 4A). This was still in 
accordance with the divalent cation bridging theory, however, starting from day 60, 
average floc size starts to increase again but never reaches the same level as for an 
influent M/P ratio of 1.5. The SVI-values (Figure 5A) before and after this first 
transition showed no significant difference (t-test, p > 0.05), 42 ± 8 mL/g and 45 ± 7 
mL/g, respectively. However, within the period subjected to an influent M/P of 15 
(2.5x SRT) a significant difference in SVI between the value at the start, day 51, 
(39.4 mL/gMLSS) and the value after 2.5x SRT, being day 100 (59.7 mL/gMLSS) can 
be observed. According to Sobeck and Higgins (7) the incorporation of cations in the 
floc structure takes some time (2 - 3 SRTs) because cations exert their greatest 
influence during the period when biopolymers are produced and flocs are being 
formed. However, not much research has been done on the actual dynamics or 
kinetics of the cation exchange mechanism in activated sludge flocs. The proposed 
period of 2 - 3 SRTs is most likely based on the observation that the eventual 
(macroscopic) effects are only visible after this period has passed. An explanation for 
the observed effect during this first transition from an influent M/P ratio from 1.5 to 15 
can be found in the existence of a loosely bound layer surrounding the floc core. This 



Postprint	  version	  of	  paper	  published	  in	  Separation	  Science	  and	  Technology	  2013,	  vol.	  48,	  issue	  10,	  p.1433-‐1441	  
The	  content	  is	  identical	  to	  the	  published	  paper,	  but	  without	  the	  final	  typesetting	  by	  the	  publisher.	  

Journal	  homepage:	  http://www.tandfonline.com/toc/lsst20/current#.Us_5nXlfwpE	  
Original	  file	  available	  at:	  
http://www.tandfonline.com/doi/full/10.1080/01496395.2013.767836#.Us_5W3lfwpE	  

	  

 10 

idea was first proposed by Keiding and Nielsen (28). This layer, consisting of organic 
macromolecules and (single) bacteria, can easily be detached from the floc core 
when colloidal stability changes, e.g., by altering the concentration of Ca2+ or Na+ in 
the influent. The released particles can then leave the system via the effluent or 
reflocculate and remain in the system. The observed partial reflocculation, starting 
from day 60, can be attributed to the formation of a new loosely attached layer 
around the exposed inner floc layer. This can occur through growth of sludge flocs 
and/or reflocculation of released particles with other floc particles. This  reflocculation 
is mediated by bioflocculation mechanisms, such as,  cation bridging, hydrophobic 
interactions, … From the observations made, it can be concluded that the loosely 
attached outer layer serves as a protective barrier surrounding the inner layer and 
consequently cation exchange in this loosely attached layer proceeds at a faster rate 
than cation exchange in the inner floc layers.  

 

In general, for this first transition, the observations made by the microscopic image 
analysis do not support the observed SVI data, therefore it was decided to perfom 
the transition from a low to a high influent M/P for a second time. This first 
observation leads to the conclusion that SVI does not contain any information 
concerning the activated sludge bioflocculation condition as characterized by floc 
size, amount of primary particles and microcolonies. Microscopic image analysis, on 
the other hand is able to visualize and reveal fundamental changes to the floc 
structure.  

Second influent M/P transition to 15 
Starting from day 140, low amounts of primary particles and microcolonies (Figure 
3B) and large flocs (Figure 4B) were again observed for the influent M/P ratio of 1.5 
indicating that well-bioflocculated sludge was obtained. On day 169 the second 
transition in influent M/P-ratio from 1.5 to 15 was applied. This led to an immediate 
increase in primary particle and microcolony amount (Figure 3B). Together with this 
increase, a steady decrease in average floc size until the level of small flocs was 
observed indicating that bioflocculation was severely hampered (Figure 4B). The 
effect of the hampered bioflocculation on sludge settleability can be seen in a steady 
increase in SVI values. SVI values became stable on day 204 and a significant (t-
test, p < 0.05) difference in SVI could be observed before and after this transition, 
i.e.,  63 ± 7 mL/gMLSS and 194 ± 29 mL/gMLSS, respectively (see Figure 5). The 
increase in SVI is logical because larger flocs have a higher free settling velocity than 
smaller ones (29). Also, because of these high SVI values, on day 233 the 
experiment was stopped because proper operation of the lab-scale reactor was 
impeded through a too low recycle to the biodegradation tank preventing the 
maintenance of a sufficient amount of activated sludge in the bioreactor. In general, 
the observed phenomena during this second transition were expected and 
corroborate the divalent cation bridging theory (7).  

 

The different reactions to a change in influent M/P ratio for the two transitions are 
visualized in the micro-photographs taken throughout the entire experiment (Figure 
6). 
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Figure 6 Micro-photographs of the activated sludge flocs taken throughout the 

experiment showing the (de)flocculation phenomena going on at the floc 
level. (A) flocs at start-up; (B) first transition resulting in the detachment of the 
loosely attached layer and subsequent reflocculation of the sludge and (C) 
second transition resulting in immediate deflocculation. 

 

The observed differences between both transitions can partly be explained by 
adaptation of the activated sludge to the cation-based influent. During the second 
transition it seems as if there is no loosely attached layer which is released from the 
floc, but because the sludge is highly adapted to the synthetic influent it is 
hypothesized that the release of this layer coincides or is immediately followed by the 
complete deflocculation of the sludge. It needs to be noted that measurement of 
EPS, hydrophobicity, surface charge,… would be beneficial in indicating the activated 
sludge characteristics which are responsible for the observed (de)flocculation. 
However, for most of these activated sludge characteristics no standard method is 
available, which makes comparison between different investigations difficult, if not, 
impossible. 

 

Fractal dimension and bioflocculation 
In addition, the release of small particles from the floc can also be detected by 
monitoring the fractal dimension (FD, [-]) of the floc border, which is a measure for 
the regularity or smoothness of the boundary of a sludge floc (23). An FD-value near 
1 means that the object has a very regular or smooth boundary (for example a circle), 
while a value higher than 1 means that the boundary becomes increasingly more 
irregular or less smooth (for example a snow flake).  
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Figure 7 Evolution of fractal dimension of the border of the sludge flocs during the first 

(A) and second (B) transition in influent M/P ratio from 1.5 to 15. The red 
zones cover the transient periods caused by adaptation or dilution effects. 
The black vertical lines indicate the effective starting time of a period with a 
certain M/P. 

 
Figure 7 clearly indicates that for the periods where the M/P ratio of the feed is equal 
to 1.5, the boundary tends to be smoother, while for periods where the M/P ratio of 
the feed is 15 the boundary becomes more irregular. This phenomenon occurs due 
to the release of primary particles and microcolonies which makes the floc boundary 
more rough/irregular. The increase in FD is positively and linearly correlated with the 
amount of primary particles (rp = 0.75) and microcolonies (rp = 0.53).  

 

CONCLUSIONS 
A more thorough insight in cation-induced deflocculation was obtained by performing 
a deflocculation experiment by subjecting activated sludge to a transition in M/P ratio 
in the influent from 1.5 to 15. This should, according to the divalent cation bridging 
theory, result in good and bad bioflocculated sludge, respectively. A first transition in 
influent M/P ratio led to the observation that, firstly a loosely attached outer layer has 
to be released from the floc before monovalent cations can become incorporated in 
the inner layers of the sludge floc, which takes time. In addition, because the 
cultivated sludge is, eventually, highly adapted to the synthetic influent, the release 
and deflocculation of the sludge occur at the same time when a second transition 
from an influent M/P ratio of 1.5 to 15 was performed. From a monitoring point of 
view the most important observation during the first transition was that SVI only 
slightly increased, while the second transition resulted in an almost instantaneous 
increase in SVI. Based on SVI values alone, it would, therefore, be concluded that 
bioflocculation is not affected during the first transition while the second transition 
resulted in severe deflocculation. Although, when monitoring the sludge on a 
microscopic level it was observed that the bioflocculation of the sludge did 
significantly change during the first transition as well, however this was not reflected 
in the SVI. Monitoring bioflocculation performance, in terms of floc size and amount 
of primary particles and microcolonies, by means of microscopical analysis results in 
more and superior information on what is actually going on at the floc level, in 
comparison to SVI. Therefore, microscopic image analysis should be further 
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exploited as a valuable tool in monitoring activated sludge bioflocculation. The 
ultimate aim is to be able to control bioflocculation in the plant, but, although a lot of 
research has been performed on the topic, we do not have all the answers to explain 
bioflocculation yet. A daily monitoring can, however, build up an extended data base 
to link the bioflocculation status of the sludge with influent and operational 
characteristics from which better theories can be inferred. Rule based modeling and 
control as for example presented by Comas et al. [30] can then be developed based 
on all available on- or at-line measurements including the analysis of microscopic 
activated sludge images 
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