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Abstract 

The majority of activated sludge research is conducted in a laboratory environment 
with, most often, the start-up sludge being taken from a large-scale wastewater 
treatment plant. Inoculating this sludge in a lab-scale set-up induces a transient 
period, which, evidently, has a direct impact on the experimental results during this 
period of acclimatization. In the currently published literature, the acclimatization 
period is either neglected or fixed to two or three times the sludge age, without any 
guarantee that stable conditions are indeed reached. To develop a strategy that 
assesses the stability of activated sludge, three experiments were performed during 
which the activated sludge was extensively monitored through a series of physical, 
microscopic and biochemical analyses. It is demonstrated that it is possible to 
objectively quantify activated sludge stability through the monitoring of the total 
averaged filament length per image, the sludge volume index and the maximum 
specific oxygen uptake rate. Hereto, a moving window approach is adopted: within a 
seven days interval the mean slope and the gap between the maximum and minimum 
value has to be smaller than a pre-specified threshold value. Once stability is reached, 
the true impact of test conditions can be studied without interference of adaptation 
phenomena. 
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List of abbreviations 

(s)COD (soluble) Chemical Oxygen Demand [mgO2/L]; 

Deq Equivalent diameter [µm]; 
DGGE Denaturing Gradient Gel Electrophoresis; 

F Total averaged filament length per image 
[µm/image]; 

FF Form factor; 
FISH Fluorescent In-Situ Hybridization; 

MLSS Mixed Liquor Suspended Solids [g/L]; 
OUR Oxygen Uptake Rate [mgO2/L.h]; 

R Floc roundness; 
RAS Return Activated Sludge [g/L]; 

S Solidity; 
SOURmax Maximum Specific Oxygen Uptake Rate 

[mgO2/gMLSS.h]; 
SRT Solids Retention Time [d]; 

SVI Sludge Volume Index [mL/g]; 
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1. Introduction 

The activated sludge process is indisputably the most frequently used technique in 
the field of biological wastewater treatment. Although there are several forms in 
which this process is operated, ranging from very basic (e.g., oxidation ditches) to 
more advanced systems (e.g., membrane bioreactors), the basic principles remain the 
same. A diverse population of micro-organisms converts biodegradable organic 
wastewater constituents and certain inorganic fractions into new biomass and 
byproducts, both of which can subsequently be removed by gaseous stripping, 
settling, or other physical means (Vesilind, 2003). 
For practical purposes, most research on activated sludge processes is performed in a 
laboratory environment for which inoculation sludge most often is taken from a 
large-scale wastewater treatment plant. This shortens the start-up period of the lab-
scale set-up and provides a diverse population of micro-organisms. Transferring well 
adapted activated sludge to a different environment causes the biotic community to 
undergo a strong transition to adapt to this new environment and operational 
conditions (Barbusiński, 1991). To avoid interference of adaptation phenomena, one 
should be able to readily quantify whether the culture has regained a stable condition. 
However, while stability can be defined quite accurately in a mathematical context, a 
generally applicable definition is lacking in the biological context of mixed cultures 
(Kindlmann and Leps, 1985; Grimm et al., 1992). Depending on the aim of the 
envisaged experiments, different aspects of the microbial population can be of 
importance. In general, if no highly specific (and/or difficult to biodegrade) 
components need to be broken down (which would require the presence of very 
specific organisms), functional stability is much more important than community 
structure stability. It has, indeed, been shown by several authors that a highly 
dynamic community can sustain a functionally stable ecosystem (e.g., Fernandez et 
al., 1999; Kaewpipat and Grady Jr., 2002; Lozada et al., 2004). 
Furthermore, if a transition period is taken into account,  the most common practice 
is to wait for two to three sludge ages, to allow the micro-organisms to adapt (e.g., Li 
and Yang, 2007; Massé et al., 2006; Agridiotis et al., 2007; to name but a few). Years 
of practice has indeed shown that this period is most often appropriate. However, this 
period may be chosen too short (if an unforeseen disturbance took place) or too long, 
since there is no objective measure to base the duration of this period on. 
To the best of the authors’ knowledge, only Barbusiński and Miksch (1997) and 
Higgins and Novak (1997) explicitly addressed the problem of quantitatively 
assessing activated sludge stability. Barbusiński and Miksch (1997) propose to 
monitor the substrate removal, biomass growth, oxygen uptake rate, dehydrogenase 
activity (TTC) tests and/or sludge volume index supplemented by microscopic 
examinations, whereas Higgings and Novak (1997) monitor sludge settling and 
dewaterability. They regard the period of acclimatization (or adaptation) as finished 
when the values of the considered (set of) variable(s) do not differ by more than 10 to 
15% within a 7-day time interval or 20% within a 4-day interval, respectively. 
However, depending on the standard deviation of the considered measurements, the 
proposed range of changes (from 10% up to 20%) can induce a too narrow or a too 
wide bandwidth. Furthermore, for variables that range from very high to very low 
values within the same experiment a fixed bandwidth can be problematic. 
The aim of this paper is to propose a (refined) strategy that assesses transients in 
activated sludge processes based on objective, measureable variables that are related 
to functional stability. Once the activated sludge population has reached a 
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functionally stable state, the true impact of test conditions can be studied without 
interference of adaptation phenomena. 
 

2. Materials and methods 

Experimental set-up 

Figure 1 depicts a scheme of the experimental set-up. Experiments were performed in 
a cylindrical bioreactor with a volume of 20 L which was connected to a conic settler 
with a volume of 5 L. The reactor was seeded with return activated sludge (RAS) 
taken from a large-scale municipal wastewater treatment plant (Leuven, 130.000 
population equivalent). The concentrated RAS (7- 11 g/L) was diluted with effluent 
water (1:1) to obtain an initial mixed liquor suspended solids concentration of 3.4 - 
5.4 g/L in the bioreactor. 
The reactor was continuously stirred and the dissolved oxygen level was measured 
and kept above 4.0 mgO2/L by means of a porous stone diffuser delivering 
compressed air. The solids retention time (SRT) was set to 20 days by controlling the 
daily amount of waste sludge. 
 

 
Figure 1: Scheme of the experimental setup. 
 

Influent 

The reactor was fed with 5 L/d of synthetic influent (Table 1). A synthetic 
wastewater was used throughout these experiments to ensure a stable and consistent 
feed to the reactor. An intermittent feeding pattern of 625 mL every 3 h was applied 
to favor the growth of floc forming bacteria (Verachtert et al., 1980). The influent 
chemical oxygen demand (COD) was adjusted daily to guarantee an organic loading 
rate of 0.2 kgCOD/kgMLSS.d based on the varying biomass concentration. The 
concentrations of the inorganic components were proportionally adjusted with the 
carbon source (being glucose) to maintain a constant C:N:P-ratio. 
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Two sets of feed lines pumped the influent into the bioreactor, one set was used while 
the other was being cleaned and sterilized (15 min, 121 °C) to avoid microbial 
growth in the feed lines. 
 
 
Table 1: synthetic influent composition (COD = 3000 mg/L, pH buffer 8.2). 

Component Concentration 

C6H12O6 (glucose) 2.550 g/L 

(NH4)2HPO4 0.563 g/L 

K2HPO4 1.875 g/L  

NaCl 0.075 g/L 

CaCl2.2H2O 0.075 g/L 

MgSO4.7H2O 0.075 g/L 

FeCl3 0.015 g/L 

 

Image analysis 

A fully automated image analysis procedure was used for the characterization of the 
activated sludge composition (Jenné et al., 2002; Jenné et al., 2007). Hereto activated 
sludge images were captured manually using a light microscope (Olympus BX 51) 
with phase contrast illumination and a total magnification of 100 times. The 
microscope was equipped with a 3CCD color video camera (Sony DXC-950P) which 
was connected to a computer. Microscopic images (80 images per day) were digitized 
and stored as JPG (768x576 pixels) using Zeiss KS100.3 acquisition software. These 
images were subsequently processed by the developed image analysis procedure 
which is embedded in the MATLAB Image Processing Toolbox 4.2 (The Mathworks 
Inc., Natick, MA).  

Analytical methods 

The chemical oxygen demand (COD) was measured with Merck COD Cell Tests 
(ISO 15705 approved). Dissolved oxygen in the bioreactor was monitored with a 
DO-sensor (WTW Oxi 340i) and pH level was measured with a HACH LANGE 
HQ40d multimeter. Sludge volume index (SVI) and mixed liquor suspended solids 
(MLSS) measurements were conducted in accordance with the procedures described 
in APHA Standard Methods (1998). 
As for the oxygen uptake rate, the (in activated sludge research) not so commonly 
adopted maximum specific oxygen uptake rate (SOURmax) variant is exploited. 
Hereto, a 400 mL mixed liquor sample is aerated for at least 12 h without any 
substrate addition to assure that all substrate in the sample is consumed. The 
maximum oxygen uptake rate (OURmax) is then measured after addition of a substrate 
overload (100 mL of highly loaded influent). Each reported value is the mean of three 
consecutive OUR measurements (i.e., slope determinations during three non-aeration 
phases with the DO concentration decreasing from 6 to 2 mg/L (recorded with a 
HACH LANGE HQ40d multimeter)). The maximum specific oxygen uptake rate is 
the OURmax divided by the biomass concentration. 
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Stability assessment criteria 

Given the drawbacks of a fixed bandwidth for the allowed variation of the considered 
measurements (as stated in the introduction section and as suggested by Barbusiński 
and Miksch (1997)), a combination of two criteria is proposed. 
The first criterion states that the absolute value of the mean slope over a 7-day time 
interval, must be smaller than a specified threshold T1.  
For daily (and equidistant) measurements, this criterion reduces to 1/6th of the 
absolute value of the difference between the first and last measurement of the 7-day 
interval.  

Daily, equidistant mean slope criterion (Crit 1) = 1
6

6
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with indicator representing the stability variable of choice and ti the ith sampling day.  

In a more general setting (e.g., with non-equidistant sampling intervals), the mean 
slope over the 7-day interval is the average of all individual slopes between 2 
consecutive measurements within the 7-day time interval. 
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with indicator representing the stability variable of choice and ki the ith sampling 
instance and M the number of measurements within the 7-day interval.  
Given that the assessment of the criteria has to be repeated for each 7-day interval 
and that this 7-day interval gradually shifts from day 1 to the current experimental 
day (with steps of 1 day), this approach will be referred to as a moving window 
approach. 
As graphically illustrated with a fictitious example in Figure 2 (Period 1), significant 
increases (or decreases) out-rule stability (s1>T1). However, to exclude a sharp rise, 
immediately followed by a sharp decline (or vice versa), which would also lead to a 
negligible mean slope (see Figure 2, Period 2, s2<T1), the second criterion penalizes 
large deviations between the maximum and minimum value of a variable within the 
considered 7-day interval, by restricting this gap to be smaller than a specified 
threshold T2 (during Period 2, g2>T2).  
 
Max-min gap criterion (Crit 2) = 6 6 2max( ( : )) min( ( : ))i i i iindicator t t indicator t t T+ +− <  
 
with ti:ti+6 indicating the 7-day interval and the max and min operators implying    
that one has to take the maximum or minimum value over that interval. 
As can be seen from Figure 2 (Period 3), stability is reached when both criteria are 
met (s3<T1 and g3<T2). Guidelines to determine the thresholds T1 and T2 are provided 
below. 
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Figure 2: Visualization of the proposed stability criteria and their threshold 
determination on the basis of a fictitious example. Period 1: a dominantly increasing 
(or decreasing) slope excludes stability which is incorporated in the mean slope 
criterion (s1>T1). Period 2: a sharp rise, immediately followed by a sharp decline (or 
vice versa) excludes stability which is translated in the max-min gap criterion (s2<T1, 
g2>T2). Period 3: a stable profile is in agreement with both stability criteria and is 
only influenced by biological variability (s3<T1, g3<T2). ts is the first day at which the 
experiment is visually stable for 7 days. T1 is the overall slope, i.e., between the 
maximum and minimum value of the transient period (until day ts). T2 is five times 
the standard deviation of the indicator values during the stable period (from day ts 
until tend).  
 

Selection of the set of stability variables 

Even when it is decided to focus on functional stability, the question remains which 
properties should be monitored. Evidently, some biochemical properties related to the 
cell’s metabolism have to be included. Substrate removal rates and/or oxygen uptake 
rates (for aerobic cultures) are the most likely candidates but also enzymatic activity 
monitoring (e.g., Busse et al., 1996) or community level physiological profiling 
through the BiologTM method (e.g., Grove et al., 2007; Busse et al., 1996) can be 
performed. In addition, morphological and physical properties must be taken into 
account since they reflect sludge characteristics that can have a substantial impact on 
the overall operation and performance of the system. As for morphological 
properties, phase contrast microscopy is the most straightforward tool, while for the 
physical properties classic SVI measurements and, depending on the application, also 
capillary suction time (Chen et al., 1996) or time to filter (APHA Standard Methods 
1998) for MBR experiments, can be proposed. Once further validated and refined, 
rheological measurements could offer a valid alternative or complementary 
measurement (Seyssiecq et al., 2003).   
In addition, following requirements for suitable stability indicators are put forward. 
First of all, the selected variables should contain information on population level 
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since single cell level information (if one would be able to infer it) would be 
irrelevant for process control. Secondly, an ideal variable must be easy to measure 
(preferably on-line) and cheap to determine. 
Given these requirements and given the fact that this paper is aimed at providing a 
proof-of-principle without claiming to present the one and only way of quantitatively 
dealing with transients, following set of measurement (tools) was selected to cover a 
wide range of physical and biochemical properties:  

• phase contrast microscopy to infer the activated sludge morphology, 

• SVI as an indicator for physical interactions and floc stability, 
• substrate removal and specific OUR measurements as indicators for 

biochemical stability. 
 
These measurements inherently take into account the activated sludge concentration 
(i.e., the MLSS). Three 40-day experiments were performed under the exact same 
operational and environmental conditions. The experiments were monitored daily.  
Note that molecular techniques such as fluorescent in-situ hybridization (FISH) and 
denaturing gradient gel electrophoresis (DGGE) have not been considered since, as 
stated before, functional stability can be reached without having community stability. 
Furthermore, these techniques are not only costly, time consuming and labor 
intensive, but they also require specifically skilled personnel.  

3. Results and discussion 

Morphological variables 

Analysis of microscopic images provides a large amount of information clustered in a 
set of morphology related variables of which the following were studied (Figure 3): 
equivalent floc diameter (Deq) (related to the floc size), floc roundness (R) (related to 
the roundness/elongation of the floc), solidity (S) (related to the convexity of the 
floc), form factor (FF) (related to the roughness of the floc boundary), and total 
filament length (F) (related to filament abundance). An extensive description of these 
variables can be found in Jenné et al. (2007). 
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Figure 3: Selection of microscopic parameters. Top: (a) equivalent floc diameter, (b) 
floc roundness, (c) form factor. Bottom: (d) solidity, (e) total averaged filament 
length per image. 
 

Data shown on Figure 3a to 3d are shape descriptors. As can be visually confirmed, 
not all of these parameters display a steady state behavior. Moreover, the difference 
between subsequent measuring points is often quite large inducing an erratic (noisy) 
signal. This observation can probably be explained by the fact that these variables are 
subject to turbulence, i.e., shear stress, caused by mixing and aeration. Hence, shape 
descriptors can contain useful information for trend observation, but they are 
ineffective for stability assessment because the noisiness of the signals would hamper 
the pure numerical interpretation of the data during the envisaged stability 
assessment procedure. The filament length on the other hand is a population 
descriptor (since it captures the total filament length per image and not the number of 
filaments), which is not subject to turbulence. As can be seen in Figure 3e, the 
filament length value settles down to a steady state value and is, therefore, the 
morphological parameter of choice in a strategy to evaluate sludge stability. 
Interesting to note is that the filament length starts at about the same value and ends 
at about the same value but follows a totally different path during the transient period 
(Figure 4a). 
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Figure 4: Results from microscopic and physical analysis of Experiment 1, 2 and 3. 
(a) Total averaged filament length per image. (b) Sludge volume index. (c) Mixed 
liquor suspended solids. 
 

Physical variables 

Figure 4b displays the evolution of the SVI over time. It is clear that although the 
initial SVI is the same for all three experiments, they undergo a different transition 
period. The SVI in Experiment 2 remains higher than 150 mL/g until day 16, whereas 
in Experiment 1 the SVI has, visually, already reached steady state at day 15. The 
SVI in Experiment 3 displays an intermediate behavior. Despite the fact that the 
experiments show different transients, after 3 weeks they reach the same steady state 
value.  To illustrate that the MLSS concentration itself, which is required to calculate 
the SVI values, is not the determining factor in the stability assessment, Figure 4c 
displays the MLSS evolution over time for the three experiments. After a possible 
short decrease (only for Experiment 3), the values remain constant. The decline in 
Experiment 2 around day 15 was due to a foaming event which caused some sludge 
to wash out. 
 

Biochemical variables 

Given the very common nature of the synthetic influent, the COD removal efficiency 
was a priori selected as the substrate removal variable. 
However, the COD removal efficiency can in this experimental set-up not explicitly 
be used as stability indicator since, as can be seen from Figure 5a, the removal 
efficiency always remains above 95% and does not display significant variations. 
Mean effluent sCOD-levels were 67mgO2/L, 56mgO2/L and 44mgO2/L for 
Experiment 1, 2 and 3, respectively. This observation is not really surprising because 
of the high hydraulic retention time and the use of a simple carbon source (glucose). 
Evidently, if the biomass is to biodegrade complex organics, such as pesticides, the 
removal efficiencies of those components can be followed up. 
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Figure 5: Results from biochemical analysis of Experiment 1, 2 and 3.  (a) COD 
removal rate. (b) Maximum specific oxygen uptake rate. 
 
When studying the SOURmax over time the three experiments initially exhibit low 
specific oxygen uptake rates (Figure 5b). After three to four days the first signs of 
adaptation begin to show: the SOURmax starts to rise. Unfortunately, there is no 
SOURmax data from Experiment 1 after day 15 due to technical problems (i.e., an 
oxygen sensor malfunction). Nonetheless it is clearly visible that the maximum 
specific oxygen uptake rates show the same trends as observed in the physical 
parameters on Figure 4.  
Three additional remarks are in order. First of all, it is noticed throughout all 
experiments that the endogenous respiration level (i.e., the starting point of the 
SOURmax measurements after 12 h of mere aeration) remained constant. Therefore, it 
is proposed to shorten the measurement procedure by immediately adding the 
overload of substrate without the 12 hour period to attain endogenous respiration.  
Secondly, to assure the reproducibility of the three consecutive OUR measurements, 
the re-aeration phase (to bring the DO back to 6 mg/L) must be as short as possible to 
avoid substrate consumption during this phase which would lead to an 
underestimation of the subsequent OUR measurements.  To overcome a long re-
aeration period it is advised to use a more oxygen-rich aeration strategy (as compared 
to the now employed plain atmospheric air) or to implement other adaptations to the 
experimental set-up to maximize the oxygen transfer. 
Thirdly, it might be important to monitor the fate of the nitrifiers since they can also 
be regarded as sensitive indicators for stability (e.g., Nowak et al., 1994; Kotlar et al., 
1996). While FISH related techniques are not fitting the criteria for suitable stability 
candidates (see above), one could include Ammonium Uptake Rate or Nitrate 
Production Rate measurements. In this context, it might be worthwhile  to develop a 
nitrogen variant of the SOURmax, being the maximum specific nitrification rate 
(SNRmax). Hereto, an overload of ammonium will have to be administered and the 
formation of nitrate must be followed up, preferably with an on-line nitrate sensor. 

Final stability assessment procedure and results 

Based on the above observations, three stability variables are retained, i.e., the total 
filament length F, the sludge volume index SVI and the maximum specific oxygen 
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uptake rate SOURmax. To infer the threshold values the following procedure is 
proposed (and graphically illustrated in Figure 2). 

- Perform a first reference experiment during which a set of possible indicators 
is closely monitored. The duration of the experiment should be such that all 
variables under study have visually reached a steady state behavior for at least 
10 days. The day at which stable conditions are maintained for a first 7-day 
interval, will be referred to by ts. Since the SOURmax measurements of the 
first experiment are not complete, the second experiment was here selected as 
the reference experiment. Figure 6b illustrates that, visually, all indicators 
have reached their stable value for 7 days at day 35 (i.e., ts = 35) and the 
experiment lasted 40 days (i.e., tend = 40). 

- Calculate the thresholds for the mean slope criterion by calculating the overall 
slope of the indicator, being the difference between the maximum and the 
minimum value reached during the experiment divided by the transition 
period.  

T1 = 
s

ss

t
ttindicatorttindicator ):(min():(max( 11 −  

with t1:ts the transient period.  
For F, SVI and SOURmax these thresholds are 188.5, 4.686 and 2.087 
respectively, which are rounded off to 200, 5.00 and 2.50 as summarized in 
Table 2. 

- Calculate the thresholds for the max-min gap criterion by calculating the 
standard deviation of the measurements during the stable period (i.e., from 
day ts to the final experimental day tend) and multiply this standard deviation 
by 5.  
T2 = )):((std*5 ends ttindicator   
with ts:tend the stable period. 
For F, SVI and SOURmax the standard deviations over the last 5 days of the 
experiment are 203.4, 2.422 and 4.090, which lead to a rounded off value for 
the respective thresholds of 1000, 15.0 and 20.0 as summarized in Table 2. 
While not needed in the here presented experiments, the threshold values can, 
evidently, be refined when additional experimental data become available. 

 
 

Table 2: threshold values below which the mean slope criterion (Crit 1) and the max-
min gap criterion (Crit 2) must lie in the here performed experiments to guarantee 
activated sludge stability. 

F SVI SOURmax 

Crit 1 Crit 2 Crit 1 Crit 2 Crit 1 Crit 2 

200 1000 5 15 2.5 20 
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Figure 6: Results from microscopic, physical and biochemical analysis of 
Experiment 1 (a), 2 (b) and 3 (c). 
 
Given that Tables 3, 4 and 5 display the evolution of the criteria values for the three 
stability variables (with a ‘0’ indicating criterion values above the threshold and a ‘1’ 
indicating values below this threshold), the shaded areas highlight the (start and 
subsequent) time period of final stability of the respective experiments. 
As can be seen from Table 3 and Figure 6a, Experiment 1 can be regarded as stable 
from day 21 on, which is only half of the period of the traditional two sludge age 
transient period since the sludge age was 20 days in these experiments. 
Although only recorded until day 15, the SOURmax data seem to corroborate this 
statement, since the values of day 15 are already in the neighborhood of the final 
values of the other experiments.  
Experiment 2 (Table 4 and Figure 6b) clearly demonstrates the merit of taking into 
account more than one aspect of the activated sludge characteristics. While the 
SOURmax appears to stabilize rather fast at day 15 (but evolves afterwards to a much 
higher value) and the filament length F exhibits a (what afterwards turns out to be 
intermediate) plateau from day 19 on, the final stability is only reached at day 33.  
Finally, in Experiment 3 (Table 5 and Figure 6c) the filament length F stabilizes 
much earlier than the SVI and SOURmax values with the final stability reached at day 
37.  
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Table 3: stability assessment results of Experiment 1. The ‘0’ and ‘1’ values indicate 
a criterion value that, respectively, lies above and below the threshold values 
mentioned in Table 2. The shaded area highlights the final stability period. 
 

Day F SVI 
7 0 0 1 0 

8 0 0 0 0 

9 0 0 1 0 

10 1 0 0 0 

11 0 0 0 0 

12 0 0 0 0 

13 1 0 0 0 

14 1 1 0 0 

15 1 1 0 0 

16 0 0 0 0 

17 1 0 0 0 

18 0 0 0 0 

19 1 1 0 0 

20 1 1 1 0 

21 1 1 1 1 

22 1 1 1 1 

23 1 1 1 1 

24 1 1 1 1 

25 1 1 1 1 

26 1 1 1 1 

27 1 1 1 1 

28 1 1 1 1 

29 1 1 1 1 

30 1 1 1 1 

31 1 1 1 1 

32 1 1 1 1 

33 1 1 1 1 

34 1 1 1 1 

35 1 1 1 1 

36 1 1 1 1 

37 1 1 1 1 

38 1 1 1 1 

39 1 1 1 1 

40 1 1 1 1 
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Table 4: stability assessment results of Experiment 2. The ‘0’ and ‘1’ values indicate 
a criterion value that, respectively, lies above and below the threshold values 
mentioned in Table 2. The shaded area highlights the final stability period. 
 

Day F SVI SOURmax 
7 0 0 0 0 0 0 

8 1 0 0 0 1 0 

9 1 0 1 0 0 0 

10 0 0 1 0 0 0 

11 0 0 1 0 0 0 

12 1 0 1 0 0 0 

13 0 0 1 0 0 0 

14 0 0 1 0 0 0 

15 0 0 0 0 1 1 

16 1 0 0 0 1 1 

17 1 0 0 0 1 1 

18 1 0 0 0 0 1 

19 1 1 0 0 1 1 

20 1 1 0 0 1 1 

21 1 1 0 0 1 1 

22 1 1 0 0 1 1 

23 1 1 0 0 1 1 

24 0 0 1 0 0 1 

25 0 0 1 0 1 1 

26 1 0 1 0 1 1 

27 1 0 1 1 1 1 

28 1 0 1 1 0 0 

29 1 0 1 1 0 0 

30 1 1 1 1 0 0 

31 1 1 1 1 0 0 

32 1 1 1 1 0 1 

33 1 1 1 1 1 1 

34 1 1 1 1 1 1 

35 1 1 1 1 1 1 

36 1 1 1 1 1 1 

37 1 1 1 1 1 1 

38 1 1 1 1 1 1 

39 1 1 1 1 1 1 

40 1 1 1 1 1 1 
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Table 5: stability assessment results of Experiment 3. The ‘0’ and ‘1’ values indicate 
a criterion value that, respectively, lies above and below the threshold values 
mentioned in Table 2. The shaded area highlights the final stability period. 
 

Day F SVI SOURmax 
7 1 0 0 0 1 1 

8 1 1 0 0 1 1 

9 1 0 0 0 1 1 

10 0 0 0 0 0 1 

11 0 0 0 0 0 0 

12 0 0 1 0 0 0 

13 0 0 0 0 0 0 

14 0 0 0 0 0 0 

15 0 0 0 0 0 0 

16 0 0 0 0 0 0 

17 1 0 0 0 0 0 

18 0 0 0 0 0 0 

19 0 0 0 0 0 0 

20 0 0 0 0 0 0 

21 0 0 0 0 0 0 

22 0 0 0 0 0 0 

23 1 0 0 0 1 0 

24 1 1 1 0 1 0 

25 1 1 1 0 0 0 

26 1 1 1 1 1 0 

27 1 1 1 1 1 0 

28 1 1 1 1 1 0 

29 1 1 1 1 1 0 

30 1 1 1 1 0 0 

31 1 1 1 0 0 0 

32 1 1 1 0 1 0 

33 1 1 1 0 1 0 

34 1 1 1 0 1 0 

35 1 1 1 0 0 0 

36 1 1 1 0 1 1 

37 1 1 1 1 1 1 

38 1 1 1 1 1 1 

39 1 1 1 1 1 1 

40 1 1 1 1 1 1 
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4. Conclusions 

Three lab-scale activated sludge experiments were performed starting from the same 
initial conditions (i.e., inoculated with sludge from a large-scale communal 
wastewater treatment plant) with the applied experimental conditions being fully 
identical. Nevertheless, the experiments exhibit a significantly different transition 
behavior. It is very difficult to determine what caused the transients to be different 
from each other since the physical and biochemical interactions in an activated 
sludge population are extremely complex and up till now not fully understood. As a 
consequence, predictive models that describe the course and the duration of transients 
are not yet available in literature. Monitoring transients is, therefore, of utmost 
importance to evaluate activated sludge stability. In this paper, a strategy to assess 
transients in activated sludge processes is proposed. It is advocated to include 
parameters covering morphological, physical as well as biochemical sludge 
characteristics since not all parameters necessarily always follow the same trends. 
More specifically, in the here presented experiment, the total averaged filament 
length F, the sludge volume index SVI and the maximum specific oxygen uptake rate 
SOURmax proved to be important variables to evaluate sludge stability. The latter is a 
variant of the classic specific oxygen uptake rate in which an overload of substrate is 
administered. Observe that the fate of the nitrifiers has not been taken into account 
here, although they can also be regarded as sensitive indicators for stability. It is, 
therefore, advised to include, e.g., Ammonium Uptake Rate or Nitrate Production 
Rate measurements.  
 
As for the stability assessment itself, a 7-day interval moving window approach is 
proposed, during which the mean slope of the variables’ evolution and the gap 
between the maximum and minimum values must be smaller than a pre-specified 
threshold value. On the basis of this combination of criteria, the duration of the 
transition period in each experiment was objectively quantified and turned out to be 
significantly different for each experiment, ranging from only one to two sludge ages.   
While (i) the set of recommended stability variables is not exhaustive (and can be 
extended depending on the envisaged experiments), and (ii) the proposed stability 
criteria are not the one and only way to assess stability, this paper wants to emphasize 
the importance of monitoring transients and wants to stress that the way transients 
were tackled should be mentioned in reported lab-scale activated sludge experiments. 
Apart from possibly a shorter start-up period, also the reproducibility of the 
remainder of the experiment will significantly improve. 
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