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A B S T R AC T

The objective of this work was the evaluation of the operation of a municipal activated sludge 
unit and the assessment of potential correlations between the operating parameters that might 
affect the process performance. Samples were collected from various points of a plant receiv-
ing about 40,000 m3 day−1 and were analyzed for the determination of a number of parameters. 
The assessment of the effl uent parameters and the statistical evaluation of the values during an 
one year monitoring period proved an effi cient operation of the plant, resulting to an effl uent of 
low organic loading and nitrogen concentration. COD average values did not exceed 60 mg l−1,
while maximum values remained always lower than 95 mg l−1. These parameters remained 
almost constant during the monitoring period, and were not affected by potential variations 
of infl uent characteristics. The assessment of the activated sludge process took place by the 
measurement of the mixed liquor suspended solids and the sludge volume index; MLSS con-
tent varied between 2,000 and 6,000 mg l−1, and SVI showed a similar trend by the time. The 
examination of the operation parameters of the anaerobic digesters included the measurement 
of the solids content, volatile acids and total alkalinity; suspended solids and volatile solids pre-
sented similar behaviour with a ratio of VSS/SS about 60%. The statistical analysis of various 
parameters revealed a positive linearity between suspended solids and sludge volume index 
and suspended solids and volatile suspended solids in the homogenizer and the digesters; this 
analysis could be used for the assessment of the effi cient performance of a treatment plant and 
the early identifi cation of potential problems.
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1. Introduction

A wastewater treatment plant (WWTP) is a combina-
tion of separate treatment processes or units, designed 
to produce an effl uent of specifi ed quality from a waste-
water (infl uent) of known composition and fl ow rate. 

The treatment plant is also, usually, required to process 
the separated solids to a suitable condition for disposal. 
By a suitable combination of these unit processes it is 
possible to produce a specifi ed fi nal effl uent quality from 
virtually any type of infl uent wastewater. The amount of 
treatment required depends largely on the water quality 
objectives of the receiving water and also the dilution 
capacity available [1,2].

3rd International Conference on Small and Decentralized Water and Wastewater Treatment Plants (SWAT-III), Skiathos, Greece, 14–16 
May 2010



M.D. Ntamitrou et al. / Desalination and Water Treatment 39 (2012) 271–277272

 The proper operation and control of wastewater 
treatment plants (WWTP) is receiving increasing atten-
tion because of the rising concern about environmental 
issues [3,4]. Improper operation of a WWTP may bring 
about serious environmental and public health prob-
lems, as deduced by a number of reports on eco-toxicity 
of treated effl uents or reclaimed waters used in vari-
ous applications [5,6,7]. In addition, effi cient operation 
may result to the production of a high quality effl uent, 
increasing thus the wastewater reuse potential than dis-
charging to a water body. An increase in the rate of reuse 
can be achieved by maintaining a good quality of the 
treated effl uent, which could help to convince local farm-
ers for the utilization of effl uents in irrigation. Thus, the 
need for systematic controls of effl uent quality is dem-
onstrated, achieved mainly by the proper evaluation of 
the treatment plant performance and by performing the 
necessary changes in order to improve its effi ciency. Fur-
thermore, it has been suggested that routine monitoring 
and specifi c research studies to be benefi cial in solving 
specifi c problems arising during the operation of large 
wastewater reclamation systems [8,9].

However, like other biotechnological processes, real-
time control of a WWTP constitutes a quite complex 
problem due to the lack of reliable on-line instrumenta-
tion and simplicity of the models used to describe the 
microbiological processes that take place in the bio-
reactor [10,11]. In addition, it presents some specifi c 
problems like the great variability of the input (both 
in quantity and quality), the very complex interactions 
between the different microorganism populations pres-
ent in the system and to the combination of physical, bio-
logical and chemical processes involved in wastewater
treatment process [12,13].

In this context, the present study deals with the 
evaluation of the performance of a full scale municipal 
wastewater treatment plant of Larissa city (Greece), and 
retails the infl uence of multiple factors on its character-
istics. The aim of this study was the examination of the 
quality of the wastewater treatment unit, the evaluation 
of the performance of the facility and the determination 
of the correlation of different operating parameters in 
order to develop effective indicators for the assessment 
and optimization of an activated sludge unit; potential 
correlations between operating parameters have been 
proved important for a number of factors such as the 
early identifi cation of system failures, the redesign of an 
existing activated sludge system, the evaluation of the 
stabilization rate of excess sludge etc. [10,14].

2. Materials and methods

The collection of samples from the sewage treat-
ment unit and the analysis for the determination of their 

physicochemical characteristics took place over a 1 y 
period and included samples from the aeration tank, 
where the suspended solids (SS) content and the sludge 
volume index (SVI) were estimated, from the effl u-
ent stream where ammonia nitrogen (N–NH4

+), nitrate 
nitrogen (N–NO3), phosphates (P–PO4

−) and Chemical 
Oxygen Demand (COD) concentration were determined, 
from the thickener and homogenizer where suspended 
solids (SS), volatile suspended solids (VSS) and pH were 
measured, and from the digester where suspended sol-
ids (SS), volatile suspended solids (VSS), volatile acids 
(VA), total alkalinity (TA) and pH were calculated. The 
methods used to determine these parameters were based 
on standard analysis techniques used for the examina-
tion of water and wastewater samples [15]. The objec-
tive of this work was the analysis and the identifi cation 
of the principal factors affecting the plant performance. 
Thus, analysis of the experimental data was performed 
using the MiniTab12 statistical software package.

The wastewater treatment plant of Larisa city is 
located in the Region of Thessaly, in Greece; the plant 
started its operation in 1989 for the treatment of about 
20,000 m3 day−1 of infl uent corresponding to about 
115,000 population equivalents. Initially, the plant con-
sisted in a screening system, a grit chamber, two primary 
sedimentation basins, two aeration activated sludge 
reactors with anoxic compartments for denitrifi cation, 
two secondary clarifi ers, a sludge thickener, two anaer-
obic digesters and two sludge fi lter presses. After the 
upgrade and the expansion of the plant, the treatment 
capacity was doubled to about 40,000 m3 day−1, with the 
ability to treat wastewaters from 230,000 inhabitants.

3. Results and discussion

3.1. Effl uent quality

The wastewater treatment plant of Larisa city 
receives both municipal wastewaters and wastewaters 
from septic tanks. The daily fl ow rate is 42,000 m3 day−1, 
with the following average characteristics: BOD5 = 325 
mg l–1; SS = 350 mg l–1; total nitrogen 62.5 mg l–1; total 
phosphorous 15 mg l–1. The biological process is taking 
place into four aeration tanks, each one has a total vol-
ume of about 4,400 m3. The average hydraulic retention 
time is estimated to 8.5 h, while the organic loading rate 
varies between 0.17 and 0.53 kg day−1.

The quality of the treated effl uent is shown in Fig. 1,
where the organic matter (COD) content, ammonia–
nitrogen, nitrate–nitrogen and phosphates concentra-
tions are presented as a function of time, as deduced by 
the measurements performed on samples collected on 
a daily basis. In addition, the corresponding monthly 
average and standard deviation for each parameter are 
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presented in Fig. 2, while the minimum and maximum 
values are given in Table 1 monthly values are given in 
order to evaluate potential seasonal correlations and/or 
trends.

As shown, an effl uent with low organic content 
was produced; COD values ranged between 15 and 60 
mg l−1, while during the one year period monitoring, a 
high COD value reaching 95 mg l−1 was observed only 
once and could be attributed to randomized effects. The 
variation of effl uent COD values by the time, as shown 
in Fig. 1, showed that there was not a signifi cant cor-
relation to the operation time, although the higher 
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Fig. 1. Larisa wastewater treatment plant effl uent param-
eters as a function of time.
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Fig. 2. Monthly average and standard deviation of N–NH4 
(up triangle), N–NO3 (down triangle), P–PO4 (circle) and COD 
(inset, square) from the Larisa city municipal wastewater 
treatment plant.

values were observed during the winter period, while 
the lower values were measured during the summer 
and autumn periods. The upper limit for the disposal 
of treated effl uent to Pinios river, the fi nal receiver as 
determined by the Environmental Permission Legisla-
tion and the 91/271 EC directive, is 125 mg l−1, and not 
only the average values but the maximum daily value of 
the effl uent COD did not exceed the permissible limits. 
In addition to organic loading, low nitrogen content was 
measured in the effl uent. Average ammonia-nitrogen 

Table 1
Minimum and maximum values of organic matter (COD) content, ammonia–nitrogen, nitrate–nitrogen and phosphates 
concentrations

Month COD (mg l−1) N–NH4 (mg l−1) N–NO3 (mg l−1) PO4 (mg l−1)

  Min max min max min max min max

1 19.00 60.00 0.48 2.57 12.80 22.50 12.90 17.00

2 38.00 62.00 0.41 0.54 14.58 19.80 10.60 15.40

3 34.00 58.00 0.51 19.10 2.10 17.20 1.80 19.10

4 31.00 47.00 1.09 13.90 4.70 9.40 6.20 18.60

5 32.00 94.00 0.54 22.20 2.90 18.20 1.40 21.40

6 21.00 58.00 0.42 10.50 4.10 9.80 7.10 19.40

7 14.00 35.00 0.37 1.17 6.10 10.40 9.40 15.60

8 21.00 36.00 0.39 0.50 8.80 10.90 11.50 14.50

9 33.00 42.00 0.46 0.86 7.90 9.70 11.50 13.20

10 27.00 40.00 0.28 5.20 6.90 14.90 10.80 15.30

11 35.00 62.00 0.17 3.20 5.80 15.60 10.90 15.80

12 38.00 45.00 2.80 3.90 3.40 6.40 7.20 9.20
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 concentration varied from 0.5 to 7.3 mg l−1, while aver-
age nitrate–nitrogen values ranged from 4.7 up to 17.9 
mg l−1; maximum nitrate values did not exceed 23 mg l−1,
indicating an effi cient nitrifi cation—denitrifi cation pro-
cess taking place in the aeration and anoxic parts of the 
unit. The lowest nitrate–nitrogen values were observed 
during the high temperature periods, while high concen-
trations were measured during the winter period, where 
the low temperature affected the nitrogen removal bio-
process. However, phosphates content was slightly 
increased and average values ranged from 8.1 up to 
15.1 mg l−1, attributed to the increased phosphates con-
tent in the infl uent, as the city is located in an agricul-
tural area and various agro-chemicals may be drained to 
the sewage system.

3.2. Plant performance effi ciency

The assessment of the effi ciency of the municipal 
wastewater treatment plant included the evaluation 
of the performance of the plant by the examination of 
the operation parameters in two groups of processes: 
the aeration tanks and the processes used for the excess 
sludge treatment. The evaluation of the aeration process 
was studied by the examination of the variation of mixed 
liquor suspended solids content (MLSS) and the sludge 
volume index (SVI) corresponding to the sedimenta-
tion capacity of the mixed liquor. The results from both 
parameters are presented in Fig. 3, for samples collected 
on an almost daily basis, while the analysis of potential 
correlation of the two parameters is presented in the 
scatter plot in Fig. 4. As shown, the concentration of the 
suspended solids in the aeration tanks ranged between 
2,000 and 6,000 mg l−1, depending upon the season and 
the infl uent loading; the lowest values were observed 
during the autumn months, especially from the end of 
August up to October and were attributed to the low 
organic content fed to the plant, the temperature reduc-
tion that took place during this period and an increased 
sludge wastage. Nevertheless, MLSS content was simi-
lar in both tanks, as a result of the balanced operation 
of the plant. Furthermore, the sedimentation capacity of 
the mixed liquor remained satisfactory, and the sludge 
volume index varied from 70 up to 200 ml l−1; the lower 
values were associated to the lower MLSS concentra-
tions, as shown in Fig. 3.

The scatter plot of MLSS and SVI, presented in Fig. 4,
and potential correlation of the parameters was evalu-
ated by the estimation of the Pearson correlation factor, 
r, for p <0.05; for the examined parameters, a correlation 
factor of 0.664 was estimated, indicating a statistically 
signifi cant positive correlation between the two parame-
ters; according to the results presented in this fi gure, the 
higher the MLSS content the higher the SVI. It should 

be noticed that the SVI results were always ranging 
between acceptable limits, and mostly remained lower 
than 180 ml l–1. However, Pearson correlation factor was 
lower than unit and data did not show a strong linearity.

The assessment of the operation of the digestion 
plant took place by the measurement of the content of 
suspended solids (SS), volatile suspended solids (VSS), 
volatile acids (VA), total alkalinity (TA) and pH. The 
variation of the suspended and volatile suspended 
solids as a function of operation time is given in Fig. 5 
while the corresponding results for volatile acids and 
total alkalinity are presented in Fig. 6; the corresponding 
scatter plot for the determination of potential statistical 
correlation of solid concentration is given in Fig. 7.
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Fig. 3. MLSS content (square) in the aeration tank and sludge 
volume index (diamond) of mixed liquor during the one year 
operation period.

Fig. 4. Scatter plot of MLSS and SVI in samples from the aera-
tion tanks (Pearson correlation factor r = 0.664, rop = r 0.05(2),(n − 2) = 
0.134, n = 216).
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As presented in Fig. 5, suspended solids concen-
tration in the digester increased from low values in 
the winter months of about 15–35 g l−1, followed by a 
decrease after a one year period to about 20 g l−1. Vola-
tile suspended solids presented a similar trend over the 
operation time, with a ratio of VSS/SS remaining almost 
constant to about 60%. In addition, the measurement 
of volatile acids content revealed a similar behaviour: 
the concentration of acids increased up to a high value 
and then decreased during the winter months. On the 
other hand, a strong linearity was observed between 
the suspended solids and the volatile solids content 
in the digester, as deduced by the scatter plot of these 
parameters shown in Fig. 7, Pearson correlation factor 
was close to unit, indicating the signifi cant correlation of 
these data; however, such a correlation was not observed 

in the content of the units before the digestion process: a 
weaker correlation of these parameters was observed in 
the content of the homogenizer tank (r = 0.76), while no 
correlation was found in the thickener (r = 0.142). Fur-
thermore, the examination of the scatter plots revealed 
a statistically signifi cant correlation between suspended 
solids and total alkalinity (r = 0.47) and between volatile 
suspended solids and total alkalinity (r = 0.5), although 
the values of the correlation coeffi cient were much lower 
than unit, indicating a poor linearity. The corresponding 
suspended solids and volatile suspended solids concen-
tration in the digesters located in the Larisa wastewater 
treatment plant, indicated a rather satisfactory opera-
tion of the sludge treatment unit and a high potential 
for the utilization of the sludge energy content through 
the production of biogas during anaerobic digestion: the 
ratio of volatile suspended solids to suspended solids 
was typical for municipal wastewater treatment plants, 
and it appears that the presence of dissolved phospho-
rous, as indicated by the effl uent analysis, and neutral 
pH values enhanced the anaerobic degradation process.

The evaluation of the operation of the excess sludge 
treatment process was performed by the examination 
of the operation of the anaerobic digestion unit. This 
process consists in two twin digesters, each one having 
an active volume of about 1,600 m3, operating at 35 ± 
1°C, and treating about 210 m3 day−1 of thickened sludge 
with a residence time of about 15 d; average organic 
loading rate is estimated to about 1.6 kg VS/m3 day−1. 
The appropriate and effi cient operation of this system 
is important for the operation of the overall plant, as 
it results to the production of about 2,800 m3 day−1 of 
biogas, corresponding to a biogas yield of 0.6 m3/kg
removed VS day−1, with a thermal content of about 

Fig. 5. The variation of suspended solids (square) and volatile 
suspended solids (triangle) content and ratio of VSS/SS (diamond) 
in the digester system as a function of operation time.
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Fig. 6. The variation of volatile acids (square) and total alka-
linity (diamond) in the digester system as a function of opera-
tion time.
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 23 MJ N m−3; the energy content of the produced biogas 
is utilized for production of thermal energy (water heat-
ing in a boiler) and for production of electric energy in 
corresponding generators. The total energy production 
by the biogas is about 64 × 103 MJ day−1, which covers 
about 15% of the overall plant power consumption.

The improvement of energy effi ciency and the 
reduction of energy consumption represent a multidis-
ciplinary task in wastewater treatment plants; an effec-
tive preventive maintenance program can improve the 
energy performance in a plant, enhancement of system 
reliability, cost reduction etc. The development of an 
energy management program in a wastewater treatment 
plant may include several measures such as electric 
motors control; pumps adjustment; staging of treatment 
capacity; optimization of aeration devices; improvement 
of sludge properties [16]. Especially, in the case of anaer-
obic digesters, as in the studied wastewater treatment 
plant, energy improvements may include the following:

• Enhancement of biosolids mixing in the digester, aim-
ing to achieve a higher level of volatile solids destruc-
tion rate

• Optimization of digester performance by optimizing 
process temperature; sludge pretreatment; implemen-
tation of co-digestion of other types of organic wastes 
such as restaurant grease, vegetable waste, municipal 
solid organic waste

• The use of combined heat and power production 
process (CHP) aiming to increase the energy content 
utilization of biogas through reciprocating engines, 
microturbines or fuel cells

The adoption of such measures would be benefi cial 
to the performance of the Larisa treatment plant result-
ing thus, to the simultaneous increase of energy recovery 
from biogas and the reduction of plant energy demand.

4. Conclusions

The aim of this study was the evaluation of the 
operation of a municipal wastewater treatment plant, 
the examination of the effl uent characteristics over time, 
the determination of the potential correlation between 
various operation parameters and the assessment of 
its energy utilization rate. Samples were collected from 
the effl uent and from the content of the different basins 
of the plant and were analyzed for the measurement of 
organic content, nitrogen and phosphorous concentra-
tion, suspended solids and volatile suspended solids and 
total alkalinity. The assessment of the effl uent param-
eters and the statistical evaluation of values during the 
1 y monitoring period proved an effi cient operation of 
the plat, resulting to an effl uent of low organic loading 

and nitrogen concentration. These parameters remained 
almost constant during the monitoring period, and were 
not affected by potential variations of infl uent charac-
teristics. Evaluation of the biological process carried out 
by the measurement of the mixed liquor suspended sol-
ids and the sludge volume index; MLSS content varied 
between 2,000 and 6,000 mg l−1, and SVI showed a similar 
trend by the time, representing a statistically signifi cant 
linearity although of poor quality. Low MLSS values were 
measured during the period of temperature decrease and 
low organics content in the infl uent. The examination 
of the operation parameters of the anaerobic digesters 
showed that suspended solids and volatile solids pre-
sented a linear relation, although a similar correlation 
was not observed for the thickeners and the homogenizer. 
The successful operation of the anaerobic digestion was 
attributed to the neutral pH values and the presence of 
dissolved phosphorous in the aqueous phase. This sta-
tistical analysis, although simple, could be applied for 
an assessment of the operation of a municipal wastewa-
ter treatment plant. Biogass produced by the anaerobic 
digesters, is about 2,800 m3 day−1, and is currently used 
for partially covering the thermal needs of the plant; how-
ever, additional measures could be applied, aiming to an 
improved energy management plan of the unit.

Acknowledgments

The authors would like to thank the personnel of the 
Larisa municipal wastewater treatment unit for their 
support in collecting and analyzing the samples.

References

 [1] G. Tchobanoglous, F.L. Burton and H.D. Stensel, Wastewater 
Engineering: Treatment and Reuse, 4th Ed., Metcalf and Eddy, 
McGraw-Hill Inc., New York, 2003.

 [2] I. Rodriguez-Roda, M. Poch and R. Banares-Alcantara, Con-
ceptual design of wastewater treatment plants using a design 
support system, J. Technol. Biotechnol., 75(1) (2000) 73–81.

 [3] M. Sadeghpoor, B. Hosseini and G.D. Najafpour, Assessment of 
wastewater treatment plants’ performance in Amol Industrial 
Park, Am.-Eurasian J. Agric. Environ. Sci., 5(5) (2009) 707–711.

 [4] M.F. Colmenarejo, A. Rubio, E. Sanchez, J. Vicente, M.G. Garcia
and R. Borja, Evaluation of municipal wastewater treatment 
plants with different technologies at Las Rozas, Madrid 
(Spain), Environ. Manage. J., 81 (2006) 399–404.

 [5] M. Sakellariou-Makrantonaki and A. Angelaki, Toxicity tests 
on reclaimed municipal wastewaters, Proceedings of Interna-
tional Conference on Environmental Management, Engineer-
ing, Planning and Economics, June 24–28, Skiathos, Greece, 
(2007) 265–270.

 [6] S. Bakopoulou, C. Emmanouil and A. Kungolos, Assessment 
of wastewater effl uent quality in Thessaly region, Greece for 
determining its irrigation reuse potential, Ecotoxicol. Environ. 
Saf., 74 (2011) 188–194.

 [7] H. Bouwer, Integrated water management: emerging issues 
and challenges, Agric. Water Manage., 45 (2000) 217–228.

 [8] X.F. Alsina, Conceptual design of wastewater treatment plants 
using multiple objectives, PhD thesis, University of Girona, 
Spain, 2008.



M.D. Ntamitrou et al. / Desalination and Water Treatment 39 (2012) 271–277 277

[13] L. Benedetti, Probabilistic design and upgrade of wastewater 
treatment plants in EU Water Framework directive context, 
PhD thesis, Ghent University, Belgium, 2006.

[14] A. Brunetti, F. Lore and V. Lotito, Methanogenic potential of 
substrate in anaerobic digestion of sewage sludge, Environ. 
Technol., 9(8) (1988) 753–762.

[15] A.D. Eaton, L.S. Clesceri, A.E. Greenberg and M.A.H. Franson, 
Standard methods for the examination of water and wastewa-
ter, 19th Ed., American Public Health Association, Washing-
ton, 1995.

[16] Malcolm Pirnie Inc., Water and Wastewater Energy Manage-
ment: Best Practices Handbook, NY State Energy Research and 
Development Authority, NYSERDA, 2010.

 [9] L. Benedetti, D. Bixio and P.A. Vanrolleghem, Assessment of 
WWTP design and upgrade options: balancing costs and risks 
of standard exceedance, Water Sci. Technol., 54(6–7) (2006) 
371–378.

[10] C. Azri, H. Abida and K. Nedhioub, Performance evaluation of 
the wastewater treatment plant of Sfax city (Tynisia): Infl uence 
of intrinsic and extrinsic factors, Asian J. Water Environ. Pollut.,
5(3) (2007) 35–47.

[11] D. Dominguez and W. Gujer, Evolution of a wastewater treat-
ment plant challenges traditional design concepts, Water Res., 
40 (2006) 1389–1396.

[12] N. Vidal, R. Banares-Alcantara, I. Rodriguez-Roda and 
M. Poch, Design of wastewater treatment plant using a concep-
tual design methodology, Ind. Eng. Chem. Res., 41(20) (2002) 
4993–5005.




