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and OSA process at lab-scale highlighting the results in terms
of sludge reduction, but also exposing results of fate of TN
removal rate and microbial activity in sludge of system.

Abstract—The reduction of sewage sludge generated in
wastewater treatment plants is one topic of interest due to the
high cost related to the management of this waste and the rising
amount of volume at which sludge is produced worldwide.
Within
the
techniques
to
reduce
sludge,
the
Oxic-Settling-Anaerobic (OSA) process is one of the most
promising due to its simplicity and to the absence of negative
consequences for system. In the OSA process the recycled
sludge is submitted to an anaerobic stage prior to flow again
into the biological reactor. In this study, OSA process is run in a
lab scale pilot plant together with a lysis step by ultrasound
treatment, applied daily to a certain fraction of the total sludge
of the system previously to the anaerobic holding tank. Results
point to an enhancement of sludge reduction rate for the two
sonication applied regimes (45.72% and 78.56%). Also the TN
removal rate increases from 21.95% during control stage to
47.28% during the first of the two ultrasound regimes applied
(US1). A too intense sonication treatment during the second
synergic stage (US2) is reported to lead to a serious damage of
system. Increases of dehydrogenase activity were described
during both stages.

II. MATERIALS AND METHODS
The pilot plant was made with methacrylate with volumes
of 12, 4, and 10 L for aerobic reactor, settling unit and
anaerobic tank (OSA), respectively. The dissolved oxygen in
aerobic reactor was set at 3 mg O2/L. Three periods were
distinguishable during study of 40, 40, and 30 days of
duration, respectively. During the first stage (ASP or
conventional stage) the pilot plant was run as a conventional
ASP. The hydraulic residence time (HRT) was 9 h. Later,
OSA anaerobic tank was introduced in recirculation line for
the following periods. Next phases are referenced as US1 and
US2, during which, in addition to the OSA process,
ultrasonication technique (Sonics Vibracell VCX 750 device)
was applied daily to a specific fraction of recycled sludge.
Parameters of ultrasonication treatment are collected in Table
I. The sludge anaerobic exposure time (SAET) and the HRT
were kept at 6 and 9 h, respectively. Layout of pilot plant
during US stages is shown in Fig. 1.
Sludge sonication ratio, SP, is the ratio between amount of
sludge ultrasonicated daily and total mass of sludge in system
The influent was characterized every two weeks and average
values and standard deviation obtained were 307.49 ±21.01
mg O2/L and 48.62±6.13 mg N/L in terms of COD and TN
All measurements were carried out according to Standard
Methods [4]. Dehydrogenase activity (DHA) was determined
using Romero et al. [5]. Total nitrogen (TN) was measured on
a Shimadzu TOC-LCPH with TN measurements.

Index Terms—Activated sludge process, excess sludge
reduction, OSA process, ultrasound.

I. INTRODUCTION
The number of municipal wastewater treatment plants
(WWTP) is increasing remarkably worldwide, leading to a
rising amount of produced sludge, a by-product of sewage
treatment. In general, the activated sludge process (ASP),
shows an average excess sludge production of 0.4-0.6
gVSS/gCODremoved [1]. The management of this waste has
a related cost of up to 65% of the total operating costs of a
WWTP [2] The reduction of excess sludge in the water line
of wastewater treatment process is preferable to that in the
sludge line (e.g.: digestion) as the latter intends to reduce was
at origin. One of the most effective techniques for sludge
reduction is the Oxic-Settling Anaerobic (OSA) process that
is based on the insertion of an anaerobic tank in the recycled
sludge line [1]. This technique has shown sludge reduction
rates from 20% to 60% [2]. Ultrasonication is a technique
based on cell lysis-cryptic growth technique [3] The present
study shows result of a treatment combining ultrasonication
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Fig. 1. Layout of US+OSA plant.

The calculation of accumulated sludge in the system
throughout the study was carried out as the sum of total
sludge in system (aeration and anaerobic tanks), in waste
sludge and the solids washed out in effluent.
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TABLE I: CHARACTERISTICS OF US TREATMENT IN US1 AND US2 STAGES
US1

US2
20

Frequency US

kHz

20

Power density

W/ml

0.375

0.375

Frequency
treatment

d-1

3

4

Energy applied
(each treatment)

kJ

90

120

Specific ultrasonic
energy, ES (avg.)

MJ/kg TS

35.9

62.0

Sludge sonication
ratio, SP (avg.)

%

7.8

11.5

Duration of stage

d

40

30

removal performance. Also, enhancement of biological
activity with ultrasonication, leading to a higher COD
removal rate was also reported by Wang et al. [15]. The fact
that anaerobic tank of OSA process was placed after
ultrasonication step is also cause of the good assimilation of
the released COD during lysis technique. This consumption
of substrate in the holding tank is one of the reported
mechanisms for sludge reduction in OSA process as
anaerobic metabolic processes are linked to lower growth
yield and gaseous products [16] entails.

III. RESULTS AND DISCUSSION
A. Excess Sludge Production
The accumulation of sludge production during the three
stages of study is shown in the Fig. 2.
The average daily sludge production were 2.010 g/d, 1.091
g/L, and 0.434 g/L for conventional phase (ASP), US1, and
US2 stages, respectively, meaning a sludge reduction rate of
45.72% and 78.56% in the US+OSA phases . The reduction
rate at US1 stage is higher than rates obtained for similar
OSA processes (without ultrasonication): 11.5-33% [6],
18.3% [7], 19.85 % [8], and 32% [9].
The improvement of reduction of sludge process might be
adduced to exposed phenomena: enhancement of
endogenous functions of sludge with ultrasonication
treatment [10] increment of available lysed substrate and
subsequent cryptic growth and increase of biodegradability
of COD [11]. At the same time, the sludge reduction rate
registered at US2, 78.56% is direct consequence of decrease
of solid concentration in aerobic reactor, undesirable fact
leading to a deficient performance of plant.
On the other hand, a higher influence of ultrasonication on
sludge reduction would be expectable if solid concentration
of sludge submitted to ultrasonication were higher [12].
Sludge concentrations in anaerobic tank were of 5015 mg
MLSS/l ±134 and 4861 mg MLSS/l ±516 for US1 and US2
stages, respectively, and in the aerobic reactor, 3874 mg
MLSS/l ±196 for US1. For the US2 stage, the solid
concentration showed a continuous decrease to a minimum
concentration of 2.462 mgMLSS/l.

Fig. 2. Cumulative sludge produced during the study.

C. pH
The average values and standard deviation of pH in the
reactor and in effluent from the different stages of study are
reported in Table II.
The pH of sludge from aerobic reactor showed a clearly
increase when the recycled sludge was submitted to
ultrasonication and to anaerobic exposition. The pH increase
of the aerobic sludge in an OSA system had been previously
reported [8]. In that study, it was commented that release of
fatty volatile acids (FVA) for higher SAET would lead to a
decrease in pH in anaerobic tank. Moreover, the observed
increase of pH could be also due to the ultrasonication [12].
The values of pH registered in aerobic reactor at US1 and
US2 stages are also adequate for nitrification. The effluent
showed for all stages of the study a similar increase in
comparison to the pH of aerobic reactor.
TABLE II: AVERAGE VALUES OF PH

B. COD Removal
The COD removal rates for the system were 89.64±5.19,
93.21±3.47, and 84.61±5.49 for conventional phase, US1,
and US2. So, it can be concluded that the COD removal was
good throughout the study. Though the system during stage
US2 was damaged cause to a too intense ultrasonication
treatment, the average COD removal rate was over 75%, but
lower than COD removal rates of previous stages, due to the
cell decay. The light improvement of COD removal at US1
stage, leads to the finding that ultrasound did not damage
COD removal capacity of biological system when treatment
is not too intense as in this phase [1]-[13]. Rodriguez- Perez
et al [14] reported low active biomass fraction in sludge from
OSA process, but with higher metabolism activity than
sludge from conventional ASP, enabling a better COD

ASP

US1

Effluent

7.37±0.14

7.84±0.13

US2
7.89±0.09

Aerobic reactor

7.14±0.28

7.43±0.20

7.45±0.12

D. Dehydrogenase Activity
The measured values of dehydrogenase (DHA) activity for
the three stages of study are depicted in the Fig. 3.
The ASP stage was reported to have an average value of
DHA activity of 27.63 mgO2/ (gVSS·d) ±2.17. During the
first combined stage, US1, DHA activity was enhanced to an
average value of 33.16 mg O2/ (gVSS·d) ±1.49, which
supposes a 20.01% increase. This fact has been reports
previously [5], [17], [18]. Increase of DHA activity may be
adduced to the enhancement of endogenous metabolism, as
required energy for labors of cell maintenance and reparation
405
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increases with ultrasonication treatment [17], which is, at the
same time, one reason for the increase of the sludge reduction
rate observed in the synergic system. When ultrasonication
treatment was configured to operate at US2 phase, DHA
activity decreased acutely from day 85. The ultrasonication
treatment was too intense during this stage damaging the
balance of cell restoration, leading also to the decrease of
solids concentration mentioned previously. Specifically, the
average value of DHA activity at US2 was 25.44 mg O2/
(gVSS·d) ±5.87, with clear decreasing trend. Marin [18] also
reported different trends of biomass activity as a function of
the applied ES. When it is below 20 MJ/kg TS as in the
present study, the trend was positive in comparison to the
conventional system and when ES was higher, biomass
activity showed a decreased.

the same pilot plant operating only OSA process [8], had
lower TN removal rate (38.02%) that in combining system of
the present study. Same finding was described in Meng et al
[13]. One reason for the enhancement of TN removal process
is that application of ultrasonication supplies an extra
carbonaceous source with high denitrification rate [21].
Increasing the intensity of ultrasonication at US2 resulted in a
decrease of TN removal rate, being at any case over 30% but
with marked decreasing trend. The average value for TN
removal at US2 stage was 42.86%±6.01.

IV. CONCLUSIONS
The combining OSA process + US process achieved a
higher sludge reduction rate than OSA process only.
Moreover, performance of plant is better in combining
process when a moderate ultrasound treatment is applied.
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