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A B S T R A C T   

This study compares two Oxic Settling Anaerobic (OSA) – Membrane Bioreactor (MBR) configurations fed with 
real wastewater. 

The novelty of the study is to consider an MBR configuration (namely, MBR-OSA II) never investigated with 
the OSA process. The influence of the hydraulic retention time (HRT) inside the anaerobic reactor for each 
configuration (namely, MBR – OSA I and MBR – OSA II) was investigated. Four experimental periods were 
carried out: Period I and II for MBR – OSA I, under HRT of 4 and 6 h, respectively, and Period III and IV for MBR – 
OSA II, under HRT of 4 and 6 h, respectively. Results showed the decay rate bH increased with the HRT, espe
cially during Periods I and II (from 0.62 d− 1 to 0.77 d− 1). The anaerobic HRT influenced the total sewage sludge 
production. With the increase of the HRT for the same configuration, the sludge production decreased. In terms 
of biological sludge production, a substantial reduction occurred under MBR – OSA II operation compared to 
MBR – OSA I. However, despite MBR-OSA II configuration providing the highest reduction of the biological 
sludge production (78 %) (during Period IV), during this Period, the highest N2O (N2O emission factor till to 3.1 
%) production and membrane fouling occurred. Indeed, Period IV showed the highest membrane resistance 
(namely, 25 ⋅ 10− 13 m− 1). Thus, the MBR-OSA I with anaerobic HRT equal to 6 h provided the best results.   

1. Introduction 

The management and disposal of excess sludge in wastewater 
treatment plants (WWTPs) represent one of the main operational costs in 
the plant operation [1,2]. This issue is exacerbated by the increased 
waste sludge produced due to the stringent effluent limits and the 
increased treated wastewater flow rate (caused by population growth) 
[3]. With this regard, several efforts have been made in the literature to 
find a technological solution to reduce the amount of waste sludge to be 
disposed of. Several technologies (chemical, biological and thermal) and 
operational conditions (e.g., hydraulic retention time or internal recir
culation ratio) have been tested in the literature [3,4]. Among the bio
logical processes, one of the most promising processes for reducing 
waste sludge is the oxic settling anaerobic (OSA) [5]. This process is 
applied in the water line and inserts an anaerobic side-stream reactor 
(ASSR) between the recirculation-activated sludge line and the biolog
ical reactors [5]. The OSA process has several advantages compared to 
the chemical/thermal processes since it does not require further oper
ational costs due to chemical or energy consumption [6]. Furthermore, 

since the OSA process is applied to the water line, it reduces the amount 
of sludge to be treated in the sludge line, thus favouring the operational 
cost reduction for the sludge line management [7]. Several studies have 
demonstrated in literature the efficiency of the OSA process in reducing 
waste sludge production by testing several operational conditions of the 
ASSR and recirculation ratios [8–10]. Vitanza et al. [10] tested the OSA 
process by varying the plant operational conditions, obtaining a 
reduction of the excess till to 49.6 ± 20.7 % compared to the conven
tional activated sludge system (CAS) without ASSR. Ferrentino et al. [8] 
found up to 69 % sludge reduction by applying the OSA process in a full- 
scale WWTP. The advantages of the OSA process have been coupled with 
that of membrane bioreactors (MBR) by Fida et al. [9], who obtained up 
to 58 % of sludge reduction. 

The literature study has mainly focused on the operational condi
tions of ASSR without considering the possibility of modifying the 
configuration, especially in an MBR system. Therefore, this study tests 
the possibility of varying the recirculation from the ASSR pipeline. As far 
as authors know, no similar studies have been performed using an MBR 
system. More precisely, this study tested a pre-denitrification MBR pilot 
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plant fed with real wastewater under two plant configurations (namely, 
MBR-OSA I and MBR-OSA II). The MBR-OSA II configuration has never 
been tested in the literature. It has the novelty of recirculating the sludge 
from the ASSR to an aerobic reactor instead of an anoxic one. The in
fluence of hydraulic retention time (HRT) inside the ASSR was investi
gated in view of reducing waste sludge production by maintaining high 
effluent quality and reducing greenhouse gas emissions. 

2. Material and methods 

2.1. Pilot plant configuration 

Two different plant configurations (MBR – OSA I and MBR – OSA II) 
were set up at the Water Resource Recovery Facility of Palermo Uni
versity [11,12]. Both configurations aim at carbon and nitrogen removal 
by implementing a pre-denitrification scheme. The pilot plants were fed 
with real wastewater from the dormitory and canteen inside the Palermo 
University Campus [11]. More specifically, the MBR-OSA I configura
tion was composed of an anoxic reactor followed by an aerobic reactor 
according to the pre-denitrification scheme (Fig. 1a). The solid-liquid 
separation occurred thanks to a membrane bioreactor (MBR) 
composed of an ultrafiltration hollow fibre membrane (porosity 0.03 
μm) (Fig. 1a). Permeate was collected in a clean-in-place (CIP). Acti
vated sludge (RAS) was recirculated from MBR to the anoxic reactor 
with an interposed oxygen depletion reactor (ODR) to reduce the 

recirculated oxygen mass. According to the OSA process, an anaerobic 
side-stream reactor (ASSR) was inserted in the RAS line; a portion of RAS 
was first destined for the ASSR. The MBR-OSA II configuration (Fig. 1b) 
differed from the MBR-OSA I configuration for the portion of RAS from 
ASSR. More precisely, in the MBR-OSA II configuration, this portion is 
recycled into the aerobic reactor instead of the anoxic reactor (Fig. 1b). 

Table 1 summarises the average and standard deviation (SD) of the 
influent characteristics of the two pilot plants. Qualitative features re
ported in Table 1 have been measured according to Standard Methods 
[13]. The highest contribution to the influent wastewater variability is 
mainly due to the solids. Indeed, the TCOD values are mostly variable 
compared to the soluble compounds. 

2.2. The experimental campaign and analytical methods 

During the experimental campaign, the effect of HRT (4 and 6 h) 
inside the ASSR was tested for each configuration. More precisely, four 
experimental periods were considered: Period I, Period II, Period III, and 
Period IV. Periods I and II refer to MBR-OSA –I configuration and were 
characterised by HRT inside the ASSR of 4 and 6 h, respectively. In 
contrast, Periods III and IV refer to MBR-OSA -II configuration and were 
characterised by HRT inside the ASSR of 4 and 6 h, respectively. 

During the experimental periods, dissolved oxygen (DO), pH and 
oxidation reduction potential (ORP), were monitored using a multimeter 
(WTW 3340). Chemical oxygen demand (COD), ammonia nitrogen 

Fig. 1. Schematic layout of MBR-OSA I (a) and MBR-OSA II (b).  
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(NH4
+-N), nitrate (NO3

+-N), nitrite (NO2
+-N), orthophosphate (PO4

− 3-P), 
total suspended solid (TSS) and volatile suspended solid (VSS) concen
trations, biological oxygen demand (BOD) and Total Nitrogen (TN) were 
measured according to Standard Methods [13], twice a week. Respiro
metric tests were performed once per week to analyse the kinetic pa
rameters according to the literature [23]. The sludge volume index (SVI) 
was evaluated in the aerobic mixed liquor once per week. Extrapoly
meric substances (EPS) and soluble microbial substances (SMP) (car
bohydrates and proteins) have been analysed one time per week in the 
mixed liquor contained inside the anoxic, aerobic, OSA and MBR tanks 
as suggested in the literature [14]. Nitrous oxide (N2O–N) concentra
tion in the liquid and gaseous phase of all the reactors has been 
measured two times per week by using a gas chromatograph equipped 
with an Electron Capture Detector (ECD) according to the literature 

[15]. Moreover, the N2O–N fluxes have also been quantified using each 
reactor’s off-gas flow rate measurement. 

2.3. Excess sludge production quantification 

In view of assessing sludge reduction, the primary (PSludge) and 
total sludge (TSludge) produced every day were calculated according to 
Mannina et al. [16]. Biological sludge was calculated as the difference 
between TSludge and PSludge. Furthermore, the observed biomass yield 
(Yobs) was calculated based on the mass of TSS produced per mass of 
removed COD, according to Mannina et al. [16]. 

Table 1 
Influent characteristics; SD = Standard Deviation; measure performed according to Standard Methods [13].  

Compounds Symbol Units Period I 
MBR-OSA I 

Period II 
MBR-OSA I 

Period III 
MBR-OSA II 

Period IV 
MBR-OSA II 

HRT = 4 h HRT = 6 h HRT = 4 h HRT = 6 h 

Average SD Average SD Average SD Average SD 

Total COD TCOD [mg L− 1]  1352  175  1152  207  2082  707  2354  688 
Soluble COD sCOD [mg L− 1]  213  74  142  46  209  36.5  367  129 
Biochemical oxygen demand BOD [mg L− 1]  305  95  314  100  229  8.5  373  135 
Total nitrogen TN [mg L− 1]  38  6  29  3  44.6  5.3  45.9  8 
Ammonium NH4-N [mg L− 1]  32  4  27  3  39.6  5.5  35.8  4.4 
Phosphate PO4-P [mg L− 1]  14  3  9  3  21.1  12.5  23.9  8.6 
Flow rate QIN [L h− 1]  17.5  2.5  17.9  0  18.2  0  18.2  0 
Food/Microorganism ratio F/M [gCOD/gTSS d]  0.4  0.18  0.4  0.06  0.18  0.04  0.36  0.1 
Sludge retention time SRT [d]  41  24  53  18  20  2  45  12  

Fig. 2. The pattern of influent, effluent and removal efficiency (RE) for total COD (a), soluble COD (b) NH4-N (c) and PO4-P (d) for the different experimental 
periods; RE (inf-perm) represents the removal efficiency calculated by considering the influent and permeate concentration, RE (inf-MBR) is the removal efficiency 
calculated between influent and MBR supernatant. 
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2.4. Membrane fouling 

In view of monitoring membrane fouling, the total resistance (RT) 
was quantified according to Eq. (1). 

RT =
ΔP
μ⋅J

(
m− 1) (1)  

where ΔP [kPa] is the transmembrane pressure (TMP) variation and μ 
[Pa.s] is the permeate viscosity, and J (m3 m− 2 s− 1) is the permeate flux. 
The total resistance was fractionated into clean membrane resistance 
(Rm), resistance due to the cake layer deposited on the membrane sur
face (RC) and pore fouling (RP) according to the resistance in series 
model (RIS) as proposed by Di Bella et al. [24] (Eq. (2)). 

RT = Rm +RC +RP
(
m− 1) (2) 

The RIS model was applied after the physical cleaning of the mem
brane [24]. 

3. Results and discussion 

3.1. Pilot plant performance 

Fig. 2 reports the main pollutants’ influent, effluent, and removal 
efficiency (RE) trends for the different experimental periods. 

Significant fluctuations were observed during experiments concern
ing COD removal (total and soluble), with a general increase of COD 
concentrations in Period III and IV (Fig. 2a-b). This result could be 
attributed to the fact that the characteristics of the real wastewater fed to 
the pilot plant were highly affected by the dormitory and canteen habits. 
Nevertheless, despite these variations, the overall removal efficiencies 
for total and soluble COD were excellent throughout experiments, with 
observed values always higher than 95 % (Fig. 2a-b). Referring to sol
uble COD biological removal, evaluated as the difference between COD 
concentrations in the influent and the supernatant of MBR tank (before 
membrane filtration), the observed data highlighted an excellent per
formance during experiments, with efficiencies higher than 80 %. The 
results highlighted that COD removal was not affected by plant config
uration. Concerning nitrification, the plant performances were generally 
quite good during experiments (Fig. 2c), highlighting that the high SRT 
values, typical of MBRs, allow the growth of nitrifiers. In Period I and II, 
very high nitrification was observed, with average values higher than 
90 % and no significant impact related to the ASSR reactor was 
observed, thus confirming previous studies [17–19]. When plant 
configuration was changed, a slight decrease in nitrification was 
observed, which contrasted with previous results [16], highlighting that 
the reduction of biomass exposure under a not aerated period was 
beneficial for nitrifying growth. Nevertheless, the decrease in nitrifica
tion efficiency observed in Period III in the present study could be 
related to the significant increase of influent ammonia concentrations 
that could have negatively affected nitrifying bacteria. However, after 
biomass acclimation, in Period IV, a significant restoration of nitrifica
tion with efficiencies higher than 90 % was observed. This latter result 
confirmed that the decrease in aerobic exposure is generally beneficial 
for the growth of nitrifiers. 

Concerning PO4-P removal (Fig. 2d), a good performance was 
observed. Implementing the anaerobic reactor in the RAS line might 
improve the selection of phosphate accumulating organisms (PAOs) or 
denitrifying phosphate accumulating organisms (DPAOs) due to the 
alternation between aerobic and anaerobic environments. Nevertheless, 
the significant fluctuations of influent PO4-P concentrations did not 
allow to assess an evident influence of system configurations and ASSR 
HRT on P removal. 

3.2. Sludge reduction and sludge properties 

Concerning sludge production (Fig. 3), the data achieved highlighted 
that different behaviours were obtained throughout experiments related 
to configurations and wastewater characteristics. In general, the sludge 
production was lower under configuration MBR – OSA I (Periods I and 
II) compared to configuration MBR – OSA II (Periods III and IV), sug
gesting that prolonged exposure to a not-aerobic environment might 
have a more substantial effect in terms of sludge reduction. Neverthe
less, the significant COD increase observed in Periods III and IV could 
have contributed to the increased sludge production. For the same 
configuration, the increase of HRT in the anaerobic reactor was 
enhanced to improve the sludge minimisation further. Indeed, the total 
sludge production during MBR-OSA I configuration was equal to 2260 g 
and 750 g during Period I and Period II, respectively. In contrast, the 
total sludge production during MBR-OSA II configuration was equal to 
5204 g and 1764 g during Period III and Period IV, respectively. 

Table 2 summarises the average values of the observed heterotrophic 
yield growth Yobs, the temperature (T), the SVI and the percentage of 
biological sludge reduction. This latter was calculated by comparing the 
sludge production between periods with the same HRT for the two 
configurations (Period I versus Period III, and Period II versus Period 
IV). Considering the biological sludge production one can focus the 
attention on the Yobs. The lowest Yobs value was obtained for Period I and 
Period IV (0.21 gTSS/gCOD for both). This result partially corroborates 
the above discussion on the total amount of sludge production since we 
refer only to the biological production of sludge in this case. 

In terms of sludge settleability, no influence was revealed in plant 
configuration or HRT. Indeed, the average measured SVI values are al
ways lower than 150 mL⋅gTSS− 1. SVI values lower than 100 mL⋅gTSS− 1 

and not above 150 mL gTSS− 1 indicate good sludge settling conditions 
[20]. Considering the biological sludge reduction, 45 % of the reduction 
occurred in Period III compared to Period I; while 78 % occurred in 
Period IV compared to Period II. This result is also attributed to the low 
temperature registered during Periods III and IV, which limited the 
biomass growth. Biological sludge reduction seems to be in contrast with 
the discussion of Fig. 3; however, one has to be precise that data re
ported in Fig. 3 refers to the total sludge production (not only biological) 
and includes the primary sludge. 

In Fig. 4 the average percentages of SMPp, SMPc, EPSp and EPSc 
sludge concentration inside the plant for each Period are reported. 
During Periods I and II the total EPS (sum between EPSp and EPSc) 
percentage was 96.96 % (Fig. 4a) and 96.91 % (Fig. 4b), respectively. 
Thus, the HRT inside the ASSR does not influence the floc structure in 
MBR – OSA I configuration. Whereas, during Periods III and IV the total 
EPS percentage was 90.24 % (Fig. 4c) and 87.12 % (Fig. 4d), 

Fig. 3. Cumulative sludge production during experiments.  
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respectively. This suggests that the change of layout configuration from 
MBR – OSA I to MBR – OSA II caused the floc sludge destructuration with 
a reduction of the EPS amount and the increase of total SMP (sum be
tween SMPp and SMPc). Indeed, an increase in total SMP percentage 
occurred from configuration MBR – OSA I to MBR – OSA II both 
comparing Period I (total SMP percentage of 3.04 %) to Period III (total 

SMP percentage of 9.76 %) and Period II (total SMP percentage of 3.09 
%) to Period IV (total SMP percentage of 12.88 %) (Fig. 4). This result 
contrasted with previous results [16], highlighting a floc destructuration 
in a configuration where RAS was directed to the anoxic reactor, not the 
aerobic reactor. However, the different results obtained here are mainly 
due to the presence of an MBR, which modifies the biomass nature and 
consortium. 

3.3. Heterotrophic and autotrophic biomass kinetics 

Table 3 summarises the average values of kinetic and stoichiometric 
parameters for both heterotrophic and autotrophic species during 
experiments. 

Concerning heterotrophic species, when the MBR – OSA I configu
ration was implemented, a slight decrease of YH was observed from 

Table 2 
Average values of observed heterotrophic yield growth (Yobs), temperature (T), 
Sludge volume index (SVI) and percentage of biological sludge reduction.  

Period I II III IV 

Yobs [gTSS/gCOD] 0.21 0.24  0.32  0.21 
T [◦C] 27.9 28.6  14  18.5 
SVI [mL gTSS− 1] 110 150  127  90 
Biological sludge reduction [%] – –  45  78  

Fig. 4. The average percentage of SMPp, SMPc, EPSp and EPSc sludge concentration during Period I (a), Period II (b), Period III (c), and Period IV (d).  

Table 3 
Summary of the average values of the main heterotrophic kinetic and stoichiometric parameters (in brackets the standard deviation values).  

Configuration MBR - OSA I MBR - OSA II 

HRT in ASRR [h] 4 6 4 6 

Parameter Symbol Units Period I Period II Period III Period IV 

Heterotrophic 
Max. growth yield YH [gVSS g− 1COD] 0.40 (±0.01) 0.37 (±0.04) 0.44 (±0.03) 0.43 (±0.04) 
Decay rate bH [d− 1] 0.62 (±0.02) 0.77 (±0.05) 0.41 (±0.01) 0.58 (±0.02) 
Max. growth rate μH [d− 1] 2.27 (±0.61) 2.33 (±0.42) 2.44 (±0.73) 2.90 (±0.01) 
Max. removal rate νH [d− 1] 4.59 (±1.63) 6.46 (±1.87) 5.56 (±1.17) 6.79 (±0.57) 
Net growth rate μH- bH [d− 1] 1.67 (±0.63) 1.55 (±0.39) 2.03 (±0.44) 2.32 (±0.03) 
Active fraction fX [%] 30.51 (±4.96) 21.41 (±7.42) 34.22 (±2.56) 35.29(±0.70)  

Autotrophic 
Max. growth yield YA [gVSS⋅g− 1NH4-N] 0.18 (±0.04) 0.12 (±0.03) 0.25 (±0.01) 0.24 (±0.007) 
Decay rate bA [d− 1] 0.14 (±0.01) 0.12 (±0.01) 0.10 (±0.02) 0.12 (±0.02) 
Max. growth rate μA [d− 1] 0.23 (±0.03) 0.21 (±0.01) 0.26 (±0.04) 0.24 (±0.04) 
Max. removal rate νA [d− 1] 1.32 (±0.19) 2.22 (±1.07) 1.03 (±0.08) 1.00 (±0.16) 
Nitrification rate NR [mgNH4⋅L− 1 h− 1] 3.10 (±1.68) 5.95 (±0.76) 3.76 (±0.96) 3.95 (±0.27)  
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Period I to Period II, when the HRT in the ASRR was increased from 4 to 
6 h, respectively. The decay rate bH increased from Period I to Period II, 
thus suggesting that endogenous decay and uncoupled metabolism 
could be considered significant for sludge reduction. The maximum 
growth rate μH remained constant from Period I to Period II, while the 
active fraction of heterotrophs significantly decreased. When the plant 
configuration was changed to the configuration MBR – OSA II (Period III 
and IV), the biomass was subject to a more extended starvation phase 
compared to the previous periods since the sludge was recycled in the 
aerobic reactor of the mainstream line, where the availability of organic 
carbon was lower compared to the anoxic reactor. Therefore, this pro
longed starvation might have induced a maintenance metabolism and 
cell lysis, as confirmed by the increased SMP discussed above during 
Periods III and IV [21]. Indeed, under the MBR – OSA II configuration, 
despite the oxygen availability in the aerobic reactor, the lack of organic 
carbon did not support the ATP restoration, thus limiting biomass 
growth. Nevertheless, the main parameters observed in Periods III and 
IV for the heterotrophic biomass were slightly higher than the corre
sponding Periods I and II, suggesting a reduced sludge minimisation 
performance under MBR – OSA II. This result was not in line with recent 
results achieved in a previous study [16], even if the observed behaviour 
could be related to the variation of other operating parameters (such as, 
temperature, F/M, etc.) which might have affected the biomass growth. 
A slight variation of F/M occurred during the experimental periods due 
to the real nature of the treated wastewater. 

Regarding autotrophic species, respirometric batch tests carried out 
during experiments revealed an excellent development of nitrifying 
species, with experimental values in line with literature data [15]. As a 
general comment, it could be highlighted that the MBR configuration, 
entailing high SRT values, enhances the development of autotrophic 
species. Moreover, the presence of the anaerobic reactor in the sludge 
recycling line did not represent a significant stressor on nitrifying spe
cies. Referring to Period I (configuration MBR – OSA I), excepting the 
first days of anaerobic reactor operation, no considerable stress effect on 
nitrifying bacteria was observed. Indeed, a significant development of 
autotrophic activity was noticed, with respirogram charts highlighting 
significant respiration rates. In Period II (configuration MBR – OSA I), 
the increase of HRT in the ASRR from 4 to 6 h produced only a small 
effect on nitrifiers with a low decrease of the main kinetic and stoi
chiometric parameters, suggesting that this HRT increase did not pro
vide a further stress effect on autotrophic species. In contrast, when 
configuration MBR – OSA II was implemented (Periods III and IV), it was 
observed a significant increase of the main parameters compared to the 
corresponding previous Periods I and II, and only a small decrease of 
autotrophic activity when the HRT in the ASRR was increased from 4 
(Period III) to 6 h (Period IV), respectively. The achieved results 
confirmed that a long biomass exposure to unaerated conditions induces 
a reduction of nitrifiers activity, thus worsening the nitrification per
formance of the system. 

3.4. Membrane fouling 

Fig. 5a shows the trend of the total resistance RT. Data from Fig. 5a 
show that the highest values of RT were achieved during Periods II and 
IV. This result suggests that the increase of ASSR HRT increases the 
membrane fouling for both configurations. In view of better under
standing which fraction of resistance mainly contributes to the RT, 
Fig. 5b shows the average percentage of the resistance due to the 
membrane (Rm), the cake layer (Rc) and the pore blocking (Rp). 

Data from Fig. 5b shows that with the same configuration, the in
crease of ASSR HRT causes the rise of pore fouling. Specifically, for 
configuration MBR-OSA I Rp increases from 74 % (Period I) to 82 % 
(Period II). Meanwhile, for configuration MBR-OSA II, Rp increases from 
85 % (Period III) to 87.5 % (Period IV). Moreover, one can observe that 
the configuration also influences the Rp value. In particular, under the 
same ASSR HRT, the Rp value is higher in the MBR-OSA II configuration 

than in the MBR-OSA I configuration. This latter result is mainly 
attributed to the increase of total SMP in configuration MBR-OSA II, 
which causes the increase of irreversible fouling. 

3.5. Greenhouse gases 

Fig. 6 depicts the measured gaseous and dissolved N2O-N concen
tration inside the biological reactors during the experiments. Data from 
Fig. 6 shows that the increase of ASSR HRT in the same configuration 
caused the increase of both liquid and dissolved N2O concentration in 
the ASSR. This result is likely due to the anaerobic pathways of N2O 
production [22]. Indeed, with the increase of HRT inside the ASSR the 
anaerobic pathways of N2O production are favoured. Under anaerobic 
or anoxic conditions, the presence of hydroxylamine (NH2OH) could be 
directly detoxified into N2O [22]. Indeed, for configuration MBR-OSA I 
the average (considering all reactors) gaseous and dissolved N2O con
centration was around 0.38 mgN2O-N L− 1 during Period I (Fig. 6a and 
Fig. 6e). During Period II this value increased to 0.46 mgN2O-N L− 1 and 
0.42 mgN2O-N L− 1 for gaseous and dissolved N2O concentration 
respectively (Fig. 6 b and Fig. 6f). Specifically, the increase was mainly 
debited to the anoxic and anaerobic contributions. During Period I, the 
average gaseous concentrations of N2O in anoxic and anaerobic reactors 
were equal to 0.099 and 0.07 mgN2O-N L− 1, respectively (Fig. 6a); the 
dissolved concentrations were equal to 0.094 and 0.088 mgN2O-N L− 1, 
respectively (Fig. 6e). With the ASSR HRT (Period II) increase, the 
gaseous N2O concentration in the anoxic and anaerobic reactors 
increased on average to 0.115 and 0.096 mgN2O-N L− 1, respectively. 
During Period II, the dissolved N2O concentration in the anoxic and 
anaerobic reactors increased on average to 0.11 and 0.104 mgN2O-N 

Fig. 5. The trend of RT (a) and percentage of Rm, RC and Rp were obtained by 
applying the RIS model (b). 
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L− 1, respectively. On average, 35 % of N2O increased from Period I to 
Period II in anoxic and anaerobic reactors. The percentage above ach
ieved the average value of 48 % for the configuration MBR-OSA II. When 
the MBR-OSA II configuration was implemented both gaseous and dis
solved N2O concentrations increased considerably in all reactors with 
more than double values. Indeed, during Period III, the average gaseous 
and dissolved N2O concentrations increased to 1 and 0.98 mgN2O-N L− 1, 
respectively (Fig. 6c and Fig. 6g). Under MBR-OSA II configuration, the 
average N2O concentration (both gaseous and dissolved) increased with 
the increase of HRT of the ASSR. Indeed, dissolved and gaseous N2O 
concentration increased to 1.18 mgN2O-N L− 1 during Period IV. The 
increase of N2O concentration from MBR-OSA I to MBR-OSA II config
uration was likely due to the significant growth of influent ammonia 
concentrations during Periods III and IV that could have exerted a 
negative effect on nitrifying bacteria favouring the N2O production. 

Regarding the emission factor, 1.3 % and 2.1 % of the total influent 
nitrogen were emitted as N2O during Periods I and II. Meanwhile, 2.9 % 
and 3.1 % of the total influent nitrogen were emitted as N2O during 
Periods III and IV. Thus, the increase of ASSR HRT has mostly influenced 
the N2O emission during MBR-OSA I configuration. 

4. Conclusions 

Two MBR-OSA pilot plant configurations (MBR-OSA I and MBR-OSA 
II) fed with real wastewater were monitored in view of testing the in
fluence of HRT on the ASSR. The COD removal was not affected by the 
different OSA configurations and HRT, while nitrification decreased 
during MBR-OSA II, especially under ASSR HRT of 4 h. The lowest total 
sewage sludge production occurred during MBR-OSA I under ASSR HRT 
of 6 h. However, during MBR-OSA II configuration and under ASSR HRT 
of 6 h, the highest biological sludge reduction occurred (78 % compared 
to MBR-OSA I configuration). Despite the result above, the MBR-OSA II 
configuration showed several disadvantages. Indeed, the floc destruc
turation during MBR-OSA II under ASSR HRT of 6 h caused the highest 
membrane fouling. Furthermore, the highest N2O emission factor (3.1 % 
Period IV) occurred under the MBR-OSA II configuration. Such a fact 
reveals that MBR-OSA I configuration under ASSR HRT of 6 h provided 
the best results. 
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