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Abstract 

In the present study, the effect of sludge retention time (SRT) on the performance of the membrane bioreactor (MBR) was 

investigated. For this purpose, an aerated activated sludge reactor equipped with submerged flat sheet membrane was operated 

at different SRT (10, 20, 30, and 60 days). The hydraulic retention time (HRT) and the organic loading rate (OLR) were kept 

constant at 7 h and 0.93 kg COD/m3.d, respectively. The mixed liquor suspended solids ranged from 5.4–7 g/L. To avoid the 

impact of variations in the characteristics of real wastewater, the lab-scale reactor was fed using synthetic wastewater. 

Available results indicated that increasing the SRT from 10 to 60 days improved the performance of the system as reflected in 

the COD removal. Also, complete nitrification has been reported at 60 days SRT. Moreover, when the system was operated at 

SRT of 30 and 60 days, the biomass was in the form of small flocs which increased reactor performance due to a decline in 

mass transfer resistance. 
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1. Introduction 

Membrane bioreactors (MBRs), a highly effective 

wastewater treatment technology that combines 

membrane separation and biological treatment, have 

been successfully used for industrial as well as 

municipal wastewater treatment. MBRs offer a 

number of benefits compared to conventional 

activated sludge (CAS) treatment technology. The 

most important of which is the production of better 

permeate quality, free of suspended solids (SS), 

bacteria and viruses leading to direct reuse. Also, the 

absence of sedimentation tanks and the smaller 

bioreactor capacity reduces the footprint required by 

the treatment facility, which makes it an attractive 

technology when land is not available [1–4]. 

However, membrane fouling and membrane cleaning 

costs are still significant disadvantages for the 

widespread of MBRs [2, 5]. In terms of membrane 

filtration and fouling, transmembrane pressure (TMP) 

must be increased to maintain the water flux when 

fouling occurs. Even then, the membrane must be 

chemically cleaned after fouling or, in extreme cases, 

replaced. SRT is one of the most important operating 

parameters in the biological treatment systems [6].  

Sludge retention time (SRT), has a substantial impact 

on sludge properties. Longer sludge retention time 

may provide better filterability, while shorter 

retention results in faster membrane fouling. This 

may be due to the amounts of soluble microbial 

products and extracellular polymeric substances 

(EPS) produced. In the course of operating an 

anoxic/anaerobic MBR at SRTs of 100, 60, and 20 

days, Ahmed et al. found that membrane biofouling 

was significantly reduced by increasing SRT and that 

the concentration of bound EPS followed the same 

trend [7]. According to research results carried out by 

Ouyang and Liu using three laboratory-scale 

submerged MBRs, the highest membrane fouling rate 

was observed at SRT of 10 days. At the same time a 

reduction in the concentrations of soluble microbial 
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products, polysaccharides, proteins, and total organic 

carbon  in  sludge  supernatant  has  been  reported  [8]. 

Further,  a  submerged  MBR  may  operate  across  a 

wide range of SRT, given that biomass separation is 

always  effective  in  a  submerged  MBR  and 

settleability  is  hardly  a  limiting  concern.  Therefore, 

to  decrease  the  size  of  the  reactor,  very  short  SRTs 

have  been tested  [9]. Conversely, to  maintain a high 

MLSS  concentration  while  minimizing  sludge 

production,  total  solid  retention  and  very  high  SRTs 

are  also  now  being  explored  [10,  11].   However, 

considerable  options  in  operating  conditions'  impact 

on  biomass  systems  and  how  they  affect  removal 

effectiveness  and  membrane  fouling  are  still  up  for 

debate.  Particularly,  some  investigations 

demonstrated  a  reduction  in  EPS  concentration  with 

increasing  SRT  [12,  13],  but  other  studies 

demonstrated  a  precise  reversal  of  this  trend  [14] or 

no  discernible  change  in  EPS  [15,  16]. 

Likewise, recent  research  by  Wile'n  et  al. 

demonstrated  a  correlation  between  the  surface 

characteristics and the structure of biological flocs in 

AS  and  the  chemical  components  of  EPS.  A 

relationship that can be greatly modified by operating 

conditions [17]. 

 According  to  Xing  et  al.,  a  bench-scale  inclined- 

plate  MBR  operated  at  HRT  of  6  h  for  123  days 

without discharging any sludge successfully removed 

COD,  NH4-N,  and  TN  with  acceptable  efficiencies. 

However,  they  also  found  that,  without  excessive 

sludge  discharge,  sludge  may  slowly  build  up  in  the 

reactor  over  time  and  reach  unacceptable 

concentration  levels  in  the  aerobic  tank. 

Consequently, it likely negatively affects the inclined 

plate  function,  treatment  effectiveness,  and 

operational  performance  [18].  Recent  research  has 

assessed  how  well  conventional  MBRs  work  while 

treating  different  wastewaters  at  varied  HRTs  [19]. 

For  the  treatment  of  digested  sewage,  Gao  et  al. 

investigated  a  lab-scale  membrane-based  process 

with  an  aerobic  MBR  and  an  anoxic  tank  at  HRTs 

ranging from 8 to 2.5 h. According to their findings, 

shorter HRT improved NH4-N and TN removal while 

accelerating  membrane  fouling,  improving  filtering 

resistance,  and  increasing  fouling  rate [20].  Aida 

Isma  et  al.  examined the  effects  of  various  HRTs 

(12,  8,  and  4  h)  and  sludge  retention  times  (30,  15, 

and  4  d)  on  the  functionality  of  a  submerged  MBR 

for the treatment of synthetic wastewater. They found 

that  PO4-P  elimination  was  triggered  by  prolonged 

HRT. At the HRT of 12 h, the MBR with the longest 

SRT  of  30  d  improved  PO4-P,  NH4-N,  and  COD 

removal  efficiencies  and  displayed  reduced 

membrane fouling with the slowest TMP rise [21]. 

 Similarly,  Chan  et  al.  reported  good  treatment 

performance  with  respect  to  biological  phosphorous 

removal  in  systems  operated  at  20  
o
C  and  5  days 
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SRT, which reached up to 86% [22]. The data 

reported by Chan et al. showed significant reduction 

in the biological phosphorous removal with declining 

the operating temperature from 20 to 15 and then 10 

°C as well as by increasing the SRT [22]. Also, 

microbial ecology and performance of enhanced 

biological phosphorous removal was assessed in a 

full-scale wastewater treatment plant by investigating 

impacts of various SRT (6-40 days). The results 

indicated great influence of SRT on the PAOs and 

GAOs  on polyphosphate accumulating organisms 

and glycogen accumulating organisms and the 

authors recommend short SRT <10 days [23]. Even 

so, Wang reported possible excellent effluent quality 

with respect to organic carbon and phosphorous in 

biological wastewater treatment systems at extremely 

short SRT (1.5-4.5 days) [24]. On the other hand 

Operating lab-scale biological reactors for nutrients 

removal and treatment of synthetic wastewater was 

carried out using anaerobic-intermittent aeration at 

various SRT; 15, 20, and 30 days [6].The highest TP 

removal with 93% was recorded at 20 days SRT and 

the data indicated high phosphorus content and 

phosphate accumulating microorganisms in the waste 

sludge at higher SRT.  The SRT was extended (35 

days) to enhance biological phosphorous removal in 

anaerobic-anoxic-oxic SBR treating both real and 

synthetic municipal wastewater [25].  

Babatsouli et al. tested the efficacy of an MBR 

pilot plant with 30, 20, and 15 day SRT at HRT of 24 

and 19 h in treating industrial wastewater. They 

found a higher fouling rate and lower phosphate 

removal and denitrification at a shorter HRT of 19 h. 

Thus demonstrating the insufficient contact time 

between the wastewater and the polyphosphate-

accumulating microbes and denitrifiers [26]. 

In light of that, this study aimed to establish an 

SRT criterion for the long-term operation of MBRs 

by examining the performance of a lab-scale MBR 

for the treatment of synthetic wastewater sludge 

characteristics at 10, 20, 30, and 60 days at a fixed 

HRT of 7 hours and an OLR of 0.93 kg COD/m
3
.d. 

Additionally, this study's goal was to determine how 

varied SRTs affected membrane fouling behaviours. 

 

2. Materials and methods 

2.1. Membrane specifications  

A schematic diagram of the lab-scale MBR system 

used for the present study is presented in Figure 1. 

The activated sludge reactor was equipped with a 

single flat sheet made of polyvinylidene fluoride 

(PVDF) with anominal pore size of 0.1μm, a total

surface area of 0.1 m
2
, and with advantages of high 

permeability and durability. The peristaltic pump was 

adjusted to: 10 min on/2 min off mode.  TMP was 
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Figure 1 The schematic diagram of lab-scale MBR treatment system. 

constantly tracked with pressure gauge for its 

susceptibility to fouling throughout the process, and 

daily measurements of the permeate flow rate were 

obtained to ensure continuous flux.   

2.2. Operation of the MBR system  

The permeate flux was maintained at 11.4 

L/(h.m
2
) for operation with a 7-hour HRT and an 

aeration rate of 4 L/min. The efficiency of the system 

using different SRTs (60, 30, 20, 10 days) was the 

controlling parameter. According to the overall 

biomass concentration (including suspended and 

attached growing biomass), the operating SRTs were 

managed by routinely discharging excess activated 

sludge.  

2.3. Composition of synthetic wastewater 

The lab-scale MBR was fed with synthetic 

wastewater prepared according to Chen et al. recipe 

[27] as follows : 230.0 mg/L glucose, 30.0 mg/L 

sodium acetate anhydrous, 118 mg/L NH4Cl, 12 

mg/L KH2PO4, 1.2 mg/L CaCl2, 2.4 mg/L 

MgCl2.6H2O, 1.0 mg/L FeCl3.6H2O and 0.03 mg/L 

CoCl2.6H2O to tap water. The physico-chemical 

characteristics of the wastewater were: chemical 

oxygen demand (COD), ammonium nitrogen (NH3-

N), total Kjeldahl nitrogen (TKN) and total 

phosphorus (TP) were 270 ±16.8 mg/L, 25 ± 1.3 

mg/L, 33 ± 2.6 mg/L and 3.5 ± 0.16 mg/L, 

respectively. To adjust the pH value of the synthetic 

wastewater within the range from 6.8 to 7.2, the 

required amount of NaHCO3 was added. 

2.4. Physico-chemical analysis  

The impact of changing the SRT on the 

performance of the MBR has been evaluated by 

examining changes in the physical, chemical and 

microbiological characteristics of the feed and the 

permeate.  

The measured parameters include: Mixed liquor 

volatile suspended solids (MLVSS), mixed liquor 

suspended solids (MLSS), total suspended solids 

(TSS), total phosphorus (TP), total Kjeldahl nitrogen 

(TKN), ammonium nitrogen (NH4-N), and chemical 

oxygen demand (COD). All parameters were 

measured according to Standard Methods for the 

Examination of Water and Wastewater [28].     

2.5. Calculations of membrane resistance fractions   

The permeate flux (J) in L/(h.m
2
) was 

quantitatively determined employing eq. 1,  

J=Q/Am              (1) 

here Q is the permeate flow rate (L/h) evaluated 

by measuring the collected effluent volume versus 

time, and Am is the membrane surface area (m
2
). 

The total membrane resistance was calculated 

according to eq. 2 [29], 

J=∆p/(μ.Rt)          (2) 

hereΔPistheTransmembranepressure(N/m
2
),μ

is the effluent viscosity (N.s/m
2
),  

Rt = Rm+ Rc +Rf         (3) 

here Rm; the initial membrane resistance, Rf; the 

total organic and inorganic fouling resistance, Rc; the 

sludge layer resistance coating membrane surface 

during filtration. Rm was determined by filtrating 
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Table 1 Characteristics of the MBR influent and permeate at different SRT 

Parameters Unit Influent 

SRT 

10d R (%) 20d R (%) 30d R (%) 60 d R (%) 

PH ------ 7.49±0.19 7.6±0.24 ----- 7.8±0.24  7.7±0.16 ------ 8±0.14 ---- 

COD mg O2/L 270±16.8 28.6±5.6 89.40741 25.7±5.2 90.4 18.5±5.3 93 20±2.3 92 

NH4-N mg N/L 25±1.3 2.6±0.71 89.6 0±0.0 100 0 100 0 100 

NO3 mg N/L 0.2±0.17 15±2.5 ----- 20.17±9.6  22.4±9.8 ------ 25±4.3 ----- 

TKN mg N/L 29±2.6 6.5±2.2 80 5.7±2.1 82.7 4.2±3.8 86 5.5±2.6 83 

TP mg P/L 3.5±0.16 2.7±0.4 22 2.6±1.5

 

 

0.9±1.4 77 
________________________________________________ 
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deionized water using the new membrane. The value 

of Rf was determined at the end of each run after 

removing the sludge layer [30]. 

 

3. Results and discussion 

3.1. Performance of MBR under different 

conditions of SRT 

3.1.1. COD removal 

Based on the results of previous investigations, a 

HRT of 7h was selected for this study [30, 31]. 

Permeate flux was kept constant at 11.4 L/ m
2
 h. 

COD loading rate was around 0.93 kg COD/m
3
.d. 

SRT was varied throughout the operation of this 

study (174 days) from 10, 20, 30, and 60d, where the 

excess MLSS discharged per day were 800, 400, 

266.6, and 133.3 mL, respectively. 

Table 1 and Figures 2, 3, 4, 5, and 6 provide the 

average findings of the FS-MBR treatment efficiency 

in terms of the primary process parameters typically 

monitored at wastewater treatment. Regarding COD 

percentage removal, the obtained data indicated good 

performance for organic compounds removal. For all 

SRT, COD removal was more than 89%. These 

results are similar to those obtained by K. Chen et 

al., (2011) and W. Lee, Kang, and Shin (2003) who 

concluded that COD and BOD removal values are not 

affected by changing the SRT within the range 

adopted in the present study [15, 27]. With the 

exception of the operation at SRT for 10 days, where 

COD treatment performance was only 89%, the 

concentration of the effluent of COD after the MBR 

operation ranged from 18.5 to 28.6 mg/L, 

corresponding to a removal efficiency of 90%–93% 

(Fig. 2). The reduction in COD removal could be 

attributed to the reduced biomass concentration (2.5 

g/L). Using a pilot-scale submerged MBR for the 

treatment of high-strength industrial wastewater at 

200-day SRT and 20 g/L of sludge solids, TOC and 

COD removal efficiencies of more than 98% and 

99% were achieved [32]. Similar findings from other 

studies indicate that SRT has a prominent impact on 

the sludge's characteristics and that the longer SRT is, 

the more likely it is to reduce membrane fouling [12, 

33]. Wan et al. found that the removal effectiveness 

of partial COD increased gradually from 89.56% to 

95.48% with the increase in sludge concentration. 

Yet, the removal efficiency of total phenol and 

ammonia nitrogen did not change considerably. The 

system's ability to resist shock, toxicity, and the 

removal of refractory materials was enhanced by the 

rise in sludge concentration because, in practice, 

wastewater quality and treatment were more 

complex. However, when MLSS levels rise, the 

amount of oxygen needed in the aerobic tank and the 

viscosity of AS will increase. Since the oxygen 

transfer efficiency will decline as a result of the 

increased AS floc adhering to bubble surfaces, 

decreasing the oxygen contact area [34]. 
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Figure 2 Variations of COD values in MBR permeate at 

10, 20, 30, and 60 days SRT. 

 

3.1.2. Nitrification and phosphorus removal  

------

------

1.0±0.325.7 71
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In the present investigation, except for ammonia at 

SRT of 10 d, which had an 89% removal 

effectiveness, the treated wastewater's ammonia and 

suspended particle concentrations were below 

detectable limits. Total nitrogen (TN) and/or total 

Kjeldahl nitrogen (TKN) in wastewater are two ways 

to express the amount of nitrogen present. TN 

includes nitrite and nitrate-based nitrogen in addition 

to TKN, whereas ammonia nitrogen and organic 

nitrogen make up TKN content [35]. As previously 

indicated, similar to other parameters, the maximum 

TKN removal efficiencies were attained at the SRT 

of 30 d. The average NO3 concentrations in the 

permeate were 25±4.3, 22.4±9.8, 20.17±9.6, and 

15±2.5 mg/L for the SRT intervals of 60 d to 10 d, 

respectively. Nitrite accumulation was found in the 

permeate for the MBR operation at SRT of 10 days in 

the range between 1.5 and 4.5 mg N/L, indicating a 

reduced nitrification efficiency over the first 20 days. 

However, over the next few days, the nitrification 

process' effectiveness ultimately improved, 

 

eradicating  the  buildup  of  nitrite  in  the  permeate.  It 

is  well-established  that  nitrification  performance  is 

improved with higher SRTs since this gives the slow- 

growing  nitrifiers  in  the  system  enough  time  to 

mature [36]. 

 In the current study, the average TP concentrations 

in the permeate were 0.9 ± 1.4, 1 ± 0.3, 2.6 ± 1.5, and 

2.7  ±  0.4  mg/L  at  SRTs of  60,  30,  20,  and  10  d, 

respectively, with a corresponding removal efficiency 

of  around  77,  71,  25.7,  and  22%. Thus,  phosphorus 

uptake increased by increasing SRT, which could be 

attributed to the increase in biomass [37]. 

 Zahid  and  El-Shafai  reported  low  phosphorous 

removal  with  51-55%  in  MBR  treating  municipal 

wastewater  at  26.3  days  SRT  and  ORL  of  1.65-1.84 

g/L.d  [38].  Similarly  low  biological  phosphorous 

removal  with  between  17-37%  from  initial  range  of 

5.06-6.5  mgP/L  was  reported  in  SBR  treating 

municipal  wastewater  at  1.24-1.84  gCOD/L.d  OLR 

[39]. To  enhance  phosphorous  removal  and  mitigate 

membrane fouling in MBR, alum and ferric chloride 

have been used separately [40, 41]. 

3.2. Impact of SRT on sludge biomass concentration 

 The  biomass  concentrations  in  the  MBR 

experienced  a  proportional  increase  as  the  SRT  was 

increased, ranging from 4.5 to 6.5 g MLSS/L at SRT 

10  to  60  day,  (Figure  5).  On  the  other  hand,  the 

MLVSS/MLSS  ratio  was  in  the  range  from  0.79  to 

0.81  over  the  whole  run,  indicating  a  low 
________________________________________________ 
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According to previous publications, the biomass 

concentration, properties and the microbial 

community are impacted by SRT, HRS, and OLR 

[45, 46]. In the current study, Figure 6 shows that at 

SRT of 10 days, the MBR biomass was 

predominantly made up of scattered microorganisms 

and small, weak flocs, with significant quantities 

filamentous organisms. Thus, a shorter SRT resulted 

in smaller and weaker flocs. Ng and Hermanowicz 

found similar results when examining the 

performance and biomass characteristics of MBR 

operated at short SRTs ranging from 0.25 to 5 d with 

HRTs of 3 and 6 h. They observed that the MBR 

sludge was made up of a variety of short filamentous 

organisms and weak, tiny aggregates. The flocs in the 

shorter SRT were weaker and smaller. Additionally, 

accumulation of inorganic matter in the MBR at the 

different operating conditions. Laera et al. reported 

MLVSS/MLSS ratios above 0.75, at SRTs ranging 

between 20 and 80 days for municipal wastewater 

treatment [42]. According to Fu et al., sludge 

accumulation up to 2.9, 6.9 and 11.63 g/L can be 

obtained when SRT are increased from 5 to 20 d, 

[44]. giving higher biomass growth rates 

Figure 3 Variations of TKN in MBR permeate at 10, 20, 30, and 

60 days SRT.

Figure 4 Variations of TP in MBR permeate at 10, 20, 30, and 60 

days SRT.
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Figure 5 Sludge Growth (g/L) at Different SRT time.  

 

Figure 6 Biomass images of AS captured by optical microscope following SRT of 10 (a), 20 (b), 30 (c), and 

60 days (d). 

 

 

they discovered that altering the F/M ratio, or SRT, 

boosted the amount of non-flocculating bacteria, 

which enhanced the removal of organic material [47]. 

3.3. The Impact of SRT on membrane fouling and 

filtration performance  

In the current investigation, decreasing SRT from 

60 to 10 days, increased
 
total fouling resistance (Rt) 

from 0.38 x 10
13

 to 0.48 x 10
13

 m
-1

. This might be a 

result of the system producing more colloidal 

substances as a consequence of the lower SRT and 

the pore-blocking effects of the colloidal organics on 
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Figure 7 TMP and Flux Variation at different SRT time.  

 
the membrane [48]. Other studies, however, observed 

that increasing SRT resulted in a decrease in the rate 

of membrane fouling [7, 8, 49–53]. 

3.4. Impact of SRT on Flux and TMP 

 Results  presented  in  Figure  7,  shows  a  gradual 

reduction of permeate flux and a gradual increase of 

TMP,  in  the  four  SRT  investigated.  At  SRT  of  10 

days, the permeate flux was reduced from 11.4 to 7.2 

L/m
2
.h.  At  the  same  time,  by  the  end  of  this  run  (at 

day  65),  the  TMP  increased  from  0.01  to  0.42  bar. 

Increasing  the  SRT  to  20  and  30  days  reduced  the 

permeate  flux  from  11.4  to  9  L/m
2
.h  and  increased 

the  TMP  from  0.04  to  0.28  bar.  Further  increase  of 

SRT  to  60  days  led  to  a  reduction  of  the  permeate 

flux  from  11.4  to  9  L/m
2
.h  and  increased  the  TMP 

0.04  to  0.2  bar.  It  is  worth  mentioning  that  before 

changing  the  SRT,  the  membrane  was  cleaned, 

following  the  manufacturer's  guidelines  to  recover 

the permeate flux to the original value. In general, it 

can  be  concluded  that  increasing  the  SRT  increases 

the  TMP  and  reduces  the  permeate  flux.  This  could 

be due to the increase in biomass concentration. 

4. Conclusion 

 In  the  present  study,  increasing  the  SRT  from  10 

to 60 days slightly affect the organic matters removal 

as  measured by  COD  values.  Also,  increasing  SRT 

________________________________________________ 
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resulted in a better TP, TKN, and NO3 removal 

performance. At the same time, a gradual increase in 

the biomass production ranging from 4.5 to 6.5 g 

MLSS/L has been reported. Corresponding 

MLVSS/MLSS ratio was in the range from 0.79 to 

0.81 over the whole run, indicating a low 

accumulation of inorganic matter in the MBR at the 

different operating conditions. Microscopical 

examination of the biomass produced indicated that 

increasing the SRT improved sludge quality. At SRT 

of 10 days, the biomass produced was dominated by 

small flocs and filamentous organisms.  The results 

also confirmed the correlation between SRT and 

membrane fouling. Increasing the SRT from 10 to 60 

days increased permeate flux from   7.2 to 9 L/m
2
.h 

L/m
2
.h.and reduced the TMP from 0.42 to 0.2 bar. A 

result which is positive for reducing membrane 

fouling, consequently keeping a low operating cost. 
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