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a b s t r a c t
The performance of an external membrane bioreactor in treating domestic wastewater was investi-
gated with laboratory experimental pilot scale. The results showed that the rate of the chemical oxy-
gen demand in the permeate could be reduced up to 27 mg/L and the biological oxygen demand 
concentrations of 5–8.5 mg O2/L and total suspended solid concentration of 5.7 mg/L. In the same way, 
the rate of total nitrogen and total phosphorus were reduced, respectively, to 8.7 mg/L and 0.4 mg/L. 
Globally, the results of the investigation revealed that the external membrane bioreactor presents sev-
eral advantages in terms of water resource protection because of the great quality of the treated water 
that can be reused for irrigation.
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1. Introduction

Domestic wastewater, municipal and industrial, contains 
significant amounts of organic contaminants, inorganic and 
microbial. These wastewaters are one of the main sources 
of contamination of surface water and groundwater [1]. The 
main aim of wastewater treatment is to decrease the danger 
to public health and without polluting watercourses or caus-
ing other nuisances [2].

In fact, in order to overcome the growing shortage of 
water resources for human consumption, the wastewater 
is increasingly subject to treatments for reuse. The treat-
ment levels will vary of effluent quality required for the 
end use [3]. This reuse should always be performed with 
the aim of providing water with a specific quality linked 
to the intended use [4]. Therefore, conventional methods 
cannot be adapted, because of their lack of reliability in 
the quality of treated water and the risk of microbiolog-
ical contamination [5]. To resolve this important issue, 
membrane technologies, including membrane bioreactors 

(MBR) may be a potential avenue for treatment and reuse 
of wastewater.

The advantage of these methods lies in their non-polluting 
aspect. It facilitates their automation and their ability to 
simultaneously remove various pollutants in a single pro-
cessing step. These technologies provide the opportunity to 
clarify and simultaneously disinfect water without the risk of 
organo-halogen compounds formation [6].

The MBR is a hybrid technology that combines a bio-
logical system and a separation step on porous membrane. 
This technology is an improvement in the biological system 
activated sludge, almost 100 years old, which is characterized 
by replacing the traditional secondary clarifier by membrane 
filtration unit, whose remarkable selectivity represents an 
insurmountable barrier by purifying species, regardless of 
their state of flocculation [7]. The MBR technology was intro-
duced for the first time in the 1960s, but the growing interest 
in its application for wastewater treatment really appeared 
few years later. The first marketed facilities emerged in the 
1970s and 1980s for markets atypical [8]. The development 
has led to two types of configurations: external membrane 
bioreactor (EMBR) and submerged membrane bioreactor.
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The outer membrane of bioreactors is also called “recir-
culation system” since the mixed liquor is pumped from 
the aeration tank to the filtration module placed outside the 
bioreactor. The retentate which contains the molecules or 
retained particles is returned to the aeration tank. EMBR is 
normally operated for high concentration of inorganic com-
pounds such as high salinity and extreme pH value that 
might inhibit the biodegradation process. EMBR selectively 
extracts specific organic pollutants that can be degraded in 
separated bioreactor [9].

The present study is focused on the performance of the 
EMBR for domestic wastewater treatment using a pilot-scale 
ultrafiltration (UF) membrane. The impact of operational 
parameters, such as chemical oxygen demand (COD), biolog-
ical oxygen demand (BOD5), total suspended solids (TSSs), 
total nitrogen (TN) and total phosphorus (TP), on effluent 
quality was evaluated. Contributions of the bioreactor and 
membrane module to the removal efficiency were examined. 
Moreover, the reuse potential of treated water was discussed 
by comparing with current water quality standards.

2. Materials and methods 

2.1. Pilot plant configuration

The EMBR pilot plant used is manufactured by Cossimi 
in France. A schematic of the EMBR is shown in Fig. 1. The 
bioreactor is composed of an anoxic tank of 20 L and an aer-
ation tank of 40 L. The flow is regulated grocers (between a 
high level and a low level of the tank anoxia) with two level 
sensors (rod) to maintain a constant volume of liquid in the 
reactor. A peristaltic pump controlled by these levels feeds 
the pilot in wastewater from a common tank.

A sequenced aeration is done by four diffusers placed at 
the bottom of the aeration reactor, providing the necessary 
oxygen for good treatment. The aeration cycles were fixed by 
the oxygen or redox transmitters which control the air blow-
ing. The concentration of dissolved oxygen, temperature, pH 
and the redox in the two reactors (anoxia/aeration) can be 
followed by transmitter electrodes.

The UF membrane employed in the study is ceramic 
tubular (Membralox®) allowing the separation of the treated 
effluent and the purifying biomass, it is placed outside the 
bioreactor. Ceramic UF membranes are by far widely used for 
physical removal of particles from liquid in the size range of 
0.01–10 μm, because of their potential advantages including 
chemical and thermal stability, physical strength and a longer 
operational life [10]. The membrane has a great chemical sta-
bility in a wide range of pH and temperature [11]. The charac-
teristics of the membranes are listed in Table 1. The cleaning 
of membrane is easy and convenient in situ because these 
inorganic membranes possess take a high degree of resistance 
to chemical abrasion and biological degradation [12].

At the EMBR, the mixed liquor is circulated outside of the 
bioreactor to the membrane module, where pressure drives 
the separation of water from the sludge. The concentrated 
sludge is then recycled back into the aeration tank.

2.2. Inoculum and supply of wastewater

The bioreactor was inoculated with 15 L of sludge from 
a mesophilic (35°C) anaerobic sludge pilot digester without 

previous acclimatization to psychrophilic conditions. The 
initial concentration of sludge in the bioreactor was around 
10 g/L of TSS. The pilot plant is continuously fed with the 
raw domestic wastewater. The wastewater sampling was 
done two times per week at the outlet of the sanitary sewer 
network of the city of Kenitra.

2.3. Chemical assays and sampling

The supply of wastewater and permeate of the MBR are 
characterized daily: COD (Hach DR2800 Spectrophotometer) 
and suspended solids are determined following sample fil-
tration through 0.45 μm. Biochemical oxygen demand (BOD) 
was estimated by 5-d BOD test (standard method) [13]. Three 
times per week, the concentration of mixed liquor volatile sus-
pended solids of the sludge is also ascertained. The TN and 
TP were analyzed with reagent kits (HACH DR4000, USA) 
and estimated by standard methods. Also, the disinfectant 
efficacy of EMBR was evaluated, analyses of total coliforms 
were carried out in the bacteriology laboratory using the filter 
membrane method. The analysis of heavy metals (zinc, iron 
and copper) concentration was made by inductively coupled 
plasma mass spectrometry method. The sampling and all 
analyses are determined according to the standard methods 
for examination of water and wastewater [14,15].

3. Results and discussion

3.1. Analysis of domestic wastewater before treatment

The quality of domestic wastewater was examined every 
day during the period of study. Apparently, it was grey in 

Fig. 1. Schematic of EMBR pilot plant.

Table 1
Characteristics of the membranes used. Ref: KB6L 03XU1-E 
(Kleansep)

Membrane material Ceramic
Module Tubular type P10
Filter area 0.45 m²
Cut-off 15 kD/10–20 nm
Provider Pall Exekia
Membrane length 1,178 cm
Diameter of the channels 6 mm
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color with mordant smell. Parameters of the domestic waste-
water are listed in Table 2, were within the standard limits 
of World Health Organization (WHO) and US-EPA [16,17]. 
However, TSS (379.60 mg/L), BOD5 (400 mg/L) and COD 
(531 mg/L) were considerably deviated from their prescribed 
limits, indicating the high level of contamination. Pollution 
loads are assumed to be all of domestic origin. As shown, 
the wastewater characteristics can represent the medi-
um-strength urban wastewater seen in Morocco and in most 
cities around the world [18,19]. 

3.2. Variation of pH, temperature and conductivity in the EMBR

The results in Table 3 show a means of temperature in 
the influent 20°C, while it is substantially constant in the bio-
reactor and the permeate. These are favorable values for the 
operation of bioreactors and acceptable for irrigation reuse. 
The pH influent is stable with an average value of 7.5 indi-
cating a low alkalinity [20], this average is in the range of 
Moroccan standards. The pH in the bioreactor is almost con-
stant. The conductivity of the influent varies between 1,332 
and 1,997 μS/cm with an average of about 1,688 μS/cm. A 
reduction in the conductivity was recorded in the bioreac-
tor and the permeate, the respective averages are 1,094 and 
931 μS/cm. This decrease is attributed to the natural water 
mineralization [21]. The averages are near of Moroccan water 
quality standards for irrigation [22].

3.3. Removal of COD, BOD5, TSS, nitrogen and phosphorus

The removal efficiency of COD, BOD5 and suspended 
solids in the samples is shown in Fig. 2. The mean concen-
tration of COD, BOD5 and suspended solids in the effluent 
were, respectively, 531.04, 400.04 and 397.60 mg/L. It should 
be noted that more than 94.91%, 98.36% and 98.58% of COD, 
BOD5 and TSSs were removed (Table 4).

During the days of operation, the COD concentration 
in the effluent was maintained at 531.04 mg/L. The chemi-
cal oxygen demand on average eliminated in the bioreactor 
was 70.86%. In the permeate, 94.91% of COD was eliminated. 
The average value of COD in the permeate is about 27 mg/L. 

This parameter measures the oxidized material in concentra-
tion of suspended and dissolved organic origin without dis-
tinction or inorganic [14].

In the same way, 89.27% of biological oxygen demand 
was eliminated in the aeration tank and 98.37% in the per-
meate. This indicator used to measure the biochemical oxy-
gen demand for the natural destruction of the organic matter 
present in water [14].

Also, the average of suspended solids eliminated in the 
bioreactor was 80.35% and in the permeate was 98.65%. 
Suspended solids represent solids (small particles of solid 
pollutants) contained in the waste water [23]. They may be 
retained by filtration or centrifugation [14]. These results 
demonstrate that the UF treatment is more effective in treat-
ing wastewater [23].

Fig. 3 shows the mean values of TN and TP present in the 
influent, in the bioreactor and in the permeate (effluent from 
the membrane). Most of the TN in domestic sewage were 
present as NNH4

+ [24]. However, the mean concentration of 
TN in influent is 52.75 mg/L and decreases to 25.4 mg/L in the 
bioreactor and to 8.7 mg/L in the permeate. This decrease of 
the nitrogen content throughout the operation of the EMBR 
could be due to both the hydrolysis of the accumulated 
particulate organic matter and the cell disintegration. The 
removal efficiency of TN was 83.51%.

The phosphorus concentration has undergone a similar 
evolution, a significant difference in the average was between 
the TP concentration in the influent and the permeate. The 
mean value of TP elimination at the outlet of membrane 
treatment is 0.4 mg/L. Also, a significant decrease of TP con-
centration was recorded within the bioreactor. The removal 
efficiency of the TP was 93.75%. In this regard, a decrease 
of TN and the concentration of TP in the permeate was 
observed by Chen et al. [25], in which an MBR was used to 
treat wastewater, achieving almost 100% removal of TP and 
62% removal on nitrogen.

Table 2
Characteristics of domestic wastewater

Parameter Influent 
concentration

Moroccans 
standardsa

International 
standardsb

Temperature, °C 16–20 <30 25–35
pH value 7–8.5 5.5–9.5 6.5–8
Turbidity, NTUc 300–650 – 50–100
COD, mg/L 365–746 500 250–400
BOD5, mg/L 236–611 100 130–180
TSS, mg/L 235–569 100 80–160
TN, mg/L 40.5–60 40 3–5
TP, mg/L 7.5–8.5 15 1–3

aMoroccan pollution standards – limits rejection to abide by spills.
bThe American National Standards help in evaluating and approving 
water reuse treatment technologies. The New NSF 35.
cNephelometric Turbidity Unit.

Table 3
Mean value of pH, temperature and conductivity in samples

Parameter Influent Bioreactor Permeate Reuse 
standards

T (°C) 20 25 17.5 35
pH 7.5 7.4 8.6 8.4
Conductivity 
(μS/cm)

1,688 1,093.8 930.4 1,200
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Fig. 2. Average of removal COD, BOD5 and suspended solids.
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3.4. Quality of EMBR effluent and irrigation water standards

In regulating the reuse of treated wastewater, chemi-
cal parameters must be considered alongside the biological 
parameters. These settings are also related to the protection of 
health and the environment (soil, water, etc.). The important 
chemical parameters to consider are the following: pH, elec-
trical conductivity, TSSs, biodegradable organic compounds 
(COD and BOD), nutrients (TN and TP), bacteriological test 
(total coliforms), and elements metal traces or heavy metals 
[26]. The effluent quality of the EMBR is listed in Table 5.

As shown, the COD value in the permeate was 27 mg/L, 
it is less than 100 mg/L value of Moroccan irrigation stands 
[22]. Regarding BOD5, it was in range of 6,056 mg/L, which 
is less than 20 mg/L value of Moroccan irrigation reuse stan-
dards [20]. For the TSS, the concentration in the permeate 
was 5.7 mg/L which is less than 50 mg/L limit value for irriga-
tion reuse in Morocco [22]. The observation of TP was above 
<2 mg taken as the threshold value for Moroccan standards 
irrigation [26]. This predictable removal of nitrogen and 
phosphorus in the EMBR could be beneficial if the effluent 
will be used for agriculture or irrigation [27].

Also, the results of the bacteriological analysis show an 
absence of the total coliforms at the exit of the EMBR (perme-
ate), while an important value was detected at the influent 
[26]. These results confirm those of the literature, obtained for 
processing by MBR located in Perthes-en-Gatinais [24], which 
reveal that the application of MBR allows an efficient elimina-
tion of pathogenic indicators (total and fecal coliforms), viruses 
and bacteria. Indeed, the small size of the pores of the UF 
membrane makes it possible to block all the bacterial species.

Concerning the removal of heavy metals from wastewaters, 
in our study, we made analyses of three main heavy metals 
(zinc, iron and copper), the results are listed in Table 5. The 
analyses show that the concentration of the three heavy met-
als present in the permeate conforms with the irrigation reuse 
standards. Also, these results are consistent with those indicate 

the maximum concentration of trace elements in irrigation 
water (Table 5) by FAO [28]. However, membrane processes 
such as UF, nanofiltration and reverse osmosis have proven 
their competitiveness in removal of metals from wastewater 
because of their low energy requirement, small volume of 
retentate, and high selectivity [29]. The removal of toxic metals 
makes wastewater safe for reuse and contribute to water sus-
tainability [28]. These, when present, can cause health risks by 
transfer and accumulation from water, via plants, to humans.

These results comply with Moroccan irrigation norms, 
which has enacted Ordinance No. 1276-1201 establishing the 
water quality standards for irrigation. Besides, the conductiv-
ity rate in the permeate has to decrease further, to get, a reverse 
osmosis or nanofiltration should be considered. However, the 
EMBR system can provide a good-quality effluent that is com-
pletely acceptable for reuse in irrigation [22,30]. Therefore, 
lots of urban wastewater can be effectively harnessed, and 
moreover, large quantities of water could be saved [27].

4. Conclusion

Today, the MBR is in full-swing optimization and their 
future looks very promising in application fields varied as 
the food, irrigation or the urban wastewater treatment.

Table 4
Percentage of the reduction of physicochemical parameters (pollution) of treated wastewater by EMBR

Parameters Influent Bioreactor Abatement rate (%) Permeate Abatement rate (%)

TSS, mg/L 397.6 70.18 82.35 5.7 98.56
COD, mg/L 531 154,5 70.90 27 94.91
BOD5, mg/L 400 42.94 89.25 6.56 98.36
TN, mg/L 52.75 25.4 51.85 8.7 83.51
TP, mg/L 8 2.75 65.63 0.5 93.75

Table 5
Permeate quality and irrigation water standards

Parameter EMBR 
effluent

Water irrigation 
reusea

pH value 8.6 6.5–8.4
Temperature, °C 17.5 35
Conductivity, μS/cm 930.5 1,200
COD, mg/L 27 100
Five-day BOD, mg/L 6.6 20
TSS, mg/L 5.7 <50
Total nitrogen, mg/L 8.7 <5
Total phosphorus, mg/L 0.4 <2
Iron (Fe), mg/L 2.5 5
Copper (Cu), mg/L 0.2 0.2
Zinc (Zn), mg/L 1.7 2
Total coliformes, FCU/100 mL NDb <1,000/100 mL

aThese are the maximum permissible values according to Directive 
FAO and Water reuse standard for irrigation, land watering, Morocco 
[28].
bND, not detected. The bacteriological test was negative. The 
ultrafiltration membrane could effectively retain the bacteria (size 
from 0.5 to 5 mm). 
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Fig. 3. Total nitrogen and phosphorus concentration in the 
sample (mean values) during the entire period of operation.
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The association of a biological reaction and separa-
tion by porous membrane displays several advantages 
compared with the traditional activated sludge process, 
such as high effluent quality and space requirement. In 
addition, it  presents several advantages in terms of water 
resource protection because of the great quality of the 
treated water that can be reused for irrigation. However, 
the quality of the water, notably the absence of solids in 
suspension and turbidity, allows considering the EMBR 
as a perfect tool for  pre- treatment before desalination 
or preparation of water of very high quality. Moreover, 
because of its modular property, the EMBR may also be 
favorable for developing a new  wastewater network con-
figuration in an urban area.

The high quality of effluent, free from solids and germs, 
meets many of the current quality standards throughout the 
world and will meet the increasingly stringent standards 
of tomorrow. The results of the investigation revealed that 
external membrane bioreactors are potential alternative 
wastewater treatment processes, particularly, when the reuse 
of wastewater is considered as a vital option. The removal 
efficiency of COD was on the average as high as 94.91%, in 
which 70.9% was attributed to the bioreactor and the resid-
ual 24% resulted from membrane separation. However, 
other contaminants present in the sludge such as TN and 
TP should be further investigated to improve their removal 
efficiencies. Finally, the EMBR is a potential alternative to 
treat  wastewater,  especially, for the reuse of wastewater for 
irrigation.
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