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Abstract A laboratory scale aerobic membrane bioreactor (MBR) using a submerged microfiltra-

tion (MF); hollow-fiber membrane was used for treating wastewater polluted with azo dye acid

orange 7 (AO7). Initial dye concentrations studied were from 50 to 400 mg/l with a COD ranging

from 95 to 550 mg O2/l and hydraulic retention times (HRT) 4, 6, 8 and 24 h. Results showed that

the biological process was responsible for almost 60–80% of COD removal and almost all the

removal of AO7 color. Membrane microfiltration merely balanced the unstable biological treatment

of COD and demonstrated almost no contribution to AO7 color removal. Trans-membrane pres-

sure (TMP) increased with time, and with the increase of dye concentration reaching a maximum

of 4.175 psi. Scanning electron microscope (SEM) images of the membrane’s filament were taken

and compared with a SEM image of a virgin membrane; clear deformation in membrane’s pore

structure could be noticed as well as scale formation on the outer surface of filaments, foulants were

determined using the energy dispersive X-ray analysis (EDX).
ª 2011 Faculty of Engineering, Alexandria University. Production and hosting by Elsevier B.V.
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1. Introduction

The treatment of wastewater has received an increasing atten-
tion at all levels over the past few decades, as it has become a
necessity for two main reasons. First, the growing world pop-

ulation at an unprecedented rate and the consequent mounting
demand for water against decreasing water resources. Second,
environmental conditions have become a major and critical is-

sue in today’s world, and wastewater from different sources
has become one of the major threats for the environment,
not only on local levels but also on a global scale.

TheMBR process, which consists of an activated sludge bio-
reactor and a microfiltration membrane, is an emerging bio-
treatment technology that has demonstrated great promise. It
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takes advantage of the rapid development in membrane manu-

facturing and has the potential to fundamentally advance the
biological treatment process. Possessing advantages, such as
excellent effluent quality, a high biomass concentration without
concern for sludge settling problems, a simple flow configura-

tion and small footprint demand encouraged the application
of the MBR especially in domestic wastewater treatment [1].

MBRs have been used to treat various types of wastewater

with a chemical oxygen COD concentration ranging from
about 100 to more than 40,000 mg/L and an HRT varying from
4 h to several days. For the treatment of domestic wastewater, a

sludge concentration from 3000 to 10,000 or higher in MLSS
can be maintained in an MBR with a HRT of 10–20 h mostly
adopted [2,3]. As large macromolecules would stay within the

MBR in contact with biomass for a longer period than that
within a conventional activated sludge process, a COD or
BOD removal of more than 98% can be achieved [2,4,5].

MBRs can be generally classified into two categories: sub-

merged (immersed or integrated) MBRs and side-stream (re-
circulated or external) MBRs [6]. Recently, submerged MBRs
have been preferred due to the significantly reduced energy

consumption [7]. However, membrane fouling is a major
obstacle for wide-spread applications of MBRs. Membrane
fouling results in a reduced performance, severe flux decline

or rapid TMP increase, high energy consumption, and fre-
quent membrane cleaning or replacement, which directly leads
to the increase in maintenance and operating costs [8].

Effluent of MBRs is normally free of bacteria [9,10] as the

use of membranes retains almost all microorganisms (MO) in
the bioreactor and the HRT, therefore, becomes completely
independent on the sludge retention time [11] and can recover

reusable water from permeate stream, thus reducing water con-
sumption and minimizing effluent discharge [12–14]. With the
high sludge concentration obtained and the retention of other

macromolecules in the bioreactor, contact time of the activated
sludge and pollutants is elongated, increasing the possibility
and the efficiency of degrading the none-biodegradable pollu-

tants [15], giving good conditions for the treatment of textile
wastewater; that is high in color and low in BOD5/COD and
one of the most difficult wastewaters to be treated [16].

Virtually every commercial coloration process uses azo dyes

and pigments. During the synthesis and the use of azo dyes, at
least 4% of the dye production is lost to domestic and indus-
trial wastewater each year [17], other loss estimates range as

high as 10–15% [18]. And so the purpose of this research
was to study the efficiency of the aerobic MBR system in the
removal of AO7 from polluted raw water. A range of concen-

trations were tested to help grasp a general idea of microorgan-
isms’ behavior toward AO7 in an oxygen rich medium, as well
as, MF role in COD, color and dyestuff removal. Main vari-

able parameters were initial concentration of AO7 – subse-
quently the corresponding COD – and the HRT. Other
parameters, such as pH, DO, MLSS, SVI, temperature, TMP
and flux obtained were monitored and recorded.
1 EMU, Faculty of Science, Alexandria University, Egypt. Tel.: +2

0124436757 <www.sci.alex.edu.e.g./units.html/>.
2 Ard Al-Heesh Municipal Wastewater Treatment Plant, Al-Dekh-

ela, Alexandria, Egypt.
2. Materials and methods

2.1. Analytical equipments and methods

Samples were prepared and analyzed according to the stan-
dard methods [18]. The dye concentration was calculated based
on the standard curves of AO7 using spectrophotometer

(TURNER-390). Tests showed that the COD of 1 mg AO7/l
is 1.1091 mg O2/l. DO was determined using a portable DO
meter (JENWAY-970 DO2 Meter) while pH was determined
using a portable pH meter (JENWAY-370 pH Meter).

SEM images of fouled membrane filament were taken by a
scanning electron microscope (JEOL 5300 JSM) after prepara-
tion according to the standard procedure. Both SEM and

EDX were carried out at the Electron Microscopy Unit (Fac-
ulty of Science, Alexandria University, Egypt).1

Biomass was sampled from an activated sludge process2

with MLSS of 1200 mg/l and SVI of 133.3 ml/g. The F/M
was maintained at 0.2 d�1 [19] using glucose, ammonium sul-
fate and sodium di-hydrogen phosphate in a C/N/P ratio of

100:5:1 [20], which improved MLSS that reached 5170 mg/l.
MO was gently acclimatized to AO7 maintaining the F/M ra-
tio at 0.2 with the help of synthetic wastewater to provide sub-
stantial nutrients.

2.2. Experimental setup

The schematic diagram of the experimental set-up of this re-
search is shown in Fig. 1. Air pump provided continuous
and good aeration in through an air diffuser in the bottom

of the bioreactor. Air flow rate was 13 l/min keeping DO of
above 7 mg/l. Membrane used was a KMS hollow-fiber mem-
brane made of polyethylene with a nominal pore size of
0.4 lm, outer diameter of 650 micron, inner diameter of 420

micron, number of filaments of 1070, 30 cm height – providing
a surface area of 0.654933 m2 – and a pure water flux of 550 L/
m2 h at �10 cm Hg. A storage tank was placed to ensure con-

tinuous flow during MF. Effluent was drawn through the
membrane using a vacuum chamber connected to a vacuum
pump; the vacuum chamber was mounted by a pressure gauge

to monitor the TMP. The MBR treated AO7 with concentra-
tion range from 50 to 400 mg/l varying the HRT from 4 to
24 h.

3. Results and discussion

3.1. COD removal

An increase in the bioreactor removal efficiency is noticed at

long HRTs, Fig. 2. Fluctuating behavior of the bio-removal
was consistent with the change in MLSS; low COD removal
was complying with the drop in MLSS and foam production

[20]. (see Fig. 3.)
At low concentrations as 100 mg AO7/l the overall removal

efficiency reached 90.9%, Fig. 4. MF gives good separation in

terms of suspended solids and MO as large molecules are likely
to be rejected by and retained in the bioreactor. This rejection
led to a retention time that was much longer than the HRT for

the organics, for which a higher degree of biological degrada-
tion could be achieved in an extended treatment time [4], hence
compensating the unstable biological removal of COD which
is consistent with the decrease in MLSS found at low HRTs

(death of MO, that adds up to the COD value in tank) [21],

http://www.sci.alex.edu.eg/units.html
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Figure 2 Effect of HRT on biological COD removal.
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Figure 3 Effect of HRT on over all COD removal.
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Figure 1 Experimental apparatus.
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Figure 4 Effect of initial dye concentration on overall COD removal.
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the decomposition of dead MO itself subsequently increases

COD.
As for the effect of the initial dye concentration on COD

removal, Fig. 5 shows the removal efficiency of COD at differ-

ent HRTs. When comparing all HRT cases, it is clear that the
increase in the initial dye concentration had a negative effect
on the removal efficiency of COD, a clear pattern of fluctuat-

ing performance of the MBR was detected, and that does con-
sist with the increase in COD due to the loss of MLSS (death
of MO) after being subjected to higher concentrations of AO7.

Further research on longer periods of HRTs would unleash
more information. But in general the increase in initial AO7
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Figure 5 Effect of both HRT and AO7 initia
concentration lead to a great decrease in COD removal

efficiency.

3.2. Dye and color removal

In general, the longer the HRT the higher the dyestuff removal
efficiency [4,16]. In this study overall removal of the dyestuff

from wastewater varied from one case to another depending
on HRT and consequently MLSS present in the bioreactor,
Fig. 5. Shows at AO7 low concentrations the removal efficien-

cies as high as 94% could be obtained, while increasing the ini-
tial AO7 concentration was followed by a decrease in the
300 350 400 450
ntration

HRT 4 hr
HRT 6 hr
HRT 18 hr
HRT 24 hr

l concentration on dye removal efficiency.
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dyestuff removal efficiency owing to the decrease in MLSS and

the increase in SVI that reached a value of 140 ml/g (SVI
should be within 50–100 ml/g) [19]. Unlike COD removal, dye-
stuff and color removal were not improved by MF as it hinders
large suspended particles while it permits water and dissolved

solutes [22].
For low AO7 concentrations the increase of HRT was in fa-

vor of color removal. The 50 mg/l initial dye concentration col-

or changed from yellowish orange to greenish yellow in 24 h.
MF permeate, however, showed an increase in color luminance
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and purity. Color removal was mainly attributed to the biolog-

ical process as MF membranes are able to remove a majority
of suspended substances, such as particles, colloids and micro-
organisms; however, may be ineffective for eliminating color
and dissolved organic carbon [23]. MF is less successful in

the removal of dissolved contaminants such as such as natural
organic matter [24], causing color in water [25], allows the pass
of water and dissolved solutes while hinders suspended parti-

cles and this proves the fact that MF alone is not enough for
AO7 removal [26,27].
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3.3. Sludge characteristics

Conducted3 microbiology tests revealed that species present in
the bioreactor were Bacillus, Enterobacter, Escherichia coli and

Staphylococcus; while no fungi were detected.
Figs. 6 and 7 assure that by the time AO7 concentration

reached 400 mg/l almost half MO culture was wasted subse-
3 Microbiology tests were conducted by Dr. Ebaa El-Sharouny,

Lecturer of Microbiology, Botany Department, Faculty of Science;

Alexandria University.
quently lowering the bioreactor efficiency. The highest MLSS

was at the beginning of the treatment, as MO was well fed
and acclimatized to small concentrations of AO7 gradually.
When studying MLSS versus HRT it shows that after MO

has been subjected for the same concentration for the four runs
of different HRT, MLSS recovers and becomes the highest at
the beginning of each run. In Fig. 6, SVI is plotted versus HRT

and by the end of each run, the SVI improved very well indeed
coming within the proper range (50–80) [14]. This proves that
at longer HRTs even low MLSS could achieve good removal,
but it all depends on MO adaptation.
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Figure 11 SEM images of membranes pores: (a) virgin mem-

brane, (b) used membrane.

Figure 12 SEM image of outside surface of membranes filament

shows obvious scale fouling.
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3.4. Membrane fouling

MF process was carried out under vacuum of 3.9 inch

Hg = 10 cm Hg as recommended by manufacturer.4 For dif-
ferent initial AO7 concentrations constant flux condition was
applied, corresponding TMP increased Fig. 8.

On the other hand, as initial AO7 concentration increased

TMP increased reaching a maximum value of 8.5 inch Hg
(4.175 psi) at a time of 12 min for the 350 mg/l initial dye con-
centration (Fig. 9); while Fig. 10 shows flux values for the dif-

ferent initial dye concentrations. The increase in the dye
concentration led to an obvious decrease in the flux values
reaching a minimum of 167.3 L/m2 h at time = 13 min for

350 mg/l initial AO7 concentration.
4 KMS: Korea Membrane Separation.
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The overall performance of the membrane decreased with
time; as the increase in TMP and the decrease in flux by
increasing the initial dye concentration gave an indication of

membrane fouling [27–31].
SEM images of membrane filament were conducted at the

end of the study to determine the morphology of fouling by

comparing pore structure of the used membrane with a virgin
one. Fig. 11 shows that virgin membrane has elliptical pore
shape structure while used membrane suffers from deforma-
tion. Also scale formation was detected on the outer surface

of the filament (Fig. 12). It should be noted that the sample
preparing procedures might take away most of the cake layer
and even part of the gel layer because of their loose attachment

to the membrane.
It was highly reasonable to believe the layer formed on the

membrane surface is a scale layer based on the results of the

EDX analysis; according to Fig. 13; Ca was detected as a
majority in the presence; as well as Na and C. Synthetic waste-
water fed to the MO is considered to be one of the main
sources for Na, S, P and C; while AO7 also contributed to

the amount of Na and S detected. On the other hand tap water
represents the major source for Ca, Cl and the small portions
of K and Fe detected.
4. Conclusions

The present study has shown a promising technique for the
application of MBR system in the dye removal; specially
AO7. Results showed that longer HRTs lead to the higher re-

moval of COD and color. MF proved a very reasonable sepa-
ration of microorganisms (suspended solids and particles),
while there was poor dye and color removal. Actually most

of COD, dye and color removal were attributed to the biolog-
ical process. The SEM image and EDX chart showed some
changes in the membrane pores geometry and a scale formed
on the outer membrane surface. The foulants were found to
be organic and inorganic compounds forming reversible and

irreversible resistances in the membrane pores. This fouling ef-
fect is considered one of the main challenges facing membrane
in wastewater treatment and in fact there are many ways to

control it through good system design, selection of appropriate
membrane operating conditions and applied a proper back-
washing and chemical cleaning systems.
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