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ABSTRACT

The effect of operating pressure on olive oil mill wastewater (OMW) purification and
filtration efficiency was determined by the evaluation of the flux decline during volume
reduction factor (VRF) experiment. One of the other effective factors is the rejection
coefficients based on several parameters, which measure the global pollutant content of the
OMW, namely chemical oxygen demand, UV absorbance at 254 nm, total phenols, color as
well as conductivity. The integrated membrane system (UF-NF) was used in this study and
OMW was pre-filtered by three steps tubular microfiltration modules with nominal pore
size of 50, 5, and 0.2micron in series mode and afterward a 35 kDa ultrafiltration
membrane. Filtration experiments in concentration mode of the filtration (with recycling of
the retentate stream) were performed in laboratory scale, by using three nanofiltration (NF)
membranes. The fouling behavior analysis of the NF membranes was also performed by
assessment of the flux recovery ratio and degree of the total flux loss (Rt) during VRF
experiments. The NF-270 had resulted higher permeate flux than other examined NF
membranes, while both NF-90 and self-made NF rejection efficiencies were better than
NF-270. On the other hand, the NF-90 had shown better results in comparison with the
other NF membranes at high operating pressure. It was concluded that the increasing of the
operating pressure enhanced the effects of fouling.

Keywords: Olive oil mill wastewater (OMW) treatment; Integrated membrane system; VRF
experiments; COD removal; Total phenols rejection

1. Introduction

Olive oil mill wastewater (OMW), as a byproduct
of olive oil production, is becoming a severe environ-
mental hazard, especially in Mediterranean regions,
due to its high organic chemical oxygen demand
(COD), phytotoxic properties, and resistance to

biodegradation. The composition of each type of
OMW is different than the others and it depends on a
wide range of parameters such as climatic, cultivation
parameters, and milling method applied for oil extrac-
tion technology [1–3]. Based on literature, COD of
OMWs range from 35 to 200 g/L, biochemical oxygen
demand from 15 to 135 g/L, suspended solids (SS)
from 6 to 69 g/L, total phenols from 2 to 15 g/L, while
pH range from 4.5 to 5.8 [4–8]. This is one of the*Corresponding author.
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highest organic loads in known concentrated wastes,
which is 100–200 times greater than domestic waste-
water. In case of disposing into the environment,
OMW produce can cause serious deteriorations such
as coloring of natural waters, serious threats to the
aquatic life, pollution in surface, and ground waters,
alterations in soil quality, phytotoxicity, and odor
nuisance [9].

In previous works, different kinds of wastewater
management methods have been used for OMW
purification, applied either alone or in combination
with other techniques. For instance, OMW disposal to
uncultivated and agricultural soils, lagooning or
natural evaporation, and thermal concentration, treat-
ment with lime and clay, physical–chemical treatment
[10–13], electrocoagulation process [14–16], Fenton and
Electro Fenton processes [3,17] have been reported
and in several cases practiced. It must be noted that
the complication, capital and operating costs, and the
processes efficiency might be significant parameters
that can affect the process performance in general.
Membrane processes including microfiltration (MF),
ultrafiltration (UF), nanofiltration (NF), and reverse
osmosis (RO) have been previously used for OMW
purification [2,18–20]. Membrane processes are devel-
oping as the leading contenders for OMW purification
and for the recovery and concentrate products from
the OMW, or as a pretreatment step before the
effluents are discharged.

If OMWs are not mixed with other wastewaters
but collected and stored separately, it is possible to
recover some valuable solutions such ad phenolic
compounds by membrane processes.

Low installation cost and operation of membranes
favored the use of membrane processes. MF and UF
are used mainly for primary treatment purposes while
NF and RO are used for final treatment [18]. NF has
tremendous separation abilities to remove both
organic and inorganic compounds including dissolved
inorganic compounds, bivalent ions (multivalent ions),
natural organic matter, and micropollutants. The main
advantages of NF process are lower operating
pressures than RO, subsequently low investment and
maintenance costs, high permeate flux, and sensible
efficiency are achieved through this system [21].
However, membrane fouling is one of the common
problem associated with OMW purification and also
other membrane filtration processes that strongly
reduces the permeate flux and subsequently changes
both membrane selectivity and efficiency. Thus, a
pretreatment step is necessary to decrease membrane
fouling and increase the filtration efficiency. On the
other hand, operational conditions and the most
important of them operating pressure have a

tremendous effect on NF membranes performance,
efficiency, and fouling.

In this study, different varieties of NF membranes
with different properties are used for OMW purifica-
tion. The membranes performances as functions of
transmembrane pressure (TMP) are investigated by
measuring the permeate flux, rejection, and antifouling
properties during OMW purification. Since the com-
parison between membranes with different properties
(e.g. permeability, molecular weight cut-off (MWCO),
surface roughness, surface charge, and hydrophobic-
ity/hydrophilicity) was not yet performed, thus the
influence of different parameters on the performance
of membranes as function of pressure is investigated
herein. The key membrane filtration factors that are
affecting the process performance and efficiency are
right selection of the membrane type and operating
conditions. Depending on the goal that whether a high
degree of purification (high degree of COD removal)
is needed, or recovery of specific elements is target,
the membrane selection and applied operating
pressure might vary. Finally, the selection of NF
membranes at different TMP and choosing suitable
membrane and operating pressure for the purification
of OMW in order to achieve higher process
performance and efficiency will be carried out.

2. Materials and methods

2.1. OMV sample

The raw OMW used in this work was obtained
from olive mill located in Gorgan, Golestan province,
Iran. For this study, COD, UV254 nm, color, total phe-
nols, and conductivity were measured. Table 1 shows
a list of main characterizations of the raw OMW.

NaOH solution was used for adjusting pH of the
raw OMW manually to eight. Afterward, OMWs
were pre-filtered by tubular MF modules to remove
large particles, SS, oil, and grease. Three tubular MF
modules made of polypropylene with nominal pore
size of 50, 5, and 0.2 μm were used in series mode,

Table 1
Composition of olive oil mill wastewater

Parameter Unit Value

COD g/L 57 ± 1
Suspended solids g/L 15 ± 2
Oil and Grease g/L 10 ± 2
Total phenols g/L 6.7 ± 0.2
Conductivity mS/m 12.8
pH – 4.6 ± 0.1
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respectively. The MF pretreatment stage was operated
at pressure of 0.2 bar and at temperature of 28˚C. At
the end of each run, the system was stopped and the
MF membranes were cleaned by pure water at 40˚C.

2.2. Experimental equipment and membranes

The integrated membrane system (UF/NF) was
constructed and used during this study. The 35 kDa
UF membrane was used for additional pretreatment of
microfiltered OMW. Three NF membranes (NF-270,
NF-90, and self-made) used and compared in this
study. PES UF flat sheet membrane as UF membrane
was prepared by phase inversion via immersion pre-
cipitation technique [22,23]. The composite polyamide
self made NF membrane was prepared by interfacial
polymerization of m-PDA in aqueous phase and TMC
in organic phase. For the preparation of polyamide
composite NF membrane, the UF membrane was used
as support layer. The homemade automatic machines
used to fabricate the both UF and NF self-made
membranes, based on our previous work [24].
Therefore, the membranes with uniform thickness and
structure were formed.

All mentioned membranes were as flat sheet and
spiraled manually. The main characteristics of the NF
membranes are listed in Table 2.

The effect of pressure on performance of the NF
membranes was investigated at 28˚C and TMP ranges
of 5–20 bar. These experiments were performed by a
homemade cross-flow filtration system in concentra-
tion mode of filtration, where permeates were
collected in a separate vessel and concentrates were
circulated back to the feed tank. The membrane
containers were used for testing spiral wound
membranes. High-pressure pumps were used for pass-
ing the feed solution across the membranes modules.
Before and after each run, a test using pure water as
feed was done to determine permeability and antifoul-
ing attributes of the membrane. In the first of all
experiments, the system was kept for 20min at
experimental conditions for stabilization.

As the feed solution was reduced continuously in
the concentration mode experiments, the feed quality

continuously degraded. So, volume reduction factor
(VRF) is defined by [25]:

VRF ¼ VF

VR
(1)

where VF and VR are the initial volume of the feed
and the retention volume (VR =VF − VP), respectively.
This is an important parameter in concentration
operating mode.

The resistance appearing during the filtration can
be quantified fouling and cleaning can be specified by
the removal of this resistance. The resistance is due to
the formation of a cake or gel layer on the membrane
surface. In order to evaluate the fouling resistant
ability of membranes, flux recovery ratio (FRR) was
introduced and calculated as follows:

FRR ð%Þ ¼ Jw1
Jw0

� �
� 100 (2)

where Jw0 and Jw1 are the pure water flux of virgin
and fouled membrane, respectively. When a concen-
tration test ended, the filtration system was flushed
with pure water at 40˚C for 30min or until the rinsing
water came out clear, and Jw1 (L/m2 h) was measured
to evaluate the degree of irreversible fouling. To
analyze the fouling process in details, several
equations were used to describe the fouling resistance
of the membranes [26]. The total fouling ratio (Rt) was
defined and calculated as following:

Rt ¼ 1� Jv
Jw0

� �
� 100 (3)

Here, Jv is flux of OMW in steady state condition and
Rt is the degree of total flux loss caused by total
fouling. Reversible fouling ratio (Rr) and irreversible
fouling ratio (Rir) were also defined and calculated by
following equations, respectively.

Rr ¼ Jw1 � Jv
Jw0

� �
� 100 (4)

Table 2
Properties of the NF membranes used

Membrane Manufacturer
Permeability
(L/m2 h bar)

NaCl rejection
(%)

MWCO
(Da)

Contact angle
(˚)

Roughness
(nm)

NF-270 Dow-Filmtec 14.6 35 200–250 29.1 ± 0.5 9.0 ± 2
NF-90 Dow-Filmtec 8.1 84 150–200 65.6 ± 0.5 112 ± 2
NF-self Self made 5.7 73 450 51.3 ± 0.5 67 ± 2
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Rir ¼ Jw0 � Jw1
Jw0

� �
� 100 (5)

Obviously, Rt was the sum of Rr and Rir.
Separation performance of the membrane is evalu-

ated by the percent rejection (%) of feed components,
which is calculated as:

Rð%Þ ¼ 1� Cp

Cf

� �
� 100 (6)

where Cp and Cf represent the concentration of total
phenols in permeate and feed solutions, respectively.

2.3. Analytical methods

The levels of COD were measured using spectro-
photometer model AL250 AQUALYTIC Germany. The
natural organic matters and color rejections were
measured as the absorbance values at 254 and 395 nm
by spectrophotometer, respectively. Total phenols
were estimated by using the Folin–Ciocalteu method
[27]. Conductivity of samples was analyzed by digital
conductivity meter of Hanna (model: HI 8733, Padova,
Italy). MWCO of membranes was obtained from the
separation data obtained by filtration of polyethylene
glycol with various molecular weights and polyethyl-
ene oxide with molecular weight of 100 kDa [28].

3. Results and discussion

3.1. Pretreatment results

The MF stage was performed by three different
types of MF membranes with nominal pore sizes of
50, 5, and 0.2micron in series mode. The initial COD
of wastewater, SS and oil, and grease were reduced
about 67, 99, as well as 94% by MF pretreatment stage,
respectively. Afterward, the UF-(self made) was used
for further treatment as pretreatment of NF stage.
Based on MF stage permeate, the COD removal of UF
pretreatment stage was 44.3%.

3.2. Effect of pressure on permeates flux and flux decline

In this stage, the UF permeate was used as feed for
NF filtration experiments. The filtration experiments
of the OMW were performed with the three selected
NF membranes in filtration concentration mode. The
permeate flux was measured as a function of TMP
and VRF.

Fig. 1 represents the evolution of OMW flux (Jv)
with VRF and TMP for the NF membranes, a clear

decline of Jv occurs with the increase in VRF for all
NF membranes, due to the concentration polarization
and fouling effect on the membrane.

A slightly decrease in flux was observed at
especially 5 and 10 bar, but at 15 and 20 bar, the flux
decline was more rapid. As clearly seen from Fig. 1,
the flux decline due to concentration polarization and
fouling was increased with increasing pressure.

These curves may be divided into three steps: (1)
OMW flux decreased quickly at the first step of
filtration, (2) at the second step, it had a slighter
decline in which nearby VRF = 1.5, and (3) at the last

Fig. 1. The evolution of OMW flux (Jv) with VRF and TMP,
(a) NF-270, (b) NF-90, and (c) NF-(self made), (T = 28˚C).
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step, a very slight reduction in permeate flux up to
steady-state conditions happened after VRF = 2.5.
Similar trends have also been seen in earlier studies
and reported by other researchers as well [25,29]. It
seems that the effect of pressure on the first step is
higher than the other steps. It is known that as
pressure increases, concentration polarization become
bigger and the components on the membrane surface
increase [30].

It also can be seen from Fig. 1 that increasing
pressure augmented the effects of fouling. In the case
of NF-270 (Fig. 1(a)), at 5 bar pressure, permeate flux
had 63% reduction to steady state in VRF = 2.5, while
it has shown 80% reduction at 20 bar pressure. In the
case of NF-90 (Fig. 1(b)), in VRF = 2.5, reduction of
permeate flux was 62 and 76% at 5 and 20 bar
pressure, respectively. The same trend was observed
for the NF-(self-made). Thus it can be concluded that
with increasing pressure although initial permeate flux
was improved dramatically, the flux decline also
increased and there are no considerable difference
between permeates flux of different operating pressure
in steady state condition of flux (VRF = 2.5 onwards).

It is known that flux decline can be caused by
various factors such as concentration polarization, gel
layer formation, and pore blocking by OMW compo-
nents. All these factors produce extra resistances on
the feed side to transport through the membrane [31].

At the first step, flux decline was affected by
concentration polarization, which results in a rapid
flux decline. The cake formation step that happened
after concentration polarization resulted in a smaller
flux decline than the previous step.

The initial permeate flux and flux decline were
different during OMW purification for different
membranes and pressure. The NF-270 resulted in a
higher initial flux than both other NF membranes in
pressures of 5, 10, and 15 bar. However, this difference
was reduced with increasing pressure, due to higher
concentration polarization and fouling, and ultimately
at 20 bar pressure the NF-90 had shown higher
permeate flux than NF-270. This difference in initial
permeates flux and flux decline might be related to
the membrane properties including permeability,
MWCO, as well as hydrophilicity.

Membranes with higher permeability and MWCO
are expected to show a higher permeate flux at
beginning of filtration, and on the other hand, higher
flux decline, due to higher concentration polarization,
fouling, and pore blocking by OWM components.

Membrane surface hydrophilicity is an important
property which affects upon the behavior of
permeates flux and flux decline. The large amounts of
free water are absorbed by highly hydrophilic groups

of membranes surface to form a thin water film, which
prevents the deposition of OMW components on the
membrane surface or pore walls [32,33].

As it can be seen from Table 2, the NF-270 in terms
of hydrophilicity and permeability has considerable
difference than both other NF membranes. Higher
hydrophilicity and permeability of NF-270 may result
in a lower and higher flux decline than the other NF
membranes, respectively. However, it was observed
that flux decline of NF-270 than NF-90 was slightly
higher at all operating pressure tested, and it might be
due to the negative effect of higher permeability on
fouling. Moreover, the flux decline of NF-(self made)
during VRF experiment found to be significantly
higher than both other NF membranes. However, it
had shown slightly lower flux decline at 20 bar
pressure than NF-270. Therefore, it is safe to say that
the permeability is an important property of NF
membranes that significantly affects the flux decline.
Especially at high operating pressure its effects are
more visible.

According to the taken results, it was seen from
VRF = 2.5 onwards, there were no significant changes
in permeate flux of all the membranes and studied
pressure. Thus, this VRF value was measured as start
of steady-state conditions of flux for this study. In
addition, this point is taken that operating pressure
had no significant effect during purification in
steady-state condition of filtration.

3.3. Pressure effects on membrane rejection efficiency

The efficiency of membrane filtration processes for
the removal of OMW pollutants was estimated based
on rejection measurements. It was formerly explained,
the selected pollution indices in the present study
were: COD, absorbance at UV254 nm (UV absorbance at
254 nm is attributed mainly to the natural organic
matter), color, total phenols, and conductivity
(conductivity is attributed mainly to the inorganic
salts). The rejection coefficients of pollution indices by
all the membranes were determined as a function of
TMP and the values taken are shown in Fig. 2.

From Fig. 2(a), the NF-270 has presented different
removal efficiency for different pollution indices, it
can be seen that at all pressure studied conductivity
rejection and COD removal of this membrane were
lower than the other. On the other hand, both NF-90
and NF-(self made) showed high removal efficiency
for all pollution indices studied by more than 90%.
From Fig. 2, it is observed that by increasing
pressure, the rejection coefficients of pollution
indices were improved for all membranes used.
These improvements were varying for different
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pollution indices and membranes. In general, perme-
ate concentrations of components decrease when the
pressure is increased. However, during the formation
of a concentration polarization layer on the membrane
surface, higher permeate concentrations are obtained.
As can be seen, the conductivity rejection and COD
removal were improved, due to increasing pressure.
On the other hand, pressure effect on the other
pollution indices was lower, duo to higher size of
these contaminations.

In general, the size exclusion is dominant
mechanism for the rejection of OMW large
components such as organic compounds. The rejection

will generally increase with the molecular size.
Therefore, the lower salt rejection can be attributed to
this fact that salt compounds that cause conductivity
are considerably smaller than organic compounds of
OMW.

The NF-90 COD removal at 5 and 20 bar were
about 93.4% (COD = 690 ± 10mg/L) and 99.1% (COD
= 100 ± 10mg/L), respectively. Therefore, it can be
concluded that TMP has different effect on different
pollutant indices, and its effects are higher for lower
size contaminations. Based on the goal for concentra-
tion and purification specific components, it might be
used different TMP to achieve the purpose.

Fig. 2. Determined of pollution indices rejection coefficients as a function of TMP, (a) NF-270, (b) NF-90, and (c) NF-(self
made), (T = 28˚C).
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To the best of our knowledge, a few researchers
for OMW purification have used membrane processes
up to now. Therefore, there are not lots of results for
comparison study. Coskun and coworkers [18] were
used different kinds of NF and RO membranes for
OWM purification. They had presented final COD of
11,200mg/L when NF-270 was used after pretreat-
ment by UF filtration. In addition, the best results of
permeate COD that they reported was 1,000mg/L,
when RO membrane was applied at 25 bar pressure.
Abbassi and coworkers [34] were performed OMW
purification by MEUF process and presented 95.7%
COD removal (final COD= 5,880mg/L). Results pre-
sented herein demonstrated that our presented mem-
brane process reduces effectively more than 99.8% of
initial COD during whole process. These obtained
results are higher and more efficient than those previ-
ously reported in the purification of OMWs with the
other methods.

3.4. Pressure effects on fouling and resistance

As for analysis of the membranes fouling behavior,
different parameters namely FRR, degree of the total
flux loss (Rt), reversible fouling resistance (Rr), and
irreversible fouling resistance (Rir) were presented in
Table 3. The Rr is due to concentration polarization
and deposition of solids (cake layer) on the membrane
surface, and therefore, it can be removed by cleaning
with water after the wastewater (OMW) filtration
process. On the contrary, the Rir is due to pore block-
ing and adsorption of materials onto the membrane
surface and pores, which cannot be removed by water
cleaning [35]. The mentioned resistances were
determined from permeate flux data obtained in
the filtration experiments using Eqs. (3–5). As can be
seen from Table 3. It can be concluded that the UF-
(self made) had higher FRR and reversible fouling
than UF-CSM, due to the higher surface hydrophilicity
and lower MWCO.

The NF-90 had the highest FRR among the NF
membranes. In addition, the reversible fouling (Rr) of

NF-90 was higher than both other NF membranes,
and on the contrary, the irreversible fouling of NF-90
(Rir) was significantly lower. These show that the
concentration polarization and cake layer provided a
higher contribution of fouling than the adsorbed
particles in/on membrane. The Rir of NF-(self made)
was significantly higher in comparison with NF-270
and NF-90. Higher Rir and lower FRR of NF-(self
made) can be attributed to the pore blocking and
adsorption of OMW components onto the membrane
surface and pores wall. It might be due to the higher
MWCO of NF-(self made) than NF-270 and NF-90.

The reversible fouling (Rr) and FRR of all the NF
membranes were decreased by increasing pressure, on
the contrary irreversible fouling (Rir) and total flux
loss (Rt) were increased. Reduction of FRR and revers-
ible fouling, on the other hand, increment of total flux
loss and irreversible fouling means that pore blocking
and cake enhancement were augmented, duo to
higher TMP.

4. Conclusions

Three types of NF membranes were used in OMW
treatment in spiral wound mode. First, membranes
permeate flux were measured during VRF experi-
ments at different operating pressure (ranges from 5
to 20 bar). By increasing TMP, initial permeate flux
was improved dramatically, but flux decline also
increased. In addition, it was observed that the effect
of pressure was higher at the initial steps of VRF
filtration. Between the NF membranes, NF-270
resulted higher permeate flux in comparison with the
others at all operating pressures, except 20 bar. In
addition, the contributions of both irreversible and
reversible fouling were different in the all membranes
and operating pressure studies. The higher flux
decline and contribution of irreversible fouling of
NF-Self attributed to its higher MWCO when it evalu-
ated with the other studied membranes. The VRF = 2.5
was measured as start of steady-state conditions of
flux for this study.

Table 3
Fouling analysis of the NF membranes at different operating pressure

Pressure (Bar)

NF-270 NF-90 NF-(self made)

Rr (%) Rir (%) Rr (%) FRR (%) Rr (%) Rir (%) Rt (%) FRR (%) Rr (%) Rir (%) Rr (%) FRR (%)

5 66.5 18 84.5 82 76.6 5.9 82.6 94.1 34.1 44.8 78.9 55.2
10 62.2 28 90.2 71.9 76.8 7.2 84 92.8 36.5 49.2 85.7 50.8
15 52.2 39.2 91.5 60.8 72.2 11.6 83.8 88.4 20.5 59.5 80.1 40.5
20 40.3 53.4 93.7 46.6 68.4 13.1 81.4 87 18.4 65.7 84.2 34.3
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It is shown that, although the increase in operating
pressure can result in improvement of permeate flux,
but during VRF experiments its effect was reduced to
a point that there were no significant difference
between permeate flux of different operating pressure
at steady state condition of flux (VRF = 2.5 onwards).
In addition, high operating pressure had a negative
effect on FRR and irreversible fouling.

The results of rejection coefficient demonstrated
that the NF-90 and NF-Self made as tight membranes
have shown higher removal efficiency of the pollution
indices than NF-270 as a loose membrane. Among NF
membranes, the NF-270 and NF-90 were found to be
the high flux and the high rejection membrane, respec-
tively, while both mentioned membranes has shown
better antifouling property and FRR in comparison
with the NF-Self at all operating pressure which was
studied.

TMP has indicated different effects on the different
pollutant indices, and its effect was important for COD
removal efficiency and lower size contaminations.

Depending on the propose that whether it is
wanted to achieve a high degree of treatment and
recovery of some compounds or the goal is filtration
with a lower operating cost, the operating pressure
can be adjusted.
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oil mill wastewater treatment by means of
electro-coagulation, Sep. Purif. Technol. 36 (2004)
23–31.

[16] S. Khoufi, F. Feki, S. Sayadi, Detoxification of olive
mill wastewater by electrocoagulation and sedimenta-
tion processes, J. Hazard. Mater. 142 (2007) 58–67.

[17] F. El-Gohary, M. Badawy, M. El-Khateeb, A. El-Kalliny,
Integrated treatment of olive mill wastewater (OMW)
by the combination of Fenton’s reaction and anaerobic
treatment, J. Hazard. Mater. 162 (2009) 1536–1541.

[18] T. Coskun, E. Debik, N.M. Demir, Treatment of olive
mill wastewaters by nanofiltration and reverse
osmosis membranes, Desalination 259 (2010) 65–70.

[19] E. Garcia-Castello, A. Cassano, A. Criscuoli, C. Conidi,
E. Drioli, Recovery and concentration of polyphenols
from olive mill wastewaters by integrated membrane
system, Water Res. 44 (2010) 3883–3892.

[20] A. Cassano, C. Conidi, E. Drioli, Comparison of the
performance of UF membranes in olive mill wastewa-
ters treatment, Water Res. 45 (2011) 3197–3204.

[21] M. Liu, D. Wu, S. Yu, C. Gao, Influence of the
polyacyl chloride structure on the reverse osmosis
performance, surface properties and chlorine stability
of the thin-film composite polyamide membranes,
J. Membr. Sci. 326 (2009) 205–214.

[22] A. Rahimpour, S. Madaeni, Y. Mansourpanah, The
effect of anionic, non-ionic and cationic surfactants on
morphology and performance of polyethersulfone
ultrafiltration membranes for milk concentration,
J. Membr. Sci. 296 (2007) 110–121.

[23] A. Rahimpour, S. Madaeni, Polyethersulfone (PES)/
cellulose acetate phthalate (CAP) blend ultrafiltration
membranes: Preparation, morphology, performance
and antifouling properties, J. Membr. Sci. 305 (2007)
299–312.

[24] A. Rahimpour, M. Jahanshahi, M. Peyravi, S. Khalili,
Interlaboratory studies of highly permeable thin-film
composite polyamide nanofiltration membrane,
Polym. Adv. Technol. 23 (2011) 884–893.

[25] C. Fersi, L. Gzara, M. Dhahbi, Treatment of textile
effluents by membrane technologies, Desalination 185
(2005) 399–409.

A. Zirehpour et al. / Desalination and Water Treatment 53 (2015) 1254–1262 1261



[26] Y. Mansourpanah, S. Madaeni, A. Rahimpour, A.
Farhadian, A. Taheri, Formation of appropriate sites
on nanofiltration membrane surface for binding TiO2

photo-catalyst: Performance, characterization and
fouling-resistant capability, J. Membr. Sci. 330 (2009)
297–306.

[27] V.L. Singleton, R. Orthofer, R.M. Lamuela-Raventós,
[14] Analysis of total phenols and other oxidation sub-
strates and antioxidants by means of folin-ciocalteu
reagent, Methods Enzymol. 299 (1999) 152–178.

[28] A. Rahimpour, S.S. Madaeni, Improvement of
performance and surface properties of nano-porous
polyethersulfone (PES) membrane using hydrophilic
monomers as additives in the casting solution, J.
Membr. Sci. 360 (2010) 371–379.

[29] A. Cassano, L. Donato, E. Drioli, Ultrafiltration of
kiwifruit juice: Operating parameters, juice quality and
membrane fouling, J. Food Eng. 79 (2007) 613–621.

[30] B. Wendler, B. Goers, G. Wozny, Regeneration of
process water containing surfactants by nanofiltration:

Investigation and modelling of mass transport, Water
Sci. Technol. (2002) 287–292.

[31] S.C. Tu, V. Ravindran, W. Den, M. Pirbazari,
Predictive membrane transport model for nanofiltra-
tion processes in water treatment, AIChE J. 47 (2001)
1346–1362.

[32] W. Peng, I.C. Escobar, D.B. White, Effects of water
chemistries and properties of membrane on the
performance and fouling—A model development
study, J. Membr. Sci. 238 (2004) 33–46.

[33] P.M. Huck, Measurement of biodegradable organic
matter and bacterial growth potential in drinking
water, J Am. Water Works Assoc. 82 (1990) 78–86.

[34] A. El-Abbassi, M. Khayet, A. Hafidi, Micellar
enhanced ultrafiltration process for the treatment of
olive mill wastewater, Water Res. 45 (2011) 4522–4530.

[35] B.S. Oh, H.Y. Jang, T.M. Hwang, J.W. Kang, Role of
ozone for reducing fouling due to pharmaceuticals in
MF (microfiltration) process, J. Membr. Sci. 289 (2007)
178–186.

1262 A. Zirehpour et al. / Desalination and Water Treatment 53 (2015) 1254–1262


	Abstract
	1. Introduction
	2. Materials and methods
	2.1. OMV sample
	2.2. Experimental equipment and membranes
	2.3. Analytical methods

	3. Results and discussion
	3.1. Pretreatment results
	3.2. Effect of pressure on permeates flux and flux decline
	3.3. Pressure effects on membrane rejection efficiency
	3.4. Pressure effects on fouling and resistance

	4. Conclusions
	References



