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ABSTRACT

Ultrafiltration of olive oil mill wastewaters was investigated in this study. The Box–Behnken
statistical experiment design and response surface methodology were used to investigate the
effects of major operating variables. Flow rate, transmembrane pressure, and operation time
were selected as independent variables in Box–Behnken design while chemical oxygen
demand (COD) removal and permeate flux were considered as the response function. The
predicted values of COD removal and permeate flux obtained using the response function
were in good agreement with the experimental data. For the highest COD removal efficiency,
the optimum set of flow rate, pressure, and operation time were 100 L/h, 1 bar, and 30min,
respectively, with 86.8% removal efficiency. On the other hand, for the maximum permeate
flux, the optimum set was 200L/h, 3 bar, and 30min with 32.9 L/m2h flux value.

Keywords: Box–Behnken design; Olive oil mill wastewater; Operating conditions; Pretreatment;
Ultrafiltration

1. Introduction

There are more than 800 million productive olive
trees worldwide and Mediterranean countries account
for around 97% of the world’s olive oil cultivation,
estimated at about 10.000.000 hectares (ha). The main
olive oil producers are Spain (36%), Italy (27%), Greece
(15%), Tunisia and Syria (6%), and Turkey (4%) [1].

Olive mill wastewaters (OMWW) are by-products
of the olive oil extraction whose production is esti-
mated to be 1.1–1.5 times the weight of milled olives
for the three-phase centrifugal olive oil extraction [2].
The composition of OMWW is affected by different
parameters such as the oil extraction technology, the
kind of olives, and ripeness. The pH of OMWW is in

the range 4.9–5.3 due to the presence of organic acids
such as acetic, malic, fumaric, lactic, malonic, citric,
tartaric, ossalic, and succinic. Organic substances
determine the high polluting load of these wastewa-
ters. Biochemical oxygen demand (BOD5) and chemi-
cal oxygen demand (COD) may be as high as 100 and
200 g/L, respectively. The organic fraction contains
sugars, tannins, polyphenols, polyalcohols, pectins,
lipids, proteins, and organic acids [3].

In previous works, different kinds of wastewater
management methods have been used for OMWW
purification, applied either alone or in combination
with other techniques. OMWW disposal to unculti-
vated and agricultural soils, lagooning or natural evap-
oration, thermal concentration, treatment with lime and
clay, physical–chemical treatment, electrocoagulation
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process, and Fenton and electro Fenton processes have
been reported and in several cases practiced. Mem-
brane processes including microfiltration (MF), ultrafil-
tration (UF), nanofiltration (NF), and reverse osmosis
(RO) have been previously used for OMWW purifica-
tion [4]. Membrane processes have recently become a
great topic of research due to their applicability in
wastewater treatment. Decreasing costs of installation
and operation of membranes favored the use of mem-
brane processes. MF and UF processes are used mainly
for primary treatment purposes while NF and RO are
used for final treatment. MF and UF are typically
applied for the removal of particulate contaminants
due to larger pore diameter than NF and RO. In order
to prevent the clogging of NF and RO membranes, MF
and UF pretreatment will be necessary. Specifically, RO
membranes offer so high treatment efficiencies that
they are used in a wide range of applications including
recovery of materials from industrial wastewaters and
treatment of seawater for drinking purposes [5].

In a study, the OMWW was treated efficiently by
using UF, NF, and/or RO membranes to obtain a
permeate fraction which can be discharged in aquatic
systems or to be used for irrigation purpose [6]. In
another study, applied membrane processes were
preliminary treatment of OMWW by MF, followed by
two UF steps realized by using 6 and 1 kDa mem-
branes, respectively, and a final RO treatment. The
retentate of RO, containing enriched and purified low-
molecular weight polyphenols, was proposed for food,
pharmaceutical, or cosmetic industries, while MF and
UF retentates can be used as fertilizers or in the pro-
duction of biogas in anaerobic reactors. [7]. In another
study, integrated membrane processes were applied
to OMWW. First of all, OMWW was pretreated by MF
without preliminary centrifugation; this step allowed
to achieve a 91 and 26% reduction of suspended sol-
ids (SS) and total organic carbon (TOC), respectively.
The MF permeate was submitted to an NF treatment.
In this step almost all polyphenols were recovered in
the permeate stream. A concentrated solution contain-
ing 0.5 g/L of free low-molecular weight polyphenols
was obtained by treating the NF permeate by osmotic
distillation [8].

Statistical design of experiments reduces the num-
ber of experiments to be performed, considers interac-
tions among the variables, and can be used for
optimization of the operating parameters in multivari-
able systems. Response surface methodology (RSM) is
used when only several significant factors are
involved in optimization. The main idea of RSM
which is an efficient statistical technique for optimiza-
tion of multiple variables with minimum number of
experiments is to use a set of designed experiments to

obtain an optimal response [9–11]. Different types of
RSM designs include three-level factorial design,
central composite design (CCD), Box–Behnken and
D-optimal designs.

Among all the RSM designs, Box–Behnken design
requires fewer runs than the others (e.g. 15 runs for a
three-parameter experimental design). A three-factor,
three-level design would require a total of 30 runs with
three repetitions for the central point. In statistical
experiment designs, the ratio of the number of experi-
ments to the number of coefficients in the quadratic
model should be reasonable. In most of the experi-
mental designs this ratio is within the range of 1.5–2.6
and is 1.67 for the Box–Behnken experiment design
(BBD) with three variables. A comparison between the
BBD and other response surface designs (central com-
posite, Doehlert matrix, and three-level full factorial
design) has demonstrated that the BBD and Doehlert
matrix are slightly more efficient than the CCD, but
much more efficient than the three-level full factorial
designs [12]. By careful design and analysis of
experiments, Box–Behnken design allows calculations
of the response function at intermediate levels and
enables estimation of the system performance at any
experimental point within the range studied [13].

In recent years, Box–Behnken design has been suc-
cessfully tested in the treatment of the industrial
wastewaters by electrocoagulation. This study was
focused on coupled electrochemical and sedimentation
processes by studying the removal of COD, total solid,
and turbidity using aluminum as electrode material in
batch system. The relationship between the sludge set-
tling velocity and three quantitative variables, i.e. pH,
electric current density, and electrolysis time was
investigated in the study. They were optimized by
Box–Behnken design of surface response analysis to
determine the optimum operational conditions for the
coupled electrochemical and sedimentation processes,
and determine a domain that satisfies the expected
specifications [14]. In another study, decolorization of
an azo dye, Reactive Yellow 15 (RY 15), by coagula-
tion with chitosan was investigated using Box–
Behnken design. Dyestuff concentration (RY 15),
chitosan concentration, and settling time were selected
as independent variables in Box–Behnken design,
while color and TOC removals were considered as the
response functions [15].

This study focuses on the investigation of the per-
formance of UF process in the treatment of OMWW.
Box–Behnken statistical experiment design approach
was used by considering the recycling flow rate,
transmembrane pressure, and operation time as inde-
pendent variables while COD removal efficiency and
permeate flux were the objective functions to be
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optimized. The optimal conditions maximizing COD
removal efficiency and permeate flux were determined.

2. Materials and methods

2.1. Sample collection

Olive oil mill wastewater was taken from a
three-phase continuous olive oil mill plant located in
Izmir-Turkey. Samples were collected in December
from the effluent of the horizontal decanter. Fresh
sample was kept in dark at 4˚C.

2.2. Experimental system

The membrane experiments were carried out in a
laboratory-scale cross flow membrane system, which
was given in detail in our previous article [16]. The
membrane system was supplied from Osmonics,
which was GE SepaTM CF2 membrane cell. The con-
centrate stream was flowed back to feed vessel while
permeate stream was being collected separately as
shown in Fig. 1. A cartridge filter with 20 lm pore size
was used as a prefilter to remove coarse particulates
from wastewaters before membrane cell. The ultrafilic
MW membrane with a molecular weight cutoff of
100 kDa were used in this study. Membrane area was
0.0155m2 for all membrane experiments.

2.3. Analytical methods

COD, TOC, pH, SS, oil and grease measurements
were carried out on the influent and effluent samples
for the characterization and treatment studies. The
raw OMWW is specified as influent and the treated
OMWW by UF membrane is specified as effluent sam-
ple. COD, SS, oil and grease analyses were carried out
according to Standard Methods [17]. DOHRMANN
DC-190 High Temperature TOC Analyzer was used

for TOC measurements. The pH measurement was
done by using 890 MD pH meter.

3. Results and discussion

3.1. Characterization of olive oil mill wastewater

OMWW sample was taken from three-phase olive
oil production plant. The main physicochemical char-
acteristics of the used OMWW were as follows: COD:
92 ± 1.8 g/L; TOC: 37.8 ± 0.7 g/L; SS: 12.21 ± 0.8 g/L; oil
and grease: 2.74 ± 0.5 g/L; pH: 4.5 ± 0.2. OMWW has
dark brown color and characteristic smell.

3.2. Experimental design and statistical analysis

In this study, Box–Behnken statistical experiment
design and the RSM [18] was used to investigate the
effects of the three independent variables on the
response function and to determine the optimal condi-
tions, maximizing the percent removal of COD and
the permeate flux. The optimization procedure
involves studying the response of the statistically
designed combinations, estimating the coefficients by
fitting the experimental data to the response functions,
predicting the response of the fitted model, and check-
ing the adequacy of the model [19].

For UF process, three important operating parame-
ters such as flow rate, transmembrane pressure, and
operation time were chosen as the independent vari-
ables and designated as X1, X2, and X3, respectively.
Flow rate (X1) was changed between 100 and 200 L/h,
transmembrane pressure (X2) varied between 1 and
3 bar, and operation time (X3) ranged from 30 to
120min. As presented in Table 1, the experimental
design involved three parameters (X1, X2, and X3),
each at three levels, coded �1, 0, and+ 1 for low, mid-
dle, and high concentrations, respectively.

The dependent variables (or objective functions)
were COD removal efficiency (Y1) and the permeate
flux (Y2). The dependent and independent variable
values and the observed results are presented in
Table 2. The center point (0, 0, 0) was repeated three

Fig. 1. Schematic flow diagram of the experimental set-up.

Table 1
Levels of each factor for Box–Behnken experimental design

Independent factors Units Symbol Coded levels

�1 0 +1

Flow rate L/h X1 100 150 200

Pressure bar X2 1 2 3

Operation time minute X3 30 75 120
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times and the same results were obtained indicating
the reproducibility of the data. Observed and pre-
dicted permeate fluxes, and COD removals are given
in Table 3 and Fig. 2. The plot of the comparison of
observed and predicted values for COD removal
efficiency (Y1) and permeate flux (Y2) indicated an
adequate agreement between real data and the ones
obtained from the model.

The mathematical relationship between the
response function (Y) and the independent variables
(X) can be approximated by a quadratic polynomial
equation as follows:

Table 2
Results of the Box-Behnken experiments at the predetermined experimental points

Run no. Actual and coded levels of variables Experimental results

X1 flow rate (L/h) X2 pressure (bar) X3 time (minute) Y1 COD removal (%) Y2 flux (L/m2h)

1 100 (�1) 1 (�1) 75 (0) 83.5 5.5

2 200 (+1) 1 (�1) 75 (0) 63.2 23.1

3 100 (�1) 3 (+1) 75 (0) 61.8 21.9

4 200 (+1) 3 (+1) 75 (0) 74.0 27.6

5 100 (�1) 2 (0) 30 (�1) 74.5 13.8

6 200 (+1) 2 (0) 30 (�1) 45.0 28.8

7 100 (�1) 2 (0) 120 (+1) 77.4 17.3

8 200 (+1) 2 (0) 120 (+1) 79.4 22.7

9 150 (0) 1 (�1) 30 (�1) 64.9 11.1

10 150 (0) 3 (+1) 30 (�1) 58.0 25.8

11 150 (0) 1 (�1) 120 (+1) 82.6 12.1

12 150 (0) 3 (+1) 120 (+1) 78.0 18.7

13 150 (0) 2 (0) 75 (0) 70.0 15.5

14 150 (0) 2 (0) 75 (0) 70.0 15.4

15 150 (0) 2 (0) 75 (0) 69.9 15.5

Table 3
Observed and predicted values for the response functions

Run no. COD removal
efficiency (%)

Permeate flux
(L/m2h)

Predicted Observed Predicted Observed

1 81.45 83.50 5.81 5.50

2 62.91 63.20 22.68 23.10

3 62.09 61.80 22.32 21.90

4 76.05 74.00 27.29 27.60

5 74.22 74.50 13.88 13.80

6 42.96 45.00 29.61 28.80

7 79.44 77.40 16.49 17.30

8 79.68 79.40 22.62 22.70

9 67.23 64.90 10.71 11.10

10 57.99 58.00 25.30 25.80

11 82.61 82.60 12.55 12.05

12 75.67 78.00 19.09 18.70

13 69.90 70.00 15.47 15.50

14 70.10 70.00 15.47 15.40

15 69.90 69.90 15.47 15.50 Fig. 2. Observed and predicted values for the response
functions (a) COD removal efficiency and (b) permeate flux.
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Y ¼ b0 þ b1X1 þ b2X2 þ b3X3 þ b12X1X2 þ b13X1X3

þ b23X2X3 þ b11X
2
1 þ b22X

2
2 þ b33X

2
3 ð1Þ

where Y is the predicted response surface function
(percent COD removal or permeate flux), b0 is the
model constant, b1–b3 are linear coefficients, b12, b13,
and b23 are the cross product coefficients, and b11, b22,
and b33 are the quadratic coefficients.

The coefficients of the response functions for dif-
ferent dependent variables were determined correlat-
ing the experimental data with the response functions
by using a Stat-Ease Design Expert 7.0 regression pro-
gram. The response functions for percent COD
removal (Y1) and permeate flux (Y2) have the follow-
ing forms:

Y1 ¼ 170:84667� 0:73483X1 � 28:13333X2

� 0:48111X3 þ 0:16250X1X2 þ 0:004611X1X3

þ 0:012778X2X3 � 7:083� 10�5X2
1 þ 1:667

� 10�5X2
2 � 2:480� 10�3X2

3 ð2Þ

Y2 ¼ �6:92523� 0:15950X1 þ 16:91875X2

þ 0:12992X3 � 0:059500X1X2

� 0:00106667X1X3 � 0:044722X2X3

þ 0:00155917X2
1 þ 0:16042X2

2 þ 0:0006348X2
3 ð3Þ

The results of analysis of variance (ANOVA) for
percent COD removal and permeate flux are pre-
sented in Tables 4 and 5 indicating the fact that the

predictability of the model is at 95% confidence inter-
val. Response function predictions are in good agree-
ment with the experimental data with a coefficient of
determination (R2) of larger than 0.98. The model F
value and very low probability value (0.0001) indi-
cated that the model was statistically significant and
model equation can adequately be used to describe
the COD removal and permeate flux under a wide
range of operating conditions. The p-values are used
to estimate whether F is large enough to indicate sta-
tistical significance and used to check the significance
of each coefficient. p-values less than 0.05 indicate the
model terms are significant. Flow rate, transmembrane
pressure, and operation time had significant effects on
COD removal and permeate flux. The parameters X1,
X2, X3, X12, X13, and X3

2 were determined to be signif-
icant model terms with p-values less than 0.05 for
COD removal. The ANOVA test results for permeate
flux indicated that the variables X1, X2, X3, X12, X13,
X23, X1

2, and X3
2 were significant model terms with

p-values less than 0.05.

3.3. Variation of COD removal

Response functions with determined coefficients
were used to estimate variations of response functions
with the independent variables under different condi-
tions. Fig. 3 shows the effect of feed flow rate on per-
cent COD removal at different operation time at
1.5 bar pressure. Experimental data for different pres-
sures (1, 2, 2.5, 3 bar) were obtained and plotted in the
similar way. COD removal efficiency increased with
decreasing feed flow rate. It is because of the

Table 4
ANOVA test for the response function Y1 (% COD removal)

Source Sum of squares d.f. Mean square F ratio P value

Model 1743.713 9 290.6188 85.33545 <0.0001

X1 (flow rate) 81.92 1 81.92 24.05447 0.0012

X2 (pressure) 62.72 1 62.72 18.4167 0.0026

X3 (time) 903.125 1 903.125 265.1879 <0.0001

X1X2 264.0625 1 264.0625 77.53764 <0.0001

X1X3 430.5625 1 430.5625 126.4276 <0.0001

X2X3 1.3225 1 1.3225 0.388331 0.5505

X1
2 1.08 1 1.08 5.91 0.0593

X2
2 0.01 1 0.01 0.00 0.9562

X3
2 2.31 1 2.31 12.62 0.0163

Residual 27.24483 5 3.405604

Lack of fit 27.23817 3 4.539694 1361.908 0.0007

Pure error 0.006667 2 0.003333

Total (corr) 1774.357 14

Note: R-squared= 0.9846, R-squared (adjusted for d.f.) = 0.9731.
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turbulence due to increasing cross flow velocity or
feed flow rate. Increasing turbulence reduces the
membrane fouling. Lower fouling increases the per-
meate flux through the membrane and decreases the
retention coefficients [16,20]. However, operation time
is not effective operating parameter for percent COD
removal. Maximum COD removal efficiency was
obtained as 78.8% at 100 L/h flow rate for all opera-
tion time. Minimum efficiency was 41.4% at 200 L/h
flow rate and 30min operation time.

Variations of COD removal efficiency with time as
a function of pressure at 125 L/h flow rate are given
in Fig. 4. As expected, COD removal efficiency
decreased with increasing pressure. Because, depos-
ited organic matter in the fouling layer is scoured and
carried at higher pressures, the captured material is
carried into permeate and therefore, COD concentra-
tion of permeate increases [21]. COD removal efficien-
cies for 1 bar pressure are 73.3 and 83.0% for 30 and

120min; for 3 bar pressure, 58.4 and 70.4% for 30 and
120min operation time, respectively.

Table 5
ANOVA test for the response function Y2 (Permeate flux)

Source Sum of squares d.f. Mean square F ratio P value

Model 605.9298 9 67.32553 126.6212 <0.0001

X1 (flow rate) 238.7113 1 238.7113 448.9515 <0.0001

X2 (pressure) 223.1328 1 223.1328 419.6527 <0.0001

X3 (time) 9.570313 1 9.570313 17.99918 0.0081

X1X2 35.4025 1 35.4025 66.58256 0.0004

X1X3 23.04 1 23.04 43.33203 0.0012

X2X3 16.20063 1 16.20063 30.46901 0.0027

X1
2 56.10,002 1 56.10002 105.509 0.0002

X2
2 0.095016 1 0.095016 0.1787 0.6901

X3
2 6.100785 1 6.100785 11.47393 0.0195

Residual 2.658542 5 0.531708

Lack of fit 2.651875 3 0.883958 265.1875 0.0038

Pure error 0.006667 2 0.003333

Total (corr) 608.5883 14

Note: R-squared= 0.9956, R-squared (adjusted for d.f.) = 0.9878.

Fig. 3. Variation of COD removal efficiency with time as a
function of feed flow rate at 1.5 bar pressure, r= 100 L/h,
&= 125L/h, �= 150L/h, ▲= 175L/h, x= 200 L/h.

Fig. 4. Variation of COD removal efficiency with time as a
function of pressure at 125L/h flow rate, r= 1bar,
&=1.5 bar, �= 2bar, ▲= 2.5 bar, x= 3 bar.

Fig. 5. Variation of COD removal efficiency with pressure as
a function of flow rate at 30min operation time, r=
100 L/h,&= 125 L/h, �= 150L/h,▲= 175L/h, x= 200 L/h.
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Fig. 5 depicts the variation of COD removal effi-
ciency with pressure as a function of flow rate at
30min operation time. The same pattern was observed
for 60, 75, 90, 105, and 120min operation time.
Increasing flow rate and pressure resulted in the
decrease of COD removal efficiency. So, maximum
COD removal efficiency was achieved at 100L/h flow
rate and 1 bar pressure as 86.8%.

3.4. Variation of permeate flux

In order to determine the effect of flow rate, trans-
membrane pressure, and operation time on permeate
flux, some experiments were carried out. Variation of
permeate flux with operation time at different flow
rates and at constant pressure of 1.5 bar is shown in
Fig. 6. Permeate flux increased with increasing feed
flow rate and cross-flow velocity. Increase in cross-
flow velocity results in an increase in the forced con-
vection of the solutes enhancing the solute transport
from the membrane surface to the bulk feed. This
reduces the concentration polarization and increases
the permeate flux [22]. Maximum permeate values
were obtained at flow rate of 200 L/h as 26.8 L/m2h
for 1.5 bar pressure.

Changes in permeate flux of OMWW with opera-
tion time reflect the dynamics of development of flux
resistances, including membrane fouling and concen-
tration polarization [23]. Maximum flux decline was
observed for 200L/h flow rate. In this case, inital
permeate flux was 27L/m2h and it reached a steady-
state value of about 18 L/m2h after 105min operation
time. The same condition was observed for 150 and
175L/h flow rates. The permeate flux did not reduce
drastically for lower flow rates (e.g. 100 and 125 L/h).
For 100 L/h flow rate, initial and final permeate flux
values were 8 and 7L/m2h, respectively.

The effect of pressure on the permeate flux as a
function of time at 125L/h flow rate is given in Fig. 7.

In general, increasing the applied pressures leads to
an increase in the permeate flux values. This effect
could be explained by Darcy´s law. So, increasing
pressure gradient increases permeate flux. An increase
in applied pressure could also be attributed to
membrane fouling [21,24]. However, the permeate flux
did not reduce drastically with the operation period
in our study. Therefore, it can be thought that,
membrane fouling is not too important for this flow
rate and OMWW used in the experiments.

Fig. 8 depicts the variations of permeate flux with
pressure at different flow rates and constant operation
time of 60min. As it can be seen from the figure, the
permeate flux increases with the increasing transmem-
brane pressure up to 2 bar. At the pressure of 2.5 and
3 bar, almost a constant value of flux is reached. This
is because of the formation of cake layer on the
membrane surface, which accelerates the membrane
fouling [25]. This cake layer is one of the main causes
that promote the fouling of membranes. At optimum
pressure, permeation flux must be high and tendency
to cake layer formation should be low. Therefore,
pressures less than 2 bars can be selected.

Fig. 6. Variation of permeate flux with time as a function
of feed flow rate at 1.5 bar pressure, r= 100 L/h,
&= 125L/h, �= 150L/h, ▲= 175L/h, x= 200 L/h.

Fig. 7. Variation of permeate flux with time as a function
of pressure at 125 L/h flow rate, r= 1 bar, &=1.5 bar,
�= 2 bar, ▲= 2.5 bar, x= 3bar.

Fig. 8. Variation of permeate flux with pressure as a
function of flow rate at 60min operation time, r= 100L/h,
&=125 L/h, �= 150 L/h, ▲= 175L/h, x= 200L/h.
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Optimal flow rate, transmembrane pressure, and
operation time resulting in the highest COD removal
and permeate flux were determined by using an opti-
mization program and the results are presented in
Table 6. COD removal required lower flow rate and
pressure when compared to maximizing permeate
flux. The optimum flow rate and pressure were found
to be 100L/h and 1 bar for percent COD removal and
200L/h and 3 bar and for permeate flux, respectively.
In all cases, operation time should be 30min. For safer
operations, avoiding membrane fouling and obtaining
higher COD removal efficiency, 100 L/h flow rate, and
1 bar pressure are optimum values for UF of OMWW.

Treatment results of UF process for optimal
conditions are given in Table 7. Maximum removal
efficiency was achieved for SS removal. However, the
major pollutant for OMWW is COD and within the
scope of many studies, COD removal efficiency was
given to show treatability. So, optimal condition for
COD removal was investigated in this study.

A 86.8% COD removal efficiency was achieved by
UF process. In a study using electrocoagulation, 52%
COD removal was observed as maximal efficiency
under pH 6 and 30min retention time for OMWW
[26]. The effective performance of electrocoagulation
technique in the treatment of OMWW was investi-
gated in another study using sacrificial aluminum
electrodes. The optimum working pH was found to be
4–6 and maximum COD removal efficiency was 76%
[27]. In another study using Fenton oxidation with
zero-valent iron and hydrogen peroxide, 78% COD
removal was observed under initial pH 4.8, 5% H2O2

solution, 20 g/L Fe0 concentration, and 24 h reaction
time [28]. These results show that, UF gives more sat-
isfactory results than electrocoagulation and Fenton
oxidation.

4. Conclusions

Box–Behnken statistical experiment design and the
RSM were proven to yield statistically reliable results
for UF of OMWW. Predictions obtained from the
response functions were in good agreement with
the experimental results indicating the reliability of
the methodology used. The RSM also provided a
better understanding for the roles of flow rate, trans-
membrane pressure, and operation time on UF of
OMWW for the highest COD removal and permeate
flux.

The optimum flow rate, pressure, and operation
time were found to be 100 L/h, 1 bar, and 30min,
respectively, for percent COD removal. In this case,
86.8% removal was obtained. As a contrast, the opti-
mum flow rate, pressure, and operation time were
200 L/h, 3 bar, and 30min for permeate flux, respec-
tively. However, for safer operations, avoiding mem-
brane fouling and obtaining higher COD removal
efficiency, 100L/h flow rate, 1 bar pressure, and
30min operation time are optimum values for UF of
OMWW.
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