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A B S T R AC T

Wastewater reclamation and reuse has become one of the most important environmental issues 
nowadays. Thus, municipal wastewater treatment plants are being upgraded converting con-
ventional activated sludge processes into membrane bioreactors in order to improve the qual-
ity of the treated wastewater. However, operational costs increase because of higher energy 
consumption and membrane fouling. Wastewater composition is one of the factors affecting 
membrane fouling, though its infl uence is diffi cult to describe. In this work, a study about 
wastewater pretreatment and fi lterability has been carried out in view of achieving valuable 
information for a further implementation of a membrane bioreactor. Experiments were per-
formed with samples of four municipal wastewater treatment plants taken from the plant 
infl uent, the biological process infl uent and the plant effl uent. Filterability was evaluated by 
membrane fi ltration resistances using the resistance in series model. Resistances were mea-
sured with ultrafi ltration tests performed with fl at membranes. Results showed that suspended 
solids concentration was the most infl uential parameter on the total membrane resistance when 
pretreated wastewater is fi ltered. No statistical correlation between the membrane resistances 
of biological process infl uent and plant effl uent was found.

Keywords:  MBR; Membranes; Resistances model; Municipal wastewater; Wastewater pretreat-
ment; Ultrafi ltration

1. Introduction

Wastewater reclamation and reuse has become one 
of the most important environmental issues nowadays. 
Increasing of population growth together with water 
scarcity has leaded to enhance the effi ciency of waste-
water reclamation and reuse processes. In this way 
membrane bioreactors (MBR) are being implemented in 

municipal wastewater treatment plants as an appropri-
ate alternative to produce a fi nal effl uent that could be 
applied for irrigation.

MBR is a combination of biological degradation by 
activated sludge and direct solid-liquid separation by 
membrane fi ltration. Many advantages are provided 
using ultrafi ltration or microfi ltration instead of the sec-
ondary clarifi er [1]. Thus, it can be highlighted that the 
plant footprint is reduced and the quality of the fi nal 
effl uent is higher than that from a conventional activated 
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sludge process. In this way, the ability of the system to 
disinfect produces a free pathogenic microorganisms 
effl uent. Besides, further advantages like reduction of 
sludge production are also reported [2,3].

Nevertheless, capital cost for the membranes system 
itself and operating costs of membrane cleaning should 
be taken into account, as well as membrane fouling, 
what is considered the principal disadvantage of mem-
brane bioreactors for the treatment of wastewater. Foul-
ing leads to a decrease in permeability and consequently 
to the increase of the chemical cleanings. The main foul-
ing mechanisms are reported in the literature [4−7].

The parameters infl uencing membrane fouling can 
be divided into four groups: membrane module design, 
operation of the membrane fi ltration, biological treat-
ment characteristics and membrane material [8,9]. 
Within the biological treatment group, sludge prop-
erties, formation/accumulation of problematic sub-
stances, wastewater composition and pretreatment have 
to be considered.

In the literature a great number of papers relating 
membrane fouling with sludge properties including 
extracellular polymeric substances can be found in the 
last decade [10−13]. However, the infl uences of the pre-
treatment and especially of the wastewater composition 
on the membrane fouling have been hardly studied.

Concerning the wastewater pretreatment, it has to be 
commented that when MBR technology was introduced 
in Europe, fi rst wastewater treatment plants went in 
operation performing a conventional mechanical treat-
ment without any special pre-treatment unit. Braids 
were observed after operation hanging between the 
membranes. Thus, sieves have to be used as a mechani-
cal pre-treatment. Frechen et al. [14,15] described the 
fundamentals of sieving as a mechanical pre-treatment 
in MBR plants and a comparison among different types 
of sieves was made. Authors reported that it is neces-
sary to draw the attention not only to gap sizes but 
also to gap geometries and number of stages in the pre-
treatment units. Removal effi ciencies are function of all 
of them. Schier et al. (2009) summarized the effi ciency of 
mechanical pre-treatment on European MBR plants [16].

Van der Roest et al. (2002) compared the perfor-
mances of various MBR plants, also comparing at the 
same time the pretreatments with different kinds of 
sieves [17]. Rusten and Odegaard (2006) realized a 
comparative study among pretreatments of conven-
tional plants whose results could be equally used for 
MBR plants [18]. They reported about the quality of 
the effl uents both from sieves and from primary clari-
fi ers. They stated that clarifi ers as a pre-treatment do 
not achieve the required EU removal effi ciencies. Thus, 
sieve units in the range of 250−500 microns will be the 
proper choice.

However, it is very diffi cult to evaluate the infl uence 
of the wastewater characteristics entering the MBR, i.e., 
after the pretreatment, on the MBR performance. This 
is due to the multiple factors affecting the membrane 
fouling and to the changes experimented by the organic 
matter in the degradation reactions.

In this paper, apart from the comparison of different 
pretreatments, a fi rst approach to study the infl uence of 
the wastewater composition on the ultrafi ltration pro-
cess has been carried out for municipal wastewater. 
For that, samples from 4 different municipal wastewater 
treatment plants were characterized and ultrafi ltration 
tests were performed both with samples coming from the 
infl uent and from the effl uent of the biological treat-
ment. The measurement of the fi lterability of both types 
of samples could be the fi rst step to study the infl uence 
of the wastewater composition of the fi nal UF stage in a 
MBR process.

2. Methodology

2.1. Wastewater samples

Samples were collected from 4 municipal wastewa-
ter treatment plants (MWWTPs) whose biological treat-
ment consisted in activated sludge processes operated 
as extended aeration. The design fl ow rates and the 
characteristics of their pretreatments are summarized in 
Table 1. The four WWTPs are located in the province of 
Castellón in the Valencian region in Spain.

Sampling was performed in three points: plant infl u-
ent (PI), infl uent to the biological process (BPI) and effl u-
ent from the plant (PE). The infl uent to the biological 
process coincides with the pretreatment effl uent, since 
there is not primary settling, and the plant effl uent 
coincides with the effl uent from the biological process. 
Samples were always taken at the same time (4 P.M.). 

Table 1
Design fl ow rates and characteristics of the pretreatments of 
the studied MWWTP

 WWTP 1 WWTP 2 WWTP 3 WWTP 4

Design fl ow rate 
(m3/d)

1704 13500 9000 9000

Coarse bar 
screen

40 mm 50 mm 150 mm 50 mm

Fine bar screen NO NO NO YES

Sieve 2 mm 3 mm 3 mm NO

Sand removal/
Degreasing

YES 
Aerated

YES 
Aerated

YES 
Aerated

YES 
Aerated

Equalization 
tank

NO YES YES YES
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 For the pretreatment study 5 PI samples from each 
MWWTP were taken. For the fi lterability experiments 
2 BPI and 2 PE samples were processed.

2.2. Analysis

Suspended solids were measured in triplicate for 
each sample. Cellulose acetate membrane fi lters (0.45 μm, 
47 mm of diameter) from LABSCIENCE were used. The 
analysis was carried out according APHA (2005). Oil and 
greases, which were measured gravimetrically, and total 
solids (TS) were also determined according APHA [19].

2.3. Study of the pretreatment

With the PI samples, a pretreatment study was car-
ried out using three mesh stainless steel sieves from 
FILTER-LAB. The mesh sizes were 150, 500 and 900 μm 
and suspended solids were quantifi ed after sieving the 
different samples. The volume of sample used was 1 l.

2.4. UF laboratory plant

Experiments for membrane resistances determi-
nation of the different wastewater samples (BPI and 
PE) were performed with an UF fl at-sheet membrane 
module. The UF module was RAYFLOW X100 from 
TECHSEP. The tested membranes were from MICRO-
DYN-NADIR (150,000 Da of MWCO) and were pro-
vided by ECOTEC. The membrane active surface was 
100 cm2. Fig. 1 shows a scheme of the laboratory plant 
used for the experiments.

Temperature was maintained at 27ºC by the thermo-
static bath and transmembrane pressure was set at 0.3 
bar by adjusting the valve located at the retentate side 
of the membrane. Both retentate and permeate streams 
were recycled back to the feed tank. The feed fl ow rate in 
the UF experiments was 250 l/h. It implied a cross-fl ow 
velocity of 1.7 m/s.

2.5. Resistance in series model

Membrane resistances were measured in order to 
compare the fi lterability of the different wastewaters. 
According to Darcy´s law, the total fi ltration resistance 
(Rt) in m−1 can be calculated with Eq. (1):

R
P
Jt

p
= Δ

μ 
 (1)

where ΔP is the transmembrane pressure (Pa), μ is the 
viscosity of the permeate (Pa s) and Jp is the permeate 
fl ux in m3/(m2 s).

The resistance in series model was used to determine 
quantitatively the degree of the membrane fouling and 
to study the fouling mechanisms [20,21]. The model 
states that the total fi ltration resistance can be calculated 
as the addition of three resistances; i.e., the intrinsic 
membrane resistance (Rm), the cake layer resistance (Rc) 
and the fouling resistance (Rf) Eq. (2). All the resistances 
are expressed in m−1:

R R R Rt mR c fR+RmR  (2)

Rm, Rc and Rf were determined according to the proce-
dure by and Bae and Tak [22]. Thus, distilled water was 
fi rstly ultrafi ltrated for half an hour in order to measure 
Jw. After that, the membrane was fed with the wastewater 
sample (BPI or PE samples depending on the test) and 
consequently Jww was measured. At last, the cake was 
withdrawn from the membrane surface by rinsing the 
membrane with distilled water and Jw’ was measured. 
Rinsing was carried at a crossfl ow velocity of 2.5 m/s. 
Membrane resistances are function of these measured 
fl ux values and they were calculated by the Eq. (3−5):

R
P
Jm

TPP

w
= Δ

μ 
 (3)

R
P
J

Rf
TPP

w
m= −Δ

μ ’  (4)

R
P
J

R RC
TPP

ww
m fR= −Δ

μ 
 (5)

Fig. 1. Scheme of the UF laboratory plant.
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2.6. Statistical study

To the aim of fi nding a correlation between the dif-
ferent parameters studied, a statistical analysis was car-
ried out by the multiple regression tool of Statgraphics 
5.1. P-values lower than 0.05 were considered infl uential 
on the analysis.

Two regression analyses were carried out. The fi rst 
study related the characterization parameters of the BPI 
samples with their membrane resistances; meanwhile 
the second one correlated the membrane resistances of 
the BPI and PE samples.

3. Results

3.1. Pretreatment study

The objective of a pretreatment in a WWTP is remov-
ing the particles that could damage the further waste-
water treatment processes. In particular, for a MBR, it 
is tried to minimize the presence of suspended solids, 
especially hair and fi bres. As there is no standard method 
for the determination of hair and fi bres in wastewater, 
suspended solids are measured to check the effi ciency 
of the sieves [14].

Other important point in the pretreatment is the 
oil and greases elimination; thereby a stage for their 
removal should be included in the treatment.

The separations of the suspended solids with the 
pretreatment of the WWTPs and with the sieving tests 
performed in the laboratory were compared. Table 2 
summarizes these results. Showed values for each 

WWTP correspond with the mean values after consid-
ering the 5 processed samples. Standard deviations are 
also included.

It can be highlighted that from the point of view of 
the SS removal the pretreatments of the WWTPs are 
equivalent to the laboratory pretreatments with sieves 
between 500 and 900 μm. This behaviour is very similar 
in the 4 WWTPs. Lower mesh sizes (150 μm) reduced the 
SS concentration in wastewater (around 8% for WWTPs 
1 and 2, 13.5% for WWTP 3 and 6.5% for WWTP 4, 
related to the removal effi ciencies with 500 μm).

If these results are compared with those reported in 
the literature, SS removal effi ciencies are very similar to 
those reported [15]. It can be concluded that the pretreat-
ment of the WWTP would be appropriate for a hypo-
thetical further MBR from the point of view of the SS. 
For this reason and taking into account that the MWWTP 
pretreatments are equipped with oil and greases separa-
tors, BPI samples have been used for the study of the 
infl uence of the wastewater composition in the UF.

3.2. Characterization of BPI and PE samples

Table 3 shows the measured values (mean values) 
for SS, total solids (TS) and oil and greases measured for 
the BPI samples. In spite of the data variability, it can be 
stated that in general terms they are in the usual range 
for municipal wastewater treatment. Only the Sample 2
from WWTP 4 presents SS and oil and greases concen-
trations too high to be considered a typical value for 
municipal wastewater. These values can be explained 

Table 2
Suspended solids (mg/l) of the PI samples and their values after the fi ltration with three different sieves in the laboratory and 
after the MWWTP pretreatment (BPI samples)

SS (PI) SS after 900 μm 
fi ltration

SS after 500 μm 
fi ltration

SS after 150 μm 
fi ltration

SS (BPI)

WWTP 1 250.8 ± 31.5 238.2 ± 29.0 224.4 ± 28.6 204.4 ± 32.6 231.3 ± 31.4

WWTP 2 253.6 ± 25.4 239.8 ± 22.7 233.4 ± 25.0 211.1 ± 9.5 231.5 ± 14.2

WWTP 3 168.8 ± 10.3 156.8 ± 8.1 137.7 ± 4.5 115.5 ± 12.3 150.0 ± 11.4

WWTP 4 273.4 ± 12.6 265.1 ± 16.9 244.4 ± 8.4 226.6 ± 6.0 260.0 ± 18.2

Table 3
BPI samples characterization

SS (mg/l) TS (mg/l) Oil and greases (mg/l)

 Sample 1 Sample 2 Sample 1 Sample 2 Sample 1 Sample 2

WWTP 1 288 215 1457 1149 45 40

WWTP 2 200 172 1527 1053 37 27

WWTP 3 120 180 1592 1821 57 22

WWTP 4 140 380 1104 1042 21 53
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 was observed that the characteristics of the membrane 
were not completely uniform on the total surface.

Total resistances were similar for the 4 wastewaters 
tested (1012 m−1 order of magnitude). This result is due to 
the fact that the four wastewaters are predominantly of 
urban origin. In addition, Rc values were always higher 
than Rf values. It means that the main membrane resis-
tance is the cake layer resistance.

If the characterization parameters (SS, TS and oil and 
greases) and membrane resistances are related, it can be 
stated that the parameter which had higher infl uence on 
the values of the membrane resistances was the SS con-
centration. The Eq. (6) and (7) represent the statistical 
analysis; they describe the multiple regression models 
after rejecting non infl uential variables (TS and oil and 
greases).

R SSC 8 506 0 3 0 09 7  (6)

R SSt 69 0 59939 010 7  (7)

Specifi cally, suspended solids presented a p-value 
<0.05 in Rc, and p-value <0.01 in Rt resistance. Thus, the 
SS concentration was the most infl uential parameter to 
take into account when Rc and Rt are analysed.

3.4. Relation between fi lterability values of the samples before 
and after the biological processes (BPI and PE samples)

Through this section possible correlations between 
PE and BPI membrane resistances values were studied. 
Figs. (2−5) show the values of the different membrane 
resistances for the samples before and after the biologi-
cal treatment in the four WWTPs. For each WWTP, Rm, 
Rf, Rc and Rt of PE and BPI samples can be compared. 
The values calculated for the same type of membrane 
resistance have been plotted next to each other.

For all the WWTPs Rt is signifi cantly lower for the 
PE than for the BPI samples as expected. If all the results 
are considered, the mean value for the Rt reduction after 
biological treatment is 1.50 × 1012 m−1 with a standard 
deviation of 5.67 × 1011 m−1. Rt values for PE samples 
were very similar, ranging between 9.53 × 1011 (WWTP 1, 
Sample 1) and 1.45 × 1012 (WWTP 3, Sample 1).

The same tendency followed Rc. As proved in Section 
3.2, SS is the main parameter infl uencing the cake resis-
tance. In this way, the lower Rc values in the PE samples 
are associated with the low SS concentrations (lower 
than 10 mg/l for all the PE samples).

On the contrary, the behaviour of the Rf values var-
ied depending on the sample considered. In this way, for 
WWTPs 1 and 4 Rf values were considerably lower for 
PE samples. However, for WWTPs 2 and 3, there were 
hardly any differences in the measured Rf values before 

by the infl uence of the recirculation to the equalization 
tank of sludge liquor and supernatants from the sludge 
treatment line.

Table 4 shows the mean values obtained for the 
parameters SS and TS in the PE samples. It can be 
observed that there are no signifi cant differences in the 
studied WWTPs.

3.3. Filterability of the pretreated wastewater (BPI samples)

As commented in section 2.5, fi lterability of waste-
water samples was measured in terms of the membrane 
resistances. Table 5 shows these results.

With regard to Rm, its values should be theoretically 
equal because they are function of the membrane itself 
and experiments were carried out with the same mem-
brane type. However, for each test, a membrane of 100 cm2 
of effective fi ltration area was cut from a larger sheet. It 

Table 4
PE samples characterization

SS (mg/l) TS (mg/l)

  Sample 1 Sample 2 Sample 1 Sample 2

WWTP 1 6 5 1423 1141

WWTP 2 5 4 1487 1055

WWTP 3 8 6 1490 1704

WWTP 4 <3 5 1093 1058

Table 5
Membrane resistances (m−1) using the BPI samples as feed in 
the ultrafi ltration

 BPI (Sample 1) BPI (Sample 2)

WWTP 1 Rm 4.30 × 1011 4.18 × 1011

Rf 1.12 × 1012 9.02 × 1011

Rc 1.76 × 1012 1.06 × 1012

Rt 3.31 × 1012 2.38 × 1012

WWTP 2 Rm 4.02 × 1011 5.88 × 1011

Rf 3.18 × 1011 2.82 × 1011

Rc 1.63 × 1012 1.66 × 1012

Rt 2.35 × 1012 2.53 × 1012

WWTP 3 Rm 5.85 × 1011 4.05 × 1011

Rf 5.16 × 1011 5.35 × 1011

Rc 1.18 × 1011 1.41 × 1012

Rt 2.28 × 1012 2.35 × 1012

WWTP 4 Rm 4.64 × 1011 4.35 × 1011

Rf 6.36 × 1011 8.65 × 1011

Rc 1.51 × 1012 2.08 × 1012

 Rt  2.61 × 1012 3.38 × 1012
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Fig. 2. Comparison between the membrane resistances for the BPI and PE samples from WWTP 1.
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Fig. 3. Comparison between the membrane resistances for the BPI and PE samples from WWTP 2.
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Fig. 5. Comparison between the membrane resistances for the BPI and PE samples from WWTP 4.
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 The total membrane resistances for the PE samples 
were considerably lower than those measured with 
BPI samples. This difference is due to the considerable 
cake resistance diminution after the biological process. 
However, different results were obtained if fouling 
resistances are compared. In two of the four MWWTPS, 
no signifi cant decrease of the fouling resistance was 
observed for the wastewater after the biological process. 
The comparison of the fouling membrane resistances of 
a wastewater before and after the biological treatment 
could give valuable information about the presence of 
dissolved substances in the wastewater that could con-
tribute to the membrane fouling.
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and after the biological treatment. For the Sample 2 from 
WWTP 3, the Rf value was even higher for the PE sample 
than that measured for the BPI sample. In addition, in 
absolute terms the two highest values of Rf measured 
were obtained from the samples of WWTP 3.

On the other side, taking into account that statisti-
cal signifi cance was assumed at P < 0.05, the regression 
analysis showed that no signifi cance correlation was 
found among the membrane resistances before and after 
the biological treatment. In fact, Rf values in BPI samples 
have to be infl uenced by the dissolved organic matter 
in wastewater, whereas Rf values in PE samples will be 
infl uenced by the soluble microbial products released 
by the microorganisms in the activated sludge reactor 
that are not separated in the secondary settler. In other 
words, the biological treatment eliminates a consider-
able part of the fouling membrane resistance of the BPI 
samples but generates microbial products that contrib-
ute to it in high extent.

In view of implementing a MBR system, compari-
sons between the fouling membrane resistances of 
wastewater before and after the biological treatment 
may be important to predict the eventual infl uence of 
the wastewater characteristics on the membrane fouling. 
High fouling membrane resistances by fi ltering treated 
wastewater (WWTP 3) may indicate the presence in 
the wastewater of non biodegradable substances that 
remain after the activated sludge process. They would 
contribute to the membrane fouling if a MBR was oper-
ated. It is clear that this relation can only be established 
when the biological process works correctly and there 
are not anomalous concentrations of soluble microbial 
products in the effl uent, which would justify the high 
membrane resistance values independently of the raw 
wastewater characteristics.

4. Conclusions

Membrane fouling in a MBR is infl uenced by waste-
water characteristics. Wastewater pretreatment is of par-
amount importance in order to separate oil and greases, 
hairs and other suspended solids. After evaluating the 
pretreatments of four MWWTPs and the characteristics of 
the wastewater, it can be highlighted that from the point 
of view of the SS removal, the pretreatments of the studied 
WWTPs were equivalent to the laboratory pretreatments 
with sieves between 500 and 900 μm. For 500 μm, SS 
removal effi ciencies between 6.5 and 13.5% were achieved.

The membrane resistances tests to evaluate the fi l-
terability of the BPI samples showed that the only 
parameter that statistically infl uenced on the membrane 
resistances was the SS concentration. In particular, a 
relation between SS and the total resistance and between 
SS and the cake resistance were estimated.
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