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Abstract

This study aimed to evaluate the performance of
microscreen drum filter and ultrafiltration (UF) as a tertiary
treatment to improve the secondary effluent quality.
Additionally, hydraulic loading of drum filter and
membrane flux of UF were changed. On average, the use of
drum filter and UF reduced TSS to 50% and 100%,
respectively. Furthermore, drum filter, on average, was
capable of reducing turbidity and COD to 36 and 20%, and
UF decreased them to 76 and 39%, respectively. Fecal
coliform and total coliform were reduced to 74 and 76% in
drum filter and 5.28 and 5.08 log in UF, respectively. The
results revealed that the combination of microscreen and
UF is an effective hybrid process for reducing physical
parameters and coliforms in secondary effluent so that it
can meet the US Environmental Protection Agency
standards for many uses, including unrestricted urban uses
and agricultural irrigation for food crops.

Keywords: Disinfection, drum filter, microscreen, tertiary
treatment, UF

1. Introduction

Municipal wastewater treatment and the use of effluent
from the wastewater treatment plants (WWTP) for
irrigation of green spaces, agricultural fields, groundwater
recharge and so on is a practical solution for dealing with
water scarcity. The conditions of operation of biological
treatment processes create different qualitative conditions
for the effluent of biological treatment units that does not
sometimes meet the minimum quality standards, since
treated wastewater contains a high percentage of
suspended solids and pathogenic microorganisms, and
therefore requires a tertiary treatment, such as the use of
filtration and disinfection technologies.

Today, conventional disinfection alternatives including
chlorine, chlorine dioxide, ozone, UV radiation and
peracetic acid are used in wastewater treatment. Despite
the advantages of these methods, several aspects restrict
the use of these technologies on an industrial scale. UF
membrane is an effective disinfection method to provide
better effluent quality (Collivignarelli et al., 2018). The
absence of regrowth and no formation of by-products are
the main advantages of UF compared to other disinfection
means (Gadani et al., 1996). In addition, from the point of
view of the suspended solids and COD removal, UF process
has higher efficiency in comparison with the other process
combinations (lllueca-Mufioz et al., 2008). However, the
biofilm formation on the membrane has a minor
contribution to the membrane fouling mechanism, and the
control of the transmembrane pressure parameter through
the backwash period has a significant effect on the removal
of matter accumulated on the membrane surface (Falsanisi
et al., 2010), and also the use of chemicals can enhance
backwash cleaning. (Xu et al., 2019). Chemical cleaning
process applied to UF membranes has a considerable effect
on microbiological quality and also prevents progressive
fouling of the permeate zone (Arévalo et al., 2009). The
coupling of coagulation with UF makes it possible to modify
the configuration of the deposit on the membrane surface
to greater-sized flocs (Abdessemed & Nezzal, 2005).

Jamalinezhad M., Hassani A.H., Borghei M. and Amin M.M. (2020), Performance evaluation of filtration and ultrafiltration for municipal

secondary effluent reuse, Global NEST Journal, 22(3), 431-437.


mailto:ahhassani@srbiau.ac.ir
https://doi.org/10.30955/gnj.003284

432

However, UF membrane requires suitable pretreatment
such as macrofiltration in order to avoid fouling and
module damage and optimize maintenance operations.
The use of granular filter before the membrane in order to
eliminate the problematic particles in the secondary
effluent to UF would result in lower flow pressures and
higher fluxes (Bourgeous et al., 2001).

Effluent quality of pretreatment units is variable and may
affect the performance of disinfection systems applied
subsequently (Gémez et al., 2006). One of the
pretreatment methods is microscreen filtration system
used for separation of particles in the tertiary wastewater
treatment resulting from biological treatment (Ljunggren,
2006). Microsieve pretreatment by coagulation with
anionic polymers prior to microfiltration (MF), results in a
high flux and the best MF effluent water quality (Vaananen,
2017). Grau et al. (1994) used a microscreen with a mesh
size of 10, 20 and 40 um and a hydraulic loading of 10-35 m
hr! for advanced municipal wastewater treatment. Drum
filter with mesh screen of 20 um was able to decrease SS to
the extent of 75-85% (Grau et al., 1994). In the present
study, for the purpose of tertiary municipal wastewater
treatment, a UF disinfection technique was used following
a microscreen pretreatment.

Tchobanoglous et al. (1998) used a pilot sand filter and UF
for advanced wastewater treatment, in which the results
showed that the function of UF membrane depends on the
concentration of TS and the particle size distribution in the
wastewater. Gémez et al. (2007) in consideration of UF
with pretreatment by sand-pressure filter, showed that
regarding sifting effect of particulate materials in
membrane, UF obtained excellent water quality. In a study
conducted by Abdessemed et al. (1999) using a
combination of sand filters and UF, the increase in cross
flow velocity in UF from 4 m st to 6-7 m s! created a nearly
linear relationship between permeate flux and
transmembrane pressure (up to 1.3 bar). Also,
Abdessemed et al. (2000), considered the treatment of
secondary effluent by coagulation-adsorption coupling
with UF as a tertiary treatment and they concluded that
coagulation with ferric chloride and activated carbon
adsorption has good performance in the reduction of the
organic matter. Melgarejo et al. (2016) proved that tertiary
treatment of WWTP effluent (Alicante, Spain) including
coagulation, flocculation, sand filtration, and UF is suitable
for urban uses (urban services), agricultural irrigation (all
agricultural uses) and golf course irrigation (recreational
use).

There are many publications on the use of membrane
applications as tertiary treatment for the reuse of
wastewater; however, few sources provide information
about full-scale facilities that integrate the use of activated
sludge with microfiltration or UF membranes. The purpose
of this study was to improve the quality of secondary
effluent in the operating conditions of Isfahan North
(INWWTP), using a combination of microscreen and
disinfection by UF membrane. In the present study, beside
changing the hydraulic loading of drum filter and the
membrane flux of UF, the efficiency of each unitin reducing
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physical, chemical and biological

investigated.

parameters was

2. Materials and methods

In this study, in order to investigate UF performance on the
reduction of wastewater quality parameters, a pilot system
was designed with UF and microscreen drum filter units
and was installed at the outlet of the secondary
sedimentation unit in INWWTP. Figure 1 shows the
schematic diagram of the pilot plant and Table 1 shows the
values of the effluent quality parameters of INWWTP.
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Figure 1. Schematic diagram of drum filter and UF pilot plant

2.1. Pilot microscreen specifications

For UF pretreatment, a filtration system of the type of
microscreen drum filter with the main parts including feed
pump, inlet flowmeter, drum filter framework, cartridges
and screens, drum rotary gear motor, nozzles and
backwash pump, outlet and inlet level meter and control
system was used. The model of the machine was MTSM
1000x1500mm manufactured by the Passavant & Watec
Company and the body was made of stainless steel and
screen material made from polyester fibre. The
characteristics of drum filter are shown in Table 2.

2.2. Pilot ultrafiltration specifications

UF system was used with the main parts including the feed
pump, inlet flowmeter, inlet pressure gauge, prefilter, UF
membrane with its housing (membrane module),
reclaimed effluent storage tank, chemical storage tanks for
membrane chemical cleaning, membrane chemical
cleaning pump and control system. The maximum inlet
pressure to UF membrane was 3 bars. The model of the
machine was LH3-1060-V manufactured by German
Passavant & Watec Company and the membrane type was
internal pressure capillary and made of PVC. UF system
specifications are shown in Table 3.

2.3. Combined operation of pilot microscreen and
ultrafiltration

INWWTP includes two phases, which are operated by
activated sludge process. The average treatment rating of
INWWTP is 1.5 m3s™L. The microscreen and UF system were
continuously fed from the outlet of the first phase of
INWWTP. The effluent with the flowrate between 5 to 20
m? hl entered into drum filter and then the filtered
effluent was pumped into UF with the flowrate of 0.7 to 2.8
m3 h,

In order to evaluate the performance of drum filter, the
hydraulic loading rate with inlet flowrate was controlled at
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four levels of 1.66, 3.32, 4.98 and 6.64 m3 m2 hr? (first to
fourth levels respectively). In order to create four levels of
hydraulic loading, the inlet flowrates to drum filter were
adjusted to 5, 10, 15 and 20 m3 hrl, respectively. As soon
as clogging of the screens and increasing in the level
difference between the inlet and outlet of the filter to the
prescribed value in the control system (8 cm), the drum
started rotating and then, using the nozzles, backwash
process was done automatically.

In the next step, a portion of the filtered effluent was
pumped into the membrane modulus of UF system. In
order to evaluate the performance of UF, flux with inlet
flow control was adjusted to four levels of 17.5, 35, 52.5
and 70 L m?2 hr? (first to fourth levels respectively); inlet

Table 1. Secondary effluent characteristics of INWWTP
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flowrate to UF was set to create four levels of flux at 0.7,
1.4, 2.1 and 2.8 m3 hr, respectively. Due to the inlet
pressure to the system and the manufacturer's
recommendations, backwash frequency operation and
backwash duration were chosen 20 min and 60 s,
respectively. The treated wastewater was then introduced
into a 1000L tank to be used for the membrane backwash.

The backwash operation was done in drum filter without
stopping its operation; similarly, UF operation was done by
cutting off the pumping into UF and stopping it from
functioning. The backwash wastewater in drum filter was
removed by the hopper and in UF system it was done by a
solenoid valve.

TSS (mgL?!)  Turbidity (NTU) COD (mglL?)

Fecal Coliform (MPN 100mL™?)

Total Coliform (MPN 100mL™?)

8-66 3.4-22.7 35-70

1.4x10°-1.6x107

3.5x10°-1.6x107

Table 2. Characteristics of drum filter

Effective screen S;:::n Screen mesh Drum Drum Backwash Feed pump
area (m?) (m?) size (um) length (m) diameter (m) flowrate (m3hr') flowrate (m3hr?)
3.01 5.15 20 1.5 1 5.8 5-20
Table 3. Characteristics of UF
M F Back h
Membrane Pore size of embrane Membrane module eed pumap . ac wa53 .
area (m?) membrane (um) module diameter (mm) flowrate (m? hr flowrate (m? hr
height (mm) !) Y)
40 0.01 1715 277 1-3 3
Table 4. Levels of variables in sampling steps
Sampling steps 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Hydraulic loading levels for drum filter 1 2 3 4
Flux levels for UF 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

2.4. Sampling and analysis methodology

In this research, sampling was performed in three locations
including inlet into drum filter, outlet from drum filter (inlet
into UF) and UF effluent. Considering four levels for
hydraulic loading variable in drum filter and four levels for
the flux variable in UF, 16 sampling steps and three times
repetition in each step were carried out. Levels of variables
in sampling steps are shown in Table 4.

According to three sampling points, 144 samples were
collected. The samples were taken in each stage on a daily
basis at intervals before and after UF backwashing. From all
samples, microbiological parameters including fecal
coliform and total coliform and physical parameters
including TSS and turbidity and chemical parameters
including COD and pH were measured according to the
Standard Methods (APHA, 2012). Microbiological
experiments were carried out using 15-tubes Most
Probable Number method (MPN) and in different dilutions
depending on the quality of each sample. The collected
data were analyzed using statistical methods of analysis of
variance (ANOVA) and paired t-test.

3. Results and discussion

The use of drum filter and UF in the reduction of
microbiological and physicochemical parameters was
statistically significant (p-value<0.05). pH of the samples
was measured which was between 6.7 and 8.8. Statistical
analysis results using the ANOVA test showed that the
hydraulic loading levels in drum filter and the levels of flux
in UF did not have a significant effect on the removal
efficiency of quality parameters. It was expected that
increasing the hydraulic loading in drum filter would
accelerate the clogging of the filter pores, and would
increase the frequency and duration of backwash. Also, flux
increase in UF would cause an increase in UF inlet flow
pressure and the duration of reaching the maximum inlet
flow pressure in the membrane modulus would be
shortened; and in the long run, the system operating cycle
gradually would be decrease and the duration of backwash
would increase.

3.1. Removal of TSS

Using a drum filter, the overall mean TSS parameter was
reduced by 50% (from 35.2 mg L' to 17.7 mg L'Y). The mean
values of the effluent TSS varied from 8.33 to 28.67 mg L.
The average values of TSS in the inlet and outlet of drum
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filter are shown in Figure 2. Based on Figure 2, the effluent
TSS values of drum filter depend on the values of the
influent TSS. According to U.S. Environmental Protection
Agency (U.S. EPA) Publications, using a drum filter as a
tertiary treatment, the percentage of the removal of
suspended solids depends on the influent solids
concentration and it is 45-85% (U.S. EPA, 1975). The
average removal percentage of TSS by sand filter
macrofiltration, in the research conducted by Gomez et al.
(2010), was 54.5%. They also showed that the effluent TSS
from the macrofiltration systems depended on influent
TSS. Therefore, the performance of the microscreen as
pretreatment was nearly comparable to the performance
of the macrofiltration systems.

TSS (mg L)

Sampling Steps

Figure 2. Inlet and outlet TSS of drum filter

y=0.55x+ 26.81
R =2%0.50

TSS Removal (%)

10 15 20 25 30 35 40 45 50 55 60

Influent TSS (mg L-1)

Figure 3. Removal efficiency of TSS in drum filter

In Figure 3, the percentage of TSS removal in drum filter has
been presented based on average value of the influent TSS.
According to figure 3, by increasing the influent TSS to
drum filter, the percentage of TSS removal increases
linearly, so that the percentage of TSS removal decreased
unexpectedly at the lowest level of hydraulic loading,
which was due to the low influent TSS, compared to other
levels.

In total, drum filter could decrease the concentration of
this parameter, with any inlet concentration, to less than
35 mg L, whose amount would depend on the distribution
of the existing particle size in the inlet into drum filter, i.e.,
the particles’ diameter of less than 20 um in the secondary
effluent was at most 35 mg L. Also, the increase of the
influent TSS to drum filter or UF would cause a fast clogging
of the filter pores and would increase the frequency and
duration of backwash. Thus, in the present study, TSS
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concentration in the effluent of the drum filter provided
the operational stability of the subsequent UF membrane
process.

The values of TSS in the outlet of UF were independent
from the TSS values in the inlet; therefore, all stages were
below the detection limits. The complete removal of TSS
occurred due to the pore size of UF membrane. Also, in
similar studies, the complete removal of TSS in UF was
obtained (Falsanisi et al., 2010; Gadani et al., 1996; JIllueca-
Mufioz et al., 2008).

3.2. Removal of turbidity

Drum filter reduced the turbidity parameter with an
average removal of 36% (from 10.1 NTU to 6.5 NTU). The
mean values of the effluent turbidity varied from 2.56 to
10.81 NTU, which drum filter reduced the turbidity caused
by particles with a diameter larger than its pore size except
when a peak occurred in the secondary effluent. The
average values of turbidity in the inlet and outlet of drum
filter have been presented in Figure 4. Based on Figure 4,
the effluent turbidity values of drum filter to some extent
depend on the values of the influent turbidity. The effluent
turbidity of the macrofiltration systems (disc filter,
pressure sand filter and mesh filter) in Gdmez et al. (2010)
research was shown to be dependent on the influent.

BTurinlet OTur outlet

Turbidity (NTU)
a

Sampling Steps

Figure 4. Inlet and outlet turbidity of drum filter

Using UF, the overall mean turbidity parameter was
reduced by 76% (from 6.5 NTU to 1.6 NTU). The mean
values of the effluent turbidity varied from 1.08 to 2.28
NTU, in which UF reduced the turbidity caused by particles
with a diameter between the pore size of drum filter (20
pum) and UF membrane (0.01 um). The percentage of
turbidity removal in UF as a function of the average values
of the influent turbidity has been described in Figure 5.
According to Figure 5, a rise in the amount of influent
turbidity to UF results in an increase in the percentage of
turbidity removal with logarithmic growth, so that at the
second level of flux, because of the qualitative shock and
the high rate of influent turbidity, the percentage of the
turbidity removal was higher than other levels.

The results showed that the amount of turbidity in the
outlet of UF was independent of the amount of turbidity in
the influent. Accordingly, the increase in the influent
turbidity to UF did not have significant effect on the
amount of effluent turbidity, and therefore this parameter
will not exceed 2.3 NTU; however, it is probable that in the
long run, it simply would increase the inlet flow pressure to
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UF and requiring an increase in the frequency and duration
of backwash. Arévalo et al. (2009) and Dialynas and
Diamadopoulos (2008) also showed that the effluent
turbidity was independent of the influent turbidity in UF.

Therefore, from the point of view of the physical
parameters (TSS and turbidity), combination of
microscreen and UF met the suggested regulatory
guidelines of U.S. EPA for many effluent uses. (TSS < 5
mg L't and Turbidity < 2 NTU).

100

.
90

y=19.844In(x) +34.81 |
R*=0.71

Turbidity Removal (%)
@
3
)
.

Influent Turbidity (mg/L)

Figure 5. Removal efficiency of turbidity in UF

3.3. Removal of COD

Drum filter reduced the COD parameter with an average
removal of 20% (from 54.5 mg L'* to 43.6 mg L'Y). The mean
values of the effluent COD varied from 29.5 to 51 mg L7,
except when a peak occurred in the secondary effluent,
indicating the amount of organic matter associated with
suspended particles larger than 20 um in the secondary
effluent. The average COD values in the inlet and outlet of
drum filter are presented in Figure 6. Based on Figure 6, the
effluent COD values of drum filter depend on the influent
COD values. Similar to turbidity removal, it is thus not
possible to guarantee a specific COD in effluents from drum
filter.

Using UF, the average COD parameter was reduced by 39%
(from 43.6 mg L' to 26.5 mg L'lv). The mean values of the
effluent COD varied from 12 to 43.5 mg LX. This removal of
organic matter in UF indicates the fraction associated with
suspended or colloids particles remained blocked on the
membrane surface with a particle size between the pore
size of drum filter (20 um) and UF membrane (0.01 um). In
a study carried out by lllueca et al. (2008), COD decreased
by 50% (from 58 mg L''to 29 mg L!) using UF. In similar
studies, Falsanisi et al. (2010), Melgarejo et al. (2016) and
Nader and Bastaki (2004) reached COD removal efficiencies
of 36%, 48.2% and 50% respectively.

ECOD inlet O COD outlet

COD (mg L)
8

Sampling Steps

Figure 6. Inlet and outlet COD of drum filter

Thus, in this study, combination of microscreen and UF is
suitable for reducing the COD to U.S. EPA standards safely
in the discharged permits for agglomerations of more than
2000 population equivalent (COD < 70 mg L) or cri-teria
for industrial reuse in power plant (COD < 60 mg LY).

3.4. Removal of coliform bacteria

Drum filter reduced the fecal coliform parameter with an
average removal of 74% (from 2.65x10° MPN 100mL? to
6.92x10° MPN 100mL™?). The mean values of fecal coliform
removal varied from 18.75% to 91.19% (from 0.09 to 1.05
log reduction). Also, Drum filter reduced the amount of
total coliform with an average removal of 76% (from
4.57x10° MPN 100mL? to 1.10x10° MPN 100mL%), The
mean values of total coliform removal varied from 5.71%
to 90% (from 0.03 to 1 log reduction). This removal of
coliform in drum filter indicates the amount of microbial
contamination associated with suspended particles larger
than its pore size in the secondary effluent.

In Figure 7, the percentage of total coliform removal in
drum filter has been presented as a function of the average
of influent total coliform. Based on Figure 7, with the
increase of microbial load of the inlet into drum filter, the
removal rate of the total coliform will increase
logarithmically. Results showed that with any loading level
and concentration of influent parameters, drum filter
reduced fecal and total coliform to less than 1.6x106 MPN
100mL™.

Using UF, the overall mean fecal coliform parameter was
reduced by 5.28 log (99.99948%, from 6.92x10° MPN
100mL? to 3.62 MPN 100mL?). The mean values of fecal
coliform removal varied from 4.58 to 5.95 log (from
99.99735% to 99.99989%). In Figure 8, the log removal of
fecal coliform in UF as a function of the average values of
the influent fecal coliform has been described. According
to Figure 8, any increase in the amount of influent fecal
coliform to UF causes an increase in the percentage of fecal
coliform removal with logarithmic growth.

In similar studies done by Gémez et al. (2006) and lllueca
et al. (2008), the removal efficiency of fecal coliform using
UF was 99.998% and 100% respectively.
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Also, UF has on average reduced total coliform parameter
by 5.08 log (99.99916%, from 1.10x10° MPN 100mL? to
9.23 MPN 100mL?). The mean values of total coliform
removal varied from 4.54 to 5.92 log (from 99.99715% to
99.99988%). Dialynas and Diamadopoulos (2008) also used
UF for advanced treatment of the effluent, resulting in
99.96% removal rate of total coliform.

In this study, the concentration of TSS, turbidity, COD and
microbial parameters in the filtered secondary effluent did
not affect the removal efficiency of the fecal and total
coliform by UF system. Increasing the concentration of TSS
and turbidity would only reduce the system operating
cycle. Results showed that with any loading level and
concentration of influent parameters, UF reduced fecal and
total coliform to less than 14 MPN 100mL? and 49 MPN
100mL? respectively. Therefore, concentration of effluent
contamination indicators did not depend on influent
concentration.

This improvement in quality was due to the sifting effect of
UF (Gémez et al., 2007). Stable microbiological quality in UF
was, to some extent, similar to the results of some studies
mentioned in the literature review (Arévalo et al., 2009;
Falsanisi et al., 2010; Gadani et al., 1996; Gémez et al.,
2006, 2007). Regarding the diameter of UF pores, the
presence of insignificant coliform in UF effluent indicates
the contamination of the permeate zone (membrane
housing, membrane etc.) in UF and it is not due to the
quality of the influent and the damage to the membrane
(Arévalo et al., 2009; Gomez et al., 2006, 2007).

Thus, in a tertiary treatment by a combination of
microscreen and UF, from the aspect of the microbial
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parameters, the effluent can be used in many cases, in
accordance with the suggested regulatory guidelines of U.S
EPA, such as unrestricted urban reuse, agricultural reuse
for food crops and use in unrestricted Impoundments (fecal
coliform < 14 MPN 100mL1).

4. Conclusions

The findings of this site-specific study showed that:

e Hydraulic load variable in the pretreatment
performance by drum filter and the flux variable
in the performance of UF disinfection had an
insignificant effect on the removal efficiency of
quality parameters; and with their increase, in a
certain pore size, it can be expected that the
systems operating cycle would decrease and the
frequency and duration of backwash would
increase.

e On average, the use of drum filter reduced TSS
parameter by 50%, which its removal percentage
increased by increasing the influent TSS to drum
filter. In total, drum filter can reduce TSS
concentration to certain extent, indicating a
maximum concentration of secondary effluent
particles with less than the pore size of drum filter
in diameter. Considering the pore size of UF
membrane, the TSS values in the outlet of UF were
independent of the TSS values in the inlet and they
were below the detection limits.

e On average, using a drum filter reduced the
turbidity parameter by 36% and the results
showed that drum filter effluent turbidity
depends on the influent turbidity. Also, UF
reduced this parameter by 76% and the results
showed that the effluent turbidity from UF is
independent of the influent turbidity and in UF
effluent, the concentration of colloidal particles
with a diameter of less than the pore size of
membrane would not exceed a certain amount.

e On average, using a drum filter decreased COD
parameter by 20% and UF reduced COD by 39%.
The results showed that the effluent COD values
of drum filter depend on the influent COD values.
However, combination of microscreen and UF is
suitable for safe reducing the COD for some uses.

e The use of drum filter reduced the fecal and total
coliforms by 74% and 76%, respectively. Also, the
use of UF reduced the fecal and total coliforms by
an average of 5.28 and 5.08 log, respectively and
the insignificant presence of coliform in UF
effluent indicates the contamination of the
permeate zone. With the increase of microbial
load of the inlet into drum filter and UF, the
removal rate of the total coliform in drum filter
and the fecal coliform in UF increase
logarithmically.

e UF achieved a stable physical and microbiological
quality, unaffected by characteristics of the
secondary effluent and the membrane flux. In the
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present study, drum filter also provided stable
operation of the subsequent UF membrane.
Therefore, combination of microscreen and UF is
an effective option to reduce the microbial and
physical parameters of the secondary effluent
sufficiently to meet U.S. EPA standards for many
uses, including unrestricted urban reuse and
agricultural reuse for food crops (fecal coliform <
14 MPN 100mL? and Tur €2 NTU).
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