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Abstract

Given the intensification of water scarcity and increasing water demand, the
reuse of treated industrial wastewater can be considered as a sustainable water
resource. The aim of this study was to evaluate the performance of a lab-scale
membrane bioreactor for improving the quality of the effluent from the industrial
wastewater treatment plant of Shokouhieh Industrial Town for reuse purposes.
The study focused on the simultaneous analysis of suspended solids removal,
or?anlc load reduction, and the limitation of the process in reducing dissolved
salts, in order to evaluate the reuse potential of the effluent from the perspective
of final end-use water quality. A plexiglass reactor with an effective volume of
32 L was operated continuously for 35 days, and the influent flow rate was set at
4 L/h (HRT=8 h). Solids separation was carried out using a flat-sheet
ultrafiltration membrane with a molecular weight cut-off of 150 kDa. During the
operation period, influent and effluent samples were collected, and COD, TSS
and TDS were measured according to standard methods. The results showed that
the average COD decreased from 321 to 68 mg/L, corresponding to 79%
removal, and the average TSS decreased from 99 to 2 mg/L, corresponding to
98% removal. In addition, TDS decreased from 1134 to 960 mg/L, corresponding
to an approximately 15% reduction, which is consistent with the inherent
limitation of UF membranes in removing dissolved salts. Therefore, in
applications where further reduction of dissolved salts is required,
complementary processes such as nanofiltration or reverse osmosis are
recommended. Overall, the studied MBR showed a high capability for suspended
solids removal and organic load reduction and, considering the quality
requirements of the intended end use, can be regarded as a reliable option for
some reuse applications. The 35-day monitoring period demonstrated the
performance trend of the system under real wastewater conditions, and the results
can provide a basis for the design and evaluation of longer-term pilot-scale
experiments in future studies.
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1. Introduction assessing MBR performance and determining the
Global water scarcity and increasing water need for further treatment. Accordingly, this
demand have intensified interest in wastewater study investigated the performance of a
reclamation and reuse as sustainable water laboratory-scale  UF-MBR  treating  actual
management strategies (He et al., 2021; Brown, wastewater from the Shokouhieh |n.dUSFI'Ia| Town
2012). Industrial wastewater, due to its complex wastewater treatment plant. Thg objective was to
composition and variable characteristics, poses ~ €valuate the system’s capability for suspended
significant ~ environmental  risks  when solids removal, organic load reduction, and
inadequately treated (Besha et al., 2017). dlsso_lved salt c_ontrol in order_ to assess its
Enhancing industrial effluent quality for reuse can ~ Practical potential for industrial wastewater
reduce pressure on freshwater resources while reclamation and reuse.
minimizing pollutant discharge into natural
ecosystems (Raper et al., 2018). Furthermore, the 2. Methodology
expansion of industrial activities has increased To ensure the empirical validity and practical
pollutant loads in wastewater streams, creating an applicability of the findings, genuine industrial
urgent need for improved and optimized wastewater was utilized as the continuous feed
biological treatment technologies (Rahman et al. source for the MBR pilot system. Representative
2023). wastewater samples were systematically collected

Among advanced treatment technologies, directly from the effluent discharge of the
membrane bioreactors®, which combine biological operational sand filters situated at the Shokouhieh
degradation with membrane filtration, have been Industrial Town wastewater treatment plant
widely applied for wastewater treatment and located in Qom Province, Iran. To meticulously
reuse (Hai et al., 2018; Bolzonella et al., 2010). preserve the intrinsic quality of the samples and
MBRs are recognized as effective systems for prevent any unwarranted alterations in their
water reclamation (Hoinkis et al., 2012; chemical composition, sampling was executed
Comerton et al., 2005); however, membrane using non-reactive  plastic  containers  of
fouling remains a major challenge, leading to appropriate  volume. These samples were
reduced permeate flux, increased transmembrane immediately transported under strictly controlled
pressure®, and higher operational costs (lorhemen thermal conditions to the dedicated laboratory
et al., 2016; Zhang et al., 2006). housing the pilot apparatus.

The performance of MBRs treating industrial The experimental setup comprised a
effluents depends strongly on feed characteristics, continuously operated ultrafiltration MBR. The
particularly the presence of recalcitrant and bioreactor tank was fabricated from transparent
dissolved organic compounds (Lin et al., 2009). plexiglass, featuring an effective working volume
In addition, membrane properties, operating of 32 liters. The authentic industrial feed was
conditions, retention times, reactor environment, continuously introduced into the biological
and fouling intensity significantly affect treatment system at a calibrated flow rate of 4 L/h. Based
efficiency (Xie et al., 2010; Niu et al., 2023). on these dimensional and operational parameters,
Although many studies have focused on the the hydraulic retention time’ was calculated to be
removal of individual pollutants or the use of approximately 8 hours. To facilitate the critical
MBRs as pretreatment for reverse osmosis® solid-liquid separation phase and generate the
systems (Hosseinzadeh et al., 2016), evaluating final treated permeate, a submerged flat-sheet
water reuse potential requires simultaneous ultrafiltration® membrane module was deployed.
assessment of key quality indicators. While high The specific membrane utilized was characterized
removal of Total Suspended Solids* and by a molecular weight cut-off of 150 kDa, a
Chemical Oxygen Demand® indicates substantial nominal pore size of 0.04 pm, an effective surface
improvement, persistent Total Dissolved Solids® area of 0.048 me, and was manufactured from
may limit reuse in salinity-sensitive applications. EPS material. The system was thoroughly

Therefore, integrated evaluation of TSS, equipped with necessary aeration mechanisms to
COD, and TDS is essential for accurately maintain optimal aerobic conditions and ensure

adequate mixing within the mixed liquid.
1 Membrane Bioreactors (MBRs) Over the extensive 35-de}y operational per!od,
2 Transmembrane Pressure (TMP) samples from both the raw influent e}nd the final
3 Reverse Osmosis (RO) UF permeate were collected at defined regular
* Total Suspended Solids (TSS)
® Chemical Oxygen Demand (COD) " Hydraulic Retention Time (HRT)
5 Total Dissolved Solids (TDS) ® Ultrafiltration (UF)
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intervals to rigorously monitor dynamic changes
in crucial qualitative parameters. The analytical
evaluation comprised the precise measurement of
pH, TSS, COD and TDS. All analytical
procedures were conducted in strict accordance
with the protocols detailed in the Standard
Methods for the Examination of Water and
Wastewater (APHA, AWWA and WEF, 2005).
Specifically, pH was measured electrometrically
(Standard Methods 4500-H* B). TSS and TDS
were quantified utilizing gravimetric techniques
(Standard  Methods 2540D and  2540C,
respectively). The organic load, represented by
COD, was determined via the closed reflux
colorimetric method (Standard Methods 5220D).

3. System specifications and

wastewater characteristics

The detailed technical specifications of the UF
membrane and the qualitative characteristics of
both the influent and effluent streams are
presented in Tables 1-3. Specifically, the influent
wastewater characteristics are summarized in
Table 1, the treated effluent characteristics are
presented in Table 2, and the technical
specifications of the ultrafiltration membrane are
provided in Table 3.

Table 1. Qualitative characteristics of the influent
to the MBR system

Table 3. Technical specifications of the UF
membrane used in the MBR system

Parameter Unit Ave. Min. Max.
pH - 74 6.6 8.3
TSS mg/L 99 82 121
COD mg/L 321 302 347
TDS mg/L 1134 876 1443

Table 2. Qualitative characteristics of the effluent
from the MBR system

Parameter ~ Unit  Ave. Min. Max.
pH - 7.4 6.6 8.3
TSS mg/L 2 1 4
COoD mg/L 68 52 87
TDS mg/L 960 710 1312

4. Results and discussion

Prior to the commencement of the primary data
acquisition phase, the MBR system underwent a
crucial start-up and acclimatization period to

Water and Wastewater

Process parameters Unit Value
Membrane configuration - Flatsheet
Cut off kDalton 150
Pore size pum 0.04
D|men5|or_15 (Width x mm 240%200
Height)
Effective surface area m? 0.048
Material - EPS
Membrane charge - Neutral
pH resistance range - 4-11
achieve a steady-state operational condition.

During this vital phase, the robust growth and
proliferation of active microorganisms within the
reactor's biological environment were
systematically facilitated. The Mixed Liquor
Suspended Solids', serving as the primary
indicator of active biomass concentration, was
continuously monitored and observed to increase
significantly, reaching an operational
concentration of approximately 3500 mg/L. Upon
attaining this requisite biomass level, controlled
sludge wasting protocols were initiated to
maintain biological equilibrium.

4.1. TSS removal

The empirical data presented in Fig. 1
conclusively demonstrated that the investigated
MBR system exhibited exceptional efficacy in
eliminating suspended solids. The average
influent TSS concentration of 99 mg/L was
drastically reduced to merely 2 mg/L in the final
treated effluent, representing a highly significant
removal efficiency of approximately 98%. This
outstanding level of separation is fundamentally
consistent with the mechanistic nature of MBRs.
In such advanced systems, the separation of solids
is not reliant on the often-unpredictable
gravitational settling characteristics of biological
flocs; instead, the UF membrane functions as a
highly formidable physical barrier. This barrier
efficiently prevents the passage of suspended
particulates, biological flocs, and the wvast
majority of the active biomass into the final
permeate stream. From the critical perspective of
water reuse, this near-complete removal of TSS is
of paramount importance, as residual suspended
solids can drastically increase turbidity, degrade
the visual quality of the reclaimed water, and
significantly heighten the probability of severe

clogging in sensitive downstream industrial
equipment.
! Mixed Liquor Suspended Solids (MLSS)
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4.2. Organic matter reduction (measured biodegradable organic constituents by the
as COD) suspended biomass, coupled with the membrane's
As shown in Fig. 2, in MBR systems, the physical entrapment of larger, colloidal, and
systematic reduction of COD is the direct result ~Particulate organic fractions. However, the
of a Comp|ex synergy between continuous perSIStence of a residual COD fraction in the
microbial biodegradation within the reactor and ~ effluent requires careful interpretation. Given that
the physical retention properties of the  the raw feed for this MBR pilot was sourced
membrane. The results indicated that the average ~ downstream of a sand filtration unit, it is highly
COD was successfully reduced from an initial ~ Probable that the more easily biodegradable
321 mg/L in the feed stream to 68 mg/L in the ~ Organic compounds had already been partially
final permeate, achieving an overall removal ~ Oxidized —or removed during preceding
efficiency of 79%. This substantial decrease  Preliminary treatment stages (Tchobanoglous et
signifies the system's robust capability to manage al.. 2003). Consequently, the residual COD
and mitigate the organic loading prevalent in the ~ Nhavigating into and subsequently passing through
industrial wastewater (Alotaibi et al., 2024).  the MBR likely constitutes a higher proportion of
Mechanistically, this high efficiency is attributed complex, recalcitrant, or slowly biodegradable
to the biological oxidation of readily soluble organic compounds.
—#— TSS Input == TSS Output - Removal Efficiency
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Fig. 1. Variations of TSS in the MBR influent (raw wastewater) and MBR effluent (treated wastewater),
and its removal efficiency during the operation period
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Fig. 2. Variations of COD in the MBR influent (raw wastewater) and MBR effluent (treated wastewater),
and its removal efficiency during the operation period
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4.3. TDS variations

As shown in Fig. 3, in stark contrast to the highly
efficient removal of TSS and COD, the overall
reduction in TDS was inherently limited,
averaging merely a 15% decrease (from 1134
mg/L to 960 mg/L). From an engineering and
process perspective, this precise outcome is

entirely anticipated. UF membranes,
characterized by their specific pore sizes and
molecular weight cut-offs, are fundamentally
engineered to selectively separate suspended

—&— TDS Input

—#c—TDS Output

particulates, colloidal matter, and high-molecular-
weight organic macromolecules. They do not
possess the necessary physical or electrostatic
mechanisms required to effectively reject
dissolved monovalent or divalent mineral ions.
Therefore, this restricted reduction in TDS must
not be erroneously interpreted as a functional
flaw or weakness of the biological system; rather,
it accurately reflects the absolute physical
boundary and inherent technological limitation of
the UF-MBR configuration.

- Removal Efficiency
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Fig. 3. Variations of TDS in the MBR influent (raw wastewater) and MBR effluent (treated wastewater),
and its removal efficiency during the operation period

4.4, Implications for reuse and operational
considerations

Comparing the distinctly divergent behaviors of
TSS, COD and TDS clearly underscores that the
overall performance of the MBR is highly
specific to the targeted pollutant category. While
the physical retention of TSS is absolute and the
biological/physical removal of COD is
substantial, the unhindered passage of dissolved
salts remains a pivotal factor. For industrial
applications exhibiting lower sensitivity to
salinity, the marked improvements in TSS and
COD achieved by the MBR alone may render the
effluent perfectly acceptable. However, for
stringent applications-such as make-up water for
cooling towers or processes where mineral
accumulation is profoundly detrimental-the MBR
standalone system is definitively insufficient. In
these rigorous scenarios, the MBR serves as an
exceptional advanced pre-treatment  phase,
necessitating the crucial integration of subsequent
high-pressure membrane technologies,

Water and Wastewater

specifically Nanofiltration® or RO, to reliably
achieve the required demineralization (Aziz et al.
2021; Kim et al., 2024). Additionally, while
robust treatment efficiencies were recorded, the
absence of continuous, quantitative monitoring of
critical fouling indicators, such as TMP and
operational flux variations over the 35-day
period, constitutes a noted limitation in
comprehensively assessing long-term operational
sustainability.

5. Conclusions

This empirical study comprehensively
investigated the performance and reuse potential
of a laboratory-scale MBR treating genuine
industrial wastewater from the Shokouhieh
Industrial Town. The analytical findings
emphatically demonstrated that the UF-MBR
system exhibits exemplary proficiency in the
complete elimination of suspended solids,
achieving a 98% reduction (from 99 to 2 mg/L)

! Nanofiltration (NF)
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by virtue of the UF membrane acting as a highly
reliable physical barrier.

Furthermore, the system  successfully
managed the organic load, registering a 79%
reduction in COD (from 321 to 68 mg/L),
effectively combining biological oxidation with
physical retention. However, consistent with
fundamental membrane theory, the reduction of
TDS was intrinsically limited to approximately
15%. This phenomenon is not indicative of
system failure but precisely delineates the
operational frontier of UF technology, which
lacks the capability to reject dissolved ionic
species. Consequently, it is concluded that while
the UF-MBR is highly suitable for industrial

Water and Wastewater

Vol. 36, No. 4, 2025

reuse applications prioritizing strict TSS and
COD caontrol, its deployment for salinity-sensitive
applications must be mandatorily coupled with
advanced desalination processes such as RO or
NF.

Future extensive studies should incorporate
the rigorous, long-term monitoring of quantitative
fouling indices (TMP, Flux), comprehensive
solids retention time® calculations, and detailed
fractionation of soluble organic matter to provide
a more holistic evaluation of MBR sustainability
in industrial contexts.

! Solids Retention Time! (SRT)
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Table 1. Qualitative characteristics of the influent to the MBR system

Typical characteristics of input

Parameter Unit Ave. Min. Max.
pH - 7.4 6.6 8.3
TSS mg/L 99 82 121
COD mg/L 321 302 347

TDS mg/L 1134 876 1443

Table 2. Qualitative characteristics of the effluent from the MBR system

Typical characteristics of output

Parameter Unit  Ave. Min. Max.
pH - 7.4 6.6 8.3
TSS mg/L 2 1 4
COoD mg/L 68 52 87
TDS mg/L 960 710 1312

— Floater
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Overflow
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On Off
Control Valve
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Fig. 1. Schematic diagram of the MBR process
used in the present study
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Table 3. Technical specifications of the ultrafiltration membrane used in the MBR system

Specification of membrane

Process parameters
Membrane configuration
Cut off
Pore size
Dimensions (Width x Height)
Effective surface area
Material
Membrane charge
pH resistance range

Unit Value
- Flatsheet
kDalton 150
pm 0.04
mm 240x200
m? 0.048
- EPS
- Neutral
- 4-11
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Fig. 2. Variations of TSS in the MBR influent (raw wastewater) and MBR effluent (treated wastewater),
and its removal efficiency during the operation period
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Fig. 3. Variations of COD in the MBR influent (raw wastewater) and MBR effluent (treated wastewater),
and its removal efficiency during the operation period
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Fig. 4. Variations of TDS in the MBR influent (raw wastewater) and MBR effluent (treated wastewater),
and its removal efficiency during the operation period
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