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Oz

Bu ¢aligma, sentetik atik su aritimi i¢in acrobik membran biyoreaktdrde (AeMBR), 0,45 um ve dokuma olmayan membran olmak tizere
iki farkli membran modiiliiniin karsilagtirmali degerlendirilmesini amaglamaktadir. Her iki membran malzemesinin filtrasyon
performanslar1 ayni operasyonel sartlar altinda karsilagtirilmistir. Filtreleme islemi boyunca, 0,45 pm ve dokuma olmayan membran
olmak iizere sirasiyla %99 ve % 95 kimyasal oksijen ihtiyac1 (KOI) giderim verimleri elde edilmistr. AeMBR, 10 LMH'de basariyla
isletilmis ve 30 giin boyunca higbir sekilde kimyasal yikama uygulanmamistir. Reaktor, 15 LMH akiya kadar miikemmel bir sekilde
isletilmi ve sonra 20 LMH’de isletime devam edilmistir. 0.45 um membranin bulaniklik ve trans-membran basinci degerleri, dokuma
olmayan membrana nispeten baglarda genellikle yiiksek sonug¢lar vermistir. Membranlar iizerinde olusan kek tabakasinin karakteristik
ozelliklerini belirlemek iizere kapiler emme siiresi (CST), ¢6ziiniir mikrobiyal iiriin (SMP), hiicre dig1 polimerik bilesenler (EPS),
stiziilmeye karst spesifik direng (SRF), fourier doniisiimlii kizilotesi spektroskopisi (FT-IR) ve denatiire gradyan jel elektroforezi
(DGGE) aanalizleri yapilmistir. 16S rDNA boélgesi, hava/ortam sicakligl degisikligi agisindan 6nemli sonug gostermistir. Her iki
membran modiilii i¢in, sirasiyla NaOCI ve siilflirik asit ile yapilan kimyasal temizleme istihdami, neredeyse tamamen tikanmalari
ortadan kaldirmis ve kimyasal olarak yikanmig membranlarin, yeni membranlarinkine yakin basing gosterdigi bulunmustur.

Anahtar Kelimeler: Dinamik membran biyoreaktdr, dokuma olmayan, 0.45 pm membrane, biyolojik aritim, KOI giderimi, PES

Membrane Bioreactor and Dynamic Membrane Bioreactor
Performance Comparison under the Same Conditions

Abstract

This study aims comparative evaluation of two different membrane modules, 0.45 pm and non-woven dynamic membrane, in AeMBR
for synthetic wastewater treatment. Filtration performances of both membrane materials were compared under same operational
conditions. Throughout the filtration process, 99% and 95% chemical oxygen demand (COD) removal efficiencies were achieved
relying upon 0.45 um and non-woven dynamic membrane, respectively. AeMBR was successfully operated at 10 LMH and no chemical
cleaning was employed for 30 days. It was perfectly operated up to 15 LMH and then 20 LMH. The turbidity and trans-membrane
pressure (TMP) of 0.45 um was usually higher at the begging compared with the dynamic membrane despite membrane clogging rates
were comparable. Capillary suction time (CST), soluble microbial product (SMP), extracellular polymeric substances (EPS), specific
resistance to filterability (SRF), attenuated total reflectance fourier transformed-infrared spectroscopy (ATR FT-IR) and denaturing
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gradient gel electrophoresis (DGGE) analyzes were performed to understand the characterization of the cake deposited on membranes.
16S rDNA region shown significant result in terms of air/ambient temperature change. For both membrane modules, offline chemical
cleaning employment with NaOCI and sulfuric acid, respectively, almost completely eliminated foulants and it was found that
chemically washed membranes showed pressure close to that of the new membrane.

Keywords: Dynamic membrane bioreactor, non-woven, 0.45 pum membrane, biological treatment, COD removal, PES

1. Introduction

Membrane bioreactor (MBR) systems are accepted as one of the most critical industries in terms of wastewater treatment operations
and environmental health issues. The amount of wastewater utilized for treatment operation is increasing parallel to the world
population. In this context, there has been growing rate of interest to the MBR systems to reduce the water pollution caused by not only
mankind but also the industries. In the field of MBR technology, different types of membranes and support materials are employed for
treatment processes for reuse of wastewater and resource convalesce. It is known that if the wastewater is discharged as a result of
inadequate treatment, there are various problems show up in water resources.

Besides, being an excellent member in solid/liquid separation processes, it has also significant advantages such as small footprint
and good permeate quality (Reid et al. 2006). In spite of its supremacy, there are some primary deficiencies like high operational cost,
high membrane cost, low flux and getting membrane fouling under control. Thereby, dynamic membrane formation on the surface of
the membrane is an encouraging approach in terms of generating appropriate solution for wastewater treatment operations. (Kiso et al.
2010; Ma et al. 2013). Dynamic membrane (DM), also called as secondary membrane, is generated on the surface of the support material
which may be sometimes membrane or different types of textile materials such as mesh, non-woven fabric or filter cloth alternatively
to the microfiltration (MF) or ultrafiltration (UF) membranes. When the wastewater is filtered, non-filterable colloidal constituents are
confined over cake layer that hinders the fouling problem of membrane material; (Jeison and van Lier 2006; Sun et al. 2016). DM
technology, as well as being easy and wide spread, is open for different types of operational modifications.

It is critical to indicate that, membrane itself cannot be necessarily required for the filtration processes, when the dynamic membrane
formed over the surface of the support layer and act as a barrier to procure colloidal particle rejection. When the cake layer loses its
permeability due to bacterial or colloidal intensity, membrane is exposed to the cleaning process that shouldn’t be continuously
implemented (S. Lee et al. 2011).

In several experiments, DM technology has been employed for treatment of municipal wastewater in anaerobic membrane
bioreactor (AnMBR) (H. Chu et al. 2014; Ersahin et al. 2014; Y. Chen and Ho 2016) and operational outcomes from the experiments
represented that 98% permeate quality has been achieved in the process. After continuous treatment throughout the operation, membrane
can come across intensive fouling problem and so that the DM tier can be supplied by different layer of residue.

In this article, two different membrane types, 0.45 um and non-woven, have been employed for the treatment process. Membrane
performances cake characteristics were compared in each other in terms of turbidity, ATR FT-IR, SMP/EPS, SRF, SF, DGGE, CST and
TMP.

2. Material and Method

2.1. Membrane bioreactor and experimental setup

Two different membrane modules were developed and one lab scale AeMBR tank was designed. It was made of plexiglass at
dimensions of 8x14x38 cm operated in total volume of 3L and active volume of 2.5L. Reactor was equipped with a water level sensor
and an aeration device at the bottom. Inside of the tank, two different membrane types, non-woven flat-sheet polyethersulfone (PES)
and 0.45 um membranes were used for the operation and double-sided support layer was used for the membrane stableness. Each
membrane module, made of 12x12 cm plexiglass, had volume of 217 ml and the active surface area was adjusted to 7.5x7.5 cm2 (Fig.
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Fig. 1. Schematic of MBR system: 1. Balance, 2. Fee tank, 3. Feed pump, 4. Feed controller, 5. Level sensor, 6. Membrane module, 7.
Air blower, 8. Digital manometer, 9. Suction Pump, 10. Permeate tank, 11. Data recording/reading.
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2.2. Membrane bioreactor and experimental setup Membrane cleaning and fouling control

AeMBR system was fed with synthetic wastewater (Cinar et al. 2008) including 500 mg/L COD glucose and essential inorganic
nutrients which are critical for microbial growth. At the outset of the operation, suspended solid (SS) concentration was stabilized at 4
g/L. Inoculated sludge was adopted from the last sedimentation tank of a full-scale wastewater treatment plant. MBR system was
operated at room temperature with a level censor and amount of the feed provided from tank.

Performance measurements of AeMBR system were considered with different flux parameters. The reactor was operated with
infinite SRT for 137 days and therefore no sludge withdrawal was performed. System was initially operated at 11.11 LMH flux (10
LMH net flux). SADm value and flow rate was 1 nm3(air)/m2.hr and 2.08 ml/min, respectively. Due to membrane fouling which is one
of the most critical problem encountered throughout the filtration, the process was maintained discontinuously (4.5 min suction and 0.5
min relaxation) to manage reversible fouling could be reduced by physically washing the membrane (Arhin et al. 2016) or relaxation
(J. Wu et al. 2008).

Operational performance of the MBR system was examined with different flux values during 30 days of stable working and
additional 15 days of analysis for each individual periods. In the first period of the operation net flux maintained at 10 LMH and
membrane and sludge-related data were recorded. In the second and third period of the operation, net flux increased to 15 and 20 LMH,
respectively. Each individual period allowed comparison of collected data depending on the flux change.

2.3. Membrane cleaning and fouling control

Both membrane modules were operated at a constant flow and periodically these flow values were modified to examine membrane
performance. The TMP values were recorded online for a certain period during the examination. Within the first 45 days of the study,
the membranes surface was peeled off by applying physical cleaning with a pressure of 0.30-0.35 bars, at 10 LMH flux, followed by
chemical cleaning. After day 45, membrane blockage began to occur more frequently with increased flux and with the pressure reaching
0.35 bars, first physical cleaning employed with a soft scouring pad under tap water then chemical cleaning employed. Within the first
45 days, chemical cleaning was applied only once, except for physical washing only. Physical cleaning ensures that the permeability of
the membrane surface was maintained for a while. In this and following sections of the work, chemical cleaning was employed as
physical cleaning (peeling off the cake layer on the surface of the membrane) and entreating the membrane to NaOCI (300 mg/L). Then
membrane was gently washed with tap water and soaked into the sulfuric acid solution (pH=2) for an hour.

2.4. Membrane fouling characterization

Flux is the amount of water passing along the unit surface area of membrane per unit of time (J) (Judd 2010). It is known that the
membranes are frequently blocked with increasing flux, which in turn leads to an increase in TMP values (Mohammadi et al. 2003;
Hernandez Rojas et al. 2005). At the beginning of the operation, the flux was set to 10 LMH then performance of the operation was
tested with 15 LMH and 20 LMH respectively.

TMP data, recorded with digital manometer, were used for characterization of the membrane fouling. Membrane filtration resistance
was calculated with Darcy Equation to evaluate the degree of membrane fouling in AeMBR (Z. Wu et al. 2007).

R=TMP/(u]) (1)

where J is the flux as m3/(m2.s), TMP is the trans membrane pressure as Pa, p is the permeate viscosity as Pa.s, and R is the
membrane filtration resistance as 1/m. Throughout the intermittent operation of MBR system, 5 min. of filtration and 0.5 min. of
relaxation employed. With the stop of the filtration process, aeration created an effective shear force over the membrane surface. Thus,
it was assumed that there was no reversible fouling during its relaxation period.

During the MBR operation, the membrane was physically and chemically washed many times and it was found that after the
washing process the pressure gradually starts from a certain level (irreversible fouling). Rf was called irreversible fouling (unrecoverable
by physical interference). Even though chemical cleaning compensated a large part of the fouling, some of the foulants might not be
eliminated (cannot be recovered) (Wang et al. 2014) which critically effects the performance of the membrane over the long run.

2.5. Microbiological analysis

Samples that were taken from first and last operational period as a mixed liquor were used for DNA extraction by using PowerSoil
DNA isolation kit (MO BIO Laboratories Inc.) according to the extraction manual and stored at -20°C. PCR operations were performed
with the universal 16S primers 27F, Bact-1492R, 357F-GC, R518 and PRB-357F. Primers and PCR amplification procedures of the
microbial community were previously described (S.-Y. Lee et al. 2004; Liu et al. 2010). DGGE operation was performed with D-Code
Universal Mutation Detection System (Bio-Rad, Netherlands).

Thermal Cycler using the PCR method amplified the 16S rDNA genes of the extracted DNA mixtures. Microbial species diversity
was detected by DGGE and DNA sequence analysis (Ozkaya and Demir 2011). Therefore, PCR1 and PCR2 procedures were edit
according to the procedure made my Lee et al. (S.-Y. Lee et al. 2004).
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2.5. Analytical Methods

Samples were picked up from influent, mixed liquor and permeate of the MBR system. Analyzes of COD (from permeate), CST,
SRF/SF, SEM, FT-IR and DGGE samples were directly carried out without filtration. TMP, pH and ORP values were daily measured.
COD was measured according to the Standard Methods [21]. Mixed liquor suspended solid concentration in the bioreactor was measured
according to Standard Methods 2540 D/E [22]. For SMP/EPS analysis, mixed liquor was centrifuged at 4000 rpm for 10 min and
supernatant was subjected to filtration with membrane pore size of 0.45 pm. SMP measurements were carried out from the supernatant
in terms of protein and carbohydrates concentrations (Bradford and Dubois Methods). The remaining pellet portion from the centrifuge
was washed twice and incubated in salty water (0.5% NaCl) for EPS analysis. The mixed liquor was incubated with heat (80 °C, 1h)
and then centrifuged once again. The supernatant was subjected to filtration by 0.45 um pore sized filter paper and permeate EPS
concentration was revised from previous researches [23]. For CST analysis, 2 ml of mixed liquor placed on a Whatman #17 filter paper
to measure viscosity for each experimental phase. ATR-FTIR device (Thermo iS10) was used to characterize the sludge and to
understand its chemical bond structure. Pellet of 2 ml centrifuged mixed liquor and membrane cake layers were subjected to exsiccation
(60 °C, 24 h). Dried samples were grinded fairly in mortar and placed to the device. SF and SRF work was done to measure 100 ml
mixed liquor MBR sludge filterability and filtration resistance. Depending on the dead-end device (Sterlitech, P/N HP4750), the
centrifuged (SF) and non-centrifuged samples (SRF) were filtered with pure nitrogen gas pressure with a stirrer and 0.45 pm membrane
(Whatman, WHA7404004). SRF measurements were performed every 1 min on 1 hour measurement and SF measurements on every 1
sec on a minute. Filtered liquid was weighed online and the results were recorded. For SEM analysis (Zeiss EVO® LS 10), small dried
(60 °C, 24 h) sections of the membranes were performed in Gaziantep University-SEM Laboratory.

3. Results and Discussion

3.1. Membrane bioreactor performace

MBR system was operated through 137 days. Each period lasted for 45 days and the reactor was operated at steady state for 30 days.
Nearly in a week, COD concentration in the permeate reached steady values. After 30 days of steady state operation, 15 days of data
collection was carried out. Figures were presented with 15-day periods. In the first period (10 LMH), 0.45 pum and non-woven
dynamic membrane average permeate COD concentrations were found 3.8 mg/L and 25 mg/L, respectively, likewise, 0.45 um and
non-woven dynamic membrane average COD removal efficiencies were 99.47% and 97.02%, respectively (Fig. 2).
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Fig. 2. COD removal performance of MBR.

In the second period (15 LMH), Average COD concentrations of the 0.45 pm and non-woven dynamic membrane permeates were
11.9 (96.05% efficiency) and 50.87 mg/L (82.89% efficiency), respectively. In addition, 0.45 pm and non-woven dynamic membrane
performances also showed efficient treatment in terms of COD removal for the second period of the experiment. During the first phases
of 30 days of steady state operation, low yield was obtained because no cake/gel layer was formed on the dynamic membrane. It was
seen that a dense portion of synthetically supplied COD was removed in the proceeding phase and it exhibited effective filtration to
reject particulate matter. Similar investigations were made in other operations (Fan and Huang 2002; L. Chu and Li 2006).

In the third period (20 LMH), with increasing flux, COD filtration quality of the dynamic membrane permeate decreased, while the
permeate parameters of the 0.45 pm membrane was not changed much. This is due to the fact that there was no active cake layer on the
membrane surface and immature cake layer cannot perform effective filtration. 0.45 um and non-woven dynamic membrane average
permeate COD concentrations were found to be 21.12 (95% yield) and 100.87 mg/L (79% yield), respectively.

However, permeate COD concentrations were lower than the COD concentration of filtered reactor mixed liquor. The reason is that
both the SMPs of the cake and gel layer on the membrane are biodegraded and the effective pore diameter on the membrane decreases
as the cake layer develops. Similar finding was also reported in the literature (Jiang et al. 2008).
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3.2. SMP and EPS concentrations in MBR Flux, TMP and Turbidity changes

MLSS measurements were performed once a week for each period. The initial MLSS concentration was set at approximately 4000
mg/L. Throughout the 135-day operational period, MLSS concentration increased in very small quantities and the final concentration
was measured as 4177 mg/L. Theoretically, no sludge was discharged from the reactor, meaning the reactor was operated at infinite
SRT. Daily and weekly experimental work and the amount of sludge taken from the reactor as a result of the repetition of these studies
compensated the SRT period of this study. It was reported in the literature that high-order biomass and high COD removal efficiency
were obtained from MBR systems (Fu et al. 2009; Yurtsever et al. 2017) operated with infinite SRT and during this time, the effect of
membrane fouling was evaluated.

In the literature, there are many studies on membrane fouling originating from SMP and EPS (Drews et al. 2006; Trussell et al.
2006; Jeong et al. 2007; Jiang et al. 2008; Meng et al. 2009). These parameters were analyzed according to periods were given in Table
1 and total SMP and EPS concentrations were represented in Fig. 3. In SMPs, there are many micro molecules such as humic acid,
polysaccharides, protein complexes, and amino acids. It is mentioned in the literature that these molecules seriously affect the sludge
Kinetic activity (Azami et al. 2012). Three different SMP and EPS samples have been studied in our work. The average SMP
concentrations of 0.45 um and non-woven dynamic membrane permeates were found as 21.9626 mg/L and 31.5488 mg/L, respectively.
However, average SMP concentration of centrifuged MBR sludge supernatant was found as 39.348 mg/L.
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Fig. 3. SMP and EPS concentrations of the MBR operation.

It is important to indicate that SMP production in the reactor was found almost 3% and 4% of the biodegraded COD was converted into
the SMP. Normalized SMP production in AeMBR systems (fed with glucose) was found as 3.1% +0.4% in the literature (Barker and
Stuckey 1999) and it was found in previous studies that the SMP value decreases with increasing SRT value (Katsuki et al. 2009).
Permeate SMP value were found in the range of 4-5% (Kiser et al. 2010), which was a good agreement with our experimental findings,
with high SRT.

The data obtained from the EPS analyzes are represented in Fig. 3. Throughout the reactor operation, it was seen that there are regular
but small increases in EPS values, similar to the gradually increasing MLSS concentrations. Average centrifuged MBR sludge pellet
EPS concentration was found as 38,1654 mg/L. One of the important inference might be the thickness of the cake/gel layer formed on
the membrane surface and an effective filtration due to this thickening.

In bioreactor, EPS concentration increased consistently. This increase will cause the membrane clogged and the membrane resistance
to increase rapidly in the progressive stages. It was reported in the literature that increased membrane pressure was observed due to
wastewater characterization (Chae et al. 2006).

3.3. Flux, TMP and Turbidity changes

AeMBR system was operated throughout 135 days. During the operation, TMP values were recorded intermittently with a daily period.
Flux and corresponding changes in TMP were shown in Fig. 4. In the system, the TMP reached a high value (0.3 bars) shortly after the
start of the operation. The consequence for the TMP value being so unstable might be related with two possible reasons. First one is the
acclimation of the sludge which changes the microbial community. Second one is the only offline physical cleaning application. Even
though the TMP was fell down, the foulants were not efficiently removed. When the TPM reached high values membranes were
subjected to chemical cleaning right after the cake/gel layer peeled off. With a steady increase in TMP value (0-0.3 bars) non-woven
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and 0.45 pm membranes were subjected to chemical cleaning at day-10 and day-12 respectively. It was even efficient to clean the
membrane with low concentration of NaOCl (300 mg/L) to remove fouling layer (Wang et al. 2014).

10 LMH

—#= (.45 membrane
500 4 W dyn. mamb

600

400 4

300 4

200 A

Pressure (mbar)

100

-100 4

-200

0 2 4 6 8 1012 ¥ 16 18 20 22 24 26 2B 30 32 34 36 36
Time (day)

Fig. 4. TMP changes throughout the operational periods.

It should be deducted that the cause of the cleaning process was caused by the acclimation of the sludge. After cleaning, the pressure
was close to zero for the dynamic membrane and 14 mbar for the 0.45 pm membrane. It was estimated that the sludge from the final
settling tank was likely to contain biodegradable organic colloidal particles (increasing the pressure). The biodegradation of these
particles may fall the pressure. During this time period, the average pressures were 124 and 194 mbars for 0.45 um and non-woven
dynamic membrane, respectively.

After Day-15 the flux was increased to 15 LMH. At this stage, the TMP value was above 0.3 bar for a very short time for both membranes
(Fig. 4). The dynamic membrane was subjected to chemical cleaning (day 19, 23 and 26) while physical cleaning was sufficient for 0.45
pm membrane for a while, and was subjected to chemical washing at day 27. While physical washing was sufficient for 0.45 pm
membrane for some time, it was exposed to chemical cleaning on day-27. In the last period of the operation the flux was increased to
20 LMH. At this stage, the dynamic membrane was seriously clogged and subject to daily chemical washing.

On the other hand, the pressure of 0.45 pm membrane increased over 0.3 bar within 3 days and exposed to physical cleaning with a
sponge under tap water that was not influential for the fouling control (Fig. 4).

Daily turbidity values measured from the permeates were shown in Fig. 5. Turbidity is the loss of transparency of water and the presence
of invisible solid matter in the particulate level (Judd 2010). The increase/decrease in turbidity was directly related to the filtration
performances and the physical/chemical cleaning operations with increased pressure. In the first period of the MBR operation, average
turbidity values of 0.45 um and non-woven dynamic membranes were 0.2 and 3.3 NTU, respectively. Although, at the beginning of the
first period, the dynamic membrane permeate turbidity values showed partial stability, these values rapidly fluctuated in the following
periods. On the 10th (non-woven membrane) and 12th (0.45 pm) days, membranes were exposed to chemical cleaning due to high TMP
variations and turbidity values were found to be 7.2 NTU and 0.2 NTU, respectively. In the second period (10 to 15 LMH), while the
0.45 pm membrane turbidity values were steady, dynamic membrane turbidity values frequently changed between 2-5 NTU. In the last
period, with increasing flux, TMP reached around 0.4 bars and it almost stopped the filtration for dynamic membrane.

The daily increase in TMP, physical and chemical cleaning of the membrane, and increased turbidity values resulted in reduced
efficiency. Although the membrane surface was quickly coated with bacteria, this was not a very healthy operation for MBR operation.
It was reported that the microbial community in the reactor flocked on the membrane in very short time and the resulting turbidity values
decreased (Ren et al. 2010) and with the formation of dynamic membranes, the turbidity values decreased by 99% (Ersahin et al. 2014).
The low turbidity values of the 0.45 pm membrane and long-term high-flux operation might be a problem for average life-span of the
membrane.
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Fig. 5. Turbidity variations throughout the MBR operation.
3.4. Sludge fluidity, filterability and specific resistance to filtration results

CST was used to identify the sludge filterability characteristics and it measures the time of water drop from the sludge moved 1 cm path
in a porous membrane (Judd 2010). For the analysis performed for each operational period, the initial CST value was measured as 54.9
sec. During the time period between period I and period 11, the concentration of SMP, EPS and MLSS in the reactor increased. After the
flux raised to 15 LMH, CST result of 57.2 sec. was obtained. Viscosity of the sludge directly affected by the increase in sludge
concentration (Germain et al. 2005). In the final period of the experiment, CST value was found as 64.4 sec. After each study, it was
determined that CST value increased in parallel with MLSS, SMP and EPS values. Wang et al. reported that CST, EPS, MLSS,
carbohydrates and proteins had serious effects on membrane fouling which effects the filtration performance considerably (Wang et al.
20006). In another study, it was reported that high CST values would result in low filtration (G. W. Chen et al. 1996) which was a good
agreement with our findings.

One of the most important factors illuminating the membrane fouling is SF and SRF values. The increase and decrease of these values
also represent in Fig. 6. While SF samples were prepared with 10 min. centrifugation at 4000 rpm and poured into the dead-end chamber
with a magnetic stirrer, SRF samples were prepared without centrifugation and magnetic stirrer. The sample in the dead-end device was
weighed by the pressure (0.5 bars) created by the N gas, filtered through the filter at the bottom of the device, and the results were
recorded simultaneously. The initial SF and SRF results were found as 100 gr and 57 gr of permeate, respectively. As a result of the SF
and SRF analyzes carried out in the second period of the study, the time elapsed during the filtration increased relatively to the previous
work and the results in the second period were found as 96.6 gr and 48 gr, respectively. In the last phase of the experiment, SF and SRF
results were recorded as 91.2 gr and 37.3 gr, respectively. As a result of periodic studies, SF and SRF values were found to be relatively
lower than the previous study. This reduction was associated with an increase in the SMP, EPS (Fig. 3) and MLSS concentration of the
reactor sludge which were parallel in accordance with the earlier studies (Rosenberger and Kraume 2003; Galil and Jacob 2009; Yu et
al. 2009). The reduction in the amount of filtered sample was also indicative of changes in the sludge matrix with the change of the
sludge characteristics.
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Fig. 6. SF and SRF Filtration results of the MBR mixed liquor.
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3.5. Membrane Analysis
3.5.1. ATR FT-IR results of the virgin and used membrane

ATR FT-IR analysis was performed not only to analyze the fouling of membranes due to SMP, EPS and MLSS concentrations but also
to clarify which chemical bonds are formed with the adherence of the components causing the clogging to the membrane surface. At
the end of last periods, small cross-sections of 0.45 um and non-woven dynamic membranes were stoved (60 C, 24 hr.) and cake layer
was used to measure the thickness of the gel. Comparison of the cake layer formed over 0.45 pm and non-woven dynamic membrane
surface were examined. The peaks obtained in the FTIR analysis were shown in Fig. 7 for 0.45 pm and non-woven dynamic membrane,
respectively.

It was found that the peak at 1027 and 1042 cm™' (C-O) represented polysaccharide property (K. Kimura et al. 2005) and peak at 1634
cm’! was represented as CO stretched proteins (amid I groups) (Croue et al. 2003). Similar results were also found by Kim et al. regarding
upon 1634 cm™ (Kim and Jang 2006). The peak 1722 cm™! for non-woven dynamic membrane associated with carboxylic acids humic
substances (Jarusutthirak 2003).
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Fig. 7. 0.45 um and non-woven dynamic membrane ATR-FTIR results.

3.5.2. Inorganic cake constituents and optical scanning

Scanned cross-section of fouled 0.45 um and non-woven dynamic membranes SEM images were represented at Fig. 8. Thickness of
the cake layers in the cross-sectional surface of the 0.45 pm and non-woven dynamic membranes were found around 121 um and 317
pum, respectively. The cake layer over the surface of non-woven dynamic membrane was found thicker, less porous and rigid than 0.45
um membrane. Due to large pore size of the non-woven dynamic membrane, it appeared coarse due to intensive organic foulants
accumulation (An et al. 2009).

Fouling compositions of the foulants and concentrations, such as Na, Mg, Al, Si, S, Cl, Ca, Ni, Cr and Zn in the cake layer, were
measured with SEM-EDS analysis (Fig. 9). The SEM-EDS analysis was performed for both membrane types and the ratios of organic
and inorganic chemicals detected on the cake were determined more intensively on the dynamic membrane. Existence of S might
occurred due to formation of elemental S. Even though, high oxygen concentration may caused sulfide to sulfite as a chemical reaction,
small percentage of the sulfide might be oxidized to elemental S. Therefore, the S concentration was much higher in non-woven dynamic
membrane. The Al, Ca and Si concentrations in the cake layer of 0.45 um and non-woven dynamic membrane were found around 0.2,
0.8 and 1.5 mg/m? and 0.3, 1.4, and 1.1 mg/™, respectively. C and O observed in the cake layer developed on the membranes were
thought to originate from the bacterial mass (Fig. 9).
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Fig. 8. Surface (A-C) and corss-sectional (B-D) SEM image of the 0.45 um and non-woven dynamic membrane, respectively.

Experimental studies have shown that inorganic elements, such as Mg, Al, Si, Ca and Fe cause serious clogging that they can form a
transition phase through contaminating layers, precipitated cells, and biopolymers. There was a possibility that these substances may
cause clogging in the neglected level when passing over the membrane (Meng et al.
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Fig. 9. Concentrations of organic and inorganic constituents on 0.45 pm (A) and non-woven (B) dynamic membranes.

3.6. Microbiological analysis of the sludge

In the first and the last period of the operation, DGGE analysis was performed to analyze the 16S rDNA fragments of bacteria and the
amount of bacteria as a particular population in the reactor (Fig. 10). The microbial population in the sludge changed with the change
of air temperature. In the first study, the number of microbial colonies was found as 26 and in the second study this number decreased
to 24. In the literature it was reported that the bacterial flora in the reactor changes (due to non/resistance to heat) with the air temperature,

room temperature and humidity change (S.-Y. Lee et al. 2004).
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Fig. 10. DGGE results of the first period (1) and last period (2). (Sample A:1 kb marker, sample B: mixed liquor)

4. Results

Performance of 0.45 pm and non-woven dynamic membrane was investigated in terms of synthetic wastewater treatment in single
MBR at room temperature, which changed relatively throughout the time. MBR was operated with infinite SRT and remarkable amount
of COD was treated by 0.45 um and non-woven dynamic membrane around 97% and 86%, respectively. Sludge concentration increased
in each period, considering MLSS, SMP, EPS, SRF, SF, CST and Turbidity results. MBR was efficiently operated at 10 LMH for each
membrane type and relatively sustainable at 20 LMH flux. Due to the dynamic membrane pore size (~ 250 um), it was accumulated
more biomass than the 0.45 pum membrane. Offline chemical cleaning not only eliminated almost complete irreversible fouling but also
reduced the resistance (due to pressure) that were close to those of new membranes. In fact, at modest fluxes (between 10-15 LMH)), it
was also possible to operate without chemical cleaning. When the price performance parity was evaluated, it was seen that dynamic
membrane performance is fair enough to employ.
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