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English Abstract

Introduction: The significant criterion in different anaerobic processes is the retention of
biomass due to low growth rate of anaerobic microorganisms. Common methods for biomass
retention are Granule and Biofilm formation which allow treatment in high OLRs. Anaerobic
membrane bioreactor (AnMBR), which uses membrane for solid-liquid separation in
anaerobic treatment process, is capable of retaining all the biomass inside the bioreactor.
Nowadays existence of poisonous and recalcitrant compounds like chlorophenols in
environment has brought about many health-related and environmental problems.
Recalcitrance of the chlorophenols has been induced through their halogen-carbon bound,
which made them hardly biodegradable in natural environment. In spite of that, some bacteria
are capable of their biodegradation if they would have been adapted. 4-chlorophenol is
significant in this area due to its wide industrial usage and its solubility in water. So one
submerged anaerobic membrane bioreactor (SAnMBR) was used in this study for treating
synthetic industrial wastewater containing poisonous halogenated materials and the results

have been reported.

Materials and Methods: Bioreactor was made of plexiglass with total volume of 8.733 liters
whose 6.75- 7 liters was useful volume and always was being filled with mixed liquor. The
remaining space of 1.733 liters was used as headspace. The reactor was placed in water jacket
which was kept at mesophilic temperature (34.5 = 1 centigrade). Membrane module was
immersed in main reactor and is consisted of polypropylene hollow fibers (Hydrol England).
Area of membrane module was 0.1 m”. Operation of bioreactor was in cycles of suction and
backwash. Reactor was feed with synthetic wastewater of Volatile Fatty Acids (VFA) and 4-
chlorophenol in range of COD between 2000 t0 4000 mg/L. Applied concentrations of 4-
chlorophenol were 5, 10, 20, 40, 80, 120, 160, 200, 250 and 300 mg/L. Organic loading rate
(OLR) was increased in step-wise manner from 0.671 to 2.965 kg/m*/day. Applied hydraulic
retention times (HRT) were in two series: 1.3 days and 2 days. Biogas recirculation average
rate was 4.56 L/min. SRT of infinite was applied during this research. Parameters like
temperature, trans-membrane pressure (TMP), Chemical Oxygen Demand (COD), pH,
turbidity, total suspended solids, and Electrical conductivity were measured regularly during
the process. Analyzes of extracellular polymeric substances (EPS), CHNS-O analysis, and
FTIR spectroscopy were been applied to discern differences between biomasses suspended in
the mixed liquor and biomasses attached to the membranes. The SEM picturing also was
applied to compare the surface of virgin membrane and the fouled membrane (having biofilm

and cake layer).

Results:  Average COD removal in this research was 90.59% and average COD

concentration of effluent was 285.9 mg/L. Maximum COD removal and the minimum were
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99.62% and 77.07% respectively. COD removal efficiency was reduced from 98.4% to
77.06% when 4-chlorophenol concentration was increased to 300 mg/L. Average 4-
chlorophenol removal was 52.46%, and the maximum and the minimum were 95.24% and
24.7%, respectively. With increasing the 4-chlorophenol concentration, both the COD
removal and 4-CP removal was reduced. Average flux in this bioreactor was 8.47 L/m?hr.
EC improvement was around 5%. Average total suspended solids (TSS) in the effluent of
bioreactor were 31.8 mg/L, which most of the time were between 14 and 48 mg/L. Average
removal of TSS was 77.19%, which most of the time was between 70 and 90%. Maximum
removal of TSS was 99.47%. Amount of EPS in attached biomass was 2.64 times higher
than those in suspended biomass. Amounts of proteins were higher than polysaccharides in
both biomasses (17.54 times higher in attached and 25 times higher in suspended). Other tests
like CHNS-O and FTIR also showed the differences between the attached biomass and
suspended biomass. Turbidity of effluent was very low; less than 8 NTU at most of time of
operation. Membrane acid washing improved the membrane module permeability and

affectivity and reduced the TMP during the operation period.

Discussion and conclusion: The results of this research showed that submerged anaerobic
membrane bioreactor (SAnMBR) with hollow fiber membranes module is effective in
treating industrial wastewaters containing high organic materials and poisonous halogenated
materials. This stability and high efficiency could be due to complete retention of adapted
biomass within the bioreactor, as organic and poisonous shocks could induce their
detachment. Attached biomass also has affectivity in removing COD and 4-chlorophenol.
Related analysis approved the differences between two biomasses in this research. As
effluent was produced through microfiltration, the produced permeate has little amounts of
suspended solids, COD and turbidities. Also stability of operation and effectiveness of this
bioreactor made it very trustworthy in comparison to the other anaerobic processes and
promises ever-increasing usage of them for industrial wastewater treatments. Membrane
fouling was the most problematic drawback of these bioreactors, which needs more extensive
studies.

Keywords: submerged anaerobic membrane bioreactor (SAnMBR), anaerobic wastewater

treatment, industrial wastewater, 4-chlorophenol
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