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IN-SITU BIOFOULING MITIGATION USING ULTRASONICATION IN 

MEMBRANE BIOREACTOR (MBR) 

 

By 

 

AIDA ISMA BINTI MOHAMAD IDRIS 

 

January 2016 

 

Chair: Prof Azni Idris, PhD 

Faculty: Engineering 

 

This thesis investigates the biofouling mitigation in a membrane bioreactor (MBR) 

using ultrasonication method. Membrane fouling is recognized as a major drawback for 

the application of wastewater treatment and has remained a critical limiting factor for 

wide spread application of the technology. Membrane biofouling is characterized as 

soluble microbial products and extracellular polymeric substances in the form of 

protein and polysaccharides concentration. Fouling was observed by the increment of 

the trans-membrane pressure (TMP) and assumed to occur first by pore blockage 

followed by cake formation over the blocked pores.  

 

Characterization results showed that the concentration of the soluble microbial 

products (SMP) ranged from 10.76 to 30.72 and 5.97 to 17.05 mg/L for 

polysaccharides and protein, respectively, and the extracellular polymeric substances 

(EPS) ranged from 9.87 to 38.70 and 10.56 to 28.85 mg/L for polysaccharides and 

protein, respectively, at SRT of 30 days. The SMP fraction is considered the main 

contributor to membrane fouling via adsorption of macromolecules and pore clogging. 

The evaluation on the performance of membrane bioreactors has been carried out by 

changing the operating parameters of the system with solids retention time and 

hydraulic retention time of 30, 15, and 4 days and 12, 8 and 4 hours, respectively. The 

best removal efficiencies recorded were at SRT 30 days and HRT 12 hours. Removals 

of COD, BOD, NH3-N and PO4
3-

 achieved at 95%, 93%, 98% and 81%, respectively. 

Results demonstrated that the COD removal efficiency decrease from 95.31% (at HRT 

12) to 92.86% (at HRT 8) and further decreased to 92.79% (at HRT 4). The NH3-N 

removal efficiency decreased from 97.60% (at HRT 12) to 91.03% (at HRT 8) and 

remains at 91.25% (at HRT 4). Fouling morphology proves that there were two types 

of fouling observed which are biofilm and the cake layer formation.  

 

Mitigating membrane biofouling using an in-situ ultrasonication method was carried 

out at a cleaning frequency of 28 kHz for 10 min contact time with and without 

chemicals. The best recoveries achieved were 57 and 67% with and without cleaning 

agents. It should be noted that the best flux recoveries achieved was by using 1.0 M of 

NaOH and NaOCl, with flux recoveries of 55 and 50%, respectively.  
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The economic viability of the integrated system showed that it is able to treat effluent 

with the cost of RM 4.04 per cubic meter with longer operation time, space saving due 

to in-situ cleaning and the selected sequence could be prolong the treatment process up 

to three cycle of the normal membrane filtration system. Hence, it can be concluded 

that this integrated system is cost effective, environmental friendly, space saving and 

could offer an alternative method in mitigating membrane fouling in a membrane 

bioreactor. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk ijazah Dokor Falsafah 

 

IN-SITU PEMBASMIAN SUMBATAN BIO MENGGUNAKAN FREKUENSI 

SONIK DI DALAM MEMBRAN REAKTOR BIO 

 

Oleh 

 

AIDA ISMA BINTI MOHAMAD IDRIS 

 

January 2016 

 

Pengerusi: Prof Azni Idris, PhD 

Fakulti: Kejuruteraan 

 

Tesis ini mengkaji kaedah pencegahan penyumbatan yang terbentuk secara tindak balas 

biologi di dalam bioreaktor ber-membran menggunakan kaedah gelombang ultra. 

Sumbatan pada membran telah dikenalpasti sebagai salah satu punca yang menyekat 

perkembangan teknologi membran dalam rawatan airsisa dan jalan penyelesian kepada 

isu ini masih  belum terjawab. Sumbatan membran secara tindakbalas biologi boleh di 

kategorikan sebagai bahan buangan mikrob dan bahan lebihan berpolimer dalam 

bentuk kepekatan protein dan polisakarida.  

 

Sumbatan membran telah dikesan melalui peningkatan tekanan di dalam membran dan 

berlaku akibat sumbatan di liang rongga membran diikuti dengan pembentukan lapisan 

tebal. Keputusan daripada pengkelasan bahan buangan mikrob berada dalam anggaran 

10.76 hingga 30.72 mg/L bagi polisakarida dan 5.97 hingga 17.05 mg/L bagi protein. 

Untuk bahan lebihan berpolimer, kandungan polisakarida didapati dalam anggaran 9.87 

hingga 38.70 mg/L dan kandungan protein beranggaran 10.56 hingga 28.85 mg/L pada 

kadar penyimpanan pepejal selama 30 hari. Pecahan bahan buangan mikrob merupakan 

penyumbang utama kepada sumbatan membran melalui penyerapan molekul dan 

penyumbatan liang rongga membran. Keberkesanan bioreactor bermembran diuji 

melalui pertukaran beberapa parameter dan pembolehubah iaitu pada kadar masa 12, 8 

dan 4 jam dan kandungan pepejal tersimpan pada 30, 15 dan 4 hari. Keputusan 

eksperimen menunjukkan optimum parameter yang terbaik adalah pada kombinasi 

kadar masa 12 jam dan kandungan pepejal tersimpan pada 30 hari. Kandungan oksigen 

terlarut kimia, oksigen terlarut organik, ammonia dan fosforus berkurang sebanyak 

95%, 93%, 98% dan 81%. Keputusan eksperimen juga menunjukkan pengurangan 

oksigen terlarut kimia berkurang dari 95.31% (pada kadar 12 jam) kepada 92.86% 

(pada kadar 8 jam) dan turut berkurang kepada 92.79% (pada kadar 4 jam). 

Pengurangan kandungan ammonia berkurang dari 97.60% (pada kadar 12 jam) kepada 

91.03% (pada kadar 8 jam) dan sekata pada 91.25% (pada kadar 4 jam). Morfologi 

sumbatan pada permukaan membran membuktikan terdapat dua jenis sumbatan iaitu 

selaput biologi dan pembentukan lapisan kek.  

 

Penyelesaian isu sumbatan membran menggunakan in-situ gelombang sonik telah di 

jalankan pada frekuensi 28 kHz untuk 10 minit dengan dan tanpa bahan kimia. 

Keputusan terbaik diperolehi dengan kadar pembersihan sebanyak 57% tanpa 

penggunaan bahan kimia dan 67% dengan menggunakan bahan pembersih. 

Menggunakan NaOH mendapat kadar pembersihan sebanyak 55% dan menggunakan 

NaOCl mendapat kadar pembersihan sebanyak 50%. Penilaian dari segi praktikal dan 
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kadar ekonomi, sistem kombinasi ini menunjukkan keupayaan merawat airsisa pada 

harga RM 4.04 per meter padu dengan tempoh masa operasi yang panjang dan 

penjimatan ruang kerana proses pembersihan dijalankan di tempat yang sama. Proses 

penapisan membran dengan kombinasi ini dapat menjimatkan masa kerana satu kitaran 

bersamaan dengan tiga kali kitaran biasa. Oleh itu, secara kesimpulannya, sistem ini 

lebih efektif, mesra alam, jimat ruang dan dapat menjadi kaedah alternatif dalam 

menanggani masalah sumbatan membran. 
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CHAPTER 1 

 

INTRODUCTION 

 

1.1 Background  

 

Membrane bioreactors (MBR) are becoming the-state-of-the-art in wastewater 

treatment due to their unique advantages and a promising technology for future 

wastewater treatment. MBR is a combination of bioreactors and membrane filtration 

for biomass retention, using microbes for biological degradation of pollutants. By 

improving the biological treatment efficiency, MBR produces high quality effluent, 

which is difficult to achieve with the conventional activated sludge treatment system.  

 

The success in applications of the submerged hollow fiber membrane modules in MBR 

has led to rapid expansion of the applications of MBR in municipal wastewater 

treatment. The global market for membrane bioreactor technology is projected to grow 

at a compound annual growth rate of 10.5%, increasing in value from $296.0 million in 

2008 to $488.0 million by 2013 (Kraume and Drews, 2010). Growth rates of MBR 

systems are not the same for all world regions and are not increasing from the same 

base. Municipal or domestic wastewater treatment was the earliest application of 

MBRs and is still the largest application, accounting for 44% of all systems (Kraume 

and Drews, 2010). Other influencing factors for driving MBR technology 

implementation include new and more stringent legislation affecting both sewage 

treatment and industrial effluent discharge, local water scarcity, the introduction of 

incentives to encourage improvements in wastewater, decreasing investment costs and 

the increasing confidence in the acceptance of MBR technology. However, membrane 

fouling remains as a critical limiting factor for the wide spread applications of MBR. 

 

 

1.2 Problem statement  

 

Membrane fouling is the most unavoidable challenges which results in reduced 

performance, severe flux decline, increasing energy consumption and frequent 

membrane cleaning and/or replacement. Frequent maintenance cleaning (approx. every 

2 to 7 days) is needed which leads to environmental hazards through the formation of 

chemical cleaning by-products such as adsorbable organic halogens (Brepols et al., 

2008). Damaging, inefficient or late chemical cleaning might reduce the hollow fiber 

modules lifespan and result in higher replacement costs. 

 

Fouling is defined as the undesirable deposition and accumulation of microorganisms, 

colloids, solutes and cell debris within/on the membrane. Major parameters for causing 

fouling are viscosity of solution, total extracellular polymeric substance (EPS), soluble 

microbial products (SMP), food to microorganism ratios and the size distribution of 

sludge flocs and colloids (Jarusutthirak et al., 2006; Jiang et al., 2010). Many authors 

further dedicated to classifying membrane fouling into three major categories: 

biofouling, organic fouling and inorganic fouling (Bérubé et al., 2006).  All three 

fouling mechanisms are usually observed simultaneously. 

 

The design, operational conditions, membrane materials, biomass characteristics and 

feed water characteristics affects fouling of the membrane. Multiple and complex 

interactions occur between the various operating conditions, biological and ambient 
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conditions which will influence the permeability loss. Since biomass and membrane 

properties change over time, the nature and location of fouling will vary. Due to its 

economical impact, fouling has been a major issue in MBR research for more than a 

decade with a steady increase in published articles (Anja Drews, 2010). 

 

The integration of a MBR system with an in-situ biofouling mitigation process will 

give an alternative solution to the major drawbacks of membrane fouling and reduce 

subsequent membrane cleaning and associated cost. This will give advantages in terms 

of energy reduction and less time consumption in membrane cleaning during 

operational. The evaluation of performance of a membrane bioreactor in treating high 

strength wastewater at different loading rates and the control of biofouling 

development at site will predict the lifespan of the hollow fiber modules. 

 

 

1.3 Goals and objectives 

 

The goal of this research is to study and evaluate the feasibility of mitigating biofouling 

in MBR using ultrasonication method locally. This can be achieved through the 

following specific objectives: 

 

i. to characterize biofouling in terms of soluble microbial products (SMP) and 

extracellular polymeric substances (EPS) in membrane bioreactor (MBR).  

ii. to evaluate the performance of MBR with respect to biofouling formation. 

iii. to mitigate biofouling on membrane using ultrasonication method. 

 

 

1.4  Scope of work 

 

This thesis aims to improve the performance of MBR in treating sewage effluent and in 

particular to increase the life-cycle of membrane by reducing membrane fouling. An 

outline of this research is presented in Figure 1.1. An innovative system using the MBR 

in combination with activated sludge process and incorporating a cleaning transducer 

on the MBR system for solving membrane fouling was developed. The performance of 

this novel system for the removal of organic, nitrogen and phosphorus from wastewater 

was evaluated. Since membrane fouling is the main obstacle for MBR application, the 

mechanism of membrane fouling and the major foulants in the MBR sludge were 

investigated. The soluble microbial products from the sludge were characterized. Based 

on the new understanding of SMP’s role in MBR fouling, some mitigation strategies, 

including ultrasonication and chemical cleaning were experimented to control 

membrane fouling in MBR. 

 

 

1.5 Outline of the thesis 

 

Chapter 1 gives a brief introduction to the background and motivation of the research. 

This chapter set to point out the aim, objectives and significance of the study. It also 

gives and outline the scope of the research as well as the overall structure of the thesis. 

 

Chapter 2 provides a detailed literature review on the submerged membrane bioreactor 

for wastewater treatment. Previous studies on membrane filtration in wastewater 

treatment and reuse, factors constraining MBR application, characteristics of major 
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foulants in MBR system and the related fouling mechanisms including possible 

membrane fouling control methods are reviewed extensively. 

 

Chapter 3 describes the methodologies used for the experimental studies on the MBR 

for organic removal, foulant identification and characterization, the mechanism of 

membrane fouling and its control strategies, including the experimental setup, 

materials, laboratory procedures, analytical instruments and measurement of various 

parameters. 

 

 

From Chapter 4 to Chapter 6, experimental results are presented. The contents include: 

 

i. characterization of the biofouling in membrane bioreactor, 

ii. effects of operating conditions of membrane bioreactor on biofouling 

formation, mitigating biofouling on membrane.  

iii. Chapter 7 summarizes the conclusion(s) drawn from the experimental results. 
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Figure 1.1: Outline of the study 
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