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DETERMINATION OF THE PROCESS PERFORMANCE OF HIGH-RATE
MEMBRANE BIOREACTORS TREATING DOMESTIC WASTEWATER

SUMMARY

Membrane bioreactors (MBR) are the integration of membrane filtration modules
with the biological reactor discarding the secondary settlement in the conventional
activated sludge (CAS) systems. MBRs can be accepted as a good alternative for
conventional activated sludge processes. In order to eliminate the biomass separation
problems, MBRs use the separation ability of membrane technology which has
higher separation ability than gravity settling especially for the separation of small
flocs and colloidal particles. In MBR technology the solid/liquid separation is
provided through a membrane filtration rather than a conventional gravity settling,
the suspended solids are not lost in the settling step and that gives a total control of
sludge retention time (SRT) and hydraulic retention time (HRT).

The general approach in MBR applications is to operate these systems at longer
SRTs in order to have higher biomass concentrations in the bioreactor, to allow
slowly-growing microorganism to grow in the system and to reduce the finger print
of the system. Although the reduced amount of biomass production obtained at
higher SRT may seem advantageous in terms of system operation and sludge
handling, the new approaches in energy, especially the policies targeting self-
sufficient treatment plants, are stating that the biomass is actually a valuable
alternative fuel in terms of energy production.

The purpose of this study is to investigate and assess the carbon removal
performance and biodegradation kinetics of submerged MBR system operated at
extremely low SRT treating peptone and domestic wastewater. This study attempts to
fill some gaps in complex substrate removal.

Experimental works covered; (i) the limits of high rate MBR operation, by assessing
its performance at steady-state conditions for removal of complex substrates, (ii)
evaluation of the biodegradation kinetics and substrate storage occurring in the
operation by respirometric analysis. In this framework, a laboratory scale submerged
MBR was operated at steady-state with extremely low operating conditions with
three different SRTs of; 2.0d, 1.0 d and 0.5 d. For each selected sludge age, HRT of
the system was adjusted to 8 hours. Substrate feeding was adjusted to 200 mgCOD/L
and involved peptone mixture representing the readily biodegradable and slowly
biodegradable COD fraction in domestic wastewater. Other feed was domestic
wastewater with an average COD of 250 mg/L obtained from ISKI Baltalimani
Wastewater Pre-Treatment Plant.

Results of the study revealed that high rate MBR yielded excellent effluent quality.
System fed with peptone mixture resulted with an effluent COD of 40 mg/L (86%
overall COD removal) or lower and system fed with domestic sewage resulted with
an effluent COD of 70 mg/L (75% overall COD removal) or lower under tested
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operational conditions which is significantly lower than the current limit of 125
mgCOD/L for wastewater discharges from urban wastewater treatment plants. The
results were consistent with the literature findings.

Parallel batch respirometric analysis yielded OUR profiles for each set implemented
with peptone mixture and domestic sewage. Model assessment of biodegradation
kinetics was made by simulations conducted using AQUASIM program adopting the
basic template of modified ASM 3 model.

Furthermore, particle size distribution (PSD) test conducted to investigate the
effective filtration size created by the biomass suspension in the MBR system. PSD
tests indicated that, current MBR system with a pore size of 40nm, entrapped
organics above the size range of around 8 nm. This may be attributed to cake
filtration effect due to biofilm formation on the surface of the membrane.
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EVSEL ATIKSU GiDERIMi YAPAN YUKSEK HIZLI MEMBRAN
BiYOREAKTORLERIN PROSES PERFORMANSININ ARASTIRILMASI

OZET

Membran biyoreaktdrler (MBR), konvansiyonel aktif ¢amur sistemlerinde (KAS)
bulunan ikincil ¢okelmeyi yok sayarak membran filtrasyon modiilleri ile biyolojik
reaktoriin birlesiminden olugmaktadir. MBR teknolojisi aktif camur sistemlerinin
yerine gecebilecek iyi bir alternatif kabul edilebilir. Membran biyoreaktorler,
genellikle kiigiik flok ve kolloidal maddelerin sudan ayrilmasini saglayan yercekimi
ile ¢okelme prosesinden daha kaliteli olarak maddelerin birbirinden ayrilmasini
saglayan membran teknolojisi ile biyokiitle ayrilmasi kaynakli problemleri ortadan
kaldirir.  MBR teknolojisinde kati/sivi ayrimi KAS’larki gibi  yergekimi ile
cokelmeden farkli olarak membran filtrasyonu ile saglanmakta olup, ¢cokelme prosesi
sirasinda askida kat1 maddeler sistemden kaybolmadig i¢in sistemin ¢amur yasi ve
hidrolik bekletme siiresi (HBS) iizerinde tam bir kontrol saglanir.

MBR uygulamalarindaki genel yaklasim, olusan biyokiitlenin sistemden
uzaklagtirma problemi olmadigindan reaktorde yiiksek biyokiitle konsantrasyonu
saglayacak, ¢ogalma hizlar diisiikk (yavas cogalan) mikroorganizmalarin sistemde
cogalmasina izin verecek ve atilan camur miktarin1 azaltacak sekilde uzun ¢amur
yaslarinda (CY) isletilmesidir. Fakat bu yaklasim ile konvansiyonel aktif ¢camur
aritma sistemlerinde yiiriitilmekte olan uygulamalar devam ettirilmis, MBR
sistemleri yenilik¢i bir aritma yaklagimi gelistirilmesinde kullanilamamistir. Bu
calismada sunulan isletme yaklagimi ile MBR teknolojisinin atiksu aritiminda
yenilik¢i bir uygulama olarak performansi incelenerek, konvansiyonel atiksu aritma
yaklagimina farkli ve cevresel ac¢idan daha gelismis ve ekonomik bir alternatif
sunulmustur.

Konvansiyonel atiksu aritma tesislerinde yiiksek camur yasi uygulanarak elde edilen
disiik biyokiitle Ttretimi isletme ve c¢amur bertarafi agisindan avantajh
gozilkmektedir. Fakat, enerji acgisindan kendi kendine yetebilen yeni tesis
yaklasimlar1 biyokiitlenin aslinda enerji liretimi agisindan kiymetli bir alternatif
yakit olarak kullanilmasi1 gerektigini ortaya koymaktadir.

Bu ¢alisma, MBR teknolojisinin sundugu isletme 6zelliklerini kullanarak, mevcut
atiksu aritma sistemlerinin konfigiirasyonu ve igletme stratejisini yeniden
sekillendirmeyi hedeflemistir. Bu yenilik¢i yaklasimda MBR sisteminin, biyolojik
reaktorlerin, biyokiitle ve/veya cikis suyu gereksinimleri ile ilgili bir kisitlama
olmaksizin, diisiik camur yas1 ve hidrolik bekletme siirelerinde isletilmesi, bu sayede
ihtiya¢ duyulan reaktér hacminin minimize edilmesi ve sistemde iiretilen ¢amurun
enerji potansiyelinin de dikkate alinmasi amaglanmistir. Bu MBR uygulamasi ile
hedeflenen yaklasim, atiksu icindeki sadece ¢Oziinmiis organik maddenin kismi
olarak giderilmesi, partikiiler fraksiyonunun ise biyokiitle lizerine adsorbe olmasi ve
biyokiitle ile birlikte membran tarafindan tutulmasi neticesinde atiksudan fiziksel
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olarak ayrilmasidir. “Yiiksek hizli MBR” isletme yaklagimi ile, iiretilen biyokiitlenin
ve sistemde kalan ve mikrobiyal floklar iizerine adsorbe olan partikiiler organik
maddenin enerjisi korunarak, yiiksek kalitede ve partikiiler madde igermeyen ¢ikis
suyu elde edilmesi hedeflenmistir.

Yapilan calisma da, pepton ve evsel atiksu giderimi yapan, diisiik ¢amur yasinda
isletilen batik membran konfigiirasyonlu bir MBR sisteminin (bMBR) karbon
giderim performas: arastirlmistir. Calismada kullanilan gergek atiksu, ISKI
Baltaliman1 Biyolojik Atiksu Aritma Tesisi’nden temin edilmistir (Tablo 3.4). Kumu,
kopiigii, yag aritilan atiksu, parshall savagi cikisindan alinmis, c¢oktliirmeye
birakilarak iist faz kullanilmistir. Bu ¢alisma karmasik substrat giderimi alanindaki
bazi bosluklar1 doldurmak i¢in yapilmistir. Deneysel ¢alismalar; (i) kararli haldeki
karmagik substrat giderim performansinin 6lgiilmesi ile yiiksek hizli MBR sistemin
limitlerini degerlendirmek, (ii) repirometrik analizlerle biyolojik ¢6zlinme kinetikleri
ve substrat depolama mekanizmasinin saptanmasini kapsamaktadir.

Bu ¢ercevede; laboratuvar 6lgekli bMBR sistemi, 2 giin, 1 giin ve 0.5 giin olmak
tizere U¢ farkli ¢amur yasinda ve hidrolik bekletme suresi 8 saat olacak sekilde
isletilmistir. Deneysel calismalarda, 200 mg/L kimyasal oksijen ihtiyac1 (KOI)
konsantrasyonuna ayarlanmis, atiksudaki hizli ayrigabilen ve yavas ayrigabilen
¢oziinmiis organik maddeyi temsil eden pepton karisimi ile ortalama KOI
konsantrasyonu 250mg/L olan ISKI Baltaliman1 On Atiksu Aritma Tesisi’nden temin
edilen evsel atiksu ile ¢alisilmistir. Calismanin sonucunda, yiiksek hizli MBR sistemi
cok iyi kalitede ¢ikis suyu elde etmistir. Pepton karisimi ile yiiriitiilen deneylerde
¢ikis suyu KOI konsantrasyonu 40 mg/L ( %86 genel KOI giderimi) veya daha
diisiik, evsel atiksu ile yiiriitiilen deneylerde ise KOI konsantrasyonu 70 mg/L (%75
genel KOI giderimi) veya daha diisiik ¢ikis suyu kalitesi elde edilmistir. Bu degerler,
kentsel atiksu aritma tesislerinde uygulanan mevcut 125 mgKOI/L siir degerinin
olduk¢a altindadir. Ayrica, elde edilen sonuglar literatiir ¢alismalarinda elde edilen
sonuglar ile tutarlidir.

Hizli MBR’nin karbon giderim performansinin belirlenmesine yonelik olarak yapilan
degerlendirmelerinde, organik maddenin sistemdeki seyri dikkate alinarak iki ana
gbzlemin alt1 ¢izilmistir: (i) Reaktdr icindeki ¢dziinmiis KOI seviyeleri her zaman
cikis suyundaki degerlere kiyasla daha yiiksek seviyede kalmistir (i1)) Ayn1t HBS’de
yiiriitiilen MBR deneylerinde, reaktdr i¢i ¢dziinmiis KOI konsantrasyonu ¢amur
yasina bagli olarak hemen hemen iki kat olacak sekilde 6nemli bir artis gostermistir.
Bunun neticesinde, reaktdr ici ile permeat arasindaki KOI farki, membran
filtrasyonuna bagli olarak 6nemli seviyede bir tutulma etkisinin olduguna isaret
edecek sekilde, artan camur yasi ile gittikge artmistir. Bu gozlemlere dayanarak,
reaktor icinde kalan ¢oziinmiis organik maddenin ¢dzlinmiis mikrobiyal iirlinler
(CMU) oldugu diisiiniilmiistiir.

Bu calisma kapsaminda ayrica, uygulanan ¢amur yasi ve test edilen substratlar
0zelinde mikrobiyal davranisin ve giderim kinetiklerinin gézlemlenmesi amaciyla
respirometrik analizlerden oksijen tiikketim hizi (OTH) profilleri elde edilmistir.
Respirometrik dlgiimler, giris besleme konsantrasyonlar1 200 mg KOI/L ve 250 mg
KOI/L olacak sekilde, yavas ayrisan ¢oziinmiis organik maddeyi temsil eden pepton
¢oOzeltisi ile beslenen, 2 giin, 1 giin ve 0,5 giin camur yags! ile isletilen ve evsel atiksu
ile beslenen ve 2 giin, 1 giin ve 0,5 giin camur yas1 uygulanan setlerde ytirtitilmiistir.
Yavas ayrisan ¢oziinmiis organik maddeyi temsil eden pepton c¢ozeltisi beslenerek
yiriitiilen setlerde, baslangigta sisteme verilen organik maddenin tamaminin
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tiikketildigi ve respirometrik Olglimlerin i¢sel solunum fazi seviyesine diistiigii
gbzlenmigtir. Bu durum respirometrik Ol¢iimlere paralel olarak yiiriitilen KOI
giderimi Olgiimleri ile de desteklenmistir. Camur yasinin azalmasi ile birlikte
respirometrik Ol¢limlerde organik madde gideriminin daha kisa siirede gergeklestigi
gozlemlenmistir. Bu da daha diisiik camur yaslarinda aktif biyokiitlenin karigim
icinde daha fazla oldugunu gostermektedir. Atiksu ile yapilan respirometrik analizler
de ise OTH grafiklerinde dalgalanmalar olusmus bu da farkli KOI fraksiyonlarinin
ayrismasindan kaynaklanmaktadir.

Genel yaklasim itibariyla, 450 nm filtreden gegebilen organik fraksiyon olarak kabul
edilen ¢dziinmiis KOI’nin reaktdr icinde tutulan miktarinin yalnizca HBS ile kontrol
edilebildigi konvansiyonel aktif c¢amur sistemlerinden farkli olarak, MBR
sistemlerinde ¢dziinmiis KOI’nin sistemde tutulan miktarin1 yalmzca HBS degil,
sistemin isletim kosullarina 6zel ‘efektif filtrasyon boyutu’ da belirlemektedir. MBR
sistemlerinde ¢oziinmiis KOI’nin reaktor icinde tutulmasinda kullanilan membranin
gozenek capi kadar, sistemdeki biyokiitle slispansiyonu tarafindan membran {izerinde
ikinci bir filtrasyon ortami yaratan ‘kek’ tabakasinin da gozenek yapisi etkili
olmaktadir. Boyutlar efektif gézenek ¢apindan daha kiigiik olan ¢oziinmiis organik
maddeler kek tabakasi ve membrani by-pass ederek c¢ikis suyuna karisacak, daha
biiylik olanlar ise sistemde tutularak, biyokiitle gibi sistemde birikeceklerdir.
Sistemde tutulan ¢ézlinmiis fazdaki organik maddenin boyut dagilimi PBD testi ile
arastirilmistir. PBD testleri, 40 nm gbzenek ¢apina sahip membranin, yaklasik 8 nm
boyutunun iizerindeki organik maddeyi tutabildigini gostermistir.
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1. INTRODUCTION

1.1 Problem Statement

Membrane bioreactors (MBR) are the integration of membrane filtration modules
with the biological reactor discarding the secondary settlement in the conventional
activated sludge (CAS) systems (Noor et al., 2007). Today MBR systems have
become a substantial alternative to other treatment techniques especially for
conventional activated sludge process. Compared to other treatment techniques, an
MBR system features several advantages. First, better water quality effluent which
meets the strict discharge standards, due to high retention of total suspended solids
and most soluble compounds within the reactor is achieved. Since, in MBR systems
the solid/liquid separation is provided through a membrane filtration rather than a
conventional gravity settling, the suspended solids are not lost in the settling step and
that gives a total control of solids retention time (SRT) and hydraulic retention time
(HRT). Eliminating the problems that settling create, the operation of MBR system
at high solid retention time allows high biomass concentration. Thus, highly polluted
wastewater can be treated and lower biomass yields are observed. These conditions
occur in compact systems rather than conventional processes that reduces plants
footprint. Ultimately, due to high effluent quality, reduced sludge production and
smaller footprint over CAS, MBR systems are the most advantageous and promising
technology for wastewater treatment (Li et al., 2006; Pollice et al., 2008).

Many researchers are working to find the optimum operating conditions to increase
MBR treatment performance. Ng and Hermanowicz operated a lab scale submerged
MBR at low SRT levels ranging from 0,25d to 5d and HRT ranging from 3h to 6h.
Submerged MBR system fed with simple substrate that represents the soluble,
readily biodegradable and hydrolysable COD. After this study, Harper et al.
examined the biomass characteristics and microbial yield with a lab-scale submerged
MBR at a SRT of 5-0,25d, fed with again simple substrates composed of acetic acid,



casamino acids and nutrients. Then, Duan et al. operated a submerged MBR system
at SRT of 3d, 5d and 10 d, and at HRT 6h. They also used synthetic wastewater with
simple substrates. After this study, Basaran et al. operated a lab-scale side stream
MBR at SRTs between 0, 5-2d and HRTs between 0, 5-2h to examine the removal of
readily biodegradable substrate.

This thesis attempts to fill some gaps in complex substrate removal by operating high

rate membrane systems.

1.2 Purpose of Thesis

Aim of this thesis is to investigate and provide experimental support on treatment of
domestic wastewater in “high rate MBR”, which is operated at extremely low SRT of
0,5-2d with HRT of 8 h.

This thesis essentially targets on:

- The removal of complex substrate by comparing the removal performance of
peptone and domestic wastewater.

- The formation and fate of soluble residual organics.

1.3 Scope of Thesis

The written thesis is consists of five chapters. The brief explanations of the chapters
are given below.

Chapter 1. Introduction

In Chapter 1, the main problem that triggers this thesis to be written, also the purpose

and scope of the thesis is stated.
Chapter 2. Literature Review

In this chapter, a brief background on evolution of MBR systems, application and

operation of MBRs and carbon removal performance are given.
Chapter 3. Materials and Methods

In this section, the lab-scale MBR system is presented with detailed equipment
operational parameters. The synthetic wastewater composition, the characteristics of



the domestic wastewater and the procedures and analysis that is used in the

experimental runs are described.

Chapter 4. Results and Discussion

This chapter consist of three sections.

Section 1: Carbon removal performance of high rate MBR
Section 2: Sludge Characteristics

Chapter 5. Conclusions

The summary of the study and the recommendations for further studies are given in
this chapter.






2. LITERATURE REVIEW

2.1 Membrane Bioreactor (MBR) Technology

2.1.1 Definition of MBRs

Membrane is thin layer of material that detaches materials by a driving force which
can be differing by concentration, pressure electrical charge or temperature.
Membranes are divided into groups according to their materials, rejected particle size
and operational modes. Characterization of membranes according to their materials
are respectively, inorganic membranes (metal and ceramic) and organic membranes
(polymers). Classifications by the rejected particle size are namely, micro filtration,
ultra filtration, nano filtration and reverse osmosis. Differentiations of the
classification of membranes by the rejected particle size are shown in table. 2.1.
Lastly, dead end filtration and cross flow filtration are the two main groups of
membranes according to their operational modes.

Table 2.1 Comparison between membrane processes (Munasinghe, PhD, 2012).

Process Separation potential Applied Flux Typical
pressure  range operating range
(bar) (L/m2h)  (um)
Microfiltration Suspansions, 0.1to2 20-70 0.08 -2
Emulsions
Ultrafiltration  Macromolecular 1t05 20to40 0.005-2

solutions, Emulsions

Nanofiltration Low to medium 51020 10to40 0.001-0.01
molar mass solutions

Reverse Aqueous low molar  10t0 100 14to20 0.0001 —0.001
Osmosis mass solutions




Membrane bioreactors are the integration of membrane filtration modules with the
biological reactor (Stephenson et al., 2000), in other words it is a combination of
membrane technology with a biological treatment process. In the last decade, serious
improvements are made and this leads membrane technology a promising alternative

against conventional biochemical treatment processes.

2.1.2 Configurations of MBRs

There are two main configuration of MBRs, side-stream MBRs and submerged
MBRs (Figure 2.1). In side-stream MBRs, membrane module is placed outside of the
bioreactor. Sludge in the bioreactor is pumped into the membrane module.
Consequently, a permeate stream is generated and the concentrated sludge is
preserved by the membrane and returned to the bioreactor. In order to reduce the
energy consumption from recirculation pumps in side-stream MBRs, Yamamoto et
al. (1989) put forward the submerged MBRs which membrane module directly

submerged in the bioreactor.
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Sludge return
effluent
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Figure 2.1 MBR configurations.



Submerged MBRs have an untroublesome configuration due to its less need of
equipment. Furthermore, with the coarse bubble aeration, the fouling of the
membrane is controlled the oxygen for biological process is obtained and ultimately
saves more energy. Submerged MBRs have less fouling problems and can be cleaned
easier than side-stream MBRs (Gander et al., 2000).

2.1.3 Advantage and disadvantage of MBRs

MBRs can be accepted as a good alternative for conventional activated sludge
processes. In order to eliminate the biomass separation problems, MBRs use the
separation ability of membrane technology which has higher separation ability than
gravity settling especially for the separation of small flocs and colloidal particles. In
conventional systems sludge bulking is the serious problem due to the floc
formations. MBRs eliminate the bulking problem with the high separation ability.
Furthermore, in MBRs the solid/liquid separation is provided through a membrane
filtration rather than a conventional gravity settling, the suspended solids are not lost
in the settling step and that gives a total control of SRT and HRT. The MBR system
offer the following advantages compared to CAS (Cicek, 2003; Judd, 2007):

- Excellent reusable effluent quality

- Independence between HRT and SRT

- High loading rate

- Small foot print

- No sludge bulking risk

- Low sludge production

- Possibility to grow specific microorganisms
- Treat wastewater under extreme conditions

- Flexible modular design

On the contrary, there are several disadvantages of MBR systems that summarized

below:

- Inevitable membrane fouling

- High capital cost, no economy scale
- Complicated control system

- Low oxygen transfer efficiency



2.1.4 Carbon removal performance of MBRs

2.1.4.1 Effect of SRT on MBR performance

Sludge age, which is a significant operational parameter associated with the
membrane fouling is the main investigated property in the development of MBR
performances. According to the researches, it was established that soluble organic
matter, particulate size distribution, volatile/suspended solid (MLSS/MLVSS),
sludge viscosity, bound EPS and SMP are vary with SRT (Le Clech et al., 2006;
Ahmed et al., 2007; G. Laera et al.,2009).

Many studies are made to find the correlation between effluent quality and
membrane fouling resulting from different sludge ages and most of the studies stated
results for SRTs longer than 10 days (Pollice et al., 2008) and infinite SRTs (Jinhua
et al., 2006;Gao et al., 2004; Liu et al., 2005; Nuengjamnong et al., 2005). According
to these studies, membrane fouling was not decrease with longer SRTs, however
operation flux or aeration could affect fouling tendency. Another disturbance with
the membrane operation at long SRTs was the aeration efficiency. Mixed liquor

viscosity that increased by the long SRTs lead to decrease the aeration efficiency.

In MBR systems, long SRTs are preferred. Long SRTs allow the growth of slow-
growing microorganisms which utilize specific organic pollutants such as
polysaccharides, carbohydrates and proteins as substrates. The allowance of the
growth of slow-growing microorganisms increases the MLSS concentration in the
reactor and hence decreases the amount of sludge to be wasted which leads a
reduction in the required volume (R. Van den Broeck et al., 2012). Many studies

indicated that MBRs at high SRTs longer than 10 days show efficient performances.

Pollice et al. (2008); reported COD removal efficiency range from 85 to 95 % and
complete nitrification with a lab-scale submerged MBR operated at SRT of 20 days
with a zero sludge wastage. Jinsong et al. (2006) studied with a submerged MBR
system having a flat-frame microfiltration module and reported 93 to 97 % TOC
removal which was operated at SRT of 10 days and 30 days. Ahmed et al. (2007)
studied with four sequential anoxic/anaerobic MBR operated at SRT between 20
days and 100 days and found that the COD removal efficiency is 98 % and higher.

Tan et al. (2008) who investigated the effect of SRT on treatment of municipal
8



wastewater with 4 bench-scale pre-denitrification submerged MBR systems reported
excellent COD removal efficiencies (over 95 %) that operated at SRTs of 5, 8.3,
16.7, and 33.3 days.

After the investigation of long SRTs in organic matter removal efficiencies, nitrogen
removal has gained attention. According to Hocaoglu et al. (2011), longer sludge
ages exploit a significant impact on the efficiency of simultaneous nitrification and

denitrification.

In the literature very limited studies, which evaluate the MBR performance at short
SRTs are exist. Ng et al. (2005) whose study is the first study that investigated short
SRTs in MBR systems operated a lab-scale submerged MBR using hollow fiber
membranes and sequencing batch reactor (SBR) system at SRT between 0.25 and 5
days feeding with synthetic wastewater. According to the study they observed
outstanding COD removal efficiency ranging between 97.3 and 98.4 % with the
MBR system.

Harper et al. (2006), studied the biomass characteristics and microbial yield with a
lab-scale MBR system and a SBR system operated at SRT between 0.5 and 3 days.
The study of Harper et al. (2006) confirmed the results of Ng et al. (2005).

After these studies, L. Duan et al. (2009) conducted a study on the effects of short
solids retention time (SRT = 3, 5 and 10 d) in reactor performance and microbial
community composition with operating a lab-scale nitrifying membrane bioreactor.
According to the study, the process was capable of achieving over 87% removal of
ammonia and 95% removal of COD.

On the other hand, membrane fouling is another operational parameter that must be
controlled during operations in MBR systems with long and short sludge ages. The
studies have reported conflicting results considering the correlation between long and
short SRT effect and membrane fouling. The fouling of membrane at long SRTSs is
explained by lower production of EPS and SMP. This is supported by Jinsong et al.
(2006) who has operated a MBR system at SRT of 10, 20, and 30 days and observed
serious fouling at SRT 10 days compared to SRT 30 days; Al-Halbouni et al. (2008)
observed more EPS and fouling layers at SRT 23 days than 40 days and Ahmed et al.
(2007) explained the high TMP level with high EPS concentrations at SRT of 20

days compared to 40, 60 and 100 days. Furthermore, increase of SS concentrations
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and/or accumulation of non-biodegradable compounds in the reactor leads membrane
fouling in MBR systems (Le- Clech et al., 2006).

In contrast to inverse proportion with sludge age and fouling Lee et al. (2003)

observed that fouling is increased by the increasing SRT from 20 days to 60 days.

Although many researchers are investigating to find the optimum SRT that results in
less fouling, the relation between SMP, SS or bound EPS concentration in the sludge
or at the surface of the membrane with membrane fouling has not been clearly
described. This also depends on the assumptions of SMP and bound/soluble EPS in

these studies and the methodologies used for the analysis (Al-Halbouni et al., 2008).

2.1.4.2 Effect of HRT on MBR performance

The HRT is an important parameter in MBR applications that effects organic loading
rate and metabolic activity of the MBR sludge which also affects the treatment

processes and membrane fouling.

HRT is related to the organic loading, known as Substrate/Microorganisms (F/M)
ratio, which is an important design and operational parameter and it is directly linked

to the reactor volume and operating costs (Viero et al., 2008).

While analyzing the effect of HRT on MBR performance, it is important that the
system is under steady-state conditions. Otherwise, the results obtained from systems

may cause misconstrues (Viero et al., 2008).

The effects of HRT on membrane fouling and biomass are summarized by Meng et
al. (2007) as shown in Fig. 2.2.

&

™ Floc size
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b Flament
* EPS ] _
HRT |» OLR |+ SOUR | Fouling rate
|  Viscosity

L J

* MLSS ¢

Hydrodymamic ™

Figure 2.2 Schematic relation of HRT with sludge characteristics and
membrane performance (Meng et al., 2007).
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Chae et al. (2006) operated a MBR system at SRT of 60 days and observed an
increase in fouling rate and membrane resistance related to increased EPS
concentrations when HRT reduced to 4 hours from 10 hours. Visvanathan et al.
(1997) stated that, due to the rapid formation of a compact layer on the membrane

surface less fouling observed at long HRTS.

On the other hand, Nagaoka et al. (1998) worked with a flat-frame type of MBR
system and observed that fouling is not affected from the increase of organic loading
rate. Ren et al. (2005) indicated that treatment performance is affected from
decreasing of HRT to 1 hour from 2 hour. However, Rahman and Al-Malack (2006)
operated a MBR system treating industrial wastewater and applied HRT of 17 to 34
hours and observed that COD removal efficiency is not affected.

Viero et al. (2007), operated a MBR system fed with easily biodegradable synthetic
wastewater and found that HRT does not affect the COD removal efficiency,
however, when the system fed with industrial wastewater the removal efficiency is
affected from the slight changes in HRT. Consequently, longer HRTSs are desired for

treatment of strong wastewaters.

On the other hand, Meng et al. (2007) investigated the short HRT levels. In the study,
three submerged MBR systems run at HRT of 10-12 hr, 6-8 hr and 4-5 hr are
operated and COD removal efficiency over 94 % in all the systems are observed.

Holler and Trosch (2001) studied with a jet-loop MBR with microfiltration type of
membranes and observed a high COD removal efficiency at low organic loading
rates (i.e. HRT). Even the organic loading rate was increased to 13 kg COD/m*d.;
95-99 % COD removal efficiency was achieved.

In another recent study investigated by Johir et al. (2011), the MBR was operated
with different OLRs ranging from 0.5 to 3 kg COD/m®.d., without changing any
hydrodynamic parameters the HRT and SRT were kept at 8 h and 40 d, respectively.
According to Johir et al. (2011), the removal efficiency of DOC, COD and NH4-N
decreased with regard to the increase of OLRs from 0.5 to 3 kg COD/m3.d.
Ultimately, they stated that higher OLRs resulted in higher transmembrane pressure
(TMP).

11



According to the literature, an increase of MLSS concentration (Chang and Kim.,
2005; Cicek et al.,1999), an increase of non-flocculating microorganisms in sludge
which is related with increasing of F/M ratio ( Ng and Hermanowicz, 2005) and the
production of hydrophilic compounds which is attached onto the membrane surface
(Pan et al., 2010) are the main reasons of TMP generation. Consequently, the
development of TMP is related to the higher levels of OLR.

2.1.5 Membrane Fouling

Membrane fouling in MBR systems causes a reduction in permeate flux and increase
the operational and maintenance cost of the system that is why it is the major
problem. As mentioned above, there were large number researchers that investigated
the membrane fouling and still many of researchers are trying to find best available

technology to reduce membrane fouling.

Generally there are two types of fouling; reversible and irreversible fouling. Cake
layer formation is a reversible fouling due its easy cleaning from the membrane
surface with a physical cleaning. Adsorption of small particles into membrane pores
causes internal fouling which is an irreversible fouling and can only be removed by

chemical cleaning. In Figure 2.3, fouling mechanisms can be seen.

Figure 2.3 Fouling mechanisms (a) Cake layer formation; (b) Pore
narrowing; (c)Pore blocking.
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However, it is difficult to create a general rule for membrane fouling. The three
factors that strongly influence membrane fouling are biomass characteristics,
operating conditions and membrane characteristics. Membrane fouling factors are

shown in Figure 2.4.

Fouling Factor Operation and Design Characteristics
Nature of feed Reactor Parameters
Biotloc SRT
EPS HRT (ff1))
SMP — Organic Load
Mierosolutes CNP
Colloids D.O.
Reactor design
¥
Membrane Properties Membrane selection
Pore size(distribution) MF/UF
Hydrophilic/phobicity - Material of fabrication
Surface charge
i e s
Hydrodynamic Environment Module Characteristics :
i Submerged hollow tibre :
. : :

Imposed tlux vs - Critical or
-Sustainable

Flow and shear — magnitude
- distribution

Submerged flat sheet
Side-stream

Operating Mode

Fy

Bubbling two-phase
Intermittent flux '
Intermittent bubbling :
Backwash ;

Figure 2.4 Relationship between fouling factors (Zhang et al., 2006).



2.1.5.1 Relationship between EPS/SMP generation and membrane fouling

MLSS, extracellular polymeric substances (EPS), floc structure and size and other

dissolved matter are the most discussed fouling factors in literature.

The polymeric structure in activated sludge floc which is a mixture of
microorganisms and different types of microbial products, keeps other components in
place and it is called as EPS. EPS was observed to be a significant factor in sludge
liquors due to its high molecular weight components (Sanin and Vesilind, 2000; Liao
et al., 2001). Proteins, polysaccharides, lipids, nucleic acids and other minor

components are found in EPS (Bura et al., 1998; Nielson and Jahn, 1999).

EPS is divided into two groups; bound EPS and soluble or colloidal EPS (Nielson
and Jahn, 1999). Le Clech et al. (2006), observed that bound EPS concentrations less
than 20 and higher than 80 mg EPS/MLVSS were not effective in membrane fouling.

Recently, many researchers are investigating the correlation between EPS generation
and membrane fouling. Chang and Lee (1998) found a linear proportion between
EPS and membrane fouling. Drews et al. (2008), found no relation between the
polysaccharide concentration and fouling and confirmed the literature findings that
said the effect of SMP is less related to fouling and filtration resistance at longer
SRT. The results showed that SMP affects fouling only at short SRT and large pore
sizes. According to Tao (2008), majority of SMP has a slowly biodegradable
character and it is accumulated as it is retained by the membrane. The high fouling
potential of SMP is explained by their small particle size, which allows their
deposition on membrane surfaces which clog the pores and form a sludge cake.
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3. MATERIALS AND METHODS

3.1 Experimental Set-up and Operation of Laboratory Scale Submerged
MBR System

The study was carried out by operating a lab-scale submerged MBR, which consisted
of a Plexiglas reactor with an operating volume of 3 L. The system was equipped
with hallow fiber Zee Weed*1 (GE) membrane module with a nominal pore size of
0.04 pm and total membrane surface area of 0.1 m?. The technical properties of Zee

Weed*1 ultra filtration membrane is listed in Table 3.1.

Table 3.1 : Technical properties of Zee Weed*1 ultra filtration membrane.

Module Type

Nominal Membrane Surface Area 1 ft*(0.1 m?)

Module Dimensions

Height

Diameter

Membrane Properties
Material

Nominal Pore Size

Surface Properties

Fiber Diameter

Flow Path

Operating Specifications
TMP Range

Max. Operating Temperature
Operating pH Range
Cleaning Specifications
Max. Cleaning Temperature
Cleaning pH Range

Max. Cl, Concentration

175mm

56 mm

PVDF

0.04 micron
Non-lonic& Hydrophilic
1.9 mm OD/ 0.8 mm ID
Outside-In

-55 to 55 kPa (-8 to 8 psi)
40-C (104 F)
5.0-9.5

40C (104 F)
2.0-105
1.000 ppm
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In order to control and measure the fundamental operational variables such as
dissolved oxygen (DO), trans membrane pressure (TMP), pH and temperature,
submerged MBR was automatically controlled by means of a Programmable Logic

Controller (PLC) as shown in Figure 3.1.

P1:Feed pump
P2: Permeate vacuum pump

" 00

P2
— — @ Flow meter
Back-wash

Feedtank X unit @ Pressure meter

Permeate
e — tank

Sludge

wastage @
Air compressor

Figure 3.1 Process flow scheme of the lab-scale MBR.

As seen from the Figure 3.1, the wastewater was pumped (P1, Watson Marlow
SciQ323, UK) into the bioreactor (3 L, Pexiglas) from the feed tank (30 L, PES). In
order to provide aeration and mixing, the bioreactor was regularly aerated and stirred
via magnetic stirrer (Velp Scientifica, Italy). To obtain the desired SRT, a peristaltic
pump (P3, SISDOZ PRS-1, Italy) was operated every hour for a certain time duration

for the discharge of waste sludge.

The MBR system was operated under constant flux conditions where permeate is
withdrawn at a constant flow by operating a permeate pump (P2, Watson Marlow
SciQ323, UK). The flow rate of the permeate is calculated by the speed of the
peristaltic pump (P2). The liquid level set point adjusted to 18.4 cm which refers to 3

L volume and controlled by the operation of the wastewater feed pump (P1).

Every 19 minutes filtration, the membrane was backwashed by air for 1 min.
Chemical cleaning of membrane is applied when TMP exceeded 550 mbar or/and

every beginning of the new run. Chemical cleaning is applied by approximately 30
16



min contact with a pH=12 NaOH solution followed by 1 cycle of normal operation
and 30 min contact with a pH=2.5 H,SO, solution.

3.2  Characteristics of Synthetic Wastewater and Domestic Wastewater

The system was operated under the HRT of 8 hours with SRT ranging from 0.5d —
2.0 d. The selected HRT reflects the lowest applicable HRT that used in MBR
system for long term operation.

Two different feeds are tested in order to investigate the treatment efficiency of
complex substrates in submerged MBR systems; which are peptone mixture and

domestic wastewater.

First feed of the study was peptone mixture which was a stock substrate and prepared
by dissolving 16 g peptone, 11 g meat extract, 3 g urea, 0.7 g NaCl, 0.4 g
CaCl,.2H,0, 0.2 g MgS0O,.7H,0 and 2.8 g K;HPO4in 1 L distilled water.

Peptone mixture was selected due to the similarity between domestic sewage in
terms of biodegradation characteristics as it contains a similar balance between
readily biodegradable COD and slowly biodegradable COD fraction (Insel et al.,
2006).

Second and last feed of the study was domestic wastewater which is obtained from
ISKI Baltaliman1 Wastewater Pre-Treatment Plant. Characteristics of domestic
wastewater is given in Table 3.2. Pre-treated wastewater (after fine and coarse
screens and grit chamber) taken from the parshall flume after the grit chambers.
After settling, upper phase of the domestic wastewater was used as a feed in this

study.

Table 3.2 Characterization of Domestic Wastewater.

Parameter Unit Domestic
Wastewater
Biochemical Oxygen Demand (BODs)  mg/L 113
Chemical Oxygen Demand (COD) mg/L 250
Total Suspended Solids (TSS) mg/L 166
Total Phosphate (TP) mg/L 4,2
Ammonia Nitrogen (NH3-N) mg/L 21,9
pH - 7,72
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Peptone mixture was prepared by diluting stock solution in water to reach total
influent COD of 200 mg/L. The nutrient limitation was prevented by adding
inorganic salts ( 10 ml for 1 gCOD/L) concentrated in solutions A and B the contents

of which are shown in Table 3.3.

Table 3.3 Solution A and B ingredients.

Solution A g/L Solution B g/L

NH,CI 120 MgSQ,4.7H,0 15
KH2PO4 160 CaCl,.7H,0 2
Ko:HPO 320 FeSO,4.7H,0 0.5

ZnS04.7H,0 0.5

MnSO4.H,0 0.5

3.3 Analytical Procedures

The samples taken from bioreactor and permeare for COD measurements are filtered
through 0.45um PVDF syringe filters and preserved with H,SO, and H3PO,,
respectively. COD samples were analayzed as decribed in the ISO 6060
methodology (ISO 6060, 1986). Mixed liquor suspended solids (MLSS) and volatile
suspenden solids (MLVSS) concentrations were analyzed as described in Standard
Methods (AWWA, 2005). TOC was analyzed with TOC analyzer and DOC
measurements were carried out by filtering TOC samples from 0.45 pum syringe

filters.

For measuring the PHA content of the samples, formaldehyde was added to prevent
biological activity. Samples biomass was washed with K-P buffer solution and
freeze-dried. Extraction, hydrolysation and estrerification processes in mixture of

hydrochloric acid, 1-propanol and dichloroethane at 100°C were performed as
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described by Beun et al. (2000). After extraction with water to remove free acids,
organaic phase was analyzed by gas chromatograph (Agilent 6890 N). Benzoic acid

was used as internal standard in the analyses.

3.4  Respirometry

Dissolved oxygen (DO) is a significant model component that assists the basic
understanding and explanation of complex biochemical reactions in the activated
sludge processes. DO is not only important for modeling design but also used as an
operational parameter. Furthermore, DO sets the electron balance between

biodegradable COD, biomass and electron acceptor for aerobic processes.

Oxygen utilization rate (OUR), is the rate of oxygen utilization in the biochemical
processes, which is observed as a change in the dissolved oxygen concentration in
time. Thus, it is an overall process rate reflecting the cumulative impact of all

oxygen/energy consuming reactions.

OUR is one of the most effective tools for experimental determination of COD
fractions in addition to kinetic and stoichiometric model coefficients (Orhon et al.,
1999).

The mostly used technique to determine OUR is lab-scale online respirometers. In
order to assess the biodegradation kinetics, the OUR profile must be well known and

interpreted.

In this study, OUR profiles were obtained by using a respirometer (RA-1000;
Manotherm). Respirometric analyses were made using the MBR activated sludge
(2L) by applying the same F/M condition with the original MBR bioreactor. The
activated sludge from the respirometer chamber is continuously passed through the
respiration vessel (0.75 L), where the dissolved oxygen at the inlet and outlet are
measured and the sample is returned back to the chamber. The OUR was calculated
based on the measurements of a single DO-electrode where the measuring frequency
is limited by the response rate of the DO-electrode (Spanjers and Klapwijk, 1990)
and is fixed once a minute. The possible interference of ammonia consumption for
nitrification is avoided by adding nitrification inhibitor (Formula 2533TM, Hach
Co.).
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3.5 Sludge Characteristics

3.5.1 TOC based particle size distribution (PSD)

Particle size distribution is important for understanding the wastewater
characteristics, evaluation of best convenient treatment technologies and estimation

of removal performances (Dulekgurgen et al., 2006).

Particle size distribution analysis was made according to methodology defined by
Diilekgiirgen et al. (2006). The sequential filtration/ultrafiltration procedure is
illustrated in Figure 3.3.

1- Original
Sample

> 5 Line (N;)

==

2

-

-
A J |~
2 = }“:-7;?’ =
“ s ‘);l’ : ' ' : A | T
(~nm): | 2 3 5 8 | 13 | 220 | 450 | 1600
(kDa):| 1 | 3 | 10 | 30 | 100 |
Ultrafiltration Filtration

Figure 3.2 : Sequential filtration/ultrafiltration procedure: 1-Non settled, non-filtered
but mixed original sample, 2-aliquot of filtrate from the previous step,
subjected to COD, 3-aliquot of filtrate from the previous step, subject to
subsequent filtration/ultrafiltration procedure, 4-gas line providing
positive pressure (Dulekgiirhen et al., 2006).

In order to achieve high level of accuracy, it was decided to measure soluable
organics as DOC rather than COD. The experiments were analyzed in a 400 ml
stirred ultrafiltration cell with an effective membrane area of 41.8 m? (Millipore
Amicon 8400, USA). Filtration was employed by applying positive pressure (0.6 to
1.2 atm) adjusted according to the filter/membrane characteristics by using inert N,

gas. Sequential filtration/ultrafiltration tests were run at room temperature however
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the filtrates were collected in clean flasks which were kept at 4°C in ice baths to

avoid sample decomposition.

The filtration/ultrafiltration sequence was initiated by passing samples with a final
volume of 100 ml permeate through membranes with pore sizes of 450 nm (Durapore
HV, PVDF), 220 nm ( Durapore GV, PVDF). Filtration was performed at 0.35 atm
working pressure and below the maximum temperature limit of 85 °C for Durapore
disposable filters. Permeates from membrane filter with size 220 nm were filtered
through ultrafiltration membranes with nominal molecular weight cut-off (MWCO)
values of 100, 30, 10, 3 and 1 kDa (PL series, Millipore, MA). The working pressure
was 0.6 atm (0.7 atm recommended) for the 100 kDa membrane and 1.2 atm (3.7 atm

recommended) for the remaining sizes of ultrafiltration membranes.

In this study, Filtration from 1600 nm membrane filters was not applied and filtration
process was started from 450 nm filter size which is used to separate soluble and
particulate fractions.
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4. RESULTS AND DISCUSSION

4.1  Carbon Removal Performance of High Rate MBR

4.1.1 Operating conditions

Lab-scale submerged MBR system was operated at three different SRTs; 2.0, 1.0 and
0.5 days, with a same HRT of 8 hours. Runs are sustained at steady-state conditions
and as described earlier fed with peptone mixture and domestic wastewater. MBR

operating conditions and substrate concentrations are given in Table 4.1.

Table 4.1 MBR system operation conditions.

Parameters Peptone Mixture Domestic
Wastewater
SRT (d) 2.0,1.0,05 2.0,1.0,05
Substrate 200 250
concentration
(mg CODI/L)

MBR performance was evaluated in terms of COD (<450 nm) measurements at
steady-state from the reactor together with permeate during all operation periods.
COD inside the reactor was measured as soluble COD (SCOD-R) which was
analyzed by filtering from 0.45um syringe to adopt the standard size differentiation
and assessment of biomass in biological treatment and effluent COD (COD-P) was

analyzed as sampled.

4.1.2 MLSS and MLVSS concentrations

Concentrarion of MLVSS which is considered to be the concentration of biomass in
the system is a control parameter for treatment systems. In this study, MLVSS and
MLSS concentrations are used as control parameters for attainig steady-state

conditions.
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After 12 days of monitoring period, steady-state conditions are attained both for
system fed with peptone mixture and domestic wastewater. Figure 4.1 shows the
steady-state concentraions of MLSS and MLVSS for peptone mixture and domestic
wastewater operated at SRT of 2.0d.
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Figure 4.1 Observed MLSS and MLVSS profiles at steady state for (a) Peptone
Mixture and (b) Domestic Wastewater at SRT of 2.0d
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Average MLVSS concentrations of MBR system fed with domestic wastewater at
SRTs of 2.0d, 1.0d and 0.5d are respectively; 470 mg/L, 370 mg/L and 280 mg/L and
system fed with domestic wastewater respectively; 560 mg/L, 420 mg/L and 290
mg/L.

MLVSS profiles obtained for MBR system fed with peptone mixture and domestic
wastewater at SRTs of 1.0d and 0.5d are given in Appendix B.

4.1.3 COD profiles

COD measurements are the main operation parameters that reflect the carbon
removal performance of the system. As mentioned above, COD measurements are
made for reactor bulk and permeate. Figure 4.2 shows the steady-state COD profiles

of peptone mixture and domestic wastewater operated at SRT of 2.0 days.
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Figure 4.2 Observed COD profiles at steady state for (a) Peptone Mixture and
(b) Domestic Wastewater at SRT of 2.0d.
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Average permeate concentrations of MBR system fed with domestic wastewater at
SRTs of 2.0d, 1.0d and 0.5d are respectively; 15 mg/L, 30 mg/L and 40 mg/L and
system fed with domestic wastewater respectively; 55 mg/L, 60 mg/L and 70 mg/L.

COD profiles obtained for MBR system fed with peptone mixture and domestic

wastewater at SRTs of 1.0d and 0.5d are given in Appendix C.

4.1.4 Summary of carbon removal performance

The organic carbon removal performance of MBR operated at SRT range of 0.5 to
2.0 d and HRT of 8.0 h, revealed that despite the extremely limited operating
conditions, MBR operation could yield excellent effluent by achieving 85 % COD

removal efficiency. In addition, effluent quality increased with the higher SRTs.

According to the European Union, the legally required discharge standards for urban
wastewater treatment plants (125 mgCOD/L), the permeate from the MBR operation
yielded way more higher quality.

The performance monitoring results are summarized in Table 4.2.

Table 4.2 : Summary of MBR carbon removal performance at SRT of 0.5 to 2d and
HRT of 8h for Peptone Mixture and Domestic Wastewater.

Operational MLVSS SCOD-R SCOD-P Membrane
Conditions (mg/L) (mgCODI/L) (mgCODI/L) Rejection (%)

SRT (day) Peptone Mixture (200 mgCODI/L)

2.0 470 80 15 81
1.0 370 60 30 50
0.5 280 50 40 20
SRT (day) Domestic Wastewater (250 mgCOD/L)

2.0 560 100 55 45
1.0 420 85 60 29
0.5 290 75 70 7
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Difference between the soluble COD in the reactor and soluble COD of permeate
gives the membrane rejection. The influence of the membrane rejection to overall
COD removal can be clearly seen from the monitored data. Membrane rejection was
observed to be between 81-7 % and the ifluence of membrane rejection to overall
COD removal increased with the increasing SRT. The reason of the increase is
assumed to be the higher MLSS concentrations. Higher MLSS concentration could
affect the filtration cake on top of the membrane which acts like an additional
filtration media and the cake load tends to rise with MLSS concentration (Le-Clech
et al., 2006).

These results are supported by the studies that published in literature. Cicek et al.
(2001) operated a MBR system fed with synthetic wastewater at SRT of 2d and 5 d
and observed that average effluent COD increased from 3.5 mg/L at SRT of 5 days
to 23 mg/L at SRT of 2 d. Holler and Trosch (2001), operated eMBr with synthetic
wastewater and observed that the effluent COD concentrations remained constant
around 24 mg/L for SRT greater than 2d. Another study was made by Teussel et al.
(2006), treated primary effluent from a munucipal WWTP with a pilot-scale
submerged MBR and reduced influent COD (345 mg/L) to a median effluent
concentration of 24 mg/L at all SRTSs tested from 2 to 10d.

In evaluation of the carbon removal performance in high rate MBR system, two main
observations are underlined according to the course of substrate in the system; (i)
Soluble COD levels in the reactor (COD-R) always remained higher than the effluent
COD (COD-P), (ii) COD-R concentrations are increased significantly, nearly folded
double with the increasing SRTs. As a result, the difference between COD-R and
COD-P, indicates a membrane rejection due to the membrane filtration, increased
with the increasing SRTs. Based on these observations, dissolved organic material
remained in the reactor considered as SMP. Respirometric analysis and assesments
from the model based on respirometric analysis are essential for verification of this
approach and determination of biodegradtion kinetics of peptone and domestic

wastewater.
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4.2 Determination of Substrate Removal Kinetics

4.2.1 Respirometric analysis

Respirometric measurements and COD monitoring were performed to determine the
microbial oxygen utilization rate while the F/M ratio was kept the same as in the
reactor at the steady-state conditions in the SMBR. OUR profiles are demonstrated in
Figures (4.19- 4.34). Detailed soluble COD profiles during the OUR test is given in
Appendix D.
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Figure 4.3 OUR profile for Peptone Mixture at (a) SRT=0.5d, (b) SRT=1.0d.
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Figure 4.4 OUR profile for Domestic Wastewater at (a) SRT=0.5d, (b) SRT=1.0d,
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4.3  Sludge Characteristics

4.3.1 Effective filtration size of the membrane

Soluble COD levels in the reactor (COD-R) always remained higher than the effluent
COD (COD-P). The difference between COD-R and COD-P, indicates a significant
retention effect due to membrane filtration. Retention of soluble COD in MBR
systems depends on effective filtration size generated by the particular biomass
rather than membrane pore size. Investigation of this retention effect is made by
particle size distribution (PSD) test which involves sequential filtration between 2 —

450 nm.
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PSD tests were conducted on samples from reactor volume, characterizing different
operating conditions in terms of SRT. PSD was made for only experimental run that

treated domestic wastewater.

As mentioned earlier, TOC parameter was selected (rather than COD) in order to
represent the organic content in the samples due to volume limitations in the
analyses. In the study TOC values are equal to DOC since all the measurements were

carried out after filtration through 450 nm filters.

DOC concentrations collected from reactors at steady state from experimental runs
treating domestic wastewater at SRT 0.5 d, 1.0 d and 2.0d were 3.94, 4.58 and 4.62
mg/L respectively. Cumulative TOC fractions and differential TOC values are given
in table 4.3.

Table 4.3 Cumulative TOC fractions and differantial TOC values.

Separation Particle = Cumulative TOC Size Differantial TOC
Technique Size (mg/L) Category (mg/L)
(nm) SRT (d) (nm) SRT (d)
2.0 1.0 05 20 10 05
Filtration
HV filter 450 nm 16 16 11
GV filter 220nm 11 12 9 220-450 5 4 2
Ultrafiltration
100 kDa 13nm 5,2 548 4,13  13-220 58 6,52 4,87
30 kDa 8 nm 462 516 386  8-13 1,22 0,87 1,03
10 kDa 5nm 459 481 359 5-8 04 027 0,09
3 kDa 3nm 3,71 453 3,44 3-5 0 0,21 0,1
1 kDa 2nm 353 379 342 23 1,06 0,36 0,06
<2 243 288 3,6

PSD tests indicated that, current MBR system with a pore size of 40nm, entrapped
organics above the size range of around 8 nm. This may be attributed to cake
filtration effect due to biofilm formation on the surface of the membrane.

The size distribution results related to TOC for the experimental runs are plotted in
Fig 4.5 and 4.6.
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5. CONCLUSION AND PERSPECTIVES

MBR systems are increasingly preferred for the treatment of domestic and industrial
wastewater since they offer significant operational advantages over conventional
activated sludge systems such as effective separation, total control of biomass and
superior effluent quality. But selection of design parameters still remain
conventional, with higher SRTs and increased biomass levels. In this respect, the
experimental results should be assessed by different treatment configurations which
discards primary and secondary settling and requires designing the high rate MBR

system for removal of complex substrate by treatment of domestic wastewater.

The purpose of this study is to investigate the performance of submerged MBR
system operated at extremely low SRT in removing complex substrates from
wastewater while the larger organics/particulates are retained by the membrane
and/or adsorbed into microbial flocs and evaluate the carbon removal performance
by treating domestic wastewater. In this context, a laboratory scale submerged MBR
was operated at three different SRT of 2.0, 1.0 and 0.5 days. For each level of the
selected sludge age, hydraulic retention time (HRT) of the system was adjusted to 8
hours. Two different substrate feedings were tested; (a) peptone mixture,
representing the soluble/readily and slowly biodegradable substrate mixture and (b)
domestic wastewater. The peptone mixture and domestic wastewater was tested at all
SRTs. The synthetic feed, peptone mixture was adjusted to 200 mg CODI/L.
Domestic wastewater obtained from ISKI Baltaliman1 Wastewater Pre-Treatment

Plant had an average COD of 250mg/L.

The experimental works covered monitoring of carbon removal performance and
determining the biodegradation Kkinetics of MBR system treating domestic
wastewater and peptone mixture supported with respirometric and sludge

characterization tests.
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High rate MBR operation at extremely short SRT (0.5 d — 2.0 d) and HRT of 8 h was
able to yield high quality effluent treating domestic wastewater. Effluent COD for
MBR system treating peptone mixture at SRT of 0.5 d, 1.0 d and 2.0 d are 40 mg/L,
30 mg/L and 15 mg/L respectively and for domestic wastewater is 70 mg/L, 60
mg7L and 55 mg/L respectively. The soluble COD profiles monitored inside the
bioreactors tended to be higher than the COD values observed in the effluent streams
which was attributed to generation of SMPs during the biological processes as the
influent COD was assumed to be totally biodegradable, which was supported with

the literature that the SMP generation was increased with the increasing SRT.

System performance was also benefited from effective pore size of the membrane.
Sequential filtration and and ultrafiltration test were carried out with soluble fraction
of the reactor bulk. The tests revealed that, membrane could sustained the particles

larger than 8 nm, which is a smaller size than the actual pore size of 20 nm.

It is important to satisfy sustainable long-term operation of high-raye MBR systems
with different wastewater streams. In this respect, future studies should study the
treatment performance of different wastewater streams, mainly focusing on industrial
wastewaters. This MBR operation approach should also be tested for much lower
HRT, i.e. HRT of 0.5 to 2.0 h, in order to prove as a treatment alternative which also

saves considerably from the required reactor volumes.
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APPENDIX A

A.1 MLSS and MLVSS monitoring results for sets run with Peptone Mixture:
a)SRT=20dand HRT=8h
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Figure A.1 : MLSS and MLVSS results for sMBR operated at SRT = 2.0 d treating
Peptone Mixture
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b) SRT=10dand HRT =8h
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Figure A.2 : MLSS and MLVSS results for sSMBR operated at SRT = 1.0 d treating
Peptone Mixture

c)SRT=05dand HRT=8h
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Figure A.3 : MLSS and MLVSS results for sSMBR operated at SRT = 0.5 d treating
Peptone Mixture
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A.2 MLSS and MLVSS monitoring results for sets run with Domestic
Wastewater:

a)SRT=20dand HRT=8h
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Figure A.4 : MLSS and MLVSS results for sSMBR operated at SRT = 2.0 d treating
Domestic Wastewater

b) SRT=1.0dand HRT =8h
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Figure A.5 : MLSS and MLVSS results for sSMBR operated at SRT = 1.0 d treating
Domestic Wastewater
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¢) SRT=05dand HRT =8h
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Figure A.6 : MLSS and MLVSS results for sSMBR operated at SRT = 0.5 d treating
Domestic Wastewater
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APPENDIX B

B.1 COD profiles for sets run with Peptone Mixture:

a)SRT=20dand HRT =8h
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Figure B.1 : COD profiles for sMBR operated at SRT = 2.0 d treating Peptone
Mixture
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b) SRT=10dand HRT =8h
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Figure B.2 : COD profiles for sMBR operated at SRT = 1.0 d treating Peptone
Mixture

c)SRT=05dand HRT=8h
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Figure B.3 : COD profiles for sSMBR operated at SRT = 0.5 d treating Peptone
Mixture
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B.2 COD profiles for sets run with Domestic Wastewater:

a)SRT=20dand HRT =8nh
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Figure B.4 : COD profiles for SMBR operated at SRT = 2.0 d treating Domestic

b) SRT=1.0dand HRT =8h
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Figure B.5 : COD profiles for SMBR operated at SRT = 1.0 d treating Domestic

Wastewater
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¢) SRT=05dand HRT =8h
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Figure B.6 : COD profiles for sMBR operated at SRT = 0.5 d treating Domestic
Wastewater
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APPENDIX C

C.1 OUR profiles for sets run with Peptone Mixture:

a)SRT=10dand HRT=8h
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Figure C.1 : OUR profiles for SMBR operated at SRT =1 d treating
Peptone Mixture
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b) SRT=05dand HRT =8h
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Figure C.2 : OUR profiles for sSMBR operated at SRT = 0.5 d treating
Peptone Mixture
C.2 OUR profiles for sets run with Domestic Wastewater:

a) SRT=20dand HRT =8h

20
.00
%
k3
15 1 s +SRT=2.0d
"
= te
i b 3
=) %o
£ 10 . <
~ :’
: o
P o *»
e "o - S etene
%o * WMM\" . »
5 i "ﬁ“.’?oz.“"’ * 00 e’
0 T T T T T T T
-30 20 70 120 170 220 270 320 370

Time (min)

Figure C.3 : OUR profiles for sSMBR operated at SRT = 2.0 d treating
Domestic Wastewater
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b) SRT=10dand HRT=8h
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Figure C.4 : OUR profiles for sSMBR operated at SRT = 1.0 d treating

Domestic Wastewater
¢) SRT=0.5dand HRT =8h
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Figure C.5 : OUR profiles for sMBR operated at SRT = 0.5 d
treating Domestic Wastewater
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