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The study was conducted to evaluate the microbial treatment of domestic
wastewater treatment plant (DWTP) or activated sludge by Liquid State
Bioconversion (LSB) process under non-sterilized conditions. The selected two
filamentous fungi, Penicillium corylophilum and Aspergillus niger isolated from
Activated sludge were used to evaluate the treatment performance in LSB process
under non-sterilized conditions through adaptation. It was observed that
Penicillium corylophilum (WWZP1003) was the better strain compared to the
Aspergillus niger (SCahmA103) for the bioconversion of activated sludge through
adaptation. The visual observation in plate culture showed that about 95%-98% of
cultured microbes (Penicillium corylophilum and Aspergillus niger) dominated in
treated sludge after two days of treatment. In this study, i.t was also found that the
Penicillium corylophilum was capable of removing 94.40 % of chemical oxygen

demand (COD) and 98.95% of turbidity of filtrate with mintimum dose of inoculum
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of 10% v/v in activated sludge with total suspended solids (TSS) of 1% w/w. The
pH level was lower at 3.4-3.5 (acidic condition) in the fungal treatment with
maximum reduction of COD, turbidity and specific resistance to filtration (SRF)
were observed. The results for SRF showed that the fungi led a great role to
enhance the dewaterability and filterability. In particular, the strain Penicillium
corylophilum had more capability (than Aspergillus niger) of reducing 93.20 % of
SRF compared to the uninoculated sample. Effective results were observed by
using fungal inoculum after 2 days of treatment. A statistical optimization of
process factors was carried out to evaluate the linear and interaction effects on
effective bioconversion of activated sludge using Penicillium. Three parameters
namely temperature, agitation and pH with three levels were used to evaluate the
process factors in term of biodegradability and biodewaterability/biofilterability of
activated sludge of 1% (w/w) TSS with 10% of inoculum dose of Penicillium
corylophilum. A 3-level full factorial design (3% and response surface methodology
(RSM) were used for the optimization of process factors through the
biodegradability (removal of COD) and biodewaterability (SRF) of treatment
sludge by a statistical software Minitab. The experimental data were designed by
developing a second order polynomial regression model considering linear,
quadratic and interaction effect. The optimum temperature, agitation and pH were
observed to be 33.5°C, 105 rpm and 5.5 respectively by the regressidn analysis on
using experimental data under RSM. The maximum removal 98.5 % of COD, 99.0
% of turbidity and 95.0 % of SRF reduction were observed at that optimum process
conditions in the activated sludge treatment by LSB under non-sterilized
conditions. The maximum dry biosolids of 17.4 g/kg production was observed with

optimum process conditions by the fungal treatment (Penicillium corylophilum).
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The results in this study clearly indicate the effective bioconversion of activated
sludge under non-sterilized conditions which may provide better waste

management and disposal concerned.
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Kajian ini dijalankan untuk menilai keberkesanan rawatan mikrobiologi bagi air
sisa domestik dari loji rawatan air sisa domestik (DWTP) atau enapcemar teraktif
dengan menggunakan proses biopenukaran keadaan cecair (LSB) di dalam keadaan
tak steril. Dua jenis fungi berfilamen yang dipilih, iaitu Penicillium corylophilum
dan Aspergillus niger yang diasingkan daripada sisa enapcemar DWTP atau
enapcemar teraktif telah digunakan untuk menilai prestasi rawatan bagi proses LSB
di bawah keadaan tak steril melalui adaptasi. Melalui pemerhatian, didapati yang
Penicillium corylophilum (WWZP1003) merupakan spesis yang lebih baik untuk
digunakan dalam biopenukaran enapcemar teraktif menilai adaptasi berbanding
Aspergillus niger (SCahmA103). Pemerhatian visual di dalam plat kultur
menunjukkan bahawa kira-kira 95%-98% daripada mikrob yang terkultur
(Penicillium corylophilum dan Aspergillus niger) mendominasi enapcemar yang
dirawat setelah dua hari rawatan dijalankan. Di dalam kajian ini, didapati juga

bahawa Penicillium corylophilum berupaya untuk menyingkirkan sebanyak
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94.40% permintaan oksigen kimia (COD) dan 98.95% kekotoran hasil turasan
dengan dos inokulum minimum sebanyak 10% v/v dalam enapcemar teraktif,
dengan jumlah pepejal terampai (TSS) sebanyak 1% w/w. Aras pH dalam rawatan
fﬁngi adalah rendah sebanyak 3.4-3.5 (keadaan berasid) dengan penurunan
maksimum dalam kandungan COD, kekotoran dan kerintangan tentu penapisan
(SRF). Keputusan untuk SRF menunjukkan bahawa fungi memainkan peranan
yang besar dalam meningkatkan kebolehnyahairan dan kebolehtapisan. Spesis
Penicillium terutamanya mempunyai kebolehan yang lebih signifikan (daripada
Aspergillus niger) dalam menurunkan 93.20% SRF berbanding sampel yang tidak
terinokulasi. Keputusan memberangsangkan diperhatikan dengan penggunaan
inokulum fungi selepas dua hari rawatan dijalankan. Pengoptimuman statistik bagi
faktor-faktor proses dijalankan untuk menilai kesan linear dan interaksi ke atas
keberkesanan biopenukaran enapcemar teraktif menggunakan Penicillium. Tiga
parameter iaitu suhu, agitasi dan pH digunakan dalam 3 tahap, untuk menilai
factor-faktor proses dari segi kebolehan biodegradasi dan
biopenyahairan/biopenapisan enapcemar teractif sebanyak 1% (w/w) TSS dengan
10% dos inokulum Penicillium corylophilum. Minitab yang merupakan suatu pakej
perisian statistik digunakan untuk mengoptimumkan factor-faktor proses melalui
kebolehan biodegradasi (penyingkiran COD) dan biopenyahairan (SRF) rawatan
enapcemar. Rekabentuk faktorial penuh 3-aras (3°) dan metodologi rekabentuk
tindakbalas permukaan (RSM) digunakan untuk pengoptimuman factor-faktor
proses ini. Data eksperimen direkabentuk dengan ménghasilkan model regresi
polinomial darjah kedua dengan mengambilkira kesan lelurus, kuvadratik dan
interaksi. Melalui pemerhatian menggunakan model regresi pada data ujikaji

dibawan RSM, suhu, agitasi dan pH optimum adalah 33.5°C, 105 rpm dan 5.5
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mesing-mesing. Penyingkiran maksimum 98.5% COD, 99.0% kekotoran dan
penurunan 95.0% SRF telah diperhatikan berlaku pada suhu, agitasi dan pH
optimum tersebut di dalam rawatan enapcemar teraktif menggunakan proses LSB
di dalam keadaan tak steril. Perolehan maksimum biopepejal sel kering sebanyak
17.4 g/kg diperhatikan berlaku di bawah sekitaran proses yang optimum dalam
rawatan mikrobiologi dengan menggunakan Penicillium corylophilum. Di dalam
kajian ini, keputusan yang diperoleh dalam proses LSB jelas menunjukkan bahawa
biopenukaran enapcemar teraktif di bawah keadaan tak steril boleh membantu

pengurusan dan pembuangan sisa ini.

viii



ACKNOWLEDGEMENTS

In the name of Allah, the most gracious and the most merciful, all my
appreciations, gratitude and gratefulness gd to Allah for his favor of endless
support to complete this research. My heartiest thanks to Associate Professor Dr.
Fakhru’l-Razi Ahmadun, chairman of the supervisor committee, for his precious
guidance, invaluable advice, untiring assistance, encouragement, motivation and
his social support that enabled me to accomplish the Master program smoothly and

efficiently.

I am extremely indebted to Assistant Professor Dr. Md. Zahangir Alam, IITUM,
Malaysia, member of supervisory committee, for his valuable guidance,
constructive suggestions, encouragement, motivation and generous help throughout
my study period. I am deeply obliged for his suggestions and inspiration in the
preparation of the research proposal on early stage of the study and preparation of
this thesis. I am also sincerely grateful to him and his family for openhearted social

support in Malaysia.

My appreciation also goes to all of my teachers especially to Prof. Dr. Azni Idris,
Dr. Katayon Sead and Dr. Tey Beng Ti for their support and cooperation. I am also
grateful to the staff members of all laboratories (Biochemical, Environmental,
Process and Computer lab), Mr. Termizi, Mr. Zoha, Mr. Haridan, Pn Maslinda, Mr.
Ismail for their gently assistance throughout the course of the study. My special
thanks to Pn Rafia for supplying research materials and instruments (such as brand

new rotary shaker). Also specially thanks to Cik Rafeah for her help to translate the

ix



abstract of my thesis to Bahasa Melayu and her computer support time to time.
Grateful acknowledges are extended to all the staff members of the Department of
Chemical and Environmental Engineering for their sincere support, help and
cooperation. I would like to give special thanks to Mr. Ali, jeep driver, for his help

and support to bring the sample from IWK plant

I would like to give special thanks to my friends and Bangladeshi fellows Dr.
Aminul Haque, Mr Rawson Kamal, Mr. Noman, Mr Niaz Pasa, Mr Ataur
Rahaman, Mr. Hamid, Mrs. Mahafuza, Mr. Enayet Karim, Dr. Liaqot Ali, Dr. Abul
Hossain Molla, Dr. Salim Khan (Malaysia) for their cooperation and
encouragement during my study period in Malaysia. Special thanks also go to Mr.
Parvez Igbal, Mr. Jakir Hossen, Mr.Asim, Mr. Shohe],' Mr Sarwar Jahan, Mr.
Shofiquzzaman, Mr. Altab hossain, Mr. Obaydullah and Mr.Ashraful for their

company, help and encouragement to finish the study smoothly.

My warmest special thanks go to younger brother Md. Nazmus Saadat (KKK) and
friend Md. Munir Hayeit Khan (KKA) for their constant encouragement, moral
support, ideas and inspirations and time to time discussions for continuing research.
I would like to give special thanks to Lab mate Mrs. Hind, Mr. Motaz Al, Mr

Isam, Mr. Ahmed, Mr Atif and Mr. Adel for their help and cooperation.

I am also very grateful to Indah Water Konsortium (IWK) for providing financial
support by a grant (67116-P6) and supplying the wastewater/sludge samples during

the study period.



My heartfelt and warmest appreciation goes to my father, mother, father-in-law,
mother-in-law, brothers, sisters, brother-in-law, sister-in-law and other relatives
and friends who always encouraged and supported me during the study period at
abroad. Their sacrifices and affections are motivated me to complete this study a
great success in my carrier. I am very grateful to Mr. Romo Rouf Chowdhury, the
Managing Director of Rangs Group, Bangladesh, to approve the leave of study and

his encouragement, moral support during my study period.

Lastly, I would like to extend my heartiest and warmest especial gratitude to my
dearest wife Dr. Jubaida Rumana (Dina) for her invariable encouragement, endless
sacrifices, patience, understanding, moral and intellectual support and affection
from far away but effectively that stepped speeded up me to finish the study

smoothly and timely.

xi



TABLE OF CONTENTS

DEDICATION

ABSTRACT

ABSTRAK
ACKNOWLEDGMENTS
APPROVAL
DECLARATION

LIST OF TABLES

LIST OF FIGURES

LIST OF ABBREVIATIONS

CHAPTER

1 INTRODUCTION
1.1 Problem Statement
1.2 Background of the Study
1.3 Justification of Research
1.4 Objectives of Study

2 LITERATURE REVIEW
2.1 Domestic Wastewater and Its Composition
22 Sludge and Its Nature
2.3 Characteristics of the Domestic Sludge
24  Sludge and Biosolids
2.5  Overview of Wastewater Treatment
2.6 Domestic Wastewater Sludge Treatment and Disposal
2.6.1 Stabilization of Biosolids
2.6.2 Dewatering
2.6.3 Plate-and-Frame Presses
2.7  Overview of Sludge Management in Malaysia
2.7.1 Background
2.7.2 Biosolids Generation Trends in Present and Future
2.7.3 Sludge Treatment Process Practice by IWK
2.7.4 Disposal of Biosolids by IWK in Malaysia
2.8 Filamentous Fungi in Biotechnology
2.8.1 Aspergillus
2.8.2 Penicillium
29 Liquid State Bioconversion (LSB) Process
2.10.1 Factors Affecting the Microbial Treatment of
Activated sludge
2.11  Dewaterability and Filterability of the Sludge (Biosolids)
2.12  Optimization of Process Parameters

3 MATERIALS AND METHODS
3.1 Experimental Materials
3.1.1 Sample Collection
3.1.2 Microorganisms
3.1.3 Chemicals and Reagents

XV

Page

i
1
vi
ix
Xii
Xiv
Xix
XXi

XXiv

1.1
1.3
14
1.7

21
2.1
23
2.6
2.6
2.7
2.10
2.13
2.16
2.17
2.17
2.17
2.21
224
2.26
2.28
2.28
2.30

2.32
2.36
2.39

3.1
3.1
33
3.3



3.1.4 Media Composition 33

3.2 ~ Experimental Methods 34
3.2.1 Inoculum Preparation 34
3.2.2 Trail Experiment 35
3.2.3 Experimental Procedures and Analysis 3.7
3.2.4 Statistical Analysis 3.16

4 RESULTS AND DISCUSSION
4.1  Trial Experiment for the adaptation of filamentous fungi in
the treatment of activated sludge under non-sterilized

conditions 4.2
4.1.1 Visual Observation on Microbial Treatment of
Activated sludge 42

4.2  Adaptability of the Filamentous Fungi for Biological
Treatment of Activated sludge by Liquid State

Bioconversion under Non-sterilized conditions 4.3
4.2.1 Visunal Observation on Microbial Treatment of

Activated sludge 43
4.2.2 pH of Treated and Untreated Sludge 4.6
423 Turbidity of Treated and Untreated Sludge 4.8
4.2.4 COD Removal of Filtrate of Treated Sludge 4.10

4.2.5 Dewaterability and Filterability of Treated Sludge 4.13
4.3  Optimization of Liquid State Bioconversion Process for the
Treatment of Activated sludge in Shake Flask Experiments

Based on Biodegradation under Non-sterilized conditions 4.17
4.3.1 Full Factorial Regression Model 4.17
4.3.2 Response Surface Regression Model 4.30

4.4  Evaluation of Treatment Performance for the Liquid State
Bioconversion of Activated slndge under Optimum Process

Factors and Non-sterilized conditions 4.39
4.4.1 Visual Observation on Microbial Treatment of
Activated sludge 439
4.4.2 pH of Treated and Untreated Sludge 4.39
4.4.3 Turbidity of Treated and Untreated Sludge 4.42
4.4.4 COD Removal of Filtrate of Treated Sludge 4.44
4.4.5 Dewaterability and Filterability of Treated Sludge 4.46
4.4.6 Biosolids Accumulations 448
5 CONCLUSIONS AND RECOMMENDATIONS
5.1 Conclusions 5.1
52 Recommendations 53

Xxvi



REFERENCES
APPENDICES
BIODATA OF THE AUTHOR

XVil

R.1
Al
B.1



Table

2.1

2.2

23

3.1

32

33

34

35

4.1

4.2

43

4.4

45

4.6

4.7

4.8

LIST OF TABLES

Characteristics of Domestic Wastewater (activated sludge),IWK,
Malaysia

Types of wastewater treatment and related types of biosolids
(U.S.EPA, 1999 with slight modifications)

Effluent discharge standards to Malaysian Inland Water (EQA,
1979)

The levels of parameter of process conditions in first phases for
3-level full factorial design of experiments

The factorial design of experiments for three levels of process
parameter such as temperature, agitation and pH with the help of
Minitab software

The ranges of parameter of process conditions in second phases...
Data Matrix (randomized) for the experimental design by
response surface methodology with Box-Behnken Design for the
process parameter of temperature, agitation and pH under
Minitab software

The optimum process factors of LSB process under non-
sterilized conditions for the fungal treatment of Activated sludge

The coefficient of determination (R?) of regression model for
yield

The p-value of the predictors of regression model for yield

The coefficient of determination (R?) of regression model for
yield

The p-value of the predictors of regression model for yield

Full factorial design matrix along with experimental and
predicted values of yield

The p-value of the predictors of regression model for COD-yield
using Box-Behnken technique under RSM

The p-value of the predictors of regression model for yield

Analysis of variance (ANOVA) for COD-yield in the regression

xviii

Page

2.4

2.8

2.18

3.10

3.12

3.13

3.14

3.15

4.19

4.20

4.21

4.22

4.23

4.31

4.33



model

4.9 Box-Behnken design matrix along with the experimental and 4.33
predicted values of COD removal (%)

4.33

Xix



4.5

4.6

4.7

4.8

4.9

4.10

4.11

4.12

4.13

4.14

4.15

Turbidity removal percentage (%) of filtrate by the treatment of
(a) Penicillium corylophilum and (b) Aspergillus niger with
different dose of inoculum in treated sludge

Removal (%) of chemical oxygen demand (COD) of filtrate in
fungal treatment of wastewater sludge by using (a) Penicillium
corylophilum and (b) Aspergillus niger with different dose of
Reduction (%) of specific resistance to filtration (SRF) of fungal
treated sludge

Reduction (%) of specific resistance to filtration (SRF) of fungal
treated sludge by (a) Penicillium corylophilum and (b)
Aspergillus niger with different dose of inoculum to evaluate the
dewaterability/filterability of treatment

The interaction between temperature and agitations for COD-
yield [COD removal (%)]: (a) Surface plot curve and (b)
Contour plot curve

The interaction between temperature and agitations for SRF-
yield [SRF decreased (%)]: (a) Surface plot curve and (b)
Contour plot curve

The interaction between temperature and pH for COD- yield
[COD removal (%)]: (a) Surface plot curve and (b) Contour plot
curve

The interaction between temperature and pH for SRF-yield [SRF
decreased (%)]: (a) Surface plot curve and (b) Contour plot
curve

The interaction between temperature and agitation for COD-
yield [COD removal (%)]: (a) Surface plot curve and (b)
Contour plot curve

The interaction between agitation and pH for COD-yield [COD
removal (%)]: (a) Surface plot curve and (b) Contour plot curve..

The interaction between temperature and pH for COD-yield
[COD removal (%)]: (a) Surface plot curve and (b) Contour plot
curve

Liquid culture in shake flask experiment after 3 days of
treatment in LSB process under optimum process environment
and non-sterilized conditions; (a) Penicillium corylophilum and
(b)Control

XXi

4.11

4.14

4.16

425

4.26

428

429

435

4.37

4.38

4.40



4.16

4.17

4.18

4.19

4.20

The pH values of the fungal treated and untreated Activated
sludge in treatment in LSB process under optimum process
environment and non-sterilized conditions

Turbidity removal of filtrate of treated Activated sludge by
Penicillium corylophilum in LSB process under optimum
process environment and non-sterilized conditions

Removal of COD of filtrate in treatment of Activated sludge by
Penicillium corylophilum in LSB process under optimum
process environment and non-sterilized conditions

Reduction (%) of specific resistance to filtration (SRF) of fungal
treated sludge by Penicillium corylophilum in LSB process
under optimum process environment and non-sterilized
conditions

The production of dry biosolids in fungal treatment of Activated

sludge with Penicillium corylophilum in LSB process under
optimum process factors and non-sterilized conditions

XXii

4.41

4.43

4.45

4.46

4.49



LIST OF ABBREVIATIONS

AR Analytical reagents

AAS Atomic absorption spectrophotometer
AA Auto analyzer

A Area of the filter paper, m’

APHA American Public Health Association
BOD Biological oxygen demand

COD Chemical oxygen demand

Cr Chromium

Cd Cadmium

Ca Calcium

DSC Dry sludge cake

DWTP Domestic wastewater treatment plant
IWK Indah Water Konsortium

K Potassium

LSB Liquid State Bioconversion

Mg Magnesium

Mn Manganese

Ni Nickel

Pb Lead

P Phosphorous

P Preésure of filtration, N/m>

3 Specific resistance to filtration

R Resistance on the medium, 1/m

Xxiii



RSM

SSB

TSS

TS

viw

vvim

wiw

7n

c*

Response Surfaée Methodology

Solid state bioconversion

Total suspeﬁded solids

Total solids

Filtration time, sec

Volume of filtrate, m’

volume/weight

volume per volume of substrate per minute
Wheat flour

Weight/Weight

Zinc

Viscosity of filtrate, N-s/m?

Weight of dry solids per volume of filtrate,

kg/m’

XX1v



CHAPTER1

INTRODUCTION

1.1 Problem Statement

The sludge treatment and disposal in proper way are probably the most costly and
difficult task not only in Malaysia but also all over the world. With increased
civilization and urban development, the large amount of sludge generation and
disposal and its affects on the environment are required. The U.S. Environmental
Protection Agency (U.S EPA, 1999) reported, quantity of domestic sludge
(biosolids) produced annually in the United States has increased dramatically, from
roughly 4.6 millions dry tons in 1972 to 6.9 millions dry tons in 1998 (Bastian,
1997). Sludge (biosolids) generation is expected to increase to 8.2 millions dry tons
by year 2010. The present management cost for sludge is U.S. $35 to $38 per dry
ton (U.S EPA, 1999). In another survey, the member states of European
Commission (EC) produce about 5.5 miilions dry tons of biosolids per year

(Bowden, 1987).

The management of ever increasing volume of sewage sludge has been one of
prime environmental issues in Malaysia (Alam, 2002). Kadir and Velayutham
(1999) have reported that Indah Water Konsortium (IWK) produces approximately
3.8 millions cubic meters of sewage sludge annually in Malaysia. It is required
more than RM 1.00 billion (U.S. $ 0.25 billion) for the management yearly. Sludge

production in Malaysia is expected to increase in the future and to be double by the



