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ABSTRACT

Water treatment of river water for human consumption involved the use of chemical
coagulant to reduce suspended solids and turbidity. However, chemical coagulant has
negative impacts thus research is carried out for bio-coagulant alternatives. In this
research, basidiomycete fungi (Lentinus squarrosulus strain 7-4-2), which was named as
RWEF, was used as a source of secondary metabolites which have the potential in water
treatment due to the flocculating ability. Laboratory experiments were conducted to
optimize the production of the extracellular polymeric substance from Lentinus
squarrosulus. Physical and environmental conditions important for the growth of RWF
were selected using Plackett-Burman design (PBD). Physicochemical parameters such as
concentration of yeast extract (1%), malt extract (1%) and NaCl (1%); as well as the
initial pH (5), culture temperature (35 °C), agitation speed (250 rpm), culture period (8
days) and inoculum size (4%) were selected based on PBD, which resulted in turbidity
reduction of synthetic waste water from kaolin solution up to 88 % inside 250 ml shake
flask. Agitation speed and yeast extract have been identified as the main effects. The raw
coagulant could reduce the turbidity from 460 NTU to 83 NTU, resulting in a reduction
of about 82% in the next experiment. The myco-coagulant produced from the optimized
growth condition was used to further purify the final product using cross flow filtration.
After crossflow filtration using 30 kD membrane, the supernatant produce retentate and
filtrate with turbidity reduction of 84% and 70%, respectively. It can be concluded that
both the retentate and filtrate had good flocculation ability, although the retentate showed
14% more ability compared to the filtrate; indicating that the larger sizes of proteins were
more efficient in reducing the turbidity, compared to the proteins smaller than 30 kD
size. Use of various sizes of cross flow filters would help narrow down the most efficient
size of the coagulant produced by the fungus RWF (Lentinus squarrosulus strain 7-4-2).



daad) dada

il oLl S39 ey el ol OULE il dege Al Al sllly Sad) Wl aws
QL) el e Wasg oLl adles 2SS e 3Kl 2l 2lall sl iy L spa I
Gl Ol Lol a3lo gl slay opid) ol Jad sl slse pusied ¢ S el ol
ros Al ZBY1 5 ZlY) ASS U e ol Slelis 3 aely Gla e 250 SY)
¢ SN e aslasYl Wil e Jgeamd) a5l S cbaad) kBN JLa o Yol
I Ly Vgl s iy Liengdsn jolas e wslasly Al L OLisST Je Oy Ul fany
Sebly Slyadlly LpsSlly UL Joo dndall oLl r B slge 1) ol glannY S
¢ 3 may g 3l e B2 LS8 feall e ST R el @ a5 ) Ly Jlelally
o s 3L geball AW a0 fgaal Sl e 3 aoly Sls e Lhigd o
el olkdll plase) @S Lentinus squarrosulus 7-4-2) b e gy ¢
RWEF ol il e il o ol adles (3 2000 U gl 251 olad) jiaes
o B Sl et B A) e sl Ol Lentinus squarrosulus. ¢
o) Boglh 2z lly 2ol O Jal JLat RWF o3 plaszty Plackett—Burman. ¢ .,
5 (L) pedd Gabsaes ¢ (1) S el 555 A0Sy L) Sllal) (pnd
NaCl (17 ) ¢ s 23 35) ©laza¥l 5> @3 ¢ (D) LoV dsgad ammys J) BLOYL ¢
G Jyardl (14 ) oy (Ul 8) eVl 355 ¢ (@i (3 590 250) apd) desn
Aot 4oy el Ae e i E 5006 5 e 250 15 788 wie sle blas e
dl g & ¢ ikt 30y 83 ) alad sy 400 o Sl o Sl 5)b s OF S L o)
35 53l dndtl ol Al e 2L L) sl Bale gl @7 82 L Ay Sl
Osls S 30 slad plisnnly Jorlad) @l et s L i) s 1) plisinal Jled) il
O ) el o (Ka dled e 170 5 784 sy ) Blasy et flly sl Ol g
o+ M retentate , filtrate of . 20 e ¢ Wl e s~ 3,08 4 OIS retentate
o Blae 5 STy 14 bl filtrate, adus ST 08 wlggdl xSV okt OF 4] o2y Lt
el pltsiial debo 09> B30 o loemm i ) Slsgpdl B)lie ¢ S Ll
Slbdll o mm @l Budl e Wl SV ) eas e Bablill ol e il
RWF @ Lentinus squarrosulus7-4-2y.



APPROVAL PAGE

| certify that | have supervised and read this study and that in my opinion, it conforms to
acceptable standards of scholarly presentation and is fully adequate, in scope and quality,
as a thesis for the degree of Master of Science (Biotechnology Engineering).

Abdullah Al Mamun
Supervisor

Md. Zahangir Alam
Co-Supervisor

| certify that | have supervised and read this study and that in my opinion, it conforms to
acceptable standards of scholarly presentation and is fully adequate, in scope and quality,
as a thesis for the degree of Master of Science (Biotechnology Engineering).

Mohammed Saedi Jami
Internal Examiner

Shaliza Binti Ibrahim
External Examiner

This thesis was submitted to the Department of Biotechnology Engineering and is
accepted as a fulfilment of the requirement for the degree of Master of Science
(Biotechnology Engineering).

Nor Fadhillah Binti Mohamed
Azmin

Head, Department of
Biotechnology

This thesis was submitted to the Kulliyyah of Engineering and is accepted as a fulfilment
of the requirement for the degree of Master of Science (Biotechnology Engineering).

Ahmad Faris Ismail
Dean, Kulliyyah of Engineering



DECLARATION

| hereby declare that this thesis is the result of my own investigations, except where
otherwise stated. | also declare that it has not been previously or concurrently submitted
as a whole for any other degrees at IIUM or other institutions.

Hamidah Binti Hassan

SIGNALUE: ..o Date: ..o



INTERNATIONAL ISLAMIC UNIVERSITY MALAYSIA

DECLARATION OF COPYRIGHT AND AFFIRMATION OF
FAIR USE OF UNPUBLISHED RESEARCH

STUDY ON MYCO-COAGULANT FROM Lentinus squarrosulus
FOR WATER TURBIDITY REDUCTION

| declare that the copyright holders of this thesis are jointly owned by the student
and IHUM.

Copyright © 2020 Hamidah Binti Hassan and International Islamic University Malaysia. All rights
reserved.

No part of this unpublished research may be reproduced, stored in a retrieval
system, or transmitted, in any form or by any means, electronic, mechanical,
photocopying, recording or otherwise without prior written permission of the
copyright holder except as provided below

1. Any material contained in or derived from this unpublished research
may be used by others in their writing with due acknowledgement.

2. 1IlUM or its library will have the right to make and transmit copies
(print or electronic) for institutional and academic purposes.

3. The 1HUM library will have the right to make, store in a retrieved
and supply copies of this unpublished research if requested by other
universities and research libraries.

By signing this form, | acknowledged that | have read and understand the ITUM
Intellectual Property Right and Commercialization policy.

Affirmed by Hamidah Binti Hassan

Signature Date

Vi




ACKNOWLEDGEMENT

Alhamdulillah, praise be to Allah for His blessings throughout my whole journey in
conducting this research. First and foremost, | would like to thank my parents and family
who had always given me support to accomplish my goal.

| also wish to express my gratitude to my main supervisor Prof. Abdullah Al
Mamun who has been guiding and inspiring me to be a better student and to my co-
supervisor, Prof. Md. Zahangir Alam for his time, effort and endless support throughout
this study.

Not to forget, to my colleagues especially Dr. Jebunnessa, Dr. Amal and Sr. Alia
for their assistance since my day one in the laboratory. May Allah grantt everyone His
Jannah and keep the bonding as well as this knowledge sharing forever. Last but not
least, special appreciation for Ministry of Higher Education Malaysia for sponsoring the
tuition fee under MyMaster program.

Vii



TABLE OF CONTENTS

AADSTIACT ...ttt b et nne e be et are e reenee s i
ADSTFACT IN ATADIC ... i
APPIOVAI PAGE ...ttt \Y;
DT FoT 2 [ ST SSRUUPRPRPR %
COPYIIGNT PAGE.....eeeeeiee et vi
ACKNOWIBAGEMENT ...t sre e e e sreeee s vii
TaDIE OF CONTENTS ...ttt sre e enes viii
LISE OF TADIES ... ettt X
LIST OF FIQUIES ...ttt sttt beebeeneenreas Xi
LiSt OF ADDIEVIALIONS ..o xiii
List Of SYMbOIS ... .o, Xiv
CHAPTER ONE: INTRODUCTION ....cccoiiiiiiiiiieieiesie e 1
1.1 Background of the STUAY .........ccooiiiiiiii e 1
1.2 Problem Statement and its SignifiCanCe..........ccccccveveiiveii i 2
1.3 RESEArCh ODJECTIVES ......c.viviieiiieii e 3
1.4 Research Methodology .........ccveiiiieiiiceecce e 3
1.5 SCOPE OF RESEAICH ... 4
1.6 TheSIS OrganiZatioN..........c.civeiuiiieii et reenre e 5
CHAPTER TWO: LITERATURE REVIEW........cooiiee e 6
2.1 INTFOAUCTION ©.. ettt 6
2.2 WaLEr POIHULION ...t 6
2.3 Surface Water Status in Malaysia ............cccoeviveiieii i 8
24 Water POHULANTS .......oveiie e 10
2.4.1  Total Suspended SOHS .........cccoovveiieiiiiciiece e 11

2.4.2  TUIDIAITY oo 12

2.5 Water Treatment PrOCEAUIE ..........ccoviieieieieiie e 14
251  CoAQUIATION .....oiuiiiiiiiiieiee e 15

2.5.2  FIOCCUIALION ..ottt 18

2.6 Factors Influencing Coagulation ProCess..........ccccuvvririeneneneninisieceee,s 20
2.6.1  Type and Dosage of Coagulants..........cccccevveveiieieeriesieseece e 21

2.6.2  PH oo e 22

2.6.3  TEMPEIATUIE .. .ciiiiii ettt 23

2.6.4 Mixing Speed and TIMe.......ccooceviiiiinireee e, 23

2.7 Optimization of Coagulation ProCess..........coeveiieieeie i 24
2.8 Types OF COAQUIANTS ........coiiiiiieee e 25
2.8.1  Chemical CoagulantS.........ccccovveiieiiieiiecie e 26

2.8.2  BI0-COAQUIANTS ..o 30

2.8.2.1 Microbial Coagulants............cccovviiiiiiiiiiieee, 30

2.8.2.2 Compound Bio-coagulants...................coooiiiiiiinnn.. 31

2.9 Process Conditions for Bio-coagulant Production ...........c.cccccevevveieeiieeninene, 32
2.9.1  Carbon and Nitrogen ConCeNtration...........cccoceverererenenenienreenns 33

2.9.2  pHofthe Medium..........ccoeiiiiiiie e 34

2.9.3  Cultivation TEMPEIAtUIe ........ccooiiiriiiieieieee e 34

2.9.4  AQIALION ...oeoiiicec e 35



295 INOCUIUM SHZE e 36

2.9.6  INCUDALION TIME....iiiiiiiiiee e 36

2.10 Properties of Bio-Coagulant............coeieiiiiiiiiiiiceeece e 37
2.11 Characterisation of Myco-Coagulant ............c.cccooveiieii i 38
2.11.1  Molecular IdentifiCation ............cccovierieiiieiieeee e 38

2.11.2 Composition of myco-coagulant..............cccceevvieireieiieseese e, 40

2.11.3  FTIR @NAIYSIS..c..iiiiiiiiiiiiieie s 41

2.11.4  Zeta POtENTIAl .......ooviieiiiiie e 43

2.12 Application of Bio- coagulants ..., 44
2.13 Optimization for Myco-coagulant Production ............ccccccevveviiieiecceciennnn, 46
2.14 CroSS FIOW FIIIatioN .........ooieiiiieiieceee e 46
2.15 Chapter SUMMAIY .......ccoviieiieie e e e sbe e nres 47
CHAPTER THREE: RESEARCH METHODOLOGY .....ccccoceiiriirierieiesieseseenens 49
3.1 INTFOAUCTION ... bbb 49
3.2 L TSP 49
321 RaW MaLerialS.....ccoiiiieiiiicieie e e 49

3.2.2  Chemicals and REAGENTS ........coviiviiiiiiiiieieerese e 50

3.2.3  CUIUIE MEIA ... it 51

3.3 Experimental Methods ... 52
3.3.1  Culture of Fungal BiOmMass .........ccceeveiiiiiieiicie e 52

3.3.2  Muycelial Suspension Preparation .............ccccoeeenereneneseseeieennenns 53

3.3.3  Fermentation PrOCESS........ccovieiiiiiiieic s 54

3.3.4  Supernatant SEPAration ............cooeieiiiireeieie e 55

S5 JAr Test. B .« ™ o 00 B W WA 55

3.3.6  Optimization of Growth Factors..........cccceieveneniiiiinisisieeens 56

3.3.6.1 Plackett Burman Design.............ccoeieiiiiiiiiiiiiiiina 56

3.3.6.2 Face Centered Central Composite Design (FCCCD).......... 57

3.3.6.3 Response Surface Methodology...........ccooeviviiiiininnen.n. 59

3.3.7  Cross FIOW FIltration .........ccccvevviienieeiniie e 59

3.4 Analytical Methods ..........ccoooiiiiiece e 60
3.4.1  Analysis of Turbidity RedUCtION .........cccoeiiiiiiiniieiceece 60

3.5 Chapter SUMMAIY .......ccvoiiiieie e re e sae e nre s 61
CHAPTER FOUR: RESULTS AND DISCUSSION.......ccooiveieierieie s 63
4.1 INEFOAUCTION ... e 63
4.2 Screening of Lentinus SQUAITOSUIUS............uviiieieieieie e 63
4.3 Culture of Lentinus squarrosulus FUNQUS ..........ccceieerieiieieeie e 64
4.4 Selection of GrOWEh FACIOIS.........coveiieiiierrec e 65
4.5 Optimization of Fungal Growth Conditions............cccccceviiveiiiiciecce e, 69
4.6 CroSS FIOW FIItIratioN.........ccveiieieiieseee e 75
4.7 Chapter SUMMAIY .......ccviiiiiiie ettt see e naeearee s 77
CHAPTER FIVE: CONCLUSIONS AND RECOMMENDATIONS ........ccccue.... 79
51 CONCIUSTONS ...ttt bt e ettt nreas 79
5.2 RECOMMENTALIONS .....ovveiecieieee e 80
REFERENGCES. ...ttt ettt neenes 82
LIST OF PUBLICATIONS AND CONFERENCE .........ccccoveiviieeiece e, 95
APPENDIIX L.ttt bbbttt b e b reene e 99



LIST OF TABLES

Table 2.1 Common Inorganic Coagulants, Coagulant Aids, and pH and
Alkalinity Adjusting Chemicals Used in Water Treatment...................... 26

Table 2.2 Advantages and Disadvantages of Chemical Coagulants..............cccc...... 28

Table 2.3 Advantages and Disadvantages of Polymeric Flocculation in Water
TIEAMENT. ...t 29

Table 2.4 Research on Microbial Coagulant for Water and Wastewater

TIEAIMENT. ... 44
Table 3.1 List of Chemicals and Reagents Used in the Study ............ccccoevveieinnnen. 50
Table 3.2 Glassware Used in The Research Work............cccooeoeninininininiiicees 51
Table 3.3 List of Disposable and Consumable ItemMS .........cccccevieiiiieiie i, 52
Table 3.4 Instruments/Apparatus Used for The Research ...........cccocevvieviveivinnnn, 52
Table 3.5 Two Levels of the Variables Used in Plackett—-Burman Design................ 57
Table 3.6 Experimental Design of The Plackett—Burman Design..........ccccccevvrvenen. 58
Table 3.7 DOE for OptimizZation ...........cccceiieiiiiieieece e 59
Table 4.1 Two Levels of The Variables Used in Plackett—Burman Design............... 67
Table 4.2 Results of the FCCCD EXPErimeNtS ........cccvevveieeiieie s 69

Table 4.3 Effect Estimation and ANOVA Results for Turbidity Removal (%) ........ 70

Table 4.4 Result of Validation Model By Comparing the Predicted and

Experimental Response (Turbidity Reduction) .........c.ccccevvvniniiinieniennne, 74
Table 4.5 Cross Flow Filtration Readings .........ccccoevveieiiciecie e 76
Table 4.6 Turbidity Reduction of Supernatant, Retentate and Filtrate....................... 77



LIST OF FIGURES

Figure 1.1 Turbidity Removal of Different Strain ...........cccocooiieiiiiniiiiicecee, 2
Figure 2.1 River Water Quality Trend in Malaysia...........cccooveveiieiiiie i, 9
Figure 2.2 A Schematic Chart Represents the Various Components that are
INCOPPOIAEA .....oveeiieie e 13
Figure 2.3 Conventional Raw Water Treatment SyStem. ..........ccccoovenvninieniniieneennen, 14
Figure 2.4 An Electrical Double LayYer .........cccooveieiiieniiie e 16

Figure 2.5 Simplified Depictions of the (A) Charge Neutralization Model and (B)
Bridging MOdEel .........ccooiiiieiiee e 18

Figure 2.6 Illustration the Development of the Particle Aggregation Process Through
Coagulation and FIOCCUIAtIoN ...........ccoeeiiiieiicie e 19

Figure 2.7 Conceptual Illustration of Sequential Al Reactions of Hydrolysis,

Complexion With NOM And Precipitation ............ccccccovvvveviveveccie e, 27
Figure 2.8 Culture of Lentinus Squarrosulus RWF-5...........ccccooiiiiiinininnineee, 39
Figure 2.9 Fourier-Transform Infrared Spectrogram...........ccccevveveiieieeiecieeseesnenn 42
Figure 2.10 Diagram of a Cross Flow Filtration System ...........ccccociiiiiiiicienn, 47
Figure 3.1 Flow Chart of Methodology .........ccccooviiiiieiiiccce e 50
Figure 3.2 Subculture Plate with Lentinus Squarrosulus INCisSion.............c.ccccveeeneee. 53
Figure 3.3 Plate Fully Covered with Lentinus SQUarrosulus............ccccceevveieevieennenne. 54
Figure 3.4 Fungal Ball after Fermentation...........c.ccoovririniiienene e, 55

Figure 3.5 Settled Flocs of Kaolin at the Bottom of the Beaker during Jar Test....... 56
Figure 3.6 Schematic of the CFF SYStem .........ccciiiiiiiiiiiee e, 60
Figure 3.7 Jar Apparatus Used to Test the Efficiency of the Myco-Coagulant......... 61
Figure 4.1 Turbidity Reduction by Fungal Biomass and Supernatants .................... 64
Figure 4.2 The Main Effect of Medium Components and Process Conditions......... 68

Figure 4.3 3-D Response Surface Plots of Turbidity Reduction as Function of (A)
Yeast Extract and (B) Agitation Speed.........ccccooveviieiieiiic e, 72

Xi



Figure 4.4 2-D Response Surface Plots of Turbidity Reduction as Function of (A)
Yeast Extract and (B) Agitation SPeed. .........cccocveveiieeiierie e, 73

Figure 4.5 Graph of Predicted Values as Function of Experimental Values............. 75

Xii



LIST OF ABBREVIATIONS

DoE Design of Experiment

EPS Extracellular Polymeric Substance
FCCCD Face Centered Central Composite Design
RSM Response Surface Methodology

PDA Potato Dextrose Agar

FA Flocculating Activity

TR Turbidity Reduction

CFF Cross Flow Filtration

VS Versus

NOM Natural Organic Matter

Xiii



%

I+

°C

kD
P+

Pr

LIST OF SYMBOLS

Minus Sign
Percentage

Plus Sign

Less than Sign
Greater than Sign
Plus or Minus Sign
Mu

Degree Celsius
Theta

Zeta

miligram

litre

weight

hour

volume

kilo Dalton

Feed pressure
Retentate pressure
Permeate (or filtrate) flux
Cross flow

Feed flow rate

Retentate flow rate

Component concentration of the membrane surface

Xiv


https://www.quora.com/How-do-I-use-a-plus-or-minus-sign-%C2%B1-when-using-a-percentage

Co

Cr

Component concentration of the bulk solution
Filtrate (or permeate) flow rate

Component concentration in the filtrate stream

XV



CHAPTER ONE

INTRODUCTION

11 BACKGROUND OF THE STUDY
Water security is one of the main issues of the modern society, which has become
more challenging due to global warming and climate change. River water is the main
global source of fresh water for domestic, irrigation and industrial use. However, high
turbidity caused by fine colloidal particles in water is a common issue that reduces the
aesthetic value of water making it unappealing for human consumption and other
usages. At the same time, the cost of water treatment increases with high turbidity and
other pollutants in the river water. One of the main sources of high turbidity is storm
runoff from developing areas. As such, the countries in the tropical region are more
susceptible to high turbidity in the rivers due to high rainfall induced soil erosion.
According to (Jebun, Al-Mamun, Alam, Karim, & Raus, 2015), Lentinus
squarrosulus has shown better turbidity reduction which is 94% compared to
commercial chemical coagulant such as polyaluminium chloride with 74% turbidity
reduction only. Hence, fungus has shown promising results for water treatment
alternative Out of 6 strains isolated from Sg. Pusu water sample, RWF shows the
highest turbidity reduction (Jebun, Al-Mamun, Alam, & Raus, 2016). Water turbidity
is reduced by using coagulants. Most of the coagulants used till today are chemical in
nature, inorganic and non-biodegradable. Such coagulants have health and
environmental effect (Hierrezuelo et al., 2010; Sotero-Santos et al., 2005; Ruden,
2004). Therefore, an attempt was made to produce myco-coagulant from fungus.

Several numbers of fungus species were isolated and tested for coagulant properties.



They were coded with names RWF (river water fungus). Based on the initial screening,
only six species (RWF-1 — RWF-6) showed coagulant properties. Further testing
revealed that RWF-5 exhibited the best results in reducing turbidity (Figure 1.1).
Therefore, this RWF-5 species of river water fungus was selected for further

investigation to produce efficient myco-coagulant.

m 20 mins 8 30 mins @ 40 mins

F o

Turbidity Removal (%)

Fungal Strain

Figure 1.1Turbidity removal of different strain (Jebun et al, 2016)

1.2 PROBLEM STATEMENT AND ITS SIGNIFICANCE

The negative effects of using chemical coagulants for water treatment are well-
documented such as neuropathological diseases (Muyibi & Alfugara, 2003; Flaten,
2001) and strong carcinogenic to human body and the environment (Ruden, 2004;
Dearfield et al., 1988). Despite knowing those potential impact on the human health
and environmental, there is no choice but to use the existing chemical coagulants for
the removal of turbidity from water. However, due to advancement in biotechnology,
new hopes are emerging out to discover biodegradable and safe coagulants. This
research is intended to overcome the lack of efficient bio-coagulant from renewable

source, to reduce turbidity of water. Separation of active metabolite from crude



coagulant is also another challenge in producing and handling of viable amount of
coagulant for commercial and application purposes.

Culture conditions affect the fungal coagulant production and the conditions
must be optimized for upscaling purpose. Fungal coagulant growth and vyield is
directly related to few important parameters such as temperature, pH, agitation speed
and dissolved oxygen concentration. Production of bulk amount of crude myco-
coagulant makes the application of the coagulant inconvenient for handling and
storage. In fact, higher volume of inactive compound requires more energy in

harvesting and separating the final product.

1.3 RESEARCH OBJECTIVES

1. To identify significant physical and environmental culture conditions for myco-
coagulant production using Plackett-Burman design (PBD) and synthetic water
from kaolin solution at 500 + 10 NTU.

2. To optimize operational conditions of shake flask fermentation for maximum
turbidity reduction of myco-coagulant using Face Centered Central Composite
Design (FCCCD).

3. To separate the active metabolite of the myco-coagulant by cross flow filtration
(CFF) system for lab scale application to compare between the retentate and

permeate effectiveness.

1.4 RESEARCH METHODOLOGY
Detail of the overall process used in the study is presented in Chapter 3. All

experimental procedures in this research work were conducted according to methods



previously published in scientific journals or articles and Standard Method for the
Examination of Water and Wastewater (APHA, 1999).

The fungus (Lentinus squarrosulus) isolated from the river water was used in
this study. The fungus was cultured in PDA plate and fermented in media broth. After
that, selection of physicochemical parameters was conducted to choose the best
fermentation conditions in terms of efficiency in removing turbidity from kaolin
solution, which was taken as turbidity reduction. Kaolin solution is used instead of
real river water to ensure the consistency of initial turbidity level for each experiment.

The best media composition and culture conditions were fixed for the culture
while the agitation speed and yeast extract concentration were optimized to determine
the turbidity reduction. Plackett-Burman Design and Face Centered Central
Composite Design (FCCCD) coupled with Response Surface Methodology (RSM)
was used to determine the mathematical model of the coagulation process.

Cross flow filtration system was used with 30 kD hollow fibre membrane to
separate the active metabolite. The turbidity reduction was compared between the

retentate and the filtrate, using the jar test apparatus.

15  SCOPE OF RESEARCH

Locally isolated wild river water fungus (RWF), Lentinus squarrosulus was used to
reduce turbidity from kaolin solution prepared with distilled water and clay powder.
The main scope of the research was to optimize various conditions to maximize the
production of myco-coagulant and then to separate the active metabolite from the

crude coagulant. Turbidity reduction of the myco-coagulant is compared with kaolin



solution without additional flocculant as the control. The specific scopes of research
for this study are stated below:
1. ldentifying physical and environmental culture conditions of the fungal strain
using Plackett-Burman design (PBD).
2. Optimizing the operational conditions for maximum production of myco-
coagulant using Face Centered Central Composite Design (FCCCD).
3. Separating active metabolite from the myco-coagulant by a cross flow filtration

(CFF) system.

16 THESIS ORGANIZATION

There are five chapters in this thesis. Chapter 1 consists of background of study,
problem statement and its significance, research objectives, research methodology and
scopes of research. Chapter 2 presents the literature review related to general
coagulants and bio-coagulants, water treatment, growth conditions and factors of
fungal growth. The research materials and methodology are elaborated in Chapter 3.
Results for all findings are discussed in Chapter 4 separated with a few sections
according to the specific objectives. Finally, Chapter 5 summarizes all the findings of

this study with a number of possible recommendations for future work.



CHAPTER TWO

LITERATURE REVIEW

2.1 INTRODUCTION

This chapter contains details about the relevant and recent literature on surface water
pollution and its treatment using coagulation and flocculation system. Main focus was
given to the reduction of turbidity from surface water, coagulation - flocculation
processes, types of coagulants used in the market, production of degradable bio-

coagulants and their details.

2.2 WATER POLLUTION
The continuous increase in water use and polluted water sources has threatened plant
and animal lives (Su et al., 2011). The rapid growth in the use of water over the last
half of the century has resulted a general awareness to employ a holistic approach in
examination of various options for the future. When the quality of water is altered, its
domestic and industrial uses are affected thus adversely affects the optimum
management of water resources (Rao & Mamatha, 2004). The physicochemical and
biological nature of Surface water bodies have been affected by urbanization,
industrialization and agricultural activities (Jain et al., 2007). Yuan, Zhang, Li, Wang,
& Ji, (2014) reported that the sources of nutrients and sediment pollutant include
emissions from agricultural activities, urbanization, industrialization, etc.

According to reports from the World Water Assessment Programme (2009),
freshwater reserves have been put under high demand due to various economic and

climatic drivers of change which results in a large proportion of the global population



currently living in water scarce preconditions. There has been a future projection that
population growth would reach about 9 billion by 2050 and living standards would
also raise. All these would result into an increase in water demand in all sectors. For
agriculture (rain fed and irrigated) to blossom, it is expected that water consumption
in the future will increase by 19% (approximately) by 2050. In addition, matters
would only be made worse if there is no technological advancement or policy
interventions. Presently, reports have shown that water withdrawal is likely to step-up
by 25% in developing countries. The rapid population growth underway in Asia and
the expansion of cities in the region combined to place an ever-growing demand on
water resources to meet urban needs. New research shows that water stress in China
IS expected to become more severe for at least the next 15 years (IWA, 2015).

Many studies have been done for finding causes of river water pollution in
throughout the world. Wu et al., (2013) investigated the influence of point source (PS)
and non-point source (NPS) pollution of the Dongjiang River, China with NPS
pollution being a dominant contribution (more than 94%) to nutrient loads. Similar
works have been reported by Chen et al., (2013) on Jinjiang River, China. Water
pollution of Sabarmati River in India was greatly polluted; an aftermath of municipal
drainage and industrial waste discharge (Haldar et al., 2014). The major factors
contributing to water pollution of the Qiantang River in China were found to be
sewage, agricultural runoffs, wastewater from industries, mineral weathering, carbon

monoxide from vehicle exhaust and sand mining (Huang et al., 2010; Su et al., 2011).



2.3 SURFACE WATER STATUS IN MALAYSIA

Malaysian rivers have vital role on nature and human society. Major cities have been
established and flourished along the rivers. Rivers are not only rich sources of life but
also a major source of ecosystems, providing water supply, irrigation for agriculture, a
transportation means (by sea), a major source of food as in fisheries, electric power
generation (hydro-electric power) and for various industrial uses (Chan, 2002). It also
serves as habitats for aquatic flora and fauna, generating a rich biodiversity of life
forms which is well supported by the riparian environment (Naiman and Bilby, 2001).
Nevertheless, over the years, with the amalgamation of low importance on the
government agenda, public apathy, neglect and poor management have resulted in
severely degraded rivers including their water quality. In the last three or four
decades, the country has developed very fast, with increasing urbanization all over the
major towns and cities (Weng, 2005).

In Malaysia, the rate at which rivers are been polluted is at an alarming rate. It
is one of the most serious issues that have affected more than half of the rivers (Netto,
2006). Construction and deforestation have brought about the decline of water quality
in the Kelang River basin. Studies have shown that it was due to high sediment loads
from untreated sewage, large quantities of litter and rubbish, and majorly effluents
from industries and commercial sources (Balamurugan, 1991).

In addition, it has been discovered that pollution sources of Sungai Pinang are
from industries, domestic and non-classified wastewater such as hawkers, restaurants,
bus stations as well as non-point sources (Saad et al., 2006). Langat River and its
tributaries are polluted due to occurrence of human pharmaceuticals in wastewater

effluents (Al-Odaini, Zakaria, Yaziz, Surif, & Abdulghani, 2013). The main sources



of pollution were identified as coming from poultry farms, activities of market and
wastewater industries in Selangor (Fulazzaky, Seong, & Masirin, 2010).

As reported by DOE in 2010, 527 (50%) out of the 1,055 water quality
monitoring stations located at 570 rivers were found to be clean. 417 (40%) was
slightly polluted and 111 (10%) polluted. In 2009, the number of clean rivers was
decreased from 306 rivers to 293, slightly polluted rivers decreased from 217 to 203
in 2009 while the number of polluted rivers increased from 54 to 74 in 2009. Rivers
water quality trend in Malaysia are shown in Figure 2.1. The figure shows that the
decrease in the number of clean rivers were attributed to an increase in the number of
pollution sources such as agro-based industries and sewage treatment plants which

caused to high pollution burden.
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Figure 2.1 River Water Quality Trend in Malaysia (Ying, 2019)
In these rivers, major pollutants were found out to be Biochemical Oxygen
Demand (BOD), Ammoniacal Nitrogen (NHs-N) and suspended solids (TSS). The

untreated sewage and discharges from agricultural and manufacturing industries were



