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ABSTRACT

The production of heavy metals has increased Isamthce the industrial
revolution. Heavy metals usually form compoundd ttem be toxic even in very low
concentrations. The conventional methods of rengpwiretals from wastewaters such
as chemical precipitation, chemical oxidation oduetion, ion exchange, filtration,
electrochemical treatment, membrane technologidssalvent extraction are generally
expensive and have many limitations. It is alsoeget® huge quantity of toxic chemical
sludge. The search for new technologies has ddecttention to biosorption.
Bioadsorption is a process that utilizes inexpendiilomass to sequester toxic heavy
metals and is particularly useful for the removél contaminants from industrial
effluents. Algae, bacteria and fungi and yeastsehproved to be potential metal
biosorbents. The biosorption of copper ions fromudated wastewater using baker’s
yeast biomass will be investigated. The major psepof thisresearch is to study the
effect of pH and biomass concentration on coppéakeobySaccharomyces cerevisiae
from simulated waste water. The level of copper ddcumulatiordepends on the pH
and initial biomass concentration. Optimum pH valder maximumcopper (ll)
accumulation were determined in range of 3.0-8.0ilenveffects of concentration on
biosorption were in the range 5.0-20.0 mg/ml ofltl@mass. As the result, there was an
increase in biosorption capacity with increasingpdf. pH value of 8.0 shows the
highest percent of metal accumulated which is alii6%6. For biomass concentration
parameter, the analysis for 10 mg/ml of biomassceptration gives the optimum

uptake of heavy metal with 60% removal from theldated wastewater.
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ABSTRAK

Penghasilan logam berat telah meningkat dengamt cepmenjak revolusi
industri. la selalunya membentuk campuran yanghoohenjadi toksik walaupun di
dalam kepekatan yang rendah. Kaedah konvensiomak mmenyingkirkan logam dari
air kumbahan seperti mendakan kimia, pengoksid&an @enurunan kimia, penukaran
ion, penurasan, rawatan elektrokimia, teknologi foem, dan pengekstrakan bahan
pelarut selalunya lebih mahal dan aplikasinya dd#abatas. la juga menghasilkan
lumpur kimia bertoksik dalam kuantiti yang bany#&encarian teknologi baru telah
tertumpu pada penjerapan biologi. la adalah prgaeg menggunakan jisim biologi
yang murah untuk mengasingkan logam berat bertollsik berkeupayaan untuk
menyingkirkan bendasing dari kotoran industri. Rampakteria dan kulat, dan yis
telah terbukti sebagai bahan penjerap berpoteesijeRapan biologi bagi ion kuprum
daripada air kumbahan simulasi menggunakan jisiologi yis, iaitu Saccharomyces
cerevisiae telah diselidik. Kajian dijalankan dengan parameiti pH dan kepekatan
jisim biologi bagi menguji kadar penjerapan logasrdd menggunakan yis tersebut.
Jumlah pengumpulan kuprum bergantung kepada rilalgn kepekatan biojisim. Nilai
pH bagi pengumpulan kuprum yang maksimum dikajianhaljulat 3.0 hingga 8.0,
manakala kesan kepekatan biojisim pula dalam j&lét hingga 20.0 mg/ml jisim
biologi. Keputusannya, kapasiti penjerapan bio mgkat dengan meningkatnya nilai
pH dan bacaan pada pH 8 memberikan kadar penjetagam kuprum yang tertinggi
iaitu hampir 70%. Untuk parameter kepekatan jisioldgi pula menunjukkan bahawa
bacaan 10mg/ml menghasilkan penyingkiran ion logaprum yang optimum dangan
peratus penyingkiran sebanyak 60%.



CHAPTER

TABLE OF CONTENTS

TITLEPAGE

TITLE PAGE
DECLARATION
DEDICATION
ACKNOWLEDGEMENT
ABSTRACT

ABSTRAK

TABLE OF CONTENT
LIST OF TABLES

LIST OF FIGURES
LIST OF SYMBOL
LIST OF APPENDICES

INTRODUCTION

1.1  Background

1.2  Problem statement
1.3  Objective

1.4  Scopes of research

vii

PAGE

Vi

vii

Xi
xiii

Xiv



2 LITERATURE REVIEW

2.1

2.2

2.3

2.4

Biosorption

2.1.1 Advantages

2.1.2 Disadvantages

2.1.3 Sources of Biomass for Biosorption
2.1.4 Biosorption mechanism

2.1.5 Factor affecting Biosorption

Saccharomyces cerevisiae
2.2.1 Introduction
2.2.2 Lifecycle
2.2.3 S. cerevisiae as biosorbentametal biosorption
Heavy metal
2.3.1 Introduction
2.3.2 The Toxicity
2.3.3 Copper
2.3.3.1Sources of copper waste
2.3.3.2Effect of exceed copper

Atomic Absorption Spectrometer (AAS)
2.4.1 Introduction
2.4.2 Operation of Atomic Absorption

Spectrophotometer (AAS)

viii

10
12

14

14

16

18

20

20

20

21

22

23

25
25

25



MATERIALS AND METHODOLOGY
3.1 Materials and Methods

3.1.1 Biosorbent preparation

3.1.2 Simulated Wastewater Preparation

3.1.3 pH Profile Experiment

3.1.4 Biomass Concentration Profile Experiment
3.1.5 Biosorption Experiments

3.1.6 Copper lons Analysis

3.2 Flow Diagram

RESULT AND DISCUSSION
4.1 Introduction

4.2 Effect of pH on the biosorption of Cu(ll)

4.3 Effect of Biomass concentration on Cu(ll)
Bioaccumulation

CONCLUSION
5.1 Conclusion
52 Recommendation

REFERENCES

APPENDICES

27
27

27

28

29

29

30

31

32
23

35

38
39

40

44



TABLE NO

2.1

2.2

2.3

2.4

2.5

2.6

4.1

4.2

LIST OF TABLES

TITLE

Examples of toxic heavy metals accumulating@organisms
Some metal ions studiedSncerevisiae

Fungal biomass for removal of heavy metals)femueous
solution

Properties of Copper

Ranking of Risks Associated with Various Metal

National Secondary Drinking Water Standards

Average %Biosorption at different pH

Average %Biosorption at different pH

PAGE

9

19

19

22

24

24

33

35



LIST OF FIGURES

FIGURE NO TITLE

1.1 Major Sector's Composition of Water Polluti®aurces
2.1a Carbonato complex

2.1b Oxalato complex

2.2 S cerevisiae (by Dan Eshel)

2.3 Yeast

2.4 S cerevisiae under DIC microscopy

2.5 Dry yeast

2.6 Yeast Life Cycle

2.7 Morphology of Yeast Cell Type

3.1 Microcentrifuge

3.2 Biosorbent in M.centrifuge tubes

3.3 Solution of Cu (Il) (25 mg/l) preparation

3.4 Biosorption Experimentation

Xi

PAGE

11

11

15

15

15

15

17

17

28

28

82

29



3.5

3.6
3.7
4.1
4.2
4.3
4.4

Collection of samples

Yeast and metal binding samples ready to aaaly
Process flow diagrams

% Biosorption at different pH

Biosorption distributions by time (pH)
%Biosorption at different biomass concentratio

Biosorption distributions by time (Biomass Centration)

Xii

30

30
31
32
33
35
36



AAS
Cu
C, C
h

K

L

mg
mL
ppm
rev/min
°C

LIST OF SYMBOLS

Atomic Absorption Spectrometer
Copper

Initial & Equilibrium Concentration
hour

Kelvin

Liter

milligram

milliliter

part per million

revolution per minutes

Degree Celsius

Xiii



LIST OF APPENDICES

APPENDIX TITLE
A pH Profile Experiment Data
B Biomass concentration Profile Experiment Data

AAS Analysis

Xiv

PAGE

44
46
48



CHAPTER 1

INTRODUCTION

1.1  Background

Heavy metal pollution has become one of the mosbw® environmental
problems todayHeavy metals (e.g. lead, copper, cadmium, zinmralum, etc.) are
toxic even at low concentrations. The pollutiospseading throughout the world along
with industrial progress. Copper(ll) is known to dxee of the heavy metals most toxic
to living organisms and it is one of the more wygtead heavy metal contaminants of

the environment.

The commonly used procedures for removing meta foom aqueous streams
include chemical precipitation, lime coagulationon iexchange, reverse osmosis and
solvent extraction. The disadvantages like incotepfeetal removal, high reagent and
energy requirements, generation of toxic sludgetber waste products that require
careful disposal has made it imperative for a effgetive treatment method that is

capable of removing heavy metals from aqueousesithi

The search for new technologies involving the reahoef toxic metals from
wastewaters has directed attention to biosorpbased on metal binding capacities of
various biological materials. Biosorption can bdirterl as the ability of biological
materials to accumulate heavy metals from wastewhateugh metabolically mediated
or physico-chemical pathways of uptake (FourestRodx, 1992). Algae, bacteria and
fungi and yeasts have proved to be potential niédalorbents (Volesky, 1986). But



biomaterials such as bacteria, fungi, yeast andealgaregarded as a cost-effective
biotechnology only for the treatment of high volumed low concentration complex

wastewaters containing heavy metal(s) in the ooflérto 100 mg/L.

Among the promising biosorbents for heavy metal aesh which have been
researched during the past decad@ascharomyces cerevisiae has received increasing
attention due to the unique nature in spite ofmdiocre capacity for metal uptake
compared with other fungiS cerevisae is widely used in food and beverage
production, is easily cultivated using cheap medialso a by-product in large quantity
as a waste of the fermentation industry, and idyeasanipulated at molecular level.
The state of the art in the field of biosorption leéavy metals byS cerevisiae
worldwide, based on a substantial number of releveferences published recently on

the background of biosorption achievements andldpueent.

1.2 Problem statement

Environmental contamination by toxic metals is doaes problem due to their
incremental accumulation in the food chain and iooied persistence in the ecosystem.
Heavy metal is discharged in small quantities ietovironment through numerous
industrial activities. Heavy metals such as chromioopper, lead, nickel in wastewater
are hazardous to environment and health. The presgrcopper (1) ions in water may
cause toxic and harmful effects to the living oigars present and as well as to

consumers.

With the rapid development of various industrigscfiding mining and smelting of
metalliferous, energy and fuel production, ferélizand pesticide industry, metallurgy,
iron and steel, electroplating, electrolysis, leatvorking, photography, electric
appliance manufacturing, metal surface treatingrosgmce and atomic energy
installation), wastes containing metals are diyeatt indirectly discharged into the

environment increasingly, especially in developtogntries, having brought serious



environmental pollution, and threatened biol{gishop, 2002; Volesky, 1990a;Wang,
2002a).

Several industries, for example, dyeing, papemopesim, copper/brass-plating
and copper—ammonium rayon, release undesired ama@inCu (Il). Discharge of
heavy metals from metal processing industries @anto have adverse effects on the
environment. Conventional treatment technologigsrémoval of heavy metals from
agueous solution are not economical and generage lyuantity of toxic chemical
sludge.

Biosorption of heavy metals by metabolically inaetinon-living biomass of
microbial or plant origin is an innovative and afigtive technology for removal of
these pollutants from aqueous solution. Due to wamighemical composition biomass
sequesters metal ions by forming metal complexem fsolution and obviates the
necessity to maintain special growth-supportingdttions. Biosorption processes are
particularly suitable for the treatment of wastesvadtreams containing dilute heavy

metal ion concentrations or when very low conceiutng of heavy metals are required.

O Sewage Treatment
Plants

B Manufacturing
465% Industry
OAnimal Farm

46%
OAgro-base Industry

Composition of Water Pollution Sowrces by Sectar,
Sowrce: Malaysia Enviranmental Quality Report 2003

Figure 1.1  Major Sector's Composition of Water Pollution Stes



1.3  Objective

The main purpose of this project is to study the @& biosorption on copper
removal bySaccharomyces cerevisiae from simulated waste water

1.4  Scopes of research

The scopes of the project are as follows:-

a) Study on pH effect of metal solution on coppemoval bySaccharomyces

cerevisiae from simulated waste water

b) Study on effect of biosorbent concentration oopper removal by
Saccharomyces cerevisiae from simulated waste water



CHAPTER 2

LITERATURE REVIEW

2.1 Biosorption

Biosorption is a property of certain types of imaet dead, microbial biomass to
bind and concentrate heavy metals from even vdotedaqueous solutions. Biomass
exhibits this property, acting just as a chemiasbstéance, as an ion exchanger of
biological origin. It is particularly the cell waltructure of certain algae, fungi and
bacteria which was found responsible for this pimemaon (Volesky, 1990). The major

advantages of biosorption over conventional treatmeethods include:

« Low cost

« High efficiency

« Minimisation of chemical and/or biological sludge
« No additional nutrient requirement

« Regeneration of biosorbent

+ Possibility of metal recovery

These advantages are the primary incentives foreldping full-scale
biosorption processes to clean up heavy-metal f@iuThe biosorption process
involves a solid phase (sorbent or biosorbent;ogichl material) and a liquid phase
(solvent, normally water) containing a dissolve@a@ps to be sorbed (sorbate, metal
ions). Due to higher affinity of the sorbent foethorbate species, the latter is attracted

and bound there by different mechanisms. The psocestinues till equilibrium is



established between the amount of solid-bound serlspecies and its portion
remaining in the solution. The degree of sorbefihigyf for the sorbate determines its

distribution between the solid and liquid phases.

Biosorption is a rapid phenomenon of passive mepdhke sequestration by
non-growing biomass (Beveridge and Doyle, 1989kuRs are convincing and binding
capacity of certain biomass is comparable with doenmercial synthetic cation
exchange resins (Wase and Foster, 1997). VolegkHalran (1995) have reviewed the
exhaustive list of microbes and their metal bindtagacities. Further, sorption capacity
is evaluated by sorption isotherms described bygtranr and Freundlich models. The
uptake of metal by two biosorbents must be compaedhe same equilibrium
concentration. The adsorption is easy to understemeh it refers to a single metal
situation; however in a multi-ion situation, whighgenerally encountered in effluent,
the assessment of sorption becomes complicatedt dMdble work exists with single
metal solution and realistic approach would bernifg results in mixed metal solution
at extreme pH and variable metal concentrations@&iation efficiency depends upon
many factors, including the capacity, affinity aspkcificity of the biosorbents and their
physical and chemical conditions effluents. Biggimm can be carried out as a batch
process, a continuous process, or a two-stage ggaeith continuous metal recovery.
Biomass should be defrosted and washed with dedniater. To ensure equal quality
of the biomass during all experiments, differemddd of biomass should be mixed

together to obtain a uniform mixture.

Till now, research in the area of biosorption ®gig it an ideal alternative for
decontamination of metal containing effluents. Adeges and disadvantages of

biosorption by non-living biomass are as followsogdk and Natarajan, 1995).
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2.1.2

Advantages

Growth-independent, non-living biomass is not scibje toxicity limitation of
cells. No requirement of costly nutrient required the growth of cell in feed
solutions. Therefore, the problems of disposaluplsis nutrients or metabolic
products are not present.

Biomass can procured from the existing fermentatiotustries, which is
essentially a waste after fermentation.

The process is not governed by the physiologicaktaint of living microbial
cells.

Because of non-living biomass behave as anion exgenathe process is very
rapid and takes place between few minutes to fewshoMetal loading on
biomass is often very high, leading to very efintiemetal uptake.

Because cells are non-living, processing condiao@ not restricted to those
conducive for the growth of cells. In other wordswider range of operating
conditions such as pH, temperature and metal ctratEm is possible. No
aseptic conditions are required for this process.

Metal can be desorbed readily and then recoverdgeifvalue and amount of
metal recovered are significant and if the biom&sglentiful, metal-loaded

biomass can be incinerated, thereby eliminatinth&srtreatment.

Disadvantages

Early saturation can be problem i.e. when metaradtive sites are occupied,
metal desorption is necessary prior to further irsespective of metal value.
The potential for biological process improvementg(ethrough genetic

engineering of cells) is limited because cells ao¢ metabolizing. Because



production of the adsorptive agent occurs during-gmowth, there is no
biological control over characteristic of biosorhefhese will particularly true
if waste biomass from fermentation unit is beinijjagd.

» There is no potential for biologically altering thmeetal valency state. For
example less soluble forms or even for degradatidnorganometallic

complexes.

Biosorption does offer a competitive wastewateattreent alternative, the basis of

which needs to be well understood in order to preapplication failures.

2.1.3 Sources of Biomass for Biosorption

Some biosorbents can bind and collect a wide rarfigeeavy metals with no
specific priority, whereas others are specificdertain types of metals. When choosing
the biomass for metal biosorption experiments,oitigin is a major factor to be

considered. Biomass can come from:

* Industrial wastes which should be obtained freehafrge

* Organisms that can be obtained easily in large atsan nature (e.g., bacteria,
yeast, algae)

» Fast-growing organisms that are specifically calidd or propagated for

biosorption purposes (crab shells, seaweeds).

Some examples of sources of biomass include:

Seaweeds

Microorganisms (bacteria, fungi, yeast, molds)

Activated sludge

Fermentation waste



» Other specially propagated biomasses

Biosorbents must be hard enough to withstand pipdication pressures, porous
and/or transparent to metal ion sorbate specieshawe high and fast sorption uptake
even after repeated regeneration cycles. The red¢dnsport raw biomass may also
present some logistical problems. Microbial biomhaas a high water content and is
prone to decay, so drying may be required if itncdrbe processed and/or granulated
directly on location in the wet state. There isidewariety of microorganisms (Table
2.1), including bacteria, fungi, yeast, and alghat tcan interact with metals and

radionuclide and transform them through severalhaesisms.

Table 2.1Examples of toxic heavy metals accumulating migygaaisms

Organisn Elemen
Citrobacter sp. Lead, Cadmium
Thiobacillus ferrooxidans Silver

Bacillus cereus Cadmium
Bacillus subtilis Chromium
Pseudomonas aeruginosa Uranium
Micrococcus luteus Strontium
Rhisopus arrhizus Mercury
Aspergillus niger Thorium
Saccharomyces cerevisiae Uranium

Often, the source of the biosorbent has a majoaanpn the feasibility of the
operation. The spent biosorbents can be regenesaiexty low cost using water, so the
material can be reused many times. Hence, consgléhe overall unit operations
involved in biosorption, we can conclude that thhlecpss is generally economically

viable.
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2.1.4 Biosorption mechanisms

There are many ways for the metal to be taken ughbymicrobial cell. The
biosorption mechanisms may be classified accortiinthe dependence on the cell's
metabolism and according to the location wherenteal removed from solution is
found. According to the dependence on the cell'sbwism, biosorption mechanisms

can be divided intal) Metabolism dependent a2l Non -metabolism dependent.

Dependent on the cell's metabolism is when tranggdhe metal across the cell
membrane yields intracellular accumulation. Thisangethat this kind of biosorption
may take place only with viable cells. It is oftassociated with an active defense

system of the microorganism, which reacts in tlesence of toxic metal.

During non-metabolism dependent biosorption, metatake is by physico-
chemical interaction between the metal and the tional groups present on the
microbial cell surface. The mechanism of biosompi® complex, mainly ion exchange,
chelation, adsorption by physical forces, entragmien inters and intrafibrilliar
capillaries and spaces of the structural polysambbanetwork as a result of the
concentration gradient and diffusion through cedlllerand membranes (Kuyucak and
Volesky, 1988). Various metal-binding mechanismgehbeen postulated to be active

in biosorption, such as:

» Chemisorptions by ion exchange, complexation, doattbn and/or chelation.
» Physical Adsorption
» Microprecipitation

» Oxidation/Reduction.

Due to the complexity of the biomaterials useds ipossible that at least some
of these mechanisms are acting simultaneously tginga degrees, depending on the

biosorbent and the solution environment.

lon exchange is a reversible chemical reaction wherein an o isolution is

exchanged for a similarly charged ion attached rioilmmobile solid particle. lon



