
xvi 
 

LIST OF TABLES 

 

TABLE DESCRIPTION PAGE 

 CHAPTER II  

2.1 Parameter limits and health effects of heavy metal 17 

2.2 Sources of heavy metal from industrial applications 20 

2.3 Comparison of the process description and performance using different 

in-practice treatment technologies for heavy metal removal 

 

28 

2.4 Comparison of progressive treatment technology 29 

2.5 Specific area of biosorption study and its parameters 31 

2.6 Mechanisms in biosorption and its description 33 

2.7 (a)  List of evaluation study for ion exchange mechanism by 

specific biosorbents (b) List of evaluation study for chemisorption 

mechanism by specific biosorbents (c) List of evaluation study for 

complexation mechanism by specific biosorbents 

 

35 

2.8 Timeline for prevalent isotherm models used for the evaluation of 

heavy metal biosorption using various types of biosorbent 

 

39 

2.9 Commonly used kinetic models for the evaluation of heavy metal 

biosorption using raw agricultural waste and fungus derived 

biosorbents 

 

42 

2.10 Biosorption of heavy metal by specific biosorbent in association 

to thermodynamic and desorption models 

 

45 

2.11 Input and output of ANN for heavy metal biosorption modelling 

 

48 

2.12 (a) List of Pb(II) biosorption studies by selective biosorbents at 

various country (b) List of Cu(II) biosorption studies by selective 

biosorbents at various country (c) List of Ni(II) biosorption 

studies by selective biosorbents at various country 

 

50 

2.13 Agricultural based biosorbent for heavy metal biosorption in 

Malaysia 

 

54 

2.14 Washing pre-treatment methods for agricultural waste and wood 

based biosorbents 

 

56 

2.15 Identification of functional groups according with the use of 

specific characterisation analysis for heavy metal biosorbent 

 

58 



xvii 
 

   

 CHAPTER III  

3.1 Major phases of laboratory work in this study 62 

3.2 Apparatus used in sample preparation and running of experiments 66 

3.3 Chemicals used in this study 67 

3.4 Equipments used for sample preparation 68 

3.5 Equipments used for sample analysis 69 

3.6 Specific wavelength for metals according to Perkin Elmer ICP-

OES application note 

 

71 

3.7 Methodology for cellulose and lignin content analysis 76 

3.8 Details of 13C ssNMR experimental designs 80 

3.9 Summary of abiotic factors range for heavy metal biosorption 80 

   

 CHAPTER IV  

4.1 Comparison study for reproducibility of biosorbent and 

repeatability of Ni(II) biosorption from batch to batch sampling 

 

99 

4.2 Comparison of surface area and particle size PSMC with other 

recent reported studies 

 

100 

4.2 Comparison of elemental analysis of PSMC with relevant 

biosorbents 

 

101 

4.4 Cellulose and lignin content analysis 102 

4.5 Identification of functional groups of PSMC biosorbent by XPS 

analysis 

 

105 

4.6 Identification of specific functional groups in PSMC biosorbent 

by FITR analysis 

 

109 

4.7 The biosorbent functional groups and components from 13C 

chemical shifts 

 

112 

4.8 Biosorption mechanism elucidation by functional groups 

determination through the use of several instrumental analysis 

 

117 

4.9 Hanes-Woolf plot of Michaelis Menten derivation for half 

saturation constant determination (Km) 

125 



xviii 
 

 

4.10 Comparison of initial pH at maximum heavy metal biosorption in 

recent studies 

 

127 

4.11 Comparison of contact time on heavy metal biosorption 130 

4.12 Percentage of heavy metal biosorption for investigated parameters 

(a) single heavy metal (b) bi-heavy metal (c) multi-heavy metal 

 

134 

4.13 The Langmuir isotherm parameters for heavy metal biosorption 

using PSMC biosorbent 

 

137 

4.14 (a) Comparison of Pb(II) Langmuir isotherm parameters with 

other recent studies using PSMC biosorbent (b) Comparison of 

Cu(II) Langmuir isotherm parameters with other recent studies 

using PSMC biosorbent (c) Comparison of Ni(II) Langmuir 

isotherm parameters with other recent studies using PSMC 

biosorbent 

 

140 

4.15 Pseudo first-order and second-order parameters for three heavy 

metal biosorption using PSMC biosorbent 

 

144 

4.16 Thermodynamic parameters for heavy metal biosorption utilizing 

PSMC biosorbent 

 

145 

4.17 Heavy metal biosorption in five different automobile wastewater 

samples using PSMC biosorbent 

 

148 

4.18 Comparison study for recovery percentage and desorption 

parameters of this study with those recently reported in literature 

 

154 

4.19 Comparison application of the developed ANN model with other 

ANN models in heavy metal biosorption using biosorbent 

 

162 

 

 

 

 


