Table of Contents

Contents/Chapters Page
No.

List of Figures Xiv
List of Tables XX1
Abbreviations XXV
Preface XXX
1.0. Introduction 1
2.0. Literature Review 13
2.1. Source of isolation of robust microalgae 14

2.2. Mechanism of pollutant removal by Microalgae

2.2.1. Carbon Assimilation 15
2.2.2. Assimilation of nitrogen 17
2.2.3. Assimilation of phosphorus 19
2.2.4. Assimilation of dyes by microlage 20
2.2.5. Assimilation of metals by microlage 23
2.3. Effect of Input parameters on microalgal growth 25
2.3.1. Waste effluent Source 25
2.3.1.1. Industrial Wastewater 28
2.3.1.1.1. Textile Industry effluents 30

2.3.1.1.2. Carpet Industry effluents 30

2.3.1.1.3. Petroleum Industry effluents 32

2.3.1.1.4. Tannery industry effluents 33

vii



2.3.1.2. Domestic effluents
2.3.1.3. Municipal Waste effluents
2.3.1.4. Agriculture Waste effluents
2.3.1.5. Livestock Waste effluents
2.3.2. Pretreatment of wastewater
2.3.3. Cultivation Type
2.3.4. Culture Type
2.3.5. Reactor Type
2.3.6. CO;content
2.3.7. Temperature
2.3.8. pH
2.3.9. Initial Inoculum Level
2.3.10. Light Intensity & Photoperiod
2.3.11. Initial Nutrient Concentration
2.4. RSM (Response Surface Methodology) and
Atrtificial neural network (ANN)
2.5. Genetic Algorithm Optimization (GA)
2.6. Co-Cultivation of Two Microalgae
2.7. Microalgal Harvesting optimization
3.0. Isolation and screening of Diplosphaera mucosa VSPA for
bioremediation of textile and carpet effluent
3.1. Introduction
3.2. Methodology

3.2.1. Isolation and characterization of strains

viii

34

35

36

37

38

39

42

43

44

45

45

45

46

46

47

50

52

54

62

63

63

63



3.2.2.

3.2.3.

3.24.

3.2.5.

3.2.6.

3.2.7.

Collection and characterisation of industrial effluents
Photobioreactor construction

Experimental Procedure

Analytical Techniques

Mathematical modeling study

Statistical Analyses

3.3. Results and Discussion

3.3.1.

3.3.2.

3.3.3.

3.3.4.

Biomass Production

Pollutant Removal

3.3.2.1. Ammonium Nitrogen Removal Efficiency
3.3.2.2. Phosphate-Phosphorus Removal Efficiency
3.3.2.3. COD removal efficiency

Color removal efficiency

Modelling study

3.4. Conclusions

4.0. A multiple input optimisation of D. mucosa VSPA Biomass production
and Bioremediation using artificial neural network-genetic algorithms

4.1. Introduction

4.2. Materials and Methods

4.2.1.

4.2.2.

4.2.3.

4.2.4.

Strain isolation and characterisation
Wastewater collection and characterization
Experimental Set-up

Experimental Design

4.2.4.1. Response Surface Methodology (RSM)

4.2.4.2. Artificial Neural Network (ANN)

X

65

66

68

69

71

72

73

73

77

78

80

82

84

86

95

96

97

97

97

98

98

102

102

104



4.2.5.

4.2.6.

4.2.4.3. Genetic Algorithm based optimisation
Analytical Techniques

Statistical Analysis

4.3. Result and Discussion

4.3.1.

4.3.2.

4.3.3.

4.3.4.

4.3.5.

RSM modelling

Response Plots

ANN Modelling

RSM-GA and ANN-GA-based optimisation

Future Implications

4.4. Conclusions

5.0. Enhanced Biomass production and Bioremediation of Diplosphaera

mucosa VSPA using simulated raceway reactor

5.1. Introduction

5.2. Materials and Methods

5.2.1.

5.2.2.

5.2.3.

524.

5.2.5.

5.2.6.

5.2.7.

Strain Isolation and Characterisation
Waste effluent collection and Characterization
Raceway Reactor Design

Batch Treatment

Analytical Techniques

5.2.5.1. Biomass concentration Determination
5.2.5.2. Substrate concentration determination
Growth modelling

Statistical Analysis

5.3. Results and Discussion

106

108

108

109

109

110

115

120

123

124

125

126

126

126

127

129

130

131

131

131

132

133

133



5.3.1.

53.2.

5.3.3.

534.

Strain Identification

Biomass Production

5.3.2.1. Biomass Production

5.3.2.2. Lipid Production

Substrate Removal Efficiency

5.3.3.1. Ammonium-nitrogen (NH4"-N) removal
5.3.3.2. Phosphate phosphorus removal

5.3.3.3. Chemical oxygen demand (COD) removal

Growth Kinetic Modeling

5.4. Conclusions

6.0. Co-cultivation strategy using D. mucosa VSPA and Scenedesmus

obliquus for enhanced biomass production and bioremediation

6.1. Introduction

6.2. Materials and Methods

6.2.1.

6.2.2.

6.2.3.

6.2.4.

6.2.5.

6.2.6.

6.2.7.

Culture Procurement and its Maintenance
Culture Isolation and Identification
Inoculation ratio determination
Wastewater collection and characterization
Experimental Design

Flow cytometry and microscopic analysis

Kinetic Modeling of Microalgal Growth and Substrate
Removal

6.2.7.1. Logistic growth kinetics model
6.2.7.2. Gompertz Model
6.2.7.3. Substrate dependent/independent models

6.2.7.4. Luedeking-Piret kinetics model

Xi

133

134

135

132

137

137

139

141

142

147

149

150

150

150

151

151

152

152

154

154

155

155

156

157



6.2.8. Analytical Techniques
6.2.9. Statistical Analysis

6.3. Result and Discussion
6.3.1. Strain Identification
6.3.2. Effect of Inoculation Ratio
6.3.3. Microscopic and Flow Cytometry Analysis
6.3.4. Treatment Process in Co-Cultivation Mode
6.3.4.1. Biomass production
6.3.4.2. Pollutant Removal
6.3.4.3.Nitrogen Removal Efficiency
6.3.4.4. Phosphorus Removal Efficiency
6.3.4.5. COD Removal Efficiency
6.3.5. Model Simulation
6.3.5.1. Simulation of biomass production models
6.3.5.2. Simulation of substrate removal models
6.4. Conclusions
7.0. An artificial neural network-genetic algorithm hybrid approach to
optimize the dual flocculation-coagulation harvesting of Diplosphaera
mucosa VSPA
7.1. Introduction
7.2. Materials and Methods
7.2.1. Strain isolation and Cultivation in wastewater
7.2.2. Preparation of Chitosan and Alum solution
7.2.3. Experimental Set-up
7.2.4. Harvesting Efficiency Analysis

7.2.5. Design of Experiment

Xii

158

159

160

160

161

162

165

166

170

170

173

176

180

180

183

187

188

189

189

189

190

190

191

192



7.2.5.1. Response Surface Methodology (RSM)
7.2.5.2. Artificial Neural Network (ANN)
7.2.5.3. Genetic Algorithm based optimisation

7.2.6. Statistical Analysis

7.3. Result and Discussion

7.3.1. The Influence of Input Parameters
7.3.1.1.Effect of chitosan and Alum dosage
7.3.1.2.Synergetic effect of Chitosan and alum
7.3.1.3.Effect of pH
7.3.1.4.Effect of Mixing time
7.3.1.5.Effect of Settling time

7.3.2.  RSM modelling

7.3.3. 3D Surface Response Plots

7.3.4. ANN Modelling

7.3.5. RSM-GA and ANN-GA-based optimisation

7.4. Future Implications

7.5. Conclusions

8.0. Overall Conclusion and Future Perspective
8.1. Overall Conclusions
8.2. Future Perspectives

9.0. References

List of Publications

Xiii

192

193

195

195

196

196

196

197

199

200

200

203

205

209

213

215

215

217

218

219

221

262



